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FOREWORD

The widespread, large-scale use of volatile halogenated alkanes and
alkenes, as solvents, intermediates, food fumigants, ete. - as well as their
ubidquitcous presence in the general enviromments - emphasise the need for
standard detection techniques both in exposure control and in epidemiological
studies. The provision of clear, unambigucus techniques and an overall
approach are the aims of this series. This is of particular importance since
there 1s experimental evidence of carcinogenicity for several of then.

Food, water and air exposure routes are covered in this volume, with
emphasis on appropriate sampling techniques so as to make possible exposure
assessment., Included alsc are very recent advances in biological menitcring
via breath analysis, as well as establishd blood and urine measurements.

Thanks are due to the many workers in government and research labora-
tories who freely ccontributed chapters or re-wrote and clarified their tech-
niques for inclusion in these pages, It is with particular pleasure that I

record the support given by the United Nations Environment Programme for this
series.

L. Tomatis, M,D.
Director
International Agency for Research on Cancer
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PREFACE

The major objectives of the volumes on Environmental Carcinogens -
Selected Methods of Analysis (Manuals Series) remain as initially formu-
lated a decade ago, that is to address more definitively the needs for
sampling and analysis of environmental carcinogens, Bboth known and sus-
pected, in the context of epidemiclogical and analytical studies. Hence
this series augments the Monograph Series!, in terms of compounds selected,
and provides the epidemiologist with a view of past and present sampling
and analytical procedures, which is necessary for a more definitive retro-
spective and prospective analysis of exposure and populaticns at risk,

The present volume deals with some lower-molecular-weight halogenated
alkanes and alkenes, a number of which have been assessed in a previous
IARC Monograph (Volume 20) and will be further evaluated at a forthcoming
IARC Monograph meeting in 1986. These agents, which are envirconmentally
ubiquitous, are produced in very large quantities and are employed in a
great variety of applications as chemical intermediates, solvents, degreas-
ing agents, aerosocl propellants, refrigerants, food fumigants, flame
retardants, anesthetics, etc. A number of these agents have also been
employed in a wide range of commonly-available househeld items, such as
degreasing agents, paint and varnish removers and adhesives. In addition,
some of these agents found in air and water can arise as a consequence of
water chlorination, as well as from emissions. Hence there is a broad
potential for exposure of relatively large segments of the population,

including the general public, with exposures arising at the workplace and
in outdoor and indoor environments.

In order to furnish as comprehensive a treatment as possible, reviews
concerning the use and occurrence, carcinogenicity, genetic toxiecity, meta-
belism and epidemiclogy of these agents are included .in this volume. The
importance of sampling and analytical techniques for various environments
and biological materials is stressed in 3 review chapters. A4 total of 30
analytical methods, written in the ISO format, are presented for the deter-
mination of specific agents in air, water and food. The increasSiag
recognition of the utility of bioleogical moniteoring in providing data
relating to recent or accumulated exposures is reflected in the 8 proce-

dures described for the sampling and analysis of breath, blood, tissues and
urine.

i

carcinogenicity, published by the IARC.

—xifii-
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The Editorial Board is aware of the need to recognize advances in the
state-of-the-art and to incerperate procedures reflecting enhanced sampling
proficiency, accuracy, sensitivity, specificity, reproducibility, ease of
manipulation and, as much as possible, ecconomy, particularly since the
readers of the Manual Series include analytical chemists in developing
countries with facilities less advanced than those often found in more
affluent societies, In future volumes, efforts to include procedures (e.g.,
spectrophotometric) requiring less formidable techniques and expensive
instrumentation will therefore be extended, provided they do nect unduly
sacrifice sensitivity and selectivity.

Manuals in preparation include Metals (Vol. 8), Passive Smoking {Vol.
9) and Benzene-Toluene-Xylene (Vol. 10). The increasing recognition of the
importance and consequences of concurrent or sequential short-term to life-
time exposures to mixtures cof environmental carcinogens is further demon-
strated by the preparaticn of forthcoming manuals which will cover process
industries (e.g., styrene-acrylonitrile-butadiene), chlorinated dibenzodi-
oxins and chlorinated dibenzofurans in indoor environments. Additional
Manuals planned include volumes dealing with asbestos and mineral fibers,
nitrates-nitrites and formaldehyde.

Lawrence Fishbein, Ph.D.
Chairman
Editorial Board
(from 1983)
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INTRODUCTION:

VOLATILE HALOGENATED ALKANES AND ALKENES -

JARC CARCINOGENIC RISK EVALUATIONS AND SELECTED ANALYTICAL METHODS

The 24 substances covered by this volume are widely used or present in
the environment and thus the selection ¢f analytical methods for their
determinaticn is rather impcrtant. The substances chosen by the Review
Board for coverage In this volume are listed in Table 1, together with
Chemical Abstracts 3Services registry numbers and frequently used names.
The substances were chosen on the basis of known carcinogenicity or
pctential carcinogenic risk and widespread human exposure. Although for
some substances, exposures are well-defined and mestly confined te ocecu-
pational circumstances, others are found at low levels in ambient and
indoor air (EPA, 1984) or in water. Recently developed, trace-level
methods cf environmental and biclogical meniteoring are included, sc that
the extent and nature cof these exposures can be betfer appreciated.

Sixteen of the substances have been considered by IARC working groups,
and their evaluations are listed in Table 2. With regard to the classifi-
cation of evidence for carcincgenicity, the terms "sufficient", "limited"
and "inadequate™ have precise definitions in the context of their use in
reports of IARC working greoups, and IARC Moncograph volumes should be
consulted. For 1,2-dichloroethane and 1,2-dibrome-3-chlorcpropane, it was
ccnsidered that in the absence of adequate data for humans, it is reascon-
able, for practical purpeses, to regard these substances as presenting a
carcinogenic risk tec humans, For methyl chloroform, hexachlorcethane and
allyl chloride, the available data did not permit an evaluation of their
carcinecgenicity. No mencgraph was published for methyl bromide, because
adequate carcinogenicity studies were not available at the time of the
meeting. Several studies are presently in progress.

The highest exposures to the listed substances usually occur in the
workplace; for twenty-two there are airborne exposure limits set by at
least one country in the most recent ILO compilation ¢f exposure limits
(ILO, 1980) and also by the American Conference of Governmental Industrial
Hygienists - (ACGIH, 1983). Most of the analytical methods for air in the
present velume are adapted from publications ¢f the U.S. National Institute
for Occupational Safety and Health (NIOSH, 1977, 1984), and are tabulated
with exposure limits in Chapter 6.

—-Xy—



Methods for the detection of these compounds in cother environmental or
biclogical samples receive most attention in this volume and are indexed in
Table 3. Those for water, food and exhaled air are aimed at monitoring
exposure in the general enviromment, whereas the small number of biclogical
monitoring methods for blood and urine reflects the relatively small pro-

portion of substances for which there are reliable methods using these
fluids.

I.K. O'Neill
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Table 1.

Volatile halogenated alkanes and alkenes covered by this volume

Commonly-used names or abbreviations

Formula CAS No.
1. CH,Cl T4-87-3 Methyl chloride, chloromethane
2. CH,Br T4-83-9 Methyl bromide
3. CH,CL, T5-09-2 Methylene chloride; dichloromethane
4. CHC1, 67-66-3 Chloroform; trichlorocmethane
5. CHBrCl, T5-2T7-4 Bromodichloromethane;
dichlorobromomethane
6. CHBr,Cl 124-48-1 Dibromochloromethane;
chlorodibromomethane
7. CHBr, TH=25=2 Bromoeform; tribromomethane:
methenyltribromide
8. CFC1, T5-69-4 F11; fluorocarbon 11;
trichloroflucromethane
9. CHCLF, T5-45-6 F22; fluorocarbon 22;
) chleredifluoromethane
10. ¢C1, 56-23-5 Carbon tetrachloride;
tetrachloromethane
11. CH,ClCH,C1 107=06-2 1,2-Dichloroethane; ethylene di-
chloride
12. CH,BrCH,Br 106-93-4 EDB; ethylene dibromide; 1,2-di-
bromcethane
13. CCISCHa T1-55=6 1,1,1-Trichlorcethane; methyl-
chleroform
14. CCl,ccl, 67-72-1 flexachloroethane
15. CF,CHBrcCl 151-67-7 Halethane; 1,1,1-triflucro-2-bromo-2—-
chlcoroethane
16. CCl,=CH, T5-35-4 Vinylidene chloride; 1,1-dichloro-
ethylene
17. CHCl1=CHC1 540-59-0 1,2-Dichlorcethylene; 1,2-dichloro-
ethene
18. CCl,=CHC1 79=01-6 Trichleroethylene; TCE; trichloro-
ethene
19. C€Cl,=CC1, 127-18~-4 Tetrachloroethylene; perchloro-
ethylene; tetrachloroethene
20. CH,=CH-CH,C1 107-05-1 Allyl chloride; 3-chloropropene
21. CH,BrCHBrCH,C1 96-12-8 DBCP; 1,2-dibromo-3-chloropropane
22. ng EH—CHZCI 106-89-8 Epichlorohydrin, chloromethyloxirane
0
23. C1CH,OCH,C1 432-88-1 BCME; bis{chloromethyl)ether; dichloro-
methyl ether
24, C1CH,0CH, 107=30=2 CMME; chloromethyl methyl ether;

chloromethoxymethane
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Table 2. Summary of IARC Moncgraph Evaluations

Formula or designation IARC summary Evidence for Evidence for IARC raph

evaluation of carcinogegicity carcinoqen%city reference”
carcinogenic risk  in humans~ in animals™
to humans in

Supplement 12

1. CH,CL - - - -

2. CH,Br - - - -

3. CH,C1, 3 Inadecuate Inadequate 20, 449-465

4. CHCL, 2B Inadequate sufficient 20, 401-417

5. CHBrCL, - - - -

6. cH8r,Cl - - - -

7. Bromoform - - - -

B. F-11 - - - -

9. F-22 - - - -

10. CC1, 2B Inadequate Sufficient 20, 371-339

11. 1,2-Dichloroethane - - Sufficient 20, 429-448

12. EDB 2B Inadequate Sufficient E, 195, 209
13. Methylchloroform - Inadequate 20, 515-531

14. Hexachloroethane - - Inadequate 20, 467-476

15. Halothane 3 Inadequate Inadequate Suppl. 4, 41-46
16. Vinylidene chloride 3 Inadequate Limited 19, 439-459

17. 1,2-Dichloroethylene - - - - -

18. Trichloroethylene 3 Inadequate Limited 20, 545-572

19. Tetrachloroethylene 3 Inadequate Limited 20, 491-514

20. Allyl chloride - - Inadequate 36, in press
21. DBCP * - Sufficient 20, 83-96

22. Epichlorhydrin 23 Inadequate sufficient 11, 131-139

23. BOYME 1 Sufficient Sufficient Suppl. 1, 26-27
24. Q¥4E 1 Sufficient Sufficient Suppl. 1, 26-27
a

= Group 1 - The chemical is carcinogenic to humans. This category was used only when there was
sufficient evidence from epidemiological studies to support a causal association between the
exposure and cancer.

Group 2 - The chemical is probably carcincgenic to humans. This category includes exposures for
which, at one extreme, the evidence of human carcinogenicity is almost "sufficient" as well as
exposures for which, at the other extreme, it is inadequate. To veflect this range, the category
was divided into higher (Group A) and lower (Group B) degrees of evidence. Usually, category 2A
was reserved for exposures for which thers was at least limited evidence of carcinogenicity to
humans. The data from studies in experimental animals played an important role in assigning
studies to cateqory 2, and particularly those in group B; thus the combination of sufficient
evidence in animals and inadequate data in humans usually resulted in a classification of 28.

Group 3 - The chemical cannot be classified with respect to its caicinogenicity to humans.

= In the absence of adequate data in humans, it is reasonable, for practical purposes, to regard
the compound as if it presented a carcinogenic risk to humans.

“ Volume and page numbers
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Table 3.

Analytical method number in this volume

.. a
Air-=

Waterg

Formula or designation Food Exhaled Other
fumigant breath biological
residues meonitoring

1. CH,C1 - 15,16 - -
2. CH,Br - 15,16 17,20,21 -
3. CH,Cl, - 15,16 - -
4. CHCL, 12 15,16 17.18,19 23/24 25
5. CHBrCl, - 16 23/24 25
6.. CHBr ,Cl - 15,16 - 23/21 25
7. Bromoform 12 15,16 - 23/24 25
8. F-11 - 15,16 - - -
9, F-22 - 16 - - -

10. ccL, 12 15,16 17,18,19 23/24 25

11. 1,2-dichloreoethane 12 15,16 17 23724 25

12. EDB 12 15,16 17,18,19,22 23/24 25

13, Methyl chloreoform - 15,16 17 23724 25,26

14. Hexachloroethane - 15,16 - 23/24- 25

15. Halothane - 15,16 - 23/24 25,28

16, Vinylidene chloride - 15,16 - - -

17. 1,2-Dichlorcoethylene - 15,16 - - -

18. Trichlorcethylene 12 15,16 17,18,19 23/24 25,29,30

19. Tetrachlerethylene 12 16 17 23/24 25,27

20. Allyl chloride - 15,16 - 23/24 25

21. DBCP - 15,16 - 23/24 25

22. Epichlorohydrin - - - 23724 25

23. BCHME - - - 23724 25

24. CMHE - - - 23/24 25

a

= For halogenated alkanes and alkenes in workplace air, Methods 1

through to 11 are tabulated in Chapter 6, together with information on
exposure limits.

= For corganic-bound halogen in water, Methods 13 and 14 give screening
methods.



SCOPE OF MANUAL AND CRITERIA FOR THE SELECTION OF ANALYTICAL METHODS

Scope

The Manual consists of a number of individual volumes, each concerned
with a speecifiec group of compounds, the purpose cof which is to present
selected (preferably validated) methcds in systematic format, based on
IS0 Guide 78 (ISO/R.78.1969[El), to analysts and cthers interested in the
field.

Each vglume will normally comprise a general introducticon to the field of
analysis concerned, representing up tc¢ one-third of its length, and a
description of the selected analytical and sampling methods, comprising
not less than two-thirds of its 1length. The overall balance of each
volume reflects the needs for analytical metheds and the importance of
the introductory material in relation tce IARC and WHO requirements.

The chemicals (or groups of chemicals) considered have been evaluated in
an JARC Mcnograph on the Evaluaticn of the Carcincgenic Risk of Chemicals

tc Humans and thus indicated tc have, or to be likely to have, some car-

cincgenic effect 1in experimental animals and/or man, with evidence that a
risk of human exposure exists. Chemicals for which carcinogenicity
evaluaticns are still in preogress and for which evidence of oeccurrence is
needed, may alsc be included.

The methods of analysis and sampling selected are related primarily to
the environmental substrates in which petential carecinogenic risks have

been established or from whieh the major human exposures are known to
occur.

Criteria for selection

Preference is given to methods of analysis and sampling for which the
reliability (i.e., accuracy, precision and inter- and intra-laboratory
variations) has been statistically established in ccollaborative cor co-
operative analytical studies.

Preference is alsc given to methods that have already been recommended
or adopted by relevant international organizaticns or that have beeh
adopted by a national organization and subsequently entered into wide use.

When an internaticnal organization has made separate provision for
reference, routine screening cor field test methods, these provisicns are
tc be adopted.

-xxi-



If other methods have been shown to be equivalent to these methods, they
may be accepted as alternatives. When inclusion of analytiecal procedures
for additional substances is necessary in order to complete the descrip-
tion of a group of substances covered by the volume, a short review of

available methods is provided, if no particular method is deemed suitable
for selection,

When appropriate methods for analysis are uniformly applicable to various
substrates, these are selected in preference to those which apply only to
individual substrates.

When noc method that has been subjected to full international collabora—
tive study is available, methods are selected from those in the published

literature to guide those who need to make a choice from the large field
of published methods,

In selecting methods, particular consideration is given to the require-
ments of epldemiclogists, hygienists and others concerned with the evalu-
ation of carcinogenic and other toxic effects. Particular consideration
is given to biological test methods that establish individual past expo-~-
sure to environmental careinogens,

The need has frequently been expressed by governments of developing
countries for simple, specifie, low-cost methods for use in the field;
and, while it is recognized that such methods are often desirable, it is
uniikely, in view of the very low levels and complexity of the conta-
minants concerned, that these can be developed easily.

%%
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BIOLOGICAL EFFECTS



CHAPTER 1

HALOGENATED ALKANES AND ALKENES AND CANCER:
EPIDEMIOLOGICAL ASPECTS

0. Axelson

Department of Occupational Medicine
University Hospital
S. 581 85 Link&ping, Sweden

INTRODUCTTION

Halogenated hydrocarbons are widely-used compounds with heterogenous
chemistry and a variety of biological effects. They are found in agriculture
and industry; for example, as pesticides, solvents, degreasing agents,
cutting fluids, propellants and refrigerants. Some of them are also used as
raw-materials for plastics and textiles, and several of the anaesthetic gases
for surgery belong to this group of compounds. The halogenated hydrocarbons
are alien to nature, although some fungi and algae can introduce chlorine or
bromine into organic molecules, and thyroid hormone contains iodine. Through
industrial and other pollution, organochlorine molecules can now be found
almost anywhere and appear as residues in food and drinking water.

Many occupations and consumer products give rise to exposure to various
halogenated hydrocarbons. This has become of increasing concern, as several
of these compounds have been found to possess mutagenic properties in bacte-
rial test systems or to cause cancer in animal experiments. Epidemiological
data are limited or even nonexistent for most of these substances, however,
and their carcinogenicity to humans is presently uncertain. This review will
attempt to summarize epidemiological and other data concerning human cancers
and the following substances: methyl chloride, methylene chloride, chloro-
form, carbon tetrachloride, methyl bromide, bromoform, trichlorofluoromethane
(F 11), dichlorofluoromethane (F 22), methylchloroform, ethylene chloride,
ethylene dibromide, halothane, hexachloroethane, trichloroethylene, perchloro-
ethylene, allyl chloride, dibromochloropropane, epichlorohydrin, chloromethyl-
methyl ether and bischloromethyl ether. )

Although several of these halogenated compounds have been used for
decades, it was not until the late 1970s that information appeared on geno-
toxic effects; e.g., the carcinogenicity of trichloroethylene (NCI, 1976) and
perchloroethylene (NCI, 1977) in animal experiments, or the mutagenic proper-
ties of methyl chloroform (Simmon et al., 1977) and methylene chloride (Jongen
et al. 1978) in bacterial test systems. Epidemiological information concern-
ing these compounds is still rather scanty, however, and is non-existent for

_5_
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others such as chloroform and carbon tetrachloride, in spite of their well-
kncwn general toxicity and wide-spread use.

HALOGENATED METHANES

Absorption of the chlorinated methanes (methyl chloride, methylene
chloride, chloroform and ecarbon tetrachloride) usually takes place by
inhalation, but may also occur by absorption through the skin. They all exert
neurotoxic effects, These appear to be the main hazard with the first two
compounds cited (Collier, 1936; Weiss, 1967; Scharaweber et al., 1974), where—
as toxie effects on the liver and kidneys might be thought of as wmore charac-
teristic of chloroform, and of carbon tetrachloride in particular (ecf. IARC,
1979a) .

Methylene chloride

With regard to the chlorinated methanes, epidemiological studies of
occupationally or otherwise exposed groups seem to be available only for
methylene chloride. Thus, Friedlander and coworkers {Friedlander et al.,
1978; Hearne & Friedlander, 1931) have reported both a proportional mortality
ratio (PMR) analysis and a cohort follow-up of two somewhat differently
selected, but overlapping, populations. Methylene chloride had been used as a
solvent and the time-weighted average exposure levels were estimated to have
been in the range of 30 to 125 ppm, with 350 ppm given as the highest concen-
tration registered. It may be recalled that the biotransformation of
methylene chloride leads to carbon monoxide and that even some formaldehyde is
obtained, in addition to various non-toxic end products (Rodkey & Collison,
1977; Ahmed & Anders, 1978). :

The PMR analysis cited above was based on death certificates from 1956 to
1976, and revealed 71 malignancies versus 73.4 expected. There were 9 un-
specified gastrointestinal tumours versus 5.0 expected, but otherwise there
was close agreement between observed and expected numbers of tumours.

The cohort analysis concerned 751 individuals, 252 of them forming a sub—
cohort having been exposed to methylene chloride for 20 years or more prior to
1964. A total of 78 deaths had occurred, but no excess of cancer was found
either in the total cohort or in the subcohort, regardless of whether the
cohorts were compared with the general population of New York State (New York
City excluded) or with other employees in the company . An up-date of the
cohort through 1930 has also been reported (Hearne & Friedlander, 1981) and
encompassed 110 deaths, but again there was no excess of cancers, nor of
deaths from cardiovascular disease.

A further epidemiological evaluation of methylene chloride appeared in
1983 (Ott et al., 1983) and dealt particularly with possible ischemic events
due to the formation of carbon monoxide in the metabolism of methylene
chloride, but cancer mortality was also reported. The study concerned workers
(producing cellulose-acetate fibers) who had been exposed to methylene
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chloride, methanol and acetone. A cohort approach was applied encompassing
1 271 individuals, and their mortality was compared not only to expected
deaths calculated from US national rates (for white males, non-white males and
white females), but also to that of an unexposed - cohort of 948
cellulose-acetate fiber workers, Because of the similar work situations for
these two populations (the second group had also been exposed to acetone), the
comparisons made should be quite valid.

Five neoplasms wWere reported among males and twe among females in both
the exposed and the non-exposed cohort, These numbers were lower than
expected from the national rates; i.e., 6.3 and 10.0, respectively, for men
and 5.2 and 2.3 for women. The mortality from diseases of the ecirculatory
system was somewhat high when compared with that of the reference cohort,
however, but did not permit any definite coneclusions.

Since there was 18% loss with regard to follow-up for the exposed and 12%
for the comparison ceohort, the validity of this study is somewhat compromised,
especially as the numbers are relatively small. Considering the two studies
together, however, it nevertheless seems relatively unlikely that methylene
chloride is a strong human carcinogen, but no definite conclusions can be
drawn at this time.

Some other halomethanes

With regard to other chlorinated methanes, there are some case reports
describing the appearance of liver tumours following exposure to carbon
tetrachloride. Initially, this chemical caused fibrosis of the liver, later
followed by cancer development (Johnstone, 1948; Simler et al., 1964; Tracey &
Sherlock, 1968). No epidemiologically relevant information concerning cancer
seems to exist for methyl chloride and chloroform, nor for methyl bromide and
bromoform.

Fluorocarbons

Two other commonly-used halogenated methanes, namely trichlorofluoro-
methane (or F 11) and dichlorofluoromethane (F 22), both belong to a group of
compounds referred to as fluorocarbons or freons (tr@de name) . Only one,
rather small, epidemiological study with relevance for cancer is avallable for
the fluorocarbons, Szmidt et al. {1981) conducted a mortality study of 539
refrigerator workers exposed to various fluorocarbons, including F 12 and F
22. A total of 18 deaths were recorded versus 26.7 expected, and 6 were from
cancer, against 5.7 expected. Two of the cancers were lung cancers, whereas
one case was expected. Since this cohort was relatively young and limited in
size and had a rather short follow-up time, no definite conclusions can be
drawn concerning the cancer hazard from fluorocarbons, the 95% confidence
interval for the total cancer risk ratio being 0.U-2.3. Since those working
with chemicals of this type are usually exposed to a number of different
fluorocarbons, it will probably always be difficult, now and in the future, to
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obtain worker groups sufficilently large so that the effects of a specifi~
fluorgcarbon can be evaluated. Even users of medical spray products tend to

be exposed to a mixture of fluorocarbons.

Halomethanes in drinking water

Trihalomethanes in drinking water are a possible cancer hazard for the
general population. A major problem in this context is the low validity of
the pértinent studies, as they have to be based on relatively diffuse measure-
ments of exposure, both for these impurities in drinking water and with regard
to various background variables. There might also be severe and uncontrolable
interference, due, for example, to various industrial exposures and associated
Sociological risk factors occurring in areas using chlorinated surface water.

Bladder cancer, and to some extent brain tumours, have been associated
particularly with bromine-substituted methanes. Kidney cancers among males
have been found to correlate with trichloromethanes, and so have non-Hodgkin
lymphomas (Cantor et al., 1978). 1In that study, however, stomach cancer in
females was negatively correlated with halomethane levels in the water, where-
as another investigation (in Ohio) has shown an increased mortality from both
stomach and bladder cancer in areas with surface water supply (Kuzma et al.,
1977). Other studies on water chlorination and cancer have indicated a
significant association with colon cancer (Young et al., 1981} and rectal
cancer (Gottlieb & Carr, 1982), but there were less clear relations for the
other sites in these two studies. Alltogether, the available information
concerning cancer and halomethanes in water is rather inconsistent and
confusing and does not permit definite conclusions at this time.

HALOGENATED ETHANES AND ETHENES

As is the case for the halogenated methanes, epidemiological information
concerning ethanes and ethenes is rather limited, despite the fact that some
of them are widely used as solvents. A few studies, however, have been report-
ed for trichloroethylene, perchloroethiylene {tetrachloroethylene) and ethylene
dibromide (dibromoethane). In addition, some observations of interest have
been made with regard to halothane. For some other, more or less commonly-
occurring, compounds such as methyl chloroform (1,1,1-trichloroethane), hexa-
chloroethane and ethylene chloride (dichloroethane), there sesms to be no
epidemiological information available that is relevant to cancer.

Trichloroethylene

Trichloroethylene is widely used for degreasing in the metal manu-
facturing industry, but occurs as well in the production of rubber and
plastics and solvent-based glues. It has also been used in anesthesia for
surgery and obstetrics. The biotransformation of trichloroethylene through an
epoxide (Bonse et al., 1975) and its mutagenicity in bacterial test systems
(Greim et al., 1975), together with its induction of hepatocellular carcinoma
in mice (particularly in males; NCI, 1976), have prompted epidemiological
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evaluations of exposed groups,. So far, two non-positive studies have been
presented (Axelson et al., 1978; Tola et al., 1980), both of a cohort type.
An increased frequency of sister chromatid exchanges in a small group of
chronically-exposed workers (Gu et al., 1981) has also been reported.

The work of Axelson et al. {(1978) originally concerned 518 men with
exposure prior to 1970 and with a follow-up from 1955 to 1975. This cohort
was based on a register of urinary determinations of trichloroacetic acid, a
trichloroethylene metabolite that is used for the control of exposed workers,
The study has recently been extended and updated through 1979 and now includes
1 4284 men, 65% of whom were exposed in 1970 through 1975. There was a deficit
in total cancer mortality, with 22 versus 36.9 expected, but a significant
excess In the incidence of urinary tract (11 versus 4.8%5) and hematolymphatic
tumours (5 versus 1.20). 3pecifically, for 2 years or more of exposure and 10
years of latency, there were 3 urinary bladder cancers versus 0.83 expected, 4
cancers of the prostate versus 2.35 expected and 2 lymphomas versus 0.27
expected (Axelson et al., 1984).

The second study (Tola et al.,, 1980) was based on the files of a bio-
chemical laboratory performing urinary determinations of trichloroacetic acid,
but some other exposed individuals were also included (a total of 2 205
individuals were identified in the register and 89 individuals with earlier
trichloroethylene poisoning were added). OQut of this group of 2 294 persons,
90.8% (2 084) could be traced and another 33 subjects with otherwise Kknown
exposure were also enrolled in the cohort, which finally encompassed 1 148
males and 969 females. Only about 9% of the samples of trichloroacetic acid
in the urine exceeded 100 mg/L, so that average exposure levels were quite
low, just as in the study by Axelson et al. (1978, 1984).

The total number of deaths was 58 against 84.3 expected, and among these
were 11 cancer deaths versus 14,3 expected (based on comparison with the
national mortality statisties). A further, detailed analysis of the material

did not reveal any excess of cancer for those with early exposure, i.e., prior
to 1970.

These two studies are apparently rather small with regard to the number
of cases observed and do not provide any definite basis for an evaluation of
the cancer hazard for man from exposure to trichloroethylene. It would seem
that low~grade exposure to trichloroethylene is not a serious cancer hazard,
but the appearance of some excess of tumours in the updated study deserves
attention and a follow-up of these cohorts,

Three studies dealing with trichloroethylene eXposure and the incidence
of liver cancer have also reported no positive effects (Malek et al., 1979;
Novotna et al., 1979; Paddle, 1983). The reports on laundry and dry-cleaning
workers (reviewed under tetrachloroethylene) may also have some relevance to
trichloroethylene, as mixed exposures occur,
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Perchloroethylene

Perchloroethylene (tetrachloroethylene) has been used for dry-cleaning
since the 1950s, and also, to some extent, for degreasing and for lipid
extractions. Perchloroethylene, like trichloroethylene, was found to cause
hepatocellular carcinoma in mice when given by gavage (NCI, 1977), but again,
it is unclear whether or not this compound would cause cancer in humans as
well.

Only one epidemiological study of any relevance to carcinogenesis seems
to exist (Blair et al., 1979), but there are also two case reports where
exposure to perchloroethylene is mentioned as of possible etiological impor-
tance for neoplastic disorders. One of these refers to the familial appear-
ance of chronic lymphatic leukemia among four of five siblings, whose father
succumbed to the same disease., All had worked in the dry-cleaning business
since the 1940s (Blattner et al., 1976). The other report deals with the
familial occurrence of polycytemia vera (Ratnoff & Gress, 1980), and the
exposure to perchloroethylene is discussed as a potential, although less
likely, etiological factor for one of the cases.

None of the case reports contributes substantially to the evaluatioa of
the potential human cancer hazard from perchloroethylene, but it 1is of
interest that the epidemiological study of laundry and dry-cleaning workers
(Blair et al., 1979) also indicated a formal but non-significant excess of
leukemias. This study was of the proportional mortality type and was based on
330 death certificates obtained from two local trade union registers in the
USA.

There were 87 deaths from cancer, compared with an expected number of
67.9, calculated from the national mortality statistics by the proportional
method, allowing for age, race, gender and calendar year. Thus the PHAR
[proportional mortality ratio = (observed/expected) x 100] for all carncer
deaths was 128 (p < 0.05), and was particularly high for luag cancers {17 ¥s
10.0; PMR = 170), skin (3 vs 0.7; PMR = 429), and cancers of cervix uteri (10 v
5 4.8; PMR = 208), all these differences being significant at the 5% level or
less., Liver cancer alsc came out somewhat high, 4 cases against 1.7 expected,
and so did the leukemias, as already mentioned, i.e., with 5 cases versus 2.2
expected. The formal sigaificance level of 5% was not reached for these last
two disorders, however, Since the cancer rate was high, it is natural that
circulatory diseases came out correspondingly and significantly low in a propor-
tional mortality study of this type, i.e., there were only 100 circulatory
deaths against 125.9 expected, ‘

The evidence presented above concerning perchloroethylene and human
cancer do not permit any definite conclusions, but there is certainly some
Jjustification for concern. However, other factors might be involved as well,
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e.g., of a social character, particularly in the case of the excess of cervic-
al cancers, since it is difficult to imagine, at present, any plausible bio-
logical mechanism to account for the relation between this disorder and the
exposure.

Ethylene dibromide

Ethylene dibromide is used as a fumigant for soil, grain, vegetables and
fruit, as a lead scavenger 1in tetraalkyl lead gasoline, and also as a solvent
for fats, waxes, etec. Due to its wide-spread use, large populations are
exposed to low levels of this chemical; e.g., along well-travelled highways
and around fumigation centres (IARC, 1979a). Consequently, the appearance of
a high frequency of squamous-cell carcinomas of the stomach among rats given
ethylene dibromide by intragastric tube (Olson et al., 1973}, has created some
concern with regard to humans, So far, however, there seems to be only one
epidemiological study of interest, reporting mortality data for 161 employees
of two production units of ethylene dibromide (Ott et al., 1980). However,
these workers were exposed to a variety of other chemicals as well, more than
a dozen compounds, including ethylene and bromine being mentioned in the
report. Other chemicals which might have contributed to the overall exposure
pattern were carbon tetrachloride, chloroform, vinyl bromide, benzene, nickel
acetate and other organic and inorganic-compounds. The average air concentra-
tions of ethylene bromide were estimated to have been 30 ppm, sometimes reach-
ing 75 ppm. Bromide in blood had been determined to some extent and found to
range from 10-170 mg/L. dowever, these values reflected exposure to other
bromine compounds, drugs included, as well as to ethylene dibromide.

The follow-up of this group of men showed 36 deaths versus 32.5 expected;
these included 7 tumour deaths vs 5.8 expected. When an exposure time of six
years or more and a 15 year or more induction-latency time was required, 4
tumours remained versus 1.4 expected, but all were of different types (the 95%
confidence interval for the rate ratio is 0.8-7.3). The study is unfortunate-
ly quite inconclusive due to small numbers, but tends to show an increased
number of neoplasms. The authors noticed, however, that fewer neoplasms had
been observed than might have been expected from a model conceived by Ramsey
et al, (1978) by extrapolation of data from animal experiments {Olson et al.,
1973).

Further epidemiological evaluations of ethylene dibromide are apparently
needed and it might be of interest as well to consider isolated cases of
alcoholism treatment with disuifiram, since animal experiments have shown an
increase in the effect of ethylene dibromide in combination with this drug
(Plotnick, 1978).

Halothane (2-bromo-2-chloro-1,1,1-trifluoroethane)

An increased frequency of spontaneous abortions among women exposed to
anaesthetic gases has been reported from many countries and even paternal
exposure has been suggested to play a role (see Edling, 1980, for a review and
references). However, the anaesthetist is exposed to a variety of anaesthetic
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agents and other potentially harmful factors may operate as well: e.g., X-
rays and disinfectants for surgical hand-washing.

The urine of individuals exposed to halothane has been reported to be
mutagenic in bacterial test systems {(McCoy et al., 1978), suggesting a
potential cancer hazard. However, the mutagenic properties are not convincing-
ly clear (Hemminki et al,, 1379) and studies of sister chromatid exchanges in
lymphocytes after long-term exposure of operating room personrnel to waste
anaesthetic gases (Husum & Wulf, 1980) and after anaesthesia in patients
(Husum et al., 1981) have not indicated any mutagenic effects.

There seem to be no epidemiclogical studies which would permit an evalua-
tion of carcincgenic effects due to halothane, but some studies of the mortal-
ity pattern and the cancer incidence among anaesthetists are available. A few
of them indicate some excess of cancer, particularly with regard to leukemias
and lymphomas {(Bruce et al., 1968). Other malignancies of various types have
also occurred more frequently than expected (Corbett et al., 1973) and a
possible transplacental effect of anaesthetic agents has been indicated in two
studies {(Corbett et al., 1974; Tomlin, 1979). Nevertheless, the situation is
inconclusive with regard to the existence of a cancer hazard for anaesthe-
tists, since a prospective follow-up of the group in one of the aforementioned
studies failed to disclose any further excess of cancer (Bruce et al., 1974),
Doubts about some of the alleged effects of anaesthetic gases have also been
expressed (Vessey, 1978), and other studies have not clearly indicated any
increased cancer risk (Knill-dones et al., 1972; Doll & Peto, 1977; Pharach et
al., 1977). It seems unlikely that a clear-cut epidemioclogical evaluation of
risk from halothane will be obtainable in the future, because of mixed expo-
sures and the decreasing concentrations enforced by the usually-accepted
abortion risk from anassthetic gases (c¢f. Edling, 1980).

OTHER HALOGENATED HYDROCARBONS

Except for the chlorinated methyl ethers and, to some extent, epichloro-
hydrin, no epidemiological material relevant to cancer is to be found for the
other halogenated hydrocarbons considered in this review. With regard to di-
bromochloropropane and allyl chloride, epidemiological interest has been
focussed on the spermatotoxic (Lipshultz et al., 1980; see also Babich &

Davis, 1981 for a review and further references) and neurotoxic effects (He et
al., 1980).

Epichlorohydrin

An excess of chromosomal aberrations in peripheral lymphocytes has been
reported in workers exposed to epichlorohydrin (3-chloro-1,2-epoxypropane) at
rather low concentrations; i.e., exposure levels of 0.5-5 mg/m?® were reported
in one study (Kucerova et al., 1977) and 1.9 mg/m®* in another (Piceciano,

1979). Even 1 mg/m?® was thought to have had effects in a third study (Sram et
al., 1980).
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A mortality study from two epichlorohydrin production plants, encompass-
ing 864 individuals with a total of 52 deaths (Enterline & Henderson, 1978;
Enterline, 1982), has been reviewed (IARC, 1979b, 1982; Hemminki, 1981).
Among those exposed to epichlorohydrin for 15 years or moré, there were 10
respiratory cancers versus 8.7 expected, and two deaths had occurred from
leukenia versus 0.4 expected. In view of the carcinogenic effects found in
animal experiments (IARC, 1976; IARC, 1979b, 1982), the indicated excess of
malignancies and the finding of chromosome aberrations among exposed workers
are quite suggestive of a cancer risk to humans (IARC, 1982) so that addi-
tional studies are urgently needed.

Chloromethyl ethers

Chloromethyl methyl ether {(CMME) and bis(chloromethyl)ether (BCME) have
been widely used as chemical intermediates in organic synthesis and in the
preparation of ion-exchange resins (IARC, 1974). Some concern has been
expressed about spontaneous formation of BCME in the presence of hydrogen
chloride and formaldehyde, but it seems unlikely that such a reaction would
take place or be of any importance (Kallos & 3Solomon, 1973; Tou & Kallos,
1974; Travenius, 1982).

Both of these highly-reactive, alpha-halogenated ethers were reported to
be carcinogenic in animals in the late 1960s and early 1970s (Van Duuren et
al., 1968; Laskin et al., 1971; Leong et al., 1971), even at concentrations as
low as 0.1 ppm for rats subjected to long-term exposure to BCME. Lung cancers
were later observed in industrial populations for both CMME (Figueroa et al.,
1973) and BCME (Sakabe, 1973; Thiess et al., 1973).

The study by Figueroa et al. (1973) on CMME, mixed with some BCME, found
an approximately eight-fold increase of risk of lung cancer among workers in a
chemical manufacturing plant. This risk estimate was based on a subcohort of
111 individuals followed for a 5-year period, and as many as four cases were
observed. A total of 14 cases were identified, however, and histological
confirmation was obtained in 13, of which 12 were found to be oat-cell carci-
nomas., Three of the 14 men were reported never to have smoked. In.a more
complete cohort study from the same plant, DeFonso and Kelton (1976) reported
19 cases of lung cancer against 5.6 expected. For a particular subcohort, the
risk ratio was as high as 9.6 and a dose-response relation appeared to obtain.

Interestingly, the risk ratioc for lung cancer among workers exposed to
CMME (and some BCME) has been reported to be higher among non-smokers than
among smokers (Weiss, 1976), although the latter were also at increased risk
(Weiss, 1980). Weiss suggested bthe explanation that CMME, as well as BCME, is
rapidly hydrolyzed te hydroehloric acid and formaldehyde (and methanol in the
case of CMME), causing irritation of the mucous membrane, which reacts by
further increasing the mucous layer of the bronchii, especially among the
smokers, who also had symptoms of bronchitis to a greater extent than did the
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non-smokers. This interpretation would be consistent with the inverse
relationship between bronchitis and lung cancer observed in many populations,
although steadily overlooked (WHO, 1972; Axelson, 19814),

There are also some studies of lung cancer in workers predominantly
exposed to BCME. One of these reports cited five cases in a Japanese dyestuff
factory (Sakabe, 1973). Exposure to many other chemicals had also occurred,
but BCME was thought to be the most likely etiological agent., Thiess et al.
{(1973) found six cases of lung cancer among 18 men employed in a 1laboratory
where BCME had been used, and another two cases were identified among 50
production workers. Five of the eight lung cancers were described as oat-cell
carcinomas. Tne majority of the subjects concerned were smokers, and the
duration of exposure had been from 6 to 9 years, with induction-latency
periods from first exposure to diagnosis ranging from 8 to 16 years.

EPILOGUE

The growing body of evidence showing that many halogenated hydrocarbons
posess mutagenic and carcinogenic properties indicates that epidemiological
studies of populations exposed to these agents are urgently needed. As can be
concluded from this review, few studies have yet been undertaken. In
addition, it appears to be difficult to find sufficiently large populations
with reasonably pure, well-defined, exposure to the agents of interest.

Except for the findings of an obvious excess of lung cancers among
workers exposed to chloromethyl ethers, no clear-cut, indisputable cancer risk
has yet been shown for any of the halogenated hydrocarbons considered here,
On the other hand, all the studies discussed are cnaracterized by fairly low
power tTo detect even a rather considerable cancer risk. This situation might
improve in the future, since many of the study groups may become more infor-
mative as they get older, permitting better allowance for +the induction-
latency time for cancers to develop. Furthermore, some of the cross—sectional
studies that have been undertaken in the past few decades concerning short-
term effects (e.g., neurotoxic effects from the halogenated solvents, sperma-
totoxic effects from dibromochloropropane, etc.) may provide a good basis for
a long-term follow-up of the subjects involved. A somewhat better apprecia-
tion of the cancer risk to humans might then be obtained.
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CHAPTER 2

SPECIFIC COVALENT BINDING AND GENOTOXICITY

D. Henschler

Institut fUr Pharmacologie und Toxikologie der Universitd Wirzburg
Versbacher Strasse 9
8700 Wirzburg, Federal Republic of Germany

INTRODUCTION

Halogenated aliphatic hydrocarbons have long been regarded as a pharmaco-
logical and toxicological entity. Several reasons for this may be cited:
almost 150 years ago, chloroform was introduced as a prototype for anaesthesia
(see Leake, 1925) and, consequently, a host of chemically-related chlorinated,
fluorinated and brominated aliphatics was investigated for their anaesthetic
properties by pharmacologists (for review of structure/activity relationships,
see Adriani, 1979). Some of these compounds were introduced into clinical
use. Invariably, all of them shared essentially the same central nervous
system (CNS)-depressing activity. The process of searching for new compounds
is still going on. ©On the other hand, many halogenated aliphatics of widely
differing structures are used as volatile solvents for a variety of technical
processes (again by making use of a common property, the capacity to dissolve
fatty material) such as degreasing, cleaning, extracting, emulsifying, etc. A
third reason comes from early toxicological work; all chlerinated aliphatiecs,
after exposure of mammals to elevated doses, cause damage to the major paren-
chymous tissues, such as liver, kidney and CN3, and cause sensitization of the
cardiac automatism to sympathetic nervous system stimuli. The existence of a
common denominator for these acute toxic effects seemed logical.

One is not surprised, therefore, that investigators were tempted gnce
more to assume a commeon mechanism of action for all chlorinated aliphatie
compounds when a new toxicological property was found: genotoxicity. Vinyl
chloride was the first chlorinated compound found to be carcinogenic in humans
(Creech & Johnson, 1974) and experimental animals (Viela et al., 1971; Maltoni
& Lefemine, 1974) and mutagenic in microbial organisms (Rannug et al., 1974;
Greim et al., 1975; Bartsch et al., 1979; IARC, 1982). The mechanism of this
genotoxic effect was soon discovered to be the interaction of the metabolic-
ally-formed electrophilic intermediates, chlorooxirane and its rearrangement
product, chloroacetaldehyde, with the nucleic acid base, adenosine (Laib &
Bolt, 1977; Green & Hathway, 1978). This again prompted some investigators to



22 HENSCHLER

pelieve that other genotoxic halogenated aliphatics also act indirectly, i.e.,
only after metabolic activation, and form comparable adducts with the genetie
material, in particular with DNA.

We will learn in the following pages that all thess generalizations, both
for acute and chronic effects, and particularly for genotoxie events, are
unjustified. There are %types of halogenated compounds which do not need
metabolic activation in order to produce toxic effects on target tissues and
to damage DNA and RNA, and even where metabolite formation has been' demons-
trated to be a prerequisite for toxicity, the mechanisms of the formatlon of
electrophiles may vary decisively. Even the type of DNA adducts formed may be
completely different within groups of chemical analogues and homologues.
Before any conclusion can be drawn for a given compound, the routes and enzy-
matic mechanisms of biotransformation have to be studied carefully.

CHEMICAL REACTIVITY AND BIOTRANSFORMATION:
GENERAL CONSIDERATIONS OF STRUCTURE AND ACTIVITY

The wuniqueness of the carbon-halogen bond constitutes the determining
factor for the chemical reactivity of halocarbons in general. It permits some
predictions of the metabolie behaviour, and thus of the toxic properties of
the reactive metabolic intermediates (Bonse & Henschler, 1976).

In general, the electron-withdrawing effect of a halogen atom interferes
with the mesomeric donor effect on the first and second carbon atoms. The
resulting electron deprivation in the C...C bond system adjacent to the respee-
tive halogen substituent implies completely different consequences in alkanes,
alkenes and alkynes, which result in different metabolic transformations;

(a) in alkanes, the C...C bond system is labilized; consequently, the
electro-negative oxygen from oxidizing enzymes will 1induce free
radical formation, '

[ [
—C—C—Ctl—=—C'+C—ClI
bl [
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Another possibility of metabolic conversion 1is, under reductive
conditions, dehydrochlorination or dechlorination, with formation of
the respective olefins,

N\,
Cc=C
. N
| e [o1]
—?—C-
| A
N 7/
Cl C . Cc—cC
/ ~

(b)Y 1in alkenes, the electron-withdrawing effect results in a stabil-
ization of the adjacent double-bond system, which favours the
formation of highly reactive oxiranes. These tend to rearrange
(sometimes with intramolecular chlerine migration) to carbonyl
compounds,

| (o]
—c—c?
cl c
c—cC \C/O\C/ CI
= - 1 .0
/ N Tw_coc?
l cl

(c) in alkynes, the electron withdrawal by the halogen leads to a
labilization of the triple bond; active oxygen then induces a C...C
break, e.g., :

cl
N
cl—c=c—cl 2. t=0+cO
/
¢

Free radicals, oxiranes, chlorinated aldehydes and acyl chlorides all
constitute electrophilic species which are capable of reacting with nucleo-
philic sites in macromolecules. In the case of nucleic acids, stable adducts
can be formed which may act as promutagens and thus induce mutations as the
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first step towards cancer formation in somatic cells, or as heritable disease
in the germ cells.

Another metabolie activation mechanism in chlorinated alkanes may be Seen
in the formation of alkanols by insertion of reactive oxygen into a C-H bond,
which, if it occurs at the carbon with the chlorine substitution, results in
the spontaneous elimination of HC1l and the formation of reactive aldehydes,
e.g.,

cC—Cl —

I | AN
_C_gy A0, _ —Hl /C=0

OH

or of carbonyl chlorides, e.g.,

Cl Cl Cl

Il
o

| | | AN
CI—(I:—H #0s, CI—C—on -Hel .
cl cl el

Aldehydes and acyl chlorides again may form adducts at nuecleophilic sites
of macromolecules and thus damage DNA and RNA.

A completely different mechanism of genotoxicity prevails if the halogen
atom is located in an allylic position. In this type of compound, the halogen

constitutes a suitable leaving group; the cation formed is stabilized by
resonance,

H,C —CH —CH,Cl — = [ H,C === cHee cH, 1% 1

and thus may alkylate nucleophilic sites in macromolecules (for review, see
Eder et al., 1982). '

Finally, bifunctional halogenated aliphatics may be activated to geno-
toxic intermediates by a substitution reaction with an -=-SH-bearing molecule
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(e.g., glutathione, cysteine, etec.), which may occur spontaneously or be
enzyme—catalysed,

| |
CI-—-(II—(i‘. —Cl+GSH —— CI—(E—? —56

The resulting mustard-like compound exerts alkylating activity. This
reaction is an example of the ambiguity of metabolic processes: normally, the
nucleophilic =SH group of glutathione serves for the detoxification of elec-
trophilic intermediates, whereas, in the above-mentioned case, a toxification
is accomplished by a simple electrophilic-substitution reaction.

A1l these genotoxic activation reactions may be predicted from basic
chemical knowledge and historical experience of xenobictic metabolism. How-
ever, in the case of halocarbons with more complicated structures, twe or more
of these basic mechanisms may compete with each other, which renders predic~
tion rather difficult. The different pathways of activation may, at least in
the majority of cases, be explained a posteriori by the chemical structure(s)
of the nucleie¢ acid adducts. The identification of these is therefore
mandatory if one tries to theorize about mechanisms of genotoxicity. Unfortu-
nately, in only a few cases involving halogenated compounds have these adducts
been isolated and unequivocally identified. Therefore, the following descrip-
tion of types of specific covalent binding in the context of enotoxic activi-
ties of halogenated alkanes and alkenss can only be fragmentary. It will
focus on an analysis of genotoxicity on a molecular basis, rather than on a
systematic compilation of reports on genotoxic effects of halogenated alkanes
and alkenes, as observed in different biclogical test systems.

HALOGENATED ALKANES

Much work has been performed on the metabolism, covalent binding and
mutagenicity/carcinogenicity of halo-methanes, ethanes and higher homologues.
They may be biocactivated through enzymic pathways (as outlined in the
preceding chapter) to electrophilic intermediates, such as free radicals,
clefins {to be further activated to epoxides) and acyl halides (such as
phosgene or formyl chloride), or to mustard-like adducts to glutathione in the
case of bifunctional ethanes (e.g., 1,2-dichlorcethane). Covalent binding to
proteins and lipids is a common feature of these electrophilic species (for
review, see Laib, 19382). i

Binding to DNA in vitro has also been described for a variety of halo-
alkanes (DiRenzo et al., 1982), whereas data on DNA binding in vivo reumain
controversial. No specific DNA adducts formed in vivo have been lidentified so
far; the only uneguivocal demonstration of an adduct to a macromolecule 1is
trichloro-methylation of fatty-acid residues in microsomal lipids from carbon
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tetrachloride (Link et al., 1984). Therefore, the relevance of DNA binding of
halo-alkanes for genotoxic effects cannot be evaluated on a chemical basis at
present, and will not be dealt with in detail in this chapter.

HALOGENATED ALKENES

Halogenated alkenes may be subdivided, according to the mechanisms of
genotoxicity, into two categories:

(a) those with halogen substitution in a vinylic position, such as vinyl
chloride or trichloroethylene (these are not genotoxic per se but
have to be metabolically activated to electrophilic intermediates).

{b} compounds with an allylic halogen substitution, such as allyl
chloride or allyl breomide, which possess alkylating properties and
thus may display direct genotoxic activities, i.e., without metabolic
activation, or may be enzymically converted to q,g-unsaturated
carbonyl compounds which can damage nucleic acid bases via different
mechanisms.

Halogenated ethylenes

As outlined above, the major metabolic oxidative pathway of halogenated
ethylenes is epoxidation; the activity of mixed function oxidases in this
process is now well established:

mercapturic acid

e

st
c 7 OHOH /C, acids

cl 0
NN/
oo OuMNADPH < ¢ HO, —c—c—a T,
;TN MFO / \ EH bl C, acid, CO

\ | (s} =0

_¢c_c¥  —c-c*

~
DNA binding 4—47él ! cl

The halogenated oxiranes may undergo a variety of secondary reactions:

(a) addition to glutathione (or similar low molecular weight nucleo-
philes), both enzymatically (glutathione transferases GST) and non-
enzymatically to form, via secondary reactions, mercapturic acid
derivatives which are the major urinary excretion products;

(b) hydrolysis, both spontaneously or catalysed by appropriate enzymes
(epoxide hydrolases EH), to vicinal diols. If more than one halogen
is substituted to the diol, the molecule is rendered very unstable
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and will undergo a variety of secondary reactions to either C,
carbonyl compounds or, under C,..,C breakage, to formate and carbon
oxides; :

(¢) rearrangement (RA)} after C...0 heterolysis to carbonyl compounds,

sometimes accompanied by intramolecular chlorine mwmigration, to
molecules of lower energy state, either halogenated aldehydes or acyl
halides;

(d) direct reaction with nucleophilic sites in nucleic acid bases (NA&) by
electrophilic-substitution reactions. NA adducts of identical strue-
ture may also be formed by the rearrangement products, halogenated
aldehydes.

Reactions (a)-(c) constitute deactivation pathways, whereas (d) repre-
sents the toxification mechanism. If one performs genotoxicity studies with
halogenated ethylenes, it will depend on the relative rates of formation of
the oxirane(s) and of secondary reactions (a)-(d) whether or not (and, if so,
to what extent) NA binding will occur. The relative rates may differ in
intact organisms and in in-vitro experiments, a fact which complicates extra-
polations of genetic risk from short-term tests to humans and other mammals.

The rate of formation of oxiranes by mixed-function oxidases is greatly
influenced by the number and site of halogen substitutions. In general, high
numbers and asymmetry will imbalance the C...C double bond system, On the
other hand, the bulky chlorine or bromine residues may confer steric protec-
tion and thus lower the metabolic transformation rate.

All these molecular considerations may elucidate the difficulties
encountered in making qualitative and quantitative predictions of the geno-
toxic activities of halogenated ethylenes. Another modifying factor which has
often been forgotten is the chemical structure and the stability of the
adducts formed, which will be stressed in the following detailed description
of individual compounds.

¥inyl chloride, vinyl bromide, vinyl fluoride

Vinyl chloride (VC) has been the most extensively investigated halo-
genated aliphatic hydrocarbon (IARC, 1982). The formation of VC epoxide by
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mixed function oxidases and its rearrangement to chloroacetaldehyde are well

established (Green & Hathway, 1975; Hefner et al., 1975; Bonse et al., 1975;
Bolt et al., 1976):

H cl H o o H 0
N / NSNS |
c=C 0,,NADPH | Y ——~H_c_c?
/ \ P450 / \ N
H H H a H

Chloroacetaldehyde may be partially reduced by alcohol dehydrogenase to
chloroethanol, or oxidized by aldehyde oxidase (Aldox) to chloroacetic acid:
the intermediate formation of the vicinal diocl from the epoxide 1is suggested

by the demonstration of glycol aldehyde as one of the secondary products
(Guengerich et al., 1979):
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The major pathway of detoxification of both the oxirane and chloro-
acetaldehyde goes through conjugation with glutathione and ensuing reactions
to form excretable mercapturic acids. Well-established end-products are:

2-hydroxyethylcysteine, its N-acetyl product and thiodiglycolic acid (Green &
Hathway, 1975; Hefner et al., 1975).

Three types of covalent binding of reactive VC metabolites have been
described: to proteins, to DNA and RNA, and to the SH-group of coenzyme A
(Bolt et al., 1982). VUnder in-vivo conditions, the more reactive epoxide will
bind preferentially to DNA bases, whereasS the rearrangement product, chloro-
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acetaldehyde, will bind primarily to proteins. Some of the oxirane can react,
immediately after its formation, with the P-450 of monocoxygenases, thus partly

deactivating the processing enzyme (Guengerich et al., 1981; Guengerich &
Strickland, 1977).

The reaction mechanism of VC oxirane (or chlorecacetaldehyde) with DHNA
bases has been found to be cyclisation with an endocyelic and an exocyclic
nitrogen of, e.g., adenine (Green & Hathway, 1975; Laib & Bolt, 1977, 1978)

H ©
H ~ //0 \C/i—\—- N
> NH, | NH, / \
H)é—cu - N QQE, N N N
wOSZIN | S>__* | *>._» L: | ‘9
LEN N N T N T
R R R

or with the N7 and Of-position of guanine (Osterman-Golkar et al., 1977), the

product being in equilibrium with the open oxc form (Laib et al., 1981;
Scherer et al., 1981),

H O
\c// HO\ /H
\ AN
o CH, CH,
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In addition, 3,N* ethenoxytosine and NZ2-3-ethenoguanine have been
described as adducts in vitro

o
é?iﬁt] HN’ﬂjI:N>
OJ\” ' N\f%:\JN H

Under in-vivo conditions, 7-oxoethylguanine seems to be the major, if not
the only, DNA-alkylation product (Laib et al., 1981).

There 1s good evidence for the ethemoderivative formation being the cause
for the mutagenic activity of VC: the co-planar position of the imidazole
ring interferes with translation and transcription mechanisms of DNA- and
RNA-bases by miscoding (Hathway, 1981).

The validity of the proposed activation and genotoxic mechanisins is
stressed by a variety of additional findings. Microsomal incubation of VC
leads to alkylating species which can be trapped by model nucleophiles (GUthe
et al., 1974; Barbin et al.,, 1975). Chlorooxirane is definitely mutagenic in
vitro (Huberman et al., 1975; Rannug et al.,, 1976) and carcinogenic in vivo
(Zajdela et al., 1980), chloroacetaldehyde being much less effective in vitro
and in vivo (van Duuren et al., 1979).

Vinyl pbromide (VB)} also binds covalently to proteins (Bolt et al., 1978)
and forms DNA- and RNA-adducts identical to those obtained after exposure to
YC (Ottenwilder et al., 1978). VB is mutagenic after metabolic activation
(Bartsch et al., 1979) and carcinogenic in rats (Huntingdon, 1978).

Vinyl fluoride (VF) has been less intensively studied. However, it may
produce preneoplastic liver nodules after inhalation of VC in newborn rats
(Bolt et al., 1981), the order of potency in this type of short-term carcino-
genicity testing has been found to be vinyl chloride > vinyl fluoride > vinyl
bromide {(Bolt et al., 1982b). All these findings indicate that the same
mechanisms underly the genotoxicity of the three analogues, with some expected
quantitative differences.

Vinylidene chloride, vinylidene fluoride

Vinylidene chloride (VDC) differs from the other members of the family of
chlorinated ethylenes in that it exerts strong acute toxic effects on liver
and kidney cells. Due to the extremely uneven electron distribution, the
metabolization rate of VDC is high, and the stability of tne presumed inter-
mediate, 1,1-dichlorooxirane, is so loWw that the compound cannot be synthe-
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sized (Bonse et al., 1975). Nevertheless, the metabolites identified in
several whole-animal studies (Jones & Hathway, 1978; McKenna et al., 1978:
Reichert et al,, 1979) are indicative of oxirane formation and rearrangement
to chloroacetyl chloride, S0 far, the following metabolites have been
identified; carboxymethyl cysteine, HN-acetyl carboxymethyl cysteine, thio-
diglycolic acid, thioglycolic acid, dithioglycolic acid, chloroacetic acid and
carbon dioxide.

A different pathway also suggests oxirane formation, the (assumed)
reaction of VDC with phosphotidyl ethanclamine, with the lipid component sub-
sequently splitting off, and substitution of the residual chlorine by S-methyl
to form methylthioacetyl-aminoethanol {Reichert et al., 1979):

H cl H o
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CH,—8—CH,—C

NH—CH, —CH,O0H

This metabolic pathway may explain the acute toxic activity of VDC via

destruction of lipid membranes by the attack on the major lipid component,
phosphotidyl ethanolamine.

No nucleic acid adducts from VDC have been identified so far, although
covalent DNA binding does occur. Despite the similarity of VC and VDC meta-
bolism and wmetabolites, conceivable etheno derivatives of nucleic acid bases
from VDC are expected to differ from those from VC, because the binding
reaction through the two chlorine atoms will carry an oXygen into the adduct,
€.8.,
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This might have different influences on translation and transcription
mechanisms (Hathway, 1977).

Thus 1t is not unexpected that VYC and VDC have distinect, indirect
mutagenic properties (Greim et al., 1975; Bartsch et al., 1975). Carcino-
genicity studies are still controversial: positive results (Lee et al., 1978;
Maltoni & Tovoli, 1979} stand against negative findings (Reitz et al., 1980).
The latter may be due to the high, acute and "non-specific" toxicity of VDC.

Vinylidene fluoride has been found to produce preneoplastic liver foeci in
postnatally exposed rats (St&ckle et al., 1979), which indicates activation

mechanisms comparable to those discussed for VDC, but which occur at much
lower rates.

1,2=-Dichloroethylenes, cis- and trans-

No data are available on specific binding of these two chloroethylenes.
Metabolites identified are derivatives of dichloroacetaldehyde (Bonse et al.,
1975; Costa & Ivanetich, 1982), which indicates oxidative metabolic activation
through dichlorooxiranes and rearrangsment to dichloroacetaldehyde. Mutagen-
icity studies have been negative with E. ecoli X 12, indicating a complete
deactivation of the oxiranes in the metabolic processing.

Trichloroethylene

Despite the fact that no specific binding or genotoxicity has been found
with this compound so far, it will be dealt with in more detail because
considerable controversy concerning the compound's carcinogenic potential is
still being carried on in the literature; in addition, trichloroethylene has
been most extensively studied with regard to its metabolism,

Oxirane formation in the metabolic conversion of trichloroethylene (tri)
was postulated as early as 1945 by Powell, because the identification of
1,1,1-trichloro compounds, trichloroethanol and trichloroacetic acid, as the
major urinary excretion products could only be explained by intramolecular
chlorine migration in the (labile) oxirane transition state;
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In fact, the situation is more complicated, since it has been shown that
trichlorooxirane will rearrange thermally (unlike the in-vivo situation) to
dichlorcoacetyl chloride,

The reasons for the thermal behaviour have been explained elsswhere
(Henschler, 1977). Also, an explanation has been provided for the (almost
exclusive) in-vivo transformation to trichloroacetaldehyde; a Lewis acid-
catalysed Cl-shift through the trivalent iron in P-450 (Bonse & Henschler,
1976). An alternative explanation has also been proposed, which postulates
the intermediate formation of a tri-adduct to P-450 haeme-iron, the existence
of which has not, however, been demonstrated (Miller & Guengerich, 1982}.

It has also been shown that tri-oxirane decomposes extremely rapidly in

the presence of water to a variety of C,- and C,-units, which suggests the
following reaction mechanism (Henschler et al., 1979);



34 HENSCHLER

o Ci OH OH o) 0 0

ct 0
ANV [ - N ¥ H Y 4
c—¢ HO ci—c—c—n ~2HC, = HO ¢

[0 N =HCI / \
cl H c1c cl H Ho H
P 1
CI—-(E—H /C\
cl Cl
mol-zHCI l
ﬁ CO+HCI
/CN
HO H
If these reactions were to take place in vivo , carbon monoxide and

formic acid would be expected as final metabolites. Recent careful metabolism
studies of tri after gavage in rats and mice have shown, however, that these
products are not formed, even after extremely high single doses; nor ‘have
mercapturic acids been detected (Dekant et al., 1984), These findings are
indicative of a protective mechanism which hinders the escape of trichloro-
oxirane from the hydrophobic premise of the oxidizing enzyme system, P-450, by
inducing complete rearrangement ¢to 1,1,1-trichloroacetaldehyde before the
highly electrophilic oxirane gets access to DNA or HNA, or &to soluble, low
molecular weight nucleophiles, such as glutathione. 0Only scme covalent bind-
ing to phosphotidyl ethanolamine in the lipid fraction of the microsomal multi-
enzyme complex does occur and results in the formation of the recently-

discovered, novel metabolite, 2-hydroxyacetyl-ethanolamide (Dekant et al.,
1984) ;

RWANDS A
/c—-c\ — — — HO—CH,—C_
cl H NH—=CH,—CH, — OH
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Only after extremely high oral doses to mice, is some dichloroacetic acid

formed, which may be explained by an overloading of the above-mentioned
protective mechanism (Hathway, 1980).

Incubation of '“C-tri with activating enzyme systems, or addition of
trichlorooxirane, may lead to the formation of adducts to DNA or RNA (Baner jee
& van Duuren, 1978; Laib et al., 1979). These have, however, never been
identified; they are not identical with those formed with vinyl chloride
{Laib et al., 1979). All attempts to identify DNA- or RNA-adducts from tri in
vivo have been unsuccessful so far and, in fact, covalent binding as such
could not be demonstrated unequivocally {Parchman & Magee, 1980; Bergman,
1983).

All these findings cast serious doubts on the supposed genotoxic activity
of tri. In accordance with this, most mutagenicity experiments with purified
samples of tri have been negative (Henschler et al., 1977; Bartsch et al.,
1979). A few positive findings may be due to the presence of impurities, such
as epichlorohydrin or epoxibutane, which are added as stabilizers to conven-
tional technical samples of tri (Henschler et ai., 1977). Furthermore, simple
chemical consideration of the presumptive DNA adducts from trichlorcoxirane
reveal that these should be expected to be rather unstable, due to the
residual chlorine residus(s).

Trichloroethylene has been reported to exert carcinogenic activity in a
certain hypersensitive strain of mouse (NCI, 1976). In the 1light of the
metabolism described above and of mutagenicity studies, it must be concluded
that this weak carcinogenic effect cannot be the result of a genotoxic poten-—
tial of tri. 1In fact, other carcinogenicity studies under realistic exposure
conditions in rats, mice and hamsters gave no indication of tumour formation
(Henschler et al., 1979, 1984),

Tetrachloroethylene

This perchlorinated ethylene derivative lacks any C-H bond and is only
slowly metabolized to oxygenated compounds, the chemical structure of which

pcints again to epoxidation as the essential metabolie step (Bonse et al.,
1975) ; '
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The intra-molecular rearrangement to trichloroacetylchloride produces an
acylating species which leads to some covalent, but easily hydrolysable,
binding to proteins (Bonse et al., 1975). Hydrolysis of the oxirane to the
vicinal diol and subsequent dehydrochlorination leads to  the excretable
metabolite, oxalic acid {(Yllner, 1961; Pegg et al., 1979; Dekant & Henschler,
unpublished). Covalent binding of metabolites to proteins has been described
(Bolt & Link, 1980; Costa & Ivanetich, 1980; Schumann et al., 1980), but no
DNA binding could be detected in vivo (Schumann et al., 1980). These findings
indicate the existence of a protective mechanism similar to that which has
been described for trichloroethylene. In accordance with this, no mutagen-
icity was found in microbial tester organisms (Greim et al., 1975; Bartsch et
al., 1979), whereas the tetrachlorooxirane is definitely mutagenic 1in
Salmonella typhimurium (Kline et al., 1982). Carcinogenicity testing with a
technical sample of tetrachloroethylene at extremely high oral doses revealed
positive results in a hypersensitive strain of mouse (NCI, 1977), whereas
inhalation studies with rats were negative (Rampy et al., 1977).

In conclusion, the present state of knowledge concerning tri- and tetra-
chloroethylenes warrants caution in the application of simple rules of meta-
bolic formation of electrophilic intermediates as a means of providing proof
of genotoxic potential. Rather, all steps of metabolism and type of covalent
binding, in particular the stability of the adducts formed with macromolecu-
les, have to be taken into consideration before predictions of mutagenic and
carcinogenic risks are released.

Hexachlorobutadiene

The metabolism of this interesting compound of major practical interest
has been only partially elucidated. Two metabolites have been unequivocally
identified (Reichert, 1982; Schiitz & Reichert, 1984);
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The oxidative pathway, with epoxidation and rearrangement to the acyl
chloride and subsequent hydrolysis, follows well-established rules for this
type of compound, whereas the formation of a thicether, obviously through an
enzymic conjugation reaction (glutathione transferase), constitutes a novel

pathway. Both pentachloro-1-butenic acid and pentachloro-l-methylthic-
butadiene are direct mutagens (Reichert et al., 1984). Hexachlorcbutadiene is
a strong nephrocarcincgen in rats (Xociba et al., 1977). DNA binding after

metabolic activation does cccur (QOesch & Wolf, 1984), but the chemical
structure of the adducts formed has nct yet bheen identified.

Halcogenated allyl compounds

Although chemically closely related to halcogenated vinyl compcunds, the
allyl derivatives show completely different metabelic behavicur. They are

direct alkylating substances which may act through three different alkylating
mechanisms (Eder et al., 1982b);

(a) S,-1-reactivity via a resonance-stabilized allyl cation (for equa-
tion, see p. 24),

(b) SN—Z—reactivity and SN—Z‘—reactivity (bi-molecular reaction),

)
Nul'+ CH, = CHE-CH, /X' — [Nu—CH,—CH=CH,]® x®

{(¢) free radical mechanisms,
CH,= CH—CH,—X =X5 [CH,=CH—CH, €= "CH, —CH=CH;]

Therefore, typical allyl halides display direct mutagenic activity (Eder
et al., 1980}, whereas addition of metabolizing enzymes to the fest systems
abolishes the mutagenic activity, which means that epoxidation is not involved
in the genotoxicity of this type of compound, Alkylating and mutagenic
potential increase within the group of halogens in the order C1>Br>I, Further
halo or alkyl substitutions at pesitions other than the allylic increase, due
to inductive and mesomeric influences, the direct alkylating and genotoxic
activity. Structure-activity relationships of a large group of halogenated
allyl compounds have been worked out (for review, see Eder et al,, 1982a).

An interesting case is encountered with 2,3-dichloro-t-propene, which may

in part alkylate directly via the above-described mechanisms, but, in addi-
tion, may be epoxidised,
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and further rearrange to the highly-reactive and genotoxic dichloroacetene,

30 far, the following DNA-adducts from allyl bromide have been identified
in vitro and in vive ; (0f-allyl guanine, T-allyl guanine, N2-allyl guanine,
3-allyl guanine and Nf-allyl guanine (Eder & Sebeikat, 1982).
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INTRODUCTION

In recent decades much concern has arisen with regard to the toxico-
logical and environmental effects of a spectrum of halogenated hydrocarbons,
primarily the persistent organochlorine pesticides and related derivatives;
e.g., DDT, heptachlor, endrin, dieldrin, chlordane, Mirex, Kepone, toxaphene,
DBCP (dibromochioropropane), chlorinated biphenyls (PCBs) and chlorinated
trace impurities, such as chlorinated dibenzo-p-dioxins (PCDDs) ([2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD)] and chlorinated dibenzofurans (PCDFs)
(IARC, 1974b, 1975, 1977, 1978, 1979, 1982; Winteringham, 1977; Kimbrough,
1979) .

This concern has now been extended to practically all of the major
halogenated hydrocarbons, particularlty the lower molecular weight, volatile
C,-C, chlorinated alkanes and alkenes, numerous members of which are carcino-
genic and/or mutagenic, are produced in extremely large amounts and are
extensively employed as intermediates and as major end products. Production
figures suggest a growth rate for the halocarbons industry in excess of 6% per
annum. Halocarbons are used as solvents (in extraction of components from
foods and drugs) and in adhesives, industrial solvent blends, paint and
coatings, as fumigants, degreasing agents, dry-cleaning fluids, aerosol propel-
lants, anhaestheties, refrigerants, textile processing agents, anti-knock
scavengers, flame-retardants and extinguishants, cutting-fluids, synthetic
feedstuffs and as intermediates in the production of other chemicals and of
textiles and plastics (IARC, 1974a,b, 1975, 1977, 1979, 1982; Fishbein, 1976,
1979a-d; Rosenkranz, 1977; Weisburger, 1977; Archer, 1979a,b; Henschler, 1980;
Stolzenberg et al., 1980; Marier, 1982).

_47_



48 . FISHREIN

A number of these agents (e.g., 1,1',2-trichloroethane, carbon tetra-
chloride, methylene chloride, trichloroethylene and tetrachloroethylene,
Freons 11, 12, 114) have been employed in a wide range of commonly-available
household items, such as degreasing agents, paint and varnish removers and
brush cleaners, and can thus be an important source of air pollutants in the
indoor environment (Bridbord et al., 1975).

In addition, solvents such as trichloroethylene, tetrachloroethylene,
1,1,1-trichloroethane (methyl chioroform) and methylene chloride, as well as
the anaesthetie gas halothane, have been abused (Garriott & Petty, 1980;
Ramsey & Flanagan, 1982).

Of more recent and increasing concern is the presence of a large number
of halogenated hydrocarbons, including a number of mutagenic and/or carcino-
genic derivatives, in many of the global water sources as a result of indus-
trial outfall or disinfection of water supplies by chlorination (e.g., tri-
halomethanes, haloacetonitriles) (NAS, 1977, 1930).

Additional potential exposure results from slow dissipation of the vola-
tile halocarbons (e.g., Freons 11, 12, 144, methylchloride, methylene
chloride, chloroform, trichloroethylene, methyl chloroform) into the global
atmosphere and marine environments (Pearson & McConnel, 19753 Lovelock, 1977;
Lahl et al., 1981; Pearson, 1982; Miller, 1983).

The lipophilic nature of the volatiie halogenated alkanes and alkenes
raises an additional concern inasmuch as these agents will accumulate in the
fatty tissues of biological organisms. The presence of these pollutants
(e.g., chloroform, &tri- and tetrachloroethylene) in samples of marine
organisms has been reported (Pearson & McConnel, 1975; Dickson & Riley, 1976;
Fishbein, 1979a,b; Ofstad et ai., 1981).

Prevalent disposal practices include deep-well disposal,  burning the
wastes in land-based incinerators and burning them at sea (Miller, 1983).

The general class of halogenated alkanes and alkenes therefore give cause
for concern on both toxicological and environmental grounds, due to their
extensive production volumes, use patterns and dissipative nature, and to the
broad potential exposure of large segments of the population, including
worker, consumer and general public,

PRCDUCTION AND USES

Chlorinated hydrocarbon derivatives are produced by a number of basic
processes, such as direct-addition chlorination, hydrochlorination, oxy-
chlorination, dehydrochlorination and chlorinolysis. Aliphatie hydrocarbon
feedstocks for chlorination reactions include methane (natural gas), ethane,
ethylene, propylene and propane (natural gas); methancl and various waste
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steams may also be used (EPA, 1974; Ahlstrom & Steele, 1979; Anthony, 1979;
Archer, 1979a,b; DeShon, 1979%a,b; Fishbein, 197%a-d; Keil, 19793 McNeill,
1979; Pearson, 1982). Typical manufacturing processes for C, and C, chloro-
hydrocarbons (e.g., methyl chloride, methylene chloride, chloroform, carbon
tetrachloride, ethylchloride, 1,7-dichloroethane, 1,2-dichloroethane, vinyl
chloride, vinylidene chloride, trichloroethylene, tetrachloroethylene, 1,1,2-
trichloroethane, 1,1,1-trichloroethane and tetrachloroethane) are shown in
Figure 1 (Archer, 1979a).

FIG. 1. MANUFACTURING PROCESSES FOR C, AND C, CHLOROHYDROCARBONS
(Archer, 197%a)
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Progressive chlorination of a hydrocarbon molecule yields both liquids
and solids of increasing nonflammability, density and viscosity, as well as
enhanced solvent power for a large number of inorganic and organic materials.
In addition, water solubility, dielectric constant aud specific heat exhibit a
progressive decrease with increasing chlorine content. A1l chlorinated hydro-
carbons undergo pyrolysis at elevated temperatures, with the formation of
hydrogen chloride. While olefinic chlorinated derivatives are oxidized in the
presence of UV light to vyield hydrogen chloride, phosgene and chlorinated
acetyl chlorides, saturated aliphatic chlorine derivatives are generally quite
stable to oxidation.
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Inhibitors, such as antioxidants, acid acceptors and metal stabilizers,
are added to minimize degradation. For example, alcohols and amines are often
added to an oxidation-sensitive solvent (e.g., 1,1,2-trichloroethane) to
minimize this mode of degradation. Epoxides have been added as acid acceptors
to neutralize hydrogen chloride, which is a major product of degradation of
the chlorinated hydrocarbons (Archer, 1979a). Table 1 lists the global pro-
duction and uses of the halogenated aliphatic hydrocarbons of major commercial
importance. The production volumes listed are those of the major producers,
e.g., United States, Western Europe and Japan (no figures are available from
Eastern Europe or China). The figures are rounded off to 1978-1980 levels
(Pearson, 1982},

The 1982 U0.3. production capacities for a number of major chlorinated
derivatives are listed in Table 2 (SRI, 1983). A number of C, chlorinated
solvents (primarily trichloroethylene, perchloroethylene and 1,1,1-trichloro-
ethane), although still consumed in major amounts, have exhibited considerable
variations in production in recent years, due mainly to increasing concern
over possible adverse effects on humans and the environment. World capacity
for production of these three solvents is about 3.7 million metric tons.
Western Europe has approximately 50% of the total capacity, while the United
States and Japan have 40% and 10%, respectively. In 1980 the world industry
operated at only about 55% of capacity and produced some 1.7 million metric
tons of these solvents (U40% perchloroethylene, 25% trichloroethylene and 35%
1,1, 1-trichloroethane {SRI, 1982). Of the total world capacity for ethylene
dichloride (EDC) in 1981, the U.S, held about 50% and Western Europe about 26%
(SRI, 1931),
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Table 1. Production and uses of the major halogenated aliphatic hydrocarbons
of commercial importance (Pearson, 1982)

Name Synonyimn World Major uses

production

(million

tonnes/year)
Chloromethane Methyl chloride 0.4 Intermediate, solvent
Dichloromethane Methylene chloride 0.5 Solvent
Trichloromethane Chloroform 0.25 Intermediate, solvent
Tetrachloromethane Carbon tetrachloride 1.0 Intermediate,

fumigant
Bromoinethane Methyl bromide 0.02 Fumigant
Chloroethene Vinyl chloride 10.00 Monomer for plastics,
intermediate

1,1-Dichloroethene Vinylidene chloride 0.2 Monomer for plastics
(asym)
Trichloroethene Trichloroethylene 0.6 Solvent
Tetrachloroethene Perchloroethylene 11 Solvent
Chloroethane Ethyl chlioride 0.4 Solvent, intermediate
1,2-Dichloroethane Ethylene dichloride 13.0 Intermediate
1, 1-Dichloroethane Ethylidene chloride 0.5 Intermediate
1,1,1=-Trichloro- Methyl chloroform 0.6 Solvent
ethane
1,2-Dibromoethane Ethylene dibromide 0.25 Antiknock scavenger
3-Chloropropene-1 Allyl chloride 0.5 Intermediate
3-Chloropropane, Epichlorohydrin 0.5 Monomer for resin

1-2 epoxide
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Table 2. U.3. production capacity of a number of major chlorinated deriva-
tives in 1982 (SRI, 1983)

Compound Production (million pounds)
Methyl chloride 690
Chloroform 515
Carbon tetrachloride 1 213
Methylene chloride 960
1,2-Dichloroethane 20 295
1,1,1-Trichloroethane 1 300
Trichloroethylene 320
Tetrachloroethylene 1 085
Epichlorohydrin 640
Fluorocarbons 1 166

(including F-11, F-12, F-22)

Methyl chloride is used mainly in the production of tetramethyl lead (as
an antiknock agent), silicones, synthetic rubber and methylcellulose, and as a
general methylating agent. Its utility as a refrigerant and in extractant
applications is of secondary importance. Approximately 31 000 individuals are
estimated by the National Institute of Occupational Safety and Health. (NIOSH)
to be exposed to methyl chloride {Clement Associates, 1977: Ahlstrom & Steele,
1979; Fishbein, 1979b).

Methylene chloride demand has grown in the past decade, competing with
trichloroethylene and perchloroethylene largely because of increased recog-
nition of their toxicity. Methylene chloride is extensively used for solvent
degreasing, as a paint remover, in aerosol sprays, as a solvent for the
extraction of naturally-occurring, heat-sensitive substances, as a substitute
for trichloroethylene for decaffeinating coffee, as a process solvent in the
pharmaceutical industry in the manufacture of steroids, antibiotics and

vitamins. Its use in the urethane foam industry as an auxilliary blowing
agent for flexible foams and as a substitute for fluorocarbons in aerosol
products is increasing. Other applications include low-pressure refrigerants

and as a low-temperature, heat-transfer medium (Anthony, 1979; Fishbein,
1979b). It is estimated that from 1976 on, about 70 Q00 U.S. employees were
potentially exposed to a working environment containing methylene chloride
(NIOSH, 1976).

Chloroform was one of the first organic chemicals produced on a large
scale in the U.3., with production commencing in 1900 (DeShon, 1979a).
Chloroform is wused primarily in the manufacture of chlorodifluoromethane
refrigerants (F-22) and aerosol propellants, and as a raw material for
polytetrafluoroethylene resins (e.g., PTFE, Teflon). Chloroform was used
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chiefly as an anaesthetic and in pharmaceutical preparations prior to World
War II, and in toiletries (e.Zz., mouthwashes, dentifrices), hair tinting and
permanent-waving formulations untill recently. It has also been used as a
fumigant and insecticide. NIOSH estimates that 40 000 persons are exposed

occupationally to chloroform in the United States (NIOSH, 1976b; DeShon,
1979a;. Fishbein, 1979b).

