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FOREWORD 

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

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 also are very recent advances in biological monitoring 
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 contributed 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 



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, both known and sus- 
pected, in the context of epidemiological and analytical studies. 	Hence 
this series augments the Monograph Seriesx, 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 populations 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 environmentally 
ubiquitous, are produced in very large quantities and are employed in a 
great variety of applications as chemical intermediates, solvents, degreas-
ing agents, aerosol propellants, refrigerants, food fumigants, flame 
retardants, anesthetics, etc. 	A number of these agents have also been 
employed in a wide range of commonly-available household 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 toxicity, meta-
bolism and epidemiology 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. A 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 increasing 
recognition of the utility 0f biological monitoring 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. 

' Critical reviews of data on carcinogenicity of chemicals and evaluations of 
carcinogenicity, published by the IARC. 



The Editorial Board is aware of the need to recognize advances in the 
state-of-the-art and to incorporate procedures reflecting enhanced sampling 
proficiency, accuracy, sensitivity, specificity, reproducibility, ease of 
manipulation and, as much as possible, economy, 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 not 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 of environmental carcinogens is further demon-
strated by the preparation 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 19$3) 



INTRODUCTION: 

VOLATILE HALOGENATED ALKANES AND ALKENEs - 

IARC CARCINOGENIC RISK EVALUATIONS AND SELECTED ANALYTICAL METHDDS 

The 24 substances covered by this volume are widely used or present in 
the environment and thus the selection of analytical methods for their 
determination is rather important. The substances chosen by the Review 
Board for coverage in this volume are listed in Table 1, together with 
Chemical Abstracts Services registry numbers and frequently used names. 
The substances were chosen on the basis of known carcinogenicity or 
potential carcinogenic risk and widespread human exposure. 	Although for 
some substances, exposures are well-defined and mostly confined to occu-
pational circumstances, others are found at low levels in ambient and 
indoor air (EPA, 1984) or in water. Recently developed, trace-level 
methods of environmental and biological monitoring are included, so that 
the extent and nature of these exposures can be better appreciated. 

5ixteen 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 carcinogenicity, the terms "sufficient", "limited" 
and "inadequate" have precise definitions in the context of their use in 

reports of ‚ARC working groups, and ‚ARC t1оnograph volumes should be 
consulted. For 1,2-dichloгoethane and 1,2-dibromo-3-chloropropaпe, it was 
considered that in the absence of adequate data for humans, it is reason-
аЫ  e, for practical purposes, to regard these substances as presenting a 
carcinogenic risk to humans. For methyl chloroform, hexachloroethane and 
allyl chloride, the available data did not permit an evaluation of their 
carcinogenicity. No monograph was published for methyl bromide, because 
adequate carcinogenicity studies were not available at the time if' 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 of 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 volume are adapted from publications of the U.S. National Institute 
for Occupational Safety and Health (NIOSH, 1977, 1984), and are tabulated 
with exposure limits in Chapter 6. 



Methods for the detection of these compounds in other environmental or 
biological 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 environment, whereas the small number of biological 
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 alkeпes covered by this volume 

Formula CAS No. Commonly-used names or abbreviations 

1.  СН3 С1 7ц-87-3 Methyl chloride, chloromethane 
2.  СHэ Br 74-83-9 I4ethyl bromide 
3.  СН2сl2 75-092 Methylene chloride; dichloromethane 
ц. CНС13 б7-6б-3 Chloroform; trichloromethane 
5.  СHHгС12 75-27-4 Bromodichloromethane; 

dichlorobramomethane 
6.  СНBr 2С1 124-45-1 Dibromochloromethane; 

chlorodibromomethane 
7.  CНBr з  75-25-2 Bromoform; tribromomethane; 

methenyltribromide 
8.  СFC13 75-69-4 Fil; 	fluorocarbon 	11; 

tr ichiorof]. uor'omethan е  
9.  С1С1Fz 75- 5-6 F22; 	fluorocarbon 22; 

chlorodifluoromethane 
10.  СС1ч  5623-5 Carbon tetrachloride; 

tetrachloromethane 
11.  СНZСIСНZСI 107-06-2 1,2-9khlaгoethа0s; ethylene di- 

chloride 
12.  CН28гСНZBr 106_93_LI EDB; ethylene dibromide; 	1,2-di- 

bromoethane 
13.  ССI3СНЭ  71-55-6 1,1,1-Trichloroethane; methyl- 

chloroform 
14.  СС13СС13 67-72-1 iexachloroethane 
15.  СFЭ С[ВгС1 151-67-7 Halothane; 	1,1,1-tгifluoгo-2-bromo-2- 

ch].oroethane 
16.  ССl2 СН2 75-35-4 Vinylidene chloride; 	1,1-dichloro- 

ethylene 
17.  СНС1=СнС1 540-59-0 1,2-Diehloroethylеne; 	1,2-dichloro- 

ethene 
18.  СС1Z=СНС1 79-01-6 Tfichloroethy1ene, TCE; trichloro- 

ethene 
19.  ССlZ_СС12 127-18-ц  Tetrachloroethylene; perchioro- 

ethylene; tetrachloroethene 
20.  СНz=СН-СН2С1 107-05-1 Allyl chloride; 3-eh1оfорmpeпΡe 
21.  CН2BгСНВгСН2С1 96-12-8 DBСP; 	1,2-dibromo-3-chloropгapanе  
22.  C 2 СгI-CН2С1 106-89-$ Epichlorohydrin, chloromethyloxirane 

0~ 
23.  С1СНгОСНZС1 432-53-1 BCNE; bis(chloromethyl)ether; dichloro- 

methyl ether 
24.  С1СН20СН$ 107-30-2 CMNIE; chloromethyl methyl ether; 

chloromethoxymethane 

.-xviii- 



Table 2. Summary of IARC Monograph Evaluations 

Formula or designation 	IAS suпuпary 	Evidence £or 	Evidence for 	IAPC Morыgгаph 
evaluation of 	carcinogenicity Сaгciпageп dty reference- 
carcinogenic risk in humans- 	in animals- 
to humans 1n 
Supplement 4a 

1. СH,С1 
2. СHyBr 
Э. G С1, Э  Inadequate Inadequate 20, 449-465 
4. СRC1, 23 Inadequate Sufficient 5, 401-417 
5. аI3гС1= - - - - 
6. СH8г1С1 - - - - 
7. Bгomofozm - - - - 
0. F-11 - - - - 
9. F-22 - - - - 
10. СС1~ 23 Inadequate Sufficient 20, 371-339 
11. 1,2-Dichloroethапе  * - Sufficient 20, 429-448 
12. ED8 23 Inadequate Sufficient 15, 195, 	209 
13. Methylchloroform - Inadequate 20, 515-531 
14. lexachloroetbane - - Inadequate , 467-476 
15. lalotbane 3 Inadequate Inadequate S7app1. 4, 41-46 
16. Vinylidene chloride Э  Inadequate Limited 19, 439-459 
17. 1,2-Dichloroethylene - - - - 
18. Trichloroethylene Э  Inadequate Limited 20, 	545-572 
19. Tetrachloroethylene Э  Inadequate Limited 20, 491-514 
20. P11у1 chloride - - Inadequate 36, in press 
21. DBCP * - Sufficient 20, 83-96 
22. Lpichlorhydrin 29 Inadequate Sufficient 11, 	131-139 
23. 	ВL4 1 Sufficient Sufficient 5йpp1. 1, 26-27 
24. a91Е  1 Sufficient Sufficient 5u1. 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 aud cancer. 

Group 2 - The chemical is probably carcinogenic 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 reflect this range, the category 
was divided into higher (Group A) and lower (Group S) degrees of evidence. Usually, category 2A 
was reserved for exposures for which there was at least limited evidence 0f carcinogenicity to 
humans. The data from studies in experimental animals played an important role in assigning 
studies to category 2, and particularly those in group 3; 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 carcinogenicity to humans. 

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

Volume and page numbers 



Table 3. Analytical method number in this volume 

Formula or designation Air- Water- Food 
fumigant 

residues 

Exhaled 
breath 

Other 
biological 

monitoring 

1.  СH,С1 - 15,16 - - 
2.  сн33г  - 15,16 17,20,21 - 
3.  С12с12 - 15,16 - - 
К. СНС1 Э  12 15,16 17.18,19 23/24 25 
5. СHBГС1з  - 16 23/24 25 
6.. С1Вг 2С1 - 15,16 - 2312k 25 
7.  Bromoform 12 15,16 - 23/24 25 
8.  F-11 - 15,16 - - - 
9.  F-22 - 16 - - - 
10.  СС1t 12 15,16 17,18,19 23/24 25 
11.  1,2-dichloroethane 12 15,16 17 23/24 25 
12.  EDB 12 15,16 17,18,19,22 23/2k 25 
13.  Methyl chloroform - 15,16 17 23/24 25,26 
14.  Hexachloroethane - 15,16 - 2312k 25 
15.  Halothane - 15,16 - 23/24 25,28 
16.  Vinylidene chloride - 15,16 - - - 
17.  1,2-Diehloroethylene - 15,16 - - - 
18.  Trichloroethylene 12 15,16 17,18,19 23/24 25,29,30 
19.  Tetrachlorethylene 12 16 17 23/24 25,27 
20.  Allyl chloride - 15,16 - 23/24 25 
21.  DEC? - 15,16 - 23/24 25 
22.  Epichlorohydrin - - - 23/24 25 
23.  ВС.МЕ  - - - 23/24 25 
211. CIME - - - 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. 

b For organic-bound halogen in water, Methods 13 and 1k give screening 
methods. 
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scope 

1. The Manual consists of a number of individual volumes, each concerned 

with a specific group of compounds, the purpose of which is to present 
selected (preferably validated) methods in systematic format, based on 
ISO Guide 7$ (ISO/R.7$.1969[Е]), to analysts and others interested in the 
field. 

2. Each volume will normally comprise a general introduction to the field of 
analysis concerned, representing up to one-third of its length, and a 
description of the selected analytical and sampling methods, comprising 
not less than two-thirds of its length. 	The overall balance of each 
volume reflects the needs for analytical methods and the importance of 

the introductory material in relation to IARC and WHO requirements. 

3. The chemicals (or groups of chemicals) considered have been evaluated in 
an IARC Monograph on the Evaluation of the Carcinogenic Risk of Chemicals 
to fumans and thus indicated to have, or to be likely to have, some car-
cinogenic effect in experimental animals and/or man, with evidence that a 
risk of human exposure exists. Chemicals for which carcinogenicity 
evaluations are still in progress and for which evidence of occurrence is 
needed, may also be included. 

Ј}. 	The methods of analysis and sampling selected are related primarily to 
the environmental substrates in which potential carcinogenic risks have 
been established or from which the major human exposures are known to 
occur. 

Criteria for selection 

1. 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 collaborative or co-
operative analytical studies. 

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

3. When an international organization has made separate provision for 
reference, routine screening or field test methods, these provisions are 
to be adapted. 



ц. 	If other methods have been shown to be equivalent to these methods, they 
may be accepted as alternatives. kihеп  inclusion of analytical 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 
far selection. 

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

6. When no 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. 

7. Ii selecting methods, particular consideration is given to the require- 
ments of epidemiologists, 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 carcinogens. 

$. 	The need has frequently been expressed by governments of developing 
countries for simple, specific, low-cost methods for use in the field; 
and, while it is recognized that such methods are often desirable, it is 
unlikely, 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 Liпkôping, Sweden 

INTRODUCTION 

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 epidetniological 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, hexachloroetharne, trichloroethylene, perchloro-
ethylene, ally]. 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 197os that information appeared on geno-
toxic effects; e.g., the carcinogenicity of trichloroethylene (NCI, 1976) and 
perchloroethylene (NCI, 1977) in animal experiments, or the mutagerlic proper-
ties of methyl chloroform (Simтоn et a].., 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-
known general toxicity and wide-spread use. 

~ALOGЕNATЕD МЕТНАf4ЕЅ  

Absorption of the chlorinated methanes (methyl chloride, methylene 
chloride, chloroform and carbon 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; 5chагnweber et al., 1974), where-
as toxic effects on the liver and kidneys might be thought of as more charac-
teristic of chloroform, and o£ carbon tetrachloride in particular (cf. IARC, 
1979а). 

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, 1981) 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 
niethylene 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 FIR analysis cited above was based on death certificates from 1956 to 
1976, and revealed 71 malignancies versus 73.14 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 
19614. A total of 78 deaths had occurred, but no excess of cancer was found 

either in the total cohort or in the subcohart, regardless of whether the 
cohorts were compared with the general population of ew York State (flew 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. 	k 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 98 
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 were reported among males and two 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 circulatory 
system was somewhat high when compared with that of the reference cohort, 
however, but did not permit any definite conclusions. 

Since there was 18% loss with regard to follow-up for the exposed and 12% 
for the comparison cohort, 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, 19L18; Simlеr et al., 19614; Tracey & 
5herlock, 1968). No epidemiologically relevant information concerning cancer 
seems to exist for methyl chloride and chloroform, nor for methyl bromide and 
hromoform. 

Fluorocarbons 

Two other commonly-used halogenated urethanes, namely trichlorofluoro-
methane (or F 11) and dichlorofluoromethane (F 22), both belong to a group of 
compounds referred to as fluorocarbons or freins (trade name). 	Only one, 
rather small, epidemiological study with relevance for cancer is available for 
the fluorocarbons. 5zmidt 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.Ч-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 sufficiently large so that the effects of a specifi^ 
fluorocarbon 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 pertinent studies, as they have to be based on relatively diffuse measure-
rnents 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). 	In 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. A1ltogether, the available information 
concerning cancer and halomethanes in water is rather inconsistent and 
confusing and does not permit definite conclusions at this time. 

HALOGENATED ETHAHEs AND ЕТHENES 

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, perchioroethylene (tetrachloroethylene) and ethylene 
dibromide (dibromoethane). 	In addition, some observations of interest have 
been made with regard to halothane. 	F'ог  some other, more or less commonly- 
occurring, compounds such as methyl chloroform (1,1,1-trichloroethane), hexa-
chloroethane and ethylene chloride (dichloroethane), there seems to be no 
epidemiological information available that is relevant to cancer. 

Trich1oroethy1ene 

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 (Bouse et al., 1975) and its mutagenicity in bacterial test systems 
(Greim et al., 1975), together with its induction of hepatoce11ular 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; Tua et al., 1980), both of a cohort type. 
Ап  increased frequency of sister chromatid exchanges in a small group of 
chronically—exposed workers (Gu et al., 1981) has also been reported. 

The work if 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 
1 424 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 4.85) and hematolymphatic 
tumours (5 versus 1.20). Specifically, for 2 years or more of exposure and 10 
years of latency, there were 3 urinary bladder cancers versus 0.83 expected, ц  
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). Out of this group of 2 294 persons, 
90.8% (2 084) could be traced and another 33 subjects with otherwise known 
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, 19811). 

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 statistics). 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. 



10 	 AXEL50N 

Perchloroethylene 

Perchloroethylene (tetrachloroethylene) has been used for dry-cleaning 
since the 1950s, and also, to some extent, for degreasing and for lipid 
extractions. 	Perchioroethylene, like trichloroethylene, was found to cause 
hepatoce11ular carcinoma in mice when given by gavage (MCI, 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 19ц0s (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 evaluation of 
the potential human cancer hazard from perchloroethylene, but it is 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 
OSA. 

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 P11 
[proportional mortality ratio = (observed/expected) < 100] for all cancer 
deaths was 128 (p < 0.05), and was particularly high for lung cancers (17 vs 
10.0; Р11 	170), skin (3 vs 0.7; PMR = L29), and cancers of cervix uteri (10 v 
s ц.8; PIR = 208), all these differences being significant at the 5% level or 
less. Liver cancer also came out somewhat high, 14 cases against 1.7 expected, 
and so did the leukemias, as already mentioned, i.e., with 5 cases versus 2.2 
expected. The formal significance 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 
justification for concern. However, other factors might be involved as well, 
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e.g., if а  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 in tetraalkyl lead gasoline, and also as a solvent 
for fats, waxes, etc. 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 (‚ARC, 1979а). 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. 	5о  far, however, there seems to be only one 
epidemiological study of interest, reporting mortality data for X61 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. 	However, 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, 14 
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 disulfiram, since animal experiments have shown an 
increase in the effect of ethylene dibromide in combination with this drug 
(Plotnick, 1978). 

Halothane (2-bromo-2-chlorо-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., 1979) and studies of sister chromatid exchanges in 
lymphocytes after long-term exposure of operating room personnel to waste 
anaesthetic gases (Husurn & Wulf, 1980) and after anaesthesia in patients 
(Husum et al., 1981) have not indicated any mutagenic effects. 

There seem to be no epidemiological studies which would permit an evalua-
tion of carcinogenic 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). 	1Veverthгless, 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 sine of the alleged effects of anaesthetic gases have also been 
expressed (Vessey, 1978), and other studies have not clearly indicated any 
increased cancer risk (Kni11-3оnеs et al., 1972; Doll & Peto, 1977; Pharaoh et 
al., 1977). It seems unlikely that a clear-cut epidemiological 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 anaesthetic gases (cf. 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. ИTith 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 (З-chloro-1,2-epoxypropane) at 
rather low concentrations; i.e., exposure levels of 0.5-5 agIr3 were reported 
in one study (Kucerova et al., 1977) and 1.9 тg/тз  in another (Picciano, 
1979). Even 1 mgl& was thought to have had effects in a third study (5ram et 
a1., 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 more, there were 10 
respiratory cancers versus 8.7 expected, and two deaths had occurred from 
leukemia 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 ('ARC, 1982) so that addi-
tional studies are urgently needed. 

Chloromethyl ethers 

Chloromethyl methyl ether (CIME) and bis(chloromethyl)ether (BCHE) 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 BOlE in the presence of hydrogen 
chloride and formaldehyde, but it seems unlikely that such a reaction would 
take place or be of any importance (Ka11os & 5оlоmоп, 1973; Tou & Каllое, 
1974; Travenius, 1982). 

Both of these highly-reactive, alpha-halogenated ethers were reported to 
be carcinogenic in animals in the late 1960s and early 19703 (Van Duuren et 
ai., 1968; Laskin et a1., 1971; Leong et a1., 1971), even at concentrations as 
low as 0.1 ppm for rats subjected to long-term exposure to DdE. Lung cancers 
were later observed in industrial populations for both CIME (Figueroa et al., 
1973) and BCME (sakabe, 1973; Thiess et al., 1973). 

The study by Figueroa et al. (1973) on CIME, mixed with some BONE, 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 rien 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 ratio for lung cancer among workers exposed to 
CIME (and some DOME) has been reported to be higher among non-smokers than 
among smokers (Weiss, 1976), although the latter were also at increased risk 
(ldеiss, 1980). Weiss suggested the explanation that CIME, as well as DdE, is 
rapidly hydrolyzed to hydrochloric acid aid formaldehyde (and methanol in the 
case of CIME), 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 0f 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, 198ц). 

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 1$ men employed in a laboratory 
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. 	The 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 characterized by fairly low 
power to 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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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, а  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, thé capacity to dissolve 
fatty material) such as degreasing, cleaning, extracting, emulsifying, etc. А  
third reason comes from early toxicological work; all chlorinated aliphatics, 
after exposure of mammals to elevated doses, cause damage to the major paren-
chymous tissues, such as liver, kidney and CNS, 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 once 
more to assume a common mechanism of action for all chlorinated aliphatic 
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 (Viola et al., 1971; Maltoni 
& Lefemine, 1974) and mutagenic in microbial organisms (Rannug et ai., 1974; 
Greimn et al., 1975; Bartsch et al., 1979; ‚ARC, 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 (Laid & 
Bolt, 1977; Green & Hathway, 1978). This again prompted some investigators to 

-~1- 
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believe that other genotoxic halogenated aliphatics also act indirectly, i.e., 
only after metabolic activation, and form comparable adducts with the genetic 
material, in particular with DNA. 

!е  will learn in the following pages that all these generalizations, both 
for acute and chronic effects, and particularly for genotoxic events, are 
unjustified. 	There are types of halogenated compounds which dc not need 
metabôlic activation in order to produce toxic effects on target tissues and 
to damage DNA aid RNA, and even where metabolite formation has been demons-
trated to be a prerequisite for toxicity, the mechanisms of the formation 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 $IOTRANSFORмATION: 
GENERAL CONSIDERATIONS 0F STRUCTURE AND ACTIVITY 

The uniqueness of the carbon-halogen bond constitutes the determining 
factor for the chemical reactivity of halocarbons in general. It permits some 
predictions of the metabolic 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.. .0 bond system adjacent to the respec-
tive halogen substituent implies completely different consequences in alkanes, 
alkenes and alkynes, which result in different metabolic transformations; 

(a) in alkanes, the C.. .0 bond system is labilized; 	consequently, the 
electro-negative oxygen from oxidizing enzymes will induce free 
radical formation, 

I 	I 	 i 
—с  —C —ci --►  —С'+'C —cl 

1 	1 	 1 	1 



SРЕСIFIС  COVALENT BINDING AND GENOTOXICITY 	 23 

Another possibility of metabolic conversion is, under reductive 
conditions, dehydrochlorination or dechlorination, with formation of 
the respective olefins, 

\ / 
HG~ Ç = С\ 

-ç-с~ 
1 1 wiz 
C1 C1 	N 	/ С  -С  

(b) in 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 chlorine migration) to carbonyl 
compounds, 

~О  
- N 

\ 	jС ~ 	\ IN /G 	Cl 
С  -C\ 	C —Ç  
/ 	 -C -С  

I 	cl 

(c) in alkynes, the electron withdrawal by the halogen leads to a 
1abilization of the triple bond; active oxygen then induces a С...С  
break, e.g., 

C1 

	

ci-c=c--ci o 	С=О+СO 
/ 

cl 

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 metabolic 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 ICi and the formation of reactive aldehydes, 
e.g., 

-é-сi ' 02 -ç_ e_o 
ь 	 i 
OH 

or of carbonyl chlorides, e.g., 

Cl 	 Cl 	 ci 

сi-c-н  У2 сI-c-он -HC1- ~с-о  
1 	 1 	 / 
CI 	 Cl 	 C1 

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

A completely different mechanism of genotoxicity prevails if the halogen 
atom is located in an a11ylic position. In this type of compound, the halogen 
constitutes a suitable leaving group; 	the cation formed is stabilized by 
resonance, 

н2с  -сн  -сн2сi — [ н,с  — сн— снz ] ~ с1n 

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 -S1-bearing molecule 
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(e.g., glutathione, cysteine, etc.), which may occur spontaneously or be 
enzyme-catalysed, 

1 	1 	 1 	1 
Ci-C-C-Cl+GsH —a-c-C-sG 

1 	1 	 1 	1 

The resulting mustard-like compound exerts alkylating activity. 	This 
reaction is ап  example of the ambiguity of metabolic processes: normally, the 
nucleophilic -5H group of glutathione serves for the detoxification of elsa-
trophilic intermediates, whereas, in the above-mentioned case, a toxification 
is accomplished by a simple electrophilic-substitution reaction. 

All these genotoxic activation reactions may be predicted from basic 
chemical knowledge and historical experience of xenobiotie metabolism. 	How- 
ever, in the case of halocarbons with more complicated structures, two 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 nucleic 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 alkenes 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 biological test systems. 

HALOGENATED ALKANES 

Much work has been performed on the metabolism, covalent binding and 
mutagenicity/carcinogenicity of halo-urethanes, ethanes and higher homologues. 
They may be bioactivated through enzymic pathways (as outlined in the 
preceding chapter) to electrophilic intermediates, such as free radicals, 
olefins (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-dichloroethana). 	Covalent binding to 
proteins and lipids is a common feature of these electrophilic species (for 
review, see Laib, 19$2). 

Binding to DNA in vitro has also been described for a variety of halo-
alkanes (DiRenzo et al., 19$2), whereas data on DNA binding in vivo remain 
controversial. No specific DNA adducts formed in vivo have been identified so 
far; the only unequivocal demonstration of an adduct to a macromolecule is 
trichloro-methylation of fatty-acid residues in microsomal lipids from carbon 
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tetrachloride (Link et al., 19814). 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 ti be metabolically activated to electrophilic intermediates). 

(b) compounds with an a11ylic halogen substitution, such as ally1 
chloride or allyl bromide, which possess alkylating properties and 
thus may display direct genotoxic activities, i.e., without metabolic 
activation, or may be enzymically converted to а,8-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: 

mегсар  uric acid 

C1 	 OC1 	oН  OH 	G~ acids 

-С  \ 	
мFо 	i 

1 1 O2,NgoPH 	N/ 	 1 C~C H 	— С—C-Ci Ç 	
EH 	4 1 	c, ac id, Сo 

*о  -C-C o 
DNA binding ---Ç_C 	 "Cl 

CI 

The halogenated oxiranes may undergo a variety of secondary reactions: 

(a) addition to glutathione (or similar low molecular weight nuclei-
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 diii, the molecule is rendered very unstable 
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and will undergo a variety of secondary reactions to either C2 
carbonyl compounds or, under C.. .0 breakage, to formate and carbon 
oxides; 

(c) rearrangement (RA) after C...0 heterolysis to carbonyl compounds, 
sometimes accompanied by intramolecular chlorine migration, 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 struc-
ture may also be formed by the rearrangement products, halogenated 
aldehydes. 

Reactions (a)-(c) constitute deactivation pathways, whereas (d) repre-
sentB 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.. .0 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 quagtitative 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. 

Vinyl chloride. vinyl bromide. vinyl fluoride 

vinyl chloride (VC) has been the most extensively investigated halo- 
genated aliphatic hydrocarbon (IARC, 19$2). 	The formation of VС  epoxide by 
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mixed function oxidases and its rearrangement to chloroacetaldehyde are well 
established (Green & Iathway, 1975; Hefner et al., 1975; Bonse et al., 1975; 
Bolt et al., 1976); 

	

H\ _ /C1 O,,NADPH H\ /°\ /C~ 	 H /° 
~/Ç с

\H 	P450 	H Ç—C\н 	 H~ I ~C\H 
Cl 

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 dioi from the epoxide is suggested 
by the demonstration of glycol aldehyde as one of thé secondary products 
(Guengerich et al., 1979); 

Cl 
1 

C1 	рÎ' H~Ç Cнsон  
ј  /° 	H 

i—C—C «ж 	 cl 
1 	p H\C °\C~Ci 	H 	4!ry { 	4 

H/ H 	
H он  

S 

	

он  он 	 OH 
i I 	-ici 	I H-C-C-Cl —1-C-C 
1 	h 	 1 	NH 
HI 	 H 

The major pathway of detoxification of both the oxirane and chloro-
acetaldehydе  goes through conjugation with glutathione and ensuing reactions 

	

to form excretable mercapturic acids. 	We11-estaЫ  ished end-products are: 
2-hydroxyethylcystгine, its N-acetyl product and thiodiglycolic acid (Green & 
iathway, 1975; Hefner et a1., 1975). 

Three types of covalent binding of reactive VC nietabolites have been 
described: 	to proteins, to DNA and BNA, and to the SH-group of coenzyme A 
(Bolt et a1., 19$2). Under in-vivo conditions, the more reactive epoxide will 
bind preferentially to DNA bases, whereas the rearrangement product, chloro- 
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acetaldehyde, will bind primarily to proteins. 8оте  of the oxirane can react, 
imrпediately after its formation, with the P-ц50 of monooxygenases, thus partly 
deactivating the processing enzyme (Guengerich et a1., 1981; Guengerich & 
Strickland, 1977). 

The reaction mechanism of VC oxirane (or chlor.oacetaldehyde) with DNA 
bases haC been found to be cyclisation with an endocycTic and an exocyclic 
nitrogen of, e.g., adenine (Green & Hathway, 1975; Laib & Bolt, 1977, 1978) 

Н` ~o 	 н~ ~о  
NH,  

н с̀ 
	

N f) 
 N 

R 
R 	 R 

or with the N7 and 06-position of guanine (Osterman-Golkar et al., 1977), the 
product being in equilibrium with the open oxo form (Laib et al., 1981; 
Scherer et al., 1981), 
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In addition, 3,Ma ethenoxytosine and N2-3-ethenоguanine have been 
described as adducts in vitro , 

0 

н  ~ 

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

There is good evidence for the ethenoderivative 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 mechanisшs is 
stressed by a variety of additional findings. 	Microsomal incubation of VC 
leads to alkylating species which can be trapped by model nucleophiles (GSthe 
et a1., 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 a1., 1979). 

Vinyl bromide (VB) also binds covalently to proteins (Bolt et al., 1978) 
and forms DNA- and RNA-adducts identical to those obtained after exposure to 
VC (0ttenw~ldеr 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 the presumed inter-
mediate, 1,1-dichlorooxirane, is so low that the compound cannot be synthe- 
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sized (Bouse et al., 1975).[iеvertheless, the metabolites identified in 
several whole-animal studies (Jones & Hathway, 1978; IcKenna et al., 1978; 
Beichert et mi., 1979) are indicative of oxirane formation and rearrangement 
to chloroacetyl chloride. 	5o far, the following metabolites have been 
identified; carboxymethyl cysteine, 1-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 UDC with phosphotidyl ethanolamine, with the lipid component sub-
sequently splitting off, and substitution of the residual chlorine by s-methyl 
to form methylthioacetyl-aniinoethanol (Reichert et al., 1979): 

н 	a 
o, идDР1 н~ ~°~ Cli 

~C=с» P450 Ç—с\ 	 о  
1 	C1 	 H 	C1 	СН2Сј—С" 

O p 	 MH—CH,—CHF O—phoSphatidyl 

СК2С1—С~ / 
C1 	Сн2Сl -С  o 

NH—CH2 —CH2OH 

}1I 	 ~о  
сн,-s-сн2_с  \ 

ин—сне —сн2oн  

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 ethanolarnine. 

No nucleic acid adducts from VDC have been identified so far, although 
covalent DNA binding does occur. Despite the similarity of VC and VDC nieta-
bolism and metabolites, 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, 
e.g., 
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This might have different influences on translation and transcription 
mechanisms (Hathway, 1977). 

Thus it is not unexpected that VC and VDC have distinct, 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, acuté and "non-specific" toxicity of VOC. 

‚Tinylidene fluoride has been found to produce preneoplastic liver foci in 
postnatally exposed rats (5tбekle et al., 1979), which indicates activation 
mechanisms comparable to those discussed for ❑DC, 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 (Bouse et a1., 
1975; Costa & lvanetich, 1982), which indicates oxidative metabolic activation 
through dichlorooxiranes and rearrangement to dichloroacetaldehyde. Mutagen-
icity studies have been negative with E. coli K 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-triehloro compounds, trichloroethanol and trichloroacetic acid, as the 
.najor urinary excretion products could only be explained by intramolecular 
chlorine migration in the (labile> oxirane transition state; 
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Iп  fact, the situation 1s more complicated, since it has been shown that 
trichlorooxirane will rearrange thermally (unlike the in-vivo situation) to 
dichloroacetyl chloride, 

I 

C1 O C1 thBYmд
1 СFi2C1—C~

Сј  
\ / \ / 

Ç'C\  Cl 	 ~etФбoi 	 O H
- 
Н  

The reasons for the thermal behaviour have been explained elsewhere 
(Henschier, 1977). Also, an explanation has been provided for the (almost 
exclusive) in-vivo transformation to trichloroacetaldehyde; 	a Lewis acid- 
catalysed C1-shift through the trivalent iron in P-ц50 (Bonse & Henschler, 
1976). 	An alternative explanation has also been proposed, which postulates 
the intermediate formation of a tri-adduct to Р-ц50 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 C2- and С 1-units, which suggests the 
following reaction mechanism (Henschler et al., 1979); 
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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 (Dekarnt et al., 198k). 	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 RNA, or to soluble, low 
molecular weight nucleophiles, such as glutathione. Only some 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-hydrоxyacetyl-ethanolamide (Dekant et al., 
1984) ; 

с' i°\ C1 с--с \ — — -w но-сн2-с\ 
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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 14C-tri with activating enzyme systems, or addition of 
trichlorooxirane, may lead to the formation of adducts to DNA or RNA (Banerjee 
& 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 a].., 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 (Pаrchman & Magee, 1980; Bergman, 
X983). 

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 al., 1977) 	Furthermore, simple 
chemical consideration of the presumptive DNA adducts from trichiorooxirane 
reveal that these should be expected to be rather unstable, due to the 
residual chlorine residue(s). 

Trichloroethylene has been reported to exert carcinogenic activity in a 
certain hypersensitive strain of mouse (NCI, 1976). 	In the light 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. In 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 
points again to epoxidation as the essential metabolic 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 (Boise et al., 1975). 	Hydrolysis of the oxirane to the 
vicinal diol and subsequent dehydrochlorination leads to the exoretable 
metabolite, oxalic acid (Tuner, 1961; ?egg et a1., 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 in 
Balmonella 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 (Hampy et a1., 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. Bather, 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. 

Hex achlorobutadiene 

The metabolism of this interesting compound of major practical interest 
has been only partially elucidated. Two metabolites have been unequivocally 
identified (Reichert, 1982; Schütz & 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 thioether, obviously through an 
enzymic conjugation reaction (glutathione transferase)' constitutes a novel 
pathway. Cobh pentachloro-1-butenic acid arid pentachloro-1-methylthio-
butadiene are direct tnutagens (Reichert et al., 19814). Hexachlorobutadiene is 
a strong nephrocarcinogen in rats (Kociba et al., 1977). 	DNA binding after 
metabolic activation does occur (Oesch & Wolf, 19811, but the chemical 
structure of the adducts formed has not yet been identified. 

Halogenated allyl compounds 

Although chemically closely related to halogenated vinyl compounds, the 
allyl derivatives show completely different metabolic behaviour. 	They are 
direct alkylating substances which may act through three different alkylating 
mechanisms (Eder et al., 1982b); 

(a) sN_i_reactivity via a resonance-stabilized allyl cation (for equa-
tion, see p. 214) 

(b) 5N-2-reactivity and 5H-2'-reactivity (bi-molecular reaction), 

иui сн2 '&н  сн2 x —• [Nu-Cl2 _С1 С12]C x° 

(c) free radical mechanisms, 

снz=сн—сн,—x -x: [сн,=сн—сн2 	'сн,—сн —сн2] 

Therefore, typical ailyl halides display direct mutagenic activity (Eder 
et al., 1980), whereas addition of metabolizing enzymes to the test systems 
abolishes the mutagenic activity, which means that epoxidation is not involved 
in the genotoxicity of this type of compound. A1kylating and mutagenic 
potential increase within the group of halogens in the order C1>Вг>I. Further 
halo or alkyl substitutions at positions other than the a11ylic increase, due 
to inductive and mesmeric 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 ai., 1982a). 

An interesting case is encountered with 2,3-dichloro-l-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 dichloroacetone. 

So far, the following DNA-adducts from a11y1 bromide have been identified 
in vitro and in vivo ; 06-а11уl guanine, 7-a11уl guanine, N2-а11у1 guanine, 
3-a11y1 guanine and N Б-а11y1 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 organochiorine pesticides and rcllated derivatives; 
e.g., DD'Т, heptachlor, endrin, die1drn , chlordane, Mirex, Kepone, toxaphene, 
DBCF (dibromoch1oropropane), 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, 197цb, 1975, 1977, 1978, 1979, 1982; Winteringham, 1977; Kimbrough, 
1979). 

This concern has now been extended to practically all of the major 
halogenated hydrocarbons, particularly the lower molecular weight, v Ыаtilе  
C 1-С Э  chlorinated alkanes and alkenes, numerous members of which are carcino-
genic and/or mutageoic, 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 ha1oearbons industry in excess of 5% per 
annum. Ha1ocarbons are used as solvents (in extraction of components from 
foods and drugs) and in adhesives, industrial solvent blends, paint arid 
coatings, as fumigants, degreasing agents' dry-cleaning fluids, aerosol propel-
lants, anaesthetics, 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 ('ARC, 197цa,b, 1975, 1977, 1979, 1982; Fishbein, 1976, 
1979а-д; Rosenkranz, 1977; Ыeisburger, 1977; Archer, 1979a,b; Hensch1er, 1980; 
Stolzenberg et al., 1980; Marier, 1982). 

-L+7- 
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A number of these agents (e.g., 1,1',2-trichlоrоеthanе, carbon tetra-
chloride, rnethylene chloride, trichioroethylene and tetrachloroethylene, 
Freins 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 chloroform) and methylene chloride, as well as 
the anaesthetic gas halothane, have been abused (Carriott & 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 outfa11 or disinfection of water supplies by chlorination (e.g., tri-

halomethanes, haloacetonitrhes) (NAS, 1977, 1980). 

Additional potential exposure results from slow dissipation of the vola-
tile halocarbons (e.g., Freins 11, 12, 144, methyldhioride, methylene 
chloride, chloroform, trichloroethylene, methyl chloroform) into the global 
atmosphere and marine environments (Pearson & icConnel, 1975; Lovelock, 1977; 
Lah1 et al., 1981; Pearson, 1982; Miller, 1983). 

The lipophilic nature of the volatile 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 & icConnel, 1975.; Dickson & Riley, 1976; 
Fishbein, 1979a,b; Ofstad at al., 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. 

PRODUCTION AND USES 

Chlorinated hydrocarbon derivatives are produced by a number of basic 
processes, such as direct-addition chlorination, hydrochlorination, oxy- 
chlorination, dehydrochiorination and chlorinolysis. 	Aliphatic hydrocarbon 
feedstocks for chlorination reactions include methane (natural gas), ethane, 
ethylene, propylene and propane (natural gas); methanol aid various waste 
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steams may also be used (EPA, 1974; Ahlstrom & 5teele, 1979; Anthony, 1979; 
Archer, 1979a,b; Deэhon, 1979a,b; Fishbein, 1979а-d; Kei1, 1979; McNeill, 
1979; Pearson, 1982). 	Typical manufacturing processes for C1 and C2 chloro- 
hydrocarbons (e.g., methyl chloride, methylene chloride, chloroform, carbon 
tetrachloride, ethylchloride, 1,1-dichloroethane, 1,2-dichloroethaпe, vinyl 
chloride, viny1idene chloride, trichloroethy1ene, tetrachloroethylene, 1,1,2-
trichloroethane, 1,1,1-trichloroethane and tetrach1oroethane) are shown in 
Figure 1 (Archer, 1979а). 

FIG. 1. MANUFACTURING PROCESSES FOR С i AND C2 CHLOR0NYDROCARB0NS 
(Archer, 1979а) 
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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 and specific heat exhibit a 
progressive decrease with increasing chlorine content. All chlorinated hydro-
carbons undergo pyrolysis at elevated temperatures, with the formation of 
hydrogen chloride. While olefinic chlorinated derivatives are oxidized in the 
presence of (pi light to yield 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—trichloroethаnе) 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 U.S. production capacities for a number of major chlorinated 
derivatives are listed in Table 2 (sRI, 1983). 	A number of C2 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 3.1 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 (#0% perchloroethylene, 25% trichloroethylene and 35% 
1,1,1—trichloroethane (SRI, 1982). 	0f the total world capacity for ethylene 
dichloride (EDC) in 1981, the U.S, held about 50% and Western Europe about 26% 
(SRI, 1981). 
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Table 1. Production and uses of the major halogenated aliphatic hydrocarbons 
of commercial importance (Pearson, 19$2) 

Name 	 Eynonyrn 	 World 	Major uses 
production 
(million 
tonnes/year) 

Chloromethane 	Methyl chloride 

Dichloromethane 	Methylene chloride 

Tri.chloromethane 	Chloroform 

Tetrachlorornethane 	Carbon tetrachloride 

Bromomethane 	 Methyl bromide 

Chloroethene 	 Vinyl chloride 

1,1-Dichloroethene 	Vinylidene chloride 
(asym) 

Tгichloroethene Trichloroethylene 

Tetrachloroethene Perchior oethylene 

Chloroethane Ethyl chloride 

1,2-Dichloroethane Ethylene dichloride 

1 , 1-Dichioroethane Ethylidene chloride 

1 , 1, 1-Trichloro- Methyl chloroform 
ethane 

1,2-Dibromoethane Ethylene dibromide 

3-Сh1orорtupenе-1 Allyl chloride 

3-Ch1otupгopans, Epichiorohydrin 
1-2 epoxide 

0.4 Intermediate, solvent 

0.5 Solvent 

0.25 Intermediate, solvent 

1.0 Intermediate, 
fumigant 

0.02 Fumigant 

10.00 Monomer for plastics, 
intermediate 

0.2 Monomer for plastics 

0.6 Solvent 

1.1 Solvent 

0.4 Solvent, intermediate 

13.0 Intermediate 

0.5 Intermediate 

0.6 âolvent 

0.25 Antiknock scavenger 

0.5 Intermediate 

0.5 Monomer for resin 
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Table 2. U.S. production capacity of a number of major chlorinated deriva-
tives in 1982 (5RI, 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 
Flubrocarbons 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 methylce11ulose, and as a 
general rnethylating 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 (NIOSiЭ) 
to be exposed to methyl chloride (Clement Associates, 1977; Ahlstrom & Steele, 
1979; Fishbein, 1979b). 

Metbylene 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 70 000 U.S. employees were 
potentially exposed to a working environment containing methylene chloride 
(N1osн, 1976). 

Chloroform was one of the first organic chemicals produced on a large 
scale in the U.S., with production commencing in 1900 (DeShon, 1979а). 
Chloroform is used 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.g., mouthwashes, dentifrices), hair tinting and 
permanent-waving formulations untill recently. It has also been used as a 
fumigant and insecticide. 	lIOSH estimates that 140 000 persons are exposed 
occupationally to chloroform in the United States (NIOSH, 1976b; DeShon, 
1979а; Fishbein, 1979b). 

Carbon tetrachloride was one of the first organic chemicals to be pro-
duced on a large scale, with production commencing in Germany in the 1890's 
(DeShon, 1979b). Carbon tetrachloride is principally employed for the 
production of chlorofluoromethanes, e.g., dichlorofluoromethane (CF2С12) 
(F-12) and trichlorofluoromethane (CFC13) (F-11) for refrigeration, aerosol 
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, 1979 Ь). 

Ethylene dichloride (EDC; 1,2-dichloroеthanе) is the principal alkane 
halide of industrial utility. 	Production of EDC in the U.S. increased from 
about 510 million pounds in 1955 to almost 8 billion pounds in 1972, 	this 
16-fold increase was mostly due to increased vinyl chloride monomer ('/ci) 
production, for which EDC is one of the basic raw materials. 	Current U.S. 
consumption of EDC is about 10 billion pounds and it is the 15th largest-
volume U.S, commercial chemical. The worldwide capacity for EDC production is 
approximately 51 billion pounds. Estimated U.S. domestic consumption in 1976 
was as follows: 86% 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 perchloroethylene, 1,1-dichloroethane 
and trichloroethylene; 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 EDO as an additive in tetraethyl lead antiknock mixtures 
will decrease due to increased marketing of unleaded gasolines (Archer, 1979b; 
Fishbein, 1979e, 1980). 	Baier (1978) estimated that approximately 2 million 
workers in the U.S. may receive some exposure to EDO, with perhaps 200 000 
receiving a substantial exposure primarily due to its use as a solvent in 
textile cleaning and metal degreasing and in certain adhesives, as well. as 
component of fumigants. However, NI05H estimated in 1976 that approximately 
18 000 people are potentially exposed to EDC in their working environments 
(NIOSH, 1976e). 

The U.S. production of ethylene dibromide (EDB; 1,2-dibгсmоethane) 
increased from an estimated 614 million pounds in 1940 to a peak of 332, 
primarily due to increased consumption of gasoline containing EDB as an 
additive, which has always been its greatest single use (11031, 1977). 
Although the recent U.S. production of EDB was approximately 250 million 
pounds, 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 
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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 disinfectigg 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. 

NIosi 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 
(NI05H, 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 electrical 
and electronic equipment. The commercial metal-cleaning grades contain added 
inhibitors (e.g., epoxides, glycol diesters, nitroaliphatic hydrocarbons, 
1,ц-dioxanе, morpholine or a variety of alcohols) that make usage acceptable 
for all common metals, including 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). 	[]istoricаliy, methyl chloroform has been а  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 suspect carcinogen. 	Methyl chloroform also contributes less to 
smog formation and is relatively inert in the troposphere, compared to tri-
chloroethylene (Fishbein, 1979 Ь). 

Trichloraethylene (TCE, 1,1,2-trichloroеthylеnе) 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'x. 	Although the market expanded 
steadily until 1970 (with TOE accounting for $2% of all the chlorinated 
solvents used in vapor degreasing), the utility of trichloroethylene has been 
under increasing attack due to its toxic properties and its danger as an 
atmospheric pollutant. Approximately 90% of TCE (345 million pounds) consumed 
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, lacquers, varnishes and adhesives, in the dry-cleaning of fabrics and as 
an extractant in food processing (e.g., for decaffeinating coffee). A pharma-
ceutical grade of trtchloroethylene has been employed as a general anaesthetic 
in surgical, dental and obstetrical procedures. It should be noted that since 
ICE is slowly decomposed (autooxidized) by air to give oxidation products 
which are acidic 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 ICi and А1С13 (Fishbein, 1979а; McNeil, 1979). 	Largely 
because of its solvent properties, TCE has been incorporated in a number of 
consumer products (e.g., cleansers for automobiles, spot removers, rug 
cleaners, disinfectants and deodorants) (Lloyd et al., 1975). 	The number of 
0L5, workers exposed to trichloroethylene has been estimated by Lloyd et al. 
(1975) to be about 283 000. 

Tetrachloroethylene (perchloroethylene) was manufactured before World War 
I in the United Kingdon and Germany, and in the United States since 1925. the 
major application of tetrachloroethyiene is in dry-cleaning, with approximate-
ly 80% of all dry-cleaners using this solvent 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), fluorocarbon manufacture 
(3) and miscellaneous (5). Tetrachloroethylene is also used as a solvent in 
the manufacture of rubber solutions, paint removers, printing inks, fats, 
oils, silicones and sulfur and as a heat-transfer medium (Fishbein, 1979а; 
Kei1, 1979) . NIOSH estimated in 1978 that some 500 000 workers were at risk 
of exposure to tetrachloroethylene and also noted that over 20 000 dry-
cleaning establishments and a large number of other industries use or manu-
facture tetrachloroethylene (Anon, 1978b). 

Since their introduction approximately 40 years ago as refrigerants, and 
later as propellants for aerosol products, the fluorocarbons (chlorofluoro-
methanes) have generally been considered to possess an extremely low order of 
biological activity (Clayton, 1967) and, as a consequence, their production 
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 (Lovelock et al., 1973; Crutzen, 197L). 	These chemicals (mostly 
known as 1°Freons"), unlike carbon tetrachloride, have no known natural sources 
or sinks in the troposphere and possess relative chemical inertness and high 
volatility. 

Fluorocarbons are made commercially by a number of procedures including; 
a) the electrolysis of hydrocarbons in anhydrous hydrogen fluoride; b) reac-
tion of acetylene or olefins and hydrogen fluoride, or chlorocarbons and 
anhydrous hydrogen fluoride, in the presence of an antimony fluoride catalyst 
(Smart, 1980). 

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

World production of trichlorofluoromethane (F-1.1) and dichlorodifluoro-
methane (F-12) (excluding the USSR and Eastern Еurоpé) 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.S. production of fluorocarbons has been doubling every 5 to 7 years since 
the early 1950's. The U.S, production of F-11 and F-12 in 197ц  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 Z975 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 2490; 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 included mold releases, silicone sprays and as additives in some foods 
(Council on Environmental Quality, 1975). 

It was estimated in 1975 that approximately 24 000 people were directly 
engaged in fluorocarbon production, sales and research by б  companies at 15 
plants (Council on Environmental Quality, 1975). 

Dibromochloropropane (DBCP; 	1 ,2-dibгошо-3-сhlогоргораnе) 	is produced 
commercially by the addition of bromine to a].lyl 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.S. production 
was 3.9 million kg. 	DBCP is also 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). 	Iп  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, 1979с). 	Approximately two to three 
thousand employees in manufacturing 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 (OSHA, 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 chloromethyimethylether (CIME) 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 Republic, Italy, The Netherlands, United Kingdom, USSR and 
Japan (no data are available on the quantities produced) (Fishbein, 1979с; 
'ARC, 19724). 
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BCIE can be produced by saturating a solution of paraformaldehyde in cold 

sulfuric acid with hydrogen chloride. BCME has been primarily produced in the 
i.5, as a chemical intermediate. 	CIME can be produced by reaction of 
methanol, formaldehyde and anhydrous hydrogen chloride. 	It should be noted 
that commercial grades of CIME can be contaminated with 1-8% BCIE (Fishbein, 
1979°; 'ARC, 1974). 

Allyl chloride (3-chloгo-1-propene) is the most important of all 
commercial a11yi 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, etc. A number of commercially-important compounds, such 
as glycerol, epichlorohydrin and allyl alcohol, 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, 1979а). 

L055E5 TO TIE ENVIЕОЮIENT 

It is generally acknowledged that even in a well-operated, integrated, 
production unit, some losses of both original reactants and products will 
always occur, Such inputs can be significant for compounds which are mainly 
employed as intermediates for further synthesis, e.~., 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, 19714; Pearson, 1982), 
Another principal source of halocarbon input to the environment involves those 
materials which are extensively employed as solvents or fumigants. 	These 
include methylene chloride, methyl bromide, trwhloroethylene, tetrachloro-
ethylene, methyl chloroform, chloroform, carbon tetrachloride, ethyl chloride, 
1,2-diсhlotuethaг►e (EDC) and 1,2-dibromoеthane (CDB). 

