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Human health 
effects assays 
Ronald C. Sims, Judith L. Sims, 
R. Ryan Dupont 

CURRENT APPROACH 
Discussion of the exponential increase in environmental 

toxicological information and an approach for organizing and 
using the information was presented by Lu and Wassom.1 A 
user's guide to the Registry of Toxic Effects of Chemical 
Substances (RTECS) was published by NIOSH2 that defines 
the record layouts and describes the types of data contained 
in the computer tape version of the 1984 Edition of the 

RTECS.3 A text summarizing information on approximately 
800 toxic chemicals was edited by Sittig.4 Milestone publications 
concerning fundamentals of toxicology with environmental 
applications included the works of Gentile,5 Ashby,6 Mortel 

mans,7 Thacker,8 and Ruppert.9 Brusick and Auletta10 discussed 
the developmental status of bioassays in genetic toxicology 
reviewed by the U. S. Environmental Protection Agency (EPA) 

Gene-Tox Work Groups. 
A risk assessment and risk management approach was 

suggested as the proper framework for decision making con 

cerning hazardous substances in the multimedia environment.11 

Monitoring human populations for genetic damage was sug 
gested to prevent or reduce the risk of exposure.12 Guiney13 
presented an overview of methodologies and procedures useful 
to relative health risk evaluation for hazardous waste mixtures 
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and emphasized that more understanding of structure-activity 
relationships, pharmacokinetic factors, and mechanisms of 

toxicity were required to adequately address health risk assess 
ment. Sob?is14 evaluated proposed EPA guidelines for muta 
genicity risk assessment. 

A methodology was developed for assessment of carcinogen 
risk to the U. S. population because of drinking water containing 
trace levels of volatile organic compounds (VOCs).15 Method 
ologies for determining potential health effects of complex 
hazardous wastes using in vivo and in vitro techniques,16 and 

of drinking water supplies were developed.17 The necessity of 
linking in vivo and in vitro genotoxicity results with epidemi 
ological data on cancer incidence was discussed in detail by 
Stich and Rosin.18 Two hundred carcinogens were assigned 
hazard rankings based on epidemiological, experimental, and 
supportive evidence from short-term tests, metabolism and 

pharmacokinetics, and structure-activity correlations.19 Human 

risk analysis for 2,4,6-trichlorophenol in water was discussed 
by Gowda et al.,20 and for TCDD-contaminated soil by 
Schaum.21 For each of the five exposure pathways for TCDD, 
factors describing contact rate, absorption fraction, and exposure 
duration were presented along with equations for calculating 
cancer risk. 

Calculation of cancer risk in animals was found to depend 
on experimental design, dosing regime, length of study time, 
and age of animals at time of dosing.22 Littlefield et al23 found 
differences in tumor responses of genetically-homogeneous 
versus genetically-heterogeneous mice and emphasized the 

importance of gene distribution in risk estimation studies. 
Risk assessment is one task for carcinogenicity prediction 

and battery selection (CPBS) method for using results of short 
term tests to screen for chemicals most likely to cause cancer.24 

The CPBS method was applied to data compiled under the 
Gene-Tox Program of the U. S. EPA as a demonstration of 

the method on a typical data base.25 Assembly and analysis of 
a genotoxicity data base for predicting carcinogens was discussed 

by Palajde and Rosenkran.26 The application of cluster analysis 
for results of short-term tests as a methodology for carcinogen 
discrimination was investigated by Benigni and Giuliani27 and 
Pet-Edwards et al2* 

Methods and approaches for determining exposure and 
response to carcinogens for risk assessment were addressed by 

Ricci and Molton.29 Specific methods for estimating exposure 
to chemical substances in the ambient environment were 
presented by Freed et al30 The sizes of populations potentially 
exposed to chemicals were discussed by Dixon et al31 Beren 
baum32 demonstrated that, as a result of synergistic interactions 

between carcinogens, the dose-response curve for added risk 

caused by any individual carcinogen will generally be steeper 
at lower doses than at higher doses, and consequently the risk 
at low environmental levels will be higher than would be 
expected from a linear response. 

Irr et al33 reported on a workshop of the Genetic Toxicology 
Association on statistical analysis of cytogenetics test systems. 
Critical sample size for determining statistical significance was 
discussed by Sylwester and Albertini,34 Mann et al,35 and 

Whorton.36 Algorithms for tests of homogeneity and trend 
with medians were presented by Thakur.37 Stiratelli38 discussed 
parametric approaches to analysis of results of in vivo cytoge 
netic studies, while Wahrendorf et al39 presented a nonpara 

metric approach to the statistical analysis of mutagenicity data. 

Data from 1111 controls from assays run over 11 years were 
examined by Salsburg and Holden40 to determine a most 
powerful statistical procedure for detecting a mutagenic effect. 
A Monte-Carlo simulation, performed by Dickinson41 to eval 
uate the power of the Terpstra-Jonckheere test for monotonie 
trend as applied to binary data, showed that the choice of the 
number and spacing of treatment levels can be critical factors 

in determining the power of the test. 
A computer program CASE (computer automated structure 

evaluator) that analyzes molecules and their associated biolog 
ical activity based on statistical tests of significance for the 

Salmonella typhimurium assay was introduced by Klopman.42 
Thakur43 described alternative sources to general purpose 
statistical packages for the more adventurous investigator by 
providing more specialized, appropriate, and accurate methods 

for analysis of certain types of data. 