Carbon tetrachloride was one of the first organic chemicals toc be pro-
duced on a large scale, with production commencing in Germahy in the 1890's
(DeShon, 1979b). Carbon tetrachloride 1is principally employed for the
production of chloroflucrcmethanes, e.g., dichlorofluorcmethane (CFZClz)
(F-12) and trichloroflucromethane (CFCl,) (F-11) for refrigeration, aercscl
and blowing-agent markets, Carbon tetrachloride was formerly used extensively
for metal degreasing and as a dry-cleaning fluid, fabric-spotting fluid, fire-
extinguisher fluid, grain fumigant and reaction medium (DeShon, 1979b;
Fishbein, 1979b).

Ethylene dichleride (EDC; 1,2-dichloroethane) is the principal alkane
halide of industrial utility. Production of EDC in the U.S. increased from
about 510 million pounds in 1955 tc almest 8 billion pounds in 1972. this
16-fold increase was mostly due to increased vinyl chloride monomer (VCM)
production, for which EDC is one of the basic raw materials. Current U.S.
consumpticn of EDC is abcocut 10 billion pounds and it is the 15th largest-
volume U.3. commercial chemical., The worldwide capacity for EDC production is
approximately 51 billion pounds. Estimated U.3. domestic consumption in 1976
was as follows: B86% as an intermediate for vinyl chloride; about 3% each as
an intermediate for 1,1,1,-trichloroethane, methyl chloroform and ethylene-
imines; 2% each as an intermediate for perchlorocethylene, 1,1-dichloroethane
and trichlorcethylene; and as a lead scavenger for motor fuels. The yearly
growth-rate of EDC production in the United States has been 9% from 1969 to
1979. The use of EDC as an additive in tetraethyl lead antiknock mixtures
will decrease due to increased marketing of unleaded gasolines (Archer, 1979b;
Fishbein, 1979¢, 1980). Baier (1978) estimated that approximately 2 milliocn
workers in the U.S. may receive some exposure to EDC, with perhaps 200 000
receiving a substantial exposure primarily due to its use as a sclvent in
textile cleaning and metal degreasing and in certain adhesives, as well. as
component of fumigants. However, NIOSH estimated in 1976 that approximately
18 000 people are potentially exposed to EDC in their working environments
(NIOsHd, 1976c).

The U.3. production of ethylene dibromide (EDB; 1,2-dibromoethane)
increased from an estimated 64 million pounds in 1940 to a peak of 332,
primarily due to increased consumption of gasocline containing EDB as an
additive, which has always been its greatest single use (NIOSH, 1977).
Although the recent U.S. production of EDB was approximately 250 millicn
pecunds, down 32% from the peak of 332 million pounds, it remains the leading
bromine-based chemical., The outlook is for further sharp declines in demand,
possibly by as much as 75% by 1980, because of diminishing use of lead addi-
tives in gasoline and, in recent months, the restriction or elimination of its
use in pesticides by the U.S. Environmental Protection Agency. EDB was a



54 FISHBEIN

component of more than 100 pesticides registered with the EPA and was primar-
ily used as a soil fumigant on a variety of vegetable, fruit and grain crops,
and for disinfecting fruits, vegetables, grains, tobacco and seeds in storage
(EPA, 1970). An estimated 5 million pounds of EDB were used in the U.S. in
1975 as a fumigant.

NIOSH estimated in 1977 that approximately 9 000 employees (chiefly
manufacturing, formulating and fumigating) are potentially exposed to EDB in
the workplace and that 650 000 gasoline station attendants are also exposed
(NIOSH, 1977b). No estimate can currently be given concerning the number of
motorists who are potentially exposed to EDB during "self-serve" operations at
the gas pump.

Methyl chloroform (1,1,1-trichloroethane) is used in the U.S. principally
{about 70%) as a cold solvent for degreasing metals and cleaning eleectrical
and electronic equipment. The commercial metal-cleaning grades contain added
inhibitors (e.g., epoxides, glycol diesters, nitroaliphatic hydrocarbons,
1,4-dioxane, morpholine or a variety of alecohols) that make usage acceptable

for all common metals, ineluding aluminum. It is also widely employed as a
solvent for various greases, oils, tars and waXes and a broad spectra of
organic material (Archer, 1979b; Fishbein, 1979b). A number of consumer

aerosol products also contain methyl chloroform:; +these include cleaners (oven
and spot removers, containing 25 to 70% methyl chloroform) waxes and polishes,
automotive and specialty products {(Aviado et al., 1976). NIOSH estimated that
approximately 100 000 workers are exposed to methyl chloroform (Fishbein,
1979b). distorically, methyl chloroform has been a common substitute for
carbon tetrachloride (Aviado et al., 1976). It is also being increasingly
substituted for trichloroethylene in solvent applications, largely because the
latter is a suspeet carcinogen. Methyl chloroform also contributes less to
smog formation and is relatively inert in the troposphere, compared to tri-
chloroethylene (Fishbein, 1979b).

Trichloroethylene (TCE, 1,1,2-trichloroethylene) production began in
Germany in 1920 and in the United States in 1925 and was stimulated by improve-
ments in metal degreasing techniques during the 1920's and by the growth of
dry-cleaning estalbishments during the 1930's. Although the market expanded
Steadily until 1970 (with TCE accounting for 82% of all the chlorinated
solvents used in vapor degreasing), the utility of trichloroethylene has been
under 1increasing attack due to its toxic properties and its danger as an
atmospheric pollutant, Approximately 90% of TCE (345 million pounds) econsumed
in the United States in 1974 was for vapor degreasing and cold cleaning of
fabricated metal parts and 6% (25 million pounds) was employed as a chain
terminator for polyvinyl chloride production. Previously, it was widely
employed as a solvent in the textile industry, as an ingredient in printing
inks, laecquers, varnishes and adhesives, in the dry-cleaning of fabries and as
an extractant in food processing (e.g,, for decaffeinating coffee). A pharma-
ceutical grade of trichloroethylene has been employed as a general anaestnetic
in surgical, dental and obstetrical procedures. It should be noted that since
TCE 1is slowly decomposed (autooxidized) by air to give oxidation products
which are acidiec and corrosive, stabilizers, (e.g., epichlorohydrin and
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butylene oxide) are added to all commercial grades of trichloroethylene to
scavenge any free HCL and AlCl, (Fishbein, 1979a; MeNeil, 1979). Largely
because of its sclvent properties, TCE has been incorporated- in a number of
consumer products (e.g.,, cleansers for automobiles, sSpot removers, rug
cleaners, disinfectants and deodorants) (Lloyd et al,, 1975). The number of

U.S. workers exposed to trichlorocethylene has been estimated by Lloyd et al.
(1975) to be about 283 000.

Tetrachloroethylene (perchlorcethylene) was manufactured before World War
I in the United Kingdon and Germany, and in the United States since 1925. the
major application of tetrachlorcethylene is in dry-cleaning, with approximate-
ly 80% of all dry-cleaners using this sclvent as their primary cleaning agent.
It's estimated use pattern (%) in the United States in 1976 was dry-cleaning
(66), textile processing (13), metal degreasing (13), flucrocarbon manufacture
(3) and miscellanecus (5). Tetrachloroethylene is alsc used as a solvent in
the manufacture of rubber sclutiens, paint remcvers, printing inks, fats,
cils, silicones and sulfur and as a heat-transfer medium (Fishbein, 1979a;
Keil, 1979). NIOSH estimated in 1978 that some 500 000 workers were at risk
of eXxposure to tetrachloroethylene and alsc neoted that over 20 000 dry-
cleaning establishments and a large number of other industries use or manu-
facture tetrachlorocethylene (Anon, 1978b),

Since their introduction approximately 40 years ago as refrigerants, and
later as- propellants for aerosel products, the fluorocarbons (chlorofluoro-
methanes) have generally been considered to possess an extremely low order of
bioclegical activity (Clayton, 1967) and, as a consequence, their productiocn
and diversity of use have increased enormously. Between 1960 and 1970, world
production was estimated to have grown exponentially, with a doubling time of
3.5 years (Loveloek et al., 1973; Crutzen, 1974). These chemicals (mostly
known as "Freons"), unlike carbon tetrachloride, have no known natural sources

or sinks in the troposphere and possess relative chemical inertness and high
volatility.

Fluorccarbons are made commercially by a number of procedures including:
a) the electrolysis of hydrocarbons in anhydrous hydrogen fluoride; b) reac-
ticn of acetylene or oclefins and hydrogen flucride, or chlercecarbens and
anhydrous hydrogen fluoride, in the presence of an antimony fluoride catalyst
(Smart, 1980).

The major fluorocarbens of envirconmental as well as toxicological concern
are trichloroflucromethane and dichloroflucromethane, which have been used
almost exclusively as aerosol propellant gases {approximately 50-60%) and
refrigerants (approximately 20-30%), but have alsc found use as blowing
agents, solvents and fire extinguishers. Other flucrocarbons (e.g., F-22) are
used as feedstocks for fluorocarbon resins (Fishbein, 1979b).

World preoduction of trichleroflucromethane (F-11) and dichlorediflucro-
methane (F-12) {(excluding the USSR and Eastern Europe) was 1.7 billion pounds
in 1973, which represents an increase of 11% compared with 1972, Approximate-
ly half of that production and use occurred in the United States. The total
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U.3. production of fluorocarbons has been doubling every 5 to 7 years since
the early 1950's, The U.3. production of F-11 and F-12 in 1974 was estimated
to have been approximately 860 million pounds and it is believed that the
market will continue to grow by about 5 to 6% a year (Lovelock et al,, 1973).
By 1975 it was estimated that approximately 13.8 billion pounds of F-11 and
F-12 had been produced in the world (Council on Environmental Quality, 1976).
Approximately 3 billion aerosol cans containing F-11 and F-12 were sold yearly
in the U.S. for use with the following products (in millions of units, for
1972): personal products (e.g., shaving creams, cosmetics, perfumes, deodo-
rants, anti-perspirants, hair-sprays), 1 #90; household products (e.g.,
window cleaners, air freshners, oven cleaners, furniture polishes), 699;
coatings and finishing products (e.g., paint spray), 270; insect sprays, 135;
lubricants and degreasers, 100; automotive products, 76. Miscellaneous uses
have inecluded mold releases, silicone sprays and as additives in some foods
(Council on Environmental Quality, 1975).

It was estimated in 1975 that approximately 4 000 people were directly
engaged in fluorocarbon production, sales and research by 6 companies at 15
plants (Council on Environmental Quality, 1975).

Dibromochloropropane (DBCP; 1,2-dibromo-3-chloropropane) is produced
commercially by the addition of bromine to allyl chloride and is used mainly
as a soil fumigant and nematocide and as an intermediate in organic synthesis.
About 12 million pounds of DBCP were used in 1972. In 1969, U.3. production
was 3.9 million Kkg. DBCP is alsc produced in the Benelux, France, Italy,
Spain and Switzerland and the annual production in these countries was
estimated to be 3-30 million kg annually (IARC, 1977). In 1971, 1.6 million
kg of DBCP were employed on crops in the U.S. and in 1975, 285 thousand kg
were used In California alone (Fishbein, 1979c¢). Approximately two to three
thousand employees 1n wmanufacturing and formulating facilities have been
exposed to DBCP. About 80 formulators have had labels registered with EPA for
the approximately 160 products which contain DBCP (0SEA, 1977).

Haloethers, primarily alpha chloromethyl ethers, are alkylating agents
which are giving rise to increasing concern due to the establishment of a
causal relationship betweeen occupational exposure to bis{chloromethyl)ether
(BCME) and chloromethylmethylether (CMME) and lung cancer in the United
States, the Federal Republic of Germany and Japan. These compounds have been
widely used in industry as chloromethylation agents for the preparation of
anion-exchange resins, the formation of water repellants and other textile-
treating agents, the manufacture of polymers and as solvents for polymer-
ization reactions. Anion-exchange resins (modified polystyrene resins which
are chloromethylated, then treated with a tertiary amine or with a polyamine)
have been produced in the United States, France, Federal Republic of Germany,
German Democratic Republie, Italy, The Netherlands, United Kingdom, USSR and
Japan (no data are available on the quantities produced) (Fishbein, 1979c;
TARC, 1974),
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BCME c¢an be produced by saturating a solution of paraformaldehyde in cold
sulfuric acid with hydrogen chloride. BCME has been primarily produced in the
U.5. as a chemical intermediate. CMME can be produced by reaction of
methanol, formaldehyde and anhydrous hydrogen chloride. It should be noted
that commercial grades of CMME can be contaminated with 1-8% BCME (Fishbein,
1979c; IARC, 1974).

Allyl chloride (3-chloro-1-propene) is <the most important of all
commercial allyl compounds and has been used as a monomer in the production of
various plastics and resins that are used per se, or incorporated into surface
coatings, adhesives, ete. A number of commercially-important compounds, such
as glycerol, epichlorchydrin and allyl aleohol, are made directly from allyl
chloride. The production of allyl chloride in the U,S. in 1973 was estimated
to be about 300 million pounds. NIOSH estimates that approximately 5 000
workers are potentially exposed to allyl chloride during its manufacture or
use (Fishbein, 1979a).

LOSSES TO THE ENVIRONMENT

It is generally acknowledged that even in a well-operated, integrated,
production unit, some losses of both original reactants and products will
always occur. 3Such inputs can be significant for compounds which are mainly
employed as intermediates for further synthesis, e.g., methyl chloride,
chloroform, carbon tetrachloride, vinyl chloride, vinylidene chloride, epi-
chlorohydrin and chloroprene. It has been estimated that losses of between
0.5 and 2% of raw material and finished product occur, depending on the age of
the plant and the nature of the process (EPA, 1973, 1974; Pearson, 1982).
Ancther principal source of halocarbon input tc the environment involves those
materials which are extensively employed as solvents or fumigants. These
include methylene chloride, methyl bromide, trichloroethylene, tetrachloro-
ethylene, methyl chlorcform, chloroform, carbon tetrachloride, ethyl chloride,
1,2-dichlorcethane (EDC) and 1,2-dibromcethane {EDB),

The U.S. Environmental Protection Agency (EPA) estimated that about 163
million pounds of EDC entered the environment in 1974 from its use in the U.S.
alone (Ancon, 1978a). Best estimates of current emissions indicate that appro-
ximately 11 000 - 44 000 metric tons of EDC are emitted annually from produc-
tion and process facilities (EPA, 1979). Losses of EDC toc the environment
arise prineipally from vapours released during primary production or during
end-product manufacture, during dispersive applications and as a contaminant
in waste water and in waste solids, principally EDB tars - a complex mixture
consisting chiefly of chlorinated aliphatic hydrocarbons, e.g., approximately
33% EDC, 1,1,2-trichloroethane and about 0.06% VYCM monomer (Jensen et al,,
1975). It should be noted that the composition of EDC tar varies not only
from one factory to another, but also from time to time within the same
factory. The EDC content of EDC tars from VCM production is estimated at
about 60 million pounds annually. In the U.S., disposal of EDC tar is usually
accomplished by burial in landfills or by incineration. Because of its
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volatility, there is a probability that EDC in buried wastes may eventually
leak into the atmosphere (EPA, 1979; Fishbein, 1980). Dispersive uses of EDC
are generally considered to result in the release of all the EDC to the
envirconment. Use of EDC as a solvent or fumigant accounts for- the release of
approximately 5 000 metric tons annually, while auto emissions and the use of
EDC as an intermediate in the synthesis of other organic compounds are
estimated to release about 4 000 metric tons annually., The use of EDC as a
grain fumigant may account for annual emissions of an additional 500 metric
tons (EPA, 1979).

The chief sources of 1,2-dibromoethane (EDB) emissions are from auto-
motive sources via evaporation from the fuel tank and carburetor of cars
operated on leaded fuel. Emissions from these sources were estimated to range
from 2 to 25 mg/day for 1972-1974 model cars in the U.S. (EPA, 1975). (The
concentration of EDB in tetraethyllead anti-knock mixtures varies and can be
present in amounts of approximately 18% by weight (2.8 g/L); aviation gaso-
line anti-knock mixtures can contain about 36% EDB by weight (IARC, 1977).

Emissions of commercial organic solvent vapors into the atmosphere have
been increasing dramatically in the 1last decade, The 1loss of trichloro-
ethylene and tetrachloroethylene to the global enviromment in 1973 was
estimated to be over 1 million tons each (McConnell et al., 1975). Emissions
of these chlorocarbons occur principally from 3 sources; production, trans-
portation and consumption., Estimated emission from trichloroethylene produc-
tion are 57 pounds emitted/ton produced (Garner & Dzierleneca, 1976; EPA,
1977). The major source of emission of trichloroethylene arose from its use
as a solvent in open-top vapor degreasers (EPA, 1977a). Assuming that 55% of
the vapor-degreasing operations in 1974 used trichloroethylene, the total U,S.
emissions would have been approximately 121 000 tons, or roughly 70% of the

total amount of trichloroethylene used in metal-cleaning operations (EPA,
1979; SRI, 1475).

Losses of carbon tetrachloride to the global environment are conside-
rable. It was estimated by Singh et al. (1976) that, by 1973, accumulated
world-wide emissions amounted to about 2,5 million metric tons and that this
had grown at a rate of 50 000 metric toas/year for at least 30 years.
McConnell et al. (1975) estimated the 1974 loss of carbon tetrachloride to the
global environment to be of the order of 1 million tons. The occurrence of
carbon tetrachloride in the atmosphere cannot be accounted for from direct
product emission data (Lillian et al., 1975; Singh et al., 1976; Neeley, 1977).

The major source of fluorocarbon release to the atmosphere arises from
their use as propellants; .the annual loss was estimated to be in excess of
650 million pounds in the early 1970's (McCarthy, 1974). Lesser amounts are
released from foaming agents, refrigerants, fire extinguishers and solvents,
Approximately 1% of fluorocarbons are 1lost during production and 1% during
transportation and storage, amounting to approximately 10 million pounds/year
in each case, in the U.3. (Council on Environmental Quality, 1975). Atmo-
spheric emission rates for trichlorofluoromethane alone have increased from an
average of 0,14 billion pounds per year between 1961 and 1965 to 0.51 billion
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pounds per year between 1971 and 1972, with the United 3tates and Canada
accounting for U44% of world emissions (Lillian et al., 1975). The yearly
world-wide emission of dichlorediflucromethane into the troposphere in 1974
was estimated to be nearly 1 billion pounds (Lillian et al., '1975). Fluoro-
carbons released at ground level are estimated to take abeout 10 years to reach
stratospheric heights at which they are photeolyzed. Fluorcocarbons may remain
in the atmosphere for U40-150 years and concentrations can be expected to reach
10 to 30 times present levels (Mclina & Roland, 197#: Roland & Molina, 1974).

It was suggested in 1975 that fluorocarbon release to the environment to
date may have resulted in a reduction in average ozone concentration of
between 0.5 and 1% (pessibly as large as 2%) and eventually may result in as
much as 1.3 to 3% reduction in the equilibrium czcone concentration (Council on
Environmental Quality, 1975). Model calculations predict that if release of
flucorccarbons were to continue at the 1972 rate, a maximum reduction of about
1% in the equilibrium ozone concentration would be expected after several
decades (Council on Environmental Quality, 1975).

Table 3 depicts the U.S. production and estimated annual release rate of
17 halocarbons based on 1972 0.8, Tariff Commission reports {(Stephenson, 1977).

An important additicnal source of halccarbons that has engendered
inereasing concern results from the use of chlorine for the disinfection of
drinking water. This has lead to a significant increase in the level of tri-
halomethanes (THM), the most important of which are chlereform, bromoform,
bromeodichloromethane and chlorodibromomethane, The levels detected range from
1 ug/L to 100 ug/L and above (as total THM), of which typically 80% will be
chleroform (EPA, 1977b; NAS, 1977, 1980).

For a population of 1 million with a water use of 100 L/day/person and a
mean chloreform level of 20 pg/L, the annual producticon of chlereform would
amount to about 7 000 tons (Pearson, 1982). A& suggested additicnal source of
chloreoform can arise from the extensive use of chlorine in the bleaching of
paper pulp. A conversion efficiency as low as 6% in the bleaching process
would supply a global scurce of chloroform (via a haloform reaction) of the
magnitude of 3 x 10% tons/year (Yung et al., 1976).

An additional source of halocarbons can arise from their formation in the
environment. For example, decomposition of tetrachlorcethylene could provide
atmospheric chloroform via the photolysis of dichlorcacetylchleride (Yung et
al., 1976). HMoreover, chloroform, as well as carbon tetrachloride, may arise
naturally via the reaction between chlorine and methane in the atmosphere
(Lovelock et al.,, 1973; HecConnell et al., 1975). Methyl chloride has been
suggested to be a major preoduct of the combustion of agricultural waste and of
slash-and-burn land clearance (Palmer, 1976). It has been estimated that as
much as 5 x 10% tonnes/year of methyl chloride could be emitted from all fires
throughout the world (Pearson, 1982). It has alsc been suggested that large
quantities of methyl chloride (as high as %0 000 teohns per annum) are produced
as a result of the activities of marine algae, possibly via interchange
reactions between chloride and methyl iodide, methyl bromide or dimethyl
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sulfide, all of whi¢h have been associated with the metabolism of specific
algae (Pearson, 1982).

Table 3. Annual production and estimated annual release rate of seventeen
halocarbons in the United States~ (Stephenson, 1977)

Compound Production Estimated annual
(millions of pounds) release rate
(millions of pounds)

Methyl chloride 453.5 16.7
Ethyl chloride 575.5 34.6
Methyl bromide 24.6 22.4
Methylene chloride 471.3 366.9
Chloroform 234.7 38.7
Carbon tetrachloride 967.7 60.0
1,2=Dichloroethane 8 600.0 458,0
1,2=-Dibromoethane 315.5 304.0
1,1,1=-Trichlorcethane (methyl hyg.7 284.5
chloroform)
Trichloroethylene 426.7 429,5
Tetrachloroethylene 734.2 562.0
{perchloroethylene)
Chloroprene hp2.0 6.0
Vinylidene chloride 650.0 0.9
Hexachlorobutadiene 3.0 7.3
Allyl chloride 295.0 4.4
Dichlorodifluoromethane 439.2 445.8
(F-12)
Trichlorofluoromethane 299.6 274 .1

(F-11)

a Based on 1972 U.S., Tariff Commission Reports

& summary estimate of total annual sources of a number of the major
chlorinated aliphatic compounds is given in Table Y4 (Pearson, 1982).
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Table 4. Estimated total inputs to the environment (kilo-tons per annum) of
some chlorinated aliphatic compounds (Pearsecn, 1982).

Compound Lost Production Producticon Water Natural Total
after losses by-products chlori- corigin
use naticn

Methyl chleride - 4 - - 5 000+ 5 000+
Methylene chloride 500 - - - - 500
Chlorcform 5 5 - 1072 ? 20+
Carbon tetra- 10 20 - - ? 50+
chicride
Vinyl chleride - 200 - - ? 200
Vinylidene chloride - 2 - - - e
Trichloroethylene - 600 - - - 600
Perchloroethylene - 1 100 - - - 1 100
Ethyl chleoride - 15 - - - 15
Ethylene dichleoride - 1 200 - - - 1 200
(EDC)
Methyl chloroform - 600 - - - 600
Hexachlorecethane - 5 - - - 5
Allyl chleride - 5 - - - 5
Chleoroprene - 5 - - - 5
Propylene dichleride - - 50 - - 50
Hexachleorobutadiene - - 10 - - 10
REFERENCES

Anlstrom, R.C, & Steele, J,M., (1979) Methyl chloride, In: Kirk-Othmer
Encyclopedia of Chemical Technology, Vel. 5, 3rd ed., New York, Wiley-
Interscience, pp. 677-685

Anon (1978a) NCI finds ethylene dichloride to be carcincgenic. Toxic Mater,
News, 5, 284-285

Anon {(1978b) MIOSH issues intelligence bulletin citing carcinogenicity of
perchloroethylene. Chewm. Regul, Reporter, 1, 1539

Anthony, T. (1979) Methylene chloride, In: Kirk-Othmer, Encyclopedia of
Chemical Technology, Vel. 5, 3rd ed., New York, Wiley-Interscience, pp.
686-693




62 FISHBEIN

Archer, W.L. (1979a) Chlorocarbons and chlorohydrocarbons - Survey. In:
Kirk-Othmer Encyclopedia of Chemical Technology, Veol. 5, 3rd ed., New
York, Wiley-Interscience, pp. 668-6T76

Archer, W.L. (1979b) Other chloroethanes, In: Kirk-0Othmer Encyclopedia of
Chemical Technology, Vol. 5, 3rd ed., New York, Wiley-Interscience, pp.
T72-742

Aviado, D.M., Simaan, J.A., Zakhari, S. & Ulsamer, A.G. (1976) Methyl chloro-
form and Trichloroethylene in the Environment, Cleveland OH, CRC Press

Baier, E.J. {1978) S3Statement on Ethylene Dichloride before the Subcommittee
on Qversight and Investigations House Committee oh Interstate and Foreign
Commerce, Washington DC, January 23

Bridbord, K., Brubaker, P.E,, Gay, B., Jr & French, J.G. (1975) Exposure to
halogenated hydrocarbons in the indoor envirconment. Environ. Health
Perspect., 11, 215-220

Clayton, J.W. (1967) Fluecrocarbon toxicity and biological action. Fluor,
Chem. Rev., 1, 197-252

Clement A4ssociates (1977) Information Dossiers on Substances Designated by

TSCA Interagency Testing Committee. Report on Contract NSF-C-ENV-T7-
15417, Washington, DC

Council on Envirommental Quality (1976) Fluorocarbons and the Environment,
Council on Environmental Quality, Federal Council for Science and
Technology, Washington, DC (June)

Crutzen, P.J. (1974} Estimates of possible variations in total ozone due to
natural causes and human activities. Ambio, 3, 201-210

De3Shon, H.D. (1979a) Chloroform. In: Kirk-Othmer Encyclopedia of Chemical
Technology, Vol. 5, 3rd ed., New York, Wiley-Interscience, pp. 693-703

DeSnon, H.D. (1979b) <Carbon Tetrachloride, In: Kirk-Othmer Encyclopedia of

Chemical Technoleogy, Veol. 5, 3rd ed., Wew York, Wiley-Interscience, pp.
704-7148

Dickson, A.H. & Riley, J.P, (1976) The distribution of short-chain halogen-

ated aliphatic hydrocarbons in some marine organisuas. Mar. Pollut,
Bull., 7, 167-169

EPA (1970) U.S. Environmental Compendium of Registered Pesticides, Washington
DC, U.S. Environmental Protection Agency, pp. III-E-0.1 - III-E-9.5




USES AND ENVIRONMENTAL OCCURRENCE 63

EPA (1973) Major Organics Products, Development Document Effluent Limitation

Guidelines, EPA U440/1-73/009, Washington DC, U.S. Environmental Protec-
tion Agency

EPA (1974} Organic chemicals Industry, Phase II, Development Document
Effluent Limitation Guidelines, Washington DC, U.S. Environmental Pro-
tection Agency

EPA (1975) Sampling and Analysis of Selected Toxic Substances, Washington DC,
U.S. Environmental Protection Agency

EPA (1977a) Status Assessment of Toxic Chemicals, No. 13, Trichloroethylene,
Cincinnati OH, Washington DC, U.S. Environmental Protection Agency

EPA (1977b) Organic Compounds Identified in Drinking Water in the United

States, Cincinnati OH, Washington DC, U.S. Environmental Protection
Agency (April 1)

EPA (1979) Ethylene dichloride, Environmental Criteria and Assessment Office,
Research Triangle Park, NC, U.S. Environmental Protection Agency (June 22)

Fishbein, L. (1976) Industrial mutagens and potential mutagens. I. Halogen-
ated derivatives. Mutat. Res., 32, 267-308

Fishbein, L. (1979a) Potential halogenated industrial carcinogenic and muta-

genic chemicals, I. Halogenated unsaturated hydrocarbons. Sci. Total
Environ., 11, 111-161

Fishbein, L. {1979b)} Potential halogenated industrial carcinogenic and muta-
genic chemicals. II. Halogenated saturated hydrocarbons. Sei. Total
Environ., 11, 163-195

Fishbein, L. (1979c) Potential halogenated industrial carcinogenic and muta-
genic chemicals. III. Alkane halides, alkanols and ethers. Sci. Total
Environ., 11, 223-257 '

Fishbein, L. (1979d) Potential Industrial Carcinogens and Mutagens,
Amsterdam, Elsevier Scientific Publ., pp. 165-265

Fishbein, L. (1930) Production, uses and environmental fate of ethylene
dichloride and ethylene dibromide, In: Ames, B., Infante, P. & Reitz,
R., eds, Banbury Report No. 5, Ethylene Dichloride: A Potential Health
Risk, Cold Spring Harbor Laboratory, Bar Harbor, NY, pp. 227-238

Garner, D.N. & Dzierlenca, P.S. (1976) Organic Chemical Producers Data Base,
Vol. II, Final Report for Contract No. 68-02-1319, Task Number 15, Austin
TX, Radian Corporation (August}




64 FISHBEIN

Garriott, A.J. & Petty, C.3. (1980) Death from inhalant abuse: toxicoclegical
and pathological evauation of 34 cases. (lin. Toxicol., 16, 305-315

Henschler, D. (1977) HMetabolism and mutagenicity of halogenated olefins - a
comparison of structure and activity. Environ., Health Perspect., 21,
61-64

IARC (1974a) Monographs on the Evaluation of the Carcincgenic Risk of
Chemicals te Man, Vol. 4, Some Aromatic Amines, Hydrazine and Related
Substances, W-Nitrcsc Compounds and Miscellanecus Alkylating Agents,
Lyon, Internaticnal Agency for Research on Cancer, pp. 231-245

TARC (1974b) Moncgraphs on the Evaluation of the Carcinogenic Risk of
Chemicals toc Man, Vel. 5, Some Organcchlorine Pesticides, Lyon, Inter-
national Agency for Research on Cancer

IARC (1975) Monographs on the Evaluation of %the Carcinogenic Risk of
Chemicals tc Man, Vol. 8, Some Aromatic Azo Compounds, Lycn, Inter-
national Agency for Research on Cancer

IARC (1977) Monographs on the Evaluation of the Carcinogenic Risk of
Chemicals to dan, Vol. 15, Some Fumigants, the Herbicides 2,4-D and
2,4,5-T, Chlorinated Dibenzodioxins, and Miscellanecus Industrial
Chemicals, Lyon, International Agency for Research on Cancer, pp. 44-102;
139-147; 195-209

IARC (1978) Monographs on the Evaluation of the Carcinogenic Risk of
Chemicals to Man, Vel, 18, Polychlorinated Biphenyls and Polybrominated
Biphenyls, Lyon, International Agency for Research on Cancer

IARC (1979) Monographs on the Evaluation of the Carcinogenic Risk of
Chemicals to Man, Vol. 20, Some Halogenated Hydrocarbons, Lyon, Inter-
naticnal Agency for Research on Cancer, pp. 45-65; 83-96: 129-154; 283-
301; 327-348; 379-571

IARC (1982) Moncgraphs on fthe Evaluaticon.of the Carcinocgenic Risk of
Chemicals t£o Man, Suppl. 4, Chemicals, Industrial Processes and
Industries Associated with Cancer in Humans, IARC Monographs, Vols 1-29,
Lyon, International Agency for Research on Cancer

ITC (1979) Synthetic Organic Chemicals, United States Production and Sales,

1978, U.3, ITC Publication 1001, Washington DC, International Trade
Cominission

Jensen, S., Lange, R., Berge, G., Plark, K.H. & Renberg, K. (1975) On the
chemistry of EDC-tar and its biclogical significance in the sea. Proc.
R. Soc, Lond., 189, 333-343



USES AND ENVIRONMENTAL OCCURRENCE 65

Keil, S.L. (1979) Tetrachloroethylene. In: Kirk-Othmer Encyclopedia of

Chemical Technology, Vol. 5, 3rd ed., New York, Wiley-Interscience, pp.
754=762

Kimbrough, R.D. (1979} The carcinogenic and other chronic effects of persis-
tent halogenated organic compounds. Ann, N.Y. Acad. Seci., 320, 415-418

Lahl, U., Cetinkaya, M., von Diiszeln, J., Stachel, B., Thiemann, W., Gabel,
B., Kozicki, R. & Podbielski, A. (1981) Health risks from volatile
halogenated hydrocarbons. Sci, Total Environ., 20, 171-189

Lillian, D., 3ingh, H.B., Appelby, L., Lobban, R., Arnts, R., Gumpert, R.,
Hague, R., Toumey, J., Kazazis, J., Antell, M., Hansen, D. & Scott, B.
(1975} Atmospheric fates of halogenated compounds., Environ. Seci.
Technol., 9, 1042-1048

Lloyd, J.W., Woore, R.M. & Breslin, P. (1975) Background information on
trichloroethylene, J. Occup. Med,, 17, 603-610

[ovelock, J.E. (1977) Halogenated hydrocarbons in the atmosphere. Ecotoxicol,
Environ, Saf., 1, 399-406

Lovelock, J.E., Maggs, R.J. & Wade, R.J. (1973) Halogenated hydrocarbons in
and over the Atlantic., Nature, 241, 194-196

Marier, J.R. (1982) Halogenated hydrocarbon environmental pollution: The
special case of halogenated anestheties., Environ. Res., 28, 212-239

MeCarthy, R.L. (1974) Fluorocarbons in the Environment. Presented at
American Geophysical Union Meeting, San Francisco, CA

MeConnell, G., Ferguson, O0.M, & Pearson, C.R. (1975) Chlorinated hydrocarbons
in the environment. Endeavor, 34, 13-18

MeNeil, W.C. (1979) Trichloroethylene, In: Kirk-Othmer Encyclopedia of

Chemical Technology, Vol. 5, 3rd ed., New York, Wiley-Interscience, pp.
T45-753

Miller, S. (1983} Chlorinated hydrocarbons wastes. Environ. Sci. Technol.,
17, 290A-291A

Molina, M.J. & Rowland, F.S. (1974) Stratospheric .sink for chlorofluoro-
methanes: chlorine catalyzed destruction of ozone, Nature, 249, 810-812

NAS (1977) Drinking Water and Health, Vol. I., Washington DC, National
Academy of 3Sciences

NAS (1980) Drinking Wafter and Health, Vol. II., Washington DC, National
Academy of 3Sciences




66 FISHBEIN

Neeley, S.B. (1977) Material balance analysis of trichlorofluoromethane and
carbon tetrachloride in the atmosphere, Sci. Total Environm,, 3, 267-274

NIOSH (1976a) <Criteria Document — iethylene Chloride. Rockville MD, National
Institute for Occupational Safety and Health

NIOSH (1976b) Criteria document - <Chloroform. Rockville MD, National
Institute for Occupational Safety and Health (March 15)

NIOSH (1976e) (Criteria for a Recommended Standard: Occupational Exposure to
Ethylene dichloride (1,2-Dichloroethane). Rockville MD, National Insti-—
tute for Occupational Safety and Health

NIOSH (1977a) Criteria for a Recommended Standard: Occupational Exposure to

Ethylene Dibromide. Rockville MD, National Institute for Occupational
Safety and Health

NIOSH (1977b) Criteria for a Recommended Standard: Occupational Exposure to
Ethylene Dibromide. Washington DC, U.S. Government Printing Office

Ofstad, E.B., Drangsholt, H, & Carlberg, G.E. (1981) Analysis of volatile
halogenated organic compounds in fish, Sci, Total Environ., 20, 205=215

OSHA (1977) OSHA Emergency Temporary Standard for Occupational Exposure to
Dibromochloropropane., Fed. Regist., 42, 45536 (Sept. 9)

Palmer, T.Y. (1976) Combustion sources of atmospheric chlorine. Nature, 263,
$U-146

Pearson, C.R. (1982) C, and C, Haloecarbons. In: Hutzinger, 0., ed., Handbook
of Environmental Chemistry, Vol. 3, Part B, Anthropogenic Compounds,
Berlin, Heidelberg, New York, Springer-VWerlag, pp. 63-88

Pearson, C.R. & McConnel, G, (1975) Chlorinated C, and 'C, hydrocarbons in the
marine environment. Proc, R. Soc. Lond. (Biol.), 189, 305-332

Ramsey, J.D. & Flanagan, R.J. (1982) Detection and identification of volatile
organic compounds in blood by headspace gas chromatography as an aid to
the diagnosis of solvent abuse. J. Chromatogr., 240, 423-444

Rosenkranz, H.3. (1977) Mutagenicity of halogenated alkanes and their deriva-
tives. Environ. Health Perspect., 21, 79-84

Rowland, #.S. & Molina, M.J. (1974) Chlorofluoromethanes in the Environment,

Atomic Energy Commission Report No. 1974-1. Iwting, C.A., University of
California

Singh, H.B., Fowler, D.P. & Peyton, T.0. (1976) Atmospheric carbon tetra—
chloride: Another man-made pollutant. Secience, 192, 1231-1234



USES AND ENVIRONMENTAL OCCURRENCE 67

Smart, B.E. {(1980) Fluorinated aliphatic compounds. In: Kirk-Othmer

Encyclopedia of Chemical Technology, Vol. 10, 3rd ed., New York, Wiley-
Interscience, pp. 856-870 '

SRI (197%) Chemical Economics Handbook. Menlo Park, CA, Stanford Research
Institute (Hovember)

SRI (1981) Chemical TIndustries Division Newsletter. Stanford Research
International, Menlo Park, CA, p. U4 (Nov/Dec)

SRI (1982) Chemical TIndustries Division HNewsletter. Stanford Research
International, Menloc Park, CA, p. 5 {Jan/Feb)

SRI (1983) 1983 Directory of Chemical Producers-United States. Menle Park,
CA, pp. 492, 503, 575, 584, 627, 730, 733, 772, 949

Stephenson, M.E. (1977) An approach to the identification of organic

compounds hazardous to the environment and human health. Ecotoxicol.
Environ. Saf., 1, 39-48

Stolzenberg, S5.J. & Hine, C.H. {(1980) Mutagenicity of 2- and 3-carbon halo-
genated compounds in the Salmonella/mammalian-microsome test. Environ.
Mutagen., 2, 59-66

Weisburger, E.K. (1977) Carcinogenicity studies on halogenated hydrocarbons.
Environ. Health Perspect., 21, 7-16

Winteringham, F.P.W. (1977) Comparative ecotoxicology of halogenated hydro-
carbon residues., Ecotoxicel. Environ, Saf., 1, LOo7-425

Yung, Y.L., McElroy, M.B, & Wolfsy, S. (1976) Reply to comment by A. Appleby,
D. Lillian & H.B. 3ingh on Atmospheric Halocarbons: 4 Discussion with
Euphasis on Chloroform. Geophys. Res. Lett., 3, 238




CHAPTER 4

FORMATION OF TRIHALOMETHANES IN DRINKING WATER

D.T. Williams

Environmental Health Directorate
Health and Welfare Canada
Ottawa, Ontaric, Canada

INTRODUCTION

Following John Snow's deduction, in 1854, that a peclluted water supply
was responsible for a severe cholera epidemic, Mills and Reincke, in 1893,
showed that replacement of polluted drinking water by a pure supply greatly
improved the overall health of the community. This was confirmed, in 1903, by
Hazen, who reported that for each person saved from death by typhoid, three
other persons would be saved from death from other causes associated with a
poliuted water supply (White, 1972). Chlorine disinfection of potable water
was therefore introduced in order to eliminate waterborne diseases caused by
pathogenic organisms and it is now the most commonly used disinfection method

world-wide. However, even today, the single most important cause of water-
borne infectious disease in the USA has been identified as the failure to
maintain adequate chlorination of the water supply (Craun, 1979). Other

benefits of -chlorine use in water treatment are contrecl of taste and odour
problems, bleaching of cclour, removal of iron and manganese, destruction of
hydrogen sulfide and improvement in coagulation, fleccculation and filtration
(¥hite, 1972).

Despite all of these advantages, the use of chlorine as a potable water
disinfectant 1is now being re-evaluated. This is primarily due to the
realization that the chlerine also reacts with organic materials naturally
present in the water to form halogenated compounds, particulariy ftrihalo-
methanes. Although there had been occasional reports of the presence of
chloroform in drinking water, it was not until 1974 that Rook (1974) and
Bellar et al. (1974) eclearly demonstrated that trihalomethanes were belng
formed during the treatment process. Since that time, numercus studies have
been carried out to determine the levels of trihalomethanes in potable water,
the chemistry related tc their formation and their potential health hazards.

_69,;
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TRIHALOMETHANE CHEMISTRY

Chlorine chemistry in water

When chlorine gas 1s dissolved in water, hydrolysis rapidly occurs to
give an equilibrium with hypochlorous acid which, itself, partially icnizes to
hypochlorite ion via a rapid reversible process.

Ci, + H,0==H" + C17 + HOCI

Hocl===H" + oc1”

The reactions occur within a few tenths of a second at 18°C and within a
few seconds at 0°C (White, 1978). These three forms of free available
chlorine (Cl,, HOCL, 0C17) exist together in equilibrium in aqueous solution,
with their relative proportions governed by pH, ionic strength and tempera-
ture, Table 1 shows their distribution at various pH values at 15°C and a
chloride content equal te 350 mg/L (Morris, 1978). If sedium or calcium
hypochlorite are used as the source of chlorine, the hypochlorite ion rapidly
establishes equilibrium with hypochlorous acid and, at the .same temperature
and pH, results in the same composition of the aqueous solution as the use of
chlorine gas (Jolley & Carpenter, 1983).

Table 1. Distribution of agueous chlorine species, 15°C

Fraction of oxidizing chlorine

pH pCl €1,(x10°%) HOCL ocl”
5 2 360 0.997 0.003
6 2 36 0.975 0.025
7 2 2.9 0.797 0.203
8 2 0.10 0.280 0.720
9 2 0.001 0.038 0.962
7.8 0.3 LA 0.382 0.618

Other transient species such as H20C1+. ¢1” and Cl,” are not likely to be
of significance wunder conditions found in potable water treatment, except in
the immediate vicinity of the injection of strong solutions of chlorine or
hypochlorite, where the pH change may be very significant (Jolley & Carpenter,
1983). Horris (1973) has alsc pointed out that to determine the major
reactive species cone must consider the specific reactivity as well as the
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concentration of each of the forms. Although the specific reactivities will
depend upon the substrate with which reaction is occurring, Morris (1978) has
estimated net relative reactivities in dilute aqueous sclution at pH 7 (Table
2). Even though these estimates are not in any sense quantitative, Morris
feels that HOCl should be regarded as the major reactive species in dilute
aqueous solutions between pH 5 and pH 9.

Table 2. Estimated net reactivities of forms of active chlerine; pH 7, 15°C

Species Estimated specific Fraction of Net relative
reactivity total Cl reactivity

Cl, 10?9 3 x 10°% 0.003

HOCL 1 0.80 0,30

ocL” N 10— 0.20 0.00002

H,0C1 105 10—¢ 0.001

Jolley and Carpenter (1983) state in more general terms that the nature
and concentrations of reactive chlorine species and chlorine-producing. oxidant
species formed in chlorinated waters are a function of the chlorine dosage and
chemical compesition of the water (e.g. pH, temperature, ammonia concentra-
Lion, salinity, organic and incorganic constituents, and sunlight). The usual
reactant behaviour of aqueocus chlorine sclutions with organic carbon gives
rise to oxidation, additicn or substitution reactions which are consistent
with HOCl acting as an electrophilic agent. The formation cof trihalcmethanes
mainly invelves substitution reacticns.

Halogen substitution reactions

Rook (1974) postulated that the trihalomethanes were being formed via the
classical haloform reaction (Fuson & Bull, 1934), wherein aqueous hypochlori-
Les react with methyl ketones, under acid or base-catalysed ccnditiens, to
give trinalomethanes, In dilute aquecus scluticns at pH > 5, the base-
catalysed reaction predominates (Fig. 1) and the mechanism is believed to
involve initial proton abstraction from the a-carbon to give a carbanion,
which is then subjected to electrophilic attack by HOCL. After three chlorine
atoms have been substituted, hydrolysis takes place to give the trihalomethane.
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FIG. 1. THE HALOFORM REACTION
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Subsequent studies have shown that while the classical haloform reaction
can explaln much of the trihalomethane production, it cannot fully explain all
of the production of trihalomethanes and other chlorinated organic compounds
and it 1s most likely that a number of other complex reactions are occurring
(Rook, 1977; Peters et al., 1980; Tomita et al., 1982; Boyce & Hornig, 1983).

The redox potential of hypochlorous acid (E =1,49 V) is greater than that
of hypobromous acid (E =1.33 V) 'and hypoiodousoacid (E =0.99 V) and, there-
fore, in the presence of hypochlorite, bromide andoiodide ions will be
oxldized to hypobromous acid and iodine, respectively (Rook et al., 1978; Dore
et al., 1982). These can then participate in the substitution reactions to
give trihalomethanes with more than one type of halogen in the molecule. The
equilibria for Br,/HOBr and I,/HOL are significantly different from that for
Cl,/H40Cl. There is a much greater percentage of molecular bromine and iodine
at neutral pH, and hypobromous acid and hypoiodous acid ionize far less than
hypochlorous acid at a given pH. The kinetics of their reactions will,
therefore, differ significantly from those of chlorine (Cooper et al,, 1983;
Jolley & Carpenter, 1983),.

Bunn et al. (1975) showed that chlorination of Missouri River water, to
which potassium bromide and potassium iodide had been added, resulted in the
formation of all ten possible trihalomethanes (Fig. 2). Addition of potassium
fluoride was not expected to, and did not, give rise to fluorine-containing
trihalomethanes. Rook et al. (1978) also showed that, when hypochlorite and
hypobromite reacted in combination, the ratio of bromine to chlorine in the
trihalomethanes formed was much higher than expected from the ratio of bromide
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ion originally present to chlorine added. This can be explained by the fact
that when hypobromite acts as an oxidizing agent it 1s reduced to bromide ion,
which can then be rapidly reconverted to hypobromite by chlorine/hypochlorite
present in the system. Therefore, in the presence of excess chlorine, bromine
is effectively removed from the reaction system only by substitution
reactions, Thus chlorine may be considered to be invelved principally in
oxidation reactions, while bromine acts preferentially as a substituting agent
(Rook et al,, 1978:; Luong et al., 1982). Other workers have shown that
increasing bromide ion concentration results not only in an increased per-
centage of brominated trihalomethanes, but also in an increase in the total
trihalomethane concentration and in their rate of formation (Trussel &
Umphres, 1978; Minear & Bird, 1980; Oliver, 1980).

FIG. 2. STRUCTURAL FORMULAE OF THE TRIHALOMETHANES
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Despite the fact that dichlercicdomethane was detected frequently in a
United States national survey (Brass et al., 1977), there has been little
further qualitative or quantitative study of the occurrence of iodine-
containing trihalomethanes (Thomas et al., 1980). Further work is needed to

define the extent of iodide participation in trihalomethane formation in
drinking water.

Trihalomethane precurseors

Rook (1974, 1977) first suggested that trihalomethanes were formed by
reaction of chlorine/hypochleorite with the humie/fulvic acids present in the
raw water and this postulate has been suppeorted by other workers (Stevens et
al., 1976; Peters et al., 1980). dowever, little is known of the chemical
structure of aquatic humic material, although chemical degradation studies
(Schnitzer & Khan, 1972; Christman et al., 1978) have suggested that the core
structure includes polyhydroxy phencls and phenclic acids., Model compound
studies with dihydroxy benzenes, hydroxy benzoic acids and 1,3-diketones
(Rook, 1977; Norwood et al., 1980; Dore et al,, 1982; Tomita et al., 1982;
Boyce & Hornig, 1983) have shown that 17,3-diketones and meta dihydroxy aro-
matic compounds give high yields of trihalomethanes under mild reaction
conditioens. Other. dihydroxy arcomatic compounds give low yields of trihalo-
methanes, except under strongly basic conditions.

The reaction of chlorine with various molecular weight fractions of
humic/fulvic acids has been investigated (Trussel & Umphres, 1978; Schnoor et
al., 1979; Oliver & Visser, 1980; Ishikawa, 1982) and it has been shown that
there are large variations in trihalomethane production with molecular weight
and that the low molecular weight humic/fulvic acids give the highest percent-
age yleld of trihalomethanes. However, even this represents only a small
fraction of the chlorinated by-preducts, most of which are polar non-volatile
halcgenated compounds (Rook, 1976; Johnson et al., 1982; Fleischacker &
Randtke, 1983; Miller & Uden, 1983).

Although humic/fulvie acids are typically the major natural constituents
(60-80%) of water, there are a considerable number of other compounds present
which can alsc act as precursors for trihalomethane production (Newell, 1976;

Bedding et al., 1982). Morris and Baum (1978), using model pyrollic com-
pounds, have shown that compounds such as chlorophyll, indole derivatives and
acetogenins can act as trihalomethane precursors. Other precursers have been

identified as algae and algal by-products (Briley et al., 1980; Crane et al.,
1980; Hoehn et al., 1980; Oliver & Shindler, 1980), halogenated phenols and
anilines (Hirose & Qkitsu, 1982), tannic, vanillic and gallic acids (Youssefi
et al., 1978) and even polyelectrolytes used in water treatment (Kaiser &
Lawrence, 1977).

Many attempts have been made to correlate trihalomethane levels with
precursor concentrations and it has been shown in model systems that
increasing the concentration of humic/fulvic acids causes a proportional
increase in trihalomethane concentration, if other conditions are kept the
same (Stevens et al., 1976; Oliver & Lawrence, 1979). However, only crude
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relationships have been found with different raw water sources, and although
high trihalomethane levels are usually associated with high levels of dissol-
ved organic carbon, the correlation of these two parameters is relatively weak
(r=0.59, Glaze & Rawley, 1979; r=0.74, Singer et al., 1976; r=0.65, Singer et
al., 1981). This is not entirely surprising, since no two sources of
humic/fulvic acids are exactly the same and, although the profiles of organic
compounds formed on chlorination are qualitatively similar, it has been shown
that there are quantitative differences which vary with the source of the
aqueous humic acids (Miller & Uden, 1983). However, Oliver and Thurman (1983)
have shown that the trihalomethane potential of aquatiec fulvie acids is well
correlated with colour (r=0.82 at pH 7). They also feel this indicates that
aromatic rings conjugated with clefins, ketonie groups or other aromatic rings
are more likely trihalomethane precursor structures than are resorcinol-type
structures,

The effect of pH on trihalomethane formation

The eclassic haloform reaction is base-catalysed and it is not unexpected,
therefore, that an inerease in pH causes an inecrease in trihalomethane levels
{Roock, 1976)., However, this increase is due not merely to an increase in the
rate of reaction, but alsc to a -change in mechanism whiech allows additional
compounds to form trihalomethanes (Stevens et al., 1976; Fleischacker &
Randtke, 1983). It has been shown that the total amount of organchalogen
compounds formed remains relatively constant with change in pH (Oliver, 1978;
Miller & Uden, 1933). However, at low pH (< 5) the trihalomethane levels are
low and non-volatile organchalogen compounds are high in concentration. As
the pH inecreases, this ratic reverses and at high pH (> 9) the non-volatile
organchalogen compounds are low in concentration and the. trihalomethane levels
are high (Oliver, 1978; Fleischacker &% Randtke, 1983; Miller & Uden, 1983).
It has als¢c been shown that chlorination of organic intermediates at neutral
pH produces intermediates that hydrolyse to trihalomethanes when the pH is
raised following dechlorination (Morris & Baum, 1978; Peters et al., 1980).
However, this two-step process gives lower trihalomethane levels than would
immediate chlorination at the higher pH (Peters et al,, 1980; Fleischacker &
Randtke, 1983). The combined total of free trihalomethane and intermediates
is not greatly affected by change in pH (Peters et al., 1980). However, only
the free trihalomethane levels have been considered in most surveys and health
evaluations; these can increase by a factor of two or three by increasing the
pH from 7 to 9 before chlorination (Trussel & Umphres, 13978; Glaze & Rawley,
1979).

Effect of temperature on trihalomethane formation

Stevens et al, (1976) have.shown that the rate of formation and the yield
of trihalomethanes increases with increase in temperature and that approximate-
ly twice as mueh trihalomethanes are found, in a given time, at 25°C than at
3°C, The activation energy of chloroform formation has been calculated to be
between 20 and 30 kJ/mol (Peters et al., 1980). Therefore, in general, the
levels of trihalomethanes in samples collected in the summer are higher than
in samples collected in the winter, but it has been shown that this is not
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entirely due to increased water temperatures, and other factors need to be
considered (Singer et al., 1981; Otson et al.,, 1981). The total amount of
organchalogen compounds 1is also increased at higher temperatures (QOliver,
1980; Peters et al., 1980; Fleischacker & Rundtke, 1983). Because of differ-
ences in the rates of reaction, low temperatures can increase the relative
proportion of brominated trihalomethanes {Oliver, 19380).

Effect of chlorine dosage on trihalomethane formation

The overall reactions of chlorine with organic compounds in water can be
considered to cccur in three phases., There is an immediate chlorine demand,
mainly inorganic, when only traces of trihalomethanes are formed, followed by
a rapid increase 1in trihalomethane levels with increase in chlorine dosage
(Stevens et al., 1976; Trussel & Umphres, 1378). When all of the precursors
have reacted, the trihalcmethane levels either reach a plateau or increase
slowly with time. This last phase is indicative of the fact that hydrolysis
of trihalcemethane intermediates can be slow and possibly dependent on factors
such as steric hindrance and mesomeric and inductive effects (Peters et al.,
1980). Although an excess of chlorine will not increase the total levels of
trihalomethanes, it can increase the rate of reaction and will favour the
formation of the less-brominated trihalomethanes (Trussel & Umphres, 1978).
Levels of non-volatile organchalogen compounds also increase with increase in
chleorine dosage and can represent more than 75% of the organic chlorine
(Fleischacker & Randtke, 1983; Miller & Uden, 1933).

Laboratory studies have shown that trihalomethane levels are strongly
positively correlated with chlorine dosage and demand (Rook, 1976; Stevens et
al., 1976; Trussel & Umphres, 1978). Multivariate analysis of survey data has
alse shown that chlorine dosage and demand are the independent variables that
can explain the greatest percentage of <trihalomethane production (Singer et
al., 1976; Williams et al., 1980; Otson et al., 1981). Because of the
complexity of the reaction mechanisms and the variation in precursors in
different waters, it is not pessible to derive a general rate equation linking
chlorine demand with trihalomethane formation. However, it might be possible
to derive an approximate rate equation for a specific source of waters (Peters
et al., 1980},

In the presence of ammonia, low doses of chlorine will react to form
combined chlorine, which can then react te form non-volatile organcchlorine
compounds and trihalomethanes, particularly those containing bromine, although
the levels are lower than with free chlorine (Luong et al., 1982; Fleischacker
& Randtke, 1983). Kajino and Yagi (1980) have reported that dichloramine
reacts with humic/fulvic acids to give <trihalomethanes, but monochloramine
does not. However, Fleischacker and Randtke (1983) feel that monochloramine
hydrolyses back to ammonia and free chlorine and that the free chlorine then
reacts to form trihalomethanes,
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WATER ANALYSIS AND TREATMENT

Sampling and analytical methods

In any evaluation or comparison of survey data it is important to be
aware of the sampling and analytical methods used in the survey. This is
particularly essential for trihalomethanes in drinking water, since the tri-
halomethane levels can vary significantly, depending on sample handling,
storage and choice of analytical method. Unless the residual free chlorine is
removed at the time the sample is collected, reaction between chlorine and
trihalomethane precursors can continue during sample storage, so that trihalo-
methane values may be cbtained that are higher than those present at the time
of sampling. Consequently, in most surveys the residual free chlorine has
been eliminated at the time of sampling (Arguello et - al., 1979; Brett &
Calverley, 1979; Williams et al., 1980). However, some workers have chosen
not to do this in order to simulate trihalomethane levels in the distribution
system (Symons et al., 1975; Stevens & Xopfler, 1976).

Because of the additional time available for reaction, trihalomethane
levels for samples taken in the distribution system are normally higher than
for those taken at the treatment plant (Brett & Calverley, 1979; Williams et
al., 1980). Since chlorinated intermediates are present in the sample even
after removal of free residual chlorine, increases in pH or temperature can
cause increases in trihalomethane levels (Peters et al., 1980; Fleischacker &
Randtke, 1933), Such changes are normally avoided during sample storage, but
if the samples are analysed by direct injection into a heated gas  chromato=-
graph injection port, additional trihalomethanes can be formed (Nicholson et
al., 1977; Pfaender et al., 1978). Surveys in which this method of analysis
has been used give values representative of potential trihalomethane levels,
rather than those actually present in the samples (Smillie, 1977). HMost
surveys have used a method of analysis which measures the actual trihalo-
methane content of the water samples., The two most common procedures involve
either solvent extraction (Henderson et al., 1976) or purge-and-trap (Novak et
al., 1973; Bellar & Lichtenberg, 1974) techniques, followed by gas chromato-
graphy using halogen-specific detecters. These two techniques have been shown
to give similar results for trihalomethane analyses (Dressman et al., 1979;
Glaze & Rawley, 1979; Otson et al., 1979).

Trihalomethane levels in drinking water

Because of the large number of factors which can influence the formation
of trihalomethanes, significant temporal and seasonal variations of trihalo-
methane levels are not entirely unexpected. 1In a study of Houston, USA, tap
water it was found that trihalomethane levels varied, in a seven day period,
from a low of 69 ug/L to a high of 132 ug/L and that rapid changes of as much
as 30 to Y40 pg/L could ocecur in a four-hour periocd (Smith et al., 1980).
Significant day-to-day and within-day variations in trihalomethane levels were
also reported for OQttawa-Hull, Canada, drinking water (Otson et al., 1981).
In the same study (Otson et al., 1981), over a one-year period, chloroform
levels ranged from a low of T ug/L in the winter to a high of 187 ug/L in the
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summer, Other studies have also reported significantly higher trihalomethane
levels in summer samples than in winter samples (Arguello et al., 1979; Singer
et al., 1981; Cech et al., 1982), although the levels were not always greatly
different (Brett & Calverley, 1979). The results of trihalomethane surveys
which represent only single samples per site or have been carried out during
one period of the year should, therefore, be interpreted with caution. The
values reported in these surveys may not be indicative of the average trihalo-
methane levels present in the drinking water supplies.

The most extensive surveys have heen carried out in the USA, including
two national surveys (Table 3) (Symons et al., 1975; Brass et al., 1977) and a
large number of regional or city surveys (Rawley, 1979; Allgeier et al., 1980:
Singer et al., 1981) which reported trihalomethane levels in the same range as
the national surveys. Canadian surveys have reported a similar range of tri-
halomethane values in drinking water (Smillie, 1977; Williams et al., 1980).

Trihalomethane levels in European drinking waters have tended to be some—
what lower than North american values (Brett & Calverley, 1979; Chambon et
al,, 1983; Dick, 1981; Gabel et al., 1981; Norin et al., 1981; Quaghebeur & De
Wulf, 1980). However, very high trihalomethane levels, up to 1.3 mg/L, have
been reported in Finnish potable waters (Hemminki et al., 1983) obtained from
water sources high in humic content., A survey of drinking water from twelve
countries showed low levels of trihalomethanes in these samples (Trussel et
al., 1980).

Table 3. Trihalomethane levels in USA drinking water (pg/L)

Trihalomethane NOMS survey NORS survey
Median Range Median Range
Chloroform 22 NF-200 21 NF-311
Bromodichloromethane 6 NF-T72 6 NF-116
Chlorodibromomethane 2 NF-114 1 NF-100
Bromoform LD NF-137 5 NF-92

NF = not found; LD = less than detection limit
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Reducticon of trihalcomethane levels

Since the realization that trihalcmethanes are formed whenever chlorine
is used in drinking water treatment, considerable attention has been paid teo
ways to minimize trihalcomethane levels in the finished water. This can be
achieved by the use of two appreoaches, either separately or in combinaticn,
The first appreoach is to prevent or minimize the formaticn of trihalomethanes
and the second appreoach is to remove the trihalomethanes cnce they are formed.

Improvements in raw water quality either by a change of scurce or by
contrel of algal growth in lake or reserveoir waters can be considered where
feasible. Lowering the chlorine desage, or delaying the use of chlorinatien
until some of the trihalomethane precursors have been remcved by ccagulatien-
filtration-sedimentation, has alsco been investigated and found to reduce tri-
halomethane levels (Belton, 1977; Young & Singer, 1979). Reductions in tri-
halomethane precurser levels of 65% (Semmens & Field, 1980) and 29-51% (Chic
River, 1980) have been reported. Because trihalomethane precursors are not
defined organic chemicals, but a mixture of compounds that vary from cne
location to ancother, the potential for removing these materials alsc varies
with location (AWWA, 1982). Provided that the micrebiological quality of the
finished water is maintained, the removal of precursors and/or change in the
peint of chleorinatien sheould not result in any additicnal health risks,
Corrosion preoblems may, however, occur in the distribution system {(Kuhn &
Sentheimer, 1981).

Considerable studies have alsc been carried out teo evaluate the replace-
ment of chlerine with other disinfectants, such as chloramines, chlorine
dicxide and oczone (AWWA, 1982). QOzone and chlorine dioxide are strong dis-
infectants, equal toc or better than free chleorine, but chleoramines are weaker
disinfectants and may neot provide adequate disinfection (Federal BRegister,
1979). Significant reductions (>80%) in trihalomethane levels can be cbtained
by replacing free chlerine by chloramines (Brodtwann et al., 1980; Norin et
al., 1981; AWWA, 1982). Treatment with free chlorine for a few minutes, to
ensure adequate disinfection, feollowed by ammenia additien te ferm chlerami-

nes, alsc reduces trihalomethane levels significantly (> 75%) (Norman et al.,
1580) .

Pure chlerine dioxide gives rise to little, if any, trihalomethanes when
used in potable water treatment (NRC, 1980; Ohic River, 1980; HNorin et al.,
1981). Even when some chlorine is present in the chlorine dioxide, the levels
of trihaleomethanes formed are much lower than these formed when only chlerine
is used as the disinfectant (Hubbs et al., 1980; Vogt & Regli, 1981; AWWA,
1982). The addition of ammonia immediately after addition of the chlorine

dioxide-chlorine mixture results in even lower trihalomethane levels (Hubbs et
al., 1980},

When cozone is used aleone, virtually no trihalomethanes are formed (AWWA,
1982), although some bromeform may be formed in waters with a high bromide
content under certain pH and ozone dosage ceonditions (Haag & Helgné, 1983).
However, since ozone does not produce a residual disinfectant, chlorine is
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often added as the final treatment step tc prevent aftergrowth problems in the
distribution system {(Vogt & Regli, 1981). In these cases, trihalomethane
levels have been reported to be both higher and lower than with chlorine alone
(Riley et al., 1978; Rook et al.,, 1978). Whether trihalomethane precursors
are removed or created by czonation depends on ozone dosage and pH (Riley et
al., 1981) and on the unique characteristics of each water supply {(Veenstra et
al., 1983).

Other disinfectants, such as bromine chloride, bromine and iocdine, have
been considered, but have been used only rarely {NRC, 1980).

The major disadvantage to using alternative disinfectants to control tri-
halomethane production is that they produce corganic by-products which are, at
present, ill-defined. Whether these by-products are more or less safe for
consumers than those produced by chlorination needs further evaluation {AWWA,
19825 .

The secend major apprecach to reducing trihaleomethane levels is to remove
the trihalomethanes after they are formed, and a number of methods have been
extensively investigated {(AWWA, 1982).

feration of the finished water has been demonstrated to be a feasible
technical apprecach for removal of chleoroform, but it is less efficient for the
brominated trihalomethanes (AWWA, 1982). It alsc does not remove non-volatile
intermediates, which can subsequently form trihalcomethanes, and it may create
an air pollution problem.

Powdered activated carbon added during the treatment process does not
effectively remove chleoroform, although it is somewhat better for bromoform.

Granular activated carbon (GAC) wused in filter beds has been extensively
investigated for the removal of taste and odour, specific organic compounds
and, wmore recently, trihalomethanes (McCreary & Snoeyink, 1977). Trihalo-
methanes are effectively removed by GAC until breakthrough occurs, when the
carbon has to be replaced or regenerated. The lifetime cof the GAC before
saturation depends on a wide variety of factors, but is typically several
months. Trihalomethane precurscrs are less effectively removed by GAC and if
chlerine is added teo the treated water after the GAC, trihalomethanes can be
formed.

Synthetic resins have alsc been evaluated for removal of trihalomethanes,
but (except for ambersorb XE-340) are not effective. The Ambersorb resin,
which was specifically designed to adsorb low molecular weight halogenated
compounds, appears to remove trihalomethanes more effectively than GAC in
preliminary experiments. However, full-scale plant studies have not yet been
carried out (AWWA, 1982).
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CHAPTER 5

HALOCARBONS IN INDOOR ENVIRONMENTS

L. Fisnbein

Department of Health and Human Services
Food and Drug Administration
National Center for Toxicological Research
Jefferson, Arkansas 72079, USA

INTRODUCTION

In contrast to pollution in workplace, urban and rural environments,
pollution in residences, offices and public buildings has not been extensively
investigated. It is becoming increasingly recognized, however, that indoor
exposure can constitute an important fraction of the total exposure to many
pollutants (Bridberd et al., 1975; WHO, 1979; GAO, 1980; Abraham et al.,
1981; Hollowell & Miksch, 1981; National Research Council, 1981; Seifert &
Abraham, 1932; Spengler & Sextcn, 1983).

Concertt about potential public health problems due to indoor air pollu-
tion is primarily based on evidence that many urban residents typically spend
more than 90% of their time indoors, and that concentrations of some contami-
nants are often higher indoors that outdoors (Bridbord et al., 1975; Naticnal
Research Council, 1981; Seifert & Abraham, 1982; spengler & 3exton, 1983).
For example, although there is little epidemioclogical evidence contcerning the
health effects of indoor pollutants, indoor concentrations of some of them
exceed the levels cited for primary ambient—air quality standards (Natiomnal
Research Council, 1981). Even if indoor pollutant concentrations are low,
they may make a substantial contribution to time-weighted exposures (National
Research Council, 1981; Spengler & Sexton, 1983).

The situation, moreover, can be aggravated in homes that are close to
extensive toxic waste sites (e.g., Love Canal) ({(Pellizzari & Bunch, 1979,
Pellizzari et al., 1979; Barkley et al., 1980). In addition, personal expo-

sure to some pollutantts is not characterized adequately by outdoor measure-
ments,

—.g'l_.
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CLASSES OF INDOOR POLLUTANTS AND SOURCES OF EWMISSIONS

The principal indoor contaminants which are associated with health or
irritation effects are generally recognized to be tobacco smoke, radon decay
products, carbon monoxide, nitrogen dioxide, formaldehyde, asbestos fibres,
microorganisms and aerocallergens (National Research Council, 1981; Spengler &
Sexton, 1983). It is recognized that indoor pollution in homes, offices and
public buildings is created principaliy by the activities of the occupants and
a variety of other factors, including fuel burning, smnoking, use of consumer
products, emanations from building materials and the intrusion of outdoor
pollutants. The growing need for energy conservation by enhanced insulation,
and perhaps reduced ventillation rates, might result in higher pollutant
concentrations in the future (National Research Council, 1981; Seifert &
Abraham, 1982; Spengler & Sexton, 1983). A broad spectrum of organic vapors
can arise from a large variety of consumer products, including aerosol sprays,
solvents, resin products, pesticides, adhesives, cosmetics, cleaning products
and from cooking {(Bridbord et al., 1975; National Research Council, 1981;
Spengler & Sexton, 1933).

PROBLEMS IN SAMPLING AND MEASUREMENT

It is generally recognized that indoor air pollutants are generated or
released in concentrations and mixtures that are often episodic and generally
vary with time and from one space to another. Most investigators will agree
that the distribution of indoor air quality is extremely difficult to catego-
rize and quantify on a geographic basis, since it is determined by a number of
complex dynamic relationships, including occupant activity, highly-variable
seasonal and structural characteristies, outdoor air quality, emission from
indoor sources and air-infiltration rates, It i8 considered likely that these
factors can vary within each metropelitan and suburban area, as well as within
each neighbourhood (National Research Council, 1981; Spengler & Sexton, 1983).

Additionally, substantial problems exist with regard to sampling and
measurement of indoor pollutants. For example, the measurement requires a
sampling protoceol that must take account of the spatial and temporal profile
of several poliutants, as weil as of air diffusion and ventilation character-
istics. The detection of low levels of contaminants in admixture, further-
more, requires adequate sensitivity, selectivity and freedom from inter-
ference. In many cases, the instruments which might characterize short-term
and long-term indoor pollutant concentrations rapidly and economically do not
exist, and those which are available are often of limited utility (National
Research Council, 1981).
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SOURCES OF HALOCARBONS IN INDOOR AIR

Tobacco smoke

There is increasing concern about the absorption of constituents of
tobacco smoke by non-smokers (Weiss et al., 1983; Hoffmann et al., 1983,
1984). Our well-established knowledge of the health hazards of active smoking
underlines the need to investigate the effects of exposure to "sidestream
sinoke" {passive smoking) in populations at potential risk, including early
childhood (Greenberg et al., 1984).

It nas been estimated by Replace (1981) that cigaratite smokers liberate
an estimated 2.25 million metric tons of gaseous and inhalable particulate
matter into the indoor environment each year,

The composition of cigarette smoke is tremendously complex and about 200
of 3 800 individual compounds identified in tobacco smoke have now been quanti-
tatively determined in both "mainstream" and "sidestream" smoke (Johnson et
al., 1973; Sehmeltz et al., 1975; Dube & Green, 1982; Klus & Kuhn, 1982; U.5.
Surgeon General, 1982; Hoffman et al., 1984). Tobacco smoke is the source of
a broad spectrum o¢f chemicals which include relatively simple aliphatic and
aromatic derivatives, as well as complex structures, e.g., polyeyclic aromatic
hydrocarbons, a number of which are carcinogenic and/or mutagenic. While a
large research effort has been dedicated to the analysis of tobacco products,
relatively little is known about the substances to which non-smokers are
exposed through the presence of sidestream smoke, the major contributor to

indoor pollution. It is generally agreed that both sampling and analysis have
presented problems.

Although almost all constituents are far more concentrated in mainstream
than in sidestream smoke, it is recognized that, given the approximately 24 tao
1 disparity in buraing time (i.e., the sidestream smoke is produced during 96%
of the total smoking time) and the difference in combustion conditions, side-
stream smoke can be enriched in many compounds (National Research Council,
1981; Spengler & Sexton, 1983).

Tobacco contains traces of chlorinated pesticides (Guthrie & Bowery,
1967), some unknown chlerinated organic compounds (Wynder & Hoffmann, 1967:
Stedman, 1968) and up to 3% of inorganic chloride (Tso, 1982), which may be

the source of some of the halogenated organic compounds detected in tobacco
smoke .

Of the halogenated, low molecular weight compounds which have been report-
ed ian tobacco smoke (e.g., methyl chloride, methylene chloride, chloroform,
trichloroethylene, tetrachloroethylene (Johnson et al., 1973:; Holzer et al.,
1976; darsch, 1977; Sloan et al., 1977; Kadaba et al., 1978; NAS, 1978;
Dirinek et al., 1980) and vinyl chloride (Hoffmann et al,, 1976)), methyl
chloride 1s considered to be the most important (Johnson et al., 1973:; Kadaba
et _al., 1978; NAS, 1973). tethyl chloride has been found in mainstream smoke

at levels that range from 100-700 ug/cigarette. Depending on the type and
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content of tcbacco, the ratio of methyl chloride in sidestream to mainstream
smoke is 1.7-3.3 (Johnson et al., 1973). The amount of methyl chloride in
cigarette smoke is determined to a large extent by the concentration of inor-
ganic chloride in tobacco (Johnson & Smith, 1970).

It has been estimated by the U.S. HNational Academy of Sciences (NAS,
1978) that tobacco smoking world-wide results in about 20 million kilograms of
chloromethane entering the atmosphere annually. Elevated levels of methyl
chloride can cccur in indcor air. For example, measurements in various
contained atmospheres showed between 0.65 ppb and 8.00 ppb! in a restaurant
and cver 20 ppb in an apartment after a cigarette was smoked (Harsch, 1977).
iMethyl chloride was generally the predowminant halomethane found in indoor air
and was typlically present at between two to ten times the outdoor level
(Harsch, 1977; NAS, 1978). It was suggested by NAS (1978) that these elevated
indoor levels may be due to cigarette smoking. It is of interest to note that
the mean concentrations of methyl chloride over Los Angeles, Phoenix and
Dakland in one study were reported to be 3.00 ppb, 2.39 ppb and 1.07 ppb,
respectively. Methyl chloride from natural sources is present in the atmo-
sphere at the parts per trilliom level (e.g., ocean waters) and at the parts
per billion 1level in wurban atmospheres from anthropogenic sources (e.g.,
cigarette smoke). EPA (1980) has suggested that the loeal high concentrations
of methyl chloride (at parts per million levels) found in occupational set-
tings present the greatest risk to health known to result from exposure to
that compound.

Consumer products

The 1list cf consumer products containing halcocarbons which may contribute
to indocr pellution is quite extensive and includes both aercsol and 1liquid
products; e.4., deodorants and antiperspirants, hair products, mouth pro-
ducts, vaporizers, inhalants containing bronchodilator drugs, women's perscnal
hygiene products, room fresheners, bathrcom and window cleaners, c¢leaning
agents and spot removers, furniture polish, spray paints and adhesives,
frying-pan sprays, pesticides, nail-polish removers and miscellaneous products
for home hobbies and/or crafts. Active ingredients vary from cne product to
ancther and complete 1list of propellant(s) and active ingredients rarely
appears on a can,

The propellant gases which were extensively used in the past included
vinyl chloride, dichlerodifluoromethane (F-12) and triehloroflucorometnane
(F-11). Methylene chloride is now increasingly employed as the propellant in
aerosol dispensers, in place of the fluorocarbons.

1 Parts per 109
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Spray paints often contain methyl chloride, toluene and xylene, while
cleaning agents contain tetrachloroethylene, 1,1,1-trichloroethane (methyl
chloroform) and petroleun-derived solvents (National Research Council, 1981).
Aerosol spot removers used for cleaning and/or protecting clothing, carpets,
upholstery and wall-paper may f{requently contain tetrachloroethylene (per-
chloroethylene) or 1,1,1-trichloroethane (QOtson et al., 1984) as the active
ingredient. The amount of tetrachloroethylene in sueh products could be
similar to the quantity of propellant. Bridbord et al. (1975) have suggested
that, under these circumstances, peak concentrations of this agent in exXcess
of 100 ppm might occur during and immediately following spraying. Another
source of indoor exposures to halogenated hydrocarbons can arise from solvents
such as trichloroethylene (TCE), which has been used as a dry-cleaning and
degreasing agent. Under certain situations where air exchange may be low, TCE
could build up to appreciable airborne concentrations. Bridbord et al. (1975)
tabulated indoor levels for some commonly used solvents by assuming that these
attain a concentration of only 0.1% of their saturation level in air (Table 1.
It should be noted that carbon tetrachloride, trichloroethylene, tetrachloro-
ethylene and 1,1,1-trichloroethane have been detected in both ambient and
indoor air (Capurro, 1973; Hester et al.,, 1974; Otson et al., 1984).

Table ;. Predieted indoor concentrations of halogenated hydrocarbon solvents
in air

Solvent Temperature Indoor concentration

(°C) in air? (ppm)

Trichlcroethylene 20 80

Tetrachloroethylene 26 26

1,2-Trichloroethane 21 26

1,1,1-Trichloroethane 20 130

Carbon tetrachloride 23 130

Methylene c¢hloride 24 520

Corresponding to 0,1% of saturation levels (Bridbord et al,, 1975)

In recent studies reported by Otson et al. (1984), airborne levels of
1,1,1-trichloroethane {(as well as propane and petroleum distillates) generated
during the use of aerosol-type fabric protectors were monitored by means of
the NIOSH charcoal tube (P & CAM 127) (NIOSH, 1977a,b), a glass bulb grab
sampler and the "Gas badge" (Abcor, 1978) passive device techniques, Although
1982 ACGIH threshold 1imit values - short-term exposure limit (TLV-STEL)
(ACGIH, 1982) were readily exceeded in an unventilated test room, the genera-
ted vapors quickly dispersed and STEL and 8-hour time-weighted average (TWA)-
STEL were not exceeded when fabric was sprayed with 450 g of fabric protector



96 FISHBEIN

in an unconfined area within a home. Hence, it was suggested that even small
quantities of these products should not be used in a confined space, For
example, levels of 1,1,1-trichloroethane ranged from 1 430 mg/m? 1in an un-
ventilated home to 143 mg/m? in a ventilated room. In ancother case, the level
of 1,1,1-trichloroethane in an unventilated room was 16 mg/m?, compared to
undetectable amounts of the agent in a ventilated rcom.

The potential hazards due to the use of paint removers containing methyl-
ene chloride were reported by Stewart and Hake (1976). The use ¢f these
materials in a large interior room results in the absorption of a significant
amount of sclvent, its prompt metabolism tec CO and an elevation of blood
carboxy hemoglobin (COHb) level. The greater the minute-respiratory volume or
the poorer the room ventilation, the greater the abscorption of methylene
chleoride and the higher the COHb level, Use of the paint remover for a period
of 3 hours following the directions on the label can easily produce a COHb
level of 5% to 10% of saturation. Exposure for longer periocds or under condi-
tions of poorer ventilation would result in even higher COHb elevations.

It is difficult to make health hazard assessments for methylene chloride
exposure levels arising from interimittent use of paint removers in a home envi-

ronment because the necessary limits have not been established. It was found
by Otson et al. (1981} that when more than 200 g of the paint removers were
applied in an unventilated test room, the methylene chloride 1 and 8 h TWA

values at 3 locations usually exceeded the 0.87 g/m?® ACGIH TLV-STEL. Grab
sample values cobtained after 30, 60, 240 and 480 min usually exceeded this
value as well. 1In this study, both the NIOSH charcoal tube and a glass bulb
grab sampling method were employed, with the latter exhibiting a sampling
efficiency of 95%, precisicon of better than * 5% and a detection limit of 0.01
g/m?*, which was useful in determining the variation with time of methylene

chloride levels in air, using gas chromatograpny with flame-ionization detec-
tion.

It should be ncted that more than 30% of the methylene chloride consumed
in the U.3. was used as a paint remcver in 1980, The use of methylene
chloride as an aerosol prcpellant, however, has increased rapidly in the past
few years and represented 20% of total ccnsumption in 1980 (Ancon, 1980). This
increased use of methyliene chloride in a wider variety of products and pro-

cesses can result in increased occupaticnal and consumer exposure (Skrabalak &
Babish, 1983).

It is alsc important to cite the comparison of ambient and indoor air
concentrations of carbon tetrachloride near a solvent recovery plant in
Maryland. The levels indoors were occasionally 3 to 4 times those measured
cutdoors, concentrations of 10-45 ppm were measured inside a house near the
plant when levels cutside were 1 ppm, and the highest indoor concentration
recorded was 90 ppm (Bridbord et al., 1975).

The earlier use of fluorocarbons as propellants in a large variety of
aerosol products has been menticned above. Given the frequent sequential use
of aerosol products containing the most comnonly employed fluorocarbons, F-11
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(tricnlorofluoromethane) and F-12 (dichloroflucromethane}, as hair sprays and
decdcrants, peak exposures to mixtures of these fluorccarbons well in excess
of 100 ppm wmight result following combined use of such aercscl products in the
indocr environment (Bridbord et al., 1975). Levels of F-12 in homes have been
reported to exceed 500 ppb and were generally much greater than simultaneous
outdoor concentrations, which were usually 1 ppb or less (Hester et al., 1974).

