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APPENDIX 2

AeTIVTY PROFILES

FOR GENETIe AND RELATED EFFECTS

Methods

The x-axs uf the activity profile (Waters et al., 1987, 1988) represents the bioas-
says in phylogenetic sequence by endpoint, and the values on the y-axs represent
the logarithmically transformed lowest effective doses (LED) and highest ineffec-
tive doses (HID) tested. The term 'dose', as used in this report, does not take into
consideration length of treatment or exposure and may therefore be considered syn-
onymous with concentration. ln practice, the concentrations used in all the in-vitro
tests were converted to Jlg/ml, and those for in-vivo tests were expressed as mg/kg
bw. Because dose units are plotted on a log scale, differences in molecular weights
of compounds do not, in most cases, greatly influence comparisons of their activity
profiles. Conventions for dose conversions are given below.

Profile-line height (the magnitude of each bar) is a function of the LED or
HID, which is associated with the characteristics of each individual test system _
such as population size, cell-cycle kinetics and metabolic competence. Thus, the
detection limit of each test system is different, and, across a given activity profile,
responses wil vary substantially. No attempt is made to adjust or relate responses
in one test system to those of another.

Line heights are derived as follows: for negative test results, the highest dose
tested without appreciable toxicity is defined as the HID. If there was evidence of
extreme toxicity, the next highest dose is used. A single dose tested with a negative
result is considered to be equivalent to the HID. Similarly, for positive results, the
LED is recorded. If the original data were analysed statistically by the author, the
dose recorded is that at which the response was significant (p ~ 0.05). If the avail-
able data were not analysed statistically, the dose required to produce an effect is
estimated as follows: when a dose-related positive response is observed with two
or more doses, the lower of the doses is taken as the LED; a single dose resulting
in a positive response is considered to be equivalent to the LED.

In order to accommodate both the wide range of doses encountered and posi-
tive and negative responses on a continuous scale, doses are transformed logarith-
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micalIy, so that effective (LED) and ineffective (HID) doses are represented by pos-
itive and negative numbers, respectively. The response, or logarithmic dose unit
(LDUij), for a given test system i and chemicalj is reprcsented by the expressions

LDUij = -loglo (dose), for HID values; LDU -c0md (n
!5LDUij = -loglo (dose x 10- ), for LED values; LDU ::0.

These simple relationships define a dose range of 0 to -510garithmic units for
ineffective doses (1-100 00 J!g/ml or mg/kg bw) and 0 to + 810garithmic units for
effective doses (100 00.001 J!g/ml or mg/kg bw). A scale ilustrating the LDU
values is shown inFigure 1. Negative responses at doses less th an 1 J!g/ml (mg/kg
bw) are set equal to 1. Effectively, an LED value ::100 00 or an HID value -c1
produces an LDU = 0; no quantitative information is gained from such extreme
values. The dotted lines at the levels of log dose units 1 and -1 define a 'zone of
uncertainty' in which positive results are reported at such high doses (between
1000 and 100 00 J!g/ml or mg/kg bw) or negative results are reported at such low
dose levels (1 to 10 J!g/ml or mg/kg bw) as to calI into question the adequacy of the
test.

Fig. 1. Scale of log dose units used on the y-axs of activity profiles
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In practice, an activity profile is computer generated. A data entry programme
is used to store abstracted data from published reports. A sequential file (in ASCII)
is created for each compound, and a record within that file consists of the name
and Chemical Abstracts Service number of the compound, a three-letter code for
the test system (see below), the qualitative test result (with and without an exoge-
nous metabolic system), dose (LED or HID), citation number and addition al
source information. An abbreviated citation for each publication is stored in a seg-
ment of a record accessing both the test data file and the citation file. During pro-
cessing of the data file, an average of the logarithmic values of the data subset is
calculated, and the length of the profile line represents this average value. All dose
values are plotted for each profile line, regardless of whether results are positive
or negative. Results obtained in the absence of an exogenous metabolic system are
indicated bya bar (-), and results obtained in the presence of an exogenous meta-
bolic system are indicated by an upward-directed arrow (t). When aIl results for
a given assay are either positive or negative, the mean of the LDU values is plotted
as a solid line; when conflicting data are reported for the same assay (i.e., both posi-
tive and negative results), the majority data are shown by a solid line and the minor-
ity data by a dashed line (drawn to the extreme conflicting response). In the few
cases in which the numbers of positive and negative results are equal, the solid line
is drawn in the positive direction and the maxmal negative response is indicated
with a dashed line.