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 (Anon, 1978а). Best estimates of current emissions indicate that appro-
ximately 11 000 - 44 000 metric tons of EX are emitted annually from produc- 
tion and process facilities (EPA, 1979). 	Losses of EX to the environment 
arise principally 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-triсhloгoethane and about 0.06% VCM monomer (Jensen et а1., 
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 VCI 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 
environment. 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-dibrоmoethaпе  (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_19714 model cars in the U.S. (EРА, 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 last decade. 	The loss of trichloro- 
ethylene and tetraahloroethylene to the global environment in 1973 was 
estimated to be over 1 million tons each (McConnell et a1., 1975). Emissions 
of these chlorocarbons occur principally from 3 sources; 	production, trans- 
portation and consumption. Estimated emission from trichioroethylene produc-
tion are 57 pounds emitted/ton produced (Garner & Dzierlenca, 1976; EPA, 
1977). The major source of emission of trichloroethylene arose from its use 
as a solvent in open-top vapor degreasers (EPA, 1977а). 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, 1975). 

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 tons/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; [1ееlеу, 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 1970s (McCarthy, 197)1). 	Lesser amounts are 
released from foэmдng agents, refrigerants, fire extinguishers and solvents. 
Approximately 1% of fluorocarbons are lost during production and 1% during 
transportation and storage, amounting to approximately 10 million pounds/year 
in each case, in the U.S. (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 States and Canada 
accounting for цц% of world emissions (Lillian et al., 1975). 	The yearly 
world-wide emission of dichlorodifluoromethane into the troposphere in 19711 
was estimated to be nearly 1 billion pounds (Lillian et ai., 1975). 	Fluoro- 
carbons released at ground level are estimated to take about 10 years to reach 
stratospheric heights at which they are photolyzed. Fluorocarbons may remain 
in the atmosphere for ц0-150 years and concentrations can be expected to reach 
10 to 30 times present levels (Molina & Roland, 19714; Roland & Molina, 197). 

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% (possibly as large as 2%) and eventually may result in as 
much as 1.3 to 3% reduction in the equilibrium ozone concentration (Council on 
Environmental Quality, 1975). 	Model calculations predict that if release of 
fluorocarbons 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 U.S. Tariff Commission reports (Stephenson, 1977). 

An important additional source of halocarbons that has engendered 
increasing 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 (TIM), the most important of which are chloroform, bromoform, 
broiriodichloromethane and chlorodibromomethane. The levels detected range from 
1 1 g/L to 100 g/L and above (as total TIM), of which typically 80% will be 
chloroform (EPA, 1977b; NAS, 1977, 1980). 

For a population if' 1 million with a water use of 100 L/day/person and a 
mean chloroform level of 20 g/L, the annual production of chloroform would 
amount to about 7 000 tons (Pearson, 1982). A suggested additional source of 
chloroform 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 source of chloroform (via a haloform reaction) of the 
magnitude of 3 x 105 tons/year (Yung et al., 1976). 

An additional source of halocarbons can arise from their formation in the 
environment. For example, decomposition of tetrachloroethylene could provide 
atmospheric chloroform via the photolysis of dichloroacetylchloride (Yung et 
al., 1975). Moreover, chloroform, as well as carbon tetrachloride, may arise 
naturally via the reaction between chlorine and methane in the atmosphere 
(Lovelock et ai., 1973; McConnell et al., 1975). 	Methyl chloride has been 
suggested to be a major product 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 106 tonnes/year if' methyl chloride could be emitted from all fires 
throughout the world (Pearson, 1982). It has also been suggested that large 
quantities of methyl chloride (as high as 140 000 tons 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 which 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 
(millions of pounds) 

Methyl chloride 453.5 
Ethyl chloride 575.5 
Methyl bromide 211.6 
Methylene chloride 1171.3 
Chloroform 2311.7 
Carbon tetrachloride 967.7 
1,2-Dиch1oroethaпe 8 600.0 
1,2-Dibromoethane 315.5 
1,1,1-Trichloroethane 	(methyl 0.7 
chloroform) 

Srichloroethylene 426.7 
Tetrach1oroethylene 73.2 
(perehloroethylene) 

Chioroprene 1102.0 
Vinylidene chloride 60.0 
Hexachlorobutadiene 8.0 
Allyl chloride 295.0 
Dichlorodifluoromethane X39.2 
(F-12) 

Trichlorofluoromethane 299.6 
(F--11) 

Estimated annual 
release rate 
(millions of pounds) 

16.7 
3.6 
22.E 
366.9 
38.7 
60.0 

1158.0 
30.0 
284.5 

429.5 
562.0 

6.0 
0.9 
7.3 
144 

445.8 

27.1 

Based on 1972 U.S. Tariff Commission Reports д 

 

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

Compound 	 Lost Production Production Water Natural Total 
after 	losses 	by-products chlorl- origin 
use 	 nation 

Methyl chloride 	- 4 
Methylene chloride 	500 - 
Chloroform 	 5 5 
Carbon tetra- 	10 20 
chloride 

Vinyl chloride 	- 200 
Vinylidene chloride 	- 2 
Trichloroethylene 	- 600 
Perchloroethylene 	- 1 	100 
Ethyl chloride 	- 15 
Ethylene dichloride 	- 1 	200 

(E DC) 
Methyl chloroform 	- 600 
Hexachloroethane 	- 5 
Allyl chloride 	- 5 
Chloroprene 	 - 5 
Propylene dichloride - - 
Hexachlorobutadiene 	- - 

5 000+ 5 000+ 
- 	500 

- 	 10? 	? 	20+ 
- 	 _ 	? 	50+ 

- 	- 	? 	200 
- 	- 	- 	 2 
- 	- 	- 	600 
- 	- 	- 	1 100 
- 	- 	- 	15 
- 	 - 	- 	1200 

- 	- 	- 	600 
- 	- 	- 	 5 
- 	- 	- 	 5 
- 	- 	- 	 5 
50 	- 	- 	50 
10 	- 	- 	10 
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CHAPTER 4 

FORMATION OF TRIHALOMETHANES IN DRINKING WATER 

D.Т . Williams 

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

INTRODUCTION 

Following John Snow"s deduction, in 1854, that a polluted water supply 
was responsible for a severe cholera epidemic. Mills and Reinclçe, 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 
polluted 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 control of taste and odour 
problems, bleaching of colour, removal of iron and manganese, destruction of 
hydrogen sulfide and improvement in coagulation, flocculation and filtration 
(White, 1972) . 

Despite all of these advantages, the use of chlorine as а  potable water 
disinfectant is now being re—evaluated. 	This is primarily due to the 
realization that the chlorine also reacts with organic materials naturally 
present in the water to form halogenated compounds, particularly trihalo- 
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) clearly demonstrated that trihalomethanes were being 
formed during the treatment process. Rince that time, numerous studies have 
been carried out to determine the levels of trihalomethanes in potable water, 
the chemistry related to their formation and their potential health hazards. 

в• 
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TRIHALOMETIANE СНEMISTRY 

Chlorine chemistry in water 

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

Cl2 + н Zа  ~н+ + с1- + носе  

носl. Н+ + 0с1- 

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 (Сl2, НОС1, ОС1 ) exist together in equilibrium in aqueous solution, 
with their relative proportions governed by рH, ionic strength and tempera- 
ture. 	Table 1 shows their distribution at various pH values at 15°C and a 
chloride content equal to 350 mg/L (orris, 1978). 	If sodium 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 aqueous chlorine species, 15°C 

Fraction of oxidizing chlorine 

pH pCi С12(к106) НOС1 ОС1 

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 11 0.382 0.618 

Other transient species such as Н20С1+, С1+ and Сl3 are not likely to be 
of significance under conditions found in potable water treatment, except in 
the immediate vicinity of the injection of strong solutions of chlorine or 
hypochiorite, where the pH change may be very significant (Jolley & Carpenter, 
1983). i1оггis (1978) has also pointed out that to determine the major 
reactive species one 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 solution at pH 7 (Table 
2). 	Even though these estimates are not in any sense quantitative, Morris 
feels that ilC1 should be regarded as the major reactive species in dilute 
aqueous solutions between pi 5 and pH 9. 

Table 2. Estimated net reactivities of forms of active chlorine; pI-1 7, 15°C 

Species Estimated specific Fraction of Net relative 
reactivity total Cl reactivity 

Cl2 10 3 к 	10-6 0.003 
НОС1_ 1 0.80 0.80 
0С1 10 0.20 0.00002 
НZOС1+ 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 composition of the water (e.g, pH, temperature, ammonia concentra-
tion, salinity, organic and inorganic constituents, and sunlight). The usual 
reactant behaviour of aqueous chlorine solutions with organic carbon gives 
rise to oxidation, addition or substitution reactions which are consistent 
with iOCl acting as an electrophilic agent. The formation of trihalomethanes 
mainly involves substitution reactions. 

Halocen substitution reactions 

Rook (197 ) postulated that the trihalomethanes were being formed via the 
classical haloform reaction (Fuson & Bи11, 19314), wherein aqueous hypochlori-
tes react with methyl ketones, under acid or base-catalysed conditions, to 
give trihalomethanes. In dilute aqueous solutions at pI-1 > 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 HOCi. After three chlorine 
atoms have been substituted, hydrolysis takes place to give the trihaloniethane. 
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FIG. 1. THE HALOFORu REACTION 
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Subsequent studies have shown that while the classical haloform reaction 
can explain much of the trihalomethane production, it cannot fully explain all 
of the production of trihalomethanes and other chlorinated organic compounds 
and it is 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.L19 V) is greater than that 
of hypobromous acid (E =1.33 V) and hypoiodous oacid (Eo=0,99 V) and, there-
fore, in the presence of hypochlorite, bromide and iodide ions will be 
oxidized 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 8г 2/H013r and IZ/HOI are significantly different from that for 
С12/ЮС1. 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 pi. 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 
trihaloniethanes 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 is 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 involved principally in 
oxidation reactions, while bromine acts preferentially as a substituting agent 
(Rook et al., 1978; Luang 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; linear & Bird, 1980; Oliver, 1980). 

FIG. 2. ST8ÜCTURAL FORMULAE OF THE TRIHALOMETHANES 
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Despite the fact that dichloroiodomethane 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 precursors 

Rook (197ц, 1977) first suggested that trihalomethanes were formed by 
reaction of chlorine/hypochlorite with the humic/fulvic acids present in the 
raw water and this postulate has been supported by other workers (Stevens et 
а1., 1976; Peters et ai., 1980). 	However, 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 phenols and phenolic acids. 	г1оде1 compound 
studies with dihydroxy benzenes, hydroxy benzoic acids and 1,3-dzkеtопгs 
(Rook, 1977; Norwood et al., 1980; Dore et al., 1982; Tomita et al., 1982; 
Boyce & Hornig, 1983) have shown that 1,3-dikеtones and meta dihydroxy aro-
matic compounds give high yields of trihalomethanes under mild reaction 
conditions. 	Other, dihydroxy aromatic compounds give low yields of trihalo- 
methanes, except under strongly basic conditions. 

The reaction of chlorine with various molecular weight fractions of 
humic/Fulvie acids has been investigated (Trussel & Umphrеs, 1978; Bchnoor et 
al., 1979; Oliver & visser, 1986; 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 yield of trihalomethanes. 	However, even this represents only a small 
fraction of the chlorinated by-products, most of which are polar non-volatile 
halogenated compounds (Rook, 1976; Johnson et al., 1982; Fleischacker & 
Randtke, 1983; Мi11er & (jden, 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 also act as precursors for trihalomethane production (Newell, 1976; 
Bedding et a1., 1982). 	Morris and Baum (1978), using model pÿrollic ciii- 
pounds, have shown that compounds such as chlorophyll, indole derivatives and 
acetogenins can act as trihalomethane precursors. Other precursors have been 
identified as algae and algal by-products (Briley et al., 1980; Crane et al., 
1980; Hoehn et a].., 1980; Oliver & Shindlгr, 1980), halogenated phenols and 
anilines (Hirose & Okitsu, 1982), tannic, vanillic and gallic acids (Youssefi 
et al., 1978) and even polyelectrolytes used in water treatment (Kaiser & 
Lawrence, 1977). 

Мапу  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 
(г  0.59, Glaze & Rawley, 1979; r=0.7Lј, singer et al., 1976; r=0.65, singer et 
al., 1981). This is tilt 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 tribaloniethane potential of aquatic fulvlc acids is well 
correlated with colour (r-0.82 at pH 7). They also feel this indicates that 
aromatic rings conjugated with olefins, ketonic groups or other aromatic rings 
are more likely trihalomethane precursor structures than are resorcinol-type 
structures. 

The effect of pi on trihalomethane formation 

The classic haloform reaction is base-catalysed and it is not unexpected, 
therefore, that an increase in pi causes an increase in trihalomet}iane levels 
(Rook, 1976). However, this increase is due not merely to an increase in the 
rate of reaction, but also to a change in mechanism which allows additional 
compounds to form trihalomethanes (Stevens et al., 1976; Fleischacker & 
Randtke, 1983). 	It has been shown that the total amount of organohalogen 
compounds formed remains relatively constant with change in pi (Oliver, 1978; 
Miller & Uden, 1933). However, at low pH (< 5) the trihalomethane levels are 
low and non-volatile organohalogen compounds are high in concentration. 	As 
the pi increases, this ratio reverses and at high pH () 9) the non-volatile 
organohalogen compounds are low in concentration and the. trihalomethane levels 
are high (Oliver, 1978; Fleischacker & Randtke, 1983; Miller & Llden, 1983). 
It has also 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 
pi from 7 to 9 before chlorination (Trussel & Umphres, 1978; 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 much trihalomethanes are found, in a given time, at 25 С  than at 
3°С. 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 trihalonethanes 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 
organoha1ogen compounds is also increased at higher temperatures (Oliver, 
1980; Peters et al., 1980; Fleisehacker & Rundtke, 1983). 	Because of differ- 
ences in the rates of reaction, low temperatures can increase the relative 
proportion of brominated trihalomethanes (Oliver, 1980). 

Effect of chlorine dosage on trihalomethane formation 

The overall reactions of chlorine with organic compounds in water can be 
considered to occur in three phases. There is an immediate chlorine demand, 
mainly inorganic, when only traces of trihalomethanes are formed, followed by 
a rapid increase in trihalomethane levels with increase in chlorine dosage 
(Stevens et al., 1976; Trussel & Umphres, 1978). 	When all of the precursors 
have reacted, the trihaloniethane levels either reach a plateau or increase 
slowly with time. This last phase is indicative of the fact that hydrolysis 
of trihalomethane intermediates can be slow and possibly dependent on factors 
such as steric hindrance and mesmeric 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 organohalogen compounds also increase with increase in 
chlorine dosage and can represent more than 75% of the organic chlorine 
(Fleischacker & Randtke, 1983; Miller & Uden, 1983). 

Laboratory studies have shown that trihalomethane levels are strongly 
positively correlated with chlorine dosage and demand (Rook, 1976; Stevens et 
al., 1976; Trussel & ULnphres, 1978). Multivariate analysis of survey data has 
also shown that chlorine dosage and demand are the independent variables that 
can explain the greatest percentage of trihaloтпеthаnе  production (singer et 
а1., 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 possible 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 to form non-volatile organochlorine 
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 moriochloramine 
does not. 	However, F'leischacker 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 obtained 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 & Kopfler, 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, 1983). Such changes are normally avoided during sample storage, but 
if the samples are analysed by direct injection into a heated gas chramato-
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). 	Host 
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 еt 
al., 1973; Be11ar & Lichtenberg, 1974) techniques, followed by gas chromato-
graphy using halogen-specific detectors. These two techniques have been shown 
to give similar results for trihalomethane analyses (Dressman et al., 1979; 
Glaze & Hawley, 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. In a study of Houston, 031, tap 
water it was found that trihalbmеthаne levels varied, in a seven day period, 
from a low of 69 цg/L to a high of 132 јg/L and that rapid changes of as much 
as 30 to 40 цg/L could occur in a four-hour period (Smith et al., 1980). 
Significant day-to-day and within-day variations in trihalomethane levels were 
also reported for Ottawa-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 7 цg/L in the winter to a high of 187 1.јg/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 been 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 (Hawley, 1979; A1lgeier et al., 1980; 
Singer et al., 1981) which reported trihalomethane levels in the sanie 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 aroerican values (Brett & Calverley, 1979; Chambon et 
al., 1983; Dick, 1981; Gabel et al., 1981; Noria et a1., 1981; Quaghebeur & De 
Wulf, 1980), However, very high trihalomethane levels, up to 1.3 mg/L, have 
been reported in Finnish potable waters (Henirmnki 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. Trihalosnethane levels in USA drinking water (µg/L) 

Trihalomethane N0'1S survey NOBS survey 

Median Range Л1еdiаn Range 

Chloroform 22 NF-200 21 NF-311 
Bromodichloromethane б  NF-72 б  NF-11б  
Сhlorоthbrоm0tвеthane 2 NF-11u 1 NF-100 
Bromoform LD NF-137 5 NF-92 

NF = not found; LD = less than detection limit 
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Reduction of trihalomethane levels 

Since the realization that trihalomethanes are formed whenever chlorine 
is used in drinking water treatment, considerable attention has been paid to 
ways to minimize trihaloinethane levels in the finished water. 	This can be 
achieved by the use of two approaches, either separately or in combination. 
The first approach is to prevent or minimize the formation of trihalomethanes 
and the second approach is to remove the trihalomethanes once they are formed. 

Improvements in raw water quality either by a change of source or by 
control of algal growth in lake or reservoir waters can be considered where 
feasible. Lowering the chlorine dosage, or delaying the use of Chlorination 
until some of the trihalomethanr precursors have been removed by coagulation-
filtration-sedimentation, has also been investigated and found to reduce tri- 
halomethane levels (Bolton, 1977; Young & singer, 1979). 	Reductions in tri- 
halomethane precursor levels of 65% (Remmers & Field, 1980) and 29-51% (Ohio 
River, 1980) have been reported. 	Because trihalometharie precursors are not 
defined organic chemicals, but a mixture of compounds that vary from one 
location to another, the potential for removing these materials also varies 

with location (PLWWA, 1982). Provided that the microbiological quality of the 
finished water is maintained, the removal of precursors and/or change in the 
point of chlorination should not result in any additional health risks. 

Corrosion problems may, however, occur in the distribution system (Kuhn & 
Sontheiffier, 1981). 

Considerable studies have also been carried out to evaluate the replace-
ment of chlorine with other disinfectants, such as chloramines, chlorine 
dioxide and ozone (А~TWА, 1982). Ozone and chlorine dioxide are strong dis-
infectants, equal to or better than free chlorine, but chloramines are weaker 

disinfectants and may not provide adequate disinfection (Federal Register, 
1979). Significant reductions (>80%) in trihalomethane levels can be obtained 
by replacing free chlorine by chloramines (Brodtmann et al., 1980; Korin et 
al., 1981; AWWA, 1982). 	Treatment with free chlorine for a few minutes, to 
ensure adequate disinfection, followed by ammonia addition to form chlorami-
nes, also reduces trihalomethane levels significantly (> 75%) (Norman et al., 
1980). 

Pure chlorine dioxide gives rise to little, if any, trihalomethanes when 
used in potable water treatment (NRC, 1980; Ohio River, 1980; Norin et al., 
1981). Even when some chlorine is present in the chlorine dioxide, the levels 
of trihalomethanes formed are much lower than those formed when only chlorine 
is used as the disinfectant (Hubbs et al., 1986; 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 ozone is used alone, virtually no trihalomethanes are formed (AWWA, 
1982), although some bromofоrm may be formed in waters with a high bromide 
content under certain pH and ozone dosage conditions (Haag & Holgnê, 1983). 
However, since ozone does not produce a residual disinfectant, chlorine is 
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often added as the final treatment step to 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 
(Hiley et a].., 1978; Rook et al., 1978). 	Whether trihalomethane precursors 
are removed or created by ozonation depends on ozone dosage and pi (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 iodine, 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 organic 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, 
1982). 

The second major approach to reducing trihalomethane levels is to remove 
the trihalomethanes after they are formed, and a number of methods have been 
éxtensivеly investigated (AWWA, 1982). 

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

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

Granular activated carbon (GAC) used in filter beds has been extensively 
investigated for the removal of taste and odour, specific organic compounds 
and, more recently, trihalomethanes (McCreary & 5noeyink, 1977). 	Trihalo- 
methanes are effectively removed by GAC until breakthrough occurs, when the 
carbon has to be replaced or regenerated. 	The lifetime of the GAC béfore 
saturation depends on a wide variety of factors, but is typically several 
months. Trihalomethane precursors are less effectively removed by GAC and if 
chlorine is added to the treated water after the GAC, trihalomethanes can be 
formed. 

Synthetic resins have also been evaluated for removal of trihalomethanes, 
but (except for ambersorb ХЕ-3ц0) are not effective. 	The Ambersorb resin, 
which was specifically designed to adsorb low molecular weight halogenated 
compounds, appears to remove trihalomethanes more effectively than lAC in 
preliminary experiments. However, full-scale plant studies have not yet been 
carried out (AWWA, 1982). 
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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 (Bridbord et al., 1975; WHO, 1979; GAO, 1980; Abraham et al., 
1931; наllo4еl1 & Miksch, 1981; National Research Council, 1981; Seifert & 
Abraham, 1982; Spengler & 5exton, 1983). 

Concern about potential public health problems due to indoor air pollu-.-
tim 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; National 
Research Council, 1981; Seifert & Abraham, 1982; spengler & Sexton, 1983). 
For example, although there is little epidemiological evidence concerning the 
health effects of indoor pollutants, indoor concentrations of some of them 
exceed the levels cited for primary ambient-air quality standards (National 
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 a1., 1980). 	In addition, personal expo- 
sure to some pollutants is not characterized adequately by outdoor measure-
ments. 
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CLA55Е5 0F INDOOR POLLUTANTS AND SOURCES OF ЕМISSIONS 

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 aeroallergens (National Research Council, 1981; Spengler & 
Sexton, 1983). It is recognized that indoor pollution in homes, offices and 
public buildings is created principally by the activities of the occupants and 
a variety of other factors, including fuel burning, smoking, 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 ventilation rates, might result in higher pollutant 
concentrations in the future (National Research Council, 1981; Seifert & 
Abraham, 1982; Spengler & Sexton, 983). 	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, 183). 

RROIЭLЕМS IN SAMPLING AND MgAsUREMENT 

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 characteristics, outdoor air quality, emission from 
indoor sources and air-infiltration rates. It is considered likely that these 
factors can vary within each metropolitan and suburban area, as well as within 
each neighbourhood (National Research Council, 7981; Spengler & Sexton, 1983). 

Additionally, substantial problems exist with regard to sampling and 
measurement of indoor pollutants. 	For example, the measurement requires a 
sampling protocol that must take account of the spatial and temporal profile 
of several pollutants, as well 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. 	Iп  many cases, the instruments which might characterize short-term 
and long-term indoor pollutant concentrations rapidly arid economically do not 
exist, and those which are available are often of limited utility (National 
Research Council, 1981). 
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SOURCES 0F 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, 
198g). Our well-established knowledge of the health hazards of active smoking 
underlines the need to investigate the effects of exposure to "sidestreazs 
smoke" (passive smoking) in populations at potential risk, including early 
childhood (Greenberg et al., 198ц). 

It has been estimated by Replace (1981) that cigarette 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 
a1., 1973; Schmeltz et al., 1975; Dube & Green, 1982; KIus & Kuhn, 1982; U.S. 
Surgeon General, 1982; Hoffman et al., 198ц). Tobacco smoke is the source of 
a broad spectrum of chemicals which include relatively simple aliphatic and 
aromatic derivatives, as well as complex structures, e.g., polycyclic 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 2l to 
1 disparity in burning 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 chlorinated organic compounds (Wynder & Hoffmann, 1967; 
Sted,nan, 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. 

0f the halogenated, low molecular weight compounds which have been report-
ed in tobacco smoke (e.g., methyl chloride, methylene chloride, chloroform, 
trichloroothylene, tetrachloroethylene (Johnson et al., 1973; Holzer et al., 
1976; iarsch, 1977; Sloan et al., 1977; Kadaba et al., 1978; NAS, 1978; 
Dirinck et a1., 1980) and vinyl chloride (Hoffmann et al., 1976)), methyl 
chloride is considered to be the most important (Johnson et al., 1973; Kadaba 
et al., 1978; NAS, 1978). methyl chloride has been found in mainstream smoke 
at levels that range from 100-700 pg/cigаratte. 	Depending on the type and 
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content of tobacco, 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. National Academy of 5ciences (PdAS, 
1978) that tobacco smoking world-wide results in about 20 million kilograms of 
chloromethane entering the atmosphere annually. 	Elevated levels of methyl 
chloride can occur in indoor air. For example, measurements in various 
contained atmospheres showed between 0.65 ppb and 8.00 pрb 1 in a restaurant 
and over 20 ppb in an apartment after a cigarette was smoked (Harsch, 1977). 
Methyl chloride was generally the predominant halomethane found in indoor air 
and was typically present at between two to ten times the outdoor level 
(Harsch, 1977; NAS, 1978). It was suggested by NA5 (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 
Oakland 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 trillion level (e.g., ocean waters) and at the parts 
per billion level in urban atmospheres from anthropogenic sources (e.g., 
cigarette smoke). EPA (1980) has suggested that the local 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 list of consumer products containing halocarbons which may contribute 
to indoor pollution is quite extensive and includes both aerosol and liquid 
products; e.g., deodorants and antiperspirants, hair products, mouth pro-
ducts, vaporizers, inhalants containing bronchodilator drugs, women's personal 
hygiene products, room fresheners, bathroom and window cleaners, cleaning 
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 one product to 
another and complete liзt of propellant(s) and active ingredients rarely 
appears on a can. 

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

1 Parts per 109 
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5ргау  paints often contain methyl chloride, toluene and xylene, while 
cleaning agents contain tetrachloroethylene, 1,1,1-trichloroethane (methyl 
chlorofог Lп) and petroleum-derived solvents (National Research Council, 1981). 
Aerosol spot removers used for cleaning and/or protecting clothing, carpets, 
upholstery and wall-paper may frequently contain tetrachloroethylene (per-
сhloroethylene) or 1,1,1-trichloroethane (Otson et al., 1984) as the active 
ingredient. The amount of tetrachloroethylene in such 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 excess 
of 100 ppm might occur during and immediately following spraying. 	Another 
source of indoor exposure to halogenated hydrocarbons can arise from solvents 
such as trichloroethylene (TCE), which has been used as a dry-cleaning aid 
degreasing agent. Under certain situations where air exchange may be low, ТСЕ  
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 a1. Predicted indoor concentrations of halogenated hydrocarbon solvents 
in air 

Solvent Temperature Indoor concentration 
(°C) in aira (ppm) 

Trichloroethylene 20 80 
Tetrachloroethylene 26 26 
1,2-Trich1oroethane 21 26 
1,1,1-.Trichloroethane 20 130 
Carbon tetrachloride 23 130 
Methylene chloride 24 520 

a 
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,i-trlchlorcethane (as well as propane and petroleum distillates) generated 
during the use of aerosol--type fabric protectors were monitored by means of 
the NI05H charcoal tube (P & CAM 127) (NIOSH, 1977a,b), a glass bulb grab 
sampler and the "Gas badge" (Abcor, 1978) passive device techniques. Although 
182 ACGIM threshold limit values - short-term exposure limit (TLV-sTEL) 
(ACGIH, 1982) were readily exceeded in an unventilated test room, the genera-
ted vapors quickly dispersed and $TEL and 8-hour time-weighted average (TWА)-
STEL were not exceeded when fabric was sprayed with 450 g of fabric protector 
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in an unconfined area within a home. Hence, it was suggested that even small 
quantities of these products should not be used in а  confined space. 	For 
example, levels of 1,1,1-trichloroethane ranged from 1 430 mg/m in an un-
ventilated home to 143 mg/m3 in a ventilated room. In another case, the level 
of 1,1,1-trichloroethane in an unventilated room was 16 mg/m3 , compared to 
undetectable amounts of the agent in a ventilated room. 

The potential hazards due to the use of paint removers containing methyl- 
ene chloride were reported by Stewart and Hake (1976). 	The use of these 
materials in a large interior room results in the absorption of a significant 
amount of solvent, its prompt metabolism to 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 absorption of methylene 
chloride 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 COНь  
level of 5% to 10% of saturation. Exposure for longer periods or under condi-
tiens of poorer ventilation would result in even higher Cub elevations. 

It is difficult to make health hazard assessments for inethylene chloride 
exposure levels arising from intermittent use of paint removers in a home envi-
reniflent 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 ТWА  
values at 3 locations usually exceeded the 0.87 g/m3 ACGIH TLV-sTEL. 	Grab 
sample values obtained after 30, 60, 240 and 480 min usually exceeded this 
value as well. In this study, both the NI05Н  charcoal tube and a glass bulb 
grab sampling method were employed, with the latter exhibiting a sampling 
efficiency of 95%, precision of better than ± 5% and a detection limit of 0.01 
g/тз, which was useful in determining the variation with time of methylene 
chloride levels in air, using gas chromatography with flame-ionization detec-
tien. 

It should be noted that more than 30% of the methylene chloride consumed 
in the U.S. was used as a paint remover in 1980. 	The use of methylene 
chloride as an aerosol propellant, however, has increased rapidly in the past 
few years and represented 20% of total consumption in 1980 (Anon, 1980). This 
increased use of methylene chloride in a wider variety of products and pro-
cesses can result in increased occupational and consumer exposure (Skrabalak & 
Babish, 1983). 

It is also 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 
outdoors, concentrations of 10-45 ppm were measured inside a house near the 
plant when levels outside 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 mentioned above. Given the frequent sequential use 
of aerosol products containing the most commonly employed fluorocarbons, F-11 
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(trichlorofluorotnethane) and F-12 (dichlorofluoromethaee), as hair sprays and 
deodorants, peak exposures to mixtures of these fluorocarbons well in excess 
of 100 ppm might result following combined use of such aerosol products in the 
indoor 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 a1., 197ц). 

Other fluorocarbons that have been employed as propellants in aerosols 
widely used in consumer products (hair products, deodorants and antiper-
spirants, mouth products, inhalants) include F11ц  (dichlorotetrafluoroethane), 
F152a (difluoroethane) and FЭц2б  (monochloridif1uoroethane), as well as the 
halocarbons, trichloroethane and methylene chloride (Bridbord et al., 1975). 

Industrial and chemical waste disposal sites 

In recent years, there has been increasing recognition 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. 

0f particular notoriety is the 'Old Love Canal" site in Niagara Falls, 
1 еw 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. ;leаvier than normal rains over several years have raised the 
ground water level, causing buried chemicals to begin seeping into adjacent 
basements (Beck, 1979). In 1978, analyses in some homes in the area revealed 
chemical compounds accumulating in basements (EРА, 1978) and elevated ionien-
trations of halogenated hydrocarbons were found in the indoor air (Barkley et 
al., 1980; Petlizzari, 1980). 	The estimated levels of 10 halogenated 
compounds found in air in homes in the Old Love Canal area is shown in fable 2 
(Barkley et al., 1980). 	In addition, Barkley et al. (1980) made a quantita- 
tive gas chromatographic-mass spectrophotometric determination of the levels 
of the halogenated compounds in the breath, blood and urine of the exposed 
population (Old Love Canal area) and the immediate environment (air and 
water). 	Levels of halogenated hydrocarbons in air samples from the general 
area of Buffalo - Niagara Falls wore also determined. 	 . 

The levels of the volatile halogenated compounds found in the air inside 
the homes were generally lower than those found outside. Nany of the site-
specific volatile halogenated compounds identified in air were also found in 
the drinking water. In addition, these volatile halogenated hydrocarbons also 
occurred as human body burden, as demonstrated by their presence in urine, 
blood and breath. In 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. 	Estimatеd levels of halogenated cam ounds in air inside homes in 
"Old Love Canal" area of Niagara Falls, New York 

 Household participant пшпbeг  
С  огп  pc uпd 

1 	2 	3 	ц 	5 	6 	7 	8 	9 

0hlaroгor:n 	 ЛΡb 	3 д00 	1 1100 	2 111.10 	15 000 3 600 	350 	11 000 3 000 
1,2-0uh1om- 	-= 	- 	- 	- 	- 	- 	100 	- 	130 
ethane 

1,1,1-Tгichlягo- - 	T 	600 	1 200 	- 	360 	1136 	1 000 	600 
ethaпe 

СaгЫоп  titra- 	- 	 'T 	700 	'г 	- 	30 	340 	370 	350 
chlaridг  

тгichloго- 	.- 	 - 	Л 	T 	- 	'P 	т 	- 	T 
ethylene 

тгегachloги- 	- 	- 	600 	1 300 	- 	5110 	480 	800 	1120 
еthуlепе  

Gпlorоъе~lгeпе 	- 	- 	300 	600 	- 	- 	50 	- 	- 
Dјс0ј0гGье 1кеflе 	т 	 т 	500 	1] 000 	170 	120 	230 	280 31 000 

iе  ne r e) 
COorocoSlletie 	- 	- 	т 	1 506 	- 	- 	- 	- 	- 

 
Trichloratolupue - 	-. 	т 	- 	- 	- 	- 	- 	- 

6ea0iit0 perlod8 10:111- 03:29.- 11:03- 08: ц5- 14:22- 15:118 	16:55- 21:13- 18:00- 
16:30 	15:11 	17:37 	17:20 	17:117 	08:58 	09:26 	08:35 	08:07 

a Baгкlеу  ег  г1. (3)130), valuгs in и,/т' 
b Лгасе  

Not detecied 

'fine au b јепiг  (-епd) ог  еашplе  collection 

Ambient air in basements of 11 homes and 2 elementary schools near the 
Old Love Canal dump site were measured in another study (Pellizzari & Bunch, 

1979; Pellizzari, 1982). Over 200 chemicals (42 halogenated) were detected by 
capillary gas chromatography-mass spectrometry-computer analysis. 	Among the 
halogenated cоmpоипдs found iп  ambient air of households were the aliphatic 
derivatives 1,2-dichloroprapaлe, 1,3-heкachlorobutadieпe and pentachlor-
butadiene. 
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иISCЕLLANЕОU5 STUDIES OF HALOCARBONs IN INDOOR AIR 

In a study of organic contaminants of indoor air and their relation to 
outdoor contaminants in the Chicago, Illinois area, over 250 organic compounds 
(including methyl chloride, methylene dichloride 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. 
5urprisingly, 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 14 compounds per home were found indoors and out-
doors, respectively, compared to 18 and 11 compounds, respectively, in the 
winter (Jarke et a1., 1981. 

Office environments, where small quantities of materials containing 
volatile ingredients are used occasionally have received little attention 
(Hollowell & iiksch, 1981; Otson et al., 1983). Materials such as glues, 
adhesives, thinners, cleaning solvents, 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., 
diсhlororпethanг  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 (NI0sM, 1977а-c), the PRO-TEK badge (Dupont, 1980) and Gasbadge 
(Abcar, 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 ppm/h to more than 1000 ppm/h. Of the 51 organic compounds which could be 
determined (detection limits, - 0.2 ppm), only dichloromethane, tetrachioro-
ethylene and toluene were identified at levels greater than 0.2 ppm in the air 
of 8 of the 30 offices. 

Chlorinated hydrocarbons, predominantly tetrachloroethyiene, 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 lollowell & Miksch (1981). 

ANALYTICAL, TECHNIQUES 

As for the determination of halocarbons in wвrkрlaсe and ambient atmo-
spheres the measurement of air concentrations of the halogenated hydrocarbons 
in indoor environments are mainly carried out by gas chromatography with 
electron-capture detection (ЕС-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 ЕС-GС  
analyses, which are extremely sensitive for most of the halogenated hydro-
carbons and are capable of measuring levels of a few parts per trillion (10x 2) 
for such compounds as carbon tetrachloride in sample volumes of only 5 or lOmL 
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of air. Ghile compounds such as carbon tetrachloride, the fluorocarbons F-1~ 
and F-12 and other halocarbons can be easily detected down to 1 ppt in the 
atmosphere, others, such as methyl chloride and diohioromethane, require 
concentration by 2 or 3 orders of magnitude (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 organic 

compounds, followed by elution with carbon disulfide and analysis of the 
eluate by GC, using flame-ionization detection (NIOsH, 1977а-c; Kring et al., 
198) or mass spectrometry. 	A .major disadvantage of employing carbon di- 
sulfide as а  solvent is that it cannot be used with EC or photoionization 
detectors. Additionally, solvent scrubbing and cryogenic concentration were 
also employed, but because of dilution, moat solvent-scrubbing techniques are 
insufficiently sensitive for analyses in the parts per billion (109) range. 

More recently, commercially-available polymers (Brown & Purnell, 1979; 
Russell & 5hadoff, 1977), especially Tenax GO (Pellizzari et al., 1976a,b, 
1978; Michael et al., 1980; Kebbekus & Bozzelli, 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-_i-iS) is а  more recently developed 
method for the analysis of halogenated hydrocarbons in ambient atmospheres 
(Crohn & Harsch, 1976; Pellizzari et al., 1976a,b; Rasmussen et a1., 1977; 
Barkley et a1., 1980; Jonson & Berg, 1980; Krost et al., 1982; Pellizzari, 
1982) . One of the advantages of GС-г75 over EC-GC is that the sensitivity of 
GС-M5 is the same for all compounds. The maximum sensitivity of this method 
its about 0.5 pieograms of a compound in a 20-mL sample. GC-MS provides 
certain identification and is usually not affected by other compounds which 
may be eluted from the chromatograph. 	The GC-1S (and the more elegant 
GC-1$-computer) technique has been particularly useful in the analysis of 
volatile halocarboris in rnultiniedia environments, including indoor air in 

residences near hazardous sites (Barkley et al., 1980; Krost et ai., 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, 1973) and Pro-Tеk (Dupont, 1980), 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) is 
removed from the sampler and subsequently analysed for organic vapors (e.g., 
1,1,1-trichloroethane, trichloroethylene) using GC with flame-ionization 
detection (Bamberger et al., 1978; Otson et al., 1984). 
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I. INTRODUCTION 

Workers are often exposed to environmental factors and stresses which may 
have a negative impact on their health and well-being. 	Among these factors 
are airborne contaminants, which pose health hazards of varying degrees. Air-
borne contaminants can be gases, vapours or particles (dust, fumes, mists), 
and may occur in dangerous concentrations without adequate warning, particu- 
larly those in the gaseous state. 	Many chemicals, moreover, are not well- 
detected by the senses, especially in a work environment where the multipli-
city of factors nay 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 NIORT 
Manuals of Analytical Methods) must be considered in a well-developed frame-
work of sampling methods 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. 
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To illustrate the concentration ranges of interest, occupational exposure 
limits are presented in Table 1, which also 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 biological 
monitoring and in environmental monitoring equipment hold out the promise of 
better procedures eventually; however, extensive use of personal monitoring 
by pumped air samples adsorbed on charcoal will continue. 	Without expert 
consideration of planning the sampling strategy, environmental measurements 
described in methods 3 through 11 will not themselves advance an exposure 
assessment much beyond what could be obtained 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 methods for approximating exposures many years before the 
advent of the approaches and techniques briefly described in this chapter. 
Space does not allow a full discussion of all industrial hygiene and toxico-
logical considerations, 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. Occupational exposure limits for airborne halogenated alkanes and 
alkenes (mg/rn3) - Analytical method number in this volume 

Formula or 	 ACGIH TLV (1984-l985) 	DFG МАК 	Method number 
designation 	 values 	in this volume 

1984 	for determining 
TWA 	 SТEL 	 airborne levels 

сг{,с1 105 205 105 7 
С13Вr 20 60 20 8 
сн2с12 350 17110 360 3 
СНC1 3 5о ,С  гг5,с  50 1 
Bromoform 5 - - 1 

F-11 5600 - 5600 - 
F-22 3500 14375 - - 
сС14 3о,с  1г5,с  65 1 
1,2-Dichloroethanе  140 60 80 1 
EUH C C - 11,11 
Methylchloroform 1900 21150 1080 1 
Hexachloroethane 100 - 10 1 
Halothane 4 00 - 40 - 
Vinylidene chloride 20 80 40 - 
1,2-.Dichloroеthylene 790 1000 790 1 
Trichloroethylene 270 1080 260 5 
Tetrachloroethylene 335 134 0 345 5 
Allyl chloride 3 6 3 2 
D8CP - - - 11 
Epichlorohydrin 10 20 - 6 
ВС 1E 0.005, 	C - - 10 
CHIE C C - 9 

a 'С' indicates that the compound is considered by ACGuH (ACGIH, 1984), to be 
a known or suspected carcinogen. TWA is time-weighted average for 8 h, and 
5ТEL is the short term exposure limit for 15 min. 

The mention of specific recommended values does not in any way represent 
their endorsement or recommendation either by the author's of this chapter, 
by IARC or WHO. 
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2. PRELIMINARY CONSIDERATIONS 

The evaluation of airborne contaminants involves considération of many 

factors and their integration in а  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 quantitatively. 

In order to recognize potential hazards (5te11man & Baum, 1973; Key et 
al., 1977; Fatty, 1978; Burgess, 1981; Cralley & Cralley, 1982), it is neces-
sary to have a good knowledge of the work prooess(es) involved, and of 
potential pollution sources, raw materials and chemicals utilized. 	These 
should include possible impurities, products 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 chlore-
methyl ether). 

Most of the information needed to 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 occupations associated with 
specific chemicals can be found in the specialized literature (Key et al.' 
1977; NI0s1, 1981; INRS Fiches Toxicologiques). 	Part of the recognition 
procedure recommended by NIOSH (19814) 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 also be ascertained. Determination of the operations which are 
most hazardous and/or which workers are likely to be at greatest risk will 
help to set priorities 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 also 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 is 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 таy involve 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 possible 
and the observation is not affected by factors such as heat, noise, irritants, 
lack of time, etc. 

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 volatility, temperature, or exhaust ventilation, is not conta- 
minating the air above permissible levels. 	Examples of halogenated alkanes 
and alkenes which can penetrate intact skin include allyl chloride, bromoform, 
carbon tetrachloride, epichlorohydrin, ethylene diЪromide, hexachloroethane, 
methyl bromide, trichloroethylene and 1,1,1-trichloroethane (ACGIH, 198, 
1985; NIOSH, 1981; Key et al., 1977). 

When uptake results from routes of entry other than inhalation, the evalu-
ation of exposure 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, 
etc.) is a very useful tool for the evaluation of the workers' exposure and 
uptake. This is discussed in Chapter 7 and methods for biological 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" (ILD/WНО, 1969), "maximum allowable 
concentrations" or "threshold limit values" (Table 1, ACGIH, 198ц), which can 
be defined as concentrations to which workers may be exposed for a working 
week of given duration (e.g., X40 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 levels 
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 (АСGIН, 198ц). 
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It is essential to 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. 5АиРLItЮ  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 uncalibr'ated 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 wrong place or time are of limited or no use for the eva-
luation of exposures. 

R sampling strategy must answer the questions, "where", "for how long", 
"when to sample" and "how many samples to соllесt'!. 	Sampling strategy is 
discussed in the specialized literature (Leidel et al., 1977; Clayton & 
Clayton, 1978; Cralley & Cralley, 1979; valic, 198Ч; WHO, 1984). 	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 is 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 
suitable for halogenated alkaries and alkenes may be carried by the worker or 
fixed at points within the workplace. 

However, if viorkers move around areas where the exposure to the chemical 
agent varies, the use of personal samplers is necessary. 	Since it is not 
feasible ta monitor everyone, those workers subjected to the most severe expo- 
sure conditions should be selected. 	Direct-reading instruments are particu- 
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. 

Another approach is to group workers in "екроsиrе  zones" (Corn & Esmen, 
1979; WHO, 198Ч) not necessarily defined geometrically, but with 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 identify workers as being in the same exposure zone, their work 
environment 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 on the 
sensitivity of the analytical method, concentration fluctuations and normally 
on the physiological action of the airborne contaminant. 	Brief periods 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 narcotics, irritants or acute 
systemic poisons. 	Although for some halogenated alkanes and alkenes bio- 
chemical and long-term exposure effects in relation to carcinogenicity are 
known, the relative importance of brief high exposures is not 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 if' polymerization reactors, etc.), 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 sorbent. In 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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Wben 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 'zwhen to sample", 
particularly when variations in concentration are likely to 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 not 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 observed carefully. 	Changes in air temperature, air movement and 
ventilation also 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; 5altzman, 1972; 
Leidel & Busch, 1975; Leidel et al., 1977; 5wiпscow, 1977; Patty, 1979) and is 
beyond the scope of this chapter. For each location, an adequate number of 
samples must be collected to ensure the determination of concentration at the 
95% (at least) confidence level. For practical reasons and for usual occupa-
tional hygiene surveys, many authors (NI0s1, 1973; Ulfvarson, 1975; Leidel et 
al., 1977) accept the following numbers of samples: 

for continuous samples: 2 consecutive 4-hour samples (for an 8-hour ТWА) 
for "'grab" samples or direct-readings: 4-7 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 BiA has 
been exceeded. 

4. SAMPLING PROСFDUsRES AND EQUIPMENT 

Тnt.гг -1„~r., гn 

5аmpling procedures for occupational hygiene have been widely discussed 
elsewhere (NIоS1. 1973; Linch, 1974; Cralley & Cга  ц  еу. 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 instantaneous concen-
tration; the same type of data is given by the analysis of grab or 
"spot" samples 
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(b) Continuous collection by adsorption from air, pumped during an 

extended period, usually on to charcoal or Tenax adsorbents, which 
gives the average concentration of the airborne contaminant over the 
sampling period. 

(с) Utilisation of passive monitoring devices (often in the form of 
lapel badges) which yield the same type of data as adsorption from 
pumped air. At the time of writing, comparison of pumped and 
passive samplers is still in progress in various 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 consideration1. 	A non- 
comprehensive list of manufacturers is presented in Appendix A to this chapter. 

(i) Detector tubes 

These tubes are based on a colorimetric reaction; 	a known volume of 
contaminated air is drawn through a glass tube containing granules impregnated 
with a reagent which changes colour in the presence of the contaminant. The 
extent of the colorimetric reaction is proportional to the concentration of 
the contaminant. 	The most common detector tubes are those for short-term 
sampling e.g. as in Figure 1. 	Tubes for long-term sampling are also avail- 
able, but require a continuous sampling pump (Fig. 2). 

The Office of Occupational 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 PUHP WITH TUBE INSERTED FOR TRICHLOROETHYLENE MЕАSUREMENT 
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FIG. 2 WORKER WEARING LONG-TERM MEASURIMG SYSTE~4 
CONSISTING OF PUMP ON SHOULDER STRAP AND DIRECT-READING LONG-TERM 

DETECTOR TUBE WITHIN BREATHING ZONE 

The example shown is of a tube measuring 2.5 to 50 ppm trichloroethylene over 
sampling period of ц  hours. 

The precision 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. 	Most detector 
tubes may not be sensitive enough for evaluating some of the very low concen-
tration limits for carcinogens or suspected carcinogens. 
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Detector tubes have been widely discussed in the literature (Kitagawa, 
1952; Saltzшan, 1962; NIOSH, 1973; IUPAC, 1974; Linch, 1975, Roper, 1974; мдН0, 
1976; Leichnitz, 1977; NIОSH, 1973; Leichnitz, 1979; AСGIR, 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-didrlorоеthапe (ethylene dichloride), 1,1-di-
chloroethylene, 1,2-dich1oroethylene, epich1orohydrin, ethylene debromide, 
fluorotrichloromethane (F11)., methyl bromide, methyl chloride, methyl chloro-
form, methylene chloride, tetrachloroethylene (perchloroethylene), trichloro-
ethylene. . 

Detector tubes should ое  used with the hand pump for which they were 
originally designed (ACGIH-AIHA, 1971; NIO$H, 1972; Colen, 1973; Colen, 1974) 
and which should be routinely 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 principle measure any gas or vapour which has 
absorption 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. ЗB РORTABLF MIRAIV INFRA-RED ANALYSERa 

PRINTER 	 NUMERICAL pl5PLAY 

W METER GAE CELL WITH ADJUSTABLE PATH LENGTH 	 ` 	. 

CARRYING HANDLE 

a Reproduced иritп  permission of The Foxboro Company, Foxboro, MA 02035, USA 

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

Chemical 	 Wavelength 1inimuпi detectable 
(цm) 	amount (ppm) 

(cell length - 20 m) 

Bromoform 8.7 0.05 
Carbon tetrachloride 12.6 0.06 
Chloroform 13.0 0.06 
1,1-Dichloroethane 9.ц  0.3 
1,2-Dk hbroct.hy1cnc 12.1 0.07 
Epichlorohydrin 11.8 0.3 
Methyl chloride 13.ц  1.5 
Methylene chloride 13.3 0.2 
Tetrachloroethylene 10.9 0.05 
1,1,1-Trichloroethane 9.2 0.06 
Trichloroethylene 11.8 0.1 
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5uch analysers, which can be very sensitive, can also be very accurate 
and precise if properly calibrated and used. Attention must be paid, however, 
to 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 scrubbér, etc.) or a secondary wavelength can 
be used as the analytical wavelength. 

(iii) Electrical conductivity analysers 

ТhезΡе  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 if 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 freins. These instruments may have very good 
sensitivity, precision 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, etc. Sensitivities are in the region of the lower pp&s and 
higher ppb's. 

(v) Photoionization detectors 

These instruments are similar to flame-ionization detectors in their 
response to many organic gaseous contaminants, but are safer, since there is 
no flame. The sensor consists of a sealed LIV light source which ionizes the 
organic air contaminants (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 audio signal). 	Such instruments can be very sensitive (better 
than 0.2 ppm) and precise; some are very portable, as is the example shown in 
Figure ц. 
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FIG. 1 DIRECT-READING GА5 MONITOR WORKING BY PHOTOIONISАтIОN 
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(vi) Portable gas chromatograph 

Portable gas chromatography permit "on—the—spot" field analysis with high 
sensitivity, precision and accuracy. Columns for a number of specific 
compounds are commercially available and detailed information can be obtained 
from the manufacturers. 	Сhromatograрhs 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 

5роt or "grab" sampling can be carried out by collection of air samples 
in flasks, syringes or plastic bags. 	This type of sampling is not usually 
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 
volume for chloroform, carbon tetrachloride, methyl chloroform, hexachloro-
ethane, trichloroethylerie' tetrachlorocthylene, epichlorohydrin, methyl 
bromide, bromoform, methylene chloride, 1,1—dichloroethane, and 1,2—dichlora-
ethyleпe. Adsorption on charcoal is also 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 BСL1E, and is followed by thermal desorption. 
An absorbent (potassium 2,ц,6—u iсN оrоphenatе) on textured glass beads is 
used for CIME, 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 recornmcndeci 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, 198k). 