Other fluorccarbons that have been employed as propellants in aerosols
widely wused 1in consumer products (hair products, decdorants and antiper—
spirants, mouth products, inhalants) include F114 (dichlerotetraflucrocethane),
F152a (diflucroethane) and F1426 {monochloridiflucroethane), as well as the
halocarbons, trichlorcethane and methylene chleoride (Bridberd et al., 1975).

Industrial and chemical waste disposal sites

In receut years, there has been increasing reccgniticn that numerous
sites exist throughout the United States (as well as in most industrialized
countries) where waste chemicals have been dumped carelessly and in profusion.

Of particular notoriety is the "Old Love Canal" site in Niagara Falls,

New York. This site was used as a toxic chemicals dump for a 25-30 year
period up to 1953, and in the late 1950's a housing development was built on
adjacent land. Heavier than normal rains over several years have raised the

ground water level, causing buried chemicals to begin seeping into adjacent
basements (Beck, 1979}, 1In 1978, analyses in some homes in the area revealed
chemical compounds accumulating in basements {(EPA, 1978) and elevated concen-
trations of halogenated hydrocarbons were found in the indoor air (Barkley et
al., 1930; Pellizzari, 1980). The estimated 1levels of 10 halogenated
compounds found in air in homes in the 0l1d Love Canal area is shown in Table 2
(Barkley et al., 1980). In addition, Barkley et al. (1980) made a quantita-
tLive gas chromatographic-mass spectrophotometric determination of the levels
of the halogenated compounds in the breath, bloocd and urine of the exposed
population (0ld Love Canal area) and the immediate environment (air and
water). Levels of halogenated hydrocarbons in air samples from the general
area of Buffalo - Hiagara Falls were also determined,

The levels of the wvolatile halogenated compounds found in the air inside
the homes were geherally lower than those found ocutside. Many of the site-
specific volatile halogenated compounds identified in air were also found in
tne drinking water. In addition, these volatile halogenated hydrocarbons also
occurred as human body burden, as demonstrated by their presence in urine,
blood and breath. 1In the absence of a wider data base, it was not possible to

determine whether or not the levels of halogenated compounds found as body
burdens in this study were elevated.
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Table 2. Estimated levels of halogenated comgounds in air inside homes in
"Old Love Canal" area of Niagara Falls, New York®

Halogenated Household participant nuanber
compound
1 2 3 4 5 & T 8 9

Chlarafern fg 3 400 1 400 2 400 15 000 3 600 450 11 00C 3 000

41,2=-Dichloro- - - - - - - 100 - 130
ethane

1,%,1=Irichlorg- - T E00 1 20C - 360 430 1 000 600
ethane

Carbon tetra- - T Juc T - 30 340 870 350
chloride

Trichloro- - - T T - T T - T
ethylene

Tetrachloro- - - 500 1 300 - 540 430 8ao 429
ethylene

Calorobenzene - - 300 500 - - &4 - -

Dichlorobenzene T T 500 4 000 170 120 230 280 31 000
isomer(s)

Chicroteluene - - T 1 500 - - - - -
isomer(s)

Triehlorotolusne - - T - - - - - -

Sawpling periodg T:id1- 0Y:29- 11:03- 08:U5- 10:22- 15:48=- 16:55- 21:13- 18:00-
16:350 15:11 17:37 17:20 17:47 04:58 09:26 08:35 08:07

a Bargley eUl al. (1240), valkues in wg/m?

b Trace

{2}

Nob detected

d Time av beginning {-end) of sample collection

Ambient air in basements of 11 homes and 2 elementary schools near the
0ld Love Canal dump site were measured in another study (Pellizzari & Bunch,
1979; Pellizzari, 1982). OQver 200 chemicals (42 halogenated) were detected by
capillary gas chromatography-mass spectrometry-computer analysis. Among the
halogenated compounds found in ambient air of households were the aliphatic

derivatives 1,2-dichloropropane, 1,3-hexachlorcbutadiene and pentachlor-
butadiene.
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HMISCELLANEOUS STUDIES OF HALOCARBONS IN INDOOR AIR

In a study of organic contaminants of indcor air and their relation to
cutdoor contaminants in the Chicagoc, Illinois area, over 250 organic compounds
(including methyl chloride, methylene dichlcride and chloroform) were identi-
fied, with average concentrations being about 100 ppb. The frequency and
variety of compounds with levels > 1 ppb was greater indoors than outdoors.
Surprisingly, the location relative to the industrial operations of the
community had little effect on the contaminants found in the homes. In
summer, averages of 37 and 16 compounds per home were found indoors and cut-

doors, respectively, compared to 18 and 11 compounds, respectively, in the
winter (Jarke et al., 1981).

Office environments, where small quantities of materials containing
volatile ingredients are used occasionally have received 1little attention
(Hollowell & Miksch, 1981; Otson et al., 1983). Materials such as glues,
adhesives, thinners, cleaning sclvents, type correction fluids, coloring pens,
copy machine chemicals, cosmetics and aerosol deodorizers are used in many
offices and may result in individual exposure to volatile halocarbons {(e.g.,
dichloromethane from aerosols and 1,1,1-trichloroethane from type correction
fluids and cleaning solvents). In a recent study by Otson et al., (1983), the
charcoal tube (NIOSH, 1977a-c¢), the PRO-TEK badge {(Dupont, 1980) and Gasbadge
(Abcor, 1978) passive sampling devices were employed. These were designed for
the monitoring of volatile organic compounds in air and have a range of about
1 ppa/h to more than 1000 ppm/h. Of the 51 organic compounds which could be
determined (detection limits, = 0.2 ppm), only dichloromethane, tetrachloro—
ethylene and toluene were identified at levels greater than 0.2 ppm in the air
of 8 of the 30 offices.

Chlorinated hydrocarbons, predominantly tetrachlorcethylene, 1,1,1-tri-
chloroethane, and trichloroethylene were found at levels of 1 to 100 ppb in
the air of a number of office buildings surveyed by Hollowell & Miksch (1981).

ANALYTICAL TECHNIQUES

As for the determination of halocarbons in workplace and ambient atmo-
spheres, the measurement of air concentrations of the halogenated hydrocarbons
in 1indoor environments are mainly carried out by gas chromatography with
electron-capture detection (EC-GC) and gas chromatography-mass spectrometry.
Long-path IR absorption spectroscopy, usually with preconcentration of whole

air, followed by separation of the compounds by GC, is employed to a lesser
extent.

Most atmospheric values reported for these compounds have come from EC-GC
analyses, which are extremely sensitive for most of the halogenated hydro-
carbons and are capable of measuring levels of a few parts per trillion (10!2)
for such compounds as carbon tetrachloride in sample volumes of only 5 or 10mL
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of air. While compounds such as carbon tetrachloride, the fluorocarbons F-11
and F-12 and cother halocarbons can be easily detected down to 1 ppt in the
atmosphere, others, such as methyl chloride and dichloromethane, require
concentration by 2 or 3 orders of maghitude (NAS, 1978).

Because of the relatively low concentrations of organic contaminants in
ambient air, most GC procedures require a preconcentration step. Early
methods involved the use of charcoal or silica gel to adsorb volatile organie
compounds, followed by elution with carbon disulfide and analysis of the
eluate by GC, using flame-ionization detection (NIOSH, 1977a-c; Kring et al.,
1984) or mass spectrometry. A major disadvantage of employing carbon di-
sulfide as a solvent is that it cannot be used with EC or photoionization
detectors. Additionally, solvent scrubbing and cryogeniec concentration were
also employed, but because of dilution, most solvent-scrubbing techniques are
insufficiently sensitive for analyses in the parts per billion {(10®) range.

ore recently, commercially-available polymers (Brown & Purnell, 1979;
Russell & Shadeff, 1977), especially Tenax GC (Pellizzari et al., 1976a,b,
1978; Michael et al., 1980; Kebbekus & Bezzelli, 1982; Krost et al., 1982),
Porapak N (Van Tassel et al.,, 1981) and charcoal (Raymond & Guiochon, 1975;
Patzelova et al., 1978), are being increasingly used for concentrating low
levels of halo-organic compounds in air.

Gas chromatography-mass spectrometry (GC-M3) iz a more recently developed
method for the analysis of halogenated hydrocarbons in ambient atmospheres
(Cronn % Harsch, 1976; Pellizzari et al,, 1976a,b; Rasmussen et al., 1977;
Barkley et al., 1980; Jonsson & Berg, 1980; Krost et al., 1982; Pellizzari,
1982). One cof the advantages of GC-MS over EC-GC is that the sensitivity of
GC-MS is the same for all compounds. The maximum sensitivity of this method
is about 0.5 picograms of a compound in a 20-mL sample. GC-M3S provides
certain identification and is usually not affected by other compcocunds which
may be eluted from the chromatograph. The GC-H4S (and the more elegant
GC-MS-computer) technique has been particularly useful in the analysis of
volatile halocarbons in multimedia environments, including indoor air in
residences near hazardous sites (Barkley et al,, 1980; Krost et al.,, 1982;
Pellizzari, 1982}).

It is also important to cite the utility of personal (passive) samplers
for halocarbons, as noted above. These include the "Gasbadge" passive device
technique (Abcor, 19783) and Pro-Tek (Dupont, 1930), which are alternatives to
the charcoal tube. These techniques allow the vapors to enter the sampler by
molecular diffusion and thus do not require the use of sampling pumps or
electrical power, The collection element (charcoal-impregnated pads) 1is
removed from the sampler and subseguently analysed for organie vapors (e.g.,
1,1,1-trichloroethane, trichloroethylene) using GC with flame-ionizaticn
detection (Bamberger et al.,, 1978; Otson et al., 1984).
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CHAPTER 6

WORKPLACE AIR-SAMPLING FOR GASES AND VAPOURS:
STRATEGY, EQUIPMENT, PROCEDURE AND EXPOSURE LIMITS

B. Goelzer

Office of Occupatignal Health
Division of Non Communicable Diseases
World Health Organization
Avenue Appia
CH-1211 Geneva 27, Switzerland

I.K. O'Neill

International Agency for Research on Cancer
Lyon, France

I. INTRODUCTION

Workers are often expcsed to envirommental factors and stresses which may
have a negative impact on their health and well-being. Amecng these factors
are airborne contaminants, which pose health hazards of varying degrees. Air-
berne contaminants can be gases, vapours or particles (dust, fumes, mists),
and ‘may occur in dangerous concentrations without adequate warning, particu-
larly those in the gasecus state. Many chemicals, mecrecver, are not well-
detected by the senses, especially in a work envircnment where the multipli-
city of factors may mask perception of contaminants without striking effects
or properties, such as irritation and odour. Air sampling and analysis has
been well developed for halogenated alkanes and alkenes and the analytical
methods for air described in this volume (derived mainly from the NIOSH
Manuals of Analytical Methods) must be considered in a well-developed frame-
work of sampling metheds and strategy.

The present chapter, addressed specifically to the needs of this volume, is
a condensed and amended version of a more extensive background document
prepared by B. Goelzer and which may be obtained directly from the author
at the Office of Occupational Health, WHO, Geneva.

-167-
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To illustrate the concentration ranges of interest, occupational exposure
limits are presented in Table 1, which alsc indicates the appropriate analy-
tical method in this volume. The purpose of this chapter is to set methods 1
through 11 in the context of the considerable practical difficulties of
estimating exposures for groups of workers. Recent advances in biclogical
monitoring and in envircnmental monitoring equipment hold ocut the promise of
better procedures eventually; however, extensive use of personal monitoring
by pumped air samples adsorbed on charcoal will centinue. Without expert
consideration of planning the sampling strategy, environmental measurements
described in methods 1 through 11 will not themselves advance an exposure
assessment much beyond what could be cbtained by epidemiological techniques,
coupled with a few measurements of work-place air; it should be noted that
human carcinogenicity studies described in Chapter 1 used job categorisation
and questionnaire methcods for approximating expcsures many years before the
advent of the approaches and techniques Dbriefly described in <this chapter.
Space does not allow a full discussion of all industrial hygiene and toxico-
legical consideraticns, and the chapter is focussed on exposure monitoring

relevant to the (possibly) carcinogenic nature of the substances listed in
Table 1.
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Table 1. Qccupational exposure limits for airborne halogenated alkanes and
alkenes (mg/m?) - Analytical method number in this volume

Formula or ACGIH TLV (1984-1985)2 DFG MAK Method number
designaticn values in this volume
1984 for determining

TWA STEL airborne levels

ci,Cl 105 205 105 7

CH,Br 20 60 20 8

CH,CL, 350 1740 360 3

CHCl, 50,C 225,C 50 1

Bromoform 5 - - j

F-11 5600 - 5600 -

F-22 3500 4375 - -

ccl, 30,C 125,C 65 1

1,2-Dichleroethane 40 60 80 1

EDB C C - 4. 11

Methylchlereform 1900 2450 1080 1

Hexachloroethane 100 - 10 1

Halothane 400 - Lo -

Vinylidene chloeoride 20 80 Lo -

1,2-Dichloroethylene 790 1000 790 1

Trichlcroethylene 270 1080 260 5

Tetrachleroethylene 335 1340 345 5

Allyl chleride 3 6 3 2

DBCP - - - 11

Epichlorchydrin 10 20 - 6

BCME . 0.005, C - - 10

CHMME ) c C - g

a

'C' indicates that the compound is considered by ACGIH (ACGIH, 1984), to be
a known or suspected carcinogen. TWA is time-weighted average for 8 h, and
STEL is the short term exposure limit for 15 min.

The mention of specific recommended values does net in any way represent

their endorsement or recommendation either by the autheors of this chapter,
by IARC or WHO.
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2., PRELIMINARY CONSIDERATIONS

The evaluation of airborne contaminants involves consideration of many
factors and their integration in a well-designed plan. In order to establish
whether or not a health hazard exists as a consequence of exposure to airborne
contaminants, it is necessary to a) recognize the hazards, and b) evaluate
them qualitatively and gquantitatively.

In order to recognize potential hazards (Stellman & Baum, 1973; Key et
al., 1977; Patty, 1978; Burgess, 1981; Cralley & Cralley, 1982), it is neces-
sary to have a good knowledge of the work process(es) involved, and of
potential pollution socurces, raw materials and chemicals wtilized. These
should include possible impurities, produets and by-products, and chemicals
accidentally formed and released, An example of a possible "hidden" hazard is
bis{chloromethyl)ether, an impurity in other types of ethers (e.g., in chloro-
methyl ether). :

HMost of the information needed tc recognize hazards can be obtained
through a preliminary survey, during which a list of all materials and chemi-
cals utilized should be requested. The toxicity and carcinogenicity of
materials should be reviewed, so that priorities can be established before
planning the evaluation. Information concerning cccupations associated with
specific chemicals can be found in the specialized literature (Key et al.,
1977; NIOSH, 1981; INRS Fiches Toxicologiques). Part of the recognition
procedure recommended by NIOSH (1984) is to furnish the analytical laboratory
with 'bulk' samples of workplace air and materials being used there, so that a
qualitative analysis may be made before the air monitoring samples are
analysed,

One should begin by obtaining a list of chemicals purchased by the plant,
as well as their rate of consumption, and the number of workers exposed to the
hazards should alsoc be ascertained. Determination of the operations which are
most hazardous and/or which workers are likely to be at greatest risk will
help to sét pricrities for hazard evaluation. When the actual sampling is
planned, priorities have to be set taking into consideration the severity of
the potential health hazard to the worker, as well as the number of workers
exposed,

Evaluation of the health hazard posed by an airborne contaminant involves
not only the determination of its concentration, but alsc the determination of
the exposure time and probable routes of entry. Of primary concern is the up-
take of the substance by the workers. In this respect, the concentration of
the substance in the air 1is one of the determining factors. Other factors
include entry of material into the body through skin absorption and ingestion,
and the physical activity of the workers (which affects their respiration
rate}, as well as the eventual use of respirators.
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The determination of exposure times and possible routes of entry is
achieved by careful observation of the work processes. The cyclic nature of
some processes, which may invcolve daily or seasonal variations causing signi-
ficant changes in the concentration of chemical agents, must be taken into
account. Therefore, the observation period must be long enough to identify
the most severe situations. Certain occupational hygiene services have been
utilizing video equipment to record working procedures over several hours;
the tapes can then be watched later in the office, where replays are pessible
and the observation is not affected by factors suech as heat, noise, irritants,
lack of time, ete,

The fact that some chemicals have the ability to penetrate intact skin
should not be overlooked when conducting surveys. A worker may, for instance,
have his hands constantly dipped in a cleaning solvent which, due to factors
such as low velatility, temperature, or exhaust ventilation, is not conta-
minating the air above permissible levels. Examples of halogenated alkanes
and alkenes which can penetrate intact skin inelude allyl chloride, bromoform,
carbon tetrachloride, epichlorohydrin, ethylene dibromide, hexachloroethane,
methyl bromide, trichloroethylene and 1,1,1-trichloroethane (ACGIH, 1984,
1985; NIOSH, 1981; Key et al., 1977).

When uptake results from routes of entry other than inhalation, the evalu-
ation of eXxposure cannot be accomplished solely through air sampling and analy-
sis. In such cases, and also when dealing with certain variable processes,
biological monitoring (breath, blood or urine analysis, metabolite analysis,
ete.) is a very useful tool for the evaluation of the workers' exposure and

uptake, This is discussed in Chapter 7 and methods for bioclogical monitoring
are presented in this volume for eXposure to numerous compounds.

When the objective is to determine whether a health hazard exists or
whether an existing standard is being complied with, the concentration of the
agent in question should be compared with available toxicological data or with
the values specified in the standard. These values are designated by terms
such as ™"maximum permissible levels" (ILO/WHD, 1969), "maximum allowable
concentrations™ or "threshold limit values" (Table 1, ACGIH, 1984), which can
be defined as concentrations to which workers may be exposed for a working
week of given duraticn (e.g., 40 h) over their entire working life without

eXperiencing adverse health effects. Since the concept of an adverse health
effect varies from one country to another, the maximum permissible 1levels
adopted may differ; the concept may be very strict, e.g., the permissible

level should, in no case, produce any biological or functional changes, or
more flexible, e.g., the permissible level makes allowances for reversible
clinical changes. However, when a substance has been found to be carcinogen-—
ic, other considerations apply; see for example the most recent A.C.G.I.H.
compilation of TLV data (ACGIH, 1984).
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It is essential %0 consult with the analytical laboratory before
sampling, to assure that the measurement methods available can meet the
defined sampling needs. This step should be an early part of survey planning.

Certain numbers of blank samples are required by the analytical laboratory to

control for contamination of solid sorbent tubes in use in the field or for
analytical difficulties.

3. SAMPLING STRATEGY

The fundamental principle in designing a sampling plan is that sampling
for the evaluation of workers' exposure be representative. Keeping in mind
the factors which determine the representativeness of the evaluations, an
adequate sampling strategy must be planned and followed. The necessity of
obtaining the same level of accuracy and precision throughout the entire
exposure evaluation (recognition of hazards, planning sampling strategy,
choice of sampling procedures, analysis of samples and interpretation of
results) cannot be over-emphasized, High-level precision and accuracy
achieved in the analytical laboratory would be wasted if the samples analysed
had been collected with uncalibrated pumps, thereby introducing gross errors

in the air volume sampled. Similarly, results obtained through adequate
techniques of air sampling and analysis would be meaningless outside the
framework of an appropriate sampling strategy; correct results from samples

collected at the wrcong place or time are of limited or no use for the eva-
luation of exposures,

A sampling strategy must answer the questions, "where"™, "for how long",
"when to sample" and "how many samples to collect", Sampling strategy is
discussed in the specialized literature (Leidel et al., 1977: Clayton &
Clayton, 1978; Cralley & Cralley, 1979; Valic, 1934; WHC, 19384). The main
factors to be considered are briefly treated here.

Where to sample

If the objective is to determine whether a health hazard exists, or to
establish a dose-response relationship, the sample must be representative of
the workers' exposure, and sample collection in the breathing zone of the
worker 1is therefore recommended, "Breathing =zone" is defined as a hemi-
spherical zone, with a radius of approximately 30 cm in front of the head., If
the objective is to design and evaluate control measures, sampling sites may
be selected in relation to the source(s) of pollution. Sampling devices

suitabie for halogenated alkanes and alkenes may be carried by the worker or
fixed at points within the workplace.

However, if workers move around areas where the exposure to the chemical
agent varies, the use of personal samplers is necessary. Since it is not
feasible to monitor everyone, those workers subjected to the most severe ex po-—
sure conditions should be selected. Direct-reading instruments are partieu-
larly useful in determining the sites where exposure is most severe,
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Should the most severe exposures for selected workers fall within permis-
sible levels, it might be concluded that this is so for every member of the
group; otherwise, further studies are required. However, for studies
concerning the response of workers to different levels of exposure, in terms
of health effects, situations other than the most severe should also be
investigated. When the purpose of sampling is to establish a dose-response
relationship, the levels of exposure of each member of the group must be
estimated.

Ancother apprcach is to group workers in "exposure zones" (Corn & Esmen,
1979; WHO, 1984) not necessarily defined geometrically, but wich should be
identifiable, and should comprise workers who have similarity in respect to
work practices, to exposure to hazardous agents and to physical environment,
In order to 1dentify workers as being in the same exposure zone, their work
envircnment and practices, as well as their individual characteristics, must
be carefully observed, since even those performing the same task may have
different exposures because of factors such as, for example, anthropometric
differences, variations in work practices, differences in the ventilation of
the work station, etc. When a sufficient number of workers is sampled in each
zone, the information obtained can be used to describe, by a mean value and a
standard deviation, the exposure levels for all workers in the same zone,
within a range of concentrations and within certain statistical confidence
limits.

Duration of sampling

The decision concerning the duration of sampling largely depends of the
sensitivity of the analytical method, concentration fluctuations and normally
on the physiclogical action of the airborne contaminant. Brief periocds of
relatively high concentrations can remain undetected when a sample is collec-
ted over a long period, thereby missing physiologically important exposures
for some fast-acting contaminants such as narcoties, irritants or acute
systemic poisons, Although for some halogenated alkanes and alkenes bio-
chemical and long-term exposure effeets in relation to carcinogenicity are
known, the relative impeortance of brief high exposures is act known.

Depending on the sensitivity of the analytical method and the range of
concentrations expected, a minimum volume of air is required. If observation
of the operations suggests that appreciable concentration fluctuations are to
be expected (e.g., due to opening and closing of doors in dry cleaning units,
or opening of polymerization reactors, ete.), this has to be taken into
account when establishing the duration of sampling. On the other hand, there
is a practical upper limit to the volume of the air sample in cases where the
collection medium is likely to reach breakthrough, i.e,, the kinetic adsorp-
tive capacity of the solid scrbent. 1In such situations, this maximum volume,
together with the recommended (or acceptable) sampling flow rate, determines
the maximum feasible duration of sampling.
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Wwnen to sample

Unless continuous sampling over the whole period of interest (e.g., a
full work shift) is planned, it will be necessary to decide "when to sample™,
particularly when variations in concentration are likely %o occur. Whenever
peaks in concentration are expected, the strategy of sampling should be so
designed as to detect them. If the nature of the work is such that no appre-
ciable changes in concentration with time are expected, it is a convenient
practice to collect the required samples at equal time intervals {e.g., at the
end of every hour). If this is nct the case, however, the most representative
times for sampling must be selected. The pattern of air concentration of
chemical agents in the workplace, and the pattern of workers' exposure, must
both be cbserved carefully. Changes in air <temperature, air movement and
ventilation alsc affect exposure.

Number of samples

For each particular situation, the optimum number of samples can be
determined by statistical methods. The statistical treatment of environmental
data has been widely discussed (Hounam, 1965; Gale, 1967; Saltzman, 1972;
Leidel & Busch, 1975; Leidel et al., 1977; Swinscow, 1977; Patty, 1979) and is
beycnd the secope of this chapter. For eaeh location, an adequate number of
samples must be collected to ensure the determination of concentration at the
95% (at least) confidence level. For practical reascns and for usual occupa-
tional hygiene surveys, many authors (NIOSH, 1973: Ulfvarson, 1975: Leidel et
al., 1977) accept the following numbers of samples:

for continuous samples: 2 consecutive U4-hour samples {for an 8-hcur TWA)
for "grab" samples or direct-readings: U4-7 samples (for each location)

Ulvarson (1977) has described a statistical evaluation of short-period

samples for use when attempting to determine whether a given 8-hour TWA has
been exceeded.

4. SAMPLING PROCEDURES AWD EQUIPMENT

Introduction

Sampling procedures for occupaticnal hygiene have been widely discussed
elsewhere (NIOSH. 1973; Linch, 1974; Cralley & Cralley, 1979; ACGIH, 1983).

Three distinct methods have been employed:

{a) Utilisation of direct-reading instruments or colour-reaction tubes,
which give immediate values corresponding to an instantanecus concen—

tration; the same type of data is given by the analysis of grab or
"spcot" samples
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(b) Continucus cellecticn by adsorption from air, pumped during an
extended pericd, usually on to charccal or Tenax adsorbents, which

gives the average concentration of the airborne contaminant over the
sampling pericd, '

(c) Utilisation of passive monitoring devices (often in the form of
lapel badges) which yield the same type of data as adserption from
pumped air,. At the time of writing, compariscn of pumped and
passive samplers is still in progress in varicus centres.

Manufacturers of equipment required for the above methods are listed at
the end of this chapter, although only adsorbent tubes (b) are employed in the
methods for air analysis described in this volume.

Direct- reading instruments

Direct-reading instruments are those which perform quantitative analysis
for a specific airborne contaminant, or group of airborne contaminants, and
directly indicate the result (NIOSH, 1973; Linch, 1974: McCammon, 1976).
Since direct-reading instruments involve neither the usually time-consuming
and expensive laboratory analysis, nor the problems posed by sample transpor-
tation and storage, they are very useful for field investigations. Their
limitations, however, must be known and taken into consideration?!. A non-
comprenensive list of manufacturers is presented in Appendix A to this chapter,

(i) Detecter tubes

These tubes are based on a colorimetric reacticn; a known velume of
contaminated air is drawn through a glass tube containing granules impregnated
Wwith a reagent which changes colcour in the presence of the contaminant. The
extent of the cclorimetric reaction is proporticnal to the concentration of
the contaminant. The most common detector tubes are these for short-term

sampling e.g. as in Figure 1. Tubes for long-term sampling are alsc avail-
able, but require a continucus sampling pump (Fig. 2).

The Office of Oeccupaticnal Health, WHO, Geneva, is preparing a document on
Direct-reading Instruments for Airborne Contaminants in the Work Environ-

ment, which gives detailed guidelines for the selection and use of these
instruments.
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FIG. 1 BELLOW PUMP WITH TUBE INSERTED FOR TRICHLOROETHYLENE MEASUREMENT
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FIG. 2 WORKER WEARING LONG-TERM MEASURING SYSTEH
CONSISTING OF PUMP ON SHOULDER STRAP AND DIRECT-READING LONG-TERM
DETECTOR TUBE WITHIN BREATHING ZONE

The example shown 1is of a tube measuring 2.5 to 50 ppm trichloroethylene over
sampling peried of 4 hours,

The precisicn and accuracy usually obtained with colorimetric detector
tubes is not sufficient for scientific research; for example, in establishing
correlations between levels of exposure and health effects,

tubes may not be sensitive enough for evaluating =some of the very low concen-
tration limits for carcinogens or suspected carcinogens.

Mcst detector
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Detector tubes have been widely discussed in the literature (Kitagawa,
1952; Saltzman, 1962; NIOSH, 1973; IUPAC, 1974; Linch, 1975, Roper, 1974; WHO,
19767 Leichnitz, 1977 MNIOSH, 1978; Leichnitz, 1979; ACGIH, 1983; Leichnitz,
1983) and are available for the evaluation of a number of halogenated alkanes
and alkenes, including the following: allyl chloride, bromoform, carbon
tetrachloride, chloroform, 1,2-dichloroethane (ethylene dichloride), 1,1-di-
chloroethylene, 1,2-dichloroethylene, epichlorohydrin, ethylene dibromide,
fluoroctrichloromethane (F11}, methyl bromide, methyl chloride, methyl chloro-
form, methylene chloride, tetrachloroethylene {perchloroethylene), trichloro-
ethylene. .

Detector tubes should be used with the hand pump for which they were
originally designed (ACGIH-AIHA, 1971; NIOSH, 1972; Colen, 1973; Colen, 1974)
and which should be rcoutinely calibrated (Kusnetz, 1960; Leichnitz, 1983). If
correctly used (AIHA, 1977; Leichnitz, 1983), detector tubes can be a great
help in occupational hygiene evaluations, particularly those aimed at esta-
blishing the need for control measures,

(ii) Infra-red gas analysers

These instruments can in prineciple measure any gas or vapour which has
abscorption lines in the infra-red portion of the electromagnetic spectrum.
One example of an infra-red analyser is presented in Figure 3. A large number
of halogenated alkanes and alkenes can be measured with commercially available
infra-red gas analysers and some examples are presented in Table 2.

FIG. 3a OPTICAL SCHEME OF A MIRAN INFRA-RED ANALYSER
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FIG. 3B PORTABLE MIRAN INFRA-RED ANALYSERE

PRINTER NUMERICAL DISPLAY
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4 Reproducéd witnh permission of The Foxboro Company, Foxboro, MA 02035, USA

Table 2. Analytical wavelengths and minimum detectable concentrations for some
halogenated alkanes and alkenes measurable by a commercial infra-red gas
analyser

Chemical Wavelength Minimum detectable
(qm) amount {ppm)
(cell length - 20 m)

Bromoform . 0.05
Carbon tetrachloride 12. 0.06
Chloroform 13. 0.06
1,1-Dichloroethane . 0.3

1,2=Dichloroethylene
Epichlorohydrin
Metnyl chloride
Methylene chloride
Tetrachloroethylene
1,1,1=-Trichloroethane
Trichloroethylene

B gy

SO O WW = N WO
. .

CCNLYWEXX =2 OO0
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Such analysers, which can be very sensitive, can also be very accurate
and precise if properly calibrated and used. Attention must be paid, however,
teo interference, which may mask the desired spectrum; e.g., from water,
carbon dioxide and organic gases and vapours with similar wavelengths. In
order to overcome interference, a pre-sampling stage can be utilized (e.g.,
silica gel for water vapour, a scrubber, ete.) or a secondary wavelength can
be used as the analytical wavelength.

(iii) Electrical conductivity analysers

These instruments are based on the principle that air contaminants which
form electrolytes in an aqueous solution will change the electrical conducti-
vity of the latter. The method is not specific, but this difficulty may be
overcome 1if concentrations of all other ion-forming contaminants are either
constant or insignificant. Instruments in this category are commercially
available for methyl chloride, carbon tetrachloride and several other halo-
genated hydrocarbons, including frecns. These instruments may have very good
gensitivity, precisicon and accuracy.

(iv) Flame-ionization detectors

Instruments in this category function by ionizing the gaseous air conta-
minant and collecting it under the influence of an applied electric field.
Maintenance of the flame requires feed gases such as hydrogen and compressed
air. There are a number of commercially-available instruments, such as port-
able organic vapour analysers, portable total hydrocarbon analysers, organic

vapour meters, etec. Sensitivities are in the region of the lower ppm's and
higher ppb's,

(v) Photoionization detectors

These instruments are similar to flame-icnization detectors in their
respense te many organic gaseous contaminants, but are safer, since there is
no flame. The sensor consists of a sealed UV light source which icnizes the
organic air c¢ontaminants (but not the major components of air). The ions
produced are converted into an electric current which can act on a display
unit (or an audic signal). Such instruments can be very sensitive (better

than 0.2 ppm) and precise: some are very portable, as is the example shown 1n
Figure 4.
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FIG. 4 DIRECT-READING GAS MONITOR WORKING BY PHOTOIONISATION
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(vi) Portable gas chromatograph

Portable gas chromatographs permit "on-the-spot" field analysis with high
sensitivity, precision and accuracy. Columns for a number of specifie
compounds are commercially available and detailed information can be obtained
from the manufacturers. Chromatographs with electron-capture detectors are
recommended for halogenated compounds. Although portable gas chromatographs
can be very sensitive, not all models are sensitive enough to detect the very
low concentrations dealt with when evaluating known and suspect carcinogens.

Spot or grab sampling

Spot or "grab" sampling can be carried out by collection of air samples
in flasks, syringes or plastic bags. This type of sampling is not wusually
Suitable when dealing with very low concentrations, since the amounts collec-—
ted would be insufficient for analysis even with very sensitive methods, and
there is a risk of loss by sorption on the walls of the container, or through
the walls of plastic bags. This problem has been reviewed (WHO, 1979) and
methods of sampling for breath and ambient air described in this volume show
that it can be overcome.

Continuous sampling

This type of sampling requires a sampling head, which can be a container
such as a flask or a tube holding a collecting medium, and an air mover which
can sample air at a constant flow-rate. The air mover is usually a pre-cali-
brated pump that can operate over a range of pumping speeds.

For the purposes of this volume, the sampling head consists of a glass
tube holding an adsorbent or absorbent. The adsorbent most widely used is
activated charcoal (Fig. 5) and the adsorbed substance is usually extracted
for analysis with carbon disulfide; this procedure is described in this
velume for chloroferm, carbon tetrachloride, methyl chloroform, hexachloro—
ethane, trichleroethylene, tetrachlorcethylene, epichloreohydrin, methyl
bromide, bromocform, methylene chloride, 1,1-dichleoroethane, and 1,2-dichloro-
ethylene. Adsorption on charcoal is alsc used, but with another extraction
solvent, for ethylene dibromide (benzene : methanol), allyl chloride (benzene)
and methyl chloride (methylene chloride). Another adsorbent (Chromosorb 101
porous polymer) is used to trap BCME, and is followed by thermal desorption.
An absorbent (potassium 2,4,6-trichlorophenate) on textured glass beads is
used for CMME, prior to elution with methanol.

Activated charcoal is an excellent collecting medium since, being non-
polar, it has a marked preference for organic gases and vapours relative to
atmospheric moisture. However, if the relative humidity is high, of the order
of 50-70%, the adsorption capacity decreases markedly. This will present a
problem when sampling in very humid climates; in such situations, it may be
necessary to decrease the recommended sampling time, since breakthrough
(incomplete adsorption) would occur earlier than predicted by studies carried
‘out in drier climates. In order to check for breakthrough, it is usual to
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have two charcoal sections in series and to analyse them separately, as in the
methods described in this volume (NIOSH, 1984).

The most common type of pump is a rotary vane pump, powéred by rechar-
geable batteries, for ccntinucus persconal sampling. A pgreat variety exists
{ACGIH, 1983), but it is best to use a type that has a variable flow-rate
which can be adapted to work against different flow resistances caused by the
adsorbent in the sampling head. The precautions to be taken when using these
systems are described in NIOSH (1973), ACGIH (1983) and WHO (1984).

Since low flow-rates are used with sorbent tubes (commonly, 0.05-0.2
L/min), pumps with only a low flow-rate range, which are smaller and usually
less costly, should be chosen when only sorbent-tube sampling is considered.
A great variety of sampling pumps is available (ACGIH, 1983) and a ucti-
comprehensive list of manufacturers is givenm in Appendix B. Examples of
personal pumps are presented in Figure 6.

FIG, 5 CHARCOAL ADSORBENT TUBE, ACCORDING TO NIOSH SPECIFICATIONS

Plastic caps are shown for sealing the tube after use and prior to analysis.

The routine flow-rate calibration of sampling pumps 1is extremely
important, as appreciable errors may be introduced in exposure evaluations by
an inaccurate sampling flow-rate, As the flow-rate varies with the resistance

offered to air flow, each pump must be individually calibrated with the
sampling head in-line.

Passive monitoring devices

Passive monitoring devices, or passive samplers, consist simply of badges
with a collecting medium, preceded by either a diffusion zone (a membrane or a
quiescent air zone) or a permeation membrane, An example is presented in
Figure 7. Such devices rely on molecular diffusion through the membrane or
quiescent zone, or on the permeation of the gases and vapours into the collect-
ing medium, which usually consists of activated c¢harecal, but scometimes of
liquid reagents. They do not, therefore, require mechanical air-moving
devices and do not present most of the problems associated with a classieal
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FEG. 5 EXAMPLES OF COMMERCIAL PERSONAL SAMPLING PUMPS
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sampling train, such as pump flow-rate calibration, flow-rate checks during
sampling, eventual leakages in connections, or interference of the sampling
train with workers'™ movements and the performance of work. In addition to
these advantages, passive monitoring devices are small, light-weight and, if
properly attached in the worker's breathing zone, do not reguire pericedic
checks during the sampling period.

The amount of air c¢ontaminant that will diffuse (or permeate) to the
collecting medium in a given time depends on 1ts concentration in the sampled
air, the atmospheric conditions and the physical characteristies of the
monitor. After being exposed to the contaminated air for a known period, the
collecting medium is analysed in the laboratory, usually by gas chromato-
graphy, although other methods can be used, such as colorimetric methods and
infra-red spectroscopy (Purnell et al., 1981; Baker, 1982). Passive monitor-
ing devices are well-discussed in the literature (Bailey & Hollingdale-Smith,
1977: Woebkenberg, 1979; ACGIH, 1980; Lautenberger et al.,, 1980% Brown et al.,
1981; Panwitz, 1981; Feigley & Chastain, 1982; Rose & Perkins, 1982; ACGIH,
1983; Fowler, 1983; Muller & Guenier, 1984; Underhill, 1984).

The influence of air veleocity across the face of the passive sampler has
been controversial. It is not, however, appreciable over the air velocity
ranges usually found in work-places. At very low air velocities, less than
5-6 m/min, the passive samplers are 1ikely to under-sample and therefore
introduce a negative bias; at very high face velocities, in the range of
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F1G. 7 PASSIVE SAMPLER FILLED WITH 400 mg COCONUT CHARCOCAL

Contaminants enter via the two barriers which control the diffusion rate.

75-90 m/min, they are likely to over—-sample because of eddy currents forming
inside the sawmpler. For face velocities between these ranges (which are the
most usual in work-places), the sampling rate is not appreciably affected by
air movement. Hany passive monitoring badges have built-in draught shields.
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The first passive sampling unit based on molecular diffusion of the gas
or vapour to be measured was designed by Palmes and Gununison (1973). Since
then, passive samplers have been used to sample a number of chemicals and some
are commercially availaole, such as those for methyl chloroform, methyl
chloride, carbon tetrachloride, halothane, dichloredifluormethane (F11), tri-
chloroethylene, methylene chloride, 1,1=dichlorocethylene, 1,2-dichloro-
ethylene, 1,2-dichloroethane, allyl chloride, chloroform, epichlorchydrin,
ethylene dichloride and 1,1,1-trichicroethane (Bamberger et al., 1978;
Halliday & Anderson, 1980:; Lautenberger et al., 1980; Mazur et al., 1980;
Mazur et al., 1981; Pannwitz, 1981; Reiszner, 1981).

The ccnvenience of passive dosimeters for air sampling in a breathing
zone facilitates otherwise problematical or impractical surveys, e.g., for the
evaluation of exposures of operating room perscnnel to waste anaesthetie
gases. Dosimeters for halothane and enflurane have been used for this purpose
and are commercially available (Halliday & Anderson, 1980; Mazur et al., 1980;
Jonas et al., 1931). A disadvantage is that sampling with passive monitcring
devices 1s inadequate for the evaluation ¢f peaks of exposure,

It should be pointed out that, although many studies have shown good
correlation between exposure evaluations with passive samplers and charcoal
tubes (Lautenberger et al., 1980; Mazur et al., 1980: Guenier & Ferrari, 1981;
Hickey & Bishop, 1981; Sesana et al., 1981; Panowitz, 1984a), there is still
need for additional research in order to validate passive monitoring devices
for a larger number of air contaminants {(Perkins et al., 19871; HSE, 1983).
Factors such as sample lcading, relative humidity, atmospheric pressure and
interferences influence their performance (Gregory & Elia, 1983; Lindenboom &
Palmes, 1983). Testing protocols have been developed for this purpose (Brown
et al., 1984; Hull & Cassinelli, 1985).

A non-comprehensive list of manufacturers of passive devices is given in
Appendix C.

5. CHARCOAL-TUBE SAMPLING PROCEDURE

Prior to the sampling trip, the charcoal tubes must be prepared and
individually 1labelled; charcoal tubes should be capped only with adequate
plastic caps and never with caps of rubber. The personal pumps must have
their batteries recharged and flow-rates calibrated. Personal pumps operating

at flow-rates up to 2 L/min may be conveniently calibrated with the soap-
bubble method (Fig. 8).

At the sampling locaticn, the sampling train is attached to the selected
worker. The personal pump should be attached to a belt or harness and the
charcoal tube should then be opened and fixed s0 as to remain in a vertieal
pesition in the workers breathing zone; e.g., attached to the worker's lapel.

There should be nc tubing on the inlet side of the charccal tube.
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Once the sampling train is in place, the pump is started, the starting
time recorded and the flow-rate checked and noted. The flowmeter of the pump
should be watched during sampling and, if necessary, adjustments should be
made to keep the flow rate constant., Flow rates are usually in the range of
0.05 to 0.2 L/min when sampling %o determine a time-weighted average concen-—
tration, and of the order of 1 L/min when sampling to determine a ceiling or
short-term concentraticn.

FIG. 38 SET UP FOR CALIBRATION OF PERSOWAL PU4P FLOW-RATE
USTING SOAP-BUBBLE METHOD

Sampling head
{collecting device)

Needle ——
| b

TITITITTTTT

~——— Soap bubble

— _ 1

WHO 73081

When determining a time-weighted average ccncentration, 4 hours would be
an acceptable sampling time and very low flow rates would be needed to aveoid

excessive sample volumes and appreciable breakthrough. For short-duration
sampling {e.g., 15 min) a higher flow rate (of the order of 1 L/min) can be
used, Excessively high flow rates, however, should. be avoided when using

charcecal tubes, since this may lead to the contaminant being carried through
without being adscrbed.
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The maximum volume cof air fto be sampled varies according tc the tempera-
ture, pressure and humidity of the atmosphere, and the air concentration of
the contaminant being collected, The usual recommended volume for a large
number of c¢rganic gases and vapours is 10 to 15 litres, The HNIOSH Manual of
Analytical Methods (1984) recommends minimum and maximum air sample volumes,
as well as flow rates for specific chemicals. Some examples of maximum sample
volumes, taken from varicus NIOSH methods, are shown in Table 3.

Table 3. Maximum air sample volumes for selected halogenated alkanes and
alkenes

Alr contaminant Maximum volume of
air sample
(litres)?
Allyl chloride 100
gromeform 10
Carbon tetrachloride 17
Chloroform 15
1,2=-Dibromoethane 25
1,1-Dichloroethane 10
1,2=Dichloroethylene 3
Epichlorchydrin 30
Ethylene dichloride 10
Hexachlorcoethane 10
Methyl chloroform 6
Trichlorecethylene 15

2 These values are examples of veolumes above which appreciable breakthrough

of the sample to the back-up section has been shown to cceur.

Breakthrough depends on the air concentration of the contaminant, the
amount of charcoal in the tube and on atmospheric conditions (temperature,
humidity, ete.). The maximum volume of air to be sampled should be establish-
ed in the labecratory feor the expected sampling conditions and range of concen—
trations, and may be checked against the maximum volumes which are usually
recommended in the analytical procedures. If the sampling rate and duration
are well-determined, appreciable breakthrough of the air contaminant to the
back-up section of the charccal tube should nct be cbserved. The back-up
section should always be analysed to ensure there is no breakthrough of the
adsorbed chemical. If appreciable breakthrough is found (e.g., the back-up
section contains 10-25 percent of the amount retained in the front section),
the sampling rate and/or time must be decreased.
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When the sampling period is over, the stopping time is recorded as the
punp is turned off; the charccal tube is removed from the sampling train,
both ends are tightly capped, and it is properly stored and transported to the
laboratery where the adsorbed contaminant will be desorbed and analysed by gas
chromatography according to the selected analytical procedure.

The adsorbent-tube method has been described above in a general way, with
the object of emphasizing the more important aspects to be considered.
Further details, which are beyond the scope of this chapter, may be found

elsewhere {Guenier & Muller, 1981; NIQSH, 1984; see alsc the Introduction to
Methods 1-8, p. 173).
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APPENDIX A

MANUFACTURERS OF DIRECT-READING INSTRUMENTSZ

1. Manufacturers of Detector Tubes

Bacharach Instrument Company, 301 Alpha Drive, Pittsburgh, PA 15238, USA

Bendix Corporation, Environmental and Process Instruments Division, 12345
Starkey Road, Large, FL 33543, USA

Dragerwerk AG Libeck, Moislinger Allee 53/55, D-2400 Libeck 1, FRG

Gastec Corporation, 3891 Ikebe-cho, Midori-ku, Yokohama 226, Japan

Kitagawa, Komyc Rikagaku Kogyo K.K., 1-8-24 Chuo-cho, Meguro-Ku, Tokyo, Japan
Maimex, 15, D. Nestorov Street, 3ofia 1431, Bulgaria

Mine Séfety Appliances Company, 600 Penn Center . Boulevard, Pittsburgh, PA

15235, USA

2. Manufacturers of other Types of Direct-reading Instruments

Analytical Instrument Development, Route 41 and Newark Road, Avondale, PA
19311, UsAa

Bacharach Instrument Company, 301 Alpha Drive, Pittsburgh, PA 15233, USA

Beckman Instruments, Inc., Process instruments Division, 2500 N. Harbor
Boulevard, Fullerton, CA 92634, USA

Bendix Corperation, Envircnmental and Process Instruments Division, 12345
Starkey Road, Largo, FL 33543, USA

C.F. Casella & Co. Ltd., Regent House, Brittania Walk, London, N1 7ND, UK

Deveo Engineering, Inc., Control Systems Division, 36 Pier Lane West,
Fairfield, NJ 07006, USA

Dragerwerk AG Liibeck, Moislinger Allee 53/55, D-2400 Libeck 1, FRG

Du Pont Company, Instrument Products Division, Concord Plaza, Clayton Bldg,
Wilmington, DE 19898, USA

Foxboro Compan cc. Ltd., Regent House, Brittania Walk, London, N1 7ND, UK
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Deveo Engineering, Inc., Control Systems Division, 36 Pier Lane West,
Fairfield, NJ 07006, USA

Dragerwerk AG Libeck, Moislinger Allee 53/55, D-2400 LUbeck 1, FRG

Du Pont Company, Instrument Products Division, Concord Plaza, Clayton Bldg,
Wilmington, DE 19898, USA

Foxboro Company, P.0. Box 5449, South Norwalk, CT 06856, USA

Gas Tech Ine., 331 Fairchild Drive, Mountain View, CA 94043, USA

H-Hu Systems Inc., 30 Ossipee Road, Newton, MA 02164, USA

Icare, 66, Avenue du Prado, B.P. 151, 13253 Marseille Cedex 6, France

Infrared Industries Ine., Western Division, Instrumentation Group, P.0. Box
989, Santa Barbara, CA 93102, USA

Kitagawa, Komyo Rikagaku Kogyo X.X., 1-8-24 Chuo-cho, Meguro-ku, Tokyo 152,
Japan

MDA Scientific Ine., 1815 Elmdale Avenue, Glenview, IL 60025, USA
Microsensor Technology Ine., 47747 Warm Springs Blvd, Fremont, CA 94539, USA

Mine Safety Appliances Ccompany, 600 Penn Center Boulevard, Pittsburgh, PA
15235, UsA

Societe Frangaise, Oldham, B.P. 962, 62033 Arras Cedex, France

Scott Aviation-Davis Instruments, P.0. Box 751, RT 29 North, Charlottesville,
VA 22902, U3SA

Tracor Inc., Analytical Instruments Division, 5500 Tracor Lane, Austin, TX
78721, UsA

XonTech Inc., 6862 Hayvenburst Avenue, Van Nuys, CA 91406, USA

The mention of a manufacturer does not in any way represent endorsement or
recommendation of thelr instruments either by the authors of this chapter,
by IARC or by WHO.
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APPENDIX B

MANUFACTURERS OF PERSOMAL SAMPLING PUMPS?

Bendix Corporaticn, Environmental and Process Instruments Division, 12345
Starkey Road, Largo, FL 33543, U3A

C.F. Casella & Co.,, Ltd., Regent House, Brittania Walk, London, N1 7ND, UK
Compur — elektronic gmnbh, Steiner strasse 15, 8000 Mﬁnchen 70, FRG

DuPont Company, Applied Technclogy Division, Clayton Bldg, Concord Plaza,
Wilmington, DE 19898, USA

Gilian Instrument Corp., 1275 Route 23, Wayne, NJ 07470, U3A
MDA Scientifiec Ine., 1815 Elmdale Avenue, Glenview, IL 60025, US3A

Mine Safety Appliances Company, 600 Penn Center Boulevard, Pittsburgh, PA
15235, USA

Anatcle J. Sipin Company, 505 Eight Avenue New York, N.Y. 10018, USA
SKC Inc., R.D. 1, 395 Valley View Road, Eighty Four, PA 15330, USA

Spectrex Company, 3594 Haven Avenue, Redwood City, CA 94063, USA

2 The mention of a manufacturer does not in any wWay represent endcrsement cor
recommendatiocn of their instruments either by the authors of this chapter,
by IARC or by WHO.
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APPENDIX €

MANUFACTURERS OF PASSIVE MONITORING DEVICES?

Dragerwerk AG Lilbeck, Moislinger Allee 53/55, D-2400 LUbeck 1, FRG

E.I. du Pont de Nemours & Co., Applied Technclogy Division, Concord Plaza,
Clayton 3Building, Wilmington, DE 19898, USA

GMD Systems, 5345 N. Kedzie Avenue, Chicago, Il 60625, USA

MDA Scientific Company, 808 Busse Highway, Park Ridge, Il 60068, USA

Mine Safety Appliances, 600 Penn Center boulevard, Pittsburgh, PA 15235, U3SA
Moleculon Research Corporation, 139 Main Street, Cambridge, MA 02142, USA

National Mine Servide Company, Industrial Safety Division, 355 N. 01d
Steubenville Pike, Oakdale, PA 15701, USA

Reiszner environmental & Analytical Laboratories, Inc., P.0. Box 3341, Baton
Rouge, Louisiana T0821, USA

SKC Incorporated, R.D, No. 1, Valley View Road, Eighty Four, PA 15330, USA

3M Company, Occupational Health & Safety, Products Divisicn, 3M Center,
220-7W, St. Paul, MN 55144, USA

The mention of a manufacturer does not in any way represent endorsement or
recommendaticn of their instruments either by the authors ¢f this chapter,
by IARC or by WHO.
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A SURVEY OF THE ANALYSIS OF HALOGENATED ALKANES
AND ALKENES IN BIOLOGICAL SAMPLES

L. Fishbein

Department of Health and Human 3ervices
Food and Drug Administration
National Center for Toxicological Research
Jefferson, Arkansas 72079, USA

INTRODUCTION

Halogenated hydrocarbons (particularly chlorinated derivatives) are,
quantitatively, amongst the most important products manufactured by the
chemical industry. As noted in Chapter 2, numerous members of the C,-C,
halogenated alkanes have extensive utility as solvents, fumigants, aeroscl
propellants, degreasing agents, dry-cleaning fluids, refrigerants, flame-
retardants, anaestheties, cutting fluids and as intermediates in the pro-
duction of textiles and other chemicals, A wide range of household items,
such as degreasing agents, brush cleaners, paints and varnish removers, have
contained chloroform, carbon tetrachloride, methylene chloride, trichloro-
ethylene or tetrachlorcethylene. Sclvents such as trichlorcethylene, tetra-
chlorcoethylene, 1,1, 1=trichleroethane (methyl chloroform) and methylene
chloride and the anaesthetic gas halothane have been abused (Garriott & Petty,
1980; Ramsey & Flanagan, 1982}, There is increasing concern about the
presence of a large number of halogenated hydrocarbons that have been detected
in diverse water sources; these include a number of mutagenic and/or carcinoc-
genie derivatives resulting from industrial outfall or the chlorination of
water supplies (e.g., trihalomethanes, halcoacetonitriles). Potential exposure
also arises from the generation of large quantities of waste products during
the manufacture of chlerinated solvents or monomers. These can often
represent as much as 5% of the main product, Prevalent disposal practices
include deep-well disposal, burning the wastes in land-based incinerators and
burning them at sea (Miller, 1983). Hence, the halogenated alkanes and
alkenes represent one of the most important categories of industrial chemi-
cals, considered from the point of view of volume, variety of uses and environ-
mental and toxicological problems to which they do or may give rise. The
populations at risk can include workers, consumers and the general publie,
with exposure occurring by inhalation, dermal absorption or ingestion.
Because of their lipeophilic nature, there is additional concern about the
eXxtent to which the volatile halogenated alkanes and alkenes will accumulate
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in the fatty tissues of organisms, the presence of these pollutants in marine
organisms has been reported (Pearson & McConnel, 1975; Dickson & Riley, 19763
Ofstad et al., 1981).

While air monitoring is of obvious importance and has been the major
means of assessing exposure to the halogenated alkanes and alkenes in the work-
place, its limitations are recognized, since this procedure measures only

potential exposure by inhalation and does not measure uptake by the exposed
individual.

Increasingly, investigators have sought to obviate these shortcomings by
biological monitoring. Baselt (1980}, Lauwerys (1983} and Monster (1984a,b,c)
have reviewed the salient aspects of biclogical monitoring for industrial
exposure to halogenated hydrocarbons, including methyl chloride, methyl
bromide, methylene chloride, chloroform, carbon tetrachloride, 1,1,1-trichloro-
ethane (methyl chloroform), trichloroethylene, vinyl chloride and fluorinated
anaesthetiecs (e.g., halothane). The biotransformation of many of these
solvents has been reviewed by Lauwerys (1975), Henschler (1977), Toftgard &
Gustafsson 91980), WHO (1981) and MacBDonald (1983).

Solvents are absorbed through the skin (Stewart & Dodd, 1964). Analyses
of solvents in blood specimens drawn during or immediately after the working
day may thus lead to erroneous estimations of exposure. Correct estimations
may be obtained, however, using specimens drawn in the morning on the day
after exposure (Aitio et al., 1984).

ANALYTICAL METHODS3

Halogenated hydrocarbons are known to accumulate in various tissues of
animals and man (McConnell et al., 1975; Dowty et al., 1976; Davies, 1978;
Peoples et al., 1979). Screening biological materials for toxic volatile
compounds by chromatographic techniques is acknowledged to be difficult, due
to factors such as the diversity of compounds of interest, the resulting
complexity of the chromatographic systems and the feasibility of the isolation
techniques for handling gasecous and more-or-less volatile compounds.

The halogenated alkanes and alkenes and their metabolites can be deter-
mined in biological media by a variety of procedures, the more important of
which are gas chromatography (GC) with electron-capture detection and GC-mass
spectrometry (M5). These may be combined with solvent extraction, gas-
stripping and head-space techniques (Anthony et al., 1978; Balkon & Leary,
1979; Dietz & Singley, 1979; Barkley et al., 1980; Michael et al., 1980;
Foerster & Garriott, 1981) for the determination of volatile halogenated
pollutants in biological matrices.

Davies (1978) determined blood concentrations of chloroform, trichloro-
ethylene and halothane by GC, using electron-capture detection. The accuracy
of the analysis (measured blood concentration as a percentage of the calcul-
ated concentration) was as follows: chloroform (5 blood samples in the range
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74-636 mg/L), mean 100,4% (3D 1,30%), range 99.3-102,5%; trichloroethylene (5
blood samples in the range 132-206 mg/L), mean 101.6 (3D 1.60), range 99.6-
104.0; halothane (11 blood samples in the range 60-379 mg/L), mean 100.7 (SD
2.27), range 97.3-104.0. The anaesthetic agent was initially extracted from
the blood with the non-miscible solvent, n-heptane. A Pye Series 104 gas
chromatograph was employed, with a column consisting of 15% MS 550 silicone
fluid on Universal B support.

Dowty et al. (1976) described the results of GC-MS analysis of low mole-
cular weight, volatile, organic constituents, obtained from cord blood and
maternal blood samples collected at birth, as a reflection of transplacent-
ally-acquired compounds. Chloroform and carbon tetrachleride were some of the
more than 100 compounds which were found in cord blood in quantities equal to
or greater than those in maternal blood. Volatile organic compounds contained
in the blood samples were thermally removed by a stream of ultrapure helium,
passed over 1 g of Tenax absorbent, thermally desorbed from the polymer, then
transferred, by means o¢f a helium stream, from the injection port onto a pre-
column (1.5 m x 0.05 em), coated with 10% GE 3F-96 and 1% Igepal CO 880
stationary phase. Separation of the organic components was achieved on this
capillary column by programming from ambient temperature to 170°C at 2°/min,
after a 10-min, post-injection hold. Components were detected using a flame-
ionization detector operated at 300°C. The GC effluent was vented through a
heated transfer line (200°C) into the mass spectrometer (DuPont 21-491) by a

jet-type separator and the spectra were obtained using an ionization energy of
70 eV.

Dowty et al. (1975) described the analysis of both tetrachloroethylene
and carbon tetrachloride in both pooled plasma and New Orleans drinking water.
VYolatile organic compounds were eluted from water and blood plasma by heating
to 95°C under a stream of wultrapure helium. the helium stream was passed
through a series of glass condensers to eliminate most of the water vapor.
the volatile compounds were trapped on 1 g of poly(p-2,6-diphenylphenylene)-
oxide adsorbant (35/60 mesh), attached to the end of a condenser train. After
a trapping period of 1 h, the polymer containing the adsorbed compounds was
transferred from the collection reserveoir to a silylated glass injection. port
liner (10 mm o.d., 9.2 cm in length, each and plugged with glass wool) which
was conditioned at 350°C for 1 h in ultrapure helium prior to use. The liners
were placed in the injection port (maintained at 200°C) of a Hewlett-Packard
7620A gas chromatograph and the volatile components transferred by means of a
helium stream onto a 1.5 m x 0,5 mm column coated with Emulphor ON-870, held
at dry ice-methanol temperature for a 7-min trapping period and finally swept
onto a 91.0 m x 0.5 mm stainless-steel capillary column, coated with 10% GE
SF-96 and 1% Igepal CO 880. For mass spectral analysis, the carrier gas
effluent was passed through a heated transfer line (250°C) into a double-
focusing mass spectrometer (DuPont 21-491) by means of a jet-type separator
and the spectra were obtained using a 70 eV electron beam. The concentration
of carbon tetrachloride in plasma was found to be substantially higher than in
drinking water. The lipophiliec nature of carbon tetrachloride suggested a
bio-accumulation mechanism, if drinking water is the only source of such
materials.
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A quantitative, GC-MS screening procedure (using a head-space technique)
for the determination of a number of veolatile compounds of forensic and
environmental importance (including 17 chlorinated alkanes and alkenes) in
human biofluids was described by Balken & Leary (1979). A column containing
Carbowax 1500 (2%) on Carbopack C was used for the chromatographic analysis.
The column oven was programmed from 50°C to 180°C at 8°C/min, with an initial
2 min hold. the final temperature was maintained for 10 min. Helium was used
as the carrier gas at a flow rate of 25 mL/min. the injection port tempera-
ture was maintained at 250°C and the transfer line intc the Hewlett-Packard
5982 A gas chromatograph-mass spectrometer was maintained at 225°C. The
column effluent was passed directly into the mass spectrometer via a membrane
separator. Quantification appreoaching the ppm level was achieved by measuring
the ion current due toc the most intense ion and the corresponding ion current
of a simultanecusly-run internal standard.

4 GC method was developed by Ramsey and Flanagan (1982) for the detection
and identificaticon of a number of volatile compounds, including carbon tetra-
chleoride, trichleroethylene, 1,1,1-trichlorcethane, trichloroethane, haloc-
thane, bromochlorodiflucromethane, dichlerodiflucoromethane and trichlorofluoro-
methane, in whole blced, plasma or serum. After incubation of the bleod
sample (200 yL) or tissue (200 mg), together with an internal standard (1,1,2-
trichlercethane, 1,1,1,2-tetrachlorcethane or bromodiehloromethane) in a
sealed vial, a portion of the head-space was analysed using a 2 m glass
column, packed with 0.3% (w/w) Carbowax 20M on Carbopack C, 80/100 mesh. The
column oven, after a 2-min isothermal period, was programmed from 35° to 175°C
at 5°C/min, then held for 8 min. The effluent was monitored by both flame-
ionization and electron-capture detection and peak assignment was effected by
means of retention time and relative detector response,

Foerster & Garriott (1981) reviewed procedures for the analysis of 42 .
volatile substances of toxicological importance in biological samples. The
substances examined included 11 halogenated hydrcocarbeons (e.g., Freon 11 and
12; methylene chloride, chloroform, carbon tetrachloride, 1,1,1-trichlorc-
ethane, trichloroethylene, ethylene dibromide, ethylene dichloride and halo-
thane). The extraction methods included solvent extraction and the purge-and-
trap techniques (Balkon & Leary, 1979; Krotoszynski et _al., 1979). Solvent
extraction is most useful for the analysis of chlorinated compounds, which may
be exitracted into a hydrocarbon phase and determined by GC with electron-
capture detection. The optional procedure for comprehensive volatile
screening used direct eluticon from bloed conte Tenax-GC, with GC separaticn on
60/80 Carbopack B/5% Carbowax 20M.

Garriott and Petty (1980) described a screening procedure for the deter-
mination of volatile substances, including methylene chloride, chloroform,
ethylene chloride, carbon tetrachloride, 1,1,1-trichlorcethane and trichloro-
ethylene, implicated in deaths from inhalant abuse. Following collection of
blood samples, one milliliter of head-space vapour was analysed by GC with
flame-icnization detection, using a 3 ft (0.91 m) ecolumn of Porapak Q
maintained at 145°C and an injection port temperature of 135°C.
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Michael et al. (1980) evaluated gas stripping and dynamic head-space
analysis as methods for purging volatile halogenated organic compounds (e.g.,
methylene chloride, chloroform, carbon tetrachloride, bromodichloromethane,
tetrachloroethylene) from human biclogical samples, such as urine, blood, milk
and adipose tissue. In gas stripping, volatile compounds are purged by
bubbling an inert gas through a liquid sample at elevated temperature. The
purged organic materials are trapped on the polymeric sorbent, Tenax GC, then
thermally desorbed at 270°C for 30 min in a stream of helium for subsequent
GC-MS. In dynamic head-space analysis, the gas passes over, rather than
through, the solution. (This procedure is particularly useful with samples
which feam, such as bioclogical samples). Volatile organic materials have been
effectively purged at the 10 ppb level with this technique. GC analysis was
perfermed on a Varian 3700 gas chromatograph with flame-ionization detection,
using an 80 m x 0.38 mm i.d. glass SCOT column (1% SE-30), temperature-
pregrammed from 30 tc 220°C at 4°/min. Validation experiments involved
recovery studies on fortified samples by both GC and mass-balance experiments
with !'"C-labelled compounds, Recoveries were generally from 60-95%. The
techniques described by Michael et al. (1980) have been successfully employed
for the analysis of blood and urine collected from individuals residing in the
O0ld Love Canal area of Niagara Falls, NY (Pellizzari et al., 1979; Barkley et
al., 1930).

A GC-MS determination of a number of chlorinated aliphatic hydrocarbons
(including methylene dichloride, carbon tetrachloride, 1,1,1-trichloroethane,
1,1,2=trichloroethane, trichloroethylene, 1,1-dichlorcethane, 1,2-dichloro-
ethane and chloroform) in body fluids and tissues was described by Hara et al,
(1980). A tissue specimen (0,1-0.5 g) was weighed and placed in a sample
bottle, which was then warmed on a water bath at 40°C for 1 h. The vapor
phase (3 mL) was then injected inte a GC-MS instrument (a Shimadzu LKD 9000
system, emplcying a multiple-ion detector and electron-impact ionization).
The column was a 1 m x 3 mm i.d., silanized glass tube, packed with Porapak P
(80/100 mesh). the temperatures of flash heater, column oven, separator and
ien source were 200°C, 155°C, 250°C and 270°C, respectively., The ionization
energy was To eV,

Tt was possible to identify all the chlorinated aliphatic hydrocarbons by
means of the retention times of the total-ion-current chromatogram and the
mass spectral patterns. Quantitative determination was achieved by monitoring
the characteristic ion for each compound, where the lower limit of detection
was 10 to 20 pg.

Reunanen and Kroneld (1982) determined 10 volatile halocarbons in human
serum and urine (as well as in raw and drinking water). The samples were
extracted in a single step with petroleum ether and the extracts, without
further purification, were anlaysed by high-resolution GC, with electron-
capture detection, Since the extraction efficiencies of halocarbons, as well
as their electron-capture responses, vary from one compound to another, cali-
bration of the system is essential for reliable quantification (Eklund et al.,
1978). Both external and internal calibrations were used to standardize the
analytical system, A 20m x 0.3 mn i.d. SE-52 glass capillary column was
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coupled to a Varian 2100 gas chromatograph, equipped with a splitter and a
63Ni electron~-capture detector. The carrier gas was hydrogen, with a flow
rate of 1.7 mL/min(40 em/s),

The determination of volatile, purgeable halogenated hydrocarbons
(chloroform, carbon tetrachloride, 1,2=dichloroethane, trichloroethylene,
bromoform, dibromochloromethane and bromodichloromethane) in human adipose
tissue and blood serum was achieved by Peoples et al. (1979) using GC-MS. A4
Tekmar Model L3C-1 liquid sample concentrator was interfaced to a Tracor Model
222 gas chromatograph, equipped with a Hall electrolytic-conductivity detect-
or, operated in the halide-specific mode., The column was a 1.83 m x 6.35 mm
i.d. glass U-tube, containing n-octane on 100/120 mesh Porasil-C. The GC was
operated with nitrogen carrier gas at a flow-rate of 30 mL/min, an inlet
temperature of 140°C and a transfer-line temperature of 210°C. The Hall
detector furnace was maintained at 900°C, with a hydrogen flow rate of 40
mL/min and a solvent (n-propanol:distilled water, 1:1, v/v) flow of 0.1
mL/min. A Finnigan Model 4000 GC-MS system, interfaced to a Tekmar 1liquid
sample concentrator, was used t0 confirm the identities of the compounds
quantified by GC.

The procedure for blood serum involved treatment of 1% aqueous antifoam
and 0.5 mL of serum in a 5 mL purging device and sample concentrator. After
the purge-trap period of 30 min at 115°C, the adsorbed compounds were desorbed
and transferred to the analytical column (60°C) by heating the trap at 150°C
for & min. The GC column was then programmed at 7°/min to 140°C.

In a pilot study, Barkley et al. (1980) used GC-MS computer analysis of
selected volatile halogenated hydrocarbons by examining urine, blood and
breath of an exposed population (01d Love Canal area, Niagara, NY), as well as
air and water samples in the immediate environment. Volatile halogenated
organic compounds, inecluding 1,1- and 1,2-dichloroethane, chloroform, 1,1,1-
trichloroethane, carbon tetrachloride, trichloroethylene and tetrachloroethyl-
ene, were recovered from blood, urine and water samples, using a modification
(Michael et al., 1980) of reported methods (Zlatkis et al., 1973a,b, 1974;
Bellar & Lichtenberg, 197%; Dowty et al., 1975). VYolatile samples were
recovered from biclogical matrices by heating at 50°C and passing a stream of
ultra-pure helium. The volatile compounds were trapped in a glass cartridge
containing 35/60 mesh Tenax GC sorbent, attached to the end of a condenser
train. Cartridge samples were analysed by a thermal desorption technique,
using an inlet manifold system (Pellizzari et al., 1978). Volatile halo-
genated organic compounds which are best quantified by this method are those
whose boiling point is less than about 150°C and which possess a moderate-to-

low solubility in water. The method has been validated for blood, urine and
water.

The volatile halogenated hydrocarbons purged from water, blood and urine
were analysed on an LKB 2091 GC-MS, equipped with a 100 m, SE-30 SCOT capil-
lary column and a LKB 2031 data system.
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Methyl chloride and methyl bromide

Methyl chloride is a gas at normal temperatures and is used as a methyl-
ating agent and as a blowing agent in industrial processes. Inhaled methyl
chloride is easily absorbed and rapidly metabolized. In man, approximately
30% of inhaled methyl chloride is exhaled during the first hour after exposure
(Morgan et al., 1970). The remainder is metabolized mainly by conjugation
with glutathione, yielding s-methyl cysteine, which is excreted in the urine
(Van Doorn et al., 1980). Methyl chloride has also been shown to react with
human plasma and erythrocytes. In erythrocytes, approximately 40% of the
uptake was bound by glutathione, forming S-methyl glutathione (Redford-Ellis &
Gowenlock, 1971). S-methyl glutathione is also a metabolite of several other
methylating agents (Johnson, 1966; Barnsley, 1968).

Preliminary results obtained on workers exposed to methyl chloride
suggest that the biological half-life of S-methyl cysteine in urine is greater
than 16 hours. In addition, some individuals are relatively less able to
produce S-methyl cysteine following exposure to methyl chloride, suggesting an
enhanced susceptibility to the toxic effects of this agent (Van Doorn et al.,
1980).

Van Doorn et al. (1980) reported an assay procedure for the detection of
methyl thio compounds in urine, based on alkaline hydrolysis and subsequent GC
determination of methyl mercaptan in the head-space {vapour phase) over acidi-
fied hydrolysates. An F & M Model 402 dual-column gas chromatograph was
employed, equipped with a flame-ionization detector and a 1.22 m «x 3.2 mm
glass column, packed with 10% 0V-101 on 100/120 mesh Chromosorb Q. The temper-
atures of injection port, column and detector were 40°C, room temperature and
100°C, respectively, Helium was employed as carrier gas, with a flow rate of
15-20 mL/min, and hydrogen and air were supplied to the detector at 40 mL/min
and 550 mL/min, respectively, for maximum sensitivity.

Hethyl bromide is a gaseous agent which is frequently employed as a
fumigant for large, encleosed industrial and agricultural areas. It has also
been employed as a refrigerant and fire extinguisher. A large fraction of
inhaled methyl bromide is rapidly exhaled unchanged, whereas the inorganic
bromide metabolite has a serum half-life of about 15 days and is slowly
excreted in the urine (Maynert, 1965). A fraction of the absorbed methyl
bromide (2-3%) may also be eliminated in the wurine as a mercapturic acid
conjugate (Drawneek et al., 1964). While bleood concentrations of intact
methyl bromide after low-level exposure have not been established, inorganic
bromide blood concentrations have been measured in 12 asymptomatic methyl
bromide workers and found to average 15 mg/L, with a range of 4-36 mg/L
(Rathus & Landy, 1961).

The determination of inorganic bromide in serum may be used as an index
of exposure to methyl bromide, although the long serum half-life of bromide
would appear to limit the usefulness of the measurement (Baselt, 1980). In-
organic bromide can be determined by GC, after derivatization, employing the
procedure of Corina et al. (1979).
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Methylene chloride

Methylene chloride is rapidly absorbed by the lung and probably also by
direct skin contact with the liquid form and is metabolized to c¢arbon monoxide
by humans (Stewart et al., 1972a,b; Ratney et al., 1974; Astrand et al., 1975:
Divincenzo & Kaplan, 1981a,b). Measurement of methylene chloride in blood .or
expired air, carbon monoxide in expired air and carboxyhemoglobin in blood can
be used to monitor exposure (Stewart et al., 197#a, 1976: Peterson, 1978;:
Baselt, 1980; Divincenzo & Kaplan, 1981a,b; Lauwerys, 1983; Ott et al., 1983).

Methylene chloride is conveniently assayed in blood and breath by GC with
flame-ionization detection. (Divincenzo et al., 1971; Stewart et al., 1974a,
1976; Laham & Potvin, 1975; Divincenzo & Kaplan, 1981a,b). In the procedure
of Divincenzo et _al. (1971) for the determination of methylene chloride in
breath, bloed and urine, a Varian model 2100 gas chromatograph was employed,
with a flame-ionization detector and a 1.83 m, U-~shaped glass column, packed
with 20% Carbowax 20M on 80/100 mesh Gas Chrom Q. The GC was operated with
injection port, column and detector temperatures of 90°C, 25°C and 230°C,
respectively, and nitrogen carrier gas, Hydrogen and air flow rates to the
detector were 70 and 435 mL/min, respectively.

Stewart et al, (1976) used breath analysis to monitor methylene chloride
exposure. A Varian model 2700 gas chromatograph was employed, equipped with a
flame-ionization detector and a stainless-steel column (35.6 x 0.3 cm), packed
with Poropak Q, 60/80 mesh, The nitrogen carrier gas flow rate was 35 mL/min,
with a column temperature of 150°C, injector 230°C and detector 200°C.

The determination of methylene chloride in Wwhole blood plasma or urine by
head-space GC for forensic analysis was reported by Anthony et al. (1978). A
Perkin-Elmer F-42 automated head-space analyser was used, fitted with a 1.83 m
x 3,2 mm o.d., stainless-steel column, containing 0.2% Carbowax 1500 and Carbo-
pack C. The oven was held at 80°C, the detector at 150°C and the nitrogen
carrier gas flow rate was 15 mL/min.

Laham and Potvin (1976) described the microdetermination of methylene
chloride in blood (1 yul) using a syringeless GC injection system. Analyses
were performed on a Perkin-Elmer Model 900 gas chromatograph, equipped with a
flame-ionization detector and 1.83 m x 3.2 mm stainless steel columns. Column
A was packed with 30% Carbowax 20M on chromosorb W and operated at an oven
temperature of 100°C, with a helium flow rate of 30 mL/min. Column B was
packed with Porapak Q (100/120 mesh) and operated at an oven temperature of
150°C, with a helium flow rate of 30 mL/min. Since this procedure requires a
relatively small sample of blood, it could be applied to the analysis of
children's blood obtained from the earlobe or the finger (after accidental
ingestion or inhalation of household solvents, brush cleaners, varnish
removers, ete.). Additionally, physiological effects can be investigated as a
function of time, along with biochemiecal monitoring.
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The transplacental passage of methylene chloride 1in pregnant rats was
described by Anders and Sunram (1982). Blood methylene chloride concentra-
tions were determined following heptane extraction, using a Hewlett—Packard
57304 gas chromatograph, equipped with a %3Ni electron—capture detector and a
1.83 m x 2 mm i.d. glass column, packed with 0.2% Carbowax 1500 on Carbopack C
(807100 mesh) and operated at 90°C with argon-methane (19:1, v/v) carrier gas.

Chloroform and carbon tetrachloride

Although both chleroform and ecarbon tetrachloride can be detected in
blood and expired air from exposed individuals (Stewart et al., 1961; Stewart
& Dodd, 1964; Morgan et al., 1970), it is generally considered that the
paucity of data precludes the evaluation of the relationship between human
exposure to these solvents and their levels in biclogical media (Baselt, 1980;
Lauwerys, 1383}.

Whereas chloroform and carbon tetrachloride and most other related halo-
genated hydrocarbons are eliminated to some extent via the lungs without bio-
chemical transformation, some part of the absorbed hydrocarbons is metabolized
in the liver to toxic radicals, which in turn may initiate intracellular lipid
peroxidation with subsequent structural as well as functional disturbances of
hepatic cell organalles (Pohl, 1979; Reynoclds & Moslen, 1980; Toftgard &
Gustafsson, 1980; Vierke et al., 1982; MacDonald, 1983).

Chloroform undergoes extensive bioctransformation in man, with the forma-
ticn of carbon dioxide and hydrochloriec acid. Less than 0.01% of the absorbed
dose was found in an 8 h urine (Fry et al., 1972). The hepatotoxicity of
chloroform has been suggested to result from the conversion of chloroform to
phosgene (COCl,) {(Pohl, 1979).

The metabolism of carbon tetrachloride in man has not been elucidated
definitively. A probable metabolic route based con in-vitre and in-vivo
studies 1in monkeys suggests homolytic and heterolytic cleavage, reductive
dechlorination and hydrolytic dechlorination, with formation of chlorbform and
phosgene (Toftgard & Gustafsson, 1980; “acDonald, 1983).

As noted previously, GC procedures involving both flame-ionization and
electron-capture detection have been employed for the determinaticn of chloro-
form and carbon tetrachloride in biological media {(Stewart et al., 1961;
Stewart & Dodd, 1964; Morgan et al., 1970; Dowty et al,, 1975, 1976; Davies,
1978; Balkon & Leary, 1979; Barkley et al., 1980; Garriott & Petty, 1980; Hara
et al., 1980; Michael et al., 1980; Foerster & Garriott, 1981; Ramsey %
Flanagan, 1982; Goldermann et al., 1983).

Trichloroethylene

Trichloroethylene vapours are readily absorbed by the lungs {(Fernandez et
al., 1975; Monster et al., 1979a) and liquid trichleoroethylene can also be
readily absorbed through the skin (Stewart & Dodd, 1964; Sata & Nakajima,
1978). Relatively small amounts (e.g., less than 10%) of absorbed trichloro-
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ethylene are eliminated unchanged in expired air (Fernandez et al., 1975) and
the major portion 1is metabolized via the sequence trichloroethylene oxide -
trichloroacetaldehyde =« chloralhydeEE, thence to trichloroethanol (largely as
a glucuronide conjugate, urochloralic acid) and trichloroacetic acid, which
are excreted in the urine, Small amounts of trichloroethanol are excreted by
the lung (Ertle et al., 1972; Miller et al., 1972, 1974; Kimmerle & Eben,
1973a,b; Lauwerys, 1975, 1983; Monster et al., 197%9a; Monster, 1984a). The
biological half-lives of trichloroethanol and trichlorocacetic acid differ,
both in urine and blood. That of trichlorocacetiec acid (70-100 h), because of
binding to plasma proteins, is greater than that of trichlorcethanol (10-15 h)
(Mdller et al., 1972). The half-life of trichlorcethylens in exhaled air and
blood depends upon the length of exposure and the time elapsed before sampling
(HMonster, 1934a).

Humerous bileological monitoring procedures have been proposed for evalu-
ating exposure to trichloroethylene by measuring the solvent per se, or its
metabolites (Tanaka & Ikeda, 1968: Stewart et al., 1970a, 1974b; Nomiyama,
1971; Ogata et al., 1971; Ertle et al., 1972; Ikeda et al., 1972; Imamura &
Ikeda, 1973; Kimmerle & Eben, 1973a,b; MUller et al,, 1974, 1475; Lauwerys,
1975, 1983; Monster et al., 1979a. Baselt, 19803 Ziglio et al., 1983; Monster,
1984a) .

The 1limitations of biological monitoring of trichlorocethylene or its
metabolites as a measure of industrial exposures have been cited (Baselt,
1930; Lauwerys, 1983; Monster, 1984a). According to Baselt (198C), for
example, the determination of urinary metabolites has not been fully success—
ful as an index of exposure, due to factors including inter-individual
variation in metabolism, accumulation of metabolites during chronic exposure,
delayed urinary excretion (especially for trichloroacetic acid) and the simil-
arity of metabolic products produced in man by other halogenated agents, such
as chloral hydrate, tetrachloroethylene and trichlorocethane.

Although blood trichlorocacetic acid concentrations have been found to
exhibit the 1least inter-individual variation due to the factors mentioned
above, so that this measurement appeared to be the most promising for monitor-
ing purposes (MUller et al., 1972; Monster et al., 1979a), it was noted that
trichloroacetic acid tends to accumulate with repeated exposure, and there-
after leaves the body slowly (t,,;, = 70-90 h) (Baselt, 1980).

Miller et al. (1972) suggested that simultaneous determination of tri-
chloroacetic acid and trichloroethanol in blood {or plasma provides reliable
information concerning previous exposure to trichloroethylene.’

Concentrations of trichloroethylene in alveolar air have been reported to
correlate well with the actual environmental trichloroethylene level, or with
the time-weighted average exposure, depending on when the specimen is obtained
(Stewart et al., 1970a, 1974b; Kimmerle & Eben, 1973b; Fernandez et al., 1975;
Monster et al., 1979a; Baselt, 1980; Lauwerys, 1983). Analogously to the
trichloroethylene concentration in expired air, the concentration of the
solvent in blood reflects either the most recent exposure, when blood 1is



ANALYSIS IN BIOLOGICAL SAMPLES 151

sampled during exposure, or the time-weighted average exposure when bleoed is
collected 16 hours later (Lauwerys, 1983).