A book covering basics of toxicology was written for the 
general public, "The Dose Makes the Poison: A Plain-Language 

Guide to Toxicology."44 

TEST SYSTEMS 
A number of references were published reviewing test meth 

ods and evaluation procedures for short-term mutagenicity 
and carcinogenicity testing.45"48 Ishidate49 presented a compi 
lation of data from the National Institute of Hygienic Sciences 
in Tokyo representing results from Chinese hamster lung 
fibroblast assays for nearly 600 chemicals. A recent conference 
sponsored by NIH concerning human environmental mutagen 
and carcinogen exposure monitoring methods and research 

needs for epidemiological evaluation of health risks was dis 
cussed by Sheridan and de Serres.50 

Sob?is51 presented a review of six collaborative studies in 
an evaluation of comparative mutagenesis results of European 
and American testing programs. Conclusions included identi 
fication of the L5178Y mammalian point mutation assay 
system as showing the greatest detection capability and selection 
of chromosomal aberration assays for optimal complement to 

Salmonella assays. Additional discussion of these comparative 
mutagenesis results were presented by Sob?is.52 Mohn and van 
Zeeland53 investigated the relationship between quantitative 
mutagenic activity detection in bacterial, mammalian cell and 
animal-mediated assays, and found that while there was no 
indication of an absolute correlation between dose and mutant 
induction between bacterial and mammalian cells, ranking of 

mutagenic potency of five ethylating agents was maintained. 
Bacterial cell and animal-mediated assay results indicated that 
relative ranking order of mutagenic potency observed in vitro, 

whether from bacterial or mammalian cell assays, was not 

necessarily representative of activity in vivo. 

Lehmann54 reviewed recombinant DNA techniques currently 
being used for the study of DNA repair and mutagenesis. 
Lee55 described results of recombinant DNA methods for 
distinguishing mechanisms of mutagen action. The use of 
recombinant DNA technology for evaluation of molecular 
level mechanisms for gene alteration and mutagenesis was also 

described by Mekler et al.,56 who encouraged the further 
development of such methods for genotoxicity studies. 

The use of micronuclear counts (MNC) in peripheral blood 

lymphocytes for identification of individuals with high fre 
quencies of chromosome abberations was reported by Norman 
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et al51 With the use of logistic regression analysis, the MNC 
was an effective predictor of the presence of cells with chro 

mosomal abberation and may prove valuable in chromosome 

damage screening. Morley et al5* described methods for the 
measurement of in vivo mutations and in vitro mutagenesis in 

human lymphocyte cells. Parker et al59 demonstrated that 
care must be taken in the interpretation of changes in sister 
chromatid exchange (SCE) frequencies in lymphocytes of less 
than a factor of two as these changes may simply represent 

changes in the composition of lymphocyte sub-populations 
and/or in their rates of proliferation in vitro. SCE differences 
in humans as a function of race and sex were reevaluated by 

Margolin and Shelby.60 Although there is substantial evidence 
to indicate that females average approximately 0.5 SCE/cell 
higher than males within a normal, healthy adult population, 
data concerning differences in the heterogeneity of four racial 
groups from earlier studies require independent verification in 
a larger study. Baseline SCE frequencies in newborns and 
three other age groups from 1 to 75 years were evaluated by 

Das et al.,61 with results indicating that SCE frequency was 
definitely age-dependent. SCE frequency was found to fall 
from 8.97 per cell in newborns to a low value of 5.1 per cell 
for the 1- to 5-year age group before increasing as individuals 
go through the aging process. The advantages of the SCE assay 
for chemical carcinogen studies were described by Manoharan 
and Banerjee.62 

An investigation of an in vitro cytotoxicity test, more 
sensitive than that currently available, was conducted by Fauris 
et al63 using toxic samples directly assayed on 11 human cell 
subcellular targets. The rapidity of cellular RNA synthesis was 
the most sensitive measure for many pollutants. This quanti 
tative test does not require preliminary concentration of toxic 
contaminants in water, and in the case of polluted river water, 

requires the sample to be diluted. The test was shown to be 
applicable to surface, ground, drinking and bottled mineral 

waters. Athwal and Sandhu64,65 described a short-term assay 

using a human/mouse monochromosomal hybrid cell line, 
R3-5, for detection of induced aneuploidy in mammalian cells. 
A single human chromosome is transferred into mouse cells, 
which are then subjected to chemical treatment. The human 
chromosome is easily identified by differential staining proce 
dures, and the frequency of 0 and 2 human chromosome 
occurrences in progeny of hybrid cells provides a direct measure 
of aneuploidy as a result of chemical assault. 

The use of Chinese hamster ovary (CHO) cytotoxicity test 
and the Ames assay for the identification of potentially haz 
ardous wastes was reported by Andon et al66 A new technique 
of coupling thin layer chromotography with the Ames procedure 
was described for coke plant, herbicide manufacturing, and oil 
refining waste. A CHO triple auxotroph based assay was 
described and validated by Taylor et al61 using nine known 

mutagens. The test was shown to be a useful supplemental 
mammalian assay for assessment of mutagenic activity of 

weakly mutagenic metal compounds. SCE and chromosome 
aberration tests in CHO cells were evaluated in a interlaboratory 
study for use as reliable and repeatable large-scale chemical 

screening methods by Galloway et al6* Results were favorable 
for standard protocol used between the labs, and modifications 
and refinements used to improve test resolution were described. 