Profile lines are identified by three-letter code words representing the com-
monly used tests. Code words for most of the test systems in CUTrent use in genetic
toxicology were defined for the US Environmental Protection Agency's GENE-
TOX Program (Waters, 1979; Waters & Auletta, 1981). For !ARC Monographs Sup-
plement 6, Volume 44 and subsequent volumes, including this publication, codes
were redefined in a manner that should facilitate inclusion of additional tests. If
a test system is not defined precisely, a general code is used that best defines the
category of the test. Naming conventions are described below.

Data listings are presented with each activity profile and include end point and
test codes, a short test code definition, results .(either with (M) or without (NM) an
exogenousactivation system), the associated LED or HID value and a short cita-
tion. Test codes are organized phylogenetically and by endpoint from left to right
across each activity profile and from top to bottom of the corresponding data list-
ing. Endpoints are defined as follows: A, aneuploidy; C, chromosomal aberrations;
D, DNA damage; E assays of body fluids; G, gene mutation; H, host-mediated as-
says; l, inhibition of intercellular communication; M, micronuclei; E sperm mor-
phology; R, mitotic recombination or gene conversion; S, sis ter chromatid ex-
change; and 1: cell transformation.
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Dose conversions for activity profiles

Doses are converted to l1g/ml for in-vitro tests and to mg/kg bw per day for
in-vivo expei;iments.

1. In-vitro test systems

(a) Weight/volume converts directly to l1g/ml.

(h) Molar (M) concentration x molecular weight = mg/ml = 1() l1g/ml; mM
concentration x molecular weight = l1g/ml.

(c) Soluble solids expressed as % concentration are assumed to be in units
of mass per volume (i.e., 1% = 0.01 g/ml = 10 00 l1g/ml; also, 1 ppm
= 1 l1g/ml).

(d) Liquids and gases expressed as % concentration are assumed to be given
in units of volume per volume. Liquids are converted to weight per volume
using the density (D) of the solution (D = g/ml). Gases are converted
from volume to mass using the ideal gas lawj PV = nR1: For exposure
at 20-37° C at standard atmospheric pressure, 1% (v/v) = 0.4 l1g/ml x mo-
lecular weight of the gas. Also, 1 ppm (v/v) = 4 x 10-5 ltg/ml x molecular
weight.

(e) ln microbial plate tests, it is usual for the doses to be reported as weight/
plate, whereas concentrations are required to enter data on the activity
profile ch art. While remaining cognisant of the errors involved in the pro-
cess, it is assumed that a 2-ml volume of top agar is delivered to each plate
and that the test substance remains in solution within it; concentrations
are derived froID the reported weight/plate values by dividing by this arbi-
trary volume. For spot tests, a 1-ml volume is used in the calculation.

(f Conversion of particulate concentrations given in l1g/cm2 are based on

the area (A) of the dish and the volume of medium per dish; i.e., for a
100mm dish: A = 7TR2 = 7T x (5 cmf = 78.5 cm2. If the volume of me-
dium is 10 ml, then 78.5 cm2 = 10 ml and 1 cm2 = 0.13 mL.

2. In-vitro systems using in-vivo activation

For the body fluid-urine (BF-) test, the concentration used is the dose (in mg/
kg bw) of the compound administered to test animaIs or patients.

3. ln-vivo test systems

(a) Doses are converted to mg/kg bw per day of exposure, assuming 100%
absorption. Standard values are used for each sex and species of rodent,
inc1uding body weight and average intake per day, as reported by Gold
et al. (1984). For example,in a test using male mi ce fed 50 ppm of the agent
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in the diet, the standard food intake per day is 12% of body weight, and
the conversion is dose = 50 ppm x 12% = 6 mg/kg bw per day.
Standard values used for humans are: weight - males, 70 kg; females, 55 kg; sur-
face area, 1.7 m2; inhalation rate, 20 l/min for light work, 30 l/min for mild exer-
cise.

(b)When reported, the dose at the target site is used. For example, doses giv-
en in studies of lymphocytes of hum ans exposed in vivo are the measured
blood concentrations in lLg/mL.

Codes for test systems

For specific nonmammalian test systems, the first two letters of the three-sym-
bol code word define the test organism (e.g., SA- for Salmonella tyhimurium, EC-
for Escherichia coli). If the species is not known, the convention used is -S-. The
third symbol may be used to define the tester strain (e.g., SA8 for S. tyhimun'um
TA1538, ECW for E. coli WP2uvrA). When strain designation is not indicated, the
third lettei is used to define the specific genetic endpoint under investigation (e.g.,
-D for differential toxicity, -F for forward mutation, -G for gene conversion or
genetic crossing-over, -N for aneuploidy, --R for reverse mutation, -U for un-
scheduled DNA synthesis). The third letter may also be used to define the general
endpoint under investigation when a more complete definition is not possible or
relevant (e.g., -M for mutation, -C for chromosomal aberration).