Although good cerrelations have been found between trichlorcethancl in
blood and exhaled air (MUller et al., 1972; Monster et al., 1979a), it should
pe noted that the concentration in exhaled air during exposure is about 20 000
times lower than in blood.

Monster (1984c) recently reviewed the most salient oprocedures for the
determination of trichloroethylene, trichlercethancl and trichlorcacetic acid
in biclogical media, with a primary focus on their utility for monitering
industrial exposures.

A variety of GC procedures have been described for the determination of
trichlercethylene, trichlercethancl and trichloroacetic acid in bloed. Most
of these determinaticns are based con separate analysis of these constituents,
using extraction or head-space analysis for trichlorcethylene and for free and
total trichloroethancl. Determinations of trichlorcacetic acid are based on
decarbexylatien to chlercoform, or esterification to trichleorcacetic acid
methyl ester. fethods have been published for trichlorcethylene, free tri-
chloroethancel and chloral hydrate (Kimmerle & Eben, 1973); for trichlorcacetic
acid in plasma (Miller et al., 1972; Ziglio, 1979); for total trichloroethanol
in plasma (#lller et al., 1975); for trichlercethylene, trichlorcacetic acid,
free trichloroethancl and ethancl {Herbolsheimer & Funk, 1974); for chloral
hydrate, free trichlercethancl, total trichlorcethanol, trichlorcacetic acid
and monochlorcacetic acid (Olgata & Saeki, 1974); for free trichleroethanocl,
total trichlercethancl, chleral hydrate and trichlorcacetic acid (Breimer et
al., 1974); for trichlorcethylene, total trichlercethancl and trichlorcacetic
acid {(Monster & Boersma, 1975); for trichlorcethancl, trichlercacetic acid and
chloral hydrate (Garrett & Lambert, 1966) and for free trichlorcethancl, total
trichlorcethancl and trichlercacetic acid (Vesterburg et al., 1975). While
mest of the above determinations are based on separate determinaticns of tri-
chlorecethylene, trichlercethanol and trichlercacetic acid and require extrac-
tions and hydrolysis, the procedure of Monster and Boersma (1975) allows the
simultanecus determination of trichlorcethylene, total trichlercethancl  and
trichlercacetic acid.

The determinaticn of trichlorcethancl and trichleorcacetic acid in urine
has been accomplished by very sensitive and specific GC techniques {Ertle et
al., 1972; Breimer et al,, 1974; Buchet et al., 1974; Ogata & Saeki, 1974;
Stewart et al,, 1974b; Fernandez, 1976; Nomiyama et al., 1978). In additicn,
a number of spectrophotometric methods have been described for the determina-
tion of trichleorcethanol and trichloroacetic acid in urine (Tanaka & IKkeda,
1968; Weichardt & Bardodej, 1970; Ogata et al., 1970, 1974). These methods
invelve the hydrolysis of trichlorcethancl glucurcnide in urine, followed by
its oxidation to trichlorcacetic acid, which is then determined by the
Fujiwara reaction (alkaline pyridine) (Fujiwara, 1976). (This reaction is not
specific and the natural presence of chromophore substances in biclogical
fluids may interfere.)
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A variety of methods for the determination of trichloroethylene in
exhaled air have been reported. Most of these require collecting exhaled air
(alveolar or mixed exhaled air) in glass tubes or bags (Saran, Tedlar),
followed by determination via infrared spectroscopy (Stewart et al., 1970a;
Schicke et al., 1973) or gas chromatography (Kimmerle & Eben, 1973; Miiller et
al., 1974; Stewart et al., 197Ub; Monster & Boersma, 1975).

The procedure of Breimer et al, (1974) for the determination of chloral
hydrate, trichloroethanol and trichloroacetic acid in blood and urine employs
head-space GC, with electron-capture detection. Detection limits are 0.5 mg/L
for chloral hydrate and trichloroethanol in blood or urine and 0.1 mg/L for
trichloroacetic acid. A Hewlett-Packard gas chromatograph, model 402, with
a ®3\i electron-capture detector was employed, using a 1.8 m x 3 mm i.d. glass
column, packed with 10% OV-17 on Gas Chrom Q, 80/100 mesh. The injector block
was maintained at 150°C, the column at 125°C and the detector at 200°C. Flow
rates were 20 mL/min for the nitrogen carrier gas and 60 mL/min for the purge
gas (argon:methane, 19:1, v/v).

Nomiyama et al. (1978) determined the trichloroethylene metabolites,
chloral hydrate, trichloroethanol, monochloroacetic acid and trichloroacetic
acld, at levels of 0.1-5 ng in urine, employing a single column and GC with
electron-capture detection. 4 Hitachi gas chromatograph (model K53) was
employed, with a 2 m x 3 mm i.d. glass column, filled with Chromosorb W, 60/80
mesh, coated with 10% Reoplex 400. Temperatures of the injeetion block and
oven were 180°C and 130°C, respectively. Nitrogen was used as carrier and
scavenger gas at 20 and 80 mL/min, respectively. The recovery figures for the
metabolites ranged from 94 to 112%.

In the procedure of Ertle et al. (1972) for the determination of tri-
chloroethanol, a 0.2 mL blood sample (taken from the ear lobe) was shaken with
1.6 mL n-hexane and applied directly to a 1.83 m x 3.2 mm column containing 8%
8F 1265 (QF-1) on Chromosorb P (AW DMCS) (100/120 mesh). The column and
injection port temperatures were 130°C and 150°C, respectively. A Hewlett-
Packard model 5750 gas chromatograph with a %3Ni electron-capture detector was
used, with helium carrier gas (76 mL/min) and 10% methane in argon as detector
gas (74 mL/min). The detector temperature was 240°C, For the determination
of trichloroethanol in urine, 1 mL of urine and 1 mL of beta-glucuronidase
solution in an acetate buffer (pH #.5) was introduced into an ampoule which
was incubated for 18 h at 37°C, then diluted with acetone to 50 mL; 1 yuL was
analysed by GC, using a 1.22 m x 3.2 mm column containing 10% Carbowax on
60/80 mesh Chromosorb W (AW DMCS). The column and injection port temperatures
were 150°C and 190°C, respectively (Ertle et al., 1972).

Tetrachloroethylene (perchloroethylene)

Tetrachloroethylene is absorbed mainly through the lungs and, to a lesser
extent, the liquid form may also be absorbed through the skin (Stewart & Dodd,
1964). The capacity of humans to metabolize tetrachloroethylene is limited
and the compound is largely excreted unchanged (80-100%) in exhaled air (Ogata
et al., 1971; Ikeda et al,, 1972). Less than 3% is excreted in urine as tri-
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chloroacetic acid (Fernandez et al., 1976; Monster et al., 1979b}. The bhio-
logical half-life of tetrachlorcethylene has been estimated from pulmonary
excretion data to be 72 h (Guberan & Fernandez, 1974). A small amount of
tetrachloroethylene absorbed in the beody is probably oxidized to perchloro-
ethylene oxide and subsequently rearranged %to trichlercacetyl chleride, which
is then hydreolyzed te trichlercacetic acid (Yllner, 1961; Daniel & Gage, 1963).

Aspects of the biolegical monitoring of tetrachlorcethylene have bheen
reviewed by Baselt (1980), Lauwerys (1980, 1983) and Monster (1984b).

Although the main biclogical tests for evaluating exposure to tetrachloro-
ethylene are the determination of tetrachlorcethylene 1in expired air, the
determination of %trichloroacetic acid in urine and the determinatiocn of tetra-
chlorcethylene and trichlorcacetic acid in bleced, a number of limitaticns
should be cited (Baselt, 19380: Lauwerys, 1983; Monster, 1984b). Blocd concen-—
trations have not been sufficiently employed in measuring worker exposure.
Measured blood levels cof tetrachlercethylene in veolunteers exposed at rest are
still too scarce to permit the proposal of a biclegical thresheld limit value
for this parameter {Stewart et al., 1970b; Monster et al., 1979b). Urine
concentrations of tetrachloroethylene metabolites (trichlorocacetic acid)
appear to be of limited usefulness in monitering exposure, since the metabolic
pathways are saturated at very low levels (Ikeda et al., 1972). Breath concen-
trations of tetrachloroethylene, measured subsequent to exposure, are reported
to relate quite well to the amount of chemical abscorbed and, possibly, to the
ploocd level of the compound (Pictrowski, 1977; Baselt, 1930).

Gas chromatographic methods for measuring tetrachlercethylene in air and
blood have been described (Stewart et al., 1970b; Essing et al., 1972;
Weichart & Lindner, 1975; Caplan et al., 1976; Riihimaki & Pf&affli,-  1978;
Ziglio, 1979). HMethods for the determination of trichlorcacetic acid in blcod
and urine have been noted above in the section concerning trichlercethylene.

1,1,1=-Trichlorcethane

Trichlorocethane (methyl chleoroform) is absorbed primarily by inhalaticn
and, to a small extent, by skin contact with the liquid ferm, It is mainly
eliminated unchanged in expired air, with 60-80% of the abscrbed dose appear-
ing within 1 week, and traces appearing in the post-exposure expired breath
over periods as long as 1 menth {(Stewart et al., 1969; Monster et al., 1979¢c).
Trichlorcethane is slowly metabelized in man by coxidation to trichlorcethanol,
which is excreted as a glucurcnide conjugate (urochloralic acid) in urine over
a period of 5-12 days and which accounts for about 2% of the abscrbed dose.
Trichloroethanol can alsc be detected in expired air (Monster et al., 1979c).
Triehlorocacetic acid is formed from trichloroethancl as a further oxidation
product and is excreted in the urine to the extent of about 0.5% of the
abscorbed dose {(Baselt, 1980; Lauwerys, 1983).

The use of alveclar air specimens has been suggested for monitering
exposure Lo trichloroethane (Stewart, 1971; Astrand et al., 1973). Caperos et
al. (1982) proposed that the most suitable method for estimating exposure is
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the determination of urinary trichlcroethancl, beth befere and after a work-
shift, However, it should be noted that while the concentratiocns of urinary
metabolites of ftrichloroethane appeared to correlate with both intensity and
duration of exposure, the data available were considered insufficient to allow
a blological thresheld limit value to be propesed for these substances
(Stewart et al., 1969; Seki et al., 1975; NIOSH, 1976; Baselt, 1980). Methods
for the determination of trichlorcethane in blecod are given by Pellizzari et
al, and by Pekari and Aitic in Methods 25 and 26, respectively, in the present
volume.

Halothane

Halcthane (2-bromo-2-chloro-1,1,1-trichloroethane), since its introduc-
tion in 1956 for clinical use, has become one of the most commcnly employed
anaesthetic agents and 1s generally administered at levels of 0.2-2% for
maintenance of anaesthesia, As much as 25% of the halothane absorbed during
the ccourse of anaesthesia is metabolized. Isclated cases of hepatotoxicity
have been asscciated with halothane-induced anaesthesia. Chronic exposure to
trace amounts cof anaesthetics in the operating rcem may alsc constitute a
petential hazard for operating room personnel, to be asscciated with an
increased risk of cancer, spontanecus miscarriages and births involving con-
genital anomalies and possibly mutagenic effects (IARC, 1975). The mutagen-—
icity of halothane has been reviewed by Baden et al. (1976), Garro & Phillips
(1977); McCoy et al. (1977), Waskell (1978) and Edmunds et al. (1979). The
absorption, bictransformation and storage of halcothane has been reviewed by

Cohen (1975), Holaday (1977) and Marier (1982) and aspects of biological
monitoring by Lauwerys (1983).

The major urinary metabolites of halothane in man are triflucrcacetic
acid (TFA), N-trifluoroacetyl-2-aminoethancl and N-acetyl-S-{2-bromo-2-chloro-

1,1-diflucrcethyl)-L-cysteine. & dehydrofluorination intermediate, 2-bromo-
2-chloro-1,1-difluorcethylene, has alsc been proposed (Cohen et al., 1975).
Patients metabolize one-fourth tc one-half of abscrbed halothane. One

fraction is excreted in the urine, principally as TFA, bromide and chleride.
Under normal cconditions, a second fraction undergoes irreversible binding to
microsomal proteins and lipids, without interfering with cell functions, A
third pathway of biotransformation is activated under anaerobic cecnditions,
resulting in release of flucride and increased binding to phospholipids, and
may be associated with hepatotoxicity (Holaday, 1977).

The production of metabeclites of halothane by humans has been measured
mainly in urine and blocd, while sweat and faeces have beenh shown to account
for less than 1% of the absorbed dose (Cascorbi et al., 1970). Trifluoro-
acetic acid (TFA) is the principal fluorine-containing urinary metabolite of
halothane (as well as of the other volatile halecgenated anaestheties, isc-
flurane and fluoroxene). TFA can alsoc be detected in blocd, where its bio-
logical half-life is between 50 to 70 hours {(Dallmeier & Henschler, 1981). At
the end of a one-week exposure, a steady-state concentration of TFA is found
in bloed and urine and there is a linear relationship between the blced or
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urine concentration of the metabolite and the airborne halothane concentra-
tion. The monitoring of TFA concentration in blood at the end of a work week
has been suggested by Dallmeier & Henschler (1981) to be preferable to the
monitoring of TFA in urine, It was estimated that an exposure to 10 or 5 ppm
halothane for 5 days (8 h/day) will lead to blood concentrations of TFA of 5
or 2.5 mg/L, respectively.

A variety of gas chromatographic procedures have bheen reported feor the
determination of TFA in biological media (prinecipally blood) (Douglas et al.,
1970; Brachet-Liermain et al., 1971; Atallah & Geddes, 1972; Cole et al.,
1975; Urich et al., 1977; Witte et al., 1977; Davies, 1978; Jones, 1978;
Maiorino et al.,, 1980; Ramsey & Flanagan, 1982; Reunanen & Kroneld, 1982},
These techniques 1involve primarily either solvent extraction or head-space
analysis, with detection by flame-ionization (Cole et al,, 1975; Jones, 1978)
or electron-capture (Douglas et al., 1970; Atallah & Geddes, 1972; Davies,
1978: Reunanen & Kroneld, 1982).

Bromide ion is an end product of halothane metabolism and its determina-
tion has been accomplished by a variety of procedures (Archer, 1972; Cornelis
et al., 1975; Johnstone et al., 1975; Kainz et al,, 1976), including gas
chromatography (Archer, 1972; Wells & Cimbura, 1973; Corina et al., 1979;
Maiorino et al., 1980), which is the method of choice because of enhanced
sensitivity and simplicity.

Corina et al. (1979) reported a GC procedure which permitted the routine
measurement of bromide at the 10-100 mg/L level in both serum and urine from
subjects undergoing hnhalothane anaesthesia. Bromide ion was converted to a
2,4-dimethylphenol derivative and assayed using a Pye 104 chromatograph,
fitted with a 2.1 m x 2 mm i.d., glass column, packed with 3% OV-17 on
Diatomite CQ, 100/120 mesh, and a flame-iconization detector. The column
temperature was 145°C and the injector temperature 200°C; the carrier gas was
nitrogen, at a flow rate of 15 mL/min. The available GC methods for bromide
(Archq{, 1972; Wells & Cimbura, 1973) have lower detection limits of about 100
mg Br /L. By using charcoal absorbent and an effective internal standard
(2,3-dibromocyclohexanocl), Corina et al. (1979) increased the sensitivity to a
lower limit of 10 mg Br /L.

Maiorino et al. (1980) reported a procedure for the simultaneous gquanti-
tative determination of TFA and bromide in urine, plasma or serum, for use in
in-vivo pharmacological studies. The method does not require extraction,
separation, sample transfer, lyophilization or other isclation procedures
which would result in losses of the two metabolites. The biological fluid is
treated with dimethylsulfate in an acidic medium, resulting in the formation
of the methylester of trifluorcacetic acid and methyl bromide. The volatile
derivatives are then isolated from the samples via a head-space technique and
separated by GC, with flame-ionization detection. The method was applicable
to the determination of the two metabolites in the 0.1-10 mmol/L concentration
range. A Varian 3700 gas chromatograph was employed, equipped with a 1.8 m x
2 mm i.d. nickel column containing Porapak Q (100/120 mesh). The injection
port was maintained at 130°C, the column at 110°C and the detector at 150°C.
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Flow rates of nitrogen (carrier), hydrogen and air were 30, 30 and 300 mL/min,
respectively,

Miscellaneous haleogenated derivatives

Epichlorohydrin {3-chlorc-1,2-epoxypropane) is a monomer widely used in
the manufacture of epoxy resins (IARC, 1976). It has been determined by a
variety of different techniques, such as spectrophotometry (Daniel & Gage,
1963; Eminger & Vlacil, 1978), infrared spectroscapy {Patterscn, 1954; Adamek
& Peterka, 1971); gas chromatography (Ullman & Houston, 1981) and mass spec-
trometry (van Lierop, 1978). Epichlorohydrin has been recently determined in
blood by GC and selected ion monitoring (DePetrocellis et al., 1982)., A Carlo
Erba model Gt gas chromatograph was employed, with flame-icnization detection
and a 2 m x 4 mm i.d. glass column, packed with 100/12C mesh Gas Chrom Q,
coated with 3% OV-17. The column oven was held at 60°C, the injectiocn port at
150°C and the detector at 250°C, The nitrogen carrier gas flow rate was 35
ul/min and the air and hydrogen flow rates were adjusted to give maximal
detector response. An LKB 2091 mass spectrometer was used, with a Model 2130
computer system for data acquisition and calculation. The gas chromatographic
conditions were the same as above, except that helium was used as the carrier
gas. Selected~ion meonitoring was performed with 70 eV ionizing electrons and
ion currents were measured at m/e 62 and 64 for epichlerchydrin, m/e 106 and
108 for the internal standard (epibromohydrin) and at m/e 57, which is common
to both compounds. The detector responses (flame-iocnization and selected-ion
monitoring) were linear over a range of epichleorohydrin concentraticns from 50
pg/L tc 100 mg/L in blood.

Ethylene dichleoride (1,2-dichloroethane) is widely employed as an inter-
mediate in the synthesis of wvinyl chloride, anti-knock substances, pesticides
and fumigants. Ethylene dichloride has been determined in bioclegical samples
by a variety of GC procedures (Balkon & Leary, 1979; Peoples et al., 1979;
Barkley et al., 1980; Garriott & Petty, 1980; Hara et al., 1980: Zuccato et
al., 1980; Foerster & Garriott, 1981; Reunanen & Kroneld, 1982). Zuccato et
al. (1980) developed a simple head-space GC method for the determination of
ethylene dichloride in biolegical samples from exposed animals, including
bloed, liver, lung, spleen, brain, kidney and epididymal adipose tissue. A
Carlo Erba model 2150 gas chromatograph was employed, with flame-ionization
detection and a 4 m x 6 mm o.d. (4 mm i.d.) glass cclumn, packed with Tenax GC
and operated at 150°C. The injector port and detector temperatures were 225°C
and the nitrogen carrier gas flow rate was 43 mL/min, Methylene chloride was
used as an internal standard.
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THE DETERMINATION OF HALOGENATED ALKANES AND ALKENES
IN AIR

INTRODUCTION

A. MacKenzie Peers

Methods 1 to 8, which follow, are based on the use of activated-
charcoal sampling tubes and personal sampling pumps, and employ Similar, if
not identical, sampling and other procedures, To avoid needless repeti-
tion, some of these are deseribed below. They have been condensed from the
introductory part of the NIQOSH Manual of Analytical Methods, 3rd Ed., Vol.
1, .5. Department of Health and Human Services (1984}).

Apparatus

The activated-charcoal sampling tubes specified in the methods may be
obtained from the following sources:

Dragerwerk AG

Postfach 1339
Moislinger Allee 53/55
2400 Lubeck 1, FRG

SKC, Inc.

R.D.1

395 Valley View Road
Eighty Four, PA, 15330
USA

Supeleco, Inc,

Supelco Park

Bellefonte, PA 16823-0048
UsA

Personal sampling pumps must be capable of maintaining a constant
(+5%) flow rate over the desired time interval, with a representative
sampler in line. 1In general, all high-flow pumps can maintain at least 3
kPa pressure drop across the sampling tube at 1 L/min for 8 h, Some pumps
canh maintain a 7.5 kPa pressure drop at flow rates of 2 to 3 L/min. Most
low flow-rate pumps (0,01 to 0.2 L/min) can be used with the available
sampling tubes without problems.

=173~
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All pumps need to be calibrated prior to use, with a representative
sampler in line, As a minimum, calibration should be carried out before
and after each sampling programme, if not each day. Calibration may employ
wet-test or dry-gas meters, but the use of a primary standard, such as a
soap-bubble meter, is recommended., Set up the calibration system so that
the pump draws air through the rate-meter, then the sampler tube. Place a
water manometer between the sampler tube and the pump. The pressure drop
across the sampler should not exceed 33 om of water. If the pump is fitted
with a rotameter (flow-rate indicator), record the air temperature and
pressure during calibration.

Sampling procedure

1. Immediately before sampling, break both ends of the glass sorbent tube to
provide openings of at least one-half of the internal diameter of the

tube.

2. Connect the sorbent tube to the pump with flexible tubing, with the
smaller (back-up) section nearest the pump. Position the tube vertically

Lo avoid channeling.

3. Prepare the field blanks (see below) at about the same time that
sampling is begun, At least two field blanks are required per ten

samples.

4. Check the flow rate during sampling. If it is not constant (+ 5%)

discard the sample.

5. With each set of field samples, take two to four replicate samples for

control of reproducibility.

6. If sampling pump is fitted with rotameter only, record initial and final
air temperatures and pressures during sampling. The volume of air

sampled, V, is given by
v =Fe(p T /p T )0
¢c’'s s8¢

where,

indicated flow rate (L/min)

sampling time {(min)

pressure during calibration

pressure during sampling (same units as P )
temperature during calibration (°K)
temperature during sampling (°K)

— =} 0 "o ct '

b o mo

7. Imnediately after sampling, seal the ends of the tubes with plastiec (not

rubber) caps and pack securely for shipment.



Blanks and spikes

Reagent blanks:

Media blanks:

Field blanks:

Analyst spikes:

Blind spikes:

INTRODUCTION 175

These give <the analyte contribution from the
reagents employed in preparing samples for
analysis.

These give the analyte contribution from the
collection medium (e.g., c¢harcoal tubes), plus the
reagents, Media blanks are measured using new
sampling tubes which are not opened until the start
of the analytical procedure.

These give the analyte contribution due to the
reagents, the collection medium and any contamina-
tion which may occur during handling, shipping and
storing before analysis.

These are prepared by adding known amounts of the
analytes of interest to unused sampling tubes, and
serve to measure the recovery (desorption efficien-
cy) of the analyte from the collection medium.

These are prepared in the same way as analyst
spikes, but +the amounts of analyte added are
unknown to the analyst. Blind spikes are used for
quality control.

NOTE: All the sampling tubes employed for blanks and spikes which are to
be analysed with a given set of samples must be taken from the same
| lot as those employed for the collection of that set of samples.



METHOD 1

MULTISUBSTANCE METHOD FOR THE DETERMINATION OF
INDIVIDUAL HALOGENATED COMPOUNDS IN INDUSTRIAL AIR

A, MacKenzie Peers

Adapted from Method 1003, NIOSH Manual of Analytical Methods,
. 3rd Ed., Vol. 1 (1984)

1. SCOPE AND FIELD OF APPLICATION

This personal sampling pump and sorption-tube method is suitable: for the
simultaneous determination of two or more of the substances listed in Table 1
(section 11) by appropriate modification of the gas chromategraphic condi-
tions. Useful ranges vary with the analyte (see Table 2, section 12). the
estimated limit of deteetion is 10 yg/sample. High humidity during sampling
decreases the trapping efficiency and the breakthrough volume,

2. REFERENCES

NIOSH (1977) Documentation of the NIOSH Validation Tests, U.S. Department of
Health, Education and Welfare, Publ. (NIOSH) 77-185

Eller, P.M., ed. (1984) NIOSH Manual of Analytical Methods, 3rd Ed., Vol. 1,
U.S. Department of Health and Human Services

3. DEFINITIONS

Not applicable

b, PRINCIPLE

A known volume of air is drawn through a tube with two sections contain-
ing activated coconut charcoal which adsorbs the gaseous organic componds.
These are subsequently desorbed in carbon disulfide (containing an internal
standard for quantification purposes) and are determined by gas chromatography
(GC), with flame-ionization detection (FID). A calibration curve is employed
for quantification and a correction is applied for desorption efficiency.

=-177-
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5. HAZARDS

MACKENZIE PEERS

Carbon disulfide is toxie and an acute fire and explosion hazard (flash
point, -30°C) and should be handled only in a hood. The analytes (Table 1)
are toxic as well and should also be handled with care in a ventilated hood.

6. REAGENTS!

Carbon disulfide
Toluene

Analytes (Table 1)
n-HeXxane

Nitrogen or Helium
Hydrogen

Air

Extraction solvent

Stock standard solution
of bromcform

Working standard solution
of analytes

Chromatographic quality

Reagent grade

Reagent grade

GC purity

Purified, for GC carrier gas

Pre-purified, for FID

Filtered, for FID

Carbon disulfide containing 0.1% (v/v)
toluene, or other suitable internal stand-
ard (see Table 2)

10 g/L in n-hexane

Add known amounts of stock standard

solution (in the case of bromoform) or of
pure analyte to the extraction solvent in a
10-mL volumetric flask and dilute to the
mark, Prepare at least five concentrations

of each analyte over the appropriate ranges
shown in Table 2,

Reference to a company and/or product is for the purpose of information

and identification only and does not imply approval or recommendation of
the company and/or product by the International Agency for Research on
Cancer, to the exclusion of others which may also be suitable,
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APPARATUS! (see INTRODUCTION, p. 173)

Air sampler tubes

Personal sampling pumps

Gas chromatograph

Vials
Volumetrice flasks
Syringe

Pipette

SAMPLING

Glass tubes, 7 em x 6 mm o.d., 4 mm i.d.,
flame-sealed ends, containing two sections
of 20/40 mesh activated (600°C) coconut-
shell charcoal (front, 100 mg; back, 50
mg), separated by a 2-mm urethane foam
plug. A sylilated glass-wcol plug precedes
the front section and a 3-mm urethane foam
plug follows the back section. The
pressure drop across the tube must be < 3.4
kPa at 1 L/min air flow rate.

0.01 to 0.2 L/min, with flexible connecting
tubing.

With FID and peak-area integrator. See
Table 2 for column specifications.

2-mL, glass, with PTFE-lined crimp caps
10-mL
10-yL, readable to 0,1 yL

1-mL, with bulb

Follow sampling instruction in INTRODUCTION, p. 173

Sample at an accurately Known rate between 0,01 and 0.2 L/min to obtain
the total sample volume indicated in Table 2. Samples (in capped
samplers) are stable at least 1 week at 25°C.

Reference to a company and/or product is for the purpose of information
and identification only and does not imply approval or recommendation of
the company and/or product by the International Agency for Research on
Cancer, to the exclusion of others which may also be suitable,
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PROCEDURE

Blank tests (see INTRODUCTION, p. 173)

9.1.1 Field blanks: analyse with air samples, as in 9.4-9.6.

9.1.2 Media blanks; set aside three sampler {ubes from each new batch of
charcoal used for sampling. Extract and analyse with air samples,
as in 9.4-9.6.

Check tests

Analyse three blind spikes and three analyst spikes to check the calibra-
tion and desorption efficiency curves (see INTRODUCTION, p. 173).

Test portion

Not applicable

Sample extraction

9.4,1 Place front and back sorbent sections in separate vials (discard
glass-wool and foam plugs).

9.4,.2 Add 1.0 mL extraction solvent to each vial and close with crimp cap.

9.4.3 Allow to stand 30 min, with occasional agitation. Retain for GC
analysis.

GC operating conditions

Column specifications see Table 2 (section 12}
and temperatures

Carrier gas, nitrogen 30 mL/min
or helium

Analyte determinaticn

9.6.1 Inject 5 L of sample extract (9.4.3) manually onto the GC using
solvent-flush technique {(see Notes on Procedure, section 12), or
with autosampler.

9.6.2 Measure peak areas of analyte(s) and internal standard on the same
chromatogram. Divide peak area of analyte by that of internal
standard t¢ obtain relative peak area.
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9.7 Calibration curve

9.7.1 Calibrate daily by injecting 5-pbL aliquots of each of the five
working standard solutions of the analyte onto the GC.

9.7.2 Measure peak areas of analyte and internal standard on the same

chromatogram and calculate relative peak area (9.6.2) for each
concentration,

9.7.3 Prepare calibration curve showing relative peak area versus amount
{mg) of analyte per mL.

3.8 Desorption efficiency (DE)

9.8.1 For each batch of charcoal used for sampling, prepare three spiked
tubes at each of five levels in the calibration range (e.g., spike
with the amounts of analyte in 1 mL of each of the five working
standard solutions). Proceed as follows:

9.8.2 Remove and discard back (50 mg) sorbent section of a fresh sampler,

9.8.3 Inject a known amount of analyte (see 9.8.1) directly onto front
sorbent section by means of a microlitre syringe. Cap tube and
allow to stand overnight.

9.8.4 Extract and analyse as in 9.4-3.6

9.8.5 Using the calibration curve, calculate mg analyte recovered at each
spiking level and prepare a graph of desorption efficiency (DE)

versus mg analyte recovered (DE = mass of analyte recovered/mass of
spike).

10. METHOD OF CALCULATION

Using the relative peak area (9.6.2) and the calibration curve (9.7.3},
calculate the mass concentration, p, of the analyte in the air samples from
the equation,

= 3 - 3

o 10 (ms mb)/V (mg/m3)

where, m_ = sum of analyte masses (corrected for DE) found in front and back
seCtions of sample tube (mg)

m_ = average sum of analyte masses (corrected for DE) found in front and
back sections of media blanks (mg)

V = volume of air sample (L)

NOTE: If 10 m > m report breakthrough and possible sample loss.
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11. REPEATABILITY AND REPRODUCIBILITY

The method has been tested using spiked samples and generated atmosphere
(see NIOSH, 1977, section 2), with the results shown in Table 1.

Table 1. Results of laboratory validation tests

Compound Range studied Sample size Coefficient of variation (%)
{mg/m?) (L)

GC determination QOverall

Bromoform 3 - 10 10 4.7 7.1
Carbon tetrachloride 65 - 299 15 3.7 9.2
Chloroform 100 - 416 15 4.7 5.7
1, 1-Dichloroethane 218 - 838 10 1.1 5.7
1,2-Dichloroethylene 475 -1 915 3 1.7 5.2
Ethylene dichloride 195 - 819 3 1.2 7.9
Hexachloroethane 5~ 25 10 1.4 12.1
Methyl chloroform 904 =3 790 . 3 1.8 5.4

12. HOTES ON PROCEDURE

The solvent-flush injection technique is carried out as follows. The
10-yl syringe is first flushed wWwith solvent several times to wet the barrel
and plunger. Thres pL of solvent are drawn into the syringe. The needle is
then removed from the solvent and the plunger is pulled back about 0.2 pL to
separate the solvent from the sample with a pocket of air to be used as a
marker. The needle is immersed in the sample and a suitable aliquot is with-
drawn, taking into account the volume of the needle, since the sample in the
needle will be completely injected. After the needle is removed from the
sample, and prior to injection, the plunger is pulled back 1.2 yL to minimize
evaporation of the sampls from the tip of the needile, Duplicate injections
should show no more than 3% difference in peak area.
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Table 2. Sampling and GC conditions

183

Compound Air sample Breakthrough Working tolumnd Temp. (°C) Internal Range
volume (L) in dry air range column standard (mg per sample)
{mg/ms) injector
detector
Min Max
pramnoform 18 40,5 ppm 10 4L 0.5 te 15 A 130 n-pentadecane 0.005 to 0.15
meg/m? {10 LY 170
210
Carbon tetrachloride 2 & 10 ppm 17 45 L 8 338 16 to 880 B 60 decane 0.2 to -7
mg/m? (15 L) 155
200
Chloroform 1.5 8 50 ppm 15 46 L @ 473 25 to 750 B 75 n-undecane 0.4 Eo 10
mg/m® (15 L) 155
200
1,1-Dichlorecethans 18 100 ppm 10 18.3 L @ 338 40 to 1 215 A 50 - 0.4 ko 12
me/m? (10 L) 100
175
1,2-Dichloroethylene 0,5 @ 200 3 5.4 L& 1909 80 to 2 370 A 60 - 0.2 to 7
ppn ng/m? (3 L} 170
210
Ethylene dichloride 1850 ppm 10 29 L & 821 40 to 1 215 & 70 cckane 0.1 tol
mg/m? (3L 225
250
fexachloroethane 18 1 ppin 10 48 L B 23 1 ke 30 [+ 110 n-tridecane 0,01 to 0,3
wg/m? (10 L) 170
210
Methylehioroform 0.5 8 350 3 9.5 L 83788 190 to 5 700 & 70 ockane 0.6 to 17
ppm mg/m? (30 225
25D

([

[el--I0
W

3 m x 3 mn stainless steel,

10% SP-1000 on 80/10C mesh Supeleopaort;

& m x 3 mm, obherwise same as A;
3mx & mm glass, 3% 3P-2250 on 80/100 mesh Supelcapert
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13. SCHEMATIC REPRESENTATION OF PROCEDURE

Draw air sample through charcoal sampler tube
(front section, 100 mg; back section, 50 mg)

Place front and back solvent sections in separate vials,
add 1.0 mL carbon disulfide (+ standard) and cap

'

3tand 30 min with occasional agitation
Inject 5-pl aliquot of extract onto GC

Inject 5 uL aliquots of standard solutions of analytes onto GC
and prepare calibration curve

l

Determine desorption efficiency in the calibration range,
using three spiked tubes at each of five levels.
Extract and analyse by GC, as above.

Calculate mass concentration (mg/m?®) of analyte in air sample,
correcting for desorption efficiency and media blanks

14, ORIGIN OF THE METHOD

Method 1003, NIO3H Manual of Analytical Methods, 3rd Ed., Vol.
Cincinnati OH, National Institute for Occupational Safety and Health (1984)

Contact point: Dr P.M. Eller
Division of Physical Sciences and Engineering
National Institute for Occupational Safety
and Health
4676 Columbia Parkway
Cincinnati, OH 35236, USA

1,




METHOD 2
THE DETERMINATION OF ALLYL CHLORIDE IN AIR

A. MacKenzie Peers

Adapted from method 1000, NIOSH Manual of Analytical Methods,
3rd Ed., Vol. 1 (1984) '

1. SCOPE AND FIELD OF APPLICATION

This personal sampling pump and sorption tube method is suitable for the
determination of allyl chloride (3-chloro-1-propene) in air over the range 0.5
to 10 mg/m® (100 L air sample). The method may be applied to 15-min samples,
taken at 1 L/min. Breakthrough occurred between 210 and 240 min when sampling

air containing 7.56 mg allyl chloride/m? at 0.94 L/min and 0% relative
humidity.

2. REFERENCE

Eller, P.M., ed. (1984) WNIOSH Manual of Analytical Methods, 3rd Ed., Vol, 1,
U.S. Department of Health and Human Services

3. DEFINITION

Breakthrough: > 5% of analyte found on back-up sorbent section.

4, PRINCIPLE

A known volume of air is drawn through a glass tube with two sections
(front and back-up) containing activated charcoal which adsorbs gaseous
organic compounds. The latter are desorbed in benzene and determined by gas
cehromatography (GC) with flame-ionization detection (FID). Standard solutions
and a calibration curve are employed for quantification.

5. HAZARDS

Allyl chloride is toxic by inhalation, strongly irritant to tissue and a
fire and explosion risk, Benzene is also toxic and a fire and explosion risk
and is a suspected human carcinogen. Hexane is highly flammable and moderate-
ly toxic, All these substances should be handled only in a ventilated hood.

-185-
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REAGENTS1?
Allyl chloride
Benzene
h-Hexane
Nitrogen
Hydrogen

Alr

Aliyl chloride stock
standard scolution

Allyl chloride working
standard solutions

APPARATUS! (see INTRODUCTION,

Air sampler tubes

Personal sampling pump

Reagent zrade

Chromatographic quality
Chromatographic quality
Purified, for GC

Pre-Purified,

for FID

Filtered, for FID

7.5 g/L. dilute 7.5 mg allyl chloride
(80.0 pL at 209°C) to 10 mlL with hexane

Prepare at least five working standard
solutlions over the range 0.01 to 1.5 g/L.
Add known amounts (13.3 ylL-2.0 mL) cof stoek
standard solution to 10-nmL volumetric
flasks and dilute to the mark with benzene.

p. 173)

Glass tubes, 7 cm x 6 mm ¢o.d,, 4 mm i.d.,
flame-sealed ends, contalining two sections
of 20/40 mesh activated (600°C) coconut-

shell charcoal (front, 100 mg; back, 50
mg), sSeparated by a 2-mm urethane foam
plug. A sylilated glass-wool plug precedes

the front section and a 3-mm urethane foam
plug fellows the back section. The press-
ure drop across the tube must be < 3.4 kPa
at 1 L/min air flow rate,

0.01 to 1
tubing

L/min, with flexible connecting

Reference to a company and/or product is for the purpose of information
and identification only and does not iwply approval or recommendation of
the company and/or product by the International Agency for Research on
Cancer, to the exclusion of others which may also be suitable.
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Gas chromatograph With FID and peak-area integrator. column,

1.2 m x 6 mm o.d,, stainless-steel, packed
with 50/80 mesh Porapak Q.

Vials 2-mL, with PTFE-lined crimp caps
Syringe 10-uL, readable to 0.1 yL
Volumetric flasks 10-mL

Pipette 1-mL, with bulb,

SAMPLING

Follow sampling instructions in INTRODUCTION, p. 173.

Sample at an accurately known rate between 0.01 and 1 L/min to obtain
sample volume of 15 to 100 L., Samples are stable at least six weeks at

25°C.

PROCEDURE

Blank tests (see INTRODUCTION, p. 173)

9.1.1 Field blanks: analyse with air samples, as in 9.4-9,6.

9.1.2 Media blanks: set aside three sampler tubes from each new batch of
¢harcoal used for sampling. Extract and analyse with air samples,

as in 9.4-9.6,

Check tests

Analyse three blind spikes and three analyst spikes to check the cali-
bration and desorption efficiency curves (see INTRODUCTION, p. 173).

Test portion

Not applicable

Sample extraction

9.4.1 Place front and back sections of each sampler in separate 2-mL
vials (discard glass-wool and foam plugs).

9.4.2 Add 1.0 mL benzene to each vial and close with a crimp cap.
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9.5

9.6

9.7

9.8
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9.4.3 Allow to stand 30 min, with occasional agitation. Retain for GC
analysis.

GC operating conditions

Column temperature 160 to 200°C
Injection temperature 185 to 200°C
Detector temperature 250°¢C
Carrier (nitrogen) flow rate 30 mL/min
Injection volume 5 uL

Analyte determination

Inject 5 BL of sample extract (9.4.3) onto GC, using solvent-flush tech-
nique (see Method 1, section 12), or autosampler, and record peak area.

Calibration curve

9.7.1 Calibrate daily by injecting 5 ML aliquots of each of the working
standard solutions onto the GC.

9.7.2 Record peak areas and prepare calibration curve of peak area versus
mg allyl chloride per mL.

Desorption efficienecy (DE)

9.8.1 For each batch of charcoal used for sampling, prepare three spiked
tubes at each of five levels in the calibration range {(e.g., spike
with the amounts of analyte in 1 mL of each of the five working
standard solutions). Proceed as follows:

9.8.2 Remove and discard back (50 mg) sorbent section of a fresh sampler.

9.8.3 Inject a known amount of analyte (see 9.8.1) directly onto front
sorbent section by means of a microlitre syringe. Cap tube and
allow to stand overnight.

9.8.4 Extract and analyse as in 9.4-9.6

9.8.5 Using the calibration curve, calculate mg analyte recovered at each
spiking level and prepare a grapn of desorption efficiency (DE)
versus mg analyte recovered (DE = mass of analyte recovered/mass of
spike).
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10. METHOD OF CALCULATION

Using the peak area (9.6) and the calibration curve (9.7.2), calculate
the mass concentration, o, in the air sample from the equation given in Method
1, section 10.

11. REPEATABILITY AND REPRODUCIBILITY

The method has been validated over the range 1.8-7.2 mg/m® at 25°C and
101 kPa, using a 100 L sample. the overall coefficient of variation was 7.1%.
Desorption efficiency was 0.943 in the range 0.15 mg - 0.6 mg allyl chloride
per sample,

12. NOTES ON PROCEDURE

Not applicable
13. SCHEMATIC REPRESENTATION OF PROCEDURE

Draw air sample through charcoal sampler tube
(front section, 100 mg; back section, 50 mg)

Place front and back solvent sections in separate vials,
add 1.0 mL benzene and cap

l

Stand 30 min witlloccasional agitation

Inhject 5-HL aliquot of extract ontc GC

|

Inject 5 UL aliquots of standard solutions of analytes onto GC
and prepare calibration curve

l

Determine desorption efficiency in the calibration range,
using three spiked tubes at each of five levels.
Extract and analyse by GC, as above.

Calculate mass concentration (mg/m®) of analyte in air sample,
correcting for desorption efficiency and media blanks
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14, ORIGIN OF THE METHOD

Method 1000, NIQSH Manual of Analytical Methods, 3rd. Ed., Vol. 1,
Cincinnati OH, National Institute for Oeccupational Safety and Health (1934)

Contact point: Dr P,M. Eller
Division of Physical Sciences and Engineering
National Institute for Occupational Safety and Health
4676 Columbia Parkway
Cincinnati, OH 45236, USA



METHOD 3

THE DETERMINATION OF METHYLENE CHLORIDE IN AIR

A MacKenzie Peers

Adapted from Method 1005, NIOSH Manual of Analytical Methods,
3rd Ed., vol. 1 {1984)

I. SCOPE AND FIELD OF APPLICATION

This personal sampling pump and sorption tube method is suitable for the
determination of methylene chloride (dichloromethane) in industrial atmo-
spheres. The estimated limit of detection is 0.35 to 10.4 g/m?® for a 1-L air
sample. No interferences have been identified. Breakthrough occurred at 18.5
min when sampling air containing 6.7 g/m? methylene chloride at 0.187 L/min
and 0% relative humidity. High air humidity decreases the breakthrough volume,

2. REFERENCES

NIOSH (1977) Documentation of the NIOSH Validation Tests, U.S. Department of
Health, Education and Welfare, Publ, {NIOSH) 77-185

Eller, P.M., ed. (1984) NIOSH Manual of Analytical Methods, 3rd Ed., vol. 1,
U.S5. Department of Health and Human Services

3. DEFINITION

Breakthrough: > 5% of analyte found on back-up sorbent section.

4, PRINCIPLE

A known volume of air is drawn through two glass sampler tubes in series,
containing activated charcoal (100 mg, front tube; 50 mg, back-up tube) which
adsorbs the methylene chloride, The latter is subsequently desorbed in carbon
disulfide containing an internal standard and is determined by gas chromato-
graphy (GC) with flame-ionization detection (FID). A calibration curve is
used for quantification and a correction is applied for desorption efficiency.

=-191-
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5. HAZARDS

Carbon disulfide is toxic and an acute fire and explosion hazard.
Methylene chloride is also moderately toxic. Both compounds should be handled

under a ventilated hood.

6. REAGENTS!

Carbon disulfide
Methylene chloride
Nitrogen or helium
Hydrogen

Air

Extraction solvent

Methylene chloride working
standard solutions

7. APPARATUS! (see INTRODUCTION,

Air sampler tubes

Chromatographic quality

Purified, for GC
Pre-purified, for FID
Filtered, compressed, for FID

Carbon disulfide containing 0.1% (v/v)
decane, benzene, or other internal standard

Prepare five standard solutions of methylene
chloride over the range 0.1-100 mg/10 mL
{add known amounts of methylene chloride to
the extraction solvent in 10-mL volumetric
flasks and dilute to the mark).

p. 1733

Separate front and back-up glass tubes,
each 7T ¢m x 6 mm C.d., 4% mm i.d. flame-
sealed ends, containing activated (600°C)
coconut-shell charcoal (front tube, 10C mg;
back-up tube, 5C mg). A sylilated glass-
wool plug is placed at each end of each
tube. The pressures drop across the tubes
at an air flow-rate of 1 L/min must be £
3.4 kPa. (Two commercially-available
tubes, each containing 150 mg charcoal in
two beds, may be used.)

Reference to a company and/or product is for the purpose of information

and identification only and does not imply approval or recommendation of
the company and/or product by the International Agency for Research on
Cancer, to the exclusion of others which may also be suitable.
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Personal sampling pump 0.01 to 0.2 L/min, with flexible connecting
fubing.
Gas chromatograph 3 m x 3 mm stainless-steel column, packed

with 10% SP-1000 on 80/100 mesh Supel-
coport, with FID and peak-area integrator.
(Alternative columns: 10% TCEP on 80/100
Chromosorb PAW; SP-2100, SP-2100 with 0.1%
carbowax 1500 or DB-1 fused silica capilla-

ry)
Vials 2-mL, with PTFE-lined caps
Syringe 10-yL, readable to 0.1 yL
Volumetric flasks 10-mL
Pipette T-mL, with bulb.

SAMPLING

Break the ends of the tubes just before sampling and connect the &two
tubes with a short length of flexible tubing.

Follow the sampling instructions in the INTRODUCTION, p. 173, and sample

at an accurately-known rate between 0.01 and 0,2 L/min for a total sample
volume of 0.5 to 2.5 L.

PROCEDURE

Blank tests (see INTRODUCTION, p. 173)

9.1.1 Field blanks: analyse with air samples, as in 9.4-9.6

9.1.2 Media blanks: set aside three complete (front and back) sampler
tubes from each new batch of charcoal used for sampling. Analyse

with air samples, as in 9.4-9.6.

Check tests

Analyse three blind spikes and three analyst spikes to check the calibra-
tion and desorption efficiency curves (see INTRODUCTION, p. 173).

Test portion

Not applicable
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Sample extraction

9.4.1 Place sorbent sections from front and back-up tubes in separate
2-mL vials (discard glass-wool plugs).

9.4.2 Add 1.0 mL extraction solvent to each vial and close with PTFE-
lined cap.

9.4.3 Allow to stand 30 min, with occasional agitation. Retain for GC
analysis.

GC operating conditions

Column temperature 60 to 90°C

Injection temperature 200 to 225°C

Detector temperature 250°C

Carrier gas flow rate 30 mL/min (nitrogen or helium)

Analyte determination

9.6.1 Inject 5 uL of sample extract (9.4.3) manually onto the GC using
solvent-flush technique (see Method 1, section 12), or with auto-
sampler.

9.6.2 Measure peak areas of analyte(s) and internal standard on the same
chromatogram. Divide peak area of analyte by that of internal

standard to obtain relative peak area,

Calibration curve

9.7.1 Calibrate daily by injecting 5-yL aliquots of each of the five
working standard solutions of the analyte onto the GC.

9.7.2 Heasure peak 3reas of analyte and internal standard on the same
chromatogram and calculate relative peak area (9.6.2) for each

concentration.

9.7.3 Prepare calibration curve showing relative peak area versus amount
(mg) of analyte per mL.

Desorption efficiency (DE)

9.8.1 For each batch of charcoal used for sampling, prepare three spiked
tubes at each of five levels in the calibration range (e.g., spike
with the amounts of analyte in 1 mL of each of the five working
standard sclutions). Proceed as follows:

9.8.2 Remove and discard back (50 mg) sorbent section of a fresh sampler.
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9.8.3 Inject a known amount of analyte (see 9.8,1) directly onto front
sorbent section by means of a microlitre syrlnge Cap tube and
allow to stand overnight.

9.8.4 Extract and analyse as in 9.4-9.6
9.8.5 Using the calibration curve, calculate mg analyte recovered at each
spiking level and prepare a graph of desorption efficiency (DE)

versus mg analyte recovered (DE = mass of analyte recovered/mass of
spike).

10. METHOD OF CALCULATION
Using the relative peak area (9.6.2) and the calibration curve (9.7.3),
calculate the mass concentration, p, of the analyte in the air samples from
the equation,
- 3 —_ 3
p = 10 (mS mb)/V (mg/m?)

where, m, = sum of analyte masses (corrected for DE) found in front and back
sections of sampler {(mg)

3
1]

average sum of analyte masses (corrected for DE) found in front
and back sections of media blanks (mg)

¥ = volume of air sample (L)

NOTE: If 10 my > g report breakthrough and possible sample loss.

11. REPEATABILITY AND REPRODUCIBILITY
The method has been validated over the range 1.7 to 7.1 g/m?, using a 1-L

sample (25°C, 108 kPa). The overall coefficient of variation was 7.3%, with
an average desorption efficiency of 95.3%.

12. NOTES ON PROCEDURE

Not applicable
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13. SCHEMATIC REPRESENTATION OF PROCEDURE

Draw air sample through charcoal sampler tubes
(front section, 100 mg; back section, 50 mg)

Place front and back solvent sections in separate vials,
add 1.0 mL carbon disulfide (+ standard) and cap

l

Stand 30 min with occasional agitation
Inject 5-yl aliquot of extract onto GC

Inject 5 yL aliquots of standard solutions of analytes onto GC
and prepare calibration curve

Determine desorption efficiency in the calibration range,
using three spiked tubes at each of five levels.
Extract and analyse by GC, as above,.

Calculate mass concentration (mg/m3) of analyte in air sample,
correcting for desorption efficiency and media blanks

14. ORIGIN OF THE METHOD

Method 1005, NIOSH Manual of Analytical Methods, 3rd Ed., Vol. 1,
Cincinnati, OH, National Institute for Occupational Safety and Health (1984)

Contact point: Dr P,M. Eller
Division of Physical Sciences and Engineering
National Institute for Occupational Safety and Health
4676 Columbia Parkway
Cincinmati, OH 45236, USA




METHOD 4

THE DETERMINATION OF ETHYLENE DIBROMIDE IN AIR

A. MacKenzie Peers

Adapted from Method 1008, NIOSH Manual of Analytical Methods,
3rd Ed., vol. 1 (198%4)

1. SCOPE AND FIELD OF APPLICATION

This personal sampling pump and sorption tube method is suitable for the
determination of ethylene dibromide (1,2-dibromoethane) in air over the range
0.04-200 nug per sample (0.002-8 mg/m* for a 25-L air sample). Breakthrough
was determined with one lot of charcoal in dry air containing 446 mg ethylene
dibromide/m3. After U h sampling (48-L air), the effluent concentration was
2% of the influent, so that the working capacity was at least 21 mg. The
working range can thus be considerably increased if the sample extract 1is
diluted before analysis. No interference has been observed with the GC column
employed,

2. REFERENCE

Eller, P.M., ed. (1984) NIOSH Manual of Analytical Methods, 3rd ed., Vol. 1,
U.3. Department of Health and Human Services

3. DEFINITIONS

Not applicable

i, PRINCIPLE

A known volume of air is drawn through a glass tube with two sections
containing activated charcoal which adsorbs organic vapours. The latter are
desorbed in benzene:methanol containing an internal standard for quantifica-
tion purposes. Ethylene dibromide is determined by gas chromatography (GC),
with an electron-capture detector (ECD). A correction is applied for desorp-
tion efficiency. ' '
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5.

through the skin,

HAZARDS

MACKENZIE PEERS

Benzene and ethylene dibromide are carcinogens and can be absorbed

Benzene and methanol are flammable.

These compounds should

be handled in a ventilated hood and suitable gloves should be worn,

6. REAGENTS!
Nitrogen Purified, for GC
Benzene Pesticide quality
Methanol Pesticide quality

Ethylene dibromide

1,1,2,2-Tetrachloroethane
(1.587 g/mL at 25°C), or
1,2-Dibromopropane
(1.923 g/mL at 25°C)

Extraction solvent

Stock standard solution of
ethylene dibromide

Working standard solutions
of ethylene dibromide

High-purity (density = 2.169 g/mL at 25°C)

For internal standard use

Benzene:methanol (99:1, v/v) containing an
internal standard {see above) at a concen-
tration of 80 mg/L

10 mg/L. Dissolve 50 mg of ethylene
dibromide in benzene in a 25-mL volumetric
flask and dilute to the mark with benzene.
Prepare stock standard solution by diluting
50 ul of above solution to 10 mL with
benzene (10 nug/mL).

Prepare at least five working standard
solutions over the range 0.01-0.8 ug/10 mL

{add known amounts of stoeck standard
solution to 10-mL volumetric flasks and
dilute to the mark with the extraction

solvent).

Reference to a company and/or product is for the purpose of information
and identification only and does not imply approval or recommendation of
the company and/or product by the International Agency for Research on
Cancer, to the exclusion of others which may also be suitable.
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APPARATUS!' (see INTRODUCTION, p. 173)

Air sampler tubes

Personal sampling pump

Gas chromatograph

Syringes

Yolumetrie flasks

Pipette

SAMPLING

Glass tubes, 7 cm x 6 mm o,d,, 4 mm i.d.,
flame-sealed ends, containing two sections
of 20/40 mesh activated (600°C) coconut-
shell charccal (front, 100 mg; back, 50
mg), separated by a 2-mm urethane foam
plug. A sylilated glass-wool plug precedes
the front section and a 3-mm urethane foam
plug follows the back section. The press-
ure drop across the tube must be < 3.4 kPa
at 1 L/min air flow rate.

0.02-0.2 L/min, with flexible connecting
tubing.

With ©®3Ni electron-capture detector and
peak-area integrator. Column, 1.8 m x 4 mm
i.d., packed with 3% 0V-210 on 80/100 Gas
Chrom @ (alternative packing, GP 20%
SP-2100/0.1% Carbowax 1500 on 100/120
Chromosorb WHP).

10-yL, readable ¢to 0.1 L, and 50 4L,
readable to 1 yuL

10-mL, 25~mL and 500-mL

10-mL, with bulb.

Follow sampling instruections in INTRODUCTION, p. 173.

Sample at an accurately-known rate between (.02 and 0.2 L/min, to obtain

total volume of 0.1 to 25 L.

Pack in an insulated container with solid carbon dioxide {(dry ice) for
shipping. Store at -25°C or below {(samples are thus stable for two

weeks).

Reference to a company and/or product is for the purpose ¢f information
and identification only and does not imply approval or recommendation of
the company and/or product by the International Agency for Research on
Cancer, to the exclusion of others which may also be suitable,
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PROCEDURE
Blank tests (see INTRODUCTION, p. 173)
9.1.1 Field blanks: analyse with air samples, as in 9.4-9.6.
9.1.2 Media blanks: set aside three sampler tubes from each new batch of
charcoal used for sampling. Extract and analyse with air samples,
as in 9.4-9.6.

Check tests

Analyse three blind spikes and three analyst spikes to check the calibra-
tion and desorption efficiency curves (see INTRODUCTION, p. 173).

Test portion

Not applicable

Sample extraction

9.4.1 Place front and back sorbent sections in separate 10-mL volumetric
flasks (discard glass-wool and fcam plugs).

9.4.2 Add 10 mL of extraction solvent (6) to each flask and close with
stopper .

9.4.3 Allow to stand 60 min, with occasional agitation. Retain for GC,

GC operating conditions

Column tewmperature 50°C
Injector temperature 175°C
Detector temperature 315°C
Carrier flow-rate 35 mL/min
Injeetion volume 5 nL

Retention times under these conditions are: ethylene dibromide, 2.2 min;
1,2-dibromopropane, 2.9 min; 1,1,2,2-tetrachloroethane, 4.1 min.

NOTE: The ECD should be optimized for the smallest possible amount of analyte.

9.6

Analyte determination

9.6.1 Inject 5 yL of sample extract (9.4.3) manually onto the GC using
solvent-flush technique (see Method 1, seetion 12), or with auto-
sampler.
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9.6.2 Measure peak areas of analyte(s) and internal standard on the same

chromatogram. Divide peak area of analyte by that of internal
standard to obtain relative peak area.

Calibration curve

9.7.1 Calibrate daily by injecting 5-pL aliquots of each of the five
working standard solutions of the analyte onto the GC.

9.7.2 Measure peak areas of analyte and internal standard on the same
chromatogram and calculate relative peak area (9.6.2) for each

concentration,

9.7.3 Prepare calibration curve showing relative peak area versus amount
(mg) of analyte per mL.

Description efficiency (DE)

93.8.1 For each batch of charcoal used for sampling, prepare three spiked
tubes at each of five levels in the c¢alibration range. Proceed as
follows:

9.8.2 Remove and discard back (50 mg) sorbent section of a fresh sampler.

9.8.3 Inject a known amount of stock standard solution (6) directly onto
front sorbent section by means of a microlitre syringe. Cap and
allow to stand overnight.

9.8.4 Extract and analyse, as in 9.4-9.6.

3.8.5 Using the calibration curve, calculate pg analyte recovered at each

spiking level and prepare a graph of desorption efficiency (DE)
versus ug analyte recovered.

METHOD OF CALCULATION

Using the relative peak area (9.6.2) and the calibration curve (9.7.3),

calculate the mass concentration, p, of the analyte in the air samples from
the equation,

p = 103(mS - mb)/V (pg/m?)

where, m, = sum of analyte masses (corrected for DE) found in front and back

sections of sample tube (pg)

m_ = average sum of analyte masses (corrected for DE) found in front
and back sections of media blanks (ug)
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V = volume of air sample (L)

NOTE: If 10 m, > m report breakthrough and possible sample loss.

11. REPEATABILITY AND REPRODUCIBILITY
Only the recovery from spiked charcoal has been systematically evaluated.
Using two lots of charcoal, average recoveries (DE) ranged from 0.85 to 0.93.
The coefficient of variation for the analytical method (31 samples, pooled)
was 4.4%.
12. NOTES ON PROCEDURE

Not applicable
13. SCHEMATIC REPRESENTATION OF PROCEDURE
Draw air sample through charcoal sampler tube

Place front and back sorbent sections in separate 10-mL flasks,
add 10 mL benzene:methanol (99:1, v/v) + internal standard and stopper

Let stand 60 min with occasional agitation
Inject aliquot of extract onto GC

Inject aliquots of standard solutions of analyte onto GC
and prepare calibration curve

Determine desorption efficiency in calibration range
using 3 spiked front sections at each of_5 levels

'

Calculate mass concentration (ug/m?) of ethylene dibromide
in air sample
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14. ORIGIN OF THE METHOD

Method 1008, NIOSH Manual of Analytical Methods, 3rd Ed., Vol. 1,
Ccincinnati, OH, National Institute for Occupational Safety and Health (1984)

Contact point: Dr P.M. Eller

Division of Physical Sciences and Engineering

National Institute for Occupational Safety and Health
4676 Columbia Parkway
Cineinnati, OH 45236, USA



METHOD 5

THE DETERMINATION OF TRICHLOROETHYLENE AND
TETRACHLOROETHYLENE IN AIR

A. MacKenzie Peers

Adapted from Methods S 335 and S 336, NIOSH Manual of analytical Methods,
2nd Ed., Vol. 3 (1977)

1. SCOPE AND FIELD OF APPLICATION

This personal sampling pump and sorption tube method is suitable for the
individual determination of the title compounds. These can probably be deter-
mined simultaneously as well by GC temperature programming between 70° and
90°C. The limits of detection (useful ranges) depend on the analyte and are
shown below for typical sample volumes.

Analyte Sample volume Probable Breakthrough volumeE
useful range

Trichloroethylene 3L 0.108-3.22 g/m? 18.5 L at 2.27 g/nm?
Tetrachloroethylene 3L 0.136-4.06 g/m? 21 L at 2.75 g/m?
& Corresponding to effluent concentration > 5% of that in iafluent. Break-

through volumes are decreased by high relative humidity

2. REFERENCES

Taylor, D.G., ed. (1977) NIOSH Manual of Analytical Methods, 2nd ed., Vel., 3,
U.S. Department of Health, Education and Welfare

Eller, P.M., ed., (1984) NIOSH Manual of Analytical Methods, 3rd ed., Vol. 1,
U.S. Department of Health and Human Services

3. DEFINITIONS

Not applicable
—~205-
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4. PRINCIPLE

A known volume of air is drawn through a tube with two sections contain-
ing activated coconut charcoal which adsorbs the gaseous organic componds.
These are subsequently desorbed in carbon disulfide (containing an internal
standard for quantification purposes) and are determined by gas chromatography
(GC), with flame-ionization detection (FID). A calibration curve is employed
for quantification and a correction is applied for desorption efficiency.

5. HAZARDS3

Carbon disulfide is toxic and an acute fire and explosion hazard. It
should be handled (like the title compounds) only in a ventilated hood.

6. REAGENTS!?

Carbon disulfide Chromatographic quality

Trichloroethylene Reagent grade

Tetrachloroethylene Reagent grade

Octane Reagent grade

Nonane Reagent grade

Nitrogen Purified, for GC

Hydrogen Pre-purified, for FID

Air Filtered, compressed, for FID

Extraction solvent A Carbon disulfide containing a known amount

(for trichloroethylene) (e.g., 2 mg/L) of octane as internal
standard

Extraction solvent B Carbon disulfide containing a known amount

(for tetrachloroethylene) of mnonane (e.g., 2 mg/L) as internal
standard

Reference to a company and/or product is for the purpose of information
and identification only and does not imply approval or recommendation of
the company and/or product by the International Agency for Research on
Cancer, to the exclusion of others which may also be suitable.
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Trichlorcethylene working
standard scolutions

Tetrachloroethylene working
standard solutions

APPARATUS! (see INTRODUCTION,

Air sampler tubes

Personal sampling pumps

Gas chromatograph

Vials

Volumetric flasks

Syringes

Pipette
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Add known amounts of trichlorcethylene to
extraction scolvent A in a 10-mL volumetric
flask and dilute to the mark with extrac-
tion solvent A. Prepare at least five
cohcentrations over the appropriate range

Add known amounts of tetrachloroethylene

to extraction solvent B in a 10-mL volume-
tric flask and dilute to the mark with
solvent B. Prepare at least five concen-
trations over the appropriate range.

p. 173)

Glass tubes, 7T cm x 6 mm o.d., 4 mm i.d.,
flame-sealed ends, containing two sections
of 20/40 mesh activated (600°C) coconut-
shell c¢harcoal (front, 100 mg; back, 50
mg), separated by a 2-mm urethane foam
plug. A sylilated glass-wool plug precedes
the front section and a 3-mm urethane foam
plug follows the back section. The press-
ure drop across the tube must be < 3.4 kPa
at 1 L/min air flow rate.

0.1 to 0.2 L/min, with flexible. connecting
tubing

With FID and peak-area integrator. column,
3 m x 3.2 mm stainless-steel, packed with
10% 0V-101 on 100/120 mesh Supelcoport

2-mL, glass, PTFE-lined caps

10-mL

10-mL, readable to 0,1 uL, and other sizes
for preparation of standards

1=mL, with bulb

Reference to a company and/or product is for the purpose of information
and identification only and does not imply approval or recommendation of
the company and/or product by the International Agency for Research on
Cancer, to the exclusion of others which may alsoc be suitable.
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SAMPLING
Fellew sampling procedure in INTRODUCTION, p. 173.

At concentrations of 1 g/m* or more, a sample volume of 3 L is recom-
mended (sample for 15 min at 0.2 L/min). At lower concentrations, a
volume of 10 L is recommended. Sample at 0.2 mL/min, or less.

PROCEDURE

Blank tests (see INTRODUCTION, p. 173)

9.1.1 Field blanks: analyse with air samples, as in 9.4-9.6.

9.1.2 Media blanks: set aside three sampler tubes from each new batch of

charcoal used for sampling, Extract and analyse with air samples,
as in 9.4-9.6.

Check tests

Analyse three blind spikes and three analyst spikes to check the calibra-
tion and descorption efficiency curves (see INTRODUCTION, p. 173).

Test pertion

Net applicable

Sample extraction

9.4.1 Place front and back scrbent sections in separate 2-mL vials (dis-
card glass-wool and foam plugs)

9.4.2 Add 1.0 mL of appropriate extraction solvent (A or B) to each vial
and close with PTFE-lined cap.

9.4.3 Allow to stand 30 min, with occasional agitation. Retain for GC
analysis.

GC operating conditicns

Column temperature;

trichlorcethylene 70°C

tetrachleorcethylene g0°C
Injection temperature 225°C
Detector temperature 250°C
Nitrogen flow-rate 30 mL/min
Hydrogen (FID) flow-rate 35 mL/min
Air (FID) flow-rate 400 mL/min

Injection volume 5 ul
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Analyte determination

9.6.1 Inject 5 yL of sample extract (9.%.3) manually onto the GC using
solvent-flush technique (see Method 1, section 12), or with auto-
sampler.

9.6.2 Measure peak areas of analyte(s) and internal standard on the same

chromatogram., Divide peak area of analyte by that of internal
standard to obtain relative peak area.

Calibration curve

9.7.1 Calibrate daily by injecting 5-ulL aliquots of each of the five
working standard solutions of the analyte onto the GC.

9.7.2 Measure peak areas of analyte and internal standard on the same
chromatogram and calculate relative peak area (9.6,2) for each con-
centration.

9.7.3 Prepare calibration curve showing relative peak area versus amount

(mg) of analyte per mL.

Desorption efficiency (DE)

9.8.1 For each batech of charcoal used for sampling, prepare three spiked
tubes at each of five levels in the calibration range (e.g., spike
with the amounts of analyte in 1 mL of each of the five working
standard solutions). Proceed as follows:

9.8.2 Remove and discard back (50 mg) sorbent section of a fresh sampler.

9.8.3 Inject a known amount of analyte (see 9.8.1) directly onto front
_ sorbent section by means of a microlitre syringe. Cap tube and
allow to stand overnight.

9.8.4 Extract and analyse as in 9.4-9.6

9.8.5 Using the calibration curve, calculate mg analyte recovered at each
spiking level and prepare a graph of desorption efficiency (DE)
versus mg analyte recovered (DE = mass of analyte recovered/mass of
spike).
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10. METHOD OF CALCULATION

Using the relative peak area (9.6.2) and the calibration curve {(9.7.3),
calculate the mass concentration, p, of the analyte in the air samples from
the equation,

- 109 - 3
p = 10 (ms mb)/V (mg/m?)

where, ms = sum of analyte masses (corrected for DE) found in front and back
sections of sample tube (mg)

m average sum of analyte masses (corrected for DE) found in front
and back sections of media blanks (mg)

V = volume of air sample (L)

NOTE: If 10 m, > m report breakthrough and possible sample loss.

11. REPEATABILITY AND REPRODUCIBILITY

11.1 Trichloroethylene

This method was validated over the ange 0.52-2.18 g/m* (24.5°C, 101 kPa),
using a 3-L sample. The coefficient of variation for the total sampling
and analytical method over the above range was 8.2%.

11.2 Tetrachloroethylene

This method was validated over the range 0.655-2.75 g/m?® (25°C, 102 kPa),
using a 3-L sample. the coefficient of variation for the total method
over the above range was 5.2%.

12. NOTES ON PROCEDURE

Not applicable
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13. SCHEMATIC REPRESENTATION OF PROCEDURE

Draw air sample through charcoal sampler tube
(front section, 100 mg; back section, 50 mg)

'

Place front and back solvent sections in separate vials,
add 1.0 mL carbon disulfide (+ standard)} and cap

l

Stand 30 min with occasional agitation

Inject 5-uyL aliquot of extract onto GC

|

Inject 5 uL aliquots of standard soclutions of analytes onto GC
and prepare calibration curve

'

Determine desorption efficiency in the calibration range,
using three spiked tubes at each of five levels.
Extract and analyse by GC, as above.

Calculate mass concentration (mg/m?) of analyte in air sample,
correcting for desorption efficiency and media blanks

14, ORIGIN OF THE METHOD

Trichloroethylene: Method S 336, NIOSH Manual of Analytical Methods,

2nd Ed., Vol. 3 (%977)

Tetrachlorcethylene: Method S 335, NIOSH Manual of Analytical Methods,

2nd Ed., Vol. 3 (1977)

Contact point: Dr P.M. Eller
Division of Physical Sciences and Engineering

National Institute for Occupational Safety and Health
4676 Columbia Parkway

Cincinnati, OH 45236, USA



METHOD 6

THE DETERMINATION OF EPICHLOROHYDRIN IN AIR

A. MacKenzie Peers

Adapted from Method 1010, NIOSH Manual of analytical Methods,
3rd Ed., Vol. 1 (1984)

1. SCOPE AND FIELD OF APPLICATION

This personal sampling pump and sorption tube method is suitable for the
determination of epichlorohydrin (1-chloro-2,3-epoxypropane) over the range
2-60 mg/m?® using a 20-L air sample, In a test atmosphere containing 43 mg
epichlorohydrin/m3, some breakthrough was observed (effluent concentration
less than 5% of influent concentration) after sampling at 0.185 L/min for 240
min (44-L sample),. The breakthrough volume is decreased by high relative
humidity. The estimated limit of detection is 1 pg/sample.

2. REFERENCES

Taylor, D.G., ed. (1977) NIOSH Manual of Analytical Methods, 2nd ed., Vol. 2,
U.S. Department of Health, Education and Welfare

Eller, P.M., ed. (1984) NIOSH Manual of Analytical Methods, 3rd ed., Vol., 1,
U.5. Department of Health and Human Services

3. DEFINITIONS

Not applicable

4, PRINCIPLE

A known volume of air is drawn through a tube containing activated
charcoal which adsorbs organic vapours. Thege are subsequently desorbed in
carbon disulfide and determined by gas chromatography (GC), with flame-
ionization detection (FID), A calibration curve is employed for quantifi-
cation and a correction is applied for desorption efficiency.
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214 MACKENZIE PEERS
5. HAZARDS

Carbon disulfide is toxic and represents an acute fire and explosion
hazard. Epichlorchydrin is a strong irritant and sensitizer and may cause

kidney injury.

6.

REAGENTS!

Carbon disulfide
n-Hexane
Epichlorohydrin
Nitrogen {or helium)
Hydrogen

Air

3tock standard solution

Working standard sclution

Standard spiking solution
for desorpticn efficiency
determination

These compounds should be handled only in a ventilated hood.

Chromatcgraphic quality
Chromatographic quality
Reagent grade

Purified, for GC
Pre-purified, for FID
Filtered, compressed, for FID

9.45 mg/mL (dissolve 80 uyL of epichloro-
hydrin in 10 mL carbon disulfide).

Prepare at least five concentrations of
epichlorohydrin in carbon disulfide over
the range 0.04 to 1.2 mg/mL (or range of
interest). Add known amounts of stock
standard solution to 10-mL  volumetric
flasks and dilute to the mark with carbon
disulfide.

Prepare an accurately known concentration
(e.g., 9.45 mg/mL) of epichlorohydrin in
n-hexane. Make up 10 mL in a volumetric
flask,

NOTE: Epichlorohydrin is unstable and the pure compound should be stored under

refrigeration. All solutions should be prepared fresh daily.

Reference to a company and/or product is for the purpose of information
and identification only and does not imply approval or recommendation of
the company and/or product by the International Agency for Research on
Cancer, to the exclusion of others which may also be suitable.
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7. APPARATUS! (see INTRODUCTION, p. 173)

Air sampler tubes

Personal sampling pumps

Gas chromatograph

Vials

3yringes

Volumetric flasks

Pipette

8. SAMPLING

Glass tubes, T cm x &6 mm o.d., 4 mm i.d.,
flame-sealed ends, containing two sections
of 20/40 mesh activated (600°C) coconut-
shell charcoal (front, 100 mg; back, 50
mg), separated by a 2-mm urethane foam
plug. A& sylilated glass-wool plug precedes
the front section and a 3-mm urethane foam
plug follows the back section. The press-
ure drop across the tube must be < 3.4 kPa
at 1 L/min air flow rate,

0.01 to 0.2 L/min, with flexible connecting
tubing.

With FID and peak-area integrator. Column,
1.8 m x 2 mm i.,d., glass., packed wWith
80/100 chromosorb 101,

2-mL, glass, with PTFE-lined caps
10 ul and 100 uL
1-mL and 10-mL

1-mL, with bulb,

8.1 Follow sampling instructions in INTRODUGTION, p. 173.

8.2 Sample at an accurately-known rate between 0.01 and 0.2 L/min for a total

sample size of 2 to 30 L.

NOTE: 0.38 mg epichlorohydrin has been found to be stable on coconut charcoal
for 6 days at ambient temperature.

Reference to a company and/or product is for the purpose of information

and identification only and does not imply approval or recommendation of
the company and/or product by the International Agency for Research on
Cancer, to the exclusion of others which may also be suitable.
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MACKENZIE PEERS
PROCEDURE
Blank tests (see INTRODUCTION, p. 173)
9.1.1 Field blanks: analyse with air samples, as in §.4%-9,6.
9.1.2 Media blanks: set aside three sampler tubes from each new batch of

charcoal used for sampling. Extract and analyse with air samples,
as in 9.4-9.6,

Check tests

Analyse three blind spikes and three analyst spikes to check the calibra-
tion and desorption efficiency curves (see INTRODUCTION, p. 173).

Test portion

Not applicable

Sample extraction

9.4.1 Piace front and back sorbent section in separate vials (discard
glass-wool and foam plugs).

9.4,2 Add 1.0 mL carbon disulfide to each vial and close with crimp cap.

9.4.3 Allow to stand 30 min, with occasional agitation. Retain for GC
analysis.

GC operating conditions

Column temperature 135°C
Injector temperature 175°C
Detector temperature 215°C

Carrier gas flow-rate 20 mL/min

Analyte determination

Inject 5 yL of sample extract onto GC, using solvent—flush technique
(Method 1, section 12) or autosampler. Record peak area.

Calibration curve

9.7.1 Calibrate daily by injecting 5 ul aliquots of each of the working
standard solutions onto the GC (analyse together with samples and
blanks to minimize variations of FID response).

9.7.2 Prepare a calibration curve showing peak area versus concentration
of analyte in mg/mL.
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9.8 Desorption efficiency (DE)

9.8.1 For each batch of charcoal used for sampling, prepare three spiked
tubes at each of five concentrations in the calibration range.
Proceed as follows:

9.8.2 Remove and discard back sorbent section of a fresh sampler.

9,.8.3 Inject a known amount of analyte onto front sorbent section with a
microlitre syringe, using the standard spiking solution in n-hexane.

9.8.4 Cap the tube and allow to stand overnight.

9.8.5 Extract and analyse, as in 9.4-9.6.

9,8.6 Using calibration curve (9.7), calculate recovery at each spilking

level and prepare a graph of DE versus mg analyte recovered.

10. METHOD OF CALCULATION

Using the peak area (9,6) and the calibration curve (9.7), calculate the
mass concentration, p, of epichlorohydrin in the air sample from the equation
given in Method 1, section 10,
11. REPEATABILITY AND REPRODUCIBILITY

The method § 118 (issued, 1975), of which the present is an updated
version, was validated over the range 12-=43 mg/m?®, using approximately 20-L
sample volumes of a generated atmosphere. The coefficlent of variation for
the total sampling and analytical procedure was 5.7% (C.V. analytical
procedure alone = 3.1%). the average DE over the cited range was 0.905.

12. NOTES ON PROCEDURE

Not applicable
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13. SCHEMATIC REPRESENTATION OF PROCEDURE

Draw air sample through charcoal sampler tube
(front section, 100 mg; back section, 50 mg)

)

Place front and baeck solvent sections in separate vials,
add 1.0 mL carbon disulfide and cap

|

Stand 30 min with occasional agitation

/

Inject 5-yL aliquot of extract onto GC

}

Inject 5 yL aliquots of standard solutions of analytes onto GC
and prepare calibration curve

'

Determine desorption efficiency in the calibration range,
using three spiked tubes at each of five levels.
Extract and analyse by GC, as above,

|

Calculate mass concentration (mg/m3) of analyte in air sample,
correcting for desorption efficiency and media blanks

14, ORIGIN OF THE METHOD

Method 1010, NIOSH Manual of Analytical Methods, 3rd Ed., Vol. 1,
Cincinnati, OH, National Institute for QOccupational Safety and Health (1984)

Contact point: Dr P,M. Eller
Division of Physical Sciences and Engineering

National Institute for Occupational Safety and Health
4676 Columbia Parkway '

Cincinnati, OH 45236, USA



METHOD 7

THE DETERMINATION OF METHYL CHLORIDE IN AIR

A. MacKenzie Peers

Adapted from Method S99, NIOSH Manual of Analytical Methods,
2nd Ed., Vol. 4 (1978)

1. SCOPE AND FIELD OF APPLICATION

This personal sampling pump and sorption tube method is suitable for the
determination of methyl c¢hloride in air in the range 0.12-1.2 g/m?, with
sample sizes of 1.5 to 0.5 L and relative humidity {(RH) of -~ 80%. At a
concentration of 413 mg/m* and RH = 82%, the breakthrough volume was found to
be 3.2 L. It fell to 2.6 L at 1.4 g/m?® and RH = 84%,

2. REFERENCES

Taylor, D.G., ed. (1978) NIOSH Manual of Analytical Methods, 2nd Ed., Vol. 4,
U.3. Department of Health, Education and Welfare

Eller, P.M., ed, (1984} NIOSH Manual of Analytical Methods, 3rd Ed., Vol. 1,
U.3. Department of Health and Human Services

3. DEFINITION

The breakthrough volume is reached when the amount of analyte found on
the back-up charcoal tube equals 10% of that found on the front tube.

4, PRINCIPLE

A known volume of air is drawn through two tubes in series, containing
activated charcoal which adsorbs organic vapours. The analyte is desorbed in
methylene chloride and determined by gas chromatography (GC) with flame-
ionization detection (FID)., A calibration curve is employed for quantifica-
tion and a correction is applied for desorption efficiency.
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5.

toxic and an eye irritant,

HAZARDS

MACKENZIE -PEERS

HMethyl chloride is toxic and flammable. Methylene chloride is moderately

ated hood.

6.

REAGENTS!

Methylene chloride

Methyl chloride
Nitrogen
Hydrogen

Air

Standard solution of
methyl chloride

Both compounds should be handled under a ventil-

Chromatographic quality {methyl chloride-
free)

95.5% (compressed gas bottle)
Purified, for GC
Pre-Purified, for FID
Filtered,.compressed. for FID

Prepare daily at least five solutions at

different concentrations over the range of
interest. For each solution, add 3.0 ml of
methylene chloride to a serum bottle and
seal with septum and aluminum ecrimp cap.
Add an appropriate amount of methyl
chloride by bubbling it slowly into the
methylene chloride, using a gas-tight

syringe (see 3section 10.1). Shake the
bottle gently after removal of the syringe
needle. Record temperature and pressure,

Standards should be analysed at the same
time as samples, as soon as possible after
preparation,

Reference to a company and/or product is for the purpose of information
and identification only and does not imply approval or recommendation of
the company and/or product by the International Agency for Research on
Cancer, to the execlusion of others which may also be suitable.
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APPARATUS!

Air sampler tubes

Personal sampling pump

Gas chromatograph

Syringes

Gas-tight syringes

Pipettes

Serum bottles
Septa

Aluminum seals
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The method employs two tubes in series,
Both tubes are divided into two sections
containing 20/40 mesh activated coconut
charcoal, separated by a 2-mm plug of
urethane foam. The larger (front) section
of each tube is preceded by a sylilated
glass-wool ©plug and the smaller (back)
section is followed by a 3 mm plug of
urethane foam, The first tube (glass, 10ecm
x 6 mm i.d.) contains 400 mg charcoal in
the front section and 200 mg in the back
section., The first tube is attached by
Tygon tubing to the second (back-up) tube
(glass, 7 em x 4 mm i,d.), which contains
100 mg charcoal in the front section and 50
mg in the back. The pressure drop across
the larger tube must be < 3.4 kPa at a flow
rate of 0.05 L/min.

0.02-0.1 L/min, with flexible connecting
tubing. Consult INTRODUCTION, p. 173.

