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Summary-The relationship between chemical structure and toxicity was explored through the 
compilation of a large reference database consisting of over 600 chemical substances tested for a variety 
of endpoints resulting in over 2900 no-observed-effect levels (NOELs). Each substance in the database 
was classified into one of three structural classes using a decision tree approach. The resulting cumulative 
distributions of NOELs for each of the structural classes differed significantly from one another, 
supporting the contention that chemical structure defines toxicity. The database was used to derive a 
threshold of acceptable human exposure for each of the structural classes that could be applied in the 
absence of specific toxicity data on a substance within one of the three structural classes. The human 
exposure thresholds provide guidance on the degree of testing and evaluation required for substances that 
lack toxicity data. Copyright 0 1996 Published by Elsevier Science Ltd 

Introduction 

Humans are exposed to thousands of chemicals over 
a lifetime (Fishbein, 1980; Flamm, 1981; Koren, 
1991; NRC, 1994). These exposures are incurred from 
various sources ranging from the workplace to the 
low amounts of synthetic and naturally occurring 
substances present in the human environment and 
food supply. It is neither humanly possible nor 
necessary to test the toxicity of all these chemicals 
with the same degree of rigour. 

A question that confronts regulatory agencies and 
international organizations is the extent of testing 
that is required to ensure, with reasonable certainty, 
that any given chemical to which humans are exposed 
can be used safely. Intuitively, toxicologists tend to be 
more concerned with substances having higher 
human exposures and reactive functional groups than 
with those substances not having these character- 
istics; however, there have been only limited attempts 
to integrate data on exposure and structure-activity 
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relationships (SARs) into the risk assessment 
paradigm. 

One of the first attempts to introduce a sense of 
priority into guidelines for testing chemicals based on 
these concepts was that of the US Food and Drug 
Administration (FDA). Using, in part, concepts 
proposed by Cramer et al. (1978) concerning 
presumed SARs, the FDA developed a procedure for 
ranking food and colour additives in terms of the 
extent of toxicity testing required. In the FDA 
‘Redbook’ (FDA, 1982), which outlined require- 
ments for testing of food and colour additives, 
knowledge of exposure was coupled with information 
on structure (and presumed SARs) to rank chemicals 
into various concern levels. Those substances of 
highest ‘concern’ were recommended for more 
extensive testing than those of lowest ‘concern’. The 
concept that structure and exposure provide guidance 
on the degree of testing required has been embodied 
in toxicity testing guidelines emanating from other 
national and international organizations (FDA, 1993; 
Health and Welfare Canada, 1986; NRC, 1983 and 
1994; OECD, 1993; WHO, 1967, 1978, 1987 and 
1990). It is also in keeping with the long-standing 
principle that resources should be directed towards 
the testing and evaluation of those substances with 
the greatest potential to produce human risk and 
away from those with a low potential for risk. 
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One of the practical problems in regulatory 
toxicology is defining when exposure to a substance 
of known structure is so low as to be of little or no 
toxicological significance, thus precluding the need 
for the usual degree of testing or evaluation. The 
concept that there is a level of exposure for all 
chemicals below which there is no significant risk is 
widely-and for non-carcinogenic endpoints, univer- 
sally-accepted. It is also embodied in the practice of 
establishing acceptable daily intakes (ADIs) for 
chemicals and tolerable levels of adventitious 
substances in air, food and water. Establishment of 
ADIs is done with the virtual certainty that such 
exposures will produce no appreciable health risk 
(WHO, 1987). The FDA has recognized the de 
minimus concept and has established a threshold of 
regulation for indirect food additives (Federal 
Register, 1995). 

The idea of establishing a generalized human 
exposure threshold for chemicals using historical data 
from well-conducted toxicity studies is not a new one, 
having been proposed initially by Frawley in 1967. 
Frawley (1967) suggested the concept of establishing 
a human exposure threshold for substances intended 
for use as food-packaging materials using data from 
multiple chronic rodent studies. He showed, on the 
basis of studies conducted on several well-tested 
substances (including food additives, industrial and 
consumer chemicals and pesticides), that a generic 
‘no-effect’ level could be established that could 
preclude the need for toxicity studies and safety 
evaluation. He constructed a reference database of 
non-tumorigenic endpoints, using 220,2-year rodents 
studies, and presented the no-observed-effect levels 
(NOELs) for all 220 compounds. Frawley (1967) 
reported that, if he excluded heavy metals and 
pesticides from the analysis, there was no compound 
in the remaining database (except for acrylamide) 
that showed evidence of chronic toxicity at dietary 
concentrations of less than 100 ppm. Application of 
a typical lOO-fold safety factor to the 100 ppm 
generalized NOEL would mean that humans could 
safely consume any of the materials, provided that 
the dietary concentration did not exceed 1 ppm. 
Frawley (1967), noting that his database was 
incomplete, proposed adding an additional safety 
factor of 10 which would translate to a toxicologically 
inconsequential human exposure level of 0.1 ppm in 
the diet. 

More recently, Rulis (1986) conducted an analysis 
of the FDA’s Priority-Based Assessment of Food 
Additives (PAFA) database containing 159 com- 
pounds with subchronic or chronic toxicity data, 
LDso values from 18,000 oral rodent studies 
contained in the Registry of Toxic Effects of 
Chemical Substances (RTECS), and TDso values for 
130 compounds found in the carcinogen potency 
database of Gold et al. (1984). Rulis (1986) came to 
the same conclusion as Frawley (1967): essentially, 
there is no risk of toxicity in rodents exposed to 

various chemical substances (except for some more 
potent substances, such as pesticides and related 
substances) at dietary exposures of less than 1 mg/kg 
body weight/day or, in human terms. approximately 
l-10 pug/kg body weight/day, depending on the safety 
factor applied. 

In addition to this work, Rulis (1986, 1989 and 
1992) applied a probabilistic approach to the problem 
of threshold of regulation for food-contact materials. 
Rulis (1986) transformed the potencies (expressed as 
TDso values) of 343 orally administered carcinogens, 
compiled by Gold et al. (1984), into a distribution of 
exposures calculated to present a constant assumed 
lifetime risk of one in l,OOO,OOO. His analysis 
indicated that it was highly probable that dietary 
exposures to organic chemicals in the range of 50 ppt 
would not present a carcinogenic risk to humans, 
regardless of chemical structure, and therefore it was 
not necessary to obtain animal toxicity data to 
evaluate such exposures. 

Munro (1990) re-analysed the data assessed by 
Rulis (1986) using the same methodology, and also 
applied this probabilistic approach to three alternate 
data sets consisting of (1) carcinogens from the 
updated database of Gold et al. (1989), (2) the 
National Toxicology Program (NTP) carcinogens as 
defined by Ashby and Tennant (1988) and Ashby 
et al. (1989) and (3) carcinogens carefully selected 
using conservative biological criteria. Overall, the 
results of the reanalysis indicated that there is a low 
probability that a dietary level of 1 ppb of a substance 
of unknown toxicity would present a greater than one 
in 1,000,OOO risk of cancer. 

As noted earlier, the FDA has recently established 
a “threshold of regulation” for indirect food 
additives of 0.5 ppb total diet (Federal Register, 
1995). This is equivalent to a daily intake of 1.5 pg, 
assuming the consumption of 3000 g food and liquid. 
The FDA has stated that this threshold of regulation 
would be applied to indirect food additives that are 
not known to be carcinogens and that do not contain 
structural alerts indicative of carcinogenicity. Sub- 
stances meeting the threshold of regulation criteria 
would not require toxicological testing. 

The work conducted by the FDA (Federal 
Register, 1995), Frawley (1967) Rulis (1986, 1989 
and 1992) and Munro (1990) is expanded on in this 
paper through the compilation of a large database 
consisting of over 600 reference substances from 
which distributions of NOELs were derived. The 
reference database presents the toxicity in terms of 
NOELs for a wide variety of organic chemicals of 
divergent structure, similar to the efforts of the 
previous workers but, in this case, grouped into three 
general classes based on chemical structure using the 
decision tree of Cramer et a/. (1978). This database 
was used as a basis to derive a threshold of acceptable 
exposure for each of the structural classes that can 
be applied to substances lacking toxicity data. 
The structural classification was based on the 
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well-accepted tenet that inherent toxicity is dependent 
on chemical structure. 

Methods 

Overall, the reference database consists of 613 
organic substances representing a range of industrial 
chemicals, pharmaceuticals, food substances and 
environmental, agricultural and consumer chemicals 
likely to be encountered in commerce. For many of 
the substances, more than one NOEL was identified 
from the literature, resulting from the fact that many 
substances in the reference database were tested in 
more than one species and sex and/or demonstrated 
a range of endpoints suitable for establishing a 
NOEL. This led, in some cases, to multiple NOELs 
for individual substances. In all, the reference 
database contains 2941 NOELs. 

Compilation of the reference database 

In compiling the reference database, emphasis was 
placed on retrieving data from certain databases 
known to contain well-validated toxicological end- 
points for a series of well-defined chemical structures. 
Four data sources were chosen to represent a variety 
of chemical substances (e.g. pesticides, food additives, 
industrial chemicals, etc.). These included the 
National Toxicology Program (NTP) technical 
reports (post-1984), the toxicological monographs 
prepared by the Joint FAOjWHO Expert Committee 
on Food Additives (JECFA), the Integrated Risk 
Information System (IRIS) database, and the 
Developmental and Reproductive Toxicology 
(DART) database. No studies on organometallics, 
inorganic substances, chemical mixtures, or non- 
structurally defined substances (such as gums, resins, 
oils, etc.) were included in the reference database. 

Only studies with oral exposure were entered into 
the database with the dosing method specified (i.e. 
gavage, diet, drinking water or capsule) for each 
study. The study types included those typically 
conducted in toxicology, such as subchronic, chronic, 
reproduction and teratology studies. Short-term and 
acute studies were not included, since these were 
considered not to be relevant to establishing chronic 
NOELs nor to be representative of other endpoints. 
Emphasis was placed on obtaining data from chronic 
studies. The database consisted mainly of studies in 
rodents and rabbits. Initially, studies conducted in 
other species, including humans, dogs and ferrets, 
also were included in the reference database; 
however, very few studies in these species were found 
that met the established criteria. An evaluation of 
randomly selected dog studies indicated that many 
had too few animals per group to derive a statistically 
valid NOEL. Moreover, for many dog studies, a 
common endpoint was reduced body weight and/or 
food consumption which was judged to be due, in 
many cases, either to palatability problems with the 

diet or to vomiting. In addition, most studies in dogs 
and other non-rodent species were simply too short 
in duration to be classified as chronic studies. 

Although the intent was to develop a database 
consisting mainly of NOELs from chronic studies, in 
many cases, the lowest and thus most conservative 
NOEL for a substance came from a subchronic study. 
In order to group NOELs for substances with only 
subchronic studies with those with chronic studies to 
derive the cumulative distribution of NOELs, 
subchronic NOELs were divided by a factor of three 
to approximate the most likely NOEL that would 
be derived from a chronic study. This conversion 
factor is based on research defining the relationship 
between subchronic and chronic NOELs. Weil and 
McCollister (1963) compared 3-month NOELs with 
2-year NOELs for 33 different substances (including 
pharmaceuticals, pesticides and food additives) fed to 
rats. They found that for most of the compounds 
(30) the ratio of the NOELs between subchronic and 
chronic studies was 5 or less and more than half of 
the compounds had a ratio equal to 2 or less. More 
recently, it has been determined through further 
analysis of more chemical substances that a more 
accurate adjustment factor for extrapolating NOELs 
derived from subchronic studies to chronic was 
between 2 and 3 (Beck et al., 1993; Lewis et al., 1990; 
McNamara, 1976; M. Dourson, personal communi- 
cation). The data entered into the reference database 
included the name of the chemical, Chemical 
Abstracts Service Registry Numbers (CAS No.), 
structural classification as assessed using the decision 
tree of Cramer er al. (1978) (as discussed below), 
species, sex, route of administration, dose levels 
tested, study type, duration, endpoints reported, 
lowest-observed-effect level (LOEL), NOEL and 
references. 

A further criterion for inclusion in the database 
was that a study had to have a demonstrated LOEL 
as well as a NOEL, thus ensuring that the study was 
rigorous enough to detect toxic effects. In some 
instances, however, NOELs were included for studies 
expected not to demonstrate a LOEL since these were 
substances, such as major food ingredients, that were 
without toxicity at the highest dose tested in 
well-conducted studies. In these cases, the NOEL was 
conservatively chosen as the highest dose tested. It 
should be noted that the inclusion of such substances 
in the database would not bias the database in 
favour of higher NOELs since the true NOEL for 
such substances probably would exceed the NOEL 
established from the available studies. 

In an effort to be conservative in the construction 
of the reference database, NOELs selected by the 
author(s) of each study were used, even though in 
some cases authors tended to be highly conservative 
in the interpretation of their data. In some instances, 
it was found that the stated NOEL may have been 
based on a misjudgement of an adverse effect by the 
author (e.g. physiological v. toxicological effects) or 
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on artefactual effects (e.g. foetal toxicity as a result of 
maternal toxicity). An example of this is isopropyl 
alcohol, which has been reported to produce 
teratogenic effects at very low doses (0.018 mgjkg 
body weight) in one study; however, its structure, 
known metabolism and other toxicological data 
provide no evidence for concluding teratogenicity. 
Even though, scientifically, some of these author-de- 
rived NOELs were not thoroughly substantiated, 
they were included in the reference database, thereby 
increasing the degree of its conservative nature. 
NOELs selected by the US Environmental Protection 
Agency for the IRIS database were entered without 
further review. 

For each of the 613 substances, the most 
conservative NOEL was selected, based on the most 
sensitive species, sex and endpoint. 

Relating structure to toxicity 

It is a well-known and basic precept of chemistry 
that properties of a substance, including its inherent 
toxicity, are determined by its chemical structure. 
Thus, in theory, the toxicity of a substance could be 
predicted completely from its structure. In practice, 
however, this is complicated by the complexities of 
biological systems. Although the structure and 
resulting chemical reactivity may be well known, it is 
far more difficult to predict how a molecule may react 
with biological molecules through active binding 
sites, direct chemical reactions, or interactions with 
enzymes that may convert the molecule into another 
structure. Additionally, it is necessary to know the 
quantitative aspects of the biological interactions- 
including the concentration of the chemical at the site 
of interaction, the biological molecule with which it 
is interacting, any catalysts or enzymes that may 
affect the interaction, and any other part of the 
chemical environment such as pH that may affect the 
interaction. Furthermore, it is necessary to know the 
kinetics of transport of the molecule to and from the 
reaction site, the kinetics of the interaction itself, and 
the kinetics of removal of the metabolites and 
transformed biochemicals. Taking all this together, a 
complicated picture emerges. Nevertheless, an empir- 
ical examination of large bodies of data on defined 
chemicals often results in the emergence of rational 
patterns of biological activity associated with 
particular chemical structures. Although these pat- 
terns may be difficult to condense into a set of rules 
clearly differentiating various chemical classes, the 
patterns can be characterized to categorize substances 
that fall into general classes. This exercise can be 
made more successful if the rules are developed with 
consideration of metabolic patterns and chemical 
reactivity and even intuitive considerations such as 
wide natural occurrence in the food supply. 

Even the most conservative of toxicologists make 
generalized judgements resulting in structural group- 
ings based on their experience (e.g. concerns 

regarding persistent, bioaccumulative chlorinated 
organic chemicals). On the other hand, some 
chemical structures are considered so innocuous as to 
allow JECFA to establish an ADI not specified, even 
in the absence of any classical toxicity studies-as 
was done for the fatty acid octanoic acid, based on 
its known natural occurrence in the body as well as 
in the food supply and its well-characterized 
metabolic fate (JECFA, 1986). 

While the work of Frdwley, Rulis and others 
clearly provides the framework for establishing 
thresholds for chemicals in general, it is recognized 
that correlation of structural class with potential 
toxicity is of fundamental importance in further 
extending the concept of toxicological threshold. 
Several methods have been proposed for using 
chemical structure to group substances according to 
their probable toxicity. For example, the efforts of 
Ashby and others to develop structural alerts for 
carcinogenicity and mutagenicity (Ashby, 1985 and 
1994; Ashby and Paton, 1993; Ashby and Tennant, 
1991; Tennant and Ashby, 1991) are well known but 
have a narrowly focused endpoint. Perhaps the best 
known attempt at a broader classification is the 
FDA’s so-called Redbook structure category assign- 
ments (FDA, 1982), in which various substructures 
were assigned to one of three structural categories 
depending on presumed toxic potential. One of the 
most comprehensive efforts at correlation of structure 
with toxic potential is the decision tree approach of 
Cramer er al. (1978), in which a series of 33 
questions-primarily about the structure but, in some 
cases, about other properties, such as propensity for 
hydrolysis and physiological occurrence-lead to one 
of three classes reflecting a presumption of low, 
moderate or serious toxicity. 

All three of these methods have in common the fact 
that they deal only with defined organic chemicals 
and their salts and they are very conservative in their 
classification. For example, the mere occurrence of an 
aldehyde group in the Ashby classification is an alert 
for possible carcinogenicity or mutagenicity, even 
though it is known that aldehydes are rapidly 
detoxified in vim. Similarly, both the Redbook and 
the decision tree classify all halogenated compounds 
in the most toxic category, although it is well known 
that some substances in this class have very low 
toxicity. 

If these methods are truly discriminatory, it should 
be possible to use them to classify chemicals to 
produce separate groups of substances with clearly 
differing NOELs. Therefore, an effort was made to 
classify all substances in the reference database by 
chemical structure type using each of the three 
methods. The method of Ashby et al. (1989) quickly 
proved not to be very useful in this context because 
of its narrowly focused endpoints-carcinogenicity 
and mutagenicity-which are endpoints not included 
in this database. On the other hand, it was possible 
to classify all materials according to the FDA 
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Redbook. However, the over-conservative approach 
of this method became apparent when only one of the 
613 substances in the reference database came out in 
the class of lowest presumed toxicity and 15 were in 
the intermediate class. 

Classification by the decision tree method of 
Cramer et al. (1978) proved to be much more 
discriminatory, with 137 chemicals falling into the 
presumptively least toxic class (Class I), 28 into the 
intermediate class (Class II) and 448 into the 
presumptively most toxic class (Class III; see 
Table 1). The fact that there are far more substances 
in Class III than in Class I or II, reflects partially the 
conservative nature of this method, but also reflects 
the fact that the substances that toxicologists or 
regulators have chosen for the rather extensive testing 
required to meet the criteria necessary for inclusion 
in this database, were in many cases chosen at least 
in part on the basis of some suspicion arising from 
chemical structure. 

The decision tree method was based on toxicologi- 
cal data then available and used a series of 33 
questions, each leading either to another question or 
to classification into one of the three classes of 
presumptive toxicity. These questions were primarily 
based on chemical structure. Natural occurrence in 
bodily tissues or fluids, and natural occurrence in 
traditional foods, were also considered. The logic of 
the tree relies primarily on knowledge of common 
metabolic pathways. The three classes of substances 
are defined as follows: 

Class I Substances of simple chemical struc- 
ture and efficient modes of metab- 
olism that would suggest a low order 
of oral toxicity (e.g. L-glutamic acid, 
mannitol or propylene glycol). 

Class II Substances that are in a structural 
class in which there is less knowledge 
of the metabolism, pharmacology 
and toxicology, but for which there is 
no clear indication of toxicity (e.g. /I- 
carotene, diallyl phthalate or maltol). 
Most substances in Class II belong to 
either of two categories; one includes 
substances with functional groups 
that are similar to, but somewhat 
more reactive than functional groups 
in Class I (e.g. ally1 and alkyne); the 
other includes substances with more 
complex structures than substances 
in Class I, but that are common 
components of food. 

Table 1. Number of reference database substances in each Cramer 
et al. (1978) structural class 

Strttctural class 

I 
II 
III 

No. of chemicals 

137 
28 

448 

Class III Substances of a chemical structure 
that permit no strong initial presump- 
tion of safety, or that may even 
suggest significant toxicity (e.g. aceto- 
nitrile, 2,4-dinitrotoluene, chloroben- 
zene or p-aminophenol). 

Data analysis 

On the basis of a graphical examination of the 
data, the logarithms of the 613 most conservative 
NOELs appeared to follow a normal distribution 
more closely than did the original NOELs. In order 
to examine the effect of structural class on toxicity, 
the distributions of the logarithms of NOELs were 
plotted separately for each Cramer et al. (1978) 
structural class. Because these distributions were only 
approximately normal, the distribution of NOELs for 
the entire reference database and the distributions of 
the NOELs for each structural class were treated both 
non-parametrically and parametrically. To evaluate 
differences among these distributions, pairwise 
comparisons among the empirical distributions of 
NOELs for each of the three classes of compounds 
were done using the Kolmogorov-Smirnov test (Press 
et al., 1992). 

Calculation of human exposure thresholds 

A human exposure threshold was calculated from 
the respective distribution of NOELs for each of the 
structural classes. To accomplish this, the fifth 
percentile NOEL was calculated for each structural 
class and this in turn was converted through the 
application of a safety factor to a human exposure 
threshold. The fifth percentile NOEL was chosen 
because this value would provide 95% confidence 
that the NOEL of any other substance in the same 
structural class but of unknown toxicity would not 
have a NOEL less than that at the fifth percentile. In 
converting the fifth percentile NOELs to human 
exposure thresholds for the three structural classes, a 
loo-fold safety factor was used, since such a factor 
would inherently be applied in establishing safe 
intake levels for the substances comprising the 
database. The use of a loo-fold factor provides a 
substantive margin of safety, since the human 
exposure thresholds are based on a large database of 
approximately 6 13 compounds with good supporting 
toxicological data. Furthermore, fifth percentile 
NOELs were used to calculate the thresholds, 
providing a more conservative figure than the 50th 
percentile. Thus, it is believed that a IOO-fold safety 
factor provides a reasonable margin of safety in 
translating the results of analysis of the reference 
database to humans. 

Results 

The cumulative distribution of the 613 most 
conservative NOELs derived from the reference 
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NOEL (mg/kg body weight/day) 
Fig. 1. Cumulative distribution of the most conservative 
NOELs for compounds in the reference database (0, 
percentiles; - fitted lognormal distribution). 

database is shown in Fig. 1. The data points reflect 
the empirical distribution of NOELs. The fitted 
lognormal distribution used to describe the data set 
parametrically appeared to fit the data reasonably 
well. On the basis of the fitted lognormal distribution 
of NOELs it was found that 95% of the 613 
compounds in the database had NOELs greater than 
0.22 mg/kg body weight/day (i.e. the fifth percentile). 

Figure 2 presents the cumulative distributions of 
NOELs of substances in the reference database 
separated into Cramer et al. (1978) structural classes 
I, II and III. As can be seen from Fig. 2, there is a 
clear effect of structure on toxicity, as indicated by 
the distinct separation of the cumulative distributions 
for each of the three structural classes. The three 
distributions were found to differ significantly (Class 
I ~1. Class II and Class I u. Class III, P < 0.05; Class 
II u. Class III, P < 0.10). The 50th percentiles of the 
distributions were 116, 26 and 9 mg/kg body 
weight/day, for structural classes I, II and III, 
respectively. 

NOEL (mg/kg body weight/day) 

Fig. 2. Cumulative distribution of the most conservative 
NOELs for compounds in the reference database grouped 
into Cramer et al. (1978) structural classes I, II and III (0, 
class I percentiles; 0, class II percentiles; A, class III 
percentiles; - fitted lognormal distribution). 

Using the lognormal distributions fit to the data for 
each structural class, estimates of the fifth percentiles 
of the distributions of NOELs were 3.0, 0.91 and 
0.15 mg/kg body weight/day for classes I, II and III, 
respectively. Because the logarithms of the NOELs 
for these classes exhibited some evidence of 
non-normality, the fifth percentile was also estimated 
non-parametrically. The non-parametric estimates 
(3.3, 1.6 and 0.12 mg/kg body weight/day for classes 
I, II and III, respectively) were close to, or somewhat 
greater than, the parametric estimates. Consequently, 
the parametric estimates, which tended to be more 
conservative overall, were used to calculate the 
human exposure thresholds for each of the structural 
classes. 

The calculated human exposure thresholds for each 
structural class are shown in Table 2. Clearly, other 
human exposure thresholds could be calculated, 
depending on the degree of conservatism deemed 
appropriate. It should be noted that within structural 
class III, for example, there are 24/448 substances 
with NOELs below the fifth percentile and the safety 
factors, relative to the human exposure threshold of 
0.09 mg/day for this group of 24 substances, ranged 
from about three to 90. An alternative would be to 
use the first percentile to calculate the human 
exposure threshold (yielding a human exposure 
threshold of 0.02 mg/day for structural class III). 
Then only 8/448 substances would have NOELs 
below the first percentile and safety factors for these 
compounds would range from 15 to 90. 

Discussion 

Analysis of this large database provides evidence 
that there is a less than 5% probability that 
toxicological studies of any other substance not 
included in the database would result in a NOEL 
lower than the fifth percentile NOEL of 0.22 mg/kg 
body weight for the entire database. This is a useful 
concept in determining priorities for testing as well as 
for regulation. Moreover, it provides the basis for an 
argument that, with appropriate safety factors, a 
threshold can be established and, if human exposure 
to a substance is below that threshold, the substance 
can be judged, with reasonable confidence, to present 
a low probability of risk regardless of structure, even 
if there are no toxicological data available. 

More importantly, this database demonstrates that 
if substances are grouped logically and with proper 
consideration of structure, metabolism, physiological 
occurrence, etc., a range of thresholds can be 
generated for certain structural classes. Although this 
is a concept that has long been used intuitively by 
toxicologists, this database provides the first firm 
support for that intuition and a method for 
determination of specific values for the various 
thresholds. With regard to the thousands of 
chemicals to which humans are exposed in a lifetime, 
the great majority of which have little or no 
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Table 2. Fifth percentile NOELs and human exposure thresholds for each Cramer (1978) 
structural class 

Structural class 
Fifth percentile NOEL 

(mg/kg body weight/day) 
Human exposure threshold 

bg/day)* 
I 3.0 1.8 
II 0.91 0.54 
111 0.15 0.09 

*The human exposure threshold was calculated by multiplying the fifth percentile NOEL by 
60 (assuming an individual weighs 60 kg) and dividing by a safety factor of 100, as 
discussed in the text. 

toxicological data, this database should give confi- 
dence that the majority of the substances to which we 
are exposed in trace amounts do not present a 
significant potential risk. It would, at the same time, 
allow the scientific community to focus its resources 
on those substances for which additional data are 
clearly necessary. Moreover, it provides a reasonable 
alternative to the need for extensive animal testing of 
substances with innocuous structures and trivial 
exposures. 

The selection of the fifth percentile NOEL as 
opposed to the first percentile NOEL was considered 
to be reasonable for several reasons. First, the criteria 
used to select the NOELs were very strict and 
designed to err on the side of conservatism; thus, the 
NOELs in the database are considered to be 
conservative. In addition, the substances in the 
database were, for the most part, extensively tested 
for a variety of endpoints and thus the lowest NOEL 
for each substance in the reference database would be 
unlikely to be reduced through further testing, 
Secondly, in developing a threshold of regulation for 
carcinogenic substances, Rulis (1986) selected a 
threshold corresponding to the 15th percentile of the 
distribution of 10e6 risks for carcinogens in the Gold 
et al. (1984) database; in the present study the more 
conservative fifth percentile values were chosen. 
Thirdly, the 24/448 structural class III compounds 
that fell below the fifth percentile were pesticides, 
drugs or industrial chemicals; none was a food 
additive or commonly used food ingredient. Only 
8/448 compounds in structural class III fell below the 
first percentile of the distribution of NOELs, 
corresponding to a safety margin of 15-90-fold of the 
human exposure threshold for that class. In 
comparison, the safety margin for those compounds 
below the fifth percentile ranged from 3 to 90. 
Therefore, use of the first percentile rather than the 
fifth percentile may reduce the number of compounds 
falling below the threshold; however, the margin of 
safety between the threshold and the NOEL is not 
substantially altered. 

It is recognized that the human exposure 
thresholds for each of the structural classes derived 
from this study (see Table 2) are considerably higher 
than the intake of 1.5 pg/day calculated from the 
0.5 ppb threshold of regulation indicated in the FDA 
ruling for food-packaging materials. The FDA has 
indicated, on the basis of an analysis of the 
distribution of one in l,OOO,OOO risks from the Gold 

database of carcinogens, that an exposure to an 
indirect food additive of unknown toxicity at a 
dietary level of 0.5 ppb or less would not present an 
unacceptable risk, even if it were later found to be a 
carcinogen (Federal Register, 1995). The human 
exposure thresholds presented here are intended to 
apply to chemically-defined substances for which 
there is no presumption of genotoxic carcinogenicity. 
Otherwise, the 1.5 pg/day threshold may be a more 
appropriate value. 

In conclusion, the proposed approach takes 
advantage of knowledge of the relationship between 
structure and toxicity and incorporates this into the 
proposed threshold values. This study shows that 
structural class has an important bearing on toxicity. 
Such information should be incorporated in regulat- 
ory proposals which are aimed at establishing 
priorities for, and extent of, testing and evaluation of 
chemical substances. 

Acknowledgements-The authors wish to acknowledge the 
helpful suggestions received from Dr Daniel Krewski and 
Dr Sheryl Bartlett of Health Canada. 

REFERENCES 

Ashby J. (1985) Fundamental structural alerts to potential 
carcinogenicity or noncarcinogenicity. Environmental 
Mutagenesis I, 9 19-92 1. 

Ashby J. (1994) Two million rodent carcinogens? The role 
of SAR and QSAR in their detection. Mutation Research 
305, 3-12. 

Ashby J. and Paton D. (1993) The influence of chemical 
structure on the extent and sites of carcinogenesis for 522 
rodent carcinogens and 55 different human carcinogen 
exposures. Mutation Research 286, 3-74. 

Ashby J. and Tennant R. W. (1988) Chemical structure, 
Salmonella mutagenicity and extent of carcinogenicity as 
indicators of genotoxic carcinogenesis among -222 
chemicals tested in rodents by the U.S. NCI/NTP. 
Mutation Research 204, 17-l 15. 

Ashby J. and Tennant R. W. (1991) Definitive relationships 
among chemical structure, carcinogenicity and muta- 
genicity for 301 chemicals tested by the (U.S.) National 
Toxicology Program. Mutation Research 257. 22%306 
[Addend& 1994, Vol. 317; 1751. 

Ashby J., Tennant R. W., Zeiger E. and Stasiewicz S. (1989) 
Classification according to chemical structure, mutagenic- 
ity to Salmonella and level of carcinogenicity of a further 
42 chemicals tested for carcinogenicity by the U.S. 
National Toxicology Program. Mutation Research 223, 
73-103. 

Beck B. D., Conolly R. B., Dourson M. L., Guth D., Hattis 
D., Kimmel C. and Lewis S. C. (1993) Symposium 
overview. Improvements in quantitative noncancer risk 
assessment. Fundamental and Applied Toxicology 20, 
l-14. 



836 I. C. Munro et al 

Cramer G. M., Ford R.A. and Hall R. L. (1978) Estimation 
of toxic hazard-A decision tree approach (and errata 
sheet). Food and Cosmetics Toxicology 16, 255-276. 

FDA (1982) Toxicological Principles jar the Safety 
Assessment of Direct Food Additives and Color Additives 
Used in Food. Red Book. (U.S.) Food and Drug 
Administration, Bureau of Foods, Washington. DC. - 

FDA (1993) Toxicological Princioles for the Safety 
Assessment of Direct Food Additives and Color Addi&s 
Used in Food. Redbook II (Draft). U.S. Food and Drug 

Administration Center for Food Safety and Applied 
Nutrition, Washington, DC. 

Federal Register (1995) Food Additives; Threshold of 
Regulation for Substances Used in Food-Contact Articles. 
Department of Health and Human Services. Food and 
Drug Administration. 21 CFR Parts 5, 25, 170, 171, and 
174.-Docket Nos 77P-0122 and 92N-0181. 

Fishbein L. (1980) Potential industrial carcinogenic and 
mutagenic ‘alkylating agents. In Safe Haidling of 
Chemical Carcinogens, Mutagens, Teratogens, and Highly 
To.uic Substances, Vol. 1. Edited by D. B. Walters. 
pp. 329-363. Ann Arbor Science, Ann Arbor, MI. (cited 
in NRC, 1983). 

Flamm W. G. (1981) Remarks to the Commiftee on the 
Institutional Means for Assessment of Risks to Public 
Health. (cited in NRC, 1983). 

Frawley J. P. (1967) BIBRA Annual Scientific Meeting. 
Scientific evidence and common sense as a basis for 
food-packaging regulations. Food and Cosmetics 
Toxicology 5, 2933308. 

Gold L. S., Sawyer C. B., Magaw R., Backman G. M., de 
Veciana M., Levinson R., Hooper N. K., Havender W. 
R., Bernstein L., Peto R., Pike M. C. and Ames B. N. 
(1984) A carcinogenic potency database of the standard- 
ized results of animal bioassays. Environmental Health 
Perspectives 58, 9-3 19. 

Gold L. S., Slone T. H. and Bernstein L. (1989) Summary 
of carcinogenic potency and positivity for 492 rodent 
carcinogens in the carcinogenic potency database. 
Emrironmental Health Perspectives 19, 259-272. 

Health and Welfare Canada (1986) Guidelines on the Use of 
Mutagenicity Tests in the Toxicological Evaluation of 
Chemicals. A Report of the DNH & W/DOE Environ- 
mental Contaminants Advisory Committee on Mutagen- 
esis Environment Canada, Ottawa, Canada. 

JECFA (1986) Evaluation of Certain Food Additives and 
Contaminants. Twenty-ninth Report of the Joint FAO/ 
WHO Exoert Committee on Food Additives. World 
Health Organization Technical Report Series 733, p. 15. 

Koren H. (Editor) (1991) Handbook of Environmental 
Health and Safety: Principles and Practices. 2nd Ed. Vol. 
I & 2. Lewis Publishers, Chelsea, MI. 

Lewis S. C., Lynch J. R. and Nikiforov A. I. (1990) A new 
approach to deriving community exposure guidelines 
from “No-observed-adverse-effect levels”. Regulatory 
Toxicology and Pharmacology 11, 314-330. 

McNamara B. P. (1976) Concepts in health evaluation of 
commercial and industrial chemicals. In New Concepts in 
Safety Evaluation. Edited by M. A. Mehlman, R. E. 
Shapiro, and H. Blumenthal. Vol. 1. Advances in Modern 
Toxicology. pp. 61-140. Hemisphere Press, Washington, 
DC/John Wiley & Sons, New York, NY, Toronto, ON. 

Munro I. C. (1990) Safety assessment procedures for 
indirect food additives: an overview. Regulatory Toxi- 
cology and Pharmacology 12, l-1 1. 

NRC (1983) Risk Assessment in the Federal Government: 
Managing rhe Process. Committee on the Institutional 
Means for Assessment of Risks to Public Health, 
Commission on Life Sciences, National Research Council 
(NRC). National Academy Press. Washington, DC. 

NRC (1994) Science and Judgment in Risk Assessment. 
National Research Council (NRC), National Academy 
Press (NAP). Washineton. DC. \ - 

OECD (1993) OECD Guidelines for the Testing of 
Chemicals. Vols 1 & 2. Organisation for Economic 
Cooperation and Development, Paris. 

Press W. H., Teukolsky S. A., Vetterling W. T. and 
Flannery B. P. (1992) Numerical Recipes in Fortran. 
The Art of Scientific Computing. 2nd Ed. Cambridge 
University Press, New York, NY. 

Rulis A. M. (1986) De Minimis and the threshold of 
regulation. In Food Protection Technology. Current and 
Projected Technologies for Food Protection-Recommen- 
dations and Implementation. Edited by C. W. Felix. 
pp. 29-37. Proceedings of the 1986 Conference for Food 
Protection. Lewis Publishers, Chelsea, MI. 

Rulis A. M. (1989) Establishing a threshold of regulation. 
In Risk Assessment in Setting National Priorities. Edited 
by J. J. Bonin and D. E. Stevenson. pp. 271-278. 
Proceedings of the Annual Meeting of the Society for 
Risk Analysis. Plenum Press, New York, NY. 

Rulis A. M. (1992) Threshold of regulation: options for 
handling minimal risk situations. In Food Safety 
Assessment. Edited by J. W. Finley, S. F. Robinson and 
D. J. Armstrong. pp. 132-139. US Food and Drug 
Administration. Developed From a Symposium Spon- 
sored by the Division of Agricultural and Food 
Chemistry at the 200th National Meeting of the American 
Chemical Society. American Chemical Society. Washing- 
ton, DC. 

Tennant R. W. and Ashby J. (1991) Classification according 
to chemical structure, mutagenicity to Salmonella and 
level of carcinogenicity of a further 39 chemicals tested for 
carcinogenicity by the (U.S.) National Toxicology 
Program. Mutation Research 251, 2099227. 

-. 

Weil C. S. and McCollister D. D. (1963) Relationshin 
between short and long-term feeding studies designing ah 
effective toxicity test. Agricultural Food Chemistry 11, 
486-191. 

WHO (1967) Procedures for Investigating Intentional and 
Unintentional Food Additives: Report of a WHO ScientiJic 
Group. WHO Technical Report Series No. 348. World 
Health Organization, Geneva. 

WHO (1978) Principles and Methods for Evaluating the 
Toxicity of Chemicals. Part I-Principes et Methodes 
d’Evaluation de la Tolicite des Produits Chimiques. Partie 
I. Environmental Health Criteria No. 6. World Health 
Organization, International Programme on Chemical 
Safety (IPCS), Geneva.. 

WHO (1987) Principles ,for the Safety Assessment of Food 
Additives and Contaminants in Food. Environmental 
Health Criteria No. 70. International Programme on 
Chemical Safety in Co-operation with the Joint 
FAOjWHO Expert Committee on Food Additives 
(JECFA). World Health Organization, Geneva. 

WHO (1990) Principles for the Toxicological Assessment 
of Pesticide Residues in Food. Environmental Health 
Criteria No. 104. World Health Organization, 
International Programme on Chemical Safety (IPCS), 
Geneva. 



AP
PE

ND
IX

 

Mo
st 

Co
ns

er
va

tiv
e 

NO
EL

S 
for

 
Su

bs
tan

ce
s 

in 
the

 
Re

fer
en

ce
 

Da
tab

aH
ra

me
r 

et 
al.

 

Ch
em

ica
l 

Na
m

e 
CA

S 
no

. 

Ex
po

su
re

 
Du

ra
tio

n 
(d

ay
s) 

St
ru

ctu
ra

l 
Cl

as
s 

1 
Au

th
or

s’ 
Ca

lcu
la

te
d 

En
dp

oi
nt

 
LO

EL
 

NO
EL

 
NO

EL
 

Ty
pe

 
Do

se
s 

Gi
ve

n 
By

 
Au

th
or

 
Ow

/k/
da

y)
 

(m
s/k

g/
da

y)
(m

g/
kg

lda
y)

 
Re

fe
re

nc
e 

Ac
et

ic 
ac

id
 

Ac
et

oi
n 

Ac
et

on
e 

Ad
ip

ic 
ac

id
 

64
- 

19
-7

 
ra

t 
10

5 
5 

13
-8

6-
O 

ra
t 

91
 

61
-6

4-
l 

ra
t 

90
 

12
4-

04
-9

 
rb

t 
13

 

St
ud

y 
Ty

pe
 

su
b 

su
b 

su
b 

te
ra

t 

or
1 

no
fx 

0.
01

, 
0.

1,
 

0.
25

, 
0.

5%
 

[c]
 

no
ne

 
no

ne
 

or
1 

m
ol

t 
0,

 7
50

, 
30

00
, 

12
,0

00
 

[a
] 

pp
m

 
12

86
 

33
0 

w 
ow

t 
0.

 
10

0,
 5

00
, 

25
00

 m
g/

kg
/d

ay
 

50
0 

10
0 

NG
 

no
fx 

0.
 2

.5
, 

12
, 

54
, 

25
0 

m
g/

kg
/d

ay
 

no
ne

 
no

ne
 

5 
Al

lu
ra

 
Re

d 
AC

 
25

95
6-

 
17

-6
 

ra
t 

64
4 

ch
r 

fo
d 

6 
Am

in
ou

nd
ec

an
oi

c 
ac

id
, 

1 l
- 

24
32

-9
9-

l 
ra

t 
91

 
su

b 
fo

d 
7 

As
co

rb
ic 

ac
id

 
50

-8
 1

-7
(a

) 
ra

t 
10

 
te

ra
t 

w 

bd
w 

0,
 0

.3
7,

 
1.

39
, 

5.
19

%
 

in
 d

ie
t 

[c]
 

37
39

 
bd

w 
0.

 9
00

0,
 

12
,O

C@
, 1

5,
00

0,
 

18
,0

00
, 

21
,0

00
 

pp
m

 
[cl

 
18

00
 

m
sk

 
5.

5-
55

5 
m

g/
kg

 
55

5 

8 
As

co
rb

ic 
ac

id
, 

L-
 

50
-8

 1
-7

(b
) 

ra
t 

72
1 

ch
r 

fo
d 

bd
w 

9 
Be

nz
al

de
hy

de
 

10
0-

52
-7

 
m

us
 

91
 

su
b 

g-
f 

kid
 

10
 

Be
nz

oi
c 

ac
id

 
65

-8
5-

O 
ra

t 
NG

 
re

pr
o 

fo
d 

no
fx 

11
 

Be
nz

yl 
ac

et
at

e 
14

0-
l 

l-4
 

ra
t 

72
0 

ch
r 

fo
d 

no
fx 

12
 

Be
nz

yl 
al

co
ho

l 
10

0-
51

-6
 

m
us

 
72

0 
ch

r 
w 

m
ol

t 
13

 
Bi

s(
2-

et
hy

lh
ex

yl)
ph

th
al

at
e 

11
7-

81
-7

 
m

us
 

12
5 

re
pr

o 
fo

d 
re

p 
14

 
Br

illi
an

t 
Bl

ac
k 

PN
 

25
 1

9-
30

-4
 

ra
t 

76
1 

ch
r 

fo
d 

no
fx 

15
 

16
 

17
 

18
 

19
 

20
 

21
 

22
 

23
 

24
 

25
 

26
 

27
 

28
 

29
 

30
 

31
 

32
 

33
 

34
 

35
 

36
 

Bu
ta

ne
di

ol
, 

1.
3.

 
Bu

ta
no

l, 
2-

 
Bu

ta
no

l. 
n-

 
Bu

ty
l 

b&
.zy

l 
ph

th
al

at
e 

Bu
ty

la
te

d 
hy

dr
ox

ya
nis

ole
 

Bu
ty

ro
la

ct
on

e,
 

y- 
Ca

lci
um

 
cy

cla
m

at
e 

Ca
lci

um
 

fo
rm

at
e 

Ca
lci

um
 

ste
ar

oy
l 

la
ct

yla
te

 
Ca

ro
te

no
ic 

ac
id

, 
be

ta
-a

pe
-8

’-,
 

m
et

hy
l 

es
te

r 
Ci

nn
am

al
de

hy
de

 
Ci

tra
l 

Ci
tra

na
xa

nt
hi

n 
Cu

m
en

e 
Di

(Z
-e

th
ylh

ex
yl)

ad
ip

at
e 

Di
bu

ty
l 

ph
th

al
at

e 
Di

et
hy

l 
ph

th
al

at
e 

Di
et

hy
le

ne
 

gl
yc

ol
 

Di
et

hy
le

ne
 

gl
yc

ol
 

m
on

oe
th

yl 
et

he
r 

Di
m

et
ho

xa
ne

 
Di

m
et

hy
l 

te
re

ph
th

al
at

e 
Di

m
et

hy
lca

rb
on

at
e 

10
7-

88
-o

 
ra

t 
73

0 
ch

r 
fo

d 
no

fx 
78

-9
2-

2 
ra

t 
NG

 
re

pr
o 

O
d 

m
ul

t 
71

-3
6-

3 
ra

t 
91

 
su

b 
w 

ne
u 

85
-6

8-
7 

m
us

 
91

 
su

b 
fo

d 
bd

W
 

25
01

3-
16

-5
 

ra
t 

90
 

su
b 

fo
d 

gi
t 

96
-4

8-
O 

m
us

 
90

 
su

b 
w 

m
ol

t 
13

9-
06

-o
 

ra
t 

70
7 

ch
r 

fo
d 

no
fx 

54
4-

 1
7-

2 
ra

t 
NG

 
*e

p*
0 

fo
d 

no
fx 

57
93

-9
4-

2 
ra

t 
98

 
su

b 
fo

d 
m

ul
t 

10
4-

55
-2

 
53

92
-4

0-
5 

36
04

-9
0-

g 
98

-8
2-

8 
10

3-
23

-l 
84

-7
4-

2 
84

-6
6-

2 
11

 l-4
6-

6 
1 I

 1
-9

0-
o 

82
8-

00
-2

 
I 2

0-
6 

I-6
 

61
6-

38
-6

 

ra
t 

23
8 

su
b 

w 
ra

t 
10

2 
su

b 
fo

d 
ra

t 
91

 
su

b 
fo

d 
ra

t 
73

0 
ch

r 
fo

d 
ra

t 
19

4 
su

b 
w 

ra
t 

13
3 

re
pr

o 
fo

d 
ra

t 
36

5 
su

b 
fo

d 
ra

t 
73

0 
ch

r 
fo

d 
m

us
 

10
 

te
ra

t 
ga

v 
ra

t 
90

 
su

b 
fo

d 
ra

t 
45

5 
ch

r 
iw

 
ra

t 
60

 
re

pr
o 

fo
d 

ra
t 

90
 

su
b 

or
1 

te
s 

0,
 

10
0,

 5
00

 m
g/

kg
/d

ay
 

m
ol

t 
0.

