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Health Hazards of Chemical Pesticides* 

Introduction 

Monitoring Human Exposure to Pesticides The U.S. pro­
duction of pesticides of all kinds is more than 1 billion 
pounds per year, with synthetic organic compounds making 
up more than 90 percent of the total. This includes some 
900 different chemicals, about 100 of which are produced 
in quantities of more than a million pounds per year.+j^ 
U.S. pesticide production is roughly half of the world­
wide total. Inorganic and natural organic pesticides were 
used even in the last century. However, the large-scale 
use of synthetic organic pesticides is a relatively recent 
development, starting in the 1940s with the commercial 
production of the insecticide DDT and the herbicide 2,4-D. 

Because pesticides must be released into the environ­
ment in order to perform their function, it is inevitable 
that some portion, however small, of these chemicals will 
reach the general population via the diet and other routes 
(National Pesticide Monitoring Program 1974). The FDA 
conducts a program for the analysis of "market basket" 
samples taken from various parts of the United States in 
order to monitor amounts of pesticides in the diet. Analy­
ses have been reported for 22 different pesticide chemi­
cals in market basket samples collected during the period 
FY 1965-1970 (Table 1). The results indicate that the 
average young adult American male, whose diet the market 
basket is intended to simulate, consumed about 40 mg of 
these residues per year, averaged over the 6 years studied. 
More than half of the total amount consisted of chlorinated 
hydrocarbon insecticides. 

Although the principal route of exposure of the general 
population to most pesticides appears to be through the 
diet, some additional exposure results from pesticides in 
the air. The EPA conducted an air-monitoring program 
during 1970-1972 and is considering a proposal to resume 
pesticide monitoring of air on a continuing basis (Stanley 
et al. 1971). 

*Members of the Consultative Panel on Health Hazards of 
Chemical Pesticides are listed at the beginning of this 
volume. This section constitutes the Report of the Panel. 
"'"See Chapter 4, "The Production of Materials for Pest 
Control," Estimated U.S Pesticide Production Volume, 1971. 
^A summary of properties of selected pesticides is pre­
sented in Appendix A to this volume. 
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Analyses for pesticides in streams and surface waters 
are conducted by the U.S. Geological Survey and the EPA. 
The EPA is embarking upon a program to analyze drinking 
water for pesticides and other chemicals, as is required 
under the Safe Drinking Water Act (P.L. 93-523). Tap 
water is monitored to the extent that it is employed in 
the preparation and cooking of foods for FDA market basket 
samples. 

Another possible route of exposure is adsorption through 
the skin of pesticides that may be present in soaps and 
various cosmetic preparations, and in clothing. Also, a 
definite although not well known degree of exposure of 
the general population must result from direct contact 
with insecticides at the site of their use. 

The levels of several chlorinated hydrocarbon insecti­
cides in human adipose tissue are monitored by the EPA. 
Adipose tissue is a principal repository in the body for 
pesticides that are insoluble in water, soluble in fat, 
and resistant to metabolic degradation, as are certain of 
the organochlorine insecticides. Results from the first 
5 years of the program, FY 1970-FY 1974, show an average 
total of about 11 parts per million (ppm) in body fat for 
the pesticides studied, corresponding to approximately 
one-tenth of a gram for an average adult (Tables 2 and 3). 
Considerable variation is observed among individuals, and 
values tend to be somewhat higher in southern states. 

The relationship between the total quantity of a pesti­
cide used and the amount that reaches the human diet de­
pends on several factors, including the pattern of use, 
environmental mobility, water and lipid solubility, and 
chemical and metabolic stability. The propensity of a 
pesticide to reach the diet is relatively great for stable, 
water-insoluble, lipid-soluble compounds, such as some of 
the chlorinated insecticides, including DDT and dieldrin. 
For these compounds, under conditions of rather steady 
and prolonged application, a few hundredths of a gram 
enter the U.S. diet for each pound used. 

Pesticide Regulations and Public Health Because of the 
exposure of the general public to pesticide residues and 
the risk of higher exposures to formulators, applicators, 
farm workers, and other special groups, intensive efforts 
are being made by government, industry, and other organi­
zations to test the toxicity of current and proposed 
pesticides in an attempt to avoid chemicals or practices 
harmful to human health. 

Under the Federal Environmental Pesticide Control Act 
of 1972 (FEPCA), the registration of a pesticide may be 
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denied, canceled, or modified by the Administrator of the 
EPA on the basis of evidence for "... any unreasonable 
risk to man or the environment, taking into account the 
economical, social, and environmental costs and benefits 
of the use of any pesticide." Although specific guide­
lines are still being designed by the EPA, a presumption 
of risk to human health may be based on evidence of acute, 
subacute or chronic toxicity, including tests on labora­
tory animals showing carcinogenicity, teratogenicity, or 
mutagenicity. 

The "Report of the Secretary's Commission on Pesticides 
and Their Relationship to Environmental Health," issued 
by the Department of Health, Education, and Welfare (USDHEW) 
in December 1969, provides a broad overall perspective as 
well as much information on individual pesticides (USDHEW 
1969). The Commission recommended that all uses of DDT 
be terminated within 2 years, except for specific, individ­
ual cases unanimously judged essential to the public health 
or welfare by the Secretaries of the USDHEW, USDA, and 
USDI (U.S. Department of the Interior). In a separate 
recommendation, the Commission called for similar restric­
tions on the use of other pesticides with highly persis­
tent residues, including aldrin, dieldrin, endrin, 
heptachlor, chlordane, benzene hexachloride, lindane, and 
compounds containing arsenic, lead, or mercury. The Com­
mission further recommended minimizing human exposure, 
pending additional studies, to several pesticides for 
which there existed indications of carcinogenic or terato­
genic activity in test animals (see Appendix A). 

In 1972 the EPA prohibited nearly all uses of DDT in 
the United States. The 1974 U.S. production of DDT was 
largely for export for malaria control and other uses. It 
was slightly under half of the 1950-1970 average produc­
tion of 130 million pounds per year. Recently, the EPA 
suspended registrations for nearly all uses of aldrin and 
dieldrin (Federal Register 1974). In this case, as well 
as in that of DDT, the regulatory decision cited human 
exposure levels and the results of animal studies suggest­
ing adverse health effects to man. 

Scope of the Health Hazards Discussion It was not the 
assignment of the Health Hazards Panel to conduct an over­
all and detailed review of the toxic hazards of pesticides, 
as did the Secretary's Commission. Instead, our charge 
was to summarize the current state of epidemiological and 
laboratory approaches to detecting and averting major en­
vironmental health hazards from pesticides, particularly 
regarding carcinogenesis. 
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As its first area of inquiry the Panel reviewed national 
mortality statistics (see pp. 61-65) for the leading causes 
of death, including cancer, for any recent indication of 
adverse effects that might be attributed to environmental 
factors, including the use of pesticides. 

The recommendation of the Secretary's Commission that 
human exposure to certain pesticides be reduced rested in 
part on tests in which animals receiving relatively high 
doses of these chemicals developed significantly more 
tumors than did the controls. Concern regarding possible 
carcinogenic hazard played a major role in the EPA deci­
sions to withdraw registrations of DDT and aldrin/dieldrin 
and appears likely to be given prominence in future regu­
latory actions. 