With FID and peak-area integrator.
Column; stainless-steel, 1.2 m x 6.4 mm

o.d., packed with 80/100 mesh Chromosorb
102.

10-uL, readable to 0.1 L.

0.1, 0.25, 0.50 and 1.0 mL for preparation
of standard solutions

3.0 mL, with bulb
15-mL, glass, with 20 mm ©.d. mouth
20-mm rubber septa with Teflon lining

Aluminum tear-away seals to fit serum
bottles

Reference to a company and/or product is for the purpose of information
and identification only and does not imply approval or recommendation of
the company and/or product by the International Agency for Research on
Cancer, to the exclusion of others which may alsoc be suitable.
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Hand crimper For sealing septa to serum bottles

Union "tee" Glass, 8§ mm o.d., with septum on one
branch, for injecting methyl chloride into
nitrogen stream (see 9.8).

SAMPLING

Immediately before sampling, break the ends of the two sampler tubes and
connect the back section of the larger tube to the front section of the

smaller tube, then follow the sampling procedure in the INTRODUCTION, p.
173.

For concentrations of ~ 600 mg/m3, sample at a rate of 0.1 L/min for a
total volume of 0.5 L. For concentrations of ~ 200 mg/m?, sample at
0.025 L/min for a volume of 1.5 L.

Separate the tubes and seal with plastic caps. Samples are stable for ~ 7

days at ambient temperatures.

PROCEDURE

" Blank tests (see INTRODUCTION, p. 173)

9.1.1 Field blanks: analyse with air samples, as in 9.4-=9.6.

9.1.2 Media blanks: set aside three pairs of sampler tubes from each new
batch of charcoal used for sampling. Extract and analyse with air
samples, as in §.,4-9.6,

Check tests

Analyse three blind spikes and three analyst spikes to check the calibra-

tion and desorption efficiency curves (see INTRODUCTION, p. 173). Use
only the larger of the two tubes,

Test portion
Not applicable

Sample extraction

9.4.1 Pipette 3.0 mL methylene chloride into a 15-mL serum bottle.



9.5

9.6

9.7

9.8
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9.4.2 Remove plastic caps from larger tube and transfer the 200 mg
portion of charcoal, then the 400 mg portion, to the serum bottle.
Place septum on bottle mouth and seal with aluminum crimp cap
(steps 9.4.1 and 9.%,2 should be carried out as rapidly as
possible).

9.4.3 Repeat 9.4.1 and 9.4.2 with the smaller (back-up) tube.
9.4.4 Allow sealed bottles to stand 10 min, with occasional gentle
agitation. Retain for GC analysis (analysis should be completed

within one day after the analyte has been desorbed),

GC operating conditions

Column temperature 100°C
Injector temperature 200°C
Detector temperature 260°C
Carrier gas flow rate 40 mL/min
Injection volume 5 ul

Under the above conditions, the retention time of the analyte is - 3 min.
The methylene chloride will be eluted after the methyl chloride.

Analyte determination

Inject 5 ulL of extract (9.4.4) onto GC column, using the solvent-flush
technique (see Method 1, section 12). It is not advisable to use an
automatic injector for methyl chloride in methylene chloride. Record
peak area.

Calibration curve

9.7.1 Inject 5 yL aliquots of each of the standard solutions onto the GC
and record peak areas.

9.7.2 Prepare a curve of peak-area versus mg analyte/3 mL of methylene
chlorids solution.

Desorption efficiency (DE)

9.8.1 For each new batch of charcoal used for sampling, prepare three
spiked tubes at each of five levels in the calibration range (e.g.,
spike with the amount of analyte contained in each standard
solution). Proceed as follows:

9.8.2 Connect the union tee to a source of purified nitrogen and to the
front section of a large (10 cm) sampler tube.



225

10.

10.1

10.2

11.
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9.8.3 With a nitrogen flow rate of ~ 30 mL/min, inject a known amount
(see 9,8.1 and 10.1) of methyl chloride into the nitrogen stream,
using a gas-tight syringe. 8l1low nitrogen to flow for one minute
after discharge of syringe through the septum, then remove syringe.

9.8.4 Seal tube with plastic (not rubber) caps and allow to stand over-
night.

9.8.5 Extract and analyse, as in 9.4-9.6,

9.8.6 Prepare a curve of DE (average mass recovered/mass of spike) versus
mass of spike.

METHOD OF CALCULATION

The mass, m, of methyl chloride injected is calculated from the volume,
v, injected, using the equation

m = 0.81 Pv/T ({mg)

where, P = pressure at which methyl chloride was injected (torr)
T temperature at which methyl chloride was injected (°K)

Using the peak area (9.6) and the calibration curve (9.7.2), calculate
the mass concentration, p, of methyl chloride in the air sample from the
equation

p = 103(ms - mb)/V (mg/m?*)

where,n% = sum of analyte masses {corrected for DE) found in both
sections of larger and smaller (back-up)} tubes (mg)
m = average sum of analyte masses (corrected for DE) found in
both sections of the pairs of media blank tubes {(mg)
V = volume of air sample (L)

REPEATABILITY AND REPRODUCIBILITY

The coefficient of variation for the total sambling and analytical

method has been found to be 5.2% for the range 122-458 mg/m?.

12.

NOTES ON PROCEDURE

Not applicable
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13. SCHEMATIC REPRESENTATION OF PROCEDURE

Draw air sample through two charcoal sampler tubes in series
(front tube, 600 mg; back-up tube, 150 mg)

l

Place sorbent from front and back-up tubes in separate 15-mL bottles
containing 3 mL methylene chloride

l

Seal with septa and aluminum caps and agitate gently
for 10 min

l

Inject 5 pl extract onto GC and record peak area

l

Inject 5 uL aliquots of standard solutions onto GC
and prepare calibration curve

\

Determine desorption efficiency using 3 spiked front tubes

at each of 5 concentration levels,
Extract and analyse as above

Calculate mass concentration {mg/m?) of analyte in air sample,
correcting for desorption efficiency and media blanks

14. ORIGIN OF THE METHOD

Method 399, NIOSH Manual of Analytical Methods, 2nd Ed., Vol. 4,
Cincinnati, OH, National Institute for Occupational Safety and Health (1978)

Contact point: Dr P.M. Eller
Division of Physical Sciences and Engineering
National Institute for Occupational Safety and Health
4676 Columbia Parkway
Cincinnati, OH 45236, USA



METHOD &

THE DETERMINATION OF METHYL BROMIDE IN AIR

A. MacKenzie Peers

Adapted from Method 3372, NIOSH Manual of Analytical Methods,
2nd Ed., Vol. 3 (1977

1. SCOPE AND FIELD OF APPLICATION

This personal sampling pump and sorption tube method is suitable for
the determination of methyl bromide in air over the range 20-250 mg/m?,
using an 11-L sample. The breakthrough volume depends on atmospheric
composition and the capacity of the charcoal; for example, it has bheen
found to be 18 L when sampling an atmosphere containing 161 mg analyte/m?
at a rate of 0.19 L/min. High relative humidity decreases the trapping
efficiency of the charcoal.

2. REFERENCES

Taylor, D.G., ed, (1977) NIOSH Manual of Analytical Methods, 2nd Ed., Vol. 3,
U.S8. Department of Health, Fducation and Welfare

Eiler, P.M., ed. (1934) NIOSH Manual of Analytical Methods, 3rd Ed., Vol. 1,
0.3. Department of Health and Human Services

3. DEFINITIONS

The breakthrough volume is reached when the concentration of analyte
in the effluent reaches 5% of that in the influent,

4. PRINCIPLE

A known volume of air is drawn through two charcoal tubes in series
(separated after sampling, to prevent migration to back-up tube during
storage) which adsorb organic vapours. The latter are desorbed in carbon
disulfide and determined by gas chromatography (GC) with flame-ionization
detection (FID). Quantification is carried out using standard solutions
and corrections are applied for desorption efficiency and media blanks,

-227-
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5.

6.

HAZARDS

MACKENZIE PEERS

Carbon disulfide is toxic and an acute fire and explosion hazard.
Methyl bromide is toxic and a strong skin irritant. Both compounds should
be handled only in a ventilated hood.

REAGENTS?
Carbon disulfide

Methyl bromide

n-Decane

Nitrogen
Hydrogen
Air

Extraction solvent

Chromatographic quality

99.5%, plus gas standards (Available from
Linde (Union Carbide Co.)} National
specialty Gas Office) for determining
concentration of stock standard solution.

Chromatographic quality, for internal
standard use.

Purified, for GC
Pre-purified, for FID
Filtered, compressed, for FID

Carbon disulfide containing sufficient
internal standard (n-decane) to give a FID
response similar to that of methyl bromide
near the mean of the range of interest.
The extraction procedure for 10 samples,
plus blanks, desorption efficiency measure-
ment, ete, requires ~ 150 mL of extraction
solvent,

Reference to a company and/or product is for the purpose of information
and identification only and does not imply approval or recommendation of
the company and/or product by the International Agency for Research on
Cancer, to the exclusion of others which may also be suitable.
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Stock standard solution
of methyl bromide

Working standard solutions
of methyl bromide

A concentrated solution of methylbromide

in carbon disulfide, which can be used to
inject methyl bromide (e.g., 0.2-2.5 mg
amounts) directly into sorption tubes and
to prepare working standard soclutions for
calibration purposes. (A concentration of
20-50 g/L should be suitable.) Prepare by
bubbling methylbromide gas into 50 mlL
carbon disulfide with a fritted glass
bubbler. Determine exact concentration by
comparison with gas standards. Keep refri-

gerated in glass container with PTFE-lined
screw cap.

Add known amounts of stock standard solution
to the extraction solvent in a 10-mL volu-
metric flask and dilute to the mark. Pre-
pare daily (shortly before use) at least
five concentrations over the range of
interest (e.g., 0.1-1.2 mg/mL). Keep cold

in glass contalner with PTFE-lined screw
cap.

7. APPARATUS' (see INTRODUCTION, p. 173)

Air sampler tubes

Personal sampling pump

Gas chromatograph

The method requires two tubes in series.
Both are glass, 10 cm x 8 mm 0.d,, 6 mm
i.d., flame-sealed at both ends. The front
tube contains 400 mg of petroleum-based,
20/40 mesh, activated charcoal and the
back-up tube 200 mg. A plug of sylilated
glass wool 1s placed at both ends of both
tubes, The pressure drop across the pair
of tubes must be < 3.4 kPa at an air flow-
rate of 1 L/min.

0.1 to 1 L/min, with flexible connecting
tubing. -

With FID and peak-area integrator.

Column: 6.1 m x 3.2 mm, stainless-steel,
packed with 10% FFAP on 100/120 mesh
Supelcoport.,

Reference to a company and/or product is for the purpose of information

and identification only and does not imply approval or recommendation of
the company and/or produet by the International Agency for Research on
Cancer, to the exclusion of others which may also be suitable.
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9.3

9.4
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Vials 5-mL, glass, with PTFE-lined secrew caps.
Syringes 10, 100, 500 and 1000 yZL

Pipettes 1-mL, graduated; 2-mL delivery, with bulbs
Volumetric flasks 10-mL

Glass containers With PTFE-lined screw-caps, for storing

standard solutions (10-mL, 50-mL) and
extraction solvent.

SAMPLING

Immediately before sampling, break the ends of the two charcoal tubes
(front and back-up) and connect them with a short piece of flexible vinyl
tubing. Follow sampling instructions in INTRODUCTION, p. 173.

Sample at an accurately-known rate (e.g., 0.75 L/min) for a total sample
volume of 171 L.

Separate front and back-up tubes immediately after sampling and seal with

plastic (not rubber) caps.

PROCEDURE

Blank tests (see INTRODUCTION, p. 173)

9.7.1 Field blanks: analyse with air samples, as in 9.4-9.6.

9.1.2 Media blanks: set aside three pairs of sampler tubes from each new
batch of charccal used for sampling. Extract and analyse with air

samples, as in 9.4-9.6.

Check tests

Analyse three blind spikes and three analyst spikes to check the calibra-~
tion and desorption efficiency curves (see INTRODUCTION, p. 173).

Test portion
Not applicable

Sample extraction

9.4.1 Place sorbent from front and back-up tubes in separate, S5-mL vials
(discard glass-wool plugs)



9.5

9.6

9.7

9.8
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9.4.2 Add 2.0 mL extraction solvent (6) to each vial and seal tightly
with screw cap.

9.4.3 Allow to stand 30 min, with occasional agitation. Retain for GC
analysis.

GC operating conditions

Column temperature 65°C
Injector temperature 155°C
Detector temperature 200°C
Carrier gas flow-rate 3¢ mL/min
Injection volume 5 ulL

Analyte determination

9.6.1 Inject 5 yL of sample extract (9.4.3) manually onto the GC using
solvent-flush technique (see Method 1, section 12}, or with auto-
sampler.

9.6.2 Measure peak areas of analyte(s) and internal standard on the same
chromatogram, Divide peak area of analyte by that of internal
standard to obtain relative peak area.

Calibration curve

9.7.1 Calibrate daily by injecting S5-pL aliquots of each of the five
working standard solutions of the analyte onto the GC.

9.7.2 Measure peak areas of analyte and internal standard on the same
chromatogram and calculate relative peak area (9.6.2) for each

conhcentration.

9.7.3 Prepare calibration curve showlng relative peak area versus mg
analyte/2 mL of solution.

Desorption efficiency (DE)

93.8.1 For each batch of charcoal used for sampling, prepare three splked
tubes at each of five levels in the calibration range (e.g., spike
with the amount of analyte in 2 mL of each of the working standard
solutions). Proceed as follows:

9.8.2 Inject a known amount (9.8.1) of analyte directly intoc the 400 mg
of charcoal in a front tube, using the stock standard solution (6)
and a microlitre syringe. Cap and allow %o stand overnight.

9.8.3 Extract and analyse, as in 9.4-9.56.



232 MACKENZIE PEERS
9.8.4 Using the calibration curve, calculate the mass of analyte recover-

ed at each level and prepare a graph of desorption efficiency
versus mg analyte recovered.

10, METHOD OF CALCULATION

Using the relative peak area and the calibration eurve, calculate the
mass concentration, p, of methyl bromide in the air sample from the

equatilon:
- 3 - 3
g = 10 (mS mb)/v (mg/m3)

where, ms = sum of analyte masses (corrected for DE) found in front and back-
up sample tubes (mg)

m_ = average sum of analyte masses (corrected for DE) found in front
and back-up media blank tubes (mg)

V = volume of air sample (L)

11. REPEATABILITY AND REPRODUCIBILITY

The coefficient of variation for the total sampling and analytical
method has been found to be 10.3% in the range 35-150 mg/m?.

12. NQTES ON PROCEDURE

Not applicable
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13, SCHEMATIC REPRESENTATION OF PROCEDURE
Draw air sample through two charcoal tubes in series

Place sorbent from front and back-up tubes in separate vials,
add 2 mL carbon disulfide (+ standard) and cap

l

Stand 30 min, with occasional agitation

l

Inject 5 yL of extract onto GC and measure peak areas

'

Inject 5 plL aliquots of standard solutions onto GC
and prepare calibration graph

'

Determine desorption efficiency in the calibration range
using 3 spiked front tubes at each level

}

Calculate mass concentration of analytic in air samples

14. ORIGIN OF THE METHOD

Method 1008, NIOSH Manual of Analytical Methods, 2nd Ed., Vel. 3,
Cincinnati, OH, National Institute for Occupational Safety and Health (13977)

Contact peint: Dr P.M. Eller
Division of Physical Sciences and Engineering
National Institute for Occupational Safety and Health
4676 Columbia Parkway
Cincinnati, OH 45236, USA



METHOD 9

MONITORING CHLOROMETHYL METHYL ETHER IN AIR
M.L. Langhorst

1. SCOPE AND FIELD OF APPLICATION

This method is applicable to the monitoring of airborne chloromethyl
methyl ether (CMME) in the volume fraction range 6-900 yL/m* (ppb, v/v) or the
mass concentration range 20-3000 ug/m? (38-3800 ng/sample)}. The procedure was
designed for industrial hygiene personal monitoring to provide an accurate
4-hour, time-weighted average of the exposure level. Approximately 15 min are
required to desorb and clean up a set of 8 sample tubes, Each chromatogram
requires an additional 3 min.

2. REFERENCES

Langhorst, M.L., Melcher, R.G, & Kallos, G.J. (1981} Reactive adsorbent
derivative collection and gas chromatographic determination of chloro-
methyl methyl ether in air. Am, Ind, Hyg, Assce. J., 42, U47-55

Department of Labor, Occupational Safety and Health Administration (1974)
Occupational Safety and Health 3tandards: Part III. Fed. Reg., 39,
3756-3797

3. DEFINITIONS
Yield

The yield, Y, is the amount of derivative formed relative to the amount
of CAME added, and is given by,

100 m,(80.52)

Y = (%)
m, {241.5)
where
m, =  weight of CMME added or sampled (ng)
80.52 = molecular weight of CMME
241.5 = molecular weight of CMME derivative
m, = welght of CMME derivative formed (ng)

—-235-



236 LANGHORST

Desorption efficiency

Desorption efficiency is the percentage of the CMME derivative formed
which is desorbed intoc solution.

Analytical recovery

Analytical recovery is the percentage of the desorbed CMME derivative
which will be recovered through the clean-up and extraction steps for analysis
by gas chromatography (GC).

Recovery independent of yield

Percent recovery independent of yield is the combined recovery from
desorption efficiency and analytical recovery.

4, PRINCIPLE

A measured volume of air is drawn through a glass air-sampling tube,
packed with 1.5% potassium 2,4,6-¢richlorophenate on 120/140 mesh textured
glass beads. The CMME 1is derivatized and collected on the sorbent by the
reaction:

cl Cl

CH,OCH,Cl + Cl OK —»Cl O—CH,OCH, + KCl

Cl Cl

The CMME derivative is desorbed into methanol, diluted with aqueocus
pctassium hydroxide (KOH), and extracted with hexane. The hexane extract is
analysed by GC with electron-capture detection. Quantification is based upon
compariscn of detector response (peak height) from sample and external
standards.

5. HAZARDS

Bis(chloromethyl)ether (BCME) is known to be an impurity in CMME. Both
BCME and CMME have been termed human carcinogens by the United States Depart-
ment of Labor (Department of Labor, -Occupational Safety and Health Adminis-
tration, 1974). Extreme safety precautions should be exercised in the prepa-
ration and disposal of liquid or gas standards. The handling of CMME should
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be carried out in a well-ventilated hood. Always store samples in a secondary
container in a cool, dry, well-ventilated area. Dispose of any gas or liquid
sample by putting it into a methanol-caustic solution that is kept in the
hood. A second waste bottle for disposing of gloves, contaminated paper, ete,.
should also be kept in the hood and sent to the burner. Use a rubber bucket
and dry ice when transporting liquid samples outside the hood area,

The preparation of reagent-coated glass beads involves slurrying the
beads in a solution of reagent, then evaporating the solvent under heat. Be
careful to watch for splattering as the material begins to dry and cake on the
bottom of the glass dish. Wear goggles and stir or swirl oceasionally. Work
in a hood. Avoid excessive temperatures during drying.

6. REAGENTS!

Hexane Burdieck and Jackson, distilled-in-glass
grade

Methanol Burdiek and Jackson, distilled-in-glass
grade

Water Distilled, deionized

Potassium hydroxide pellets

Chloromethyl methyl ether,
97%

2,4,6=Trichlorophenol, 98%

GLC-100 textured glass beads

Commercial silica gel
air-sampling tubes

Reagent grade

Aldrich Chemical, Milwaukee, WI 53201

Aldrich chemical, Milwaukee, WI 53201
Recrystallize before use (three times from
hexane) to give a high-purity (>99%) white
powder

1207140 mesh, Applied Science Laboratories,
Ine., State College PA 16801

520 mg front/260 mg back section,
Environmental Compliance Corp.,
15367

Venetia, PA

Reference to a company and/or product is for the purpose of information
and identification only and does not imply approval or recommendation of
the company and/or product by the International Agency for Research on
Cancer, to the execlusion of others which may also be suitable.
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1.5% {(w/w) potassium salt of
2,4,6-trichlorophenol on
1207140 mesh GLC-100

Reactive sorbent air-
sampling tubes

Derivative standard
Cl

Cl 0—-CH200H3
Ci

Standard solutions of CMME
derivative for calibration

T. APPARATUS!
Gas chromatograph

Infrared heat lamp with
variable transformer

LANGHORST

Welgh 50 g of textured glass beads into

a glass evaporating dish, Add 42 mL of 2%
2,4,6-trichlorophenol solution in methanol
{(0.88 g in 44 mL) and 14 mL of 0.26 mol/L
KOH solution in methanol (1.5 g/100 mL).

Slurry glass beads in solution,. Evaporate
solvent slowly under an infrared heat lamp,
swirling occasionally (~ 20 min),. Finish

drying on a hot plate or steam bath to form
a free-flowing powder (-~ 10 min).

Pack 2.0 £ 0,05 of trichlorophenate-coated
beads (above) into disposable glass
pipettes, T em x 6 wmm i.d. Place a
silanized glass wool plug at both ends,

Synthesize from CMME and 2,4,6-trichloro-
phenol,

Dissolve 5 g 2,4,6-trichlorophenol in 70 mL
pentane. Add 2 g (2 ml) CMME. Shake to
mix and let stand at room temperature for
2 h. Add 500 mL aqueous 10% sodium hydro-
xide solution and an additional 100 mL of
pentane to extract the non-phenolic
material. Separate the pentane and allow
to evaporate to dryness. The product is a
white crystalline material.

Prepare five sclutions of CMME derivative in
hexane at concentrations between 10 ng/mL
and 150 ng/mL. These can be prepared by
weighing the syntheslized derivative into a
vial and dissolving in hexane or by spiking
CMME onto an air sampling tube for desorp—
tion (see Sectlon 11 {b)).

Equipped with ®?Ni electron-capture detector

Reference to a company and/or product is for the purpose of information

and identification only and does not imply approval or recommendation of
the company and/or product by the International Agency for Research on
Cancer, to the exclusion of others which may also be suitable.
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Portable battery-operated Capable of pumping at flow rates of 5-10
vacuum pulp mL/min, Sipin Model 3P-15, Anatole J.
Sipin Co., New York, NY 10016

Field sampling tube The recommnended field sampling tube, shown
in Figure 1, should consist of a front tube
containing 2.0 g of 1.5% potassium tri-
chlorophenate on 120/140 mesh GLC-110 in a
7 em x 6 mm i.d. tube. The back tube (to
check for breakthrough of the derivative),
should contain ~ 1 g silica gel,

SAMPLING

Collect samples by pulling air through the tube at 5-10 mL/min for 4
hours (1.2 to 2.4 litres), Short-term samples can be collected at 10-20
mL/min for 10-20 min. Use calibrated sampling pumps and record the time,
temperature, pressure and humidity of the atmosphere sampled.

Imnediately after sampling, cap the tubes, Sample tubes should be stered

at room temperature (2543°C) and have been shown to be stable for a
period of at least 7 days.

FIG. 1. FIELD SAMPLING TUBE FOR CHLOROMETHYL METHYL ETHER IN AIR

Sample. tube (7em long X Bmm i.d., glass) Back tube {7cm long x 8mm i.d., glass)
silanized glass wool piugs

D—b— Air out

Front tube 2.0g 520 mg 260 mg

1.6% 2,4,6 trichlorophenol, potassium salt Silica gel
on 120/140 mesh GLC 110 cammercial Tube

e —| T,I‘ﬁlii

Reference to a company and/or product is for the purpose of information
and identification only and does not imply approval or recommendation of
the company and/or product by the International Agency for Research on
Cancer, to the exclusion of others which may also be suitable.
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9.2

9.3

3.4

9.5

LANGHORST
PROCEDURE
Blank test

To provide a blank, a representative sampling tube should be analysed as
specified in sections 9.4-9.5 below,

Check test

Prepare a laboratory "known" by direct injection of 1-2 yuL CMME solution
{2.0 pg/mL) into a sorbent tube and pull air through the tube at 5-10
mL/min for 4 h,

Field confirmation test

Prepare field spikes to confirm method suitability in specific plant
atmospheres. Inject a known amount of CMME standard solution into a
sorbent tube and pull field air through the tube. A side-by-side field
sample (not spiked) should also be collected to determine the recovery of
the field spike.

Sample desorption and clean-up

9.4.1 Wash each sorbent (derivatizing sorbent and silica gel) in separate
2 mL aligquots of methanol in 3-dram vials and shake for five min.
Follow steps 9.4.2 to 9.5 inclusive, for each sorbent,

9.4.2 Separate the methanol aliquot from the sorbent with a disposable
pipette and transfer to a 3-dram vial.

9.4,3 Wash the sorbent with an additional 1 mlL of methanol and combine
the latter with the extract from 9.4.1.

9.4.4 Dilute the combined methanol extracts with 3 aml 1 mol/L aqueous KOH
and extract with 2 mL hexane.

9.4.5 Transfer the hexane extract to another vial and wash the hexane
extract with 2 mL aqueous 1 mol/L KOH.

Gas chromatography

Analyse the hexane layer from 9.4.5 by gas chromatography (GC) with
electron-capture detection, using the following operating conditions:

Column: 2.3 m x 2 mm i.d., glass, packed with
Permabond PEG-20M (T wmax 240°C), available
from HNU Systems, Inc., Newton Highlands,
MA 02161



CHLOROMETHYL METHYL ETHER IN AIR 247

Detector: Electron-capture (®3Ni)
Carrier gas: Nitrogen (20 mL/min)
Temperatures: column: 1H0°C

detector: 320°C
injection port: 200°C

Injection volume: 1 4L

A typical chromatogram is shown in Figure 2.

FIG. 2. TYPICAL GAS CHROMATOGRAM3 OF CMME DERIVATIVE

Standard Sample

Derivati
CMME Derivative CMME Derivative

cl (30.7ng/mL}

c Q OCH, OCH,
/i

{19.6 ng/mL}

170 . T

[ dne b iobiin] b bordnd
0 2 4 0 2 4
{minutes) {minutes)
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LANGHORST

Calibration curve

Inject 1 ulL aligquots of the standard solutions containing the CMHME
derivative (see Section 6) into the GC. Prepare a calibration curve by
plotting detector response (peak height) wvs concentration of derivative
(ng/mL).

METHOD OF CALCULATION

The concentration of CMHME in the original air sample can be calculated in

two ways: (a) using standard solutions of the CMME derivative or (b) using
standard solutions of CHMME.

(a)

Using a standard sclution of the CMME derivative in hexane, the mass
concentration, Py of the CMME derivative in the sample extract is given
by

= 2 (ng/mL)
h

where

mass concentration of CMME derivative in standard solution (ng/mL)
peak height of derivative in sample chromatogram (mm)
peak height of derivative in standard chromatogram (mm)

p
ns
h

H 1w n

3

The corresponding mass concentration, p, of CMME in the extract is then
given by

‘IOOpd 80.52
p = . {ng/mL)
Y 241.5
where,
80.52 = molecular weight of CHMME
241.4 = molecular weight of the CMME derivative
Y = yield of derivative from CdME (%) (from validation data,

Y= 56%)

The mass concentration, Paipr* of CMME in the air sample is given by

oV,
p_._ = (nug/m3)
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volume of hexane extraction 9.4.5 (mL)
V, = volume of air sampled in §.2 (L)

The volume fraction, ¢, of CMME in the air sample is given by

[24.45

—Jp_ .. (uL/m3)
30.52 ] air

(b) The alternative method of calculation, using standard solutions of CMME,
requires spiking a known weight of CMME onto an air sampling tube, then
pulling a small volume of air through the tube. The derivative peak
height is then determined by GC, as described in sections 9.4-9.5

The weight of CMME collected in field samples can then be determined by

direct comparison of the peak height from the field sample chromatogram
with the peak height from the spiked tube chromatogram.

11, REPEATABILITY AND REPRODUCIBILITY

11.1 Derivative yields for CHMME with volume fractions between 6 and 900 yL/m3
are 56 £ 10% (2¢). Percent recoveries independent of yield were 96 *+ 6%
(2a). These results were obtained from direct injection simulated air
samples (20 determinations).

11.2 Percent yield for samples prepared by pulling CMME in from SARAN! bags’
was 54 £ 14% for volume fractions from 3 to 700 uL/m® in air collected at
5-10 mL/min for 4-8 h.

11.3 The analytical limit of detection is ~ 0.5 uL/m® for a 1.2 L air sample,
but additional validation data would be recommended before reporting
volume fractions below 6 pL/m?.

11.4 For 4 h collection at 5-10 mL/min, the volume fraction limit for the CHMME
derivative appears to be greater than 900 mm?/m?. Under those condi-
tions, no significant breakthrough of CHMME was detected on the back tube
(silica gel).

11.5 The recovery of the CMME derivative from silica gel back tubes was 96—
100% (desorption efficiency).
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12.1

12.2

i2.3

LANGHORST

NOTES ON PROCEDURE

Tt is recommended that procedure {a), using CMME derivative standards, be
employed, because it is very difficult to obtain and store a good
analytical standard of CMME (> 90%). The compound ftends to decompose at
room temperature to HCl, methylal and methanol, and more dilute standard
stolutions cannot be ftrusted several days after preparation. In addi-
tion, the use of derivative standards eliminates the need for handling
CMME standards, which are toxic.

The alternative procedure, (b), has the advantage of automatically
determining derivative yield and would correct for any variations in
adsorbent batches.

Effect of humidity, sample storage duration and temperature and potential
interferences.

i2.3.1 Eleven samples collected at 80% relative humidity (21°C)} showed
56 + 12% yield and 96 * 4% recovery for volume fractions between
g and 200 yL/m? CMME in air.

12.3.2 Eight samples stored 7 days without refrigeration showed 54 + 10%
yield and 95 + 6% recovery.

12.3.3 Eight excursion samples collected for 10-20 min at 10-20 mL/min
showed 57 + 14% yield and 97 + 4% recoveries for CMME volume
fractions from 25-300 uyL/m?,

12.4 The percent yield obtained is dependent upon flow rate. Maximum yield is

12.5

12.6

1

obtained between 5 and 20 mL/min. Higher flow rates significantly
decrease yield.

Based on one experiment at 0°C (1.2 L), the sorbent tube method appears
to be not significantly affected by changes in temperature.

This method was not affected by the presence of humidity, HC1 vapours,
and trimethylamine vapours.

Trademark of The Dow Chemical company
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13. SCHEMATIC REPRESENTATION OF PROCEDURE

Sampling tube

Transfer sections to individual vials

Derivatizing sorbent

|

Add desorption solvent
(2 mL ¥e0H) and shake 5 min

/

Solvent Sorbent

} ’

Tranafer solvent Add 1 mL MeOH
to another vial l

Combine extracts

|

Add 3 mL 1 mol/L aqueous KOH

l

Add 2 ml hexane

Discard sorbent

/\
Hexane Aqueous layer
Add 2 mL Discard
1 mol/L

aqueous KOH

|

Analyse hexane layer by GC

/

Calculate concentrations by comparison

of GC peak with those of external standards

3ilica gel back tube

l

Follow procedure specified
for derivatizing sorbent
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14. ORIGIN OF THE METHOD

The Dow Chemical Company
Analytical Laboratory, 574 Building
Midland, MI 48640

Contact point: M.L. Langhorst
The Dow Chemical Company
Analytical Laboratory
574 Building
Midiand, MI 48540, USA



METHOD 10

GC-EC DETERMINATION OF BIS(CHLOROMETHYL)ETHER IN AIR

J.W. Russell

1. SCOPE AND FIELD OF APPLICATION

This method is applicable to the determination of bis(chloromethyl)ether
in air in the weight range of 5-2400 nanograms, equivalent to a volume
fraction of 0.1-50 yL/m?® in a 10-liter sample. No common airborne inter-
ferences are known. The time required for a single sample determination
(exclusive of sampling or calibration) is about one hour.

HOTE: pL/m?® = ppb (v/v).

2. REFERENCES

Department of Labor, Occupational, Safety and Health Administration (1974)
Occupational Safety and Health Standards: Part IIIL. Fed. Regist., 39,
3756-3797

Lovelock, J.E. (1973) United States Patent 3,725,009, Detection of Trace
Gases Utilizing an Electron Capture Detector.

Solomon, R.A. & Kallos, G.d. (197%) Determination of chloromethyl methyl
ether and bis-chloromethyl ether in air at the part per billion level by
gas chromatography. Anal. Chem,, 47, 955-957

Tou, J.C. & Kallos, G.J. (1974} Kinetic study of the stabilities of chloro-
methyl methyl ether and bis(chloromsethyl)ether in humid air. Anal.
Chem., 46, 1866-1869

Yao, C.C., Zollinger, H., Kallos, G.J., Solomon, R.A. & Tou, J.C. (1979)
Exchange of comments: Analytical methods of bis(chloromethyl)ether in
air. Anal. Chem., 51, 299-302

3. DEFINITIONS

Not applicable

—247-
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4. PRINCIPLE

A measured volume of air is drawn through an air sampling tube packed

with Chromoscrb 101 porous polymer gas-chrematographic stationary phase. The
bis{chloromethyl)ether concentrated in the ©porocus polymer is thermally
desorbed with a stream of nitrogen into a derivatizing solutiom. (see HNotes

on Procedure, 13.1). Juantificaticon is based on comparison of detector
responses {peak heights) obtained with sample and with an external standard.

5. HAZARDS

Bis(chloromethyl)ether has been classified as a human carcinogen by the
United States Department of Labor. Extreme safety precautions must be
exercised in the preparation, handling, storage and disposal of liquid or gas
standards. All handling of bis{chloromethyl)ether should be performed in a
verified high-efficiency fume hood. Store solutions in secondary containers
in the hood and dispose of them by addition to methanolic sodium hydroxide,
followed by incineration.

Rubber gloves and goggles must be worn. Dispose of used gloves and
contaminated paper, ete., in a waste bottle stored in the hocd. Dispose of

the waste bottle by incineration.

Handle reagents as recommended by the supplier. Be particularly aware of
the corrosiveness and flammability of sodium methoxide.

6. REAGENTS!

Hexane Distilled-in-glass
. Methancl Distilled-in-glass
Water Distilled, deionized
Sodium methoxide Reagent, Keep tightly sealed to minimize
contact with humid air. Replace with fresh

reagent after 1 year.

2,4,6-Trichlorophenol Reagent, Vacuum distill and recrystallize
three times from hexane. Resulting product
must be free of impurities that would inter-
fere in the gas chromatographic separation.

Reference to a company and/or product is for the purpese of information and
identification only and does not imply approval or recommendation of the
company and/or product by the International Agency for Research on Cancer,
Lo the exclusion of others which may also be suitable.
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Bis{chloromethyl)ether

Nitrogen Prepurified grade
Helium High-purity grade
Chromosorb 101 porous polymer 80/100 mesh

Sodium hydroxide, 1 mol/L "Dilut-it" brand from J.T. Baker
aqueocus cohncentrate

0.5 mol/L sodium hydroxide Dilute the 1 mol/L nominal sodium nydroxide
concentrate to 2 liters with - deionized

water.
Derivatizing reagent, Dissolve 12,0 g of purified 2,4,6-trichloro-
sodium trichlorophenate phenol and 3.2 g of sodium methoxide in 750
in methanol mL of methanol, Minimize exposure of metho-

xide powder and solution to air to minimize
hydrolysis. Discard reagent after 4 months.

Silanized glass wool

Bis{chloromethyl)ether Using a 10-uL syringe, accurately add 2.0

standard solution pL of bis(chloromethyl)ether to 10.0 mL of
hexane previously pipetted into a 7-dram
vial, Cap and mix. This solution contains
266 ng/ul. based upon a specific gravity of
1.33 for bis(chloromethyl)ether.

Dilute to 26.6 ng/ul by accurately pipet-
ting 1 mL into a 10-mL volumetric flask and
diluting to volume with hexane, Transfer
to a 3-dram vial.

APPARATUS!

Air sampler tubes Stainless steel tubes (14 cm length x 6.4
mm o,d,) are rinsed in hexane followed by
methanol, dried and gravity packed, using
gentle tapping, with Chromosorb 101 porous
polymer. The packing is held in place with
10 mm long plugs of silanized glass wool at
each end. BSee Figure 2,

Reference to a company and/or product is for the purpose of information and
identification only and does not imply approval or recommendation of the
company and/or product by the International Agency for Research on Cancer,
to the exclusion of others which may also be suitable.
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8.3

RUSSEL
Gas chromatograph Equipped with a ®%Ni electron-capture
detector.
Recorder 1 mV, 25 em (full-scale)
Portable battery operated Capable of pumping air at a constant rate
vacuum pump between 10 and 100 mL/min. Sipin Model
SP-1, Anatole J. Sipin Co., New York, NY
10016
Heating tape 1.2m x 1.3 cm, in glass
Temperature controller Capable of controlling at 110°C
with thermocouple
Variable transformer 0-130 VAC
Sparger Fabricated from glass as shown in Figure 1.
Substitute designs may affect recovery of
bis(chloromethyl)ether. Frit 1is Ace

"coarse" porosity, Ace Glass TInc., 1430
Northwest Blvd, Vineland, NJ 08360

Tubing Stainless steel, 6.4 mm o.d., 5.3 mm i.d.

Tube fittings 6.4 mm stainless steel nuts, ferrules,

' caps, tees, unions; 6.4 mm ferrules of
Teflon polymer for sparger

10-Microliter syringes

SAMPLING

Condition packed air-sampling tubes overnight prior to each use by heat-
ing at 190°C with 30 mL/min helium flow. After cooling to ambient

. temperature, remove from helium flow and immediately cap ends,

When sampling air, use a pump which has been calibrated while attached to
a sampling tube.

Draw air through a sampling tube at a constant rate (between 10 and 100
mL/min) up to a total volume of 10 liters. Record the time, temperature,
pressure and humidity of the atmosphere sampled. Cap tubes immediately
after sampling.

If desired, prepare a field spike by injecting a knownh amount of bis-
{chloromethyl)ether standard solution into the front of a tube prior to
sampling, An unspiked field sample should also be collected side-by-side
With the spiked sample to allow determination of recovery of the latter,
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FIG. 1. SPARGER DESIGN

146 cm 6.4 mm o.d.,/3 mm i.d. glass tubing

127 mm I
48 mm | 13.5 mm frit diameler

l—
|

16mm it is Ace "Coarse”
porlsity, 2.4 mm thick
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Store tubes at ambient temperature. Sampling tubes should be analysed
within 1 week.

PROCEDURE

Blank test

Assemble the apparatus as shown in Figure 2 and analyse a conditiomed
sampling tube as described in seections 9.4.2 to 9.6.3, inclusive.

Check test

Conduet a test of bis(chloromethyl)ether desorption and derivatization
efficiency by accurately injecting 5.0 ulL of the 26.6 ng/ul bis{chloro-
methyl)ether in hexane solution into the injeetion T (Fig. 2) with two
conditioned sampling tubes and the sparger in place. Procede as
described in sections 9.4.2 to 9.6.4, inclusive,. Compare response
obtained to that of the calibration standard. (Expected recovery of the
spike is B85-95%.)

Test portion
Not applicable.

Sample desorption, derivatization and clean-up

9.4.1 Disconnect the sampling tube from the pump and connect the end
through which the air entered to a fresh, conditioned (clean-up)
tube which is connected to the sparger (Fig, 2).

9.4.2 Attach the temperature controller thermocouple to the clean-up tube
using glass adhesive tape. Tightly wrap tubes and unions with
heating tape, avoiding gaps.

3.4.3 Pipette 10.0 mL of derivatizing reagent into a T7-dram vial and
place under the sparger. The sparging surface should be 3 mm from
the bottom of the vial and at a slight angle (5° from horizontal)
to prevent pooling of nitrogen.

9.4.4 Start prepurified nitrogen flow through the tubes at 100 mL/min,
heating the tubes to 110°C for 15 min (s¢e Notes on Procedure,
12.2).

9.4.5 3eparate vial from sparger. Cap loosely and place on a steam bath
for 5 min. Vial contents should warm sufficiently to cause reflux
of methanol, but without ebullition (Notes on Preocedure, 12.3).
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FIG. 2.

14 cm clean-up 14 cm sample
tube tube

.

wrapped with heating tape, 110°C

- »

= 1] 7 I

“thermocouple

Injection T
with septum

sparger

-

100 mLjmin. N,

7-dram vial with

10 mLreagent heating tape power

-
sparger 3rmm from temperature
bottom, slight angle controlier

9.4.6 Cool to ambient temperature and add by pipette 10.0 mL of 0.5 mol/L
sodium hydroxide and 2.0 mL hexane. Cap and shake vigorously for 5
min to extract.

9.4.7 After phase separation, transfer the upper (hexane) layer to a
2=dram vial. Discard the aqueous layer.

9.4.8 Add 1.0 nL of 0,5 mol/L sodium hydroxide to the hexane, cap and
shake vigorously for 30 s.

9.5 GC operating conditions

Column 1.2 m x 6.4 mm o.d., 2 mm i.d. glass,
packed with 0.5% 0OV-17 phenylmethyl =sili-
cone on Chromoscorb W HP 80/100 mesh. The
first 6 cm of the column should be free of
packing and glass wool. (Notes on
Procedure, 12.4) Condition overnight at
220°C with 35 mL/min prepurified nitrogen
flow.

" Carrier gas Nitrogen at 35 mL/min

Oven temperature 220°C
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RUSSEL
Detector temperature 300°¢C
Injection port On-column design, 220°C

Analyte determination

9.6.1 Immediately after calibration injections (9.7.6), inject a 2 L
aliquot of the washed hexane extract (upper layer) from 9.4.8 onto

the GC (Notes on Procedure, 12.5).

12.6).

9.6.2 Measure bis(chloromethyl)ether derivative peak Theight to the
nearest mm. (Typical chromatograms are shown in Figure 3.)

9.6.3 Repeat injection until peak heights agree to within 2%.

9.6.4 Reinject standard {(9.7.4) to check calibration.

Calibration

9.7.1 Pipette 10.0 mL of derivatizing reagent into & 7~dram vial.

9.7.2 Using a 10-uL syringe, accurately add 5.0 yL of 26.6 ng/yl
bis(chloromethyl)ether standard, Cap and mix. Final standard
contains 133 ng of bis{chloromethyl)ether. {(Notes on Procedure,

9.7.3 Loosen cap and place on steam bath for 5 min., Cool. Proceed as in

9.4.6 to ¢.4.8, inclusive,

9.7.4 Inject a 2-uL aliquot of the hexane (upper) layer into the GC.

9.7.5 Measure the bis(chloromethyl)ether derivative peak height to the

nearest mm.

9.7.6 Repeat 9.7.% and 9.7.5, until peak heights agree to within 2%. .

METHOD OF CALCULATION

The mass, m,, of bis(chloromethyl)ether fouﬁd in the sample hexane
extract is given by

m_ = ' {(ng)
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where
he = sample peak height obtained in step 9.6.3 (mm)
hs = standard peak height obtained in step 9.7.6 (mm)
m_ = mass of bis{echloromethyl)ether in final standard (9.7.2) {(ng)

The volume fraction, ¢, of bis(chloromethyl)ether in the air sample (at
25°C and 1 atmosphere pressure) is given by

24495 m
b = (uL/m’)
115 ¥
where
V = volume of air sampled, corrected to 25°C and 1 atmosphere (L)

and m, (ng) is defined in 10.1.

Values of ¢ should be expressed to two significant figures when > 1.0
uL/m? and one significant figure when < 1.0 uL/m?3.

REPEATABILITY AND RECOVERY

Repeatability for determination of 6 uL/m? bis{chloromethyl)ether in 5
liters of air, prepared in a gas bag, was * 6% at the 95% confidence
level,

Recovery for 0.1 to 50 pL/m® bis(chloromethyl)ether in 10 liters of air
prepared in a gas bag was 90 t 4% at the 95% confidence level.

With an air flow rate of 100 mL/min and 20% relative humidity at 21°C,
breakthrough of bis{chloromethyl)ether from a 14 ecm sampling tube
oceurred at U40-43 liters. Higher humidity may, and higher temperature
will, decrease this volume, The effect of relatively low temperatures
{below 5°C) should be investigated if such sampling conditions are
necessary.
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FIG. 3. CHROMATOGRAMS OF BIS(CHLOROMETHYL)ETHER DERIVATIVE
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12. NOTES ON PROCEDURE

12.1 The chemistry of the derivatization is as follows:

cl
CICH,0CH,CI Na €I 1) CH,0CH,0CH,0CH,
cl ci
CH,OH
2)CH,0CH,0CH, © cl
cl
ci ci
3jci OCH, OCH,0 ci
cl cl

The third derivative is determined in this method because the greatest
specificity is assumed. The ratio of the quantity of this derivative
formed to the quantity of bis(chloromethyl)ether added is constant for
constant conditions (in particular, the same batch of derivatizing
reagent).

12.2 The optimum transformer output voltage is determined by trial to obtain
fast heating, without excessive femperature overshoot.

12.3 Insufficient heating may result in incomplete reaction.

12.Y% Column lifetime may be increased by replacing the first 2.5 cm of column
packing with 3% 0OV-17, instead of 0.5%, and by cooling the column when
not in use.

12.5 Avoid injecting any of the aquecus layer, which would damage the column.

12,6 The standard concentration is equivalent te 2.8 uL/m®* Dbis(chloromethyl)-
ether in 10 liters of air. For sampling higher concentrations, a
standard of proporticnately higher concentration should be prepared or
smaller air volumes should be collected,

‘12,7 Clean-up tubes will require reconditioning at intervals governed by the
contaminants in sampled air. Reconditioning after 3 analyses may suffice
when relatively uncontaminated air is sampled.
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13. SCHEMATIC REPRESENTATION OF PROCEDURE

Sampling tube

Thermal desorption at 110°C with 100 aL/min nitrogen flow into derivatizing
solution

¥ Recondition sampling tube
Heat solutionm % min on steam bath and cool (Sections 8.1 and 12.7)

)
Extract with 10 mL 0.5 mol/L NaOH
and 2 mL hexane

T Discard aqueous layer
Transfer hexane {upper layer)
to another vial

|
Extract with 1 mL 0.5 mol/L NaOH
Inject 2 pL of hexane layer into GC
Measure peak height

Calculate concentration using external standard calibration

14. ORIGIN OF THE METHOD

The Dow Chemical Company
Analytical Laboratories
574 Building

Midland, MI, UB&6T, USA

Contact point: J.W. Russell
The Dow Chemical Company
Analytical Laboratories
574 Building
Midland, MI, 48667, USA



METHOD 11

DETERMINATION OF DIBROMOCHLOROPROPANE
AND ETHYLENE DIBROMIDE IN AIR

3. Fredricksen, T. Jacksen, C.L, Liaco & K.T, Maddy

1. SCOPE AND FIELD OF APPLICATION

This method 1s suitable for the analysis of 1,2-dibromo-3-chloroprapane
(DBCP) and 1,2-dibromcethane (ethylene dibromide, EDB) in air.

The range of the method is frowm 1.0 to 130 ulL®/m*, with a preecision of #*
10% (based on a 60 L air sample). Higher concentrations may be measured by
taking smaller samples. The analysis is simple and rapid.

2. REFERENCES

NIOSH (1977) WNIOSH Manual of Analytical Methods. Vol. 1, Organic Sclvents in
Air, P & CAM 127

NIOSH (1978) NIOSH Manual of Analytical Metheods, U.S., Department of Health,
Education and Welfare, publication No. 78-175

NIOSH (1977) HNIQO3H Hdanual of Sampling Data Sheets., U.S. Department of
Health, Education and Welfare publication He. 77-159

U.3. Department of health and Human Services, Food and Drug Administration
(1983) Pesticide Analytical Manual, Vol, 1, Methods which detect
multiple residues

EPA (1979) Manual for Analytical Quality Contrcl for Pesticides and Related
Compounds in Human and Environmental Samples. U.3. Environmental
Protection Agency Publication, EPA-600, 1-79-008

3. DEFINITIONS

Not applicable

-259-
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4, PRINCIPLE

DBCP or EDB is adsorbed from the air onto activated charcoal-fillied
tubes. The analytes are desorbed from the charcocal with toluene and ethyl
acetate, respectively, and the solutions are analysed using gas chromatography
with electron-capture detection.

5. HAZARDS

Both DBCP and EDB are potent animal carcinogens and cause adverse effects
on the reprocductive system in certain test animals. Exposure to DBCP has been
shown to cause lowered sperm counts in man. All operaticns involving handling
of DBCP or EDB should be carried out in a fume hood and disposable surgical
gloves should be worn. Safe and legal disposal of all solutions is mandatory.

6. REAGENTS?

Toluene Pesticide grade {must be tested for inter-
Tering GC peaks}

Ethyl acetate Pesticide grade (must be tested for inter-
fering GC peaks)

EDB Analytical grade standard (> 95% purity)
DBCP Analytical grade standard (> 95% purity)
Activated charcoal tube SKC 226=09 (11 cm x 8 mm o.d.)

SKC Inc., R.D.1 No. 395 Valley View Road,
Eightyfour, PA 15330, U3A

Stack standard solution 1 g/L in ethyl acetate. 3tore in freezer
of EDB

Stock standard sclution 1 g/L in tolueme. Store in freezer

of DBCP

Reference to a company and/or product is for the purpose of inforwation
and identification only and does not imply approval or recommendation of
the company and/or product by the International Agency for Hesearch on
Cancer, to the exciusion of others which may alsc be suitable.
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Working standard solution Dilute aliquots of ¢the stock standard
solution with the appropriate solvent.
Prepare concentration range from 1 ug/L to
highest concentration on linear range of
chromatographic system. Determine the
linear range analytically by injecting
identical volumes of the working standards.
Determine the required working standard
concentrations for routine use (from air
sample volume, anticipated <concentrations

of compounds of interest and linear range
of GC).

T. APPARATUS!

Usual <chromatography-laboratory syringes and glassware, plus the
following items:

Personal sampling pump M3A Monitair Sampler, model S or TD, with
adjustable flow rate, properly calibrated
(see INTRODUCTION, p. 173)

Developing (desorption) 5-mL glass, screw-top, with foil-lined lids
vials
Small triangular file To score charcoal tubes

Rotator or agitatoer

Gas chromatograph Hewlett-Packard, or equivalent; equipped
with ®?Hi electron-capture '

8. SAMPLING

Techniques for correct air sampling can be found in the NIOSH Manual of

Sampling Data Sheets (Section 2). Note that high humidity may affect trapping
efficiency. .

8.1 To monitor worker exposure by inhalation, connect a Tygon intake hose to
a charcoal tube properly attached to the collar of the worker. Follow
the sampling procedure in INTRODUCTION, p. 173.

keference to a company and/or product is for the purpose of information
and identification only and does not imply approval or recommendation of
the company and/or product by the International Agency for Research on
Cancer, to the exclusion of others which may also be suitable.
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8.2

NOTE:

9.2

9.3

FREDRICKSON ET AL.

Begin sampling at the desired flow rate (usually 1 L/win}. ~Note atmo-
spheric pressure and temperature.

Samples should be Kkept cool during transport to the laboratery. if
using wet ice, seal in a plastic or glass jar te prevent water contami-
nation during transport. Samples should not be stored in an automobile
trunk and should be Kkept away from gasoline and autcmobile exhaust to
aveid contamination by EDB. Blank tubes should be opened, immediately
capped, and transperted in the same manner as the samples.

Store samples at —5°C. or cgolder, if they are not tec be extracted on the
same day. Samples should pe extracted within a week.

PROCEDURE

Blank tesis

See NOTE above, and 9.5.2

Check test

Not applicable

Test portion

Net applicable

Sample desorption

3.4.1 With a sharp file, score each charccal tube in front of the first
section of charcoal.

9.4,2 Break open the tube. Remove and discard the glass wool.

9.4.3 Transfer the first section of charcoal to a labelled desorpticn
vial containing 4.0 mL pesticide-grade toluene (for DBCP) or ethyl
acetate (for EDB).

0.4.4 Remove and discard the separating section of feoam from the tube.

9.4.5 Transfer the second section of charcecal te a second labelled
desorption vial containing 4.0 wmL of the appropriate solyent.

9.4.6 Place the descorption vials on the agitating apparatus for cne hour.
Retain for GC analysis.
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g.4.7 If the sample extract is not to be analysed on the day of prepa-
ration, transfer an aliquot to another developing vial, label, and
freeze (-5°C or colder) until needed. The chromatography should be
completed within a week, unless samples are frozen in sealed
ampules,

Determination of desorption efficiency

9.5.1 Using the standard solutions (ssction 6) and a syringe, inject
known amounts of DBCP or EDB (preferably covering the range of
expected results) into at least 5 freshly-opened charcoal tubes and

cap the tubes. (These tubes must have the same lot number as those
used for the sampling.)

9.5.2 Allow the % tubes, plus another tube! for a blank determinaticn, to
stand overnight (or longer) to assure complete adsorption. Retain
for analysis (see Section 9.8).

Gas chromatography (GC) determination of DBCP

9.6.1 GC conditions:

Column: Nickel or S.3. tubing, 6.1 m x 2.0 mm
i.d., packed with 10% SP-2100 on 100/120
mesh Chromosorb W-HP

Carrier gas: Ar :5% methane; flow-rate, 30 mL/nin
Column temperature: 90°¢

Injector temperature: 200°C

Detector temperature: 350°¢C

9.6,2 GC procedure
9.6.2.1 Flush a 10 yL syringe several times with the sample extract

(9.4.6), then inject 5 uL (or other appropriate voclume?) of
the sample extract into the GC3.

Treated in precisely the same way as the other 5 tubes, except that no DBCP
{or EDB) is injected,

The minimum detectable amount on the GC should be 0.01 ng.

The "solvent flush technique"™ may also be employed and is probably somewhat
more accurate in experienced hands. See Method 1, section 12, for details.
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3.8

NOTE:

FREDRICKSON ET AL,

9.6.2.2 Measure the peak area {(DBCP elutes in 7 min under the above
conditions).

Calibration curve

Inject Kknown amcunts of DBCP standard scolutions (at least three) to
give peak areas above, below and close to that of the sample.

A calibration curve wmay be constructed by plotting peak area
against the amount of standard injected (check linearity).

Duplicate injections of each sample and standard should be made to
check repeatability. Samples and standards should be analysed on
the same day, within as short a time-span as possible.

Gas chromatography determinaticn of EDB

9.7.1

9.7.2

GC conditions:

Column: Nickel or 3.5. tubing, 6.1 m x 2.0 mm
i.d., packed with 10% FFAP on 100/120
mesh Supelcoport.

Carrier gas: Ar:5% methane flowrate, 30 mL/min
Colunn temperature: 130°C
Injector temperature: 200°C
Detector temperature: 350°C

GC procedure

Proceed as in 9.6.2. EDB elutes in 5 min under the above condi-
tions.

Extraction (descrption) efficiency

9.8.1

9.8.2

9.8.3

Extract the 5 spiked tubes and the blank tube from §.5.2 as descri-
bed in steps 9.4%.1 to 9,4.6, inclusive.

Carry out GC determination as in 9.6 (or 9.7), ocuitting step 9.6.3.

Prepare 5 standard sclutions by injecting intec labelled descrption
vials, the same amounts of DBCP (or EDB) standard solutions that
were injected intc the tTubes in 9.5.1. Bring the volume in each
vial up to 40 mL with the appropriate sclvent. (Alternatively,
bezin by adding 4.0 mL of solvent to each vial, then remove a
volume equal to the velume of standard scluticon to be added. Use
the samne syringe for the two operaticns.)
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9.8.4 Inject standard sclutions 9.3.3 intoc the GC, using the same
injection volume as in 9.8.2.

For each tube, the extraction efficiency, E, (1) is calculated
from the peak areas as follows,

area spiked tube - area blank

area standard

where the appropriate spiked tube and standard are those containing
Lhe same amcunt of DBCP or EDB.

METHOD OF CALCULATION

Determine the amount of analyte injected into the GC, by comparison of
the peak area of the sample extract with those of standard sclutions
(calibration curve, 9.6.3). Sum the values found for the two sections of
the tube and subtract the blank voclume.

The mass, m,, of analyte extracted from the sample tube is given by,
wvy
Iﬂl = —— (ug)

v

and the wass ccllected by the sample tube is

m, = m,/<E> (ug)
where
w = amount of analyte injected into GC (ng)
v = volume of analyte injected into GC (L)
V = volune of extraction solvent in 9.,4.3 (mL)

<E>= average extraction efficiency from 9.3.

The vclume of air sampled, V,, is converted to standard (industrial
hygiene) conditions of 25°C and 760 mm Hg by

PV, /298

v _—

760 T
where

= volume of air at STP (L}

, = volume cf air measured under sampling conditions (L)

= barometric pressure measured under sampling conditions (mm Hg)
= temperature of sampled air (°K)

D e =
1
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10.4 The mass concentration, p, of analyte in the sampled air is given oy,
2
p = — (rng/m?)

where

m, (pug) and V, (L) are defined above.

10.5 The voiume fraeticn, ¢, of analyte in the sampled air is given by,

24.45 ¢
¢ = —_— (mL /m3)
|

where M = molecular weight of analyte and p is defined in 10.4.
(M of DBCP = 236, M of EDB = 188)

11. REPEATABILITY AND REPRCDUCIBILITY

Results for 10 samples ranging from (.05 to 100 micrograms/sample
indicated 90% + 5% recovery.

12. NQTES ON PROCEDURE

Not applicable
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13. SCHEMATIC REPRESENTATION OF PROCEDURE

Pump air sample (1 L/min} through charceal tube

Transfer charcoal from first section of tube into 5.0 mL vial containing
4.0 wL toluene (for DBCP) or 4,0 mlL ethyl acetate (for EDB)

Repeat preceeding instruction with charcoal frou second section

Agitate vials for 1 hour (store aliquot of extract at -5°C)

Prepare 5 spiked tubes covering expected range of analyte
concentration, plus 1 blank tube, and allow to stand
overnight

Extract analyte from spiked tubes + blank as described
above for sample tubes

Prepare 5 standard solutions containing same amounts
of analytes as the 5 spiked tubes

Inject equal amounts of spiked-tube extracts and
standard solutions onto appropriate GC column,
calculate extraction efficiencies from peak areas

'

Inject extract aliquot onto appropriate GC column and
determine peak areas for both tube sections

Repeat preceeding instruction with standard solutions teo obtain calibration
curve

Caloculate analyte concentration in total sample extract and in air sample,
correcting for blank and extraction efficiency
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14, ORIGIN OF METHOD

Califernia Department of Foed and Agriculture!
Worker Health and 3afety Unit, and

Chemistry Laberatery Services

3292 Meadowview Road

Sacramento, California 95832, US4

Contact peoint: G. Tichelaar
Chief of Chemistry Laberateory Services

L Reference to a company or produet is for the purpese of information and
identification only and does not imply approval or recommendaticn cof the
cempany or product by the California Department of Feced and Agriculture, to
the exclusion of others which may alsc be suitable,



METHOD 12

DETERMINATION OF VOLATILE ORGANIC COMPQOUNDS
IN AMBIENT AIR USING TENAX ADSORPTION
AND GAS CHROMATOGRAPHY/MASS SPECTROMETRY

R.M. Riggin

1. SCOPE AND FIELD OF APPLICATION

This method 1s sultable for the collection and determination of volatile
organic compounds which can be captured on Tenax GC (poly(2,6-diphenylphenyl-
ene oxide)) and determined by gas chromatography/mass spectrometry (GC/MS),
following thermal desorption. Organic compounds which are non-polar and have
boiling points in the range of approximately B80°C-200°C can be determined by
this method. However, not all compounds falling into this category can be
determined. Table 1 gives a list of compounds for which the method has been
used. The limits of detection are generally of the order of 0.1-1.0 ng/L.

approximately one hour is required for sample analysis, once the instrument is
calibrated.

2. REFERENCES

Anniual Book of ASTM Standards, Part 11.03, Atmospherie Analysis, Ameriecan
Society for Testing and Material, Philadelphia, Pennsylvania, 1984

Grob, K., Jr, Grob, G. & Grob, K. (1978) Comprehensive standardized quality
test for glass capillary columns. J. Chromatogr., 156, 1-20

Kebbekus, B.B. & Bozzelli, J.W. (1982) Collection and Analysis of Selected
Volatile Organic Compounds in Ambient Air. In: Proceedings Air Pollut.

Control Assoc., Paper HNo., 82-65.2. Air Pollut. Control Assoec.,
Pittsburgh, Pennsylvania

Krost, K.J., Pellizzari, E.D., Walburn, S.G. & Hubbard, 3.A, (1982) Collec-

tion and analysis of hazardous organic emissions. Anal. Chem., 54, 810-
817

Pellizzari, E.O. & Bunch, J.E. (1979} Ambient Air Carcinogenic Vapors-
Improved Sampling and Analytical Techniques and Field Studies, EPA-
600/2-79-081, U.3. Envirommental Protection Agency, Research Triangle
Park, North Carolina
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Riggin,

of Toxic Organic Compounds in Ambient Air,

R.M.

(1983)

RIGGIN

Technical Assisftance Document for sampling and Analysis

EPA-600/4-83-027,

U.s.

ronmental Protection Agency, Research Triangle Park, North Carclina

Envi-

Walling, J.F., Berkley, R.E., Swanscn, D.H. & Toth, F.J. (1982) Sampling Air
for Gasecus Organic Chemical-Applications to Tenax, EPA-600/7-54-82-059,
U.5. Environmental Protection Agency, Research Triangle Park, HNorth
Carclina

Table 1. Breakthrough volume estimates for compounds on Tenax

Compound Estimated breakthrough volume
at 38°C (L/g)
Benzene 19
Toluene 97
Ethyl benzene 200
Xylene(s) ~200
Cumene 440
h-Heptane 20
1-Heptene 40
Chloroform 8
Carbon tetrachloride 8
1,2=-Dichlorcethane 10
1,1,1=-Trichloroethane 6
Tetrachloroethylene 80
Trichloroethylene 20
1,2-Dichlorocpropane 30
1,3-Dichloropropane 90
Chlorcbenzene 150
Bromeform 100
Ethylene dibromide 60
Bromobenzene 200

3. DEFINITIONS

Breakthrough volume =

the sample volume at which the amount of analyte of

interest found on a back-up cartridge reaches 20% of the amount found on the
front cartridge (see 9,2).
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4, PRINCIPLE

Ambient air is drawn through a cartridge containing 1-2 grams of Tenax to
trap velatile organic compounds., The cartridge is placed in a heated chamber
and purged with an inert gas which transfers the volatile compounds from the
cartridge onto a cold trap and subsequently onto a high-resolution (capillary)
GC column, which is held at low temperature (e.g., -70°C). The column temper-
ature is then increased (temperature programmed) and the components eluting
from the column are identified and quantified by mass spectrometry. Component
identification is normally accomplished by a library search routine, using GC
retention times and mass spectral characteristics.

5. HAZARDS

Many halogenated organic compounds are proven or suspect carcinogens.
Extreme safety precautions must be exercized in the preparation, handling,
storage and dispesal of liquid or gaseous standards. Such chemicals should be
handled in a verified, high-efficiency fume hood. If the user elects to
prepare compressed gas cylinder standards in the laboratory, the filling

operaticon must be conducted by trained perscnnel aceording tc strict safety
standards,

6. REAGENTS!

Acetone Pesticide quality or equivalent
Methanol Pesticide quality, or equivalent
Pentane pesticide quality or equivalent
Helium Ultra pure, compressed gas (99.9999%)
Nitrogen Ultra pure, compressed gas (99.9999%)

Liquid nitrogen
Perfluorotributylamine (FC-43)

Analytes of interest flighest purity available, for use as
standards (see 9.5.2 and Table 1)

Reference to a company and/or product is for the purpose of information
and identification ¢nly and does not imply approval or recommendation of
the company and/or product by the International Agency for Research on
Cancer, to the exclusion of others which may also be suitable,
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Granular activated charcoal

Tenax GC

Glass wool

APPARATUS!

Gas chrematograph/mass
spectrometer

Thermal descrption unit

Sampling system

Vacuum oven
Stopwatch
Pyrex disks

Glass jar

Powder funnel

Culture tubes

RIGGIN

For preventing contaminaticn of Tenax
cartridges during storage

60/80 mesh (2,6~diphenylphenylene oxide
polymer), Purify before use as described

in section 12.2.

Silanized

System should be capable of subambient
temperature programming. Unit mass resolu-
tion or better up to 800 amu. Capable of
scanning 30-440 amu region every 0.5-1
second. Equipped with data system for
instrument control as well as data acquisi-
tion, processing and storage (see 12.3),

Designed to accommodate Tenax cartridges in
use, See Figures 1la or b

Capable of accurately drawing an air flow
of 10-500 mL/min through the Tenax cart-
ridge (see Figures 2a and b).

Connected tc water aspirator vacuum supply

For drying Tenax

Capped with Teflon-lined screw cap.
storage of purified Tenax

for

For delivery of Tenax into cartridges

To hold individual glass Tenax cartridges

Reference to a company and/or product is for the purpose of information
and identification only and does not imply approval or recommendation of
the company and/or product by the International Agency for Research on
Cancer, to the exclusion of others which may also be suitable.
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FIG. 1. TENAX CARTRIDGE DESORPTION MODULES

(a) Glass cartridges (compression fit)

Teflon

compression

seal

Purge

Cavity for
Tenax
cartridge

Carrier gas

———

Lateh for
compression
seal

Effluent to
6-port valve
To GC/MS

Vent
Freeze-out

| | loop

Liquid
nitrogen
coolant

(b) Metal cartridpges (Swagelok fittings)

/

/

Purge gas —gee

Swagelol

end fittings

Heated block

Tenax cartridge To GC/MS
Effluent to Vent
6-port valve

Carrier gas "
Liquid
nitrogen

coolant
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RIGGIN

FIG. 2. TYPICAL SAMPLING SYSTEM CONFIGURATIONS

{a) Mass flow control

Couplings
to connect
Tenax
cartridge
Mass flow
controllers
Qilless
pump
Vent
(b) Needle-valve control
Rotameter
——— Dry
Vant test - -—— Cou pling to
meter Pump connect Tenax
v cartridge
Needle
valve

Friction-top can (paint can)

Filter holder

To hold clean Tenax cartridges

Stainless steel or aluminum (to accommodate
1 inch diameter filter). Other sizes may
be used if desired. (Optional)
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Dilution bottle

Gas-tight glass syringes

Micreliter syringes

Oven (60 + 5°C)
Magnetic stirrer
Heating mantle

Variable-voltage transformer
(Variac)

Soxhlet extraction apparatus

Infrared lamp

GC column

Empty Tenax cartridges
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2-L, with septum cap for preparation of
standards

10-500 yL, with stainless steel needles

5-50 yL for injecting liquid standards into
dilution bottle

For equilibrating dilution flasks

With 1-inch, Teflon-covered stirring bar

With glass thimbles for purifying Tenax
For drying Tenax

3E~-30 or alternative
capillary or fused silica.

coating, glass

Glass or stalnless steel (see Fig. 3a and b
and Notes on Procedure, 12,1},

FIG. 3. TENAX CARTRIDGE DESIGNS

(a) Glass cartridge

Tenax
~1.5 grams {6 cm bed depth)

Glass wool plugs
{0.5 em long)

Glass cartridge l

{135 mmo.d. x
100 mm long}
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RIGGIN
FIG. 3. TENAX CARTRIDGE DESIGHS

(b) Metal cartridge

1/2” to
1! rr
reducing
union

Glass wool 1/8" end cap
plugs
{0.5 cm long)

\

Metal cartridge

vz {(12.7 mm o.d. x
Swagelok Tenax 100 mm long)
fitting ~1.5 grams (7 cm bed depth)
Polyester gloves For handling glass Tenax cartridges
Glass fiber filter One inch diameter, to fit in filter holder.

(Opticnal)

SAMPLING

Cartridge preparation and pretreatment

NOTE: If the glass cartridge is emplcyed, 1t should be handled with
polyester gloves,

8.1.1 Place a 0.5-1 cm glass-wocl plug in the base of the cartridge, then
fill with Tenax (see 12.2) to within approximately 1 om of the top.
Place 0.5-1 em glass-wool plug on top of the Tenax.

8.1.2 Thermally condition the cartridges by heating for four hours at
270°C under an inert gas (helium) purge (100-200 mL/min).

8.1.3 Immediately place glass cartridges (without cooling) in clean
culture tubes with Teflon-lined screw caps and a glass-wool cushion
at the top and the bottom. Shake each tube to ensure that the
cartridge is held firmly in place. (Metal cartridges are allowed
to cool to room- temperature under inert gas purge and are then
closed with stainless-steel plugs.)
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8.1.4 Label the cartridges and place in a tightly-sealed metal can {(e.g.,

palnt can or similar friction-top container), Cartridges should be
used for sampling within 2 weeks after preparation and analysed
within two weeks after sampling. If possible, the cartridges
should be stored at -20°C in a clean freezer (i.e., no solvent
extracts or other sources of volatile organic compounds),

Flow rate and total volume selection

8.2.1

8.2.2

8.2.3

8.2.4

Each compound has a characteristic breakthrough volume which must
not be exceeded (see Walling et al., 1982). Approximate break-
through volumes at 38°C are provided in Table 1. These volumes are
given only as rough guidance and are subject to considerable
variability, depending on cartridge design as well as sampling
parameters and atmospheric conditicons.

To calculate the maximum total volume of air which can be sampled,
use the equation,

\l’max = meT/1 .5
where,
vmax = maximum total volume of air sample (L)
Vb = breakthrough volume (Table 1) for the least-retained
compound of interest (L/g Tenax)
mp = mass of Tenax in the cartridge {(g)
1.5 = safety factor appropriate for temperatures in the range

25-30°C. (If higher temperatures are encountered, the
factor should be increased,)

To calculate maximum flow rate use the equation,

F = Vv /G
max max
where
Emax = maximum volumetric flow rate (L/min)

t

1)

‘desired sampling time (min)

The maximum flow rate should yield a linear flow velocity ¢f 50-500
cm/min. Calculate the linear velocity corresponding to the maximum
flow rate using the equation,

v = 103%F /r2
max
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where
v = linear flow velocity (em/min)
r o= internal radius of the cartridge (cm)
If v 1s greater than 500 cm/min, either V or F should be

X
reduced. If v is less than 50 cm/min, Fmax sﬂguld be 1ncreased.

The flow rate calculated as described above iz the maximum flow
rate allowed. In general, one should collect additional samples in
parallel for the same time period, but at lower flow rates., this
practice yields a measure of quality control (see Walling et al.,
1982). In general, flow rates 2- to 4-fold lower than the maximum
flow rate should be employed for the parallel samples. In all
cases, a constant flow rate should be achieved for each cartridge,
Since accurate integration of the analyte concentration requires
that the flow be constant over the sampling period,

8.3 Sample collection

NOTE:

8.3.1

8.3.2

8.3.3

For the collection of an accurately known volume of air, the use of
mass flow controllers, rather than conventional needle valves or
orifices, is highly recommended, especially at low flow velocities
(e.g., < 0.1 L/min). Figure 2a shows a sampling system using mass
flow controllers, which readily allews for collection of parallel

samples. Figure 2b shows a commercially-available system using
needle-valves.

Prior to sample collection, insure that the sampling system has
been calibrated over a range including the flow rate to be used for
sampling, with a representative Tenax cartridge in place. General-
ly calibration is accomplished wusing a scap-bubble flow meter or
calibrated wet test meter, The flow calibration device is connect-—
ed to the flow exit, assuming the entire flow system is sealed.
ASTM Method D3686 describes an appropriate calibration scheme, not
requiring a sealed flow system downstream of the pump.

To collect an air sample, remove the cartridges from the sealed
container just prior to initiation of the collection process. If
glass cartridges are employed, they must be handled chly with poly-
ester gloves and should not contact any other surfaces,

Place a particulate filter and holder on the inlet tc the cart—

ridges and connect the exit end to the sampling apparatus. (The
use of a filter is not necessary if only the total concentration of
a component 1s desired.} Glass cartridges are connected using

Teflon ferrules and 3wagelok (stainless steel or Teflon) fittings.
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Start the pump and record the fcllowing parameters: date, sampling
location, time, ambient temperature, barometriec pressure, relative
humidity, dry gas meter reading (if applicable) flow rate, rota-
meter reading (if applicable), cartridge number and dry gas meter
serial number,

Check the flow rate befcre and after each sample collecticn. If
the sampling interval exceeds four hours, check the flow rate at an
intermediate point during sampling as well,

At the end cof the sampling pericd, record the parameters listed in
8.3.4. If the flow-rates at the beginning and end of the sampling
period differ by more than 10%, the cartridge should be marked as
of doubtful value.

Remcve the cartridges (one at a time} and place in the original
contalner. Seal the cartridges ¢r culture tubes in the friction-
top can (containing a layer of charcoal) and ship immediately to
the laboratory for analysis., Store cartridges at reduced tempera-
ture (e.g., -20°C) before analysis,

Calculate and record the average sampling rate for each cartridge.

Calculate and record the total volume sampled for each cartridge at
the average temperature and pressure recorded.

Calculate the total volume at standard conditions, V

, (25°C and
760 mm Hg) from the equation, s

- 298 VP
s  T60T
where,
Vm = total vo;ume sampled at average pressure and temperature (L)
P = average barometric pressure during sampling (mm Hg)

T = average ambient temperature during sampling (°K)
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PROCEDURE
Blank tests

9.1.1 Check each batch of Tenax cartridges (prepared as described in 8.1)
for contamination by analysing one cartridge immediately after
preparation. The blank cartridge should be demonstrated to contain
less than cone fourth of the minimum level of interest for each
analyte. For most compounds, the blank level should be less than
10 ng per cartridge. If a cartridge does not meet this criterium
the entire lot should be rejected,

9.1.2 For each group of samples to be taken at a given site, send at
least one clean cartridge to the field and back to the laboratory
{without being used) to serve as a field blank. If the blank level
is greater than 25% of the sample level, data for the analyte
concerned must be considered to be of doubtful value.

Check test

In addition to the field blank(s), attach a second cartridge in series
with ¢ne or more of the sampling cartridges. These back-up cartridges
should trap less than 20% of the amount of analytes of interest found in
the front cartridges, or the same amcunts as the field blank, whichever
is the greater, The frequency of use of back-up cartridges should be
increased if increased flow rate is shown to yield reduced component
levels for parallel sampling (8.3). This practice will help to detect
the occurrence of breakthrough of the compound of interest during
sampling,

Test portion
Not applicable

GC/MS operating conditions

9.4.1 Prior to insStrument calibration or sample analysis, assemble the
GC/M3 system as shown in Figure 4. Set helium purge flows (through
the cartridge) and carrier flow at approximately 10 mL/min and 1-2
mL/min, respectively. If applicable, set the injector sweep flow
at 2-4 mL/min,

9.4.2 Once the column and other system components are assembled and the
various flows established, increase the column temperature to 250°C

for approximately four hours (or overnight if desired) to condition
the columm,
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9.4,.3 Set MS and data system according tc the manufacturer's instruc-

tions, Use electron-impact ionizaticn (70 eV) and an electron
multiplier gain of approximately 5 x 10*. Once the entire GC/MS
system has been set up, calibrate as described in $.5., Prepare a

detailed standard operating procedure (30P) deseribing this process
for the particular instrument being used.

9.5 Instrument calibration

9.5.1 Carry out tuning and mass standardization of the M3 system accord-
ing to manufacturer's instructions and relevant information from
the user-prepared SOP. Employ perfluorotributylamine for this
purpose and introduce it directly into the ion source through a
mclecular leak. Adjust the instrumental parameters to give the
relative icon abundances shown 1in Table 2, as well as acceptable
resoclution and peak shape. In the event that the instrument
employed cannot achieve these relative ion abundances, but is
otherwlse operating properly, adopt another set of relative
abundances as performance criteria. However, these alternative
values must be repeatable on a day-to~day basis.
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FIG. 4, BLOCK DIAGRAM OF ANALYTICAL 3YSTEM

Purge gas

{

Thermal
desorption
chamber

6-port high-temperature valve

Capillary

gas T
chromatograph

Mass Data
spectrometer system

Heated
blocks

Vent
Freeze-out loop

Carrier
gas

Liquid
nitrogen
coolant

Table 2. Suggested performance criteria for relative 1lon abundances from
FC-43 mass calibration

Ion (m/z) Relative abundance
51 1.8 + 0.5

69 100

100 12.0 + 1.5

119 12.0 + 1.5

131 35.0 &+ 3.5

169 3.0 *+ 0.4

219 24.0 £ 2.5

264 3.7 + 0.4

314 0.25 + 0.1




9.5.2

9.5.3

9.5.4

VOLATILE ORGANIC COMPQUNDS IN AMBIENT AIR 283

After the mass standardization and tuning process has been
completed and the appropriate values entered into the data systenm,
calibrate the entire system by introducing known quantities of the
analytes of interest into the system. One quantity near the mid-
peint of the range of interest should be chesen for injection every
day, to determine response reproducibilty. One of three procedures
may be emplcyed for the calibratiocn process: (1) direct syringe
injection of dilute vapour-phase standards, prepared in a dilution
bottle, cntc the GC column, (2) injection of dilute vapour-phase
standards intc a carrier gas stream directed through the Tenax
cartridge, and (3) ingroduction of permeation or diffusion tube
standards conte a Tenax cartridge. These procedures are described
in sections 12.4-12.6. The following paragraphs deseribe the
instrument calibration process for each procedure.

Calibraticn by direct injection of gasecus standards,

Prepare a standard in a diluticn hottle as described in 12.4. Cocl
the GC column to¢ -70°C (or manually cool a portion of the cclumn
inlet with liquid nitrogen). The electron-emissicn filament should
be ecold during the initial 2-3 min of the run, while oxygen and
other highly-velatile components elute. Inject an appropriate
volume (< 1 mL) of the gasecus standard onto the GC using an
accurately-calibrated gas-tight syringe. Maintain the ecoclumn at
-70°C for 2 min, then rapidly increase the column temperature to
the desired initial temperature (e.g., 30°C). Start the temperature
pregram at a fixed time (e.g., four min) after injection, switeh on
electron-emission filament and initiate data acquisitien. Repeat
9.5.3 for each analyte of interest, using different injecticn
volumes, as desired, (Ideally, each analyte of interest should be
determined at three or more calibration levels daily.)

Calibration by analysis of spiked Tenax cartridges

Prepare a set of cartridges as deseribed in 12.5 or 12.6. Pricr to
analysis, stere the cartridges as described in section 8.1. Cool
the GC column te -70°C, immerse the collecticn loop in liquid
nitrogen and maintain the descrption module at 250°C. With the
inlet valve in the desorb mecde, place the standard cartridge in the
desorpticon module, making certain that no leakage of purge gas
cceurs. Purge the cartridge for 10 min, place the inlet wvalve in
the inject mocde and remcve the liquid nitrogen frem the collection
trap. Maintain the cclumn at -70°C for 2 min, then continue as
deseribed in 9.5.3. After the process is complete, remove the
cartridge from the descrption module and store for subsequent use
as deseribed in 8.1. '
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9.6, Sample

RIGGIN

NOTE: Data processing for instrument calibration involves deter-
mining retention times and integrated characteristic-ion
intensities for each of the compounds of interest. In
addition, for at least one chromatographic run, the indivi-
dual mass spectra should be inspected and compared to
reference spectra to ensure proper instrumental performance.

analysis

Analys
for th

NOTE:

10. METHOD

10.1 Calibr

e samples and blanks by following the procedure described in 9.5.4
e analysls of spiked Tenax cartridges.

Sample data processing generally involves (1) qualitatively deter-
mining the presence or absence of each compound of interest
(presence or absence of characteristic ion at correct retention
time) using a reverse-search software routine, (2) quantifying each
cempound by integrating the intensity of a characteristic ion and
comparing the peak area to that of the calibration standard, and
(3) tentative identification of other compounds observed using a
forward (library) search software routine.

OF CALCULATION

ation response factors

10.1.1

10.1.2

Use data from calibration standards to calculate a response factor

for each compound of interest, Determine each response factor
(area/ng injected) from the linear least-squares fit of a plot of
nanograms injected versus area for the characteristic ion. If

data for at least three calibration levels is not available for a
given day, pool calibration data from consecutive days to yield a
response factor, provided that analysis of replicate standards of
the same concentration are shown to agree within 20% on the conse-
cutive days.