A number of new assay methods and assay procedures were 

reported. Ruiz-Rubio et al69 described a L-aribinose forward 

mutation assay for the sensitive detection of oxidative mutagens 
acting at A-T base pairs, suggesting that this assay could 
replace the set of specific tester strains generally used in the 
histidine reverse mutation assay for general screening of gen 
otoxic agents. An assay using umu operon induction in Sal 

monella typhimurium strain TA 1535 caused by DNA-damaging 
agents was described by Oda et al.70 The umu test was verified 
with 38 chemicals, 31 of which are known animal carcinogens, 
indicating that this method can detect many DNA-damaging 

agents that require detection with several tester strains in the 
Ames assay. The test was also described as being applicable to 
environmental samples containing amino acids and nutrients 

such as urine, blood serum, and foodstuffs. Ehrlich et al.71 

described methods for preliminary evaluation of primary sites 
of cell damage upon chemical attack using yeast cell growth 
and RNA synthesis data. 

Comparison of an automated bacterial mutagenicity assay 
with conventional plate assays using 36 carcinogenic and non 

carcinogenic chemicals was described by Falck et al.72 The 
system used automated computer-controlled preparation 

methods selectable by the user and bases revertant quantitation 
on growth curve data, measured as turbidity with a vertical 

pathway photometer. Results of the system were comparable 
with the Ames test, suggesting the potential use and reliability 
of automated bacterial mutagenicity testing systems. A color 

imetric bacterial assay for genotoxic potential measurements 
was described by Quillardet and Hornung.73'74 The test is based 
on a measure of the induction of sfiA, a gene controlled by 
the general repressor of cell repair systems in E. coli. The 
simple assay correlated quantitatively with the Ames assay for 
90% of these compounds with the use of 83 compounds within 
a range of chemical classes. The assay was suggested for use 

as a primary screening tool or as part of a battery of short 

term assays for carcinogen detection. Procedures for further 

refinement and simplification of test procedures are described. 
A number of miscellaneous cell and whole organism assays 

were described for use in toxicity/mutagenicity/carcinogenicity 
determinations. A summary of methods and results are pre 

sented in Table 1. 

ENVIRONMENTAL SAMPLES 
Numerous problems are associated with assessing human 

health risks from drinking contaminated water.94 A survey of 
1565 organic chemicals identified as contaminants in drinking 

water was conducted to develop a data base on carcinogenicity, 

mutagenicity, and tumor-promoting activity of these chemi 

cals.95 The role of asbestos cement pipes and factors involved 

in release of asbestos fibers in distribution systems were 

recently discussed.96 

The preparation of environmental samples for conducting 
health effects assays is summarized in Table 2. Results of 
assays dealing with drinking waters and surface waters; potential 
groundwater source samples; and industrial and municipal 
samples and wastes and other environmental samples; are 

presented in Tables 3, 4, and 5, respectively. 

SPECIFIC CHEMICALS 
Information concerning assays of individual organic chem 

icals or classes of chemicals and individual inorganic chemicals 
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Table 1?Miscellaneous cell and whole organism assays used for genotoxic evaluation of environmental chemicals. 

Assay Endpoint Chemical(s) Comments Reference 

Mammalian primate cells 
Protozoa (T. pyriformis) 

Onion (Allium cepa) 

Plant tissue cultures 

Tradescantia stamen system 

Fruit fly Drosophila 

melanogaster 

Rainbow trout gonad cell 

(RTG) 
Fish cell cultures (RTG and 

blue gill fry) 

Rainbow trout embryo 

Whole organism fish assay 

(Cyprinodon variegatus) 

Whole organism fish assay 

(Gambusia affinis) 