Cancer is a major human illness that is strongly cor­
related with environmental factors. This is shown by the 
fact that the incidence of many types of cancer among im­
migrant groups differs from that found in the country of 
origin and approaches the incidence prevailing in the 
adopted country (Haenszel 1961, Kmet 1970, Lilienfeld et 
al. 1972). From occupational and therapeutic exposures 
to certain chemicals, it is well known that man is sub­
ject to chemical carcinogenesis (lARC 1974). In these 
cases there is generally a delay of years, or even decades, 
between the time of first exposure and the occurrence of 
the disease. Hence, it is possible that major effects 
resulting from an environmental carcinogen would begin to 
show up in mortality statistics only many years after its 
introduction into widespread use. As its second area of 
inquiry, the Panel therefore considered the present basis 
of risk estimation from carcinogenicity tests on labora­
tory animals (see pp. 64-68). 

Mortality Statistics 

Death rates in the United States at all ages and especially 
for infants declined rather steadily during the twentieth 
century until the middle 1950s, when mortality leveled 
off and then, in the 1960s, showed indications of rising. 
Although the epidemic of lung cancer in men accounted for 
some of the change, other causes of death participated as 
well, including circulatory disease, emphysema, and cir­
rhosis of the liver. Similar trends were evident in Europe 
and Japan. This caused some apprehension that changing 
environmental factors might be adversely affecting man's 
health on a global scale (USDHEW 1971, 1973, 1974; U.S. 
Public Health Service 1964). 
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Statistics for the last few years, however, show that 
a general upswing of death rates has not materialized 
(National Center for Health Statistics 1952-1972). In 
1970 and 1971 most age groups experienced the lowest 
death rates on record. Considering the major causes of 
death, data for the period 1968-1973 show that on an age-
adjusted basis there have been small decreases in heart 
and vascular disease, stroke, diabetes, and in the cate­
gory recorded as bronchitis, emphysema, and asthma. There 
has been a continued rise in mortality due to cirrhosis 
of the liver. The age-adjusted mortality rate for all 
types of cancer combined has been essentially constant, 
although there have been definite increases for some types 
of cancer and decreases for others. 

The Panel examined age-adjusted mortality data for the 
period 1950-1967 for the 10 leading primary sites of can­
cer (lung, large intestine, breast, lymphoma, prostate, 
pancreas, leukemia, stomach, bladder, uterus plus cervix), 
which account for more than two-thirds of the total mor­
tality due to the disease in the United States (Burbank 
1971). For cancers for which recorded mortality is 
clearly increasing, such as lung, pancreas, and leukemia, 
the upward trends appear to have become established be­
fore the widespread introduction of modern pesticides 
beginning shortly after World War II. No clear trend 
associated with the rising use of pesticides is apparent 
for any type of cancer examined in age-adjusted data for 
the general population. , 

This of course does not exclude the possibility of less 
drastic, but still important, trends in mortality statis­
tics. In this regard it would be important to conduct a 
more detailed epidemiological study than the Panel has 
carried out, extending the period of observation more 
nearly up to the present time. Mortality rates among dif­
ferent age groups should be examined for each separately 
recorded type of cancer. Particularly, a comparison should 
be made of geographical and other subpopulations for which 
pesticide exposure may vary. For example, the recent 
National Cancer Institute compilation of data on cancer 
mortality by county in the United States should be exam­
ined for possible "hot spots," especially among young 
adults, that might yield clues to important geographically 
varying carcinogenic factors (Mason and McKay 1974). 
Finally, studies on occupationally exposed populations 
would be useful, particularly where large numbers of per­
sons are exposed for long periods of time. 

Unfortunately, among other problems with the epidemio­
logical approach, mortality statistics are likely to be 
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very slow to reflect the effects of newly introduced en­
vironmental carcinogens. There will generally be a build­
up period of several years from the introduction of a new 
product to the attainment of near-steady levels of produc­
tion and human exposure. Also, a delay exists between 
the first diagnosis of a fatal tumor and its contribution 
to published mortality statistics. Currently this amounts 
to roughly 6 years (USDHEW 1972, U.S. Public Health 
Service 1975).* For a few types of cancer, improvements 
in therapy may obscure important trends in incidence as 
opposed to mortality. Few states regularly report cancer 
incidence. The Third National Cancer Survey gives cancer 
incidence rates for the period 1969-1971 for two states 
and seven metropolitan areas (Cutler et al. 1974). Al­
though the sample is limited, the results deserve detailed 
study for trends that may not be apparent in mortality 
statistics. 

An even more serious limitation to the utility of mor­
tality and morbidity statistics for the detection of en­
vironmental carcinogens arises from the long delay that 
can occur between the first exposure and the appearance 
of tumors. Evidence from animal experiments and from the 
age distribution of cancer in man suggests that the inci­
dence of cancer induced by continuous exposure to a car­
cinogen depends very strongly on the duration of exposure."' 

*This estimate is the sum of the 2-year average survival 
time following the first diagnosis of a fatal cancer plus 
the current 4-year lag in publication of mortality 
statistics. 
"'"Druckrey, H. (1967) Potential Carcinogenic Hazards From 
Drugs, UICC Monograph Series 7, R. Truhaut, ed., pp. 60-78. 
New York: Springer-Verlag; Cook, P. J., R. Doll, and 
S. A. Fellingham (1969) Int. J. Cancer, 4:93-112. The 
mathematical relationship discussed by the latter authors 
giving the incidence I of numerous types of cancer in a 
population continuously exposed to a carcinogen is J = /(cZ) 
(t-k)", where fid) is a function of the dose rate d alone 
and t is the exposure time. The quantities k and n are 
constants characteristic of the carcinogen and k is the 
minumum delay between first exposure and the expression 
of cancer. The relation deduced by Druckrey relating 
time and dose rate at 50-percent accumulated induced inci­
dence is diP = constant. This is a special case of the 
former equation with k«t and fid) equal to d itself. See 
also Peto, R., P. N. Lee, and W. S. Paige (1972) Brit. J. 
Cancer, 26:258-261. 
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Indeed, it would appear that, after a delay, the induced 
incidence of most types of human cancer rises as the 
fourth power of the time.* Hence, the incidence even as 
long as approximately 20 years after the introduction into 
use of a chemical carcinogen may be only a very small 
fraction of the eventual incidence it induces. Such a 
time dependence can give the impression of a "latent 
period" of many years or even several decades before cases 
begin to appear with noticeable frequency. Thus it is 
possible that a serious environmental hazard could go un­
detected in mortality statistics for many years and then 
appear with seemingly explosive force. 

Laboratory Studies on Animals 

Because epidemiological surveillance for trends linking 
pesticides or other environmental factors to major ill­
ness in the population might indicate hazard only after 
serious damage has already occurred, other information 
must be used to establish standards for the protection of 
public health. Where widespread damage to health may be 
long delayed after the introduction into use of a chemi­
cal, as with agents that may induce cancer or cause heri­
table mutations, the establishment of safety standards is 
particularly dependent upon tests on animals or other 
laboratory systems. 