The most common type of pump is a rotary vane pump, powered by rechar- 

geable batteries, for continuous personal sampling. 	A great variety exists 
(ACGIH, 1983), but it is best to use a type that has a variable flow-rate 
which can be adapted to worst 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 (198k). 

5ince 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 non- 
comprehensive list of manufacturers is given in Appendix B. 	Examples of 
personal pumps are presented in Figure 6. 

FIG. 5 CFЭARC~AL ADSORBENT TUBE, ACCORDING TO NI0S1 SPECIFICATIONS 

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

The routine flow-rate calibration of sampling pumps is 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. 5uch 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 charcoal, but sometimes of 
liquid reagents. They do not, therefore, require mechanical air-moving 

devices and do not present most of the problems associated with a classical 
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FIG. 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 workersT movements and the performance of work. 	In addition to 
these advantages, passive monitoring devices are small, light-weight and, if 
properly attached in the waгker's breathing zone, do not require periodic 
checks during the sampling period. 

The amount of air contaminant that will diffuse (or permeate) to the 
collecting medium in a given time depends on its concentration in the sampled 
air, the atmospheric conditions and the physical characteristics 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 calorimetric 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; Aanwitz, 1981; Feigley & Chastain, 1982; Rose & Perkins, 1982; ACGIH, 
1983; Fowler, 1983; Muller & Guenier, 19814; Underhill, 1984). 

The influence of air velocity across the face if' 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 likely to under-sample and therefore 
introduce a negative bias; at very high face velocities, in the range of 
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FIG. 7 QАsslVЕ  SАМРLЕв  FILLED WITH l00 mg СoСoиvт  CHARCOAL 

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 sampler. For face velocities between these ranges (which are the 
most usual in work-places), the sampling rate is not appreciably affected by 
air movement. ilany 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 Gunnison (1973). 	5incc 
then, passive samplers have been used to sample a number of chemicals and some 
are commercially available, such as those for methyl chloroform, methyl 
chloride, carbon tetrachloride, halothane, dichlorodifluormethane (F11), tri- 
chloroethylene, 	methylene 	chloride, 	1 ,1-dichloroethylene, 	1,2-dichloro- 
ethylene, 1,2-dichloroеthanе, allyl chloride, chloroform, epichlorohydrin, 
ethylene dichloride and 1,1,1-triehlaroethane (Bamberges et al., 1978; 
Halliday & Anderson, 1980; Lautenberger et al., 1980; Mazur et al., 1980; 
Iazur et a].., 1981; Pannwitz, 1981; Reiszner, 1981). 

The convenience 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 personnel to waste anaesthetic 
gases. Dosimeters for halothaoe and enfluwne have been used for this purpose 
and are commercially available (Halliday & Anderson, 1980; iazur et a1., 1980; 
Jonas et al., 1981). A disadvantage is that sampling with passive monitoring 
devices is inadequate for the evaluation of 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 a1., 1981; Pannwitz, 1984а), there is still 
need for additional research in order to validate passive monitoring devices 
for a larger number of air contaminants (Perkins et a1., 1981; 13E, 1983). 
Factors such as sample loading, relative humidity, atmospheric pressure and 
interferences influence their performance (Gregory & E1ia, 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 SAМPLING PROCEDURE 

Prior to the sampling trip, the charcoal tubes must be prepared and 
individually labelled; 	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/mis may be conveniently calibrated with the soap-
bubble method (Fig. 8). 

At the sampling location, 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 so as to remain in a vertical 
position in the workers breathing zone; e.g., attached to the worker's lapel. 
There should be no tubing on the inlet side of the charcoal 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, low rates are usually in the range of 

0.05 to 0.2 L/min when sampling to determine a time-weighted average concen- 
tration, and of the order of 1 L/min when sampling to determine a ceiling or 
short-term cOncentratian. 

PIO. 8 5ЕТ  UP FOR CALIBRATION OF PERSONAL PU~4P FLOW-RATE 
USING SOAP-BUBBLE METHOD 

head 
g device) 

When determining a time-weighted average concentration, 4 hours would be 
an acceptable sampling time and very low flow rates would be needed to avoid 
excessive sample volumeз  and appreciable breakthrough. 	For short-duration 
sampling (e.g., 1 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 
charcoal tubes, since this may lead to the contaminant being carried through 
without being adsorbed. 
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The maximum volume of air to be sampled varies according to 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 organic gases and vapours is 10 to 15 litres. The NIOBH Manual of 
Analytical Methods (1у8ц) recommends minimum and maximum air sample volumes, 
as well as flow rates for specific chemicals. Some examples of maximum sample 
volumes, taken from various HI05H methods, are shown in Table З. 

Table З. 	Maximum air sample volumes for selected halogenated alkanes and 
a Ike nes 

Air contaminant Maximum volume of 
air sample 

a 
(litres)- 

Allyl chloride 100 
Bromoform 10 
Carbon tetrachloride 17 
Chloroform 15 
1,2-Dibromoethane 25 
1 ,1-Dichlcroethane 10 
1 ,2-Dисhloгoеthуlеnе  3 
Epichlorohydrin 30 
Ethylene dichloride 10 
Hexachloroethane 10 
Methyl chloroform 6 
Trichloroethylene 15 

д  These values are examples of volumes above which appreciable breakthrough 
of the sample to the back-up section has been shown to occur. 

Breakthrough depends on the air concentration of the contaminant, the 
amount of charcoal in the tube and on atmospheric conditions (temperature, 
humidity, etc.). The maximum volume of air to be sampled should be establish-
ed in the laboratory for 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 charcoal tube should not be observed. 	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 
pump is turned off; the charcoal tube is removed from the sampling train, 
both ends are tightly capped, and it is properly stored and transported to the 
laboratory 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 & гluller, 1981; NIO$H, 198L; see also the Introduction to 
Methods 1-8, p. 173). 
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APPENDIX A 

MANUFACTURERS OF DIRECT-READING INSTRUМENTSa 

1. Manufacturers of Detector Tubes 

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

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

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

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

Kitagawa, Komyc Rikagaku Kogyo К.К., 1-8-2ц  Chuo-cho, Meguro-Ku, Tokyo, Japan 

tlaiiaex, 15, D. Nestorov Street, Sofia 1431, Bulgaria 

Mine safety 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, USA 

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

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

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

C.F. Casella & Co. Ltd., Regent House, Brittania Walk, London, Ni 7N0, UK 

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

Dragerwerk AG Lubeck, Hoislinger Allee 53/55, D-2400 Lübеck 1, FRG 

Du Pont Company, Instrument Products Division, Concord Plaza, Clayton B1dg, 
Wilmington, DE 19898' USA 

Foxboro Compas co. Ltd., Regent House, Brittania Walk, London, Ni 7ND, UK 
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Devil Engineering, Inc., Control Systems Division, 36 Pier Lane West, 
Fairfield, NJ 07006, USA 

Dragerwerk AG Lilbeсk, P7oislinger А11ее  53/55, D-2400 Lübeck 1, FRG 

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

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

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

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

Icare, 66, Avenue du Prado, В.Р. 151, 13253 Marseille Cedex 6, France 

Infrared Industries Inc., Western Division, Instrumentation Group, Р.O. Box 
989, Santa Barbara, CA 93102, USA 

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

IDA Scientific Inc., 1$15 Е1тдalе  Avenue, Glenview, IL 60025, USA 

3licrosensor Technology Inc., 477147 Warm Springs Blvd, Fremont, CA 94539, USA 

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

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

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

Tracor Inc., Analytical instruments Division, 6500 Tracor Lane, Austin, TX 
73721, USA 

XonTech inc.' 6862 Hayvenburst Avenue, Van Nuys, CA 91406, USA 

a The mention of a manufacturer does not in any way represent endorsement or 
recommendation of their instruments either by the authors of this chapter, 
by IARC or by WНО. 
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MANUFACTURERS 0F PERSOMAL SAMPLING РцмРSa 

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

C.F. Саsella & Co., Ltd., Regent House, Brittania Walk, London, Ni 7ND, UK 

Compur — elektronic gmnbh, Steiner strasse 15, 8000 Munchen 70, FRG 

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

Gilian Instrument Corp., 1275 Route 23, Wayne, NJ 07470, USA 

IDA Scientific Inc., 1815 Elmdale Avenue, Glenview, IL 60025, USA 

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

Anatole 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 

д  The mention of a manufacturer does not in any way represent endorsement or 
recommendation of their instruments either by the authors of this chapter, 
by IARC or by WHO. 	 . 
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APPENDIК  C 

MANUFACTURERS 0F PASSIVE MONITORING DEVICESa 

Dragerwеrk AG Lübeck, Moislinger А11ее  53/55, D-2400 Lübeck 1, FRG 

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

OlD Systems, 5345 N. Kedzie Avenue, Chicago, I1 60625, UBA 

IDA Scientific Company, 808 Busse Highway, Park Ridge, I1 60068, USA 

Mine Safety Appliances, 600 Penn Center boulevard, Pittsburgh, PA 15235, USA 

Holeculon Research Corporation, 139 Main Street, Cambridge, MA 02142, UsA 

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

Reiszner environmental & Analytical Laboratories, Inc., P.O. Box 3341, Baton 
Rouge, Louisiana 70821, USA 

5КС  Incorporated, R.D. No. 1, Valley View Road, Eighty Four, PA 15330, USA 

3M Company, Occupational Health & Safety, Products Division, 3м  Center, 
220-7i, St. Paul, MN 55144, USA 

a The mention of a manufacturer does not in any way represent endorsement or 
recommendation of their instruments either by the authors of this chapter, 
by IARC or by WHO. 
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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 C1-С„ 
halogenated alkanes have extensive utility as solvents, fumigants, aerosol 
propellants, degreasing agents, dry-cleaning fluids, refrigerants, flame-
retardants, anaesthetics, 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 tetrachloroethylene. 	Solvents such as trichloroethylene, tetra- 
chloroethylene, 1,1,1-trichloroethane (methyl chloroform) and methylene 
chloride and the anaesthetic gas halothane have been abused (Garriott & Petty, 
1980; Ramsey & Flanagan, 1982). 	There 1s increasing concert about the 
presence of a large number of halogenated hydrocarbons that have been detected 
in diverse water sources; these include a number of mutagenic arid/or carcino-
genic derivatives resulting from industrial outfall or the chlorination of 
water supplies (e.g., trihalomethanes, haloacetonitri1es). Potential exposure 
also arises from the generation of large quantities of waste products during 
the manufacture of chlorinated solvents or monomers. 	These can often 
represent as much as 57 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 public, 
with exposure occurring by inhalation, dermal absorption or ingestion. 
Because of their lipophilic nature, there is additional concern about the 
extent 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 & McConneï, 1975; Dickson & Riley, 1976; 
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-
plaсе, 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 (1981+a,b,c) 
have reviewed the salient aspects of biological 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 
anaesthetics (e.g., halothane). The biotransformation of many of these 
solvents has been reviewed by Lauwerys (1975), Henschler (1977). Toftgard & 
Gustafsson 91980), WHO (1981) and MacDonald (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 METHODS 

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 gaseous 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 (Ils). 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., 1986; 
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% (5D 1.30%), range 99.3-102.5%; trichloroethylene (5 
blood samples in the range 132-206 mg/L), mean 101.6 (SD 1.60), range 99.6-
104.0; halothane (11 blood samples in the range 60-379 mg/L), mean 100.7 (5D 
2,27), range 97.3-104.0. 	The anaesthetic agent was initially extracted from 
the blood with the non-miscible solvent, п-heptane. А  Руе  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 OC-15 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-
a11y-acquired compounds. Chloroform and carbon tetrachloride 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 of a helium stream, from the injection port onto a pre-
column (1.5 m x 0.05 cm), coated with 10% GE 8F-96 and 1% Igepal CI 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 1Q-mis, 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. 
Volatile organic compounds were eluted from water and blood plasma by heating 
to 95°C under a stream of ultrapure 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 роlу(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 reservoir to a silylated glass injection.port 
liner (10 mm o.д . , 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 
7620А  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 
3F-96 and 1% Igepal CU 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 21-191) 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 lipophilic 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-.1s screening procedure (using a head-space technique) 
for the determination of a number of volatile compounds of forensic and 
environmental importance (including 17 chlorinated alkanes and alkenes) in 
human biofluids was described by Balkon & 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 into 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 approaching the ppm level was achieved by measuring 
the ion current due to the most intense ion and the corresponding ion current 
of а  simultaneously-run internal standard. 

A GC method was developed by Ramsey and Flanagan (1982) for the detection 
and identification of a number of volatile compounds, including carbon tetra-
chloride, trichloroethylene, 1,1,1-trichloroethane, trichloroethane, halo-
thane, brotnochlorodifluoromethane, dichlarodifluoromethane and triehlorofluоro- 
methane, in whole blood, plasma or serum. 	After incubation of the blood 
sample (200 L) or tissue (200 mg), together with an internal standard (1,1,2-
trichloroethane, 1,1,1,2-tеtrachloroethane or ьtumoдiсh10romethanе) in а  
sealed vial, a portion of the head-space was analysed using a 2 m glass 
column, packed with 0.3% (w/w) Carbowax 20H 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/mis, 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 hydrocarbons (e.g., Freon 11 and 
12; methylene chloride, chloroform, carbon tetrachloride, 1,1,1-triehloro-
ethane, trich],oroethy1ene, 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 extracted into a hydrocarbon phase and determined by GC with electron-
capture detection. The optional procedure for comprehensive volatile 
screening used direct elution from blood onto Tenax-GC, with GC separation in 
60/80 Carbopack B/5% Carbowax 20м. 

Garriott and Petty (1980) described a screening procedure for the deter-
tuination of volatile substances, including methylene chloride, chloroform, 
ethylene chloride, carbon tetrachloride, 1,1,1-trichloroethane 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-ionization detection, using a 3 ft (0.91 m) column 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, 
tetrachloriethylene) from human biological 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-M$. 	In dynamic head-space analysis, the gas passes over, rather than 
through, the solution. 	(This procedure is particularly useful with samples 
which foam, such as biological samples). Volatile organic materials have been 
effectively purged at the 10 ppb level with this technique. GC analysis was 
performed on a Varian 3700 gas chromatograph with flame-ionization detection, 
using an 80 n к  0.38 mm i.d. glass SCOT column (1% 5E-30), temperature--
programmed from 30 to 220°C at 4°1min. 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 
Old Love Canal area of Niagara Falls, Y (Pellizzari et al., 1979; Barkley et 
al., 1980). 

A GC-15 determination of a number of chlorinated aliphatic hydrocarbons 
(including methylene dichloride, carbon tetrachloride, 1,1,1-trichloroethane, 
1,1,2-trichloroethane, trichloroethylene, 1,1-dichloroethane, 1,2-dichloro-
ethane and chloroform) in body fluids and tissues was described by Harm 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 ц0°C for 1 h. 	The vapor 
phase (3 mL) was then injected into a GC-M5 instrument (a 5himadzu LKD 9000 
system, employing a multiple-ion detector and electron-impact ionization). 
The column was a 1 m к  3 mm i.d. silanized glass tube, packed with Porapak P 
(80/100 mesh), the temperatures of flash heater, column oven, separator and 
ion source were 200°C, 155°C, 250°C aid 270°C, respectively. 	The ionization 
energy was 70 eV. 

It 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 ha1ocarbvns, 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 20 n x 0.3 mm i.d. 5E-52 glass capillary column was 
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coupled to a Varian 2100 gas chromatograph, equipped with а  splitter and а  
s эМi electron-capture detector. The carrier gas was hydrogen, with a flow 
rate of 1.7 mL/min(ц0 omIs). 

The determination of volatile, purgeable halogenated hydrocarbons 
(chloroform, carbon tetrachloride, 1,2-dichlorоethane, trichloroethylene, 
bromoform, dibromochloromethane and bronhodichloromethane) in human adipose 
tissue and blood serum was achieved by Peoples et al. (1979) using GC-MS. A 
Tekmar Model LSС-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 node. The column was a 1.83 m н  6.35 mm 
i.d, glass 0-tube, containing n-octane on 100/120 mesh Porasil-C. The GC was 
operated with nitrogen carrier gas at a flow-rate of 30 inL/min, an inlet 
temperature of 140°C and a transfer-line temperature of 210°C. 	The Наll 
detector furnace was maintained at 900°C, with a hydrogen flow rate of 40 
mL/min and a solvent (n-propariol;distilled water, 1:1, v/v) flow of 0.4 
mL/min. 	A Finnigan Model 4000 GC-Ms system, interfaced to a Tekmar liquid 
sample concentrator, was used to confirm the identities of the compounds 
quantified by OC. 

The procedure for blood serum involved treatment of 1% aqueous antifoam 
and 0.5 niL 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 б  min. The GC column was then programmed at 7°/min to 140°C. 

In a pilot study, Barkley et al. (1980) used GС-M5 computer analysis of 
selected volatile halogenated hydrocarbons by examining urine, blood and 
breath of an exposed population (Old Love Canal area, Niagara, NY), as well as 
air and water samples in the immediate environment. Volatile halogenated 
organic compounds, including 1,1- and 1,2-diсhlоtоеthanе, chloroform, 1,1,1-
trichloroethane, carbon tetrachloride, trichloroethyleoe and tetrachloroethyl-
de, were recovered from blood, urine and water samples, using a modification 
(uCсhaеl et al., 1980) of reported methods (zlatkis et al., 1973a,h, 1974; 
Bellar & Lichtenberg, 1974; Dowty et a1., 1975). 	Volatile samples were 
recovered from biological 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 soybent, 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 arid urine 
were analysed on an LKB 2091 GС-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 Doom 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 5-methyl glutathione (Redford-Еlli & 
Gowenlock, 1971). 3-methyl glutathione is also а  metabolite of several other 
methylating agents (.Tohnson, 1966; Barnsley, 1968). 

Preliminary results obtained on workers exposed to methyl chloride 
suggest that the biological half-life of 3-methyl cysteine in urine is greater 
than 16 hours. 	In addition, some individuals are relatively less able to 
produce 5-methyl cysteine following exposure to methyl chloride, suggesting an 
enhanced susceptibility to the toxic effects of this agent (Van Doom n et al., 
1980). 

Van Doom n 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-
fiéd hydro1ysates. An E & 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 ц0 mL/min 
and 550 mL/min, respectively, for maximum sensitivity. 

Methyl bromide is a gaseous agent which is frequently employed as a 
fumigant for large, enclosed 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 ( aynегt, 1965). 	A fraction of' the absorbed methyl 
bromide (2-3%) may also be eliminated in the urine as a mercapturic acid 
conjugate (Drawneek et al., 1964). 	ИTbile blood 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 75 mg/i,, with a range of ц-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 carbon monoxide 
by humans (Stewart et al., 1972a,b; Ratney et a].., 197Lt; Astrand et al., 1975; 
Divincenzo & Кар1ап,_1981а,Ь). 	4еаsurement of methylene chloride in blood or 
expired air, carbon monoxide in expired air and carboxyhernoglobin in blood can 
be used ta monitor exposure (5tеwart et al., 197ца, 1976; Peterson, 1978; 
Baselt, 1980; Divincenzo & Kaplan, 1981а,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., 1974а, 
1976; Laham & Potvin, 1976; Divincenzo & Kaplan, 1981a,b). 	In the procedure 
of Divincenzo et al. (1971) for the determination of methylene chloride in 
breath, blood and urine, а  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 204 on 80/100 mesh Gas Chroni Q. The GC was operated with 
injection port, column and detector temperatures of 90°С, 25°C and 230°C, 
respectively, and nitrogen carrier gas. Hydrogen and air flow rates to the 
detector were 70 and ц35 mL/iain, respectively. 

Stewart et a].. (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 niL/min, 
with a column temperature of 150°C, injector 230°C and detector 200°C. 

The determination of methylene chloride in whole blood plasma or urine by 
head-space GC fir forensic analysis was reported by Anthony et al. (1978). A 
Pгrkin-Elmer F-ц2 automated head-space analyser was used, fitted with а  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. 

Lcham and Potviil (1976) described the microdetermination of methylene 
chloride in blood (1 .il) using а  syringeless GC injection system. 	Analyses 
were performed on a Perkin-Elmer Model 900 gas chrorcatograph, equipped with a 
flame-ionization detector and 1.83 ra x 3.2 mm stainless steel columns. Column 
A was packed with 30% Carbawax 20,E on ehromosorb W and operated at an oven 
temperature of 100°C, with a helium flow rate of 30 mL/min. 	Column В  was 
packed with Porapak 0 (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, etc.). Additionally, physiological effects can be investigated as a 
function of time, along with biochemical monitoring. 
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The trаnsр1acental passage of methylene chloride in pregnant rats was 
described by Anders and Sunram (1982). 	Blood methylene chloride concentra- 
tions were determined following heptane extraction, using a Hewlett-Packard 
57З0A gas chromatograph, equipped with a БЗNi electron-capture detector and a 
1.83 m к  2 mm i.d, glass column, packed with 0.2% Carbowax 1500 on Carbopack C 
(80/100 mesh) and operated at 90°C with argon-methane (19:1, v/v) carrier gas. 

ClnloroforIn and carbon tetrachloride 

Although both chloroform and carbon tetrachloride can be detected in 
blood and expired air from exposed individuals (5tewart et al., 1961; 5tеwart 
& Dodd, 1954; 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 biological media (Baselt, 1980; 
Lauwerys, 1983). 

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 nay initiate intracellular lipid 
peroxidation with subsequent structural as well as functional disturbances of 
hepatic cell organalles (Pohl, 1979; Reynolds & Moslen, 1980; Toftgard & 
Gustafsson, 1980; Vierke et al., 1982; MacDonald, 1983). 

Chloroform undergoes extensive biotransformati0n in man, with the forma-
tion of carbon dioxide and hydrochloric acid. Less than 0.01% of the absorbed 
доsе  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 (СбС12) (Pohl, 1979). 

The metabolism of carbon tetrachloride in man has not been elucidated 
definitively. A probable metabolic route based on 1n-vitro and in-vivo 
studies in monkeys suggests homolytic and heterôlytic cleavage, reductive 
dechlorination and hydrolytic dechlorination, with formation of chloroform and 
phosgene (Toftgard & Gustafsson, 1980; аcDonald, 1983). 

As noted previously, GC procedures involving both flame-ionization and 
electron-capture detection have been employed for the determination of chloro-
form and carbon tetrachloride in biological media (Stewart et al., 1961; 
Stewart & Dodd, 196ц ; Morgan et al., 1970; Dowty et al., 1975, 1976; Davies, 
1978; Balkon & Leary, 1979; Barkley et al., 1980; Garriott & Petty, 1980; Hava 
et al., 1980; Michael et al., 1980; Foerster & Garriott, 1981; Ramsey & 
Flanagan, 1982; Goldenroann et al., 1983). 

Trichloroethylene 

Trichloroethylene vapours are readily absorbed by the lungs (Fernandez et 
al., 1975; Monster et al., 1979а) and liquid trichloroethylene can also be 
readily absorbed through the skin (Stewart & Dodd, 196I; 5ata & 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 is metabolized via the sequence triehloroethylene oxide + 
trichloroacetaldehyde - eh1ora1hydrate, thence to trich1aroetharnol (largely as 
a glucuronide conjugate, uroch3oralic acid) and trichloroacetic acid, which 
are excreted in the urine. $mall amounts of trich1oroethanol are excreted by 
the lung (Srt1e et al., 1972; Müller et al., 1972, 1974; Kimmerle & Eben, 
1973a,b; i.auwerys, 1975, 1983; Monster et al., 1979а; Monster, 1984а). The 
biological half-lives of trichloroethapol and trieh1oroacetie acid differ, 
both in urine and blood. That of trichloroacetic acid (70-100 h), because of 
binding to plasma proteins, is greater than that of trichloroethanol (10-15 h) 
(Müller et al., 1972). The half-life of trich1oraethy1ene in exhaled air and 
blood depends upon the length of exposure and the time elapsed before sampling 
(ilonster, 1984a). 

Numerous biological monitoring procedures have been proposed for evalu-
ating exposure to trich1oroethylene by measuring the solvent per se, or its 
metabolites (Tanaka & Ikeda, 1968; Stewart et al., 1970m, 197цЬ; Nomiyama, 
1971; Ogata et al., 1971; Ertle et al., 1972; Ikeda et al., 1972; Imamura & 
Ikeda, 1973; Kimnierle & Eben, 1973а,b; Müller et al., 1974, 1975; Lauwerys, 
1975, 1983; Monster et al., 1979а. Baselt, 1980; Ziglio et a1., 1983; Monster, 
1984а). 

The limitations of biological monitoring of trichioroethy1ene or its 
metabolites as a measure of industrial exposures have been cited (Baselt, 
1980; Lauwerys, 1983; ,°Ronster, 1984x). According to Baselt (1980), for 
example, the determination of urinary metabolites has not been fully success-
ful as an index if' 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, tetrachioroethylene and trich1oroethane. 

Although blood trichloroacetic acid concentrations have been found to 
exhibit the least inter--individual variation due to the factors mentioned 
above, so that this measurement appeared to be the most promising for monitor-
ing purposes (Müller et al., 1972; Monster et ai., 1979а), it was noted that 
trichloreacetic acid tends ta accumulate with repeated exposure, and there-
after leaves the body slowly (1112 = 70-90 h) (Baselt, 1980). 

Müller et al. (1972) suggested that simultaneous determination of tri-
chloroacetic acid and trichloroethan0l in blood (or plasma provides reliable 
information concerning previous exposure to trichloroethy1ene. 

Concentrations of u ieh1oroethylene in alveolar air have been reported to 
correlate well with the actual environmental trichlcroethylene level, or with 
the time-weighted average exposure, depending on when the specimen is obtained 
(Stewart et al., 1970a, 19714b; Kiinmerle & Eben, 1973Ь; Fernandez et al., 1975; 
Monster et al., 1979а; Baselt, 1980; Lauwerys, 1983). 	Analogously to the 
trich1oraethy1ene concentration in expired air, the concentration of the 
solvent in blood reflects either the most recent exposure, when blood is 
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sampled during exposure, or the time-weighted average exposure when blood is 
collected 16 hours later (Lauwerys, 1983). 

Although good correlations have been found between trichloroethanol in 
blood and exhaled air (Müller et al., 1972; Monster et al., 1979а), it should 
be noted that the concentration in exhaled air during exposure is about 20 000 
times lower than in blood. 

Monster (1984с) recently reviewed the most salient procedures for the 
determination of trichloroethylene, trichloroethanol and trichloroacetic acid 
in biological media, with a primary focus on their utility for monitoring 
industrial exposures. 

A variety of GC procedures have been described for the determination of 
trich1oroethylene, trich1oroethano1 and trichioroacetic acid in blood. 	Most 
of these determinations are based on separate analysis of these constituents, 
using extraction or head-space analysis for trieh1oroethy1xce and for free and 
total trichloroethanol. 	Determinations of triehioroacetic acid are based on 
deсаrboxylatиоп  to chloroform, or esterification to trichloroacetic acid 
methyl ester. 	Methods have been published for trichloroethy1ene, free tri- 
chloroethanol and chloral hydrate (Kimmerie & Eben, 1973); for tricM oroaeetie 
acid in plasma (Müller et al., 1972; Ziglio, 1979); for total trichioroethanol 
in plasma (Müller et al., 1975); for trichloroethylene, trich].oroacetic acid, 
free trichloroethanol and ethanol (Herbotsheimer & Funk, 1974); for chloral 
hydrate, free trichloroethanol, total trichloroethanol, trich1oroacetic acid 
and monochloroacetic acid (Olgata & 5aeki, 1974); for free trichloroethanol, 
total trichloroethanol, chloral hydrate and trich1oraacetic acid (Breimer et 
al., 1974); for trichloroethylene, total trichloroethanol and trishioroacetic 
acid (Monster & Boersma, 1975); for trichloroethanol, trichloroacetic acid and 
chloral hydrate (Garrett & Lambert, 1966) and for free trichloroethanol, total 
trichloroethanol and trichloroacetic acid (Vesterburg et al., 1975). 	While 
most of the above determinations are based on separate determinations of tri-
chloroethylene, tric M0raethanol and trichloroacetic acid and require extrac-
tions and hydrolysis, the procedure of Monster and Boersma (1975) allows the 
simultaneous determination of trichloroethylene, total trichloroethanol and 
trichloroacetie acid. 

The determination of trichloroethanol and trichloroacetic 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 & Sa ki, 1974; 
Stewart et al., 197цb; Fernandez, 1976; Nomiyama et al., 1978). 	‚f addition, 
a number of spectrophotametric methods have been described for the determina-
tion of trichloroethanol and trichloroacetic acid in urine (Tanaka & Ikeda, 
1968; Чieiсhardt & Bardodej, 1970; Ogata et al., 1970' 1974). 	These methods 
involve the hydrolysis of trichloroethanol glucuronide in urine, followed by 
its oxidation to trichloroacetic 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 biological 
fluids may interfere.) 
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А  variety of methods for the determination of trichtoroethylene in 
exhaled air have been reported. Most of these require collecting exhaled air 
(alveolar or mixed exhaled air) in glass tubes or bags (5аrаn, Tedlar), 
followed by determination via infrared spectroscopy (5tеwаrt et al., 1970а; 
Schâckе  et a1., 1973) or gas chromatography (Kimmerle & Eben, 1973; 1011er et 
а1., 197)4; Stewart et a1., 197цb; 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 OC, with electron--capture detection. Detection limits are 0.5 mg/L 
for chloral hydrate and tritMoroethanol in blood or urine and 0.1 mg/L for 
trichloroaeetic acid. 	А  Hewlett-Packard gas chromatograph, model ц02, with 
s 63Ni electron-capture detector was employed, using a 1.8 m x 3 mm i.d. glass 
column, packed with 10% 0V-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 mU/mm for the purge 
gas (argon:mnethane, 19:1, v/v). 

Noyiyama et al. (1978) determined the trichbroethy1ene metabolites, 
chlorai hydrate, trichloroethanol, monoeMoroacetic acid and trich1oroacetic 
acid, at levels of 0.1-5 ng in urine, employing a single column and GC with 
electron-capture detection. 	А  Hitachi gas chromatograph (model к53) was 
employed, with a 2 m x 3 mm i.d. glass column, filled with Chrorvosorb W, 60/80 
mesh, coated with 10% Reoplex Lui. Temperatures of the injection 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 к  3.2 mm coiumn containing 8% 
SF 1265 (QF-1) on Chromosorb P (AW DMCS) (100/120 mesh). 	The column and 
injection port temperatures were 130°C and 150°C, respectively. 	А  Hewlett- 
Packard model 5756 gas chroniatograph with a 63Nî electron-capture detector was 
used, with helium carrier gas (76 mL/min) and 10% methane in argon as detector 
gas (7)4 mL/min). The detector temperature was 2ü0°C. 	For the determination 
of trichloroethanol in urine, 1 mL of urine and 1 mL of beta-glucuronidase 
solution in an acetate buffer (pH )4.5) was introduced into an ampoule which 
was incubated for 18 h at З7°C, then diluted with acetone to 50 mL; 1 1,L was 
analysed by GC, using a 1.22 m x 3.2 mm column containing 10% Carbowax on 
60/80 mesh Chromosorb 1 (АW 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, 
196ü). 	The capacity of humans to metabolize tetrachlaraethylene 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- 



ANALYSdS IN BIOLOGICAL SAMPLES 	 153 

chlOm asetiC acid (Fernandez et al., 1976; Monster et al., 197gb). 	The bio- 
logical half--life of tetrach1oroetliylene has been estimated from pulmonary 
excretion data to be 72 h (Guberan & Fernandez, l97L). 	A small amount of 
tetrachlorOethyiefle absorbed in the body is probably oxidized to perchioro.-
ethylene oxide and subsequently rearranged to triehlorOaeetyi chloride, which 
is then hydrolyzed to triohloroacetic acid (Timer, 1961; Daniel & Gage, 1963). 

Aspects of the biological monitoring of tetrachloroethylene have been 
reviewed by Baselt (1980), Lauwerys (1980, 1983) and Monster (1984b). 

Although the main biological tests for evaluating exposure to tetrachloro-
ethylene are the determination of tetrach1oroethy1ene in expired air, the 
determination of trie M oroacetic acid in urine and thé determination of tetra-
chloroethylene and trichioroacetic acid in blood, a number of limitations 
should be сitéд  (Baselt, 1930; Lauwerys, 1983; Monster, 198Ab). Blood concen-
trations have not been sufficiently employed in measuring worker exposure. 
Measured blood levels of tetraChloroethylene in volunteers exposed at rest are 
still too scarce to permit the proposal of a biological threshold limit value 
for this parameter (vtewart et a1., 1970b; Monster et al., 1979b). 	Urine 
concentrations of tetrachloroethylene metabolites (trich1oroacetic acid) 
appear to be of limited usefulness in monitoring 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 absorbed and, possibly, to the 
blood level of' the compound (Piotrowski, 1977; Baselt, 1986). 

Gas chromatographic methods for measuring tetraehloraethylene in air and 
blond have been described (Stewart et al., 1970b; Essing et al., 1972; 
Weichart & Lindner, 1975; Caplan et al., 1976; Riihimaki & Pfâffli, 1978; 
Zigïlo, 1979). Methods for the determination of trichloroacetic acid in blood 
and urine have been noted above in the section concerning trichloroethylene. 

1,1,1-Trieh1oraethane 

Trichloraethane (methyl chloroform) is absorbed primarily by inhalation 
and, to a small extent, by skin contact with the liquid form. 	It is mainly 
eliminated unchanged in expired air, with 60-80% of the absorbed dose appear-
ing within 1 week, and traces appearing in the post-exposure expired breath 
over periods as long as 1 month (Stewart et al., 1969; Monster et al., 1979e). 
Trishloroethane is slowly metabolized in man by oxidation to triChloroethanal, 
which is excreted as a g1ucuronide conjugate (urochloralic acid) in urine over 
a period of 5-12 days and which accounts for about 2% of the absorbed dose. 
Trichloroethanol can also be detected in expired air (Monster et al., 1979e). 
Triehloroacetic acid is formed from tricploroethanol as a further oxidation 
product and is excreted in the urine to the extent of about 0.5% of the 
absorbed dose (Baselt, 1980; Lauwerys, 1983). 

The use of alveolar air specimens has been suggested for monitoring 
exposure to trichleroethane (Stewart, 1971; Astxand 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 trichloroethanol, both before and after a work-
shift. However, it should be noted that while the concentrations of urinary 
metabolites of trichloroethane appeared to correlate with both intensity and 
duration of exposure, the data available were considered insufficient to allow 
a biological threshold limit value to be proposed for these substances 
(Stewart et al., 1969; Saki et al., 1975; NIOsH, 1976; Baselt, 1980). Methods 
for the determination of trichloroethane in blood are given by Pellizzari et 
a1, and by Pekari and Aitio in ilеthods 25 and 26, respectively, in the present 
volume. 

Halothane 

Halothane (2-brorco-2-chloгo-1,1,1-trichloroethane), since its introduc-
tion in 1956 for clinical use, has become one of the most commonly employed 
anaesthetic agents and is generally administered at levels of 0.2-2% for 
maintenance of anaesthesia. As much as 25% of the halothane absorbed during 
the course of anaesthesia is metabolized. 	Isolated cases of hepatotoxieity 
have been associated with halothane-induced anaesthesia. Chronic exposure to 
trace amounts of anaesthetics in the operating room may also constitute a 
potential hazard for operating room personnel, to be associated with an 
increased risk of cancer, spontaneous miscarriages and births involving eon- 
genital anomalies and possibly mutagenic effects (IАPС, 1976). 	The mutagen- 
icity of halothane has been reviewed by Baden et al. (1976), Garra & Phillips 
(1977); McCoy et al. (1977), Waskel]. (1978) and Edmunds et al. (1979). 	The 
absorption, biotransformation and storage Of halothane 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 trifluoroacetic 
acid (TEA), N-tгifbцо  г  аeеty1-2-аm и  oеthanol and n-асеtуl-S-(2-btumo-2-chloro- 
1,1-difluoroethyl)-L-cystetine. 	A dehydrofluorination intermediate, 2-brвmo- 
2-ehlafo-1,1-dдfluoLoethy1Eпе, has also been proposed (Cohen et al., 1975). 
Patients metabolize one-fourth to one-half of absorbed halothane. 	One 
fraction is excreted in the urine, principally as TFA, bromide and chloride. 
Under normal conditions, a second fraction undergoes irreversible binding to 
microso'nal proteins and lipids, without interfering with cell functions. A 
third pathway of biotransformation is activated under anaerobic conditions, 
resulting in release of fluoride and increased binding to phospholipids, and 
may be associated with hepatotoxicity (Holaday, 1977). 

The production of metabolites of halothane by humans has been measured 
mainly in urine and blood, while sweat and faeces have been shown to account 
for less than 1% of the absorbed dose (Cascorbi et al., 1970). 	Trifluoro- 
acetic acid (TEA) is the principal fluorine-containing urinary metabolite of 
halothane (as well as of the other volatile halogenated anaesthetics, iso- 
flurane and fluoroxene). 	TFA can also be detected in blood, 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 TEA is found 
in blood and urine and there is a linear relationship between the blood or 
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urine concentration of the metabolite and the airborne hakthane concentra-
tion. The monitoring of TFA concentration in blood at the end of a work week 
has been suggested by Dallneier & Hensch1er (1981) to be preferable to the 
monitoring of TFA in urine. It was estimated that an exposure to 10 or 5 ppm 
halothape 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 been reported for the 
determination of TFA in biological media (principally blood) (Douglas et al., 
1970; Brachet-Liermain et al., 1971; Atallah & Geddes, 1972; Cole et al., 
1975; Urich et a1., 1977; Witte et al., 1977; Davies, 1978; Jones, 1978; 
Maiorino et al., 1980; Ramsey & Flanagan, 1982; Reunanen & Kroneld, 1982). 
These techniques involve 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; Corirna 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 halothane anaesthesia. 	Bromide ion was converted to a 
2,L1-dimethylpheno1 derivative and assayed using a Pye 104 ehromatograph, 
fitted with a 2.1 m x 2 mm i.d, glass column, packed with 3% 07-17 on 
Diatomite CQ, 100/120 mesh, and a flame-ionization 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 
(Archer, 1972; Wells & Cimbura, 1973) have lower detection limits of about 100 
mg Br IL. 	By using charcoal absorbent and an effective internal standard 
(2,3-dibmmocyd ohexaпd), Corina et al. (1979) increased the sensitivity to a 
lower limit of 10 mg Br /L. 

wiorino et al. (1980) reported a procedure for the simultaneous quanti-
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 isolation procedures 
which would result in losses of the two inetabolites. The biological fluid is 
treated with dimethylsulfate in an acidic medium, resulting in the formation 
of the methy1ester of tzif1uoroaeetie 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 к  
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. 



T56 	 FISHBEIN 

Flow rates of nitrogen (carrier), hydrogen and air were 30, 30 and 300 mL/min, 
respectively. 

Miscellaneous halogenated derivatives 

Epichlorohydrin (3-chlora-1 .2-ерохургора nе) 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 & ц1асh, 1978), infrared spectroscopy (Patterson, 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 (DePeirocellis et al., 1982). A Carlo 
Erba model 11 gas chromatograph was employed, with flame-ionization detection 
and a 2 m x 4 mm i.d, glass column, packed with 100/120 mesh Gas Chrom Q. 
coated with 3 0v-17. The column oven was held at 60°C, the injection port at 
150°C and the detector at 250°C. The nitrogen carrier gas flow rate was 35 
niL/miri and the air and hydrogen flow rates were adjusted to give maximal 
detector response. An LKB 2691 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 monitoring was performed with 70 eV ionizing electrons and 
ion currents were measured at mIe 62 and 64 for epichlorohydrin, m/e 106 and 
108 for the internal standard (epibroInohydrin) and at m/e 57, which is common 
to both compounds. The detector responses (flame-ionization and selected-ion 
monitoring) were linear over a range of epicM orohydrin concentrations from 50 
ug/L to 100 mg/L in blood. 

Ethylene dichloride (1,2-д  k hlarnethаnе) is widely employed as an inter-
mediate in the synthesis of vinyl chloride, anti-knock substances, pesticides 
and fumigants. Ethylene dichloride has been determined in biological samples 
by a variety of GC procedures (Balkon & Leary, 1979; Peoples et al., 1979; 
Barkley et al., 1980; Garriott & Petty, 1980; Hava et al., 1980; Zuccato et 
al., 1980; Foerster & Gârriott, 1981; Reunanen & Kroneld, 1982). 	Zuccato et 
al. (1980) developed a simple head-space GC method for the determination of 
ethylene dichloride in biological samples from exposed animals, including 
blood, liver, lung, spleen, brain, kidney and epididymal adipose tissue. 	A 
Carlo Erba model 2150 gas chrematograph was employed, with flame-ionization 
detection and a 4 m к  6 mm o.d. (Li mm i.d.) glass column, 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 described below. They have been condensed from the 
introductory part of' the NIOSH Manual of Analytical Methods, 3rd Ed., Vol. 
1, U.S. 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 
I4oisknger Аllее  53/55 
21400 Lubeck 1, FRG 

SКС, Inc. 
R.D.1 
395 Valley View Road 
Eighty Four, PA, 15330 
USA 

5upelco, Inc. 
5upelco 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. In general, all high-flow pumps can maintain at least 3 
kPa pressure drop across the sampling tube at I L/min for 8 h. Some pumps 
can 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. 
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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 aay 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 З3 em 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 
to 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. 

ц. 	Check the flow rate during sampling. If it is not constant (± 5%) 
discard the sample. 

5. [1ith each set of field samples, take two to four replicate samples for 
control of reproducibility. 

6. If sapling 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 = Ft(P с  T $ /P 5 Т  с
)0.5 

where, 

F 	indicated flow rate (L/min) 
t = sampling time (min) 
Рc = pressure during calibration 
P = pressure during sampling (same units as F0) 
Т  - temperature during calibration (°K) 
T5 = temperature during sampling (°K) 

7. 	Immediately after sampling, seal the ends of the tubes with plastic (not 
rubber) caps and pack securely for shipment. 
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Blanks and spikes 

Reagent blanks: These 	give 	the 	analyte 	contribution 	from the 
reagents 	employed 	in 	preparing 	samples for 
analysis. 

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

Field blanks: 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. 

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

Blind spikes: 	 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, NIбSH Manual of Analytical Methods, 
3rd Ed., Vol. 1 (198+) 

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 chromatographic condi- 
tions. Useful ranges vary with the analyte (see Table 2, section 12). 	the 
estimated limit of detection is 10 kg/sample. High humidity during sampling 
decreases the trapping efficiency and the breakthrough volume. 

2. REFERENCES 

NIOSH (1977) Documentation of the NI05H Validation Tests, U.S. Department of 
Health, Education and Welfare, Publ. (NIOSH) 77-1% 

E11er, Р.M., ed. (1981) NIOSH Manual of Analytical Methods, 3rd Ed., 'Toi. 1, 
U.S. Department of Health and Human Services 

З. DEFINITIONS 

Not applicable 

ц. PRINCIPLE 

A known volume of air is drawn through a tube with two sections contain-
ing activated coconut charcoal which adsorbs the gaseous organic comporids. 
These are subsequently desorbed in carbon disulfide (containing an internal 
standard for quantification purposes) and are determined by gas chromatography 
(DC), 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 

Carbon disulfide is toxic 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. REAGENТ51 

Carbon disulfide 	 Chromatographic quality 

Toluene 	 Reagent grade 

Analytes (Table 1) 	 Reagent grade 

rI-Hexane 	 GC purity 

Nitrogen or Helium 	 Purified, for GC carrier gas 

Hydrogen 	 Pre-purified, for FID 

Air 	 Filtered, for FID 

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

Stock standard solution 	10 g/L in n-hexane 
of bromoform 	 J 

Working standard solution 	Add known amounts of stock standard 
of analytes 	 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. 

1 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. 	АРРARАтUS1 (see I гТN0Dистга14, p. 173) 

Air sampler tubes 	 Glass tubes, 7 cm к  6 mm o.d., 4 mm i.d., 
flame-sealed ends, containing two sections 
of 20/40 mesh activated (600°С) 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 
pressure drop across the tube must be ( 3.4 
kPa at 1 L/min air flow rate. 

Personal sampling pumps 

Gas chromatograph 

Vials 

Volumetric flasks 

Syringe 

Pipette 

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-uL, readable to 0.1 uL 

1-mL, with bulb 

8. SAMPLING 

8.1 Follow sampling instruetzon in INTRODUCAON, p. 173 

8.2 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. 

1 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. 



180 	 NACKENZIE PЕERs 

9. PROCEDURE 

9.1 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.ц-9.6. 

9.2 Check tests 

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

9.3 Test portion 

Not applicable 

9.l Eample extraction 

9.4.1 Place front and back so ment 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. 

9.5 GC operating conditions 

Column specifications 	see Table 2 (section 12) 
and temperatures 

Carrier gas, nitrogen 	30 mL/min 
or helium 

9.6 Analyte determination 	 j 

9.6.1 Inject 5 uL 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 to obtain relative peak area. 
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9,7 Calibration curve 

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

9.7.2 9easure 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. 

9.8 Desorption efficiency (DE) 

9.8.1 For each batch of charcoal used for sampling, prepare three spiked 
tubes at each 0f 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 znicrolitre syringe. 	Cap tube and 
allow to stand overnight. 

9.8.ц  Extract and analyse as in у.ц-9.б  

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. 1ИЕвiоD 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 = 10'(m~ - m)/V 	(mg/mg) 

where, m = sum of analyte masses (corrected for DE) found in front and back 
sections of sample tube (rag) 

tп  = average sum of analyte masses (corrected for D~) found in front and 
back sections of media blanks (mg) 

V 	volume of air sample (L) 

NOTE: If 10 mb ) ra 	report breakthrough and possible sample loss. 
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11. RЕРЕАTАBILITY AND REPRODUCIBILITY 

The method has been tested using spiked samples and generated atmosphere 
(see M05H, 1977, section 2), with the results shown in Table 1. 

Table 1. Results of laboratory validation tests 

Compound Range studied Sатрlе  size Coefficient of variation (%) 
(mg/&) (L) 

GC determination Overall 

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-Dichloroethylеne ц75 -1 915 3 1.7 5.2 
Ethylene dichloride '95 - 819 3 1.2 7.9 
Hexachloroethane 5 - 25 10 1.L 12.1 
1еthуl chloroform 90ц  -3 790 3 1.8 5.ц  

12. NOТЕS ON PROCEDURE 

The solvent-flush injection technique is carried out as follows. The 
10-uL syringe is first flushed with solvent several times to wet the barrel 
and plunger. Three µL of solvent are drawn into the syringe. The needle is 
then removed from the solvent and the plunger is pulled back about 0.2 uL 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 wL to minimize 
evaporation of the sample from the tip of the needle. 	Duplicate injections 
should show no more than 3% difference in peak area. 
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Table 2. Sampling and GC conditions 

Comport0 	 Air sample 	 Breakthrough 	Werkiop 	СоLитпa 	Tem р. (°C) 	Itteroal 
volume (L) 	 in дry air 	'sage 	 column 	standard 

(agir') 	 tac' 
detector 

Yin 	 llax 

grornofoCm 	 1 9 0,5 ppm 10 	56 L 8 10 	0.5 10 15 	A 
mg/т' 	 (10 L) 

Carbon tetrachloride 	2 8 10 ppm 	17 	45 L 9 335 	16 te 480 	B 
mg/т~ 	 (15 L) 

Chloroform 	 1.5 8 50 ppm 15 	55 L e 573 	25 to 750 	8 
ogle' 	 (15 L) 

1 ,l-OivhIorOelharle 	1 5 100 ppm 10 	16.3 L 8 836 	40 to 1 215 	A 
mg/ni' 	 (10 L) 

1,2-Oickolotoethyieoe 	0,5 5 200 	3 	5.5 L 8 1 909 90 to 2 370 	A 
ppm 	 agIo' 	 (3 L) 

Ethylene dichloride 	1 g 55 ppm 	10 	29 L @ 821 	40 to 1 215 	А  
mg/rn' 	 (3 L) 

Hexaсhlomethсдe 	1 9 1 ppm 	10 	48 L 8 23 	1 to 30 	C 
mg/rn' 	 (10 L) 

Иethykh1ctuFОrm 	0,5 8 352 	6 	9.5 L 8 3 799 190 ta 5 700 A 
ppm 	 mg/m' 	 (3 L) 

a A = 3 m e 3 mm stainless atael, 10% SP-1000 cc 80/100 mesh IupeLeoport; 
B= 6 m a 3 mm, otherwise same as R; 
C = 3 m a 6 mii glass. 3% 5P-2250 en 80/100 mesh 5upelcaport 

Range 
(mg per sample) 

130 ic-pentadeccoc 0.005 	to 	0.15 
170 
210 

60 dacace 0.2 	to -'( 

155 
200 

75 m-umdeomme 0 ц 	to 12 
155 
200 

50 - 0.4 	ta 	12 

100 

175 

60 - 0.2 to 7 
170 
210 

70 octane 0.1 	to 	Ч  
225 
250 

110 a-taidmcamm 001 	to 0,3 

1)0 

210 

70 octane 0,6 	to 	17 
225 
250 
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13. SСHEï1ATIC REPRESENTATION OF PROCEDURE 

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

Jr 
Place front and back solvent sections in separate vials, 

add 1.0 mL carbon disulfide (+ standard) and cap 

Jr 
Stand 30 min with occasional agitation 

Jr 
Inject 5—цL, aliquot of extract onto GC 

Jr 
Inject 5 цL aliquots of standard solutions of analytes onto GC 

and prepare calibration curve 

Jr 

Determine desorption efficiency in the calibration range, 
using three spiked tubes at each of five levels. 