Whole organism mussel 

assay 
Rat liver foci assay 

Isolate perfused rat liver 

system 

Mice host-mediated assay 

In vivo rat hepatocyte repair 
assay 

Mouse spot test 

Fertility assessment test 

Dominant lethal assay 

Cell structural effects 
EC50 

Chromosomal aberrations 

Chromosomal aberrations 

Somatic mutation 
induction 

Chromosome mutation 

DNA repair repression 

Cell death, mitotic 

inhibition, chromo 
somal damage, 
stimulatory effects 

Toxicity, tumor promotion 

Presence of antiviral 
antibodies in spleen 
suspension 

Metabolically activated 

BaP derivatives 

Chromosomal aberration 

7-glutamyltranspeptidase 
positive foci 

Metabolically activated 
BaP derivatives 

Mutagenicity in Ames 

assay using tester 

strains TA1538, TA98 
andTA100 

Unscheduled DNA 

synthesis 

Tumor promotion on 
mouse coat application 
area 

Mice reproduction 

Mice or rat early death 
and reproduction 
effects 

Water samples 
57 chemicals of 

environmental interest 
Polluted river 

2,4-D, MH, NMU, kinetin 

EMS, NEU, NMU, 
NEDA, NDMA 

MNNG, 4NQO, 

methylthimidine 
Marine sediments 

AflatoxinBLMNNG 

Various environmental 

carcinogens 

Benzo(a)pyrene 

Benzo(a)pyrene 

Benzo(a)pyrene, 
2- and 4 

acetylaminofluorene 
Benzo(a)pyrene 

Benzo(a)pyrene 

BT, 2AAF 

60 chemical database 

Theophylline 

Review of results for 

140 chemicals 

Gross field tests system 
EC50 values related to ?^ of 

the chemicals 
Evaluated effect of break-point 

chlorination on mutagenic 
activity 

Non-linear dose-response 
results observed for all 

compounds 
Three dose-response curves 

observed for chemicals 
tested 

Measures induction by 
transpositions by a number 
of chemical and radiation 

agents 
Method modification for assay 

sensitivity enhancement 
Contaminated sediment 

extracts known to contain 

PAHs, PCBs, chlorinated 

hydrocarbons and metals 
Sensitive assay limited by 

exposure difficulty for 

slightly soluble carcinogens 
Development of a number of 

micro techniques because 
of small size of tester 

organism 
BaP derivatives and DNA 

alteration detected within 2 

days of exposure 
Genotoxic chemical detection 

in field situation described 

2-acetylaminofluorene and 
BAP shown to be active in 

assay 
Bioluminescence test for 

genotoxic agents 1000-fold 
more sensitive than Ames 
test 

Description of practical factors 

affecting assay sensitivity 
and reproducibility 

Comparison between in vivo 

assay and Ames bacterial 

mutation assay provided for 

60 chemical agents 

Description of "Fertility 
Assessment by Continuous 

Breeding" (FACB) protocol 
and results for test 

compound 
Review of results of assay for 

140 test chemicals by 
USEPA Work Group of 

Gene-Tox Program 

75 
76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 
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Table 2?Preparation of environmental samples for health effects assays evaluation. 

Type of sample Method Reference 

Drinking water Amberlite XAD-4 resin used for isolation and concentration of classes of organic 97 

constituents, including PAH and THM compounds 
Drinking water, wastewater, wastewater Concentration/fraction of mutagens using XAD-2 and XAD-7 in specially 98 

residues designed columns, solvent extraction of resins; fractionation via a coupled 
bioassay/analytical method 

Sludges from municipal sewage treatment Milling procedure for isolating mutagenic residue organics; fractionation via HPLC 99, 100 

Aqueous environmental samples Application of Ames assay to parent residue extracts and to major subfractions 101 
obtained by reverse phase and/or normal phase HPLC 

Aqueous environmental samples? Portable filtration and column-adsorption system for on-site use; fractionation of 102 

suspended sediment samples organic solutes 

Drinking water samples Concentration/fractionation on SEP-Pak? C18 catridges and XAD-2 resins for 103 

organics and TOX; Ames assay with tester strain TA98 and TA100 

that have been evaluated for public health impacts is presented 
in Tables 6 and 7, respectively. 

SPECIAL ASPECTS OF HEALTH 
EFFECTS ASSAYS 

A number of studies were described that dealt with the 
practical aspects of microbial health assays in terms of quality 
control, assay costs, laboratory safety and experimental methods 

and data interpretation. Zeiger et al200 indicated that, based 
on analysis of an extensive Salmonella assay database consisting 
of 941 samples and 799 chemicals using tester strains TA98, 
TA100, TA1535, and TA1537 with and without S-9 activation, 
a sequential testing scheme initially using strain TA 100 be 
adopted for reduction in cost and effort. 

Laboratory safety concerns during toxicity and health effects 
testing were expressed by several authors, who presented a 

review of basic principles of laboratory safety, personal protec 
tive equipment, adequate laboratory design and hazardous 

materials disposal and guidelines for safe laboratory opera 
tions,201 along with appropriate design and operational consid 
erations for a limited-access facility for use in laboratory 
genetic toxicity testing.202 

Quality control/quality assurance considerations in the Ames 
test were addressed by Williams203 in an ASTM standard 
reference manual on "Quality Assurance for Environmental 

Measurements." Detailed quality control procedures were out 

lined to increase the confidence and interlaboratory compara 
bility of mutagenicity data. Reproducibility of Ames assay 
results for 63 chemicals using Salmonella strains TA98, TA 100, 
TA 1535, TA 1537 and TA 1538 and E. coli WP2 uvrA cells in 
intra- and interlaboratory studies indicated that Salmonella 
results were useful for overall judgement of compound muta 
genicity, while E. coli results exhibited a high degree of 
variability among labs.204 Positive mutagenic response in Sal 
monella predicted carcinogenicity for up to 83% of the chem 

icals, while 75% of the carcinogens were shown as mutagens. 
Rat and mice tumor studies indicated that species-specific 
carcinogenicity could not be predicted from mutagenicity tests 
using species specific S-9 activation preparations. 

Effects of solvent type on measured mutagenicity of 1,1,3 

trichloro-, 1,1,3,3-tetrachloro-, pentachloro- and hexachloro 

acetones were discussed by Nestmann et al.205 Results using 
acetone and DMSO as a compound carrier indicated that 
hexachloracetone produced variable solvent-dependent muta 

genic response, was mutagenic by itself, but was non-mutagenic 
in acetone, and produced enhanced mutagenicity in DMSO. 

The authors recommended screening chemicals with a range 
of solvents and using additional solvents for confirmation of 
existing mutagenicity results to identify chemicals requiring 
further study. Additional mutagenicity test bias was discussed 
because of a lack of control plates being routinely run in the 
Ames assay quantifying the survival rate of treated and un 

treated samples that indicate the toxic effect of treatment 
independent of mutagenic effects.206 Data interpretation limi 
tations of the conventional two-fold rule for Ames mutagenicity 
assessment were evaluated by Carnes et al.207 They suggested 
the use of a 95-percentile method, comparing test results to 
the 95 percentile of accumulated historical data for spontaneous 

mutation frequency, in lieu of the two-fold method, to increase 
the reliability and sensitivity of Ames assay results for mutagenic 
potential detection. 