 1
00

0.
 

25
00

. 
10

,0
00

 
in

 d
ie

t 
pp

m
 

[a
] 

no
fx 

0,
 0

.1
, 

0.
25

, 
1%

 
[c]

 
no

fx 
0,

 8
6,

 2
84

, 
86

0 
in

 d
ie

t 
[c]

 
pp

m
 

kid
 

0,
 

15
4,

 4
62

, 
76

3 
m

g/
kg

/d
ay

 
m

ul
t 

0,
 3

00
, 

18
00

, 
12

,0
00

 
[a

] 
pp

m
 

1t
1 

0,
 0

.0
1,

 
0.

05
, 

0.
25

, 
1.

25
%

 
[b

,d
] 

bd
w 

0,
 0

.5
, 

2.
5,

 
5.

0%
 

[cl
 

m
ol

t 
0,

 1
25

0,
 

50
00

, 
lO

$&
 

m
g/

kg
/d

ay
 

kid
 

0.
0.

5,
 

5.
0%

 
[c]

 
gi

t 
0,

 6
2.

5,
 

12
5 

m
g/

kg
/d

ay
 

re
p 

0,
 2

50
, 

50
0,

 
10

00
 m

g/
kg

/d
ay

 
no

fx 
O,

O.
l, 

0.
3,

 
1.

0%
 

[c]
 

Sp
ec

ie
s 

Te
ste

d 
Ex

po
su

re
 

Ro
ut

e 

72
6*

 
33

0*
 

10
0*

 
25

0 

no
ne

 
no

ne
 

no
ne

 

10
01

 
15

00
* 

5.
5 

0,
 2

5,
00

0,
 

50
,0

00
 p

pm
 

[a
I 

30
51

 
0,

 7
5,

 
15

0,
 3

00
, 

60
0,

 
12

00
 m

g/
kg

/d
ay

 
60

0 
0,

 0
.5

, 
1%

 
[c]

 
no

ne
 

0,
30

00
,6

OW
 

12
,0

00
 p

pm
 [a

l 
0,

 1
00

, 
20

0 
m

g/
kg

/d
ay

 
0,

 0
.0

1,
 

0.
1,

 
3.

0%
 

[c]
 

0.
1%

 
[a

] 

20
0 

18
0 

no
ne

 
14

58
 

no
ne

 
30

0’
 

no
ne

 
88

7 
no

ne
 

51
0 

no
ne

 
10

0 
no

ne
 

18
; 

no
ne

 
60

 

0.
 

I, 
3,

 1
0%

 
in

 d
ie

t 
[c]

 
0,

 0
.3

, 
1.

0,
 3

.0
%

 
[a

] 
0,

 3
0,

 
12

5,
 5

00
 m

g/
kg

/d
ay

 
0,

 
16

00
, 

31
00

, 
63

00
, 

12
,5

00
, 

25
,0

00
 

pp
m

 
[cl

 
0,

 0
.0

25
, 

0.
12

5,
 

2%
 

[c]
 

0,
 6

5,
 

13
1,

 2
62

, 
52

5,
 

10
50

 m
g/

kg
/d

ay
 

up
 

to
 

10
%

 
[c]

 
0.

2,
 

0.
4%

 
[c]

 

no
ne

 
50

89
 

50
0 

24
38

 
18

43
 

10
50

 

0,
 0

.5
, 

5,
 1

2.
5%

 
[c]

 
no

ne
 

11
08

9 

68
83

 
68

83
 

16
44

 
16

44
 

12
5 

12
s 

no
ne

 
12

28
’ 

no
ne

 
11

5’
 

no
ne

 
52

5*
 

no
ne

 
72

03
 

no
ne

 
35

5 
44

35
 

44
35

f 

So
llm

an
n,

 
19

21
 

Ga
un

t 
et

 a
l.,

 
19

72
a 

US
 E

PA
, 

19
86

a 
Fo

od
 

an
d 

Dr
ug

 
Re

se
ar

ch
 

La
bs

, 
19

74
a 

Ol
so

n 
an

d 
Vo

el
ke

r, 
19

70
 

NT
P,

 
19

82
a 

Fo
od

 
an

d 
Dr

ug
 

Re
se

ar
ch

 
La

bs
. 

19
74

b 
NT

P,
 

19
83

a 
Kl

uw
e 

et
 a

l.,
 

19
83

 
Ki

ec
ke

bu
sc

h 
an

d 
La

ng
, 

19
60

 
NT

P,
 

19
93

a 
NT

P,
 

19
89

a 
La

m
b,

 
19

86
 

He
ch

t 
an

d 
W

in
gl

er
, 

19
52

; 
DF

G,
 

19
57

 
Sc

al
a 

an
d 

Pa
yn

te
r, 

19
67

 
co

x 
et

 al.
, 

19
75

 
US

 
EP

A,
 

19
86

b 
NT

P,
 

19
82

b 
Al

tm
an

n 
et

 al.
, 

19
86

 
NT

P,
 

19
92

a 
Fr

ie
dm

an
 

er
 a

l..
 

19
72

 
M

al
om

y,
 

19
69

 
Ho

dg
e,

 
19

53
 

no
ne

 
46

2 
10

80
 

60
0 

44
35

 

25
00

 
12

5 
50

0 

no
ne

 
10

01
 

An
on

ym
ou

s,
 

19
62

; 
19

66
 

no
ne

 
12

5*
 

Ha
ga

n 
et

 al.
. 

19
67

a 
no

ne
 

88
7*

 
Ha

ga
n 

et
 al.

, 
19

67
b 

no
ne

 
59

 
Le

us
ch

ne
r 

et
 al.

, 
19

76
 

15
4 

15
4*

 
W

ol
f 

et
 al.

, 
19

56
a 

17
0 

17
0*

 
IC

I 
Am

er
ica

s,
 

In
c.,

 
19

88
 

12
5 

12
5*

 
Sm

ith
, 

19
53

 
no

ne
 

22
18

 
Fo

od
 

Re
se

ar
ch

 
La

bs
, 

19
55

 
no

ne
 

12
50

 
Ba

te
s 

er
 a

l.,
 

19
91

 
25

0 
25

0’
 

Ga
un

t 
et

 al.
, 

19
68

 
no

ne
 

62
.5

 
NT

P.
 

19
89

b 
25

0 
25

0*
 

Kr
as

av
ag

e 
et

 a
l.,

 
19

73
 

no
ne

 
14

75
’ 

Ei
be

n 
et

 al.
, 

19
82

 



37
 

38
 

39
 

40
 

41
 

42
 

43
 

44
 

45
 

46
 

47
 

48
 

49
 

50
 

51
 

52
 

53
 

54
 

55
 

56
 

57
 

58
 

59
 

60
 

61
 

62
 

63
 

64
 

65
 

66
 

67
 

68
 

69
 

70
 

71
 

72
 

73
 

74
 

75
 

76
 

77
 

78
 

79
 

80
 

81
 

82
 

83
 

84
 

85
 

86
 

Di
m

et
hy

ld
ica

rb
on

at
e 

Di
m

et
hy

lp
he

no
l, 

2,
4-

 
Di

m
et

hy
lp

he
no

l, 
2,

6-
 

Di
m

et
hy

lp
he

no
l, 

3,
4-

 
Di

oc
tv

l 
so

di
um

 
su

lfo
su

cc
ina

te
 

Di
so

d&
tm

 
5’

-g
ua

ny
la

te
 

Di
so

di
um

 
S-

in
os

in
at

e 
Do

de
cy

l 
ga

lla
te

 
Et

ha
no

l 
Et

hy
l 

ac
et

at
e 

Et
hy

l 
ac

ry
lat

e 
Et

hy
l 

bu
tyr

at
e 

Et
hy

l 
et

he
r 

Et
hy

l 
fo

rm
at

e 
Et

hy
l 

gl
yc

ol
 

m
on

om
et

hy
l 

et
he

r 
Et

hy
l 

he
pt

an
oa

te
 

Et
hy

l 
no

na
no

at
e 

Et
hy

l-1
-h

ex
an

ol
, 

2-
 

Et
hy

lb
en

ze
ne

 
Et

hv
lbu

tvr
ic 

ac
id

. 
2-

 
Et

hi
le

ne
-g

lyc
ol

 
Et

hy
lb

ex
an

oi
c 

ac
id

, 
2-

 
Et

hy
lp

ht
ha

lyl
 

et
hy

lg
lyc

ol
at

e 
Eu

ge
no

l 
FD

 
& 

C 
Bl

ue
 N

o.
 

I 
FD

 
& 

C 
Bl

ue
 N

o.
 

2 
Fo

rm
al

de
hy

de
 

Fu
m

ar
ic 

ac
id

 
Ge

ra
ny

l 
ac

et
at

e 
G

lu
ta

m
at

e,
 

m
on

os
od

iu
m

 
Gl

ut
an

tic
 

ac
id

 
hy

dr
oc

hl
or

id
e 

Gl
ut

am
ic 

ac
id

, 
L-

 
Gl

yc
er

ol 
Gl

yc
er

yl 
tri

be
nz

oa
te

 
He

xe
na

l, 
2-

 (
tra

ns
) 

He
xy

lre
so

rc
ino

l, 
4-

 
Hy

dr
oq

ui
no

ne
 

Hy
dr

ox
yb

en
zo

ic 
ac

id
 

bu
ty

l 
es

te
r. 

p-
 

Hy
dr

ox
yb

en
zo

ic 
ac

id
 

et
hy

l 
es

te
r, 

p-
 

Hy
dr

ox
yb

en
xo

ic 
ac

id
 

m
et

hy
l 

es
te

r, 
p-

 
Hy

dr
ox

yb
en

xo
ic 

ac
id

 
pr

op
yl 

es
te

r, 
p-

 
Hy

dr
ox

yb
en

xy
l 

ac
et

on
e,

 
p-

 
ln

os
in

e 
m

on
op

ho
sp

ha
te

 
lo

no
ne

 
Is

oa
m

yl 
bu

tyr
at

e 
Is

oa
m

yl 
sa

lic
yla

te
 

Iso
bu

tyl
 

al
co

ho
l 

Is
om

al
tit

ol
 

45
25

-3
3-

l 
10

5-
67

-9
 

57
6-

26
-l 

95
-6

5-
8 

57
7-

l 
1-

7 
55

50
-1

2-
9 

46
91

-6
5-

o 
11

66
-5

2-
5 

64
-1

7-
5 

14
1-

78
-6

 
14

0-
88

-5
 

10
5-

54
-4

 
60

-2
9-

l 
10

9-
94

-4
 

10
9-

86
-4

 
10

6-
30

-9
 

12
3-

29
-5

 
10

4-
76

-7
 

10
0-

41
-4

 
88

-0
9-

5 
10

7-
21

-l 
12

3-
66

-O
 

84
-7

2-
O 

97
-5

3-
o 

38
44

-4
5-

9 
86

0-
22

-o
 

50
-0

0-
0 

11
0-

17
-S

 
10

5-
87

-3
 

14
2-

47
-2

 
13

8-
15

-8
 

56
-8

6-
O 

56
-8

1-
5 

61
4-

33
-5

 
50

5-
57

-7
 

13
6-

77
-6

 
12

3-
31

-9
 

94
-2

6-
8 

12
0-

47
-S

 
99

-7
6-

3 
94

-1
3-

3 
54

71
-5

1-
2 

13
 l-

99
-7

 
80

 1
3-

90
-9

 
10

6-
27

-4
 

87
-2

0-
7 

78
-8

3-
I 

53
4-

73
-6

 
Iso

pr
op

yl 
al

co
ho

l 
67

-6
3-

O 
lso

va
ler

ic 
ac

id
 

50
3-

74
-2

 

ra
t 

10
0 

re
pr

o 
or

l 
m

us
 

90
 

su
b 

ga
v 

ra
t 

24
0 

su
b 

NG
 

ra
t 

24
0 

su
b 

NG
 

ra
t 

NG
 

re
pr

o 
fo

d 
ra

t 
7 

te
ra

t 
w 

ra
t 

NG
 

re
pr

o 
fo

d 
ra

t 
15

0 
su

b 
fo

d 
ha

m
 

NG
 

re
pr

o 
or

l 
ra

t 
90

 
su

b 
.w

 
ra

t 
73

0 
ch

r 
or

l 
ra

t 
84

 
su

b 
fo

d 
ra

t 
91

 
su

b 
w 

ra
t 

11
9 

su
b 

fo
d 

ra
t 

10
 

te
ra

t 
w 

ra
t 

91
 

su
b 

fo
d 

ra
t 

11
2 

su
b 

fo
d 

m
us

 
90

 
su

b 
.w

 
ra

t 
18

2 
su

b 
w 

ra
t 

90
 

su
b 

fo
d 

ra
t 

73
0 

ch
r 

fo
d 

ra
t 

10
 

te
ra

t 
isa

” 
ra

t 
73

0 
ch

r 
fo

d 
ra

t 
84

 
su

b 
fo

d 
ra

t 
73

0 
ch

r 
fo

d 
m

us
 

56
0 

ch
r 

fo
d 

ra
t 

73
0 

ch
r 

Od 

ra
t 

73
0 

ch
r 

fo
d 

ra
t 

11
9 

su
b 

fo
d 

rb
t 

15
 

te
ra

t 
b-

v 
rb

t 
15

 
te

ra
t 

w 
ra

t 
73

0 
ch

r 
fo

d 
ra

t 
73

0 
ch

r 
fo

d 
ra

t 
90

 
su

b 
fo

d 
ra

t 
91

 
su

b 
fo

d 
m

us
 

91
 

su
b 

w 
ra

t 
90

 
su

b 
ga

v 
ra

t 
84

 
su

b 
fo

d 
ra

t 
NG

 
ch

r 
fo

d 
ra

t 
54

0 
ch

r 
fo

d 
ra

t 
54

0 
ch

r 
fo

d 
ra

t 
91

 
su

b 
fo

d 
ra

t 
NG

 
re

pr
o 

fo
d 

ra
t 

90
 

su
b 

fo
d 

ra
t 

11
2 

su
b 

fo
d 

ra
t 

91
 

su
b 

fo
d 

ra
t 

91
 

su
b 

NG
 

ra
t 

90
 

su
b 

fo
d 

ra
t 

18
0 

te
ra

t 
NG

 
ra

t 
90

 
su

b 
fo

d 

m
ul

t 
m

ul
t 

m
ul

t 
bd

w 
no

fx 
no

fx 

no
fx 

m
ul

t 
co

n 
no

fx 
m

ul
t 

no
fx re
p 

no
fx 

no
fx 

ow
t 

m
ul

t 
no

fx 
m

ul
t 

te
r 

no
fx bl
d 

m
ul

t 
m

ul
t 

no
fx 

no
fx 

no
fx 

no
fx 

ow
t 

co
n 

m
ul

t 
kid

 
ow

t 
m

ul
t 

no
fx 

bd
w 

bd
w 

ow
t 

no
fx 

m
ul

t 
no

fx 
ow

t 
m

ul
t 

tit
 

te
r 

m
ul

t 

0,
 0

, 
40

00
 p

pm
 

[cl
 

5,
 5

0,
 2

50
 m

g/
kg

/d
ay

 
0,

 0
.6

, 
6 

m
g/

kg
/d

ay
 

I .
4,

 
14

 m
g/

kg
/d

ay
 

0,
 0

.1
, 

0.
5,

 
1%

 
[c]

 
0,

 1
00

 m
g/

kg
/d

ay
 

0,
 0

.5
, 

1,
 2

%
 

[c]
 

10
, 

50
, 

25
0 

m
g/

kg
/d

ay
 

3.
8 

gr
am

s/d
ay

 
of

 2
0%

 
(v/

v) 
so

lu
tio

n 
[c]

 
0,

 3
00

, 
90

0,
 

36
00

 m
g/

kg
/d

ay
 

0,
 6

, 6
0,

 2
oo

O
 

pp
m

 
[cl

 
14

.4
 m

g/
kg

/d
ay

 
0,

 5
00

,2
00

0,
 

35
00

 m
g/

kg
/d

ay
 

0,
 1

00
0,

 2
50

0,
 

10
,0

00
 

pp
m

 
[a

] 
0,

 1
2.

5,
 2

5,
 5

0,
 

10
0 

m
g/

kg
/d

ay
 

0,
 0

.1
, 

1%
 

[c]
 

0,
 1

%
 

[c]
 

0,
 2

5,
 

12
5,

 2
50

, 
50

0 
m

g/
kg

/d
ay

 
0,

 1
3.

6,
 

13
6,

 4
08

, 
68

0 
m

g/
kg

/d
ay

 
0,

 0
.6

2%
 

[c]
 

0,
 0

.1
, 

0.
2,

 0
.5

. 
1.

0.
 4

.0
%

 
fb

l 
0,

 
10

0,
 2

50
, 

50
0 

m
g/

kg
/d

ay
 

. 
0,

 0
.0

5,
 

0.
5,

 
5%

 
[a

] 
79

.3
 m

g/
kg

/d
ay

 
0,

 0
.5

, 
1,

 2
, 

5%
 

[c]
 

0.
 0

.2
, 

0.
4,

 0
.8

, 
1.

6%
 

in
 d

ie
t 

[d
] 

0,
 

I, 
15

, 
82

 m
g/

kg
/d

ay
 

0,
 0

.5
, 

1.
0,

 1
.5

%
 

[cl
 

0,
 0

.1
, 

0.
25

, 
1%

 
[c]

 
0.

25
 

w/
kg

/d
ay

 
0,

 2
5 m

gk
dd

ay
 

0,
 0

. I
, 

0.
4%

 
[c]

 
0,

 5
, 

10
, 

20
%

 
[c]

 
0,

 1
20

,6
04

, 
25

71
 m

g/
kg

/d
ay

 
0,

 2
60

, 
64

0,
 

16
00

, 
40

00
 p

pm
 

[a
] 

0,
 6

2.
5,

 
12

5,
 2

50
, 

50
0,

 
10

08
 m

g/
kg

/d
ay

 
0,

 2
5,

 5
0,

 
10

0,
 2

00
, 

40
0 

m
g/

kg
/d

ay
 

0.
 2

, 
8%

 
[a

] 
0,

 2
%

 
[c]

 
15

0.
 1

50
0 

m
g/

kg
/d

ay
 

15
0,

 1
50

0 
m

g/
kg

/d
ay

 
0,

0.
1,

0.
2,

0.
4,

 
1%

 
[a

] 
0,

 0
.5

, 
I, 

2%
 

[c]
 

0,
 

10
, 

lO
Om

g/
kg

/d
ay

 
0,

 0
.1

, 
0.

25
, 

1%
 

[c]
 

0,
 5

0 
[a

], 
50

0,
 5

00
0 

pp
m

 
[d

] 
0,

 
10

0,
 3

16
, 

10
00

 m
g/

kg
/d

ay
 

0,
 3

.3
. 

10
, 

30
%

 
[c]

 
0.

 0
.0

18
. 

0.
18

, 
1.

8,
 

18
 m

g/
kg

/d
ay

 
0,

 0
.6

2,
 

1.
25

. 
2.

5.
 5

, 
10

%
 

[c]
 

no
ne

 
25

0 6 14
 

43
1 

no
ne

 
50

 
no

ne
 

36
00

 
24

8 
no

ne
 

20
00

 
no

ne
 

25
 

no
ne

 
no

ne
 

25
0 

40
8 

25
0 

25
0 

25
00

 
no

ne
 

“On
e 11

00
 

82
 

10
81

 
no

ne
 

no
ne

 
no

ne
 

no
ne

 
68

83
 

25
71

 
25

7 
12

5 
50

 
55

00
 

no
ne

 
15

00
 

15
00

 
24

0 
no

ne
 

10
0 

47
 

10
00

 
88

71
 

0.
18

 
43

07
 

“On
e 50

 
0.

6 1.
4 

none
 

“On
e 10

 
“On

e 90
0 

50
0 

no
ne

 
“On

e no
ne

 
“O”

L? no
ne

 
13

6 
53

4 
10

0 
“On

e 25
0 

no
ne

 
35

02
 

55
0 15
 

“On
e 

none
 

none
 

“On
e 

“On
e 

“0°
C 80

 
“On

e 

“On
e 

“On
e 

“0°
C 

“On
e 100 no

ne
 

IO
 

“O
X 4.

7 
31

6 
no

ne
 

0.
01

8 
21

54
 

59
0’

 
Ei

be
n 

er
 o

l.,
 

19
83

 
50

’ 
US

 
EP

A,
 

19
89

a 
0.

6*
 

Ve
ld

re
 

an
d 

Ja
m

s, 
I9

79
a 

1.
4:

 
Ve

ld
re

 
an

d 
Ja

ne
s, 

19
79

b 
86

 
M

ac
Ke

nz
ie

 
CI

 a
l.,

 
19

90
 

10
0 

Ka
xiw

ar
a 

PI
 a

l.,
 

19
71

 
14

41
 

Pa
lm

er
 

er
 a

l.,
 

19
73

 
lo

* 
M

ikh
ai

lo
va

 
CI

 a
l.,

 
19

85
 

52
4 

I 
Di

Ba
tti

st
a,

 
19

89
 

90
0*

 
US

 E
PA

, 
19

86
~ 

8.
4 

Bo
rz

el
le

ca
 

et
 a

l.,
 

19
64

 
14

.4
* 

Os
er

, 
19

67
 

50
01

 
US

 E
PA

, 
19

86
d 

50
0’

 
Ha

ga
n 

rr 
al

., 
19

67
a 

12
.5

 
M

or
ris

sc
y 

t’r
 a

l.,
 

19
89

 
88

7*
 

Ha
ga

n 
er

 a
l.,

 
19

67
b 

88
7*

 
Ha

ga
n 

er
 a

l.,
 

19
67

b 
12

5*
 

BA
SF

, 
19

92
 

13
6*

 
W

olf
er

 
al

.. 
19

56
b 

53
4’

 
Am

oo
re

 
CI

 a
l.,

 
19

78
 

lo
o 

Bl
oo

d,
 

19
65

 
10

0 
He

nd
ric

kx
 

PI
 c

l..
 

19
93

 
25

0 
Ho

dg
e 

CI
 a

l.,
 

19
53

 
79

.3
* 

Os
er

, 
19

67
 

35
02

 
Ha

ns
en

 
et

 a
l.,

 
19

66
a 

55
0 

Ho
os

on
 

er
 a

l.,
 

19
74

 
15

 
Ti

l 
et

 a
l.,

 
19

89
 

72
0 

Fi
tz

hu
gh

 
an

d 
Ne

lso
n,

 
19

47
 

88
7*

 
Ha

ga
n 

CI
 a

l.,
 

19
67

b 
25

 
Yo

ne
ta

ni
, 

19
67

 
25

 
Yo

ne
ta

ni
, 

19
67

 
28

8 
Li

ttl
e,

 
19

53
 

34
42

 
At

la
s 

Ch
em

rc
al

 
In

d.
. 

19
69

 
60

4*
 

Ca
rs

on
, 

I9
72

 
SO

* 
Ga

un
t 

ef
 a

l.,
 

19
7l

a 
62

.5
’ 

NT
P,

 
19

88
a 

25
’ 

NT
P,

 
19

89
~ 

90
08

 
M

at
th

ew
s 

e(
 a

l.,
 

19
56

 
14

41
 

Tr
uh

au
t. 

19
62

 
15

0 
So

ko
l, 

19
52

 
15

0 
So

ko
l. 

19
52

 
10

0’
 

Ga
un

t 
er

 o
l.,

 
19

70
a 

I7
74

 
Pa

lm
er

 
?‘

I 0
1.

. 
19

71
 

10
* 

Fo
rd

 
cr 

al
., 

19
83

~1
 

88
7*

 
Ha

ga
n 

cr 
ul

., 
19

67
b 

4.
7*

 
Dr

ak
e 

e,
 u

l.,
 

19
75

 
31

6*
 

US
 E

PA
. 

l9
86

e 
29

27
’ 

Bo
m

ha
rd

 
ef

 u
l.,

 
19

78
 

0.
01

8*
 

An
to

no
va

 
an

d 
Sa

lm
in

a.
 

19
78

 
21

54
* 

Am
oo

re
 

ef
 a

l 
19

78
 



87
 

88
 

89
 

90
 

91
 

92
 

93
 

94
 

95
 

96
 

97
 

98
 

99
 

loo
 

10
1 

10
2 

10
3 

10
4 

10
5 

10
6 

10
7 

10
8 

10
9 

11
0 

III 11
2 

11
3 

11
4 

11
5 

11
6 

11
7 

11
8 

11
9 

12
0 

12
1 

12
2 

12
3 

12
4 

12
5 

12
6 

12
1 

12
8 

12
9 

13
0 

13
1 

13
2 

13
3 

13
4 

La
cti

tol
 

58
5-

86
-4

 
59

89
-2

7-
5 

43
4-

13
-9

 
24

38
2-

04
-5

 
69

-6
5-

8 
89

-7
8-

I 
67

-5
6-

I 

79
-4

 l-
4 

11
9-

36
-g

 
38

50
2-

29
-3

 

10
8-

39
-4

 
93

-9
2-

5 
12

3-
35

-3
 

10
4-

61
-o

 
11

2-
14

-I 
10

34
-0

1-
l 

18
38

-1
9-

3 
14

4-
62

-7
 

10
8-

95
-2

 
12

2-
99

-6
 

69
8-

87
-3

 
63

-9
1-

Z 
24

63
4-

6 
I-5

 
12

1-
79

-9
 

57
-5

5-
6 

10
8-

46
-3

 
68

-2
6-

2 
83

-8
8-

5 
53

2-
32

-l 
89

-6
5-

6 

ra
t 

NG
 

re
pr

o 
fod

 
“l”

S 
72

1 
ch

r 
w 

ra
t 

72
1 

ch
r 

ga
v 

ra
t 

91
 

su
b 

w 
ra

t 
IO

 
ter

at 
NG

 
ra

t 
72

1 
ch

r 
fod

 
ra

t 
90

 
su

b 
ga

v 
ra

t 
IO

 
ter

at 
or

l 
ra

t 
73

0 
ch

r 
0r

l 
ra

t 
73

0 
ch

r 
fod

 
ra

t 
91

 
su

b 
fod

 
ra

t 
11

 
ter

at 
w 

ra
t 

90
 

su
b 

w 
ra

t 
91

 
su

b 
ga

v 
ra

t 
NG

 
re

pr
o 

w 
ra

t 
73

0 
ch

r 
fod

 
ra

t 
10

 
ter

at 
w 

ra
t 

NG
 

re
pr

o 
fod

 
rb

t 
13

 
ter

at 
ga

v 
ra

t 
73

0 
ch

r 
fod

 
ra

t 
72

1 
ch

r 
Or

I 
ra

t 
91

 
su

b 
ga

v 
ra

t 
91

 
su

b 
fod

 
ra

t 
NG

 
re

pr
o 

Od
 

ra
t 

90
 

su
b 

fod
 

ra
t 

73
0 

ch
r 

fod
 

ra
t 

10
5 

su
b 

fod
 

ra
t 

90
 

su
b 

kw
 

l”“
S 

1 
ter

at 
w 

ra
t 

NG
 

re
pr

o 
fod

 
ra

t 
72

0 
ch

r 
fod

 
ra

t 
72

8 
ch

r 
Od

 
ra

t 
‘35

 
re

pr
o 

fod
 

ra
t 

35
 

re
pr

o 
fod

 
ra

t 
02

 
su

b 
fod

 
ra

t 
III 

ch
r 

fod
 

ra
t 

NG
 

re
pr

o 
fod

 
ra

t 
73

0 
ch

r 
Od

 

ra
t 

66
0 

re
pr

o 
fod

 
ra

t 
60

 
su

b 
NG

 
ra

t 
10

 
ter

at 
NG

 
ra

t 
66

 
re

pr
o 

fod
 

ra
t 

90
 

su
b 

fod
 

ra
t 

91
 

su
b 

w 
ra

t 
19

3 
su

b 
w 

mu
s 

10
 

ter
at 

ga
v 

rb
t 

13
 

ter
at 

w 
ra

t 
84

 
su

b 
fod

 

bd
w

 
liv

 
0, 

2, 
5, 

10
%

 [
c] 

0, 
25

0, 
50

0 
mg

/kg
/da

y 
0, 

25
0, 

50
0 

mg
/kg

/da
y 

0, 
30

, 
60

, 
12

5, 
25

0, 
50

0 
mg

/kg
/da

y 
16

00
 m

g/k
g/d

ay
 

0, 
37

50
, 

75
00

 p
pm

 
[c]

 
0, 

10
0, 

50
0, 

25
00

 m
g/k

g/d
ay

 
0. 

0.0
1. 

0.1
. 

1.0
%

 
Id 

0, 
6, 

60
, 

20
00

 p
pm

-[c
] 

0, 
0.1

, 
0.5

, 
1.0

, 2
.0%

 
[c]

 
0, 

10
, 

40
, 

16
0 

mg
/kg

/da
y 

18
7, 

37
5,

75
0 

mg
/kg

/da
y 

0, 
50

, 
15

0, 
45

0 
mg

/kg
/da

y 
0, 

15
, 

50
, 

15
0 

mg
/kg

/da
y 

25
0, 

50
0, 

10
00

, 
15

00
 m

g/k
g/d

ay
 

0, 
0.1

, 
0.5

%
 

[c]
 

0, 
10

0, 
50

0, 
10

00
 m

g/k
g/d

ay
 

0, 
10

00
, 

SO
00

 pp
m 

in 
die

t 
[c]

 
0, 

3, 
10

, 
30

 m
g/k

g/d
ay

 
0, 

0.1
, 

0.5
, 

0.8
, 

1.2
%

 
[c]

 
0, 

25
00

, 
50

00
 p

pm
 

[a]
 

0, 
80

, 
40

0, 
20

00
 m

g/k
g/d

ay
 

0, 
10

, 
40

, 
16

0 
mg

/kg
/da

y 
0, 

0.4
5%

 
[a]

 
0, 

1, 
2, 

5, 
10

%
 [

c] 
0, 

0.0
01

,0.
01

, 
0.1

2, 
1.2

, 2
.3%

 
[c]

 
0, 

50
,0

00
 

pp
m

 [a
l 

0, 
32

, 
65

, 
13

0, 
26

0, 
52

0 
mg

/kg
/da

y 
10

, 
10

0 
mg

/kg
/da

y 
4, 

40
 p

pm
 IC

I 
0, 

1, 
2%

 
[a]

 
0, 

1.2
5, 

2.5
%

 
[c.

 d
] 

0, 
0.1

, 
0.5

%
 

[c]
 

0.0
.1.

0.5
%

 
Icl

 
0: 

0.5
; 

5, 
12

.jo
j 

[c]
 

0, 
5%

 [
c] 

0, 
1, 

5%
 [

c] 
0, 

12
5, 

25
0 

pp
m 

in 
dr

ink
ing

 
wa

ter
 

[a
] 

36
80

 
50

0 
50

0 60
 

no
ne

 
59

3 
25

00
 

15
64

 
24

8 
36

0 40
 

37
s 

15
0 

15
0 

50
0 

“On
e 

none
 

14
72

 
25

0 
25

0 
30

’ 
16

00
 

29
6 

Si
nk

eld
am

 
er 

al.
, 

19
82

 
NT

P,
 

19
9O

a 
NC

I, 
19

78
a 

NT
P.

 
39

88
b 

FD
RL

, 
19

72
 

NC
I, 

19
79

a 
US

 E
PA

, 
19

86
f 

Ma
ch

em
er

, 
19

76
 

Bo
rze

lle
ca

 
et 

al.
, 

19
64

 
W

eb
b 

an
d 

Ha
ns

en
, 

19
63

 
Fo

rd 
er 

al.
, 

19
83

b 
Ta

na
ka

 
ef 

a[.
, 

19
89

 
US

 E
PA

, 
19

86
g 

Ga
un

t 
et 

al.
, 

19
74

 
De

lga
do

 
P?

 al.
, 

19
93

 
Ba

er
 a

nd
 G

rie
pe

ntr
og

, 
19

67
a 

Da
ug

htr
ey

 
et 

al.
. 

19
89

 
Ha

ze
lto

n 
La

b. 
Inc

., 
19

70
 

Me
rci

ec
a 

et 
al.

. 
19

90
 

Fit
zh

ug
h 

an
d 

Ne
lso

n, 
19

47
 

NC
I, 

19
80

 
Be

n-
Dy

ke
 

et
 al.

, 
19

77
 

Ga
un

t 
ef 

al
., 

19
82

 
Ho

lde
r, 

19
89

 
Me

llo
n 

Ins
titu

te,
 

19
54

 
Or

ten
 

ef 
al.

, 
19

48
 

Ga
un

t 
ef 

al
., 

19
72

~ 
NT

P,
 

39
92

b 
Ec

kh
off

 
ef 

al
., 

19
89

 
Le

 C
ler

c, 
19

74
 

So
de

mo
to

 
an

d 
En

om
ot

o,
 

19
80

 
Ab

e 
ef 

al
., 

19
84

 
Tu

sin
g 

ef 
al

., 
19

62
 

Tu
sin

g 
t-t

 al.,
 

19
62

 
He

dg
e, 

19
53

 
La

ng
, 

19
62

; 
La

ng
 

el 
al.

, 
19

67
 

Fr
az

er 
et 

al.
, 

19
54

 
Ch

em
ica

l 
Ma

nu
fac

tur
er

s 
As

so
cia

tio
n, 

19
80

 
Pa

yn
ter

, 
19

65
 

Ha
ra

, 
19

59
 

FD
RL

, 
19

73
 

Kr
as

av
ag

e 
an

d 
Te

rh
aa

r, 
19

70
 

Dy
sm

sz
a 

an
d 

Pa
rk,

 
19

75
 

Br
an

tom
 

et 
al

., 
19

72
 

W
olf

 
et

 
al

., 
19

56
~ 

Ne
ep

er
-B

ra
dle

y 
et

 al.
, 

19
94

 
Kr

as
av

ag
e 

e/ 
al.

, 
19

92
 

Am
oo

re
 

et
 a

l..
 

19
78

 

Lim
on

en
e.

 
d-

 
Lit

ho
ch

oli
c 

ac
id 

Ma
lon

ald
eh

yd
e,

 
so

diu
m 

sa
lt 

Ma
nn

ito
l 

Me
nt

ho
l 

Me
th

an
ol 

Me
thv

l 
eth

vl 
ca

rb
on

ate
 

Me
th

il 
me

iha
cry

lat
e 

Me
thy

l 
sa

lic
yla

te 
Me

thy
l-I-

ph
en

ylp
en

tan
-2

-0
1, 

4- 
Me

thy
len

eb
is,

 
2,2

’- 
Me

th
ylp

he
no

l, 
3- 

Me
th;

lph
en

ylc
ar

bin
yl 

ac
eta

te 
Mv

rce
ne

. 
B-

 
N&

ala
ctd

ne
. 

Y-
 

Oc
tyl

 
ac

eta
te’

 
’ 

Oc
tyl

 
ga

lla
te

 
Ol

ey
lam

ine
 

Ox
ali

c 
ac

id 
Ph

en
ol 

Ph
en

ox
ye

tha
no

l 
Ph

en
yl-

I-p
ro

pa
no

l, 
2. 

Ph
en

vla
lan

ine
 

Po
ta

kiu
m 

so
rb

ate
 

kid
 

kid
 

no
fx 

bd
w 

mu
lt 

co
n 

co
n 

ms
k 

bid
 

mu
lt 

bd
w 

ow
t 

re
p 

no
fx 

no
ne

 
no

ne
 

no
ne

 
50

0 
no

ne
 

15
6 

8.4
 

72
 

10
* 

18
7 

50
1 

50
* 

25
0 

36
0 

10
0 

89
 3 84

0 
15

3 
80

; 
10

* 
83

5 
17

74
* 

86
 

25
00

* 
32

’ 10
 4 loo

0 
78

4 
36

0 
36

0 
44

35
’ 

10
 

no
ne

 
50

 
I5 25

0 
no

ne
 

50
0 

44
4 10
 

no
ne

 
34

4 
40

0 40
 

no
ne

 
44

35
 

86
4 

re
p 

mu
lt 

no
fx 

mu
lt 

kid
 

ow
t 

no
fx OV

A 

none
 

“On
e 15

3 
no

ne
 

10
 

no
ne

 

Pr
op

yl 
ga

lla
te

 
Pr

op
yle

ne
 

gly
co

l 
none

 25
00

 
no

ne
 

no
ne

 
no

ne
 

"On
e no

ne
 

no
ne

 
no

ne
 

44
35

 
no

ne
 

no
ne

 
no

ne
 

no
ne

 
no

ne
 

no
fx ow
t 

ter
 

no
fx 

no
fx 

bd
w 

65
 

10
0 

no
ne

 
no

ne
 

15
54

 
no

ne
 

Re
so

rci
no

l 
Re

tin
al 

Ri
bo

fla
vin

 
So

diu
m 

be
nz

oa
te 

So
diu

m 
er

yth
or

ba
te 

no
fx 

So
diu

m 
lau

ryl
 

gly
ce

ryl
 

eth
er

 
su

lfo
na

te 
So

diu
m 

lau
ryl

 
trio

xy
eth

yle
ne

 
su

lfa
te 

I 3
 15

0-
00

-o
 

So
diu

m 
ste

ar
oy

l 
lac

tyl
ate

 
25

38
3-

99
-7

 
So

rb
ic 

ac
id 

11
0-

44
-l 

St
ea

ryl
 

tar
tra

te 
St

yre
ne

 
10

0-
42

-5
 

Su
cro

se
 

mo
no

pa
lm

ita
te

 
26

44
6-

38
-g

 
Su

cro
se

 
mo

no
ste

ar
ate

 
25

 1
68

-7
3-

4 
Ta

rta
ric

 
ac

id 
13

3-
37

-9
 

no
fx 

mu
lt 

no
fx 

11
08

9 

no
ne

 
21

 

no
ne

 
no

ne
 

36
00

 
12

 

72
0 

no
fx 

bd
w 

no
fx 

no
fx 

0,
 1%

 [c
] 

no
fx 

10
0,2

00
, 

10
00

, 
20

00
 m

g/k
g/d

ay
 

I8 
I m

g/k
g/d

ay
 

bd
w

 
0, 

0.0
15

, 
0.1

5, 
0.5

%
 

in 
die

t 
[c]

 
bld

 
35

, 
87

5, 
17

50
, 

35
00

, 
35

,0
00

 m
g/k

g 
die

t 
[c]

 
ow

t 
0, 

50
, 

25
0, 

50
0 

mg
/kg

/da
y 

no
fx 

11
8, 

35
4, 

59
0 

mg
/kg

/da
y 

ter
 

0. 
0.5

, 
5.0

, 
10

.0 
ml

/kg
/da

y 
ItI 

0, 
25

0, 
50

0, 
10

00
, 

15
00

 m
g/k

g/d
ay

 
bd

w 
0, 

0.0
8, 

0.1
6, 

0.3
1. 

0.6
2%

 
[c]

 

18
1 

I2
9*

 
31

01
 

25
0*

 
59

0’ 0.5
 

loo
0 

13
8’ 

Te
rtia

ry 
bu

tyl
 

hy
dr

oq
uin

on
e 

19
48

-3
3-

O 
To

co
ph

er
ol,

 
a- 

59
-0

2-
9 

To
lua

lde
hy

de
 

13
34

-7
8-

7 
To

lue
ne

 
10

8-
88

-3
 

43
1 

31
05

 
50

0 
no

ne
 

5 
15

00
 

26
7 

no
ne

 

25
0 

“O
ne

 
no

ne
 

loo
0 

13
8 

Tr
iet

hy
len

e 
gly

co
l 

I 1
2-

27
-6

 
Tr

iet
hy

len
e 

gly
co

l 
mo

no
me

th
yl 

eth
er

 
11

2-
35

-6
 

Tr
im

eth
yla

mi
ne

 
75

-5
0-

3 

[C
an

t 



13
5 

Un
de

ca
la

ct
on

e,
 

1’
- 

10
4-

67
-6

 
ra

t 
73

0 
ch

r 
fo

d 
13

6 
Va

ni
lli

n 
12

1-
33

-5
 

ra
t 

73
0 

ch
r 

fo
d 

13
7 

Xy
lit

ol
 

87
-9

9-
O 

ra
t 

33
0 

re
pr

o 
fo

d 

Ch
em

ica
l 

Na
m

e 

I 
Ac

ry
lic

 
ac

id
 

2 
Al

ly1
 

al
co

ho
l 

3 
Al

ly1
 

he
pt

an
oa

te
 

4 
Al

ly1
 

he
xa

no
at

e 
5 

Bu
ty

la
te

d 
hy

dr
ox

yto
lue

ne
 

6 
Ca

ffe
in

e 
7 

Ca
ro

te
ne

, 
fl-

 
8 

Ca
rv

on
e 

9 
Ca

rv
on

e,
 

d-
 

IO
 

Di
ac

et
yl 

I1
 

Di
al

lyl
 

ph
th

al
at

e 
12

 
Di

ke
to

pi
pe

ra
zin

e 
13

 
Et

hy
l 

m
al

to
l 

14
 

Et
hy

l 
va

ni
llin

 
15

 
Et

hy
ih

ex
yl 

ph
th

al
at

e,
 

m
on

o-
2-

 
16

 
Et

re
tin

at
e 

17
 

Fe
nt

hi
on

 
18

 
Fu

rfu
ra

l 
19

 
Is

ob
om

yl 
ac

et
at

e 
20

 
Is

op
ho

ro
ne

 
21

 
M

al
t0

1 
22

 
M

et
hy

l 
am

yl 
ke

to
ne

 
23

 
M

et
hy

l 
an

th
ra

ni
la

te
 

24
 

Pi
pe

rk
lin

e 
25

 
Pi

pe
ro

na
l 

26
 

Pr
op

ar
gy

l 
al

co
ho

l 
27

 
Py

rid
in

e 
28

 
Th

uj
on

e 

Ch
em

ica
l 

Na
m

e 

I 
(1

 -n
ap

ht
hy

l)e
th

yle
ne

-d
ia

m
in

e 
di

hy
dr

o 
ch

lo
rid

e,
 

N-
 

2 
(2

-c
hl

or
oe

th
yl)

tri
m

et
hy

l-a
m

m
on

iu
m

 
ch

lo
rid

e 

CA
S 

No
. 

79
-1

0-
7 

10
7-

18
-6

 
14

2-
19

-S
 

12
3-

68
-2

 
12

8-
37

-O
 

58
-0

8-
2 

72
35

-4
0-

7 
99

-4
9-

o 
22

44
-1

6-
s 

43
 I-

03
-8

 
13

1-
17

-9
 

29
90

-6
8-

9 
49

40
- 

1 I
-8

 
12

1-
32

-4
 

54
35

0-
48

-o
 

55
-8

8-
9 

98
-0

1-
l 

12
5-

12
-2

 
78

-5
9-

l 
11

8-
71

-S
 

11
0-

43
-o

 
13

4-
20

-3
 

11
0-

89
-4

 
12

0-
57

-o
 

10
7-

19
-7

 
11

0-
86

-I 
54

6-
80

-5
 

CA
S 

No
. 

14
65

-2
5-

4 

99
9-

8 
l-5

 

Sp
ec

ie
s 

Te
ste

d 

Ex
po

su
re

 
Du

ra
tio

n 
(d

ay
s) 

ra
t 

98
 

ra
t 

I0
5 

ra
t 

90
 

ra
t 

36
5 

ra
t 

90
 

ra
t 

21
 

ra
t 

77
0 

ra
t 

36
5 

m
us

 
73

0 
ra

t 
90

 
m

us
 

72
1 

m
us

 
77

0 
ra

t 
90

 
ra

t 
73

0 
ra

t 
10

 
ra

t 
I 

ra
t 

91
 

ra
t 

72
0 

ra
t 

91
 

ra
t 

91
 

m
us

 
18

0 
ra

t 
91

 
ra

t 
11

5 
ra

t 
84

 
ra

t 
73

0 
ra

t 
91

 
ra

t 
90

 
ra

t 
98

 

Sp
ec

ie
s 

Te
ste

d 

Ex
po

su
re

 
Du

ra
tio

n 
(d

ay
s) 

ra
t 

ra
t 

72
8 

ch
r 

fo
d 

75
6 

ch
r 

fo
d 

no
fx 

0,
O.

l. 
0.

5%
 

[c]
 

no
fx 

0,
 0

.5
, 

I, 
2%

 
[c]

 
no

fx 
10

0 
m

dk
g/

da
y 

St
tlt

ct
ur

al
 

Cl
ps

s 
2 

St
ud

y 
Ex

po
su

re
 

En
dp

oi
nt

 
Ty

pe
 

Ro
ut

e 
Ty

pe
 

re
p 

0,
 5

00
, 

25
00

, 
50

00
 p

pm
 

[a
] 

24
0 

ow
t 

0,
 5

0,
 

10
0,

 2
00

, 
80

0 
m

g/
lit

re
 

[d
] 

9.
6 

bd
w 

0,
 4

9.
6,

 
15

7,
49

6 
m

g/
kg

/d
ay

 
15

7 
no

fx 
25

00
 w

/kg
 

[a
I 

“o
ne

 
re

p 
0,

 2
5,

 
10

0,
 5

00
 m

g/
kg

/d
ay

 
10

0 
te

r 
0.

00
7,

 
0.

01
8,

 
0.

03
6,

 
0.