For mammalian test systems, the first letter of the three-Ietter code word de-
fines the genetic end point under investigation: A-- for aneuploidy, B- for binding,
C- for chromosomal aberration, D- for DNA strand breaks, G- for gene muta-
tion, 1- for inhibition of intercellular communication, M- for micronucleus for-
mation, R- for DNA repair, S- for sister chromatid exchange, T - for cell trans-
formation and U- for unscheduled DNA synthesis.

For animal (Le., non-human) test systems in vitro, when the cell type is not spe-
cified, the code letters -lA are used. For such assays in vivo, when the animal species
is not specified, the code letters -VA are used. Commonly used animal species are
identified by the third letter (e.g., -C for Chinese hamster, -M for mouse, -R

. for rat, -S for Syrian hamster).
For test systems using human cells in vitro, when the cell type is not specifie d,

the code letters -IH are used. For assays on humans in vivo, when the cell type is
not specified, the code letters - VH are used. Otherwise, the second letter specifies
the cell type under investigation (e.g., -BR for bone marrow, -LH for lymphocytes).

Some other specific coding conventions used for mammalian systems are as
follows: BF- for body fluids, HM- for host-mediated, -L for leucocytes or lympho-
cytes in vitro (-AL, animaIs; -HL, humans), -L- for leucocytes in vivo (-LA, ani-
maIs; -LH, humans), -T for transformed cells.
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Note that the se are examples of major conventions used to define the assay
code words. The alphabetized listing of codes must be examined to confirm a specif-
ic code word. As might be expected from the limitation to three symbols, some
codes do not fit the naming conventions precisely. ln a few cases, test systems are
defined by first-Ietter code words, for example: MS'l mouse spot test; SLp, mouse
specific locus test, postspermatogonia; SLO, mouse specific locus test, other stages;
DLM, dominant lethal test in mice; DLR, dominant lethal test in rats; MH'l mouse
heritable translocation test.

The genetic activity profiles and listings that follow were prepared in collabo-
ration with Environmental Health Research and Testing Inc. (EHRT) under con-
tract to the US Environmental Protection Agency; EHRT also determined the doses
used. The references cited in each genetic activity profile listing can be found in
the list of references in the appropriate monograph.
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VI
VI
00

CHMIUM AL

-
EN TEST TEST SYSTEM RESULTS DOSE 1 REFERCE

~POINT CODE NM M (LED OR BIO)

~
G SAO S. TYPHIMUM TAlOO, REE MUATON - 0 712.0000 PETLL r. DE FLORA, 1978a 0

ZG SAO S. TYPHIMUM TAlOO, REE MUATION - 0 5.5000 DE FLORA, 1981a 0G SAO S. TYPHIMUIUM TAlOO, REE MUATION - - 340.0000 VEER ET AL., 1982 0G SAS S. TYPHlMUIUM TAl535, REE MUATION - 0 5 :5000 DE FLORA, 1981a

~
G SAS S. TYPHlMUUM TAl535, REE MUATION - - 340.0000 VEIER ET AL., 1982
G SA7 S. TYPHIMIUM TAl537, REE MUATION - 0 5.5000 DE FLORA, 1981a
G SA8 S. TYPHlMUUM TAl538, REE MUATION - 0 5 . 5000 DE FLORA, 1981a =i

C"G SA8 S. TYl'HlMUUM TAl538, RERSE MUATION - - 340.0000 VEIER ET AL., 1982

dG SA9 S. TYPHlMUIUM TA98, REE MUATION - 0 5.5000 DE FLORA, 1981a
G sA9 S. TYPHIM'UM TA98, REE MUATION - - 340.0000 VEER ET AL., 1982

8S SIC SCE, CHlNESE HATER CELL lN VITR 1 + 0 0.1800 VEER ET AL., 1982
S SIC SCE, CHlNESE HATER CELL lN VITR - 0 27.0000 LES r. MA0NE, 1981 ~
C CIC CHOM ABERR, CHlNESE HATE CELL lN VITR + 0 4.5000 LES r. MA0NE, 1981 ti
C CIC CHOM ABER, CHlNESE HATER CELL lN VITR 1 + 0 0.1800 VEER ET AL., 1982 .;1.