Limitations in the optimal use of sister chromatid exchange 
(SCE) induction in vivo in the fish Nothobranchium rachowi 
caused by unreliable staining techniques were discussed by van 
de Kerkhoff and van der Gaag.208 Methods for sample prepa 
ration, staining and HC1 post-treatment for assay reliability 

improvement were described. The feeding behavior of the fly 
Drosphilia was examined by Gollapudi et al.209 Reduced 
mutational yields from mutagens fed to the flies in conjunction 
with 5-bromo-2-deoxyuridine (BrdUrd), a chemical demon 
strating effectiveness in altering radiation and chemically in 
duced genetic damage, could be linked simply to reduced feed 
uptake. The need to quantitate feed uptake for adequate effect 
assessment was emphasized. 

Effects of chemical characteristics on mutagenic activity 
detection were addressed by Pagano and Zeiger210 and McCoy 
et al.2n Pagano and Zeiger212 investigated the effect of mutagenic 
chemical storage on mutagenic activity determinations and 

found no significant difference between freshly prepared solu 
tions of a number of chemical mutagens (4-nitro-o-phenylene 

diamine, 4-nitroquinoline-N-oxide, benzo(a)pyrene, and 2 

aminoanthracene) and those stored at -20 to -80?C using 
strain TA 100 with and without S-9 activation. Sodium azide 
did however show an increasing mutagenic response upon 
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Table 3?Results of health effects assays with drinking waters and surface waters. 

Type of 

sample Assay Comments Reference 

Drinking water 

Drinking water 

Drinking water 

Drinking water 

River water, 

Kyoto City, 
Japan 

Pond water 

Drinking water, 

Spring Lake 
Reservoir 

Drinking water, 
surface 

water 

Drinking water 

Drinking water 

Drinking water 

Drinking water 

Reclaimed 
water 

(imported 
river water, 
stormwater, 
and 
reclaimed 

wastewater) 
Freshwater 

alga 
Drinking water 

disinfectants 

Drinking water 

Drinking water 

Drinking water 

Drinking water 

Fluctuation test 

Rat 

Humans: chromosome aberrations; 
sister chromatid exchange 

Fish (Poecilia reticulata), Protozoa 

(Tetrahymena pyriformis), 
Bacteria (Escherichia coli), 
Ames (Salmonella typhimurium) 

Ames (TA1538) 

Ames (TA98 and TA100) 

Tradescantia micronucleus test 

Ames 

Ames 

Ames 

Human bladder cancer 

Human cancer 

Ames 

Salmonella typhimurium forward 
mutation assay 

Chromosomal aberrations in mice; 

sperm-head abnormalities in 
mice 

Ames(TA98andTA100) 

Human cancer 

Human cancer 

Ames 

Formation of direct-acting mutagens in surface sources 
after chlorination 

Weak mutagenic activity detected in urine with 
concentrated samples 

Arsenic exposure at a mean level of 0.109 mg/L for at least 
5 years did not result in significant effects compared with 
control individuals 

Extracts from seeds of the tree Moringa oleifers Lam., used 
for coagulation of drinking water in the Sudan were toxic 
to fish, protozoa, and bacteria; however, no mutagenic 
effects were observed 

Neutral and basic fractions contributed 98% of total 

mutagenic activity of XAD-extract 

Aniline transformation products generated during incubation 
of pond water with wastewater sludge inoculum had 

mutagenic potential towards TA98 and TA100; 
nitrosobenzene and azo products postulated as 

causative agents 
Mutagenicity of water from tap fluctuated with mutagenicity 

of lake water 

Preozonization produced direct acting frameshift mutagens 
that were adsorbed on XAD-8 sorbent; mutagenicity of 

the water was dependent on the ozone dose 
GAC extracted organics using XAD resins can be 

separated into nonpolar compounds and polar 

compounds 
Preliminary concentration procedures are needed to 

evaluate mutagenic activity of drinking water before and 

after treatment 

Increasing risk of bladder cancer with duration of exposure 
to chlorinated surface water was detected and was 

consistent across the sexes 

Ho convincing evidence was found in a case-control study 
for increased cancer risk in humans from imbibed 
asbestos 

Stormwater and reclaimed wastewater yielded highest 
levels of mutagenicity; concentrates of imported river 

water yielded lowest levels 

Algal cell extracts for algae exposed to benzo(a)pyrene 
were mutagenic after 1 day growth 

Oral administration of chlorine at pH 8.5 induced increases 
in sperm-head abnormalities; no evidence of other effects 

with monochloramine, chlorine dioxide, sodium chlorite, 
or sodium chlorate 

Majority of mutagens were products of chlorination step; 

granular activated carbon was effective in removing 
waterborne mutagens 

Evaluation of epidemiological studies linking disinfection of 

drinking water and human cancer 

Evaluation of chemicals found in drinking water supplies 
and incidence of human cancer 

Although PAH compounds were found to increase in water 
as a result of passage through asphaltlined distribution 

pipes, mutagenicity did not correlate with either transit of 

water or levels of PAH compounds in water 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 
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Table 4?Results of health effects assays with potential groundwater source samples. 