07
, 

0.
1,

 0
.1

5,
 

0.
2%

 
[a

] 
27

.4
 

s;h
 

su
b 

su
b 

re
pr

o 
te

ra
t 

re
pr

o 
su

b 
ch

r 
su

b 
ch

r 
ch

r 
re

pr
o 

ch
r 

te
ra

t 
te

ra
t 

su
b 

ch
r 

su
b 

su
b 

su
b 

su
b 

su
b 

su
b 

ch
r 

su
b 

su
b 

su
b 

St
ud

y 
Ty

pe
 

O
rI 

O
d 

fo
d 

fo
d 

fo
d or
l 

fo
d 

fo
d 

P”
 

iw
 

P”
 

fo
d 

NG
 

fo
d 

@
” 

@
” 

fo
d 

ga
v 

w 83
” 

fo
d 

P”
 

fo
d 

fo
d 

fo
d 

NG
 

P”
 

ga
” 

Ex
po

su
re

 
Ro

ut
e 

no
ne

 
no

ne
 

36
0 

Ba
er

 
an

d 
Gr

ie
pe

nt
ro

g.
 

19
67

a 
no

ne
 

no
ne

 
14

41
 

Ha
ga

n 
PI

 u
l.,

 
19

67
b 

no
ne

 
no

ne
 

I o
o*

 
M

os
in

ge
r. 

19
71

 

Do
se

s 
Gi

ve
n 

By
 

Au
th

or
 

Au
th

or
s’ 

Ca
lcu

la
te

d 
LO

EL
 

NO
EL

 
NO

EL
 

OW
cd

da
y) 

(m
g/

W
dw

) 
@

v&
g/

W
) 

Re
fe

re
nc

e 

no
fx 

0,
 1

00
0 p

pm
 [c

l 
no

fx 
25

00
 p

pm
 

[a
l 

no
fx 

0,
 3

75
, 

75
0 

m
g/

kg
/d

ay
 

m
ul

t 
0,

 I
O,

 3
0,

 9
0,

 5
4.

0 
m

g/
kg

/d
ay

 
gi

t 
0,

 1
50

, 
30

0 
m

g/
kg

/d
ay

 
ow

t 
0,

 2
50

, 
50

0,
 

10
00

 m
g/

kg
/d

ay
 

no
fx 

0,
 5

0,
 

10
0,

 2
00

 m
g/

kg
/d

ay
 

no
fx 

0,
 0

.5
, 

I, 
2%

 
[c]

 
bd

w 
0,

 5
0,

 
10

0,
 2

00
 m

g/
kg

/d
ay

 
te

r 
0,

 I
, 

3,
 6

, 
IO

, 
15

. 2
5 

m
g/

kg
/d

ay
 

bd
W

 
0,

 5
, 2

0,
 4

0,
 8

0,
 

16
0,

 3
20

 p
pm

 
[c]

 
Pu

l 
0,

 3
0,

 6
0 

m
g/

kg
/d

ay
 

kid
 

0,
 1

5,
 9

0,
 2

70
 m

g/
kg

/d
ay

 
no

s 
0,

 6
2.

5,
 

12
5,

 2
50

, 
50

0,
 

10
00

 m
g/

kg
/d

ay
 

ItI
 

0,
 1

00
, 

20
0,

 4
00

 m
g/

kg
 

in
 d

ie
t 

[c]
 

kid
 

0,
 2

0,
 

10
0,

 5
00

 m
g/

kg
/d

ay
 

m
ul

t 
0,

 3
00

0,
 

10
,0

00
 p

pm
 

in
 d

ie
t 

[a
] 

bd
W

 
0,

 0
.0

8,
 

0.
16

, 
0.

31
,0

.6
2%

 
[c]

 
no

fx 
0,

 0
.1

,0
.5

%
 

[c]
 

m
ul

t 
0,

 5
, 

15
, 

50
 m

g/
kg

/d
ay

 
ow

t 
0,

 0
.2

5,
 

I, 
IO

, 
25

, 
50

 m
g/

kg
/d

ay
 

ItI
 

0,
 5

, 
IO

, 
20

 m
g/

kg
/d

ay
 

no
ne

 
54

0 
30

0 
lo

o0
 

no
ne

 

10
0 10
 

32
 

60
 

90
 

10
00

 
39

 
I0

0 
50

0 
13

8 
no

ne
 

I5
 

10
 

IO
 

St
ru

ct
ur

al
 

Cl
as

s 
3 

En
dp

om
t 

Ty
pe

 

m
ul

t 

bd
w 

Do
se

s 
Gi

ve
n 

By
 A

ut
ho

r 

0,
 0

.0
5,

 
0.

10
%

 
[c]

 

0,
 

15
00

, 
30

00
 p

pm
 

[c]
 

53
 

4.
8 

no
ne

 
no

ne
 

no
ne

 
no

ne
 

75
0 

90
 

no
ne

 
no

ne
 

no
ne

 

no
ne

 
no

ne
 

no
ne

 
I5

 
no

ne
 

“o
ne

 
20

 

69
 5 ; 5 

53
* 

BA
SF

, 
19

93
 

4.
8*

 
Ca

rp
an

in
i 

el
 a

l.,
 

19
78

 
49

.6
’ 

Da
m

sk
e 

PI
 a

l.,
 

19
80

 
l2

5*
 

Ha
ga

n 
et

 al.
, 

19
67

~ 
25

* 
Ol

se
n 

el
 a

l.,
 

19
86

 
10

. I
 

Co
llin

s 
et

 a
l.,

 
19

83
 

89
 

Ba
gd

on
 

et
 al.

, 
19

60
 

12
5;

 
Ha

ga
n 

ct
 ol.

, 
19

67
~ 

75
0 

NT
P,

 
19

90
b 

90
; 

Co
lle

y 
et

 a
l.,

 
19

69
 

15
0 

NT
P,

 
19

83
b 

50
0 

An
on

ym
ou

s,
 

19
74

 
20

0*
 

Gr
al

la
 

e,
 a

l.,
 

19
69

 
14

41
 

Ha
ga

n 
er

 u
l.,

 
19

67
b 

50
 

Ru
dd

ick
 

et
 al.

. 
19

81
 

6 
Ag

ni
sh

 
er

 a
l.,

 
19

90
 

16
* 

NC
I, 

19
78

b 
30

 
NT

P.
 

19
90

~ 
is*

 
Ga

un
t 

et
 a

l.,
 

19
7l

b 
50

0:
 

NT
P,

 
19

86
a 

20
* 

M
ar

sh
al

l 
an

d 
Bo

uc
ha

rd
, 

19
80

 
20

* 
Ga

un
t 

EI
 c

rl.
, 

19
72

b 
i5

0*
 

Do
w 

Ch
em

ica
l, 

19
67

 
69

* 
Am

oo
re

 
01

 a
l. 

19
78

 
36

0 
Ba

er
 

an
d 

Gr
ie

pe
nt

ro
g.

 
19

67
b 

5*
 

US
 

EP
A,

 
19

87
 

1*
 

US
 

EP
A,

 
19

86
11

 
5*

 
M

ar
ga

ria
, 

19
63

 

Au
th

or
s’ 

( la
lcu

la
te

d 
LO

EL
 

NO
EL

 
NO

EL
 

(m
g,

‘kg
lda

y)
 

(m
gi

kg
ld

aq
) 

(m
g,

fkg
#‘d

ay
) 

79
 

no
ne

 
39

 

27
5 

no
ne

 
13

8 



;3
 

4 
3 

s 
4 

P 0 
5 6 

(c
hl

or
oa

ce
ty

l)-
ac

et
an

ilid
e,

 
4’

- 
I .I

’-t
2.

2.
2-

tri
ch

lo
ro

et
hv

lid
en

e)
 

14
0-

49
-8

 

50
-2

9-
3 

ra
t 

60
9 

ra
t 

54
6 

ra
t 

II 

ra
t 

73
0 

ra
t 

90
 

ra
t 

91
 

ra
t 

91
 

lU
”S

 
91

 
lll

”S
 

91
 

ra
t 

91
 

ra
t 

72
0 

ra
t 

91
 

ra
t 

84
 

ra
t 

91
 

ra
t 

91
 

ra
t 

72
0 

ra
t 

I2
 

ra
t 

12
 

m
us

 
90

 
ra

t 
NG

 
ra

t 
28

 
tll

”S
 

72
0 

ra
t 

90
 

ra
t 

90
 

ra
t 

73
0 

ra
t 

I4
 

ch
r 

ch
r 

te
ra

t 

ch
r 

fo
d 

fo
d 

ga
v 

fo
d 

fo
d 

bd
w 

0,
 1

00
0,

 2
00

0 
[c]

 
pp

m
 

m
ul

t 
0,

 2
10

,4
20

 
pp

m
 

m
ul

t 
20

, 
90

,4
00

 
m

g/
kg

/d
ay

 

m
ul

t 
Ob

l, 
W

-1
, 3

OM
 1

W
clp

pm
 

ow
t 

0,
 5

0,
 4

00
, 

32
00

 p
pm

 
[a

] 

79
0 

NC
I. 

l9
79

d 

16
 

NC
I, 

19
78

~ 

90
 

Ni
sh

im
ur

a 
PI

 a
l.,

 
19

88
 

2.
6 

M
ul

lis
on

, 
19

66
 

2.
5;

 
Ve

rs
ch

uu
re

n 
er

 a
l.,

 
19

75
 

32
 

40
0 

8.
7 20
 

40
 

12
9 

lo
o0

 

bis
@

-c
hlo

ro
)-b

en
ze

ne
 

’ 
1 I

-o
xo

-II
H-

py
rid

o(
Z,

I-6
) 

qu
in

az
ol

in
e-

2-
ca

rb
ox

yli
c 

ac
id

 
2(

2,
4,

5&
ch

lo
ro

ph
en

ox
y)

 

no
ne

 

no
ne

 

2.
6 

2.
5 12

 

pr
op

io
ni

c 
ac

id
 

2-
(2

-m
et

hy
W

ch
lor

op
he

no
xy

) 
pr

op
io

ni
c 

ac
id

 
4-

(2
-m

et
hy

l-4
-c

hlo
ro

ph
en

ox
y)

 
bu

tyr
ic 

ac
id

 
C.

I. 
Di

sp
er

se
 

Bl
ue

 
I 

C.
I. 

Or
an

ge
 

3 
C.

I. 
Ac

id
 

Re
d 

I4
 

C.
I. 

Di
sp

er
se

 
Ye

llo
w 

Cl
. 

Pi
gm

en
t 

Re
d 

23
 

Cl
. 

So
lve

nt
 

Ye
llo

w 
14

 
ED

TA
, 

di
so

di
um

 
HC

 
Bl

ue
 N

o.
 

1 
HC

 
Bl

ue
 N

o.
 

2 
HC

 
Ye

llo
w 

4 
LY

20
11

16
 

LY
23

77
33

 
Ac

en
ap

ht
he

ne
 

Ac
ep

ha
te

 
Ac

e&
fa

m
e 

po
ta

ss
iu

m
 

Ac
et

am
in

op
he

n 
Ac

et
oa

ce
ta

m
id

e 
Ac

et
oa

ce
ta

m
id

e-
N-

su
lfo

ni
c 

ac
id

 
Ac

et
oc

hl
or

 
Ac

et
on

itr
ile

 

93
-7

2-
l 

93
-6

5-
2 

94
-8

 I
-5

 
24

75
-4

5-
8 

63
73

-7
4-

6 
35

67
-6

9-
9 

28
32

-4
0-

8 
64

7 
I-4

9-
4 

84
2-

07
-9

 
13

9-
33

-3
 

27
84

-9
4-

3 
33

22
9-

34
-4

 
59

82
0-

43
-g

 

12
15

88
-7

5-
g 

83
-3

2-
9 

30
56

0-
19

-I 
33

66
5-

90
-6

 
10

3-
90

-2
 

59
77

-1
4-

O 

34
25

6-
82

-l 
75

-0
5-

g 

8 
su

b 
fo

d 
m

ul
t 

su
b 

fo
d 

m
ul

t 
su

b 
w

 
kid

 
su

b 
fo

d 
bd

W
 

su
b 

fo
d 

m
ul

t 
ch

r 
fo

d 
kid

 
su

b 
fo

d 
m

ul
t 

su
b 

fo
d 

re
p 

su
b 

fo
d 

M
W

 

su
b 

fo
d 

LA
W

 

ch
r 

fo
d 

“O
S 

te
ra

t 
kw

 
bd

W
 

te
ra

t 
w 

m
ul

t 
su

b 
w 

liv
 

re
pr

o 
NG

 
m

ul
t 

re
pr

o 
fo

d 
bd

w 
ch

r 
fo

d 
en

d 
su

b 
fo

d 
m

ul
t 

su
b 

fo
d 

m
ul

t 
ch

r 
fo

d 
liv

 
te

ra
t 

w 
IIO

S 

0,
 4

, 
12

, 
40

 w
/kg

/d
ay

 
0,

 1
20

0,
 2

50
0,

 
50

00
, 

10
,0

00
, 

20
,0

00
 

pp
m

 
0,

25
0,

 
50

0,
 

10
00

, 
2t

X3
0 

m
g/

kg
/d

ay
 

Id
] 

0,
6O

OC
i, 

12
,5

00
,2

5,
00

0,
 

50
,0

00
, 

10
0,

00
0p

pm
 

12
’ 

Rh
od

ia
 

In
c.,

 
19

70
 

62
* 

NT
P,

 
19

86
c 

9 IO
 

II 
in

 d
ie

t 
[c]

 
0,

 1
25

0.
25

00
, 

50
00

, 
10

,0
00

, 
20

,0
00

pp
m

 
0,

 1
0,

00
0,

 
25

,0
00

, 
50

,0
00

 
pp

m
 

[a
] 

0,
 2

50
, 

50
0,

 
IO

OO
, 

20
00

,4
00

O 
pp

m
 

[c]
 

0,
 0

.5
, 

I, 
5%

 
[c]

 
0.

 7
50

, 
15

00
, 

3O
CO

,6
25

0,
 

12
,5

00
 p

pm
 

[c]
 

0,
 3

10
0,

 
62

00
, 

12
,5

00
, 

25
,0

00
, 

50
,0

00
 

pp
m

 
[c]

 
0,

 2
50

0,
 

5O
OQ

 p
pm

 
[d

] 
0,

 I
O,

 2
5,

 5
0 

m
g/

kg
/d

ay
 

0,
 3

, 
IO

, 
30

 m
g/

kg
/d

ay
 

0,
 

17
5,

 3
50

, 
70

0 
m

g/
kg

/d
ay

 
2.

5,
 2

5 
m

g/
kg

/d
ay

 
0,

 0
.3

, 
1.

0,
 3

.0
%

 
[c]

 
0,

 6
00

, 
30

00
, 

60
00

 [
al

 
0,

 4
00

, 
20

00
, 

10
,0

00
, 

50
,0

00
 

m
g/

kg
 

di
et

 
[c]

 
0,

 8
00

, 
20

,0
00

, 
50

,0
00

 
m

g/
kg

 
di

et
 

[d
] 

0,
40

,2
fW

 
10

00
 pp

m
 [a

l 
0,

 
12

5,
 1

90
, 

27
5 

m
g/

kg
/d

ay
 

50
0;

 
NT

P,
 

19
88

e 
11

71
* 

NT
P,

 
l9

82
e 

50
0 

21
00

 
10

0 
s3

oo
 

62
5 

62
0 

22
9 25
 

30
 

35
0 25
 

88
7 

60
0 

88
7 

46
58

 
50

 
27

5 

I2
 

13
 

I4
 

I5
 

25
0*

 
NT

P,
 

19
82

1 
NT

P,
 

19
92

~ 
NT

P,
 

19
82

g 
Ya

ng
, 

I9
64

 
NT

P,
 

19
85

d 
NT

P,
 

19
85

e 
NT

P,
 

19
92

1 
Hi

gd
on

 
et

 al.
, 

da
te

 
un

kn
ow

n 
Ke

lic
h 

et
 al.

, 
19

91
 

US
 E

PA
, 

19
89

b 
Ch

ev
ro

n,
 

19
87

 
Si

nk
el

da
m

 
et

 al.
, 

19
76

 
NT

P,
 

l9
93

b 
M

ay
er

 
et

 al.
, 

19
79

 
Fu

ch
s 

et
 al.

, 
19

86
 

M
on

sa
nt

o 
Co

., 
19

86
 

In
te

rn
at

io
na

l 
Re

se
ar

ch
 

an
d 

De
ve

lo
pm

en
t 

Co
rp

., 
19

8 
I 

Rh
on

e-
Po

ul
en

c,
 

19
83

 
Bu

re
k 

et
 al.

, 
19

80
 

M
ur

ra
y 

et
 al.

, 
19

76
; 

19
78

 
M

on
sa

nt
o 

Co
., 

l9
84

a 
Bo

ut
em

y,
 

19
80

 
M

ar
tin

. 
19

80
 

Un
io

n 
Ca

rb
id

e,
 

19
74

 
Un

io
n 

Ca
rb

id
e,

 
19

68
 

M
at

su
o 

ct
 al.

, 
19

89
 

du
 P

an
t, 

19
85

a 
NT

P,
 

19
83

~ 
Co

llin
s 

et
 al.

, 
19

72
 

Am
er

ica
n 

Cy
an

am
id

, 
I9

82
 

Hi
gd

on
 

et
 al.

. 
19

91
 

Ci
ba

. 
19

61
 

no
ne

 
11

00
 

50
* 

10
00

* 
30

0*
 

I6
 

I7
 

I8
 

31
0*

 
II5

 IO
 

IO
 

17
5;

 

no
ne

 
IO

 
IO

 
17

5 
2.

5 

19
 

20
 

21
 

22
 

23
 

24
 

25
 

26
 

27
 

28
 

2.
5 

26
6 

I1
0 

17
7’

 
no

ne
 

17
7 

18
63

 
l8

63
* 

IO
 

19
0 

29
 

30
 

31
 

32
 

33
 

Ac
ifl

uo
rin

 
so

di
um

 
Ac

ry
la

m
id

e 
Ac

ry
lo

ni
tri

le
 

62
47

6-
59

-9
 

79
-0

6-
 

1 
10

7-
13

-I 
15

97
2-

60
-8

 
54

96
5-

21
-g

 

I 1
6-

06
-3

 
16

46
-8

8-
4 

33
17

8-
86

-g
 

74
22

3-
64

-6
 

28
35

-3
9-

4 
9 

I 5
-6

7-
3 

67
48

5-
29

-4
 

78
7-

93
-9

 
83

4-
 1

2-
8 

ra
t 

73
0 

ra
t 

90
 

ra
t 

IO
 

ra
t 

73
0 

ra
t 

60
 

ra
t 

8 
ra

t 
90

 
ra

t 
90

 
ra

t 
NG

 
ra

t 
NG

 
ra

t 
91

 
ra

t 
20

 
ra

t 
NG

 
ra

t 
I2

 
ra

t 
91

 

ch
r 

su
b 

te
ra

t 
ch

r 
su

b 
te

ra
t 

fo
d or
l 

ga
v 

fo
d 

w
 ga
v 

fo
d 

fo
d 

NG
 

NG
 

w w
 

NG
 

m
ul

t 
ne

u 
m

ul
t 

m
ul

t 
“O

S 
re

p 
re

p 
m

ul
t 

25
, 

I8
0 

m
g/

kg
/d

ay
 

0,
 0

.0
5,

 
0.

2,
 

I, 
5,

 2
0 

m
g/

kg
/d

ay
 

0,
 

IO
, 

25
, 

65
 m

g/
kg

/d
ay

 
0,

 0
.5

, 
2.

5,
 

15
 m

g/
kg

/d
ay

 
0,

 
1,

 1
0,

 3
0 

m
g/

kg
/d

ay
 

0,
 5

.3
, 

6,
 6

.6
2,

 
8.

83
, 

10
.6

, 
13

.2
5 

m
gj

kg
jd

ay
 

0,
 0

.2
, 

0.
3.

0.
7 

m
g/

kg
/d

ay
 

0,
 0

.2
, 

0.
6,

 2
, 

5,
 1

6m
g/

kg
/d

ay
 

0,
 2

, 
6,

 2
0 

m
g/

kg
/d

ay
 

25
, 

25
0 

m
g/

kg
/d

ay
 

0,
 

15
, 3

1,
 6

2,
 

12
5,

 2
50

 m
g/

kg
/d

ay
 

0,
 7

.5
, 

15
, 

30
, 

10
0,

 2
00

 m
g/

kg
/d

ay
 

2.
5,

 
5 

m
g/

kg
/d

ay
 

0,
 1

0,
 2

5,
 5

0 
m

g/
kg

/d
ay

 
0,

 
IO

, 
lO

Om
g/

kg
/d

ay
 

18
0 

25
 

0.
2 

25
 

0.
2*

 
25

 
65

 
I5

 
10

 
6.

62
 

0.
7 2 6 25
0 

12
5 

15
 

2.
5 

2.
5 I* 6 

0.
3;

 
0.

6;
 

2 25
 

62
* 

7.
5 

2.
5 IO

 
lo

* 

Al
be

nd
az

ol
e 

Al
be

nd
az

ol
e 

su
lfo

xid
e 

Al
di

ca
rb

 
Al

di
ca

rb
 

su
lfo

ne
 

Al
in

id
in

e 
hy

dr
ob

ro
m

id
e 

Al
ly 

Al
ly1

 i
so

va
le

ra
te

 
Am

ar
an

th
 

Am
dr

o 
Am

el
to

lid
e 

Am
et

ry
n 

34
 

35
 

36
 

37
 

38
 

39
 

40
 

41
 

42
 

43
 

6 0.
3 

su
b 

te
ra

t 
re

pr
o 

su
b 

te
ra

t 
re

pr
o 

te
ra

t 
su

b 

m
ul

t 
bd

W
 

2 25
 

m
ul

t 
re

p 
bd

w 
bd

w liv
 

2.
5 IO
 

IO
 

w
 ga
v 

25
 

10
0 

[C
on

td
] 



Am
in

o-
4-

et
ho

xy
-a

ce
ta

ni
lid

e.
 

3-
 

Am
in

o-
4-

ni
tro

ph
en

ol
. 

2-
 

Am
in

o-
5-

ni
tro

ph
en

ol
. 

2-
 

Am
in

op
he

no
l. 

p-
 

Am
itr

az
 

Am
m

on
iu

m
 

ca
rm

in
e 

Am
ph

et
am

in
e 

su
lfa

te
, 

dl
- 

Am
pi

ci
lli

n 
tri

hy
dr

at
e 

An
et

ho
le

. 
fra

ns
- 

An
ila

zin
e 

An
isi

di
ne

 
hy

dr
oc

hl
or

id
e.

 
p-

 
An

th
ta

ni
lic

 
ac

id
 

Ap
ol

lo
 

Ar
oc

hl
or

 
I2

54
 

As
pa

rta
m

e 
As

su
re

 
As

ul
am

 
At

ra
zin

e 
Av

er
m

ec
tin

 
BI

 
Az

ap
er

on
e 

Az
in

ph
os

 
m

et
hy

l 
Az

or
ub

in
e 

Az
uk

til 
so

di
um

 
(K

TI
-3

2)
 

Ba
yg

on
 

Ba
yle

to
n 

Ba
yt

hr
oi

d 
Be

no
m

yl 
Be

nt
az

on
 

Be
tu

of
ur

an
 

Be
na

oi
n 

Be
nz

yi 
Vi

ol
et

 
48

 
Be

nz
yl-

pc
hl

or
op

he
no

l, 
o-

 
Be

ta
xo

lo
l 

Bi
dr

in
 

Bi
ph

m
th

rin
 

Bi
ph

en
yl,

 
l,l

- 
Bi

ph
en

yla
m

in
e 

hy
dr

oc
hl

or
id

e,
 

2-
 

Bi
s(

Z-
ch

lor
o-

I-m
et

hy
l-e

th
yl)

et
he

r, 
Te

ch
ni

ca
l 

Gr
ad

e 
Bi

s(
Z-

ch
lor

ois
op

ro
py

l)e
th

er
 

Bi
sp

he
no

l 
A 

Br
om

oa
ce

tic
 

ac
id

, 
2-

 
Br

om
od

ich
lo

ro
m

et
ha

ne
 

Br
om

om
et

ha
ne

 
Br

om
ox

vn
il 

Br
om

ox
;n

il 
oc

ta
no

at
e 

Br
ow

n 
FK

 

17
02

6-
81

-2
 

99
-5

7-
o 

12
1-

88
-o

 
12

3-
30

-8
 

33
08

9-
61

-I 

60
-I 

3-
9 

7 1
77

-4
8-

2 
10

4-
46

-l 
10

1-
05

-3
 

20
26

5-
97

-8
 

11
8-

92
-3

 
74

11
5-

24
-5

 
27

32
3-

18
-8

 
22

38
9-

47
-O

 
76

57
8-

 1
4-

8 
33

37
-7

1-
l 

I9
 1

2-
24

-9
 

65
19

5-
55

-3
 

I6
49

- 
18

-9
 

86
-5

0-
o 

35
67

-6
9-

O 
99

28
7-

30
-6

 
11

4-
26

-l 
43

12
1-

43
-3

 
68

35
9-

37
-5

 
17

80
4-

35
-2

 
25

05
7-

89
-o

 
27

 I-
89

-6
 

11
9-

53
-9

 
I 6

84
-0

9-
3 

I2
0-

32
- 

I 
63

65
9-

18
-l 

14
1-

66
-2

 
82

65
7-

04
-3

 
92

-5
2-

4 
2 1

85
-9

2-
4 

ra
t 

54
6 

ra
t 

91
 

ra
t 

91
 

ra
t 

18
0 

rb
t 

NG
 

ra
t 

21
 

ra
t 

72
0 

m
us

 
91

 
ra

t 
81

9 
ra

t 
91

 

72
1 

54
6 

NG
 

73
5 

36
4 

72
8 

75
6 

NG
 

NG
 

IO
 

73
0 

ch
r 

su
b 

su
b 

su
b 

fo
d 

ga
v 

W
” 

fo
d 

NG
 

ga
y 

fo
d 

ga
v 

fo
d 

fo
d 

m
ul

t 
0.

 0
.4

. 
I .

5%
 

[c]
 

II8
5 

m
ul

l 
0.

 6
2.

5.
 

12
5,

 2
50

, 
50

0,
 

10
00

 m
g/

kg
/d

ay
 

50
0 

ow
t 

0.
 1

00
, 

20
0,

40
0,

80
0.

 
16

00
 m

g/
kg

/d
ay

 
20

0 
m

ul
t 

0.
 0

.0
7.

 
0.

2.
 0

.7
%

 
Icl

 
68

6 
. 

. 
I. 

5 
m

g/
kg

/d
ay

 
0,

 2
00

, 
50

0,
 

10
00

 m
g/

kg
/d

ay
 

0,
 2

0,
 10

0 
pp

m
 

[a
l 

0,
 2

50
, 

50
0,

 
10

00
,2

00
0.

 
30

00
 m

g/
kg

/d
ay

 
0,

 0
.2

5,
 

0.
5,

 
I%

 
[c]

 

no
ne

 
31

6 
25

0’
 

NC
I. 

l9
78

d 
NT

P.
 

19
88

~ 
NT

P.
 

19
88

d 
Bu

rn
et

t 
PI

 0
1.

. 
19

89
 

Up
jo

hn
 

Co
.. 

19
73

 
Ga

un
t 

ef
 u

l..
 

19
76

 
NT

P,
 

19
9l

a 
NT

P,
 

l9
87

a 
Tr

uh
au

t 
CI

 a
l.,

 
19

88
 

NC
I, 

19
78

e 

NC
I, 

l9
78

f 
NC

I, 
I9

78
0 

BC
F 

Ch
em

ica
ls,

 
19

84
 

NC
I, 

l9
78

h 
Is

hi
i 

er
 a

l.,
 

19
81

 
du

 
Pa

nt
, 

19
85

b 
Rh

on
e-

Po
ul

en
c,

 
19

8 
la

 
Ci

ba
. 

19
87

 
M

er
ck

 
& 

Co
.. 

19
85

 
M

os
he

r 
er

 a
l..

 
19

73
 

Hu
nt

in
gd

on
 

Re
se

ar
ch

 
Cc

nt
rc

. 
19

66
 

Ga
un

t 
rr 

al
.. 

l9
67

a 
Te

sh
 

ef
 a

l.,
 

19
91

 
M

ob
ay

 
Ch

em
ica

l, 
l9

84
a 

M
ob

ay
 

Ch
em

ica
l, 

19
78

 
M

ob
ay

 
Ch

em
ica

l, 
19

83
 

du
 P

an
t, 

19
68

 
BA

SF
, 

19
70

 
NT

P,
 

19
89

d 
NT

P,
 

l9
80

a 
FD

A.
 

19
64

 
NT

P,
 

19
94

 
Te

sh
 

ef
 a

l.,
 

19
90

 
Sh

el
l 

Ch
em

ica
l 

Co
.. 

19
65

 
FM

C 
Co

rn
. 

19
84

 
Am

br
os

e 
er

 a
/..

 
19

60
 

NT
P.

 
19

82
~ 

45
 

46
 

47
 

48
 

49
 

50
 

51
 

52
 

53
 

54
 

55
 

56
 

57
 

58
 

59
 

60
 

61
 

62
 

63
 

64
 

65
 

66
 

67
 

68
 

69
 

70
 

71
 

72
 

73
 

74
 

75
 

76
 

77
 

78
 

79
 

80
 

81
 

no
ne

 
10

0’
 

19
6’

 
te

r 
te

ra
t 

50
0 

0,
25

0,
50

0,
 

IO
OC

, 
20

00
,4

00
O.

 
80

00
, 

I0
00

 
5 

20
00

 
34

4 
80

0 

no
ne

 
no

ne
 

no
ne

 
no

ne
 

lo
oo

* 
17

2 
40

0*
 

I6
,o

oO
 

pp
m

 
[cl

 
0,

 0
.3

, 
0.

6%
 

[c]
 

47
4 

27
51

 
20

 
4 14

7 
3.

7 
18

0 
34

.9
7 

0.
1 IO

 
0.

36
 

50
0 

71
 

50
 

25
 

7.
5 25
 

IO
 

62
.5

 
25

 
72

0 
24

0 
36

 
0.

25
 

2 25
0 

18
0 

no
ne

 
0.

 1
5,

00
0,

 
30

,0
00

 
pp

m
 

[cl
 

2,
 20

 mg
/kg

/d
ay

 
0,

 2
5,

 5
0,

 
10

0 
pp

m
 

[c]
 

0,
 I

, 
2,

 4
 g

/kg
/d

ay
 

of
 

di
et

 [
c] 

0,
 2

5.
 10

%
 4

00
 p

pm
 

[a
] 

36
. 

18
0 

m
g/

kg
/d

ay
 

0,
 I

O,
 5

0,
 5

00
 p

pm
 

[a
] 

0.
03

, 
0.

 I 
m

g/
kg

/d
ay

 
0,

 2
.5

, 
IO

, 
40

 m
g/

kg
/d

ay
 

0.
 2

.5
, 

5,
 2

0,
 5

0 
pp

m
 

in
 d

ie
t 

[c]
 

0,
 0

.0
5,

 
0.

1,
 0

.5
, 

1.
0%

 
[d

] 
0.

 I
O,

 7
7,

 6
00

 m
g/

kg
/d

ay
 

10
, 

50
 m

g/
kg

/d
ay

 
0,

 5
0,

 5
00

, 
50

00
 p

pm
 

[b
] 

2.
5,

 7
.5

 m
g/

kg
/d

ay
 

0,
 1

00
,5

00
,2

50
0 

pp
m

 
[a

] 
3.

5,
 

IO
 m

g/
kg

/d
ay

 
0,

 3
1.

25
, 

62
.5

, 
12

5,
 2

50
, 

50
0 

m
g/

kg
/d

ay
 

0,
 3

0,
 6

0.
 

12
5,

 2
50

, 
50

0 
pp

m
 

[c]
 

0.
 I,

 0
.5

, 
1%

 
in

 d
ie

t 
[c]

 
0.

 3
0,

 6
0,

 
12

0,
 2

40
,4

80
 

m
g/

kg
/d

ay
 

0,
 I

, 
4,

 1
2,

 3
6 

m
g/

kg
/d

ay
 

0.
 2

, 
5,

 1
5,

 5
0 

pp
m

 
[b

] 
1.

 2
 m

g/
kg

/d
ay

 
0,

 0
.0

01
, 

O.
OO

S,
O.

Ol
. 

0.
05

, 
0.

1,
 

0.
5,

 
1.

0%
 

[a
] 

0,
 3

00
, 

10
00

, 
30

00
, 

10
,0

00
, 

30
,0

00
pp

m
 

[c]
 

2 
no

ne
 

23
7 

13
76

 

no
ne

 
0.

9 36
 

3.
5 

0.
03

 
2.

5 

2 2 74
* 

no
ne

 
25

0 IO
 

IO
 

2.
5 

2.
5 

0.
9 36

 
3.

5 
0.

03
 

2.
5 

0.
18

 
25

0’
 

IO
 

IO
 

2.
5 

2.
5 

3.
5 

3.
5*

 
no

ne
 

31
.2

5*
 

no
ne

 
l2

.5
* 

no
ne

 
36

0 
no

ne
 

12
0*

 
I2

 
I2

 
0.

1 
0.

 I 

50
 

no
ne

 
50

 
54

; 

0,
 I

O,
 2

5,
 5

0,
 1

00
, 

25
0 

m
g/

kg
/d

ay
 

0,
 8

0 [
dl

. 4
00

 [a
l, 2

00
0 [

d]
, 

10
,0

00
 [

d]
 p

pm
 

0.
25

0.
50

0.
10

00
.2

00
0.

40
00

 
on

m
 

Icl
 

. .
 

. 
0,

 2
5,

 5
0,

 1
00

 m
g/

kg
/d

ay
 

0.
 0

.0
14

. 
0.

05
5.

 
0.

22
%

 
la

1 
0.

 0
.4

, 
2,

 
IO

, 
50

 m
g/

kg
/h

ay
 

I .
7,

 5
, 

I5
 m

g/
kg

/d
ay

 
15

, 
35

 m
g/

kg
/d

ay
 

0.
 0

.0
12

5,
 

0.
03

75
, 

0.
07

5,
 

0.
12

5,
 

0.
62

5%
 

25
0 

19
8 

II3
 

lo
o 13
0 

IO
 

15
 

35
 

64
 

no
ne

 
10

0’
 

36
 

36
 

no
ne

 
56

* 
no

ne
 

50
 

no
ne

 
24

 

no
ne

 
I5

 

NC
I. 

l9
79

e 
M

its
um

or
i 

er
 0

1.
. 

19
79

 
NT

P,
 

l9
82

d 
Ra

nd
al

l 
et

 a
(..

 
19

91
 

To
be

 
er

 a
l.,

 
19

82
 

Da
ns

e 
ef

 n
l..

 
19

84
 

Ro
ge

rs
 

er
 a

/ 
, 

I9
90

 
Un

io
n 

Ca
rb

id
e,

 
19

81
 

W
ils

on
 

el
 a

l..
 

19
70

 
in

 d
ie

t 
[c]

 
no

ne
 

2’
 5 I5
 

21
 

0,
 3

0,
 6

0,
 

12
0,

 2
50

, 
50

0 
m

g/
kg

/d
ay

 
25

0 
12

0*
 

NT
P.

 
l9

86
b 

re
p 

bd
w gi
t 

m
ul

t 
bd

w 

ch
r 

su
b 

ch
r 

su
b 

ch
r 

ch
r 

re
pr

o 
ch

r 
su

b 
ch

r 
ch

r 

bd
w 

bd
w liv
 

m
ul

t 
ow

t 
liv

 
m

ul
t 

m
ul

t 
te

r 

fo
d 

fo
d 

NG
 

fo
d 

fo
d 

fo
d 

fo
d 

fo
d 

NG
 

w fo
d 

fo
d 

ra
t 

ra
t 

ra
t 

ra
t 

ra
t 

ra
t 

ra
t 

ra
t 

te
ra

t 
ch

r 
su

b 
te

ra
t 

ch
r 

ch
r 

ra
t 

ra
t 

ra
t 

ra
t 

ra
t 

ra
t 

ra
t 

ra
t 

ra
t 

ra
t 

ra
t 

ra
t 

rb
t 

ra
t 

ra
t 

ra
t 

m
us

 

90
 

12
 

73
0 

73
0 

NG
 

NC
 

90
 

90
 

90
 

73
0 

91
 

I3
 

NG
 

NG
 

70
0 

91
 

ga
” 

fo
d 

re
pr

o 
su

b 
su

b 
su

b 
ch

r 
su

b 
te

ra
t 

te
ra

t 
ch

r 
su

b 

fo
d 

NG
 

fo
d 

fo
d 

w fo
d 

fo
d 

ga
v 

w fo
d 

NG
 

fo
d 

fo
d 

82
 

83
 

84
 

85
 

86
 

87
 

88
 

89
 

IO
8-

60
- 

I 
39

63
8-

32
-9

 
91

 
72

8 
80

-0
5-

7 
79

-0
8-

3 
75

-2
7-

4 
74

-8
3-

9 
16

89
-8

4-
5 

16
89

-9
9-

2 
63

00
-6

1-
4 

ra
t 

m
us

 
ra

t 
ra

t 
ra

t 
ra

t 
ra

t 
ra

t 
m

us
 

91
 

IO
 

54
0 

91
 

10
 

NG
 

56
0 

su
b 

ch
r 

su
b 

ch
r 

su
b 

te
ra

t 
te

ra
t 

ch
r 

ga
v 

bd
w 

fo
d 

bl
d 

fo
d 

bd
w 

ga
v 

te
r 

ca
p 

bd
w 

w 
m

ul
t 

w 
m

ul
t 

NG
 

m
ul

t 
fo

d 
no

s 

90
 

Bu
ty

l 
ch

lo
rid

e,
 

n-
 

10
9-

69
-3

 
ra

t 
91

 
su

b 
ga

y 

bl
d 

ow
t 

ne
u 

m
ul

t 
m

ul
t 

re
p re
p te
s 

no
s 

kid
 

Fi
ll 

re
p 

re
p 

m
ul

t 

SP
l 



91
 

92
 

93
 

94
 

95
 

96
 

97
 

98
 

99
 

loo
 

10
1 

10
2 

10
3 

10
4 

10
5 

10
6 

10
7 

10
8 

10
9 

I I
O 

11
1 

II2
 

Bu
tyl

ate
 

20
08

-4
1-

5 
ra

t 
NG

 
re

pr
o 

Ca
lci

um
 

cy
an

am
ide

 
15

6-
62

-l 
mu

s 
70

0 
ch

r 
Ca

nth
ax

an
thi

n 
51

4-
78

-3
 

ra
t 

91
 

su
b 

Ca
pr

ola
cta

m 
10

5-
60

-2
 

ra
t 

90
 

su
b 

Ca
pt

af
ol 

24
25

-0
6-

l 
ra

t 
73

0 
ch

r 
Ca

pta
n 

13
3-

06
-2

 
rb

t 
NC

 
ter

at 
Ca

ra
zo

lol
 

57
77

5-
29

-8
 

ra
t 

90
 

su
b 

Ca
rb

ar
yl 

63
-2

5-
2 

ra
t 

73
0 

ch
r 

Ca
rb

en
da

zim
 

10
60

5-
21

-7
 

ra
t 

8 
ter

at 
Ca

rb
ofu

ra
n 

15
63

-6
6-

2 
ra

t 
NG

 
ter

at 
Ca

rb
on

 
tet

ra
ch

lor
ide

 
56

-2
3-

5 
ra

t 
84

 
su

b 
Ca

rb
os

ulf
an

 
55

28
5-

14
-8

 
ra

t 
NG

 
re

pr
o 

Ca
rb

ox
in 

52
34

-6
8-

4 
ra

t 
73

0 
ch

r 
Ca

rm
ois

ine
 

35
67

-6
4-

9 
ra

t 
90

 
su

b 
Ch

lor
am

be
n 

13
3-

90
-4

 
ra

t 
NG

 
ter

at 
Ch

lor
da

ne
 

57
-7

4-
9 

ra
t 

91
0 

ch
r 

Ch
lor

en
dic

 
ac

id 
11

5-
28

-6
 

ra
t 

91
 

su
b 

Ch
lor

im
ur

on
-e

thy
l 

90
98

2-
32

-4
 

rb
t 

NG
 

ter
at 

Ch
lor

o-
p-

tol
uid

ine
, 

3- 
95

-7
4-

9 
mu

s 
54

6 
ch

r 
Ch

lor
oa

ce
tic

 
ac

id 
79

-l 
l-8

 
ra

t 
73

0 
ch

r 
Ch

lor
oa

nil
ine

 
hy

dr
oc

hlo
rid

e, 
p- 

20
26

5-
96

-7
 

ra
t 

75
0 

ch
r 

Ch
lor

ob
en

ze
ne

 
10

8-
90

-7
 

ra
t 

90
 

su
b 

Ch
lor

ob
en

zil
ate

 
Ch

lor
od

ibr
om

om
et

ha
ne

 
Ch

lor
ofo

rm
 

Ch
lor

ofr
uc

tos
e, 

6- 
Ch

lor
on

ap
ht

ha
len

e,
 

8- 
Ch

lor
oa

he
no

l. 
2- 

Ch
lor

op
ro

py
lat

e 
Ch

lor
ot

ha
lon

il 
Ch

lor
ot

olu
en

e,
 

o- 
Ch

lor
ph

en
ira

mi
ne

 
ma

lea
te

 
Ch

lor
pr

om
az

ine
 

Ch
lor

su
lfu

ro
n 

Ch
oc

ola
te 

Br
ow

n 
HT

 
Ci

me
tid

ine
 

Cl
on

itr
ali

d 
Cl

os
an

tel
 

Co
de

ine
 

Co
um

ap
ho

s 
Co

um
ar

in 
Cr

ufo
ma

te 
Cu

rcu
mi

n 
Cy

clo
de

xtr
in,

 
/I- 

Cy
clo

he
xy

lam
ine

 
Cy

clo
ph

os
ph

am
ide

 
Cy

ha
lot

hr
in 

51
0-

15
-6

 
12

44
8-

 
1 

67
-6

6-
3 

91
-5

8-
7 

95
-5

7-
a 

58
36

-1
0-

2 
18

97
-4

5-
6 

95
-4

9-
8 

11
3-

92
-8

 
50

-5
3-

3 
64

90
2-

72
-3

 
45

53
-8

9-
3 

51
48

1-
61

-9
 

I 4
20

-0
4-

X 
57

80
8-

65
-g

 
76

-5
7-

3 
56

-7
2-

4 
91

-6
4-

5 
29

9-
86

-5
 

45
8-

37
-7

 
75

85
-3

9-
9 

10
8-

91
-8

 
50

-I 
8-O

 
68

08
5-

85
-g

 

ra
t 

ra
t 

ra
t 

ra
t 

mu
s 

ra
t 

ra
t 

rb
t 

ra
t 

ra
t 

ra
t 

ra
t 

ra
t 

ra
t 

mu
s 

ra
t 

mu
s 

ra
t 

mu
s 

ra
t 

mu
s 

ra
t 

ra
t 

ra
t 

ra
t 

NG
 

91
 

90
 

70
 

91
 

NG
 

73
0 

NG
 

I04
 

91
 

IO
 

73
0 

73
0 

NC
 

54
6 

NG
 IO
 

73
0 90
 

60
0 90
 

18
3 

re
pr

o 
su

b 
su

b 

NG
 

28
 

NG
 

su
b 

re
pr

o 
ch

r 
ter

at su
b 

su
b 

ter
at ch
r 

ch
r 

re
pr

o 
ch

r 
re

pr
o 

ter
at ch
r 

su
b 

ch
r 

su
b 

su
b 

re
pr

o 
re

pr
o 

re
pr

o 

NC
 

fad
 

fod
 

fod
 

NG
 

NG
 

fod
 

fod
 

co
n 

IO
, 

50
 m

g/k
g/d

ay
 

ItI 
0,5

00
.2O

OO
pp

m[
cI 

ow
t 

0, 
12

5.2
50

, 
50

0, 
10

00
, 

20
00

 m
g/k

g/d
ay

 
bld

 
50

, 
25

0 
mg

/kg
/da

y 
mu

lt 
2.8

, 
I2 

mg
/kg

/da
y 

bd
w 

25
, 

60
 m

g/k
g/d

ay
 

bd
w 

0, 
40

, 
12

0, 
40

0 
ru

g/k
g 

foo
d 

[a]
 

mu
lt 

0, 
50

, 
10

0, 
20

0,
40

0 
pp

m 
[a]

 
mu

lt 
0, 

25
, 

50
, 

10
0, 

20
0, 

40
0, 

10
00

 m
g/k

g/d
ay

 
re

p 
1, 

3 
w/

kg
/da

y 
liv

 
I, 

IO
, 

33
 m

g/k
g/d

ay
, 

5 
da

ys
jw

k 
[a]

 
re

p 
I, 

12
.5 

mg
/kg

/da
y 

mu
lt 

0, 
10

%
 2

W
60

0 p
pm

 f
b] 

ow
t 

0, 
0.0

5, 
0. 