For carcinogenesis, the principal test systems in cur­
rent use are laboratory mice and rats. A large proportion 
of such testing is done or overseen by the National Cancer 
Institute (NCI) of the U.S. Public Health Service (USPHSj, 
using standard protocols for administration, diagnosis, 
and evaluation. Approximately 200 compounds are currently 
under test by the NCI and its contractors, at a cost of 
approximately $100,000 per test. The testing and evalu­
ation of a compound for .carcinogenicity requires approxi­
mately 3 years. For pesticides, the compound is 
administered in the daily diet. In order to simulate the 
usual conditions of human exposure, the most realistic 

*lt may also be noted that this relation predicts that 
the age distribution of induced cancer will be independent 
of dose unless the induced incidence is so great as to 
deplete the older age ranks. For the present age distri­
bution of the U.S. population and in the case with n = 4 
and k = 2 years, about one-quarter of the incidence would 
occur before age 55 and about half by the age of 68. 
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administration of a compound would begin with the mothers 
of the test animals before conception and continue through­
out life. For convenience, however, the current NCI pro­
tocol specifies that administration begin at the time of 
weaning and terminate in late middle age. The animals are 
divided into several groups, each receiving a different 
concentration of the compound in the diet. An undosed 
group of animals serves as a control. There are usually 
30-100 animals in each dosage group. Animals are allowed 
to die spontaneously or are sacrificed shortly after 
dosing is terminated or earlier if tumors are evident. 
Postmortem examinations are performed to determine the 
type and number of cancers. A compound is considered 
carcinogenic to the test animals if the treated groups 
show a statistically significant increase in the age-
specific frequency of one or more specific types of cancer, 
as compared to the control group. As a check on the reli­
ability of the experiment and for the quantification of 
carcinogenicity, a positive test is generally not con­
sidered adequate unless the frequency of cancers is found 
to be dose dependent. 

The sensitivity of such tests is inherently limited 
by the number of animals employed. For example, even if 
no cancers are found in a group of, say, 100 animals, one 
can conclude with 95-percent confidence only that the true 
frequency of cancer induction at the given dose is less 
than 3 percent. Clearly, in extrapolation to man, a like­
lihood of inducing cancer in no more than 3 out of 100 
individuals would hardly be reassuring. In practice, 
animal tests may be even less sensitive than the foregoing 
example suggests. This is because the control animals 
themselves may develop a substantial frequency of various 
kinds of cancer, making the problem one of detecting a 
significant increase above an already appreciable back­
ground. In order to increase the sensitivity of animal 
tests, administered doses are chosen to be considerably 
higher than the level to which humans usually are exposed. 
This procedure may fail if the test compound greatly 
shortens the life span of the animals as a result of toxic 
effects other than cancer. In that case, the older ages 
at which carcinogenesis is likely to be most manifest 
cannot be studied. 

Attempts to utilize data from animal experiments in 
order to quantify carcinogenic risks to man must be based 
on assumptions for which available evidence is suggestive 
but far from complete. Two basic kinds of assumptions are 
generally involved. One concerns the relative suscepti­
bility of man and the test animal to the chemical in 
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question. The other concerns the relationship between the 
dose and the response. The following is a simplified 
description of the current basis for estimation of car­
cinogenic risk for environmental agents such as pesticides. 

Carcinogenesis in Man and Laboratory Animals Notwith­
standing the difficulty of identifying specific carcino­
gens affecting man, about a dozen agents are now recognized 
as human carcinogens. All of these but one are definitely 
carcinogenic in tests on laboratory animals, as indicated 
in Table 4. The only exception is arsenic, which is still 
under test on animals. It may be noted that the organs 
affected in man are not always the same as those that are 
found to develop tumors in laboratory animals, nor is the 
organ specificity the same in different species of rodents. 
Nevertheless, the evidence, based on a limited number of 
carcinogens, suggests that most agents that pose a car­
cinogenic threat to man will be carcinogenic in labora­
tory tests on animals. However, this leaves open the 
possibility that such tests may also identify chemicals 
carcinogenic to rodents that do not pose such a threat 
to man. 

It would be desirable to have some idea of the propor­
tion of useful chemicals that are carcinogenic in standard 
animal tests. In this regard, it is of interest that only 
a minority of pesticides that have been subjected to 
standard rodent tests have been found positive. In a 
test of 120 different pesticides and industrial chemicals 
conducted under contract with the NCI, 11 were judged 
positive, 89 gave no significant indication of carcinoge­
nicity, and 20 were designated for further evaluation 
CInnes et al. 1969). It should be noted that one of the 
criteria used in selecting the 120 pesticides to be tested 
was structural or other prior indication of possible car­
cinogenicity. This suggests an upper limit of about 25 
percent on the proportion of currently used pesticides 
that might be suspected of human carcinogenicity on the 
basis of such tests. 

Research on molecular mechanisms in carcinogenesis has 
provided evidence that the actual carcinogen is often not 
the compound administered but instead is a metabolite of 
that compound (Miller and Miller 1971). Active carcino­
gens tend to possess particular features of chemical 
structure by which they may be recognized. Although ap­
parent exceptions are known, similarities in the meta­
bolic fate of a compound in different species may imply 
similar carcinogenic properties. Hence, metabolic studies 
using human and animal tissues can support the case that 



67 

I-H 
T-H <N 

r-- 00 
vO 

I-H C7> 

C3^ 

I-H \ / 
X 

44 . 00 o X 
3 I-H CN [\ cn 
S! 3 CN I-H 

4-J 
3 
3 tn 

' 
0 CNCJ boco 0 O 

Cii to O cvj 3 <T> 
X S U 
o • • 3 »* 

r-H « 4-J 3 nd 3 CO <3i 
3 Cj • H Qi 3 Q) OS 

CO > ft:; 3 ct; T? C<| 
CD 4-> « o 3 
O 0 44 3 0 5H 3 CO 
3 CO •H CO 3 CO ?s 
CD fe: vO rH o ^ O ?H s 
U 0 C3^ 0 0 5^ 0 44 
<D T3 , I-H to X J3 I-H 

CH 0 s—/ to <o 5 O X 
CD •H 0 0 3 
cd > •z CQ 

in en 
r--
tn o 

to 

-4^ 
CO 

o 

<3 
4^ ^ Q cn 
^ \£) 

Oi 
• i-H 

bO 
C 
P 
HJ 

o 
tn 
3 
O 
S 

X 
o X 

U ?H 3 0 
0 0 S 3 > > o n3 
•H •H X •H 
X X CO 

+J 
oj 
oi 

X o 
+J 
oj 
rH 
CM < 

r~-

in 

u oe < 

h-
VD cn 

CD »—« 
i-H ^ 
bO 
C LO 
•H LO 

Cu 

*^3 ^ 
3 
oS 

?s 
•> Q) 

C O o se 
ifi <3 
5 CJ 

LO 
vO 

Oi 
r4 

?H 

o 

3 o 

LO 
in LO 
4J CN 

<D •. 
Xi Oi o oe LO 

LO 
CTi 

c • 
O 4^ 
in 
X ?H 
3 PQ 

I-H 
u 

c 
aj 
IS 

0) 