Extract and analyse by OC, as above. 

r 
Calculate mass concentration (tag/rn3) of analyte in air sample, 

correcting for desorption efficiency and media blanks 

14. ORIGIN OF THE METHOD 

Method 1003, NIOsH Manual of Analytical Methods, 3rd Ed., Vol. 1, 
Cincinnati OH, National Institute for Occupational Safety and Health (1984) 

Contact point: Dr Р.M. Eller 
Division of Physical Sciences and Engineering 
National Institute for Occupational Safety 
and Health 	 1 
4576 Columbia Parkway 
Cincinnati, OH 45236, USA 



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 (19811) 

1. SC0PE AND FIELD 0F 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/rn3 (100 L air sample). The method may be applied to 15-min samples, 
taken at 1 L/min. Breakthrough occurred between 210 and 2140 min when sampling 
air containing 7.56 mg allyl chloride/m 3 at 0.911 L/min and 0% relative 
humidity. 

2. REFERENCE 

E11eг, Р.M., ed. (19814) NIOSН  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. 

ü. 	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 
chromatography (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. 
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б. 	REAGENTS 

Al].yl chloride 	 Reagent grade 

Benzene 
	

Chromatographic quality 

n-Hexane 	 Chromatographic quality 

Nitrogen 	 Purified, for GC 

Hydrogen 	 Pre-Purified, for FID 

Air 	 Filtered, for FID 

Allyl chloride stock 7.5 g/L. dilute 7.5 mg allyl chloride 
standard solution (80.0 цL at 20°C) 	to 10 mL with hexane 

Ally], chloride working Prepare at least five working standard 
standard solutions solutions over 	the range 	0.01 	to 	1.5 	g/L. 

Add known аmоипts 	(13.3 uL-2.0 mL) 	of stock 
standard solution to 	10-mL 	volumetric 
flasks and dilute to the mark with benzene. 

7. 	APPARATU51 (see INTRODUCTION, p. 173) 

Air sampler tubes 	 Glass tubes, 7 cm к  6 mm o .d . , 4 mm i .d . , 
flame-sealed ends, containing two sections 
of 20/ц0 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.ц  КPa 
at 1 L/min air flow rate. 

Personal sampling pump 	0.01 to 1 L/min, with flexible .connecting 
tubing 

' 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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Gas chromatograph 	 With FID and peak-area integrator. column, 
1.2 m к  6 min o.d., stainless-steel, packed 
with 50/80 mesh Porapak Q. 

Vials 	 2-mL, with PTFE-lined crimp caps 

Syringe 	 10-L, readable to 0.1 цL 

Volumetric flasks 	 10-mL 

Pipette 	 1-mL, with bulb. 

8. SAMPLING 

8.1 Follow sampling instructions in INTROD[ICTION, p. 173. 

8.2 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. 

9. PROCEDURE 

9.1 blank tests (see INTK000CTION, 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. 

9.2 Check tests 

Analyse three blind spikes and three analyst spikes to check the cali-
bration and desorption efficiency curves (see INТ10DUCTION, p. 173). 

9.3 Test portion 

Not applicable 

9.4 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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9.4.3 Allow to stand 30 min, with occasional agitation. 	Retain for GC 
analysis. 

9.5 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/yin 
Injection volume 	 5 цL 

9.6 Analyte determination 

Inject 5 iiL of sample extract (9.'.3) onto GC, using solvent—flush tech-
nique (see Method 1, section 12), or autosampler, and record peak area. 

9.7 Calibration curve 

9.7.1 Calibrate daily by injecting 5 	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. 

9.8 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 
sorberyt section by means of a microlitre syringe. 	Cap tubé and 
allow to stand overnight. 

9.8.ц  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 peak area (9.6) and the calibration curve (9.7.2), calculate 
the mass concentration, p, 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.gLB in the range 0.15 mg - 0.6 mg allyl chloride 
per sample. 

12. NОТE5 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 

Stand 30 min wit occasional agitation 

Inject 5-iL aliquot of extract onto GC 

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

1 
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 
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1 ц. ORIGIN OF THE METHOD 

Method 1000, NIбSH Manual of Analytical Methods, 3rd. Ed., Vol. 1, 
Cincinnati OH, National Institute for Occupational Safety and Health (1934) 

Contact point: Dr Р.M. Eller 
Division of Physical Sciences and Enginéering 
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. 	SСОPЕ  AND FIELD 0F 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 10.11 g/т  for a 1-L air 
sample. No interferences have been identified. Breakthrough occurred at 18.5 
min when sampling air containing 6.7 g/n3 methylene chloride at 0.187 L/min 
and 0% relative humidity. High air humidity decreases the breakthrough volume. 

2. REFERENCES 

N10SН  (1977) Documentation of the tI05Н  Validation Tests, [1.5. Department of 
Health, Education and Welfare, Publ. (NIOsH) 77-185 

E11er, Р.M., ed. (19814) NI05H 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. 

ц. PRINCIPLE 

A known volume of air is drawn through two glass sampler tubes in series, 
containing activated charcoal (100 mg, front tube; Si 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. 
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5. HAZARDS 

Carbon disulfide is toxic and an acute fire and explosion hazard. 
1еthylene chloride is also moderately toxic. Both compounds should be handled 
under a ventilated hood. 

6. REAGENTs1 

Carbon disulfide 	 Chromatographic quality 

Methylene chloride 

Nitrogen or helium 	 Purified, for GC 

Hydrogen 	 Pre-purified, for FID 

Air 	 Filtered, compressed, for FID 

Extraction solvent 	 Carbon disulfide containing 0.1% (v/v) 
decane, benzene, or other internal standard 

Methylene chloride working 	Prepare five standard solutions of methylene 
standard solutions 	 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). 

7. APPARATUS' (see INTRODUCTION, p. 173) 

Air sampler tubes 	 Separate front and back-up glass tubes, 
each 7 cii x б  mm 0.d., 4 mm i.d. flame-
sealed ends, containing activated (600°C) 
coconut-shell charcoal (front tube, 100 mg; 
back-up tube, 50 mg). 	A sylilated glass- 
"001 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 rig 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 
tubing. 

Gas chrornatograph 	 З  m x З  mii stainless-steel column, packed 
with 10% 5P-1000 on 80/100 mesh 5ире1-
сорогt, with FID and peak-area integrator. 
(Alternative columns: 	10% TCEP on 80/100 
Chromosorb РАi; SP-2100, 5P-2100 with 0.1% 
carbowax 1500 or DB-1 fused silica capilla-
ry) 

Vials 

Syringe 

Volumetric flasks 

Pipette 

8. SАМPLING 

2-mL, with PTFE-lined caps 

10-uL, readable to 0.1 ~,L 

10-mL 

1-mL, with bulb. 

$.1 Break the ends of the tubes just before sampling and connect the two 
tubes with a short length of flexible tubing. 

8.2 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 
volu~пе  of 0.5 to 2.5 L. 

9. PROCEDURE 

9.1 Blank tests (see INTRODUCTION, p. 173) 

9.1.1 Field blanks: analyse with air samples, as in 9.ц-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.б. 

9.2 Check tests 

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

9.3 Test portion 

Not applicable 
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9.4 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 PIFE-
lined cap. 

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

9.5 GC operating conditions 

Column temperature 
Injection temperature 
Detector temperature 
Carrier gas flow rate 

9.6 Analyte determination 

60 to 90°С  
200 to 225°C 
250°C 
30 mL/min (nitrogen or helium) 

9.6.1 Inject 5 цL 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. 

9.7 Calibration curve 

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

9.7.2 t-1easure 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 
(fig) of analyte per mL. 

9.8 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. 
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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 syringe. Сар  tube and 
allow to stand overnight. 

9.8.4 Extract and analyse as in 9.Lј-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. i1ЕТN0D CF 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(т5 - ть)/V 	(mg/m) 

where, m5 = sum of analyte masses (corrected for DE) found in front and back 
sections of sampler (mg) 

mb = 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 mb > n5 report breakthrough and possible sample loss. 

11. REPEATABILITY AND REPRODUCIBILITY 

The method has been validated over the range 1.7 to 7.1 g/m3 , 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 

Stand 30 min with occasional agitation 

1 
Inject 5-uL aliquot of extract onto GC 

Inject 5 јL 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/rn3) of analyte in air sample, 
correcting for desorption efficiency and media blanks 

14. ORIGIN 0F 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 Q.M. Eller 
Division of Physical Sciences and Engineering 
National Institute for Occupational Safety and Health 
4676 Columbia Parkway 
Cincinnati, 01 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 (1984) 

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 .ig per sample (0.002-8 mg/rn3 for a 25-L air sample). 	Breakthrough 
was determined with one lot of charcoal in dry air containing 446 mg ethylene 
dibromidеkп3. After 4 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 is 
diluted before analysis. No interference has been observed with the OC column 
employed. 

2. REFERENCE 

E11er, P.M., ed. (1984) NIOSH Manual of Analytical Methods, 3rd ed., Vii. 1, 
U.S. Department of Health and Human Services 	 п  

3. DЕFZNIТIоNs 

Not applicable 

4. 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 
dе  orbed 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. нАгАRDs 

Benzene and ethylene dibromide are carcinogens and can be absorbed 
through the skin. 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 	 High-purity (density = 2.169 g/mL at 25°C) 

1, 1 • 2, 2-Теtгасhlогоеthапе  
(1.587 g/mL at 25°C), or 	For internal standard use 

1,2-DiЬroгооргopane 
(1.923 g/mL at 25°C) 

Extraction solvent 	 Benzene:methanol (99:1, v/v) containing an 
internal standard (see above) at a concen-
tration of' 80 mg/L 

Stock standard solution of 	10 mg/L. Dissolve 50 mg of ethylene 
ethylene dibromide 	 dibromide in benzene in a 25-mL volumetric 

flask and dilute to the mark with beizene. 
Prepare stock standard solution by diluting 
50 uL of' above solution to 10 mL with 
benzene (10 i.ig/rL). 

Working standard solutions 	Prepare at least five working standard 
of ethylene dibromide 	solutions over the range 0.01-0.8 ug/10 mL 

(add known amounts of stock standard 
solution to 10-mL volumetric flasks and 
dilute to the mark with the extraction 
solvent). 

1 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 ethers which may also be suitable. 
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7. АРРARATU5 (see INTRODUCTION, p. 173) 

Air sampler tubes 	 Glass tubes, 7 cm x 6 mm o.d., ц  mm i.d., 
flame-sealed ends, containing two sections 
of 20/+16 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 kРa 
at 1 L/min air flow rate. 

Personal sampling pump 	0.02-0.2 L/min, with flexible connecting 
tubing. 

Gas chromatograph 	 With БЭ Ni electron-capture detector and 
peak-area integrator. Column, 1.8 r x 4 mm 
i.d., packed with 3% 0V-210 on 80/100 Gas 
Chrom Q (alternative packing, G? 20% 
5Р-2100/0.1% Carbowax 1500 on 100/120 
Chromosorb Wi?). 

5yringes 	 10-L, readable to 0.1 uL, and 50 11L, 
readable to 1 цL 

Volumetric flasks 	 10-mL, 25--гL and 500-mL 

Pipette 	 10-mL, with bulb. 

8. SAMPLING 

8.1 Follow sampling instructions in INTRODUCTION, p. 173. 

8.2 Sample at an accurately-known rate between 0.02 and 0.2 L/min, to obtain 
total volume of 0.1 to 25 L. 

8.3 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). 

1 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. 	PROCEDURE 

9.1 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. 

9.2 Check tests 

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

9.3 Test portion 

Not applicable 

9.4 sample extraction 

9.4.1 Place front and back sorbent sections in separate 10-mL volumetric 
flasks (discard glass-wool and foam 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. 

9.5 GC operating conditions 

Column temperature 	 50°C 
Injector temperature 	 175°C 
Detector temperature 	 315°C 
Carrier flow-rate 	 35 mL/min 
Injection volume 	 5 цL 

Retention times under these conditions are: ethylene dibromide, 2.2 min; 
1,2-dibromcpropane, 2.9 min; 1,1,2,2-tеtrachlarоethаnе, 4.1 min. 

NOTE; The ECD should be optimized for the smallest possible amount of ana1yte. 

9.6 Analyte determination 

9.6.1 Inject 5 цL of sample extract (9.14.3) manually onto the GC using 
solvent-flush technique (see Method 1, section 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. 

9.7 Calibration curve 

9.7.1 Calibrate daily by injecting 5-uL 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. 

9.8 Description 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. 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.i Extract and analyse, as in 9. -9.6. 

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

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, 

P = 103(mS - mb)/V 	(цg/mэ) 

where, ~5 = sum of analyte masses (corrected for DE) found in front and back 
sections of sample tube (fi g) 

mb - 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 ) r 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 LL4%. 

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 

1 
Inject aliquot of extract onto GC 

Inject aliquots of standard solutions of analyte onto GC 
and prepare calibration curve 

1 

Determine desorption efficiency in calibration range 
using 3 spiked front sections at each of 5 levels 

Calculate mass concentration (цg/т3) of ethylene dibromide 
in air sample 
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i. ORIGIN OF THE METHOD 

Method 1008, NIOSH Manual of Analytical Methods, 3rd Ed., Vol. 1, 
Cincinnati, OH, National Institute for Occupational safety and Health (198#) 

Contact point: Dr P.M. Eller 
Division of Physical Sciences and Engineering 
National Institute for Occupational Safety and Health 
#676 Columbia Parkway 
Cincinnati, 01 145236, USA 



METHOD 5 

THE DETERMINATION OF TRICHLOROETHYLENE AND 
TETRACHLOROETHYLENE IN AIR 

A. MacKenzie Peers 

Adapted from Methods S 335 and 5 336, NIOSH Manual of anal tical 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 vоlиmеa 
useful range 

Trichloroethylene 	 3 L 	0.108-3.22 g/m3 	18.5 L at 2.27 g/m3 

Tetrachloroethylenc 	3 L 	0.136-4.06 g!ш3 	21 L at 2.75 gui3 

a Corresponding to effluent concentration > 5% of that in influent. Break-
through volumes are decreased by high relative humidity 

2. REFERENCES 

Taylor, D.G., ed. (1977) H10S1 Manual of Analytical Methods, 2nd ed., Vol. 3, 
U.S. Department of Health, Education and Welfare 

E11er, 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 
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Ч. 	PRINCIPLE 

A known volume of air is drawn through a tube with two sections contain-
11g 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. HAZARDS 

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 Carboy disulfide containing a known amount 
(for tetrachloroethylene) of 	nonane 	(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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Trichloroethylene working 	Add known amounts of trichloroethylene to 
standard solutions 	 extraction solvent A in a 10-mL volumetric 

flask and dilute to the mark with extrac-
tion solvent A. Prepare at least five 
concentrations over the appropriate range 

Tetrachloroethylene working 	Add known amounts of tetrachloroethylene 
standard salutions 	 to extraction solvent 8 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. 

7. 	APPARАTUS1 (see INTRODUCTION, p. 173) 

Air sampler tubes 	 Glass tubes, 7 cm x 6 mm o.d., ü mm i.d., 
flame-sealed ends, containing two sections 
of 20/110 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 < 3.1 kPа  
at 1 L/min air flow rate. 

Personal sampling pumps 	0.1 to 0.2 L/min, with flexible.connectiпg 
tubing 

Gas chromatograph 	 With FID and peak—area integrator. column, 
3 m x 3.2 mm stainless-steel, packed with 
10% 0V-101 on 100/120 mesh Supeleopo m 

Vials 	 2-mL, glass, PTFE-lined caps 

Volumetric flasks 	 10-mL 

Syringes 	 10-mL, readable to 0.1 јL, and other sizes 
for preparation of standards 

Pipette 	 1-mL, with bulb 

1 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. 5AМPLING 

8.1 Follow sampling procedure in INTRODUCTION, p. 173. 

8.2 At concentrations of 1 g/m3 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. 

9. PROCEDURE 

9.1 Blank tests (see INTRODUCTION, p. 173) 

9.1.1 Field blanks: analyse with air samples, as in 9.4-9.б• 
9.1.2 Media blanks: set aside three sampler tubes from each new batch of 

charcoal used for sampling. Extract aid analyse with air samples, 
as in 9.ü-9.б. 

9.2 Check tests 

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

9.3 Test portion 

• Not applicable 

9.4 $ample extraction 

9.4.1 Place front and back sorbent 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. 

9.5 GC operating conditions 

Column temperature: 
trichloroethylene 70°C 
tetrachloroethylene 90°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 	iL. 
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9.6 Analyte determination 

9.6.1 Inject 5 цL of sample extract (9.ц.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. 

9.7 Calibration curve 

9.7.1 Calibrate daily by injecting 5-iL 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 saine 

chroniatograin 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. 

9.8 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.Ч  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, 

P = 10Э(т5 - 	(mg/m3) 

where, n - sum of analyte masses (corrected for DE) found in front and back 
sections of sample tube (mg) 

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

V = volume of air samрlе  (L) 

NOTЕ: If 10 rab ) n 	report breakthrough and possible sample loss. 

11. REPEATABILITY AND REPRODUCIBILITY 

i1.1 Trichloroethylene 

This method was validated over the ange 0.52-2.18 g/& (2ü.5°C, 101 kгa), 
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 з  (25°C, 102 Кра), 
Using a 3-L sample, the coefficient of variation for the total method 
over the above range was 5.2%. 

12. NOTES ON PROCEDURE 

Nit applicable 



TRICHLOROETHYLENE AND TETRACHLOROETHYLENE IN AIR 	 211 

13. 5CHEMATIC 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 

Stand 30 min with occasional agitation 

Inject 5-.iL aliquot of extract onto GC 

Inject 5 јL aliquots of standard solutions of analt'tes onto OC 
and prepare calibration curve 

Determine dosorption efficiency in the calibration range, 
using three spiked tubes at each of five levels. 

Extract and analyse by GC, as above. 

1 
Calculate mass concentration (mg/m 3) 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., '[al. 3 (1977) 

Tetrachloroethylene: 	Method Ѕ  335, NIOSH Manual of Analytical Methods, 
2nd Ed., '[il. 3 (1977) 

Contact point: Dr P.M. Eller 
Division of Physical Sciences and Engineering 
National Institute for Occupational Safety and Health 
ц676 Columbia Parkway 
Cincinnati, 01 45236, USA 



METHOD 6 

THE DETERMINATION OF EPICHLOROHYDRIN IN AIR 

A. Mackenzie Peers 

Adapted from Method 1010, ы20S1 Manual of analytical Methods, 
3rd Ed., Vol. 1 (1984) 

1. sCOPE AND FIELD 0F APPLICATION 

This personal sampling pump and sorption tube method is suitable for the 
determination of epichlorohydrin (1-chloro-2,3-epoxуpropane) over the range 
2-60 mg/rn3 using а  20-L air sample. 	In a tезt atmosphere containing 43 mg 
epichlorohydrin/т3, some breakthrough was observed (effluent concentration 
less than 5% of influent concentration) after sampling at 0.185 L/min for 210 
min (44-L sample). 	The breakthrough volume is decreased by high relative 
humidity. The estimated limit of detection is 1 цg/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 

E11er, 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 

ц. PRINCIPLE 

A known volume of air is drawn through a tube containing activated 
charcoal which adsorbs organic vapours. 	These 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. 

-213- 
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5. 	нАZАRDs 

Carbon disulfide is toxic and represents an acute fire and explosion 
hazard. 	Epichlorohydrin is a strong irritant and sensitizer and may cause 
kidney injury. These compounds should be handled only in a ventilated hood. 

b. 	REАGENT51 

Carbon disulfide 	 Chromatographic quality 

n-Hexane 	 Chromatographic quality 

Epichiorohydrin 	 Reagent grade 

Nitrogen (or helium) 	 Purified, for GC 

Hydrogen 	 Pre-purified, for FID 

Air 	 Filtered, compressed, for FID 

Stock standard solution 	9.45 mg/mL (dissolve 80 1L of epichloro- 
hydrin in 10 mL carbon disulfide). 

Working standard solution 	Prepare at least five concentrations of 
epichlorohydrin in carbon disulfide over 
the range 0,бЧ  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. 

5taпdard spiking solution 	Prepare an accurately known concentration 
for desorption efficiency 	(e.g., 9.45 mg/mL) of epichlorohydrin in 
determination 	 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. 

1 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 Iлternational 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 	 Glass tubes, 7 cm x 6 mm o.d., 4 mm i.d., 
flame-sealed ends, containing two sections 
of 20/240 mesh activated (600°C) coconut-
shell charcoal (front, 'III 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 b < 3.4 kPa 
at 1 L/min air flow rate. 

Personal sampling pumps 

Gas chromatograph 

Vials 

Syriпgеs 

Volumetric flasks 

Pipette 

8. SAMPLING 

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

With FID and peak-area integrator. Column, 
1.8 го  x 2 mm i.d., glass, packed with 
80/100 chromosorb 101. 

2-mL, glass, with PTFE-lined caps 

10 1iL and 100 цL 

1-mL and 10-mL 

1-mL, with bulb. 

8.1 Follow sampling instructions in INTRODUCTION, 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. 



216 
	

MACKENZIE PEЕRS 

9. 	PROCEDURE 

9.1 Blank tests (see INTRODUCTION, p. 173) 

9.1.1 Field blanks: analyse with air samples, as iп  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. 

9.2 Check tests 

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

9.3 Test portion 

Not applicable 

9.4 Sample extraction 

9.4.1 Place front and back sorbent section in separate vials (discard 
glass-wool and foam plugs). 

9.14.2 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. 

9.5 GC operating conditions 

Column temperature 	 135°C 
Injector temperature 	 175°C 
Detector temperature 	 215°C 
Carrier gas flow-rate 	20 mL/min 

9.6 Analyte determination 

Inject 5 pL of sample extract onto GC, using solvent-flush technique 
(Method 1, section 12) or autosampler. Record peak area. 

9.7 Calibration curve 

9.7.1 Calibrate daily by injecting 5 цL 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.ц-9.6. 

9.8.6 Using calibration curve (9.7), calculate recovery at each spiking 
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, р, of epichlorohydrin in the air sample from the equation 
given in Method 1, section 10. 

11. REPEATABILITY AND REPRODUCIBILITY 

The method S 118 (issued, 1975), of which the present is an updated 
version, was validated over the range 12-43 mg/rn3, using approximately 20-L 
sample volumes of a generated atmosphere. 	The coefficient of variation for 
the total sampling and analytical procedure was 5.7% (C.'!. 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 back solvent sections in separate vials, 
add 1.0 mL carbon disulfide and cap 

1 
Stand 30 min with occasional agitation 

1 
Inject 5-цL aliquot of extract onto GC 

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

1 

Determine desorption efficiency in the calibration range, 

using three spiked tubes at each of five levels. 
Extract and analyse by GC, as above. 

h г  

Calculate mass concentration (тg/т~) 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 Rd., Vol. 1, 
Cincinnati, OH, National Institute for Occupational Safety and Health (1984) 

Contact point: Dr P.M. Eller 
Division of Physical 5ciences 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 599, NIOSН  Manual if' Analytical Methods, 
2nd Ed., Vol. ц  (1978) 

1. sCOPE AND FIELD OF APPLICATION 

This personal sampling pump and sorption tube method is suitable for the 
determination of methyl chloride in air in the range 0.12-1.2 g/&, with 
sample sizes of 1.5 to 0.5 L and relative humidity (RH) of - 80%. 	At a 
concentration of ц13 mg/rn 3 and 11 = 82%, the breakthrough volume was found to 
be 3.2 L. It fell to 2.6 L at 1.ц  g/m 3 and RH = Вц%. 

2. REFERENCES 

Taylor, D.G., ed. (1978) NIOsH Manual of Analytical Methods, 2nd Ed., Vol. ~4, 
Э.S. Department of Health, Education and Welfare 

E11er, P.M., ed. (198Ч) NIOSH Manual of Analytical Methods, 3rd Ed., Vol. 1, 
U.S. 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. 

ц. 	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. 

-219- 
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5. HAZARDS 

Methyl chloride is toxic and flammable. Methylene chloride is moderately 
toxic and an eye irritant. Both compounds should be handled under a ventil-
ated hood. 

6. REAGEHTS1  

Methylene chloride 	 Chromatographic quality (methyl chloride- 
free) 

Methyl chloride 	 95.5% (compressed gas bottle) 

Nitrogen 	 Purified, for GC 

Hydrogen 	 Pre-Purified, for FID 

Air 
	

Filtered, compressed, for FID 

Standard solution of 	 Prepare daily at least five solutions at 
methyl chloride 	 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 crimp cap. 
Add an appropriate amount of methyl 
chloride by bubbling it slowly into the 
methylene chloride, using a gas-tight 
syringe (see section 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 exclusion of others which may also be suitable. 
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7. 	АРРАRАтиs1 

Air sampler tubes 	 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, 10cm 
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 cm к  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. 

Personal sampling pump 	0.02-0.1 L/min, with flexible connecting 
tubing. Consult INTRODUCTION, p. 173. 

Gas chromatograph 	 With FID and peak-area integrator. 
Column; stainless-steel, 1.2 r к  6.4 mm 
o.d., packed with 80/100 mesh Chromosorb 
102. 

Syringes 

Gas-tight syringes 

Pipettes 

5егum bottles 

Septa 

Aluminum seals 

10-uL, readable to 0.1 цL. 

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 o.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 еo.nрaггу  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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Hand crimper 	 For sealing septa to serum bottles 

Union "tee" 	 Glass, 8 min o.d., with septum on one 
branch, for injecting methyl chloride into 
nitrogen stream (see 9.8). 

8. SAMPLING 

8.1 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. 

8.2 For concentrations of 	600 mg!m, 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. 

8.3 Separate the tubes and seal with plastic caps. Samples are stable for - 7 
days at ambient temperatures. 

9. PROCEDURE 

9.1 Blank tests (see INTRODUCTION, p. 173) 

9.1.1 Field blanks: analyse with air samples, as in 9.49.6. 

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 9.4-9.6. 

9.2 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. 

9.3 Test portion 

Not applicable 

9.)4 Sample extraction 

9.#.1 Pipette 3.0 mL methylene chloride into a 15-mL serum bottle. 



METHYL CHLORIDE IN AIR 	 223 

9.4.2 Remove plastic caps from larger tube and transfer the 200 mg 
portion of charcoal, then the kil mg portion, to the serum bottle. 
Place septum on bottle mouth and seal with aluminum crimp cap 
(steps 9.4.1 and 9.4.2 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). 

9.5 OC operating conditions 

Column temperature 	 100°C 
Injector temperature 	 200°C 
Detector temperature 	 260°C 
Carrier gas flow rate 	40 mL/min 
Injection volume 	 5 јL 

Under the above conditions, the retention time of the analyte is _ 3 min. 
The methylene chloride will be eluted after the methyl chloride. 

9.6 Analyte determination 

Inject 5 цL 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. 

9.7 Calibration curve 

9.7.1 Inject 5 цL aliquots of each of the standard solutions onto the OC 
and record peak areas. 

9.7.2 Prepare a curve of peak-area versus mg anаlytи/3 mL of methylene 
chloride solution. 

9.8 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. 
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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. A11ow 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.#-9.6. 

9.8.6 Prepare a curve of DE (average mass recovered/mass of spike) versus 
mass of spike. 

10. METHOD 0F' CALCULATION 

10.1 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) 

10.2 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(т~ — тb)/V 	(mg/m) 

where, n5 = sum of analyte masses (corrected for DE) found in both 
sections of larger and smaller (back—up) tubes (mg) 

11b - 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) 

11. REPEATABILITY AND REPRODUCIBILITY 

The coefficient of variation for the total sampling and analytical 
method has been found to be 5.2% for the range 122-458 mg/тэ. 

12. NOTES ON PROCEDURE 

Not applicable 
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13. SCHEMATIC REPRESENTATION OF РROCEDORE 

Draw air sample through two charcoal sampler tubes in series 
(front tube, 600 mg; back-up tube, 150 mg) 

Place sorbent from front and back-up tubes in separate 15-mi., bottles 
containing 3 mL methylene chloride 

Seal with septa and aluminum caps and agitate gently 
for 10 min 

Inject 5 pL extract onto GC and record peak area 

1 
Inject 5 цL 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 

1 

Calculate mass concentration (mg/m3) of analyte in air sample, 
correcting for desorption efficiency and media blanks 

1R. ORIGIN OF THE METHOD 

Method 599, NIOSH Manual of Analytical Methods, 2nd Ed., Vol. L',, 
Cincinnati, OH, National Inзtitute for Occupational Safety and Health (1978) 

Contact point: Dr Р.M. Eller 
Division of Physical Sciences and Engineering 
National Institute for Occupational Safety and Health 
L676 Columbia Parkway 
Cincinnati, OH ц5236, USA 



METHOD 8 

THE DETERMINATION OF METHYL BROMIDE IN AIR 

A. Mackenzie Peers 

Adapted from Method $372, NIDSH 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 3, 
using an 11-L sample. 	The breakthrough volume depends on atmospheric 
composition and the capacity of the charcoal: 	for example, it has been 
found ti be 18 L when sampling an atmosphere containing 161 mg analyte/т3 
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) NIбSH_ Manual of Analytical Methods, 2nd Ed., Vol. 3, 
U.S. Department of Health, Education and Welfare 

E11er, P.M., ed. (198ц) NIOsH Manual of Analytical Methods, 3rd Ed., Vol. 1, 
U.S. 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. HAZARDS 

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. 

6. REAGENTS' 

Carbon disulfide 	 Chromatographic quality 

Methyl bromide 	 99.5%, plus gas standards (Available from 
Linde 	(Union 	Carbide 	Co.) 	National 
specialty Gas Office) for determining 
concentration of stock standard solution. 

n-Decane 	 Chromatographic quality, for internal 
standard use. 

Nitrogen 	 Purified, for GC 

Hydrogen 	 Pre-purified, for FID 

Air 	 Filtered, compressed, for FID 

Extraction solvent 	 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, etc. requires 	150 mL of extraction 
solvent. 

1  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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5tock standard solution 	A concentrated solution of methy1bromide 
of methyl bromide 	 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 solutions for 
calibration purposes. 	(A concentration of 
2050 g/L should be suitable.) 	Prepare by 
bubbling methylbromide gas into 50 mL 
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. 

Working standard solutions 	Add known amounts of stock standard solution 
of methyl bromide 	 to the extraction solvent in a 10-mL volu- 

metric flask aid 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 container with PTFE-lined screw 
cap. 

7. 	APPAiiATU51 (see INTRODUCTION, p. 173) 

Air sampler tubes 	 The method requires two tubes in series. 
Both are glass, 10 cm к  g mm 0.d., 6 mm 
i.d., flame-sealed at both ends. The front 
tube contains ü00 mg of petroleum-based, 
20/ц0 mesh, activated charcoal and the 
back-up tube 200 mg. 	A plug of sylilated 
glass wool is placed at both ends of both 
tubes. The pressure drop across the pair 
of tubes must be < 3. ц  kPa at an air flow--
rate of 1 L/min. 

Personal sampling pump 	0.1 to 1 L/min, with flexible connecting 
tubing. 

Gas ohromatograph 	 With FID and peak-area integrator. 
Column: 6.1 m x 3.2 mm, stainless-steel, 
packed with 10% FFAP оп  100/120 mesh 
Supeloopon . 

' 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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Vials 	 5-mL, glass, with PTFE-lined screw caps. 

syringes 	 10, 100, 500 and 1000 uL 

Pipettes 	 1-mL, graduated; 2-mL delivery, with bulbs 

Volumetric flasks 	 10-mL 

Glass containers 	 4Jith PTFE-lined screw-caps, for storing 
standard solutions (10-mL, 50-шL) and 
extraction solvent.. 

8. SAMPLING 

8.1 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. 

8.2 Sample at an accurately-known rate (e.g., 0.75 L/min) for a total sample 
volume of 11 L. 

8.3 Separate front and back-up tubes immediately after sampling and seal with 
plastic (not rubber) caps. 

9. PROCEDURE 

9.1 Blank tests (see INTRODi1CTI0N, 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 9.ц-9.6. 

9.2 Check tests 

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

9.3 Test portion 

Not applicable 

9.ц  Sample extraction 

9.4.1 Place sorbent from front and back--up tubes in separate, 5-mL vials 
(discard glass-woo1 plugs) 
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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. 

9.5 GC _operating conditions 

Column temperature 	 65°C 
Injector temperature 	 155°C 
Detector temperature 	 200°C 
Carrier gas flow-rate 	30 mL/min 
Injection volume 	 5 1L 

9.6 Analyte determination 

9.6.1 Inject 5 uL of sample extract (9.Ц.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. 

9.7 Calibration curve 

9.7.1 Calibrate daily by injecting 5-µL 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 mg 
analуte/2 mL of solution. 

9.8 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 amount of analyte in 2 mL of each of the working standard 

j 	 solutions). Proceed as follows: 

9.8.2 Inject a known amount (9.8.1) of analyte directly into the ц00 mg 
of charcoal in a front tube, using the stock standard solution (6) 

'. 	 and a microlitre syringe. Cap and allow to stand overnight. 

9.8.3 Extract and analyse, as in 9.ц-9.6. 
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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 curve, calculate the 
mass concentration, p, of methyl bromide in the air sample from the 
equation: 

P = 103(m5 - mЬ)/V 	(mgl& ) 

where, n3 = sum of analyte masses (corrected for DE) found in front and back-
up sample tubes (mg) 

тb = average sum of analyte masses (corrected for DE) found in front 
and back-up media blank tubes (mg) 

V 	volume ci' 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/тэ. 

12. NOTES ON PROCEDURE 

Not applicable 
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13. SCHEMATIC REPRESENTATION OF PROCEDURE 

Draw air sample through two charcoal tubes in series 

1 

Place sorbent from front and back—up tubes in separate vials, 
add 2 mL carbon disulfide (+ standard) and cap 

Stand 30 min, with occasional agitation 

1 

Inject 5 иL of extract onto GC and measure peak areas 

1 
Inject 5 цL aliquots of standard solutions onto GC 

and prepare calibration graph 

1 

Determine desorption efficiency in the calibration range 
using 3 spiked front tubes at each level 

Calculate mass concentration of analytic in air samples 

1ц. ORIGIN OF THE METHOD 

Method 1008, NIOSH Manual of Analytical Methods, 2nd Ed., Vol. 3, 
Cincinnati, 0H, National Institute for Occupational Safety and Health (1977) 

Contact point: Dr P.М. Eller 
Division of Physical Sciences and Engineering 
National Institute for Occupational Safety and Health 
ц676 Columbia Parkway 
Cincinnati, 0H 115236. URA 



METHOD 9 

MONITORING CHLOROMETHYL METHYL ETHER IN AIR 

M.L. Langhorst 

1. SСОРЕ  AND FIELD OF APPLICATION 

This method is applicable to the monitoring of airborne chloromethyl 
methyl ether (CiME) in the volume fraction range 6-900 µL/тg (ppb, v/v) or the 
mass concentration range 20-3000 цg/m 3 (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, i.L., ielcher, R.G. & Ka11os, G.J. (1981) 	Reactive adsorbent 
derivative collection and gas chromatographic determination of chloro-
methyl methyl ether in air. Am. md. Hyg. Assoc. J., #2, ü7-55 

Department of Labor, Occupational Safety and Health Administration (1974) 
Occupational safety and Health Standards: Part III. 	F'ed. Reg., 39, 
3756-3797 

3. DEFINITIONS 

Yield 

The yield, Y, is the amount of derivative formed relative to the amount 
of Ci~1МE added, and is given by, 

У  = 100 m2(80.52) 	(~) 

m, (2ü1.5) 

where 

m 1 	- 	weight of СI1МE added or sampled (ng) 
80.52 = 	molecular weight of CIME 
241.5 = 	molecular weight of CIME derivative 
m2 . = 	weight of C<lE derivative formed (ng) 

-235- 
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Desorption efficiency 

Desorption efficiency is the percentage of the CIME derivative formed 
which is desorbed into solution. 

Analytical recovery 

Analytical recovery is the percentage of the desorbed CIME derivative 
which will be recovered through the clean-up and extraction steps for analysis 
by gas chromatography (OC). 

Recovery independent of yield 

Percent recovery independent of yield is the combined recovery from 
desorption efficiency and analytical recovery. 

ц. PRINCIPLE 

A measured volume of air is drawn through a glass air-sampling tube, 
packed with 1.5% potassium 2,4,6-triehlorophenate on 120/140 mesh textured 
glass beads. 	The CIME is derivatized and collected on the sorbent by the 
reaction: 

C1 	 C1 

снзоснгс1 + сi O ок 	ci O о—сн2осн3 + ксi 

cl 	 ci 

The CIME derivative is desorbed into methanol, diluted with aqueous 
potassium hydroxide (кон), and extracted with hexane. The hexane extract is 
analysed by GC with electron-capture detection. Quantification is based upon 
comparison of detector response (peak height) from sample and external 
standards. 

5. нAZARDS 

Bis(chloromethyl)ether (BCIE) is known to be an impurity in CIME. Both 
BCIE aid CIME have been termed human carcinogens by the United States Depart-
ment of Labor (Department of Labor, Dccupational 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 CIME 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, etc. 
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 occasionally. Work 
in a hood. Avoid excessive temperatures during drying. 

6. 	REAGEP{TS' 

Hexane 	 Burdick and Jackson, distilled-in-glass 
g r ad e 

Methanol 	 Burdick and Jackson, distilled-in-glass 
grade 

Water 	 Distilled, deionized 

Potassium hydroxide pellets 	Reagent grade 

Chloromethyl methyl ether, 	Aldrich Chemical, Milwaukee, WI 53201 

97% 

2,ц,6-`Pгich1otuphcпo1, 98% 	Aldrich chemical, Milwaukee, WI 53201 
Recrystallize before use (three times from 
hexane) to give a high-purity (>99%) white 
powder 

GLC-100 textured glass beads 120/140 mesh, Applied 5cience Laboratories, 
Inc., State College PA 16801 

Commercial silica gel 	520 mg front/260 mg back section, 
air-sampling tubes 	 Environmental Compliance Corp., Venetia, PA 

15367 

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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1.5% (w/w) potassium salt of Weigh 50 g of textured glass beads into 
2,4.6-trichlоrophenol on 	a glass evaporating dish. Add 42 mL of 2% 
120/140 mesh GLC-100 	 2,ц,6-trichlorophenol solution in methanol 

(0.88 g in 44 mL) and 114 mL of 0.26 mol /L 
Kil 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). 

Reactive sortent air- 	Pack 2.0 ± 0.05 of trichlorophenate-coated 
sampling tubes 	 beads 	(above) 	into 	disposable 	glass 

pipettes, 7 cm н  6 nun i.d. 	Place a 
silanized glass wool plug at both ends. 

Derivative standard 

Cl 

Cl o o—Cн2осНз  

C1 

Standard solutions of CMME 
derivative for calibration 

7. AРPARATUS1. 

Gas chromatograph 

Infrared heat lamp with 
variable transformer  

Synthesize from СМ,1E and 2,x,6-trichloro-
phenol. 
Dissolve 5 g 2,ц,6-trichlorophenol in 70 mL 
pentane. Add 2 g (2 mL) CIME. 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 solutions of CIME derivative in 
hexane at concentrations between 10 ng/mL 
and 150 nghmL. These can be prepared by 
weighing the synthesized derivative into a 
vial and dissolving in hexane or by spiking 
CIME onto an air sampling tube for desorp-
tion (see 5ection 11 (b)). 

Equipped with 63Nî 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 if pumping at flow rates of 5-10 
vacuum pump 	 mL/tnin. 	Sipïn Model SP-15, Anatole J. 

5ipin Co., New York, NY 10016 

Field sampling tube 	 The recommended 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 cm x 6 mm i.d, tube. 	The back tube (to 
check for breakthrough of the derivative), 
should contain 	1 g silica gel. 

8. SАиРLING 

$.1 Collect samples by pulling air through the tube at 5-10 mL/inin 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. 

8,2 Immediately after sampling, cap the tubes. Sample tubes should be stored 
at room temperature (25±3°C) and have been shown to be stable for a 
period of at least 7 days. 

FIG. 1. FIELD SAНРLING TUBE FOR CILOROMETHYL METHYL ETHER IN AIR 

Sample. tube 7cm long x 6mm id,, glass} 	 Back tut, <7cm long x 11mm id., glass) 

silarsizud glas wool glugu 

~.ÿ~~`_
Air t Air in ~ 	

.. 	 ',._~~r .'r '; ~i; :'1': .7, 	_ 	 ~ 	 . 	 au 

Front tube 2.0g 	 ј 	520 11g 	 260 mg 
1.5% 2,4,6 tnithIorophen1, potassium salt 	 Silica gel 
on 120!140 mesh GLC 110 	 coгnтercial гиЬе  

1 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. PROCEDURE 

9.1 Blank test 

To provide a blank, a representative sampling tube should be analysed as 
specified in sections 9.4-9.5 below. 

9.2 Check test 

Prepare a laboratory "known" by direct injection of 1-2 uL CIME solution 
(2.0 цg/шL) into a sorbent tube and pull air through the tube at 5-10 
mL/min for 4 h. 

9.3 Field confirmation test 

Prepare field spikes to confirm method suitability in specific plant 
atmospheres. 	Inject a known amount of CIME 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. 

9,4 Sam 1e desorption and clean-up 

9.4.1 Wash each sorbent (derivatizing sorbent and silica gel) in separate 
2 mL aliquots 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 5eparate the methanol aliquot from the sorbent with a disposable 
pipette and transfer to a 3-dram vial. 

9.4.3 gash the sorbent with an additional 1 mL of methanol and combine 
the latter with the extract from 9.4,1. 

9.Ц.Ц  Dilute the combined methanol extracts with 3 mL 1 moi/L aqueous Kil 
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 КОн. 

9.5 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-201 (T max 2Ц0°С), available 
from HNU systems, Inc., Newton Highlands, 
IA 02161 
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Detector: 	 Electron-capture ('i) 

Carrier gas: 	 Nitrogen (20 mL/min) 

Temperatures: 	 column: 1ц0°C 
detector: 320°C 
injection port: 200°C 

Injгction volume: 	 1 цL 

A typical chromatogram is shown in Figure 2. 

FIG. 2. TYPICAL GAS CHR0мАTOGRAMS OF СMМЕ  DERIVATIVE 

Standard 
	

5етрiе  

CiME Derivative 

C1 

Cl 	 оСN2ОСЧ3 

C1 

119.6 ng/m L) 

CIME Derivative 
(30.7пg/mL ) 

if iii I iii 	Ii 	IL I III 
	

liiiilili I I III iii 	l 

0 	2 	4 
	

0 	2 	4 

mi nu tes 
	

(minutes) 
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9.6 Calibration curve 

Inject 1 iL aliquots of the standard solutions containing the СМ  Е  
derivative (see Section 6) into the OC. Prepare a calibration curve by 
plotting detector response (peak height) vs concentration of derivative 
(ng/mL). 

10. METHOD OF CALCtjLATIOM 

The concentration of CIME in the original air sample can be calculated in 
two ways: (a) using standard solutions of the CIME derivative or (b) using 
standard solutions of С;1МЕ . 

(a) Using a standard solution of the CIME derivative in hexane, the mass 
concentration, 

d' 
of the CIME derivative in the sample extract is given 

by 

ph 
pd = 	5 	(ng/mL) 

h 
s 

where 

p 	mass concentration of CIMS derivative in standard solution (ng/mL) 
hs = peak height of derivative in sample chromatogram (mm) 
h5 = peak height of derivative in standard chromatogram (mm) 

The corresponding mass concentration, p, of CIME in the extract is then 
given by 

100P 80.52 

p = . 	d 	 (ng/rnL) 
Y 	2+1.5 

where, 

80.52 = molecular weight of CIME 
241.4 	molecular weight of the CIME derivative 
Y 	= yield of derivative from CIME (%) (from validation data, 

Y= 56%) 

The mass concentration, 
Pair` 

of CIME in the air sample is given by 

рV 1 

~аiГ  = 	(pg/m9) 
V2 
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where, 

ц, = volume of hexane extraction 9.4.5 (mL) 
V2 = volume of air sampled in 8.2 (L) 

The volume fraction, ф, of CIME in the air sample is given by 

2ц.ц5 

Ф  = 	C 	~pаir (цL/m3) ао.52 

(b) The alternative method of calculation, using standard solutions of CIME, 
requires spiking a known weight of CIME onto an air sampling tube, then 
pulling a small volume of air through the tube. 	The derivative peak 
height is then determined by DC, as described in sections 9.49.5 

The weight of CIME 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 CIME with volume fractions between 6 and 900 1L/m3 
are 56 ± 10% (2a). Percent recoveries independent of yield were 96 ± 6% 
(2в). 	These results were obtained from direct injection simulated air 
samples (20 determinations). 

11.2 Percent yield for samples prepared by pulling CIME in from SARAN1 bags 
was 54 ± 14% for volume fractions from 3 to 700 цL/тз  in air collected at 
5-10 mL/min for 4-8 h. 

11.3 The analytical limit of detection is 	0.5 јL/m for a 1.2 L air sample, 
but additional validation data would be recommended before reporting 
volume fractions below б  aL/&. 

11.4 For 4 h collection at 5-10 тL/min, the volume fraction limit for the CIME 
derivative appears to be greater than 900 ттэ/го 3. 	Under those condi- 
tions, no significant breakthrough of CIME was detected on the back tube 
(silica gel). 

11.5 The recovery of the CAME derivative from silica gel back tubes was 96-
100% (desorption efficiency). 
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12. NOTES 041 PROCEDURE 

12.1 It is recommended that procedure (a), using CIME derivative standards, be 
employed, because it is very difficult to obtain and store a good 
analytical standard of CIME (> 90%). The compound tends to decompose at 
room temperature to HCl, methylal and methanol, and more dilute standard 
stolutions cannot be trusted several days after preparation. 	In addi- 
tion, the use of derivative standards eliminates the need for handling 
CIME standards, which are toxic. 

12.2 The alternative procedure, (b), has the advantage of automatically 
determining derivative yield and would correct for any variations in 
adsorbent batches. 

12.3 Effect of humidity, sample storage duration and temperature and potential 
interferences. 

12.3.1 Eleven samples collected at $0% relative humidity (21°C) showed 
56 ± 12% yield and 96 t 4% recovery for volume fractions between 
9 and 200 uL/m CIME 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 CIME volume 
fractions from 25-300 L/m9. 

12.4 The percent yield obtained is dependent upon flow rate. Maximum yield is 
obtained between 5 and 20 mL/min. Higher flow rates significantly 
decrease yield. 

12.5 Based on one experiment at 0°C (1.2 L), the sorbent tube method appears 
to be not significantly affected by changes in temperature. 

12.6 This method was not affected by the presence of humidity, HCl vapours, 
and trimethylamine vapours. 

1 Trademark of The Dow Chemical company 
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13. SCHEMATIC REPRESENTATIDN 0' PRбСEDURE 

Sampling tube 

Transfer sections to individual vials 

Silicâ gel back tube 

Follow procedure specified 
for derivatizing sorbent 

Derivatizing sorbent 

Add desorption solvent 
(2 mL leu) and shake 5 min 

Solvent 	Sorbent 

~ 	 1 
Transfer solvent 	Add 1 mL lе0Н  
to another vial 	 1 

i 
Combine extracts 	Discard sorbent 

1 
Add 3 mL 1 mulL aqueous Kil 

1 
Add 2 mL hexane 

lexane 	Aqueous layer 

Ь 	 1 
Add 2 mL 	Discard 
1 mulL 
aqueous KOC 

1 
Analyse hexane layer by CC 

Calculate concentrations by comparison 
of GC peak with those of external standards 
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1. 	ORIGIN 0F THE METНOD 

The Dow Chemical Company 
Analytical Laboratory, 5714 Building 
Midland, MI ц86Цб  

Contact point: M.L. Langhorst 
The Dow Chemical Company 
Analytical Laboratory 
57ц  Building 
Midland, MI 4$5140, USA 



METHOD 10 

GC-EC DETERMINATION OF ВIS(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 nanogranls, equivalent to a volume 
fraction of 0.1-50 uL/хЭ  in a 10-liter sample. 	Ho common airborne inter- 
ferences are known. The time required for a single sample determination 
(exclusive of sampling or calibration) is about one hour. 

NOTE: 1iL/m3 = ppb (v/v). 

2. REFERENCES 

Department of Labor, Occupational, Safety and Health Administration (1974) 
Occupational Safety and Health Standards: 	Part III. 	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. & Ka11os, G.J. (1975) 	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. & Kа11оs, G.J. (1974) Kinetic study of the stabilities of chloro-
methyl methyl ether and bis(chloromethyl)ether in humid air. Anal. 
Cher., 46, 1866-1869 

Yao, C.C., Zollinger, H., Kallos, G.J., Solomon, R.A. & Tou, J.С. (1979) 
Exchange of comments: 	Analytical methods of bis(chloromethyl)ether in 
air. Anal. Cher., 51, 299-302 

3. DEFINITIONS 

Not applicable 

-247- 
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4. PRINCIPLE 

А  measured volume of air is drawn through an air sampling tube packed 
with Chromosorb 101 porous polymer gas-chromatographic stationary phase. 	The 
bis(chloromethyl)ether concentrated in the porous polymer is thermally 
desorbed with a stream of nitrogen into a derivatizirig solution. 	(see Notes 
on Procedure, 13.1). 	uantificatiоn is based on comparison of detector 
responses (peak heights) obtained with sample and with an external standard. 

5. НАгАяDs 

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, etc.., in a waste bottle stored in the hood. 	Dispose of 
the waste bottle by incineration. 

Handle reagents as recommended by the supplier. 13e particularly aware of 
the corrosiveness and flammability of sodium methoxide. 

6. REАGENT51 

Hex an e 

Methanol 

Water 

Sodiun methoxide 

Distilled-in-glass 

Distilled-in-glass 

Distilled, deionized 

Reagent. Keep tightly 
contact with humid air. 
reagent after 1 year. 

sealed to minimize 
Replace with fresh 

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. 