Type of sample Assay Comments Reference 

Soil in land treatment 

system 
Coal pile runoff 

Soil 

Effluents from nightsoil 
treatment plants 

Soils 

Soil humic substances 

General toxicological 
aspects 

Ames Chinese 
hamster ovary 

Ames 

Ames (TA98 and 
TA100) 

Salmonella 

typhimurium; 
Aspergillus 
nidulans 

Ames 

Potential health effects from land treatment of wastewater were examined; 123 

organics, trace elements, nitrate, and sodium were considered 

Some solvent extracts of high-sulfur coals were both mutagenic and 124 

clastogenic; extracts from low sulfur coal were not mutagenic; solvent: 

water-mixture extracts of the coals were not mutagenic 
After addition of municipal wastewater organic extract to a clay loam soil, 125 

mutagenic activity decreased 

Effluents exposed to UV light and fortified with nitrate demonstrated 126 

increased mutagenicity over samples without nitrate fortification 

Agricultural soils had an inherent level of mutagenic activity which was not 127 

detected by GC/MS analysis alone; mutagenic activity may be related 

to past history of agricultural practices, including biocide applications, 
fertilization, and cultivation 

Mutagenic compounds were generated when humic structural 128 

compounds were chlorinated 

freezing. McCoy et al2u evaluated the effect of nitropyrene 
cell permeability on mutagenic activity and found that nitro 
pyrenes are mutagenic to E. coli strains that have increased 
cell permeabilities to large molecules. 

Mannironi et al2i2 found that a temperature of 42?C, rather 
than the traditional temperature of 37?C, improved the activities 
of mice S-9 liver fractions, and was suggested for use in liver 

microsomal assays to improve reliability and sensitivity of 
these mutagenicity tests. The pH of agar plates used for Ames 
assays was important for assay response results, with pH levels 

below 7.0 resulting in strong responses for positive control 
chemicals while producing negative results for some muta 

gens.213 Gutierrez et al214 indicated that SCE formation was 

independent of oxygen status in BrdUrd independent SCE 

Table 5?Results of health effects assays with industrial and municipal samples and wastes and other environmental 

samples. 

Type of sample Assay Comments Reference 

Petroleum wastes, combined 
AR separator/slop oil 
emulsion solids waste 

Municipal wastewater, 
chlorinated 

Municipal wastewater with 
industrial contributions 

Creosote and coal tar 

Petroleum refinery effluents 

Iron foundry castings 
operation effluents 

Petrochemical effluents and 
sediment samples in 

discharge site 

Pulp and paper mill effluents 
Softwood kraft pulp, spent 

liquor-bleaching process 
Coal slurry transport water 

Coal gasification wastewater 

Pulp and paper mill effluents 

S. typhimurium 
B. subtilis 
A. nidulans 

Fish; Ames 

Ames 

Ames-taped 
plate assay 

Ames; Sister 
Chromatid 

Exchange 
Hamsters 

Ames 

S. cerevisiae 
Ames 

Ames 

Ames 

Neutral extract fraction of waste induced maximum genotoxic response 
in S. typhimurium and A. nidulans haploid bioassay; acid extract 

fraction of waste induced maximum response in B. subtilis DNA 

repair assay 

Papillomas on fish, positive for mutagenicity 

Mutagenicity associated with industrial contribution; chlorination of 

secondary effluent did not substantially increase mutagenic activity 
Volatile mutagens were detected in both samples 

Mutagenic activity present in particulate fraction 

No effluent samples were found to be carcinogenic at the 

concentration used 
No mutagenic activity 

9 of 20 compounds identified were positive for genetic activity 

Mutagenicity evident when treated with chlorine 

Nonvolatile mutagenic agents were not detected in either raw or 

chlorinated slurry wastewaters 

Solvent-extracted and steam-stripped coal gasification wastewaters did 

not contain mutagenic activity 

Bibliography concerning hazards to people within and outside a plant 

129 

130 

131 

132 

133 

134 

135 

136 
137 

138 

139 

140 
battery 
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Table 6?Health effects assays of specific organic chemicals or classes of chemicals of environmental concern. 

Chemical Assay Comments Reference 

Aldicarb sulfoxide/aldicarb 
sulfone mixture 

Amino acids 

Aromatic amines 

Benzene, toluenes, 

xylenes, and phenols 
Benzo(a)pyrene (BP) 

Benzo(a)pyrene (BP) 
Benzidine 
Carbon tetrachloride 
Chlorinated benzenes 
Chlorinated phenols 

Chlorinated styr?nes 
Chlorinated hydrocarbons 

3-(2-Chloroethoxy)-1,2 
dichloropropene (CP) 

Chloroform and 

bromodichloromethane 

(CHCI3 and CHBrCI2) 

Chlorophenols, 
chlorocatechols, and 

chloroguaiacols 
Epichlorohydrin 
Formaldehyde 
Halocarbons 

Humic acids 

Humic acids 

Humic acids 

Humic acids 

M?thyl?ne chloride 
Monohalomethanes 

N-Hydroxylamines and N 

Hydroxy-carbamates 
Nitrated polycyclic 

aromatic hydrocarbons 
(Nitrated PAHs) 

Nitrated polycyclic 
aromatic hydrocarbons 
(Nitrated PAHs) 

Nitriloacetic acid (NTA) 