3 
O 

3 Cq 

U 

^ I-H 
CO 4-^ to 
g CO •—« 
3 S •-• 

• H ^ 

I-H 1^ i~H L/J) 
•H 3 
& . rn 

/—s 0 Qi 
. (N ?H 

44 to X 13 
O *^4 ?H 44 
p, SH I-H '3 ^ 
-H CQ ^ C ^ 
3 

O 

X c 
CD 

P4 
•H 
XI o 
c 
•H 
s < 

G> 

0 0 
X X 

u •H •H 
0 3 3 
n3 
^3 3 3 
3 O O 

I-H 0 •H 0 .H 
X 3 X 3 X 

•H CD •H O 
X 0 X 0 

u u 3 •«—% 3 'r—j 

0 0 0 0 3 0 3 > > > X •rH X 'H 
•H •H •H 3 3 
X X X HH HH 

4-) 
3 
Cd 



68 
69 

<0 

c c
 o
 

o
 

C
Q

 

to
 

,—^ 
CM

 
to

 
a

 

O
l 

O
l 

1
-4

 
t-4

 
V

—
^ 

(/) 
, 

0
0

 
0
 

?s 
'd

* 
o

 
4
4
 

p
 

CO 
•> 

•V
 

0
 

S
 

1
-4

 
CM

 

0
 

^3
 

S
t 

u
 
u

 
<44 

O
 H

 
C

Q
 

CQ
 

0
 

O
 

<
 

<
 

C
Q

 
t—

t 
1-4 

o
 

LO
 

LO
 

to 
a> 

0
0

 

u
 

<
 

to 
a> 

0
0

 

u
 

<
 

rt 
Q:: 

?-( 
o 

bo e 
" 

+
j c o 

•H
 

+
J 

s 
t/^ 
4-) 

/ 
V 

•«d* 
X

 
f—

\ 

vO
 

r-« 
LO

 
CM

 
\o 

CT> 
<71 

vO
 

LO
 

1
-4

 
1
-4

 
C7» 
1

-4
 

a
, 

C
o 

CM
 

LO
 

1-4 
to

 
1-4 

LO
 

a
 

CM
 

P
 

vO
 

00 
t4

l 
•-D

 
o

 
•V

 
•> 

•> 
o

 
T

3
 

<01 
C

o 
GNO 

C
 

T-4 
u

 
r4

 
cd 

0
 

o
 

/—
N

 
to

 
SH 

E
H

 
03 

to
 

03 
P

 
<33 

O
 

P
 

O
 

O
 

0
 

a
 

S
t 

C
dl 

O
 

S
t 

CQ
 

4:> 
C5 

1
-4

 
to

 
«
 

« 
03 

»-4 
C

d
 

X
 C

o 4
3

 <o 
S

 
Cd 

cd 
P

 
• 

CO 
a 

r-
1
-4

 
• 

cd 
• 

1
-4

 
o

 
•P

 
>-3 

1
-4

 
U

 ^
1
 

Cd 
<L> ^

 
0
 

0
0

 

>-3 
t/i 
B

 
a 

0) 
o
 <71 

0
 

P
tj ^

 
o 

O
C 

c o
 

?H 
4

^ 

S
t 

W
) cq 

U
 

CE^: 
<

 

0
 
Q

-
t
' 

<
p
 

0
 

P
 

P
 
P

 
0

 
P

 
P

 
P

 
P

 
o

 
•H

 
P

 
-

0
 
o

 
•H

 
C

 
0
 

1
-4

 
P

 
X

 
o

 
1
-4

 
•H

 
•
r
-
i 

0
 

Cd 
P

 -14 
p
 

0
 

Cd 
P

i 
P

 
P

 
P

 
> 

P
 

P
 

o
 
p
 

> 
P

 
to

 
•H

 
0

 
0
 

•H
 
0

 
0
 

to
 

•H
 

•H
 
0
 

0
 

4
3

 
4

3
 

P
 > 

O
 

4
3

 
Cd 

P
 > 

•N
 

.S 
+

J 
0

 
4

3
 

4
3

 
Cd 

0
 
0

 <
P

 
P

 
5
 

Cd 
0
 

bO
 

W
3 'H

 
P

 
Cd 

Cd 
bO

 
to

 
CQ

 
O

 
cd 

cd 
bO

 
to

 
P

 
p

 
to

 
•H

 
1
-4

 
1
-4

 
0
 

0
 

P
 

P
 

C
O

 
C

Q
 

CQ
 

2
 

Z
 

P
I 

c 0
 

V
) 

U
 

<
 

o 
T

J
 

•H
 

o o
 f-t 

o
 t/l 

o
 

4-> 
t/> 
0

 
X

i 
V) 
<

 

U
 

4^ 
0

 
to 
C

 
fq

 
o

 
C

Q
 

cd 4^ 

S4 
CQ 

bO
 

C
 

75 
M

J 

0
 

0
 

0
 

to
 

to
 

to
 

P
 

P
 

p
 

C
 

P
 

p
 

P
 

Cd 
o

 
cd 

cd 
o

 
cd 

o
 

S
 

CQ
 

0
 

C
 

•w
 

B
 

cd 

-§ X
 

>%
 

0
 

0
 

C
 

0
 

C
 
0
 

td
 
c
 

C
 

^
 

4
J ^

 
t/1 

^
 

(D
 

?H 
+

J 
0

 
q
 

>
 -H

 
•H

 
TH

 
J
 

J
 (/) Cl> 

^
 

4-> 
0) 
>

 -H
 

vO
 

to
 

LO
 

CM
 

/—\ 
0

0
 

O
l 

vD
 

1
-4

 
<31 
1
-4

 
<31 

*«—' 
<31 

1
-4

 
to

 
T

-S
 

1
-4

 
LO

 
r-. 

P
 

vO
 

0
0

 
§ 

SH 
C

o 
to

 
<33 

'd
' 

•C) 
4

3
 

C
O

 
<

o
 

S
t 

P
 

T-4 
P

 
T-H 

<33 
•> 

C3 
Cd 

0
 

O
 

CM
 

P
 

to
 
P

 
S

t 
•k 

<33 
C

 
<33 

Q
 

• 
a

 
P

 
o

 
o

 
<q 

<
o
 
P

 
4
4
 

o
 

S
t 

C
Q

 
S

t 
P

H
 

S
t 

to
 « 

« 
P

H
 

H
 

X
C

p
 

4
3

 
C

J 
si 

H
 

Cd 
P

 
a

 
1
-4

 
.
 

cd 
C

q 
to

 
u

 
P

q 
to

 
a 

a 
0

 
to

 
.
 

i 5
 

a 
4
4
 

4
4
 

1
-4

 
C3 

vO
 

p
 

4
4
 

cd 
4
4
 

SQ^ O
 

4
4
 
O

l 
0
 
•
lf4

 
T

 4
 

P
 

<33 
P

H
 1 <13 

1
-4

 
to

 
P

 rH
 

P
 

PQ
 te 

1-4 
^
 

p
 

CQ
 

1-4 
c
q

 
Cd 

o
 

4
 

CQ
 

vO
 

LO
 

a
i 

''d' 
LO

 
O

l 
w

 
1
-4

 
1
-4

 

to
 

r--
LO

 
<31 

r--
4

3
 

1—
4 

-d" 
4

3
 

as 
O

 
O

l 
1
-4

 
LO

 
•%

 