If substantial non-linearity is present in the calibration curve,
fit the data to the equaticon,

A=z a+ gm+ ym?2

where
A = GC peak area for characteristic ion
m = mass of compound {ng)

a» B and y are numerical coefficients
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10.2 Analyte concentrations

10.2.1 Caleulate analyte quantities on a sample cartridge from the

equation,
= 2
Aa a + pm + ym
where
Aa = GC peak area of the analyte characteristic-ion for the

sample cartridge

m_ = mass of analyte on the sample cartridge (ng)

a

ay B and y = constants calculated from the calibration curve
{(10.1.2)

NOTE: If instrument response is essentially linear over the concen-

tration range of interest, a linear equation (y = 0) can be
employed.

10.2.2 Calculate the mass concentration of analyte, Pgr in the original
air sample from the equatiocn,

Py = ma/VS (ng/L.)

where V_ and m, have been defined in 8.3.9 and 10.2.1, respect-
ively.

NOTE: If the response factor (10.1) is cbtained using spiked-
cartridge calibration standards (9.5.8), o includes an
automatic correction for recovery of analyte from the
cartridge.

-11. REPEATABILITY AND REPRODUCIBILITY

The performance of this method has not been rigorously tested. However,
repeatability is estimated to be + 25% (relative standard deviation).
Recovery is a function of the component retention (breakthrough) volume,
sampling volume, ambient condition, and related factors. Under ideal
conditions, overall reccveries (trapping + desorption) of > 75% can be
achieved for many compounds of interest.
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12.

12.1

12,2

12.3

RIGGIN
NOTES ON PROCEDURE

The glass cartridge minimizes contact of the sample with metal surfaces,
which can lead Lo decomposition in certain cases. However, a disadvan-
tage is the need te¢ avoid contamination of the outside portion of the
cartridge, since it is exposed to the gas stream during the desorption
process. The metal cartridge has the advantage that only the interilor is
purged,

Prior to use, subject the Tenax resin to the following treatment (all
glassware used in Tenax purification and all cartridge materials should
be theoroughly cleaned by water rinsing, followed by an acetone rinse, and
dried in an oven at 250°C}, Place bulk Tenax 1in a glass extraction
thimble and hold in place with a plug of clean glass wcol. Place the
thimble in the soxhlet apparatus and extract for 16-24 h with methanol,
then for 16-24 h with pentane, at approximately 6 cycles/h. (Glass wool
for cartridge preparation should be cleaned in the same manner.) Imme-
diately place the extracted Tenax in an open glass dish and heat under an
infrared lamp for two hours in a fume hood (do not over-heat), then place
in a vacuum oven (evacuated using a water aspirator) without heating for
one hour. (Use an inert gas purge of 2-3 mL/min for the removal of
solvent vapours.} Then increase the oven temperature to 110°C, maintain-
ing inert gas flow, and hold for one hour. Allow the oven to cocl to
room temperature and, before opening, pressurize slightly with nitrogen
Lo prevent contamination with ambient air. 3ieve the Tenax through a
40/60 mesh sieve (acetone-rinsed and oven-dried) into a clean glass
vessel. If the Tenax is nct To be used immediately for cartridge prepa-
ration it should be stored in a clean glass Jjar with a Teflon-lined screw
cap and placed in a desiccator.

A block diagram of the typical GC/M3 system required for analysis of
Tenax cartridges is depicted in Figure 4, Exposure of the sample to
metal surfaces should be minimized and only stainless steel or nickel
should be employed, The volume of tubing and fittings leading from the
cartridge to the GC column must be minimized and all areas must be well-
swept by helium carrier gas. The GC column inlet should be capable of
being cooled to -70°C and subsequently heated rapidly to approximately
30°C. The GC column and temperature program employed will depend on the
compounds of interest. Appropriate conditions are described in the
literature (see Krost et al., 1982; Pellizzari & Bunch, 1979; Kebbekus &
Bozzelli, 1982). In general, a non-polar stationary phase (e.g., 3E-30,
OV-1) programmed from 30°C %o 200°C at 8°/min wiil be suitable. Fused-
silica bonded-phase capilliary coclumns are preferable to glass columns,
since they can be inserted directly intoc the M3 ion source. Column
dimensions of 50 m x 0.3 mm i.d. are generally appropriate.
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injection of gasecus calibration standards

12.4.1

12.4.2

12.4.3

12.4.4

12.4,5

Place fifteen 3-mm diameter glass beads and a cone—inch Teflon
stirbar in a clean 2-L glass, sepbum-capped bottle and determine
the exact volume by weighing the bottle before and after filling
with deionized water, BRinse with acetone and dry at 200°C.

Calculate the mass of each standard to be injected into %the bottle
using the equation,

- #
mb = miVb/Ii

where

m, = mass of analyte to be injected into the bottle (mg)

m, = desired mass of analyte to be injected onto GC or spiked
cartridge (ng)

V: = GC or cartridge injection volume {(yL) (should not exceed
500 uL)

Vb = volume of dilution bottle determined in 12.4.1 (L)

Determine the volume of the liquid standard %o be injected into
the dilution bottle using the equation,

Vl = mb/d

where

<3
[

1 = velume of 1liquid standard to be injected into bottle (uL)

(=9
1]

mass density of the liquid standard (g/mL) and
m_ is defined in 12.4.2

Deliver V. uL of the liquid standard through the septum using a
microliteér syringe and place the bottle in a 60°C ¢oven for at
least 30 min prior to removal of a vapour-phase standard.

To withdraw a standard for GC injection, remove the bottle from
the oven and stir for 10-15 s. Insert a gas-tight syringe (warmed
to 60°C) through the septum cap and pump three times slowly. Draw
the appropriate volume of sample (approximately 25% 1larger than
the desired injection volume) inte the syringe and adiust the
volume to the exaet value desired, then immediately inject over a
5-10 8 peried onto the GC,
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12.5 Preparation of spiked cartridges by vapour-phase injeecticn

12.5.1

12.5.2

Prepare a dilution bottle containing the desired concentrations of
the compound(s) of interest as desecribed in 12.4.

Assemble a helium purge system wherein the helium flow (20-30
mL/min) is passed through a stainless-steel "tee" fitted with a
septum injector. Connect the clean Tenax cartridge downstream of
the tee, using appropriate Swagelok fittings, and inject the
desired volume of vapour standard (taken from the dilution bottle
as described in 12.4.5). Flush the syringe several times by
alternately filling with carrier gas and displacing the contents
into the gas stream, without removing the syringe from the septum.
Maintain gas flow through the cartridge for approximately 5 min
after injection.

12.6 Preparation of spiked cartridges using permeation or diffusion tubes

12,6.1

12.6.2

Generate a flowing stream of inert gas containing known amounts of
each compound ¢f interest according to ASTM Method D3609(6) (see
Annual Book of ASTM Standards, 1984). Note that a method which
maintains the temperature within + 0.1°C is required and the
system usually must be equilibrated for at least 48 h before use.

Draw an accurately known volume of the standard gas stream
(usually 0.1-1.0 L) through a clean Tenax cartridge, using the
sampling system shown in Figure 2, If mass-flow controllers are
employed they must be calibrated for the carrier gas used in
12.6.1 (usually nitrogen).
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13. SCHEMATIC REPRESENTATION OF PROCEDURE

Purify Tenax GC and prepare sampling cartridges

|

Sample known volume of air with Tenax cartridge

|

Calibrate GC/MS system and cobtain response factors
(calibration curves) for analytes of interest,
using direct injection of standards or spiked cartridges

1

Analyse sample cartridges and blanks

|

Identify and quantify analytes, using retention times,
GC peak areas (characteristic ion)
and response factors {(calibration curves)

14. ORIGIN OF THE METHOD

A number of research organizaticns have emploved variations of the method
described herein. This presentation was prepared by:

Dr Ralph M. Riggin

Battelle Columbus Laboratories
505 King Avenue

Columbus, Ohio 43201-2693

Usa

Contact point: Dr Ralph M. Riggin



DETERMINATION OF HALOGENATED ALKANES AND ALKENES
IN WATER



WATER SAMPLING

A. MacKenzie Peers

INTRODUCTION

EXperience 1indicates that the wultimate purpose of any analytical
programne is best served when the analyst is involved as far as posszible in
all aspects of the sampling process, and particularly in those of collection
and preservation prior £o analysis. It is axiomatic that the finest analysis
is of 1little use if the sample is not representative and it should therefore
be emphasized that sample collection and preservation are critical steps in
the overall analytical process,

dater supplies are analysed for a wide variety of reasons, and these
largely determine the choice of site, sampling programme and type of sample
required. Detailed statistical and other considerations pertaining to the
establishment of adequate sites and sampling programmes, however, are beyond
the scope of this chapter, which will deal in a general way with the more
salient aspects of sample collection and preservation. The variability of
water quality is such that detailed procedures in any given case must be left
to the judgement of the analyst. The following exposition has been condensed
from the references cited at the end of this Introduction,

Sample collection

Sampling requirements may differ considerably between rivers, lakes and

underground waters. Variability is generally greatest in rivers and the
determinand range will be greater, the closer its source to the site of
collection. An ‘integrated' sample (see below) iz preferable in the case of

rivers or streams. If only a single 'grab' sample can be collected, it is
best taken in the middle of the stream, at mid-depth.

Lakes and reservoirs exhibit seasonal thermal stratification and are also
subject to variations from causes such as rainfall and wind. All these
factors, and the purpose of the investigation, must be taken into account when
choosing sampling locations, frequencies and types.

When sampling water from wells, the water should be pumped sufficiently
to ensure that the sample represents the groundwater that feeds the well.

Distribution systems should likewise be adequately flushed to ensure that
the sample is representative of the supply.

~293-
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The detailed selection of sampling points is critical in the case of
rivers and lakes, as determinand concentrations may vary considerably with
numercus factors, such as distance from shore, type and rate of flow, depth
below surface, temperature, turbidity, etc. The concentrations of volatile
determinands {e.g., certain halocarbons) are particularly sensitive to tempera-
ture and distance from source. Particulate matter can adsorb scme halocarbons
and cther determinands. If necessary, it may be removed by filtration or cen-
trifugation and analysed separately, as recommended by Wegman and Qake {(1983).

Blank samples should be prepared {(using distilled, 'organic-free' water)
at the time the water sSamples are collected, and should be submitted to the

entire procedure (collection, preservation, transport, storage and analysis)
to which the water samples are subjected. '

Frequency and time of sampling

To characterize a water source, it is often necessary to determine mean,
maximum and minimum values over a period of time. The closeness of the
measured values to the true values will depend on the variability of the
determinand and on the number of samples taken, The variations with time may
be random (storms, industrial discharges, accidents, ete.) or cyclic, the
latter with periods ranging from a few hours to a few months (seasonal) or
years, S50 that careful consideration must be given to time and frequency of
sampling. It may be noted that the reliability of a mean value is not propor-
tional to the number of samples taken, but to the square root of that number,

Type of sample

(a) A 'spot', 'grab' or 'catchn' sample can only represent the water composi-
tion at the time and place at which it is taken. Single grab samples are
therefore useful only when the determinand is known to vary little with time
and/or location.

(b) A 'composite' sample consists of a mixture of a series of grab samples
taken at different times at a given point. If the grab samples are of equal
volume, the composite is "time-based" (or —weighted). If the volumes are pro-
portional to the flow rate at the time of sampling, the composite is termed
"flow-based". Such samples are used to give average values for the time
interval employed. Composite samples cannot be used if the determinand is
subject to significant, unavoidable changes on storage.

{(¢) An 'integrated' sample consists of a mixture of grab samples taken at the
same time at a number of different locations. If it is desired, for example,
to determine the average composition {(or total loading) of a stream, grab
samples should be taken at different points on a cross-section of the stream.
If the sample volumes are equal, each Sample must be analysed separately and
the average determinand concentration calculated only after each result has
been multiplied by the volume flow rate at the point of sampling. Multiple
analyses may be avoided, however, if the volume of each grab sample is propor-
tional to the flow-rate at the sampling point.
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Containers

Sample bottles are normally of glass or plastic and must be capable of
being tightly sealed. In the case of organic determinands, glass bottles are
to be preferred, being less likely to contaminate the sample or adsorb the
determinand.

For the determination of halocarbons, it is recommended that the bottles
be rinsed with acetone and heated two or three hours at 150°C before use. The
bottle should be completely filled, leaving only a minimal air-space when
capped.

A sample volume of two litres is sufficient for most analyses.
Preservation

Once a sample has been taken, changes in composition will begin, These
can, at best, only be retarded by conservation techniques. The most appropri-
ate technique in a given case will depend on the nature of the determinand, as
well as con the overall composition of the sample, Microbioclogical activity,
for example, may reduce residual chlorine to chloride. Such activity can be
greatly retarded by keeping the sample in the dark and at low temperature
(4°C), whiech will alsc reduce the rates of other physical and chemical reac-

tions. The addition of chemical preservatives is generally less desirable
than storage at low temperatures in the absence of light, since they render
the sample unfit for a number of determinations. When determining halo-

carbons, however, free chlorine should be removed by the addition of a
reducing agent, such as scodium sulfite or ascorbic acid, since chlorine can
react with organiec materials to form halogenated compounds. It can alsco
oxidize bromide and icdide ions to species capable of participating in
reactions resulting in the formation of halomethanes (Wegman & Oake, 1933).

Whatever method of preservation is employed, the time interval between
sample collection and analysis should be kept as short as possible.
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DETERMINATION OF ORGANIC-BOUND HALOGEN
IN WATER SAMPLES

INTRODUCTION

P.A. Greve & R.C.C. Wegwan

Organchalogen compounds are produced in large quantities in many
countries and are used for a wide variety of purposes. It is not surprising,
therefore, thal many organohalogen compounds have been found in the environ-
ment and that the possible pollution of ground-, drinking- and surface-waters
by these compounds is a matter of concern.

Specific methods which datect individual organchalogen compounds are
available (see this volume, Methods 15 and 16}, but the wide variety of organo-
halogen compounds which can occcur in principle makes a complete coverage by
compound-specific methods virtually impossible. It is therefore desirable to
have general methods which determine, by means of a "sum—parameter', the group
of organohalogen compounds as a whole, Comparison c¢f the sum—parameter with
the sun of identified organohalogen compounds will indicate whether or not
unidentified compounds are also present, The sun-parameter can also be used
to detect substantial deviations from "norwal™ values.

The analytical background of the determination of organic halogen has
peen discussed by Wegman (1981). From this discussion, it can be concluded
that one parameter covering all possible organchalogen compounds in a water

cannct be given; instzad, at least three parameters must be defined,
accceunting for:

(i) the more-volatile, sparingly water-scluble fraction;
{(ii) the less~volatile, sparingly water-scluble fraction;
(iii1) the water-socluble (polar} fraction,

For pressnt purposes, only fractions (i) and (ii) are of interest.

Fraction (i) wainly consists of compounds with a Henry coefficient of
more than 0.05 at 25°C; e.g., dichloromethane, chloroform, 1,2-dichloro-
ethane, ete. It is currently designated as the fraction containing "Volatile
Organic-bound Halogen" (VOH). A purge-and-trap technique is used as a concen-
tration step prior to the determination of VOH, hence it 15 sometimes also

called "Purgeable (Qrganic-bound Halogen" (POH, or, using the symbol X for
halogen, POX).

Fraction (ii) consists of the other sparingly water-scluble organohalogen
compounds (in practice, compounds with a solubpility in water of more than 1%
at room temperature contripute little to this parameter). It is determined in
a petroleum ether (or hexane. or pentane) extract of the sample and is there-
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fore currently designated as "Extractable Qrganic-bound Halogen" (EOH or EO0X).
More polar solvents have been used for the extraction, but, mainly because of
their questicnable purity (presence of crganchalogen compounds), none of them
has found wide application (Oake, 1983).

Both EOQH and YOH are determined by micrccoulometry. This method is
sensitive and relatively cheap, but does not differentiate between the four
halogens. From data supplied by Wegman & Greve (1977) it can be calculated
that the average relative response for the four halogens I/Br/Cl/F =
0.4/0.7/1.0/0.0. In practice, both VOH and EQOH are expressed as chlorine.
Reccveries and ocecurrence of a great number of organchalogen compounds are
given by Oakes (1983).

Analytical procedures fcor the determination of EOH and VOH are given in
Metheds 13 and 14, which follow.

REFERENCES

Dake, R.J. (1983) Methods for determinaticn of eXtractable organco-halide.
In: Comnission of the European Communities, Directorate-General for
Science, Research and Development, Concerted Action "Analysis of Organic
Micropeollutants in Water" (CO3T 64B-bis), doe. OMP/37/83, Part II, pp.
38-60

Wegman, R.C.C. (1981} Determinaticn of corganic halcgens; a ecritical review of
Sum parameters. In: Bjérseth, A. & Angeletti, G., eds, Proceedings
Second European Symposium on the Analysis of Micropollutants in Water,
Killarney, 17-19 November 1981; D. Reidel Publishing Comp., pp. 249-263

Wegman, R.C.C. & Greve, P.A. (1977} The micro-coulcmetric determination of
extractable organic halcgen in surface water; application to surface
waters of the Netherlands. 3Sei. Total Envircn., 7, 235-245




METHOD 13

THE DETERMINATION OF EXTRACTABLE ORGANIC-BOUND
HALOGEN (EOH) IN WATER

P.A. Greve & R.C.C., Wegman

1. 3COPE AND FIELD OF APPLICATION

The method is suitable for the determination of Extractable Organic-bound
Halogen in water samples. The detection limit is approximately 0.2 ug
chlorine/L and the time required for analysis is about 90 min.

2. REFERENCES

Wegman, R.C.C. & Greve, P.A. (1977) The micro-coulometric determination of
extractable organic halogen in surface water; application to surface
waters of the Netherlands. Sci. Total Enviren., 7, 235=245

Wegman, R.C.C, & Oake, R.J. (1983) Guidelines for the determinaticn of
extractable organic halogen in waters {EOH). In; Commission of the
European Communities, Directorate-General for Science, Research and
Development, Concerted Action "Analysis of Organic Micropollutants in
Water" (CO3T 64B-bis), doc. OMP/37/83, Part I, pp. 22-26

3. DEFINITION

Extractable Organic-bound Halogen (EOH) is defined as the halogen,
measured by microcoulometry and expressed as chlorine, formed by total combus-—
ticn of a petroleum ether extract of a water sample. It is of importance to
stress that the parameter is defined by the analytical procedure, sc that the
methed described must be strictly followed.

4. PRINCIPLE

The water sample is extracted twice with petroleum ether. The extract is
dried with sodium sulfate and cconcentrated to a small volume. n-Hexadecane 1is
added as a "holder" and the sclution is concentrated further at room tempera-
ture. An aliquot of the concentrated extract is injected intoc a cembustion

furnace. The hydrohalogens formed are passed inte a cell and determined by
microcoulometry.
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5.

concentrated acetic acid solution,
separate, well-ventilated housing.

skin,

6.

HAZARDS

GREVE & WEGMAN

As the microcoulometric determination of halegen icns is carried ocut in

the titration cell should be placed in a

The procedure involves the use of oxygen at high temperatures and the
usual precautions for working under these conditions should be taken.

Aldrin is highly toxic by ingestion and inhalation and is absorbed by the

REAGENTS!

Petroleum ether, b.r. 40-60°C Freshly-distilled.

Sodium sulfate

n-Hexadecane

Glacial acetic acid, A.R.

Sedium perchloerate
monohydrate

Aldrin
Oxygen
Argon
Helium
Concentrated sulfuric acid

Generator electrolyte

Check for the absence
of halogen-—containing impurities

Heat at 500°%C for 3 hours

Fluka, art.nr. 52210, or equivalent. Check
for the absence of Thalogen-containing
impurities

AnalaR, art.or. 10001, or equivalent

Baker Analysed Reagent, art,.nr. 2815, or
equivalent

ultra-pure
AnalaR, art.nr. 10276, or equivalent

Dissolve 10 g sodium perchlorate mono-
hydrate in approx. 200 mL aqua bidest, add
780 g glacial acetic acid and make up to
1 000 mL with aqua bidest.

Reference toc a company and/or product is for the purpose of informaticn

and identification only and does not imply approval or recommendation of
the cempany and/or product by the International Agency for Research on
Cancer, to the exclusion of others which may also be suitable,
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Aldrin standard solution

Sodium chloride standard
solution
APPARATUS?

Filtration system

Kuderna-Danish evaporator
Centrifuge

Combusticn furnace,

equipped with automatic
injection device and coupled
to a microcoulometer with
integrator, via a trap
containing concentrated
sulfuric acid

Glass bottles

SAMPLING

Prior to sampling,
hours at 100°C.

rinse the

Drinking water samples may contain free chlorine,
add approximately 0.1

removed; to this end,

303

Prepare 50 to 100 mL at a concentration of
45~-55 pg/L in petroleum ether: n-hexadecane
(9:1, wv/v). Store in refrigerator and
replace after one year.

Approximately same concentration (in water)
as Aldrin standard solution.

Millipore {Waters Ass. Milford, Mass.,
Usa)

For 1 L sample, 800-900 x g

The complete system, based on the principles
described by Wegman and Greve (1977}, is
produced by the "Keuringsinstituut voor
Waterleidingartikelen" (KIWA), Churchilllaan
273, 2280 AB Rijswijk, Netherlands, and by
Euroglas B.V., Buitenwatersloot 341, 2614 GS
Delft, Netherlands. A flow diagram of the
system is given in Figure 1.

1 L, with screw cap. (Blood bottles with

Teflon-lined rubber septa are also suit-
able.)

bottles with acetone and heat them for 2-3

whiech has to be
g of ascorbic acid to each

water sample as it is collected.

Reference to a company and/or product is for the purpose of information
and identification only and does not imply approval or recommendation of
the company and/or product by the International Agency for Research on
Cancer, to the exclusicn of others which may also be suitable.



304

8.3

8.4

.1

GREVE & WEGMAN

FIG, 1. FLOW DIAGRAM FOR THE DETERMINATION OF EOH

argon oxygen

sampie ———= f—— — —
automatic combustion scrubber micro- integrator
injector furnace coulometer + recorder

Prepare a blank sample (see 9.1) and treat in all respects in the same
way as the water sample., Fill the bottles so as to leave only a minimal
air-space,

Store samples in the dark at about 4°C, in a contaminant-free area.
Analysis should be carried out as soon as possible after sampling, since

the maximum time of safe storage (without decompositicon or artefact
formation) depends on the nature of the water to be analysed.

TEST PROCEDURES

Blank test

Blank tests must be carried out in order to ensure that the reagents used
d¢ not ccntain halogens in amounts which would interfere with the deter-
mination, Blank samples can be prepared from distilled water by passing
it through 2 Millipore system, followed by purging with ultra-pure helium
for 48 h at 95°C.

Care must be taken that the air of the labeoratory, which can also contain
halogenated compounds, deces not give rise to erratic results.
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Check test

The performance of the combustion and titration system must frequently be
checked by determining the yield obtained with standard substances.
Aldrin is often used for this purpose; the yield for this compound
should be at least 90%. As for the unknown extracts, the solution must
be prepared in petroleum ether:n-hexadecane {(9:1, v/v). Typically, 100

pL of scluticn containing 4.66 ng aldrin is injected inte the combustion
furnace.

The performance of the titration cell must be checked by the direct
addition of standard solutions of sodium chloride.

The generator anode should be regularly re-plated with silver, as
described in the manual provided with the apparatus.

The sulfuric acid in the scrubber must be replaced regularly,
Small particles (e.g., of partly burned materials) in the combustion

furnace can substantially decrease the yield of the combustion. The
tubes must therefore be kept scrupulously clean.

Test portion

100 mL, representative water sample

Determination of EOH

9.4.1 Assemble the combusticn/titration system as described 1in the
manual. The following settings are advised:

argon flow: 80 mL/min
oxygen flow: 250 mL/min
temperatures: injection port, 350°C

scerubber inlet, 70°C
furnace, 850°C

bias voltage: =310 mV (using the Ingold Ag/AgCl electrode, type
373 M5 NS, as the reference electrode)
gain: 4 ma/vV

injection speed: 0.2 mL/sec

3.4.2 Extract 1000 mL water with 2 x 100 mL petroleum ether (3See 3Sections
12.1 and 12.2). Shake for at least 5 min at each extraction.

9.4,3 Combine the organic phases and dry with sodium sulfate.

9.4.4 Concentrate the dried sclution in a Kuderna-Danish evaporator to
approximately 5 mL.
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9.4.5 Add 0.5 mL n-hexadecane and concentrate further to exactly 1 mL by
means of a gentle stream of nitrogen.

9.4,6 Inject 100 pL into the furnace, using the automatie injection
device.

9.4.7 Record the number of millicoulombs {(mC) used for the titration
(given by the integrator).

10. METHOD OF CALCULATION

The mass concentration, p, of EOH is given by

0.368 W,
p = —— (ug/L)
V.V
i's
where
0,368 = conversion factor derived from Faraday's law {(ug/mC)
Q z quantity of electrical charge used for titration (mC)
VS = volume of water sample analysed (L}
Vi = volume injected (L)
Ve = final volume of extract in 9.4.6 (L)

11. RECOVERY, REPEATABILITY AND REPRODUCIBILITY

The performance of the system is best checked by determining the recovery
for aldrin as described in section 9.2. Typically, a recovery of 92%
(standard deviation, 2%) is found for repeated determinations on one day. The

coefficient of variation over a two-year period in the authors' laboratory was
4%.

12. NOTES ON PROCEDURE

12.1 If the sample contains appreciable amounts of particulate matter, the
following procedure is recommended before the extraction, step (9.4.2).

12.1.1 Centrifuge water sample at 800-900 x g for 10 min.

12.1.2 Agitate (e.g., in an ultrasonic bath) 1 g particulate matter with
5 mL acetone.

12.1.3 Centrifuge, decant the supernatant and repeat the extraction with
another 5 mL portion of acetone.
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12.1.4 Combine the acetone extracts and add 100 mL water. Extract with 2
x 100 mL petrcleum ether and shake feor at least 5 min at each
extracticn. Proceed as deseribed in 9.4.3 to 9.4.7 inclusive.

12.2 It can be of interest to differentiate between basic, neutral and acid
crganchalcgen compounds in the water sample under investigaticn. To this
end, extraction {(9.4.2) is first carried out at pH 4 after acidifying
with 4 mol/L hydrochloric acid and the aquecus layer 1s subsequently re-
extracted at pH 7 and 10 (after addition of 4 mocl/L scdium hydroxide
soluticn). Each crganic extract is analysed separately.

13. 3SCHEMATIC REPRESENTATION OF THE METHOD

Separate, if necessary, particulate matter from the water phase by centri-

fugation
Parficulates

Extract 1 g with 2 x 5 mL acetcne

1

Ccmbine the crganic phases,
add 100 mL water, extract with
2 % 100 mL petroleum ether,
combine the organic phases and
dry with scdium sulfate

Concentrate each extract tc a few
milliliters in a Kuderna-Danish evapcratoer,
add 0.5 mL n-hexadecane,

concentrate further toc exactly 1 mb with

a gentle stream of nitrogen

at room temperature

Inject 100 yL of each extract in the
combustion furnace and titrate.
Record the respcnses of the integrator

\

Calculate the EOH-ccncentrations in the
samples using the equation of secticn _10.

|

Supernatant

Extract 1000 mL with 2 x 100 mL
petroleum ether

Combine the crganic phases and
dry with scdium sulfate
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14. ORIGIN OF THE METHOD

Laboratory for Organic Chemistry

National Institute of Public Health and Envirommental Hygiene
P.0. Box 1

3720 BA Bilthoven, Netherlands

Contact pceints: P.A. Greve
R.C.C. Wegman



METHOD 14

THE DETERMINATION OF VOLATILE ORGANIC-BOUND HALOGEN
(VOH) IN WATER

P.A. Greve & R.C.C. Wegman

P SCOPE AND FIELD OF APPLICATION

The method 1s suitable for the determination of Velatile Qrganic-bound
Halogen (VOH) in water samples. The detection limit is approximately 0.05 ug
chlorine/L and the time required for analysis is about 1 hour.

2. REFERENCES

Wegman, R.C.C. & Hofstee, A.W.M. (1979) The microcoulometric determination of
volatile organic halcgen in water samples. In: Commission of the
Eurcpean Communities, Directorate-General for Science, Research and
Development, Cecncerfed Action: "Analysis of Orgsnic Micropollutants in
Water" (COST 64B bis), doec. QWMP/29/82, Vol. 2, pp. 2U5-253

Piet, G.J. & Wegman, R.C.C. (1983) The determination of Purgeable Qrganic
Halcogen (POH). In: Commission of the European Comnunities,
Directorate-General for Science, Research and Develcpment, Concerted
Action: "Analysis of Organic Micropollutants in Water" (COST &64B bis),
doc, OMP/37/83, part I., pp. 9-21

3. DEFINITION

Volatile Organic-bound Halogen (VOH) is defined as the halogen, measured
by microcoulometry and expressed as .chlorine, formed by total combustion of a
ccneentrate prepared by passing an inert gas through the water sample and
adsorbing the wolatile compounds on a Tenax column, It is of importance to
stress that the parameter is defined by the analytical procedure, which must
therefore be strictly followed. '

4. PRINCIPLE

The wvolatile halcgen-containing compounds are stripped from the water
sample Dy passing a stream of helium through the sample and the vapours are
adsorbed on Tenax. The Tenax is subsequently heated and the vapours are led
into a combustion furnace. The hydrohalogens formed are passed intoc a cell
and halogen is determined by microcoulometry.

-309-
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5. HAZARDS

As the micreocoulometric determination of halogen icns is carried out in
coneentrated acetic acid soluticon, the titration cell should be placed in a
separate, well-ventilated housing.

The procedure invelves the use of oxygen at high temperatures and the
usual precautions for working under these conditions should be taken.

6. REAGENTS?

Adscrbent, Tenax-GC, Chrompack, art.nr. 245, or equivalent.

60-80 mesh. Conditicn new batches of Tenax by heating
in situ (Fig. 1) to 200-210°C for 1 h under
a stream of helium.

Scdiun perchlorate mono- Baker Analysed Reagent, art.nr. 2815, or
hydrate equivalent

Helium

Oxygen

Dichloromethane

Concentrated sulfuric acid AnalaR, art.nr. 10276, or equivalent
Generator electrolyte Dissclve 10 g sodium perchlerate mono-

hydrate in apprex. 200 mL aqua bidest, add
780 g glacial acetic acid and make up to
1 000 mL with aqua bidest.

Dichloromethane standard 4.5-5.5 mg/L in methancl or ethanol
sclution

3cdium chloride standard Approximately same concentration (in water)
solution as dichleoromethane standard sclution

Reference Lo a company and/or preduct is for the purpose of information
and identification only and does not imply approval or recommendation of
the company and/or product by the International Agency for Research on
Cancer, to the exclusicn cof others which may also be suitable.
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7. APPARATUS!

311

A flow diagram of the VOH-determination is shown in Figure 1 and consists

of the following itenms:

Liguid sample concentrator
with thermostated waterbath

Tekmar, L3C-1

Tenax column (300 mg)

Microcoulometer with
combustion furnace and
gas valves

Dohrmann, DE-20

Integrator Becker T53

Recorder Varian A-25

Glass bottles 1-L,with screw cap.

{Blood bottles with

Teflon-lined rubber septa are also sult-

able,)

FIG. 17 FLOW DIAGRAM FOR THE DETERMINATION OF VOH
combustion auxiliary
helium oxygen oxygen
sample - ——n -
water bath Tenax combustion micro-coulometer integrator
adsorption/ furnace +recorder
desorption

column
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SAMPLING

Prior to sampling, rinse the bottles with acetone and hea%t them for 2-3
hours at 150°C.

Drinking water samples may contain free chlorine which has to be removed;
to this end, add approximately 0.1 g of ascorbic acid toc each water
sample as it is collected.

Fill the bottles with sampled water so that only a small air space
remains when they are capped.

At the same time, prepare a blank sample using distilled watesr passed
through a Millipore system and purged with ultra-pure helium for 48 h at
95°C. Treat the blank in all respects in the same way as the water
sample,

Transport the bottles upside-down and store in the dark at about 4°C, in
a contaminant-free area, Minimise agitation. Analysis should be carried
cut as socn as possible after sampling, since the maximum time of safe
storage (without decomposition or artefact formation) depends on the
nature of the water to be analysed,

TEST PROCEDURES

Blank test

9.1.1 Analyse the blank (see 8.4) in the same way as the water sample.

9.1.2 The adsorption/descrption system (Fig. 1) must be checked for the
absence of halogen in amounts which would interfere with the deter-
minaticn (Piet & Wegman, 1983). Careful conditioning of new
batches of adsorbent and thorough desorption after the analysis of
each sample are especially important.

Reference to a company and/or product is fecr the purpose of information
and identification only and deoes not imply approval or recommendation of
the company and/or product by the International Agency for Research on
Cancer, tec the exclusion of others which may alsc be suitable.
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9.2 Check test

9.3

9.4

The performance of the system must frequently be checked by determining
the reccovery obtained with standard substances. Dichlorcmethane 1s often
used for this purpose; the recovery for this compound should be at least
80%. The standard soclution is prepared in methanol or ethanol, Typic-
ally, 5 uylL of a standard solution of dichloromethane in ethancl (4,5-5.5

mg/L) 1is added to 50 mlL water, which is subsequently analysed as
describad in section 9.4.

The performance of the titration cell must be checked by the direct

addition of standard soluticns of sodium chloride.

Small particles
furnace can

(e.g.

of partly burned materials)} in
substantlally decrease the yield of the combustion. The

the combustion

tubes must therefore be kapt scrupulcusly clean.

Test portion

50 mbL of representative water sample.

Determination of VOH

9.4.1 Assemble the adsorption/desorpticn system as shown in Figure 1,

amount of adsorbent:
stripping/carrier gas:

Tne following
system:

settings

combustion gas:
auxiliary gzas:
furnace temperature:
bias potential:
range:

integrator settings:

are advised for the

300 mg
heliym, 40 mL/min

combusticn/titration

oxygen, 200 mL/min
oxygen, 50 mL/win
850°C

262 mV

500 Ohm

sensitivity: 60 mV sec
output: 1 mV

9.4.2 Add 50 mlL water sample to the 60 mL stripping vessel (see S3Section
12.1)} in a thermostated water bath at 60°C.

9.4.3 Set the system to the adsorption mode and pass helium through the

sample for 20 min.
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9.4.4 Heat the Tenax tube quickly te 190°C (system in descorpticn mode).

9.4.5 Observe the integrator signal and continue heating the adsorbent
until the pen is back at baseline,

9.4.6 Stop heating and cool the tube by switching on the fan.

9.4.7 When the temperature of the tube is below 100°C, reset the system
for adscrption and repeat the adsorption/descorption procedure as
described above (9.4.3 to 9.4.,5, inclusive. See section 12.2).

9.4.8 Read the amount of millicoulombs used during the two titration
procedures (given by the integrator).

10, METHOD OF CALCULATION

The concentration, p, of ¥OH is given by

0.36
p = _%i_Q (peg/L)
where
0.368 = conversion factor derived frem Faraday's law (ug/mC)
Q = total quantity of electrical charge used during the twe
desorption steps (mC)
' = vclume of water sample taken in step 9.4.2 (L)

11. RECOVERY, REPRODUCIBILITY AND REPEATABILITY

The performance of the system is best checked by determining the recovery
for dichloromethane, as desecribed in seetion 9.2. Typically, a recovery of
86% (standard deviation 3.5%) is found for repeated determinations on one day.
The coefficient of variation over a two-year period in the authors' laborataery
was B8%.

12, NOTES ON PROCEDURE

12.1 If a high VOH content is expected, the sample size can be reduced tc 5
mL, in which case the 6 mL stripping vessel must be used. The detection
limit is thereby increased to 0.5 ug/L.
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12.2 The repetition of the adserption/desorption step is necessary in order to

13.

14.

achieve satisfactory yields for the less-volatile compounds, such as
1,2-diehloroethane, trichlorcethylene and dibromochleoromethane (Wegman &
Hofstee, 1979). If the first purging procedure is prolonged for more

than 20 min, losses will occur for vclatile compounds such as dichloro-
methane,

SCHEMATIC REPRESENTATION OF THE METHOD

Strip the water sahple (5 or 50 mL) at 60°C with helium for 20 win and
collect the vapours on a Tenax-GC column at room temperature

Desorb the vapours on the Tenax column at 190°C, using helium as a

carrier gas, and pass them int¢o a combusticon furnace coupled to a
microcoulometer l

When the integrator signal is back to base-line, ccocl the Tenax celumn to
room temperature and repeat the adsorption/deseorption procedure

Add ‘the integrator response obtained for the two adsorption/desorpticn

procedures and calculate the VOH-concentration in the water sample using
the equation of section 10.

ORIGIN OF THE METHQD

Laboratory for Organiec Chemistry

National Institute of Public Health and Environmental Hygiene
P.0. Box 1

3720 BA Bilthoven, Netherlands

Contact peints: P.A. Greve
R.C.C., Wegman



DETERMINATION OF VOLATILE ORGANIC HALOGEN COMPOUNDS
IN WATER SAMPLES BY HEAD-SPACE GAS CHROMATOGRAPHY



DETERMINATION OF VOLATILE ORGANIC HALOGEN COMPOUNDS
IN WATER SAMPLES BY HEAD-SPACE GAS CHROMATOGRAPHY

INTRODUCTION

G.J. Piet, W.C.M.M, Luijten & P.C.M. van Ncort

VYolatile organiec halcgen compounds are defined in this chapter as
halogen-containing compounds with three or less carben atoms. Some of these
compounds are used in industrial processes, scme are produced on chlorinaticn

of water (leading to haleform formation) and others are metabolites with
halcgen atoms.

Several very volatile halogen compounds are toxic, carcinogenic, muta-
genie or teratogenic and have been selected for further study by the
Commigsion of the European Communities (CEC) and the Envircnmental Protection
Agency (USA) as priority pollutants. Compcunds such as 1,2-dichlercethane
{widely used for the production of vinyl chloride menomer), 1,1-dichloro-
ethene, tetrachlorcethane and trichlcromethane are kncwn te be harmful to
human health, and widely used solvents, such as trichlorcethene and tetra-
chloroethene, are suspected to be sc as well. These compounds may bhe
persistent in the aquatic enviromment and, in industrialized areas, they
endanger the subscil aquifer and can pass into the drinking-water supply.

It is obvious that a standardized analytical method 1is needed for envi-
ronmental control of vclatile organic halcgen compounds. This method must be
suitable for a brecad spectrum of compounds, even at the sub-ug/L level.

Depending on the sensitivity requirements, the size of the sample and the
number of samples tc be analysed, one of two procedures can be employed;
these are referred to as "static" and "dynamic" head-space procedures, and are
used with high-resolution gas chromatography and electron-capture, flame-
ionization, or mass-spectreometric detection.

The "dynamic" head-space technique uses a purge-and-trap methed, which
gives rise to an enrichment facter. '

Wnen gas chromatcgraphy with electron-capture detection 1s used, the
fstatic" head-space procedure is suitable for analysis at the g/l level.
Compounds with three or more halcgen atoms can be determined at sub-pg/L
concentrations., The head-space methods have been applied tc the compounds
listed below. The "static™ procedure is not suitable for the compounds

preceded by an asterisk, nor for the higher brcominated methanes because of the
relatively high detection limits.
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Compound CAS Ne. Compcund CAS No.
Bromochleromethane 75-27-4 %(E)=1,2-Dichleoroethene 156-60-5
*Bromoethane T4-83-9 ¥Dichloromethane 75-09-2
*Chloromethane T4=87-3 Hexachloroethane 67-72-1
¥3_-Chloropropene 107-05-01 Tetrachloroethane 127-18-4
Dibromochleoromethane 124-48-1 Tetrachloromethane 50-23-5
1,2-Dibromo-~3-chlorc- 96-12-8 1,1,1-Trichloroethane 71-55-6
propane ‘ Trichloroethene 79-01-6
*1,2-Dibromeoethane 106=-93-14 Trichlorofluorcmethane T5-69-4
Dichlerodifluoromethane  75-71-8 Trichloromethane 67-66-3
¥1,2-Dichlorcethane 187=06=02 1,1, 1-Trifluoro-2-bromo-2- 151=-67~17
%1,1-Dichloroethene 75-35=-4 chlorocethane

*¥(Z)-1,2-Dichloroethene 156-69-2

Other purgeable organic halogenated compounds (Henry coefficient > 0.05
at 25°C can also be determined with head-space methods.

The "static™ and "dynamic" head-space techniques are described in methods
15 and 16, below.

The analysis of compounds subject to decomposition in water, such as
bischloromethyl ether, chloromethylmethyl ether and a—epichlorchydrin, is not
dealt with.

REFERENCES

International Agency for Research on Cancer (1979) TARC Monographs on the
Evaluation of the Carcinogenic Risks of Chemicals to Humans, Vol. 20,
Some Halogenated Hydrocarbons, Lyon, Internationmal Agency for Research on
Cancer

Middleditech, B.3., Missler, S.R. & Hines, H.B. (1981 Mass Spectrometry of
Priority Pollutants, New York and London, Plenum Press

Nunez, A.J., Gonzales, L.F. & Janak, J. (1984) Pre-concentration of headspace

voelatiles for trace organic analysis by gas chromatography. J. Chroma-
togr., 300, 127-162



METHOD 15

“STATIC” HEAD-SPACE DETERMINATION OF VOLATILE ORGANIC
HALOGEN COMPOUNDS IN WATER

G.J. Piet, W.C.M.M. Luijten & P.C.M, van Noort

1. 3COPE AND FIELD OF APPLICATION

The automated and non-automated static head-space method is suitable for
the determination of purgeable (volatile, apolar) halogen compounds (see
Introduction). The electron-capture detection limit depends on the number of
halogen atoms in the compound. The method can be applied to the analysis of
water at the pg/L level. The analytical procedure takes 30 min or less. The
method can be used as a screening technigue prior to the use of the purge-
and-trap procedure (Method 16),

2. REFERENCES

Murray, D.A.J. (1930) Analysis of headspace gases for parts per billion
concentration of volatile organiec contaminants in water samples by gas
chromatography. Environ., Sci., Res., 80, 207-216

Piet, G.J., Slingerland, P,, de Grunt, F.E., van de Heuvel, M.P.M. & Zoeteman,
B.C.J. (1978) Determination of very volatile halogenated organic

compounds in water by means of direet headspace analysis. Anal. Lett.,
A1, 5, U37-443

Umbreit, G.R. & Grob, R.L. (1980) Experimental application of gaschromato-
graphic headspace analyses to priority pellutants. J. Environ. 3ci.
Health, Part A&, 15, Y429-465

U.3. Environmental Protection Agency (1979) Handbook for analytical quality
control in water and wastewater laboratories, EPA 600/4-79-019,
Cincinnati 0O, EMSL, Office of Research and Development

3. DEFINITIONS

Not applicable

wZ91=
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4.  PRINCIPLE

A& standard 9-mL vessel, which can be closed with a PTFE-lined septum cap,
is filled with 5 mL of the sample at 4°C., The vial is immediately capped and
equilibrated in a water bath for two hours (30°C) under exclusicn of direct
sunlight. An aliquot of the gas phase is injected ontc a thick-film, wide-
bore gas chromatographiec (GC) capiliary column, connected to a tandem
electron-capture/flame-icnization detector system, or only to an electron-
capture detector, 3tandard aqueous sclutions are employed for quantificaticn
purposes (see also 12.1). Compound identification is based on accurate GC
retention data for calibraticn substances.

5. HAZARDS
Suitable precautions must be taken when handling dangercus calibration

coempounds (see EPA Handbock, section 2). When hydrogen is used as the GC

carrier gas, a flow contrcller must be installed or a GC protection unit must
be used to aveid explosions.

6.  REAGENTS!
Gases for GC Hydrcgen, nitrogen, air
Methanol Merck. A.R.

Calibration compounds (see Section 11)

gases Merck, laboratory gases quality
liquids Merck, A.R.
3tock standard sclutions Weigh the 25-ml glass device (Fig. 1),
of gaseous compcounds add 25 mL methanol and weigh again. Cool
device to 09C and ccnnect to gas cylinder
containing the calibraticn compound.

Dissolve about 25 mg of compound, then
weigh the closed vessel. Store at -20°C
and dc not keep longer than two weeks.

Reference to a company and/or product is for the purpcse of information
and identification only and dces not imply approval or recommendation of
the company and/or product by the International Agency for Research con
Cancer, to the exclusion of others which may alsc be suitable.
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Steock standard solutions
of liquid compounds

Contaminant-free water

7. APPARATUS!?

Gas chromatograph (GC)

Glass bottles

Bottles.

Weigh a 100-mL bottle with screw-cap, add

~ 99 mL methancl and weigh again. Using a
syringe, add 100 uL of the analyte of
interest at 0°C. Weigh again to nearest
0.1 mg.

Store at -20°C and keep net longer than one
menth. (In case of frequent use, store solu-
tion in 5 bottles of 20 mlL each,) If the
mass density of the compound at 0°C is not
known, determine it with a pycncmeter.

Purge tap-water at 90°C for U h, using GC-
grade nitrogen and the purging system des-
cribed in section 7. Check befeore use by
GC analysis, using the standard procedure
for water samples,

High-resclution, equipped with a 50 m x
0.3 mm i.d. thick-film QV-225 glass
capillary cclumn, connected te a tandem
electron-capture/flame-icnization detector
(ECD/FID} or to an ECD. Head-space samples
can be injected manually with a gas-tight
syringe or, preferably, by means of an
auto-sampler {(Carle Erba Fractovap 2900
Series, with sampler module 250, or equiva-
lent). With automated instruments, over-
night analyses are facilitated by using
data systems such as the Apple II, equipped
with a printer/plotter. Precision 1is
improved by using systems with syringes
which puncture the vial system while a
solencoid valve is opened te equalize the
head space pressure and the pressure at the
head of the cclumn.

1 000 mL, with siliceon septum and screwW-cap.

20, 100 and 1000 mL, with PTFE-lined screw-
cap

Reference to a company and/or product is for the purpose of infeormation

and identification only and -dces not imply approval or recomnendation of
the company and/or product by the International Agency for Research on
Cancer, to the exclusion of cothers which may alsc be suitable.
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25-mL glass device For preparing methanol stock solutions of
gaseous compounds (see Fig. 1).

FIG. 1. GLASS DEVICE FOR PREPARATICN CF METHANCL STCCK SOLUTIONS
OF GASECUS COMPQUNDS

silicon septum

cap

25 ml

P—M“ﬁ
Head-space vials 9-mL, crimp-top, with PTFE-lined septum and

aluminum cap {(Chrompack)
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Syringes 10, 50, 100 mL
Gas-tight syringes 50, 100, 500, 1 000 uL
Water/air bath {30.0°C)
Freezer (-20°C)
Analytical balance 100 g, 0.1 mg accuracy
Purging system For preparing contaminant-free water;

consists of a 1-3 L glass vessel that can
be heated to 90°C, connected to a conden-
sor., The water is purged with purified
nitrogen (40 mL/min) through a glass frit.

SAMPLING

Sampling can be carried out in the 9-mL vials when appropriate filling in
the field can take place. Otherwise, use one-litre glass bottles (with
gas-tight PTFE-lined screwcap}, pre-heated to 150°C, Fill using a glass
device to introduce the sample at the bottom of the flask. Close the
bottle after flushing with three times its volume, leaving about 0.5 mL
head-space.

When free chlorine is present, add about 100 mg ascorbic acid to the
sample.

With each series of 3-10 samples {depending on analyte concentration
variability), prepare a blank by pouring contaminant-free water (section
§) into a sampling bottle (8.1) under conditions of sample ccllection.

With each series of 5 samples, prepare a calibration sample as follows:
weigh a 1-L glass bottle with serew-cap, add 1.000 mL of contaminant-
free Wwater, cap and weigh again. Inject 10-100 uL stock standard soclution
of each analyte of interest through septum and mix thoroughly (the concen-
trations of the standard compounds should be comparable with those of the
analytes in the water sample). For alternative quantificaticn procedure,
see 12.1.

NOTE: The blank, the internal standard sample and the water samples must
all be subjected to the same procedures of transport, storage and
analysis.

Transport samples upside-down in the dark, store at 4°C in the dark and
analyse within 48 h {not later than 72 h).
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9.1

9.2

9.3

9.4

PIET ET AL.

PROCEDURE

Check

9.2.1

9.2.2

9.2.3

Blank

test
See 8.3 above. Proceed as in 9.4.1 to 9.4.4

Test the laboratory air regularly by adding 5.0 mL of contaminant-
free water to 9-mL vials in the laboratory atmosphere and analysing
under standard conditions {9.4.1-9.4.4).

tests

Check instrument performance every day by analysing calibration
samples (8.4). The system response should be linear.

Check the analytical system for memory effects by analysing conta-
minant-free water after every ten samples (8.3). When the concen-
tration level between successive analyses varies by more than an
order of magnitude, such a blank must be analysed after three
samples.

No condensation of water is allowed in the syringe. The injected
gas volume and the back-pressure in the GC injection port must be
constant. The performance of the syringe and possible septum
leakage must be checked every day at least, particularly when auto-
samplers are used.

Test portion

Five mL of water sample at 4°C in 9-mL vial.

Analyte determination

9.4.1

9.4,2

9.4.3

Add 5.0 mL sample to a clean 9-mL vial at 4°C with a clean syringe,
cool all devices to U4°C before use). Close the vial immediately.

Place the vial in a bath at 30.0°C and let it .equilibrate for 2 h,
away from direct sunlight.

3et GC conditions as follows:

injection port temperature: 180°C

detector temperature 220°C

column temperature initial temperature 35-60°C

programme (depending on the analytes), increase

at 4 to 8°C/min to final temperature
of 120-160°C (depending on the ana-
lytes)
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9.4.4 Inject 0.05-1.0 mL head-space vapour and start the GC programme,
after selection of detector attenuation factors.

9.4.5 After every 5 samples, analyse a calibration sample (§.4), as in
9.4.1 to 9.4,4, inclusive.

9.4,6 Analyse a blank sample (8.3) after 3 to 10 .samples {more frequently
when the analyte concentration varies appreciably).

10, HMETHOD OF CALCULATION

10,1 The mass conecentration, P, (ug/L), of an analyte in a water sample is
given by,

Ba ~ %
p_ = p
a c
Be - Ry
where
Ra = detector response for the analyte in water sample (9.4.4)
Rc = detector response for the analyte in the calibration sample
(9.4.5)
Bb = detector response for blank sample (9.4.6)
P, = concentration of analyte in calibration sample, 8.4 (ug/L)

10.2 The above value of LN is given by,

Po Vsps/vw
where
Vs = volume of stock standard solution of analyte used in 8.4 (uL)
Py = concentration of the analyte in the stock standard solution
(g/L) '
Vw = volume of water (determined by weight) in calibration sample,
8.4 (L)

10.3 The mass concentration, Pos of the calibration compound in a stock
standard solution is given bY,

- 3 1 3
Py = Vc dc/10 Vm for liquid compounds

and wc/vm for gaseous compounds,
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where
v, = volume of added calibration compound (section 6) at 0°C (yL)
d, = mass density of calibration compound at 0°C (g/L)
Vm = volume of the methanol stock standard solution (mL)
wc = weight of added calibration gas (mg).

11. REPEATABILITY AND REPRODUCIBILITY

Under good laboratory conditions (EPA Handbook, section 2), the following
results have been obtained:

Compound Concentration Analytical error betection
class range (ug/L) (95% confidence limit (ug/L)
level)
A 0.1 - 1 > 10% 0.1 - 0.5
1 - 10 < 10%
10 - 100 < 5%
B 0.1 - 1 not applicable 1-~-5
1 - 10 < 100%
10 - 100 < 10%
C 0.1 - 1 not applicable 3 - 15
1 - 10 < 100%
10 - 100 < 20%

A: dichlorodifluoromethane, tetrachloroethane, tetrachlioromethane, 1,1,1-tri-
chloroethane, trichloroethene, trichlorofluoromethane, trichlcromethane

B: dibromodichlcromethane, bromomethane, dibromcchloromethane, 1,2-dibromo-3-

chleropropane, 1,2-dibromcethane, hexachloroethane, 1,1,1-trifluoro-2-bromo-2-
chloroethane

C: chloromethane, 3-chlorcpropene, 1,2-dichlorcethane, 1,1-dichloroethene,
1,2-dichloroethene (Z/E), dichloromethane
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NOTES ON PROCEDURE

Calibration samples (8.4) are employed for the check test (9.2.1) and for
quantification. Alternatively, the method of standard addition may be
employed for quantification. In that case, proceed as in 8.4, except
that the standard solution of the analyte(s) of interest is added to a
water sample (not to contaminant-free water), The amount of analyte
added should be 2-4 times the amount originally present in the sample.
The detector response of this "spiked™ sample is compared with that of an
identical water sample containing no added standard and the analyte con-
centration in the latter is readily calculated.

In most cases the water matrix does not substantially affect the analy-
tical results. The laboratory air in many laboratories, however, 1s not
clean enough to analyse water at the low- and sub-pg/L level.

The precision of the method depends on the analyte, the number of blanks
and the number of calibration samples analysed for a given series of
water samples.

Internal standards must have an analyte concentration similar to that of
the samples and must be analysed under identical conditions. The injec-
ted vapour phase volume must be standardized for a sample series and no
calculations should be made using different amounts of injected vapour
phase.

SCHEMATIC REPRESENTATION OF PROCEDURE

Collect water samples and prepare blank sample
and calibration sample
Transport and store under identical conditions

Check laboratory air for purity
Check analytical system for memory effects
Check instrument performance by analysing
calibration sample {as below)

Add 5.0 mL sample to 9-mL vial
Cap and equilibrate for 2 h at 30°C

Inject 0.05-1.0 mL head-space vapour ontc GC
and record detector responses

Repeat preceeding two steps with blanks
and with calibration samples

Calculate analyte concentration in water sample
by compariscon of detector responses in water and
in calibration samples for same analyte
(corrected for blank response}
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ORIGIN OF THE METHOD

National Institute ¢f Public Healtn and Environmental Hygiene
P.0O. Box 1

3720 BA Bilthoven, The HNetherlands

Ceontact peints: G.J. Piet
W.C.M., M., Luijten



METHOD 16

“DYNAMIC” HEAD-SPACE DETERMINATION OF VOLATILE ORGANIC
HALOGEN COMPOUNDS IN WATER

G.J. Piet, W.C.M.M, Luijten & P.C.M. van Noort

1. SCOPE AND FIFLD OF APPLICATION

This method 1s suitable for the determination of purgeable organic
compounds. The detection limit for organic halogen compounds in water depends
on the nature of the analytes and can be decreased substantially by optimizing
analytical conditions. All purgeable organic halogen compounds can be mea-
sured at the sub-ug/L level {see 3ection 11). The method can be applied to
all water samples and can be semi-automated if the purging step is off-line.

2. REFERENCES

Dreisch, F.A. & Munson, T.D, (1983) Purge and trap analysis using fused
silica capillary column, GC/MS. J. Chromatogr. Sci., 21, 111-118

Nunez, A.J., Gonzaies, L.F. & Janak, J. (1984} Pre-concentration of headspace

volatiles for trace organic analysis by gaschromatography. J. Chroma-
togr,, 300, 127-162

Trussel, A.R., Moncur, J.G., Lieu, F.Y,, Clark, R.R. & Leong, L.Y.C, (1983)
New developments in dynamic headspace analysis of halogenated organics.
Water Chlorination: Environ. Impact Health Eff., Vol. 5, Ne. 1, Anmn
Arbor Sci. Publ., pp. 583-592

3. DEFINITIONS

Not applicable

4, PRINCIPLE

Volatile compounds are removed from water by a gas-stripping process at
80°C. The volatiles are trapped on a Tenax-G{ cartridge, after passing
through a condenser at 10°C, If analytes with a wide volatility range
(including methyl chloride) have to be determined, Porapak N or Ambersorb is
used.
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The analytes are thermally desorbed from the Tenax cartridge and the
compounds are trapped in a 'mini-trap' containing 2-5 mg Tenax-GC at -30°C.
The trap is flash-heated tc inject the compounds ohto a high-resclution gas
chromatographic (GC) column. A tandem electron-capture/flame-ionization
detector (ECD/FID), or an ECD alone, may be employed, but mass-spectrometric
{(M3) detection is preferable. A screening technique using "static" headspace
analysis is used to determine whether diluticn of samples prior to purge-and-
trap is necessary to avoid overlcading of the cartridge,

5. HAZARDS
Suitable precautions must be taken when handling dangerous calibration

coimpounds, When hydrogen is used as a GC carrier gas, a flow controller must
be installed or a GC protection unit must be used tc avoid explosions.

5. REAGENTS!

Gases for GC Hydrcgen, nitrogen, air
Methanol Merck, A.R.
Perdeuterated toluene for MS internal standard (see secticn 11)

Calibration compounds

gases Merck, laboratory gases quality
liquids Herck, A.R.
Tenax-GC, 80 Hesh Chrompack, Middelburg, Netherlands

Porapak N cor Ambersorb

Stock standard scluticns Weigh the 25-mlL glass device (Fig. 1,

of gaseous componds Method 15), add 25 mL methancl and weigh
again. Cool device tc (°C and cohnect to
gas cylinder containing the calibration
compound . Dissclve about 25 mg cof

compound, then weigh the closed vessel.
Store at -20°C and do not keep longer than
two weeks. '

Reference to a company and/or product is for the purpose of information
and identification only and does not imply approval or recommendation of
the company and/or product by the International Agency for Research on
Cancer, to the exclusion of others which may also be suitable.
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Steek standard seoluticns
of liquid compounds

Contaminant-free water

APPARATUS!

Gas chromateograph

Off-line purge-and-trap
unit
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Weigh a 100-mL bottle with screw-cap, add

~ 99 mL methancl and weigh again. Using a
syringe, add 100 yL of the analyte of
interest at 0°C. Weigh again to nearest
0.1 mg.

Stere at -20°C and keep not longer than one
month. (In case of frequent use, store
soluticn in 5 bottles of 20 mL each.) It
the mass density of the compound at 0°C is
not known, determine it with a pycnometer.

Purge tap-water at 90°C fer 4 h, using GC-
grade nitrogen and the purging system
described in section 7. Check before use
by GC analysis, using the standard proce-
dure for wWater samples.

High-resclution, equipped with an 0QV-225,
50 m x 0.22 mm i.d., capillary column, a
detector system (ECD/FID, ECD or, prefer—
ably, M3) and an injection system able %o
flash-heat Tenax cartridges (an automatic
system for cartridges, such as the Perkin-
Elmer ATD-50 System, 1is preferred for
standard conditions). A data system such
as the Apple II, with & printer/plotter,
facilitates overnight analyses.

In case of GC/MS analysis, the Perkin-Elmer
ATD-50 is ceonnected to the Finnigan 1020
OdA automated GC/MS system. M3 systems
must be used for very complex environmental
samples,

see Figure 1.

Reference to a company and/cr product is for the purpose of infermation
and identification only and does not imply approval or recommendaticn of
the company and/or product by the International Agency for Research on
Cancer, to the exclusion of cothers which may alsc be suitable.
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FIG. 1. OQFF-LINE PURGE-AND-TRAP UNIT
GL 14 screw connection
for tenax trap
=

— cail condensor with outer
cooling jacket

I
‘ viton o-ring
flange connect\on-—I
57cm — - jacket for recirculating
hot water
= viton o-ring
ion ¥
flange connection —:l PO frit
GL -14 screw connection
gcm for No-inlet
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Tenax-GC sorbent cartridges

Heating system for purge
unit
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60 mm x 5 mm i.d., {(see Fig. 2) containing
200 mg Tenax. If fresh Tenax is used, the
loaded cartridge must be heated to 250°C
for 24 h under a helium flow of 20 mL/min
(see Notes on Procedure, 12.,5). Other
Tenax cartridges may be used if recoveries
and confidence limits are known.

Haake N3 thermostat, 3 150 VA, for 5 purge
units

FIG. 2. A TENAX-GC SORBENT CARTRIDGE

adserbent

A \

stainiess steel tube ‘o ring

lirst stainless
steel gauze

second stainles retaining storage cap
steel gauze spring

B9mm _J

‘ Glass bottles

Bottles
25-mL glass device

‘ Head-space vials
Syringes
Gas-tight syringes
Water/air bath (30.0°C)
‘ Freezer (-20°C)

Analytical balance

1 000-mL, with silicon septum and screw-cap

20, 100 and 1 000-mL, with PTFE-lined
screw-cap

For preparing stock solution of gaseous
compounds (see Fig. 1, Method 15)

9-mL
10, 50 and 100-mL

50, 100, 500 and 1 000-yL

100 g, 0.1 mg accuracy
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Purging system For preparing contaminant-free water;
consists of a 1-3 L glass vessel that can
be heated to 90°C, connected to a conden-
ser., The water is purged with purified
nitrogen (40 mL/min) through a glass frit

SAMPLING

Use one-litre pre-heated (150°C) glass bottles (with gas-tight PTFE-lined
screw—-cap) and fill using a glass device to introduce the sample at the
pottom of the flask. Close the bhottle after flushing with three times
its volume, leaving about 0.5 mL head-space (if MS detection is used, add
a known amount of internal standard, such as perdeuterated toluene).

When free chlorine is present, add about 100 mg ascorbic acid to the
sample.

With each series of 3-10 samples (depending on analyte concentration
variability), prepare a blank by pouring contaminant-free water (section
6) into a sampling bottle (8.71) under conditions of sample collection.

WYith each series cof 5 samples, prepare a calibration sample as follows:
weigh a 1-L glass bottle with screw-cap, add -~ 1000 mL of contaminant-
free water, cap and weigh again. Inject 10-100 uL stock standard sclution
of each analyte of interest through septum and mix thoroughly {(the concen-
trations of the standard compounds should be comparable with those of the
analytes in the water sample). Add a known amount of perdeuterated
toluene to calibration sample if M3 is used. The alternative "standard
addition" procedure (Method 15, section 12.1)} can alsc he employed here,

Transport samples upside-down in the dark, store at 4°C in the dark and
analyse within 18 h (not later than 72 h).

NOTE: The blank, the spiked sample and the water samples must all be
subjected to the same procedures of transport, storage and analysis.

PROCEDURE

Blank tests

9.1,1 See 8.3 above. Proceed as in 9.4.71 to 9.4.7.

9.1.2 Test the laboratory air regularly by adding 5;0 mL of contaminant-
free water to 9-mL vials in the laboratory atmosphere and analysing
under standard conditions (9.4.1-9.4.7).
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9.2.1

9.2.2
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Before each purge-and-trap procedure, check the Tenax cartridges by
flash-heating to 250°C in the injection system desorption unit,
then flash-heating the -30°C mini-trap. Use GC conditions speci-
fied in 9.4.,6.

Prepare a blank cartridge by desorbing a used cartridge under the
desorption conditions obtaining during analysis (9.4.5); hold at
250°C for 5 min,

tests

Check instrument performance every day by analysing calibraticn
samples (8.4) with analyte concentrations similar te those of the
samples. The system response should be linear.

Check the analytical system for memory effects by analysing contami-
nant-free water after every ten samples, using a blank (clean)
Tenax cartridge.

Test portion

One litre of water sample at 4°C,

Analyte determination

9.4.1

9.4.3

9.4.4

9.4.5

Disconnect the condenser and fill the clean purging vessel with 1 L

of sample at 4°C, with a minimum of exposure tc the laboratory air
{see Notes on Procedure, 12.7),

Install the condenser with two c¢lean Tenax-GC cartridges on top of
it and start the purge flow (40 mL nitrogen/min} with the condenser
at 10°C (see Notes on Procedure, 12.4),

Heat the sample to 80°C and continue purging for a set time (20-20
min, depending on the analytes),.

Stcp heating and purging, cap the cartridges on both sides with a
minimum eXxposure to laboratory air. If cartridges are to be stored
before analysis, it is necessary to store under helium atmosphere
at B3°C, and tc store one cleaned (flash-heated) cartridge under the
same conditions to check storage effects.

Insert the uncapped cartridge in the injection system desorption
unit (with a minimum exposure to laboratory air). Desorb by flash-
heating to 250°C and trap the analytes at —-30°C. Maintain a minimum
carrier flow ¢f 10 mL/min through the cartridge.
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9.4.6 Set the GC conditions as follows:
detector temperature 220°C
celumn temperature initial temperature (hold 5 min) varies
programme from 5°C (vinylchleride) to 25°C (depending
on analytes); raise at 5°C/min te final
temperature of 220°C

9.4,7 Inject sample cntc GC by flash-heating the -30°C mini-trap to 250°C

9.4.8 After every 10 samples, analyse a blank cartridge (9.1.4), as in
9.4.5 to 9.4.7, inclusive

9.4.9 Analyse blank (8.3) and calibration sample (8.4), as in 9.4.1 to
9.4.7, inclusive,

METHOD OF CALCULATION

The mass concentration, Pa (pg/L), of an analyte in a water sample is
given by,

P, = D I
a—c‘-_—-‘g
R, - By
where
R, = detector response for the analyte in water sample (9.4.7)
Rc = detector response for the analyte in the calibration sample
(9.4.9)
Rb = detector response for blank sample (9.4.8)
P, * concentration of analyte in calibration sample, 8.4 (yg/L)
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10.2 The above value of Py is given by,

o = Voo /Vy
where
VS = volume of stock standard solution of analyte used in 8.4 (yL)
by = concentration of the analyte in the stock standard solution
(g/L)
Vw = volume of water (determined by weight) in calibration sample
8.4 (L)

10.3 The mass c¢oncentration, p_, of the calibration compound in a stock
standard solution is given bYy,

pg = Vcdc/103vm for liquid compounds
and WC/Vm for gaseous compounds,
where
v, = volume of added calibration compound (section 6) at 0°C (L)
d, = mass density of calibration compound at 0°C (g/L)
Vm = volume of the methanol stock standard solution (mL)
wc = welght of added calibration gas (mg).

11, REPEATABILITY AND REPRODUCIBILITY

No data are available for repeatability and reproducibility, Under

optimum conditions the following results have been obtained for recoveries and
detection limits:
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Compound 4 Recovery Detection limit (ug/L)

(in tap-water)

Tap-water Surface-water
ECD MS MS
Bromodichloromethane > 90 0.05 < 0.05 0.1
Bromomethane > g0 0.05 < 0.05 0.1
Chloromethane > 95 0.05 0.01 0.05
3-Chloropropene > 95 0.1 0.01 0.05
Dibromoechlorcmethane > 90 0.05 < 0.05 0.1
1,2-dibromo-3-chleropropang > 90 0.05 < 0.05 0.1
1,2-dibromoethane > 90 0,05 < 0.05 0.1
Dichlorodiflucromethane > 95 0.01 0.01 0.05
1,2-Dichloroethane > 90 0.1 < 0.05 0.1
(Z2y-1,2-Dichloroethane > 95 0.1 < 0.05 0.1
(E)-1,2-Dichloroethene > 95 0.1 < 0.05 0.1
Dichloromethane > 95 0.1 < 0.05 0.1
Hexachloroethane > 95 0.01 0.01 0.05
Tetrachloroethene > 95 0.01 0.01 0.05
Tetrachloromethane > 95 0.01 0.01 0.05
1,1,1-Trichlorocethane > 95 0.01 0.01 0.05
Trichloroethene > 95 0.01 0.01 0.05
Trichloroflucromethane > 65 0.01 0.01 0.05
Triehloromethane > a5 0.01 0.01 0.05
1,1,1-Trifluoro-2-bromo-— > 90 0.05 < 0.05 0.1

2-chloroethane

12.

12.1

12.2

12.3

NOTES ON PROCEDURE

In most cases, the precision of the method is different for tap-water,
sur face-water and effluents, dus to the complexity of the sample and
changing conecentration levels,

For surface-water, preliminary dilution of the sample (using "statie"
head-space sereening) is needed before the purging step in some cases.
At the sub-ng/L level, the precision for surface-water is < 50% in mest
cases. At the 1-5 pg/L level, a preecision of ¢ 20% can be reached,
falling to < 10% at the 5-10 ug/L level,

Analysis in the sub-pg/L rangs can only take place in elean laboratory
air, whieh often requires purification with activated carbon. Working
with analytes in the laboratory must be aveoided as far as possible.
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To avoid break-through of cartridges the safe sampling gas volume must be
known. In general, a gas flow-rate of 10-150 mL/min, a cartridge temper-
ature of less than 20°C and a sampling time of 20-40 min will nct give
rise to break-through, except in some cases. When the retention volume
of an organic compound at 20°C under the conditions obtaining is known
experimentally, the safe sampling volume is 50% of this value.

If compounds with a wide boiling range must be analysed, a combination of
Tenax-GC and Ambersorb must be used. The cartridge is filled with 130 mg
Tenax-GC and 70 mg BAmbersorb on top of it. The purge gas must first pass
the Tenax-GC. {For desorption, the direction is reversed.)

For most compounds there 1s a good correlation between retenticn volume

and boiling point. Some safe sampling volumes are given in the following
Table:

Organic compound Boiling point Safe sampling volume?
{°c) (litres per g of Tenax-GC)
Chloromethane - 24 Not applicableb
Dichloromethane 40 1.5
Trichloromethane 62 9.3
Tetrachloromethane 76 3.1
1,1-Dichloroethane 57 7.0
1,2-Dichloroethane 84 27
1,1,1-Trichloroethane T4 1.9
1,1,2-Trichloroethane 114 70
1,1,2,2=Tetrachloroethane 146 850
Vinyl chloride - 14 Not applicableb
1, 1-Dichloroethene 32 1.1
1,2=-Dichoroethene 55 5.4
Trichloroethene a7 28
Tetrachloroethene 121 2490
3-Chloro-1-propene 45 5 b
Bromomethane 4 Not applicableb
Trichloroflucromethane 24 Not applicable
2-chloro=-2-bromo-1,1,1-tri- 50 0.8
fluoroethane ‘
a

R.H. Brown & Purnell, C.J. (1979) Collection and analyses of trace organiec

vapour pollutants in ambient atmosphere. J, Chromatocgr., 178, 79-90

b Ambersorb or Porapak N must be used to trap these compounds,
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12.7 Optimum purging conditions can be reached at pH 7.1, while scdium sulfate
(3.35 mcl/L) is added to improve recoveries of analytes. Note that expe-
sure of the volatile compeounds to direct sunlight nmust be avoided.

13. SCHEMATIC REPRESENTATION OF PROCEDURE

Collect water sample and prepare blank sample
and calibration sample
Transport and store under identical conditicns

|

Check instrument performance by analysing calibration
sample (as below)
Check analytical system for memory effects
Check laberatery air for purity

|

Fill purging vessel with 1 L of sample (4°C)
Heat to 80°C while maintaining N, flow (#0 mL/min)
Two Tenax cartridges are placed in series on tep of condenser

|

After 20-30 min, cap cartridges and store if necessary

Uncap cartridges and flash-deserb (250°C) in injection systenm
desorption unit
Trap analytes at -30°C

|

Flash-desorb analytes from -30°C trap
onte GC column
Racord detector respcnses

|

Repeat purging + analysis for blank samples
and calibration samples
Record detecter responses

After every ten samples, analyse a blank cartridge
Calculate analyte concentration in water sample

by comparison of detector responses for water sample
and calibration sample for a given analyte (corrected for blank response)
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DETERMINATION OF RESIDUES OF HALOGENATED FUMIGANTS
IN FOODSTUFFS

INTRODUCTION

K.A. Scudamore & A. MacKenzie Peers

1. FUMIGANTS AND FUMIGATION

Fumigation is used both as an emergency action when infestation is found
in a food commodity and also to guarantee that a consignment is insect-free.
It confers, however, no lasting protection, such as could be obtained by using
less-volatile insecticides.

Volatile chemical compounds have been widely used as fumigants to dis-
infest focd commodities containing insects and mites. A number of the halogen-
ated aliphatic alkanes and alkenes have appropriate properties, They are
volatile, toxic to insects, relatively cheap and readily available., Some of
them, such as bromomethane (methyl bromide)} and tetrachloromethane (carbon
tetrachloride), are also nonflammable.

The use of gases or volatile liquids is necessary to permeate bulk commo-
dities. As insects and mites are killed by the action of the compounds in the
vapour state, high concentrations are necessarily present during treatment.
Sorption of these compounds by a food commodity may thus be considerable and,
although the amount of sorbed vapour may fall rapidly after the end of treat-
ment (both by volatilization and chemical reaction), considerable amounts can
remain associated with the foodstuff for a long periocd of time. The persis-
tence of a volatile compound will depend on its chemical and physical proper-
ties, the nature and condition of the foodstuff and the conditions of storage.
Because of the toXic nature of the compounds used, methods of determination of
residual fumigants in foodstuffs are necessary and have been developed in a
number of countries.

2. ANALYTICAL HMETHODS

2.1 Selection of wmethods

The analytical procedures included in this Manual for the determination
of halogenated fumigant residues have been selected from those publlshed
during the last 20 years. Criteria for the inclusion of a method are that it
has been {a) collaboratively tested, or used by the Author or personally
recommended to him by other workers in the field and (b) found to be simple
and reliable. Omission of a method does not imply that it is unsuitable or
unreliable, but only that it does notl meet the criteria applied above.

-3h7-
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2.2 S3cope ¢f Lhe methods

Methods are required beoth for the determination of residues of a specific
compound and for the compcenents of a mixture of several compounds. In
addition, they sheould be applicable t¢ routine screening of feodstuffs. To
meet these requirements, methoeds have been developed for the determination of
as many compounds as pe¢ssible, using precedures in which parameters can be
optimized for each individual compound if required.

2.3 Analytical considerations

2.3.1 Sampling

The following recommendations are taken from Bates, J.A.R., =ad. (1982)
TUPAC Reports on Pesticides (16). Pure & Appl. Chem., 54U, 1400-1414. The
full repert (ibid., 1361-1450) should be consulted for more complete infor-
matiocn.

Obtaining representative samples from bulk containers is difficult and,
if possible, the sample shcould be taken at frequent, regular intervals from
the stream during transfer to another container. A probe sample may be
acceptable if it is possible to reach every part of the container and a large
nuaber of samples are mixed. Sampling of smaller lots, samples stored in bags

or those composed of a large number of individually packaged items are dis-
cussed in the above report,

Volatility of fumigant residues require that handling and exposure of
samples should be kept te a minimum, Samples must be placed immediately in
clean inert ceontainers. Nylon bags or glass betbles with screw caps, fitted
with aluminium or teflen liners, are suitable., Aveid other plastic containers
(e.g., PVC) which may interfere with the analytical method or be permeable to
fumigant vapours. If cans are used, they must be checked for presence of o¢il
films, ete., which could interfere with analysis, Glass containers should be
thoroughly cleaned and rinsed with pesticide-free sclvents, then dried before
use.

Samples should be analysed as soon as pessible, but if storage 1is
required the sample should be stered wheole, at or below -20°C. It is always
advisable to protect samples and/cr extracts from needless exposure to light.

2.3.2 Volatility

Fumigants are gases or volatile liquids and the use of methods that
invelve grinding cculd result in low or inconsistent recoveries. In the
methods described here, the sample is taken in an undivided state and added
directly to the extraction medium.
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2.3.3 BReactivity
Some of the compounds used as fumigants are reactive at elevated tempe-
ratures and it is thus desirable to use methods that do not involve heating or

refluxing. Most of the methcds described are carried out at room temperature,

2.3.4 Concentration of extracts

The similarity between the boiling points of the solvents used for extrac-
tion and the compounds used as fumigants makes it impracticable to avaporate
the solvent as a means of increasing the sensitivity of the method.

2.3.5 Chromatography of extracts

The solvent and its impurities will tend to elute from gas chromatogra-—
phic columns with retention times similar to those of the compounds being
determined, Use of multi-component solvents increases the complexity of gas
chromatcgraphic separations, particularly in multi-residue screening proce-
dures, Careful checking of chromatographic purity of solvents is thus an
important consideration.

2.3.6 Extractibility

The volatility of compounds used as fumigants facilitates diffusion into
the individual grains or food granules. However, strong interactions with the
focd matrix often cccur and the degree of interaction of the residue with the
focdstuff is reflected in the rate at which it is released into the extracticn
solvent. Determinaticn of extraction efficiencies is thus difficult and nokt
often attempted. Some published methods for fumigant residues give data
showing high recoveries of fumigant which has been added directly to the
commedity-sclvent matrix. This does no more than indicate losses or concen-
tration effects during the analytical procedure. Typically, recovery of
fumigants from unground commodities left to socak in the sclvent increases with
time and reaches a maximum value in 24 to 72 h, depending on the residue and
the foodstuff. However, as the time elapsed since the original treatment
increases, the residues remaining are progressively those more firmly bound
and thus more difficult to remcve, leading to slower and less efficient extrac-—
tion. In using any of the following methods, this should always be considered.

2.3.7 Confirmation of identity

Coincidence of retention times of an unknown compound with that of a
known standard is not proof of chemical identity. Identification may be made
more certain by checking retention times on different chromatcgraphic columns,
but positive identification requires the use of other analytical methods.



METHOD 17

MULTI-RESIDUE GAS CHROMATOGRAPHIC METHOD
FOR DETERMINATION OF FUMIGANT RESIDUES
IN CEREAL GRAINS AND OTHER FOODS

K.A. Scudamcre

Adapted in major part from Official methods of analysis of the Asscclation of
Official Analytical Chemists (13th Ed., 1980) sections 29.056-29.057 and from
'The Determination of Residues of Volatile fumigants in Grain" - a report by
the Panel on fumigant residues in grain of the Committee for analytical
methods for residues of pesticides and veterinary products in foodstuffs of
the U.K., Ministry of Agriculture, Fisheries and Feoocd (1974). Analyst, 99,
575-576

1. 3COPE AND FIELD OF APPLICATION

This methed has been ccllaboratively tested for the determination of
carbon tetrachloride, chloroform, trichlorcethylene and 1,2-dibromoethane in

fumigated wheat and maize, and has been found toc be applicable to the follow-
ing compounds:

Bromcchloromethane

Bromomethane {Methyl bromide)
1,2-Dibromoethane {Ethylene dibromide)
1,2-Dichloroethane {Ethylene dichloride)
Iodomethane : (Methyl icdide)
Nitrotrichloromethane (Chloropicrin)
Tetrachlcrcethene (Perchloroethylene)
Tetrachloromethane (Carbon tetrachloride)
1,1,1-Trichloroethane (Methyl chlorcform)
Trichlorcethene (Trichlorcethylene)
Trichleromethane (Chloroform)

This method has also been used successfully for the determination of
residues of individual fumigants in a wide range of foodstuffs, including
barley, cats, rice, scrghum, wheatflour, bread, groundnuts, sunflower seeds,
rape seed, soya meal, lentils, chieck peas, dried fruit and cocoa beans.
Approximate limits of detection for each compound are given in Table 7.

-351-
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Table 1. Retention times and sensitivity guide

Compound Retention time Sensitivityg Limit of
(Apiezon-L) detection™
(pg) (mg/kg)

Apiezon L PPGE
110°C (min) 120°C (min)

Methyl bromide C2.2 1.8 30 (70%) 0.15
Acetonitrile 2.2 2.5 - -
Acetone 2.3 2.0 - -
Methyl icdide 4.0 2.4 0.5 0.002
Bromochlcromethane 5.8 3.8 3 0.01
Chloroform 5.9 3.8 6 0.02
Methyl chloroform 7.0 3.3 2.5 0.01
Ethylene dichloride 7.0 4.1 1 000 4
Carbcn tetrachloride 8.7 3.4 0.5 0.002
Trichloroethylene 11.0 4.4 8 0.03
Chloropicrin? 15.5 6.4 1.5 0.005
Ethylene dibromide 23.5 9.7 14 0.05
Perchloroethylene 25.5 6.3 5 0.02
8 2% Full-scale deflection at a noise level of 0.5%

b Limit with commodities free from chromatcgraphic interference

¢ Polypropylene glycol

d

= Use acetonitrile (reacts with acetone).
The residue is extracted from the whole commodity by scaking in solvent for
48 h. The number of samples which can be processed in this time is limited
by the throughput of the gas chromatograph.
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4, PRINCIPLE

Residues are extracted from an unground sample of the commodity by socak-
ing in acete¢ne:water o¢r in acetonitrile:water., Water 1is removed from the
organic sclvent and the dried solution injected into a gas chromatograph,
fitted with an electron-capture detector.