1Doses are given as concentrations of the element, not the concentration of the compund.
IContaminated wi th traces of Cr (VI)
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CHC OXIDE

EN TEST TEST SYSTE RESULTS DOSE 1 REFERCEPOINT CODE
HM M (LED OR HID)

0 £R E. COLI RECi DIFFERIA TOXICITY - 0 3760.0000 YAGI , NISHIOKA, 1977
G G9H MtATION, CH V79 CELL, HPRT + 0 10.0000 ELI ET AL. 1 1986
S SIC SCE, ClINESE HATER CELL lN VITR + 0 34.0000 ELIA ET AL.i 1983S SIM SCE 1 MOUSE CELI lN VITRO - 0 104 :0000 ANEREN, 1983T TCL CELL TRSFORMTION 1 OT CELL LINES - 0 274.0000 HASEN , STE, 1985

lDoses are qiven as concentrations of the element, not the concentration of the compund.
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POASSIUM DI CHOMATE

END TEST TEST SYSTEM RESULTS OOSE i REFERCE
POINT CODE NM M (LED OR HID)

T TCL CELL TRSFORMTION, OTER CELL LlNES + 0 0.0150 RAFET ET AL., 1977
T TCL CELL TRSFORMTION, OT CELL LINES + 0 1.8000 BIACHI ET AL., 1983
T TCL CELL TRSFORMTION, OTER CELL LlNES + 0 2 :6000 HASEN & STER, 1985
T TCL CELL TRSFORMTION, OTER CELL LlNES + 0 5.2000 LARACHI ET AL., 1988
D DIH STR BRE/X-LINK, HU CELL lN VITRO + 0 0.1200 SNYER, 1988
D DIH STR BRE/X-LINK, HU CELL lN VITRO + 0 5.2000 MCL ET AL., 1982
D DIH STR BRE/X-LINK, HU CELL lN VITRO + 0 o . 5200 HALTON-KOC ET AL., 1986
D UHF uns, HU FIBROBLATS lN VITRO - 0 104.0000 BlANCHI ET AL., 1983
D UHF uns, HU FIBROBLATS lN VITRO - 0 104.0000 BlANCHI ET AL., 1982b ~S SHF SCE, HU FIBROBLATS lN VITRO + 0 o .0100 MACR ET AL., 1979 ~
S SHL SCE, HU LYMHOCYES lN VITRO + 0 0.0180 GOMEZ-AROYO ET AL., 1981 tT
S SHL SCE, HU LYMHOCYES lN VITRO + 0 0.0025 STELL ET AL., 1982 Z
S SHL SCE, HU LYMHOCYES lN VITRO + 0 0.1000 OG ET AL., 1978 0-
S SHL SCE, HU LYMHOCYES lN VITRO + 0 1.0000 ANERSEN, 1983 ~
C CHL CHOM ABERR, HU LYMHOCYS lN VITRO + 0 0.0520 NAO ET AL., 1978 N
C CHL CHOM ABERR, HU LYMHOCYES lN VITRO + 0 0.0010 STELL ET AL., 1982
G MST MOUSE SPO TEST + 0 3.5000 KNSON, 1980
S SVA SCE, ANlMA lN VIVO + 0 3.5000 KATHS, 1981
M MV MICRONUCLEUS TEST, MICE lN VIVO + 0 18.0000 FABRY, 1980
M MV MICRONUCLEUS TEST, MICE lN VIVO + 0 0.3500 PASCHIN & TOROPZEV, 1982
M MVC MICRONUCLEUS TEST, HATERS lN VIVO + 0 7.0000 KATHS, 1981
C CHA CHOM ABERR, ANIMA BONE MAOW lN VIVO - 0 o . 7000 PASCHIN ET AL., 1981
C CHA CHOM ABERR, ANIMA BONE MAOW IN VIVO + 0 6.0000 NEN & LILLY, 1986
C CHA CHOM ABERR, ANIMA BONE MAOW IN VIVO + 0 1.0000 BIGAEV ET AL., 1977b
A AVA ANUPLOIDY, ANIMA CELL lN vivo + 0 1.0000 BlGAIEV ET AL., 1977b
C CU CHOM ABÉRR, ANIMA LEUCOCYES lN vivo + 0 7.0000 NEN & LILLY, 1986
C DLM OOMINA LETH TEST, MICE + 0 o .7000 PASCHIN ET AL., 1982
C DLM OOMINA LETH TEST, MICE - 0 0.5300 PASCHIN ET AL., 1981