T-H 
4

3
 

<71 
1
-4

 
<

q
 

/•—\ 
P

 
P

 
<M

 
<33 

CN. 
<33 

r-. 
<t3 

T-4 
O

l 
13 

<31 
S

t 
0

0
 

• 
S

t 
1
-4

 
<3 

a
 

r--
1
-4

 
1

.
^
 

C
j) 

T-4 
O

 
1
-4

 
Cd 

1Q
 

<31 
a 

cd i4Q
 

Cd 
to

 
P

 
a 

4
3
 

> 0
 

P
 
P

 
0
 

at 
a

 
0

 
<33 

T
3

 
a 

1
-4

 
P

 
4
4
 

<
P

 
a

 
13 

P
 

4
4
 

0
 •?4 

o
 

s:p 
N

 
S

t 
cd *T4 

to
 

U
 

to
 

P
 <P 

o
 

P
 « 

1
-4

 
P

 
to

 
cQ

 
C

 
DQ 

o
 

•H
 <o 

X
C

Q
 
•H

 
<

 
o

 
DQ 

p
 

P
H

 
O

 
1
-4

 
h
H

 
C

Q
 

C
u 

C
O

 
C

Q
 

P
 

0
0

 
sq. 

r
f 

4
3
 

S
 

vO
 

<31 
<31 

1
-4

 
1
-4

 
V 

/ 

'd
-

o
 

<M
 

LO
 

<31 
P

 
<33 

•s
 

13 
C

O
 

• 
5^ 

T-4 
CN3 

^
 
j3

 
1
-4

 
Cd 

<
o
 

•> 
cd 

• 
r-i 

CO 
^ ^

 
0

 Cq 

S
 T3 ^ 

I—
I 

Ci) 
. o 

o
 

CX 15 
S

 
H

 

c o
 

•H
 C

j 
u tf) 
cd 

p
 

P
 

as •H
 

«s 
»s 

d) 
B

 
O

 
o

 
P

 
P

 
p
 

p
 
p
 

o
 

•r4 
•H

 
o

 
<3 

o
 

U
 
-H

 
p

 
P

 
P

 
p

 
0

 
^3 

Cd 
p
 

to
 
•H

 
o

 
o

 
4

3
 

•1
-4

 
T3 

B
 

X
J 

o
 

0
 

•!—» 
0

 
•1

—
>

 
P

 
P

 
•H

 
P

 
o

 
•H

 
P

 
P

 
O

 
p

 
cd 

P
 

P
 

Cd 
Cd 

b/3 
Cd 'H

 
o

 
•H

 
•H

 
P

 
0

 
P

 
0
 

P
 

cd 
0
 p

 
a
 

X
 

as 
0
 

•S
 
0
 

0
 

*s o
 

0
 

»s r-4 
•s 

0
 

P
 

P
 

P
 

P
 
P

 
p

 
P

 
T

3
 

P
 

P
 

p
 

1—
4 

P
 
p

 
o

 
P

 
*1-4 

cd 
0
 

0
 

0
 •H

 
0

 •H
 

T
d

 
0

 
0
 

0
 

o
 
•H

 
0

 x
 

0
 

P
 

> 
> 

> 
to

 > 
to

 
cd 

> 
> 

> 
o

 
to

 > 
o

 
>

 
-H

 
cd 

•H
 

•H
 

•H
 

•H
 

1
-4

 
•H

 
•H

 
•H

 
cd 

P3 
P

] 
P

I 
CQ

 
P

3 
P

I 
pP3 

P
I 

P
I 

S
 

0
 

to
 

P
 

P
 

p
 

P
 

cd 
cd 

o
 

cd 
cQ

 
S

 
CQ 

0
 

C
 

•H
 

T
3
 

•H
 

c 0
 

C
Q

 

r~-vD
 

+J 
?s <71 

0
 

Ci) 
I 

^
 w

 
•H

 ^
 

4-> 
<71 

4-) 
CM

 
O

 
PQ

 
--H

 
•H

 
<44 

fd
 

• 
<44 

1-4 
P

H
 

Cd 
C

O
 

CO 
cd 
B

 
o

 
• H

 
bO

 
P

 
cd 

1
-4

 
o 

P
C

 
o 0
 

> 
•H

 
J
 

u 0
 

4-) 
to

 
s cd 
n: 



70 
71 

• 
n3 

• 
CM

 
• 

I-H
 

, 
I-H

 
P

 
P

 
S

i 
St 

Cd 
St 

3
 

cd o
 

<y% 
o

 
o

 
C3 

p
 

1
-H

 
p

 
P

 
p

 
p
 

St 
bO

 
*»—«' 

• 
0
 

0
 

Cd 
bO

 S
i 

1—
H

 
S

i 
S

i 
C

j 
CO 

0
 

o
 

Cd 
St 

P
 

St 
p

 
0

 
O

 
fel 

0
0

 
k
i 

0
 Eiq 

0
 

, 
o

 
K

 
/—

N
 

P
 k

i 
P

 Eiq /•—\ 
p

 
4

^ 
/—

V 
p

 
• 

to
 

•\ 
0

 
• 

iP
 
3

 
• 

0
0

 
3

 
Cd 

0
 

rv
 

i-H
 

rse r~-
3

 rS
t \o 

3
 
^
 

vO
 

p
 

P
 

O
 

C
7i 

bO
 <0 

O
i a

 
O

 
Q

 
O

i 
0

 
o

 
P

 
rH

 u
 

P
 
p

 
«

p
 

P
 
p

 
• 

rH
 

tp
 

> 
N

—
/ PC

 
O

 
p

 
V

—
^ 

P
 

•-S
 ^

 
0
 

cd 
<

 
0

 
3

 
3

 
•-S

 ^
 

D
i 

N
1

 
h

H
 

H
J
 

>
 

>
 

C
O

 

C
s. 

OCl 
S

 rS
i 

C
 

•H
 

Q> 
C

Q
 

J3:: 

to
 

vO
 

\0
 

cva 

51:1 

(N
 

r-H
 

rs; 
4^ 
r--i 
<5 

0
0

 

ly
j 

CO 

£ 

U
 

o 
T

3
 

n
3
 

cd 

c c
j 

CM
 

to
 

P
 

to
 

0
0

 
'd

' 
rH

 

C
o 

«^ 
to

 
p
 

to
 

C\3 

rS
t 

rS
t 

4
i 

* 
4^ 

+
i 

T>«i 

Cd 
CO 

Cd 
Ci) 

St 
C

ii 
H

t 
. H

 
/—^ 
•3" 

rH
 

• 
I-H

 
P

 
• 

3
 

St 
O

 
3

 
C\> 
o

 
St 
O

 
O

i 
T

P
 

p
 
P

 
P

 
St 

• 
P

 
0

 *
^
i 

0
 

Cd 
rH

 
•
^
i 

S
i 

C
o 

3
 

I
p

 

p
 ^st 

3
 

St 
to

 
0
 fel 

0
 

• 
p

 fei 
CM

 
p

 
P

 
4
i 

0
 

3
 

• 
0

0
 
3

 « 
O

i 
• 

rH
 1 

r«
 

3
 rS

^ 
\D

 
3

 
vO

 
3
 rS

^ 
r--

3
* 

d
 

O
i 

Q
 

O
i •H

 
O

 
O

i 
p

 
I-H

 
• 

rH
 

P
 p

 1 
U

 
P

 
3
 

CO 
p

 
w

 
cC

 
3
 

3
 

3
 

<
 

>
 

>
 

P
) 

p
 

'f 

0
 

0
 

P
 

P
 

•H
 

•H
 

to
 

CO 
p

 