I, 
0.5

, 
I %

 i
n 

die
t 

[c]
 

ms
k 

25
, 

75
 m

g/k
g/d

ay
 

liv
 

0, 
I, 

5, 
25

 p
pm

 
in 

die
t 

[a]
 

IJd
W

 
0, 

62
0, 

12
50

, 
25

00
, 

50
00

, 
10

,0
00

 p
pm

 i
n 

die
t 

[c]
 

ter
 

13
, 

48
 m

g/k
g/d

ay
 

bd
W

 
0, 

30
0, 

6o
op

pm
 

[cl
 

ItI 
0, 

15
, 

30
 m

g/k
g/d

ay
 

mu
lt 

0, 
2, 

6, 
I8 

mg
/kg

/da
y 

ow
t 

50
, 

10
0 

mg
/kg

/da
y 

50
 

34
4 

25
0 I2 60
 

30
.4 

15
.6 

10
00

 

50
 

2.8
 

25
 

IO
 

86
 

50
0*

 
50

* 

w NG
 

no
ne

 
9.6

 

2.8
 

25
 

9.5
' 

9.6
 

40
0 

w NG
 

fod
 

fod
 

NG
 

fod
 

fod
 

NG
 

fad
 

w ga
v 

fod
 

7.1
 

12
.5 30
 

88
7 75
 

0.7
1' lb 44
4’ 

0.
27

3 
14

1 48
 

10
4 30
 6 10

0 

25
 

0.
05

5 
no

ne
 

I3 

25
 

0.
05

5 
70

' I3 52
 

no
ne

 
no

ne
 

50
 

II3
 

11
4 

fod
 

15
 

2 50
' 

tes
 

mu
lt 

mu
lt 

re
p 

mu
lt 

mu
h 

mu
h 

re
p 

mu
lt 

mu
lt 

re
p 

bd
W

 ItI mu
lt 

bd
W

 

tes
 

re
p 

mu
lt 

bd
W

 

bld
 

bld
 

bd
W

 

bd
W

 

re
p 

bd
W

 

0, 
25

, 
50

 p
pm

 i
n 

die
t 

[cl
 

0, 
15

, 
30

, 
60

, 
12

5,
25

0 
mg

/kg
/da

y 
15

, 
30

, 
41

0 
mg

/kg
/da

y 
0. 

3, 
9 

m&
/da

y 
0, 

10
0,2

50
, 

M)
o 

mg
/kg

/da
y 

0, 
5, 

50
, 

5O
Op

pm
 

Lb
] 

0, 
40

, 
12

5 
pp

m 
in 

die
t 

[c]
 

5, 
5O

w/
W

da
y 

0, 
20

, 
80

, 
32

0 
mg

/kg
/da

y 

4.4
 

25
0 

41
0 9 60
0 50
 9 50
 

80
 

60
 3 25
 

73
6 

40
0 94
 IO
 

30
0 

0.8
 

30
0 4 92
8 

16
00

 
50

 

no
ne

 

II5
 

II6
 

11
7 

11
8 

II9
 

12
0 

12
1 

12
2 

12
3 

12
4 

12
5 

12
6 

12
7 

I28
 

12
9 

13
0 

13
1 

13
2 

13
3 

13
4 

13
5 

13
6 

13
7 

kw
 

NG
 

w W
” 

25
0 

2.2
 

12
5*

 
30

* 
3*

 

or
l 

fod
 

NG
 

@
” 

ga
v 

w fod
 

fod
 

or
l 

fod
 

w tv”
 

fod
 

w fod
 

fod
 

ga
v 

fod
 

l&
d”

 
fod

 

25
0*

 
5 

no
ne

 
5 

0, 
3.7

5. 
7.5

, 
15

, 
30

, 
60

me
ikn

ida
v 

- 
_ 

20
 

no
ne

 

2.9
 

5 20
: 

30
' 

0, 
I, 

3, 
9 

mg
/kg

/da
y 

0. 
10

0.
50

0.
25

00
o~

m 
Ib

l 
0; 

50
0, 

20
00

, 
lO

.ob
i, 

pp
” 

in 
die

t 
0, 

0.1
5, 

0.7
5, 

4 
mg

/m
l 

[a]
 

0, 
27

4, 
54

9 
pp

m 
[c]

 
0, 

2.5
, 

IO
, 

40
 m

g/k
g/d

ay
 

0, 
37

.5,
 7

5, 
15

0 
mg

/kg
 

BI
D 

0, 
5, 

10
, 

25
, 

10
0 

pp
m 

in 
die

t 
[c]

 
0, 

19
. 

38
, 

75
, 

15
0, 

30
0 

mg
/kg

/da
y 

0, 
20

, 
40

, 
60

, 
80

 p
pm

 
in 

die
t 

[c]
 

0, 
0.1

, 
0.5

, 
1.0

, 2
.5,

 5
.0%

 
[d]

 
0, 

10
0, 

40
0, 

16
00

 m
g/k

g/d
ay

 
0, 

15
, 

50
, 

10
0, 

15
0 

mg
/kg

/da
y 

3.4
, 

5. 
I m

g/k
g/d

ay
 

0, 
IO

, 
30

, 
10

0 
pp

m 
[b]

 

no
ne

 

2.5
 

15
0 

0.4
 

no
ne

 
no

ne
 

14
7 

13
0 

47
 

2.5
 

15
0 

0.4
 

15
0*

 

5.1
 

1.5
 

40
0 

no
ne

 
no

ne
 

0.5
 

18
6*

 
40

0; 15
 

3.4
 

0.5
 

13
8 

Cy
pe

rm
eth

rin
 

52
3 

15
-0

7-
8 

ra
t 

NG
 

re
pr

o 
NG

 
M

W
 

0.5
, 

5 m
g/k

g/d
ay

 
5 

0.5
 

0.5
 

St
au

ffe
r 

Ch
em

ica
l 

Co
., 

19
86

 
NC

I, 
19

79
1 

St
eig

er
 

an
d 

Bu
se

r, 
19

82
 

Po
we

rs 
Ed

 al
., 

19
84

 
Ch

ev
ro

n, 
19

85
a 

Ch
ev

ro
n, 

19
81

 
Re

be
l 

PI
 a

l., 
19

76
 

Ca
rp

en
ter

 
et

 al.
, 

19
61

 
Cu

mm
ing

s 
an

d 
Ha

rris
, 

19
90

 
FM

C 
Co

rp
., 

19
81

 
Br

uc
kn

er 
er 

al.
, 

19
86

 
FM

C 
Co

rp
., 

19
82

 
Un

iro
ya

l 
Ch

em
ica

l, 
19

69
 

Ga
un

t 
et

 al.
, 

19
67

b 
Un

ion
 

Ca
rb

ide
, 

19
76

 
Ve

lsi
co

l 
Ch

em
ica

l, 
19

83
 

NT
P,

 
19

87
h 

du
 P

an
t, 

19
85

~ 
NC

I, 
19

78
i 

NT
P,

 
19

92
d 

NT
P,

 
19

89
e 

Mo
ns

an
to 

Co
., 

19
67

; 
Kn

ap
p 

et 
al.

, 
19

71
 

W
oo

dw
ar

d, 
19

65
 

NT
P,

 
19

85
a 

An
on

ym
ou

s, 
da

te 
un

kn
ow

n 
{a}

 
Te

sh
 

et 
al.

, 
19

84
 

US
 E

PA
, 

19
89

c 
Ex

on
 

an
d 

Ke
lle

r, 
19

86
 

W
oo

da
rd

, 
19

66
 

Di
am

on
d 

Sh
am

ro
ck

, 
19

75
 

Gi
bs

on
 

tv 
al.

, 
19

74
 

NT
P,

 
19

86
d 

Ro
be

rts
on

 
er 

al.
. 

19
80

 
du

 P
an

t, 
19

80
 

Ca
rp

an
ini

 
er 

al.
, 

19
75

 
Sh

ap
iro

 
er 

a/.
, 

19
88

 
NC

I, 
19

78
j 

Di
rx 

an
d 

Ma
rsb

oo
m,

 
19

84
 

W
illi

am
s 

et 
cl.

, 
19

91
 

Do
ull

 
et 

al.
, 

19
60

 
NT

P,
 

19
93

c 
Mc

Co
llis

ter
 

ef 
al.

, 
19

68
 

Lil
ja 

ev
 al

., 
19

83
 

Ma
kit

a 
et

 al.
. 

19
75

 
Os

er 
et

 al..
 

19
76

 
Ha

les
 

et
 al.

, 
19

92
 

Im
pe

ria
l 

Ch
em

ica
ls 

Ind
us

trie
s, 

19
84

 
IC

I 
Am

er
ica

s, 
Inc

., 
19

79
 



13
9 

14
0 

14
1 

14
2 

14
3 

14
4 

14
5 

Cy
ro

m
az

ine
 

66
21

5-
27

-s
 

Da
ct

ha
l 

18
61

-3
2-

I 
Da

la
po

ny
 

so
di

um
 

sa
lt 

75
-9

9-
o 

Da
m

in
oz

id
e 

15
96

-8
4-

5 
De

ca
br

om
od

ip
he

ny
l 

ox
id

e 
11

63
-1

9-
5 

De
ox

yq
ui

ni
ne

 
Di

am
in

o-
2.

2’
~s

til
be

ne
di

su
lfo

ni
c 

ac
id

. 
4,

4’
-, 

di
so

di
um

 
sa

lt 
73

36
-2

0-
I 

14
6 

14
7 

14
8 

14
9 

15
0 

15
1 

15
2 

15
3 

15
4 

15
5 

15
6 

15
7 

15
8 

15
9 

16
0 

16
1 

16
2 

16
3 

16
4 

16
5 

16
6 

16
7 

16
8 

16
9 

17
0 

17
1 

17
2 

Di
am

in
op

he
no

l 
di

hy
dr

oc
hl

or
id

e.
 

2.
4-

 
13

7-
09

-7
 

Di
aa

in
on

 
33

3-
41

-5
 

Di
be

nz
o-

p-
di

ox
in

 
26

2-
12

-4
 

Di
br

om
ob

en
ze

ne
, 

1.
4-

 
10

6-
37

-6
 

Di
ca

m
ba

 
19

18
-0

0-
9 

Di
ch

io
ro

-2
-p

ro
pa

no
l, 

1,
3-

 
96

-2
3-

l 
Di

ch
lo

ro
-p

-p
he

ny
le

ne
di

am
in

e.
 

2.
6-

 
60

9-
20

-l 
Di

ch
io

ro
be

na
en

e,
 

1,
2-

 
95

-5
0-

I 
Di

ch
lo

ro
lxn

ze
ne

, 
1,

4-
 

10
6-

46
-7

 
Di

ch
lo

ro
be

na
ilic

 
ac

id
 

23
85

1-
46

-9
 

Di
ch

lo
ro

di
tlu

or
om

et
ha

ne
 

75
-7

1-
S 

Di
ch

lo
ro

et
ha

ne
, 

I,1
 - 

75
-3

4-
3 

Di
ch

lo
ro

et
ha

ne
, 

1,
2-

 
10

7-
06

-2
 

Di
ch

lo
ro

et
hy

le
ne

, 
I, 

l- 
75

-3
5-

4 
Di

ch
lo

ro
et

hy
!e

ne
. 

tra
ns

- 
I ,

2-
 

15
6-

60
-5

 
Di

ch
lo

ro
m

et
ha

ne
 

75
-0

9-
2 

Di
ch

lo
ro

ph
en

ol
, 

2,
4-

 
12

0-
83

-2
 

Di
ch

lor
op

he
no

xy
ac

et
ic 

ac
id

, 
2,

4-
 

94
-7

5-
7 

Di
ch

Jo
ro

pr
op

an
ol

, 
2,

3-
 

61
6-

23
-9

 
Di

ch
lo

ro
pr

op
en

e,
 

1,
3-

 
54

2-
75

-6
 

Di
ch

Io
rv

os
 

62
-7

3-
7 

Di
co

fo
l 

11
5-

32
-2

 
Di

el
dr

in
 

60
-5

7-
I 

Di
ct

hy
ld

ith
io

ca
rb

am
at

e 
14

8-
18

-5
 

Di
ct

hy
hh

io
ur

ea
, 

N.
N’

- 
10

5-
55

-5
 

Di
fe

na
oq

ua
t 

43
22

2-
48

-6
 

35
36

7-
38

-5
 

17
3 

Di
hy

dr
oa

ve
rm

ec
tin

-B
la

. 
22

,2
3-

 
17

4 
Di

hy
dr

oa
ve

rm
ec

tin
-B

l 
b,

 2
2,

23
- 

17
5 

Di
hy

dr
oc

ou
m

ar
in

, 
3,

4-
 

17
6 

Di
io

do
m

et
hy

l 
p-

to
lyl

 
su

lfo
ne

 
17

7 
Di

m
et

hi
pi

n 

17
8 

17
9 

18
0 

18
1 

18
2 

Di
m

et
ho

at
e 

60
-5

 I
-5

 
ra

t 
73

0 
ch

r 
fo

d 
ne

u 

Di
m

et
ho

xy
an

ilin
e 

hy
dr

oc
hl

or
id

e,
 

w
- 

Di
m

et
ho

xy
be

nz
id

in
e-

4,
4’

- 
di

iso
cy

an
at

e.
 

3,
3’

- 
Di

m
et

hy
l 

hy
dr

og
en

 
ph

os
ph

ite
 

Di
m

et
hy

l 
m

et
hy

lp
ho

sp
ho

na
te

 

ra
t 

73
0 

ch
r 

fo
d 

ra
t 

73
0 

ch
r 

fo
d 

ra
t 

73
0 

ch
r 

fo
d 

ra
t 

NG
 

re
pr

o 
NG

 
m

us
 

72
1 

ch
r 

fo
d 

rb
t 

13
 

te
ra

t 
w 

bd
w 

ow
t 

ow
t 

te
r 

gi
t 

m
ul

t 

I .
5,

 I
5 

m
g/

kg
/d

ay
 

0.
 1

00
, 

10
00

. 
10

,0
00

 
pp

m
 

[b
] 

0,
 5

. 
15

. 
50

 m
g/

kg
/d

ay
 

[b
] 

39
0.

 
I8

00
 m

g/
kg

/d
ay

 
0.

 2
5.

00
0.

 
50

,0
00

 
pp

m
 

ba
] 

0.
 2

0.
40

, 
80

 m
g/

kg
/d

ay
 

ra
t 

90
 

su
b 

fo
d 

m
ul

t 
0.

 6
25

0,
 

12
,5

00
, 

25
,O

BO
. 

50
.0

00
. 

1O
O.

oo
O 

pp
m

 
[d

] 
ra

t 
72

0 
ch

r 
ga

v 
m

ul
t 

m
us

 
91

 
su

b 
fo

d 
bd

w 
m

us
 

63
0 

ch
r 

fo
d 

m
ul

t 
ra

t 
90

 
su

b 
NG

 
m

ul
t 

rb
t 

NG
 

re
pr

o 
fo

d 
re

p 
ra

t 
90

 
su

b 
w 

ow
t 

ra
t 

91
 

su
b 

fo
d 

bd
w 

ra
t 

91
 

su
b 

w 
m

ul
t 

ra
t 

91
 

su
b 

w 
kid

 
ra

t 
99

 
su

b 
fo

d 
ow

t 
ra

t 
73

0 
ch

r 
fo

d 
bd

w 
m

us
 

54
6 

ch
r 

!w
 

hl
 

ra
t 

90
 

su
b 

or
l 

ow
t 

m
us

 
91

 
su

b 
P”

 
bd

w 
m

us
 

90
 

su
b 

or
l 

liv
 

ra
t 

72
0 

ch
r 

or
l 

liv
 

ra
t 

NG
 

re
pr

o 
or

l 
m

uh
 

ra
t 

91
 

su
b 

fo
d 

bl
d 

ra
t 

92
 

su
b 

kw
 

m
ul

t 
ra

t 
90

 
su

b 
fo

d 
ow

t 
ra

t 
73

0 
ch

r 
fo

d 
m

ul
t 

ra
t 

73
0 

ch
r 

fo
d 

m
ul

t 
ra

t 
73

0 
ch

r 
fo

d 
liv

 
ra

t 
90

 
su

b 
NG

 
bd

w 
m

us
 

72
1 

ch
r 

fo
d 

bd
w 

ra
t 

73
0 

ch
r 

fo
d 

bd
w 

ra
t 

73
0 

ch
r 

fo
d 

bl
d 

0.
 1

2.
5,

 2
5 

m
g/

kg
/d

ay
 

0.
 5

0.
 

10
0,

 2
00

,4
00

, 
80

0.
 

16
00

. 
32

00
 p

pm
 

[c]
 

0.
 5

00
0,

 
10

.0
00

 p
pm

 
[cl

 
0,

 5
, 

10
. 

20
 m

g/
kg

/d
ay

 
0,

 1
, 3

. 
lO

m
g/

kg
/d

ay
 

0,
 0

.1
, 

1,
 1

0,
 1

00
 m

g/
kg

/d
ay

 
0,

 1
00

0,
20

00
,4

00
0,

60
00

,8
00

0 
pp

m
 

0,
 3

0,
 6

0,
 1

25
, 

25
0,

 
50

0 
m

g/
kg

/d
ay

 
0,

 3
7.

5,
 

75
, 

15
0,

 3
00

, 
60

0 
m

g/
kg

/d
ay

 
0,

 2
0,

 
10

0,
 5

00
, 

25
00

 
pp

m
 

in
 d

ie
t 

[c]
 

0,
30

0,
30

90
 

pp
m

 
@

I 
0,

 
14

42
, 

28
85

 m
g/

kg
/d

ay
 

0,
50

0,
10

00
,2

00
0,

40
00

,8
00

0 
pp

m
 

[d
] 

0,
 5

, 
15

, 4
0,

 
10

0,
 2

50
 m

g/
kg

/d
ay

 
0,

 0
. I

, 
1 .

O,
 o

r 
2.

0 
m

g/
m

l 
la

] 
0,

 5
, 

50
, 

12
5,

 2
50

 m
g/

kg
/h

ay
 

0.
 3

. 
30

. 
30

0 
no

m
 

la
1 

71
82

7-
03

-7
 

I 1
9-

84
-6

 
20

0 
I8

-0
9-

 
I 

55
29

0-
64

-7
 

m
us

 
10

 
te

ra
t 

ga
” 

ne
u 

m
us

 
10

 
te

ra
t 

w 
no

s 
ra

t 
90

 
su

b 
ga

v 
m

ul
t 

ra
t 

10
 

te
ra

t 
fo

d 
m

ul
t 

ra
t 

74
2 

ch
r 

fo
d 

liv
 

0,
 

1,
 5

, 
‘I 5

, 
45

 m
g/

&/
da

y 
0,

 
10

, 
35

, 
10

0 
m

g/
kg

/d
ay

 
0,

 
I, 

3,
 1

0,
 3

0 
m

g/
kg

/d
ay

 
0,

 0
.0

47
, 

0.
46

, 
4.

67
, 

46
.7

, 
23

4 
pp

m
 

in
 d

ie
t 

[a
] 

0,
 2

0,
 1

00
, 

25
0,

 5
00

, 
10

00
 p

pm
 

in
 d

ie
t 

[c]
 

0,
 0

.1
, 

I .
O,

 1
0.

0 
pp

m
 

[a
] 

0,
 3

0,
 1

00
, 

30
0 

m
g/

kg
/d

ay
 

0.
 2

50
, 

50
0 

pp
m

 
[c]

 
0,

 
10

0,
 5

00
.2

50
0 

pp
m

 
[b

] 
2.

 8
 m

gj
kg

ld
ay

 

0,
 0

.2
, 

0.
4,

 0
.8

, 
1.

6m
g/

kg
/d

ay
 

0,
 0

.4
, 

0.
8,

 
1.

6 
m

g/
kg

/d
ay

 
0,

 7
5,

 1
50

, 
30

0,
 6

00
, 

12
06

 m
g/

kg
/d

ay
 

0,
 0

.1
25

, 
0.

25
, 

0.
5,

 
1.

0%
 

[c]
 

0,
 4

0,
 2

00
, 

10
00

 p
pm

 
[a

] 

0,
 

I. 
5,

 2
5,

 1
00

 p
pm

 
[a

] 

54
 1

50
-6

9-
5 

ra
t 

72
8 

ch
r 

fo
d 

bd
w 

9 I
 -9

3-
o 

m
us

 
54

6 
ch

r 
fo

d 
bd

w 
86

8-
85

-9
 

ra
t 

72
8 

ch
r 

P”
 

m
uh

 
75

6-
79

-6
 

ra
t 

91
 

su
b 

ga
v 

m
uh

 

0,
 1

50
0,

 
30

00
 p

pm
 

[c]
 

0,
22

OW
 4

40
00

 pp
m

 IC
I 

0,
 5

0.
 1

00
 m

g/
kg

/d
ay

 
0,

 2
50

, 
50

0,
 

10
00

,2
00

0,
4O

+l
O 

m
g/

kg
/d

ay
 

15
 

50
0 

28
.1

7 
18

00
 

77
80

 
80

 

1.
5 50
 

8.
45

 
39

0 

1.
5 

50
 

8.
45

 
39

0 
37

60
 

40
 

Ci
ba

. 
19

8l
a 

Di
am

on
d 

Sh
am

ro
ck

. 
19

64
 

Pa
yn

te
r 

el
 a

l.,
 

19
60

 
Un

iro
ya

l 
Ch

em
ica

l. 
19

78
 

NT
P.

 
19

86
e 

Ed
wa

rd
s 

er
 a

l..
 

19
82

 

12
07

* 
NT

P,
 

19
92

e 

12
.5

 
72

* 
86

4 
10

; 

NT
P,

 
19

92
f 

NC
I, 

19
79

g 
NC

I. 
19

78
k 

Ca
rls

on
 

an
d 

Ta
rd

iff
. 

19
77

 
Ve

lsi
co

l 
Ch

em
ica

l, 
19

78
 

Je
rse

y 
er

 a
l..

 
19

91
 

NT
P,

 
19

82
h 

NT
P,

 
19

85
b 

NT
P,

 
19

87
~ 

Do
m

en
jo

z.
 

19
65

 
Sh

er
m

an
, 

19
74

 
NC

I, 
19

78
1 

M
or

ga
n 

et
 n

/..
 

19
90

 
NT

P.
 

19
82

i 
Ba

rn
es

 
CI

 a
l..

 
19

85
 

Na
tio

na
l 

Co
ffe

e 
As

so
c 

I9
82

 
Ex

on
 

an
d 

Ke
lle

r. 
19

85
 

Do
w 

Ch
em

ica
l, 

19
83

 
US

 E
PA

, 
19

89
d 

Do
w 

Ch
em

ica
l, 

19
73

 
Sh

el
l 

Ch
em

ica
l 

Co
., 

19
67

 
La

rs
on

, 
19

57
 

W
alk

er
 

er
 a

l.,
 

19
69

 
Su

nd
er

m
an

 
cf 

ol
.. 

19
67

 
NC

I. 
19

79
11

 
Am

er
cia

n 
Cy

an
am

id
, 

19
75

 
Th

om
ps

on
-H

ay
wa

rd
 

Ch
em

ica
l 

Co
rp

., 
19

73
 

M
er

ck
 

& 
Co

., 
19

79
 

M
er

ck
 

& 
Co

.. 
19

79
 

NT
P.

 
19

93
11

 
Em

a 
CI

 a
l.,

 
19

92
 

Un
iro

ya
l 

Ch
em

ica
l. 

19
81

 
Am

er
ica

n 
Cy

an
am

id
, 

19
86

a 

25
 

14
4 

17
28

 
20

 
10

 
10

 
20

0 
12

5 
60

0 
22

1.
8 

15
0 

28
85

 
59

 
40

 
17

5 
50

 
3 5 35

 
10

 
2.

3 20
 

0.
05

 
10

0 
86

 
12

5 8 

no
ne

 

no
ne

 
IO

 
3 1 

no
ne

 

1*
 

10
0*

 
60

’ 
30

01
 

44
.4

’ 
15

 
14

42
 

17
 

5 0.
3 1 10

 
3 

0.
23

 

34
* 

15
* 

17
* 

25
 2 

0.
3 1*

 
lo

* 3*
 

0.
23

 
8 

0.
00

5 
30

* 
43

 
25

 

0.
4 

0.
8 

30
0 

25
1 10
 

no
ne

 
no

ne
 

0.
2 

0.
4 

15
0*

 
12

6 

0.
25

 
0.

05
 

27
6 

no
ne

 
13

8 
NC

I. 
19

79
i 

75
50

 
10

0 
20

00
 

37
75

 
NC

I, 
l9

78
m

 
50

 
NT

P.
 

19
85

~ 
10

00
’ 

NT
P.

 
19

87
h 



18
3 

18
4 

18
5 

18
6 

18
7 

18
8 

Di
m

et
hy

l 
m

or
ph

ol
in

op
ho

s-
 

ph
or

am
id

at
e 

Di
m

et
hy

la
ni

lin
e.

 
N,

N’
- 

Di
ni

tro
be

nz
en

e,
 

m
- 

Di
ni

tro
to

lu
en

e,
 

2,
4-

 
Di

no
ca

p 
Di

no
se

b 

59
7-

25
-l 

ra
t 

91
 

su
b 

w 
ow

t 
12

1-
69

-7
 

m
us

 
90

 
su

b 
w 

sP
t 

99
-6

5-
O 

ra
t 

11
2 

su
b 

or
l 

ow
t 

12
1-

14
-2

 
ra

t 
72

0 
ch

r 
fo

d 
m

ul
t 

39
30

0-
45

-3
 

ha
m

 
8 

te
ra

t 
w 

no
s 

88
-8

5-
7 

rb
t 

NG
 

te
ra

t 
NG

 
te

r 

0.
 2

00
, 

40
0,

 
80

0,
 

12
00

. 
I6

OO
m

a/
ka

/d
av

 
- 

_ 
0,

 3
1,

 6
2,

 
12

5,
 2

50
, 

50
0 

m
g/

kg
/d

ay
 

0.
 3

. 
8.

 2
0 

on
m

 
tb

l 
0;

 0
16

, 
4,

 3
bm

g;
kg

/d
ay

 
0,

 5
0,

 
10

0,
 

20
0 

m
g/

kg
/d

ay
 

3,
 

10
 w

/kg
/d

ay
 

40
0 62
 

I.1
 

34
 

10
0 

10
 

18
9 

19
0 

19
1 

19
2 

19
3 

19
4 

19
5 

19
6 

19
7 

19
8 

Di
ph

en
am

id
 

Di
ph

en
hy

dr
am

in
e 

hy
dr

oc
hl

or
id

e 
Di

oh
en

vla
m

in
e 

Di
ph

en
ylh

yd
an

to
in

, 
5,

5’
- 

Di
ph

en
ylh

yd
an

to
in

, 
5,

5-
 

Di
su

lfo
to

n 
Di

th
io

bi
ur

ea
, 

2.
5 

Di
ur

on
 

Do
de

cy
lg

ua
ni

di
ne

 
ac

et
at

e,
 

n-
 

95
7-

5 
I-7

 
ra

t 
73

0 
ch

r 
fo

d 
ow

t 
14

7-
24

-o
 

ra
t 

90
 

su
b 

fo
d 

liv
 

12
2-

39
-4

 
ra

t 
73

0 
ch

r 
fo

d 
kid

 
57

-4
1-

o 
ra

t 
10

 
te

ra
t 

w 
bd

w 
57

-4
 I

-O
 

ra
t 

90
 

su
b 

fo
d 

bd
w 

85
-0

0-
7 

ra
t 

73
0 

ch
r 

fo
d 

ey
e 

29
8-

04
-4

 
ra

t 
73

0 
ch

r 
fo

d 
m

ul
t 

14
2-

46
-l 

ra
t 

54
6 

ch
r 

fo
d 

ItI
 

33
0-

54
-I 

ra
t 

73
0 

ch
r 

fo
d 

bl
d 

24
39

-1
0-

3 
ra

t 
73

0 
ch

r 
fo

d 
bd

w 

IO
, 

30
 m

g/
kg

/d
ay

 
0,

 
15

6,
 3

13
, 

62
5,

 
12

50
, 

25
00

 p
pm

 
(c]

 
3.

1,
 

31
 m

g/
kg

/d
ay

 
0,

 
15

0,
 3

75
, 

75
0,

 
11

25
, 

15
00

 m
g/

kg
/d

ay
 

0,
 3

00
, 

60
0,

 
12

00
, 

24
00

, 
48

00
 p

pm
 

[a
] 

0,
 5

 [
d]

, 
15

 [
a]

, 
75

 [
a]

, 
37

5 
[d

] 
pp

m
 

in
 

di
et

 
0.

05
, 

0.
 I 

m
g/

kg
/d

ay
 

0,
 0

.6
, 

1.
2%

 
[c]

 
1%

 6 w
/kg

/d
ay

 
7,

 
IO

, 
29

, 
45

 m
g/

kg
/d

ay
 

30
 

31
 

31
 

37
5 

12
2.

2 
0.

58
 

0.
1 

94
7 6 

29
45

 

I9
9 

20
0 

20
1 

20
2 

20
3 

20
4 

20
5 

20
6 

20
7 

20
8 

En
do

th
at

l 
Ep

he
dr

in
e 

su
lfa

te
 

Ep
ich

lo
ro

hy
dr

in
 

Er
yth

ro
m

yc
in 

ste
ar

at
e 

Er
yth

ro
sin

e 
Et

ha
lfu

ra
lin

 
Et

he
ph

on
 

Et
hi

on
 

Et
hy

l 
di

pr
op

ylt
hi

oc
ar

ba
m

at
e,

 
s- 

Et
hy

l 
p-

ni
tro

ph
en

yl 
ph

en
ylp

ho
s-

 
ph

or
ot

hi
oa

te
 

14
5-

73
-3

 
m

us
 

NG
 

te
ra

t 
NG

 
ItI

 
5,

 2
0 

w/
kg

/d
ay

 
20

 
5 

13
4-

72
-5

 
ra

t 
91

 
su

b 
fo

d 
bd

w 
0,

 
12

5,
 2

50
, 

50
0,

 
10

00
, 

20
00

 p
pm

 
[c]

 
50

 
no

ne
 

10
6-

89
-S

 
ra

t 
NG

 
re

pr
o 

w 
re

p 
0,

 2
, IO

 m
g/

kg
/d

ay
 

10
 

2 
64

3-
22

-l 
ra

t 
91

 
su

b 
fo

d 
liv

 
0,

 5
00

0,
 

lO
,o

oO
 p

pm
 

[a
l 

37
0 

no
ne

 
16

42
3-

68
-O

 
ra

t 
NC

 
re

pr
o 

fo
d 

bd
w 

0,
 0

.2
5,

 
1.

0,
 4

.0
%

 
[c]

 
79

9 
no

ne
 

55
28

3-
68

-6
 

rb
t 

I3
 

te
ra

t 
ga

v 
m

ul
t 

0,
 2

5,
 7

5,
 

15
0.

 3
00

 m
g/

kg
/d

ay
 

I5
0 

75
 

16
67

2-
87

-o
 

ra
t 

72
8 

ch
r 

fo
d 

bl
d 

15
, 

15
0 

m
g/

kg
/d

ay
 

I5
0 

I5
 

56
3-

12
-2

 
ra

t 
NG

 
re

pr
o 

NG
 

bl
d 

0.
2,

 
I .

02
5 

m
g/

kg
/d

ay
 

1.
02

5 
0.

2 
75

9-
94

-4
 

ra
t 

NG
 

re
pr

o 
fo

d 
bd

w 
0,

 5
0,

 2
00

, 
80

0 
pp

m
 

[b
] 

10
 

3 

21
04

-6
4-

S 
ra

t 
90

 
su

b 
fo

d 
bl

d 
0.

25
, 

1.
25

 m
g/

kg
/d

ay
 

1.
25

 
0.

25
 

0.
25

* 

20
9 

Et
hy

le
ne

 
ch

lor
oh

yd
rin

 
10

7-
07

-3
 

ra
t 

84
 

su
b 

ga
v 

ow
t 

0,
 3

0.
 4

5,
 

67
.5

 m
g/

kg
/d

ay
 

67
.5

 
21

0 
Et

hy
le

ne
 

th
io

ur
ea

 
96

-4
5-

7 
m

u 
90

 
su

b 
fo

d 
en

d 
0,

 1
 W

I. 
10

 [a
l, 

10
0 [

d]
. 

10
00

 [
d]

 p
pm

 
17

 

21
1 

Et
hy

lm
et

hy
lp

he
ny

lg
lyc

id
at

e 
77

-8
3-

8 
ra

t 
73

0 
ch

r 
fo

d 
21

2 
Ex

pr
es

s 
10

12
00

-4
8-

O 
ra

t 
NG

 
re

pr
o 

NG
 

21
3 

Fa
st 

Gr
ee

n 
FC

F 
23

53
-4

5-
9 

m
m

 
73

0 
ch

r 
fo

d 
21

4 
Fe

ba
nt

el
 

58
30

6-
30

-2
 

ra
t 

15
0 

su
b 

fo
d 

21
5 

Fe
na

m
ip

ho
s 

22
22

4-
92

-6
 

rb
t 

73
0 

te
ra

t 
fo

d 
21

6 
Fe

nb
en

da
zo

le
 

43
21

0-
67

-9
 

ra
t 

87
5 

ch
r 

fo
d 

no
s 

bd
w ItI
 

m
ul

t 
bd

w 
m

ul
t 

0,
 0

.0
2,

 
0.

1,
 

0.
5%

 
[d

] 
17

5 
I, 

13
 m

g/
kg

/d
ay

 
I3

 
0,

 
1,

 2
%

 
in

 
di

et
 

34
32

 
0,

 2
0,

 
10

0,
 

50
0 

pp
m

 
in

 d
ie

t 
[a

] 
10

 
0.

 I,
 

0.
3 

m
g/

kg
/d

ay
 

0.
3 

0,
 5

, 
15

, 
45

, 
13

5m
g/

kg
/d

ay
 

I5
 

21
7 

21
8 

21
9 

22
0 

22
1 

22
2 

22
3 

22
4 

Fe
nc

hlo
rp

ho
s 

Fl
uo

m
et

ur
on

 
29

9-
84

-3
 

ra
t 

10
5 

su
b 

fo
d 

21
64

-1
7-

2 
ra

t 
90

 
su

b 
fo

d 
20

6-
44

-O
 

m
us

 
91

 
su

b 
w 

86
-7

3-
7 

m
us

 
91

 
su

b 
w 

59
75

6-
60

-4
 

ra
t 

73
0 

ch
r 

fo
d 

56
42

5-
91

-3
 

ra
t 

NG
 

re
pr

o 
fo

d 
66

33
2-

96
-5

 
rb

t 
NG

 
te

ra
t 

NG
 

69
40

9-
94

-5
 

ra
t 

73
0 

ch
r 

w 

m
ul

t 
m

ul
t 

Fl
uo

re
ne

 
Fh

ni
do

ne
 

Fl
ur

pr
im

id
ol

 
Fl

ut
ol

an
il 

Fl
uv

al
in

at
e 

m
ul

t 
re

p 
m

ul
t 

0,
 0

.5
, 

1.
5,

 5
, 

15
, 

SO
m

g/
kg

/d
ay

 
50

 
8,

 7
5 

m
g/

kg
/d

ay
 

75
 

0,
 

12
5,

 2
50

, 
50

0 
m

g/
kg

/d
ay

 
25

0 
0,

 
12

5,
 2

50
, 

50
0 

m
g/

kg
/d

ay
 

25
0 

0,
 2

00
, 

65
0,

 
20

00
 p

pm
 

[a
] 

25
 

0,
 2

5,
 

10
0,

 
IO

OO
pp

m
 

[b
] 

7 
40

, 
20

0 
m

g/
kg

/d
ay

 
20

0 
0.

 0
.2

5,
 

0.
5,

 
I. 

2,
5m

g/
kg

/d
ay

 
2.

5 

IO
 

no
ne

 
3.

1 

no
ne

 
0.

19
 

0.
05

 8 12
5 

12
5 8 2 40
 I 

50
 3 10
 

l6
* 

3.
1 

15
0 

60
.7

* 
0.

19
 

0.
05

 
47

3 

25
’ 2 

18
01

 
20

0 
75

 
I5

 
0.

2 

45
* 

I .
7*

 

35
 

17
16

 
2’

 
0.

1 

15
; 

8’
 

l2
5*

 
12

5*
 

8 2 40
 

NT
P,

 
19

86
f 

NT
P,

 
19

89
f 

Co
dy

 
ef

 a
l.,

 
19

81
 

Le
e 

CI
 a

l.,
 

19
85

 
Ro

ge
rs

 
ef

 a
l.,

 
19

89
 

Am
er

ica
n 

Ho
ec

hs
t 

Co
rp

., 
19

86
 

Up
jo

hn
 

Co
., 

19
66

 
NT

P,
 

19
89

0 
Ch

em
le

y 
Pr

od
uc

ts,
 

19
67

 
Ro

wl
an

d 
ef

 a
/.,

 
19

90
 

NT
P,

 
19

93
d 

Ch
ev

ro
n.

 
19

85
b 

M
ob

ay
 

Ch
em

ica
l, 

19
75

 
NC

I, 
19

79
s 

du
 

Pa
nt

, 
19

64
 

Am
er

cia
n 

Cy
an

am
id

, 
19

59
 

Pe
nw

al
t 

Ca
rp

, 
19

81
 

NT
P,

 
19

86
g 

Va
n 

Es
ch

, 
19

81
 

NT
P,

 
I9

88
1 

Al
br

id
ge

 
et

 0
1.

. 
19

81
 

By
rd

 
ef

 a
l.,

 
19

90
 

Un
io

n 
Ca

rb
id

e,
 

19
78

 
FM

C 
Co

rp
., 

19
85

 
PP

G
 

In
du

str
ies

, 
19

86
 

M
or

ib
an

i, 
Ni

ss
an

, 
du

 
Pa

nt
, 

Ve
lsi

co
l, 

19
86

 
Os

er
 

er
 a

l.,
 

19
75

 
Ro

hm
 

an
d 

Ha
as

 
Co

.. 
l9

85
a 

Du
nn

in
gt

on
 

et
 a

l.,
 

19
81

 
du

 
Pa

nt
, 

19
86

a 
Ha

ns
en

 
et

 a
l..

 
19

66
b 

Ei
be

n,
 

19
85

 
M

ob
ay

 
Ch

em
ica

l, 
19

82
 

G
ol

de
nt

ha
l, 

19
81

; 
Br

ow
n,

 
19

82
; 

Sa
ue

r, 
19

86
 

M
cC

ol
lis

te
r 

er
 

al
., 

19
59

 
Ci

ba
, 

19
65

 
US

 
EP

A,
 

l9
88

a 
US

 
EP

A,
 

l9
89

e 
El

an
co

 
Pr

od
uc

ts,
 

19
80

a 
El

i 
Li

lly
 

& 
Co

., 
19

86
 

No
r-A

m
 

Ch
em

ica
l 

Co
.. 

19
87

 
Zo

ec
on

. 
19

84
 



22
5 

Fo
lpe

t 
13

3-
07

-3
 

rb
t 

NC
 

te
ra

t 
NG

 
re

p 
IO

, 
40

 m
g/k

g/d
ay

 
40

 
IO

 
22

6 
Fo

no
fos

 
94

4-
22

-9
 

ra
t 

73
0 

ch
r 

fod
 

bld
 

0. 
5. 

1.5
8 

mg
/kg

/da
y 

I .
58

 
0.5

 
IO

 
0.5

 

22
7 

Fo
se

tyl
-a

l 
39

14
8-

24
-g

 
ra

t 
NG

 
re

pr
o 

NG
 

re
p 

30
0. 

60
0 

mg
/kg

/da
y 

60
0 

30
0 

22
8 

Gi
ufo

sin
ate

-a
mm

on
ium

 
77

18
2-

82
-2

 
ra

t 
91

 
su

b 
fod

 
ow

t 
0. 

8, 
64

 
50

0, 
40

00
 p

pm
 

[b]
 

3.2
 

0.4
 

22
9 

Gl
yp

ho
sa

te 
IO

7 
I-8

3-
6 

ra
t 

NC
 

re
pr

o 
fod

 
re

p 
0, 

3, 
IO

, 
30

 m
g/k

g/d
ay

 
30

 
10

 
23

0 
Ha

lox
yfo

pm
eth

yl 
69

80
6-

40
-2

 
rat

s 
NG

 
re

pr
o 

fod
 

ow
t 

0, 
0.0

05
, 

0.0
5, 

I m
g/k

g/d
ay

 
0.0

5 
0.

00
5 

23
1 

Ha
rm

on
y 

79
27

7-
27

-3
 

ra
t 

73
0 

ch
r 

fod
 

mu
lt 

0, 
25

, 
50

0, 
2S

OO
pp

m 
[b]

 
25

 
I 

23
2 

He
pta

ch
lor

 
76

-4
4-

8 
ra

t 
NG

 
re

pr
o 

fod
 

re
p 

0.2
5. 

0.3
5 

mg
/kg

/da
y 

0.3
5 

0.2
5 

23
3 

He
pta

ch
lor

 
ep

ox
ide

 
10

24
-5

7-
3 

ra
t 

NG
 

re
pr

o 
NG

 
re

p 
0.2

5, 
0.5

 m
g/k

g/d
ay

 
0.5

 
0.2

5 
23

4 
He

xa
br

om
ob

cn
ze

ne
 

87
-8

2-
I 

ra
t 

84
 

su
b 

fod
 

bld
 

0, 
IO

, 
20

, 
40

, 
80

. 
16

0 
pp

m 
in 

die
t 

[b]
 

2 
I 

23
5 

He
xa

ch
lor

ob
en

ze
ne

 
11

8-
74

-I 
ra

t 
NG

 
re

pr
o 

fod
 

liv
 

0, 
0.3

2, 
1.6

, 
8.0

. 
40

pp
m 

[b]
 

0.3
 

0.0
8 

23
6 

He
xa

ch
lor

ob
uta

die
ne

 
87

-6
8-

3 
ra

t 
91

 
su

b 
ga

v 
kid

 
0. 

0.4
, 

I, 
2.5

, 
6.3

, 
15

.6m
g/k

g/d
ay

 
2.5

 
I 

30
0 

0.4
; IO
 

0.
00

5 

23
7 

He
xa

ch
lor

oc
yc

loh
ex

an
e, 

p- 
58

-8
9-

9 
ra

t 
73

0 
ch

r 
fod

 
23

8 
He

xa
ch

lor
oc

yc
lop

en
tad

ien
e 

77
-4

7-
4 

ra
t 

91
 

su
b 

@
” 

23
9 

He
xa

ch
lor

oe
tha

ne
 

67
-7

2-
I 

ra
t 

II2
 

su
b 

fod
 

24
0 

He
xa

ch
lor

op
he

ne
 

70
-3

0-
4 

ra
t 

NG
 

re
pr

o 
NG

 

0.2
5 

0.2
5 I* 0.0
8 I* 

git
 

kid
 

re
p 

5, 
IO

, 
50

, 
10

0, 
40

0, 
80

0 
or 

16
OO

pp
m 

[d]
 

5 
2.5

 
0, 

IO
, 

19
, 

38
, 

75
, 

15
0m

g/k
g/d

ay
 

19
 

10
 

0. 
I. 

15
. 

62
 m

g/k
g/d

ay
 

I5 
I 

1, 
3 m

g/k
g/d

ay
 

3 
I 

2.5
 

lo*
 

I* 

24
1 

24
2 

24
3 

24
4 

24
5 

24
6 

24
7 

He
xa

hy
dr

o-
1.3

.5~
trin

itro
-1

,3,
5-

 
tri

az
ine

 
He

xa
me

thy
len

ete
tra

mi
ne

 
He

xa
zin

on
e 

Hy
dr

ala
zin

e 
Hy

dr
az

ob
en

ze
ne

 
Hy

dr
oc

hlo
ro

thi
ati

de
 

Hy
dro

xy
pro

py
l 

me
th

an
et

hio
l- 

su
lfo

na
te,

 
2- 

Hy
dr

ox
yq

uin
oli

ne
, 

8- 
lm

az
ali

l 

I2 
I-8

2-
4 

ra
t 

72
0 

ch
r 

fad
 

10
0-

97
-O

 
mu

s 
42

0 
ch

r 
or

l 
5 1

23
5-

04
-2

 
ra

t 
73

0 
ch

r 
fod

 
86

-5
4-

4 
ra

t 
12

 
ter

at 
P”

 
12

2-
66

-7
 

mu
s 

54
6 

ch
r 

fod
 

58
-9

3-
5 

mu
s 

90
 

su
b 

fod
 

mu
lt 

bd
w 

bd
w 

no
fx 

mu
ll 

kid
 

0, 
0.3

. 
1.5

, 
8, 

40
 m

g/k
g/d

ay
 

1.5
 

0, 
0.5

, 
I, 

5%
 

[c]
 

23
59

 
0, 

20
0. 

10
00

, 
25

00
 p

pm
 

[b]
 

50
 

0, 
15

, 
30

mg
/kg

/da
y 

no
ne

 
0, 

0.0
08

%
. 

0.0
4%

 
[c]

 
69

 
0, 

31
25

, 
62

50
. 

12
,50

0, 
25

,00
0. 