lDoses are given as concentrations of the element, not the concentration of the compound.
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END TEST TEST SYSTEM RESULTS DOSE 1 REFECE
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C CIC CHOM ABERR, OlINESE HATER CELL lN VITRO + 0 o .0000 BIANOlI ET AL., 1980 Z0C .OlL CHOM ABERR, HU LYMHOCYES lN VITRO + 0 o . 2000 SA ET AL., 1980 -
0 DVA STR BR/X-LINK, ANlMA lN vio + 0 20.0000 TSAAKOS ET AL., 1981 )(
0 rNA STR BRE/X-LINK, ANlMA lN vivo + 0 20 :0000 TSAPAKS ET AL., 1983a N
C FSC FISH, CHOM ABER + 0 1 .0000 KRSHNA , REGE, 1982

1Doses are given as concentrations of the element, not the concentration of the compund.
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CHOMIUM TRIOXIDE

ENO TEST TEST SYSTEM RESULTS OOSE i REFERECEPOINT CODE
NM M (LED OR HID)

D PRB PROPHAGE, lNOUCI/SOS/STR BRE/X-LINK + 0 26.0000 LLGOSTER ET AL., 1986D ERO E. COLI REC, DIFFERENTIA TOXICITY + + 50.0000 DE FLORA ET AL., 1984a
D BSD B. SUBTILIS REC, DIFFERENTIAL TOXICITY + 0 83.0000 NAO ET AL., 1978D BSD B. SUBTILIS REC, DIFFEREIAL TOXICITY + 0 26 ;0000 KA ET AL., 1980
D BSD B. SUBTILIS REC, DIFFERIAL TOXICITY + 0 130.0000 GENILE ET AL., 1981
D BRO BACIERIA (OTER), DIFFERENTIAL TOXICITY + 0 130. 0000 GENILE ET AL., 1981
G SAF S. TYPHlMUIUM, FORW MUATION + 0 0.0200 RUIZ-RUBIO ET AL., 1985
G SAO S. TYPHIMUIUM TAlOO, RERSE MUATION + + 3.2500 PETRILLI & DE FLORA, 1977
G SAO S. TYPHlMUIUM TAlOO, RERSE MUATION + (+) 3.9000 NESTM ET AL., 1979
G SAO S. TYPHlMUIUM TAlOO, REE MUATION + a O. 0100 DE FLORA, 1981a
G SAO S. TYPHIMUIUM TAlOO, RERSE MUATION + a 52. 0000 TSO & FUNG, 1981

~G SAO S. TYPHlMUIUM TAlOO, RERSE MUATION + (+) 5.2000 DE FLORA ET AL., 1987c ~G SA2 S. TYPHlMUIUM TAl02, REE MUATION + + 2.6000 BENNICELLI ET AL., 1983 trG SA2 S. TYPHlMUIUM TAl02, RERSE MUATION + 0 2.5000 PETRILLI ET AL., 1985 ZG SAS S. TYPHlMUIUM TAl535, RERSE MUATION - 0 0.0100 DE FLORA, 1981a UG SAS S. TYPHIMUIUM TAl535, RERSE MUATION 52.0000 PETRILLI & DE FLORA, 1977 ~- -
~G SA7 S. TYPHlMUIUM TAl537, RERSE MUATION + + 13 . 0000 PETRILLI & DE FLORA, 1977 l'G SA7 S. TYPHIMUIUM TAl537, RERSE MUATION (+) 0 0.0100 DE FLORA, 1981a