3
 

3
 

3
 

CO 
CO 

O
 

O
 

3
 
0

 
•H

 
•H

 
3

 
CO 

P
 

P
 

3
 

o 
O

 
#\ 

3
 

bO
 

3
 

3
 

0
 

0
 

bO
 •H

 
3

 
•H

 
•H

 
•
p

 
•
p
 

3
 

to
 

3
 

3
 

3
 

3
 

P
I 

C
O

 
CO

 
p

 
p

 
P

I 

bO
 

:3
 

l-J
 

o
 

(/) 3 
o

 
2

 0
 

X
 

X
 

4-) 
0
 

s o
 

0
 

»-H 
X

 
0
 

V
_
/ 

1 
tA

 

P
 

3
 

3
 

3
 

PC 
» 

vO
 

cr> 

CM
 

LO
 

CM
 

LO
 

cr> 

Co 
to

 

O
) 

vO
 

O
) 

to
 

to
 

+:> CO 

r-H
 

ci) 
• o 

• 
^

 
s 

cd 
<3 

<3 
C

j 
C

j 
4-> 

+
J 

0
.
0

.
 

4:^ 
'^

 
.
 
C

 
<d 

^
 

C
 4

^ 
*H

 
^
 
\0

 

to
 

LO
 

O
) 

C
o 

cd .
 

^
 m

 
'i-l 

h
a 

> u 0
 

o 
'T

3 
C

 

x: 
C

O
 

D
 

o 
s
 >s 
•P

 
0
 

O
 

P
 
0
 

O
 

C
 

>—
( 

'H
 

o x
 

B 
C

 
O

 
cd 

•H
 
I
 
rH

 
N

 CM
 

X
 

Cd w
 ̂

 
rC

 
CO 

P
 

C
l^'H

 X
 

OS ^
 

P
H

 
C

 
I
 

cd 
2

 
C

 
O

 
•» 

I 
'H

 :z
: 

CM
 

-c 
C

J 

4
^ 

h
d

 
p
 

0
 

P
 

rH
 

Q
i 

^
 

tc
j 

o 0
 

p
 

•H
 

CO 

p
 

0
 

CO 
C

 
0
 

P
 

CO 
•H

 
P

 
X

 
u

 
T

3 
C

 
Cd 

0
 

T
d
 

0
 

• H
 

X
 

H
 g

 r-
C3 

CTi 
CL) 

--H
 

C
O

 
^
 

C
O

 

p
 Ci) 

o
 

=2 o
 Cd 

s p /—« 
' ;s ^

 
o

 r--
cd 

^
 

C
Ti 

0
0

 

4
^ 

CO 

£ H 
'—

' 
?H 

Cd 
Q

i 
o 

p
 

S
! 

0
 

Cd 
C

j 

o
 

vO
 

C
o 

O
i 

to
 

CO
 

I ^
 

a. 
Cd 
?s 
Cda 
g 4
^
 

CO 

H
 x> 

vO
 

P cn 
0
) 

i-H
 

O
 w

 

« r-. 
C

j) 
CM

 

r--cn 

to
 

to
 

4^ 
CO 

Ci3 
•C) 
St 
5 

r
p

 
iP

 
I
p

 
i
p

 

P
 

p
 

• 
V

—
/ 

I
p

 
• 

r
 

Cd 
r
 

3
 

• 
0
 

St 
•H

 
4

^ 
'T

d 
rP

 
St 

O
i 

4
^ /—\ 

p
 
\D

 
5
 

Cd 
to

 
3
 

• 
3

 
0

 o 
p

 
P

 
3

 
3

 
CO 

Ci) 
1 

3
 

3
 
4
i 

vD
 

tM
 

0
 fe: \o 

•H
 

4
^ 

O
 

0
 

O
i 

O
i 

CO 
• 

O
i 

C
J 

P
 

St 
to

 
P

 
• 

I
p

 
p

 
P

 
I
p

 
3
 

O
 

to
 

• 
iP

 

PC 
P

 
I
P

 
3
 

'w
' 

rH
 

SQ
 

0
 

fe: 
to

 
<

 
3
 

O
 

o 
3
 

3
 

p
 

D: 
Q

 
Q

 
X

 
C

J 

3
 

O
 

•H
 

P
 

3
 

P
 

0
 

X
 

3
 

o 
T

3
 

3
 

•H
 

bO
 

0
 

nd 
bO

 
X

 
bO

 
bO

 
bO

 
3

 
*
p
 

3
 

3
 

P
 

3
 

3
 

3
 

3
 

3
 

iP
 

3
 

3
 

3
 

3
 

>
 

P
 

p
 

CQ
 

P
 

P
 

P
 

P
 

P
 

0
 

X
 

p
 

cd 

I cd 
:s 

0
 

P
 

0
 

CO 
to

 
to

 
P

 
3

 
3

 
e 

3
 

3
 

3
 

3
 

O
 

3
 

3
 

O
 

D
i 

is 
X

 
X

 
s
 

P
 

bO
 

o 
3

 
p

 
•H

 
p
 

to
 

O
 

0
 

B
 

p
 

to
 

I
p

 

•H
 

0
 

P
 

P
 

to
 

P
 

I
p

 
/•"%

 

0
 

X
 C

O
 

P
 

^
 w

 
3
 

P
 Q

 
bO

 
o

 w
 

•H
 

•H
 

U
 

Q
 



72 
73 

LO
 

C
M

 
-q-r

, 

to
 

4
4
 

CO 
S

i 
H

 
S

i 
C

ii 
C

 
S

) 
0
 

S
i 

o
 j3

 
P

 G
 

to
 

CJd 
0

 
« 

o
 

n
d
 

4
4
 
/-^

 
q

 
q

 
«

 
to

 
0

 
q

 ^
 

v
o

 
p

 
a> 

0
 

q
 
.
 p

 
M

M
 

q
 

p
' 

0
 

q
 

c
d

 
Q

 

•H
 

> ?H 
U

 
<D 

(D 
O

 X
 

+-> 
•s O

 

C
 xJ 

•H
 
q

 
too 
rt 
>

 

V 
,
 

V 
/-—

N
 

q
 

/—> 
vO

 
/—^ 

vO
 

rP
 

VO
 

LO
 

CM
 

LO
 

P
 

C
O

 
C

O
 

LO
 

O
i 

t-H
 

C
O

 
I
p

 
I
p

 
C

O
 

»
p

 

&
 

I
p

 
p
'
 

f
p

 

&
 

C
O

 
0

0
 

^—' 
to

 
, 

C
O

 
t
p
 

CM
 

to
 

g 
M

d 
to

 
vD

 
I
p

 
LO

 
g 

q
-

G
 

•> 
•s 

•* 
G

 
G

 
•s 

G
 

• 
—>, 

CM
 

r-H
 

G
 

P
 

<d 
tN

. 
• 

o
 \D

 
*— 

rS
i 

S
i 

/—^ 
S

i 
P

 
p
 
^
 vO

 
• 

IN
. 