50
,O

OO
pp

m 
[c]

 
12

19
 

0.3
 

11
80

 
IO

 
no

ne
 

no
ne

 

0.3
 

11
80

 
IO

 
30

 
I4 

24
8 

24
9 

14
8-

24
-3

 
35

55
4-

44
-o

 

rb
t 

I3 
ter

at 
P”

 
ra

t 
72

1 
ch

r 
fod

 
ra

t 
73

0 
ch

r 
fod

 

mo
lt 

bd
w 

ow
t 

0. 
0.7

5, 
4, 

7.5
 m

g/k
g/d

ay
 

0, 
15

00
, 

30
00

 p
pm

 
[a]

 
10

, 
40

 m
g/k

g/d
ay

 

4 14
3 

40
 

no
ne

 
no

ne
 

IO
 

25
0 

Im
az

aq
uin

 
81

33
5-

37
-7

 
mu

s 
54

0 
ch

r 
NG

 
bd

w 
15

0, 
60

0 
mg

/kg
/da

y 
60

0 
I50

 
15

0 

25
1 

lod
ina

te
d 

gly
ce

ro
l 

56
34

-3
9-

9 
mu

s 
91

 
su

b 
@

” 
25

2 
Ip

az
ilid

e 
11

54
36

-7
3-

2 
rb

t 
I3 

ter
at 

P”
 

25
3 

lpr
od

ion
e 

36
73

4-
19

-7
 

ra
t 

NG
 

re
pr

o 
NG

 
25

4 
lpr

on
ida

zo
le 

14
88

5-
29

-l 
ra

t 
80

 
re

pr
o 

fod
 

25
5 

lso
pr

op
ati

n 
33

82
0-

53
-o

 
ra

t 
90

 
su

b 
fod

 
25

6 
lso

xa
be

n 
82

55
8-

50
-7

 
ra

t 
73

0 
ch

r 
fod

 
25

7 
Je

rvi
ne

 
46

9-
59

-o
 

mu
 

I 
ter

at 
IF”

 
25

8 
La

cto
fen

 
77

50
1-

63
-4

 
ra

t 
NG

 
re

pr
o 

NG
 

25
9 

La
ns

op
ra

zo
le 

10
35

77
-4

5-
3 

rb
t 

NG
 

ter
at 

W
” 

26
0 

Le
va

mi
so

le 
50

36
-0

2-
2 

ra
t 

91
 

su
b 

fod
 

26
1 

Lin
am

ar
in 

55
4-

35
-8

 
ha

m 
I 

ter
at 

NG
 

26
2 

Lin
ur

on
 

33
0-

55
-2

 
ra

t 
NG

 
re

pr
o 

NG
 

26
3 

Lo
nd

ax
 

83
05

5-
99

-6
 

ra
t 

73
0 

ch
r 

fod
 

26
4 

Ma
lao

xo
n 

16
34

-7
8-

2 
ra

t 
91

 
su

b 
fod

 
26

5 
Ma

lat
hio

n 
12

1-
75

-5
 

ra
t 

73
0 

ch
r 

fod
 

kid
 

no
fx ow
t 

bd
w 

mo
lt 

0, 
31

, 
62

, 
12

5, 
25

0, 
50

0 
mg

/kg
/da

y 
0, 

12
.5,

 2
5, 

50
mg

/kg
/da

y 

mo
lt 

no
fx 

mo
lt 

mo
lt 

mu
lt 

mu
lt 

25
, 

10
0 

mg
/kg

/da
y 

0, 
20

, 
20

0, 
20

00
 p

pm
 

[a]
 

0, 
25

0, 
75

0, 
22

50
 p

pm
 

[d]
 

0, 
12

5, 
12

50
, 

12
,5

00
pp

m 
[a]

 
70

, 
15

0, 
30

0 
mg

/kg
/da

y 
2.5

, 
25

 m
g/k

g/d
ay

 
3, 

10
, 

30
 m

g/k
g/d

ay
 

0. 
10

0, 
40

0, 
16

00
pp

m 
[a

l 
0, 

70
, 

10
0, 

12
0, 

14
Om

g/k
g/d

ay
 

25
0 

no
ne

 
10

0 
10

0 
70

.5 
50

.7 
no

ne
 

25
 

30
 

40
 

12
0 

6.2
5 

30
9 

no
ne

 
50

 
25

 
10

 
23

.5 5 
no

ne
 

2.5
 

no
ne

 
no

ne
 

12
5*

 
50

 
25

 
10

’ 
23

.5
* 

30
0 

2.5
 

26
6 

Ma
lei

c 
an

hy
dr

ide
 

10
8-

31
-6

 
ra

t 
90

 
su

b 
fod

 

mo
lt 

1.2
5. 

6.2
5 

mg
/kg

/da
y 

mo
lt 

30
, 

30
9 

mg
/kg

/da
y 

ItI 
0, 

12
5, 

25
0, 

50
0, 

10
00

, 
20

00
, 

40
00

, 
80

00
 p

pm
 

[c]
 

40
0 

mu
lt 

5, 
50

 m
g/k

g/d
ay

 
50

 

kid
 

0, 
20

, 
40

, 
10

0, 
25

0, 
60

0 
mg

/kg
/da

y 
10

0 

I .
25

 
30

 
no

ne
 

5 

IO
 

IO
’ 

10
0 

1.2
5 

30
 

20
0’ 

40
 

40
* 

Ch
ev

ro
n. 

19
65

 
St

au
ffe

r 
Ch

em
ica

l 
Co

.. 
I96

8 
Rh

on
e-

Po
ule

nc
, 

19
81

 b 
Ho

es
ch

t, 
19

82
 

Mo
ns

an
to 

Co
., 

19
81

 
Do

w 
Ch

em
ica

l. 
19

85
 

do
 P

on
t, 

19
86

b 
Ve

lsi
co

l 
Ch

em
ica

l, 
19

55
 

Ve
lsi

co
l 

Ch
em

ica
l. 

19
59

 
Me

nd
oz

a 
et 

01
.. 

19
77

 
Ar

no
ld 

YI
 n

l., 
19

85
 

Ha
rle

ma
n 

an
d 

Se
ine

n.
 

I97
9 

Fit
zh

ug
h, 

19
50

 
Ab

do
 

rf 
al.

, 
19

84
 

Go
rzi

ns
ki 

et 
al.

. 
19

85
 

Ka
le 

La
bo

ra
tor

ies
. 

19
79

 

US
 D

OD
, 

19
83

 
De

lla
 

Po
rta

 
e, 

al.
, 

19
68

 
du

 P
an

t. 
19

77
 

Pr
yd

e 
CI

 a
l., 

19
93

 
NC

I, 
19

78
n 

NT
P,

 
19

89
h 

Ad
am

 
cf 

al.
, 

19
90

 
NT

P,
 

19
85

f 
Ja

ns
se

n 
R 

& 
D,

 
inc

.. 
19

67
 

Am
er

ica
n 

Cy
an

am
id.

 
19

85
 

NT
P.

 
l99

Od
 

Br
ow

n 
CI

 a
l., 

19
91

 
Rh

on
e-

Po
ule

nc
, 

I97
6 

Da
le.

 
19

76
 

El
an

co
 

Pr
od

uc
ts,

 
19

69
 

El
an

co
 

Pr
od

uc
ts,

 
19

85
 

Om
ne

ll 
et 

al.
. 

19
90

 
PP

G 
Ind

us
trie

s, 
19

83
 

Sc
ha

rd
ein

 
CI

 a
l., 

19
90

 
Ma

rsb
oo

m 
rr 

al.
, 

19
69

 
Fr

ak
es

 
ef 

al.
. 

19
85

 
du

 P
an

t, 
19

84
 

du
 P

on
t. 

l98
6c

 
NC

I, 
19

79
j 

Am
er

ica
n 

Cy
an

am
id.

 
19

80
 

US
 E

PA
, 

19
75

 



26
1 

26
8 

26
9 

27
0 

27
1 

27
2 

Ma
lei

c 
hy

dr
a&

e 
Ma

nid
ipi

ne
 

hy
dr

oc
hlo

rid
e 

Me
lam

ine
 

Me
piq

ua
t 

ch
lor

ide
 

Me
rca

pto
be

ru
oth

iaz
ole

, 
2- 

Me
rp

ho
s 

12
3-

33
-l 

I26
22

9-
 

12
-l 

10
8-

78
-l 

24
30

7-
26

-4
 

14
9-

30
-4

 
15

0-
50

-5
 

27
3 

Me
rp

ho
s 

ox
ide

 
27

4 
Me

so
-2

.3-
dim

er
ca

pto
su

cc
ini

c 
ac

 
21

5 
Me

tal
ax

yl 
27

6 
Me

th
am

ido
ph

os
 

27
7 

Me
th

ida
th

ion
 

27
8 

Me
tho

my
l 

27
9 

Me
tho

xy
ch

lor
 

:id
 

78
-4

8-
8 

30
4-

55
-2

 
57

83
7-

19
-1

 
10

26
5-

92
-6

 
95

0-
37

-8
 

16
15

2-
11

-5
 

72
-4

3-
5 

28
0 

28
1 

28
2 

28
3 

28
4 

Me
tho

xy
ps

or
ale

n, 
S-

 
Me

thy
l 

ca
rb

am
ate

 
Me

thy
l 

eth
yl 

ke
tox

im
e 

Me
thy

l 
pa

ra
thi

on
 

Me
thy

W
ch

lor
op

he
no

xy
ac

eti
c 

ac
id,

 
2- 

29
8-

81
-l 

59
8-

55
-O

 
96

-2
9-

7 
29

8-
00

-o
 

94
-7

4-
6 

28
5 

Me
thy

l-N
-m

eth
yla

nth
ra

nil
ate

 
85

-9
1-

6 
28

6 
Me

thy
ldo

pa
 

se
sq

uih
yd

ra
te,

 
Q-

 
41

37
2-

80
-I 

28
7 

Me
thy

lol
ac

ryl
am

ide
, 

N-
 

92
4-

42
-5

 
28

8 
Me

tol
ac

hlo
r 

51
21

8-
45

-2
 

28
9 

Me
tri

bu
zin

 
21

08
7-

64
-9

 
29

0 
Me

xa
ca

rb
ate

 
31

5-
18

-4
 

29
1 

Mi
po

ra
mi

cin
 

73
68

4-
69

-2
 

29
2 

Mi
re

x 
23

85
-8

5-
5 

29
3 

Mo
lin

at
e 

22
12

-6
7-

I 

29
4 

29
5 

29
6 

29
1 

29
8 

Mo
no

die
th

an
ola

mi
ne

 
sa

lt 
of 

rib
ofl

av
in-

5’-
ph

os
ph

ate
 

Mo
nu

ro
n 

Na
led

 
Na

lid
ixi

c 
ac

id 
Na

ph
tho

xy
 

ac
eti

c 
ac

id,
 

2- 

15
0-

68
-5

 
30

0-
76

-5
 

38
9-

08
-2

 
12

0-
23

-o
 

rb
t 

NG
 

rb
t 

I3 
ter

at 
NG

 
ter

at 
w 

su
b 

fod
 

ch
r 

fod
 

su
b 

w 
su

b 
fod

 

fod
 

ter
 

mo
lt 

kid
 

bd
w 

10
0, 

30
0 

mg
/kg

/da
y 

30
0 

0, 
IO

, 
30

, 
lO

Om
g/k

g/d
ay

 
10

0 
0, 

75
0,

 
15

00
, 

30
00

, 
60

00
, 

12
,0

00
 p

pm
 

[cl
 

33
9 

50
, 

I50
 m

g/k
g/d

ay
 

I50
 

0, 
94

, 
18

8, 
37

5, 
75

0,
 

15
00

 m
g/k

g/d
ay

 
37

5 
0. 

I, 
0.2

5 
mg

/kg
/da

y 
0.

25
 

10
0 

30
 

no
ne

 
50

 

10
0 

30
 

I 7
0*

 
50

 
18

8; 
0.1

. 

0.
25

 
0.

25
 

40
0 

40
0 

12
.5 

12
.5 

Un
iro

ya
l 

Ch
em

ica
l, 

19
83

 
Mo

rse
th 

an
d 

Iha
ra

, 
19

89
 

NT
P.

 
19

83
d 

BA
SF

, 
19

79
 

NT
P,

 
19

88
g 

Vi
rg

ini
a 

Ca
ro

lin
a 

Ch
em

ica
l 

Co
rp

., 
19

58
 

Mo
ba

y 
Ch

em
ica

l, 
19

69
 

Do
mi

ng
o 

er 
al.

, 
19

90
 

Ci
ba

, 
19

80
a 

Mo
ba

y 
Ch

em
ica

l, 
l98

4b
 

Ci
ba

, 
19

86
 

do
 

Po
nt

. 
19

8la
 

Ki
nc

aid
 

En
ter

pr
ise

s, 
Inc

.. 
I98

6 
NT

P,
 

19
89

i 
Qu

es
t 

PI
 a

l., 
19

87
 

Me
rci

ec
a 

et 
al.

, 
19

91
 

Mo
ns

an
to 

Co
., 

l98
4b

 

ra
t 

ra
t 

91
 

73
0 

0.
25

, 
1.2

5 
mg

/kg
/da

y 
0, 

20
0, 

40
0, 

80
0 

mg
/kg

/da
y 

0, 
25

0, 
12

50
 p

pm
 

[a]
 

1,
 3

 w
/kg

/d
ay

 
0.

2,
 2

 m
g/k

g/d
ay

 
5,

 I
O 

m
g/

kg
/d

ay
 

0, 
5, 

36
, 

25
1 

mg
/kg

/da
y 

0, 
25

, 
50

, 
10

0, 
20

0, 
40

0 
mg

/kg
/da

y 
0. 

50
. 

10
0. 

20
0. 

40
0. 

80
0 

me
lka

ida
v 

0; 
8, 

‘14
, 

24
, 

40
mg

/kg
/da

y 
_ 

-’ 
. 

tIll
IS

 ra
t 

91
 

II2
 

bld
 

ch
r 

re
pr

o 
ch

r 
ter

at 
ch

r 
ch

r 
ter

at 

ga
v 

fod
 

fod
 

fod
 

fod
 

fod
 

ne
u 

mu
lt liv
 

mu
lt 

mu
lt 

ma
lt 

mu
lt 

1.2
5 

80
0 

62
.5

 
3 2 10

 
36

 

0.
2 5 

0.
2 5 5 

su
b 

su
b 

ter
at 

ch
r 

w ga
v 

w fod
 

ow
t liv
 

mo
lt 

ow
t 

0, 
0.5

, 
5, 

50
 p

pm
 

in 
die

t 
[b]

 

50
 

20
0 24
 

0.
25

 
0.

02
5 

25
’ 

10
0’

 
I4 

0.
02

5 

NG
 

re
p 

1.5
, 

22
.5 

mg
/kg

/da
y 

22
.5

 
1.

5 
7.

5’
 

su
b 

fod
 

ow
t 

su
b 

fod
 

mo
lt 

su
b 

w 
ne

u 
re

pr
o 

fod
 

mu
lt 

ch
r 

fod
 

mo
lt 

ch
r 

fod
 

OW
 

ter
at 

NG
 

co
n 

ch
r 

fod
 

liv
 

re
pr

o 
ga

v 
re

p 

0, 
30

0, 
12

00
, 

36
00

 p
pm

 
in 

die
t 

[a]
 

0, 
31

00
, 

63
00

, 
12

,50
0, 

25
,00

0. 
50

,O
OO

pp
m 

[cl
 

0, 
12

.5,
 2

5, 
50

, 
10

0, 
20

0 
mg

/kg
/da

y 
0, 

30
, 

30
0, 

10
00

 p
pm

 
[a]

 
5, 

15
 m

g/k
g/d

ay
 

60
 

71
2 25
 

50
 

I5 23
 

20
0 

0.
86

 
4 

15
* 

35
0*

 
12

.5
’ 

15
’ 

0, 
68

, 
13

5 
pp

m 
[c]

 
40

, 
20

0, 
IW

O 
mg

/kg
/da

y 
0,

 
1,

 5
, 

15
, 

3O
pp

m
 

PI
 

0, 
0.2

, 
4, 

12
, 

30
, 

60
 m

g/k
g/d

ay
 

5 12
 

40
 

0.
17

 
0.

2 

su
b 

fod
 

bld
 

I, 
4, 

IO
, 

40
 m

g 
da

ily
 

[a]
 

50
 

20
’ 

su
b 

fod
 

ch
r 

ga
v 

su
b 

fod
 

ter
at 

NG
 

bd
w 

0, 
75

0,
 

15
00

, 
30

00
, 

60
00

, 
12

,0
00

 p
pm

 
[cl

 
15

0 
0. 

0.2
. 

2. 
10

 m
eik

eld
av

 
2 

0, 
IO

&,
 

‘20
00

, 
-G

, 
Sb

oo
, 

16
,0

00
 p

pm
 

[cl
 

20
0 

0, 
62

.5,
 

12
5, 

25
0 

mg
/kg

/da
y 

25
0 

no
ne

 
0.

2 
75

* 
0.

2 
10

0’
 

I25
 

ra
t 

73
0 

mu
s 

35
 

ra
t 

73
0 

ra
t 

NG
 

ra
t 

73
0 

ra
t 

73
0 

rb
t 

I3 

ra
t 

90
 

ra
t 

90
 

rb
t 

I3 
ra

t 
73

0 

ra
t 

36
4 

ra
t 

90
 

ra
t 

91
 

ra
t 

90
 

ra
t 

15
7 

ra
t 

73
0 

m
us

 
54

6 
ra

t 
NG

 

no
s 

ow
t 

bd
w 

fod
 

bd
w 

0, 
10

, 
30

, 
10

0 
mg

/kg
/da

y 
10

0 

ch
r 

fod
 

ch
r 

fod
 

ch
r 

fod
 

su
b 

w 
ch

r 
fod

 
su

b 
fod

 
ch

r 
fod

 
su

b 
fod

 
ch

r 
fod

 

bd
w 

bd
w 

bd
w liv
 

mo
lt tes
 

mo
lt 

bd
w 

bd
w 

0, 
12

5, 
25

0, 
50

0, 
IO

OO
pp

m 
[c]

 
72

 
0, 

0.0
05

, 
0.0

1%
 

pp
m 

[c]
 

8 
0,

 5
50

, 
11

00
 p

pm
 

[cl
 

81
 

0, 
I, 

3, 
IO

. 
30

, 
10

0 
mg

/kg
/da

y 
IO

 
0,

 0
.4

6,
 

1.5
0%

 
[c]

 
II8

5 
0, 

60
0, 

13
00

. 
25

00
, 

50
00

, 
10

,0
00

 p
pm

 
[cl

 
25

0 
0. 

15
0. 

31
0 

pp
m 

[a]
 

33
 

0. 
10

0. 
31

6, 
10

00
 m

g/k
g/d

ay
 

10
00

 
0.

 0
.0

6,
 

0.1
8%

 
[c]

 
16

5 

Ind
us

try
 

Ta
sk

 
Fo

rce
 

on
 

MC
PA

, 
19

86
 

Ga
un

t 
PI

 a
l., 

19
70

b 
NT

P,
 

l98
9j 

NT
P,

 
19

89
k 

Ci
ba

, 
19

8lb
 

Mo
ba

y 
Ch

em
ica

l, 
19

74
 

NC
I, 

19
78

0 
Fu

ru
ha

sh
i 

er 
a/.

, 
19

89
 

Fu
lfs

 
et 

al.
, 

19
77

 
St

au
ffe

r 
Ch

em
ica

l 
Co

., 
19

81
 

Ra
nd

all
, 

19
50

 

29
9 

NT
P,

 
19

88
11

 
Ch

ev
ro

n, 
19

84
a 

NT
P,

 
19

89
1 

He
nw

oo
d 

an
d 

Os
im

itz
, 

da
te 

un
kn

ow
n 

St
au

ffe
r 

Ch
em

ica
l 

Co
.. 

19
78

 
Le

vin
sk

as
 

t-f 
al.

, 
19

66
 

NC
I. 

19
78

~ 
NC

I, 
19

78
q 

NT
P.

 
l99

3e
 

NC
I. 

l97
8r

 
NT

P,
 

l98
9q

 
NT

P,
 

19
88

1 
Mo

rg
an

 
ct 

al.
. 

19
88

 
NC

I. 
19

78
s 

30
 

36
 

4 43
 

3’
 

36
3 

13
0’

 
I6 31
6*

 
55

 

IllU
S 

54
0 

ra
t 

NG
 

15
29

9-
99

-7
 

ra
t 

20
3 

ra
t 

91
 

ra
t 

73
0 

ra
t 

90
 

ra
t 

NG
 

ra
t 

NG
 

ra
t 

73
0 

ra
t 

54
6 

ra
t 

54
6 

76
81

-9
3-

8 
99

-5
5-

8 
53

07
- 

14
-2

 
10

0-
01

-6
 

61
9-

17
-o

 
67

-2
0-

9 
59

-8
7-

O 
55

6-
88

-7
 

ra
t 

90
 

86
-5

7-
7 

ra
t 

54
6 

mu
s 

90
 

ra
t 

54
6 

ra
t 

91
 

mu
s 

72
1 

12
5 

30
 

no
ne

 
30

0 
30

1 
Na

tam
yc

in 
Ni

tro
-o

-to
lui

din
e, 

5- 
Ni

tro
-p

-p
he

ny
len

ed
iam

ine
, 

2- 
Ni

tro
an

ilin
e,

 
p- 

Ni
tro

an
thr

an
ilic

 
ac

id,
 

4- 
Ni

tro
fur

an
toi

n 
Ni

tro
fur

az
on

e 
Ni

tro
gu

an
idi

ne
 

Ni
tro

na
ph

th
ale

ne
, 

l- 

30
2 

30
3 

30
4 

30
5 

30
6 

30
7 

30
8 

no
ne

 
no

ne
 

no
ne

 
no

ne
 

31
6 



30
9 

Ni
tro

so
di

ph
en

yla
m

in
e.

 
N-

 
86

-3
0-

6 
ra

t 
77

 
fo

d 
bd

w 

31
0 

31
1 

31
2 

31
3 

27
31

4-
13

-2
 

rb
t 

NG
 

te
ra

t 
NG

 
re

p 
30

3-
47

-9
 

m
us

 
I 

te
ra

t 
ga

v 
te

r 
32

53
6-

52
-O

 
ra

t 
90

 
su

b 
ga

v 
liv

 
26

91
-4

1-
o 

ra
t 

91
 

su
b 

fo
d 

liv
 

31
4 

No
rfl

ur
az

on
 

Ck
hr

at
ox

in 
A 

Ck
ta

br
om

od
ip

he
ny

l 
et

he
r 

Ck
ta

hy
dr

o-
1.

3,
5,

7-
te

tra
nit

ro
- 

1,
3,

5,
7-

te
tra

zo
cin

e 
Ol

aq
ui

nd
ox

 
23

69
6-

28
-8

 
ga

v 

31
5 

31
6 

31
7 

31
8 

31
9 

32
0 

Or
an

ge
 

RN
 

Or
yz

ali
n 

Ox
ad

iaz
on

 
Ox

am
vl 

Ox
fe

nh
az

ole
 

Ox
yll

uo
rfe

n 

19
34

-2
0-

9 
19

04
4-

88
-3

 
19

66
6-

30
-9

 
23

13
5-

22
-o

 
53

71
6-

50
-o

 
42

87
4-

03
-3

 

ra
t 

91
 

ra
t 

73
0 

ra
t 

NG
 

ra
t 

73
0 

ra
t 

73
0 

ra
t 

90
 

m
us

 
60

0 

m
us

 
IO

 
m

us
 

91
 

ra
t 

11
2 

ra
t 

90
 

ra
t 

NG
 

ra
t 

56
0 

ra
t 

73
0 

ra
t 

90
 

ra
t 

91
 

ra
t 

90
 

ra
t 

91
 

m
us

 
91

 
ra

t 
73

0 
ra

t 
98

 
m

us
 

73
0 

ra
t 

54
6 

ra
t 

91
 

m
us

 
71

4 
ra

t 
90

 
ra

t 
90

 

ch
r 

re
pr

o 
ch

r 
ch

r 

ch
r 

fo
d 

ow
t 

NG
 

w
 

fo
d 

m
ul

t 
fa

d 
bd

w 
fo

d 
bl

d 
fo

d 
liv

 

32
1 

Ox
yte

tra
cy

cli
ne

 
79

-5
7-

2 
32

2 
Ox

yte
tra

cy
cli

ne
 

hy
dr

oc
hl

or
id

e 
20

58
-4

6-
o 

32
3 

Ox
yth

ioq
uin

ox
 

24
39

-O
 I

-2
 

32
4 

Pa
clo

bu
tra

zo
l 

76
73

8-
62

-O
 

te
ra

t 
w

 
ow

t 
su

b 
fo

d 
bd

w 
su

b 
fo

d 
bd

w 
su

b 
fo

d 
m

ol
t 

32
5 

Pa
ra

qu
at

 
19

10
-4

2-
5 

32
6 

Pa
ra

th
io

n 
56

-3
8-

2 
32

7 
Pa

t&
 

14
9-

29
7 

I 
32

8 
Pe

nd
im

et
ha

lin
 

40
48

7-
42

-I 

te
ra

t 
ch

r 
re

pr
o 

su
b 

NG
 

m
ol

t 
fo

d 
m

ul
t 

ga
v 

bd
w 

fo
d 

m
ul

t 

0,
 

10
00

,2
00

0,
30

00
.4

00
0,

60
00

.8
00

0.
 

10
.0

00
 p

pm
 

[cl
 

10
. 

30
 m

g/
kg

/d
ay

 
0.

 
I. 

2.
 4

 m
g/

kg
/d

ay
 

0.
 0

.6
2,

 
1.

25
, 

2.
51

, 
5.

01
. 

10
.0

2,
 

20
,0

4m
g/

kg
/d

ay
 

0.
 

50
, 

15
0,

 4
50

. 
13

50
, 

40
00

 m
g/

kg
/d

ay
 

0,
 

I, 
5.

 2
0 

m
g/

kg
/d

ay
 

30
0 

40
0 10
 

40
0’

 

IO
 

NC
I, 

l9
79

k 

Sa
nd

oz
, 

In
c..

 
19

83
 

Ar
or

a 
an

d 
Fr

ol
en

, 
19

81
 

Ca
rls

on
, 

19
80

a 
US

 
DO

D.
 

19
85

 

Ho
ffm

an
n.

 
19

72
, 

Ur
wi

n 
an

d 
Sp

ice
r, 

19
71

 
Da

cr
e,

 
19

69
 

El
an

co
 

Pr
od

uc
ts,

 
19

80
b 

Rh
on

e-
Po

ul
en

c.
 

I9
8 

I c
 

do
 

Po
nt

, 
19

72
 

Ki
lle

en
 

an
d 

Ra
pp

. 
19

74
 

Ro
hm

 
an

d 
Ha

as
 

Co
.. 

19
77

 
M

or
ris

se
y 

(‘I
 u

l..
 

19
86

 
NT

P,
 

19
87

d 
Do

ul
l 

r, 
al

.. 
19

63
 

IC
I 

Am
er

ica
s,

 
In

c..
 

I9
83

 
Ch

ev
ro

n,
 

19
71

 
NC

I. 
19

79
1 

Be
cc

i 
et

 a
l.,

 
I9

8 
I 

Am
er

ica
n 

Cy
an

am
id

. 
I9

74
 

NT
P,

 
19

88
j 

Ca
rls

on
, 

l9
80

b 
NT

P,
 

l9
83

e 
NT

P,
 

l9
87

e 
Sc

hw
et

z 
et

 a
l.,

 
19

78
 

NT
P.

 
l9

89
m

 
FM

C 
Co

rp
.. 

19
79

 
NC

I, 
l9

77
a 

NT
P,

 
19

88
k 

NC
I, 

19
78

t 
NT

P,
 

19
9O

e 
Ho

fe
r 

et
 

al
., 

19
82

 
NT

P,
 

l9
87

f 
St

au
ffe

r 
Ch

em
ica

l 
Co

.. 
I9

67
 

NC
I, 

l9
79

m
 

NC
I, 

l9
77

b 
NC

I, 
l9

79
n 

NC
I. 

19
79

0 
Do

w 
Ch

em
ica

l. 
19

86
 

Ya
m

am
or

i 
et

 a
l.,

 
19

91
 

IC
I 

Am
er

ica
s,

 
In

c..
 

19
73

 
M

as
on

 
PI

 a
/. 

19
74

 

30
 

2 5 15
0 

no
ne

 
2.

51
 

2.
i1

* 
50

* I’ 36
 

12
.5

 
0.

5 
2.

5 
3.

8*
 

0.
3 

I6
70

 
34

50
’ 

2.
2’

 
12

.5
* 

32
9 

33
0 

33
1 

33
2 

33
3 

33
4 

33
5 

33
6 

33
7 

33
8 

33
9 

34
0 

34
1 

34
2 

Pe
ni

ci
lli

n 
VK

 
13

2-
98

-9
 

Pe
nt

ab
ro

m
od

ip
he

ny
l 

et
he

r 
32

53
4-

81
-9

 
Pe

nt
ac

hl
or

oe
th

an
e 

76
-0

1-
7 

Pe
nt

ac
hl

or
on

itr
ob

en
ze

ne
 

82
-6

8-
8 

Pe
nt

ac
hl

or
op

hc
no

l 
87

-8
6-

5 
Pe

nt
ae

ry
th

tit
ol

 
te

tra
ni

tra
te

 
78

-1
1-

5 
Pe

rm
et

hr
in

 
52

64
5-

53
-I 

Ph
en

fo
tin

 
11

4-
86

-3
 

Ph
en

yl-
2-

na
ph

th
yla

m
in

e,
 

n-
 

13
5-

88
-6

 
Ph

en
yl-

3-
m

et
hy

l-5
-p

yr
az

ol
on

e,
 

I- 
89

-2
5-

8 
Ph

en
ylb

ut
az

on
e 

50
-3

3-
9 

Ph
en

yle
ne

di
am

in
e,

 
m

- 
10

8-
45

-2
 

Ph
en

yie
ph

tin
e 

hy
dr

oc
hl

or
id

e 
61

-7
6-

7 
Ph

os
m

et
 

73
2-

l 
1-

6 

34
3 

34
4 

34
5 

34
6 

34
7 

34
8 

34
9 

Ph
os

ph
am

id
on

 
Ph

ot
od

ie
ld

rin
 

Ph
th

al
am

id
e 

Ph
th

al
ic 

an
hy

dr
id

e 
Pi

clo
ra

m
 

Pi
lsi

ca
in

id
e 

hy
dr

oc
hl

or
id

e 

13
17

1-
21

-6
 

13
36

6-
73

-9
 

88
-9

6-
O 

85
-4

4-
9 

19
18

-0
2-

I 
88

06
9-

67
-4

 
29

23
2-

93
-7

 

35
0 

Po
nc

ea
u 

4R
 

26
1 

l-8
2-

7 

50
 

0.
 0

.0
5,

 
0.

25
%

 
in

 d
ie

t 
[c]

 
12

.5
, 

37
.5

 m
g/

kg
/d

ay
 

0,
 

10
, 

10
0,

 
10

00
, 

3d
pp

m
 

[b
] 

0,
 

50
, 

10
0,

 
I5

0 
pp

m
 

[b
] 

0,
 

50
, 

10
0,

 2
00

, 
60

0,
 

20
00

 p
pm

 
[a

] 
0,

 
2,

 20
, 2

00
 pp

m
 

PI
 

0,
 

13
25

, 
16

70
, 

21
00

 m
g/

kg
/d

ay
 

0,
 

31
00

, 
63

00
, 

12
.5

00
, 

25
,0

00
, 

50
.0

00
pp

m
 

[d
] 

0,
 

10
, 

25
, 

50
pp

m
 

in
 d

ie
t 

[c]
 

0,
 

50
, 

25
0.

 
12

50
 p

pm
 

[b
] 

18
0 

no
ne

 
37

.5
 

12
.5

 
0.

5 
2.

5 
no

ne
 

0.
3 

16
70

 
no

ne
 

7.
7 

21
00

 

4.
4 

62
.5

 
12

.5
 

1.
 5

 m
g/

kg
/d

ay
 

0,
 

23
, 

45
 m

m
 k

l 
5 3.
5 

I 
no

ne
 

1.
8 

0.
04

 
25

* 

37
0’

 
I .

77
* 

12
5*

 
22

5*
 

0,
 0

.1
, 

0.
j; 

1.
5.

i&
kg

 
bw

 
x 

3/
we

ek
 

0.
2 

25
, 

25
0 

m
g/

kg
/d

ay
 

25
0 

0,
 

18
0,

 
37

0,
 

75
0,

 
15

00
, 

30
00

 m
g/

kg
/d

ay
 

0,
 0

.4
4,

 
0.

88
, 

1.
77

, 
3.

53
, 

7.
06

, 
14

.1
2m

g/
kg

/d
dy

 
0,

 
5,

 1
0,

 5
0,

 
12

5,
 

25
0m

g/
kg

/d
ay

 
0,

 
12

50
, 

25
00

, 
50

00
, 

10
,0

00
, 

20
,O

OO
pp

m
 

[c]
 

0,
 

3,
 1

0,
 3

0 
m

g/
kg

/d
ay

 
0,

 
31

00
, 

62
00

, 
12

,5
00

, 
25

,0
00

. 
50

.O
OO

pp
m

 
[c]

 
3,

 3
75

 m
g/

kg
/d

ay
 

0,
 4

00
, 

80
0 

pp
m

 
[cl

 
0,

 
25

00
, 

50
00

, 
10

,0
00

, 
20

,0
00

, 
40

,O
OO

pp
m

 
[cl

 
0,

 
75

00
, 

15
,0

00
 p

pm
 

[c]
 

0,
 2

5,
 

50
, 

10
0,

 2
00

, 
3O

Om
g/

kg
/d

ay
 

0,
 2

, 
6,

 
I8

 m
g/

kg
/d

ay
 

0,
 

12
50

, 
25

00
, 

50
00

, 
10

,0
00

, 
20

,0
00

pp
m

 
[c]

 
0,

 2
0,

 
40

, 
40

0 p
pm

 b
l 

75
0 

3.
3 

25
0 

45
0 IO
 

I4
1 

I 
37

5 
73

 
56

5 
25

95
 

50
 

18
 

28
2 

20
 

25
 

su
b 

su
b 

su
b 

su
b 

ch
r 

ga
v 

ga
v 

gi
t 

liv
 

bd
w 

ow
t 

m
ul

t 
ow

t 
ow

t 
bd

w 
ow

t 
bd

w 
kid

 

no
ne

 
I .

77
 

w
 

fo
d 

fo
d 

fo
d 

fo
d 

fo
d 

fo
d 

fo
d 

w or
l 

fo
d 

fo
d 

no
ne

 
no

ne
 

3 
70

0;
 

? 
ch

r 
ch

r 
su

b 
ch

r 

3 
no

ne
 

;7
 

28
2*

 
I2

97
 

25
’ 

6*
 

14
1*

 

no
ne

 
no

ne
 

no
ne

 
6 

m
ol

t 
bd

w 
m

ul
t 

ch
r 

fo
d 

ch
r 

fo
d 

ch
r 

fo
d 

ch
r 

fo
d 

ch
r 

fo
d 

te
ra

t 
w 

ch
r 

fo
d 

m
ul

t 
ne

u 
m

ol
t 

bd
w liv
 

no
fx bl
d 

0,
 8

%
 16

0 p
pm

 [c
l 

0,
 

5,
 1

0 
pp

m
 

[cl
 

0,
 6

20
0,

 
12

,5
00

, 
25

,0
00

 
pp

m
 

[c]
 

0,
 

75
00

, 
15

,0
00

 p
pm

 
[c]

 
20

, 6
0 

m
g/

kg
/d

ay
 

0,
 

5,
 I

O,
 2

0m
g/

kg
/d

ay
 

0.
5,

 
2.

5 
m

g/
kg

/d
ay

 

12
.3

 
0.

7 
21

63
 

11
85

 
no

ne
 

60
 

20
 

no
ne

 
2.

5 

fo
d 

kid
 

0.
 0

.0
1,

 
0.

05
, 

0.
25

, 
1.

25
%

 
[c]

 
43

2 

su
b 

su
b 

ch
r 

ra
t 

84
 

ra
t 

73
0 

no
ne

 
2 

ra
t 

56
0 

ra
t 

56
0 

m
us

 
74

2 
ra

t 
73

5 
ra

t 
73

0 
rb

t 
I3

 
ra

t 
73

0 

m
us

 
57

4 

6.
2 

0.
35

 
10

73
 

59
2 

20
 

20
 

0.
5 86

 

20
 

0.
5 86
 



35
1 

35
2 

35
3 

Pr
av

ad
oli

ne
 

Pr
ob

en
ec

id 
92

62
3-

83
-l 

ra
t 

71
 

57
-6

6-
9 

mu
s 

90
 

67
74

7-
09

-5
 

ra
t 

NG
 

NG
 

su
b 

ga
v 

ter
at 

NG
 

re
p 

0, 
32

, 
10

0, 
30

0 
mg

/kg
/da

y 
30

0 
mu

lt 
0, 

10
0, 

20
0, 

40
0, 

80
0, 

16
OO

mg
/kg

/da
y 

20
0 

bd
w 

5. 
22

 m
g/k

g/d
ay

 
22

 
no

ne
 

10
0; 

loo
* 5 

35
4 

35
5 

35
6 

35
7 

35
8 

Pr
ofl

av
ine

 
mo

no
hy

dr
oc

hlo
rid

e 
he

mi
hy

dr
ate

 
Pr

om
eth

az
ine

 
hy

dr
oc

hlo
rid

e 
Pr

om
eto

n 
Pr

om
etr

yn
 

Pr
on

am
ide

 

95
2-

23
-8

 
ra

t 
76

3 
ch

r 
fod

 
liv

 
0, 

30
0, 

60
0 p

pm
 E

l 
58

-3
3-

3 
mu

s 
90

 
su

b 
ga

v 
ow

t 
0, 

5, 
15

, 
45

, 
13

5, 
40

5 
mg

/kg
/da

y 
16

10
-1

8-
O 

rb
t 

NG
 

ter
at 

NG
 

bd
W

 
3.5

, 
24

.5 
mg

/kg
/da

y 
72

87
-1

9-
6 

rb
t 

NG
 

ter
at 

fod
 

mu
lt 

0, 
15

, 
15

0, 
15

OO
pp

m 
[b]

 
23

95
0-

58
-5

 
ra

t 
90

 
su

b 
fod

 
ow

t 
2.5

, 
7.5

 m
g/k

g/d
ay

 

47
 15
 

24
.5 

24
 

5’ 3.5
 

35
9 

Pr
op

ac
hlo

r 
19

18
-1

6-
7 

ra
t 

90
 

su
b 

fod
 

36
0 

Pr
op

an
il 

70
9-

98
-8

 
ra

t 
73

0 
ch

r 
fod

 

72
 

7.5
 

13
3.

3 
20

 

3.5
 

12
 

2.5
 

13
.3 5 

I2 2.
5*

 

0, 
1.3

, 
13

.3,
 

13
3.3

mg
/kg

/da
y 

0,
 1

0%
 40

%
 l@

JO
pp

m
 bl

 
13

.3
* 

36
1 

Pr
op

ar
git

e 
23

12
-3

5-
8 

rb
t 

13
 

ter
at 

ga
v 

bd
W

 
0, 

2, 
6, 

10
, 

18
 m

g/k
g/d

ay
 

6 

36
2 

36
3 

36
4 

36
5 

36
6 

36
7 

Pr
op

az
ine

 
Pr

oo
ha

m 

Pr
op

ive
rin

e 
hy

dr
oc

hlo
rid

e 
(P

-4)
 

Pr
op

yle
ne

 
dic

hlo
rid

e 
Pu

rsu
it 

13
9-

40
-2

 
ra

t 
12

2-
42

-9
 

ra
t 

60
20

7~
90

- 
1 

ra
t 

54
55

6-
98

-8
 

ra
t 

78
-8

7-
5 

ra
t 

81
33

5-
77

-5
 

rb
t 

NG
 

90
 

73
0 91
 

10
 

NG
 

re
pr

o 
NG

 
w 

5, 
50

 W
WW

 
su

b 
fod

 
ow

t 
0, 

25
0, 

10
00

, 
20

00
 p

pm
 

[b]
 

ch
r 

NG
 

pi
t 

5, 
25

 w
/b/

da
y 

su
b 

NG
 

no
s 

0, 
2, 

10
, 

50
 m

g/k
g/d

ay
 

ter
at 

w 
mu

lt 
0, 

10
, 

30
, 

12
5 

mg
/kg

/da
y 

ter
at 

fod
 

no
s 

30
0, 

10
00

 m
g/k

g/d
ay

 

50
 

5 
10

0 
50

 
25

 
5 

10
 

12
5 

10
00

 
no

ne
 

30
0 

50
; 5 2*
 

30
 

30
0 

36
8 

Py
dr

in 
51

63
0-

58
-I 

ra
t 

91
 

su
b 

fod
 

ne
u 

0, 
50

, 
15

0, 
30

0, 
50

0 
pp

m 
[b]

 
7.5

 
2.5

 
2.

5’ 

36
9 

Py
ra

zin
am

ide
 

98
-9

6-
4 

ra
t 

37
0 

Py
re

ne
 

12
9-

00
-o

 
mu

s 
37

1 
Qu

er
ce

tin
 

11
7-

39
-5

 
ra

t 
37

2 
Qu

ina
lph

os
 

13
59

3-
03

-8
 

mu
s 

37
3 

Qu
ini

ne
 

hy
dr

oc
hlo

rid
e 

13
0-

89
-2

 
ra

t 
37

4 
Re

d 
2G

 
37

34
-6

7-
6 

ra
t 

37
5 

Re
se

rp
ine

 
50

-5
5-

5 
mu

s 
37

6 
Re

sm
eth

rin
 

10
45

3-
86

-8
 

ra
t 

37
7 

Rh
od

am
ine

 
6G

 
98

9-
38

-8
 

ra
t 

37
8 

Ro
nid

az
ole

 
76

81
-7

6-
7 

rb
t 

37
9 

Ro
ten

on
e 

83
-7

9-
4 

ra
t 

54
6 91
 

73
0 

54
0 91
 

73
0 91
 

ch
r 

su
b 

ch
r 

ch
r 

su
b 

ch
r 

su
b 

ter
at 

ch
r 

ter
at 

re
pr

o 

fod
 

bd
W

 

w fod
 

ow
t 

bd
W

 

0, 
50

00
, 

10
,m

 m
m

 [
cl 

0, 
75

, 
12

5, 
25

0 
mg

/kg
/da

y 
0, 

10
00

, 
10

,00
0, 

40
,0

00
 

pp
m 

[d]
 

0.0
3, 

0.1
5 

mg
/kg

/da
y 

0, 
1, 

10
, 

40
, 

10
0, 

2O
Om

g/k
g/d

ay
 

0.0
04

, 
0.0

16
, 

0.0
64

, 
0.1

6%
 

[c]
 

0. 
0.4

, 
0.8

, 
1.5

, 
3.0

, 
6.

0p
pm

 
[c]

 
40

, 
80

 m
g/k

g/d
ay

 
0, 

12
0, 

20
0 

pp
m 

[a]
 

0, 
3, 

10
, 

30
mg

/kg
/da

y 
0, 

8, 
37

.5,
 7

5 
pp

m 
[b]

 

78
9 

12
5 

20
34

 
0.1

5 
10

0 
46

 
1.2

 

no
ne

 
75

 
no

ne
 

0.0
3 40
 

38
5 

75
’ 

40
0 

0.0
3 

NG
 

72
0 

no
ne

 
40

 

40
* I2 

0.5
8: 40

 

9 NG
 

fod
 

fod
 

fod
 

fod
 

NG
 

fod
 

ga
v fod

 

bid
 

mu
lt SP

l 
bd

W
 

ter
 

en
d 

M
W

 

re
p 

80
 

12
 

30
 

no
ne

 
0.3

8 

5 10
 

0.3
8 

38
0 

Sa
cc

ha
rin

 
38

1 
Sa

ve
y 

38
2 

Se
tho

xy
dim

 
38

3 
Si

ma
zin

e 
38

4 
So

diu
m 

cy
cla

ma
te 

38
5 

So
diu

m 
flu

or
oa

ce
tat

e 
38

6 
So

diu
m 

na
ph

th
ion

at
e 

38
7 

So
rb

ita
n 

mo
no

lau
ra

te
 

81
-0

7-
2 

78
58

7-
05

-o
 

74
05

 I-
80

-2
 

12
2-

34
-9

 
13

9-
05

-9
 

62
-7

4-
8 

ra
t 

73
0 

ch
r 

ra
t 

73
0 

ch
r 

ra
t 

NG
 

re
pr

o 
ra

t 
73

0 
ch

r 
ra

t 
72

0 
ch

r 
ra

t 
91

 
su

b 
ra

t 
20

 
ter

at 
ra

t 
73

0 
ch

r 

fod
 

fod
 

NG
 

fod
 

fod
 

w 

mu
lt 

ow
t 

re
p 

mu
lt 

bd
W

 

re
p 

bd
w 

0, 
0.0

05
, 

0.0
5, 

0.5
, 

5%
 

[cl
 

23
, 

16
0 

mg
/kg

/da
y 

18
, 

16
2 

mg
/kg

/da
y 

0, 
10

, 
10

0, 
IO

OO
pp

m 
[a]

 
0, 

0.0
1, 

0.1
, 

0.5
,-I

; 
5%

 -
[cl

 
0, 

0.0
5, 

0.2
, 

0.5
 m

g/k
g/d

ay
 

0, 
15

, 
30

, 
10

0, 
20

0 
mg

/kg
/da

y 
0, 

5, 
10

%
 

in 
die

t 
[c]

 

2, 
5, 

10
, 

25
%

 
in 

die
t 

[c]
 

0, 
37

, 
75

, 
15

0, 
30

0, 
60

0 
mg

/kg
/da

y 
0, 

20
, 

20
0, 

20
00

 m
g/k

g/d
ay

 
0, 

IO
, 

40
, 

60
0, 

12
00

, 
24

00
pp

m 
in 

die
t 

[c]
 

16
0 

23
 

16
2 

18
 

5 
0.5

2 

13
38

-3
9-

2 
w fod

 

0.2
 

10
0 

68
83

 

0.0
5 

no
ne

 

36
0 23
 

18
 

0.5
2 

72
0 

0.
05

’ 
30

 
34

42
 

38
8 

So
rb

ita
n 

mo
no

ste
ar

ate
 

13
38

-4
1-

6 
ra

t 
38

9 
Su

cc
ini

c 
an

hy
dr

ide
 

10
8-

30
-5

 
mu

s 
39

0 
Su

cro
se

 
ac

eta
te 

iso
bu

tyr
ate

 
I26

- 
13

-6
 

ra
t 

39
1 

Su
lfa

dim
idi

ne
 

57
-6

8-
I 

ra
t 

73
0 90
 

ch
r 

fod
 

mu
lt 

su
b 

w 
mu

lt 
re

pr
o 

ga
v 

re
p 

ch
r 

fod
 

en
d 

72
03

 
15

0 
no

ne
 

no
ne

 
no

ne
 

36
02

 
75

’ 

73
0 

20
0 

2.2
 

De
nn

is 
et 

al.
, 

19
90

 
NT

P,
 

19
91

b 
No

r-A
m 

Ch
em

ica
l 

Co
., 

19
80

 

NC
I. 