Growth and cholinesterase 

activity 
Ames 

Ames 

Hepatic mixed-function 
oxidase system of 
rainbow trout 

Cloned mice tumor cells 
Ames 

Mice and rats 

Ames 
Excretion and tissue 

distribution in rats and 

pharmacokinetic and 
subchronic studies in 

monkeys 
Ames 

Liver 

Chinese hamster cells V79 

Target organ effects 

In vivo formation of 

mutagens in rats 

Subchronic study with rats 

and thyroxide activity in 

monkeys 
Subchronic study with rats 

Ames 

Ames; rat and mice 

Ames and Escherichia 
coli WP2uvrA 

Ames 

Ames 

At 4.8 ppm in drinking water, no detectable ill-effects 

Three aromatic amino acids formed direct-acting and 
frameshift mutations by irradiation in an aqueous 
nitrite solution 

Mutagenic responses less with increased alkoxy 
substitution 

Review of toxicology, genetic activity and metabolism 

Demonstrated hepatocarcinogenicity of BP in an 

aquatic species 

Investigation of role of metabolism in BP carcinogenesis 

Mutagenesis inhibited by nucelophiles 
Health assessment document 
Health assessment document 

Study indicated low toxicity of most chlorinated phenols 

ingested in drinking water 

None of the chlorostyrenes were mutagenic 
Investigation to provide metabolic data on four common 

drinking water contaminants 

CP, a residual organic concentrated from drinking 
water, shown to be a promutagen 

CHCI3 and CHBrCI2, most common haloorganic 
contaminants of chlorinated drinking water, increased 

incidence of hepatic neoplastic nodules in female 

rats when administered in drinking water 

Several compounds were mutagenic 

Health assessment document 

Bibliography concerning health effects 

Summaries of target organ effects of three halocarbons 

found as drinking water contaminants 
Reaction of chlorine with natural aquatic humic material 

likely source of mutagen formation in drinking water 

Summary of toxicological research with chlorine dioxide 

and chlorinated humic acids 

Increased incidence and severity of hematuria in rats 

administered with chlorinated humic acids in drinking 
water 

Identification of chemicals responsible for mutagenicity 
formed during water chlorination 

Health assessment document 

NIOSH recommends monohalocarbons be considered 
as potential carcinogens 

Study of mutagenicity of nitrogen-containing 
compounds and their N-oxidized derivatives 

Nitrated PAHs with perpendicularly oriented nitro groups 
exhibited little or no direct-acting bacterial 

mutagenicity 
Nitration increased light-mediated mutagenic activity of 

PAHs 

NTA, a substitute for polyphosphates in laundry 

detergents, increased mutagenicity of chromium 

compounds 

141 

142 

143 

144 

145 

146 
147 
148 
149 
150 

151 
152 

153 

154 

155 

156 
157 
158 

159 

160 

161 

162 

163 
164 

165 

166 

167 

168 
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Table 6?(Continued) 

Chemical Assay Comments Reference 

Nitriloacetic acid (NTA) 

N-Nitroso compounds 

Phthalic acid esters and 
metabolites 

Polycyclic aromatic 

hydrocarbons 

Pyrene 
Tetrachloroethylene, 

trichloroethylene, and 

1,1,1-trichloroethane 

Tetrachlorohydroquinone 
(TCH), a penta 
chlorophenol (PCP) 
metabolite 

Trichloroethylene (TCE) 

Trichloroethylene (TCE) 
Trichloroethylene, 

trichloroethanol, and 
chloral hydrate 

Toluene 

Vinyl acetate and 

acetaldehyde 

Sister chromatid exchange 
(SCE) 

Ames 

Ames 

Ames 

Toxicity to human and 

monkey cells 

Human fibroblasts 

Rat metabolism 

Aspergillus nidulans 

DNA damage in human 

leucocytes 

NTA did not increase frequency of SCE, but increased 

frequency of SCE induced by treatment with 

insoluble metal salts 

Review of n-nitroso compounds as environmental 

carcinogens 
Investigation of mutagenic potential with and without 

mammalian enzymatic metabolic activation system 
Strain TA97 (new tester strain) more susceptible to 

mutation than either TA98 or TA100 by many of the 
PAHs tested; Noncarcinogens (for example, pyrene 
and perylene) highly mutagenic to TA97 

Pyrene mutagenic when S9 present 
Tetrachloroethylene more toxic than trichloroethylene 

and 1,1,1 -trichloroethane 

In evaluation of mutagenic/carcinogenic potential of 

PCP, the metabolite TCH should be considered 

Investigation of the absorption and disposition of TCE 
administered orally 

Review of metabolism and carcinogenicity of TCE 

Investigation of mutagenicity of TCE and two possible 
metabolic products 

Review of toxicological effects of toluene 
Both chemicals induced DNA cross-links in human 

leucocytes 

169 

170 

171 

172 

173 
174 

175 

176 

177 
178 

179 
180 

Table 7?Health effects assays of specific inorganic chemicals of environmental concern. 