1 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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Bis( chloromethyl)ether 

Uitrogen 	 Prepurified grade 

Helium 	 High-purity grade 

Chromosorb 101 porous polymer $0/100 mesh 

Sodium hydroxide, 1 rriol/L. 	"Dilut-it" brand from J.Т. Baker 
aqueous concentrate 

0.5 mol /L sodium hydroxide 	Dilute the 1 mulL nominal sodium hydroxide 
concentrate to 2 liters with deionized 
water. 

Derivatizing reagent, 	Dissolve 12.0 g of purified 2,ц,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 ц  months. 

5ilanized glass wool 

Bis(chloromethyl)ether 	Using a 10-цL syringe, accurately add 2.0 
standard solution 	 uL of bis(chloromethyl)ether to 10.0 mL of 

hexane previously pipetted into a 7-dram 
vial. Cap and mix. This solution contains 
266 пg/цL based upon a specific gravity of 
1.33 for bis(chloromethyl)ether. 

Dilute to 26.6 ng/ јL by accurately pipet-
ting 1 mL into a 10-mL volumetric flask and 
diluting to volume with hexane. Transfer 
to a 3-dram vial. 

7. APPARATUS' 

Air sampler tubes 	 Stainless steel tubes (14 em 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. See Figure 2. 

1 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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Gas chromatograph 

Recorder 

Portable battery operated 
vacuum pump 

Heating tape 

Temperature controller 
with thermocouple 

Equipped with a 63Ni electron-capture 
detector. 

1 mV, 25 cm (full-scale) 

Capable of pumping air at a constant rate 
between 10 and 100 mL/tnin. Sipin Model 
3P-1, Anatole J. Sipin Co., New York, NY 
10016 

1.2 m x 1.3 em, in glass 

Capable of controlling at 110°C 

Variable transformer 	 0-130 VAC 

Sparger 	 Fabricated from glass as shown in Figure 1. 
Substitute designs may affect recovery of 

bis(chloromethyl)ether. 	Frit is Ace 
"coarse" porosity, Ace Glass Inc., 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 

8. SAMPLING 

8.1 Côndition packed air-sampling tubes overnight prior to each use by heat-
ing at 190°C with 30 mL/min helium flow. After cooling ti ambient 

. temperature, remove from helium flow and immediately cap ends. 

8.2 Иfhеп  sampling air, use a pump which has been calibrated while attached to 
a sampling tube. 

8.3 Draw air through a sampling tube at a constant rate (between 10 arid 106 
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. 

8.4 If desired, prepare a field spike by injecting a known 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 

3.8 cm 

14.б  cm I II I 16.4 mm о.д.,/З  mm id. glass tubing 

12.7 mm 

4.8 urn 	 13.5 mm frit diameter 

16 mm frit is Асе  "Coarse" 
porisity, 2.4 mm thick 
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8.5 Store tubes at ambient temperature. Sampling tubes should be analysed 
Within 1 week. 

9. 	PIЮСЕDURЕ  

9.1 Blank test 

Assemble the apparatus as shown in Figure 2 and analyse a conditioned 
sampling tube as described in sections 9.4.2 to 9.6.3, inclusive. 

9.2 Check test 

Conduct a test of bis(chloromethyl)ether desorption and derivatization 
efficiency by accurately injecting 5.0 цL of the 26.6 ng/iL bis(chloro-
methyl)ether in hexane solution into the injection 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 85-95%.) 

9.3 Test portion 

Not applicable. 

9.11 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. 

9.4.3 Pipette 10.0 mL of derivatizing reagent into a 7-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 (sée Notes on Procedure, 
12.2). 

9.4.5 Separate 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 Procedure, 12.3). 
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FIG. 2. 

14 cm clean-up 	 14 cm sample 
tube 	 tube 
л  

wrapped with heating tape, 110°C 

Injection T 
with septum 

thermodouple 

sparger 

1D0 mLlmin. Nz 

7-dram vial with 
10 mLreagent 	 I ь 	

heating tape power 

sparger 3 mm from 	temperature 

bottom, slight angle 	controller 

9.4.6 Cool to ambient temperature and add by pipette 10.0 mL of 0.5 mulL 
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. 

9.1.8 Add 1.0 mL of 0.5 тоl/L sodium hydroxide to the hexane, cap and 
shake vigorously for 30 s. 

9.5 GC oEerating conditions 

Column 

Carrier gas  

1.2 m к  6.4 mm o.d., 2 mm i.d, glass, 
packed with 0.5% 0V--17 phenylmethyl sili- 
cone on Chromosorb 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 тL/min prepurified nitrogen 
flow. 

Nitrogen at 35 mL/min 

Oven temperature 	 220°C 
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Detector temperature 	 300°C 

Injection port 	 On-column design, 220°C 

9.6 Analyte determination 

9.6.1 Immediately after calibration injections (9.7.6), inject a 2 uL 
aliquot of the washed hexane extract (upper layer) from 9.4.8 onto 
the GC (Notes on Procedure, 12.5). 

9.6.2 Measure bis(chloromethyl)ether derivative peak height 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. 

9.7 Calibration 

9.7.1 Pipette 10.0 mL of derivatizing reagent into a 7-dram vial. 

9.7.2 Using a 10-uL syringe, accurately add 5.0 цL of 26.6 ng/uL 
bis(chloromethyl)ether standard. 	Cap and mix. 	Final standard 
contains 133 ng of bis(chloromethyl)ether. 	(Notes on Procedure, 
12.6). 

9.7.3 Loosen cap and place on steam bath for 5 min. Cool. Proceed as in 
9.4.6 to 9.4.8, 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 9.7.4 and 9.7.5, until peak heights agree to within 2%.. 

10, METHOD OF CALCULATION 

10.1 The mass, m, of bis(chloromethyl)ether found in the sample hexane 
extract is given by 

hr 
= es m 	( ng) e 	h 

s 
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where 

h - sample peak height obtained in step 9.6.3 (mm) 
h~ = standard peak height obtained in step 9.7.6 (mm) 
r - mass of bis(chloromethyl)ether in final standard (9.7.2) (ng) 

10.2 The volume fraction, Ф, of bis(chloromethyl)ether in the air sample (at 
25°C and 1 atmosphere pressure) is given by 

24.ц5 m 
Ф  = 	e 
	(iL!m3) 

115 V 

where 

V 	volume of air sampled, corrected to 25°C and 1 atmosphere (L) 
and me (mg) is defined in 10.1. 

10.3 Values of ф  should be expressed to two significant figures when > 1.0 

ilL/ni3 and one significant figure when < 1.0 ilL/rn3. 

11. REPEATABILITY AND RECOVERY 

11.1 Repeatability for determination of 6 1јL/тЭ  bis(chloromethyl)ether in 5 
liters of air, prepared in a gas bag, was ± 6% at the 95% confidence 
level. 

11.2 Recovery for 0.1 to 50 uL/т3 bis(chloromethyl)ether in 10 liters of air 
prepared in a gas bag was 90 ± 4% at the 95% confidence level. 

11.3 With an air flow rate of 100 mL/min and 20% relative humidity at 21°C, 
breakthrough of bis(chloromethyl)ether from a 14 cm sampling tube 
occurred at 40-43 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. CHROМATOGRАМ3 0F BI5(CHLORO1ETHYL)ETHER DERIVATIVE 

133 ng standard 
(equivalent to 2.8 p1/m3 
iп  10 L air at 250С  and 
760 mm Hq 

sensitivity: 
32 x 10-12 amp/mV 

40 ng Bis-CME spiked 
into 5 L room air. 
Actual concantration 
1.7 p1/rn3 (equiцalent 
ta 0$ цL/m3 in 10 L 
air) at 250С  and 760 mm Hg 

derivative 

derivative 

0 1 2 3 4 5 
	

01 2 3 4 5 

minutes 
	

minutes 
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12. NOТES ON PROCEDURE 

12.1 The chemistry of the derivatization is as follows: 

с1 

сiСН,осн,сl ид  O с1 

C1 	_ 

cliii 

i) сн30С120сН,осн, 

С1 

2)СН,ОСН,ОСН, о  O с1 

C1 

C1 	 СI 

з)сa  O осН, осн,о  O с1 

сI 	 с1 

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 temperature overshoot. 

12.3 Insufficient heating may result in incomplete reaction. 

12.ц  Column lifetime may be increased by replacing the first 2.5 cm of column 
packing with 3% 0V-17, instead of 0.5%, and by cooling the column when 
not in use. 

12.5 Avoid injecting any of the aqueous layer, which would damage the column. 

12.6 The standard concentration is equivalent to 2.8 цL/т3 bis(chloromethyl)-
ether in 10 liters of air. For sampling higher concentrations, a 
standard of proportionately 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 mL/тiп  nitrogen flow into derivatizing 
solution 

Recondition sampling tube 
Heat solution 5 min on steam bath and cool 	(Sections B.1 and 12.7) 

Extract with 10 mL 0.5 mulL Nail 
and 2 mL hexane 

Discard aqueous layer 
Transfer hexane (upper layer) 
to another vial 

Extract with 1 mL 0.5 mulL Nail 

i 
Inject 2 VL 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 , 4%57 USA 

Contact point: J1. Russell 
The Dow Chemical Company 
Analytical Laboratories 
574 Building 
Midland, MI, 48667, USA 



METHOD 11 

DETERMINATION OF DIBROMOCHLOROPROPANE 
AND ETHYLENE DIBROMIDE IN AIR 

S. Fredrickson, T. Jackson, C.L. Liao & К.Т. Maddy 

1. SCOPE AIJD FIELD OF APPLICATION 

This method is suitable for the analysis of 1,2-dibromn-3-cblotupropaYe 
(DBCP) and 1,2-dibmmnethane (ethylene dibrorznde, EDB) in air. 

The range of the method is f'roa 1.0 to 130 uL9/т3, with a precision 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) ЧIOSH Manual of Analytical Methods. Vol. 1, Organic Solvents in 
Air, P & CAM 127 

NIOSH (1978) NIOSH Manual of Analytical Methods. U.S. Department of Health, 
Education and Welfare, publication No. 78-175 

NIOSH (1977) NIOSH г'1 апиаl of Sampling Data Sheets. 	U.S. Department of 
Health, Education and Welfare publication No. 77-159 

U.S. 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 Control for Pesticides and Related 
Compounds in Human and Environmental Samples. U.S. Environmental 
Protection Agency Publication, EPA-б00, 1-79-008 

3. DEFINITIONS 

Not applicable 

-259- 
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4. PRINCIPLE 

DBCP or EDB is adsorbed from the air oco activated charcoal-filled 
tubes. 	The ana1ytes are desorbed from the charcoal with toluene and ethyl 
acetate, respectively, and the solutions are analysed using gas chromatography 
with electron-capture detection. 

5. ЫА1АRDS 

Both DBCP and EbB are potent animal carcinogens and cause adverse effects 

on the reproductive system in certain test animals. Exposure to DBCP has been 
shown to cause lowered sperm counts in man. All operations 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 ail solutions is mandatory. 

6. АЕАGЕ1f5i 

Toluene 	 Pesticide grade (must be tested for inter- 
fering 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 cin x $ mm o.d.) 
SKС  Inc., R.D.1 Ni. 395 Valley View Road, 
Eightyfour, PA 1533, USА  

Stock standard solution 	1 g/L in ethyl acetate. Store in freezer 

of EDB 	 . 

5toсk standard solution 	1 g/L in tolиепе. Store in freezer 
of DBCP 

1 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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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). 

7. АPРАRАТц51 

Usual chromatography-laboratory syringes and glassware, plus the 
following items: 

Personal sampling pump 

Developing (desorption) 
vials 

Small triangular file 

Rotator or agitator 

Gas chromatograph 

MSA Monitair Sampler, model S or TD, with 
adjustable flow rate, properly calibrated 
(see INTRODUCTION, p. 173) 

5-mL glass, screw-top, with foil-lined lids 

To score charcoal tubes 

Hewlett-Packard, or equivalent, equipped 
with 6 ЭNi 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 INTRODOCTION, p. 173. 

1 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. 



262 
	 FRЕDRICK50N ET AL. 

8.2 Begin sampling at the desired flow rate (usually 1 L/min). Note atmo-
spheric pressure and temperature. 

NOTE: 5amplеs should be kept cool during transport to the laboratory. 	If 
using wet ice, seal in а  plastic or glass jar to prevent water contarrii-
nation during transport. Samples should not be stored in an automobile 
trunk and should be kept away from gasoline and automobile exhaust to 
avoid contamination by EDB. 	Blank tubes should be opened, immediately 
capped, and transported in the same manner as the samples. 

8.3 5tоге  samples at -5°C, or colder, if they are nit to be extracted on the 
same day. Samples should be extracted within a week. 

9. РROCEDиRE 

9.1 Blank tests 

Sее  NOTE above, and 9.5.2 

9.2 Check test 

Not applicable 

9.3 Test portion 

Not applicable 

9.4 sample desorption 

9.4.1 with a sharp file, score each charcoal 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 desorption 
vial containing 4.0 mL pesticide-grade toluene (for DBCP) or ethyl 
acetate (fir EDO). 

9.4.4 Remove and discard the separating section of foam from the tube. 

9.4.5 Transfer the second section of charcoal to a second labelled 
desorption vial containing 4.0 mL of the appropriate solvent. 

9.4.6 Place the desorption vials on the agitating apparatus for one hour. 
Retain for GC analysis. 
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9.ц.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. 

9.5 Determination of desorption efficiency 

9.5.1 Using the sLапdard solutions (section 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 11110w the 5 tubes, plus another tuber for a blank determination, to 
stand overnight (or longer) to assure complete adsorption. Retain 
for analysis (see 5ectioп  9.8). 

9.6 Gas chromatography (CC) determination of DBCP 

9.6.1 GC conditions; 

Column; 	 Nickel or 5.5. tubing, 6.1 m x 2.0 inn 
i.d., packed with 10% 5P-2100 on 100/120 
mesh Chromosorb W-HP 

Carrier gas: 	 Ar:5$ methane; flow-rate, 30 mL/min 

Column temperature: 	90°C 

Injector temperature: 	200°C 

Detector temperature: 	350°C 

9.6.2 GC procedure 

9.6.2.1 Flush a 10 uL syringe several times with the sample extract 
(9.I4.6), then inject 5 uL (or other appropriate volume 2) of 
the sample extract into the CC3. 

1 Treated in precisely the same way as the other 5 tubes, except that rio DBCP 
(or EDB) is injected. 

2 The minimum detectable amount on the GC should be 0.01 mg. 

Э  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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9.6.2.2 Measure the peak area (DBCP elutes ii 7 min under the above 
conditions). 

9.5.3 Calibration curve 

Inject known amounts of DBCP standard solutions (at least three) to 
give peak .areas above, below and close to that of the sample. 

A calibration curve say be constructed by plotting peak area 
against the amount of standard injected (check linearity). 

NOTE: 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. 

9.7 Gas chromatography determination of EDB 

9.7.1 GC conditions: 

Column: 	 Nickel or S.S. tubing, 6.1 m к  2.0 mm 
i.d. packed with 10% FFAP on 100/120 
mesh Supelcoport. 

Carrier gas: 	 Ar:5% methane flowrate, 30 mL/min 

Column temperature: 	 130°C 

Injector temperature: 	200°C 

Detector temperature: 	350°C 

9.7.2 GC procedure 
Proceed as in 9.6.2. 	EDB elutes in 5 min under the above condi- 
tions. 

9.8 Extraction (desorption) efficiency 

9.8.1 Extract the 5 spiked tubes and the blank tube from 9.5.2 as descri-
bed in steps 9.4. 1 to 9.4.6, inclusive. 

9.8.2 Carry out GC determination as in 9.6 (or 9.7), omitting step 9.6.3. 

9.8.3 Prepare 5 standard solutions by injecting into labelled desorption 
vials, the same amounts of 080F (or EDB) standard solutions that 
were injected into the tubes la 9.5.1. 	Bring the volume in each 
vial up to 40 mL with the appropriate solvent. 	(Alternatively, 
begin by adding 4.0 mL of solvent to each vial, then remove a 
volume equal to the- volume of standard solution to be added. 	Use 
the sane syringe for the two operations.) 
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9.8.4 Inject standard solutions 9.8.3 into 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 
the sane amount of DBCP or EDB. 

10. METHOD 0F CALCцLATIOIV 

10.1 Determine the amount of analyte injected into the GC, by comparison of 
the peak area of the sample extract with those of standard solutions 
(calibration curve, 9.6.3). Sum the values found for the two sections of 
the tube and subtract the blank volume. 

10.2 The mass, nit , of analyte extracted from the sample Lube is given by, 

	

mi = 	w 	(g) 
V 

and the mass collected by the sample tube is 

m Z = гп 1/(Е> (ug) 

where 

w = amount of analyte injected into CC (ng) 
v = volume of analyte injected into CC (1.iL) 
V = volume of extraction solvent in 9•)4 •3 (mL) 

r 	 (E>= average extraction efficiency from 9.8. 

10.3 The volume of air sampled, V i , is converted to standard (industrial 
hygiene) conditions of 25°C and 760 tom Hg by 

	

v2 

	

	
РV1 298 

_  

760 	T 

where 

V2 = volume of air at STP (L) 

V~ = volume of air measured under sampling conditions (L) 
Р  = barometric pressure measured under sampling conditions (mm Hg) 
T = temperature of sampled air (°K) 
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10.4 The mass concentration, p, of analyte in the sampled air is given by, 

rz 

р  = 	 (mg/rn3) 

цz 

where 

a2 (4g) and V2 (L) are defined above. 

10.5 The volume fraction, ф, of analyte in the sampled air is given by, 

24.45 p 
ф  = 

	

	 (mL /шЗ ) 
i~ 

where м  = molecular weight of analyte and p is defined in 10.4. 
(M of DBCP = 236, М  of ED$ = 188) 

11. REPEATABILITУ  AND REPRODUCIBILITY 

Results for 10 samples ranging from 0.05 to 100 micrograms/sample 
indicated 90% ± 5% recovery. 

12. МOТES 0iV PROCEDURE 

Not applicable 
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L' 

13. 5СHЕМАTIС  RЕРftESENТATI0lц  0F PROСEDIRE 

Pump air sample (7 L/min) through charcoal tube 

Transfer charcoal from first'section of tube into 5.0 mL vial containing 

ц.0 mL toluene (for DBCP) or~4.0 iL ethyl acetate (for EDB) 

Repeat preceeding instruction with charcoal from 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 frill peak areas 

1' 
Inject extract aliquot onto appropriate GC column and 
determine peak areas for both tube sections 

Repeat preceeding instruction with standard solutions to obtain calibration 

curve 

Calculate analyte concentration in total sample extract and in air sample, 

correcting for blank and extraction efficiency 
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14. ORIGIN 0F METHOD 

California Department of Food and Agriculture1 
Worker Health and Safety Unit, and 
Chemistry Laboratory Servicгs 
3292 Meadowview Road 
5acraiпentо, California 95832, U5А  

Contact point: G. Tichelaar 
Chief of Chemistry Laboratory 5ervices 

Reference L-o a company or product is for the purpose of information and 
identification only and does not imply approval or recommendation of the 
company or product by the California Department of Food and Agriculture, to 
the exclusion of others which may also be suitable. 



METHOD 12 

DETERMINATION OF VOLATILE ORGANIC COMPOUNDS 
IN AMBIENT AIR USING TENAX ADSORPTION 

AND GAS CHROMATOGRAPHYWMASS SPECTROMETRY 

R.M. Riggin 

1. 5C0РЕ  AND FIELD OF APPLICATION 

This method is suitable for the collection and determination of volatile 
organic compounds which can be captured on Tenax GC (роlу(2,б-diphenylphenyl-
еnе  oxide)) and determined by gas chromatography/mass spectrometry (GC/М5), 
following, thermal desorption. Organic compounds which are non-polar and have 
boiling points in the range of approximately 80°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 if' compounds for which the method has been 
used. The limits of detection are generally of the order if' 0.1-1.0 ng!L. 
approximately one hour is required for sample analysis, once the instrument is 
calibrated. 

2. REFERENCES 

Annual Soak of ASTI Standards, Part 11.03, Atmospheric Analysis, American 
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.В. & 8ozzelli, J.W. (1982) 	Collection and Analysis of Selected 
Volatile Organic Compounds in Ambient Air. In: Proceedings Air Pollut. 
Control Assoc., Paper No. 82-65.2. Air Pollut. Control Assoc., 
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Table Э. 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 X40 
n-Heptane 20 
1-Heptene 40 

Chloroform 8 
Carbon tetrachloride 8 
1,2-Dichloroethane 10 
1,1,1-Trichloroethane 6 
Tetrachloroethylene 80 
Trichloroethylene 20 
1,2-Dichloropropane 30 
1,3-Diсhlогopгораne 90 
Chlorobenzene 150 
Bromoform 106 
Ethylene dibromide 60 
Bromobenzene 300 

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). 



VOLAIILE ORGANIC COUMPOUNDS IN AMBIEN7 AIR 	 27Z 

4. PRINCIPLE 

Ambient air is drawn through a cartridge containing 1-2 grams of Tenax to 
trap volatile 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 disposal of liquid or gaseous standards. Such chemicals should be 
handled in a verified, high-efficiency fume hood. 	If the user elects ti 
prepare compressed gas cylinder standards in the laboratory, the filling 
operation must be conducted by trained personnel according to strict safety 
standards. 

6. REAGENTs1 

Acetone 	 Pesticide quality or equivalent 

Methano) 	 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-ц3) 

Analytes of interest 	 Highest 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 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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Granular activated charcoal 

Tenax GC 

Glass wool 

7. 	APPARATUS1 

Gas chromatograph/mass 
spectrometer 

Thermal desorption unit 

Sampling system 

❑aсииm oven 

Stopwatch 

Pyrex disks 

Glass jar 

Powder funnel 

Culture tubes 

RIGGIN 

For preventing contamination of Tenax 
cartridges during storage 

60/80 mesh (2,6-diphеnylphеnyleпe 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-ц 0 amu region every 0.5-1 
second. 	Equipped with data system for 
instrument control as well as data aequisi-
tiorn, processing and storage (see 12.3). 

Designed to accommodate Tenax cartridges in 
use. $ee Figures la 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 to water aspirator vacuum supply 

For drying Тепах  

Capped with Teflon-lined screw cap. for 
storage of purified, Tanax 

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 DESDRРTION МODНLES 

(a) Glass cartridges (compression fit) 

Teflon 	 Latch for 
compression 	 coт  pression 
seаl 	 5еа! 

Purge 

gas 

Cavity far 
Tenax 

cartridge 

Effluent to 
6•port valve 

To GC1M5 

Vent 
Carrier gas 	 Freezeout 

lоор  

Liquid 
nitrogen 
coolant 

(b) Metal cartridges (5wagelok fittings) 

Тепах  cartridge 	 To GCIMS 
r 	 Effluent to 

6-port value
‚Vent 

Purge gas 

Swagelok /P 	~, _ ј 	
j 

end fittings 	 /// 
Heated block 	 Carrier gas 

Liquid 
nitrogen 
coolant 
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FIG. 2. TYPICAL SАмРLING SYSTEM CONFIGURATIONS 

(а) Mass flow control 

Vent 

Couplings 
to connect 
Тепах  
cartridge 

(b) Needle—valve control 

Rotameter 

Vent Coupling to 
connect Tenax 

cartridge 

Needle 
valve 

Friction—top can (paint can) To hold clean Tenax cartridges 

Filter holder 	 Stainless steel or aluminum (to accommodate 
1 inch diameter filter). 	Other sizes may 
be used if desired. (Optional) 
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Dilution bottle 	 2--L, with septum cap for preparation of 
standards 

Gas-tight glass syringes 	10-500 цL, with stainless steel needles 

Microliter syringes 	 5-50 uL for injecting liquid standards into 
dilution bottle 

Oven (60 ± 5°C) 	 For equilibrating dilution flasks 

Magnetic stirrer 	 With 1-inch, Teflon-covered stirring bar 

Heating mantle 

Variable-voltage transformer 
(Variac) 

Soхhlet extraction apparatus With glass thimbles for purifying Tenax 

Infrared lamp 	 For drying Tenax 

GC column 	 SE-30 	or 	alternative 	coating, 	glass 
capillary or fused silica. 

Empty Tenax cartridges 	Glass or stainless steel (see Fig. 3a and b 
and Notes on Procedure, 12.1). 

FIG. З. TFNAX CARTRIDGE DESIGNS 

(a) Glass cartridge 

Тепах  
^-1.5 grams (6cm bed depth) I-1 

г 	 Glass cartrid e Glass wool plugs 	 9 
(0.5 cm lопgl 	 (13.5 mm id. x 

100 mm long) 
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FIG. 3. TENAX CARTRIDGE DESIGNS 

(b) Metal cartridge 

1/2" to 
1/8" 

reducing 
union 

Glass wool 	 7I8" end cap 
plugs 
(0.5 cm long) 

1/2„ 	 Metal cartridge 

swagelok 	Tenax 	
(12.7 mm o.d. x 

fitting 	. 1.5 grams (7 cm bed depth) 	
100 mm long) 

Polyester gloves 
	

For handling glass Tenax cartridges 

Glass fiber filter 
	

One inch diameter, to fit in filter holder. 
(Optional) 

8. sАMPLING 

8.1 Cartridge preparation and pretreatment 

NOTE; If the glass cartridge is employed, it should be handled with 
polyester gloves. 

8.1.1 Place a 0.5-1 cm glass—wool plug in the base of the cartridge, then 
fill with Tenax (see 12.2) to within approximately 1 cm of the top. 
Place 0.5-1 cm 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.L Label the cartridges and place in a tightly-sealed metal can (e.g., 
paint 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). 

8.2 Flow rate and total volume selection 

8.2.1 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 conditions. 

8.2.2 To calculate the maximum total volume of air which can be sampled, 
use the equation, 

V 
	
- VbmT/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) 

тT 	= 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,) 

8.2.3 To calculate maximum flow rate use the equation, 

F 	= V 	/t max 	max 

where 

Finax = maximum volumetric flow rate (L/min.) 

t 	desired sampling time (min) 

8.2.ц  The maximum flow rate should yield a linear flow velocity of 50-500 
cm/min. Calculate the linear velocity corresponding to the maximum 
flow rate using the equation, 

v = 10gF 	/г2 
max 
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where 

v = 	linear flow velocity (cm/min) 

r = 	internal radius of the cartridge (em) 

If v is greater than 500 cm/min, either V 	or F 	should be 
reduced, If v is less than 50 cm/min, F 

max s
јôйlд  be increased. 

8.2.5 The flow rate calculated as described above is 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 Flaking 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: 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 allows for collection of parallel 
samples. Figure 2b shows a commercially-available system using 
needle-valves. 

8.3.1 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 using a soap-bubble flow meter or 
calibrated wet test meter. The flow calibration device 1s connect-
ed to the flow exit, assuming the entire flow system is sealed. 
ASTI 1ethod D3686 describes an appropriate calibration scheme, not 
requiring a sealed flow system downstream of the pump. 

8.3.2 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 only with poly-
ester gloves and should not contact any other surfaces. 

8.3.3 Place a particulate filter and holder on the inlet to 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 is desired.) 	Glass cartridges are connected using 
Teflon ferrules aid swagelok (stainless steel or Teflon) fittings. 
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8.3.4 5tart the pump and record the following. parameters: date, sampling 
location, time, ambient temperature, barometric pressure, relative 
humidity, dry gas meter reading (if applicable) flow rate, rota-
meter reading (if applicable), cartridge number and dry gas meter 
serial number. 

8.3.5 Check the flow rate before and after each sample collection. 	If 
the sampling interval exceeds four hours, check the flow rate at an 
intermediate point during sampling as well. 

8.3.6 At the end of the sampling period, record the parameterS listed in 
8.3.4. If thé 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. 

8.3.7 Remove the cartridges (one at a time) and place in the original 
container. 	Seal the eartгidges or 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. 

8.3.8 Calculate and record the average sampling rate for each cartridge. 

8.3.9 Calculate and record the total volume sampled for each cartridge at 
the average temperature and pressure recorded. 

Calculate the total volume at standard conditions, ц5, (25°C and 
760 mm Hg) from the equation, 

298 VmP 

Vs = 76от  

where, 

цп  = total volume 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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9. P80CEDURЕ  

9.1 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 one 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. 

9.2 Check test 

In addition to the field blank(s), attach a second cartridge in series 
with one or more of the sampling cartridges. 	These back-up cartridges 
should trap less than 20% 0f the amount of aivalytes of interest found in 
the front cartridges, or the same amounts 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. 

9.3 Test portion 

Not applicable 

9.4 GC/Ms operating conditions 

9.4.1 Prior to instrument calibration or sample analysis, assemble the 
GС/MS system as shown in Figure ц. 5et helium purge flows (through 
the cartridge) and carrier flow at approximately 10 тL/тiп  and 1-2 
mL/min, respectively. 	If applicable, set the injector sweep flow 
at 2-1 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°С  
for approximately four hours (or overnight if desired) to condition 
the column. 
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9.4.3 Set MS and data system according to the manufactureras instruc-
tions. Use electron—impact ionization (70 eV) and an electron 
multiplier gain of approximately 5 к  10". 	Once the entire GC/MS 
system has been set up, calibrate as described in 9.5. 	Prepare a 
detailed standard operating procedure (si?) describing this process 
for the particular instrument being used. 

9.5 Instrument calibration 

9.5.1 Carry out tuning and mass standardization of the 15 system accord-
ing to manufacturer's instructions and relevant information from 
the user—prépaгеd SOP. Employ perfluorotributylamine for this 
purpose and introduce it directly into the ion source through a 
molecular leak. Adjust the instrumental parameters to give the 
relative ion abundances shown in Table 2, as well as acceptable 
resolution and peak shape. In the event that the instrument 
employed cannot achieve these relative ion abundances, but is 
otherwise 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. Li. BLOCK DIAGRAM OF ANALYTICAL SYSTEM 

Purge gas 
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chamber 
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Mass Data spec 
spectrometer 	 system 
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	 Freeze-out loop 

Liquid 
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Table 2. Suggested performance criteria for relative ion abundances from 
FC—ц3 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 f 2.5 
264 3.7 ± 0.4 
314 0.25 ± 0.1 
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9.5.2 After the mass standardization and tuning process has been 
completed and the appropriate values entered into the data system, 
calibrate the entire system by introducing known quantities of the 
analytes of interest into the system. One quantity near the mid-
point of the range of interest should be chosen for injection every 
day, to determine response reproducibilty. One of three procedures 
may be employed for the calibration process: 	(1) direct syringe 
injection of dilute vapour-phase standards, prepared in a dilution 
bottle, onto the GC column, (2) injection of dilute vapour-phase 
standards into a carrier gas stream directed through the Tenax 
cartridge, and (3) iг  roduction of permeation or diffusion tube 
standards onto a Tenax cartridge. These procedures are described 
in sections 12.14_12.6. The following paragraphs describe the 
instrument calibration process for each procedure. 

9.5.3 Calibration by direct injection of gaseous standards. 

Prepare a standard in a dilution bottle as described in 12.ц. Cool 
the GC column to -70°C (or manually cool a portion of the column 
inlet with liquid nitrogen). The electron-emission filament should 
be cold during the initial 2-3 min of the rug, while oxygen and 
other highly-volatile components elute. 	Inject an appropriate 
volume (< 1 mL) of the gaseous standard onto the GC using an 
accurately-calibrated gas-tight syringe. 	Maintain the column at 
-70°C for 2 mm, then rapidly increase the column temperature to 
the desired initial temperature (e.g., 30°C). Start the temperature 
program at a fixed time (e.g., four nii.n) after injection, switch on 
electron-emission filament and initiate data acquisition. 	Repeat 
9.5.3 for each analyte of interest, using different injection 
volumes, as desired. (Ideally, each analyte of interest should be 
determined at three or more calibration levels daily.) 

9.5.ц  Calibration by analysis of spiked Tenax cartridges 

Prepare a set of cartridges as described in 12.5 or 12.6. Prior to 
analysis, store the cartridges as described in section 8.1. 	Cool 
the GC column to -70°C, immerse the collection loop in liquid 
nitrogen and maintain the desorption module at 250°C. 	With the 
inlet valve in the desorb mode, place the standard cartridge in the 
desorption module, making certain that no leakage of purge gas 
occurs. Purge the cartridge for 10 min, place the inlet valve in 
the inject mode and remove the liquid nitrogen from the collection 
trap, 	Maintain the column at -70°C for 2 min, then continue as 
described in 9.5.3. After the process is complete, remove the 
cartridge from the desorption module and store for subsequent use 
as described in 8.1. 
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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. 

9.6. 5amрlе  analysis 

Analyse samples and blanks by following the procedure described in 9.5.Ч  
for the analysis of spiked Tenax cartridges. 

NOTE: Sатрlе  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 
compound 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. 

10. н  Тн0D OF CALCULATION 

10.1 Calibration response factors 

16.1.1 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% 0f the conse-
cutive days. 

10.1.2 If substantial non-linearity is present in the calibration curve, 
fit the data to the equation, 

A 	a+ Bu + yгi2 

where 

A = GC peak area for characteristic ion 

m = mass of compound (rig) 

а. S and y are numerical coefficients 
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10.2 Analyte concentrations 

10.2.1 Calculate analyte quantities on a sample cartridge from the 
equation, 

Aa = c + sma + Yrna т  

where 

Аa - GC peak area of the analyte characteristic—ion for the 
sample cartridge 

n
a - mass of analyte on the sample cartridge (ng) 

a, g 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 (7 	0) can be 
employed. 

10.2.2 Calculate the mass concentration of analyte, ра, in the original 
air sample from the equation, 

a = ma IVS (ng(I.) 

where Vs and 
tma have been defined in 8.3.9 and 10.2.1, respect-

ively. 

NOTE; If the response factor (10.1) is obtained using spiked—
cartridge calibration standards (9.5.4), р  includes an 
automatic correction for recovery of ana~yte from the 
cartridge. 

11. REPEATABILITY AND REPRODUCIBILITY 

The performance 0f 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 recoveries (trapping + desorption) of > 75% can be 
achieved for many compounds of interest. 
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12. UOTES ON PROCEDURE 

12.1 The glass cartridge minimizes contact of the sample with metal surfaces, 
which can lead to decomposition in certain cases. However, a disadvan-
tage is the need to 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 interior is 
purged. 

12.2 Prior to use, subject the Tenax resin to the following treatment (all 
glassware used in Tenax purification and all cartridge materials should 
be thoroughly cleaned by water rinsing, followed by an acetone rinse, and 
dried in an oven at 25б°C). Place bulk Tenax in a glass extraction 
thimble and hold in place with a plug of clean glass wool. 	Place the 
thimble in the soxhïet 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 cool to 
room temperature and, before opening, pressurize slightly with nitrogen 
to prevent contamination with ambient air. 	Sieve the Tenax through a 
40/60 mesh sieve (acetone-rinsed and oven-dried) into a clean glass 
vessel. If the Телах  is not to be used immediately for cartridge prepa-
ration it should be stored in a clean glass jar with a Teflon-lined screw 
cap and placed in a desiccator. 

12.3 A block diagram of the typical GС/15 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 pr.оgrsm employed will depend on the 
compounds оf 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., 5E-30, 
0V-1) programmed from 30°C to 200°C at 8°/rnin will be suitable. 	Fused- 
silica bonded-phase capillary columns are preferable to glass columns, 
since they can be inserted directly into the 15 ion source. Column 
dimensions of 50 m x 0.3 mm i.d. are generally appropriate. 



VOLAiTLE ORGANIC COMPOUNDs IN AMBT~NТ  ATR 	 287 

12.4 Direct injection of &aseous calibration standards 

12.4.1 Place fifteen 3—mm diameter glass beads and a one—inch Teflon 
stirbar in a clean 2—L glass, septum—capped bottle and determine 

the exact volume by weighing the bottle before and after filling 
with deionized water. Rinse with acetone and dry at 200°C. 

72.4.2 Calculate the mass of each standard to be injected into the bottle 
using the equation, 

r
b = тiУb/1. 

where 

тb = mass of analyte to be injected into the bottle (mg) 

r. = desired mass of analyte to be injected onto GC or spiked 
cartridge (ng) 

Vi = GC or cartridge injection volume (‚1L) (should not exceed 
500 L) 

'l b = volume of dilution bottle determined in 12.4.1 (L) 

12.4.3 Determine the volume of the liquid standard to be injected into 

the dilution bottle using the equation, 

V1 = ть/d 

where 

V1 = volume of liquid standard to be injected into bottle (pL) 

d = mass density of the liquid standard (gIrL) and 

tmb is defined in 12.4.2 

12.4.4 Deliver V1 цL of the liquid standard through the septum using a 
microliter syringe and place the bottle in a 60°C oven for at 
least 30 min prior to removal of a vapour—phase standard. 

12.4.5 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% larger than 
the desired injection volume) into the syringe and adjust the 

volume to the exact value desired, then immediately inject over a 
5-10 з  period onto the GC. 
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12.5 Preparation of spiked cartridges by vapour-phase injection 

12.5.1 Prepare a dilution bottle containing the desired concentrations of 
the compound(s) of interest as described in 12.i. 

12.5.2 Assemble a helium purge system wherein the helium flow (2б-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 Generate a flowing stream of inert gas containing known amounts of 
each compound of interest according to АSТМ  Method D3609(6) (see 
Annual Hook of ASТ1 Standards, 198ц). 	Note that a method which 
maintains the temperature within ± 0.1°C is required and the 
system usually must be equilibrated for at least L8 h before use. 

12.6.2 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. SСНЕMАТ2С  REPRЕSЕКTATION OF PROCEDURE 

Purify Tenax GC and prepare sampling cartridges 

5атрlе  known volume of air with Tenax cartridge 

f 

Calibrate GС/MS system and obtain response factors 
(calibration curves) for analytes of interest, 

using direct injection of standards or spiked cartridges 

1 
Analyse sample cartridges and blanks 

1 

Identify and quantify analytes, using retention times, 
GC peak areas (characteristic ion) 

and response factors (calibration curves) 

1. DRIGIN OF THE MЕТН0D 

A number of research organizations have employed 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 

II1TRODUCTION 

Experience indicates that the ultimate purpose of any analytical 
programme is best served when the analyst is involved as far as possible in 
all aspects of the sampling process, and particularly in those of collection 
and рresеrvаdоn prior to analysis. It is axiomatic that the finest analysis 
is of little 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 mut 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 
cleterminand range will be greater, the closer its source to the site of 
collection. An 'integrated' sample (see below) is 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. 

then 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. 
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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 
numerous 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 some halocarbons 
and other determinands. If necessary, it may be removed by filtration or cen-
trifugation and analysed separately, as recommended by Wegman and lake (1983). 

Blank samples should be prepared (using distilled, 'organic-free' water) 

at the time the water samples are collected, and should be submitted to the 

entire procedure (coll~ctioп, 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, etc.) or cyclic, the 
latter with periods ranging from a few hours to a few months (seasonal) or 

years, so 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-
tiona]. to the number of samples taken, but to the square root of that number. 

Type of sample 

(a) A 'spot', 'grab' or 'catch' 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 deterciinand 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'. 5uch 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. 

(c) 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. 

PrPSPrvatinn 

Once a sample has been taken, canges 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 on the overall composition of the sample. 	Microbiological activity, 
for example, may reduce residua-1 chlorine to chloride. 5uch activity can be 
greatly retarded by keeping the sample in the dark and at low temperature 
(ц°C), which will also 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 sodium sulfite or ascorbic acid, since chlorine can 
react with organic materials to form halogenated compounds. 	It can also 
oxidize bromide and iodide ions to species capable of participating in 
reactions resulting in the formation of halomethanes (Wegman & lake, 1983). 

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 

Р.А. Greve & R.C.Û. WegLaan 

Organaha10gen compounds are produced in large quantities in many 
countries and are used for a wide variety of purposгs. It is not surprising, 
therefore, that 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 organohalogen compounds are 
available (see this volume, [ethods 15 and 16), but the wide variety of organo-
halogen compounds which can occur 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 of the sum-parameter with 
the sun of identified organohalogen compounds will indicate whether or not 
unidentified compounds are also present. The sum-parameter can also be used 
to detect substantial deviations from "normal" values. 

The analytical background of the determination of organic halogen has 
been discussed by idеgmаn (19$1). 	From this discussion, it can be concluded 
that one parameter covering all possible organohalogen compounds in a water 
cannot be given; 	instead, at least three parameters must be defined, 
accounting for: 

(i) the mare-volatile, sparingly water-soluble fraction; 
(ii) the less volatile, sparingly water-soluble fraction; 
(iii) the water-soluble (polar) fraction. 

For present purposes, only fractions (i) and (ii) are of interest. 

Fraction (i) mainly consists of compounds with a Henry coefficient of 
more than 0.05 at 25°C; 	e.g., dichioromethane, chloroform, 1,2-dichiого- 
ethane, etc. It is currently designated as the fraction containing "Volatile 
Organic-bound Halogen" (VII). А  purge-and-trap technique is used as a concen-
tration step prior to the determination of VII, hence it is sometimes also 
called "Purgeable Organic-bound t-ialogen" (Pli, or, using the symbol X for 
halogen, PDX). 

Fraction (ii) consists of the other sparingly water-soluble organohalogen 
compounds (in practice, compounds with a solubility in water of more than 1% 
at room temperature contribute 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 Organic-bound Halogen" (Еон  or EOX) . 
More polar solvents have been used for the extractiôn, but, mainly because of 
their questionable purity (presence of organohalogen compounds), none of them 
has found wide application (lake, 1983). 

Both Eli and VIi are determined by microcoulometry. This method is 
sensitive and relatively cheap, but does not differentiate between the four 
halogens. 	From dat-a supplied by '' еgmаn & Greve (1977) it can be calculated 
that the average relative response for the four halogens I/Br/C1/F = 
0.ц/D.7/1.0/0.0. 	In practice, both VII and Eli are expressed as chlorine. 
Recoveries and occurrence of a great number of organohalogen compoundS are 
given by lake (1983). 

Analytical procedures for the determination of Eli and VOS are given in 

Methods 13 and l4, which follow. 

REFERENCES 
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METHOD 13 

THE DETERMINATION OF EXTRACTABLE ORGANIC-BOUND 
HALOGEN (EOH) IN WATER 

P.A. Greve & R.C.C. Wegman 

1. SCOРE 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 11g 
chlorine/L and the time required for analysis is about 90 min. 

2. REFERENCES 

Wiegman, R.C.C. & Greve, Р.А. (1977) 	The micro-coulometric determination of 
extractable organic halogen in surface water; 	application to surface 
waters of the Netherlands. Soi. Total Environ., 7, 235-245 

Wegman, R.C.C. & lake, R.J. (1983) Guidelines for the determination of 
extractable organic halogen in waters (Eli). 	In: 	Commission of the 
European Communities, Directorate-General for Science, Research and 
Development, Concerted Action "Analysis of Organic licropollutants in 
Water" (COST 64В-bis), doc. lМР/37/83, Part I, pp. 22-26 

3. DEFINITION 

Extractable Organic-bound Halogen (Eli) is defined as the halogen, 
measured by rnicrocoulometry and expressed as chlorine, formed by total combus-
tion of a petroleum ether extract of a water sample. It is of importance to 
stress that the parameter is defined by the analytical procedure, so that the 
method described must be strictly followed. 

ц. PRINCIPLE 

The water sample is extracted twice with petroleum ether. The extract is 
dried with sodium sulfate and concentrated to a small volume. n-Hexadecane is 
added as a "holder" and the solution is concentrated further at room tempera-
ture. An aliquot of the concentrated extract is injected into a combustion 
furnace. The hydrohalogens formed are passed into a cell and determined by 
microcoulometry. 
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5. нAZARDs 

As the microcoulometric determination of halogen ions is carried out in 
concentrated acetic acid solution, the titration cell should be placed in a 
separate, well-ventilated housing. 

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 
skin. 

6. REAGENТS1 

Petroleum ether, b.r. ц0-60°C Freshly-distilled. 	Check for the absence 
of halogen-containing impurities 

Sodium sulfate 	 Heat at 500°C for 3 hours 

n-Hexadecane 	 F1uka, art.nr. 52210, or equivalent. Check 
for the absence of halogen-containing 
impurities 

Glacial acetic acid, A.R. 	AnalaR, art.nr. 10001, or equivalent 

5оdium perchlorate 	 Baker Analysed Reagent, art.nr. 2815, or 
mоnohydrate 	 equivalent 

Aldrin 

Oxygen 

Argon 

Helium 	 ultra-pure 

Concentrated sulfuric acid 	AnalaR, art.nr. 10276, or equivalent 

Generator electrolyte 	Dissolve 10 g sodium perchlorate mono- 
hydrate in approx. 200 mL aqua bidest, add 
780 g glacia1 acetic acid and make up to 
1 000 mL with aqua bidest. 

1 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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Aldrin standard solution 	Prepare 50 to 100 mL at a concentration of 
45-55 цg/L in petroleum ether: n-hexadecane 
(9:1, v/v). Store in refrigerator and 
replace after one year. 

Glass bottles 

Approximately same concentration (in water) 
as Aldrin standard solution. 

Millipore (Waters Ass. Milford, Mass., 
UsA) 

For 1 L sample, 800-900 к  g 

The complete system, based on the principles 
described by Wegman and Greve (1977), is 
produced by the "Keuringsinstituut voor 
Waterleidingartikelen" (KIWA), Churchi111aan 
273, 2280 AB Rijswijk, Netherlands, and by 
Euroglas B.V., Buitenwatersloot 3141, 26111 G5 
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.) 

Sodium chloride standard 
solution 

7. APPARATU51 

Filtration system 

Kuderna-Danish evaporator 

Centrifuge 

Combustion furnace, 
equipped with automatic 
injection device and coupled 
to a microcoulometer with 
integrator, via a trap 
containing concentrated 
sulfuric acid. 

8. SAMPLING 

8.1 Prior to sampling, rinse the bottles with acetone and heat them for 2-3 
hours at 100°C. 

8.2 Drinking water samples may contain free chlorine, which has to be 
removed; to this end, add approximately 0.1 g of ascorbic acid to each 
water sample as it is collected. 

1 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. T. FLOW DIAGRAM FOR THE DETERMINATION OF Eli 

argon oxygen 

samд~e 

automatic 	combustion scrubber micro- 	 integrator 
injector 	furnace 	 coulometer 	+ recorder 

8.3 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. 

8.4 Store samples in the dark at about ц°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 decomposition or artefact 
formation) depends on the nature of the water to be analysed. 

9. 	TEST PROCEDURES 

9.1 Blank test 

Blank tests must be carried out in order to ensure that the reagents used 
do not contain halogens in amounts which would interfere with the deter-
mination. Blank samples can be prepared from distilled water by passing 
it through a Millipore system, followed by purging with ultra-pure helium 
for L8 h at 95°C. 

Care must be taken that the air of the laboratory, which can also contain 
halogenated compounds, does not give rise to erratic results. 
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9.2 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 
uL of solution containing 4.66 ng aldrin is injected into 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. 

9.3 Test portion 

100 mL, representative water sample 

9.11 Determination of Eli 

9.14.1 Assemble the combustion/titration system as described in the 
manual. The following settings are advised: 

argon flow: 	80 mL/min 
oxygen flow: 	250 mL/min 
temperatures: 	injection port, 350°C 

scrubber inlet, 70°C 
furnace, 850°C 

bias voltage: 	-310 mV (using the Ingold Ag/AgCl electrode, type 
373 15 NS, as the reference electrode) 

gain: 	 ц  mA/V 
injection speed: 0.2 mL/sec 

9.4.2 Extract 1000 mL water with 2 x 100 mL petroleum ether (5ее  5ections 
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. 

9.14.4 Concentrate the dried solution 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 i mL by 

means of a gentle stream of nitrogen. 

9.4.6 Inject 100 iL into the furnace, using the automatic injection 

device. 

9.4.7 Record the number of millicoulombs (тС) used for the titration 
(given by the integrator). 

10. мETHOD OF CALCULATION 

The mass concentration, p, of Eli is given by 

0.368 QV 

р  = 	 e (ug/L) 

V.v 
is 

where 

0.36$ = conversion factor derived from Faraday's law (цg/тC) 
Q 	- quantity of electrical charge used for titration (mc) 
V 	= volume of water sample analysed (L) 
VS 	= volume injected (L) 
V 	= 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 н  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 petroleum ether and shake for at least 5 min at each 
extraction. Proceed as described in 9ј4•3 to 9.4.7 inclusive. 

12.2 It can be of interest to differentiate between basic, neutral and acid 
organohalogen compounds in the water sample under investigation. To this 
end, extraction (9.4.2) is first carried out at pH 4 after acidifying 
with ц  mol /L hydrochloric acid and the aqueous layer is subsequently re-
extracted at pH 7 and 10 (after addition of ц  inol/L sodium hydroxide 
solution). Each organic extract is analysed separately. 

13. SCHEMATIC REPRESENTATION OF THE METHOD 

from the water phase by centri- 

1 
Supernatant 

Extract 1000 mL with 2 x 100 mL 
petroleum ether 

1 
Combine the organic phases and 
dry with sodium sulfate 

Separate, if necessary, particulate matter 
fugation 

Particulates 

Extract 1 g with 2 X 5 mL acetone 

Combine the organic phases, 
add 100 mL water, extract with 
2 к  100 mL petroleum ether, 
combine the organic phases and 
dry with sodium sulfate 

Î 
Concentrate each extract to a few 
milliliters in a Kuderna-Danish evaporator, 
add 0.5 mL n-hexadecane, 
concentrate further to exactly 1 mL with 
a gentle stream of nitrogen 
at room temperature 

Inject 100 цL of each extract in the 
combustion furnace and titrate. 
Record the responses of the integrator 

Calculate the EOH-concentrations in the 
samples using the equation of section 10. 
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14. ORIGIN OF THE METHOD 

Laboratory for Organic Chemistry 
National Institute of Public Health and Environmental Hygiene 
Р.О. Box 1 
3720 BA Bilthoven, Netherlands 

Contact points: Р.А. Greve 
R.C.C. Negman 



METHOD 14 

THE DETERMINATION OF VOLATILE ORGANIC-BOUND HALOGEN 
(VOH) IN WATER 

P.A. Greve & R.C.C. Wegman 

SCOPE AND FIELD OF APPLICATION 

The method is suitable for the determination of Volatile Organic-bound 
Halogen (Vii) in water samples. The detection limit is approximately 0.05 иg 
chlorine/L and the time required for analysis is about 1 hour. 