19
77

~ 
NT

P,
 

19
93

f 
Ci

ba
, 

19
82

a 
Ci

ba
, 

19
85

 
Ro

hm
 

an
d 

Ha
as

 
Co

., 
19

70
 

Mo
ns

an
to 

Co
., 

19
64

 
Ro

hm
 

an
d 

Ha
as

 
Co

., 
19

64
 

Un
iro

ya
l 

Ch
em

ica
l, 

I96
6 

Ci
ba

, 
19

79
 

PP
G 

Ind
us

trie
s, 

19
79

 
Ci

ba
, 

19
82

b 
Sa

ito
 

et 
al.

, 
I98

9 
Ha

rtle
y 

ef 
al.

, 
19

90
 

Am
er

ica
n 

Cy
an

am
id,

 
19

86
b 

Sh
ell

 C
he

mi
ca

l 
Co

., 
19

84
 

NC
I, 

19
77

d 
US

 E
PA

, 
19

89
f 

NT
P,

 
19

92
j 

Sa
nd

oz
 

Inc
., 

19
80

 
Co

lle
y 

ef 
al.

, 
19

89
 

Un
ile

ve
r, 

19
74

 
NT

P,
 

19
82

j 
Pe

nw
ick

 
Co

rp
., 

19
79

 
NT

P,
 

19
89

n 
Zw

ick
ey

 
er 

al.
, 

19
75

 
US

 F
ish

 
an

d 
W

ild
life

 
Se

rvi
ce

, 
19

83
 

Le
ss

el,
 

19
67

 
du

 
Po

nt
, 

19
85

d 
BA

SF
, 

19
80

 
Ci

ba
, 

19
88

a 
Fit

zh
ug

h 
et 

al.
. 

19
51

 
US

 E
PA

, 
19

88
b 

Co
llin

s 
et 

al.
, 

19
73

 
An

on
ym

ou
s, 

da
te 

un
kn

ow
n(

b)
 

Fit
zh

ug
h 

cr 
al.

, 
19

59
 

NT
P,

 
19

9O
f 

Kr
as

av
ag

e, 
19

73
 

Fu
lle

rto
n 

er 
al.

, 
19

87
 



39
2 

Su
lfis

ox
az

ol
e 

12
7-

69
-5

 
ra

t 
91

 
su

b 
ga

v 
39

3 
Su

lfo
le

ne
. 

3-
 

77
-7

9-
2 

m
us

 
54

6 
ch

r 
ga

v 
39

4 
Su

ns
et

 
Ye

llo
w 

FC
F 

27
83

-9
4-

O 
ra

t 
84

 
su

b 
fo

d 
39

5 
Su

pl
at

as
t 

to
sil

at
e 

94
05

5-
76

-2
 

ra
t 

NG
 

re
pr

o 
NG

 
39

6 
Sy

st
ha

ne
 

88
67

 I
 -8

9-
O 

ra
t 

NG
 

re
pr

o 
NG

 

39
7 

Te
bu

th
iu

ro
n 

39
8 

Te
rb

ac
il 

39
9 

Te
rb

ut
ry

n 
40

0 
Te

rt-
bu

ty
l-2

-c
hl

or
op

he
no

l. 
4-

 
40

1 
Te

tra
ch

lo
ro

be
nz

en
e.

 
I .

2.
4.

5-
 

40
2 

Te
tra

ch
lo

ro
et

ha
ne

. 
I. 

I. 
I .

2-
 

40
3 

Te
tra

ch
lo

ro
et

ha
ne

. 
I. 

I .2
.2

- 
40

4 
Te

tra
ch

lo
ro

et
hy

le
ne

 
40

5 
Te

tra
ch

lo
ro

ph
en

ol
. 

2.
3.

4.
6-

 
40

6 
Te

tra
ch

lo
ro

py
rid

in
e,

 
2.

3.
5.

6-
 

40
7 

Te
tra

ch
lor

vin
ph

os
 

34
01

4-
18

-I 
59

02
-5

 
I-2

 
88

6-
50

-o
 

95
-9

4-
3 

63
0-

20
-6

 
79

-3
4-

5 
12

7-
18

-4
 

5X
-9

0-
2 

24
02

-7
9-

I 
96

1-
11

-5
 

ra
t 

NG
 

re
pr

o 
fo

d 
m

u 
73

0 
ch

r 
fo

d 
ra

t 
73

0 
ch

r 
fo

d 
ra

t 
73

0 
ch

r 
fo

d 
ra

t 
91

 
su

b 
fo

d 
ra

t 
91

 
su

b 
ga

v 
ra

t 
54

6 
ch

r 
ga

v 
ra

t 
NC

 
su

b 
or

l 
ra

t 
90

 
su

b 
ga

v 
ra

t 
NG

 
re

pr
o 

ga
v 

ra
t 

73
0 

ch
r 

fo
d 

40
8 

40
9 

41
0 

41
1 

41
2 

ra
t 

91
 

su
b 

fo
d 

bl
d 

0.
 3

10
0,

 
63

M
), 

12
,5

00
, 

25
,0

00
, 

5O
.O

OO
pp

m
 

[c]
 

63
0 

ra
t 

90
 

su
b 

fo
d 

bl
d 

0,
 5

, 
10

, 
20

, 
50

pp
m

 
[b

] 
1 

m
us

 
75

6 
ch

r 
fo

d 
m

ul
t 

0,
 

10
0,

 
50

0 
pp

m
 [c

l 
86

 
ra

t 
21

 
te

ra
t 

fo
d 

no
fx 

0,
 

15
, 

50
 m

g/
kg

/d
ay

 
no

ne
 

ra
t 

91
 

su
b 

w 
liv

 
0,

 3
.7

5.
 

7.
5,

 
15

, 
30

, 
60

 m
g/

kg
/d

ay
 

7.
5 

41
3 

ra
t 

91
 

su
b 

ga
v 

bd
w 

0,
 5

, 
10

, 
20

, 
40

, 
6O

m
g/

kg
/d

ay
 

10
 

NT
P.

 
19

87
g 

41
4 

41
5 

41
6 

Te
tra

cy
cli

ne
 

hy
dr

oc
hl

or
id

e 
64

-7
5-

5 
Te

tra
et

hy
ld

ith
io

py
ro

ph
os

ph
at

e 
36

89
-2

4-
5 

Te
tra

et
hy

hh
io

ur
ea

 
di

su
lfi

de
 

97
-7

7-
8 

Te
tra

hy
dr

oc
an

na
bi

no
l, 

&-
9-

 
19

72
-0

x-
3 

Te
tra

kis
(h

yd
ro

xy
m

et
hy

l)p
ho

sp
ho

niu
m

 
12

4-
64

-l 
ch

lo
rid

e 
(T

HP
C)

 
Te

tra
kis

(h
yd

ro
xy

m
et

hy
l)p

ho
sp

ho
niu

m
 

55
56

6-
30

-s
 

su
lp

ha
te

 
(T

HP
S)

 
Th

ia
be

nd
az

ol
e 

14
X-

79
-8

 
Th

io
be

nc
ar

b 
28

24
9-

77
-6

 
Th

io
ph

an
at

e-
m

et
hy

l 
23

56
4-

05
-s

 

ra
t 

12
 

te
ra

t 
ga

v 
bd

w 
10

, 
40

, 
80

 m
g/

kg
/d

ay
 

40
 

IO
 

ra
t 

73
0 

ch
r 

fo
d 

m
ul

t 
0,

 2
0,

 
10

0,
 

50
0 

[b
] 

pp
m

 
5 

I 
ra

t 
73

0 
ch

r 
fo

d 
m

ul
t 

10
, 

40
, 

16
0,

 6
40

 
[b

] 
pp

m
 

32
 

8 

41
7 

41
8 

41
9 

42
0 

42
1 

42
2 

42
3 

Th
ira

m
 

13
7-

26
-X

 
To

co
ph

er
yl 

ac
et

at
e,

 
dl-

a-
 

52
22

5-
20

-4
 

To
ht

en
ed

ia
m

in
e 

hy
dr

oc
hl

or
id

e,
 

2.
6.

 
I 5

48
 I-

70
-6

 
To

lu
en

ed
ia

m
in

e 
su

lfa
te

, 
2.

5-
 

63
69

-5
9-

l 
Tr

al
om

et
hr

in
 

66
x4

1-
25

-6
 

Tr
en

bo
lo

ne
 

ac
et

at
e 

Tr
en

bo
lo

ne
 

hy
dr

ox
ide

, 
17

-a
- 

10
16

1-
34

-X
 

ra
t 

73
0 

ch
r 

fo
d 

ra
t 

73
0 

ch
r 

fo
d 

m
us

 
91

 
su

b 
fo

d 
ra

t 
54

6 
ch

r 
fo

d 
ra

t 
73

0 
ch

r 
w 

ra
t 

NG
 

re
pr

o 
fa

d 
ra

t 
16

1 
su

b 
tw

 

42
4 

Tr
ia

lla
te

 
23

03
-1

7-
5 

m
us

 
42

5 
Tr

ia
m

te
re

ne
 

39
6-

O 
I-O

 
ra

t 
42

6 
Tr

ib
ro

m
om

et
ha

ne
 

75
-2

5-
2 

m
us

 
42

7 
Tr

ich
lo

ro
ac

et
on

itr
ile

 
54

5-
06

-2
 

ra
t 

42
8 

Tr
ich

lo
ro

be
nz

en
e.

 
1.

2.
4-

 
12

0-
82

-l 
ra

t 
42

9 
Tr

ich
lo

ro
et

ha
ne

, 
I, 

1 
2-

 
79

-0
0-

5 
m

us
 

73
0 

90
 

91
 

13
 

NC
 

90
 

NC
 

91
 

12
0 

NG
 

ch
r 

fo
d 

su
b 

fo
d 

su
b 

w 
te

ra
t 

w 
re

pr
o 

or
l 

su
b 

or
l 

43
0 

43
1 

43
2 

43
3 

Tr
ich

lo
ro

et
ha

ne
. 

I, 
I. 

l- 
71

-5
5-

6 
m

us
 

Tr
ich

lo
ro

et
hy

le
ne

 
79

-0
1-

6(
a)

 
m

m
 

Tr
ich

lo
ro

et
hy

le
ne

, 
1,

 I .
2-

 
79

-0
1-

6(
b)

 
m

us
 

Tr
ich

lor
og

ala
cto

su
cr

os
e 

56
03

8-
l 

3-
2 

ra
t 

re
pr

o 
or

l 
su

b 
kw

 
su

b 
or

l 
re

pr
o 

fo
d 

kid
 

0,
 

10
0.

 
21

5.
 4

64
. 

10
00

. 
21

60
 m

gi
kg

ld
ay

 
10

00
 

ItI
 

0.
 3

 I 
I, 

62
2 

m
g/

kg
/d

ay
 

62
2 

bd
W

, 
0.

 6
00

0.
 

12
,5

00
. 

25
,0

00
, 

50
,0

00
. 

10
0,

00
0p

pm
 

[c]
 

14
12

 
m

ul
t 

0,
 2

00
, 

60
0,

 
18

00
 m

&g
/d

ay
 

18
00

 
m

ul
t 

2.
32

. 
4.

28
 m

g/
kg

/d
ay

 
4.

28
 

bd
w 

m
ul

t 
bl

d 
m

ul
t 

kid
 

ne
u ItI
 

hd
w 

m
al

t 
kid

 

0,
 

10
0,

 2
00

. 
40

0 
pp

m
 

[a
] 

14
 

7.
5,

 
18

7.
5 

m
g/

kg
/d

ay
 

18
7.

5 
0.

 2
, 

30
0,

 
30

00
 p

pm
 

[b
] 

15
 

0.
 

10
0,

 
30

0,
 

10
00

. 
30

00
pp

m
 

in
 d

ie
t 

[c]
 

21
6 

0.
 0

.5
, 

5.
0,

 
50

. 
50

0 
pp

m
 

[a
] 

3.
4 

0.
 5

. 
IO

. 
50

, 
10

0,
 

5O
Om

g/
kg

/d
ay

 
50

0 
0,

 6
2,

 
10

8 
m

g/
kg

/d
ay

 
10

8 
14

. 
40

0.
 

14
00

 m
g/

kg
/d

ay
 

14
00

 
0.

 2
5.

 
10

0.
 2

00
 m

g/
kg

/d
ay

 
10

0 
0.

 5
, 

25
, 

15
0 

m
g/

kg
/d

ay
 

15
0 

6.
 

10
0 

m
g/

kg
/d

ay
 

10
0 

ne
u 

0,
 

10
0,

 
30

0,
 

10
00

, 
25

00
pp

m
 

[b
] 

bl
d 

0,
 5

00
, 

10
00

, 
20

00
 m

g/
kg

/d
ay

 
bd

w 
0,

 
10

0,
 3

00
, 

10
00

, 
3o

o0
, 

10
,0

00
 

[c]
 

pp
m

 
bd

w 
0,

 0
.0

6,
 

0.
2%

 
[c]

 
bd

w 
0,

 0
.7

5,
 

3,
 

12
 m

g/
kg

/d
ay

 
re

p 
0,

 0
.1

, 
0.

3,
 

0.
5,

 
3,

 1
8 

pp
m

 
in

 d
ie

t 
[c]

 
bl

d 
0.

 0
.0

1,
 

0.
04

, 
0.

36
, 

3.
6m

g/
kg

/d
ay

 

sP
l 

3,
 9

 m
g/k

g/d
ay

 
m

ul
t 

0,
 

15
0,

 
30

0,
 6

00
, 

12
00

, 
24

00
 

[a
] 

pp
m

 
liv

 
0,

 2
5,

 
50

, 
10

0.
 2

00
. 

4O
Om

g/
kg

/d
ay

 
te

r 
0,

 
I, 

7.
5,

 
15

, 
35

, 
55

 m
g/

kg
/d

ay
 

ow
t 

0,
 2

5,
 

10
0.

 4
00

 p
pm

 
tb

.d
] 

m
uh

 
0,

 2
0,

 
20

0 
or

 
20

00
 m

g/
lit

re
 

[a
] 

no
fx 

0.
 

10
0,

 
30

0,
 

lO
OO

m
g/

kg
/d

ay
 

m
ul

t 
0,

 3
75

, 
75

0,
 

15
00

, 
3O

Q0
, 

60
00

 
m

g/
kg

/d
ay

 
ow

t 
0,

 0
.1

, 
1.

0,
 2

.5
. 

5.
0 

m
g/

m
l 

[a
] 

ow
l 

0,
 3

00
0,

 
10

,0
00

, 
30

,0
00

 
pp

m
 

[cl
 

52
 

18
4 3 

0.
26

6 
0.

36
 

9 70
 

20
0 

7.
5 

53
.6

 
46

 

no
ne

 
75

0 
21

6.
7 

98
0 

60
0 

2.
32

 

7 7.
5 

0.
1 

0.
34

 
no

ne
 

no
ne

 
14

 
25

 
25

 6 0.
5 

no
ne

 
no

ne
 

no
ne

 

5 
no

ne
 

0.
75

 
no

ne
 

0.
04

 

3 
no

ne
 

I 
14

.8
 

no
ne

 

no
ne

 
no

ne
 

no
ne

 

46
4*

 
31

1 
67

8’
 

60
0 

2.
32

 

7.
5 

0.
1 72

 
0.

34
* 

62
 

14
; 

25
* 

25
 

6 

31
0*

 
0.

5:
 

17
 

50
 

x7
5*

 

IO
 

lo
o0

 
16

* 
55

 
0.

75
 

0.
04

4 
0.

04
* 

40
* 

10
0:

 

14
.8

 
4*

 

lo
o0

 
37

5*
 

1X
.4

* 
29

4 

NC
I, 

19
79

~ 
NC

I. 
19

78
~ 

NT
P.

 
19

81
 

As
o 

<‘
I a

l..
 

19
92

 
Ro

hm
 

an
d 

Ha
as

 
Co

., 
I9

85
b 

El
an

co
 

Pr
od

uc
ts,

 
19

81
 

du
 

Po
nt

. 
19

8l
b 

Ci
ba

, 
19

80
b 

M
cC

ol
lis

te
r. 

19
64

 
Ch

u 
PI

 a
l..

 
19

84
 

NT
P.

 
l9

83
f 

NC
I. 

19
78

~ 
Ha

ye
s 

et
 a

l..
 

19
86

 
US

 
EP

A,
 

19
86

1 
Zi

el
ke

 
YI

 a
l.,

 
19

93
 

Sh
el

l 
Ch

em
ica

l 
Co

. 
I9

66
 

NT
P,

 
19

89
0 

Ki
m

m
er

le
 

PI
 u

l..
 

19
74

 
NC

I, 
19

79
q 

Hu
tc

hi
ng

s 
ef

 a
l, 

19
8Y

 
NT

P.
 

19
87

g 

La
nk

as
 

an
d 

W
ise

. 
19

93
 

Ch
ev

ro
n,

 
19

84
b 

Pe
nn

wa
lt 

Co
rp

or
at

io
n,

 
I9

77
 

._
 .- 

du
 

Po
nt

, 
19

54
 

W
he

ld
on

 
er

 a
l.,

 
19

83
 

NT
P.

 
19

80
b 

NC
I, 

19
78

~ 
Ro

us
se

l 
UC

LA
F.

 
19

84
 

Ja
m

es
 

et
 o

l.,
 

19
86

 
De

an
, 

19
88

; 
Ho

ok
s 

PI
 a

l.,
 

19
88

 
M

on
sa

nt
o 

Co
., 

19
83

 
NT

P,
 

19
93

0 
NT

P,
 

19
89

~ 
Sm

ith
 

ef
 a

l..
 

19
88

 
Ro

bi
ns

on
 

er
 a

l.,
 

19
81

 
W

hi
te

 
er

 a
l..

 
19

85
; 

Sa
nd

er
s 

cf 
al

., 
19

85
 

La
ne

 
ef

 a
l.,

 
19

82
 

NT
P,

 
19

9O
g 

Tu
ck

er
 

ef
 a

l..
 

19
82

 
Te

sh
 

an
d 

W
illo

ug
hb

y.
 

19
86

 



43
4 

43
5 

43
6 

43
7 

43
8 

43
9 

44
0 

44
1 

44
2 

44
3 

44
4 

44
5 

44
6 

44
7 

44
8 

Tr
ich

lor
op

he
no

l, 
2,4

,5-
 

95
-9

5-
4 

ra
t 

98
 

Tr
ich

lor
op

he
no

xy
ac

eti
c 

ac
id,

 
2,4

,5-
 

93
-7

6-
5 

ra
t 

73
0 

Tr
idi

ph
an

e 
58

 13
8-

08
-2

 
ra

t 
NG

 
Tr

iet
hy

len
e 

tet
ra

mi
ne

 
dih

yd
ro

ch
lor

ide
 

38
26

0-
01

-4
 

mu
s 

NG
 

Tr
iflu

ra
lin

 
15

82
-0

9-
8 

ra
t 

73
0 

Tr
im

et
hy

lan
ilin

e,
 

2,4
,5-

 
13

7-
17

-7
 

ra
t 

70
7 

Tr
ini

tro
tol

ue
ne

, 
2,4

,6-
 

11
8-

96
-7

 
mu

s 
73

0 
Tr

is-
(2-

ch
lor

oe
thy

l) 
ph

os
ph

ate
 

I 1
5-

96
-8

 
ra

t 
11

2 
Tr

isu
lfu

ro
n 

82
09

7-
50

-5
 

mu
s 

73
0 

Ty
los

in 
14

01
-6

9-
o 

ra
t 

36
5 

Vi
nc

loz
oli

n 
50

47
 I-

44
-8

 
ra

t 
72

1 
Vi

ny
l 

ch
lor

ide
 

75
-0

1-
4 

ra
t 

91
 

Za
tos

etr
on

 
ma

lea
te

 
12

34
82

-2
3-

5 
ra

t 
12

 
Ze

ar
ale

no
ne

 
17

92
4-

92
-4

 
ra

t 
91

 
Ze

ra
no

l 
55

33
1-

29
-8

 
ra

t 
73

0 

su
b 

ch
r 

ter
at ch
r 

ch
r 

ch
r 

su
b 

ch
r 

su
b 

ch
r 

su
b 

ter
at 

su
b 

ch
r 

fod
 

fod
 

fod
 

O
ld

 

fod
 

fod
 

fod
 

w fod
 

fod
 

fod
 

w w fod
 

fod
 

m
ul

t 
kid

 
re

p liv
 

bd
w SP

l 
mu

lt 
ow

t liv
 

no
fx 

mu
lt 

bld
 

mu
lt 

bd
w 

ov
a 

10
0-

10
00

0 
pp

m 
[b]

 
0, 

3, 
10

, 
30

 m
g/k

g/d
ay

 
0.3

3, 
1.6

7 
mg

/kg
/da

y 
0, 

30
00

, 
60

00
, 

12
,0

00
 p

pm
 

[cl
 

IO
, 

40
 m

g/k
g/d

ay
 

0, 
20

0,
 80

0 p
pm

 
[cl

 
0, 

1.5
, 

10
, 

70
 m

g/k
g/d

ay
 

0, 
22

, 
44

, 
88

, 
17

5, 
35

0m
g/k

g/d
ay

 
0, 

10
, 

10
00

, 
50

00
, 

10
,0

00
 p

pm
 

[a]
 

0, 
0.1

, 
0.5

, 
0.1

%
 

[a]
 

24
.3,

 7
2.9

 m
g/k

g/d
ay

 
0, 

30
, 

10
0, 

30
0 

mg
/kg

/da
y 

0, 
10

, 
25

. 
70

 m
g/k

g/d
ay

 
0, 

30
, 

10
0,3

00
, 

10
00

,30
0O

pp
m 

0, 
0.2

5, 
2.5

, 
25

 p
pm

 
in 

die
t 

[c]
 

30
0 10
 

I .
67

 
15

85
 

40
 

63
 

70
 

44
 

12
9 

50
0 

72
.9 

24
.3 

24
.3 

10
0 

no
ne

 
30

’ 
25

 
IO

 
IO

 
10

 
no

ne
 

3’ 
0.2

 
no

ne
 

0.0
2 

10
0 

loo
’ 

3 
3 

0.3
3 

0.3
3 

no
ne

 
79

3 
10

 
IO

 
no

ne
 

16
 

no
ne

 
no

ne
 

1 50
0 

10
 

22
* I 50
’ 

Mc
Co

llis
ter

 
PI

 a
l., 

19
61

 
Ko

cib
a 

e/ 
al.

, 
19

79
 

Do
w 

Ch
em

ica
l, 

19
84

 
Ta

na
ka

 
et 

al.
, 

19
91

 
Ho

es
ch

t, 
19

86
 

NC
I, 

19
79

r 
US

 D
OD

, 
19

84
 

NT
P,

 
19

91
~ 

Ci
ba

, 
19

88
b 

Br
od

dle
 

et 
al.

, 
19

78
 

BA
SF

, 
19

77
 

Fe
ro

n 
et 

al.
, 

19
75

 
By

rd 
CI

 a
l., 

19
91

 
NT

P,
 

19
82

k 
Ev

er
ett

 
et 

al.
, 

19
87

 

bd
w 

= 
bo

dy
 

we
igh

t 
ch

an
ge

s; 
bld

 
= 

blo
od

 
eff

ec
ts;

 
ca

p 
= 

ca
ps

ule
; 

ch
r 

= 
ch

ro
nic

 
(ov

er 
36

5 
da

ys
); 

co
n 

= 
foo

d 
co

ns
um

pti
on

; 
cvs

 
= 

ca
rd

iov
as

cu
lar

 
eff

ec
ts;

 
dn

n 
= 

de
rm

al;
 

en
d 

= 
en

do
cri

ne
; 

ey
e 

= 
oc

ula
r; 

fod
 

= 
die

t; 
ga

v 
= 

ga
va

ge
; 

git
 

= 
ga

str
oin

tes
tin

al;
 

ha
m 

= 
ha

ms
ter

; 
im

t 
= 

im
mu

no
tox

ici
ty;

 
kid

 
= 

re
na

l 
eff

ec
ts;

 
liv

 
= 

he
pa

tic
 

eff
ec

ts;
 

It1
 =

 
let

ha
l; 

ms
k 

= 
mu

sc
ulo

-sk
ele

tal
, 

mu
lt 

= 
mu

ltip
le 

eff
ec

ts;
 

mu
s 

= 
mo

us
e; 

ne
u 

= 
ne

ur
olo

gic
al;

 
NG

 
= 

no
t 

giv
en

; 
no

fx 
= 

no
 

eff
ec

ts;
 

no
s 

= 
no

n-
sp

ec
ific

 
eff

ec
ts;

 
or

1 
= 

dr
ink

ing
 

wa
ter

; 
ov

a 
= 

ov
ar

ian
; 

ow
t 

= 
or

ga
n 

we
igh

t 
ch

an
ge

s; 
pu

l 
= 

pu
lm

on
ar

y 
eff

ec
ts;

 
rb

t 
= 

ra
bb

it; 
re

p 
= 

re
pr

od
uc

tiv
e, 

eff
ec

ts;
 

re
pr

o 
= 

re
pr

od
uc

tio
n 

stu
dy

; 
ex

po
su

re 
du

ra
tio

n 
no

t 
sp

ec
ifie

d: 
res

p 
= 

res
pir

ato
ry 

tra
ct;

 
sp

l 
= 

sp
lee

n; 
su

b 
= 

su
bc

hr
on

ic 
(6

0 
to 

36
5 

da
ys

); 
ter

 
= 

ter
ato

ge
nic

; 
ter

at 
= 

ter
ato

log
y 

stu
dy

; 
ex

po
su

re 
du

ra
tio

n 
no

t, 
sp

ec
ifie

d; 
tes

 
= 

tes
tic

ula
r; 

[a]
 =

 
au

tho
r 

pr
ov

ide
d 

co
nv

er
ted

 
do

se
; 

[b]
 

= 
JE

CF
A 

pr
ov

ide
d 

co
nv

er
ted

 
do

se
s; 

[c]
 

= 
co

nv
ers

ion
s 

we
re

 
ca

lcu
lat

ed
 

by
 u

sin
g 

sta
nd

ar
d 

va
lue

s; 
[d]

 
= 

do
se

s 
we

re
 

ca
lcu

lat
ed

 
fro

m 
da

ta 
pr

ov
ide

d, 
by

 
the

 
au

tho
r; 

no
ne

 
= 

no
 

tox
ici

ty 
re

po
rte

d 
at 

an
y 

do
se

; 
NO

EL
 

= 
hig

he
st 

do
se

 
tes

ted
; 

* 
= 

NO
EL

 
div

ide
d 

by
 

a 
fac

tor
 

of 
3 

(se
e 

tex
t 

for
 

ex
pla

na
tio

n)
 



852 1. C. M unro et al 

REFERENCES 

Abdo el al.. 1984. J Appl Toxicol 4: 75 From: Integrated 
Risk Information System (IRIS) funded by the EPA. 
Accession number 0059 

Abe rf crl., 1984. Exp Mol Pathol 41: 35 Cited in: JECFA. 
1991. Toxicological Evaluation of Certain Food Addi- 
tives and Contaminants. 37th Meeting of the Joint 
FAO/WHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 28 

Adam et al., 1990. Teratology 41(5): 535 From: Develop- 
mental and Reproductive Toxicology Database (DART) 
funded by the National Institute of Environmental Health 
Sciences and the EPA. 

Agnish r~ al., 1990. Teratology 42: 25-33 
Albridae et al.. I98 I. Unoublished report Cited in: JECFA. 

1987. Toxicological Eialuation of’ Certain Food Addi: 
tives and Contaminants. 30th Meeting of the Joint 
FAOiWHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 21 

Altmann et ul., 1986. Fd Chem Toxicol 24: 1183 Cited in: 
JECFA, 1989. Toxicological Evaluation of Certain Food 
Additives and Contaminants. 33rd Meeting of the Joint 
FAO/WHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 24 

Ambrose e/ al.. 1960. Food Res 25: 328-336 From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0013 

American Cyanamid, 1959. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0234 

American Cyanamid, 1974. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0292 

American Cyanamid, 1975. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0336 

American Cyanamid, 1980. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0248 

American Cyanamid, 1982. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0207 

American Cyanamid, 1985. Available from EPA. In: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0062 

American Cyanamid, 1986a. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0044 

American Cyanamid, 1986b. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0439 

American Hoechst Corp., 1986. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0047 

Amoore et al., 1978. Chem Senses Flav 3(3): 307-317 
Anonymous. date unknownja). Unpublished report Cited 

in: JECFA. 1980. Toxicological Evaluation of Certain 
Food Additives. 23rd Meeting of the Joint FAOjWHO 
Expert Committee on Food Additives. WHO Food 
Additives Series, No. I4 

Anonymous, date unknown{b). Cited in: JECFA, 1982. 
Toxicological Evaluation of Certain Food Additives and 
Contaminants. 26th Meeting of the Joint FAOjWHO 
Expert Committee on Food Additives. WHO Food 
Additives Series, No. I7 p. 224 

Anonymous, 1962. Unpublished report Cited in: JECFA, 
1975. Toxicoloeical Evaluation of Some Food Colours. 
Enzymes, Flav&rr Enhancers, Thickening Agents and 
Certain Other Food Additives. 18th Meeting of the Joint 
FAOjWHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 6 

Anonymous, 1966. Unpublished report Cited in: JECFA, 

1975. Toxicological Evaluation of Some Food Colours, 
Enzymes, Flavour Enhancers, Thickening Agents and 
Certain Other Food Additives. 18th Meeting of the Joint 
FAOiWHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 6 

Anonymous, 1974. SC-19192 unpublished report Cited in: 
JECFA, 1980. Toxicological Evaluation of Certain Food 
Additives. 23rd Meeting of the Joint FAO/WHO Expert 
Committee on Food Additives. WHO Food Additives 
Series, No. I4 

Antonova and Salmina, 1978. Gigiena i Sanitariya I: 8-1 I 
Arnold et al.. 1985. Food Chem Toxicol 23(9): 779 From: 

Integrated Risk Information System (IRISjfunded by the 
EPA. Accession number 0374 

Arora and Frolen, 1981. Acta Vet Stand 22: 535 Cited in: 
JECFA, 199 I. Toxicological Evaluation of Certain Food 
Additives and Contaminants. 37th Meeting of the Joint 
FAOjWHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 28 

Aso et al., 1992. J Toxicol Sci 17 (Suppl 2): 141 From: 
Developmental and Reproductive Toxicology Database 
(DART) funded by the National Institute of Environmen- 
tal Health Sciences and the EPA 

Atlas Chemical Ind., 1969. Unpublished report Cited in: 
JECFA, 1976. Toxicological Evaluation of Certain Food 
Additives. 20th Meeting of the Joint FAOjWHO Expert 
Committee on Food Additives. WHO Food Additives 
Series, No. IO 

Baer and Griepentrog, 1967a. Med Ehrnahrung 8: 244 Cited 
in: JECFA, 1967. Toxicological Evaluation of Some 
Flavouring Substances and Non-Nutritive Sweetening 
Agents. I Ith Meeting of the Joint FAOjWHO Expert 
Committee on Food Additives 

Baer and Griepentrog, 1967b. Unpublished report Cited in: 
JECFA, 1967. Toxicological Evaluation of Some 
Flavouring Substances and Non-Nutritive Sweetening 
Agents. I Ith Meeting of the Joint FAOjWHO Expert 
Committee on Food Additives 

Bagdon et a/., 1960. Toxic Appl Pharm 2: 223 Cited in: 
JECFA, 1975. Toxicological Evaluation of Some 
Food Colours, Enzymes, Flavour Enhancers, Thick- 
ening Agents and Certain Other Food Additives. 
18th- Meeting of the Joint FAOjWHO Expert 
Committee on Food Additives. WHO Food Additives 
Series, No. 6 

Barnes et al., 1985. Drug Chem Toxicol 8: 373 From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0314 

BASF, 1970. Available from EPA. From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 0 134 

BASF, 1977. Available from EPA. From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 0126 

BASF, 1979. Available from EPA. From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 0340 

BASF, 1980. Available from EPA. From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 0190 

BASF, 1992. FEMA submitted to WHO Cited in: JECFA, 
1993. Toxicological Evaluation of Certain Food Addi- 
tives and Contaminants. 41st Meeting of the Joint 
FAOiWHO Expert Committee on Food Additives. WHO 
Food Additive; Series, No. 32 

BASF, 1993. BASF Aktiengesellschaft, FRG. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0002 

Bates ef al.. 1991. Toxicologist 1 I( 1): 340 From: Develop- 
mental and Reproductive Toxicology Database (DART) 
funded by the National Institute of Environmental Health 
Sciences and the EPA 

BCF Chemicals, 1984. Available from EPA. From: 



Correlating strut :ture with toxicity 

Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0008 

Becci et al., 1981. J Appl Toxic01 1: 256-261 Cited in: 
JECFA, 1990. Toxicological Evaluation of Certain Food 
Additives and Contaminants. 35th Meeting of the Joint 
FAO/WHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 26 

Ben-Dyke et al., 1977. Cited in: Poudrier, 1990. Am Co11 
Toxic01 9: 259-277 

Blood, 1965. Available from EPA. From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 0238 

Bomhard er al., 1978. Unpublished report Cited in: JECFA, 
1980. Toxicological Evaluation of Certain Food Addi- 
tives. 25th Meeting of the Joint FAO/WHO Expert 
Committee on Food Additives. WHO Food Additives 
Series, No. 16 

Borzelleca et al., 1964. Tox Appl Pharm 6: 29-36 
Boutemy, 1980. Unpublished report Cited In: JECFA, 1990. 

Toxicological Evaluation of Certain Veterinary Drug 
Residues in Food. 34th Meeting of the Joint FAO/WHO 
Expert Committee on Food Additives. WHO Food 
Additives Series, No. 25 

Brantom et al., 1972. Fd Cosmet Toxicol lO(5): 637-647. 
From: Research Institute For Fragrance Materials 
(RIFM) database 

Broddle et a/., 1978. Unpublished report Cited In: JECFA, 
1991. Toxicological Evaluation of Certain Veterinary 
Drug Residues in Food. 38th Meeting of the Joint 
FAO/WHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 29 

Brown, 1982. Unpublished report Cited in: JECFA, 1991. 
Toxicological Evaluation of Certain Veterinary Drug 
Residues in Food. 38th Meeting of the Joint FAOjWHO 
Expert Committee on Food Additives. WHO Food 
Additives Series, No. 29 

Brown et al., 1991. Teratology 43(5): 456 From: Develop- 
mental and Reproductive Toxicology Database (DART) 
funded by the National Institute of Environmental Health 
Sciences and the EPA 

Bruckner et al., 1986. Fund Appl Toxic01 6(l): 16 From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0020 

Burek er al., 1980. J. Environ Path01 Toxic01 4: 157 From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0286 

Burnett et a/., 1989. Fd Chem Toxic 27(10): 691698 
Byrd et al., 1990. Teratology 41(5): 542 From: Developmen- 

tal and Reproductive Toxicology Database (DART) 
funded by the National Institute of Environmental Health 
Sciences and the EPA 

Byrd et al., 1991. Teratology 43(5): 458 From: Developmen- 
tal and Reproductive Toxicology Database (DART) 
funded by the National Institute of Environmental Health 
Sciences and the EPA 

Carlson and Tardiff, 1977. Toxic01 Appl Pharmacol 
42: 189-196 From: Integrated Risk Information 
System (IRIS) funded by the EPA. Accession number 
0148 

Carbon, 1980a. Toxicol Lett 5: 207-212 From: Integrated 
Risk Information System (IRIS) funded by the EPA. 
Accession number 0180 

Carbon, 1980b. Toxic01 Lett 6: 207-212 From: Integrated 
Risk Information System (IRIS) funded by the EPA. 
Accession number 0184 

Carpanini ef al., 1975. Unpublished report Cited In: JECFA, 
1978. Summary of Toxicological Data of Certain Food 
Additives. 21st Meeting of the Joint FAOjWHO Expert 
Committee on Food Additives. WHO Food Additives 
Series, No. 12 

Carpanini et al., 1978. Toxicology 9: 29 Cited in: JECFA, 
1991. Toxicological Evaluation of Certain Food Addi- 
tives and Contaminants. 37th Meeting of the Joint 

853 

FAO/WHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 28 

Carpenter et al., 1961. J Agric Food Chem 9:30 From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0019 

Carson, 1972. Unpublished report From: Research Institute 
For Fragrance Materials (RIFM) database 

Chemical - Manufacturers Association, 1980. Litton 
Bionetics Cited in: JECFA. 1984. Toxicoloaical Evalu- 
ation of Certain Food Additives and Contaminants. 
28th Meeting of the Joint FAO/WHO Expert 
Committee on Food Additives. WHO Food Additives 
Series, No. 19 

Chemley Products, 1967. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0048 

Chevron, 1965. Available from EPA. From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 0242 

Chevron, 1977. Available from EPA. From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 0183 

Chevron, 198 1. Available from EPA. From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 0018 

Chevron, 1984a. Available from EPA. From: Integrated 
Risk Information Svstem (IRIS) funded bv the EPA. 
Accession number Oi75 ’ 

Chevron, 1984b. Available from EPA. From: Integrated 
Risk Information System (IRIS) funded by the EPA. 
Accession number 0266 

Chevron, 1985a. Unpublished report from: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 02 16 

Chevron, 1985b. Available from EPA. From: Integrated 
Risk Information System (IRIS) funded by the EPA. 
Accession number 0153 

Chevron, 1987. Available from EPA. From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 0354 

Chu et al., 1984. Drug Chem Toxicol7: I 13 From: Integrated 
Risk Information System (IRIS) funded by the EPA. 
Accession number 0107 

Ciba, 1961. Available from EPA. From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 0208 

Ciba, 1965. Available from EPA. From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 0241 

Ciba, 1979. Available from EPA. From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 0187 

Ciba, 1980a. Available from EPA. From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 0068 

Ciba, 1980b. Available from EPA. From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 0285 

Ciba, 1981a. Available from EPA. From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 0220 

Ciba, 1981b. Available from EPA. From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 0074 

Ciba, 1982a. Available from EPA. From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 0094 

Ciba, 1982b. Available from EPA. From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 0282 

Ciba, 1985. Available from EPA. From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 0258 



854 1. C. Mur 

Ciba, 1986. Available from EPA. From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 0341 

Ciba. 1987. Available from EPA. From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 0209 

Ciba. 1988a. Available from EPA. From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 0263 

Ciba, 1988b. Available from EPA. From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 0510 

Cody et al., 1981. J. Toxicol Environ Health 7(5): 829-847 
From: Integrated Risk Information System (IRIS) funded 
by the EPA. Accession number 0318 

Colley 41 al., 1969. Fd Cosmet Toxicol 7: 571-580 From: 
Research Institute For Fragrance Materials (RIFM) 
database 

Colley et al., 1989. Toxicology 54: 219-226 
Collins et al., 1972. Fd Cosmet Toxicol IO: 619-624 Cited 

in: JECFA, 1975. Toxicological Evaluation of Some Food 
Colours. Thickening Agents and Certain Other Sub- 
stances 19th Meeting of the Joint FAO/WHO Exuert 
Committee on Food-Additives. WHO Food Additives 
Series, No. 8 

Collins e/ ul., 1973. Fd Cosmet Toxicol 11: 355-365 
Collins er ul., 1983. Fd Chem Toxicol 21(6): 763-777 From: 

Research Institute For Fragrance Materials (RIFM) 
database 

Cox Ed ul., 1975. FDRL Report No. 91MR R 1673 From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0071 

Cummings and Harris, 1990. Biol Reprod 42: 66 From: 
Developmental and Reproductive Toxicology Database 
(DART) funded by the National Institute of Environmen- 
tal Health Sciences and the EPA 

Dacre. 1969. Proc Univ Otaga Med Sch 47: 3 Cited in: 
JECFA, 1978. Summary of Toxicological Data of Certain 
Food Additives. 21st Meeting of the Joint FAOjWHO 
Expert Committee on Food Additives. WHO Food 
Additives Series. No. 12 

Dale. 1976. Unpublished report Cited in: JECFA, 1990. 
Toxicological Evaluation of Certain Veterinary Drug 
Residues in Food. 34th Meeting of the Joint FAOjWHO 
Expert Committee on Food Additives. WHO Food 
Additives Series, No. 25 

Damske et al., 1980. Unpublished rep no. 21130-01 & -04 
Cited in: JECFA. 1991. Toxicological Evaluation of 
Certain Food Additives and Contaminants. 37th Meeting 
of the Joint FAOjWHO Expert Committee on Food 
Additives. WHO Food Additives Series, No. 28 

Danse et ul.. 1984. Toxicol Appl Pharmacol 72: 262-271 
From: Integrated Risk Information System (IRIS) funded 
by the EPA. Accession number 0015 

Daughtrey L’I al., 1989. Fundam Appl Toxic01 13(2): 303 
From: Developmental and Reproductive Toxicology 
Database (DART) funded by the National Institute of 
Environmental Health Sciences and the EPA 

Dean. 1988. Unpublished report Cited in: JECFA, 1990. 
Toxicological Evaluation of Certain Veterinary Drug 
Residues in Food. 34th Meeting of the Joint FAO/WHO 
Expert Committee on Food Additives. WHO Food 
Additives Series, No. 25 

Delgado et al., 1993. Food Chem Toxicol 31(9): 623 From: 
Developmental and Reproductive Toxicology Database 
(DART) funded by the National Institute of Environmen- 
tal Health Sciences and the EPA 

Della Porta et al.. 1968. Fd Cosmet Toxicol 6: 707 Cited in: 
JECFA, 1972; Toxicological Evaluation of Some 
Enzymes, Modified Starches and Certain Other Sub- 
stances. 15th Meeting of the Joint FAOjWHO Expert 
Committee on Food Additives. WHO Food Additives 
Series, No. 1 

n-o et al. 