Chemical Assay Comments Reference 

Arsenic 

Arsenic 

Arsenic 

Beryllium 
Cadmium 
Cadmium 
Cadmium 

Chromium 

Fluoride 

Fluoride 

Mercury 
Metals 

Metal ions 

Chinese hamster ovary 
cells 

Mouse mononuclear 

phagocytic system 
Ames 

Chromosome aberration 
and sister chromatid 

exchange 
Toxicity to postnatally 

developing rat kidney 

Ames and Escherichia 
coli WP2 uvrA pKm 
101 

Study of growth inhibition and cytotoxic effects produced one 181 

organic and two inorganic forms of arsenic 

Bibliography concerning toxicity and carcinogenicity of arsenic and 182 
arsenic compounds 

Review of mutagenicity of inorganic arsenic 183 
Health assessment document 184 

Bibliography concerning toxicity of cadmium 185, 186 
Evaluation of the mutagenicity and carcinogenicity of cadmium 187 
Effects of chronic ingestion of cadmium chloride administered in 188 

drinking water 

Investigation of the mutagenicity of soluble trivalent chromium 189 

compounds 
Sodium fluoride, at concentrations up to 60 times the level normally 190 

used in drinking water for prevention of dental decay, failed to 

induce chromosome aberrations and sister chromatid exchanges 
Kidney of suckling rat largely unresponsive to sodium fluoride 191 

toxicity; renal sensitivity increased abruptly after weaning 
Review of mercury health effects 192 
Review of mediation of mutagenicity and clastogenicity of heavy 193 

metals by physiochemical factors (for example, pH) 
Study of mutagenicity of metal ions 194 
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Table 7?(Continued) 

Chemical Assay Comments Reference 

Metal derivatives 

Metal salts 

Nickel 
Nitrates 

Selenium 

Ames 

Saccharomyces 
cerevisiae 

Micronuclei and 
chromosomal 
aberrations in bone 
marrow cells of rats 
and mice 

A new strain of Salmonella typhimurium, TA102, was shown to be 
sensitive to Cr(VI) compounds but insensitive to As(lll, As(IV), Cd, 
Ni, Pb, and Hg (known or suspected carcinogens in man) and to 

Cr(lll) 
Study of genotoxic effects of potassium dichromate, sodium 

arsenate, cobalt chloride, and lead nitrate 

Bibliography concerning toxicity and carcinogenicity of nickel 

Study of in vivo mutagenic activity of sodium nitrate 

Review of genotoxicity of selenium 

195 

196 

197 
198 

199 

production occurrences, but that increased oxygen tensions 
produced increased SCE production in BrdUrd dependent 
cases. 

The effects of the source of S-9, that is, rat or human liver 
tissue, on mutagenic potential determinations of aflavotoxin 

Bl, 3-methylcholanthrene, cigarette smoke condensate, 2-ami 

noaanthracene, and 2-aminofluorene were evaluated by 
Beaune.215 The first three compounds were less mutagenic 
with activation with human S-9 than with rat S-9, while the 
last two compounds showed opposite results. Human liver 
S-9 clearly provided different results than commonly used rat 
liver S-9. It was suggested that human S-9 may represent a 
valuable tool for the investigation of mutagenicity, and perhaps 
carcinogenicity, of chemicals in man. Milling and Maddock216 
found that fish and mammalian S-9 activation systems per 
formed identically in their evaluation of metabolism-dependent 
genotoxic PAH chemicals. 

Ronald C. Sims, Judith L. Sims, and R. Ryan Dupont are 
with Utah State University. Correspondence should be addressed 
to Ronald C. Sims, Utah Water Research Laboratory, Utah 

State University, Logan, UT 84322-8200. 
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Detection and 
occurrence of 

water borne viruses 
Gregory D. Boardman, Sheri M. Evans 

OCCURRENCE AND DISTRIBUTION 
OF VIRUSES 

Vasconcelos and Anthony1 attempted to isolate enteric 
viruses from both marine and fresh waters in the Seattle area. 

They were unable to detect any viruses, but indicated that the 
work of others suggests that viral infections can be acquired 
through contact with recreational waters. Lucena et al2 con 

ducted a similar type of study in Barcelona. Enteric viruses 
were isolated from wastewater effluent samples, two rivers, 
and the water at two beaches. Polioviruses were detected in all 

types of the water samples. 
Akin3 reported that the U. S. experience has indicated that 

properly treated drinking waters do not contain viruses. In 
support of this statement Akin mentioned that no viruses were 
found in a survey of 54 water supplies in the U. S. or in two 
other, extensively studied, water systems. However, the results 

of Keswick et al4 indicated that the matter of viruses in 
potable waters is a viable concern. Keswick and his co-workers 

detected rotavirus in 3 of 26 finished water samples. Guttman 
Bass and Fattal5 studied the quality of drinking water in 30 
rural settlements in Israel. Of 111 samples tested, three were 
positive for viruses. Viruses were also detected by Slade6 in 
chalk well water. The chalk aquifer is an important source of 
water for southern and eastern England. 

Krikelis et al7 found enteroviruses and adenoviruses in 
urban wastewater effluents of Athens, Greece. Williams8 re 

ported that it should not be surprising to isolate complexes of 
rotaviruses in fecally contaminated water because he detected 
viral aggregates or complexes in stool specimens. The complexes 
were associated with membranes, a behavior which has also 
been noted for parvovirus-like particles. Rotaviruses were also 

isolated from stool specimens by Shusheng et al9 

VIRUS DETECTION 
Guttman-Bass et al10 studied the effectiveness of several 

types of positively and negatively charged filters for concen 

trating poliovirus from Jerusalem tap water. The authors 
reported that optimal percent recovery efficiencies were in the 
area of 90% for Balston and Cox filters. Shields et alu 
experimented with a two-step filtration procedure to concentrate 
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