Ci) 
-q-

Ci) 
Ci) 

q
 

C
O

 
i
p

 

r-«i 
p

 
cd 

O
 

S
i 

c-. 
C

O
 

<3 
S

i 
o

 
S

i 
P

 
V 

/ 
C

Li 
T--4 

Q
) 

J3 
p

 
« 

0
 

S
i 

iP
 

/~\ 
O

 
CO 

G
 

I
p

 G
 
i
p

 G
 

Q
i 

vO
 
q
 

r--
<i3 

• 
q
 

q
 

^
 

C
C

 ^
 

• 
vO

 
<§ 

T
P

 G
 

LO
 

• 
O

 
vO

 
p

 T-4 a> 
<§ 

q
 

LO
 

p
 

p
 

0
 
.
 p

 
0
 

O
 
i
p

 
S

i 
0

 
0

 
O

 
4
4
 

O
 

V
—

/ 
q
 

• 
p
 

Q
) 

too • 
•> 

• 
• 

P
 
^
 •> 

q
 

q
 rC

l 
0
 

q
 

4
4
 

vO
 

p
 

4
4
 

P
 

4
4
 

CM
 
o

 
H

 O
i 

P
 
o
 

S
i p

 
0
 

0
 

p
 

O
 
G

 
to

 
Q

 
0

0
 

P
i 

P
 TJ 

<3 
q
 p

 
u

 
to

 
p

 
to

 
S

i 
0

 G
 

C
M

 rO
 

E
H

 
q
-

p
 

Pi-i 
P

 G
 
p
 G

 
oc 

q
 G

 
q
 G

 
q
 

•H
 

o
 

q
 

o
 

<
 

o
 

o
 

C
P 

a
: 

p
 

C
O

 
C

Q
 

cr» 
CM

 

O
 

x
 

•H
 

q
 

q
 

> 
o
 

o
 

P
 

•H
 

•p
 

P
 

0
 

P
 

p
 

0
 

O
 

O
 

0
 

o
 

0
 

n
d
 

T
d

 
'T

d 
•r->

 
•l-~

»
 

q
 

q
 

q
 

q
 

t
p
 

p
 

q
 

•H
 

•H
 

.o
 

q
 

X
 

P
 

p
 

P
 

X
 

X
 

X
 

q
 

•s 
0
 

•\ 
0
 

•s 
0
 

•p
 

q
 

0
 

0
 

0
 

q
 

p
 
P

 
P

 
P

 
p
 

T
3

 
q
 

c
 

q
 

q
 

q
 

•H
 

0
 
•H

 
0

 •H
 

0
 

T
d

 
p

 
g
 

T
d
 

T
d
 

T
d
 

too > 
to

 > 
to

 
> 

q
 

•H
 

q
 

•H
 

•H
 

p
 

q
 

•H
 

•H
 

•H
 

i
p
 

C
P 

IS
 

P
i 

P
i 

P
i 

>
 

P
J 

.-J
 

P
I 

CO
 

rt 
C

Ji 

<U 
(f> 
B

 
cd 
X

 

0
 

tf) 
q

 
o 

0
 

+-> 
to 
e cd 
a: 

0
 

q
 

•H
 

e q 
1-H

 
X

 
4-> 
X

 
p
. 

rt 

h
-

rt G
 

a> 
i—

H 

0
 
^
 

• H
 '"Q

 
C

n 
+-> 

Q
 

4-> 
O

 
PQ

 
^
 

•r-H 
q

 
u

 
<+-! 

i-H
 

q
i 

rt 
<C 

e
n

 
t-t 

q
 

q
 

LO
 

i
p

 

I
p

 
to

 
q
 

p
 0
k. 

T
p

 
q
i 

T
p 

T
p 

4
^ 

4
4
 

q
 

CO 
S

i 
H

 
H

 
s, 

P
 

Q
i 

O
 

O
 

S
i 

S
i 

<3 
Q

 
G

 
G

 

4
4
 ^

 
4
4
 

ca 

T
d

 
0

 

C
 

O
 

•P
 
.
 

to
 

0
 

E
 ^

 
LO

 
cr> 

q
 

o 
p
 
.
 

to 
0

 

Cj LO
 

CTJ 
5

 
o
 

T
d

 
c
 

T
3 

H
H

 
q
 

x: 0
 

p
 

p
 

0
 

too 
P

 

o e o 

o 
• 

tL. 
O

 
rSe /—

X 
•P

 O
i 

Q
 m

 
Q

a
O

^ 
O

 
-P

 
N

—
/ 

q
 

vo
 

P
Li 

VO
 

Q
) 

O
 

Q
i 

S
i 
^
 

i-q
 
O

i 

r--C
h 

Si 
. 

v
i rS

i -q-
O

 r--
Ci) 

O
J 

e
 EM

 
p

 
O

 
' 

;s 
Q

 

V
_

«
' 

w
 

vD
 

0
0

 
0
 

C
ii 

0
 .0

) 
p

 
vO

 
q
 

f
p

 
q

 
T

p
 

LO
 

CT» 
•t—

1 
•H

 
»

p
 

S
 P

i 
•
y
 

B
 
T

^
 

•« 
•> 

v
_

y
 

0
 

<3 
G

 
0

 
<3 

G
 

TP
 

c
p
 

S
i 
G

 
<

p
 

S
i 
G

 
to

 
r
P

 
0

 
o
 

0
 

O
 

vO
 
J
 

CO 
CO 

• 
rP

 
• 

q
 

q
 

0
 

4
^ 

Q
i 

Si 
q
 

ed 
q
 

'T
d 
c q q

 

Q
 

CL4 

• 
(i) 

Q
 
G

 
O

 
<^ 

'q;! 
G

 

P
 ̂

 

O
 T-Oi 
G

 

too 
c
 

q
 

0
 

to
 

q
 

o 

p
 

0
 

> 
•H

 

too 
C

 
q

 
K

J 

q
 

o
 

o
 

0
 

q
 

o
i 

c q 
0

 
to 
q

 
o

 
IS

 

p
 

X
 

TC
 

p
 

0
 

to
 

0
 

o
 

q
 

p
 

too 
•H

 
o
 

P
 

T
d

 
O

 
X

 
0
 
P

 
iP

 

U
 

q
 

T
C

 
1 

"H
 p

 
o
 

CM
 C

w
 

to
 

^
 P

 
q

 
1
p
 

q
 S

 
X

 
to

 
to

 
v»_/ 

q
 

•H
 

•H
 

CQ
 

>
 

p
 

t:o 
q

 ft:; 

P
 

S
i 

0
 

Q
) 

S
) 

q
 

S
i 

p
 
«
 

O
 G

 
•H

 
>

 

o 

:g a 

e o 
K

 

+
i U

3 
C

n.S
 

K
 H

 ̂
 

I
-
C

j ^
 

?H 
Q

q 
iN

-

^
 

. 
<a 

O
 -ri 

sq 
•t^ 

o
 

?H 
to

 
Q

 
rO

 
fi, O

 
Q

q 
<» 
te; 

+
i 

O
 

sx 
<s 

X
 

•s 
0

 
X

 
'-H

 
q
 

p
 

q
 n

d
 

q
 

^
 -H

 
•N

 

B
 

B
 

q
 

•H
 

q
 

tM
 

-> 
P

i 
€ 

p
 

n
d
 

to
 

to
 

0
 

q
 

0
 

ry > 
p

 
q
 

•\ 
q
 

p
 

too 
too • H

 
0

 p
 

too o
 

0
 

q
 

q
 P

 
>

 too 
q

 
T

O
 

> 
q
 

q
 

•H
 

q
 

• H
 

f
-
j 

P
5 

.-J
 

hP
 

fJ
 

+-> 
ca 
D

i 
s 



74 

a given compound that is carcinogenic in animals may or 
may not be carcinogenic in man. At present, however, such 
information is available only for very few compounds. 