G SAS S. TYPHlMUIUM TAl538, RERSE MUATION (+) 0 0.0100 DE FLORA, 1981a
G SA9 S. TYPHlMUIUM TA98, RERSE MUATION + + 3.2500 PETRILLI & DE FLORA, 1977
G SA9 S. TYPHlMUIUM TA98, RERSE MUATION (+) + 3.9000 NESTM ET AL., 1979
G SA9 S. TYPHlMUIUM TA98, RERSE MUATION (+) 0 0.0100 DE FLORA, 1981a
G SAS S. TYPHlMUIUM (OTER), RERSE MUATION + 0 0.0000 DE FLORA ET AL., 1984a
G ECW E. COLI WP2 UV, RERSE MUATION + 0 o .2500 NESTM ET AL., 1979
G EC2 E. COLI WP2, RERSE MUATION - 0 o . 0000 KATSU ET AL., 1980R SCG S. CEREISlAE, GENE CONVRSION + 0 52.0000 FUKGA ET AL., 1982
G SCR S. CEREISlAE, RERSE MUATION - a 52. 0000 FUKGA ET AL., 1982
M TSI TRESCAVIIA SPECIES, MICRONUCLEI - 0 26.0000 MA ET AL., 1984
M TSI TRESC.IASPECIES, MICRONUCLEI + 0 5.0000 ZHG ET AL., 1984
G OM D. MELAOGTER, SEX-LINKD RECESSIVS + 0 52.0000 RODRIGUEZ-ARZ & MOLlNA-MATlNEZ, 1986
A DM D. MELAOGTER, ANUPLOIDY - 0 156.0000 RODRIGUEZ-ARZ & MOLINA-MATlNEZ, 1986
D DIA STR BRE/X-LINK, ANIM CELL lN VITRO + 0 52.0000 WEDRYCHOWKI ET AL., 1986a
S SIC SCE, CHlNESE HATER CELL lN VITRO + 0 0.1000 LEis & MAONE, 1979
S SIC SCE, CHlNESE HATER CELL lN VITRO + 0 o . 0400 KOSHI, 1979 lJS sic SCE, CHINE SE HATER CELL lN VITRO + 0 0.3200 OHNO ET AL., 1982 00-i



ciOMIUM TRIOXIDE

END TEST TEST SYSTEM RESULTS DOSE 1 REFERCE
POINT CODE NM M (LED OR HID)

S sic SCE, CHlNESE HATER CELL lN VITRO + 0 o . 0000 BlANCHI ET AL., 1980

C CIC ciOM ABERR, CHlNESE HATER CELL lN VITRO + 0 0.1000 LEIS & MAONE, 1979
C CIC ciOM ABERR, CHlNESE HATER CELL lN VITRO + 0 0.1000 KOSHI, 1979
C CIC ciOM ABERR, CHINESE HATER CELL lN VITRO + 0 o~oooo BlANCHI ET AL., 1980
C CIS ciOM ABERR, SYRIAN HATER CELL lN VITRO + 0 o .0400 TSUD & KATO, 1977
C CIT ciOM ABERR, TRSFORMD CELL lN VITRO + 0 o .0500 UMDA & NISHlMU, 1979
S SHL SCE, HU LYMHOCYES lN VITRO + 0 o .0170 GOMEZ-AROYO ET AL. 1 1981
C CIH ciOM ABERR, OTER HU CELL lN VITRO + 0 1. 0000 KAKO, 1976

lDoses are given as concentrations of the element 1 not the concentration of the compound.
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LE CHOMATE

END TEST
POINT CODE

TEST SYSTEM RESULTS DOSE i
NM M (LED OR HID)

REFERCE

T T7S CELL TRSFORMTION, SA 7/SHE CELL + 0 2.0000 CATO ET AL., 1979
S SHL SCE, HU LYMHOCYES IN VITRO 3 + 0 0.0250 DOUGLA ET AL., 1980
M MIH MICRONUCLEUS TEST, HU CELL IN VITRO + 0 0: 5200 MONTALI ET AL., 1987b
C CHL CHOM ABERR, HU LYMHOCYES IN VITRO 3 + 0 o .7000 DOUGLA ET AL., 1980
M MV MICRONUCLEUS TEST, mCE IN VIVO + 0 160.8880 WATANE ET AL., 1985

lDoses are given as concentrations of the element, not the concentration of the compound.
2Dissolved in HCl
3Dissolved in NaOH
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NICKEL OCCUATIONA EXPOSUR

END TEST TEST SYSTEM RESULTS DOSE REFERENCE
POINT CODE NM M (LED OR HID)

S SLH SCE, HU LYMHOCYES IN vivo - 0 0.1400 WAIK ET AL., 19841
S SLH SCE, HU LYMHOCYES IN vivo - 0 o . 0680 ~VIK & BOYSEN, 1982;
S SLH SCE, HU LYMHOCYES lN vivo - 0 0.0280 WAIK & BOYSEN, 41982
S SLH SCE, HU LYMHOCYES lN vivo (+) 0 0.-0140 DENG ET AL., 1983 5
S SLH SCE, HU LYMHOCYES lN vivo - 0 o .0000 DECHENG ET AL., 198\
C CLH OIOM ABERR, HU LYMHOCYES lN vivo + 0 0.1400 ~VIK ET AL., 1984
C CLH OIOM ABERR, HU LYMHOCYES IN vivo + 0 0.0680 ~VIK & BOYSEN, 1982;
C CLH OIOM ABERR, HU LYMHOCYES lN vivo + 0 0.0280 WAIK & BOYSEN, 41982
C CLH ciOM ABERR, HU LYMHOCYES lN vivo + 0 0.0140 DENG ET AL., 1983
C CLH ciOM ABERR, HU LYMHOCYES lN vivo - 0 o . 0000 DECHENG ET AL., 19875

lNiO and Ni3S2/NiC12, NiS04 (crushing, roasting, smelting and/or electrolysis)