2. 	REFERENCES 

tiegman, R.С.C. & Hofatee, А.W.M. (1979) The microcoulometric determination of 
volatile organic halogen in water samples. In: 	Commission of the 
European Communities, Directorate-General for Science, Research and 
Development, Concerted Action: "Analysis of Organic Micropollutan_ts in 
Water" (СОSТ  ьчв  bis), doc. оМР/29/$2, Vol. 2, pp. 245-253 

Piet, G.J. & Wegman, R.C.C. (1983) 	The determination of Purgea Ы  e Organic 
Halogen (Pli). In: Commission of the European Communities, 
Directorate-General for Science, Research and Development, Concerted 
Action: "Аnа1 sis of Organic Micro ollutants in Water" (COST 6цВ  bis), 
doc. омP/37/83, part I., pp. 9-21 

З. DEFINITION 

Volatile Organic-bound Halogen (VII) is defined as the halogen, measured 
by microcoulometry and expressed as .chlorine, formed by total combustion of a 
concentrate prepared by passing an inert gas through the water sample and 
adsorbing the volatile 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 volatile halogen-containing compounds are stripped from the water 
sample by 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 into a cell 
and halogen is determined by microcoulometry. 
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5. HAZARDS 

As the microcou1ometric determination of halogen ions is carried out in 
concentrated acetic acid solution, the titration cell should be placed in a 
separate, well-ventilated housing. 

The procedure involves the use of oxygen at high temperatures and the 
usual precautions for working under these conditions should be taken. 

6. REAGЕNТS' 

Adsorbent, Tenax-GC, 	 Chrompack, art.nr. 245, or equivalent. 
60-80 mesh. 	 Condition new batches of Tenax by heating 

in situ (Fig. 1) to 200-210°C for 1 h under 
a stream of helium. 

Sodium perchlorate mono- 	Baker Analysed Reagent, art.nr. 2815, or 
hydrate 	 equivalent 

Dichloromethane 

Concentrated sulfuric acid 	AnalaR, art.nr. 10276, or equivalent 

Generator electrolyte 	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. 

Dichloromethane standard 	ц.5-5.5 mg/L in methanol or ethanol 
solution 

5odium chloride standard 	Approximately same concentration (in water) 
solution 	 as dichloromethane standard solution 

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. 	APPARATt1S1 

A flow diagram of the VOН—deteriпiпatioп  is shown in Figure 1 and consists 
of the following items: 

Liquid sample concentrator 	Tekmar, LSC-1 
with thermostated waterbath 

Tenax column (300 mg) 

Microcoulometer with 	 Dohrmann, DE-20 
combustion furnace and 
gas valves 

Integrator 	 Becker 753 

Recorder 	 Varian A-25 

Glass bottles 	 1—L,with screw cap. (Blood bottles with 

Teflon—lined rubber septa are also suit-
able.) 

t 

FIG. 1 FLOW DIAGRAM FOR THE DETERMINATION 0F VII 

combustion 	аих i ј iагу  
helium 
	 oxygen 	 oxygen 

water bath 	Tenax 	combustion 	micro-coulometer 	integrator 

adsorption/ furnace 	 +recorder 

desorption 

column 
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8. SAМPLÏNG 

8.1 Prior to sampling, rinse the bottles with acetone aid heat them for 2-3 
hours at 150°C. 

8.2 Drinking water samples may contain free chlorine which has to be removed; 
t.o this end, add approximately 0.1 g of ascorbic acid to each water 
sample as it is collected. 

8.3 Fill the bottles with sampled water so that only a small air space 
remains when they are capped. 

8.4 At the same time, prepare a blank sample using distilled water 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. 

8.5 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 
Out as soon 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. 

9. TEST PROCEDURES 

9.1 Blank test 

9.1.1 Analyse the blank (see 8.4) in the same way as the water sample. 

9.1.2 The adsorption/desorption system (Fig. 1) must be checked for the 
absence of halogen in amounts which would interfere with the deter-
mination (Piet & Wegnian, 1983). Careful conditioning of new 
batches of adsorbent and thorough desorption after the analysis of 
each sample are especially important. 

1 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. 



VOLATILE ORGANIC-BOUND HALOGEN IN WATER 	 313 

9.2 Check test 

The performance of the system must frequently be checked by determining 
the recovery obtained with standard substances. Dichiorometharie is often 
used for this purpose; the recovery for this compound should be at least 
80%. The standard solution is prepared in methanol or ethanol. Typic-
ally, 5 јL of a standard solution of dichloromethane in ethanol (45-5.5 
mg/L) is added to 50 mL water, which is subsequently analysed as 
described in section 9.4. 

The performance of the titration cell must be checked by the direct 
addition of standard solutions of sodium chloride. 

Smа11 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. 

9.3 Test portion 

50 mL of representative water sample. 

9.4 Determination of VII 

9.4.1 Assemble the adsorption/desorption system as shown in Figure 1. 

amount of adsorbent: 	300 mg 

stripping/carrier gas: 	helium, 40 mL/min 

The following settings are advised for the combustion/titration 
system: 

combustion gas: 	 oxygen, 200 mL/min 

auxiliary gas: 	 oxygen, 50 mL/min 

furnace temperature: 	850°C 

bias potential: 	 262 mV 

range: 	 500 Ohm 

integrator settings: 	sensitivity: 60 mV sec 
output: 1 nV 

9.4.2 Add 50 mL water sample to the 60 mL stripping vessel (see Section 
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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9.14.4 Heat the Tenax tube quickly to 190°C (system in desorption rude). 

9.4.5 Observe the integrator signal and continue heating the adsorbent 
until the pen is back at baseline. 

9.14.6 5tор  heating and coo), the tube by switching on the fan. 

9.4.7 when the temperature of the tube is below 100°C, reset the system 
for adsorption and repeat the adsorption/desorption procedure as 
described above (9.4.3 to 9.4.5, inclusive. See section 12..2). 

9.14.8 Read the amount of mi11icoidombs и5еd during the two titration 
procedures (given by the integrator). 

10. METHOD 0F CALСULATIоt 

The concentration, p, of TOB is given by 

p = 
e V68 	

(иg/L) 

where 

0.368 = 	conversion factor derived from Faraday's law (цg/шС) 

Q 	- 	total quantity of electrical charge used during the two 
desorption steps (mG) 

V 	= 	volume if' 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 described in section 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' laboratory 
was 8%. 

12. NOTEs ON PROCEDURE 

12.1 If a high VII content is expected, the sample size can be reduced to 5 
mL, in which case the 6 mL stripping vessel must be used. The detection 
limit is thereby increased to 0.5 g/L. 
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12.2 The repetition of the adsorption/desorption step is necessary in order to 
achieve satisfactory yields for the less-volatile compounds, such as 
1,2-dichloroethane, trichloroethylene and dibromochloromethane (Wegman & 
Hofstee, 1979). 	If the first purging procedure is prolonged for more 
than 20 min, losses will occur for volatile compounds such as dichioro-
methane. 

13. SCHEMATIC REPRESENTATION OF THE METHOD 

5trip the water sample (5 or 50 mL) at 60°C with helium for 20 min 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 into a combustion furnace coupled to a 
micro с  oui omet e r 

иfhen the integrator signal is back to base-line, coil the Tenax column to 
room temperature and repeat the adsorption/desorption procedure 

Add the integrator response obtained for the two adsorption/desorption 
procedures and calculate the 90H-concentration in the water sample using 
the equation of section 10. 

14. ORIGIN OF THE METHOD 

Laboratory for Organic Chemistry 
National Institute of Public Health and Environmental Hygiene 
P.O. Box 1 
3720 BA Bilthoven, Netherlands 

Contact points: P.A. Greve 
, 	 R.С.С. Wegman 
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DETERMINATION OF VOLATILE ORGANIC HALOGEN COMPOUNDS 
IN WATER SAMPLES BY HEAD-SPACE GAS CHROMATOGRAPHY 

INTRODUCTION 

G.J. Piet, W.С.l.M. Luijten & P.0.1. van Noort 

Volatile organic halogen compounds are defied in this chapter as 
halogen-containing compounds with three or less carbon atoms. Some of these 
compounds are used in industrial processes, some are produced on chlorination 
of water (leading to haloform formation) and others are metabolites with 
halogen atoms. 

Several very volatile halogen compounds are toxic, carcinogenic, muta-
genic or teratogenic and have been selected for further study by the 
Commission of the European Communities (CEC) and the Environmental Protection 
Agency (UsA) as priority pollutants. 	Compounds such as 1,2-dichloroеthane 
(widely used for the production of vinyl chloride monomer), 1,1-dichloro-
ethene, tetrachloroethane and trichloromett►ane are known to be harmful to 
human health, and widely used solvents, such as trichloroethene and tetra- 
chloroethene, are suspected to be so as well. 	These compounds may be 
persistent in the aquatic environment and, in industrialized areas, they 
endanger the subsoil aquifer and can pass into the drinking-water supply. 

It is obvious that a standardized analytical method is needed for envi-
ronmental control of volatile organic halogen compounds. This method must be 
suitable for a broad spectrum of compounds, even at the sub-цg/L level. 

Depending on the sensitivity requirements, the size of the sample and the 
number of samples to be analysed, one of two procedures can be employed; 
these are referred to as "static" and "dynamic" head-apace procedures, and are 
used with high-resolution gas chromatography and electron-capture, flame-
ionization, or mass-spectrometric detection. 

The "dynamic" head-space technique uses a purge-and-trap method, which 
gives rise te an enrichment factor. 

When gas chromatography with electron-capture detection is used, the 
"static" head-space procedure is suitable for analysis at the цg/L level. 
Compounds with three or more halogen atoms can be determined at sub-цg/L 
concentrations. 	The head-space methods have been applied to the compounds 
listed below. The "static" procedure is not suitable for the compounds 
preceded by an asterisk, nor for the higher brominated methanes because of the 
relatively high detection limits. 

-319- 
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Compound 	 CAS No. 	Compound 	 САД  No. 

Bromochleromethane 75-27-4 *(Е)_1 ,2-Diсhlогоеthепе  156-60-5 
*Bromoethane 74-83-9 *Dichloromethane 75-09-2 
*Chloromethane 74-87-3 Hexachloroethane 67-72-1 
*3-СhlоtupгopеWe 107-05-01 Tetrachloroethane 127-18-4 
Dibromochloromethane 124-48-1 Tеtmchlоrоmеthane 50-23-5 
1,2-Dibromo-3-chloгo- 96-12-8 1,1,1-Trichloroethane 71-55-6 

propane Trichloroethene 79-01-6 
*1,2-Dibromoethane 1б6-93-ц  Trichlorofluoromethane 75-б9-ц  
Diehlorodifluoromethane 75-71-8 Trichloromethane 67-66-3 

*1,2-Diehlotuеthаne 187-06-02 1,1,1-Trifluoro-2-bromo-2- 151-67-7 
X1,1-Dichloroethene 75-35-ц  chloroethane 
*(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 'Tstatic" 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, сh1oromethyhnёthyl ether and c-epichlomhydrin, is not 
dealt with. 

REFERENCES 

International Agency for Research on Cancer (1979) 	IARC Monographs 0f the 
Evaluation of the Carcinogenic Risks of Chemicals to Humans, Vol. 20, 
Some Halogenated Hydrocarbons, Lyon, International Agency for Research on 
Cancer 

Middleditch, B.S., Missler, S.R. & Hines, Н.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 
volatiles 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.H.M. Luijten & Р.С.M. van Noort 

1. SCOPE AND FIELD 0F APPLICATION 

The automated and non-automated static head-space method is suitable for 
the determination of purgeab1e (volatile, apolar) halogen compounds (see 
Introduction). The electron-capture detection limit depends on tie number of 
halogen atoms in the compound. The method can be applied to the analysis of 
water at the ug/L level. The analytical procedure takes 30 min or less. The 
method can be used as a screening technique prior to the use of the purge-
and-trap procedure (Method 16). 

2. REFERENCES 

Murray, D.A.J. (1980) 	Analysis of headspace gases for parts per billion 
concentration cf volatile organic contaminants in water samples by gas 
chromatography. Environ. Soi. Res., 80, 207-216 

Piet, G.J., 5lingerland, P., de Grunt, F.E., van de Неиыel, М.Р.M. & Zoeteman, 
B.C.J. (1978) 	Determination of very volatile halogenated organic 
compounds in water by means of direct headspace analysis. 	Anal. Lett., 
All, 5, 437-ц#8 

Umbreit, G.R. & Grob, R.L. (1980) 	Experimental application of gaschromato- 
graphic headspace analyses to priority pollutants. 	J. Environ. Sui. 
Health, Part A, 15, 429-Ч66 

U.S. Environmental Protection Agency (1979) Handbook for analytical quality 
control in water and wastewater laboratories, EPA 600/L_79_019, 
Cincinnati 01, EMSL, Office of Research and Development 

3. DЕFгNгтго  8 

Not applicable 

W321- 
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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 ц°C. The vial is immediately capped and 
equilibrated in a water bath for two hours (30°С) under exclusion of direct 
sunlight. An aliquot of the gas phase is injected onto a thick-film, wide-
bore gas chromatographic (GC) capillary column, connected to a tandem 
electron-capture/flame-ionization detector system, or only to an electron-
capture detector, Standard aqueous solutions are employed for quantification 
purposes (see also 12.1). Compound identification is based on accurate GC 
retention data for calibration substances. 

5. нАгаRDs 

Su n аble precautions must be taken when handling dangerous calibration 
compounds (see EPA Handbook, section 2). 	When hydrogen is used as the GC 
carrier gas, a flow controller must be installed or a GC protection unit must 
be used to avoid explosions. 

5. 	REAGEЧT51 

Gases for GC 
	

Hydrogen, nitrogen, air 

i`9thanol 
	

Merck. A.R. 

Calibration compounds (see Section 11) 
gases 	 Merck, laboratory gases quality 
liquids 	 Merck, A.R. 

Stock standard solutions 	Weigh the 25-mL glass device (Fig. 1), 
of gaseous compounds 	 add 25 mL methanol and weigh again. 	Cool 

device to 0°C and connect to gas cylinder 
containing 	the 	calibration 	compound. 
Dissolve about 25 mg of compound, then 
weigh the closed vessel. Store at -20°C 
and do not keep longer than two weeks. 

1 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 solutions 	Weigh a 100-mL bottle with screw-cap, add 
of liquid compounds 

	

	 99 mL methanol and weigh again. Using a 
syringe, add 100 1,L of the aaalyte of 
interest at 0°C. Neigh again to nearest 
0.1 mg. 
Store at -20°C and keep not longer than one 
month. (In case of frequent use, store solu- 
tion in 5 bottles of 20 mL each.) 	If the 
mass density of the compound at 0°C is not 
known, determine it with a pycnorneter. 

Contaminant-free water 	Purge tap-water at 90°C for ц  h, using GC- 
grade nitrogen and the purging system des- 
cribed in section 7. 	Check before use by 
GC analysis, using the standard procedure 
for water samples. 

7, яррАяАТUS1 

Gas chroinatograph (GC) 	High—resolution, equipped with a 50 r x 
0.35 mm i.cI. thick—film 0V-225 glass 
capillary column, connected to a tandem 
electron—capture/flame—ionization detector 
(ECD/FID) or tа  an ЕСD. 	Head—space samples 
can be injected manually with a gas—tight 
syringe or, preferably, by means of an 
auto—sampler (Carlo Erba Frаctavap 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 а  printer/plotter. Precision is 
improved by using systems with syringes 
which puncture the vial system while a 
solenoid valve is opened to equalize the 
head space pressure and the pressure at the 
head of the column. 

Glass bottles 	 1 000 mL, with silicon septum and screw—cap. 

Bottles. 	 20, 100 and 1000 mL, with PTFE—lined screw— 
cap 

1 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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25-mL glass device 	 For preparing methanol stock solutions of 
gaseous compounds (see Fig. 1). 

FIG. 1. GLASS DEVICE FOR PREPARATION OF METHANOL STOCK SOLUTIONS 
OF GASEOUS COMPOUND5 

70г  

icon septum 

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 µL 

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 9б°C, connected to a conden-
sor. The water is purged with purified 
nitrogen (40 mL/min) through a glass frit. 

8. SAMPLХю  

8.1 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. 

8.2 When free chlorine is present, add about 100 mg ascorbic acid to the 
sample. 

8.3 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 (8.1) under conditions of sample collection. 

8.4 With each series of 5 samples, prepare a calibration sample as follows: 

	

weigh a 1-L glass bottle with screw-cap, add 	1.000 mL of contaminant- 
free water, cap and weigh again. Inject 10-100 uL stock standard solution 
of each analyte of interest through septum and mix thoroughly (the concen-
trations of the standard compounds should be comparable with those of the 
aoalytes in the water sample). For alternative quantification procedure, 
see 12.1. 

NбΡTЕ: The blank, the internal standard sample and the water samples must 
all be subjected to the same procedures of transport, storage and 
analysis. 

8.5 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. PROCEDURE 

9.1 Blank test 

9.1.1 See 8.3 above. Proceed as in 9.4.1 to 9.4.4 

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 (9.4.1-9.4.4). 

9.2 Check tests 

9.2.1 Check instrument performance every day by analysing calibration 
samples (8.4). The system response should be linear. 

9.2.2 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. 

9.2.3 No condensation of water is allowed in the syringe. 	The injected 
gas volume and the back-pressure in the OC 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. 

9.3 Test portion 

vive mL of water sample at 4°C in 9-mL vial. 

9.4 Analyte determination 

9.4.1 Add 5.0 mL sample to a clean 9-mL vial at 4°C with a clean syringe, 
cool all devices to 4 °C before use). Close the vial immediately. 

9.4.2 Place the vial in a bath at 30.0°с  and let it .equilibrate for 2 h, 
away from direct sunlight. 

9.4.3 Sеt GC conditions as follows: 

injection port temperature: 
detector temperature 
column temperature 
programme 

180° C 
220°C 
initial temperature 35-60°C 
(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 (8.4), 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. METHOD OF CALCULATION 

10.1 The mass concentration, рд  (цg/L), of an analyte in a water sample is 
given by, 

R a - R b 
~а  = pс  

R~ - Rb. 

where 

	

Ra = 	detector response for the analyte in water sample (9.4.4) 

	

Rc - 	detector response for the analyte in the calibration sample 

detector response for blank sample (9.4.6) 

p 

	

 = 	concentration of analyte in calibration sample, 8.4 (ig/L) 
c  

10.2 The above value of р  is given by, 
c 

Pc = VSрS/Vw 

where 

	

V$ - 	volume of stock standard solution of analyte used in 8.4 ( 1L) 

	

p = 	concentration of the analyte in the stock standard solution 
s 	(g/L) 

	

Vw = 	volume of water (determined by weight) in calibration sample, 
8.4 (L) 

10.3 The mass concentration, p, of' the calibration compound in a stock 
standard solution is given bÿ, 

рs = Vс  d с  /103Vr 	for liquid compounds 

and 	/V 	 for for gaseous compounds, 
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where 

UÇ = 	volume of added calibration cоiпроиnд  (section 6) at 0°C (uL) 

dc = 	mass density of calibration compound at 0°C (g/L) 

Vm = 	volume of the methanol stock standard solution (mL) 

W~ = 	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 

class 
Concentration 
range 	(g/L) 

Analytical error 

(95% confidence 
level) 

Detection 

limit (pg/L) 

A 0.1 - 	1 > 	10% 0.1 	- 	0.5 
1 - 	10 < 	10% 

10 - 100 C 5% 

8 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, tetrachlorcmethane, 1,1,1-tri-
chloroethane, trichloroethene, trichlarofluoromethane, trichioromethane 

B: dlbromodichloromethane, bromomethane, dibromochloremethane, 1,2-dibromo-3-
chloropropane, 1,2-dibromoethane, hexachloroethane, 1,1,1-trifluoro-2-bromo-2-
chloroethane 

C: chloromethane, 3-chloropropene, 1,2-dichloroethane, 1,1-dichloroethene, 
1,2-dichlоroethene (Z/E), dichloromethane 
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12. NDTES ON PROCEDURE 

12.1 Calibration samples ($.9) 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 8.9, 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 arialyte 
added should be 2-9 times the amount originally present in the sample. 
The detector response of this "spikad" 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. 

12.2 In most cases the water matrix does not substantially affect the analy-
tical results. The laboratory air in many laboratories, however, is not 
clean enough to analyse water at the low- and sub-µg/L level. 

12.3 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. 

12.9 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. 

i3. SCHEиATIC 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..' ilsample to 9-mL vial 
Cap and equilibrate for 2 h at 30°C 

Inject 0.05-1.0 mL~head-space vapour onto GC 
and record detector responses 

Repeat preceecling two steps with blanks 
and with calibration samples 

Calculate analyte concentration in water sample 
by comparison of detector responses in water and 

in calibration samples for same analyte 

(corrected for blank response) 
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1 ц  . ORIGIN 0F THE uETHOD 

lVa n.оnal Institute of Рublic Health and Environmental Hygiene 
Р.O. Box 1 
3720 BA Bi1thoven, The Netherlands 

Contact points: G.J. Piet 
W.C.M.M. Lыijten 
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"DYNAMIC" HEAD-SPACE DETERMINATION OF VOLATILE ORGANIC 
HALOGEN COMPOUNDS IN WATER 

G.J. Piet, W.C.M.M. Luijten & Р.С.M. van Noort 

1. 5СОРE AND FI$LD OF APPLICATION 

This method is suitable for the determination of purgeable organic 
compounds. The detection limit for organic halogen compounds in water depends 
on the nature 0f' the analytes and can be decreased substantially by optimizing 
analytical conditions. 	All purgeable organic halogen compounds can be mea- 
sured at the sub—цg/L level (see Section 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, GС/MS. J. Chromatogr. 5ci., 21, 111-118 

Nunez, А.J., Gonzales, L.F. & Janak, J. (19814) Pre—concentration of headspace 
volatiles for trace organic analysis by gaschromatography. 	J. Chroma- 
t_ogÇ,, 300, 127-162 

Trussel, A.R., Moncur, J.G., Lieu, E.Y., Clark, R.R. & Leong, L.У.С. (1983) 
New developments in dynamic headspace analysis of halogenated organics. 
Water Chlorination: Environ. Impact Health Eff., Vol. 5, No. 1, Ann 
Arbor 5ci. Pubi., 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—GC 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 'miпi-trap containing 2-5 mg Tenax-GC at -30°C. 
Tho trap is flash-heated to inject the compounds onto a high-resolution gas 
chromatographic (GC) column. 	A tandem electron-capture/flame-ionization 
detector (EСD/FID), or an ECD alone, may be employed, but mass-spectrometric 
(Ms) detection is preferable. A screening technique using "static" headspace 
analysis is used to determine whether dilution of samples prior to purge-and-
trap is necessary to avoid overloading of the cartridge. 

5, HAZARDS 

Suitable precautions must be taken when handling dangerous calibration 
compounds. When hydrogen is used as a GC carrier gas, a flow controller must 
be installed or a GC protection unit must be used to avoid explosions. 

6. REAGENTS' 

Gases for GC 	 Hydrogen, nitrogen, air 

Methanol 	 Merck, A.R. 

Perdeuterated toluene 	for MS internal standard (see section 11) 

Calibration compounds 
gases 	 Merck, laboratory gases quality 
liquids 	 Merck, А.R. 

Tenax-GC, 80 1esh 	 Chrompack, Middelburg, Netherlands 

Porapak N or Ambersorb 

Stack standard solutions 	weigh the 25-mL glass device (Fig. 1, 
of gaseous componds 	 Method 15), add 25 mL methanol and weigh 

again. Cool device to 0°C and connect to 
gas cylinder containing the calibration 
compound. Dissolve about 25 mg of 
compound, then weigh the closed vessel. 
Store at -20°C and di 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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Stock standard solutions 	Weigh a 100-mL bottle with screw-cap, add 
of liquid compounds 	 - 99 mL methanol 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 not longer than one 
month. (In case of frequent use, store 
solution in 5 bottles of 20 mL each.) 	If 
the mass density of the compound at 0°C is 
not known, determine it with a pycnometer. 

Contaminant-free water 	Purge tap-water at 90°C for ц  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 water samples. 

7. APPARATUS1 

Gas choomatograph 	 High-resolution, equipped with an 0V-225, 
50 m к  0.22 mm i.d., capillary column, a 
detector system (ECD/FID, ECD or, prefer-
ably, IS) and an injection system able to 
flash-heat Tenax cartridges (an automatic 
system for cartridges, such as the Perkin-
Elmer ATD-50 System, is preferred for 
standard conditions). 	A data System such 
as the Apple II, with a printer/plotter, 
facilitates overnight analyses. 
In case of GC/Ms analysis, the Perkin-Elmer 
ATD-50 is connected to the Finnigan 1020 
ОwА  automated GС /P'5 system. 15 systems 
must be used for very complex environmental 
samples. 

Off-line purge-and-trap 	see Figure 1. 
unit 

1 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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FIG. 1. OFF—LINE РURGE—AND—TRAP UNIT 
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Tenax-GC sorbent cartridges 	60 mm к  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 2ц  h under a helium flow of 20 tnL/min 
(see Notes on Procedure, 12.5). 	Other 
Tenax cartridges may be used if recoveries 
and confidence limits are known. 

Beating system for purge 	Haake N3 thermostat, 3 150 VA, for 5 purge 
unit 	 units 

FIG. 2. A TENAX-GC 50RBENT CARTRIDGE 
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compounds (see Fig. 1, Method 15) 
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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 (ц0 mL/min) through a glass frit 

8. SAPLING 

8.1 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 
bottom of the flask. Close the bottle 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). 

8.2 When free chlorine is present, add about 100 mg ascorbic acid to the 

sample. 

8.3 With each series of Э-10 samples (depending on analyte concentration 
variability), prepare a blank by pouring contaminant-free water (section 
6) into a sampling bottle (8.1) under conditions of sample collection. 

8.4 With each series of 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 yL stock standard solution 
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 is is used. The alternative "standard 
addition" procedure (Method 15, section 12.1) can also be employed here. 

8.5 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. 

9. PROCEDU~йE 

9.1 Blank tests 

9.1.1 See 8.3 above. Proceed as in 9.4.1 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 (9.4.1-9.1.7). 
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9.1.3 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 9ј4.6. 

9.1.4 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. 

9.2 Check tests 

9.2.1 Check instrument performance every day by analysing calibration 
samples ($.4) with analyte concentrations similar to those of the 
samples. The system response should be linear. 

9.2.2 Check the analytical system for memory effects by analysing contami-
nant-free water after every ten samples, using a blank (clean) 
Tenax cartridge. 

9.3 Test portion 

One litre of water sample at 14°C. 

9ј  Analyte determination 

9.4.1 Disconnect the condenser and fill the clean purging vessel with 1 L 
of sample at 4°C, 	with a minimum of exposure to 	the laboratory air 
(see Notes on Procedure, 	12.7). 

9.4.2 Install the condenser with two clean 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, 	12.14). 

9.4.3 Heat the sample to 30°C and continue purging for 	a set time (20-30 
min, depending on the analytes). 

9.4.4 Stop heating and 	purging, 	cap the 	cartridges on 	both 	sides 	with 	a 
minimum exposure to laboratory air. 	If cartridges are to be stored 
before 	analysis, 	it 	is 	necessary to 	store 	under 	helium atmosphere 
at 4°C, 	and to store one cleaned 	(flash-heated) 	cartridge under 	the 
sanie conditions to check storage effects. 

9.14.5 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 of 10 inL/min through the cartridge. 
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9.4.6 Ret the GC conditions as follows: 

detector temperature 	220°C 

column temperature 	initial temperature (hold 5 min) varies 
programme 	 from 5°C (vinylchloride) to 25°C (depending 

on analytes); raise at 5°C/min to final 
temperature of 220°C 

9.4.7 Inject sample onto 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. 

10. h!ЕТн0D 0F CALCULATION 

10.1 The mass concentration, рa (ug/L), of an analyte in a water sample is 
given by, 

/R 
a 
- Rb

. 

Rс  _ Rb 

where 

Ra = 	detector response for the analyte in water sairiple (9.1.7) 

Rc ï 	detector response for the analyte in the calibration sample 

Rb = 	detector response for blank sample (9.4.8) 

p _ 	concentration of analyte in calibration sample, 8.4 (цg/L) 
c + 
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10.2 The above value of р~ is given by, 

Ас  = VSрS/Vw 

where 

volume of stock standard solution of analyte used in 8.4 (wL) 

p = 	concentration of the analyte in the stock standard solution 
5 

цw = 	volume of water (determined by weight) in calibration sample 
8.4 (L) 

10.3 The mass concentration, p, of the calibration compound in a stock 
standard solution is given bÿ, 

ps - V cd c 
/10 Vm 	for liquid compounds 

and 	W /V 	 for gaseous compounds, 
c m 

where 

VC = 	volume of added calibration compound (section 6) at 0°C (yL) 

d = 	mass density of calibration compound at 0°C (.g/L) 

V = 	volume of the methanol stock standard solution (mL) 
m 

Wc = 	weight 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 	 % Recovery 
	

Detection limit (g'L) 
(in tap-water) 

Tap-water Surface-water 
ECD MS MS 

Sromodichloromethane > 90 0.05 < 0.05 0.1 

Sromomethane > 90 0.05 < 0.05 0.1 
Chloromethane > 95 0.05 0.01 0.05 

3-ChlвΡropropеne > 95 0.1 0.01 0.05 

Dibromochloromethane > 90 0.05 < 0.05 0.1 

1,2-dibrвΡmo-3-eA oropropme > 90 0.05 < 0.05 0.1 
1,2-dibtumоеthапе  > 96 0.05 < 0.05 0.1 

Dichicrodifluoromethane > 95 0.01 0.01 0.05 

1,2-Diсrloгоethane > 90 0.1 < 0.05 0.1 

(Z)-1,2-DichlorвΡethane > 95 0.1 < 0.05 0.1 

(E)-1,2-Dichlotucthcnc > 95 0.1 < 0.05 0.1 

Dichloromethane > 95 0.1 < 0.05 0.1 

Hexacntoroethane > 95 0.01 0.01 0.05 

Tetrachloroethene > 95 0.01 0.01 0.05 

Tetrachiosinethane > 95 0.01 0.01 0.05 
1,1,1-Trichloroethane > 95 0.01 0.01 0.05 

Trich1oroethene > 95 0.01 0.01 0.05 
Trich1orcfluoromethane > 95 0.01 0.01 0.05 
Trichloromethane > 95 0.01 0.01 0.05 

1,1,1-Triflunyo-2-bynmo- > 90 0.05 < 0.05 0.1 
2-cM nynethmc 

12. NOTES ON PROCEDURE 

12.1 In most cases, the precision of the method is different for tap-water, 
surface-water and effluents, due to the complexity of the sample and 
changing concentration levels. 

12.2 For surface-water, preliminary dilution of the sample (using "static" 
head-space screening) is needed before the purging step in some cases. 
At the sub-ng/L level, the precision for surface-water is < 50% in most 
cases. At the 1-5 ig/L level, a precision of < 20% can be reached, 
falling to < 10% at the 5-10 1јg/L level. 

12.3 Analysis in the sub-çzg/L range can only take place in clean laboratory 
air, which often requires purification with activated carbon. 	Working 
with analytes in the laboratory must be avoided as far as possible. 
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12.4 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 not 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. 

12.5 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 Ambersorb on top of it. The purge gas must first pass 
the Tenax-GC. (For desorption, the direction is reversed.) 

12.6 For most compounds there is a good correlation between retention volume 
and boiling point. Same safe sampling volumes are given in the following 
Table: 

Organic compound Boiling point 
(°C) 

Safe sampling volumes 
(litres per g of Tenax-GC) 

Chloromethane - 24 Not applicableb 

Dichlorometharie 4 0 1.5 
Trichloromethane 62 9.3 
Tetrachloromethane 76 3.1 
1,1-Dichloroethane 57 7.0 
1,2-Dich1oroethane 814 27 
1,1,1--Trich1oroethane 74 1.9 
1,1,2-Trich1oroethme 1114 70 
1,1,2,2-Tetmch1вΡгoethane 1146 850 

'iinyl chloride - 	14 Not applicableb 
1,1-Dich1oroethene 32 1.1 
1,2-Dichоrоеthene 55 5.4 
Trich1oroethene 87 2$ 
Tetrachioroethene 121 2140 

3-Chloro-1-propene 4 5 5 
Bromomethane 4 Not app1icab1eb 
bichlorof1uorcmethane 214 	. 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 organic 
vapour pollutants in ambient atmosphere. J. Chromatogr., 178, 79-90 

Ь  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 sodium sulfate 

(3.35 mulL) is added to improve recoveries of analytes. Note that expo-
sure of the volatile compounds to direct sunlight must be avoided. 

13. 5C1EMATIC REPRESENTATION OF PROCEDURE 

Collect water sample and prepare blank sample 
and calibration sample 

Transport and store under identical conditions 

1 

Check instrument performance by analysing calibration 
sample (as below) 

Check analytical system for memory effects 
Check laboratory air for purity 

i 
Fill purging vessel with 1 L of sample (4°C) 

Heat to $0°C while maintaining N Z flow (40 mL/'min) 
Two Tenax cartridges are placed in series on top of condenser 

1 
After 20-30 min, cap cartridges and store if necessary 

Uncap cartridges and flash-desorb (250°C) in injection system 
desorption unit 

Trap analytes at -30°C 

i 
Flash-desorb analytes from -30°C trap 

onto GC column 
Record detector responses 

i 
Repeat purging + analysis for blank samples 

and calibration samples 
Record detector 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. Scudamocs & 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. 
Ir 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 food 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 tetrachlororriethane (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 а  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 period 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 NETHDDS 

2.1 5election of methods 

The analytical procedures included in this Manual for the determination 
of halogenated fumigant residues have been selected from those published 
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 aid (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 not meet the criteria applied above. 

_3.47- 
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2.2 Scope of the methods 

Methods are required both for the detennination of residues of a specific, 
compound and for the components of a mixture of several compounds. 	In 
addition, they should be applicable to routine screening of foodstuffs. 	Ti 
meet these requirements, methods have been developed for the determination of 
as many compounds as possible, using procedures 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., ed. (1982) 
IUPAC Reports on Pesticides (16). 	Pure & Appi. Cher., 5u, 1400-141i. 	The 
full report (ibid., 13б ~-1456) should be consulted for more complete infor-
mation. 

Obtaining representative samples from bulk containers is difficult and, 
if possible, the sample should be taken at frequent, regular intervals from 
the stream during transfer to another containér. A probe sample may be 
acceptable if it is possible to reach every part of the container and a large 

number 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 to a minimum. Samples must be placed immediately in 

clean inert containers. Nylon bags or glass bottles with screw caps, fitted 
with aluminium or teflon liners, are suitable. Avoid 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 oil 
films, etc., which could interfere with analysis. Glass containers should be 
thoroughly cleaned and rinsed with pesticide-free solvents, then dried before 

use. 

Samples should be analysed as soon as possible, but if storage is 
required the sample should be stored whole, at or below -20°C. It is always 
advisable to protect samples and/or extracts from needless exposure to light. 

2.3.2 Volatility 

Fumigants are gases or volatile liquids and the use of methods that 
involve grinding could 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 Reactivity 

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 methods 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 evaporate 
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 
chromatographic separations, particularly in multi-residue screening proce- 
dures. 	Careful checking of chromatographic purity of solvents is thus an 
important consideration. 

2.3.6 Extractibilit 

The volatility of compounds used as fumigants facilitates diffusion into 
the individual grains or food granules. However, strong interactions with the 
food matrix often occur and the degree of interaction of the residue with the 
foodstuff is reflected in the rate at which it is released into the extraction 
solvent. 	Determination of extraction efficiencies is thus difficult and not 
often attempted. 	Some published methods for fumigant residues give data 
showing high recoveries of fumigant which has been added directly to the 
commodity-salvent matrix. This does no more than indicate losses or concen- 
tration effects during the analytical procedure. 	Typically, recovery of 
fumigants from ungrouad commodities left to soak in the solvent 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 remove, 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 identit 

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 chromatographic columns, 
but positive identification requires the use of other analytical methods. 
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MULTI-RESIDUE GAS CHROMATOGRAPHIC METHOD 
FOR DETERMINATION OF FUMIGANT RENDUES 

IN CEREAL GRAINS AND OTHER FOODS 

K.A. Scudаmоre 

Adapted in major part from Official methods of analysis of the Association of 
Official Analytical Chemists 13th Ed., 1980)sections 29.056-29.057 and from 
'The Determination of Residues of Volatile fumigants in Grain" - а  re ort 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 Food (19714).^ Analyst, 99, 
575-576 

1. 	SCOPE AND FIELD OF APPLICATION 

This method has been collaboratively tested for the determination of 
carbon tetrachloride, chloroform, triehloroethy1ene and 1,2-dibromоethале  in 
fumigated wheat and maize, and has been found to be applicable to the follow-
ing compounds: 

Bromochloromethane 
Bromamethane 
1 ,2-Dibгсmсеthапе  
1 ,2-Dисhlогоеthапе  
Iodomethane 
Nitrotrichloromethane 
Tetrachloroethene 
Tetrachioromethane 
1,1,1-Trichloroethane 
Trichloroethene 
Trichloromethane 

([Methyl bromide) 
(Ethylene dibromide) 
(Ethylene dichloride) 
(Methyl iodide) 
(Chtoropicrin) 
(Perchloroethylene) 
(Carbon tetrachloride) 
(Methyl chloroform) 
(Trichloroethylene) 
(Chloroform) 

This method has also been used successfully for the determination of 
residues of individual fumigants in a wide range of foodstuffs, including 
barley, oats, rice, sorghum, wheatflour, bread, groundnuts, sunflower seeds, 
rape seed, soya meal, lentils, chick peas, dried fruit and cocoa beans. 
Approximate limits of detection for each compound are given in Table 1. 
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Table 1. Retention times and sensitivity guide 

Compound 	 Retention time 	 Sensitivityд  Limit of b 
(Apiezon-L) detection- 
(pg) 	 (mg/kg) 

Apiezon L 	PPG- 
110°C (min) 	120°C (min) 

Methyl bromide 2.2 1.8 30 	(70°) 0.15 

AсеtОnh-ilе  2.2 2.5 - - 

Acetone 2.3 2.0 - - 

Methyl iodide 4.0 2.4 0.5 0.002 

Bromochloromethane 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 

Carbon tetrachloride 8.7 3.4 0.5 0.002 

Trichioroethylene 11.0 4.4 8 0.03 

Chlоropисгind 15.5 6.4 1.5 0.005 

Ethylene dibromide 23.5 9.7 14 0.05 

Perchioroethylene 25.5 6.3 5 0.02 

д  2% Full-scale deflection at a noise level of 0.5% 

ь  Limit with commodities free from chromatographic interference 

-° Polypropylene glycol 

d 
Use acetonitr tie (reacts with acetone). 
The residue is extracted from the whole commodity by soaking 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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2. REFERENCES 
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3. DEFINITIONS 

Not applicable 
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14. 	PRINCIPLE 

Residues are extracted from an unground sample of the commodity by soak-
iпg in acetone:water or in acetonitrile:water. Water is removed from the 
organic solvent 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. 	lethyl bromide is an odourless, toxic gas at room temperature. 
Preparation of standards from ice--cold liquid methyl bromide should be per-
formed in a fume hood. 

6. REAGENTS1 

All reagents should be of analytical grade. 	The solvents cited below 
must be kept isolated from other halogenated solvents. 

Acetone 
Acetonitr11e 
Distilled water 
Sodium chloride 
Calcium chloride (anhydrous, 3-8 mesh) 
Carbon tetrachloride 
Chloroform 
Chloropicrin 
Ethylene dibromide 
Ethylene dichloride 
Methyl bromide (supplied in cylinders) 
Methyl chloroform 
Methyl iodide 
Perchloroethylene 
Trichloroethylene 
Nitrogen (oxygen-free for gas chromatography) 
Acetone:water (5:1, v/v) 
Acetonitrile:water (5:1, v/v) 

Standard solutions of each fumigant in acetone or acetonitrile are prepa-
red singly, or as a multicomponent mixture, by serial dilution of weighed 
amounts. 

1 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. APPАRATUS1 

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 	 1 uL or 5 pL capacity 

7.2 Gas chromatography 

Any suitable gas chromatograph fitted with an electron—capture detector 
and a recorder or integrator for mèasurement of detector response. 

GC columns: 

i) 	Ч  m x 2.2 mm i.d. glass column, packed with 15% (w/w) polypropylene 
glycol (LB 550X, Goon fluid) on Chromosorb W, 80-100 mesh. 

1 	 (ii) ц  m к  2.2 mm i.d. glass column, packed with 15% (w/w) Apeizon L on 
Chromosorb P, 80-100 mesh. 

8, sАмРLZNG 

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. 

9. РROCEDURR 

9.L Blank tests 

9.1.1 Inject an aliquot of the extraction solvent into the gas chromato-. 
graph to check for presence of peaks which might interfere. 

9.1.2 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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9.1.3 Inject an aliquot of each standard solution to check its purity. 

9.2 Check test 

Not applicable 

9.3 Test portion 

50 g of well-mixed sample 

9.4 Sample extraction and removal of water 

9.14.1 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. 

9.14.2 Allow the flask to stand for 148 h in the dark at room temperature 
(20 to 25°C), with occasional shaking. 

9.14.3 Pour a 20 mL portion of the supernatant liquid into a 25 mL gradu-
ated cylinder and add 2 g sodium chloride. 

9.4.4 5topper and shake the cylinder vigourously for 2 min, then allow to 
stand until the two layers separate (about 30 min). 

9.14.5 Pour a 10 mL portion of the clear upper layer into a 10 mL gradu-
ated cylinder and add 1 g calcium chloride. 

9.4.6 Stopper, shake vigourously for 2 min and allow to stand for 30 min 
with occasional shaking. 

9.5 Gas chromatography conditions 

Carrier gas 	 Nitrogen; flow-rate 36-40 mL/min 
Injection temperature 	150°C 
Detector temperature 	 250°C 
Oven temperature 	 70-1ц0°С  (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. 

9.6 Determination of residue in sample 

9.6.1 Inject aliquots of volume 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 is greater than that of the highest standard, 
dilute as necessary with dry acetone or acetonitrile and re-inject. 

9.7 Preparation of a standard curve 

Inject a fixed volume (usually in the range 0.5-5 pL) of each standard 
solution into the injection block of the gas chromatograph (OC) using a 
suitable microlitre syringe. 

Construct a calibration curve of response against mass for each compound 
injected. 

9.8 Recovery 

9.8.1 Add 140 mL of a mixture of acetone:water (5:1, v!v) or асеtо-
nitrile:water (5:1, v/v) to 50g 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 оn1у. 
It is very difficult to determine experimentally the extraction 
efficiency for volatile compounds absorbed in the samples. 

10. METHOD OF CALCULATION 

The mass fraction, w, of fumigant residue in the sample is given by, 

m VF 

w = 	(rg/kg) 
vl1 

where 

m 	mass of analyte injected in 9.6.1, calculated from GC response 
and standard curve, 9.7 (ng) 

U = total volume of organic solvent in 9.4.1 (mL) 

F = dilution factor (see 9.6.2) 

y = volume of extract injected into GC in 9.6.1 (µL) 

,t _ mass of sample taken in 9.4.1 (g) 
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NOTE: The method assumes that water is removed from the organic solvent 
without loss of the organic phase. 	If 150 mL of 5:1 (v/v) 
organic:water extraction solution 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, chloroform, dibrornoethane and trichioroethane and the results 
published (Ministry of Agriculture, Fisheries and Food (U.K.), 197ц). 

12. N OTЕB ON PROCEDURE 

Not applicable 

t3. SCHEMATIC REPRESENTATION OF PROCEDURE 

Add 150 ml of acetone:water (5:1, v/v) 
or acetonitrile:water (5:1, v/v) 

to 50 g of food commodity 

f 
Leave for ц$ h at room temperature in the dark 

t 
Decant 20 mL, shake with 2 g sodium chloride 

and leave to stand for 30 min 

i 

Decant 10 mL of upper layer 
and shake vigourously with 1 g calcium chloride. 

Stand for 30 min 

} 
Inject upper layer directly or after dilution into GC 

and compare peak height or area obtained 
with those of standard solutions 



FUMIGANT RESIDUES TN CEREAL GRAINS AND OTHER FOQDS 	 359 

1 ц. ORIGIK OF METHOD 

Pest Control Cheistry Department 
Ministry of Agriculture, Fisheries and Food 
Slough Laboratory 
London Road 
Slough, Berkshire, UK. 

Contact point: Mr K.A. Scudamore 



METHOD 1$ 

GAS CHROMATOGRAPHIC DETERMINATION OF CHLOROFORM, 
CARBON TETRACHLORIDE, ETHYLENE DIBROMIDE AND 

TRICHLOROETHYLENE IN CEREAL GRAINS AFTER DISTILLATION 

K.A. 5сиdаmоге  

1. SCОРЕ  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-diсhlогоеthangi. 	In samples 
containing 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. & Alumot, E. (1966) 	Determination of residues of a fumigant 
mixture in cereal grain by electron-capture gas chromatography. J. 
Agric. Food Chem., 1ц, 622-625 

З. DЕFгNгТгОNs 

Not applicable 

ц. 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). 

-361- 
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5. HAZARDS 

Fumigants and ,toluene are toxic solvents. 	Care should be taken to 
prevent exposure of operators to vapours of these compounds. 

6. REAGENTS 

All should be of analytical grade. Toluene should be kept isolated from 
chlorinated solvents. 

Toluene 
Distilled water 
Sodium sulfate (anhydrous) 
Ethylene dibromide 
Carbon tetrachloride 
Trichloroethylene 
Chloroform 
Nitrogen (oxygen-free for GC) 
Standard solutions of each fumigant in toluene are prepared by serial 
dilution. 

7. АPPARATUS~ 

7.1 Laboratory glassware 

Flasks, round-bottomed 	500 mL, with 50/50 ground-glass joint 

Flasks, volumetric 	 25 mL, with glass stoppers 

Nicrosyringes 	 1 to 5 uL capacity 

Extraction and distillation apparatus shown in Figure 1. 

7.2 Gas chromatography 

Any suitable gas chromatograph fitted with an electron-capture detector 
and a recorder or integrator for measurement of detector response. 

A 2 m, all-glass column, packed with 10% (w/w) silicone oil DC-710 on 
$0-100 mesh Chromosorb W liDs (or other suitable column). 

' 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. 



CHLOROFORM, CARBON TETRACHLORIDE, ETHYLENE DIBROMIDE 	 3б  
AND TRICHLOROETHYLENE IN CEREAL GRAINS AFTER DT5TILLATION 

FIG. 1. 

EXTRACTION AND DISTILLATION APPARATUS 
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8. SAMPLING 

Obtain a representative sample (see INTRODUCTION, p. 3ц8, 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. 

9. PROCEDURE 

9.1 Blank tests 

9.1.1 Inject an aliquot of pure dry toluene into the GC to check for 
presence of peaks which might interfere. 

9.1.2 If an uncontaminated sample of foodstuff is available, extract and 
process as in sections 9.ц-9.6 to check for interference from the 
commodity constituents. 

9.1.3 Inject an aliquot of each standard solution to check its purity. 

9.2 Check test 

Not applicable 

9.3 Test portion 

10 to 50 g of well-mixed sample. 

9.ü 5атрlе  extraction and distillation of residues 

9.4.1 Weigh з  10-50 g portion of the well-mixed sample and add to 250 mL 
of water in a 500 mL round-bottom flask. 

9.4.2 Place the flask in a heating mantle and add 5 mL of toluene. 

9.43 Connect the distillation apparatus and condenser and fill the 
collection tube with water. 

9.4.ц  Run ice-cold water through the condenser and bring the contents of 
the distillation flask to the boil. 

9.4.5 Distil for 30 min and allow the apparatus to cool. 

9.11.6 Run off the water layer from the collection tube and run the 
toluene layer into a 25 mL conical flask, fitted with a glass 
stopper and containing 2 g of anhydrous sodium sulfate. 

9.11.7 Rinse the collection tube several times with small aliquots of 
toluene and add to the volumetric flask. 
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9.ц.8 Leave to dry for about 1 h and transfer to a 25 mL volumetric flask 
with washings from the sodium sulfate. Make up to volume. 

9.5 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. 

9.6 Determination of residues je sample 

9.6.1 Inject aliqucts of volume equal to that employed in 9.7, using the 
dried toluene solution from step 9.ц.В. 

9.6.2 If the response is greater than that from the most concentrated 
standard, dilute with dried toluene and re-inject. 

9.7 Preparation of a standard curve 

Inject a fixed volume (usually in the range 0.5-5 )jL) of each standard 
solution into the injection block of the gas chromatograph, using a 
suitable microlitre syringe. 
Construct a calibration curve of response against mass for each compound 
injected. 

9.8 Recovery 

9.8.1 Add 5 mL of toluene containing known amounts of fumigants to 50 g 
of commodity and 250 mL of water, contained in a 500 mL round-
bottom flask. 