5. HAZARDS

Acetonitrile and fumigants are toxic solvents and should be handled in a
fume hood, Methyl bremide is an odourless, toxic gas at room temperature.
Preparaticn of standards from ice-cold liquid methyl bromide should be per-—
formed in a fume hood,

6. REAGENTS!

A1l reagents should be of analytical grade. The sclvents cited below
must be kept isclated from other halogenated solvents,

Acetone

Acetenitrile

Distilled water

Sedium chleride

Calcium chleride (anhydrous, 3-8 mesh)
Carbon tetrachloride

Chlercform

Chlorepicrin

Ethylene dibromide

Ethylene dichleoride

Methyl bromide (supplied in cylinders)
Methyl chloreform

Methyl iodide

Perchlorc¢ethylene

Trichloroethylene

Nitrogen {oxygen-free for gas chromatography)
Acetone:water (5:1, v/v)
Acetonitrile:water (5:1, v/v)

Standard sclutions of each fumigant in acetene or acetonitrile are prepa-

red singly, or as a multicomponent mixture, by serial dilution of weighed
amounts,

Reference t¢ a company and/or product is for the purpose of information
and identificaticn only and dees not imply approval or recommendation of
the company and/e¢r preduct by the Internaticonal Agency for Research on
Cancer, to the exclusion of others which may also be suitable.
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7. APPARATUS!

7.1 Laboratory glassware

Conical flasks 250 mL, with 24/29 ground-glass sockets and
glass stoppers

Graduated cylinders 25 mL and 10 mL, with glass stoppers

Micro syringes Tyl or 5 yl capacity

7.2 Gas chromatography

Any suitable gas chromatograph fitted with an electron-capture detector
and a recorder or integrator for measurement of detector response.

GC columns:

i) bmx 2.2 mm 1.d. glass column, packed with 15% (w/w) polypropylene
glycol (LB 550X, Ucon fluid) on Chromosorb W, 80-100 mesh,

(ii) 4 m % 2.2 mm i.d. glass column, packed with 15% (w/w) Apeizon L on
Chromosorb P, 80-100 mesh.

8. SAMPLING

Obtain a representative sample (see INTRODUCTION, p. 348, section 2.3.1).
If this cannot be analysed immediately, store in a vapour-tight container in
a freezer, isolated from other volatile halogenated compounds.

g. PROCEDURE
9.1. Blank tests

3.1.1 Inject an aliquot of the extraction solvent into the gas chromato-
graph to check for presence of peaks which might interfere,

93.1.2 If an uncontaminated sample of foodstuff is available, extract and
process as in sections 9.4-9.6 to check for interference from the
commodity constituents,

Reference to a company and/or product is for the purpose of information
and identification only and does not imply approval or recommendation of
the company and/or product by the International Agency for Research on
Cancer, to the exclusion of others which may also be suitable,
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9.2

9.3

9.5

9.6

9.1.3

SCUDAMORE

Inject an aliquot ¢f each standard sclution to check its purity.

test

Check

Not applicable

Test portion

50 g of well-mixed sample

Sample extraction and removal of water

g.u4.1

9.4.2

9.4.3

9.4.4

9.4.5

9.4.5

Weigh a 50 g portion of the well-mixed sample and quickly immerse
in 150 mL of acetone:water (5:1, v/v) or acetonitrile:water (5:1,
v/v) in a 250 mL conical flask and insert the stopper.

Allow the flask to stand for 48 h in the dark at room temperature
(20 to 25°C), with occasional shaking.

Pour a 20 mL portion of the supernatant liquid intc a 25 mL gradu-
ated cylinder and add 2 g sodium chloride.

Stopper and shake the cylinder vigourcusly for 2 min, then allow to
stand until the two layers separate {(about 30 min}.

Pour a 10 mL portion of the cliear upper layer into a 10 mL gradu-
ated cylinder and add 1 g calcium chloride.

Stopper, shake vigourously for 2 min and allow to stand for 30 min
with occasional shaking.

Gas chromatography conditions

Carrier gas Nitrogen; flow-rate 30-40 mL/min

Injection temperature 150°C

Detector temperature 250°C

Oven temperature 70-140°C (isothermal)

NOTE: The above parameters will depend on the gas chromatograph and

column used, Retention times for each compound at a compromise
temperature are given in Table 1 {section 1). An oven tempera-
ture of 70°C is appropriate for methyl bromide, while for the
more strongly-retained compounds, temperatures up to 140°C may be
used, It is not recommended that the PPG column be used above
130°C.

Determination of residue in sample

9.6.1

Inject aliquots of vclume equal to that employed in 9.7, using the
clear upper layer of the dried sample extract (9.4.6).
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9.6.2 If the response 18 greater than that of the highest standard,
dilute as necessary with dry acetone or acetonitrile and re-inject.

Preparation of a standard curve

Inject a fixed volume (usuvally in the range 0.5-5 ulL) of each standard
sclution into the injection block of the gas chromatograph (GC) using a
suitable microlitre syringe.

Construct a calibration curve of response against mass for each compound
injected.

Recovery

9.8.1 Add 140 mL of a mixture of acetone:water (5:;1, v/v) or aceto-
nitrile:water (5:1, v/v) to 50 g of sample, as in 9.4.1.

9.8.2 spike by adding 10 mL of acetone:water or acetonitrile:water
containing a Known amount of the compound of interest. Proceed as
described in sections 9.4-9.6 and calculate the recovery.

NOTE: This provides a recovery figure for the analytical procedure only.
It is very difficult to determine experimentally the extraction
efficiency for volatile compounds absorbed in the samples.

METHOD OF CALCULATION

The mass fraction, w, of fumigant residue in the sample is given by,
mvVF
W = (mg/Kkg)
vi

where

m = mass of analyte injected in 9.6.1, calculated from GC response
and standard curve, 9.7 (ng)

V = total volume of organic soivent in 9.4.1 (mL)
F = dilution factor (see 9.6.2)
v = volume of extract injected inte GC in 9.6.1 (uL)

¥ = mass of sample tTaken in 9.4.1 (g)
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NOTE: The method assumes that water is removed from the organic solvent
Wwithout less of the organic phase. If 150 mL of 5:1 (v/v)

organic:water extraction sclution is used initially, V is taken as
125 mL.

11. REPEATABILITY AND REPRODUCIBILITY

The method has been collaboratively tested for residues of carbon tetra-
chloride, c¢hloroform, dibromoethane and trichloroethane and the results
published (Ministry of Agriculture, Fisheries and Feod (U.K.), 1974).

12. NOTES ON PROCEDURE
Not applicable

13. SCHEMATIC REPRESENTATION OF PROCEDURE

Add 150 ml of acetone:water (5:1, v/v)
or acetcnitrile:water (5:1, v/v)
to 50 g of food commodity

|

Leave for 48 h at rcom temperature in the dark

i

Decant 20 mL, shake with 2 g sodium chloride
and leave to stand for 30 min

|

Decant 10 mL of upper layer
and shake vigourously with 1 g calcium chloride.
Stand for 30 min

l

Inject upper layer directly or after dilution into GC
and compare peak height or area obtained
with these of standard sclutions
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Pest Control Chemistry Department
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Contact point: Mr K.A. Scudamore
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GAS CHROMATOGRAPHIC DETERMINATION OF CHLOROFORM,
CARBON TETRACHLORIDE, ETHYLENE DIBROMIDE AND
TRICHLOROETHYLENE IN CEREAL GRAINS AFTER DISTILLATION

K.A. Scudamore

i. SCOPE AND FIELD OF APPLICATION

This method has been used in the author's laboratory for the determina-
tion of the title compounds and also for 1,2-dichloroethane. In samples
ccentaining carbon tetrachloride, the apparent formation of small amounts of
chloroform during extraction and distillation has been reported, Limits of

detection are stated as being in the mg/kg range and in the author's
experience are comparable to those obtainable using Method 17.

A result can be obtained in 2 to 3 hours. However the nature of the
equipment necessary limits the number of samples which can be processed,
{This method would have advantages where a quick result for a few samples is
required.)

2. REFERENCE

Bielorai, R. & 4lumot, E. (1966) Determination of residues of a fumigant

mixture in cereal grain by electron-capture gas chromatography. J.
Agric. Food Chem., 14, 622-625

3. DEFINITIONS

Not applicable

‘4. PRINCIPLE

The sample of unground cereal grains is extracted by refluxing with
water. The fumigant residues are removed from the aqueous extract by steam
distillation and trapped in a small volume of toluene in a continuous distil-

lation apparatus, After drying, the compounds collected are determined by gas
chromatography (GC),
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5.

6.

SCUDAMORE

HAZARDS

Fumigants and .toluene are toxic sclvents, Care should be taken to
prevent expcsure of coperators to vapocurs of these compounds.

REAGENTS!

All should be of analytical grade.

chlorinated sclvents.

Toluene

Distilled water

Scdium sulfate (anhydrcus)

Ethylene dibromide

Carbon tetrachloride
Trichlorcethylene

Chleroferm

Nitrogen (oxygen-free for GC)
Standard scluticons of each funigant
diluticn.

APPARATUS!

Laberatery glassware

Toluene should be kept isclated from

in toluene are prepared by serial

Flasks, round-bcttomed 500 mL, with 50/50 ground-glass joint
Flasks, velumetric 25 mlL, with glass stcoppers
Microsyringes 1 to 5 yL capacity

Extraction and distillaticn apparatus shown in Figure 1.

Gas chromatcgraphy

Any suitable gas chromatograph fitted with an electron-capture detector
and a receorder cor integrator for measurement cf detecter response.

4 2 m, all-glass cclumn, packed with 10% (w/w) silicone o0il DC-T10 cn
80-100 mesh Chromoscrb W HMDS (or other suitable column).

Reference to a ccmpany and/or product is for the purpese of informaticn
and identificaticn conly and dees not imply approval or recommendation of
the company and/cr product by the Internaticnal Agency for Research con
Cancer, to the exclusion of others which may also be suitable.
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FIG. 1.

EXTRACTION AND DISTILLATION APPARATUS

Condenser

Joint 29/42

Condenser

50 mm.

.‘ LETacm.j

—
16 cm:

fe-toint
50/50

500 ml
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9.1

9.2

9.3

9.4

SCUDAMCRE

SAMPLING

Obtain a representative sample (see INTRODUCTION, p. 348, section 2.3.1).
If this cannot be analysed immediately, store in a vapour-tight container in
a freezer, isolated from other volatile halogenated compounds.

PROCEDURE

Blank

9.1.1

Checl

tests

Inject an aliquot of pure dry toluene into the GC to check for
presence of peaks which might interfere.

If an uncontaminated sample of foodstuff is available, extract and
process as in sections 9.4-9.6 to check for interference from the

commodity constituents.

Inject an aliquot of each standard solution to check its purity.

test

Not applicable

10 to

Test portion

50 g of well-mixed sample.

Sample extraction and distillation of residues

9.4.1

9.4.2

9.4.3

9.4.4

9.4.5

9.4.6

9.4.7

WHeigh a 10-50 g portion of the well-mixed sample and add to 250 mL
of water in a 500 mlL round-bottom flask.

Place the flask in a heating mantle and add 5 mL of toluene.

Connect the distillation apparatus and condenser and fill the
collection tube with water,

Run ice-cold water through the condenser and bring the contents of
the distillation flask to the boil.

Distil for 30 min and allow the apparatus to cool.
Run off the water layer from the collection tube and run the
toluene layer into a 25 mlL conical flask, fitted with a glass

stopper and containing 2 g of anhydrous sodium sulfate,

Rinse the collection tube several times with small aliquots of
toluene and add to the volumetric flask.
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9.6
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9.4.8 Leave to dry for abocut 1 h and transfer toc a 25 mL volumetric flask
Wwith washings from the sodium sulfate. Make up to volume,

Gas chromatography

Nitrogen carrier gas, flow-rate 20 mL/min
Column oven temperature, 60°C

Injection temperature, 150°C

Detector temperature, 250°C

NOTE: These parameters will depend on the GC and column used,

Determination of residues im sample

9.6.1 Inject aliquots of volume equal to that employed in 9.7, using the
dried toluene soclution from step 9.4.8,

9.6.2 If the response 1is greater than that from the most concentrated
standard, dilute with dried tocluene and re-inject.

Preparation of a standard curve

Inject a fixed volume (usually in the range 0.5-5 ul) of each standard
solution intec the injecticn block of the gas chromatocgraph, using a
suitable microlitre syringe.

Construct a calibration curve of response against mass for each compound
injected.

Recovery

9.3.1 Add 5 mL of toluene containing known amcunts of fumigants toc 50 g

of commodity and 250 mL of water, contained in a 500 mL round-
bottom flask.

9.8.2 Proceed as deseribed in sections 9.4-9.6 and calculate the
recovery.

NOTE: This provides a recovery figure for the analytical procedure only.
It 1is very difficult to determine experimentally the extraction
efficiency for volatile compounds absorbed in the samples.

METHOD OF CALCULATION

The mass fraction, w, of fumigant residue in the sample is given by,

mVF
w=— (mg/kg)
vM
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where

m = mass of analyte injected in 9.6.1, calculated from GC response
and standard curve, 9.7 (ng)

V = final vclume of foluene in 9.4.8 {(mL)
F = dilution factor (see 9.6.2)
v = volume cf extract injected into the GC in 9.6.1 (uL)

M = mass of sample taken in 9.4.1 (g)

11, REPEATABILITY AND REPRODUCIBILITY

No informaticn is available

12. NOTES ON PROCEDURE

Net applicable
13. SCHEMATIC REPRE3SENTATION OF PROCEDURE

Add 10-50 g of cereal grain to 250 mL of water

|

Add 5 mL toluene, bring to the boil and distill

After 30 min, ccol distillate and run off water layer

|

Run the toluene intc a 25 mL conical flask containing 2 g
anhydrous sodium sulfate with washings
from the ecllection fube

|

Leave to dry for 1 h )
and transfer to a 25 mL volumeiric with washings
and make up To volume

1

Inject into GC and compare peak height or area observed
with those cobtained with standard sclutions
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ORIGIN OF THE METHOD

Department of Animal Nutrition
Agricultural Research Organisation
The Volcani Center

P.0. Box 6

Bet-Dagan, Israel

Contact point: Dr R. Bielorai
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METHOD 19

GAS CHROMATOGRAPHIC DETERMINATION OF CHLOROFORM,
CARBON TETRACHLORIDE, TRICHLOROETHYLENE AND ETHYLENE
DIBROMIDE IN CEREAL GRAINS AFTER DIRECT EXTRACTION

K.A. Scudamore

1. 3COPE AND FIELD OF APPLICATION

This method is suitable for the determination of the title compounds in

cereal grains. The limits of detection are similar to those attainable with
Method 17.

The residue is extracted from the whole commodity by soaking in the
appropriate sclvent for 48 h, The number of samples which can be processed in
this time is limited by the throughput of the gas chromatograph.

2, REFERENCE

Greve, P.A, & Hogendeoorn, E.A. (1979) Determination of fumigant residues in
grain. Med, Fac. Landbouww, Rijksuniv, Gent, 44/2, 877-884

3. DEFINITIONS

Not applicable

4, PRINCIPLE

A mixture of hydrochloric acid and petroleum ether is used to extract the
fumigant compounds. The whole grains swell due to uptake of water and the

compounds released to the petroleum ether layer are determined by gas chroma-
tography.

5. HAZARDS

Fumigants are toxic solvents. Care should be taken to prevent exposure
of operators to vapours of these compounds.

-369-
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REAGENTS!

All reagents should be of analytical grade if possible. Extractiocon

solvents must be stored away from halcgenated sclvents.

7.5

Hydrochloriec acid

Petroleum ether (40°-60°C boiling range)

Distilled water

Ethylene dibromide

Carben tetrachleoride

Trichlorcethylene

Chloroform

Nitrogen (oxygen-free for gas chromatography (GC))

Prepare standards o¢f each fumigant in petrcleum ether by serial diluticn.

NOTE: Petroleum ether is a mixture cf compounds, If preblems cccur due
te interference (especially with the wuse of alternative GC

cclumns), n-heptane, n-hexane or isc-cctane may be useful substi-
tute sclvents.

APPARATUS!?

Laboratcry glassware

Conical flasks Capacity 150 mL, with 24/29 glass sockets
and glass stoppers

Micro syringes 1 to 5 ul capacity

Gas chromatography

Any suitable gas chromatograph fitted with an electron-capture detector
and a recorder or integrator for measurement of detector response.

A 1.2 m x 2 mm i.d. coclumn, packed with 5% Carbowax-20M on Chromosorb
101, 80-100 mesh.

Reference to a company and/or product is for the purpose of information
and identificaticn only and does not iwmply approval or recommendation of
the company and/or product by the Internaticnal Agency for Research on
Cancer, to the exclusion of others which may alsoc be suitable.
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NOTE: 1,2-Dichloroethane, which has been commonly used for fumigation in

mixtures with carbon tetrachloride, has the same retention time as
the latter on the column indicated above., However, the electron-
capture detector is several orders of magnitude more sensitive to
carbon tetrachloride then to 1,2-dichlorcethane, If doubt arises,
an alternative coclumn, such as 20% SP-2100: 0.1% Carbowax - 100 on
Supelcoport, 100-120 mesh, will separate the two compounds.

SAMPLING

Obtain a representative sample (see INTRODUCTICN, p. 348, section 2.3.1}.
If this cannot be analysed immediately, store in a vapour-tight container in
a freezer, isclated from other volatile halogenated compounds.

PROCEDURE

Blank tests

9.1.1 Inject an aliquot of petroleum ether (or alternative solvent) into

9.1

the gas chromatograph to check for the presence of peaks which
might interfere.

.2 If an unfumigated sample of the grain is available, process as in

sections 9.4-9.6 to check for interference on the gas chromatogram.

9.1.3 Inject on aliquot of each standard to check its purity.

Check test

Not applicable

Test portion

50 g of well-mixed sample

Sample extraction

9.4.1 Weigh 50 g of a well-mixed sample of grain and add to a 150 mL

conical flask eontaining 60 mL of 0.1 mcl/L hydrochloric acid and
40 mL of petroleum ether (or alternative solvent).

9.4.2 Stopper the conical flask and allow to stand for at least 48 h at

room temperature (20-25°C), with cccasional shaking.

Gas chromatcgraphy conditions

Column temperature, 150°C
Other conditions to be optimized by the analyst.
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9.6 Determination of residue in sample

9.6.1 Inject aliquots of volume equal to that employed in 9.7, using the
petroleum ether layer from 9.4,2,

9.6.2 If the response is greater than that of the most concentrated
standard, dilute as necessary with petroleum ether and re-inject,.

9.8 Recovery

9.8.1 Spike 50 g samples ¢f grain by adding known amounts ¢f fumigant in
petrecleum ether.

9.8.2 Proceed as in sections 9.4-9.6 and calculate the recovery of each
compound .

10. METHOD OF CALCULATION

The mass fraction, w, of fumigant residue in the sample is given by,

mVF

Ww = — (mg/kg)
vM

where,

m = mass of analyte injected in 9.6.1, calculated from GC response
and standard curve 9.7 (ng)

¥ = volume of petroleum ether in 9.4.71 (mL)
F = dilution facter (see 9.6.2)
v = vclume of extraect injected into the GC in 9.6.1 (yL)

M = mass of sample taken in 9.%.1 (g)

11. REPEATABILITY AND REPRODUCIBILITY

In a series of spiking experiments, Greve and Hogendoorn (1979) found
recoveries of 91 + 2% for chloroform, 99 * 3% for carbon tetrachloride, 99 *

4% for trichloroethylene and 93 + 3% for 1,2-dibromcethane. 3piking levels
corresponded t¢ the range 0.01=40 mg/kg.

12. NOTES ON PROCEDURE

Not applicable
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13. SCHEMATIC REPRESENTATION OF PROCEDURE

Add 50 g of cereal grain to 60 mL of 0.1 mol/L hydrochloric acid
and 40 mL of petrcleum ether

l

Leave to stand for 48 h in the dark

|

Inject upper layer directly, or after dilution,
into the gas chromatograph

Compare response with those from standard solutions

14, ORIGIN OF METHOD

Laboratory of Organic Chemistry and Environmental Hygiene
National Institute of Public Health

P.0O. Box 1

Bilthoven, The Netherlands

Contact point: Dr P.A. Greve



METHOD 20

DETERMINATION OF METHYL BROMIDE IN GRAIN
USING HEAD-SPACE ANALYSIS

K.A. Scudamore

1. SCOPE AND FIELD OF APPLICATION

This method has been used for the determination of methyl bromide
residues in cereal grains, with a limit of detecticn of 10 ug/kg.

The residue is extracted from the whole commodity by scaking in the

appropriate soilvent for 24 h. The number of samples which can be processed in
this time is limited by the throughput of the gas chromatograph.

2. REFERENCES

Greve, P.A. & Hogendcorn, E.A. (1979) Determination of fumigant residues in
grain. Med, Fac. Landbouww. Rijksuniv. Gent, 44/2, 877-884

3. DEFINITIONS

Not applicable

4. PRINCIPLE

Methyl bromide is extracted from whole cereal grains by scaking in
aquecus acetcone at room temperature, A porticn of the solvent extract is
placed in a glass bottle closed with a screw cap fitted with a septum. After

equilibration, an aliquct of the head-space vapour is injected intc a gas
chromateograph.

5. HAZARDS

Methyl bromide is an odourless, tcxic gas at room temperature. Prepa-
ration of standards from ice-cecld liquid methyl bromide should be performed in
a fume cupbcard.

-375-



376

6.

SCUDAMORE
REAGENTS!

All reagents should be of analytical grade. Extraction solvents must be

isclated from halogenated solvents

Acetone

Distilled water

Methyl bromide (supplied in gas cylinders)

Nitrogen {(oxygen-free, for gas chromatography)

Acetone:water (9:1, v/v}

Standard sclutions of Prepare standard scluticns in acetcne:

methyl bromide ‘ water (9:1, v/v), using liquid, ice-cold
methylbremide. Prepare scluticns weekly
and store in glass bottles, closed with
screw caps fitted with Teflon-faced liners.
Fill each bottle to the brim.

APPARATUS?

Laboratory glassware

Glass bottles 300 mL capacity, equipped with screw cap

Glass bottles Neminal 15 mL capacity, equipped with screw
cap and rubber septum. The volumes of the
15 mL bottles must be within 1% of each
cther

Gas-tight syringes 250, 500 yL capacity

Gas chrcmateography

Any suitable gas chromategraph (GC), fitted with an electron-capture

detector and a recorder or integrator for measurement of detector
response.

4 1.2 m x 2 mm i.d, column, packed with 5% Carbowax - 20 m on Chromoserb
101, B0=-100 mesh :

Reference to a company and/cor product is for the purpose of information
and identificaticn only and dees not imply approval or recommendation of
the company and/or product by the Internaticnal Agency for Research cn
Cancer, to the exclusiocn of others which may alsc be suitable.
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8. SAMPLING

Obtain a representative sample (see INTRODUCTION, p. 348, section 2.3.1).
If this cannot be analysed immediately, store in a vapour-tight container in
a freezer, isolated frowm other halcogenated volatiles,

9. PROCEDURE

9.1 Blank tests

§.1.1 Add 10 mL of freshly prepared acetone:water (9:1, v/v) to a 15 mL
glass bottle. After equilibration, inject a suitable aliquot of
the head-space vapour into the GC, using a gas-tight syringe (see
9.7.2) and check for possible interference with methyl bromide peak.

9.1.2 If an unfumigated sample of the foodstuff is available, proceed as
in sections 9.4-9.6 and check for possible interference.

9.2 Check test
Not applicable
9.3 Test portion
See 9.4,2.

9.4 Sample extraction

9.4,1 Add 175 mL of acetone:water (9:1, v/v) to a 300 mL glass bottle
equipped with screw cap. Weigh.

9.4.2 Fill the bottle with grain until the liquid reaches the brim.
Close and weigh again. Calculate the weight of grain taken.

9.4.3 Leave at room temperature for at least 24.h.

9.4.4 Transfer 10 mL of extract from 9.4.3 to a 15 mL glass bottle,
i equipped with screw cap and rubber septum,

9.4,5 Close the bottle and let stand for S5 min at room temperature,

9.5 Gas chromatography conditions

Column temperature, 80°C
Other conditions to be optimized by the analyst.
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9.6

9-7

9.8
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Determination of residue in sample

9.6.1 From the head space above the sample extract (9.4.5), inject
aliquots of volume equal te that empleyed in 9.7.2.

9.6.2 If the response is greater than that from the most concentrated
standard, dilute the extract sclution and re-inject.

Preparation of a calibration curve

9.7.1 Place 10 mL aliquots of standard soluticns of methyl bremide in
acetone:water (9:1) in 15 mL glass bottles, as in 9.4.4,

9,7.2 Inject a fixed volume (usually in the range 250-500 (L) of the
head-space vapour intoc the GC by means of a gas-tight syringe.

9.7.3 Construct a calibration curve c¢f response against mass of methyl
bromide in the 10 mL aliquots.

Recovery

Place 175 mL of standard solutlons of methyl bromide in acetone:water
(9:1, v/v) in a 300 mL bottle and fill with grain as in 9.4.2. Precceed

as described above for normal sample and calculate the reccvery ¢f methyl
bromide.

NOTE: This provides a recovery figure for the analytical procedure only.
It is very difficult to determine experimentally the extraction
efficiency feor velatile compounds absorbed in the samples.

METHOD OF CALCULATION

The mass fractien, w, ¢of fumigant residue in the sample 1s given by,

mVF
W= ({mg/kg)
vM




METHYL BRCMIDE IN GRAIN 379

where

m = mass of analyte in 10 mL aliquot (9.4.4), caleculated from GC
response (9.6.1) and standard curve, 9.7 (ug)

V = volume of acetone:water in 9.4.1 (mL)
F = dilution factor {(see 9.6.2)
v = volume of extract transferred to 15 mL bottle in 9.4.4 (mL)

M = mass of sample taken in 9.4.2 (g)

11. REPEATABILITY AND REPRODUCIBILITY

In a series of 19 recovery experiments over the spiking range correspond-
ing to 0.93-10.4 mg/kg, the recovery cbtained was 91 = 3%.

12. NOTE3 ON PROCEDURE

v

Not applicable
13. S3CHEMATIC REPRESENTATION OF PROCEDURE

Extract grain with 175 mL of acetone:water (9:1, v/v)
by soaking for 24 h

¥

Transfer 10 mL extract to a 15 mL bettle

'

Stand 5 min and inject head-space vapour intc gas chromatograph

;

Convert response to residue ceontent using standard curve
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Unit for Residue Analysis

National Institute of Public Health
P.0. Box 1

Bilthoven, Netherlands

Contact point: Dr P.A. Greve



METHOD 21

DETERMINATION OF METHYL BROMIDE IN FOOD COMMODITIES
USING DERIVATIVE GAS CHROMATOGRAPHY

K.A. Scudamore

1. SCOPE AND FIELD OF APPLICATION

This method is suitable for the determination of methyl bromide in a
range of food commodities, including wheat, barley, maize, oats, wheat flour,

rapeseed, grcundnuts, cocoa beans, rice and dried milk. The limits of
detection are below 10 pg/kg.

The residue is extracted from the whole commodity by scaking in the

appropriate solvent fer 24 h. The number of samples which can be processed in
this time is limited by the throughput of the gas chromatocgraph.

2. REFERENCE
Fairall, R.J. & Scudamore, K.A. {(1980) Determination of residual methyl

bremide in fumigated commodities using derivative gas-liquid chromatc-
graphy. Analyst, 105, 251-256

3. DEFINITIONS

Not applicable

4, PRINCIPLE

Methyl bromide is extracted from an unground sample of commodity by
scaking in an acetone:water mixture, The methyl bromide iz then converted to
methyl iodide by reaction with sodiuw iodide in acetone:water solution.
Methyl iodide is extracted with n-pentane and is determined by gas chromato-
grapny {(GC).
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5. HAZARDS

Methyl bromide 'is an odourless, toxic gas at room tewmperature, Prepa-

ration of standards from ice-cold, liquid methyl bromide should be performed
in a fume cupboard.

6. REAGENTS

Analytical grade reagents should be used where possible, Extraction

solvents should be kept isolated from chlorinated solvents cor methyl iodide
solutions.

Acetone

lethyl bromide supplied in gas cylinders
Methyl iodide

n-Pentane 99.5%

Nitrogen oxygen-free, for GC
Sodium icdide

De-ionized or distilled water

Acetone:water 511 {v/v)

Standard soluticns of Prepare standard solutions of methyl iodide
methyl iodide in n-pentane

3tandard sclutions of Prepare standard solutions of methyl bromide
methyl bromide in acetone:water (5:1, v/v)

7. APPARATUS!

7.1 Laboratory glassware

Conical flasks 100 mL capacity, with 24/29 ground glass

sockets and glass stopppers

Reference to a company and/or product is for the purpose of information
and identification only and does not imply approval or recommendation of
the company and/or product by the International Agency for Research on
Cancer, to the exclusion of others which may also be sultable.
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Conical flasks 50 mL capacity, with 19/26 ground glass
sockets and glass stoppers

Graduated cylinders 25 mL, with ground glass stoppers

Gas chromatography

Any suitable gas chromatograph, fitted with an electron-capture detector
and a recorder or integrator for measurement of detector response.

Aldmx2mmi.d. glass cclumn, packed with 15% Apiezon L on Chromoscrb P.

SAMPLING

Obtain a representative sample (see INTRODUCTION, p. 348, section 2.3.1).

If this cannct be analysed immediately, store in a vapour-tight container in
a freezer, isclated from other volatile halogenated compounds,.

9.

9.1

PROCEDURE
Blank tests

9.1.1 Inject an aliquot of pentane into the GC to check for presence of
peaks which might interfere,.

9.1.2 Add 20 mL acetoneswater (5:1, v/v) to a 50 mL conical flask, %then
add 0.5 g sodium igdide. Proceed as in 9.5.2 to 9.5.7 inclusive.
Inject an aliquot of the final sclution to check for presence of
interfering peaks.

9.1.3 Process a sample of the food commodity as specified in 9.4 and 9.5,
omitting the addition of sodium icdide. Inject an aliquet of the
final pentane extract (9.5.7) to check for interference,

9.1.% If a sample of the unfumigated foocdstuff is available, proceed as
in 9.4 and 9.5. 1Inject an aliquot of the final pentane extract to
check for interference.

9.1.5 Inject an aliquot of methyl iodide standard in pentane %fo check for
purity. '

NOTE: The checking procedure in 9.1,3 will confirm that no compound
with a retention time similar to methyl iodide is extracted
from the commodity. That described in 9.1.4 will confirm
that no peak with a retention time corresponding to that of
methyl icdide is produced during the derivatization step.
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9.2 Check test

Not applicable
9.3 Test porticn

10 to 20 g of well-mixed sample

9.4 Sample extraction

9.4.1 Weigh a 10-20 g porticn of a well-mixed sample and quickly immerse

in 60 mL of acetone:water (5:1, v/v) in a 100 mL conical flask and
insert the glass stopper.

9.4.2 Allow to stand for 24 h in the dark at room temperature (20-25°C)
with occcasional shaking.

G.5 Derivatization (see Notes on Procedure, 12.2)

G.5.1 Transfer 20 mL of the extract to a 50 mL conical flask and add 0.5g
sodium icdide.

9.5.2 Stopper and allow to stand for 1 h at rcom temperature.

9.5.3 Shake and transfer 3 mL of the reacted extract to a 25 mL graduated
cylinder containing 5 mL pentane.

9.5.4 Add 15 mL of water, mix thoroughly and allow layers to separate.

3.5.5 Draw off or decant the upper layer as completely as pessible and
transfer to a 25 ml volumetric flask.

9.5.6 Wash the remaining acetone:water layer with two further 5 mL
volumes ¢f pentane and transfer the washings to the 25 mL flask.

9.5.7 Make the vclume up to the mark with pentane,

9.6 Gas chrcmatography conditions

9.6,1 GC conditions

Column temperature, 100°C

Injection port temperature, 100°C

Detector temperature, 200°C

Carrier gas, nitrogen; flow-rate 25 mL/min

9.7 Determinaticn of fumigant residue in sample

3.7.1 Inject aliquct of volume equal to that employed in 9.8, using the
pentane sclution 9.5.7 {but see Notes on Procedure, 12.3).
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9.7.2 If response is greater than that obtained with most concentrated
standard, dilute as necessary with pentane and re-inject.

Preparation of a standard curve

Inject a fixed vclume (usually in the range of 0.5-5 yL) of each standard
methyl icdide solution into the injection block of the GC. Construct a
calibration curve of response against mass of methyl iodide injected.

Recoverz

9.9.1 Take 20 mL aliguots of standard solutions of methyl bremide in
acetone:iwater (5:1, v/v) and proceed as in 9.5.1 to 9.7.1,

ineclusive, Calculate the recovery of methyl bromide as methyl
icdide.

9.9.2 Add standard solutions of wmethyl bromide in acetone:water (5:1,
v/v} to 10-20 grams of commodity and proceed as in secticns 9.4.1
te 9.7.1, inclusive. Calculate recovery of methyl bromide as
methyl icdide in presence of commodity coextractives.

NOTE: This provides a recovery figure for the analytical procedure only.
It is very difficult to determine experimentally the extraction
efficiency for veolatile compounds absorbed in the samples.

METHOD OF CALCULATION

The mass fraction, w, of methyl bromide residue in the sample is given by,

0.669 mV,V,F
W=z —— (mg/kg)
vV, MV

4 2

where,

0.669= ratio of molecucular weights of methyl bromide and methyl
iodide

m = mass of methyl iodide injected in 9.7.1, calculated from GC

response and standard curve, 9.8 (ng) '

volume of acetone:water employed in 9.4.1 (mL)

volume of reacted extract used in 9.5.3 (mL)

final volume of pentane solution, 9.5.7 (mL)

volume of pentane sclution injected into GC in 9.7.1 (yL)

mass of sample portion in 9.4.1 (g)

dilution factor (see 9,7.2)

mME S
&, w ~ -
nm o i

n n

NOTE: For the volumes specified in sections 9.4-9.5, (V,V,/V,) = 500 mL
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12.1

12.2

12.3

13.
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REPEATABILITY AND REPRODUCIBILITY

Recoveries of wmethyl bromide from sclutions over the concentration range
4 000 ng/mL have been shown to be close to 100%.

NOTES ON PROCEDURE

Additional assurance concerning the identity of the residue can be obtain-
ed by measuring GC retention time on an alternative column, such as poly-
propylene glycecl {(see Method 17, secticn T.2}.

Chromatography of non-derivatized samples will give a peak for methyl
bremide but will be useful only for cenfirming the presence of methyl
bromide at higher concentrations (see Method 17, Table 1).

The sensitivity of the method may be increased five-fold by direct
injection of the upper sclvent layer cbtained in 9.5.4,

SCHEMATIC REPRESENTATION OF PROCEDURE
Weigh out 10 to 20 g of commodity and
add 60 mL of acetone:water (5:1, v/v)
Allcw teo stand for 24 h at room temperature in the dark

Transfer 20 mL, adj 0.5 g sodium icdide and
allow to stand for 20 min at room temperature

With draw 3 mL and shake with 15 mlL of water and 5 mL pentane

Draw off the top layer and wash the aqueous aceteone layer
with two further 5 nL portions of pentane

Combine the three 5 mL porticns of pentane
and make up to 25 mlL

Inject aliquots of the pentane solution inte the GC

Convert response to residue content using standard curve
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METHYL BROMIDE IN FOGD COMMODITIES

ORIGIN OF THE METHOD

Pest control Chemistry Department

Ministry of Agriculture, Fisheries and Focd
Slough Laboratory

London Road

Slough, Berkshire, UK

Contact point: Mr K.A. 3Scudamore
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METHOD 22

DETERMINATION OF ETHYLENE DIBROMIDE RESIDUES IN
BISCUITS AND COMMERCIAL FLOUR BY GAS CHROMATOGRAPHY

D.M. Rains

1. SCOPE AND FIELD OF APPLICATION

This method is suitable for the determination of ethylene dibromide (EDB)
residues in biscuits and flour, Two different extraction techniques are used,
solvent soak and hexans steam distillation. The limit of detection is 5 pg/kg
for flour and 1 ug/kg for biscuits, The analysis time is typically about 4
days for the solvent soak method and Y4 hours for the hexane steam~-distillation
method. The 4-day scak does not involve substantial analyst time., The
methods are subject to interferences from the solvents, particularly at the
low ug/kg range. Care must be taken to screen all solvents by gas c¢hromato-
graphy (GC) prior to use.

2. REFERENCE

Rains, D.M. & Holder, J.W. (1981) Ethylene dibromide residues in biscuits and
comnercial flour. J. Assoc, Off. Anal, Chem., 64, 1252~-1254

3. DEFINITIONS

Not applicable

4, PRINCIPLE

Fiour 1is extracted by the solvent scak method. The weighed sample is
placed in a Teflon or foil-lined screw-cap vial. A measured amount of heXxane
is added, the samples are vigorously shaken by hand and are stored at room
temperature in the dark. Once a day for 3 days, the samples are manually
shaken for approximately 30 s. Onh the fourth day, the supernatant of the
settled sample is injected directly onte the GC. Biscults are analysed by the
hexane steam-distillation method. The weighed sample is added to a distill-
ation flask with water and hexane and assembled as shown in Figure 1. The
sample is heated and the hexane and EDB are collected in the Barrett trap. The
hexane extract is injected onto the GC.

~-389-
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FIG. 1. EDB (ETHYLENE DIBROMIDE) EXTRACTION APPARATUS

Steam distillation apparatus

Shown :

a - Allihn condenser

b_ Barrett trap

c_ 2 neck . 1liter flask

d_ 1liter beaker

e - Heating mantle

f _ Adjustadle lab, support

Not shown :
d -] a-Ring stand
b_ Rubber tubing
¢ _Clamps
d_ Variable transformer
) _ : o
Reprinted with permission

®

from Kontes
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5. HAZARDS

EDB is an irritating liquid and a suspected carcinogen. Care should be
taken when handling this chemical and the use of gloves and a fume hood are

recommended,

6. REAGENTS!?

Distilled water

n-Hexane

Ethylene dibromide

Standard soluticn

Working standard solutions

7. APPARATUS?

Seintillaticn vials

Yolumetric flasks

Pesticide-free

Pesticide-residue analysis quality, or
equivalent. Check for interferences by
injecting 6 yL ontc GC (see 9.6).

Boiling range 130.5%=132.0°C, freezing
peint 9.3°C.

In a pre-weighed, stoppered 100-mL volu-
metric flask containing approximately 80 mL
hexane, add 85 yL of EDB, using a miecro-
liter syringe with the needle below the
surface of the hexane. Re-weigh the stop-
pered flask to calculate the amount of EDB
added.

Prepare by serial diluticns of the stock
solution to the 1-20 yug/L range, using 1-mL
and 10-mL volumetric pipettes and 100~-mL
volumetric flasks.

20-mL capacity, glass, with Teflon or foil-
lined screw-caps, or equivalent.

Glass—stoppered, class A.

Reference to a company and/cr product is for the purpose of information and

identification conly and does not imply approval or recommendaticn of the
company and/or product by the International Agency for Research on Cancer,
to the exclusicn of others which may also be suitable.
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8.2

9.2

9.3

RAINS

Steam distillation apparatus:

Distilling flask 1-1litre, two-neck {(both vertical}, round-bottom

Barret trap 20-mL capacity, or eqguivalent

Heating mantle soft=sided, 1 litre

Allihn condenser 300 mm, or equivalent

Glass stoppers F 34/45 and B 24/40

Beaker 1000 mL, for cooling Barrett trap

Suppert platform Adjustable, for raising and lowering beaker
Graduated centrifuge tubes 13-mL, glass-stoppered, 0.1 mL/division
Gas chromatograph - Equipped with €3Ni electron-capture detec-

tor, Varian Model 3700, Hewlett Packard
Model 5840, or equivalent

Syringes for GC 10-100C uL

SAMPLING

Mix flour samples manually by shaking the flour in a large pclyethylene
bag, Transfer to a feoil-lined screw-cap jar and store in a freezer until
required.

Cut biscuits intc small pieces using a sharp knife, then store in a foil-
lined glass jar in a freezer until required.

PROCEDURE

Blank tests

Water and hexane are tested for interferences by performing the hexane
steam-distillation procedure without sample present. Use the procedure
described in section 9.5. '

Check test

ot applicable

Test portions

1.00-2.00 g flour; 20.0 g biscuits

Determination of EDB in flour

9.4.1 Weigh 1.00-2.00 g of sample into a scintillation vial and add 10 mL
n-hexane, :
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9.4.2 3hake vigorously by hand for 30 s, then store at room temperature
in the dark.

9.4.3 Once a day for three days, shake samples manually for 30 s.

9.4.4 On the fourth day, inject the settled supernatant directly onto GC
(see 9.6).

Determination of EDRB in biscuits

9.5.1 Weigh 20.0 g of biscuits into a 1=litre two-neck round-bottom flask
and add 200 mL of distilled, deionized water and 10 mL of n-hexane.

9.5.2 Stopper the flask and shake vigorously, allowing the flask to be
vented several times by removing the stopper for a few seconds.

3.5.3 Assemble the apparatus as shown in Figure 1.

9.5.4 Bring the water to a boil in about 40 min and remove heating
mantle when 0.5-1,0 mL of water collects at the bottom of the
Barrett trap.

9.5.5 Transfer the hexane and water to a graduated centrifuge tube and
shake vigorously, then allow the water to settle. (A centrifu-
gation step may be added to decrease the time for the separation of
the water and hexane layers. No drying step is needed.)

3.5.6 Record the volume of wWater collected and subtract from total
volume of solvent collected te determine the total volume of hexane
recovered (typically, 8.5-9.8 mL of hexane are collected).

9.5.7 Inject aliquots of the hexane extract directly onto the GC (see
9.6).

GC operating conditions

(a) Column Stainless steel, 1.83 m x 2.0 mm i.d.,
packed with 15% O0OV-17 on 30/100 mesh
Chromosorb W.

detector temperature 260°C
column temperature 90°C
injector temperature 160°C

carrier gas (5% methane 120 mL/min
in argon} flow rate
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9.7

10,

1.

12.

RAINS
injection volume 150 pg EDB gave half-scale deflection on
1 mV recorder scale

(b) Alternative column Glass, 1.83 m x 2.0 mm i.d., packed with
10% SP-1000 on 80/100 mesh Supelcoport

carrier gas (5% methane 40 mL/min
in argon) flow rate

Retention time of EDB on column {(a) was 4.2 min, retention time on column
(b) with same operating temperatures was 3.1 min.

GC calibration

Using the same injection volume employed in 9.4.4 {(or 9.5.7), choose a
working standard solution of concentration such that the area of the peak
obtained is comparable with that obtained in 9.4.4 (or 9.5.7). Inject
and record peak area.

METHOD OF CALCULATION

The mass fraction, w, of EDB in the sample is given by,

ok V ;

W = “(ug/kg)
Asm

where
p = conecentration of working standard solution in 9.7 (ug/L)
AS = peak area obtained with standard solution in 9.7
A, = peak area obtained with sample extract (9.4.4 or 9.5.7)
V™ = total volume of hexane extract in 9.4.4 or 9.5.6 (mL)
m = mass of sample in 9.4.1 or 9.5.1 {g)

REPEATABILITY AND REPRODUCIBILITY

No data are available

NOTES ON PROCEDURE

Not applicable
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13. SCHEMATIC REPRESENTATION OF PROCEDURE

FLOUR
Weigh flour into 20-mL screw-capped vial
Add 10,0 mL of n-hexane
Close vial and shake manually

Store at room temperature in the dark and
shake once daily

Inject an aliquot of hexane extract onto the GC
on the fourth day

Inject same volume of a standard =zolution of EDB in hexane

BISCUITS

Weigh 20 g of biscuit into extraction flask
¥
Add 200 mL water and 10 mL hexane and stopper flask

Mix by shaking, allowing pressure to eguilibrate
by briefly removing stopper

Assemble steam-distillation apparatus

Heat sample until 0.5-1.0 mL water cpllects
at the bottom of the Barrett trap

Decant the hexane and water into a glass-stoppered
centrifuge tube, Mix well by shaking

Allow the water to settle out and calculate the volume
of hexane recovered by subtracting the amount of water
from the total volume of solvent

Inject hexane extract onto gas chromatograph

Inject same volume of standard solution of EDB in hexane

395
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4.
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ORIGIN OQF THE METHQD

U.S. Environmental Protection Agency
ARC-EAST Bldg. 306, Room 125
Beltsville, Maryland 20705, USA

Contact point: Diane M. Rains
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METHOD 23

BREATH SAMPLING

E.D., Pellizzari, R,A. Zweidinger & L.3. Sheldon

1. SCOPE AND FIELD OF APPLICATION
This technique has‘been designed tc collect breath samples from people

exposed tc volatile pollutants. The breath samples are collected at {or near)

the subjects residence or work-place. The technique was therefore developed
for sampling in a mobile unit (van),.

2. REFERENCES

Not applicable

3. DEFINITIONS

Not applicable

4. PRINCIPLE

A Tedlar bag is filled with purified, humidified air which the subject
inhales using a special mouthpiece. The subject then exhales into the mouth-
 piece, filling a second Tedlar bag with breath. The breath from the filled
(exhale) bag is then drawn through a Tenax cartridge by a Nutech pump {(two
cartridges and two pumps in parallel are used for duplicate c¢ollections). The
Tenax cartridge is then dried over calcium sulfate and stored for analysis.

5. HAZARDS

Methanol, used to rinse part of the equipment is flammable and teoxie, It
should never be used or stored in the van. '

—-399-
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6. REAGENTS!

All reagents used should be analytical reagent grade

Compressed air? 0.1 THC grade
Compressed helium 99,9% grade
Distilled water?
Charccal filtersg
Caleium sulfate2 Drierite, indicating
Drierite, non-indicating, cleaned by heat-

ing in a muffle-furnace at 400°C for 2 hours
n—-Pentane

WMethanol Distilled in glass

Tenax GC 2,6-Diphenyl-p-phenyleneoxide polymer
(Applied Science, State College, Pa)

Glass wool Virgin Tenax (or Tenax to be recycled) must

be extracted in a Soxhlet apparatus for at
least 24 h with methancl, followed by 24 h
Wwith n-pentane.

Dry the extracted Tenax in a vacuum oven at
100°C for 24 h at 28 inches of water (7.0
kPa), then purge in a nitrogen box for 24h.
Sieve the Tenax under nitrogen to obtailn
40/60 particle size range {all sieving and
cartridge preparation must be conducted in
a "clean" room}.

7. APPARATUS3?

Spirometer

The spirometer is a device for the collection of breath samples and is
shown in Figure 1. An all-Teflon mouthpiece with Tedlar flap valves and a
stainless-steel ball valve is used. A bubbler filled with distilled-deionized
water is placed in-line with the air tank to¢ humidify the air for subject
comfort. Each Tenax cartridge is connected to a separate Nutech 2271 sampler
equipped with a dry gas meter, so that the amount of air drawn through each
cartridge may be accurately measured, The mouthpiece is mounted oh an adjust-
able bar located on the front of the spirometer body. The glass ¥, to which

the Tenax cartridges are attached, is secured to the frame of the spirometer
and the floor.

These reagents are necessary for sample collection and should be carried 1in
the van at all times.

Reference to a company and/cr product is for the purpose of information
and identification only and does not imply approval or recommendation of
the company and/or product by the International Agency for Research on
Cancer, to the exclusion of others which may also be suitable,
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Tedlar bags
Teflon tubing
, a
Alr regulator-—
Cajon Ultra Torr Union 3162
Straight unions
Teflon ferrules

Charcoal filters

Teflon mouthpiece

Teflon plug valves

Teflon tubing

Ball valve with Teflon seats
Nacom Teflon unions

Viton O-rings®

Mouthpiece unicn, with Tedlar
Tedlar flap valves?®

Teflon mouthbits?

Sclid Teflon mouthbit plug@

Sampling lines

Latex tubing

Male Quick-Connect

a These materials should be carried in the van at all times.

U4o-L {Nutech Inc.)

1/4% inch o.d.

(plus one spare air regulator)
Stainless-steel, with viton Q-rings
Stainless steel, 1/4 inch

1/4 inch

3ee Figure 1

1/4 inch (Cole Palmer-6392-20)
1/4 inch o.d.

Stainless steel, 1 inch

1 inch

See §.5.3

flap valves

1/4 inch 1i.d.

Single-end shut-off {(connects sampling line
to pump)

They include

materials for sample collection, as well as spare parts for the spirometer

and Nutech samplers.
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Plastic in-line filters (Drierite)

Cajon Ultra Torr Unions 316g

FIG. 1. SPIROMETER APPARATUS

Air line from tank

Charcoal
filter

Exhale Inhale bag
{sample bag)
To Plug valve B
glass Y
AV L
t ‘ Teflon mouthpiece
Plug valve Plug valve D

A ' Mouthpiece union

] -

' Lo pn N .
Ball Vitron T Vitron-O-ring
valveC  O-ring '”'”-H Mouth bit

Tedlar flap valve 1 ‘

¥ 3See Figure 2.

8 These materials are necessary for sample collection and should be carried
in the van at all times.
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Stainless steel needles
Thermogreen septum

Glass Y's®

Nutech Model 221 Gas Samplers

Auto batteries

P - |
Humidifier=

Flat-bottom boiling flask

Midget impinger stopper

Ground socket joint

Pinch clamps

Miscellaneous equipment

Large forcepsé
Small forceps
Empty culture tubes, Kimax

Glass tubes

Plywood bag pr‘essrEl
Small stool

Copper wire
Three-prong clamps
Clamp holders

Small plastic bags
Glass beaker™

Dummy cart‘,m‘.dges‘g
StOpwatch/calculatoré
Noseclip™

Mercury thermometeré
Kimwipes™

Aluminum foil

Binder clips

1.25 inch, 21 gauge?

Supelco 2-0668

High-volume gas pump

12 volts

500 mL, 24/40 joint

12/5 ball Joint, 24/40 stopper (Lab Glass-
6891}

12/5 Jjoint (Lab Glass-1041)

size 12 {(Lab Glass-1045)

With Teflon liner and Teflon-lined screw-
caps., 2.5 x 15 em
10 x 1.5 em 1.d.

Various sizes

10 mL
See NOTE, section 8.7.3

8 x 5 inches

2-inch (to seal Tedlar bags, see 8.2.3)

These materials are necessary for sample collection and should be carried

in the van at all times.
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3.2

NOTE:

PELLIZZART ET AL.

NOTE: Wash all glassware in "Iscclean"/water, rinse with deionized-
distilled water, acetone and air-dry. Heat glassware toc 450-500°C

for 2 h to insure that all corganic material has been removed prior
to use.

Sonicate Teflon liners in methanol, then pentane, for approximately
15 min each, then dry in a vacuum oven,

Rinse the Teflon mouthbits in methancl and air-dry for at least 12h
before use.

Methanol is flammable and toxic and should at no time be used or
stored in the van. The mouthbits must be cleaned only in a desig-
nated area of the workroom, Never allocw the mouthbits to socak in

methancl longer than 5 min. Air-dry and store in an upright posi-
ticn on a Kimwipe or clean towel.

SAAPLING

Preparation of sampling cartridges

8.1.1 Prepare the sampling cartridges by packing a glass tube (10 ecm x

1.5 em i.d.) with & cm of 40/6Q0 mesh Tenax GC, using a glass wool
plug.

8.1.2 Condition prepared cartridges at 270°C with a purified helium flow
of 30 mL/min for >120 min. (Pricr to entering the Tenax GC cart-

ridge, the helium is purified by passing through a liquid N ~cooled
trap).

8.1.3 Transfer the conditioned cartridges to Kimax® (2.5 cm

x 15 com)
culture tubes.

§.1.4 Seal immediately, using Teflon-lined screw-caps, and allow to cool,
Store the cartridges in a sealed field collection can.

Preparatiocn of Tedlar bags

The 40-L Tedlar bags used are designed to fit the Teflon mouthpiece
of the spirometer. Tedlar is a brittle material and shcoculd never
be fclded or creased, since this may cause it to crack or split.
"Inhale" and "exhaie"™ bags, althocugh identical, should always
remain segregated in order to minimize cross contamination.
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8.2.2

8.2.3

8.2.4

8.2.5

8.2.6

BREATH SAMPLING 05

Label each bag either "inhale" or "exhale" (one inhale bag is
usually required for three exhale bags).

Attach the in-line charccal filter to the helium tank and fill the
bags with helium from the charccal filter (do not over-inflate the
bags) .

Seal the mouth with a two-inch binder-clip (do not fold the mouth
of the bag when sealing with the binder c¢lip), then set aside the
helium-filled bags for at least two hours.

Remove the binder clip, place the bag in the woocden bag press and
allow the helium to flow out under the weight of the press.

Repeat the bag purging (8.2.2-8.2.4) at least twc more times (six
times in the case of new Tedlar bags).

At least 30 min before leaving for sample collection, refill each
bag with helium and seal the mouth with a two-inch binder clip.
Carry the inflated bags to the van and hang on the hooks provided.

NOTE; The Tedlar bags are easily damaged by grit, sand or sharp
objects., They must be inspected for small holes or cracks.
If the bag has been used frequently and the mouth is very
wrinkled or cracked, it may be trimmed back, provided it will
still fit the mouthpiece,

Purging of humidifier water

NOTE:

8.3.1

8.3.2

8.3.3

8.3.4

8.3.5

This operation may be performed at any time pricor to filling the
first inhale bag with humidified air. (Freshly-purged water may be
used for up to one week before being replaced, if it is kept sealed
in the humidifier and purged each day before use.,) Purge the humi-
difier water for at least 15 min each time it 1is changed, or when
additional water is added. Proceed as follows:

Install the in-line glass charcoal filter (Fig. 1).

Attach the air regulator to the gas cylinder and assemble the humi-
difier apparatus as shown in Figure 1.

Half-fill the humidifier flask with distilled water.

Refer to Figure 1 and open plug valves B and D (the Tedlar bags are
not attached).

Close the shut-off valve on the regulator, then slcwly open the
compressed air cylinder.
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B8.3.7

8.3.8
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Graduvally open the shut-off valve until a steady bubbling through

the water is observed. Adjust the pressure (regulator diaphragm)
to 21 kPa (3 psi).

After 15 min, turn off the air supply at the regulator and close
Plug valves B and D (Plug valve B must be closed wWhenever water is
steored in the humidifier. If left open, water from the humidifier
will saturate the charccal filter and render it inactive.)

Close the air cylinder valve, remove the regulator, and cap the
tank,

Equipment assemblage

When the van reaches its destination, the equipment should be made ready
for the collecticn of the breath sample. Proceed as follows:

B.4.1

8.4.2

8.4.3

§.4.4

8.4.5

8.4.6

Assemble the mouthpiece as shown in Figure 1 and place the Teflon
mouthbit in the mouthpiece.

Check the two Tedlar flap valves (in the mouthpiece union) by
breathing in and out through the mouthpiece. Replace if damaged
(i.e., if air flow is obstructed). The flap valves cperate in cnly

one direction. They must be installed sc that air will flow from
the inhale to the exhale bag only.

Attach all of the Teflon lines (using stainless steel unions and
Teflon ferrules), including the line from the exhale side of the
mouthplece to the glass Y.

Secure the glass Y to a support rod, approximately two feet above
the gas cylinder, using a small three-prong clamp and copper wire.

Attach two Cajon Ultra Torr unions to the glass Y as depicted in
Figure 2.

Place the spirometer upright and secure it with the compressed air
cylinder and attach the gas inlet line to the air regulator.

NOTE: The van should not be driven with the regulator attached to
the gas cylinder. Sudden movements may fracture regulator
stem or cylinder valve which could lead to sericus injury.

The cylinder valve should be protected by the cap at all
times when not in use.

8.5 Inhale bag filling procedure

- 8.5.1

Using the bag press, expel all of the helium from the inhale bag.
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FIG. 2. TENAX CARTRIDGE AND GLA3S Y ASSEMBLY

To exhale bag

Glass Y

I

Cajon ultra forr —" 3

unions \

Tenax GC —

Glass wool —=fo

Thermogreen septum —

21 ga. needle -— Plastic In-line filters

with indicating drierite

To nﬂtech pump

ho7
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8.6

8.7
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§.5.2 Immediately install the inhale bag cn the right side of the spiro-

meter mouthpiece (hang the bag by the grommet from the hook on the
spirometer body).

8.5.3 Carefully roll the two large O-rings over the mouth of the bag,
thus sealing the bag against the Teflon mouthpiece,

8.5.4 Place the solid Teflon mouthbit plug in the mouthpiece, ¢pen valves
B and D and close valves A and C.

8.5.5 Attach the air regulator to the air cylinder and carefully bleed
alr through the humidifier into the inhale bag. (Never open the
alr cylinder before closing the shut-off valve on the regulator. A
sudden surge of air may destroy the humidifier, Keep the back

pressure relatively low, controlling the air flow with the shut-off
valve).

8.5.6 Once the inhale bag is full, turn off the air supply and close
valve D, then clcse the air cylinder valve and the air regulator
shut-off valve,

8.5.7 Close plug valve B only after turning off the air supply {(other-
wise, the in-line back pressure may force the stopper from the

humidifier, contaminating the air within and possibly destroying
the humidifier).

Preparaticon of the Nutech 221 Samplers

NOTE: Two samplers are operated simultaneously, splitting the ccllected
breath sample into two equal portions and drawing it through two
parallel Tenax cartridges. Each sampler is powered by a standard
12-volt automotive battery.

§.6.1 While the inhale bag is being filled, connect the Nutech samplers
to the batteries and determine if they are both operaticnal (make

sure the sampler number and correction factor are displayed on the
front panel).

8.6.2 Attach a sampling line to each Nutech sampler, using the male
Quick-Connect fitting, and fill the in-line filter of the sampling
line with indicating Drierite. :

8.6.3 Inspect the sampling line 21 ga. needles daily for blockage.

Tenax cartridge installation

8.7.1 When the participant has arrived, remcve the top pad of glass wool

(using forceps) from a culture tube containing a Tenax cartridge
and lay it on a clean Kimwipe®.
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Using a clean Kimwipe® , remove the Tenax cartridge and connect the
void end te the Cajon fitting of the sampling line leading to the
Nutech 221 sampler.

Carefully connect the cther end of the Tenax cartridge to the fit-
ting on the glass Y. Label the cartridge.

NOTE: A standard breath sample consists of only cone Tenax cart-
ridge; therefore, an unused or "dummy" cartridge is placed
in line with the second Nutech sampler. If duplicate samples
are to be collected for a participant, a clean Tenax cartrid-
ge is used in place of the dummy Tenax cartridge., If a dummy
Tenax cartridge is used, place a distinctive marking on it sc
that it cannct be mistaken for the breath sample.

8.8 Breath collecticon

NOTE:

8.8.1

8.8.2

8.8.3

8.8.4

8.8.5

8.8.6

8.8.7

8.8.8

The subjects must be cautioned to breath at a normal rate, other-
Wwise they may hyperventilate.

Place an exhale bag on the left side of the spirometer by repeating
steps 8.4.1 to 8.4.3, inclusive,

Instruct the participant to breath only through the mouth, to keep
their lips sealed arcund the mouthbit, and not to stop before the
exhale hag is full.

Have the participant put on the noseclip so that no air can pass
through the nose,

Remove the sclid Teflcn plug from the mouthpiece and install a
clean mouthbit.

Begin the breath collection by having the participant exhale, then
place their lips on the mouthbit.

Open ball valve C and instruct the participant to begin breathing.
(3tart timer to determine duration of breath collecticn.)

NOTE: Observe the participant for a moment and remind them to

breathe at a normal rate and to maintain a good seal on the
mouthbit with their lips.

Using large forceps, remcve the bottom pad of glass weol frem the
culture tube and place it on a clean Kimwipe®.

Fill a 10-mL beaker to the 5-mL mark with non-indicating Drierite,
peur the Drierite inte the culture tube and replace the bottom pad
of glass wool. Cap the gube and retain for step 8.9.6.
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8.8.9

§.8.10
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When the exhale bag is full, close valve C and tell the participant

to stop breathing inte the mouthbit. (Step timer and record dura-
tion of exhalation).

Remove the mouthblt and place the solid Teflon plug in the mouth-
piece.

8.9 Cartridge lcading procedure

8.9.1

8.9.2

3.9.3

8.9.4

8.9.5

8.9.6

8.9.7

Open plug valve A

Record temperature and the serial number, correction facter and
meter reading for the Nutech sampler which will be used to cecllect
the sample (assuming duplicate samples are not required), then
begin pumping the breath sample through each Tenax cartridge.

Using the needle valve on the Nutech sampler, adjust the flow rates
sc¢ that a back pressure of 150 to 175 torr 1is cbserved on each
sampler {(it is imperative that the pressure drop does not exceed
175 torr {(0.23 atm), or loss of target compounds may result). A

normal sample collection (30 L divided evenly between two cart-
ridges) should take approximately 15 min.

Using the needle valves on the samplers, adjust the flow rates (1

L/min) to be as equal as possible while maintaining approximately
equal vacuum readings.

When a total of 30 L have been pumped, turn off both samplers and
record the pumping time. Record the final dry gas meter reading
from the Nutech sampler and close plug valve A,

Using a clean Kimwipe®, carefully remove the Tenax cartridge from
the Cajen fittings and place it in the culture tube, then add the
top pad of glass wool (using forceps) on the Tenax cartridge and
cap the culture tube (do not allow excess glass wool to lie over

the teop edge of the culture tube, preventing the cap from forming a
proper seal).

Return the culture tube to the field collection can and seal the
can,

NOTE: Previcus experiments have shown that the organic vapors
collected on Tenax GC are stable and can be quantitatively
recovered up te at least 4 weeks after sampling, when the
cartridges are tightly closed in culture tubes and placed in

a second sealed container, protected from light and stored at
=20°C,
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8.9.8 Remove the exhale bag from the spirometer, place it in the wooden
bag press and allow any remaining breath sample to flow out under
the weight of the press. Hang the empty exhale bag on the hooks in
the van. If additional breath samples are tc be collected, leave
the inhale bag in place.



METHOD 24

GC/MS DETERMINATION OF VOLATILE HYDROCARBONS
IN BREATH SAMPLES

E.D. Pellizzari, R.A. Zweidinger & L.S. Sheldon

1. SCOPE AND FIELD OF APPLICATION

this method is suitable for the analysis of the halccarbons listed in
Table 1 (a description of breath sampling is given in Methed 23). It is not
suitable for methyl chloride, methyl bromide, vinyl chleride, or methylene
chloride,

Table 1. 8cme nhalocarbons for which thne method is suitable

Chloroform Bis-(chleromethyl)=-ether
Carbon tetrachloride Chlcromethyl methyl ether
1,1,1=-Trichlorcethane Haloethane
Hexachloroethane Dibromechleropropane
1.2-Dichlercethane 1,2=Dibremeetnane
Trichlorcetinylene Bromoform
Tetrachlercethylene Bromedichloromethane
Epichlorcnydrin Dibromochnlorcomethane
Allyl chloride Chlorcbenzene
Trichlerobenzenes Dichlerobenzenes
1,1,2-Trichlereoethane 1,1,2,2=-Tetrachlcreoethane

The linear range for the analysis of a velatile organic compound depends
mainly on the breakthrough volume (Table 2) of the compound on the Tenax GC
sampling cartridge and on the sensitivity o¢f the mass spectrometer. The
linear range for quantificaticn using glass capillaries ¢n a gas chromato-
graph/mass spectrometer/computer (GC/MS/COMP) is generally three orders of
magnitude (5 - 5 000 ng)., Table 3 lists measured detection limits for scme
volatile c¢rganic cempeunds. No interference has been observed, The analyses
of a single breath sample requires 1.5 h,

~4]3-



L1y PELLIZZARI ET AL.

Table 2. Tenax GC breakthrough volumes for some halocarbonsg

Compound b.p. Temperature (°C)
{°c)

10 15.6 21 26.7 32.2 37.8
Chleroform 61 56 41 32 24 17 13
Bromodichloromethane ‘ 87 82 61 45 34 25 -
Carbon tetrachloride 77 45 36 28 21 17 13
i1,2-Dichloroethane 83 71 55 1 31 24 19
1,1,1=Trichleoroethane 75 31 24 20 16 12 9
1,1,2=Trichloroethane 112 302 212 155 112 92 58
Tetrachlorcethylene 121 481 356 261 192 141 104
Trichleoroethylene 87 120 89 67 51 37 23
Chlorobenzene _ 132 1 989 871 631 459 332 241
m-Dichlorobenzene 173 2393 1758 1 29 948 697 510

a For a Tenax GC bed of 8.0 em x 1.5 em i.d. Volumes are in litres.

2. REFERENCES

Annual Book of ASTM Standards, Part 11.03 Atmospheric Analysis, American
Scciety for Testing and Material, Philadelphia, Pennsylvania

Eight Peak Index of Mass Spectra (1970) Vol. 71 (Tables 1 & 2) and II (Table
3) Mass spectrometry Data Centre, AERE, Aldermaston, Reading, RF74PR, UK

Krost, K.J., Pellizzari, E.D., Walburn, S.G. & Hubard, S.A. (1982) <Collection
and analysis of hazardous organic emissions, Anal, Chem., 54, 810-817

Pelligzzari, E.D., (1977) Analysis of Organic Air Pollutants by Gas Chromato-
graphy and Mass Spectroscopy (EPA-600/2-77-100), U.S. Environmental
Protection Agency, Cincinnati, OH, 114 pp.

Pellizzari, E.D. (1980) Evaluation of +the Basic GC/MS Computer Analysis
Technique for Pollutant Analysis (EPA Contract No. 68-02-2998), U.3.
Environmental Protection Agency, Cincinnati, OH

Pellizzari, E.D., Bunch, J,E., Berkley, R.E, & McRae, J. (1976) Determination
of trace hazardous organic vapor pollutants in ambient atmosphere by gas
chromatography/mass spectrometry/computer. Anal. Chem,., 48, 803-306
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Pellizzari, E.D., Bunch, J.E., Berkley, R.E. & McRae, J. (1976} Collection

and analysis of trace organic vaper pollutants in amblent atmospheres.
Anal, Lett., 3, 45

Table 3. Approximage measured limits of detection and quantification limits
for selected organic compounds in breath

Compound ‘ m/z Lop? QL
(pg/m?}  (pg/m?)

Chloroform 33/ 85 0.11 0.55
1,2-Dichloroethane 98/ 62 0.16 0.82
1,1,1-Trichloroethane 97/ 99 0.22 1.10
Vinylidene chloride 96/ 98 0.16 0.82
Trichlorocethylene 1307132 0.22 1.10
Tetrachlorcethylene 164/166 0.33 1.65
Bromodichloromethane 127/ 33 0.33 1.65
Chlorobenzene 1127114 0.22 1.10
1,1,2=-Triechloroethane 97/ 99 0.22 1.10
m-Dichlorobenzene 146/148 0.27 1.37

2 The limit of detection (LOD) is defined as S/N - U for the ion
selected for quantification. The quantifiecation limit (QL) is
defined as 5 x LOD. Limits are based on a collection volume of 20L
or breakthrough volume (21°C), whichever is smaller, for 8.0 cm x.
1.5 i.d. Tenax GC bed.

3. DEFINITIONS

Not applicable

4, PRINCIPLE

The breath sample is collected on a Tenax GC cartridge, dried over
calcium sulfate and analysed by thermal desorption of volatile components into
a gas chromatograph/mass spectrometer (GC/M3) (Fig. 1).
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FiG. 1. GC/MS ANALYTICAL SYSTEM FOR ANALYSIS OF ORGANIC VAPORS3
TRAPPED FROM AIR ONTO CARTRIDGES

Thermal
| desorption
chamber

Two position \
valve / Heated
. blocks
Separator Capi
pillary
M"‘::t gas - /
spectrometer chromatograph

T
Carrier Carrier Exhaust
Capillary
i trap

(-196°C})

lon
current
recorder

J

Magnetic

Computer tape

Plotter

5. HAZARDS

Some ¢of the volatile halocarbens are known carcinogens, while others are
suspected carcincogens. Because of their volatility, care must be exercised to
aveld thelr inhalation as well as dermal exposure. They should be handled
cautiously in well-ventilated fume hoods and operators should wear protective
face masks, clothing and gloves whieh do not readily absorb the substances.
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REAGENTS!?
Compressed helium, 99.9% grade
Compressed nitrogen
Calibration standards;
perfluorctoluene
perfluorotributylamine {(low mass)
trisperflucro—(heptyl)3-triazine (TRIS) (high mass for Finnigan 3300 M3)
perflucrctributylamine (FC 43) for Finnigan 4021 M3

Pure analytes (see Table 1) in reagent bottles or permeation tubes
(section T)

Deuterated analytes for detecting breakthrough

APPARATUS?

Inlet manifold Descrption chamber, valve and capillary
trap interfaced to GC/M3 system for thermal
recovery of vapours trapped on Tenax
sampling cartridges (see Fig. 1)

Gas chromatography/mass A Finnigan 9500 or Finnigan 9610 GC with a

spectrometer/computer fused-silica capillary column, which is

directly coupled to the ion source of the
Finnigan 3300 or Finnigan 4021 M3 systems,
respectively. B mass-flow contreoller
(Tylan) is used to regulate the flow of
carrier gas. Such an analytical system is
shown in Figure 1,

The characteristics of the GC/Mass Spectro-

meter/Computer systems are specified in
Table 4.

Permeation system (Fig. 2)

Permeation tubes Sealed plastic tubes with permeable walls,
containing perfluorotoluene and analytes of
interest (Metronics Corp., santa Clara, CA&,
U3A)

Reference tc a company and/or product is for the purpose of information
and ildentification only and does not imply approval or recommendation of
the company and/or product by the International Agency for Research on
Cancer, to the exclusion of others which may also be suitable.
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Table 4. GC/MS specifications?®
Finnigan 3300 Finnigan 4021
1} Type Low-resolution quadrupole Low-resclution quadrupcle

2) Resolution

3} Scan speed

4) Routine mass

calibration standards

5) Mode

6) GC

7) GC columns

8) GC injection

9) GC-M3

10) Sample introduction

11) Computer

Mass range to 1000 with
unit resoluticn

1 s=10 min over
entire range

Perfluorotributylamine
(low mass); trisper-
fluoroheptyl) S-triazine
{high mass)

Electron impact;
chemical ionization
(CH,, NH,, isobutane)

Finnigan 9500

Glass capillaries
(3COT); packed; fused
silica capillaries
Glass capillaries
thermal desorption
Single stage glass jet;

capillary direect coupling

GC; direct probe
interchangeable wWith

molecular leak heated

inlet

Data General NOVA 3

Mass range to 1000 with
unit resclution

0.1 =10 min over
entire range

FC-43 (perfluorctributyl-
amine)

electron impact;
chemical icnizaticn,
positive and negative

Finnigan 9610

Glass capillaries {WCOT,
3C0OT); fused silieca
capillaries; packed
Thermal descrption;
splitter; Greob type;
liquid

Direct coupling or glass
jet

GC, interchangeable with
direct probe

Data General NOVA 3
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Finnigan 3300

Finnigan 4021

12) Computer hardware

13) Computer interface

14) Scftware capabilities

32K central processcr
with Tektronix 4010-1
graphic terminal key-
bcard

Versatec electrostatic
printer/plctter

4 Perkin-Elmer disk
drives {5 megawcrd
double density disks)
Wangeo Model 1045
9-track 800 BPI, 45
IPS, industry-
compatible magnetic
tape

external interface

simultanecus dual mass
spectrometer interface

control full scan mass
spectral acquisiticn
acquire multiple icn
detecticon data for up
te 25 icgns

reccnstruct gas
chromatograms

subtract backgrcound
reconstruct mass
chromatograms

calculate peak area
from mass chromatograms
plct normalized cr
maximum intensity mass
spectra

library search (EPA/NIH
library)

reverse library search

32K central processcr
with Tektronix 4010-1
graphic terminal and
keybcard

Versatec electrostatic
printer/plctter

4 Perkin-Elmer disk
drives (5 megaword
docuble density disks)
Wangeo Model 1045
9-track 800 BPI, 45
IP3, industry-
compatible magnetic
tape

external interface

simultanecus dual mass
spectrometer interface

contrcl full scan mass
spectral acquisiticn
acquire multiple icn
detecticon for up

toe 25 icns

reccnstruct gas
chromatcgrams

subtract baeckgrcund
reconstruct mass
chromatcgrams

calculate peak area
from mass chromatograms
plct normalized or
maximum intensity mass
spectra

library search (EPA/NIH
library)

reverse library search

2 This equipment is employed by the authors.
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FIG,2. PERMEATION SYSTEM FOR GENERATING AND LOADING
AIR VAPOUR MIXTURES®

Tylan ®
mass flow
meters

Storage N2

500 sccm
chamber a

Exhaust line

Cartridges

== 3-way Teflon-plug
stopcocks

o o
l | I Needle valves
Matheson Matheson 63-3101

8-5BD pressure gauge

regulator ‘t@%:
Permeation

Charcoal tube
scrubber

Mixing chamber

Permeation chamber

Jacket

Tylan®mass ¥
flow controller
(1 000 scem)

Refrigeration 4—— Thermostat, heater, and
unit circulating pump

———— (Carrier gas lines

——  Thermostat fluid lines

The detailed operation of the permeation system is described by Krost
al, (1382},
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SAMPLING
3ee Method 23 for detailed sampling procedure.

For detection cof cartridge breakthrough, lcad ~200 mg of deuterated ana-
logues cf each of the analytes of interest onto one in ten of the cart—
ridges te be used for breagh sampling (see 9.4.2 for procedure). Alter-
natively, employ only d,-1,2-dichlercethane, d,-trichlorcethane and d,-
chlerobenzene to cover most of the breakthrough spectrum.

For each group of 5 breath samples, set aside one Tenax cartridge from
the same batch to serve as a blank (field contrel). Blank cartridges
travel te the field site and are returned to the laboratory unused, to be
stered with the field samples at -20°C until required.

Frocm the same batch of cartridges (8.2) set aside two others for the
preparaticn of perfomance and calibration standards (9.4). The eight
cartridges concerned (8.2, 8.3) should be analysed as a group (9.5) and

three consecutive greoups should employ cartridges from the same uniform
bateh (see 10.1).

PROCEDURE

Blank test

Each field blank (8.2) is analysed with the breath samples from the same
set, accerding to steps 9.4.3 and 9.5.4.

Check tests

Check mass calibration pericdically, using, perfluorctributylamine (the
mass calibraticn is stable for months). On a daily basis, ccmpare the
Spectrum cobtained for perfluorctoluene in a system performance standard
(9.4.1) with the data given in Table 5.
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Mass (m/z) and relative ion abundances from perflucrotoluene accept-

able for quantification with quadrupole instrumentsg

Perfluorotoluene (Finnigan 3300)

m/zZ Relative abundance
Mean Range
69 18 17-39
79 8 412
33 16 9-23
17 46 3458
167 16 11-19
186 66 55-77
217 100 100
236 56 47-65

g 1o be achieved in the chromatography mode

9.3 Test portion

Not applicable

9.4 Preparation ¢f standards

9.4.1 System performance standards:

1

Load all of the compounds in Table 6 ontc a single Tenax GC
sampling cartridge (8.3), using the flash evaporation system (Fig.
3) and the following prccedure!, Prepare standard sclutions of the
compounds in methanel (75 or 150 mg/L, see Table 6) and inject a
2-ul aliquot of each through the septum of the heated (250°C)
leading tube, Carry the vapcur onto the Tenax cartridge with a
stream of purified helium (60 mL/min) for 15 min. Store at -20°C
until required. The system performance standards are employed to
determine the sensitivity and performance of the GC/MS/Computer
System on a daily basis (see alse, 12.1).

The "void" (exit) end of all loaded cartridges should be marked and desorp-

tion (9.5) should take place with the carrier gas flowing in the opposite
direction to that obtaining during loading (see also Method 23, step 8.7.2).
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Table 6.

Ta flow meter

FIG. 3.

Compound Quantity (ng)
Perflucrotcluene 150
Ethylbenzene 300
o-Xylene 300
n-Octane 300
n-Decane 300
T-Octancl 300
5-Nonanone 300
Acetophenone 300
2,6-Dimethylaniline 300
2,6-Dimethylphencl 300

Tenax GC cartridge

/ Septum\
/ Vaporization chamber
with heating tape
o
Teflon unions {250°¢C)

GC/M3/COMP system performance and quantification standards

SCHEME OF VAPORIZATION UNIT FOR LOADING ORGANICS
DISSOLVED IN METHANOL ONTO TENAX GC CARTRIDGES
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Liquid nitrogen trap

3-way stopcock

-« He flow (30 mL/min)

IFL

—1

Vent

/
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9.4.2 Calibration (relative response factor) standards:

Using the permeation system (Fig. 2) or the flash-evaporator (see
9.4.1), load 250-450 ng of each of the analytes of interest, plus
~150 ng of perfluorotoluene (quantification standard), onto a single
Tenax cartridge (8.3). If the permeation system is used, prepare a
nitrogen/vapour mixture containing 1-4 ng analyte/mlL and pass a
known volume (~200 mL) of the mixture through the Tenax cartridge.
The amounts of the compounds loaded must be accurately Known.
Store at -20°C until required.

9.4.3 Using the permeation system, as in 9.4.2, add a known amount
(~150 ng) of perfluorotoluene to the blank and to the five breath
samples (8.2).

9.5 Analyte determination

NOTE: The operations described in 9.5 must be carried out in the order
given.

9.5.1 Using the GC/M3 operating conditions specified in Table 7, place
the system performance standard (9.4.1) in the pre-heated desorp-
tion chamber and pass helium through the cartridge to carry the
vapours into the capillary cold trap (Fig. 1).

9.5.2 When desorption is complete (8 min), rotate the inlet value and
raise the temperature of the capillary trap rapidly. (>100°C/min),
whereupon the carrier gas introduces the sample onto the GC column,

When all analytes have eluted into M3, cool the column to ambient
temperature.

9.5.3 Repeat 9.5.1 and 9.5.2 with the calibration standard (9.4.2).

9.5.4 Repeat 9.5.1 and 9.5.2 with the blank cartridge (8.2).

9.5.5 Repeat 9.5.1 and 9.5.2 with the five breath samples (§.2).

9.5.6 Repeat the cyecle 9.5.1-9.5.5 until all breath samples have been
analysed. If a cycle cannot be completed in a working day, each

day must nevertheless begin with the analysis of a system perform-
ance standard (9.5.1-9.5.2), before completing the cyecle.
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Table 7. Operating parameters for GC/M3 system

Parameter Setting

Inlet manifold

Descrption chamber and valve 270°¢C
Capillary trap - minimum -195°C (ccoled with nitrogen)
- maximum 210°C
Thermal desorption time 8 min
He purge flow 15 mL/min
GC
60 m DB-1 wide-bore fused silica 49°C (hold 5 min) » 240°C, 4°C/min
Carrier (He) flow 1.0 mL/min
Separator coven 240°C
M3
Finnigan 3300
scan range m/z 35 » 350
scah cycle, automatic 1.9 s/cycle
filament current 0.5 mA
electron multiplier 1 600 volts
analyzer vacuum 18 mTeorr
ion scurce vacuum 18 mTorr
inlet vacuum 25 mTorr
hold time 0.1 s

9.6 Data interpretation

9.6.1 Qualitative analysis:

For qualitative amalysis, an ion chromatcgram 1is cconstructed from
the mass spectra. This will generally indicate whether the run is
suiable for further processing, since it provides some idea of the
number of unknown ccmpounds in the sample and the resclution
obtained using the particular GC cclumn and conditicns. See
seeticn 12.2 for compound identification procedures.
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9.6.2 Quantitative analysis:

The time-dependent characteristic-ion spectra are employed to
cbtain chromatograms of breath samples and calibration standards
(9.4.2). Both samples and standards contain known amounts of the
quantification standard, perfluorotoluene, The ratics, peak
area/mass loaded, for analyte and for perflucrotoluene, obtained
with the calibraticn standard, are employed to calculate the
relative response factor, F, which permits quantification of that
analyte on the sample cartridge (see section 10).