2NiO and Ni3Si (crushing, roasting, smelting)

3NiC12 and Niso 4 (electrolysis)

4Ni and chromium (electroplating)

SNi (CO) 4 (production of nickel carbonyl)
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NICKL OXIDES

END TEST TEST SYSTEM RESULTS DOSE 1 REFERNCE
POINT CODE NM M (LED OR HID)

D BSD B. SUBTILIS REC, DIFFERIA TOXICITY2 - 0 1475.0000 KASU ET AL., 1980
D BSD B. SUBTILIS REC, DIFFEREIAL TOXICITY' - 0 2950.0000 KATSU ET AL., 1980
T TCS CELL TRSFORMTION, SHE, CLNA ASSAY 2 + 0 16.0000 COSTA ET AL., 1981b

T TCS CELL TRSFORMTION, SHE, CLONA ASSAY' + 0 14 ;0000 COSTA ET AL., 1981b

T TCS CELL TRSFORMTION, SHE, CLONA ASSAY' + 0 7.9000 SUNER ET AL., 1987
T TCL CELL TRSFORMTION, OTER CELL LINES 2 + 0 30.0000 HASEN & STERN, 1983
T TeL CELL TRSFORMTION, OTR CELL LINES' + 0 4.0000 HASEN & STERN, 1983
C OlL CHOM ABER, Ht LYMHOCYES lN VITRO' - 0 o .0000 PATON & ALI SON , 1972

T TIH CELL TRSFORMTION, ~ CELL lN VITRO' + 0 3.0000 BIEDER & LALPH, 1987

lDoses are given as concentrations of the element, not the concentration of the compound.
2Nickel trioxide

'Nickel monoxide
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NICKL SULIDES (AMRPH.)

END TEST TEST SYSTEM RESULTS DOSE 1 REFERCE
POINT CODE NM M (LED OR HID)

D DIA STR BRE/X-LINK, ANIM CELL lN VITRO - 0 6.5000 COSTA ET AL., 1982
D RIA OTER DN REPAIR, ANIMA CELL lN VITRO - 0 6.5000 ROBlSON ET AL., 1983
G GCO MUATION, CHO CELL lN VITRO (+) 0 1.0000 COSTA ET AL., 1980

T TCS CELL TRSFORMTION, SHE, CLNA ASSM - 0 3.-2500 COSTA ET AL., 1979

T TCS CELL TRSFORMTION, SHE, CLONA ASSM - 0 6.5000 COSTA & MOLLUE, 1980a
T TCS CELL TRSFORMTION, SHE, CLNA ASSM - 0 6.5000 COSTA ET AL., 1982

lDoses are given as concentrations of the element, not the concentration of the compund.
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MILD STEEL WELDING (MEAL lNET GA)

EN TEST TEST SYSTEM RESULTS DOSE REFERCEPOINT CODE
NM M (LED OR RIO)

0 ECO E. COLI POL A, DIFFERIAL TOX (SPO) - - o . 0000 HEDENSTEDT ET AL., 1977

~
G SAO S. TYPHIMUM TAlOO, RERSE MtATION - - o .0000 HEDENSTEDT ET AL., 1977
G SAO S. TYPHlMUUM TAlOO, REE MtATION - - 4000.0000 MAILD ET AL., 1978 "'G SAO S. TYPHIMUM TAlOO, REE MtATION - - 10000.-0000 ETIEN ET AL., 1986 mG SA2 S. TYPHIMUM TAl02, REE MUATION - - 10000.0000 ETIEN ET AL., 1986 Z0G SA9 S. TYHIMltJ TA98, REE MUATION - - 4000.0000 MAILD ET AL., 1978 ~G SA9 S. TYPHlMUIUM TA98, REE MUATION - - 10000.0000 ETIENN ET AL., 1986 ~G SAS S. TYPHlMUIUM (OTER), REE MtATION - - 10000.0000 ETIEN ET AL., 1986 NS SIC SCE, CHINESE HATER CELL lN VITRO - 0 750.0000 DE RA'I & BAR, 1988
C CIC CHOM ABERR, CHlNESE HATER CELL lN VITRO - 0 1000.0000 ETIEN ET AL., 1986T TCL CELL TRSFORMION, OTER CELL LINES - 0 600.0000 HASEN & STER, 1985S SVA SCE, ANIM lN VIVO - 0 26.0000 ETIEN ET AL., 1986
C CBA CHOM ABER, ANIMA BONE MAOW lN VI - 0 26.0000 ETIEN ET AL., 1986
C CL CHOM ABERR, ANMA LECOCYES lN vio - 0 26.0000 ETIEN ET AL., 1986
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STAINLSS STEEL WELDING (MAAL MEAL ARC)