Dennis et al., 1990. Teratology 41(5):548 From: Develop- 
mental and Reoroductive Toxicologv Database (DART) 
funded by the National Institute of I%vironmental Health 
Sciences and the EPA 

DFG, 1957. Mitteilung 6:58 Cited in: JECFA, 1978. 
Summary of Toxicological Data of Certain Food 
Additives. 22nd Meeting of the Joint FAOjWHO Expert 
Committee on Food Additives. WHO Food Additives 
Series, No. 13 

Diamond Shamrock, 1964. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0221 

Diamond Shamrock, 1975. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0143 

DiBattista, 1989. Physiol Behav 46(4): 771-773 From: 
Developmental and Reproductive Toxicology Database 
(DART) funded by the National Institute of Environmen- 
tal Health Sciences and the EPA 

Dirx and Marsboom, 1984. Unpublished report Cited in: 
JECFA, 1991. Toxicological Evaluation of Certain 
Veterinary Drug Residues-in Food. 36th Meeting of the 
Joint FAO/WHO Exnert Committee on Food Additives. 
WHO Food Additives Series, No. 27 

Domenjoz. 1965. Unpublished report Cited in: WHO, 1969. 
1968 Evaluations of Some Pesticide Residues in Food. 
Food and Agriculture Organization of the United 
Nations. World Health Organization 

Domingo et al., 1990. Life Sci 47(19):1745 From: 
Developmental and Reproductive Toxicology Database 
(DART) funded by the National Institute of Environmen- 
tal Health Sciences and the EPA 

Doull et al., 1960. Unpublished report Cited in: WHO, 1969. 
1968 Evaluations of Some Pesticide Residues in Food. 
Food and Agriculture Organization of the United 
Nations. World Health Organization 

Doull et al.. 1963. Unuublished renort Cited in: WHO. 1969. 
1968 Evaluations of Some Pesticide Residues in ‘Food. 
Food and Agriculture Organization of the United 
Nations. World Health Organization 

Dow Chemical, 1967. Unpublished report Cited in: JECFA, 
1980. Toxicological Evaluation of Certain Food Addi- 
tives. 23rd Meeting of the Joint FAOjWHO Expert 
Committee on Food Additives. WHO Food Additives 
Series, No. 14 

Dow Chemical, 1973. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0224 

Dow Chemical, 1983. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0150 

Dow Chemical, 1984. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0124 

Dow Chemical, 1985. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0467 

Dow Chemical, 1986. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0256 

Drake et al., 1975. Fd Cosmet Toxicol 13: 185-193 From: 
Research Institute For Fragrance Materials (RIFM) 
database 

du Pont, 1954. Available from EPA. From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 0267 

du Pont, 1964. Available from EPA. From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 0233 

du Pont, 1968. Available from EPA. From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 001 I 

du Pont, 1972. Available from EPA. From: Integrated Risk 



Correlating structure with toxicity 855 

Information System (IRIS) funded by the EPA. Accession Integrated Risk Information System (IRIS) funded by the 
number 0181 EPA. Accession number 0064 

du Pont, 1977. Available from EPA. From: Integrated Risk Elanco Products, 1980a. Available from EPA. From: 
Information System (IRIS) funded by the EPA. Accession Integrated Risk Information System (IRIS) funded by the 
number 0246 EPA. Accession number 0054 

du Pont, 1980. Available from EPA. From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 0027 

du Pont, 1981a. Available from EPA. From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 0069 

du Pont, 198 1 b. Available from EPA. From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 0105 

du Pont, 1984. Available from EPA. From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 0170 

du Pont, 1985a. Available from EPA. From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 0288 

du Pont, 1985b. Available from EPA. From: Integrated Risk 
Information System (IRIS) funded by EPA. Accession 
number 0335 

du Pont, 198%. Available from EPA. From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 0406 

du Pont, 1985d. Available from EPA. From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 0345 

du Pont, 1986a. Available from EPA. From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 0379 

du Pont, 1986b. Available from EPA. From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 0337 

du Pont, 1986c. Available from EPA. From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 

* number 0171 
Dunnington et al., 198 1. Food Cosmet Toxic01 19: 69 1 Cited 

in: JECFA. 1983. Toxicological Evaluation of Certain 
Food Additives and Contaminants. 27th Meeting of the 
Joint FAOjWHO Expert Committee on Food Additives. 
WHO Food Additives Series, No. 18 

Dysmsza and Park, 1975. Fed Proc 43: 912 Cited in: JECFA, 
1987. Toxicological Evaluation of Certain Food Addi- 
tives and Contaminants. 30th Meeting of the Joint 
FAOjWHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 21 

Eckhoff et al., 1989. Toxicol Lett 48(2): 171 From: 
Developmental and Reproductive Toxicology Database 
(DART) funded by the National Institute of Environmen- 
tal Health Sciences and the EPA 

Edwards et al., 1982. Unpublished report Cited in: JECFA, 
1990. Toxicological Evaluation of Certain Food Addi- 
tives and Contaminants. 35th Meeting of the Joint 
FAO/WHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 26 

Eiben et al., 1982. Unpublished rep no. 11108 Cited in: 
JECFA, 1991. Toxicological Evaluation of Certain Food 
Additives and Contaminants. 37th Meeting of the Joint 
FAO/WHO Exnert Committee on Food Additives. WHO 
Food Additives Series, No. 28 

Eiben et al., 1983. Unpublished rep no. 11969 Cited in: 
JECFA, 1991. Toxicological Evaluation of Certain Food 
Additives and Contaminants. 37th Meeting of the Joint 
FAO/WHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 28 

Eiben, 1985. Unpublished report Cited in: JECFA, 1991. 
Toxicological Evaluation of Certain Veterinary Drug 
Residues in Food. 38th Meeting of the Joint FAOjWHO 
Expert Committee on Food Additives. WHO Food 
Additives Series, No. 29 

Elanco Products, 1969. Available from EPA. From: 

Elanco Products, 1980b. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0083 

Elanco Products, 1981. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0264 

Elanco Products, 1985. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0339 

Eli Lilly&Co., 1986. Available from EPA. From: Integrated 
Risk Information System (IRIS) funded by the EPA. 
Accession number 0383 

Ema et al., 1992. Toxicol Lett 62(l): 45 From: Developmen- 
tal and Reproductive Toxicology Database (DART) 
funded by the National Institute of Environmental Health 
Sciences and the EPA 

Everett et nl., 1987. Unpublished report Cited in: JECFA, 
1988. Toxicological Evaluation of Certain Veterinary 
Drug Residues in Food. 32nd Meeting of the Joint 
FAO/WHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 23 

Exon and Keller, 1985. Water Chlorination: Chemistry, 
Env. Impact and Health Effects (Jolley et al., Ed.) Vol 5 
From: Integrated Risk Information System (IRIS) funded 
by the EPA. Accession number 0041 

Exon and Koller, 1986. Environ Health Perspect 46: 137 
From: Integrated Risk Information System (IRIS) funded 
by the EPA. Accession number 0303 

FDA, 1964. Cited in: JECFA, 1978. Summary of 
Toxicological Data of Certain Food Additives. 21st 
Meeting of the Joint FAOjWHO Expert Committee on 
Food Additives. WHO Food Additives Series, No. 12 

FDRL, 1972. Unpublished report Cited in: JECFA, 1987. 
Toxicological Evaluation of Certain Food Additives and 
Contaminants. 30th Meeting of the Joint FAOjWHO 
Expert Committee on Food Additives. WHO Food 
Additives Series, No. 21 

FDRL, 1973. Unpublished report Cited in: JECFA, 1978. 
Summary of Toxicological Data of Certain Food 
Additives. 21st Meeting of the Joint FAO/WHO Expert 
Committee on Food Additives. WHO Food Additives 
Series, No. 12 

Feron et al., 1975. Fd Cosmet Toxicol 13: 633 Cited in: 
JECFA, 1984. Toxicological Evaluation of Certain Food 
Additives and Contaminants. 28th Meeting of the Joint 
FAO/WHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 19 

Fitzhugh and Nelson, 1947. J Amer Pharm Ass Sci Ed 36: 
217 Cited in: JECFA, 1967. Toxicological Evaluation of 
Some Antimicrobials, Antioxidants, Emulsifiers, Stabil- 
isers, Flour-treatment Agents, Acids and Bases. 9th and 
10th Meetina of the Joint FAO/WHO Exnert Committee 
on Food Adhitives 

Fitzhugh, 1950. J Pharmacol Exp Ther 100: 59 From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0065 

Fitzhugh et al., 1951. J Amer Pharm Ass Sci Ed 40: 583 
Cited in: JECFA, 1967. Toxicological Evaluation of Some 
Flavouring Substances and Non-Nutritive Sweetening 
Agents. 11th Meeting of the Joint FAO/WHO Expert 
Committee on Food Additives 

Fitzhugh ef al., 1959. Toxicol Appl Pharmacol 1: 315-331 
Cited in: JECFA, 1982. Toxicological Evaluation of 
Certain Food Additives and Contaminants. 26th 
Meeting of the Joint FAO/WHO Expert Committee 
on Food Additives. WHO Food Additives Series, 
No. 17 

FMC Corp., 1979. Available from EPA. From: Integrated 



856 I. C. Munro er al. 

Risk Information System (IRIS) funded by the EPA. 
Accession number 0 I85 

FMC Corp., 1981. Available from EPA. From: Integrated 
Risk Information System (IRIS) funded by the EPA. 
Accession number 0218 

FMC Corp., 1982. Available from EPA. From: Integrated 
Risk Information System (IRIS) funded by the EPA. 
Accession number 002 1 

FMC Corp., 1984. Available from EPA. From: Integrated 
Risk Information System (IRIS) funded by the EPA. 
Accession number 0333 

FMC Corp., 1985. Available from EPA. From: Integrated 
Risk Information System (IRIS) funded by the EPA. 
Accession number 0156 

Food and Drug Research Labs, 1974a. Unpublished report 
Cited in: JECFA, 1978. Summary of Toxicological Data 
of Certain Food Additives, 21st Meeting of the Joint 
FAOjWHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 12 

Food and Drug Research Labs, 1974b. Unpublished report 
Cited in: JECFA, 1980. Toxicological Evaluation of 
Certain Food Additives. 23rd Meeting of the Joint 
FAO/WHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 14 

Food Research Labs, 1955. From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 0226 

Ford et al., 1983a. Unpublished report Cited in: JECFA, 
1984. Toxicological Evaluation of Certain Food Addi- 
tives and Contaminants. 28th Meeting of the Joint 
FAOjWHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 19 

Ford et al.. 1983b. Fd Chem Toxicol 21(4): 44-447 From: 
Research Institute For Fragrance Materials (RIFM) 
database 

Frakes et al., 1985 Teratology 31: 241-246 Cited in: JECFA, 
1993. Toxicological Evaluation of Certain Food Addi- 
tives and Contaminants. 41st Meeting of the Joint 
FAOjWHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 32 

Frazer PI a/.. 1954. Unpublished report Cited in: JECFA, 
1967. Toxicological Evaluation of Some Antimicrobials, 
Antioxidants, Emulsifiers, Stabilisers, Flour-treatment 
Agents, Acids and Bases. 9th and 10th Meeting of the 
Joint FAO/WHO Expert Committee on Food Additives 

Friedman et a/.. 1972. J Nat1 Cancer lnst 49: 751-760 Cited 
in: JECFA. 1978. Summary of Toxicological Data of 
Certain Food Additives. 21st Meeting of the Joint 
FAOjWHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 12 

Fuchs et al.. 1986. Unpublished report Cited in: JECFA, 
1991. Toxicological Evaluation of Certain Food Addi- 
tives and Contaminants. 37th Meeting of the Joint 
FAO/WHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 28 

Fulfs et al., 1977. Ecotoxicol Environ Saf 1: 327 From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0251 

Fullerton et al., 1987. J Toxicol Env Health 22: 175-185 
Cited in: JECFA, 1990. Toxicological Evaluation of 
Certain Veterinary Drug Residues in Food. 34th Meeting 
of the Joint FAOjWHO Expert Committee on Food 
Additives. WHO Food Additives Series, No. 25 

Furuhashi et al., 1989. Jpn J Antibiot 42(1 I): 2472 From: 
Developmental and Reproductive Toxicology Database 
(DART) funded by the National Institute of Environmen- 
tal Health Sciences and the EPA 

Gaunt et al., 1967a. Food Cosmet Toxic01 5: 179 Cited in: 
JECFA, 1978. Summary of Toxicological Data of Certain 
Food Additives. 22nd Meeting of the Joint FAO/WHO 
Expert Committee on Food Additives. WHO Food 
Additives Series, No. 13 

Gaunt et al., 1967b. Fd Cosmet Toxicol 5: 179 Cited in: 

JECFA. 1975. Toxicological Evaluation of Some Food 
Colours. Enzymes, Flavour Enhancers, Thickening 
Agents and Certain Other Food Additives. 18th Meeting 
of the Joint FAOjWHO Expert Committee on Food 
Additives. WHO Food Additives Series, No. 6 

Gaunt et al.. 1968. Fd Cosmet Toxicol 6: 689 Cited in: 
JECFA, 1993. Toxicological Evaluation of Certain Food 
Additives and Contaminants. 41st Meeting of the Joint 
FAOjWHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 32 

Gaunt et al., 1970a. Fd Cosmet Toxicol 8: 349-358 
Gaunt et al.. 1970b. Food Cosmet Toxicol 8(4): 359-368 

Cited in: JECFA, 1980. Toxicological Evaluation of 
Certain Food Additives. 23rd Meeting of the Joint 
FAOjWHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 14 

Gaunt et al., 1971a. Fd Cosmet Toxicol 9: 775-786 
Gaunt et al., 197lb. Fd Cosmet Toxicol 9: 355-366 
Gaunt er al.. 1972a. Fd Cosmet Toxicol 10: 131-141 
Gaunt et al., 1972b. Fd Cosmet Toxicol 10: 625-636 
Gaunt et al.. 1972~. Fd Cosmet Toxicol 10: 151-162 
Gaunt et al., 1974. Fd Cosmet Toxicol 12: 185-194 
Gaunt et al.. 1976. Unpublished report Cited in: JECFA, 

1980. Toxicological Evaluation of Certain Food Addi- 
tives. 25th Meeting of the Joint FAO/WHO Expert 
Committee on Food Additives. WHO Food Additives 
Series, No. 16 

Gaunt er al., 1982. Fd Cosmet Toxic01 20: 519-525 
Gibson et al., 1974. From: Integrated Risk Information 

System (IRIS) funded by the EPA. Accession number 
0412 

Goldenthal. 1981. Unpublished report Cited in: JECFA, 
1991. Toxicological Evaluation of Certain Veterinary 
Drug Residues in Food. 38th Meeting of the Joint 
FAO/WHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 29 

Gorzinski et al., 1985. Drug Chem Toxic01 8(3): 155-169 
From: Integrated Risk Information System (IRIS) funded 
by the EPA. Accession number 0167 

Gralla et al., 1969. Toxic01 Appl Pharm 15: 604 Cited in: 
JECFA, 1975. Toxicological Evaluation of Some Food 
Colours, Enzymes, Fiavour Enhancers, Thickening 
Agents, and Certain Other Food Additives. 18th Report 
of the Joint FAOiWHO Exuert Committee on Food 
Additives. WHO Food Additives Series, No. 6 

Hagan et al., 1967a. Food Cosmet Toxicol5: 141-157 Cited 
in: JECFA, 1980. Toxicological Evaluation of Certain 
Food Additives. 23rd Meeting of the Joint FAOiWHO 
Expert Committee on Food Additives. WHO’ Food 
Additives Series, No. 14 

Haean et al.. 1967b. Fd Cosmet Toxic01 5(2): 141 Cited in: 
JECFA, 1967. Toxicological Evaluatibn of Some 
Flavouring Substances and Non-Nutritive Sweetening 
Agents. 1 lth Meeting of the Joint FAOjWHO Expert 
Committee on Food Additives 

Hagan et al., 1967~. Fd Cosmet Toxic01 5: 141 Cited in: 
JECFA, 1991. Toxicological Evaluation of Certain Food 
Additives and Contaminants, 37th Meeting of the Joint 
FAO/WHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 28 

Hales er al.. 1992. Teratoloav 45(6): 671 From: Develoumen- 
tal and Reproductive Toxicology Database (DART) 
funded by the National Institute of Environmental Health 
Sciences and the EPA 

Hanley et al., 1990. Teratology 41(5): 562 From: 
Developmental and Reproductive Toxicology Database 
(DART) funded by the National Institute of Environmen- 
tal Health Sciences and the EPA 

Hansen ef al., 1966a. Toxicol Appl Pharmacol 8: 
29-36 

Hansen et al., 1966b. Fd Cosmet Toxicology 4: 389-410 
Cited in: JECFA, 1987. Toxicological Evaluation of 
Certain Food Additives and Contaminants. 30th Meeting 



Correlating structure with toxicity 857 

of the Joint FAO/WHO Expert Committee on Food Hutchings et al., 1989. Neurotoxicol Teratol 1 l(4): 353-356 
Additives. WHO Food Additives Series, No. 21 From: Developmental and Reproductive Toxicology 

Hara. 1959. Unpublished report Cited in: JECFA, 1976. Database (DART) funded by the National Institute of 
Toxicological Evaluation of Certain Food Additives, 20th Environmental Health Sciences and the EPA 
Meeting of the Joint FAOjWHO Expert Committee on 
Food Additives. WHO Food Additives Series. No. 10 

Harleman and Seinen, 1979. Toxicol Appl Pharmacol 47: I 
From: Integrated Risk Information System (IRIS) funded 
by the EPA. Accession number 0058 

Hayes et al., 1986. Fund Appl Toxicol 7: I19 From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0106 

Hazelton Lab. Inc., 1970. Unpublished report Cited in: 
JECFA, 1972. Evaluation of Mercury, Lead, Cadmium 
and the Food Additives Amaranth, Diethylpyrocarbon- 
ate, and Octyl Gallate. 16th Meeting of the Joint 
FAOjWHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 4 

Hecht and Wingler, 1952. Arzneimittel Forsch 2: 192 Cited 
in: JECFA. 1978. Summarv of Toxicoloeical Data of 
Certain Food Additives. 22nd Meeting-of the Joint 
FAOjWHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 13 

Hendrickx CI al., 1993. Fundam Appl Tox 20: 199-209 
Henwood and Osimitz, date unknown. Teratology Society 

Abstracts p39 
Higdon et al., 1991. Teratology 44(l): 37 From: Develop- 

mental and Reproductive Toxicology Database (DART) 
funded by the National Institute of Environmental Health 
Sciences and the EPA 

Higdon et al., date unknown. Teratology Society Abstracts 
plO4 

Hodge et a/., 1953. Arch Ind Hyg Occ Med 8: 289 From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0052 

Hodge, 1953. Unpublished report Cited in: JECFA, 1972. 
Toxicological Evaluation of Some Enzymes, Modified 
Starches and Certain Other Substances. 15th Meeting of 
the Joint FAO/WHO Expert Committee on Food 
Additives. WHO Food Additives Series, No. I 

Hoescht, 1982. Available from EPA. From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 0247 

Hoescht, 1986. Available from EPA. From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 0268 

Hofer et al., 1982. OEFZS Ber. No. 4155: I46 From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0087 

Hoffmann, 1972. Unpublished report Cited in: JECFA, 
1991. Toxicological Evaluation- of Certain Veterinary 
Drue Residues in Food. 36th Meeting of the Joint 
FAG/WHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 27 

Holder, 1989. Neurotoxicol Teratol 1 l(l): 1-6 From: 
Developmental and Reproductive Toxicology Database 
(DART) funded by the National Institute of Environmen- 
tal Health Sciences and the EPA. 

Hooks et al., 1988. Unpublished report Cited in: JECFA, 
1990. Toxicological Evaluation of Certain Veterinary 
Drug Residues-in Food. 34th Meeting of the Joint 
FAOlWHO Exuert Committee on Food Additives. WHO 
Food Additives Series, No. 25 

Hooson et al, 1974. Fd Cosmet Toxicol, in press Cited in: 
JECFA, 1975. Toxicological Evaluation of Some Food 
Colours. Enzymes, Flavour Enhancers, Thickening 
Agents and Certain Other Food Additives. 18th Meeting 

ICI Americas, Inc., 1973. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0257 

ICI Americas, Inc., 1979. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0380 

ICI Americas, Inc., 1983. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0182 

ICI Americas, Inc., 1988. Unpublished From: Integrated 
Risk Information System (IRIS) funded by the EPA. 
Accession number 0420 

Imperial Chemicals Industries, 1984. Available from EPA. 
From: Integrated Risk Information System (IRIS) funded 
by the EPA. Accession number 0279 

Industry Task Force on MCPA, 1986. Available from EPA. 
From: Integrated Risk Information System (IRIS) funded 
by the EPA. Accession number 0066 

International Research and Development Corp., 1981. 
Unpublished study From: Integrated Risk Information 
System (IRIS) funded by the EPA. Accession number 
0205 

Ishii et al., 1981. Toxicology, in press Cited in: JECFA, 
1980. Toxicological Evaluation of Certain Food Addi- 
tives. 25th Meeting of the Joint FAOjWHO Expert 
Committee on Food Additives. WHO Food Additives 
Series, No. I6 

James ef al., 1986. Unpublished report Cited in: JECFA, 
1988. Toxicological Evaluation of Certain Veterinary 
Drug Residues in Food. 32nd Meeting of the Joint 
FAOjWHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 23 

Janssen R & D, Inc., 1967. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0168 

Jersey et al., 1991. The Toxicologist 11: 353 Cited in: 
JECFA, 1993. Toxicological Evaluation of Certain Food 
Additives and Contaminants. 41st Meeting of the Joint 
FAOjWHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 32 

Kalo Laboratories, 1979. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0338 

Kaziwara et al., 1971. J Takeda Res Lab 30: 314321 Cited 
in: JECFA, 1993. Toxicological Evaluation of Certain 
Food Additives and Contaminants. 4lst Meeting of the 
Joint FAOjWHO Expert Committee on Food Additives. 
WHO Food Additives Series, No. 32 

Kelich et al., 1991. Teratology 43(5): 458 From: Develop- 
mental and Reproductive Toxicology Database (DART) 
funded by the National Institute of Environmental Health 
Sciences and the EPA. 

Kieckebusch and Lang, 1960. Arzneimittel Forsch IO: 
1001-1003 Cited in: JECFA, 1983. Toxicological 
Evaluation of Certain Food Additives and Contaminants. 
27th Meeting of the Joint FAOjWHO Expert 
Committee on Food Additives. WHO Food Additives 
Series, No. I8 

Killeen and Rapp, 1974. Unpublished report Cited in: 
JECFA, 1991. Toxicological Evaluation of Certain 
Veterinary Drug Residues-in Food. 38th Meeting of the 
Joint FAOiWHO Exnert Committee on Food Additives. 
WHO Food Additives Series, No. 29 

of the Joint FAOjWHO Expert Committee on Food Kimmerle et al., 1974. Arch Toxic01 33(l): 1-16 From: 
Additives. WHO Food Additives Series, No. 6 Integrated Risk Information Svstem (IRIS) funded bv the 

Huntingdon Research Centre, 1966. Unpublished report EPA. Accession number 0330. ~ ’ * 
Cited in: WHO, 1969. 1968 Evaluations of Some Pesticide Kincaid Enterprises, Inc., 1986. Available from EPA. From: 
Residues in Food. Food and Agriculture Organization of Integrated Risk Information System (IRIS) funded by the 
the United Nations. World Health Organization EPA. Accession number 0369 



858 I. C. Mun l-0 et al. 

Kluwe et. al., 1983. Food Chem Toxicol 21(3): 245-250 
From: Integrated Risk Information System (IRIS) funded 
by the EPA. Accession number 0332 

Knapp et al., 1971. From: Integrated Risk Information 
System (IRIS) funded by the EPA. Accession number 
0399 

Kociba et al., 1979. Food Cosmet Toxic01 17: 205 From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0262 

Krasavage and Terhaar, 1970. Unpublished report Cited in: 
JECFA, 1975. Toxicological Evaluation of Some Food 
Colours, Thickening Agents and Certain Other Sub- 
stances. 19th Meeting of the Joint FAOjWHO Expert 
Committee on Food Additives. WHO Food Additives 
Series, No. 8 

Krasavage, 1973. J Agr Food Chem 21: 473478 Cited in: 
JECFA, 1982. Toxicological Evaluation of Certain Food 
Additives and Contaminants. 26th Meeting of the Joint 
FAOiWHO Exoert Committee on Food Additives. WHO 
Food Additive; Series. No. I7 

Krasavage et al., 1973. Am Ind Hyg Assoc J 34(10): 455 
From: Integrated Risk Information System (IRIS) funded 
by the EPA. Accession number 0046 

Krasavage e/ al., 1992. Toxicologist 12(l): 233 From: 
Developmental and Reproductive Toxicology Database 
(DART) funded by the National Institute of Environmen- 
tal Health Sciences and the EPA. 

Lamb, 1986. Cited in: Melnick, 1987. Tox Ind Health 3: 99 
Cited in: JECFA, 1989. Toxicological Evaluation of 
Certain Food Additives and Contaminants. 33rd Meeting 
of the Joint FAOjWHO Expert Committee on Food 
Additives. WHO Food Additives Series, No. 24 

Lane et al., 1982. Toxicol Appl Pharmacol 63: 409421 
Lang, 1962. Arzneimittelforsch IO: 997 Cited in: JECFA, 

1967. Toxicological Evaluation of Some Antimicrobials, 
Antioxidants, Emulsifiers, Stabilisers, Flour-treatment 
Agents, Acids and Bases. 9th and 10th Meeting of the 
Joint FAO/WHO Expert Committee on Food Additives 

Lang e/ al., 1967. in preparation Cited in: JECFA, 1967. 
Toxicological Evaluation of Some Antimicrobials, An- 
tioxidants, Emulsifiers, Stabilisers, Flour-treatment 
Agents, Acids and Bases. 9th and 10th Meeting of the 
Joint FAOjWHO Expert Committee on Food Additives 

Lankas and Wise, 1993. Food Chem Toxicol 31(3): 199 
From: Developmental and Reproductive Toxicology 
Database (DART) funded by the National Institute of 
Environmental Health Sciences and the EPA. 

Larson, 1957. Unpublished report Cited in: WHO, 1969. 
1968 Evaluations of Some Pesticide Residues in Food. 
Food and Agriculture Organization of the United 
Nations. World Health Organization 

Le Clerc. 1974. Ann Nut Aliment 23: 111-120 Cited in: 
JECFA, 1980. Toxicological Evaluation of Certain Food 
Additives. 25th Meeting of the Joint FAOjWHO Expert 
Committee on Food Additives. WHO Food Additives 
Series, No. I6 

Lee et al., 1985. From: Integrated Risk Information System 
(IRIS) funded by the EPA. Accession number 0524 

Lessel. 1967. Unoublished reoort Cited in: JECFA. 1967. 
Toxicological ivaluation of Some Flavouring Substances 
and Non-Nutritive Sweetening Agents. I Ith Meeting of 
the Joint FAOjWHO Expert Committee on Food 
Additives 

Leuschner et a/., 1976. Unpublished report Cited in: 
JECFA, 1988. Evaluation of Certain Food Additives and 
Contaminants. 31st Meeting of the Joint FAOjWHO 
Expert Committee on Food Additives. WHO Food 
Additives Series, No. 22 

Levinskas er al., 1966. Tox and Appl Pharmaco18: 97 Cited 
in: JECFA, 1976. Toxicological Evaluation of Certain 
Food Additives. 20th Meeting of the Joint FAO/WHO 
Expert Committee on Food Additives. WHO Food 
Additives Series, No. IO 

Lilja et al., 1983. Unpublished report Cited in: JECFA, 
1987. Toxicological Evaluation of Certain Food Addi- 
tives and Contaminants. 30th Meeting of the Joint 
FAOjWHO Expert Committee on Food Additives. WHO 
Food Additives Series. No. 21 

Little, 1953. Unpublished report Cited in: JECFA, 1988. 
Evaluation of Certain Food Additives and Contaminants. 
3lst Meeting of the Joint FAOjWHO Expert Committee 
on Food Additives. WHO Food Additives Series, 
No. 22 

Machemer, 1976. Unpublished report Cited in: JECFA, 
1991. Toxicological Evaluation of Certain Food Addi- 
tives and Contaminants. 37th Meeting of the Joint 
FAOjWHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 28 

MacKenzie et al., 1990. Fund Appl Toxicol (in press) Cited 
in: JECFA, 1991. Toxicological Evaluation of Certain 
Food Additives and Contaminants. 37th Meeting of the 
Joint FAOiWHO Exoert Committee on Food Additives. 
WHO Food Additives Series, No. 28 

Makita et al.. 1975. Oyo Yakuri IO: 449 Cited in: JECFA, 
1993. Toxicological Evaluation of Certain Food Addi- 
tives and Contaminants. 41st Meeting of the Joint 
FAOjWHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 32 

Malorny. 1969. Z Ernaehrungswiss 9(4): 443449 Cited in: 
JECFA. 1980. Toxicological Evaluation of Certain Food 
Additives. 23rd Meeting of the Joint FAOjWHO Expert 
Committee on Food Additives. WHO Food Additives 
Series, No. I4 

Margaria, 1963. Unpublished report Cited in: JECFA, 1980. 
Toxicological Evaluation of Certain Food Additives. 25th 
Meeting of the Joint FAOjWHO Expert Committee on 
Food Additives. WHO Food Additives Series, No. I6 

Marsboom et (I/., 1969. Unpublished report Cited in: 
JECFA, 199 I. Toxicological Evaluation of Certain 
Veterinary Drug Residues in Food. 36th Meeting of the 
Joint FAO/WHO Expert Committee on Food Additives. 
WHO Food Additives Series, No. 27 

Marshall and Bouchard, 1980. Unpublished report Cited in: 
JECFA, 1980. Toxicological Evaluation of Certain Food 
Additives. 25th Meeting of the Joint FAOjWHO Expert 
Committee on Food Additives. WHO Food Additives 
Series, No. I6 

Martin, 1980. Unpublished report Cited in: JECFA, 1990. 
Toxicological Evaluation of Certain Veterinary Drug 
Residues in Food. 34th Meeting of the Joint FAOjWHO 
Expert Committee on Food Additives. WHO Food 
Additives Series, No. 25 

Mason et ul., 1974. Unpublished report Cited in: JECFA, 
1983. Toxicological Evaluation of Certain Food Addi- 
tives and Contaminants. 27th Meeting of the Joint 
FAOjWHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. I8 

Matsuo e/ al.. 1989. Iyakuhin Kenkyu 20(I): 153 From: 
Developmental and Reproductive Toxicology Database 
(DART) funded by the National Institute of Environmen- 
tal Health Sciences and the EPA. 

Matthews ef al., 1956. J Am Pharm Ass 45(4): 26s-267 
Mayer et nl., 1979. Unpublished report Cited in: JECFA, 

1991. Toxicological Evaluation of Certain Food Addi- 
tives and Contaminants. 37th Meeting of the Joint 
FAOjWHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 28 

McCollister et al., 1959. J Agr Food Chem 7: 689-693 Cited 
in: WHO, 1969. 1968 Evaluations of Some Pesticide 
Residues in Food. Food and Agriculture Organization of 
the United Nations. World Health Organization 

McCollister et u/., 1961. Toxicol Appl Pharmacol 3: 63 
From: Integrated Risk Information System (IRIS) funded 
by the EPA. Accession number 0121 

McCollister, 1964. Unpublished report Cited in: WHO, 
1969. 1968 Evaluations of Some Pesticide Residues in 



Correlating structure with toxicity 859 

Food. Food and Agriculture Organization of the United Risk Information System (IRIS) funded by the EPA. 
Nations. World Health Organization Accession number 0195 

McCollister er al.. 1968. Food Cosmet Toxicol 6: 185-198 Monsanto Co., 1984a. Available from EPA. From: 
Cited in: WHO, 1969. 1968 Evaluations of Some Pesticide Integrated Risk Information System (IRIS) funded by the 
Residues in Food. Food and Agriculture Organization of 
the United Nations. World Health Organization 

Mellon Institute, 1954. Unpublished report Cited in: 
JECFA, 1967. Toxicological Evaluation of Some 
Antimicrobials, Antioxidants, Emulsifiers, Stabilisers, 
Flour-treatment Agents, Acids and Bases. 9th and 10th 
Meeting of the Joint FAOjWHO Expert Committee on 
Food Additives 

Mendoza et al., 1977. Toxicol Appl Pharmacol41: 127-130 

Mercieca et al., 1991. Teratology 43(5): 454 From: 

From: Integrated Risk Information System (IRIS) funded 
by the EPA. Accession number 0161 

Developmental and Reproductive Toxicology Database 

Mercieca et al., 1990. Teratology 41(5): 577 From: 

(DART) funded by the National Institute of Environmen- 

Developmental and Reproductive Toxicology Database 
(DART) funded by the National Institute of Environmen- 
tal Health Sciences and the EPA. 

tal Health Sciences and the EPA. 
Merck & Co.. 1979. Unpublished report Cited in: JECFA, 

1991. Toxicological Evaluation of Certain Veterinary 
Drug Residues in Food. 36th Meeting of the Joint 
FAOjWHO Expert Committee on Food Additives. WHO 

EPA. Accession number 0129 
Monsanto Co., 1984b. Available from EPA. From: 

Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0174 

Monsanto Co.. 1986. Available from EPA. From: Inteerated 
Risk Information System (IRIS) funded by the-EPA. 
Accession number 052 I 

Morgan et al., 1988. From: Integrated Risk Information 
System (IRIS) funded by the EPA. Accession number 
0402 

Morgan et al., 1990. Food Chem Toxicol 28: 839 Cited in: 
JECFA, 1993. Toxicological Evaluation of Certain 

No. 30 

Food Additives and Naturally Occurring Toxicants. 

Moribani, Nissan, du Pont, Velsicol, 1986. Available from 

39th Meeting of the Joint FAOjWHO Expert Committee 
on Food Additives. WHO Food Additives Series. 

EPA. From: Integrated Risk Information System (IRIS) 
funded by the EPA. Accession number 0236 

Morrissey et al., 1986. Fund Appl Toxicol 7: 434 Cited in: 
JECFA, 199 1. Toxicological Evaluation of Certain 
Veterinary Drug Residues in Food. 36th Meeting of the 
Joint FAOjWHO Expert Committee on Food Additives. 

Food Additives Series, No. 27 
Merck & Co., 1985. Available from EPA. From: Integrated 

Risk Information System (IRIS) funded by the EPA. 
Accession number 0381 

Mikhailova et al.. 1985. Voor Pitan 2: 49 Cited in: JECFA. 
1993. Toxicological Evaluation of Certain Food Addi: 
tives and Contaminants. 4lst Meeting of the Joint 
FAOjWHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 32 

Mitsumori et al., 1979. J Pest Sci 4: 323 From: Integrated 
Risk Information System (IRIS) funded by the EPA. 
Accession number 0407 

Mobay Chemical, 1983. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0132 

Mobay Chemical, 1969. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0367 

Mobay Chemical, 1974. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0075 

Mobay Chemical, 1975. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0036 

Mobay Chemical, 1978. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0131 

Mobay Chemical, 1982. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0240 

WHO Food Additives Series, No. 27 
Morrissev et al.. 1989. Terat Carcin Mutat 9(2): 1 I9 From: 

Developmental and Reproductive Toxicology Database 
(DART) funded by the National Institute of Environmen- 
tal Health Sciences and the EPA. 

Morseth and Ihara, 1989. Yakuri To Chiryo 17(Suppl 4): 
185 From: Developmental and Reproductive Toxicology 
Database (DART) funded by the National Institute of 
Environmental Health Sciences and the EPA 

Mosher et al., 1973. Unpublished report Cited in: JECFA, 
1990. Toxicological Evaluation of Certain Veterinary 
Drug Residues in Food. 34th Meeting of the Joint 
FAOjWHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 25 

Mosinger, 1971. Unpublished report Cited in: JECFA, 1978. 
Summary of Toxicological Data of Certain Food 
Additives. 2lst Meeting of the Joint FAOjWHO Expert 
Committee on Food Additives. WHO Food Additives 
Series, No. I2 

Mullison, 1966. Proc. 19th Ann. Meet., Southern Weed 
Conference p. 420 From: Integrated Risk Information 
System (IRIS) funded by the EPA. Accession number 
0323 

Food Additives Series, No. I9 
Murray et al., 1978. Food Cosmet Toxicol 16: 547-551 

Cited in: JECFA, 1984. Toxicological Evaluation of 

Murray et al., 1976. Unpublished report Cited in: JECFA. 
1984. Toxicological Evaluation of Certain Food Addi- 
tives and Contaminants. 28th Meeting of the Joint 
FAOjWHO Expert Committee on Food Additives. WHO 

Mobay Chemical, 1984a. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0210 

Mobay Chemical, 1984b. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0250 

Monsanto Co., 1964. Available from EPA. From: Integrated 
Risk Information System (IRIS) funded by the EPA. 
Accession number 0096 

Monsanto Co., 1967. From: Integrated Risk Information 
System (IRIS) funded by the EPA. Accession number 
0399 

Monsanto Co., I98 I. Available from EPA. From: Integrated 
Risk Information System (IRIS) funded by the EPA. 
Accession number 0057 

Monsanto Co., 1983. Available from EPA. From: Integrated 

Certain Food Additives and Contaminants. 28th Meeting 
of the Joint FAOjWHO Expert Committee on Food 
Additives. WHO Food Additives Series, No. I9 

National Coffee Assoc, 1982. Report Submitted to FDA, 
1982 Cited in: JECFA, 1983. Toxicological Evaluation of 
Certain Food Additives and Contaminants. 27th Meeting 
of the Joint FAO/WHO Expert Committee on Food 
Additives. WHO Food .4dditives Series, No. I8 

NCI, ;c77a. National Cancer Institute Technical Report 
No. 7 

NCI, 1977b. National Cancer Institute Technical Report 
No. 17 

NCI, 1977~. National Cancer Institute Technical Report 
No. 5 

NCI, 1977d. National Cancer Institute Technical Report 
No.48 



860 I.C. M 

NCI. 1978a. National Cancer Institute Technical Report 
No. 17.5 

NCI, 1978b. National Cancer Institute Technical Report 
No. 103 

NCI, 1978~. National Cancer Institute Technical Report 
No. 131 

NCI. 1978d. National Cancer Institute Technical Report 
No. 112 

NCI, 1978e. National Cancer Institute Technical Report 
No. 104 

NCI, 1978f. National Cancer Institute Technical Report 
No. II6 

NCI, 19788. National Cancer Institute Technical Report 
No. 36 

NCI, 1978h. National Cancer Institute Technical Report 
No. 38 

NCI, 19781. National Cancer Institute Technical Report No. 
145 

NCI, 1978j. National Cancer Institute Technical Report No. 
91 

NCI. 1978k. National Cancer Institute Technical Report 
No. 122 

NCI. 19781. National Cancer Institute Technical Report No. 
66 

NCI, I978m. National Cancer Institute Technical Report 
No. 128 

NCI. 1978n. National Cancer Institute Technical Report 
No. 92 

NCI, 19780. National Cancer Institute Technical Report 
No. 147 

NCI. 1978~. National Cancer Institute Technical Report 
No. 107 

NCI, 1978q. National Cancer Institute Technical Report 
No. 169 

NCI, 1978r. National Cancer Institute Technical Report 
No. 109 

NCI, 1978s. National Cancer Institute Technical Report 
No. 64 

NCI. 1978t. National Cancer Institute Technical Report 
No. I41 

NCI. 1978~. National Cancer Institute Technical Report 
No. 102 

NCI, 1978~. PB-277 453 Full reference not available 
NCI, 1978~. National Cancer Institute Technical Report 

No. 126 
NCI. 1979a. National Cancer Institute Technical Report 

No. 98 
NCI, 1979b. National Cancer Institute Technical Report 

No. 168 
NCI, 1979~. National Cancer Institute Technical Report 

No. 158 
NCI, 1979d. National Cancer Institute Technical Report 

No. 177 
NCI, 1979e. National Cancer Institute Technical Report 

No. I91 
NCI, 1979f. National Cancer Institute Technical Report 

No. 163 
NCI. 1979g. National Cancer Institute Technical Report 

No. 137 
NCI. 1979h. National Cancer Institute Technical Report 

No. 149 
NCI, 1979i. National Cancer Institute Technical Report No. 

171 
NCI, 1979j. National Cancer Institute Technical Report No. 

135 
NCI, 1979k. National Cancer Institute Technical Report 

No. 164 
NCI, 19791. National Cancer Institute Technical Report No. 

70 
NCI, 1979m. National Cancer Institute Technical Report 

No. 16 
NCI, 1979n. National Cancer Institute Technical Report 

No. 161 

unro et al. 

NCI. 19790. National Cancer Institute Technical Report 
No. 159 

NCI, 1979~. National Cancer Institute Technical Report 
No. 138 

NCI, 1979q. National Cancer Institute Technical Report 
No. 166 

NCI, 1979r. National Cancer Institute Technical Report 
No. 160 

NCI, 1979s. National Cancer Institute Technical Report 
No. 132 

NCI, 1980. NIH Publ. No. 80-1759 From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 0088 

Neeper-Bradley et al., 1994. Toxicologist 14(I): 160 From: 
Developmental and Reproductive Toxicology Database 
(DART) funded by the National Institute of Environmen- 
tal Health Sciences and the EPA 

Nishimura et a/., 1988. Teratology 38(2): 351 From: 
Developmental and Reproductive Toxicology Database 
(DART) funded by the National Institute of Environmen- 
tal Health Sciences and the EPA 

Nor-Am Chemical Co., 1980. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0378 

Nor-Am Chemical Co., 1987. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0394 

NTP, 1980a. National Toxicology Program Technical 
Report No. 204 

NTP, 1980b. National Toxicology Program Technical 
Report No. 8@20 

NTP. I98 1. Carcinogenesis Bioassay of FD & C Yellow No. 
6 (CAS No. 2783-94-O) (NTP Technical Report Series) 
National Toxicology Program (NTP), Research Triangle 
Park, NC, No. 208 

NTP, 1982a. Carcinogenesis Bioassay of I I -Aminounde- 
canoic acid (CAS No. 2432-99-7) in F344 Rats and 
B6C3FI Mice (Feed Study) (NTP Technical Report 
Series) National Toxicology Program (NTP), Research 
Triangle Park, NC. No. 216 

NTP, 1982b. Carcinogenesis Bioassay of Butyl Benzyl 
Phthalate (CAS No. 85-68-7) in F344/N Rats and 
B6C3Fl Mice (Feed Study) (NTP Technical Report 
Series) National Toxicology Program (NTP), Research 
Triangle Park. NC, No. 213 

NTP, 1982~. Carcinogenesis Bioassay of 2-Biphenylamine 
Hydrochloride (CAS No. 2185-92-4) in F344/N Rats and 
B6C3Fl Mice (Feed Study) (NTP Technical Report 
Series) National Toxicology Program (NTP). Research 
Triangle Park, NC. No. 233 

NTP, 1982d. Carcinogenesis Bioassay of Bisphenol A (CAS 
No. x0-05-7) in F344 Rats and B6C3FI Mice (Feed 
Study) (NTP Technical Report Series) National Toxi- 
cology Program (NTP). Research Triangle Park, NC, No. 
215 

NTP, 1982e. Carcinogenesis Bioassay of C.I. Acid Red 14 
(CAS No. 3567-69-9) in F344 Rats and B6C3FI Mice 
(Feed Study) (NTP Technical Report Series) National 
Toxicology Program (NTP). Research Triangle Park, 
NC, No. 220 

NTP, 1982f. Carcinogenesis Bioassay of C.I. Disperse 
Yellow 3 (CAS No. 2832-40-s) in F344 Rats and B6C3FI 
Mice. (NTP Technical Report Series) National Toxi- 
cology Program (NTP), Research Triangle Park, NC, No. 
222 

NTP, 1982g. Carcinogenesis Bioassay of C.I. Solvent 
Yellow I4 (CAS No. 842-07-9) in F344/N Rats and 
B6C3Fl Mice (Feed Study) (NTP Technical Report 
Series) National Toxicology Program (NTP), Research 
Triangle Park, NC, No. 226 

NTP, IG82h. Carcinogenesis Bioassay of 2,6-Dichloro-p- 
Phenylenediamine (CAS No. 609-2&l) in F344 Rats and 
B6C3FI Mice (Feed Study) (NTP Technical Report 



Correlating structure with toxicity 861 

Series) National Toxicology Program (NTP), Research 
Triangle Park, NC, No. 219 

NTP. 19821. Carcinogenesis Bioassay of Vinylidene 
Chloride (CAS No. 75-35-4) in F344/N Rats and 
B6C3FI/N Mice (Gavage Study) (NTP Technical Report 
Series) National Toxicology Program (NTP), Research 
Triangle Park, NC, No. 228 

NTP, 1982j. National Toxicology Program Technical 
Report No. 193 

NTP. 1982k. Carcinogenesis Bioassay of Zearalenone (CAS 
No. 17924-92-4) in F344/N Rats and B6C3Fl Mice (Feed 
Study) (NTP Technical Report Series) National Toxi- 
cology Program (NTP), Research Triangle Park, NC, No. 
235 

NTP, 1983a. Carcinogenesis Bioassay of L-Ascorbic Acid 
(Vitamin C) (CAS No. 50-81-7) in F344/N Rats and 
B6C3Fl Mice (Feed Study) (NTP Technical Report 
Series) National Toxicology Program (NTP), Research 
Triangle Park, NC, No. 247 

NTP, 1983b. Carcinogenesis Bioassay of Diallyl Phthalate 
(CAS No. 131-17-9) in B6C3Fl Mice (Gavage Study) 
(NTP Technical Report Series) National Toxicology 
Program (NTP), Research Triangle Park, NC, No. 242 

NTP, 1983~. Carcinogenesis Studies of Ally1 Isovalerate 
(CAS No. 2835-39-4) in F344/N Rats And B6C3Fl Mice 
(Gavage Studies) (NTP Technical Report Series) Na- 
tional Toxicology Program (NTP), Research Triangle 
Park, NC, No. 253 

NTP, 1983d. Carcinogenesis Bioassay of Melamine (CAS 
No. 108-78-I) in F344/N Rats and B6C3Fl Mice (Feed 
Study) (NTP Technical Report Series) National Toxi- 
cology Program (NTP), Research Triangle Park, NC, No. 
245 

NTP, 1983e. Carcinogenesis Bioassay of Pentachloroethane 
(CAS No. 76-01-7) in F344/N Rats and B6C3Fl Mice 
(Gavage Study) (NTP Technical Report Series) National 
Toxicology Program (NTP), Research Triangle Park, 
NC, No. 232 

NTP, 1983f. Carcinogenesis Studies of 1,1,1,2-Tetra- 
chloroethane (CAS No. 630-20-6) in F344/N Rats and 
B6C3Fl Mice (Gavage Study) (NTP Technical Report 
Series) National Toxicology Program (NTP), Research 
Triangle Park, NC, No. 237 

NTP, 1585a. Toxicology and Carcinogenesis Studies of 
Chlorodibromomethane (CAS No. 124-48-l) in F344iN 
Rats and B6C3Fl Mice (Gavage Studies) (NTP Technical 
Report Series) National Toxicology Program (NTP), 
Research Triangle Park, NC, No. 282 

NTP, 1985b. Toxicology and Carcinogenesis Studies of 
1,2-Dichlorobenzene (o-Dichlorobenzene) (CAS No. 
95-50-l) in F344/N Rats and B6C3Fl Mice (Gavage 
Studies) (NTP Technical Report Series) National 
Toxicology Program (NTP), Research Triangle Park, 
NC, No. 255 

NTP, 1985~. Toxicology and Carcinogenesis Studies of 
Dimethyl Hydrogen Phosphite (CAS No. 868-85-9) in 
F344/N Rats and B6C3Fl Mice (Gavage Studies) (NTP 
Technical Report Series) National Toxicology Program 
(NTP), Research Triangle Park, NC, No. 287 