METHOD OF CALCULATION

Determination of relative response factor (F)

The relative response factor, Fa' for a given analyte is obtained from,

F_=Am /A m
a as s a
where,
Aa = area of analyte peak on calibration standard chromatogram.
AS = area of quantification standard peak on calibration standard
chromatogram. -
m, = mass of analyte on calibration standard cartridge (ug).
m, = mass of quantification standard on ecalibraticn standard cart-
ridge (ug).

10.2 Determinmation of analyte mass in sample

Using the symbcls employed im 10,1, the mass of the given analyte on the
Sample cartridge is obtained from,

m, = AamS/FaAS (ug)

where the values of Aa' AS and m, are those cobtained from the sample
cartridge.

NOTE: F_ is an average value, determined from at least three independant
analyses carried out during analysis of a set of breath samples.
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10.3 The mass concentration of the given analyte in the breath sample, p
obtained from,

a is

o, = 10’(ma-mb)/V (pg/m?}
where,

m

p = mass of analyte on blank cargridge (pg)

v

volume of breath sample (L)

and m_ is defined in 10.2.

11. REPEATABILITY AND REPRODUCIBILITY

The reproducibility of this method has been determined %to range from :10
to +30% (relative standard deviation) for different substances when replicate
sampling cartridges are examined.

The accuracy of analysis is generally 10 to *30%, but depends on the
chemical and physical nature of the compound.

12. NOTES ON PROCEDURE

12.1 Assessment of chromaltographic performance

The quality of the chromatography is of the utmost importance for the
accuracy and precision of qualitative and quantitative analysis, Glass
capillary columns are evaluated according to the following criteria:

(1) percent peak asymmetry factor (PAF)

% PAF 100 B/F

where

o
1}

the area of the back half of a chromategraphic peak

F = area of the front half of the chromatographic peak both
measured 10% above baseline
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{2) Height equivalent to an effective theoretical plate (HETPe )

ff
HETP . = L
5.54 (X/Y1)2
where
X = the retention distance (corrected for sweep time) of the
compound ,

Y = chromatographic peak width at 1/2 peak height,
L = column length (mm)

(3) separatioh number (SN)

e 2
(Y, + 1,)
where
D = the distance between two peaks,
Y,, Y, = widths at 1/2 height

(4) resolution (R)

R = 2 A.t
W, + W,
where
distance between peak tops

=3
o
"non

peak width at base

(5) Aeidity = Weak base (peak area or height)

acetophenone (peak area or height)

Basicity = weak acid (peak area or height)

acetophenone (peak area or height)
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The use of the compounds listed in Table 8 provides information regarding
the degree of adsorption and the type of adscrption mechanism. The peak
assymetry of 1l-pctancl and 5-nonanone serves te determine the extent of
deactivation of the glass surface (PAF). The acidity and basicity of the
glass capillary column are assessed respectively by the adsorption of

weak bases (e.g., 2,6-dimethylaniline) and acids (e.g., 2,6-dimethyl-
phenol).

The resclution and separation aumber are determined for the compeund
pairs ethylbenzene:p-xylene and octane:decane, respectively. Table 8
lists the minimum performance specificaticns acceptable for breath
analysis,

Table 8, #Minimum performance specifications for glass capillary columns

Parameter Test compounds Value
Resoluticn Ethylbenzene: -xylene > 1.0
Separation No. Octane:decane < 40
% Peak asymmetry factor 1=-0ctanol < 250
Nenanone < 160
Acetophenone < 300
Acidity 2,6-Dimethylaniline: 0.7-1.3
acetophencne
Basicity 2,6-Dimethylphenol: 0.7-1.3
acetophencne

12.2 The computer automatically assigns masses during data acquisiticn by the

use of the mass calibration table obtained for perfluorotributylamine,
After the spectra are obtained in mass-converted form, precessing
proceeds either manually or by computer comparison with a library.
Compcund identification can involve several levels of certainty.

Level 1.- The raw data generated from the analysis of samples are
subjected only toc computerised deconvolution/library search. Compound
identification made using this approach has the lowest level of confi-
dence. In general, it is reserved for only those cases where compound
verification is the primary intent of the qualitative analysis.
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Level 2.- The plotted mass spectra are manually interpreted by a skilled
interpretor and compared toc spectra compiled in a data compendium. In
general, a minimum of five masses and intensities (#5%) shculd match
between the unknown and library spectrum,

NOTE: This level does not utilise any further informaticn, such as
retention time,

Level 3.- The mass spectra are manually interpreted (as in level 2) and
spectra and retention times are compared with those of the authentic
compounds, using identical operating conditicns.

SCHEMATIC REPRESENTATION OF PROCEDURE

Breath samples and blank cartridges
(one breath-sample cartridge in ten
is spiked with deuterated analytes
for breakthrough control)

Add ~150 mg quantification
standard to each cartridge

(Prepare the following spiked

cartridges:

1. system performance standards

2, . calibration (relative response
factor) standards

o |

Analyse system performance
standard, calibration standard,

blank and breath samples, in
that crder, by GC/M3/Computer

Calculate relative response factor
from calibration standard
chromatogram.

Calculate analyte concentration

in sample using sample chromatogram
and relative response factor.
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Research Triangle Institute
Research Triangle Park, North Carcolina 27709, U3aA

Contact point: Dr D, Pellizzari, Vice-President, Analytical and
Chemical Sciences
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METHOD 25

GC/MS DETERMINATION OF VOLATILE HALOCARBONS
IN BLOOD AND TISSUE

E.D. Pellizzari, L,3, Sheldon & J.T. Bursey

1. SCOPE AND FIELD OF APPLICATION

This method is suitable for the analysis of the halccarbens listed in
Table 1 in blood and tissues. For a 10 mL blood sample, the limit of
detection is about 3 ng/mL. Detection limits of about 6 ng/g are typical for
5 g tissue samples. Upper limits for these samples are ~10* x lower limits.

Table 1. Some halccarbons for which the method is suitable

Chleroform Bis-{chloromethyl)-ether
Carbon tetrachloride Chloromethyl methyl ether
1.,1,1=-Trichloroethane Haloethane
Hexachloroethane Dibromochloropropane
1,2=-Dichloroethane 1,2-Dibromoethane
Trichloroethylene Bromoform
Tetrachlorcethylene Bromodichloromethane
Epichlorohydrin Dibromochloromethane
Allyl chloride Chlorobenzene
Trichlorcbenzenes Dichlorobenzenes
1,1,2=-Trichloroethane 1,1,2,2-Tetrachleoroethane

2. REFERENCES

Pellizzari, E.D. (1974) Development of Method for Carcincgenic vapor Analysis
in Ambient Atmospheres (EPA Contract No. 68-02-1228), U.S., Environmental
Protection Agency, cincinnati, OH

Krost, K.J., Pellizzari, E.D., Walburn, S.G. & Hubbard, S.A. (1982) Collec-

ticn and analysis of hazardous organic emissions., Anal. Chem., 54, 810~
817

.4435_
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Michael, L.C., Erickson, M.D., Parks, 3.P. & Pellizzari, E.D. (1980) Volatile
environmental pollutants in biclogical matrices with a headspace purge
technique. Anal. Chem., 52, 1836-1841

Pellizzari, E.D,, Hartwell, T.D., Harris, B.3.H., III, Waddel, R.D., Whitaker,
D.A. & Erickson, M.D. {1982) Purgeable organic compounds in mother's
milk. Bull, Environ, Contam. & Toxicol., 28, 322-328

3. DEFINITIONS

Not applicable

4. PRINCIPLE

Volatile halocarbons are recovered from a blcod sample by warming the
sample and passing an inert gas over the warm sample. Tissues are first
macerated in water, then treated in the same manner as blood. The halocarbon
vapours are trapped on a Tenax GC® cartridge, then reccvered by thermal desorp-
tion and analysed by gas chromatography/mass spectrometry.

5. HAZARDS

Some of the volatile halocarbcons are known carcincgens, while cothers are
suspected carcincgens. Because of their volatility, care must be exercised to
avoid inhalation or skin expeosure. They should be handled cautiocusly in well-
ventilated fume hoods and operators should wear protective face masks, lab
coats and glvoes which do not readily absorb the substances.

6. REAGENTS!

A1l reagents used should be analytical Reagent grade

Pure analytes See Method 24, section 6.
Distilled water Organic-free
Tenax GC®(60/80 mesh) See Method 23, section 6 for cleaning and

sieving instructions,

Reference to a company and/or produect is for the purpose of information
and identification only and does not imply approval or recommendation of
the company and/or product by the Internaticnal Agency for Research on
Cancer, to the exclusion of others which may alsc be suitable.
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Compressed helium
Calibration standards

Drierite

APPARATUS!
Glass cartridges

Glass wool

99.9999% grade
See Method 24, section 6

Nen-indicating, baked at 400°C for 2 h

10 em long x 1.5 cm i.d.

Scxhlet apparatus with condenser

Vacuum cven

Stainless steel mesh screens
Kimax®culture tubes
Vacutainer tubes 10-mL
Glass syringes

Shell vials

Magnetic stirring bar
Heating mantle
Magnetic stirrer
Mercury thermometers
One-gallon paint cans
Ice bath

Disposable Pasteur pipettes
and bulbs

Virtis tissue homogenizer

For 60/80 fraction

2.5 cm x 15 cm with Teflon=lined sC¢rew-caps
Venoject L 428, Kimble

10-mL

10-mL with TeflonZlined screw-caps
Teflon®-coated

For 100-mlL round-bottom flask

With press-fit lids

Reference to a company and/or product is for the purpose of information
and identificaticn cnly and does not imply approval or recommendation of
the company and/or product by the International Agency for Research on
Cancer, tc the exclusion of others which may alsc be suitable.
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Purge apparatus

The purge apparatus is shown in Figure 1.

Tenax GC®cartridges

Sampling ftubes are prepared by packing a 10 cm long x 1.5 cm i.d. glass
tube containing 6.0 cm of 60/80 mesh Tenax GC (~1.6 g), using glass wocl
in the ends to provide support. See Methed 23, secticn 6, for prelimi-
nary extraction of Tenax and section 8.1 (Method 23) for cartridge
preparaticn and conditioning preccedure.

NOTE: Cleaning prdcedures fer glassware and Teflen liners are described
in Method 23, at the end o¢of seecticn T. Store cleaned glass

cartridge tubes and culture tubes in sealed, cne-gallon paint cans.

Gas chromatography/mass specfrometer/colputer See Method 23, section 7

SAMPLING

Cocllecticon of blced samples

8.1.1 In the field, collect 10 mL blocd samples by brachial venipuncture,
using 10 mL vacutainer tubes (See Notes con Procedure, 12.1).

[
8.1.2 As socn as possible, chill the blood sample to #4°C and transfer it

toc a clean shell vial with a Teflon-lined screw-cap. Seal using
Teflcon tape. :

Collection ¢f tissue samples

Collect samples with minimum exposure tc plastic or rubber and store in

cleaned, cven-treated, glass Jjars sealed with either Teflon cr foil-lined
caps.

Ccllect tissue samples from cadavers a short time following death and

freeze immediately in a cleaned glass container with as small a "head-
space" as possiple.
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FIG. 1. HEAD-SPACE PURGE APPARATUS FOR BLOOD AND TIS3SUE SAMPLES

Thermometer
-20to 150°C

{¢+— Teflon union

Helium

Adapter purge

Thermometer adapter —*

with O-ring ‘a————— Helium inlet

10/18 ——» tube

«—— |iquid level

«——— 100 mL Round-bhottom flask

Magnetic stirring bar

PROCEDURE

Blank test

Not applicable

Check test

See Method 24, section G.2.

Test portions

1-10 mL whole blcod; 5 g frozen tissue

439
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9.5

9.6

9.7

10.

10.1

PELLIZZARI ET AL.

Preparation of standards

See Method 24, sections 9.4.1 and 9.4.2.

Purging and trapping of analytes from bleood sample

9.5.1

9.5.2

9.5.3

Measure an aliquot of whole blood, chilled to U4°C intc the purge
flask (Fig. 1),

Dilute tc ~50 mL with purged, distilled, organic-free water and add
a stirring bar, Assemble the apparatus as in Figure 1, begin stir-

ring and raise the temperature tc 50°C, with a helium flcw-rate cof
25 mL/min.

After 90 min, terminate the purge and transfer the Tenax cartridge
Lo a Kimax culture tube containing 5 mL nen-indicating Drierite,
covered with a pad of glass wocl. Cap the tube and store in a
freezer until required fcr analysis,

Purging and trapping of analytes from tissue samples

9.6.1

9.6.2

9.6.3

Section an aliguet (5 g) of frozen tissue and transfer it to the
purge flask (Fig. 1).

Dilute the aliquot to ~50 mL with purged, distilled, crganic-free
water and macerate the mixture in an ice bath, using a Virtis
tissue homogenizer.

Immediately assemble the purging apparatus as in Figure 1, begin
stirring and raise the temperature te 50°C, with a helium flow of
25 mL/min. After 30 min, terminate the purge and store the Tenax
cartridge 1iIn a Kimax culture +tube containing calcium sulfate
desiccant, as described in 9.5.3.

Analyte determination

See Method 24, secticns 9.4.3, 9.5 and 9.5.

METHOD OF CALCULATION

The mass concentraticn, Pgr of a given analyte in a blocd sample is
obtained from

Py = ma/V (ug/L)
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12.

12.1
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where
m, = mass of ‘analyte recovered from Tenax cartridge (ng)
V = volume of aliquet in 9.5.71 {(mL)

The value of ma is obtained as in Method 24, sections 10.1 and 10.2,
The mass fraction, W of the analyte in a tissue sample is given by
W, = ma/mt (ug/kg)

where ma) is defined in 10.1 and m = wet weight of tissue aliquot in
9.6.1 (g).

REPEATABILITY AND REPRODUCIBILITY

Bloed

The purge-and-trap technique was validated using both !}*C-labeled model
compourtds and "cold" model compounds. Results of these recovery studies
are presented in Tables 2 and 3. Based on these data, expected recover-

ies of purgeable halcogenated organic compounds from bloeod are about 80%
or better.

Tissue

The purge-and-trap technique was validated using "cold" model compounds.,
Results of these receovery studies are presented in Table Y. Expected
recoveries of purgeable halogenated crganics from tissue are about 50%.
See Notes on Procedure, 12.2.

NOTES ON PROCEDURE

Glass syringes represent the optimal collection device, since no poly-
meric material which may contaminate the sample comes in contact with the
bleced. Hewever, sterilization of large numbers of glass syringes in the
field is not practical.

Possible contamination by permeaticn through the rubber sepbtum caps of
the vacutainers is a cause for concern, Teflon-lined vacutainers are not
available, but the manufacturers recommended sSpecial vacutalners
"suitable for GC" (Vencoject L 428, Kimble). Validation experiments have
found the background of these tubes to be acceptable.
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Leakage of the vacutalner caps has been observed, however, and permeation
through the cap material is suspected., Accordingly, these containers are
not suitable for storage.

Table 2, Percent recovery of !*C-labelled compound from blood?

Compound Mass lcoading dpm % Recovery Average
{ug) loaded % recovery

Chloroform 1.46 g1 755.1 94,2 93.7
93.1
46.5

Carbon tetrachloride 0.785 77 902.3 g2.6 89.4
gz2.2
83.5

Chlorobenzene 1.12 89 538.1 ﬂ3.59 g0.1
88.0
g2.2

Bromobenzene 1.21 34 493.9 T7.1 80.6
T4, 4
90.3

a

Head-space purge of whole blood (25 mL) diluted 1:1 with distilled water

and purged in 100-mL, 3-neck flasks at 50°C for 90 min with helium at 25
mL/min,

Leaking desorption chamber cap; neot included in average.

12.2 Difficulty may be encountered in quantitative introduction of a represen-

tative fortified sample into the container for analysis. Consequently
variaticns in recovery may be attributed to losses during tissue macera-
tion and transfer. Thus, the analysis of tissue samples for volatile

halocarbons should be regarded as semi-quantitative.
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Table 3. Recovery cof halogenated hydrocarbons from human blood spiked from
gas mixing bulb

Compound Amount % Recovery Average
spiked std. dev,
(ug)
1 2 3 4
Methylene chloride 7.96 105 116 2 a 111 + 7.8
Chloroform 8.16 84.6 145 139 2 123 .+ 33.1
Bromodichlcromethane 10.4 105 159 94.9 g94.9 113 + 30.7
Tetrachlorcethylene 8.52 108 121 82.8 97.5 99.8 £ 17.9
Chlorobenzene 5.53 108 120 B5.6 78.6 98.1 £ 19.3
m-Dichlerobenzene 6,44 85.1 101 74.6 BL.5 86.3 + 10.9
Mean 104.3 t 22.7

2 Not quantified because of background interferences.

Table 4. Recovery of halogenated hydrocarbon from human adipose tissue

Compound 4% Recovery Average + 3.D.
1 2 3 E}

Methylene chloride 2 78.2 69.8  92.8 80.3 + 11.6
Chloroform = 62.3 14.8 59.7 5.6 £ 26.7
Bromodichleromethane 6U. 1y 15.5 13.4 4g.4 35.7 + 25.3
Tetrachloroethylene 39.4 15.2 112 40.6 51.8 £ 41.8
Chlorobenzene 21.5 6.8 7.3 17.9 13.4 £ 7.5
m-Dichlorobenzene g2.1 2 56.5  30.8 56.5 + 25.7
Mean _ 45.3 + 30,8

2 Not quantified due to peak interference.
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13. SCHEMATIC REPRESENTATION OF PROCEDURE

Disperse sample 1n water and purge head-space
with helium, trapping volatile vapours on Tenax GC cartridge

Add quantification standard to each cartridge
and continue as in section 13, Method 2U

14. ORIGIN OF THE METHOD

Research Triangle fnstitute
Research Triangie Park, North Carolina 27709, USA

Contact point: Dr D, Pellizzari, Vice-President
Analytical and Chemical Sclences



METHOD 26
DETERMINATION OF 1,1,1-TRICHLOROETHANE IN BLOOD

K. Pekari & 4, Aitio

1. SCOPE AND FIELD OF APPLICATION

The wmethod 1s suitable for the determination of 1,1,1-trichiorcethane in
plocd specimens. the detection limit is £ 0,07 umel/L. Twenty-five to tulrty
analyses can be performed in one day.

2. REFERENCES

Lindner J., & Angerer, J. {(1973) #ethod Ho. 2, Trichlorcethane, Band 2. In:
Henschler, D., ed., Analysen in Biglogischem Material, Verlag Chemie,
GmBH, D-6940 Weinheiw, pp. DI1-D5

3. DEFINITIONS

Not appllcable

4,  PRINCIPLE
The blood specimen is extracted with n-hexane and the concentration of

1,1,1-trichlorcethane in the c¢rganic phasé is determined by gas chromatography
(GC) with electron-capture detection.

5. HAZARDS

1,1,1-Trichlorcethane is decomposed by heat and forms poisonocus fosgene
gas.

n-Hexane is readily flammable and may react vigorously in the preseénce of
oxidizing compounds. '

—i4ly5 -
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REAGENTS!
1,1, 1=-Trichlorcethane

n-fdexane

Stoek standard solytions

Working standard solutions

PEKARI & AITIO

0 .
Puriss, Fluka AG, M.W. = 133.4,000 = 1.366

HPLC-grade, Ratburn Chemicals LTD (3hould
be chosen for the column to be used so tLhat
nc peaks cceur at the same retentlion time
as 1,1,1-%vrichloercethane. With the capil-
lary column SE-30, the Ratburn product has
been suitable.}

I 1 mL of 1,1,1-trichlcroetnane 1is
made up to 100G mL with n-hexane
IT 1 mL of sclution I is made up to 100

mL with n-hexane
I1T 1 mL of sclution II is made up to
100 mL with n-hexane

Working standards are prepared form stock
solution III (10.02 uymcl/L) as follows:

5t.1 1 mL of solution IIT is

made up to 100 wmL with

n-hexane 0.10 paol/L
St.2 1 L of solution III is

made up to 50 mbL with

n-hexane 0,20 unol/L
$t.3 1 mL of sclution III is

made up to 25 mL with

n-hexane 0.40 ypnol/L
St.4 7 mL of solution III is

made up ko 20 mL with

n-hexane 0.50 pmol/L
3t.5 1 mL of soiution III is

made up G 10-mL with :

n-hexane 1.00 pmol/L
3t.6 2 mL of solution III is

made up to 10 wmL with

L-hexane 2.00 pmol/L

The standards are Kept in sealed 2-mL glass vials with Teflon septa,
ready feor use in the autosampler of the gas chromatograph. They are
stable at least six months when stcred at + 5°C.

Reference te a company andfor product is for the purpose of information
and identification ¢nly and does not 1mply approval or recommendaticn of
the company and/or product by the Internaticnal Agency for Rescarch on
Cancer, to the exclusion of others which may alsoc be suitable,
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APPARATUS!

Gas chromatograph with electron-capture (*H) detector and an
autosampler

Mechanical shaker Mixer, Reax 2, with adjustable rotation
speed and universal adapter for racks.
(Heindelph-Electro K&, Werk Schwabach, 8420
Kelheim, West Germany)

Centrifuge With 4 inserts for 6 tubes. (Sorvall, GLC

‘ 2B, General labeoratory instruments, Du Pont

Instruments). Mean radius, 90 mn; 2 000
rev/min

Sample tubes 15-mL, with ground-glass joint and plastic
stopper

3yringes Hamilton, 10-pLl, used with an autosampler

SAMPLING

NOTE: 1,1,1-Trichlorcethane enters the body mainly through the lungs and
98-99% of it is eliminated unchanged by the same route. As 1,1,1-
trichlorgethane accumulates to gsome extent in fat, from which its

elimination is very slow, it can be found in the blood several days
after exposure.

When the compound is used daily, take the blcod samples before the expo-
sure in the morning of the last working day of the week. (An estimate is
thus obtained of the level of the exposure during Gthe working week.)

When the compound is not used continucusly, take the specimens immediate-
ly after the working day.

The vGlume of blooed sample required is 5 mL, For sampling, fill heparin-
ized tubes (5 mL or 10 wl) to the rim with blood (to aveid loss of
solvent to the air phase in the tube) and cap. 3tore the samples at +
5°C until analysed. If possible, carry out extraction immediately upon
receipt in the laborateory.

Reference to a company and/eor product is for the purpose of information
and identification only and does not imply approval or recommendaticn of
the company and/or product by the International Agency for Research on
Cancer, to the exclusicn of others which may alsc be suitable.



443

PEKARI & AITIO

9. PROCEDURE

9.1

9.3

9.4

9.5

9.6

9.7

Blank test

Analyse a solvent blank with every analytical series. No peak should be
seen at the same retenticn time as 1,1,1-trichloroethane.

ChecK Test

Hot applicable

Test portion

2.00 £ 0.01 mL (use a pipette)

Sample extraction

Extract 2 mL of whole blood with 4 mL of n-hexane in a centrifuge tube
for 15 min, using a mechanical shaker, then centrifuge, if necessary, for
5 min (2 000 rev/min). Retain for gas chromatcgraphy (GC).

aC conditicns

Column 25 m x 0,2 wmm (i.d.) vitrecus silica
capillary, coated with 3E-30

Coluwn temperature 60°C
Injector temperature 120°C
Detector temperature 220°¢C

GC determinaticn of 1,1,1-trichloreoethane

Inject 1 b of the hexane phase (9.4) cnte the GC and record the peak
height.

Calibrati¢n curve

Using the working standard scluticns in n-hexane, Inject 1 L of each
solution ontc the GC. (The calibration curve is determined with each
series of samples to verify the linear response range of the detector.)
Specimens with high concentrations of 1,1,1-=trichlorcethane must be dilu-

ted appropriately. Normally, the calibraticn curve is linear up to
1 wmol/L.

A linear relatiocn between peak height (y) and cencentraticn of 1,1,1-tri-
chloroethane (C, pumol/L) is calculated by the methed of least squares.

The correlation coefficient of the equaticn y = (aC + b) should pe better
than 0.99.

The C-intercept should be <10.05] ymol/L.
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Reccovery

The reccvery, R, of the spiked specimens is 87.9 + 5.7 %, a&ss determined
from additions of 0.33 - 0.99 wmol/L of 1,1,1-trichlorcethane to blood
with initial concentrations of trichlorcethane of 0.24 - 0.31 pmol/L (n =
13).

METHOD OF CALCULATION

Tne concentration, C, of 1,1,i-trichicroethane in tChe specimen 1is

calculated from

11.

¢ = 1004 (yB)  ( nersny
Ra
where
d = dilution factor (d = 2 in secticn 9.7}

R = recovery (%)
and
a and b are cobtained from the equaticn of section 9.7.

REPEATABILITY AND REPRODUCIBILITY

The coefficient of variation calculated from duplicate deterwinations in

the cencentration range 0.3-0.8 umol/L is 3% (n = 7).

2.

NOTES ON PROCEDURE

Not applicable
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13. SCHEMATIC REPRESEWTATION OF PROUCEDURE

5 ml blced sample

l

Extract 2 mL blcod with 4 ml n-hexane
{shake 15 min, centrifuge 5 min)

|

Inject 1 ul. hexane phase conto GC

l

Calculate analyte concentraticn from
peak height and calibration curve

14. ORIGIN OF THE “ETHOD

Institute of Occupaticnal Health
Laboratery of Bicchewmistry
Arinatie 3

SF-00370 Helsinki

Finland

Contact point: K. Pekari
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DETERMINATION OF TETRACHLOROETHYLENE IN BLOOD

K. Pekari & A. Aitio

1. SCOPE AND FIELD OF APPLICATION

The method is suitable for the determination of tetrachlorcoethylene in
blood. The limit of detection is < 0.03 umol/L., Twenty five to thirty
analyses can be completed in one day.

2. REFERENCES

Lindner, J. & Angerer, J. (1978) Method No. 2, Trichloroethane Band 2. 1In:
Henschler, D., ed., Analysen in Biologischem HWaterial, Verlag Chenmie,
GmBH, D-6940 Weinheim, pp. D1-D5

3. DEFINITIONS

Not applicable

4. PRINCIPLE

The specimen is extracted with un-hexane and the concentratlion of tetra-
chlorcethylene in the organic phase 1s determined by gas chromatcgraphy, with
electron-capture detection.

5. HAZARDS

Tetrachloroethylene is moderately toxic and irritant to eyes and skin.
n-Hexane is readily flammable.

451~
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REAGENTS?
Tetrachlorcethylene p.a., Merck

Stock standard solutions: I. 1 mL of tetrachloroethylene made up to
100 mL with n-hexane
II. 1 mL of solution I made up to 100 mi
with n-hexane
ITI. 1 mL of solution II made up to 100 mL
with n-hexane

Working standard solutions: The working astandards are prepared from
stock solution III (9.78 umol/L) as follows:

3t.,1 1 mL of solution IIT made 0.10 uymol/L
up to 100 mL with n-hexane

St.2 1 mbL of solution III made 0.20 umol/L
up to 50 mL with n-hexane

5t.3 1 mL of solution III made 0.39 umol/L
up to 25 mL with n-hexane

St.4 1 mL of solution IIT made 0.49 ymol/L
up to 20 mL with n-hexane

5t.5 1 mL of solution III made 0.98 pmol/L
up to 10 mL with n-hexane

The standards are kegt in 2-mL, sealed

glass vials with Teflon septa, ready for

use in the autosampler of the gas chromato-

graph, They are stable several montha when

stored at + 5°C,

h-Hexane HPLC~-grade, Ratburn chemicals Ltd. {(Should
be chosen for the column to be used so0 that
nc peaks occur at the same retention time
as tetrachloroethylene. With the ecapillary
column SE-30, the Ratburn product has been
suitable).

APPARATUS!

Gas chromatograph With an electron-capture (°H) detector and
an autosampler.

Reference to a company and/or product is for the purpose of information
and identification only and does not impiy approval or recommendation of
the company and/or produet by the International Agency for Research on
Cancer, to the exclusion of others which may also be suitable.
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Mechanical shaker Mixer, Reax 2, with adjustable rotation
speed and wuniversal adapter for racks
(Heindolph-Electro KG, Werk Schwabach, 8420
Kelheim, West Germany)

Centrifuge With 4 inserts for 6 tubes (Sorvall, GLC
2B, General labeoratory instruments, Du Pont
Instruments), Mean radius, 90 mm, 2 000

rev/min,.

Sample tubes ‘ 15-mL, with ground-glass Jjoint and a
plastic stopper

Syringes Hamilton 10-yL syringes, used with an auto-
gampler

8. SAMPLING

When workers are exposed to tetrachlorcethylene daily, take blood
specimens before exposure in the morning of the last working day in the week
(An estimate is thus obtained of the level of the exposure during the weorking
week). When the compound is not used continucusly, take the samples immedia-

tely after the working day.

The volume of bloed required for analysis is 5 mlL. Fill heparinized
tubes (5 mL or 10 mL) to the rim with blood (to avoid loss of solvent to the
ailr phase in the tube) and cap. Store the specimens at + 59C until analysed,
If possible, extract the specimens immediately upon arrival in the laboratory.

9. PROCEDURE

9.1 Blank test

Analyse a solvent blank with every analytical series. No peak should be
seen at the same retention time as tetrachloroethylene.

9.2 Check test
Net applicable

9.3 Test portion

2.00 £ 0.01 mL (use a pipette)
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9.4 3ample extraction
Extract 1 mL of whole blood with 5 mL of n-hexane in a centrifuge tube
for 15 min, using a mechanical shaker, then centrifuge, if necessary, for
5 min (2 000 rev/min). Retain for gas chromatography (GC).

9.5 GC conditions
Column 25 m x 0,2 mm (i.d.) vitreocus silica capil-

lary, coated with SE-30

Column temperature 90°C
Injector temperature 120°C
Detector temperature 220°C

9.6 GC determination of tetrachloroethylene
Inject 1 uwL of the hexane phase from 9.4 onto the GC. Recerd the peak
height.

9.7 Calibration curve
Using the working standard seclutions in n-hexane, inject 1 uL of each
solution onto the GC (the calibration curve is determined with each
series of samples to verify the linear concentration range of the
detector), Specimens with high concentrations of tetrachloroethylene
must be appropriately diluted, Normally, the calibration curve is linear
up to 0.8 umeol/L.
The linear relation between peak height (y) and concentration of tetra-
chloroethylene (C, ymol/L) is calculated by the method of least squares.
The correlation ccefficient of the equation y = aC + b should be better
than 0.99. The C-intercept should be less than {0.02| umol/L.

9.8 Recovery
The recovery, R, from spiked specimens is 94.1 £ 4.5%, as determined from
additions of 0.98 umol/L of tetrachloroethylene to blood with initial
concentrations of tetrachlorcethylene of 0.36-1.57 umol/L (n = 7).

10. METHOD OF CALCULATION
The concentration, €, of tetrachlorcethylene in the specimen is calcula-

ted from

100d (y = b

¢ 00 -0 e

Ra
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where
d = diluticn factor (d = 5 in section 9,1)
R = recovery (%) and

a and b are obtained from the equaticn of section 9.7

11. REPEATABILITY AND REPRODUCIBILITY

The coefficient of variation calculated from duplicate determinations in
the concentration range 0.4-0.6 mcl/L is 3% and in the concentration range

1.8-2.5 umcl/L is 2% (n = 5)
12. NOTES ON PROCEDURE

NoL applicable
13. S3CHEMATIC REPRESENTATION OF PROCEDURE

5 mL blocd sample
4

Extract 1 mL blood with 5 ulL h-hexane
(shake 15 min, centrifuge 5 min)

Inject 1 pL hexane phase on GC

Calculate analyte concentration from peak height
and calibraticn curve

14, ORIGIN OF THE METHOD

Ingtitute of Occupational Health
Laboratory of Biochemistry
Arinatie 3

SF-00370 Helsinki 37, Finland

Contact point: K. Pekari



METHOD 28

DETERMINATION OF HALOTHANE IN BLOOD
BY GAS CHROMATOGRAPHY (GC)

D.Jd. Jones

1. SCOPE AND FIELD OF APPLICATION

This method may be used fer the determination cof halothane (2-bromo-2-
chloro-=1,1,1-trifluorcethane) and other halogenated vclatile anaesthetics 1in
blood. The method does not require extraction precedures and can Dbe
accomplished (with standard curve) within one hour, "The limit of detection is
10 mg/L.

2. REFERENCE

Jones, D.J. (1978) rapid gas chromatcgraphic assay for volatile anesthetics
in blood. J. Pharmacol. Methods, 1, 155-160

3. DEFINITIONS

Not applicable

4. PRINCIPLE

After anaerobic sampling of blood and equilibraticn of the halothane with
the head-space air in an airtight 5-mL serum vial (37°C), a sample of the
head-space air 1is analysed by GC.

5. HAZARDS

Not applicable

~457-
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6. REAGENTS!
Nitrogen
Compressed air
Hydrogen

Standard solutions

JONES

Filtered to remove particulates

Prepare calibration standards by adding

2.5 ul of halothane to 10 mL of heparinized
blocd or saline in a 15-mL serum bottle.
Seal bottle with rubber and metal caps and
agitate vigorously for 5 min. This "stock"
solution has a halothane concentration of
469 mg/L {(2.37 mmel/L).

The ealibration standards for halothane,
made up te 1 mL with a velume of unconta-
minated blood ¢r saline in 5-mL vials, are
noted in Table 1,

Table 1. Calibration standard dilutions and concentrations

Volume of "stock" 0.1 g.2 0.4 0.6 1.0
solution (mL)

Concentration A B C D E
of halothane {mg/L) 46.8 43.6 187.2 280.2 463

7. APPARATUS!
Tuberculin syringes

Serum bottle

Rubber stoppers

1-mL, with air-tight plastic caps

5-mL (Wheaton #223738, Wheaton Secientific,
Millville, New Jersey, U3A)

Wheaton #224124

Reference tc a company and/or produet is for the purpose of information

and identification only and does not imply approval or recommendation of
the company and/or product by the International Agency for Research on
Cancer, to the exclusiocn of others which may alsoc be suitable.
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Aluminum 2 mm, one-piece Wheaton #224183

seais

Cap crimper Wheaton #224303

Gas chromategraph Fitted with flame-icnization detecter

Shaking incubatican bath

Gas-tight liquid syringe 50-pL

SAMPLING

Draw accurate, 1-mL samples of either vencus or arterial blood anaerobic-
ally into heparinized, disposable tuberculin syringes and tightly cap
Wwith air-tight plastic caps (the blocd usually remains in the air-tight
syringes for less than 2 min},.

Quickly transfer sample intoc a 5-mL serum bottle, stopper and place aun

aluminum 2 mm one-piece seal on top of the rubber stopper. Crimp on the
tep te form an air-tight unit, using an appropriate-sized criamper.

PROCEDURE

Blank test

Prepare a 1.0-mL control standard. which does not contain anaesthetic and
follow instructions of sections 8 toc 10, as for blood samples.

Check test

Not applicable

Test porticn

Not applicable

GC conditions

GC column Stainless steel columns, 3.05 m x 3.2 mm
i.d., packed with 5% OV 101 (100/120) on
chromosorb W {(AW-DMCS) s¢lid support. A
1.83 m x 3.2 nm cclumn with i.e., 10% OV
101 (100/120) on Chromosorb G (AW-DMCS)
sclid support has alsc been used, with
similar results.
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9.5

9.6

10.

JONES

Gas flow-rates Nitrogen, 60 mL/min; hydrogen,
17-20 mL/min: compressed air, 38-40 mL/min

Temperatures Injectien port, 125°C; column, 100°C;
detector, 100°C.

NOTE: Pyrex glass liners are placed in the injection port adjacent to a
silicone rubber septum. The septums are usually changed every 50-

100 assays (or when air leaks cccur).

Analytical procedure

9.5.1 Place the samples and standards in a 37°C water bath to equilibrate

for 15 min. During this pericd, gently swirle the samples to
hasten equilibration of the anesthetic gas between head-space and
blood.

9.5.2 At the time of assay, remove the center (.5 cm aluminum seal to
facilitate entry of the needle of the microliter syringe (the air-
tight seal is still intact).

9.5.3 Insert the needle of a 50 ulL Hamilton syringe through the rubber

stopper and place the needle approximately 0.5 cm above the blood,

9.5.4 Move the plunger rapidly up and down at 1least 10 times, adjust
volume to 10 uyL, then rapidly inject into the gas chromatograph.
Inject three such head-space samples for each blood sample.

Calibration curve

Obtain the calibration curve by plotting the observed peak height against
the calculated mg of anaesthetic per litre of blood or saline standard
sclutions (see Fig. 1).

METHOD OF CALCULATION

Measure concentrations of analyte in samples by reading from the calibra-

ticn curve at the peoint of the average peak height cof the three sample
injections (9.5.4). S3ubtract the concentraticn observed in the blank.
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FIG. 1. HALOTHANE AND ENFLURANE STANDARD CURVES

Generated from data of 10 different standard curves. Each "X" represents the
average peak height of triplicate samples. Computer—-assisted linear regres-
sion was used to draw the line,
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11. REPEATABILITY AND REPRODUCIBILITY

11,1, A print-out from GC analysis of three 10-yL standards of either halo-
thane or enflurane is shown in Figure 2.

11.2 Plots of average values of 10 different standard curves of halothane and
enflurane are shown in Figure 1. These curves were generated over a
period of 5 weeks.
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FIG. 2. TYPICAL CHROMATOGRAMS OF TRIPLICATE 10-uL SAMPLES
FROM HALOTHANE AND ENFLURANE CALIBRATION STANDARDS

A-E for halcthane correspond to concentrations noted in Table 1.
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NOTES ON PROCEDURE

Rather than inject the blocd into the vial through the rubber stepper,
the vial is capped immediately fellowing additien of the 1 wmlL of blood,
This procedure was used s0 as to minimize any pressure changes which

might lead to leakage or alterations in equilibration pressure within the
vial.

The 10~-uL samples of head-space air represent 0.2% of the total gas
space, Up to sixX repeated samplings did not decrease the peak height,

If samples can nct be analysed immediately, they can be stored at 2-4°C
foer up to 48 h without loss of sampling accuracy. Standards stored in
this manner alsc do not exhibit a decrease in peak height or a change in
linearity. Such a finding attests tc the lack of leakage and solubility
loss into the rubber stopper under t{hese storage conditions.

As is evident from Figure 2, some variability in peak height occurs,
This appears largely due to the injection technique. It is necessary teo
clean the syringe carefully between gas-phase injections from different
blood samples and to adhere rigidly to the requirement of flushing the
syringe with gas sample 10 times, prier to injeection, Also one must
insure that nc¢ air leaks cccur at the time of piercing the GC septum, as
this will give rise to a small peak pricr to the halothane peak.
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13. SCHEMATIC REPRESENTATION OF PROCEDURE

1 mL heparinized blood sample into 5-mL serum vial

Cap and crimp vial

l

Incubate at 37°C with gentle swirling for 15 min

l

Remove center portion of aluminum
cap and insert needle of 50-pl syringe
tc approximately 0.5 cm above blood

Move plunger up and down at least 10 times,
Wwithdraw a 10-pL aliquot and rapidly inject inte GC port

|

Repeat two more times

|

Measure peak height and calculate halothane concentration
from standard curve

14. ORIGIN OF THE METHOD

Department of Anesthesiology

The University of Texas Health Science Center
7703 Floyd Curl Drive

3an Antonio, TX 78284, U3A

Contact peint: David J. Jones, Ph,D,
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METHOD 29

DETERMINATION OF TRICHLOROACETIC ACID IN URINE

K. Pekari & A. Aitic

1. SCOPE AND FIELD OF APPLICATION

This methed 13 suitable for the determination of trichlorcacetic acid in
urine for the bieological monitering of workers exposed te trichlorcethylene.
The limit of detection is < 5 umol/L., Twenty-five to thirty analyses can be
completed in cone day.

2. REFERENCES

Eben, A., Henschler, D. & Pilz, W. (1978) Method No. 1, Trichloroacétic acid,

Band 2. In: Hensechler, D., ed., Analysen in Biclcgischem Material,
Verlag Chemie, GmbH, D-6940 Weinheim, pp. D1-D5

3. DEFINITIONS

Nct applicable

4, PRINCIPLE

The method is an application of the Fujiwara reaction, where trichloro-
acetic acid 1s decarboxylated te chloroform and the abscrbance of the coloured
compound that is formed in pyridine is measured at 530 nm with a photcmeter,

5. HAZARDS

Scdium hydroxide is a strong, caustic base, Pyridine decompcses when

heated, forming poiscnocus cyanide vapours, It alsoc reacts strongly with
oXidizing agents.

-1467-
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REAGENTS!
Trichloroacetic acid (TCA)
Sodium hydroxide

Sodium hydroxide

Sodium sulfate
Pyridine

Standard solution of TCA

APPARATUS
Test. tubes

Colorimeter

Mechanical shaker

PEKART & AITIO

Merck, p.a.

Merck, p.a.

R

Merck, Titriscl ,

ampoules

0.01 mol/L, sealed

Anhydrous, Merck, p.a.
Merck, p.a.

Dissolve 50 mg TCA in 1 L distilled water.
Because TCA is hygrosocpic, the exact
concentration of the solution ( ~ 300
wmol/L) is determined by titration with
0.002 mol/L sodium hydroxide with phenol-
phthalein as an indicator. Only sodium
hydroxide prepared from freshly-opened
ampoules may be used, as sodium hydroxide
fends to take up carbon dioxide from the
air.

25-mL, with screw cap

The spectral half-width of the coloured
reaction product is §0 nm, s¢ that a colo-
rimeter with a filter with a hand pass of
50=70 nm can be used. A colorimeter with
round cuvettes 1is preferable, as bubble
formation in tetragonal cuvettes may cause
difficulties.

Mixer, Reax 2, with adjustable rotation
speed and wuniversal adapter for racks
(Heindolph-Electro KG, Werk Schwabach, 8320
Kelheim, West Germany)

Reference tc a company and/or product is for the purpose of information
and identification only and does not imply approval or recommendation of
the company and/or product by the International Agency for Research on
Cancer, to the exclusion of others which may also be suitable.
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Centrifuge With 4 inserts for 6 tubes (Sorvall, GLC
2B, General laboratory instruments, Du Pont
Instruments)

Mean radius, 90 mm, 2 000 rev/min

Syringes Hamilton 10-uL, used with an autosampler

8. SAMPLING

Trichlcroethylene enters the body through the lungs and the skin, About
seventy per cent of the absorbed trichloroethylene is metabolized to trichloro-
acetic aecid and trichloroethanol, which are then excreted in urine.

The exposure of workers to trichloroethylene can be monitored by deter-
mining the concentration of trichloroacetic acid or trichloroethanol in the

urine, The rapid metabolism and excretion of trichloroethanol makes the
measurement of its concentration in urine suitable for detecting only the
exposure during the last working hours before sampling. Due to the slow

metabolism of trichloroethylene to trichloroacetic acid, the cconcentration of
trichloroacetic acid in urine indicates the exposure level over several days
before sampling.

For the analyses, only 2 mL of urine (single voiding in the morning
following the exposure} is needed, but for representative sampling, > 50 mL of
urine is recommended. Store the specimens at + 5°C until analysed.

9. PROCEDURE
9.1 Blank test
Analyse 0.5 mL of distilled water by the method of sections 9.4-9.5.

9.2. Check test

Within each series, analyse two control specimens with known TCA levels.

These are prepared form urine of workers exposed to trichloroethylene.

Frozen control specimens are stable at least 12 months when kept at -18°C.
9.3 Test porticn

0.5 £ 0.01 mL (use a pipette)

9.4 Conversion of TCA

9.4,1 Pipette 0.5 mL of urine sample into 25 mL test tube and add 10 mL
of 25% scdium hydroxide.
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9.4.2

9.14.3
9.4.4
9.4.5
9.4.6

9.4.7

PEKARI & AITIO

With each group of urine samples, repeat 9.4.1 using 0.5 mL of
standard TCA solution in place of urine.

Close tubes with screw caps and shake for one min in wmechanical
shaker.

Add 6 mL of pyridine to each tube and shake vigourously a few times
by hand.

Loosen screw caps and place tubes in a water bath at 80.0 & 0.5°C
for 5 min,.

Transfer the pyridine phase by pipette to a fest tube containing 2g
anhydrous sodium sulfate.

Close the tubes with serew caps and shake for 0.5 min, then centri-
fuge for 25 min (2 000 rev/min).

9.5 Colorimetric determination

Pour pyridine phase from 9.1.7 into colorimeter cuvetie and measure
absorbance (A) against that of pyridine.

9.6 Recovery

The recovery of the spiked specimens 1in the concentraﬁion range 5-300
wmol/L is 93.5 * 1.7% (mean #* standard deviation, n = 8). The colour
reaction follows Beer's law up to a concentration of at least 700 ymol/L.

10. METHOD OF CALCULATION

The concentration, C, of TCA in the specimen is calculated from the

equation,
c=2C
where
C
A
A
A

(A - A)

(A, - 4)

(umol/L)

= concentration of TCA standard solution (umel/L)
= absorbance of the standard solution
= absorbance of the blank

= absorbance of the specimen
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Because the standards are analysed together with the specimens, correc-
tion for recovery is not needed.
11. REPEATABILITY AND REPRODUCIBILITY

The coefficient of variation calculated from duplicate determinations in
the concentration range 140-370 umol/L is 3% (n = 10).
12. NOTES ON PROCEDURE

Not applicable
13. SCHEMATIC REPRESENTATION OF DETERMINATION

Add to 25 mL test tubes:
0.5 mL distilled water + 10 mL NaOH (25%)
0.5 mL standard TCA solution + 10 mL NaOH (25%)
0.5 mL urine + 10 mL NaOH (25%)

|

Shake each tube for ~ 1 min

l

Add 6 mL pyridine and shake

|

Place in water bath (80°C) for 5 min

Transfer pyridine to anhydrous sodium sulfate,
- shake and centrifuge for 25 min

Measure absorbance of pyridine phase
against pure pyridine

l

Calculate urine TCA concentration
from absorbance measurements
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14. ORIGINE OF THE METHOD
Institute of Occupational Health
Laboratory of biochemistry
Arinatie 3,

SF-00370 Helsinki 37

Contact point: K. Pekari



METHOD 30

DETERMINATION OF 2,22-TRICHLOROETHANOL IN URINE

K. Pekari & A. Aitio

1. SCOPE AND FIELD OF APPLICATION

This method is suitable for the determination of the total (free +
conjugated) 2,2,2-trichloroethanol in urine of workers exposed to trichloro-
ethylene., The detection limit of the method is 0.5 umol/L. One technician is
able to analyse about 10 specimens in a working day.

2. REFERENCES

Vesterberg, 0., Gorczak, J. & Krasts, M. (1975) Methods for measuring tri-
chlorosthanol and trichloroacetic acid in blood and urine after exposure to
trichloroethylene. Scand. J. Work Environ, & Health, 1, 243-248

3. DEFINITIONS

Not applicable

4, PRINCIPLE

Conjugates of trichloroethanol in urine are hydrolyzed with acid, tri-
chloroethanol is extracted into iso-octane and quantified by gas chromato-
graphy (GC), using electron-capture detection.

5. HAZARDS

Sulfuric acid is a strong, caustic acid. Iso-octane is 2asily flammable
and may react vigorously in the presence of oxidizing compounds.

473~
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REAGENTS!
2,2,2=-Trichloroethanol
Sulfuric acid
Iso~octane

Stock standard solutions

Working standard solutions

APPARATUS!

Mechanical shaker

PEKART & AITIO

96% Merck, p.a., (d20o 1.552)

C -
Merck, p.a., conc.

Merck, p.a.

I 30 uL of trichloroethanol
made up to 100 mL with
distilled water

II 10 mL of the solution I
made up te 100 mL with
distilled urine

3000 ymol/L

300 ymol/L

Working standards are prepared from the

stock solution II as follows:
3t.0 trichlorocethancl-free urine

from non-exposed persons

1 mL of stock solution II 6.0 ymol/L
made up to 50 mL with
3t.0 urine

2 mL of the stock
solution II made up to
50 mL with St.0 urine
3 mL of the stock
solution II made up to
50 mL with St.0 urine
1 mL of the stock
solution II made up to
10 mL with 3t.0 urine

St.1

st.2 12.0 umol/L

5t.3 18.0 pmol/L

St.4 30.0 wmol/L

Mixer, Reax 2, with
speed and universal
{(Heindol ph-Electro XG,
Kelheim, West Germany)

ad justable rotation
adapter for racks
Werk Schwabach, 8420

Reference to a company and/or product is for the purpose of information
and identification only and does not imply approval or recommendation of
the company and/or product by the International Agency for Research on
Cancer, to the exclusion of others which may also be suitable.
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Centrifuge With 4 inserts for 6 tubes (Sorvali, GLC
2B, General laboratory instruments, Du Pont
Instruments) Mean radius, 90 mm; 2 000

rev/min
Sample tube 10-mL giass tube with a screw cap
Syringes Hamilton 10 yL, used with an autosampler
Gas chromatograph With an electron-capture (*H) detector and

an autosampier

8. SAMPLING

Trichioroethyiene enters the body through the iungs and the skin. About
seventy per cent of tThe absorbed trichioroethylene is metabolized to trichlo-
roacetic acid and %trichloroethanol, which are then excreted in urine,

Exposure of workers to trichioroethylene can be foliowed by determining
the concentration of ftrichloreacetic acid or trichloroethanol in urine. The
rapid metabolism and excretion of <¢richloroethanol makes the measurement of
1ts concentration in urine suitable for detecting only the exposure during the
last working hours before sampling.

For the analyses, oniy 2 mL of urine (single voiding after the working
day) is needed, but for representative sampling, > 50 mL of urine is recom-
mended. S8Store the spscimens at +5°C until anaiysed.

9. PROCEDURE

9.1 Blank test

Analyse a solvent blank (iso-octane) with each series of urine samples.

No peak shouid be seen at the same retention time as 2,2,2-trichioro-
ethanol.

9.2 Check test
Within each series, analyse two control specimens with Kknown trichioro-
ethanoli levels, These are prepared form urine of workers exposed %o
trichlorocethyiene. Frozen control specimens are stable at least six

months when kept at -18°C.

9.3 Test portion

0.500 £ 0.006 mL (use a micropipette, 200-1000 yL capacity).
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g.4

9.5

9.6

9.7

9.8

10.

by

PEKARI & AITIO

Hydrolysis and extraction

9.4,1 Pipette 0.5 wmL of urine and 0.25 mL of concentrated sulfuriec acid
into a 10 mL tube and seal with screw cap.

9.4.2 Place tubes in boiling water bath for 30 min.

9.4.3 Cool tubes, add 2 mL iso~octane and shake for 5 min, then centri-
fuge for 5 min at 2 000 rev/min. Proceed directly to 9.6.

GC conditions

Column 25 m x 0,2 mm (i.d.) vitreous silica
capillary, ccated with SE-30

Column temperature 110°¢C
Injector temperature 120°¢
Detector temperature 220°C

GC determination of trichlorcethanol

Inject 1 yL of the organic phase from 9.4.3 onto the GC.

Calibration curve

Prepare a 5-point calibration curve for each run using the 5 working
standard solutions in order to verify the linear range of the detector.
Inject 1 uL of each standard solution onto the GC. (Specimens with high
concentrations of trichlorcethancl must be appropriately diluted.)
Normally, the calibration curve is linear up to 30 pmol/L.

An equation (y = aC + b) of the dependence of the peak heights on the
2,2,2-trichloroethancl concentration of the standards (C, pmol/L) is
calculated using the least squares method. The correlation coefficient
should be > 0.99 and the C-intercept < ]0.3| umol/L.

Recovery

The recovery of the method is 98.2 * 6,0% (mean t s.d., n = 6), when 5-30
ymol of trichloroethanol per litre urine is added to specimens with an
initial concentration of 0,9 ymol/L of trichloroethanol.

METHOD OF CALCULATIOHN

The concentration, €, of 2,2,2-trichlorocethanol in the specimen is given

C=(y -b)/a (ymol/L)
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Hydrolysis and extraction

9.4.1 Pipette 0.5 mL of urine and 0.25 mL of concentrated sulfuric acid
into a 10 mL tube and seal with screw cap.

9.4.2 Place tubes in boiling water bath for 30 min.

9.4.3 Cool tubes, add 2 mL iso-octane and shake for 5 min, then centri-
fuge for 5 min at 2 000 rev/min. Proceed directly to 9.6.

GC conditions

Column 25 m x 0,2 mm (i.,d.) wvitreous silica
capillary, coated with 3E-30

Column temperature 110°C
Injector temperature 120°C
Detector temperature 220°C

GC determination of trichloroethanol

Inject 1 uyL of the organic phase from 9.4.3 onto the GC.

Calibration curve

Prepare a 5-point calibration curve for each run using the 5 working
standard solutions in order o verify the linear range of the detector.
Inject 1 uL of each standard solution onte the GC. (Specimens with high
concentrations of %trichloroethanol must be appropriately diluted.)
Normally, the calibration curve is linear up to 30 pymol/L.

An equation (y = aC + b) of the dependence of the peak heights on the
2,2,2-trichloroethanol concentration of the standards (C, ymol/L) is

calculated using the least squares method. The correlation coefficient
should be > 0.99 and the C-intercept < }10.3| umol/L.

Recovery

The recovery of the method is 98.2 + 6.0% (mean + s.d., n = 56), when 5-30
mmol of trichloroethanol per litre urine is added %to specimens with an
initial concentration of 0.9 ymol/L of trichloroethanol.

METHOD OF CALCULATION

The concentration, C, of 2,2,2-trichloroethancl in the specimen is given

C = (y - b)/a (ymol/L)
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where y is the sample peak height and
a and b are obtained from the equation of section 9.7.

As the standards are treated like the specimens, no correction for
recovery is needed.

11. REPEATABILITY AND REPRODUCIBILITY

The coefficient of variation calculated from double determinations in the
concentration area 30-40 ymol/L is 0,01 (n = 5).

12. NOTES ON PROGCEDURE

Not applicabile
13, SCHEMATIC REPRESENTATION OF PROCEDURE

0.5 mL urine + 0,25 mL conc. H,30,

|

Heat to 100°C for 30 min
Cool, add 2 mL iso-octane and shake 5 min

Centrifuge, inject 1 yL organic phase onto GC

'

Compare peak height with standard curve

14. ORIGIN OF THE METHOD

Institute of Occupational Health
Laboratory of Biochemistry
Arinatie 3

SF-00370 Helsinki 37, Finland

Contact point: K. Pekari
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CHEMICAL CARCINOGENESIS (1976)
Edited by R. Montesano, H. Bartsch &
L. Tomatis, 666 pages; £30.-

No. [3 ENVIRONMENTAL POLLUTION
AND CARCINOGENIC RISKS (1976)
Edited by C. Rosenfeld & W. Davis

454 pages; £17.50

No. 14 ENVIRONMENTAL N-NITROSO
COMPOQUNDS - ANALYSIS AND
FORMATION (1976)

Edited by E.A. Walker,

P. Bogovski & L. Griciute, 512 pages; £35.-

No. 15 CANCER INCIDENCE IN FIVE
CONTINENTS. VOL. I1I (1976)

Edited by J. Waterhouse, C.S5. Muijr,
P. Correa & J. Powell, 584 pages; £35.-

No. 16 AIR POLLUTION AND CANCER
IN MAN (1977)

Edited by U, Mohr, D. Schmahl &

L. Tomatis, 331 pages; £30.-

No. 17 DIRECTORY OF ON-GOING
RESEARCH IN CANCER EPI-
DEMIOLOGY 1977 (1977)

Edited by C.S. Muir & G. Wagner,
599 pages; out of print



SCIENTIFIC PUBLICATIONS SERIES

No. 18 ENVIRONMENTAL CARCINO-
GENS - SELECTED METHODS OF
ANALYSIS

Editor-in-Chief H. Egan

Vol. 1 - ANALYSIS OF VOLATILE
NITROSAMINES IN FOOD (1978)
Edited by R. Preussmann,

M. Castegnaro, E.A. Walker

& A E. Wassermann, 212 pages; £30.-

No. 19 ENVIRONMENTAL ASPECTS
OF N-NITROSO COMPOUNDS (1978)
Edited by E.A. Walker, M. Castegnaro,
L. Griciute & R.E. Lyle, 566 pages;

£35.-

No. 20 NASOPHARYNGEAL
CARCINOMA: ETIOLOGY AND
CONTROL (1978)

Edited by G. de-Thé & Y. Ito,

610 pages; £35.-

No. 21 CANCER REGISTRATION
AND ITS TECHNIQUES (1978)
Edited by R. MacLennan, C.S. Muir,
R. Steinitz & A. Winkler, 235 pages;
£11.95

No. 22 ENVIRONMENTAL CARCINO-
GENS - SELECTED METHODS OF
ANALYSIS

Editor-in-Chief H. Egan

Vol. 2- METHODS FOR THE MEASURE-
MENT OF VINYL CHLORIDE IN
POLY(VINYL CHLORIDE), AIR, WATER
AND FOODSTUFFS (1978)

Edited by D.C.M. Squirrell & W. Thain,
142 pages; £35.-

No. 23 PATHOLOGY OF TUMOURS IN
LABORATORY ANIMALS. VOLUMEII.
TUMOURS OF THE MOUSE (1979)
Editor-in-Chief V.S. Turusov, 669 pages;
£35.-

No. 24 ONCOGENESIS AND HERPES-
VIRUSES I1I (1978)

Edited by G. de-Thé, W. Henle & F. Rapp
Part 1, 580 pages; £20.-

Part 2, 522 pages; £20.-

No. 25 CARCINOGENIC RISKS -
STRATEGIES FOR INTERVENTION
(1979)

Edited by W. Davis & C. Rosenfeld,

283 pages; £20.-

No. 26 DIRECTORY OF ON-GOING
RESEARCH IN CANCER EPI-
DEMIOLOGY 1978 (1978)

Edited by C.S. Muir & G. Wagner,
5§50 pages; out of print

No. 27 MOLECULAR AND CELLULAR
ASPECTS OF CARCINOGEN
SCREENING TESTS (1980)

Edited by R. Montesano, H. Bartsch &
L. Tomatis, 371 pages; £20.-

No. 28 DIRECTORY OF ON-GOING
RESEARCH IN CANCER EPIDEMIOLOGY
1979 (1979)

Edited by C.5. Muir & G. Wagner,

672 pages; out of print

No. 29 ENVIRONMENTAL CARCINO-
GENS - SELECTED METHODS OF
ANALYSIS

Editor-in-Chief H. Egan

Vol. 3 - ANALYSIS OF POLYCYCLIC
AROMATIC HYDROCARBONS IN
ENVIRONMENTAL SAMPLES (1979
Edited by M. Castegnaro, P. Bogovski,

H. Kunte & E.A. Walker, 240 pages; £17.50

No. 30 BIOLOGICAL EFFECTS OF
MINERAL FIBRES (1980)
Editor-in-Chief J.C. Wagner

Volume I, 494 pages; £25.-

Volume 2, 513 pages; £25.-

No. 31 N-NITROSO COMPQUNDS:
ANALYSIS, FORMATION AND
OCCURRENCE (1980)

Edited by E.A. Walker, M. Castegnaro,
L. Griciute & M. Borzsonyi, 841 pages;
£30.-

Na. 32 STATISTICAL METHODS IN
CANCER RESEARCH i
Vol. 1. THE ANALYSIS OF CASE-
CONTROL STUDIES (1980)

By N.E. Brestow & N.E. Day, 338 pages;
£17.50

No. 33 HANDLING CHEMICAL
CARCINOGENS IN THE LABORATORY
- PROBLEMS OF SAFETY (1979)

Edited by R. Montesano, H. Bartsch,

E. Boyland, G. Della Porta, L. Fishbein,
R.A. Griesemer, A.B. Swan & L. Tomatis,
32 pages £3.95



SCIENTIFIC PUBLICATIONS SERIES

No. 34 PATHOLOGY OF TUMOURS

IN LABORATORY ANIMALS. VOLUME
IIT. TUMOURS OF THE HAMSTER
(1982)

Editor-in-Chief V.S. Turusov,

461 pages; £30.-

No. 35 DIRECTORY OF ON-GOING
RESEARCH IN CANCER EPI-
DEMIOLOGY 1980 {1980)

Edited by C.S. Muir & G. Wagner,
660 pages; out of print

No. 36 CANCER MORTALITY BY
OCCUPATION AND SOCIAL CLASS
1851-1971 (1982)

By W.P.D. Logan, 253 pages £20.-

No. 37 LABORATORY DECONTAMI-
NATION AND DESTRUCTION OF
AFLATOXINS By, By, G,, G, IN
LABORATORY WASTES (1980)
Edited by M. Castegnaro, D.C. Hunt,
E.B. Sansone, P.L. Schuller,

M.G. Siriwardana, G.M. Telling,

H.P. Van Egmond & E.A. Walker,

59 pages; £5.95

No. 38 DIRECTORY OF ON-GOING
RESEARCH IN CANCER EPI-
DEMIOLOGY 1981 (1981)

Edited by C.5. Muir & G. Wagner,
696 pages; out of print

No. 39 HOST FACTORS IN HUMAN
CARCINOGENESIS {1982)

Edited by H. Bartsch & B. Armstrong
583 pages; £35.-

No. 40 ENVIRONMENTAL CAR-
CINOGENS. SELECTED METHODS

OF ANALYSIS

Editor-in-Chief H. Egan

Vol. 4. SOME AROMATIC AMINES AND
AZO DYES IN THE GENERAL AND
INDUSTRIAL ENVIRONMENT (1981)
Edited by L. Fishbein, M. Castegnaro,

LK. ONeill & H. Bartsch, 347 pages;

£20.-

No. 41 N-NITROSO COMPOUNDS:
OCCURRENCE AND BIOLOGICAL
EFFECTS (1982)

Edited by H. Bartsch, LK. O'Neill,

M. Castegnaro & M. Okada,

755 pages; £35.-

No. 42 CANCER INCIDENCE IN FIVE
CONTINENTS. VOLUME 1V (1982)
Edited by J. Waterhouse, C. Muir,

K. Shanmugaratnam & J. Powell,

811 pages; £35.-

No. 43 LABORATORY DECONTAMI-
NATION AND DESTRUCTION OF
CARCINOGENS IN LABORATORY
WASTES: SOME N-NITROS AMINES
(1982) Edited by M. Castegnaro,

G. Eisenbrand, G. Ellen, L. Keefer,

D. Klein, E.B. Sansone, D. Spincer,

G. Telling & K. Webb, 73 pages £6.50

No. 44 ENVIRONMENTAL CAR-
CINOGENS. SELECTED METHODS
OF ANALYSIS

Editor-in-Chief H. Egan

Vol. 5. SOME MYCOTOXINS (1983)
Edited by L. Stoloff, M. Castegnaro,

P. Scott, LK. O'Neill & H. Bartsch,
455 pages; £20.-

No. 45 ENVIRONMENTAL CAR-
CINOGENS. SELECTED METHODS
OF ANAIYSIS

Editor-in-Chief H. Egan

Vol. 6: N-NITROSO COMPOUNDS
(1983)

Edited by R. Preussmann, LK. O'Neill,
G. Eisenbrand, B. Spiegelhalder &

H. Bartsch, 508 pages; £20.-

No. 46 DIRECTORY OF ON-GOING
RESEARCH IN CANCER EFI-
DEMIOLOGY 1982 (1982)

Edited by C.S. Muir & G. Wagner,
722 pages; out of print

No. 47 CANCER INCIDENCE IN
SINGAPORE (1982)

Edited by K. Shanmugaratnam, H.P. Lee
& N.E. Day, 174 pages; £10.-



SCIENTIFIC PUBLICATIONS SERIES

No. 48 CANCER INCIDENCE IN
THE USSR (1983) Second Revised
Edition

Edited by N.P. Napalkov,

G.F. Tserkovny, V.M. Merabishvili,
D.M. Parkin, M. Smans & C.S. Muir,
75 pages; £10.-

No. 49 LABORATORY
DECONTAMINATION AND
DESTRUCTION OF CARCINO-
GENS IN LABORATORY WASTES:
SOME POLYCYCLIC AROMATIC
HYDROCARBONS (1983)

Edited by M. Castegnaro,

G. Grimmer, O. Hutzinger,

W, Karcher, H. Kunte,

M. Lafontaine, E.B. Sansone,

G. Telling & S.P. Tucker,

81 pages; £7.95

No. 50 DIRECTORY OF ON-GOING
RESEARCH IN CANCER
EPIDEMIOLOGY 1983 (1983)

Edited by C.S. Muir & G. Wagner,
740 pages; out of print

No. 51 MODULATORS IN
EXPERIMENTAL CARCINO
GENESIS (1983)

Edited by R. Montesano &
V.S. Turusov, 307 pages; £25.-

No. 52 SECOND CANCER IN
RELATION TO RADIATION
TREATMENT FOR CERVICAL
CANCER: RESULTS OF A CANCER
REGISTRY COLLABORATION (1983}
Edited by N.E. Day & J.C. Boice, Jr,

207 pages; £17.50

No. 53 NICKEL IN THE HUMAN
ENVIRONMENT (1984)
Editor-in-Chief, F.W. Sundertan, Jr,
529 pages; £30.-

No. 54 LABORATORY
DECONTAMINATION AND
DESTRUCTION OF CARCINO-
GENS IN LABORATORY WASTES:
SOME HYDRAZINES (1983)

Edited by M. Castegnaro, G. Ellen,
M. Lafontaine, H.C. van der Plas,
E.B. Sansone & 5.P. Tucker,

87 pages; £6,95

No. 55 LABORATORY
DECONTAMINATION AND
DESTRUCTION OF CARCINOGENS
IN LABORATORY WASTES: SOME
N-NITROSAMIDES (1983}

Edited by M. Castegnaro,

M. Benard, L.W. van Broekhoven,

D, Fine, R. Massey, E.B. Sansone,
P_L.R. Smith, B. Spiegelhalder,

A. Stacchini, G. Telling & J.J. Vallon,
65 pages; £6.95

No. 56 MODELS, MECHANISMS AND
ETIOLOGY OF TUMOUR PROMOTION
(1984)

Edited by M. Bérszdnyi, N.E. Day,

K. Lapis & H. Yamasaki, 532 pages,

£30.-

No. 57 N-NITROSO COMPOUNDS:
QOCCURRENCE, BIOLOGICAL EFFECTS
AND RELEVANCE TO HUMAN
CANCER (1984)

Edited by LK. O'Neill, R.C. von Borstel,
C.T. Miller, J. Long & H. Bartsch,

1013 pages, £75.-

No. 58 AGE-RELATED FACTORS
IN CARCINOGENESIS (1985)
Edited by A. Likhachev, V. Anisimov
& R. Montesano (in press)

Neo. 59 MONITORING HUMAN
EXPOSURE TO CARCINOGENIC AND
MUTAGENIC AGENTS (1985)

Edited by A. Berlin, M. Draper,

K. Hemminki & H. Vainio (in press}

No. 60 BURKITT'S LYMPHOMA: A
HUMAN CANCER MODEL (1985)
Edited by G. Lenoir, G. O’Conor

& C.L.M. Olweny (in press)

No. 61 LABORATORY DECONTAMI-
NATION AND DESTRUCTION OF
CARCINOGENS IN LABORATORY
WASTES: SOME HALOETHERS (1985)
Edited by M. Castegnaro,

M. Alvarez, M. Iovu, E.B. Sansone,

G.M. Telling & D.T. Williams

55 pages, £5.95
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No, 62 DIRECTORY OF ON-GOING No. 65 INTERPRETATION OF
RESEARCH IN CANCER EPI- NEGATIVE EPIDEMICLOGICAL
DEMIOLOGY 1984 (1984) EVIDENCE FOR CARCINOGENICITY
Edited by C.S5. Muir & G.Wagner; Edited by N.J, Wald & R. Doll

728 pages; £18.- {in press}

No. 63 VIRUS-ASSOCIATED CANCERS
IN AFRICA (1984)

Edited by A.Q. Williams, G.T. O°’Conor,
G.B. de-Thé & C.A. Johnson, 773 pages,
£20.-

No. 64 LABORATORY DECONTAMI-
NATION AND DESTRUCTION OF
CARCINOGENS IN LABORATORY
WASTES: SOME AROMATIC AMINES
AND 4-NITROBIPHENYL (1985)

Edited by M. Castegnaro, J. Barek,

J. Dennis, G. Ellen, M. Klibanowv,

M. Lafontaine, R. Mitchum,

P. Van Roosmalen, E.B. Sansone,

L.A. Sternson & M. Vahl (in press)

NON-SERIAL PUBLICATIONS

{Available from IARC)
ALCQOOL ET CANCER (1978) CANCER MORBIDITY AND CAUSES OF
by A.J. Tuyns (in French only) DEATH AMONG DANISH BREWERY
42 pages; Fr.fr. 35.-; Sw.ir. 14.- WORKERS (1980) By O.M. Jensen

145 pages; USS$ 25.00; Sw.fr. 45.-



IARC MONOGRAPHS ON THE EVALUATION OF THE
CARCINOGENIC RISK OF CHEMICALS TO HUMANS
(English editions only)

(Available from WHO Sales Agents)

Volume |

Some inorganic subsiances, chlorinated
hydrocarbons, aromatic amines, N-nitroso
compounds, and natural products (1972)

184 pp.; out of print

Volume 2

Some inorganic and organometallic
compounds (1973)

181 pp.; out of print -

Volume 3

Certain polycyelic aromatic hydrocarbons
and heterocyclic compounds (1973)

271 pp.; out of print

Volume 4

Some aromatic amines, hvdrazine and
related substances, N-nitroso compounds
and miscellancous alkylating agents (1974)
286 pp.; US$7.20; Sw.ir. 18.-

Volume 5
Some organochlorine pesticides (1974)
241 pp.; out of print

Volume 6
Sex hormones (1974)
243 pp.; US$7.20, Sw.Ir. 18.-

Volume 7

Some anti-thyroid and related sub-
stances, nitrofurans and industrial
chemicals (1974)

326 pp; USS$12.80; Sw.fr. 32.-

Volume 8
Some aromatic azo compounds (1975)
357 pp.; US$14.40; Sw.fr. 36.-

Volume 9

Some aziridines, N-, §- and
O-mustards and selenium (1975)
268 pp.; US$10.80; Sw.fr. 27.-

Volume 10
Some naturally oceurring substances (1976)
353 pp.; USS15.00; Sw.fr. 38.-

Volume I1

Cadmium, nickel, some epoxides,
miscellaneous industrial chemicals and general
considerations on volatile anaesthetics (1976)
306 pp.; US$14.00; Sw.fr. 34.-

Volume 12

Some carbamates, thiocarbamates and
carbazides (1976)

282 pp.; US$14.00; Sw.fr. 34.-

Volume 13

Some miscellaneous pharmaceuticai
substances (1977)

255 pp.; US$12.00; Sw.fr. 30.-

Volume 14
Asbestos (1977)
106 pp.; US$6.00; Sw.fr. 14.-

Volume 15

Some fumigants, the herbicides 2,4-D
chlorinated dibenzodioxins and miscellaneous
industrial chemicals (1977)

354 pp.; US$20.00; Sw.fr. 50.-

Volume 16

Some aromatic amines and related nitro
compounds - hair dyes, colouring agents and
miscellaneous industrial chemicals (1978)

400 pp.; US$20.00; Sw.fr. 50.-

Volume [7
Some N-nitroso compounds (1978)
365 pp.; US$25.00; Sw.fr. 50.-

Volume 18

Polvchlorinared biphenyls and poly-
brominated biphenyls (1978)

140 pp.; US813.00; Sw.fr. 20.-



IARC MONOGRAPHS SERIES

Volume 19

Some monomers, plastics and synthetic
elastomers, and acrolein (1979)

513 pp.; US$35.00; Sw.fr. 60.-

Volume 20
Some halogenated hydrocarbons (1979)
609 pp.; US$35.00; Sw.fr. 60.-

Volume 21
Sex hormones (IT) (1979)
583 pp.; US$35.00; Sw.fr, 60.-

Volume 22
Soine hon-nutritive sweetening agents (1980)
208 pp.; US$15.00; Sw.fr, 25.-

Volume 23
Some metals and metallic compounds (1980}
438 pp.; US$30.00; Sw.fr. 50.-

Volume 24
Some pharmaceutical drugs (1980)
337 pp.; US$25.00; Sw.1r, 40.-

Volume 25

Wood, leather and some associated
industries (1981)

412 pp.; US330.00; Sw.fr. 60.-

Volume 26

Some antineoplastic and immuno-
suppressive agents (1981)

411 pp.; US$30.00; Sw.fr. 62.-

Volume 27

Some aromatic amines, anthraquinones
and nitroso compounds, and inorganic
fluorides used in drinking-water and
dental preparations (1982)

341 pp.; US3$25.00; Sw.fr. 40.-

Volume 28
The rubber industry (1982)
486 pp.; US$35.00; Sw.fr. 70.-

Volume 29

Some industrial chemicals and dyestuffs
(1982)

416 pp.; US330.00; Sw.fr. 60.-

Volume 30
Miscellaneous pesticides (1983)
424 pp; US830.00; Sw.fr. 60.-

Volume 31

Some food additives, feed additives and
naturally occurring substances (1983)

314 pp.; US330.00; Sw.ir. 60.-

Volume 32

Polynuclear aromatic compounds,

Part I, Environmenial and experimental
data (1984)

477 pp.; USS830.00; Sw.fr. 60.-

Volume 33

Polynuclear aromatic compounds, Part
2, Carbon blacks, mineral otls and some
nitroarene compounds (1984)

245 pp.; US$25.00; Sw.fr. 50.-

Volume 34

Polynuclear aromatic compounds,

Part 3, Some complex industrial exposures
in aluminium production, coal gasification,
coke production, and iron and steel
Jounding (1984)

219 pages; US$20.00; Sw.ir. 48.-

Volume 35

Polynuclear aromatic compounds,
Part 4, Bitumens, coal-tars gnd
derived products, shale-oils and soots
(1985)

271 pages; US825.00; Sw.fr. 70.-



Supplement No. 1

Chemicals and industrial processes associated
with cancer in humans (IA RC Monographs,
Volumes I to 20) (1979}

71 pp.; out of print

Supplement No. 2

Long-term and shori-term screening assays
Jor carcinogens: a critical appraisal (1980)
426 pp.; US$30.00; Sw.i1. 60.-

INFORMATION BULLETIN ON THE
SURVEY OF CHEMICALS BEING
TESTED FOR CARCINOGENICITY
No. 8 (1979)

Edited by M.-J. Ghess, H. Bartsch

& L. Tomatis

604 pp.; US$20.00; Sw.fr. 40.-

INFORMATION BULLETIN ON THE
SURVEY OF CHEMICALS BEING
TESTED FOR CARCINOGENICITY
No. 9 (1981)

Edited by M.-J. Ghess, J.D. Wilbourn,
H. Bartsch & L. Tomatis

2594 pp.; USE20.00; Sw.fr. 41.-

Supplement No. 3

Cross index of synonyms and trade
names in Volumes I to 26 (1982}
199 pp.; US$30.00; Sw.fr, 60.-

Supplement No. 4

Chemicals, industrial processes and
indusiries associated with cancer in humans
(IARC Monographs, Volumes 1 10 29) (1982)
292 pp.; US$30.00; Sw.fr. 60.-

INFORMATION BULLETIN ON THE
SURVEY OF CHEMICALS BEING
TESTED FOR CARCINOGENICITY
No. 10 (1982)

Edited by M.-J. Ghess, J.D. Wilbourn,
H. Bartsch

326 pp.; US520.00; Sw.fr. 42.-

INFORMATION BULLETIN ON THE
SURVEY OF CHEMICALS BEING
TESTED FOR CARCINOGENICITY
No. 11 (1984)

Edited by M.-J. Ghess, J.D. Wilbourn,
H. Vainio & Bartsch

336 pp.; US$20.00; Sw.fr. 48.-



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124
	Page 125
	Page 126
	Page 127
	Page 128
	Page 129
	Page 130
	Page 131
	Page 132
	Page 133
	Page 134
	Page 135
	Page 136
	Page 137
	Page 138
	Page 139
	Page 140
	Page 141
	Page 142
	Page 143
	Page 144
	Page 145
	Page 146
	Page 147
	Page 148
	Page 149
	Page 150
	Page 151
	Page 152
	Page 153
	Page 154
	Page 155
	Page 156
	Page 157
	Page 158
	Page 159
	Page 160
	Page 161
	Page 162
	Page 163
	Page 164
	Page 165
	Page 166
	Page 167
	Page 168
	Page 169
	Page 170
	Page 171
	Page 172
	Page 173
	Page 174
	Page 175
	Page 176
	Page 177
	Page 178
	Page 179
	Page 180
	Page 181
	Page 182
	Page 183
	Page 184
	Page 185
	Page 186
	Page 187
	Page 188
	Page 189
	Page 190
	Page 191
	Page 192
	Page 193
	Page 194
	Page 195
	Page 196
	Page 197
	Page 198
	Page 199
	Page 200
	Page 201
	Page 202
	Page 203
	Page 204
	Page 205
	Page 206
	Page 207
	Page 208
	Page 209
	Page 210
	Page 211
	Page 212
	Page 213
	Page 214
	Page 215
	Page 216
	Page 217
	Page 218
	Page 219
	Page 220
	Page 221
	Page 222
	Page 223
	Page 224
	Page 225
	Page 226
	Page 227
	Page 228
	Page 229
	Page 230
	Page 231
	Page 232
	Page 233
	Page 234
	Page 235
	Page 236
	Page 237
	Page 238
	Page 239
	Page 240
	Page 241
	Page 242
	Page 243
	Page 244
	Pub 68 part 2.pdf
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124
	Page 125
	Page 126
	Page 127
	Page 128
	Page 129
	Page 130
	Page 131
	Page 132
	Page 133
	Page 134
	Page 135
	Page 136
	Page 137
	Page 138
	Page 139
	Page 140
	Page 141
	Page 142
	Page 143
	Page 144
	Page 145
	Page 146
	Page 147
	Page 148
	Page 149
	Page 150
	Page 151
	Page 152
	Page 153
	Page 154
	Page 155
	Page 156
	Page 157
	Page 158
	Page 159
	Page 160
	Page 161
	Page 162
	Page 163
	Page 164
	Page 165
	Page 166
	Page 167
	Page 168
	Page 169
	Page 170
	Page 171
	Page 172
	Page 173
	Page 174
	Page 175
	Page 176
	Page 177
	Page 178
	Page 179
	Page 180
	Page 181
	Page 182
	Page 183
	Page 184
	Page 185
	Page 186
	Page 187
	Page 188
	Page 189
	Page 190
	Page 191
	Page 192
	Page 193
	Page 194
	Page 195
	Page 196
	Page 197
	Page 198
	Page 199
	Page 200
	Page 201
	Page 202
	Page 203
	Page 204
	Page 205
	Page 206
	Page 207
	Page 208
	Page 209
	Page 210
	Page 211
	Page 212
	Page 213
	Page 214
	Page 215
	Page 216
	Page 217
	Page 218
	Page 219
	Page 220
	Page 221
	Page 222
	Page 223
	Page 224
	Page 225
	Page 226
	Page 227
	Page 228
	Page 229
	Page 230
	Page 231
	Page 232
	Page 233
	Page 234