9.8.2 Proceed as described in sections 9.i4-9.6 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. 

10. METHOD 0F CALCULATION 

The mass fraction, w, of fumigant residue in the sample is given by, 

m VF 
w - — (mg/kg) 

vi 
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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 volume of toluene in 9.l.8 (mL) 

F = dilution factor (see 9.6.2) 

v - volume of extract injected into the GC in 9.6.1 (IL) 

t7 = mass of sample taken in 9.4.1 (g) 

11. REPEATABILITY AND REPRODUCIBILITY 

No information is available 

12. NОТЕS ON PROCEDUHE 

Not applicable 

13. 5CHЕ 1АТ2С  REPRESENTATION 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, cool distillate and run off water layer 

t 
Run the toluene into a 25 mL conical flask containing 2 g 

anhydrous sodium sulfate with washings 
from the collection tube 

t 
Leave to dry for 1 h 

and transfer to a 25 mL volumetric with washings 
and make up to volume 

t 
Inject into GC aid compare peak height or area observed 

with those obtained with standard solutions 
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14. IRIGIN OF THE MЕTHOD 

Department of Animal Nutrition 
Agricultural Research Organisation 
The Volcani Center 
Р.O. Box 6 
Bet—Dagan, Israel 

Contact point: Dr R. Bielorai 



METHOD 19 

GAS CHROMATOGRAPHIC DETERMINATION OF CHLOROFORM, 
CARBON TETRACHLORIDE, TRICHLOROETHYLENE AND ETHYLENE 

DIBROMIDE IN CEREAL GRAIN5 AFTER DIRECT EXTRACTION 

K.A. Scudamcre 

1. SCОРЕ  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 solvent for #8 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.А. & Hogendoorn, E.А. (1979) 	Determination of fumigant residues in 
grain. Med. Fac. Landbouww. Rijksuniv. Gest, ##/2, 877-88ц  

З. DEF2NITIONs 

Not applicable 

ц. PйINCIPLE 

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. 
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5. REAGENTs1 

All reagents Should 'е  of analytical grade if possible. Extraction 
solvents must be stored away from halogenated solvents. 

Hydrochloric acid 
Petroleum ether (ц0°-бо°C boiling range) 
Distilled water 
Ethylene dibromide 
Carbon tetrachloride 

Trichloroethyiene 
Chloroform 
Hitrogen (oxygen-free for gas chromatography (GC)) 
Prepare standards of each fumigant in petroleum ether by serial dilution. 

NOTE: Petroleum ether is a mixture of compounds, If problems occur due 
to interference (especially with the use of alternative GC 
columns), n-heptane, n-hexane or iso-octane may be useful substi-
tute solvents. 

Т. АPPARATUS~ 

7.1 Laboratory glassware 

Conical flasks 	 Capacity 150 mL, with 24/29 glass sockets 
and glass stoppers 

Micro syringes 	 1 to 5 цL capacity 

7,5 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. column, packed with 5% Carb'owax-20М  on Chromosorb 
101, 80-100 mesh. 

1 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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NOTE: 1,2-Dk hioroеthane, 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-dichloroеthаne. 	If doubt arises, 
an alternative column, such as 20% SP-2100: 0.1% Carbowax - 100 on 
Eupelcoport, 100-120 mesh, will separate the two compounds. 

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. 

9. PROCEDURE 

9.1 Blank tests 

9.1.1 Inject an aliquot of petroleum ether (or alternative solvent) into 
the gas chromatograph to check for the presence of peaks which 
might interfere. 

9.1.2 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. 

9.2 Check test 

Not applicable 

9.3 Test porti.on 

50 g of well-mixed sample 

9.4 Sample extraction 

9.4.1 sleigh 50 g of a well-mixed sample of grain and add to a 150 mL 
conical flask containing 60 mL of 0.1 mol/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 occasional shaking. 

9.5 Gas chromatography 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 petroleйm ether and re-inject. 

9.8 Recovery 

9.8.1 Spike 50 g samples of grain by adding known amounts of fumigant in 
petroleum ether. 

9.8.2 Proceed as in sections 9.4-9.6 and calculate the recovery of each 
compound. 

10. METHOD 0F CALCULATION 

The mass fraction, w, of fumigant residue in the sample is given by, 

mVF 
w = — (mg/kg) 

vi 

where, 

m = mass of analyte injected in 9.6.1, calculated from OC response 

and standard curve 9.7 (ng) 

V = volume of petroleum ether in 9.4.1 (mL) 

F = dilution factor (see 9.6.2) 

v = volume of extract injected into the OC in 9.6.1 (uL) 

i~ = mass of sample taken in 9.4.1 (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 ± 
l% for trichloroethylene and 93 ± 3% for 1,2-dibtumoethane. 	spiking levels 
corresponded to the range 0.01-40 mg/kg. 

12. NOTES ON PROCEDURE 

Not applicable 
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13. SCHEP~AтIC REPRESENTATION OF PROCEDURE 

Add 50 g of cereal grain to 60 mL of 0.1 mulL hydrochloric acid 
and 110 mL of petroleum ether 

t 

Leave to stand for 148 h in the dark 

i 
Inject upper layer directly, or after dilution, 

into the gas chromatograph 

f 
Compare response with those from standard solutions 

14. ORIGIN OF МEТНОј) 

Laboratory of Organic Chemistry and Environmental Hygiene 
National Institute of Public Health 
P.O. 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 detection of 10 pg/kg. 

The residue is extracted from the whole commodity by soaking in the 
appropriate solvent for 2ц  h. The number of samples which can be processed in 
this time is limited by the throughput of the gas chcomatograph. 

2. REFERENCES 

Greve, P.A. & Hogendoorn, E.A. (3979) 	Determination of fumigant residues in 
grain. Med. Fac. Landbouww. Rijksuniv. Gent, 4ц/2, 877-83ц  

З . DEFWITIONS 

Not applicable 

ц. 	PRINCIPLE 

Methyl bromide is extracted from whole cereal grains by soaking in 
aqueous acetone at room temperature. 	A portion of the solvent extract is 
placed in a glass bottle closed with a screw cap fitted with a septum. After 
equilibration, an aliquot of the head-space vapour is injected into a gas 
chrorratograph. 

5. 	HAZARDS 

Methyl bromide is an odourless, toxic gas at room temperature. 	Prepa- 
ration of standards from ice-cold liquid methyl bromide should be performed in 
a fume cupboard. 
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6. REAGENT51 

All reagents should be of analytical grade. Extraction solvents must be 
isolated from halogenated solvents 

Acetone 
Distilled water 
Methyl bromide 
Nitrogen 
Acetone :water 

Standard solutions of 
methyl bromide 

(supplied in gas cylinders) 
(oxygen-free, for gas chromatography) 
(9:1, v/v) 
Prepare standard solutions in acetone: 
water (9:1, v/v), using liquid, ice-cold 
methyibrornide. 	Prepare solutions weekly 
and store in glass bottles, closed with 
screw caps fitted with Teflon-faced liners. 
Fill each bottle to the brim. 

7. APPАRATUS~ 

7.1 Laboratory glassware 

Glass bottles 	 300 mL capacity, equipped with screw cap 

Glass bottles 	 Nominal 15 mL capacity, equipped with screw 
cap and rubber septum. The volumes of the 
15 mL bottles must be within 1% of each 
other 

Gas-tight syringes 	 250, 500 uL capacity 

7.2 Gas chromatography 

Аду  suitable gas rhromatograph (GC), fitted with an electron-capture 
detector and a recorder or integrator for measurement of detector 
response. 

A 1.2 n х  2 mm i.d, column, packed with 5% Carbowax - 20 m on Chromosorb 
101, 80-100 mesh 

1 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. 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 halogenated volatiles. 

9. PROCEDURE 

9.1 Blank tests 

9.1.1 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 

$ее  9.k2. 

9.4 5ample 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 24h. 

9.4.4 Transfer 10 mL of extract from 9.4.3 to a 15 mL glass bottle, 
equipped with screw cap and rubber septum. 

9.4.5 Close the bottle and let stand for 5 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 Determination of residue in sample 

9.6.1 From the head space above the sample extract (9.ц.5), inject 
aliquots of volume equal to that employed in 9.7.2. 

9.6.2 If the response is greater than that from the most concentrated 
standard, dilute the extract solution and re-inject. 

9.7 Preparation of a calibration curve 

9.7.1 Place 10 mL aliquots of standard solutions of methyl bromide in 
acetone:water (9:1) in 15 mL glass bottles, as in 9.ц.ц. 

9.7.2 Inject a fixed volume (usually in the range 250-500 wL) of the 
head-space vapour into the GC by means of a gas-tight syringe. 

9.7.3 Construct a calibration curve of response against mass of methyl 
bromide in the 10 mL aliquots. 

9.8 Recovery 

Place 175 mL of standard solutions of methyl bromide in acetcne:water 
(9:1, v/v) in a 300 mL bottle and fill with grain as in 9.ц.2. 	Proceed 
as described above for normal sample and calculate the recovery of methyl 
bromide. 

N0ТЕ: 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. 

10. MEТн0D 0F CALCULATION 

The mass fraction, w, of fumigant residue in the sample is given by, 

rVF 
w - 	(mg/kg) 

vI 
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where 

m = mass of analyte in 10 mL aliquot (9.4.4), calculated from GC 

response (9.6.1) and standard curve, 9.7 (цg) 

V = volume of acetone:water in 9.14.1 (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 experiment5.over the spiking range correspond-
ing to 0.9310.11 mg/kg, the recovery obtained was 91 ± 3%. 

12. NOTES ON PROCEDURE 

Not applicable 

13. SCHEMATIC REPRESENTATION OF PROCEDURE 

Extract grain with 175 mL of acetone:water (9:1, v/v) 
by soaking for 24 h 

i 

Transfer 10 mL extract to a 15 mL bottle 

i 

5tand 5 min and inject head-space vapour into gas chromatograph 

f 

Convert response to residue content using standard curve 
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14. ORIGIN OF THE METHOD 

Unit for Residue Analysis 
National Institute of Public Health 
P.O. Box 1 
B11thoven, Netherlands 

Contact point: Dr P.A. Greve 



METHOD 21 

DETERMINATION OF METHYL BROMIDE IN FOOD COMMODITIES 
USING DERIVATIVE GAS CHROMATOGRAPHY 

К.A. 5cudamore 

1. SCOPE AND FIELD 0F 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, groundnuts, cocoa beans, rice and dried milk. The limits of 
detection are below 10 pg/kg. 

The residue is extracted from the whole commodity by soaking in the 
appropriate solvent for 2Ц  h. The number of samples which can be processed in 
this time is limited by the throughput of the gas chromatograph. 

2. REFERENCE 

Fairall, R.J. & Scudamore, K.A. (1980) 	Determination of residual methyl 
bromide in fumigated commodities using derivative gas-liquid chromato-
graphy. Analyst, 105, 251-256 

3. DEFINITIONS 

Not applicable 

ц. PRINCIPLE 

' 	 Methyl bromide is extracted from an unground sample of commodity by 
soaking in an acetone:water mixture. The methyl bromide is then converted to 
methyl iodide by reaction with sodium iodide in acetone:water solution. 
Methyl iodide is extracted with n-pentane and is determined by gas chromato-
graphy (GC). 
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5. HAZARDS 

Methyl bromide is an odourless, toxic gas at room temperature. 	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 or methyl iodide 
solutions. 

Acetone 

Methyl bromide 	 supplied in gas cylinders 

Methyl iodide 

n-Pentane 	 99.5% 

Nitrogen 	 oxygen-free, for GC 

Sodium iodide 

De-ionized or distilled water 

Acetone:water 	 5:1 (Wv) 

Standard solutions of 	Prepare standard solutions of methyl iodide 
methyl iodide 	 in n-pentane 

Standard solutions of 	Prepare standard solutions of methyl bromide 
methyl bromide 	 in acetone:water (5:1, v/v) 

7. APPARATUS1  

7.1 Laboratory glassware 

Conical flasks 	 700 mL capacity, with 24/29 ground glass 
sockets and glass stopppers 

1  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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Conical flasks 	 50 mL capacity, with 19/26 ground glass 
sockets and glass stoppers 

Graduated cylinders 	 25 mL, with ground glass stoppers 

7.2 Gas chromatography 

Any suitable gas chromatograph, fitted with an electron—capture detector 
and a recorder or integrator for measurement of detector response. 

A ü m x 2 mm i.d. glass column, packed with 15% Apiezon L on Chromosorb P. 

8. SAMPLING 

Obtain a representative sample (see INTRODUCTION, p. 3ц8, 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. 

9. PROCEDURE 

9.1 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 acetone:water (5:1, v/v) to a 50 mL. conical flask, then 
add 0.5 g sodium iodide. Proceed as in 9.5.2 to 9.5.7 inclusive. 
Inject an aliquot of the final solution to check for presence of 
interfering peaks. 

9.1.3 Process a sample of the food commodity as specified in 9.ц  and 9.5, 
omitting the addition of sodium iodide. Inject an aliquot of the 
final pentane extract (9.5.7) to check for interference. 

9.1.4 If a sample of the unfumigated foodstuff is available, proceed as 
in 9.Ll and 9.5. Inject an aliquot of the final pentane extract to 
check for interference. 

9.1.5 Inject an aliquot of methyl iodide standard in pentane to check for 
purity. 

NOTE: The checking procedure in 9.1.3 will confirm that no compound 
with а  retention time similar to methyl iodide is extracted 
from the commodity. That described in 9.1.ц  will confirm 
that no peak with a retention time corresponding to that of 
methyl iodide is produced during the derivatization step. 
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9.2 Check test 

Not applicable 

9.3 Test portion 

10 to 20 g of well-mixed sample 

9.ц  Sample extraction 

9.ц .1 Ьdeigh a 10-20 g portion of a well-mixed sample and quickly immerse 
in 60 mL of asetone:water (5:1, 'r/v) in a 100 mL conical flask and 
insert the glass stopper. 

9.ц .2 A11ow to stand for 24 h in the dark at room temperature (20-25°C) 
with occasional shaking. 

9.5 Derivatization (see Notes on Procedure, 12.2) 

9.5.1 Transfer 20 mL of the extract to a 50 mL conical flask and add 0.5g 
sodium iodide. 

9.5.2 stopper and allow to stand for 1 h at room 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.ј4 Add 15 mL of water, mix thoroughly and allow layers to separate. 

9.5.5 Draw off or decant the upper layer as completely as possible and 
transfer to a 25 mL volumetric flask. 

9.5.6 Wash the remaining aeetone,water layer with two further 5 mL 
volumes of pentane and transfer the washings to the 25 mL flask. 

9.5.7 Make the volume up to the mark with pentane. 

9.6 Gas chromatography 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 Determination of fumigant residue in sample 

9.7.1 Inject aliquot of volume equal to that employed in 9.8, using the 
pentane solution 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. 

9.8 Preparation of а  standard curve 

Inject a fixed volume (usually in the range of 0.5-5 L) of each standard 
methyl iodide solution into the injection block of the GC. 	Construct a 
calibration curve of response against mass of methyl iodide injected. 

9.9 Recovery 

9.9.1 Take 20 mL aliquots of standard solutions of methyl bromide in 
acetone:water (5:1, v/v) and proceed as in 9.5.1 to 9.7.1, 
inclusive. 	Calculate the recovery of methyl bromide as methyl 
iodide. 

9.9.2 Add standard solutions of methyl bromide in acetone:water (5:1, 
v/v) to 10-20 grams of commodity and proceed as in sections 9.4.1 
to 9.7.1, inclusive. Calculate recovery of methyl bromide as 
methyl iodide in presence of commodity coextractivea. 

NOTE: This provides a recovery figure for the analytical procedure only. 
2t is very difficult to determine experimentally the extraction 
efficiency for volatile compounds absorbed in the samples. 

10. L7ETHQD 0F CALCULATION 

The mass fraction, w, of methyl bromide residue in the sample is given by, 

0.669 mУЭ V 1 F 
w = 

	

	 (mg/kg) 
Vц1у2 

where, 

6.669- 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) 

V1 = 	volume of acetone:water employed in 9.4.1 (mL) 
V2 = 	volume of reacted extract used in 9.5.3 (mL) 
цЭ  - 	final volume of pentane solution, 9.5.7 (mL) 
V,, = 	volume of pentane solution injected into GC in 9.7.1 (цL) 
M 	mass of sample portion in 9.4.1 (g) 
F - 	dilution factor (see 9.7.2) 

NOTE: For the volumes specified in sections 9.4-9.5, (V З V 1/V 2) = 500 mL 
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11. REPEATAЭBILITY AND REPRODUCIBILITY 

Recoveries of methyl bromide from solutions over the concentration range 
2 to L 	mg/mL have been shown to be close to 100%. 

12. NOTES ON PROCEDURE 

12.1 Additional assurance concerning the identity of the residue can be obtain-
ed by measuring GC retention time on an alternative column, such as puy.-
propylene glycol (see Method 17, section 7.2). 

12.2 Chromatography of non-derivatized samples will give a peak for methyl 
bromide but will be useful only for confirming the presence of methyl 
bromide at higher concentrations (see Method 17, Table 1). 

12.3 The sensitivity of the method may be increased five-fold by direct 
injection of the upper solvent layer obtained in 9.5.4. 

13. SCHEMATIC REPRESENTATION OF PROCEDURE 

Weigh out 10 to 20 g of commodity and 
add 60 mL of acetone:water (5;1, v/v) 

Allow to stand for 24 h at room temperature in the dark 

Transfer 20 mL, ad 0.5 g sodium iodide and 
allow to stand for 20 min at room temperature 

} 
With draw 3 mL and shake with 15 mL of water and 5 mL pentane 

} 
Draw off the top layer and wash the aqueous acetone layer 

with two further 5 mL portions of pentane 

i 
Combine the three 5 mL portions of pentane 

and make up to 25 mL 

Inject aliquots of the pentane solution into the GC 

Convert response to residue content using standard curve 
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iLL ORIGIN OF THE METHOD 

Pest control Chemistry Department 
Ministry of Agriculture, Fisheries and Food 
slough Laboratory 
London Road 
Slough, Berkshire, UK 

Contact point: Mr K.A. Scudamore 



METHOD 22 

DETERMINATION OF ETHYLENE DIBROMIDE RESIDUES IN 
BISCUYTS AND COMMERCIAL FLOUR BY GAS CHROMATOGRAPHY 

D.М. 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 hexane steam distillation. The limit of detection is 5 цg/kg 
for flour and 1 ug/kg for biscuits. The analysis time is typically about ц  
days for the solvent soak method and 4 hours for the hexane steam-distillation 
method. The 4-day soak does not involve substantial analyst time. The 
methods are subject to interferences from the solvents, particularly at the 
low а  /kg range. Care must be taken to screen all solvents by gas chro,nato-
graphy (DC) prior to use. 

2. REFERENCE 

Rains, D.M. & Holder, J.4i. (1981) Ethylene dibromide residues in biscuits and 
commercial flour. J. Assoc. Off. Anal. Cher., 614, 1252-1254 

З. 	DЕЕINIтIоыs 

Not applicable 

4. 	PRINCIPLE 

Flour is extracted by the solvent soak method. 	The weighed sample is 
placed in a Teflon or foil-lined screw-cap vial. A measured amount of hexane 
is added, the samples are vigorously shaken by hand and are stored at room 
temperature in the dark. 	Once a day for 3 days, thé samples are manually 
shaken for approximately 30 s. 	On the fourth day, the supernatant of the 
settled sample is injected directly onto the CC. Biscuits 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. 
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Steam distillation apparatus 

Shown : 

a_Allihn condenser 

b_ Barrett trap 
c _ 2 neck .1 liter flask 
d_ 1 liter beaker 
e. Heating mantle 
f _ Adjustadle lab, support 

Not shown 

a_ Ring stand 
b_ Rubber tubing 
с  _ Clamps 
d_ Variable transformer 

_ e 	Reprinted with permission 

from Kontes 

D 

f_ 
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FIG. 1. EDB (ETHYLENE DIBROMIDE) EXTRACTION APPARATUS 
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5. ЧАZАRDS 
г  

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. REАCEгттs1 

Distilled water 	 Pesticide-free 

n-Hexane 	 Pesticide-residue analysis quality, or 
equivalent. 	Check for interferences by 
injecting б  iL onto GC (see 9.6). 

Ethylene dibromide 	 Boiling 	range 	130.5°-132.0°C, 	freezing 
point 9.3°C. 

Standard solution 	 In a pre-weighed, stoppered 100-mL volu- 
metric flask containing approximately $0 mL 
hexane, add 35 цL of ROB, using a micro-
liter syringe with the needle below the 

surface of the hexane. Re-weigh the stop-
pered flask to calculate the amount of EDB 
added. 

Working standard solutions 	Prepare by serial dilutions of the stock 
solution to the 1-20 g/L range, using 1-mL 
and 10-mL volumetric pipettes and 100-mL 

volumetric flasks. 

7. АPPАRАTUS~ 

Scintillation vials 	 20-mL capacity, glass, with Teflon or foil- 
lined screw-caps, or equivalent. 

Volumetric flasks 	 Glass-stoppered, class A. 

1 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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Steam distillation apparatus: 
Distilling flask 
Barret trap 
Heating mantle 
A11ihn condenser 
Glass stoppers 
Beaker 
Support platform 

1-litre, two-neck (both vertical), round-bottom 
20-mL capacity, or equivalent 
soft-sided, 1 litre 
300 mm, or equivalent 
$ 3L/45 and 	2Lt/40 
1000 mL, for cooling Barrett trap 
Adjustable, for raising and lowering beaker 

Graduated centrifuge tubes 	13-шL, glass-stoppered, 0.1 mL/division 

Gas chromatograph 	 Equipped with 6 З Ni electron-capture detec- 
tor. Varian Model 3700, Hewlett Packard 
Model 5840, or equivalent 

syringes for GC 	 10-100 цL 

8. SAMPLING 

8.1 Mix flour samples manually by shaking the flour in a large polyethylene 
bag. Transfer to a foil-lined screw-cap jar and store in a freezer until 
required. 

8.2 Cut biscuits into small pieces using a sharp knife, then store in a foil-
lined glass jar in a freezer until required. 

9. PROCEDURE 

9.i 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. 

9.2 Check test 

Not applicable 

9.3 Test portions 

1.00-2.00 g flour; 20.0 g biscuits 

9.4 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 Shake 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). 

9.5 Determination of EDB 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. 

9.5.3 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 title for the separation of 
the water and hexane layers. No drying step is needed.) 

9.5.6 Record the volume of water collected and subtract from total 
volume of solvent collected to 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). 

9.6 GC operating conditions 

(a) Column 

detector temperature 

column temperature 

injector temperature 

carrier gas (5% methane 
in argon) flow rate 

Stainless steel, 1.83 m x 2.0 mm i.d., 
packed with 15% 0V-17 on 80/100 mesh 
Chromosorb W. 

260°C 

90°C 

160°C 

120 mL/min 
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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 14.2 mm, retention time on column 
(b) with same operating temperatures was 3.1 min. 

9.7 GC calibration 

Using the saine 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. 

10. METHOD OF CALCULATION 

The mass fraction, w, of EDB in the sample is given by, 

where 

р  - concentration of working standard solution in 9.7 (11 g/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) 
Ve = 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) 

11. REPEATABILITY AND REPRODUCIBILITY 

No data are available 

12. NOTES ON PROCEDURE 

Not applicable 
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13. sCHEMATIC REPRESENTATION 0F PROCEDURE 

FLOUR 

Weigh flour into 20-mL screw-capped vial 

Add 10.0 mL of n-hexane 

Î 
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 

k 
Inject same volume of a standard solution of EDB in hexane 

BISCUITS 

Weigh 26 g of biscuit into extraction flask 

+ 
Add 200 mL water and 10 mL hexane and stopper flask 

Mix by shaking, allowing pressure to equilibrate 
by briefly removing stopper 

Assemble steam-distillation apparatus 

Heat sample until 0.5-1.0 mL water collects 
at the bottom of the Barrett trap 

Decant the hexane and water into a glass-stoppered 
centrifuge tube. Mix well by shaking 

k 
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 
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14. ORIGIN OE THE METHOD 

U.S. Environmental Protection Agency 
ARC—EAST Bldg. 306, Room 125 
Beltsville, Maryland 20705, U5A 

Contact point: Diane M. Rains 



BIOLOGICAL MONITORING 

BREATH ANALYSIS 



METHOD 23 

BREATH SAMPLING 

E.D. Pellizzari, R.A. Zweidinger & L.S. Sheldon 

1. SCOPE AND FIELD OF APPLICATION 

This technique has been designed to collect breath samples from people 
exposed to 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 

З. DЕFIЫиТIОNs 

Not applicable 

ц. 	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 collections). The 
Tenax cartridge is then dried over calcium sulfate and stored for analysis. 

5. HAZARDS 

иethanol, used to rinse part of the equipment is flammable and toxic. It 
should never be used or stored in the van. 
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6. RAGENTS1 

All reagents used should be analytical reagent grade 

Compressed airy 0.1 TIC grade 
Compressed helium 99,9% grade 
Distilled water- 
Charcoal filtеrsa 
Calcium sulfated Drierite, 	indicating 

Drierite, 	non-indicating, 	cleaned 	by 	heat- 
ing in a muffle-furnace at ц00°C for 2 hours 

n-Pentane 
Methanol Distilled in glass 
Tenax GC 2,6-Diphenyl-p-phenylеnеохide 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 methanol, 	followed 	by 24 h 
with n-pentane. 
Dry the extracted Tenax in a vacuum oven at 
100°C 	for 	2ц 	h 	at 	28 	inches 	of 	water 	(7.0 
kPa), 	then purge in a nitrogen box 	for 24h. 
Sieve the Tгnаx under nitrogen to 	obtain 
40/60 	particle 	size 	range 	(all 	sieving 	and 
cartridge 	preparation must 	be 	conducted 	in 
a "clean" room). 

7. лРPАнАтиs~ 

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 Nuteeh 221 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 on an adjut-
able bar located on the front of the spirometer body. The glass Y, to which 
the Tenax cartridges are attached, is secured to the frame of the spirometer 
and the floor. 

a These reagents are necessary for sample collection and should be carried in 
the van at all times. 

' 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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Tedlar bags 	 40-L (Nutech Inc.) 

Teflon tubing 	 1/4 inch o.d. 

Air regulators 	 (plus one spare air regulator) 

Cajon Ultra Torr Union 316 	Stainless-steel, with viton 0-rings 

Straight unions 	 Stainless steel, 1/4 inch 

Teflon ferrules 	 1/4 inch 

Charcoal filters 	 бее  Figure 1 

Teflon mouthpiece 

Teflon plug valves 	 1/4 inch (Cole Pаlтег-6392-20) 

Teflon tubing 	 1/4 inch o,d. 

Ball valve with Teflon seats Stainless steel, 1 inch 

Maсот  Teflon unions 	 1 inch 

Viton 0-riпgsa 	 See 8.5.3 

Mouthpiece union, with Tedlar flap valves 

Tedlar flap valves- 

Teflon mouthbitsa 

Solid Teflon mouthbit plugs 

Sampling lines 

Latex tubing 	 1/4 inch i.d. 

Male Quick-Connect 	 Single-end shut-off (connects sampling line 
to pump) 

a These materials should be carried in the van at all times. 	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 З16a 

FIG. 1. seIRDMETER APPARATUS 

Air line from tank 

Charcoal 
filter 

Exhale 
	 Inhale bag 

(sample bag) 
Humidifier 

	

To 	 Plug valve B 
glass Y 

	

1 ~ 	 Teflon mouthpiece 

	

Plug ыаlче 	 Plug valve d 	i 

	

A 	 Mouthpiece union 

Ball 	Vitrôn 	 Vitron 0 riгоg 

	

valve C 0-ring 	Mouth bit 

Tedlar flap valve 	f ј  

* See Figure 2. 

a These materials are necessary for sample collection and should be carried 
in the van at all times. 
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Stainless steel needles 	1.25 inch, 21 gauged 

Thermogreen septum 	 Supelco 2-0668 

Glass Y's- a 

Nutech Model 221 Gas Samplers High-volume gas pump 

Auto batteries 	 12 volts 

Humidifiera 

Flat-bottom boiling flask 

Midget impinger stopper 

Ground socket joint 

Pinch clamps 

Miscellaneous equipment 

Large forcepsa 
Sma11 forceps 
Empty culture tubes, Kimax 

Glass tubes 

Plywood bag pressa 
Sma11 stool 
Copper wire 
Three-prong clamps 
Clamp holders 
Sma11 plastic bags 
Glass beaker- 
Dитmу  cartridgesд  
5topwatcâ/calculatora 
Nosed lip- 
Mercury thermometera 
Kimwipes- 
Aluminum foil 
Binder clips 

500 mL, 24/40 joint 

12/5 ball joint, 24/40 stopper (Lab Glass-
6891) 

12/5 joint (Lab Glass-1041) 

size 12 (Lab Glass-1045) 

With Teflon liner and Teflon-lined screw-
caps. 2.5 к  15 cm 
10 х  1.5 cm i.d. 

Various sizes 

10 mL 
5ее  NOTE, section 8.7.3 

8 н  5 inches 

2-inch (to seal Tedlar bags, see 8.2.3) 

a These materials are necessary for sample collection and should be carried 
in the van at all times. 
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NO"fE: 'wash ail glassware in "Isoclean"/water, rinse with deionized-
distilled water, acetone and air-dry. Heat glassware to L150-500°С  
for 2 h to insure that ah organic 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 methanol and air-dry for at least 12h 
before use. 

iHethanol is flатrааblе  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 allow the mouthbits to soak in 
methanol longer than 5 min. Air-dry and store in an upright posi-
tion on a Kimwipe or clean towel. 

8. SАГIРLIHG 

8.1 Preparation of sampling cartridges 

8.1.1 Prepare the sampling cartridges by packing a glass tube (10 cm x 
1.5 cm i.d.) with b сm of 40/60 mesh Tenax OC, using a glass wool 
plug. 

8.1.2 Condition prepared cartridges at 270°С  with a purified helium flow 
of 30 miL/min for >120 min. (Prior to entering the Tenax GC cart-
ridge, the helium is purified by passing through a liquid N -сооlед  
trap). 

8.1.3 Transfer the conditioned cartridges to Kimax ® (2.5 em x 15 cm) 
culture tubes. 

8.1.4 Seal immediately, using Teflon-lined screw-caps, and allow to cool. 
5tore the cartridges in a sealed field collection can. 

8.2 Preparation of Tedlar bags 

The 40-L fedlar bags used are designed to fit the Teflon mouthpiесе  
of the spiromneter. Tedlar is a brittle material and should never 
be folded or creased, since this may cause it to crack or split. 
"Inhale" and "exhale" bags, although identical, should always 
remain segregated in order to minimize crass contamination. 
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8.2.1 Label each bag either "inhale" or "exhale" (one inhale bag is 
usually required for three exhale bags). 

8.2.2 Attach the in-line charcoal filter to the helium tank and fill the 
bags with helium from the charcoal filter (do not over-inflate the 
bags). 

8.2.3 5еа1 the mouth with a two-inch binder-clip (do not fold the mouth 
of the bag when sealing with the binder clip), then set aside the 
helium-filled bags for at least two hours. 

8.2.4 Remove the binder clip, place the bag in the wooden bag press and 
allow the hélium to flow out under the weight of the press. 

8.2.5 Repeat the bag purging (8.2.2-8.2.1 at least two more times (six 
times in the case of new Tedlar bags). 

8.2.6 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. 

8.3 Purging of humidifier water 

NOTE: This operation may be performed at any time prior 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 is changed, or when 
additional water is added. Proceed as follows: 

8.3.1 install the in-line glass charcoal filter (Fig. 1). 

8.3.2 Attach the air regulator to the gas cylinder and assemble the humi-
difier apparatus as shown in Figure 1. 

8.3.3 Half-fill the humidifier flask with distilled water. 

8.3.L+ Refer to Figure 1 and open plug valves B and D (the Tedlar bags are 
not attached). 

8.3.5 Close the shut-off valve on the regulator, then slowly open the 
compressed air cylinder. 
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8.3.6 Gradually open the shut—off valve until a steady bubbling through 
the water is observed. 	Adjust the pressure (regulator diaphragm) 
to 21 кРà (3 psi). 

8.3.7 After 15 min, turn off the air supply at the regulator and close 
plug valves B and D (Plug valve B must be closed whenever water is 
stored in the humidifier. If left open, water from the humidifier 
will saturate the charcoal filter and render it inactive.) 

8.3.8 Close the air cylinder valve, remove the regulator, and cap the 
tank. 

8.14 Equipment assemblage 

When the van reaches its destination, the equipment should be made ready 
for the collection of the breath sample. Proceed as follows: 

8.11.1 Assemble the mouthpiece as shown in Figure 1 and place the Teflon 
mouthbit in the mouthpiece. 

8.11.2 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 operate in only 
one direction. They must be installed so that air will flow from 
the inhale to the exhale bag only. 

8.11.3 Attach all of the Teflon lines (using stainless steel unions and 
Teflon ferrules), including the line from the exhale side of the 
mouthpiece to the glass Y. 

8.11.11 Secure the glass Y to a support rod, approximately two feet above 
the gas cylinder, using a small three—prong clamp and copper wire. 

8.11.5 Attach two Cajon Ultra Torr unions to the glass Y as depicted in 
Figure 2. 

8.11.6 Place the spirometer upright and secure it with the compressed air 
cylinder and attach the gas inlet line to the air regulator. 

MOTE: 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 serious 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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8.5.2 Immediately install the inhale bag on 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 0-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, open valves 
B and D and close valves A and C. 

8.5.5 Attach the air regulator to the air cylinder and carefully bleed 
air through the humidifier into the inhale bag. 	(Never open the 
air 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 close 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). 

8.6 Preparation of the Nutech 221 Samрlers 

NOTE: Two samplers are operated simultaneously, splitting the collected 
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. 

8.6.1 While the inhale bag is being filled, connect the Nutech samplers 
to the batteries and determine if they are both operational (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 Oriente. 

8.6.3 Inspect the sampling line 21 ga. needles daily for blockage. 

8.7 Tenax cartridge installation 

8.7.1 When the participant has arrived, remove 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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8.7.2 Using a clean Kimwipe® , remove the Tenax cartridge and connect the 
void end to the Cajon fitting of the sampling line leading to the 
Nutech 221 sampler. 

8.7.3 Carefully connect the other end of the Tenax cartridge to the fit-
ting on the glass Y. Label the cartridge. 

NOTE: A standard breath sample consists of only one Tenax cart-
ridge; therefore, an unused or "dummy" cartridge zs 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 $o 
that it cannot be mistaken for the breath sample. 

8.8 Breath collection 

NOTE: The subjects must be cautioned to breath at a normal rate, other-
wise they may hyperventilate. 

8.8.1 Place an exhale bag on the left side of the spirometer by repeating 
steps 8.1.1 to 8.ц.3, inclusive. 

8.8.2 Instruct the participant to breath only through the mouth, to keep 
their lips sealed around the mouthbit, and not to stop before the 
exhale bag is full. 

8.8.3 Have the participant put on the noseclip so that no air can pass 
through the nose. 

8.8.1 Remove the solid Teflon plug from the mouthpiece and install a 
clean mouthbit. 

8.8.5 Begin the breath collection by having the participant exhale,, then 
place their lips on the mouthbit. 

8.8.6 Open ball valve C and instruct the participant to begin breathing. 
(5tart timer to determine duration of breath collection.) 

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. 

8.8.7 Using large forceps, remove the bottom pad of glass wool from the 
culture tube and place it on a clean Kimwipé . 

8.8.8 Fill a 10-mL beaker to the 5-mL mark with non-indicating Drierite, 
pour the Drierite into the culture tube and replace the bottom pad 
of glass wool. Cap the tube and retain for step 8.9.6. 



ц10 	 PELLIZZARI hт  AL. 

8.8.9 When the exhale bag is full, close valve C and tell the participant 
to stop breathing into the mouthbit. (Stop "timer and record dura-
tion of exhalation). 

8.8.10 Remove the mouthbit and place the solid Teflon plug in the mouth-
piece. 

8.9 Cartridge loading procedure 

8.9.1 Open plug valve A 

8.9.2 Record temperature and the serial number, correction factor and 
meter reading for the Nutech sampler which will be used to collect 
the sample (assuming duplicate samples are not required), then 
begin pumping the breath sample through each Tenax cartridge. 

8.9.3 Using the needle valve on the Nutech sampler, adjust the flow rates 
so that a back pressure of 150 to 175 torr is observed 0f 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. 

8.9.ц  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. 

8.9.5 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. 

8.9.6 Using a clean Kimwipe®, carefully remove the Tenax cartridge from 
the Cajon 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 top edge of the culture tube, preventing the cap from forming a 
proper seal). 

8.9.7 Return the culture tube to the field collection can and seal the 
can. 

NOTE: Previous experiments have shown that the organic vapors 
collected on Tenax GC are stable and can be quantitatively 
recovered up to at least ц  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 to be collected,, leave 
the inhale bag in place. 



METHOD 24 

GC/MS DETERMINATION OF VOLATILE HYDROCARBONS 
IN BREATH SAMPLES 

E.D. Pellizzari, R.А. Zweidinger & L.S. Sheldon 

1. 	SCOPE AND FIELD OF APPLICATION 

this method is suitable for the analysis of the halocarbons listed in 
Table 1 (a description of breath sampling is given in Method 23). It is not 
suitable for methyl chloride, methyl bromide, vinyl chloride, or methylene 
chloride. 

Table 1. Some halocarbons for which the method is suitable 

Chloroform 
Carbon tetrachloride 
1,1,1-Trichloroethane 
Hexachloroethane 
1,2-Dichloroethaпe 
Tr ichloroethylene 
Tetrachloroethylene 
Epichlorohydrin 
Allyl chloride 
Trichlorobenzenes 
1 , 1 ,2-Тгисhlсгоеthаnе  

Bi s-(chloromethyl )-ether 
Chloromethyl methyl ether 
Ha10e than e 
Dibromochloropropane 
1,2-Dibromoethane 
Bromoform 
Bromodichloromethane 
Dibromochloromethane 
Chlorobenzene 
Dichlorobenzenes 
1 , 1 ,2,2-Теtга  dhbгoеthаne 

The linear range for the analysis of a volatile organic compound depends 
mainly on the breakthrough volume (Table 2) of the compound on the Tenax GC 
sampling cartridge and on the sensitivity of the mass spectrometer. 	The 
linear range for quantification using glass capillaries on a gas chromato-
graph/mass spectrometer/computer (GC/Ms/COMP) is generally three orders of 
magnitude (5 - 5 OIl ng). Table 3 lists measured detection limits for some 
volatile organic compounds. No interference has been observed. The analyses 
of â single breath sample requires 1.5 h. 

~413- 
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Table 2. Tenax GC breakthrough volumes for some hаlocarbonsд  

Compound 	 h.p. 	Temperature (°C) 
(°C) 

10 15.6 21 26.7 32.2 37.8 

Chloroform 61 56 41 32 24 17 13 
Bromodichloromethane 87 82 61 45 34 25 - 
Carbon tetrachicride 77 45 36 28 21 17 13 

1,2-Dichloroethaпe 83 71 55 41 31 24 19 
1,1,1-Triehloroethane 75 31 24 20 16 12 9 

1,1,2-Тriddоroеthanе  112 302 212 155 112 92 58 
Tetrachloroethylene 121 481 356 261 192 141 104 

Trichloroethylene 87 120 89 67 51 37 28 
Chlorobenzene 132 1 	989 871 631 459 332 241 

m-Dich1orobenzene 173 2 393 1 	758 1 	291 948 697 510 

a For a Tenax GC bed of 8.0 cm к  1.5 cm i.d. Volumes are in litres. 
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Protection Agency, Cincinnati, 01, 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.S. 
Environmental Protection Agency, Cincinnati, 0H 
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Pel1izzari, E.D., Bunch, J.E., Berkley, R.E. & McRae, J. (1976) Collection 
and analysis of trace organic vapor pollutants in ambient atmospheres. 
Anal. Lett., 9, ц5 

Table З. Approximage measured limits of detection and quantification limits 
for selected organic compounds in breath 

Compound rIz LODa 
(иg!m3) 

QL 
(иg/m 3) 

Chloroform 83/ 85 0.11 0.55 
1,2-Dichloroethane 98/ 62 0.16 0.82 
1,1,1-Trichloroethane 97/ 99 0.22 1.10 
Vinyliderie chloride 96/ 98 0.16 0.82 
Trichloroethylene 130/132 0.22 1.10 
Tetrachloroethylene 161/1б6 0.33 1.65 
Brourodichloromethane 127/ 83 0.33 1.65 
Ch1orobenzene 112/1124 0.22 1.10 
1,1,2-Trkhloroethnne 97/ 99 0.22 1.10 
rn-Dichlorobenzene 14б/1Ц8 0.27 1.37 

a The limit of detection (LID) is defined as S/N - ü for the ion 
selected for quantification. The quantification limit (QL) is 
defined as 5 н  LID. 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/Ms) (Fig. 1). 
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FIG. 9. GC/М5 ANALYTICAL SYSTEM FOR ANALYSIS OF ORGANIC VAPORS 
TRAPPED FROM AIR ONTO CARTRIDGES 
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5. HAZARDS 

Some of the volatile halocarbons are known carcinogens, while others are 
suspected carcinogens. Because of their volatility, care must be exercised to 
avoid their 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 which do not readily absorb the substances. 
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6. REAGENTS° 

Compressed helium, 99.9 grade 

Compressed nitrogen 

Calibration standards: 
perfluorotoluene 
perfluorotributylamine (low mass) 
trisperfluoro-(heptyl)S-triazine (TRIS) (high mass for Finnigan 3300 MS) 
perfluorotributylamine (FC ц3) for Finnigan ц021 MS 

Pure analytes (see Table 1) in reagent bottles or permeation tubes 
(section 7) 

Deuterated analytes for detecting breakthrough 

7. АPPдRАTиs1 

Inlet manifold 	 Desorption chamber, valve and capillary 
trap interfaced to GC/Ms system for thermal 
recovery of vapours trapped on Tenax 
sampling cartridges (see Fig. 1) 

Gas chromatography/,pass 	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 ц021 MS systems, 
respectively. 	A mass-flow controller 
(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 ц. 

Permeation system (Fig. 2) 

Permeation tubes 	 Sealed plastic tubes with permeable walls, 
containing perfluorotoluene and aualytes of 
interest (Metronics Corp., sauta Clara, CA, 
USA) 

i 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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Table 4. GC/M5 specificationsд  

Finnigan 3300 	 Finnigan ц021 

1) Type 	 Low-resolution quadrupole Low-resolution quadrupole 

2) Resolution 	 Mass range to 1000 with 	Mass range to 1000 with 

unit resolution 	 unit resolution 

3) Scan speed 

Ц) Routine mass 
calibration standards 

5) Mode 

6) GC 

7) OC columns 

$) GC injection 

1 s-10 min over 
entire range 

Per fluorotributylamine 
(low mass); trisper-
fluoroheptyl) S-triaziпe 
(high mass) 

Electron impact; 
chemical ionization 
(СН4, NНЭ , isobutane) 

Finnigan 9500 

Glass capillaries 
(SCOT); packed; fused 
silica capillaries 

Glass capillaries 
thermal desorption 

0.1 s-10 min over 
entire range 

FC-43.(perfluorotributyl-
amine) 

electron impact; 
chemical ionization, 
positive and negative 

Finnigan 9610 

Glass capillaries (61СОТ, 
SCOT); fused silica 
capillaries; packed 

Thermal desorption; 
splitter; Grob type; 
liquid 

9) GC-MS 	 Single stage glass jet; 	Direct coupling or glass 

capillary direct coupling jet 

10) Sample introduction 	GC; direct probe 	 GC, interchangeable with 

interchangeable with 	direct probe 
molecular leak heated 
inlet 

11) Computer 	 Data General NOVA 3 	Data General NOVA 3 
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Finnigan 3300 	 Finnigan '4021 

12) Computer hardware 

13) Computer interface 

- 32k centra], processor 
with Tektronix 4010-1 
graphic terminal key-
board 

- Versatec electrostatic 
printer/plotter 

- '4 Perkin-Elmer disk 
drives (5 coegaword 
double density disks) 

- Wangco Model 1045 
9-track 800 SPI, 45 
IP5, industry-
compatible magnetic 
tape 

- external interface 

- simultaneous dual mass 
spectrometer interface 

- 32k central processor 
With Tektronix 4010-1 
graphic terminal and 
keyboard 

- Versatec electrostatic 
printer/plotter 

- q Perkin-Elmer disk 
drives (5 megaword 
double density disks) 

- Wangco Model 1045 
9-track 800 BPI, '45 
IPS, industry-
compatible magnetic 
t ape 

- external interface 

- simultaneous dual mass 
spectrometer interface 

14) Software capabilities 	- control full scan mass 	- control full scan mass 
spectral acquisition spectral acquisition 

- acquire multiple ion - acquire multiple ion 
detection data for up detection for up 
to 25 ions to 25 ions 

- reconstruct gas - reconstruct gas 
chromatograms chromatograms 

- subtract background - subtract background 
- reconstruct mass - reconstruct mass 

chromatograms chromatograms 
- calculate peak area - calculate peak area 

from mass chromatograms from mass OMоmatogrаmS 
- plot normalized or - plot normalized or 

maximum intensity mass maximum intensity mass 
spectra spectra 

- library search (EPА/NIH - library search (ЕРА/NIH 
library) library) 

- reverse library search - reverse library search 

д  This equipment is employed by the authors. 
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FIG.2. PERIOEATION SYSTEМ  FOR GENERATING AND LOADING 
AIR VAPOUR MIКTURESa 

Tylan 

mass flow 
meters 

Storage N2 	
I fZ00 sccm 500 scan 

chamber  

Exhaust line 
Cartridges 

3-way Teflon-plug 
stopcocks 

Needle valves 
Matheson 
8-5ВD 
regulator 

scTu bb / 
scrubber 

r 
 

Ту  Ian Grass 
flow controller 
(1 000 sccm) 

Refrigeration 
unit 

Mixing chamber 

Реrтеаtioп  
tube 	

Permeation chamber 

Thermostat, heater, and 
circulating pump 

Carrier gas lines 

Thermostat fluid lines 

д  The detailed operation of the permeation system is described by Krost et 
a1. (1982). 
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8. SAMPLING 

See Method 23 for detailed sampling procedure. 

8.1 For detection of cartridge breakthrough, load -200 mg of deuterated ana-
logues of each of the avalytes of interest onto one in ten of the cart-
ridges to be used for breath sampling (see 9.14.2 for procedure). Alter-
natively, employ only d5--1,2-dichloroethaпe, дЭ-tr khloroethane and d5-
ohiorobenzene to cover most of the breakthrough spectrum. 

8.2 For each group of 5 breath samples, set aside one Tenax cartridge from 
the same batch to serve as a blank (field control). 	Blank cartridges 
travel to the field site and are returned to the laboratory unused, to be 
stored with the field samples at -20°C until required. 

8.3 From the same batch of cartridges (8.2) set aside two others for the 
preparation 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 groups should employ cartridges from the same uniform 
batch (see 10.1). 

9. PROCEDURE 

9.1 Blank test 

Each field blank (8.2) is analysed with the breath samples from the same 
set, according to steps 9.4.3 and 9.5.4. 

9.2 Check tests 

Check mass calibration periodically, using, perfluorotributylamine (the 
mass calibration is stable for months). 	On a daily basis, compare the 
spectrum obtained for Herfluorotoluene in a system performance standard 
(9.4.1) with the data given in Table 5. 
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Table 5. Mass (m/z) and relative ion abundances ftom perfluorotoluene accept-
able for quantification with quadrupole instruments- 

Perfluorotoluene (Finnigan 3300) 

rIz 	Relative abundance 

Mean 	 Range 

69 18 17-39 
79 8 ц-12 
93 16 9-23 
117 46 34-58 
167 16 11-19 
186 66 55-77 
217 100 100 
236 56 ц7-65 

a To be achieved in the chromatography mode 

9.3 Test portion 

Not applicable 

9.4 Preparation of standards 

9.4.1 5ysteјп  performance standards: 

Load all of the compounds in Table 6 onto a single Tenax GC 

sampling cartridge (B.3), using the flash evaporation system (Fig. 
3) and the following procedure1. Prepare standard solutions of the 
compounds in methanol (75 or 150 mg/L, see Table 6) and inject a 
2-иL aliquot of each through the septum of the heated (250°C) 
loading tube. 	Carry the vapour onto the Tenax cartridge with a 
stream of purified helium (60 mL/min) for 15 min. 	5torе  at -20°C 
until required. The system performance standards are employed to 
determine the sensitivity and performance of the GC/M5/Computer 
system on a daily basis (see also, 12.1). 

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 
directionto that obtaining during loading (see also Method 23, step 8.7.2). 
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Ta Ы  e 6. GС/Ч5/СоМР  system performance and quantification standards 

Compound 	 Quantity (ng) 

Perfluorotoluene 150 
Ethylbenzene 300 
i—Xylene 300 
n—Octane 300 
n—Decane 300 
1—Octanol 300 
5—Noпanonе  300 
Acetophenone 300 
2,6-Dдmethylaпilinе  300 
2,6-Dimethylphenol 300 

FIG. 3. SCHEМE 0F VAPORIZATION UNIT FOR LOADING ORGANICS 
DISSOLVED IN METHANOL ONTO TENAX GC CARTRIDGES 

Liquid nitrogen trap 

Tenux GC са  гtridge 	 / 
Septum 	 Э-way stopcock 

■ He flaw (ЭО  mLlminl 	i-// 

Toflowmeter  

"\ 	~ 	Vaporization сhатЬеГ  
with heating tape 

Tef1°o unions 	 {250°Сj 

Vent 
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9.ц.2 Calibration (relative response factor) standards: 

Using the permeation system (Fig. 2) or the flash-evaporator (see 
9.4.1), load 250-ц50 ng of each of the analytes of interest, plus 
-'150 ng of perfluorotoluene (quantification standard), onto a single 
Тепах  cartridge (8.3). If the permeation system is used, prepare a 
nitrogen/vapour mixture containing 1-ц  ng analyte/niL 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/M5 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 MS, 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 (8.2). 