NTP, 1985d. Toxicology and Carcinogenesis Studies of HC 
Blue No.1 (CAS No. 2784-94-3) in F344/N Rats and 
B6C3FI Mice (Feed Studies) (NTP Technical Report 
Series) National Toxicology Program (NTP), Research 
Triangle Park, NC, No. 271 

NTP, 1985e. Toxicology and Carcinogenesis Studies of HC 
Blue No.2 2,2’-((4-((2-Hydroxyethyl)-Amino)-3-Nitro- 
phenyl)Mino)Bis(Ethanol) (CAS 0.332229-34-4) in F344/ 
N Rats and B6C3Fl Mice (Feed Studies) (NTP Technical 
Report Series) National Toxicology Program (NTP), 
Research Triangle Park, NC. No. 293 

NTP, 1985f. To&ology and ‘Carcinogenesis Studies of 
8-Hydroxyquinoline (CAS No. 148-24-3) in F344/N Rats 
and B6C3Fl Mice (Feed Studies) (NTP Technical Report 

Series) National Toxicology Program (NTP), Research 
Triangle Park, NC, No. 276 

NTP, 1986a. Toxicology and Carcinogenesis Studies of 
Isophorone (CAS No. 78-59-l) in F344/N Rats and 
B6C3Fl Mice (Gavage Studies) (NTP Technical Report 
Series) National Toxicology Program (NTP), Research 
Triangle Park, NC, No. 291 

NTP, 1586b. Toxicology and Carcinogenesis Studies of 
n-Butvl Chloride (CAS No. 109-69-3) in F344iN Rats 
And -B6C3Fl M&e. (NTP Technical Report Series) 
National Toxicology Program (NTP), Research Triangle 
Park, NC, No. 312 

NTP, 1986~. Toxicology and Carcinogenesis Studies of C.I. 
Disperse Blue I (A commercial dye containing approxi- 
mately 50% 1,4,5,8-tetraaminoanthraquinone, 30% other 
compounds structurally related to 1, 4,5,8-tetraaminoan- 
thraquinone, and 20% water) (CAS No. 2475-45-8) in 
F344/N Rats and B6C3Fl Mice (Feed Studies) (NTP 
Technical Report Series) National Toxicology Program 
(NTP), Research Triangle Park, NC, No. 299 

NTP, 1986d. Toxicology and Carcinogenesis Studies of 
Chlorpheniramine Maleate (CAS No. 113-92-8) in 
F344/N Rats And B6C3Fl Mice (Gavage Studies) (NTP 
Technical Report Series) National Toxicology Program 
(NTP), Research Triangle Park, NC, No. 317 

NTP, 1986e. Toxicology and Carcinogenesis Studies of 
Decabromodiphenyl Oxide (CAS No. 1163-19-5) in 
F344/N Rats and B6C3Fl Mice (Feed Studies) (NTP 
Technical Report Series) National Toxicology Program 
(NTP), Research Triangle Park, NC, No. 309 

NTP, 1986f. Toxicology and Carcinogenesis Studies of 
Dimethyl Morpholinophosphoramidate (CAS No. 597- 
25-l) in F344/N Rats and B6C3Fl Mice (Gavage Studies) 
(NTP Technical Report Series) National Toxicology 
Program (NTP), Research Triangle Park, NC, No. 298 

NTP, 1986g. Toxicology and Carcinogenesis Studies of 
Ephedrine Sulfate (CAS No. 134-72-s) in F344/N Rats 
and B6C3Fl Mice (Feed Studies) (NTP Technical Report 
Series) National Toxicology Program (NTP), Research 
Triangle Park, NC, No. 307 

NTP, 1387a. Toxicology and Carcinogenesis Studies of 
Ampicillin Trihydrate (CAS No. 7177-48-2) in F344/N 
Rats And B6C3Fl Mice (Gavage Studies) (NTP 
Technical Report Series) National Toxicology Program 
(NTP). Research Triangle Park. NC. No. 318 

NTP, <<87b. Toxicolog; and darindgenesis Studies of 
Chlorendic Acid (CAS No. 115-28-6) in F344/N Rats and 
B6C3Fl Mice. (NTP Technical Report Series) National 
Toxicology Program (NTP), Research Triangle Park, 
NC, No. 304 

NTP, 1987~. Toxicology and Carcinogenesis Studies of 
1 .CDichlorobenzene (CAS No. 106-46-7) in F344iN Rats 
And B6C3F1 Mice iGavage Studies) INTP Tkchnical 
Report Series) National Toxicology Program (NTP), 
Research Triangle Park, NC, No. 319 

NTP, 3987d. Toxicology and Carcinogenesis Studies of 
Oxytetracycline Hydr&hloride (CAS No. 2058-46-o) in 
F344iN Rats And B6C3Fl Mice (Feed Studies) (NTP 
Technical Report Series) National ‘Toxicology drogram 
(NTP), Research Triangle Park, NC, No. 315 - 

NTP. 1987e. Toxicologv and Carcinoaenesis Studies of 
Pentachloronitrobenzene (CAS No. 8j-68-8) in F344/N 
Rats And B6C3Fl Mice (Feed Studies) (NTP Technical 
Report Series) National Toxicology Program (NTP), 
Research Triangle Park, NC, No. 325 

NTP, 1987f. To&ology and Carcinogenesis Studies of 
Phenyl Ephrine Hydrochloride (CAS No. 61-76-7) in 
F344/N Rats And B6C3Fl Mice (Feed Studies) (NTP 
Technical Report Series) National ‘Toxicology Pioiram 
(NTP). Research Triangle Park. NC. No. 322 

NTP, i987g. Toxicology and Cardinogenesis Studies 
of Tetrakis(Hydroxymethy1) Phosphonium Sulfate 
(THPS) (CAS No. 55566-30-8) And Tetrakis(Hydrox- 



862 I. C. Munro et al 

methyl)Phosphonium Chloride (THPC) (CAS No. 124- 
64-l) in F344/N Rats and B6C3Fl Mice (Gavage Studies) 
(NTP Technical Report Series) National Toxicology 
Program (NTP), Research Triangle Park, NC, No. 296 

NTP, 198711. Toxicology and Carcinogenesis Studies of 
Dimethyl Methylphosphonate (CAS No. 756-79-6) in 
F344/N Rats And B6C3Fl Mice (Gavage Studies) (NTP 
Technical Report Series) National Toxicology Program 
(NTP), Research Triangle Park, NC. No. 323 

NTP, 1988a. Toxicology and Carcinogenesis Studies of 
4-Hexylresorcinol (CAS No. 136-77-6) in F344/N Rats 
And B6C3Fl Mice (Gavage Studies) (NTP Technical 
Report Series) National Toxicology Program (NTP), 
Research Triangle Park, NC, No. 330 

NTP, 1988b. Toxicology And Carcinogenesis Studies of 
Malonaldehyde, Sodium Salt-3-Hydroxy-2-Propenal, 
Sodium Salt (CAS No. 24382-04-s) in F344/N Rats and 
B6C3Fl Mice (Gavage Studies) (NTP Technical Report 
Series) National Toxicology Program (NTP). Research 
Triangle Park, NC, No. 33i - 

NTP. 1988~. Toxicoloav and Carcinoeenesis Studies of 
2-Amino-4-Nitropheiol (CAS No. 99-57-O) in F34I/N 
Rats And B6C3Fl Mice (Gavage Studies) (NTP 
Technical Report Series) National Toxicology Program 
(NTP), Research Triangle Park, NC, No. 339 

NTP, 1988d. Toxicology and Carcinogenesis Studies of 
2-Amino-S-Nitrophenol (CAS No. 121-88-o) in F344/N 
Rats And B6C3Fl Mice (Gavage Studies) (NTP 
Technical Report Series) National Toxicology Program 
(NTP), Research Triangle Park, NC, No. 334 

NTP, 1988e. Toxicology and Carcinogenesis Studies of C.I. 
Acid Orange 3 (CAS No. 6373-74-6) in F344/N Rats And 
B6C3F-1 Mice (Gavage Studies) (NTP Technical Report 
Series) National Toxicology Program (NTP). Research 
Triangle Park, NC, No. 335 

NTP, 1988f. Toxicology and Carcinogenesis Studies of 
Erythromycin Stearate (CAS No. 643-22-1) in F344/N 
Rats And B6C3Fl Mice (Feed Studies) (NTP Technical 
Report Series) National Toxicology Program (NTP). 
Research Triangle Park, NC, No. 338 - 

NTP. 1988~. Toxicoloev and Carcinoaenesis Studies of 
2-Mercagobenzothiazble (CAS No. 149-30-4) in F344/N 
Rats and B6C3Fl Mice (Gavage Studies) (NTP Technical 
Report Series) National Toxicology Program (NTP), 
Research Triangle Park, NC, No. 332 

NTP, 1988h. Toxicology and Carcinogenesis Studies of 
Monuron (CAS No. 150-68-5) in F344/N Rats and 
B6C3Fl Mice (Feed Study) (NTP Technical Report 
Series) National Toxicology Program (NTP), Research 
Triangle Park, NC, No. 266 

NTP, 19881. Toxicology and Carcinogenesis Studies of 
Nitrofurazone (CAS No. 59-87-O) in F344/N Rats and 
B6C3FI Mice (Feed Studies) (NTP Technical Report 
Series) National Toxicology Program (NTP), Research 
Triangle Park, NC, No. 337 

NTP, 1988j. Toxicology and Carcinogenesis Studies of 
Penicillin VK (CAS No. 132-98-9) in F344iN Rats and 
B6C3Fl Mice (Gavage Studies) (NTP Technical Report 
Series) National Toxicology Program (NTP), Research 
Triangle Park, NC, No. 336 

NTP, 1988k. Toxicology and Carcinogenesis Studies of 
N-Phenyl-2-Naphthylamine (CAS No. 135-88-6) in 
F344/N Rats and B6C3Fl Mice (Feed Studies) (NTP 
Technical Report Series) National Toxicology Program 
(NTP), Research Triangle Park, NC, No. 333 

NTP, 1989a. Toxicology and Carcinogenesis Studies of 
Benzyl Alcohol (CAS No. 100-51-6) in F344/N Rats and 
B6C3Fl Mice (Gavage Studies) (NTP Technical Report 
Series) National Toxicology Program (NTP), Research 
Triangle Park, NC, No. 343 

NTP, 1989b. Toxicology and Carcinogenesis Studies of 
Dimethoxane (CAS No. 828-00-2) (Commercial Grade) 
in F344/N Rats and B6C3FI Mice (Gavage Studies) 

(NTP Technical Report Series) National Toxicology 
Program (NTP), Research Triangle Park, NC, No. 354 

NTP. 1989~. Toxicology and Carcinogenesis Studies of 
Hydroquinone (CAS No. 123-31-9) in F344/N Rats and 
B6C3Fl Mice (Gavage Studies) (NTP Technical Report 
Series) National Toxicology Program (NTP). Research 
Triangle Park, NC, No. 366 

NTP, 1989d. Toxicology and Carcinogenesis Studies of 
Benzofuran (CAS No. 271-89-6) in F344/N Rats and 
B6C3FI Mice (Gavage Studies) (NTP Technical Report 
Series) National Toxicology Program (NTP), Research 
Triangle Park, NC, No. 370 

NTP, 1989e. Toxicology and Carcinogenesis Studies of 
Para-Chforoanihne Hydrochloride (CAS No. 20265967) 
in F344/N Rats and B6C3FI Mice (Gavage Studies) 
(NTP Technical Report Series) National Toxicology 
Program (NTP), Research Triangle Park, NC, No. 351 

NTP, 1989f. Toxicology and Carcinogenesis Studies of 
N,N-Dimethylaniline (CAS No. 121-69-7) in F344/N rats 
and B6C3Fl Mice (Gavage Studies) (NTP Technical 
Report Series) National Toxicology Program (NTP), 
Research Triangle Park, NC, No. 360 

NTP, 1989g. Toxicology and Carcinogenesis Studies of 
Diphenhydramine Hydrochloride (CAS No. 147-24-o) in 
F344/N Rats and B6C3Fl Mice (Feed Studies) (NTP 
Technical Report Series) National Toxicology Program 
(NTP), Research Triangle Park, NC. No. 355 

NTP, 1989h. Toxicology and Carcinogenesis Studies of 
Hydrochlorothiazide (CAS No. 58-93-5) in F344/N Rats 
and B6C3Fl Mice (Feed Studies) (NTP Technical Report 
Series) National Toxicology Program (NTP), Research 
Triangle Park, NC, No. 357 

NTP, 1989i. Toxicology and Carcinogenesis Studies of 
8-Methoxvosoralen (CAS No. 298-81-7) in F344/N Rats 
(Gavage &dies) (NTP Technical Report Series) Na- 
tional Toxicology Program (NTP), Research Triangle 
Park, NC, No. 359 

NTP, 1989j. Toxicology and Carcinogenesis Studies of 
alpha-Methyldops Sesquihydrate (CAS No. 41372-08-l) 
in F344/N Rats and B6C3Fi Mice (Feed Studies) (NTP 
Technical Report Series) National Toxicology Program 
(NTP), Research Triangle Park, NC, No. 348 

NTP. 1989k. Toxicology- and Carcinogenesis Studies of 
N-Methvlolacrvlamide (CAS No. 924-42-5) in F344iN 
Rats and B6C3Fl Mice (Gavage Studies) (NTP Technical 
Report Series) National Toxicology Program (NTP), 
Research Triangle Park, NC, No. 352 

NTP, 19891. Toxicology and Carcinogenesis Studies of 
Nalidixic Acid (CAS No. 389-08-2) in F344/N rats and 
B6C3Fl Mice (Feed Studies) (NTP Technical Report 
Series) National Toxicology Program (NTP), Research 
Triangle Park, NC, No. 368 

NTP, 1989m. Toxicology and Carcinogenesis Studies of 
Pentaerythritol Tetranitrate (CAS No. 78-1 l-5) with 80% 
D-Lactose Monohydrate (PETN, NF) in F344/N Rats 
and B6C3Fl Mice (Feed Studies) (NTP Technical Report 
Series) National Toxicology Program (NTP). Research 
Triangle Park, NC, No. 365 

NTP, 1989n. Toxicology and Carcinogenesis Studies of 
Rhodamine 6G (C.I. Basic Red I) (CAS No. 989-38-8) in 
F344/N Rats and B6C3Fl Mice (Feed Studies) (NTP 
Technical Report Series) National Toxicology Program 
(NTP), Research Triangle Park, NC. No. 364 

NTP, 19890. Toxicology and Carcinogenesis Studies of 
Tetracycline Hydrochhnide (CAS No.-64755) in F344/N 
Rats and B6C3Fl Mice (Feed Studies) (NTP Technical 
Report Series) National’ Toxicology ‘Program (NTP), 
Research Triangle Park, NC, No. i&I - 

NTP, 19890. Toxicology and Carcinoaenesis Studies of 
Tribromdmethane (B;bmoform) (CAS No. 75-25-2) in 
F344/N Rats and B6C3Fl Mice (Gavage Studies) (NTP 
Technical Report Series) National Toxicology Program 
(NTP), Research Triangle Park, NC, No. 350 



Correlating structure with toxicity 863 

NTP, 1989q. Toxicology and Carcinogenesis Studies of 
Nitrofurantoin (CAS No. 67-20-9) in F344/N Rats and 
B6C3FI Mice (Feed Studies) (NTP Technical Report 
Series) National Toxicology Program (NTP), Research 
Triangle Park, NC, No. 341 

NTP, 1990a. Toxicology and Carcinogenesis Studies of 
n-Limonene (CAS No. 5989-27-5) in F344/N Rats and 
B6C3Fl Mice (Gavage Studies) (NTP Technical Report 
Series) National Toxicology Program (NTP), Research 
Triangle Park, NC, No. 347 

NTP, 1990b. Toxicology and Carcinogenesis Studies of 
n-Carvone (CAS No. 2244-16-8) in B6C3FI Mice and 
Toxicology Studies in F344/N Rats (Gavage Studies) 
(NTP Technical Report Series) National Toxicology 
Program (NTP), Research Triangle Park, NC, No. 381 

NTP, 199Oc. Toxicology and Carcinogenesis Studies of 
Furfural (CAS No. 98-01-I) in F344/N Rats and B6C3Fl 
Mice (Gavage Studies) (NTP Technical Report Series) 
National Toxicology Program (NTP), Research Triangle 
Park, NC, No. 382 

NTP. 1990d. Toxicology and Carcinogenesis Studies of 
Iodinated Glycerol (Organidin) (CAS No. 5634-39-9) in 
F344/N Rats and B6C3F(l) Mice (Gavage Studies) (NTP 
Technical Report Series) National Toxicology Program 
(NTP), Research Triangle Park, NC, No. 340 (Mar.) 

NTP, 1990e. Toxicology and Carcinogenesis Studies of 
Phenylbutazone (CAS-No. 50-33-9) inF344/N Rats and 
B6C3Fl Mice (Gavaee Studies) (NTP Technical Renort 
Series) National ToxTcology Program (NTP), Research 
Triangle Park, NC, No. 367 

NTP, 199Of. Toxicology and Carcinogenesis Studies of 
Succinic Anhvdride (CAS No. 108-30-5) in F344/N Rats 
and B6C3Flv Mice ‘(Gavage Studies) ‘(NTP Technical 
Report Series) National Toxicology Program (NTP), 
Research Triangle Park, NC, No. 373 

NTP. 1990.g. Carcinogenesis Studies of Trichloroethylene 
(Without-Epichlorohydrin) (CAS No. 79-01-6) in F344/N 
Rats and B6C3Fl Mice (Gavaee Studies) (NTP Technical 
Report Series) National Toiicology Program (NTP), 
Research Triangle Park, NC, No. 243 

NTP, 199la. Toxicology and Carcinogenesis Studies of 
{dl]-Amphetamine Sulfate (CAS No. 60-13-9) in F344/N 
Rats and B6C3Fl Mice (Feed Studies) (NTP Technical 
Report Series) National Toxicology Program (NTP), 
Research Trianale Park. NC. No. 387 

NTP, 199 1 b. Toiicology and Carcinogenesis Studies of 
Probenecid (CAS No. 57-66-9) in F344/N Rats and 
B6C3Fl Mice (Gavage Studies) (NTP Technical Report 
Series) National Toxicology Program (NTP), Research 
Triangle Park, NC, No. 395 

NTP. 1991~. Toxicology and Carcinogenesis Studies of 
Tris(Z-Chloroethyl) Phosphate (CAS No. 115-96-8) in 
F344/N Rats and B6C3Fl Mice (Gavage Studies) (NTP 
Technical Report Series) National Toxicology Program 
(NTP), Research Triangle Park, NC, No. 391 

NTP, 1992a. Toxicology and Carcinogenesis Studies of 
y-Butyrolactone (CAS No. 96-48-O) in F344/N Rats and 
B6C3Fl Mice (Gavage Studies) (NTP Technical Report 
Series) National Toxicology Program (NTP), Research 
Triangle Park, NC, No. 4% - 

NTP. 1992b. Toxicoloev and Carcinoaenesis Studies of 
Resorcinol (CAS No: 108-46-3) in -F344/N rats and 
B6C3Fl Mice (Gavage Studies) (NTP Technical Report 
Series) National Toxicology Program (NTP), Research 
Triangle Park, NC, No. 403 

NTP, 1992~. Toxicology and Carcinogenesis Studies of C.I. 
Piament Red 23 (CAS No. 6471-49-4) in F344 Rats and 
B&Z3Fl Mice (Feed Studies) (NTP’ Technical Report 
Series) National Toxicology Program (NTP). Research 
Triangle Park, NC, No. 411 

NTP. 1992d. Toxicology and Carcinogenesis Studies of 
Monochloroacetic Acid (CAS No. 79-11-8) in F344/N 
Rats and B6C3Fl Mice (Gavage Studies) (NTP Technical 

Report Series) National Toxicology Program (NTP), 
Research Triangle Park, NC, No. 396 

NTP, 1992e. Toxicology and Carcinogenesis Studies of 
4,4’Diamino-2,2’-Stilbenedisulfonic Acid, Disodium Salt 
(CAS No. 7336-20-l) in F344/N Rats and B6C3Fl Mice 
(Feed Studies) (NTP Technical Report Series) National 
Toxicology Program (NTP), Research Triangle Park, 
NC, No. 412 

NTP, 1992f. Toxicology and Carcinogenesis Studies of 
2,4-Diaminophenol Dihydrochloride (CAS No. 137-09-7) 
in F344/N Rats and B6C3Fl Mice (Gavage Studies) 
(NTP Technical Report Series) National Toxicology 
Program (NTP), Research Triangle Park, NC, No. 401 

NTP, i992i. Toxicology and Carcinogenesis Studies of HC 
Yellow 4 (CAS No. 59820-43-8) in F344iN Rats and 
B6C3Fl Mice (Feed Studies) (NTP Technical Report 
Series) National Toxicology Program (NTP), Research 
Triangle Park, NC, No. 419 

NTP. 1992j. Toxicology and Carcinogenesis Studies of 
Quercetin (Cas No. 117-39-5) in F344/N Rats (Feed 
Studies) (NTP Technical Report Series) National 
Toxicology Program (NTP), Research Triangle Park, 
NC, No. 409 

NTP, 1993a. Toxicology and Carcinogenesis Studies of 
Benzvl Acetate (CAS No. 140-l l-4) in F344iN Rats and 
B6CjFl Mice (Feed Studies) (NTP Technical Report 
Series) National Toxicology Program (NTP). Research 
Triangle Park, NC, No. 431 

NTP, 1993b. Toxicology and Carcinogenesis Studies of 
Acetaminophen (CAS No. 103-90-2) in F344/N Rats and 
B6C3Fl Mice (Feed Studies) (Draft) (NTP Technical 
Report Series) National Toxicology Program (NTP), 
Research Triangle Park, NC, No. 394 

NTP, 1993~. Toxicology and Carcinogenesis Studies of 
Coumarin (CAS No. 91-64-5) in F344/N Rats and 
B6C3Fl Mice (Gavage Studies) (NTP Technical Report 
Series) National Toxicology Program (NTP), Research 
Triangle Park, NC, No. 422 

NTP, 1993d. Toxicology and Carcinogenesis Studies of 
5,5-Diphenylhydantoin (Phenytoin) (CAS No. 57-41-o) in 
F344/N Rats and B6C3Fl Mice (Feed Studies) (NTP 
Technical Report Series) National Toxicology Program 
(NTP), Research Triangle Park, NC, No. 404 

NTP, 1993e. Toxicology and Carcinogenesis Studies of 
p-Nitroaniline (CAS No. 100-01-6) in B6C3Fl Mice 
(Gavage Studies) (NTP Technical Report Series) Na- 
tional Toxicology Program (NTP), Research Triangle 
Park, NC, No. 418 

NTP, 1993f. Toxicology and Carcinogenesis Studies of 
Promethazine Hydrochloride (CAS - No. 58-33-3) in 
F344iN Rats and B6C3Fl Mice (Gavaee Studies) (NTP 
Technical Report Series) National Toxicology Program 
(NTP), Research Triangle Park, NC, No. 425 

NTP, 1993g. National Toxicology Program Technical 
Report No. 420 

NTP, 1993h. Toxicology and Carcinogenesis Studies of 
3,CDihydrocoumarin (CAS No. 119-84-6) in F344/N 
Rats and B6C3Fl Mice (Gavage Studies) (NTP Technical 
Report Series) National Toxicology Program (NTP), 
Research Triangle Park, NC, No. 423 

NTP, 1994. Toxicology and Carcinogenesis Studies of 
o-Benzyl-p-Chlorophenol (CAS No. 120-32-I) in F344/N 
Rats and B6C3Fl Mice (Gavage Studies) (NTP Technical 
Report Series) National Toxicology Program (NTP), 
Research Triangle Park, NC, No. 424 

Olsen er al., 1986.-Fd Chem Toxic01 24: 1 Cited in: JECFA, 
1987. Toxicological Evaluation of Certain Food Addi- 
tives and Conyaminants. 30th Meeting of the Joint 
FAOjWHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 21 

Olson and Voelker, 1970. Unpublished report Cited in: 
JECFA, 1980. Toxicological Evaluation of Certain Food 
Additives. 23rd Meeting of the Joint FAO/WHO Expert 



864 I. C. Mun 

Committee on Food Additives. WHO Food Additives 
Series, No. 14 

Omnell et ol., 1990. Teratology 42(2): 105-119 From: 
Developmental and Reproductive Toxicology Database 
(DART) funded by the National Institute of Environmen- 
tal Health Sciences and the EPA. 

Orten et al.. 1948. Fd Cosmet Toxicol 12: 125 Cited in: 
JECFA, 1993. Toxicological Evaluation of Certain Food 
Additives and Contaminants. 41st Meeting of the Joint 
FAOjWHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 32 

Oser, 1967. Unpublished report Cited in: JECFA, 1967. 
Toxicological Evaluation of Some Flavouring Substances 
and Non-Nutritive Sweetening Agents. I Ith Meeting of 
the Joint FAOjWHO Expert Committee on Food 
Additives 

Oser et al., 1975. Fd Cosmet Toxicol 13: 313 
Oser CI al.. 1976 Toxicologist 6(l): 4765 From: Integrated 

Risk Information System (IRIS) funded by the EPA. 
Accession number 03 I9 

Palmer et al., 1971 Cited in: JECFA, 1975. Toxicological 
Evaluation of Some Food Colours, Enzymes, Flavour 
Enhancers, Thickening Agents, and Certain Other Food 
Additives. 18th Report of the Joint FAOjWHO Expert 
Committee on Food Additives. WHO Food Additives 
Series, No. 6 

Palmer et al., 1973. Unpublished data Cited in: JECFA, 
1993. Toxicological Evaluation of Certain Food Addi- 

tives and Contaminants. 41st Meeting of the Joint 
FAOjWHO Expert Committee on Food Additives WHO 
Food Additives Series, No. 32 

Paynter ut al., 1960. J Agr Food Chem 8: 47-51 From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0146 

Pavnter. 1965. Unnublished reuort Cited in: JECFA. 1976. 
Toxicological Eialuation of Certain Food Additives. 20th 
Meeting of the Joint FAOjWHO Expert Committee on 
Food Additives. WHO Food Additives Series, No. 10 

Pennwalt Corporation, 1972. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 01 I7 

Penwalt Corp., 198 1. Available from EPA. From: Integrated 
Risk Information System (IRIS) funded by the EPA. 
Accession number 0155 

Penwick Corp.. 1979. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0343 

Powers er al.. 1984. Proc Symp Ind Approach Chemical 
Risk Ass p. 77-96 From: Integrated Risk Information 
System (IRIS) funded by the EPA. Accession number 
0357 

PPG Industries, 1979. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0258 

PPG Industries. 1983. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0280 

PPG Industries, 1986. Available from EPA. From: 
Integrated Risk Information Svstem (IRIS) funded by the 
EPA. Accession number 0237 

Prvde e/u/.. 1993. Am J Obstet Gvnecol 169(4): 102771031 
horn: Developmental and Reproductive ’ Toxicology 
Database (DART) funded by the National Institute of 
Environmental Health Sciences and the EPA. 

Quest et al., 1987. Fund Appl Toxiol 8: 389 Cited in: 
JECFA, 1991. Toxicological Evaluation of Certain Food 
Additives and Contaminants. 37th Meeting of the Joint 
FAOjWHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 28 

Randall, 1950. Unpublished report Cited in: JECFA, 1980. 
Toxicological Evaluation of Certain Food Additives. 25th 
Meeting of the Joint FAOjWHO Expert Committee on 
Food Additives. WHO Food Additives Series, No. 16 

ro et al. 

Randall et al., 
Develonmental 

1991 Teratology 43(5): 454 From: 
and Reproductive Toxicology Database 

(DART) funded by the National Institute of Environmen- 
tal Health Sciences and the EPA. 

Rebel e/ ul., 1976. Unpublished report Cited in: JECFA, 
1991. Toxicological Evaluation of Certain Veterinary 
Drug Residues-in Food. 38th Meeting of the Joint 
FAOiWHO Exoert Committee on Food Additives. WHO 
Food Additives Series, No. 29 

Rhodia Inc., 1970. Available from EPA. From: Integrated 
Risk Information System (IRIS) funded by the EPA. 
Accession number 0325 

Rhone-Poulenc, 1976. Available from EPA. From: Inte- 
grated Risk Information System (IRIS) funded by the 
EPA. Accession number 0289 

Rhone-Poulenc, 198la. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0284 

Rhone-Poulenc, 1981b. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0159 

Rhone-Poulenc. 1981~. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0253 

Rhone-Poulenc, 1983. Available from EPA. From: Inte- 
grated Risk Information System (IRIS) funded by the 
EPA. Accession number 0192 

Robertson e/ al.. 1980. Tox ADDI Pharm 53: 541-549 
Cited in: JECFA, 1991. Tox&logical Evaluation of 
Certain Veterinary Drug Residues in Food. 38th 
Meeting of the Joint FAOjWHO Expert Committee 
on Food Additives. WHO Food Additives Series. 
No. 29 

Robinson er al.. 1981. J Toxic01 Env Health 8: 489 From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0119 

Rogers et nl., 1989. Teratology 39(6): 515 From: 
Developmental and Reproductive Toxicology Database 
(DART) funded by the National Institute of Environmen- 
tal Health Sciences and the EPA. 

Rogers et al., 1990. Toxicologist IO(l): 36 From: 
Developmental and Reproductive Toxicology Database 
(DART) funded by the National Institute of Environmen- 
tal Health Sciences and the EPA. 

Rohm and Haas Co., 1964. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0186 

Rohm and Haas Co.. 1970. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0095 

Rohm and Haas Co., 1977. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0084 

Rohm and Haas Co., 1985a. not published From: Integrated 
Risk Information System (IRIS) funded by the EPA. 
Accession number 0239 

Rohm and Haas Co., 1985b. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0342 

Roussel UCLAF, 1984. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0385 

Rowland, et al., 1990. Reproduct Toxicol 4: 191-202 
Ruddick er ul.. 1981. Bull Environ Contam Toxicol 27: 

18 I -- 186 Cited in: JECFA, 1984. Toxicological Evaluation 
of Certain Food Additives and Contaminants. 28th 
Meeting of the Joint FAO/WHO Expert Committee 
on Food Additives. WHO Food Additives Series, 
No. I9 

Saito et al., 1989. J Toxicol Sci Suppl 2: 161 From: 
Developmental and Reproductive Toxicology Database 
(DART) funded by the National Institute of Environmen- 
tal Health Sciences and the EPA. 



Correlating structure with toxicity 865 

Sanders et al., 1985 Drug Chem. Toxicol. 8(5): 333, 357 
From: Integrated Risk Information System (IRIS) funded 
by the EPA. Accession number 0198 

Sandoz Inc., 1980. Available from EPA. From: Integrated 
Risk Information System (IRIS) funded by the EPA. 
Accession number 0 189 

Sandoz, Inc., 1983. Available from EPA. From: Integrated 
Risk Information System (IRIS) funded by the EPA. 
Accession number 0082 

Sauer, 1986. Unpublished report Cited in: JECFA, 1991. 

Meeting of the Joint FAOjWHO Expert Committee on 
Food Additives 

Stauffer Chemical Co., 1967. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0091 

Stauffer Chemical Co., 1968. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0158 

Stauffer Chemical Co., 1978. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 

Toxicological Evaluation of Certain Veterinary Drug EPA. Accession number 0384 
Residues in Food. 38th Meeting of the Joint FAOiWHO Stauffer Chemical Co.. 1981. Available from EPA. From: 
Expert Committee on Food-Additives. WHO’ Food 
Additives Series, No. 29 

Scala and Paynter, 1967. Toxicol Appl Pharmacol IO: 160 
Cited In: JECFA, 1980. Toxicological Evaluation of 
Certain Food Additives. 23rd Meeting of the Joint 
FAOjWHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 14 

Schardein et al., 1990. Yakuri To Chiryo II(Suppl 10): 119 
From: Developmental and Reproductive Toxicology 
Database (DART) funded by the National Institute of 
Environmental Health Sciences and the EPA. 

Schwetz ef a/., 1978. From: Integrated Risk Information 
System (IRIS) funded by the EPA. Accession number 
0086 

Shapiro et al., 1988. Toxic01 Lett 44: 315-329 
Shell Chemical Co., 1965. Available from EPA. From: 

Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 021 I 

Shell Chemical Co., 1966. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0194 

Shell Chemical Co., 1967. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0151 

Shell Chemical Co., 1984. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0188 

Sherman, 1974. Haskell Lab Report No. 24-74 From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0040 

Sinkeldam et al., 1976. Unpublished report Cited in: 
JECFA, 1991. Toxicological Evaluation of Certain Food 
Additives and Contaminants. 37th Meeting of the Joint 
FAOjWHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 28 

Sinkeldam er al., 1982. Unpublished report Cited in: 
JECFA, 1983. Toxicological Evaluation of Certain Food 
Additives and Contaminants. 27th Meeting of the Joint 
FAOjWHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 18 

Smith, 1953. Arch Hyg Occup Med 7: 310 From: Integrated 
Risk Information System (IRIS) funded by the EPA. 
Accession number 0038 

Smith e/ al., 1988. Teratology 38(2): 113 From: Develop- 
mental and Reproductive Toxicology Database (DART) 
funded by the National Institute of Environmental Health 
Sciences and the EPA. 

Sodemoto and Enomoto, 1980. J Environ Path Toxic01 4: 
87 Cited in: JECFA, 1983. Toxicological Evaluation of 
Certain Food Additives and Contaminants. 27th Meeting 
of the Joint FAO/WHO Expert Committee on Food 
Additives. WHO Food Additives Series, No. 18 

Sokol, 1952. Drug Stand 20: 89 Cited In: JECFA. 1967. 
Toxicological EFaluation of Some Antimicrobiais, An- 
tioxidants, Emulsifiers, Stabihsers, Flour-treatment 
Agents, Acids and Bases. 9th and 10th Meeting of the 
Joint FAOjWHO Expert Committee on Food Additives 

Sollmann, 1921. J Pharm Exp Therap 16: 463 Cited in: 
JECFA. 1967. Toxicolouical Evaluation of Some 
Antimicrobials, Antioxida&, Emulsifiers, Stabilizers, 
Flour-treatment Agents, Acids and Bases. 9th and 10th 

Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0298 

Stauffer Chemical Co., 1986. Unpublished report From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0215 

Steiger and Buser, 1982. Unpublished report Cited in: 
JECFA, 1990. Toxicological Evaluation of Certain Food 
Additives and Contaminants. 35th Meeting of the Joint 
FAOjWHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 26 

Sunderman et al., 1967. Am J Med Sci 254: 46 From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0102 

Tanaka et al., 1989. Eisei Shikenjo Hokoku 107: 51 From: 
Developmental and Reproductive Toxicology Database 
(DART) funded by the National Institute of Environmen- 
tal Health Sciences and the EPA. 

Tanaka et al., 1991. Teratology 44(6): 9B From: 
Developmental and Reproductive Toxicology Database 
(DART) funded by the National Institute of Environmen- 
tal Health Sciences and the EPA. 

Tesh et al., 1984. Unpublished report Cited in: JECFA, 
1991. Toxicological Evaluation of Certain Food Addi- 
tives and Contaminants. 37th Meeting of the Joint 
FAOjWHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 28 

Tesh and Willoughby, 1986. Unpublished report Cited in: 
JECFA, 1989. Toxicological Evaluation of Certain Food 
Additives and Contaminants. 33rd Meeting of the Joint 
FAOjWHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 24 

Tesh et al., 1990. Yakuri To Chiryo 18(Suppl 7): 129 From: 
Developmental and Reproductive Toxicology Database 
(DART) funded bv the National Institute of Environmen- 
ral Heahh Sciences and the EPA. 

Tesh et al., 1991. Yakuri To Chiryo 19(4): 147 From: 
Developmental and Reproductive Toxicology Database 
(DART) funded by the National Institute of Environmen- 
tal Health Sciences and the EPA. 

Thompson-Hayward Chemical Corp., 1973. Available from 
EPA. From: Integrated Risk Information System (IRIS) 
funded by the EPA. Accession number 0227 

Til et al., 1989. Food Chem Toxicol 27(2): 77 From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0419 

Tobe el al., 1982. Unpublished report From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 02 13 

Truhaut, 1962. Estratto dai Rendiconti dell’lnstituto 
Superiore di Sanita Cited in: JECFA, 1967. Toxicological 
Evaluation of Some Antimicrobials, Antioxidants, 
Emulsifiers, Stabilisers, Flour-treatment Agents, Acids 
and Bases. 9th and 10th Meeting of the Joint FAOjWHO 
Expert Committee on Food Additives 

Truhaut et al., 1988. Fd Chem Toxic01 (in press) Cited in: 
JECFA, 1991. Toxicological Evaluation of Certain Food 
Additives and Contaminants. 37th Meeting of the Joint 
FAOjWHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 28 

Tucker er al., 1982. Toxicol Appl Pharmacol 62: 351 Cited 
in: JECFA, 1983. Toxicological Evaluation of Certain 



866 I. C. Mun 

Food Additives and Contaminants. 27th Meeting of the 
Joint FAOjWHO Expert Committee on Food Additives. 
WHO Food Additives Series, No. 18 

Tusing et al., 1962. Toxicol Appl Pharmacol 4: 402409 
U.S. DOD, 1983. Available from Defense Tech Center. 

From: Integrated Risk Information System (IRIS) funded 
by the EPA. Accession number 0313 

U.S. DOD, 1984. Available from Defense Technical Center. 
From: Integrated Risk Information System (IRIS) funded 
by the EPA. Accession number 0269 

U.S. DOD, 1985. Available from EPA. From: Integrated 
Risk Information System (IRIS) funded by the EPA. 
Accession number 03 11 

U.S. EPA. 1975. Available from EPA. From: Inteerated 
Risk Information System (IRIS) funded by the-EPA. 
Accession number 0307 

U.S. EPA, 1986a. From: Integrated Risk Information 
System (IRIS) funded by the EPA. Accession number 
0128 

U.S. EPA, 1986b. Office of Solid Waste, Washington. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0140 

US. EPA, 1986~. Office of Solid Waste, Washington From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0157 

U.S. EPA, 1986d. From: Integrated Risk Information 
System (IRIS) funded by the EPA. Accession number 
0423 

U.S. EPA, 1986e. Office of Solid Waste, Washington From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0169 

U.S. EPA, 1986f. Unpublished From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 0305 

U.S. EPA, 1986g. Unpublished From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 0301 

U.S. EPA, 1986h. Unpublished From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 0261 

U.S. EPA, 39861. From: Integrated Risk Information System 
(IRIS) funded by the EPA. Accession number 0108 

U.S. EPA, 1987. From: Integrated Risk Information System 
(IRIS) funded by the EPA. Accession number 0468 

U.S. EPA, 1988a. From: Integrated Risk Information 
System (IRIS) funded by the EPA. Accession number 
0444 

U.S. EPA, 1988b. From: Integrated Risk Information 
System (IRIS) funded by the EPA. Accession number 
0469 

U.S. EPA, 1989a. From: Integrated Risk Information 
System (IRIS) funded by the EPA. Accession number 
0466 

U.S. EPA, 1989b. From: Integrated Risk Information 
System (IRIS) funded by the EPA. Accession number 
0442 

U.S. EPA, 1989~. From: Integrated Risk Information 
System (IRIS) funded by the EPA. Accession number 
0463 

U.S EPA, 1989d. From: Integrated Risk Information 
System (IRIS) funded by the EPA. Accession number 
0465 

U.S. EPA, 1989e. From: Integrated Risk Information 
System (IRIS) funded by the EPA. Accession number 
0435 

U.S. EPA, 1989f. From: Integrated Risk Information 
System (IRIS) funded by the EPA. Accession number 
0445 

U.S. Fish and Wildlife Service, 1983. Available from EPA. 
From: Integrated Risk Information System (IRIS) funded 
by the EPA. Accession number 0344 

Unilever, 1974. Unpublished report Cited in: JECFA, 1980. 
Toxicological Evaluation of Certain Food Additives. 25th 

ro ef al. 

Meeting of the Joint FAOjWHO Expert Committee on 
Food Additives. WHO Food Additives Series, No. 16 

Union Carbide, 1968. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0301 

Union Carbide, 1974. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0003 

Union Carbide. 1976. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0023 

Union Carbide, 1978. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0297 

Union Carbide, 1981. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0138 

Uniroyal Chemical, 1966. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0296 

Uniroyal Chemical, 1969. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0022 

Uniroyal Chemical, 1978. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0287 

Uniroyal Chemical, 1981. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0043 

Uniroyal Chemical, 1983. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0172 

Upjohn Co., 1966. Available from EPA. From: Integrated 
Risk Information System (IRIS) funded by the EPA. 
Accession number 0232 

Upjohn Co.. 1973. Available from EPA. From: Integrated 
Risk Information System (IRIS) funded by the EPA. 
Accession number 0334 

Urwin and Spicer. 1971. Unpublished report Cited in: 
JECFA, 199 I. Toxicological Evaluation of Certain 
Veterinary Drug Residues in Food. 36th Meeting of the 
Joint FAOjWHO Expert Committee on Food Additives. 
WHO Food Additives Series, No. 27 

Van Esch, 198 I Unpublished study From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 0050 

Veldre and Janes, 1979a. Environ Health Perspect 30: 141 
From: Integrated Risk Information System (IRIS) funded 
by the EPA. Accession number 0230 

Veldre and Janes, 1979b. Environ Health Perspect 30: 141 
From: Integrated Risk Information System (IRIS) funded 
by the EPA. Accession number 0231 

Velsicol Chemical, 1955. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0243 

Velsicol Chemical, 1959. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0160 

Velsicol Chemical, 1978. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0223 

Velsicol Chemical, 1983. Available from EPA. From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0142 

Verschuuren er al., 1975. Toxicologist 3: 349 From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0067 

Virginia Carolina Chemical Corp., 1958. Available from 
EPA. From: Integrated Risk Information System (IRIS) 
funded by the EPA. Accession number 0366 

Walker et al., 1969. Toxic01 Appl Pharmacol 15: 345 From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0225 



Correlating struct .ure with toxicity 

Webb and Hansen, 1963. Toxic01 Appl Pharmacol 5: 576 
Cited in: JECFA, 1967. Toxicological Evaluation of Some 
Flavouring Substances and Non-Nutritive Sweetening 
Agents. 1 Ith Meeting of the Joint FAO/WHO Expert 
Committee on Food Additives 

Wheldon et al., 1983 Internat J Vit Nutr Res 53: 287 Cited 
in: JECFA, 1987. Toxicological Evaluation of Certain 
Food Additives and Contaminants. 30th Meeting of the 
Joint FAO/WHO Exuert Committee on Food Additives. 
WHO Food Additives Series, No. 21 

White et al., 1985. Drug Chem. Toxicol. 8(5): 333, 357 
From: Integrated Risk Information System (IRIS) funded 
by the EPA. Accession number 0198 

Williams et al., 1991. Fundam Appl Toxicol 16(3): 401 
From: Developmental and Reproductive Toxicology 
Database (DART) funded by the National Institute of 
Environmental Health Sciences and the EPA. 

Wilson et a/., 1970. Unpublished report Cited in: JECFA, 
1978. Summary of Toxicological Data of Certain Food 
Additives. 21st Meeting of the Joint FAOjWHO Expert 
Committee on Food Additives. WHO Food Additives 
Series, No. 12 

Woodward, 1965. Unpublished report Cited in: WHO, 1969. 
1968 Evaluations of Some Pesticide Residues in Food. 
Food and Agriculture Organization of the United 
Nations. World Health Organization 

Woodard, 1966. Unpublished report Cited in: WHO, 1969. 
1968 Evaluations of Some Pesticide Residues in Food. 
Food and Agriculture Organization of the United 
Nations. World Health Organization 

Yamamori et al.. 1991. Ovo Yakuri 42(6): 519-527 From: 
Developmental and Reproductive Toxicology Database 
(DART) funded by the National Institute of Environmen- 
tal Health Sciences and the EPA. 

Yang, 1964. Fd Cosmet Toxic01 2: 763 Cited in: JECFA, 
1993. Toxicological Evaluation of Certain Food Addi- 
tives and Contaminants. 41st Meeting of the Joint 
FAOjWHO Expert Committee on Food Additives. WHO 
Food Additives Series, No. 32 

Yonetani, 1967. Unpublished report Cited in: JECFA, 1988. 
Evaluation of Certain Food Additives and Contaminants. 
3 1st Meeting of the Joint FAO/WHO Expert Committee 
on Food Additives. WHO Food Additives Series, No. 22 

Zielke et a/.. 1993. Toxicoloaist 13(l): 77 From: Develou- 
mental and Reproductive Toxicology Database (DART) 
funded by the National Institute of Environmental Health 
Sciences and the EPA. 

867 

Wolf et a/., 1956a. Arch Ind Health 14: 387 From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0306 

Wolf et al., 1956b. Arch Ind Health 14: 387 From: 
Integrated Risk Information System (IRIS) funded by the 
EPA. Accession number 0051 

Wolf et al., 1956~. Arch Indust Health 14: 387 Cited in: 
JECFA, 1980. Toxicological Evaluation of Certain Food 
Additives. 25th Meeting of the Joint FAOjWHO Expert 
Committee on Food Additives. WHO Food Additives 
Series, No. 16 

Zoecon, 1984. Available from EPA. From: Integrated Risk 
Information System (IRIS) funded by the EPA. Accession 
number 0281 

Zwickey et al., 1975. Unpublished report Cited in: JECFA, 
1990. Toxicological Evaluation of Certain Veterinary 
Drug Residues-in Food. 34th Meeting of the Joint 
FAOiWHO Exnert Committee on Food Additives. WHO 
Food Additives Series, No. 25 