EN TEST TEST SYSTEM RESULTS DOSE REFERCEPOINT CODE
NM M (LED OR HID)

D ECD E. COLI POL A, DIFFERIA TOX (SPO) + + o .0000 HEDENSTED' ET AL., 1977G SAO S. TYPHIMUM TAlOO, REE MUATION + - 100.0000 HEDENSTED' ET AL., 1977G SAO S. TYPHlMUIUM TAlOO, REE MUATION + + 100.0000 MAILD ET AL., 1978G SAO S. TYPHIMUM TAlOO, REE MUATION + + 250; 0000 ETIEN ET AL., 1986
G SA2 S. TYHIMUM TAl02, REE MUATION + + 50.0000 ETIEN ET AL., 1986
G SA9 S. TYPHIMUM TA98, REE MUATION + - 100.0000 HEDENSTED' ET AL., 1977G SA9 S. TYPHlMUUM TA98, REE MUATION + + 100.0000 MAILD ET AL., 1978G SA9 S. TYPHIMUM TA98, REE MUATION + - 125.0000 ETIEN ET AL., 1986
G SAS S. TYIMIUM (OTER), RERSE MUATION + + 125.0000 ETIEN ET AL., 1986
G GeO MUATION, CHO CELL lN VITRO ? 0 10.0000 ETIEN ET AL., 1986

~G G9H MUATION, CH V79 CELL, HPRT ? 0 10.0000 HEDENSTED' ET AL., 1977
"tG G9H MUATION, CHL V79 CELL, HPRT + 0 3.0000 ETIEN ET AL., 1986 tIS SIC SCE, CHlNESE HATE CELL lN VITR + 0 3.5000 DE RATT & BA, 1988 ZS SIC SCE, CHlNESE HATER CELL lN VITRO + 0 o . 7000 BA ET AL., 1986 t:-S SIC SCE, CHlNESE HATER CELL lN VITRO + 0 1.0000 KOSHI, 1979 ~C CIC CHOM ABER, CHlNESE HATER CELL lN VITRO + 0 1.0000 KOSHI, 1979 NC CIC CHOM ABER, CHlNESE HATER CELL lN VITR + 0 o . 3200 ETIENN ET AL., 1986T TFS CELL TRSFORMION, SHE, FOCUS ASSAY + 0 5.0000 HASEN & STER, 1985T TCL CELL TRSFORMTION, OTER CELL LlNES + 0 50.0000 HASEN & STER, 1985

G MST MeUSE SPO TEST + 0 100.0000 lISON, 1980S SVA SCE, AN lN VIVO - 0 18.0000 ETIEN ET AL., 1986
C CB CHOM ABERR, ANIMA BONE HAOW lN VIVO - 0 18.0000 ETIEN ET AL., 1986
C CL CHOM ABER, AN LECOCES lN vio - 0 18.0000 ETIENN ET AL., 1986S SLH SCE, HU LYMHOCS lN VIVO - 0 0.0000 HUSGAIrPURIANN ET AL., 1982
S SLH SCE, HU LYMHOCES lN VIVO - 0 o . 0000 LITTRIN ET AL., 1983
S SLH SCE, HU LYMHOCES lN VIVO 1

(+ ) 0 o . 0000 KOSHI ET AL., 1984
M MV MICRONUCLEUS TEST, HU CELL lN vivo - 0 o . 0000 LITTRIN ET AL., 1983
C CL CHOM ABERR, HU LYMHOCES lN viO - 0 o .0000 HUSGAIrPURIANN ET AL., 1982
C CL CHOM ABER, HU LYMHOCES lN viO - 0 o . 0000 LITTRlN ET AL., 1983
C CLH CHOM ABER, HU LYMHOCES lN VIOl (+) 0 o . 0000 KOSHl ET AL., 1984.

lExposure also to Metal Inert Gas
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