9.5.6 Repeat the cycle 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 stапдагд  (9.5.1-9.5.2), before completing the cycle. 
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Table 7. Operating parameters for GC/Ms system 

Parameter 	 setting 

Inlet manifold 

Desorption chamber and valve 
Capillary trap - minimum 

- maximum 
Thermal desorption time 
He purge flow 

GC 
60 m DB-1 wide-bore fused silica 
Carrier (He) flow 
separator oven 

Ms 
Finnigan 3300 

scan range 
scan cycle, automatic 
filament current 
electron multiplier 
analyzer vacuum 
ion source vacuum 
inlet vacuum 
hold time 

270°C 
-195°C (cooled with nitrogen) 
240°C 
8 mii 
15 mL/min 

40°C (hold 5 min) + 2ц0°C, 4°C/min 
1.0 mL/min 
240°C 

riz 35 	350 
1.9 s/cycle 
0.5 mA 
1 600 volts 
18 mTorr 
18 гTorr 
25 mTorr 
0.1 s 

9.6 Data interpretation 

9.6.1 Qualitative analysis: 

For qualitative analysis, an ion chromatogram is constructed 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 compounds in the sample and the resolution 
obtained using the particular GC column and conditions. See 
section 12.2 for compound identification procedures. 
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9.6.2 Quantitative analysis: 

The time-dependent characteristic-ion spectra are employed to 
obtain chromatograms of breath samples and calibration standards 
(9.ц.2). 	Both samples and standards contain known amounts of the 
quantification standard, peг  H uorotoluепe, 	The ratios, peak 
area/mass loaded, for analyte and for perfluorotoluene, obtained 
with the calibration standard, are employed to calculate the 
relative response factor, F, which permits quantification of that 
analyte on the sample cartridge (see section 10). 

10. METHOD 0F CALCULATION 

10.1 Determination of relative response factor (F') 

The relative response factor, Fa, for a given analyte is obtained from, 

F = А  ri /A a 
a as sa 

where, 

Ад  = area of analyte peak on calibration standard chromatogram. 

Аs area of quantification standard peak on calibration standard 
chromatogram. 

гпд  = mass of analyte on calibration standard cartridge (иg). 

a5 mass of quantification standard on calibration standard cart-
ridge (цg). 

10.2 Determination of analyte mass in sample 

using the symbols employed in 10.1, the mass of the given analyte on the 
sample cartridge is obtained from, 

r
a 

= Аaт
s
/FaA

s (jg) 

where the values of Аa, A
a 

and ri
s 

are those obtained from the sample 
cartridge. 

NOTE: Fa is an average value, determined from at least three independart 
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 , is 
obtained from, 	 a 

рa - 10s(ma—тb)/V (цg/т3) 

where, 

тb 	mass of analyte on blank cartridge (tg) 

V = volume of breath sample (L) 

and ni is defined in 10.2. 
a 

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 or' the 

chemical and physical nature of the compound. 

12. NОТЕ5 ON PROCEDURE 

12.1 Assessment of chromatagraphic 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 

B = the area of the back half of a chromatographic 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 (HETPeff) 

HETP
eff L 5/Y)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) separation number (5N) 

SN = 	 — 1 
(Y, + Уz) 

where 

D 	the distance between two peaks, 

1' 2 = widths at 1/2 height 

(4) resolution (R) 

R _ 	2 o t 

w1 k w2 

where 

❑t = distance between peak tops 
W = peak width at base 

(5) Acidity = 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 adsorption mechanism. The peak 
assymetry of 1-pctanol and 5-nonanone serves to 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-dimethylaniliпe) and acids (e.g., 2,6-dimethyl-
phenol). 

The resolution and separation number are determined for the compound 

	

pairs ethylbenzene:p-xylene and octane:decane, respectively. 	Table 8 
lists the minimum performance specifications acceptable for breath 
analysis. 

Table s. 	iinimum performance specifications for glass capillary columns 

Parameter 
	

Test compounds 
	

Value 

Resolution Ethylbenzene: -xylene ) 	1.0 

Separation No. Octane:decane G 40 

% Peak asymmetry factor 1-Octanol ( 250 
Nonanone ( 	160 
Acetophenone ( 300 

Acidity 2,6-Dimethуhпi1inе: 0.7-1.3 
acetophenone 

Basicity 2,6-Dimethy1рhеnоl: 0.7-1.3 
seetophenone 

12.2 The computer automatically assigns masses during data acquisition by the 
use of'he mass calibration table obtained for perf1uoratributy1amine. 
After the spectra are obtained in mass-converted foras,. processing 
proceeds either manually or by computer comparison with a library. 
Compound identification can involve several levels of certainty. 

Level 1.- The raw data generated from the analysis of samples are 
subjected only to 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 to spectra compiled in a data compendium. 	In 
general, a minimum of five masses and intensities (±5%) should match 
between the unknown and library spectrum. 

NOTE: This level does not utilise any further information, 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 conditions. 

13. SCHEMATIC RЕPRЕSЕNТАТION 0F PROCEDURE 

Breath samples and blank cartridges 
(one breath-sample cartridge in ten 
is spiked with deuterated analytes 
for breakthrough control) 

Add -15О  mg quantification 
standard to each cartridge 

Prepare the following spiked 
cartridges: 
1. system performance standards 
2. calibration (relative response 

factor) standards 

Analyse system per for!nance 
standard, calibration standard, 
blank and breath samples, in 
that order, by GC/M5/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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14. ORIGIN OF THE METHOD 

Research Triangle Institute 
Research Triangle Park, North Carolina 27709, OsA 

Contact point: Dr D. Pellizzari, Vice—President, Analytical and 
Chemical Sciences 



BIOLOGICAL MONITORING 

BLOOD AND TISSUES 



METHOD 25 

GCјMЅ  DETERMINATION OF VOLATILE HALOCARBONS 
IN BLOOD AND TISSUE 

E.D. Pellizzari, L.S. Sheldon & J.Т. Bursey 

1. 	SCOPE AND FIELD OF APPLICATION 

This method is suitable for the analysis of the ha1ocarbons 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" к  lower limits. 

Table 1. 5ате  halocarbons for which the method is suitable 

Chloroform 
Carbon tetrachloride 
1,1,1-Trichloroethane 
Hexachloroethane 
1,2-Dichloroethane 
Trichloroethylene 
"ïetraehloraethylme 
Epichlorohydr in 
Allyl chloride 
Trich1orobenzenes 
1,1,2-Triehloroethane 

Bis-(chloromethyl)-ether 
Ohloromethyl methyl ether 
Ha lie t ha ne 
Dibromochloropropane 
1,2-Dibromnethane 
Brsmoform 
Broinodichloromethane 
Dibrotuoch1oromethane 
Chlorobenzene 
Dichlorobenzenes 
1 , 1 , 2, 2-Tenadr1gmethane 

2. 	REFERENCES 

Pellizzari, E.D. (197u) Development of Method for Carcinogenic 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-
tion and analysis of hazardous organic emissions. Anal. Chem., 5ц, 810- 
817 	 - 
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Michael, L.C., Erickson, M.D., Parks, s.P. & Pellizzari, E.D. (1980) Volatile 
environmental pollutants in biological matrices with a headspace purge 

technique. Anal. Chern., 52, 1836-1841 

Pellizzari, E.D., Hartwell, T.D., Harris, В.S.Н., 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 

L 	PRINCIPLE 

Volatile halocarbons are recovered from a blood 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 hxlocarbon 

vapours are trapped on a Tenax ОС® cartridge, then recovered by thermal desorp-
tion and analysed by gas chromatography/mass spectrometry. 

5. HAZARDS 

Some of the volatile ha].ocsrbons are known carcinogens, while others are 
suspected carcinogens. Because of their volatility, care must be exercised to 
avoid inhalation or skin exposure. They should be handled cautiously in well-
ventilated fume hoods and operators should wear protective face masks, lab 
coats and glvoes which do not readily absorb the substances. 

6. RЕАGЕNТS' 

All reagents used should be analytical Reagent grade 

Pure analytes 	 5ее  Method 24, section 6. 

Distilled water 	 Organic-free 

Tenax GС~(60/80 mesh) 	 See Method 23, section 6 for cleaning and 
sieving instructions. 

1 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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Compressed helium 	 99.9999% grade 

Calibration standards 	See Method 24. section 6 

Oriente 	 Nan-indicating, baked at X00°C for 2 h 

Т. АPPАRАTU51 

Glass cartridges 	 10 cm long к  1.5 cm i.d. 

Glass wool 

5oxhlet apparatus with condenser 

Vacuum oven 

5tainless steel mesh screens For 60/80 fraction 

Kimax®culture tubes 	 2.5 cm x 15 cm with Tefloп  lined screw-caps 

Vacutainer tubes 10-m1. 	Venoject L ц28, Kimble 

Glass syringes 	 10-mi, 

She11 vials 	 10-ml, with Teflon-lined screw-caps 

Magnetic stirring bar 	Teflon®-coated 

Heating mantle 	 For 100-mL round-bottom flask 

Magnetic stirrer 

Mercury thermometers 

One-gallon paint cans 	With press-fit lids 

Ice bath 

Disposable Pasteur pipettes 
and bulbs 

Virtis tissue homogenizer 

1 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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Purge apparatus 

The purge apparatus is shown in Figure 1. 

Tenax GC®cartridges 

5ampling tubes are prepared by packing a 10 cii long к  1.5 em i.d. glass 
tube containing 6.0 em of 60/80 mesh Tenax GC (1.6 g), using glass wool 
in the ends to provide support. See Method 23, section 6, for prelimi-
nary extraction of Tenax and section 8.1 (Method 23) for cartridge 
preparation and conditioning procedure. 

NOTE: Cleaning procedures for glassware and Teflon liners are described 
in Method 23, at the end of section 7. 	Store cleaned glass 
cartridge tubes and culture tubes in sealed, one—gallon paint cans. 

Gas chromatography/mass spectrometer/computer Sее  Method 23, section 7 

8. 	SAMPLING 

8.1 Collection of blood samples 

8.1.1 In the field, collect 10 mL blood samples by brachial venipuncture, 
using 10 mL vacutainer tubes (See Notes on Procedure, 12.1). 

r 

8.1.2 As soon as possible, chill the blood sample to ц°C and transfer it 
to a clean shell vial with a Teflon—lined screw—cap. 	Seal using 
Teflon tape. 

8.2 Collection of tissue samples 

Collect samples with minimum exposure to plastic or rubber and store in 
cleaned, oven—treated, glass jars sealed with either Teflon or foil—lined 
caps. 

Collect tissue samples from cadavers a short time following death and 
freeze immediately in a cleaned glass container with as small a "head—
space" as possible. 
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FIG. 1. нEAD-SPACE PURGE APPARATUS FOR BLOOD AND TI5$UE SAMPLES 

Thermometer ` 
-20 to 150° C 

 

Thermometer adapter 
with O-ring 

10/18 

_ Helium 
purge 

Helium inlet 
tube 

ј-bottom flask 

ng bar 

9. РRОС DURЕ  

9.1 Blank test 

Not applicable 

9.2 Check test 

See Method 214, section 9.2. 

9.3 Test portions 

1-10 mL whole blood; 5 g frozen tissue 
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9.4 Preparation of standards 

See Method 24, sections 9.4.1 and 9.4.2. 

9.5 Purging and trapping of analytes from blood sample 

9.5.1 Measure an aliquot of whole blood, chilled to 4°C into the purge 
flask (Fig. 1). 

9.5.2 Dilute to - 50 mL with purged, distilled, organic-free water and add 
a stirring bar. AsseшЫ  e the apparatus as in Figure 1, begin stir-
ring and raise the temperature to 50°C, with a helium flow-rate of 
25 mL/min. 

9.5.3 After 90 mm, terminate the purge and transfer the Tenax cartridge 
to a Kimax culture tube containing 5 mL non-indicating Drierite, 
covered with a pad of glass wool. 	Cap the tube and store in a 
freezer until required for analysis. 

9.6 Purging and trapping of analytes from tissue samples 

9.6.1 Section an aliquot (5 g) of frozen tissue and transfer it to the 
purge flask (Fig. 1). 

9.6.2 Dilute the aliquot to 50 mL with purged, distilled, organic-free 
water and macerate the miкture in an ice bath, using a Virti5 
tissue homogenizer. 

9.6.3 Immediately assemble the purging apparatus as in Figure 1, begin 
stirring and raise the temperature to 50°C, with a helium flow of 
25 mL/min. After 30 min, terminate the purge and зtоrе  the Tenax 
cartridge in a Kimax culture tube containing calcium sulfate 
desiccant, as described in 9.5.3. 

9.7 Analyte determination 

See 11еthod 24, sections 9.4.3, 9.5 and 9.6. 

10. METHOD 0F CALCULATION 

10.1 The mass concentration, рa, of a given analyte in a blood sample is 
obtained from 

рa = ma/V (ug/L) 
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where 

ma = mass of'analyte recovered from Tenax cartridge (ng) 

V 	volume of aliquot ii 9.5.1 (mL) 

The value of m is obtained as in Method 24, sections 10.1 and 10.2. 
a 

10.2 The mass fraction, wa, of the analyte in a tissue sample is given by 

wa = ra/mt (иg/kg) 

where m is defined in 10.1 and тt = wet weight of tissue aliquot in 
9.6.1 (g8). 

11. REPEATABILITY AND REPRODUCIBILITY 

11.1 Blood 

The purge-and-trap technique was validated using both 14 С-1аbеlед  model 
compounds and "саlд" model compounds. Results of these recovery studies 
are presented in Tables 2 and З. Based on these data, expected recover-
ies of purgeable halogenated organic compounds from blood are about 80% 
or better. 

11.2 Tissue 

The purge-and-trap technique was validated using "соlд" model compounds. 
Results of these recovery studies are presented in Table Ч. 	Expected 
recoveries of purgeable halogenated organics from tissue are about 50%. 
See Notes on Procedure, 12.2. 

12. NOTES ON PROCEDURE 

12.1 Glass syringes represent the optimal collection device, since no poly-
meric material which may contaminate the sample comes in contact with the 
blood. However, sterilization of large numbers of glass syringes in the 
field is not practical. 

Possible contamination by permeation through the rubber septum caps of 
the vacutairners is a cause for concern. Teflon-lined vacutainers are not 
available, but the manufacturers recommended special vacutainers 
"suitable for GC" (Venoject L 428, Kimble). Validation experiments have 
found the background of these tubes to be acceptable. 
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Leakage of the vacutainer caps has been observed, however, and permeation 
through the cap material is suspected. Accordingly, these containers are 
nit suitable for storage. 

Table 2. Percent recovery of 1"C-labelled compound from Ьlооda 

Compound 
	

Mass loading 	dpni 
	

% Recovery 	Average 
(ug) 	 loaded 
	

% recovery 

Chloroform 
	

1.116 

Carbon tetrachloride 	0.785 

Chlorobenzene 	 1.12 

Bromobenzene 	 1.21 

91 755.1 94.2 93.7 
93.1 
146.5 

77 902.3 92.6 89.4 
92.2 
83.5 

89 538.1 u3.5b 90.1 
88.0 
92.2 

84 1493.9 77.1 80.6 
74.4 
90.3 

a Head-space purge of whole blood (25 mL) diluted 11 with distilled water 
and purged in 100-mL, 3-neck flasks at 50°C for 90 min with helium at 25 
mL/:nin . 

ь  Leaking desorption chamber cap; not included in average. 	 . 

12.2 Difficulty may be encountered in quantitative introduction of a represen- 
tative fortified sample into the container for analysis. 	Consequently 
variations 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 of halogenated hydrocarbons from human blood spiked from 
gas mixing bulb 

Compound 	 Amount 
spiked 
(цg) 

Methylene chloride 	7.96 
Chloroform 	 8.16 
Bromodichloromethane 10.4 
Tetrachloroethylene 	8.52 
Ch1oroben2ene 	 5.53 
m-Dichlorobenzene 	6.44 
Mean 

% Recovery 	 Average ± 
std. dey. 

1 2 3 4 

105 116 a a 111 	± 7.8 
84.6 1145 139 a 123.± 33.1 

105 159 914.9 94.9 113 ± 30.7 

108 121 82.8 97.5 99.8 ± 17.9 
108 120 85.6 78.6 98.1 	± 19.3 
85.1 101 714.6 84.5 86.3 ± 10.9 

104.3 ± 22.7 

a Not quantified because of background interferences. 

Table 4. Recovery of halogenated hydrocarbon from human adipose tissue 

Compound 
	

% Recovery 
	

Average + S.D. 

1 	2 	3 	 14 

Methylene chloride a 78.2 69.8 92.8 80.3 ± 11.6 
Chloroform a 62.3 14.8 59.7 45.6 t 26.7 
Bromodichloromethane 64.4 15.5 13.4 49.4 35.7 ± 25.3 
Tetrachloroethylene 39.1+ 15.2 112 40.6 51.8 ± 41.8 
Chlorobenzene 21.5 6.8 7.3 17.9 13.14 ± 7.5 
m-Dichlorobenzene 82.1 д  56.5 30.8 56.5 t 25.7 
Mean 145.3 t 30.8 

a Not quantified due to peak interference. 
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13. SCHEMATIC REPRESENTATION 0F PROCEDURE 

Disperse sample in 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 24 

14. ORIGIN OF THE METHOD 

Research Triangle Institute• 
Research Triangle Park, North Carolina 27709, USA 

Contact point: Dr D. Pellizzari, Vice-President 
Analytical and Chemical Sciences 



METHOD 26 

DETERMINATION OF 1,1,1-TRICHLOROETHANE IN BLOOD 

K. Pekari & A. Aitio 

1. SCOPE AND FIELD OF APPLICATI0f 

The metnod is suitable for the determination Of 1,1,1-trichioroethane in 
blood specimens, the detection limit is ( 0,01 цmС1/L. Twenty-five to tnirty 
analyses can be performed in one day. 

2. REFERENCES 

Lindner J. & Angerer, J. (1978) 	Method No. 2, Trichloroethane, Sand 2. 	In: 
Henschler, D., ed., Analyseri in Biologiscnem Material, Verlag Chemie, 
GrnBd, D-69ц0 Weinheim, рр. D1-D5 

3. )EFIКITIОNS 

Not applicable 

4. PRINCIPLE 

The blood specimen is extracted with n-hexane and the concentration of 
1,1,1-trichloroethane in tie organic phase is determined by gas chromatography 
(GC) with electron-capture detection. 

5. HAZARDS 

1,1'1-Trichlaroethane is decomposed by heat and forms poisonous fosgene 
gas. 

n-Hexane is readily flammable and may react vigorously in the рresénce of 
oxidizing compounds. 

-445 - 
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6. RЕAGENT51 

1,1,1-frichioroetharie 	Purls , F1uka AG, MM. 	133.4,D0= 1.366 

n-dexane 	 HFLC-grade, Ratburn Chemicals LTD (Should 
be chosen for the column to be used so that 
no peaks occur at the sane retention time 
as 1,1,1-trichloroethane. 	With the capil- 
lary column 2E-30, the Ratburn product has 
been suitable.) 

Stock standard solutions 	I 	1 mL of 1,1,1-trichloroethane is 
made up to 100 mL with n-hexane 

II 	1 mL cf solution I is made up to 100 
mL with n-hexane 

I1I 	1 mL of solution II is made up to 
100 mL with n-hexane 

Working standard solutions 	Working standards are prepared form stock 
solution III (10.02 µmol/L) as follows: 

2t.1 	1 mL of solution tII is 
made up to 100 mL with 
n-hexane 	 0.10 Gипol/L 

5t.2 	1 mL of solution III is 
made up to 50 mL with 
n-hexane 	 0.20 nо1/L 

St.3 	1 mL of solution III is 
made up to 25 mL with 
n-hexane 	 0.l0 wпоl/L 

51.14 	1 mL of solution III is 
made up to 20 mL with 
t]-'hexane 	 0.50 Wflhl/L 

Gt.5 	1 mL of solution II is 
made up to 10 mL with 
n-hexane 	 1.00 цrпоl/L 

ât.б 	2 mL of solution III is 
made up to 10 mL with 
n-hexane 	 2.00 pmol/L 

The standards are kept in sealed 2-mL glass vials with Teflon septa, 
ready for use in the autosampler of the gas chromatograph. They are 
stable at least six months when stored at + SuC. 

1 Reference to a company and/-or product is for the purpose of information 
and identification only and does not imply approval or recomrnerndation of 
the company and/or product by the International А ,еnсу  for fiesгarch on 
Cancer, to the exclusion of others which may also be suitable. 
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7. APPARATUS1 

Gas chromatograph 	 with electron-capture (Зн) detector and an 
autosampler 

Mechanical shaker 	 Mixer, Reax 2, with adjustable rotation 
speed and universal adapter for racks. 
(Meindolph-Electro KG, Werk Schwаbacr► , 8420 
Kelheim, West Germany) 

Centrifuge 	 4ith 4 inserts for б  tubes. (5orva1l, Gi.С  
2B, General laboratory instruments, Du Pont 
Instruments). i'4eaп  radius, 90 mm; 2 000 
rev/min 

Sample tubes 	 15-mL, with ground-glass joint and plastic 
stopper 

Sуringеs 	 Hamilton, 10-L, used with an autosampler 

8. SAMPLING 

NOTE: 1,1,1-Trichloroethane enters the body mainly through the lungs and 
98-99% of it is eliminated unchanged by the same route. As 1,1,1-
trichloroethane accumulates to some extent in fat, from which its 
elimination is very slow, it can be found in the blood several days 
after exposure. 

8.1 when the compound is used daily, take the blood 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 the working week.) 
when the compound is not used continuously, take the specimens immediate-
ly after the working day. 

8.2 The volume of blood sample required is 5 mL. For sampling, fill heparin-
ized tubes (5 mL or 10 mL) to the rim witn blood (to avoid lois of 
solvent to the air phase in the tube) and cap. 	Stоrе  the samples at + 
5°C until analysed. 	If possible, carry out extraction immediately upon 
receipt in the laboratory. 	 . 

' 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 whzch may also be suitable. 
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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 1,1,1-trichloroethane. 

9.2 Check test 

Not applicable 

9.3 Test portion 

2.00 ± 0.01 ilL (use a pipette) 

9.4 $ample 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 chromatography (GC). 

9.5 DC conditions 

Column 	 25 r x 0.2 tIm (i.d.) vitreous silica 
capillary, coated with 5E-30 

Column temperature 	 60°C 
Injector temperature 	 120°C 
Detector temperature 	 220°C 

9.6 GC determination of 1,1,1-trichloroethaпe 

Inject 1 цL of the hexane phase (9.4) onto the GC and record the peak 
height. 

9.7 Calibration curve 

Using the working standard solutions in n-hexane, inject 1 цL of each 
solution onto the GC. 	(The calibration curve is determined with each 
series of samples to verify the linear response range of the detector.) 
Epecimens with high concentrations of 1,1,1.-trichloroethane must b dilu-
ted appropriately. Normally, the calibration curve is linear up to 
1 iamol/L. 

A linear relation between peak height (y) and concentration of 1,1,1-tri-
chloroethane (C, цтоl/L) is calculated by the method of least squares. 
The correlation coefficient of the equation y = (аС  + b) should De better 
than 0.99. 

Phе  C-intercept should be (10.0 umо1/L. 
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9.8 Recovery 

The recovery, R, of the spiked specimens is 87.9 ± 5.7 1, as determined 
from additions of 0.33 - 0.99 uтоl/L of 1,1,1-trichtoroethane to blood 
with initiai concentrations of trichloroethane of 0.24 - 0.81 wmOi!L (n = 
13). 

10. i1ЕTl1UD 0F CALCULATIJId 

The concentration, C, of 1,1,1-trich1oroethane in the specimen is 
calculated from 

bld (y-b) (umol/L) 

Ra 

where 

d = dilution factor (d = 2 in section 9.7) 

R = recovery (%) 
and 

a and b are obtained froјп  the equation of section 9.7. 

11. REPEATABILITY AND REPRODUCIвII.ITY 

The coefficient of variation calculated from duplicate determinations in 
the concentration range 0.3-0.8 umol!L is 3% (n 	7). 

12. NОTЕS ON PROCEDURE 

Not applicable 
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13. SСНЕMATIС  RЕРRЕ3EidTATION OF PROCEDURE 

5 mL, blood sample 

Extract 2 mL blood with ц  шL n-hexane 
(shake 15 rnin, centrifuge b min) 

i 

Inject 1 цL hexane phase onto GC 

T 
Calculate analyte concentration froru 
peak height and calibration curve 

iц . ORIGIN OF THE HETHOD 

Institute of Occupational Health 
Laboratory of Biochemistry 
Arinatie 3 
5F-00370 Helsinki 
Finland 

Contact point: K. Pekari 
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DETERMINATION OF TETRACHLOROETHYLENE IN BLOOD 

K. Pekari & A. Aitio 

1. SCOPE AND FIELD 0F APPLICATION 

The method is suitable for the determination of tetrachloroethylene in 
blood. The limit of detection is < 0.03 итоl/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. 	In 
Henschler, D., ed., Aralysen in Biologischem Material, Verlag Chemie, 
GaiBH, D-6940 Weinheim, pp. D1-05 

3. DEFINITIONB 

Not applicable 

4. PRINCIPLE 

The specimen is extracted with n-hexane and the concentration of tetra-
chloroethylene in the organic phase is determined by gas chromatography, with 
electron-capture detection. 	 . 

5. HAZARDS 

Tetraehioroethylene is moderately toxic and irritant to eyes and skin. 
n-iexane is readily flammable. 

-451- 
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6. REAGENTS' 

Tetrachloroethyiene 	 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 mL 
with п-hexane 

III. 1 mL of solution I2 made up to 100 mL 
with n-hexarie 

Working standard solutions: 	The working standards are prepared from 
stock solution III (9.78 цтоl/L) as follows: 

St.1 1 mL of solution III made 0.10 цтal/L 
up to 100 mL with n-hexane 

St.2 1 mL of solution II made 0.20 цтоl/L 
up to 50 mL with n-hexane 

St.3 1 mL of solution FII made 0.39 цтоl/L 
up to 25 mL. with n-hexane 

St.4 1 mL of solution III made 0.ц9 цтоl/L 
up to 20 mL with n-hexane 

St.5 1 mL of solution III made 0.98 цтоl/L 
up to 10 mL with n-hexane 

The standards are kept in 2-mL, sealed 
glass vials with Teflon septa, ready for 
use in the autosampler of the gas chromato-
graph. They are stable several months when 
stored at + 5°C. 

n-Hexane 	 HPLC-grade, Ratburn chemicals Ltd. (Should 
be chosen for the column to be used so that 
no peaks occur at the same retention time 
as tetrachloroethylene. With the capillary 
column SE-30, the Ratburn product has been 
suitable). 

7. APРARATUS1 

Gas chromatograph 	 With an electron-capture (4Н) detector and 
an autosampler. 

1 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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Mechanical shaker 	 Mixer, Reax 2, with adjustable rotation 
speed and universal adapter for racks 
(Heindolph-Electro KG, Werk Schwabach, 8ц2б  
Kelheim, West Germany) 

Centrifuge 	 With ц  inserts for 6 tubes (5orva п  , GLC 
2B, General laboratory instruments, Du Pont 
Instruments). Mean radius, 90 mm, 2 000 
rev/min. 

Sample tubes 	 15-mL, with ground-glass joint and a 
plastic stopper 

Syringes 	 Hamilton 10-цL syringes, used with an auto- 
sampler 

8. sАмРL1NG 

When workers are exposed to tetrachloroethyiene 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 cf the exposure during the working 
week). When the compound is not used continuously, take the samples immedia-
tely after the working day. 

The volume of blood required for analysis is 5 mL. 	Fill heparinized 
tubes (5 mL or 10 mL) to the rim with blood (to avoid loss of solvent to the 
air phase in the tube) and cap. Store the specimens at + 5°C 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 

Not applicable 

9.3 Test portion 

2.00 ± 0.01 mL (use a pipette) 
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9.4 Sample extraction 

Extract 1 mL of whole blood with 5 mL of n—hexanc in a centrifuge tube 
for 15 mm, using a mechanical shaker, then centrifuge, if necessary, for 
5 min (2 000 rev/min). Retain for gas chromatography (GC). 

9.5 GC conditions 

Соlитп 	 25 m x 0.2 mm (i.d.) vitreous silica capil- 
lary, coated with 5E-30 

Column temperature 	 90°C 
Injector temperature 	 120°С  
Detector temperature 	 220°C 

9.6 GC determination of tetrachloroethylene 

Inject 1 иL of the hexane phase from 9.4 onto the GC. Record the peak 
height. 

9.7 Calibration curve 

Using the working standard solutions in n—hexane, inject 1 iL 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 јтоl/L. 

The linear relation between peak height (y) and concentration of tetra-
chloroethylene (C, ‚jmol/L) is calculated by the method of least squares. 
The correlation coefficient of the equation y = аС  + b should be better 
than 0.99. The C—intercept should be less than j0.021 цгпоl/L. 

9.8 Recovery 

The recovery, R, from spiked specimens is 94.1 f 4.5%, as determined from 
additions of 0.98 цтоl/L of tetrachloroethylenie to blood with initial 
concentrations of tetraeh1oroethy1ene of 0.36-1.57 цтоl/L (n = 7). 

10. 11H00 OF CALCULATION 

The concentration, C, of tetrachloroethylene in the specimen is calcula-
ted from 

C _ 100d (y — b) (iimol/L) 

Ra 
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where 

d = dilution factor (d = 5 in section 9.1) 
R - recovery (%) and 
a and b are obtained from the equation of section 9.7 

11. REPEATABILITY AND REPRODUCIBILITY 

The coefficient of variation calculated from duplicate determinations in 
the concentration range 0.110.6 uтоl/L is 3% and in the concentration range 
1.8-2.5 јmol/L is 2% (n = 5) 

12. NOTES ON PROCEDURE 

Not applicable 

13. scнЕi1AT1c REPRESENTATION of PROCEDURE 

5 mL blood sample 

Extract 1 mL blood with 5 niL n-hexane 
(shake 15 min, centrifuge 5 min) 

i 
Injгct 1 1L hexane phase on GC 

i 
Calculate analyte concentration from peak height 

and calibration curve 

11. ORIGIN OF THE METHOD 

Institute of Occupational Health 
Laboratory of Biochemistry 
Arinatie 3 
SF-00370 Helsinki 37, Finland 

Contact point: К. Pekari 



METHOD 28 

DETERMINATION OF HALOTHANE IN BLOOD 
BY GAS CHROMATOGRAPHY {GC} 

D.J. Jones 

L 	SCOPE AND FIELD 0F APPLICATION 

This method may be ûsed for the determination of halothane (2-Ьгото-2-
chloro-1,1,Э-trifluoroethane) and other halogenated volatile anaesthetics in 
blood. 	The method does not require extraction procedures and can be 
accomplished (with standard curve) within one hour. The limit of detection is 
10 mg/L. 

2. REFERENCE 

Jones, D.J. (1978) 	rapid gas chromatographic assay for volatile anesthetics 
in blood. J. Pharmacol. Methods, 1, 155-160 

3. DEFINI'тION$ 

Not applicable 

4. PRINCIPLE 

After anaerobic sampling of blood and equilibration of the halothane with 
the head-space air in an airtight 5-mL serum vial (37°C), a sample of the 
head-space air is analysed by OC. 

5. HAZARDS 

Not applicable 

_L57_ 



458 d4NE5 

Б. 	REAûЕNT51 

Nitrogen 

Compressed air E'iltered to remove particulates 

Hydrogen 

5tandard solutions Prepare calibration standards by adding 
2.5 pL of halothane to 	10 mL of heparinized 

blood or 	saline 	in a 	15-mL serum 	bottle. 

5еаl 	bottle 	with 	rubber 	and metal 	caps 	and 
agitate vigorously for 5 min. 	This 	"stock" 

solution 	has 	a 	halothane 	concentration 	of 

469 mg/L (2.3`7 mmol/L). 
The 	calibration 	standards 	for 	halothane, 

made up 	to 	1 	mL 	with 	a 	volume 	of unconta- 

minated blood 	or 	saline 	in 	5-mL vials, 	are 
noted in Table 1. 

Table 	1. 	Calibration standard dilutions and concentrations 

Volume of "stock" 	 0.1 0.2 	0.4 	0.6 	1.0 
solution (mL) 

Concentration 	 A 8 	C 	 D 	 E 
of halothane (mg/L) 	 46.8 43.6 	1$7.2 	280.2 	468 

(. 	АРРАНАТиs1 

Tuberculin syringes 1-mL, with air-tight plastic caps 

Rorun bottle 5-mL 	(ИTheaton 	#223738, 	Wheatorn 	Scientific, 
Mi11vi11e, 	New Jersey, 	L~5А) 

Rubber stoppers Wheaton #224124 

' 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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Aluminum 2 mm, one-piece 
seals 

Cap crimper 

Gas chromatograph 

5hakinb incubation bath 

Gas-tight liquid syringe 

Wheaton #2гL+183 

Wheaton #22~13О3 

Fitted with flame-ionization detector 

5 О-i L 

8. SА1WLÎNG 

8.1 Draw accurate, 1-mL samples of either venous or arterial blood anaerobic-
ally into heparinized, disposable tuberculin syringes and tightly cap 
with air-tight plastic caps (the blood usually remains in the air-tight 
syringes for less than 2 min). 

8.2 Quickly transfer sample into a 5-mL serum bottle, stopper and place an 
aluminum 2 mm one-piece seal on top of the rubber stopper. Crimp on the 
top to form an air-tight unit, using an appropriate-sized crimper. 

9. PROCEDURE 

9.1 Blank test 

Prepare a 1.0-mL control standard which does not contain anaesthetic and 
follow instructions of sections 8 to 10, as for blood samples. 

9.2 Check test 

Not applicable 

9.3 Test portion 

Not applicable 

9.4 GC conditions 

GC column 	 5tainles5 steel columns, 3.05 m к  3.2 mm 
i.d., packed with 5% 0V 101 (100/120) on 
chromosorb иf (AW-DMCS) solid support. A 
1.83 m к  3.2 mm column with i.e., 10% 0V 
101 (100/120) on Chronrosorb G (Ak!-DMCS) 
solid support has also been used, with 
similar results. 



f460 	 JONES 

Gas flow-rates 	 Nitrogen, 60 mL/min; hydrogen, 
17-20 rnL/min; compressed air, 38-40 mL/min 

Temperatures 	 Injection 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 occur). 

9.5  Analytical procedure 

9.5.1 Place the samples and standards in a 37°C water bath to equilibrate 
for 15 min. During this period, 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 0.5 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 pL 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 least 10 times, adjust 
volume to 10 L, then rapidly inject into the gas chromatograph. 
Inject three such head-space samples for each blood sample. 

9.6 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 
solutions (see Fig. 1). 

10. METHOD 0F CALCULATION 

Measure concentrations of analyte in samples by reading from the calibra-
tion curve at the point of the average peak height of the three sample 
injections (9.5.4). Subtract the concentration observed in the blank. 
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FIG. 1. HALOTHANE AND E~iFLURANE STANDARD CURVES 

Generated from data of 10 different standard curves. Each "К" represents the 
average peak height of triplicate samples. 	Сoтпputer-assisted linear regres- 
sion was used to draw the line. 
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11. REPEATABILITY AND REPRODUCIBILITY 

11.1. A print-out from OC analysis of three 10-цL 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-µL SAMPLES 
FROM HALOTHANE AND ENFLURANE CALIBRATION STANDARDS 

A-E for halothane correspond to concentrations noted in Table 1. 

12. NOTES ON PROCEDURE 

12.1 Rather than inject the blood into the vial through the rubber stopper, 
the vial is capped immediately following addition of the 1 mL of blood. 
This procedure was used so as to minimize any pressure changes which 
might lead to leakage or alterations in equilibration pressure within the 
vial. 

12.2 The 10-pL samples of head-space air represent 0.2% of the total gas 
space. Up to six repeated samplings did not decrease the peak height. 

12.3 If samples can not be analysed immediately, they can be stored at 2-4°C 
for up to 48 h without loss of sampling accuracy. Standards stored in 
this manner also do not exhibit a decrease in peak height or a change in 
linearity. Such a finding attests to the lack of leakage and solubility 
loss into the rubber stopper under these storage conditions. 

12.14 As is evident from Figure 2, some variability in peak height occurs. 
This appears largely due to the injection technique. It is necessary to 
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, prior to injection. 	Also one must 
insure that no air leaks occur at the time of piercing the GC septum, as 
this will give rise to a small peak prior to the halotharie peak. 
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13• SСНEМАTIС  REPRESENTATION OF PROCEDURE 

1 mL heparinized blood sample into 5-mL serum vial 

Cap and crimp vial 

1 

Incubate at 37°C with gentle swirling for 15 min 

Remove center portion of aluminum 
cap and insert needle of 50-рL syringe 
to approximately 0.5 cm above blood 

Move plunger up and down at least 10 times, 
withdraw a 10-µL aliquot and rapidly inject into GC port 

t 

Repeat two more times 

t 

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 
5aп  Antanio, TX 78284, USA 

Contact point: David J. Jones, Ph.D. 
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DETERMINATION OF TRICHLOROACETIC ACID IN URINE 

K. Pekari & A. Aitio 

1. SСOРЕ  AND FIELD OF APPLICATIбN 

This method is suitable for the determination of trichloroacetic acid in 
urine for the biological monitoring of workers exposed to trichloroethylenc. 
The limit of detection is ( 5 pmol/L. Twenty-five to thirty analyses can be 
completed in one day. 

2. 1RЕFEREМCES 

Enen, A., Henschler, D. & Piiz, 44. (1978) Method Mo. 1, Trichloroacetic acid, 
Band 2. 	In: 	Henschler, D., ed., Analysen in 8iologischem Material, 
Verlag Chemie, GmbH, D-694О  Weinheim, pp. D1-D5 

3. DEFINITIONs 

Not applicable 

4. PRINCIPLE 

The method is an application of the Fujiwara reaction, where trichloro-
acetic acid is decarboxylated to chloroform and the absorbance of the coloured 
compound that is formed in pyridine is measured at 530 nm with a photometer. 

5. HAZARDS 

Sodium hydroxide is a strong, caustic base. 	Pyridine decomposes when 
heated, forming poisonous cyanide vapours. 	It also reacts strongly with 
oxidizing agents. 
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REAGENTS 

Trichloroacetic acid (TCA) 	Merck, p.a. 

Sodium hydroxide 	 Merck, p.a. 

Sodium hydroxide 	 Merck, 	TitrisoiR, 	0.01 	nulL, 	sealed 
ampoules 

Sodium sulfate 	 Anhydrous, Merck, p.a. 

Pyridine 

Standard solution of TCA 

Merck, р.а. 

Dissolve 50 mg TCA in 1 L distilled water. 
Because TCA is hygrosocpic, the exact 
concentration of the solution ( 300 
uтоl/L) is determined by titration with 
0.002 mо1/L sodium hydroxide with phenol-
phthalein as an indicator. Only sodium 
hydroxide prepared from freshly-opened 
ampoules may be used, as sodium hydroxide 
tends to take up carbon dioxide from the 
air. 

7. APPARATUS 

Test tubes 	 25-mL, with screw cap 

Colorimeter 	 The spectral half-width of the coloured 
reaction product is 80 in, so that a colo-
rimeter with a filter with a band pass of 
50-70 mm can be used. 	A colorimeter with 
round cuvettes is preferable, as bubble 
formation in tetragonal cuvettes may cause 
difficulties. 

Mechanical shaker 	 Mixer, Reax 2, with adjustable rotation 
speed and universal adapter for racks 
(Heindolph-Electro KG, Werk Schwabach, 8320 
Kelheim, West Germany) 

1 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 ц  inserts for б  tubes (5orva1l, GLC 
2B, General laboratory instruments, Du Pont 
Instruments) 
Mean radius, 90 mm, 2 000 rev/min 

Syringes 	 Hamilton 10—цL, used with an autosampler 

8. SAMPLING 

Trichloroethylene enters the body through the lungs and the skin. About 
seventy per cent of the absorbed tricb1oroethylene is metabolized to trichloro-
acetic acid and trich1oroethano1, 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 concentration of 
trichloroacetic acid in urine indicates the exposure level over several days 
before sampling. 

Eor 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 if' distilled water by the method of sections 9.ц-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 portion 

0.5 ± 0.01 mL (use a pipette) 

9.4 Conversion of TCA 

9.ц.1 Pipette 0.5 mi. of urine sample into 25 mL test tube and add 10 mi. 
of 25% sodium hydroxide. 
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9.4.2 With each group of urine samples, repeat 9.4.1 using 0.5 mL of 
standard TCA solution in place of urine. 

9.4.3 Close tubes with screw caps and shake for one min in mechanical 
shaker. 

9.4.4 Add б  mL of pyridine to each tube and shake vigourously a few times 
by hand. 

9.4.5 Loosen screw caps and place tubes in a water bath at $0.0 ± 0.5°C 
for 5 min. 

9.4.6 Transfer the pyridine phase by pipette to a test tube containing 2g 
anhydrous sodium sulfate. 

9.4.7 Close the tubes with screw caps and shake for 0.5 min, then centri-
fuge for 25 min (2 000 rev/min). 

9.5 Colorinetric determination 

Pour pyridine phase from 9.1.7 into colorimeter cuvette and measure 
аь  огbance (A) against that of pyridine. 

9.6 Recovery 

The recovery of the spiked specimens in the concentration range 5-300 
µmoi/L is 93.5 ± 1..7% (mean ± standard deviation, n = 8). 	The colour 
reaction follows Seer's law up to a concentration of at least 700 .imol/L. 

10. METHOD 0F CALCULATION 

The concentration, C, of TCA in the specimen is calculated from the 
equation, 

(A - Р' ) 
o 

C 	Cs (A - A ) 	(
цтоl/L) 

s 	o 

where 

C = concentration of TCA standard solution (~imоl/L) 

A = absorbance of the standard solution 
s 

A = absorbance of the blank 
o 

A 	absorbance of the specimen 
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Because the standards are analysed together with the specimens, carrec-
tion for recovery is not needed. 

11. REPEATABILITY AND REPRODUCIBILITY 

The coefficient of variation calculated from duplicate determinations in 
the concentration range 1ц0-370 цmоl/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 + W mL Nail (25%) 

0.5 mL standard TCA solution + 10 mL Nail (25%) 
0.5 mL urine + 10 mL Nail (25%) 

Shake each tube for 	1 min 

1 
Add б  mL pyridine and shake 

Place in water bath (80°C) for 5 min 

Г  
Transfer pyridine to anhydrous sodium sulfate, 

shake and centrifuge for 25 min 

Measure absorbance of pyridine phase 
against pure pyridine 

Calculate urine TCA concentration 
from absorbance measurements 
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1 ц. ORIGINE OF THE METHOD 

Institute of Occupational Health 
Laboratory of biochemistry 
Arinatie 3, 
sF-00370 Helsinki 37 

Contact point: К. Pekari 



METHOD 30 

DETERMINATION OF 2,2,2-TRKНL0RОЕТHАN0L IN URINE 

K. Fekari & A. Aitio 

1. SСОРЕ  AND FIELD OF APPLICATION 

This method is suitable for the determination of the total (free + 
conjugated) 2,2,2-oиchbrоethano1 in urine of workers exposed to trichioro-
ethylene. The detection limit of the method is О. цтоl/L. One technician is 
able to analyse about 10 specimens in a working day. 

2. REFERENCES 

Vesterberg, 0., Gorozak, J. & Krasts, M. (1975) 	Methods for measuring tri- 
chloroethanol and trichloroacetic acid in blood and urine after exposure to 
triehloroethylene. 5cand. J. Work Environ. & Health, 1, 243-248 

3. DEFINITIоNs 

Not applicable 

4. 	PRINCIPLE 

Conjugates of trichloroethanol in urine are hydrolyzed with acid, tri-
chioroethanol is extracted into iso-octane and quantified by gas chromato-
graphy (GC), using electron-capture detection. 

5. ЧAZARDS 

Sulfuric acid is a strong, caustic acid. Iso-octane is easily flammable 
and may react vigorously in the presence of oxidizing compounds. 

-473- 
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6. REAGENTS1 

2,2,2-Тгiehbroetharo1 	96% Merck, р.а., (d20o0 - 1.552) 

Sulfuric acid 	 Merck, p.a., donc. 

Iso-octane 	 Merck, p.s. 

Stock standard solutions 	I 	30 uL of trichloroethanol 	3000 то1/L 
made up to 100 mL with 
distilled water 

II 10 mL of the solution I 	300 u оl/L 
made up to 100 mL with 
distilled urine 

Working standard solutions 	Working standards are prepared from the 
stock solution I1 as follows: 

st.0 	trichloroethanol-free urine 
from non-exposed persons 

5t.1 

	

	1 mL of stock solution II 6.0 цтоl/L 
made up to 50 mL with 
st.0 urine 	 . 

5t.2 	2 mL of the stock 	12.0 цтоl/L 
solution II made up to 
50 mL with 5t.0 urine 

5t.3 	3 mL of the stock 	1$.0 1тo1/L 
solution II made up to 
50 mL with St.0 urine 

5t.11 	1 mL of the stock 	30.0 цтоl/L 
solution II made up to 
10 mL with St.0 urine 

Т. APPARAT051 

Mechanical shaker 	 Mixer, Reax 2, with adjustable rotation 
speed and universal adapter for racks 
(Heindoiph-Electro KG, Werk Schwabach, 81420 
Kelheim, West Germany) 

1 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 -1 inserts for 6 tubes (Sorvall, GL.0 
2B, General laboratory instruments, Du Pont 
Instruments) Mean radius, 90 mm; 2 000 
revlmin 

5атрle tube 	 10-mL glass tube with a screw cap 

5yringes 	 Hamilton 10 цL, used with an autosanipler 

Gas chromatograph 	 With an electron-capture (эн) detector and 
an autosampler 

$ . 	SAMPLING 

Trichloroethylene enters the body through the lungs and the skin. About 
seventy per cent of the absorbed trichloroethylene is metabolized to trichlo-
roacetic acid and trichioroethanol, which are then excreted in urine. 

Exposure of workers to trichloroethylene can be followed by determining 
the concentration of trich1oroacetie acid or trichioroethanol in 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. 

For the analyses, only 2 mL of urine (single voiding after the working 
day) is needed, but for representative sampling, > 50 mL of urine is recom-
mended. Store the specimens at +5°C until analysed. 

9. PROCEDURE 

9.1 Blank test 

Analyse a solvent blank (iso-octane) with each series of urine samples. 
Nb peak should be seen at the same retention time as 2,2,2-uiehloro-
ethanol. 

9.2 Check test 

Within each series, analyse two control specimens, with known trichloro-
ethanol levels. These are prepared form urine of workers exposed to 
trichloroethylene. 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 ‚,L capacity). 
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9.4 Hydrolysis and extraction 

9.4.1 Pipette 0.5 mL of urine and 0.25 ilL 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. 

9.1+.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. 

9.5 GC conditions 

Column 	 25 rn x 0,2 mm (i.d.) vitreous silica 
capillary, coated with sE-30 

Column temperature 	 110°C 
Injector temperature 	 120°C 
Detector temperature 	 220°C 

9.6 GC determination of trichloroethanol 

Inject 1 цL of the organic phase from 9.4.3 onto the GC. 

9.7 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 цL of each standard solution onto the GC. (specimens with high 
concentrations of trichloroethanol must be appropriately diluted.) 
Normally, the calibration curve is linear up to 30 цтоl/L. 

An equation (y i аС  + b) of the dependence of the peak heights on the 
2,2,2-trkhloroethano1 concentration of the standards (C, цтоl/L) is 
calculated using the least squares method. 	The correlation coefficient 
should be > 0.99 and the C-intercept ( j0.3 ј  цтоl/L. 

9.8 Recovery 

The recovery of the method is 98.2 ± 6.0% (mean ± s.d., n 	6), when 5-30 
цтоl of trichloroethanol per litre urine is added to specimens with an 
initial concentration of 0.9 uтоl/L of trichloroethanol. 

10. METHOD 0F CALCULATION 

The concentration, C, of 2,2,2-trichlorоethаnоl in the specimen is given 

	

by 	 . 

C 	(y - b)/a (uтоl/L) 
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9.4 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. 

9.5 GC conditions 

Column 	 25 m x 6,2 mm (i.d.) vitreous silica 
capillary, coated with 5E-30 

Column temperature 	 110°C 
Injector temperature 	 120°C 
Detector temperature 	 220°C 

9.6 GC determination of trichloroethanol 

Inject 1 wL. of the organic phase from 9.4.3 onto the GC. 

9.7 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 pL Of each standard solution onto the GC. (specimens with high 
concentrations of trichloroetharol must be appropriately diluted.) 
Normally, the calibration curve is linear up to 30 цто1/L. 

An equation (y = аC + b) of the dependence of the peak heights on the 
2,2,2-trichloroethanol concentration of the standards (C, uтоl/L) is 
calculated using thе  least squares method. 	The correlation coefficient 
should be > 0.99 and the C-intercept ( ]0.3i mol/L. 

9.8 Recovery 

The recovery of the method is 98.2 ± 6.0% (mean ± s.d., n = 6), when 5-30 
pmol of trichloroethanol per litre urine is added to specimens with an 
initial concentration of 0.9 uтоl/L of trichloroethanol. 

10. METHOD OF CALCULATION 

The concentration, C, of 2,2,2-trichloroethaпol in the specimen is given 
by 

C - (y - Ь)/a (uтоl/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-ц0 цmоl/L is 0,01 (n 	5). 

12. НОТЕ  ON PROCEDURE 

Not applicable 

13. SCHEMATIC REPRESENTATION OF PROCEDURE 

0.5 mL urine + 0.25 mL cone. 12S0,z 

1 

Heat to 100°C for 30 min 

1 
Cool, add 2 mL iso-octane and shake 5 min 

T 
Centrifuge, inject 1 цL 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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H. Bartsch 
326 pp.; US$20.00; Sw.fr. 42.- 

INFORMATION BULLETIN ON THE 
SURVEY OF CHEMICALS BEING 
TESTED FOR CARCINOGENICITY 
No. 11 (1984) 
Edited by M.-J. Obese, J.D. Wilbourn, 
H. Vainю  & Bartsch 
336 pp.; US$20.00; 5w.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