Recent evidence suggests that within several broad 
chemical classes, compounds that are carcinogenic in 
standard rodent tests are also mutagenic to bacteria in 
the presence of mammalian activating enzymes and vice 
versa (Ames et al. 1973, McCann et al. 1975). The test 
is sensitive, rapid, and inexpensive, and offers high 
promise as a preliminary screen for the many chemicals in 
man's environment that have not been evaluated for car­
cinogenicity. A further important implication of the 
finding that many carcinogens are also mutagens is that 
measures taken to protect a population against chemical 
carcinogenesis may also offer a significant measure of 
protection against chemical mutagenesis. 

The finding that most compounds known to cause human 
cancer are demonstrably carcinogenic to laboratory ani­
mals is a qualitative one. For risk estimation it is 
necessary to have some quantitative estimate regarding the 
sensitivity of man relative to that of laboratory animals. 
In order to simulate conditions of long-term human expo­
sure to environmental carcinogens, it would be of inter­
est to compare the induced cancer incidence as a function 
of age for man and for laboratory animals exposed to the 
same carcinogen via comparable routes of administration 
throughout life. However, reliable data for such com­
parisons do not exist. For the few carcinogens for which 
comparisons may be undertaken, the total induced incidence 
in man and the intensity of exposure are usually very 
poorly known, and the duration and conditions of exposure 
are often not comparable in the available studies on ani­
mals. Nevertheless, in order to bring together some of 
the data and to encourage more adequate comparative stud­
ies, the Panel reviewed the available data for the small 
number of carcinogens for which human exposure and induced 
incidence may be at least roughly estimated. These car­
cinogens are benzidine, chlornaphazine, DES, aflatoxin Bi, 
vinyl chloride, and cigarette smoke. The results are out­
lined in Table 5. Dose is expressed as the total amount 
of carcinogen ingested, injected, or inhaled per kilo­
gram of body weight. Where several animal tests involving 
prolonged exposure are published, the ones indicating 
the highest sensitivity for each species have been chosen. 
In the case of DES, a single dose experiment on newborn 
female mice is also included since it more closely simu­
lates the conditions under which prenatal exposure is 
known to cause cancer in women. 
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NOTES FOR TABLE 5 

Benzidine 

1. Evman dose. Estimate 0.05 mg/day average in urine 
X 70 recovery factor x 250 working days/year x ll 
years average employment ^ 70 kg man = aa 150 mg/kg 
average total intake (Zavon, Hoegg and Bingham 1973). 

Estimate 0.02 mg/day average in urine x 70 recovery 
factor X 250 working days/year x lo years assumed 
average employment i 70 kg man = oa 50 mg/kg average 
total dose (Vigliani and Barsotti 1962). 

2. Approximately 1/70 of benzidine ingested by Rhesus 
monkeys is excreted in the urine as benzidine and 
monoacetyl benzidine (Rhinde and Troll, J. Nat. 
Cancer' Inst. , in press). 

3. The estimated doses may be underestimates of the 
actual averages due to improvements in factory con­
ditions before urine samples were collected. 

4. In both the United States and the Italian studies, 
part of the study population was still at risk at 
the time of the reports. 

5. The periods of observation from the start of exposure 
in the experiments on mice and rats were 27 months 
and 10 months, respectively. 

Chlornaphazine 

1. There were 24 surviving patients still at risk at the 
time of the 1969 report. 

2. Nine of the patients with bladder carcinoma received 
P and three received busulfane in addition to 

chlornaphazine. 

3. Shimkin et al. continued observations on treated mice 
for 43 weeks after the start of exposure. 

PES 

1. Human dose. Range among mothers of cancer patients 
0.03-18 g total. Average is less than 6 g 4 60 kg 
woman (Herbst et al. 1974). 

2. Human i-noidence. The annual incidence has increased 
rather steadily up to 1972, the most recent year 
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reported. In that year, there were 21 cases with 
medical records o£ administration of DES or related 
drugs to the mother during pregnancy. Several addi­
tional cases occurred for which adequate medical rec­
ords are not available. Assume that the annual rate 
will not continue to rise as the population at risk 
continues to age and that it represents a steady 
state, reflecting the average usage pattern of DES in 
the United States since the middle 1940s. Assume fur­
ther the number of women treated with DES during preg­
nancy giving birth to daughters has been 13,000 per 
year, the average of the range estimated for the pe­
riod 1960-1970. Then the incidence is 21/16,000 or 
0.16 percent (Herbst et al. 1974; Heinonen 1973 
Cancer', 31, 573). 

3. The apparent carcinogenic activity of DES in humans 
is higher than that estimated above in the special 
case of endometrial carcinoma after DES therapy for 
gonadal dysgenesis (Cutler et al. 1972 New England 
J. Med., 287, 628). 

4. The observations of Gass et al. continued for about 
20 months and those of Dunn and Green for up to 26 
months. 

Aflatoxin Bi 

1. Human dose. Average dietary intake for three areas 
in Kenya is estimated as 7.7 nanograms/kg/day. Assume 
average exposure time is 40 yr. Then estimated total 
dose is oa 0.1 mg/kg (Peers and Linsell 1973). 

2. Human incidence. Average incidence for above popula­
tion is 7 per 100,000 adults per year. Assume an 
annual death rate of 1.5 percent. Then the total 
incidence is ea 5 x 10"^ (Peers and Linsell 1973). 

3. The observations of Vesselinovitch et al. continued 
for up to 82 weeks. 

Vinyl chloride 

1. Human dose. Estimate an average of 0.4 mg/liter (150 
ppm) in factory air breathed by polymerization workers. 
Average employment of known cases is 18 yr. Assume 
5 years average employment for the exposed population. 
Assume 40 h/wk, 50 wk/yr work schedule and 10 1/min 
breathing rate. Then average inspiration for 70 kg 
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man is ca 70,000 mg/kg (Baretta, Stewart and Mutchler 
1969 Amer. Industv. Hyg. Assn. J., SO, 537; lARC 1974). 

2, Human -inaidenoe. Liver angiocarcinoma cases among 
polymerization workers reported through June 1974: 

U.S. 13/20,000 = 0.07% 
F.R.G. 3/3,600 = 0.08%* 
Sweden 2/790 = 0.25%t 
U.K. 1/1,366 = 0.07% 
Total 19/25,756 = 0.07% 

*One was not a polymerization worker, 
tif 790 represents essentially all poly­
merization workers. 

The first reported case occurred 13 years ago. More 
than half of all reported cases occurred in the past 
4 yr. Assume that for the population currently at 
risk the annual incidence is at or near its peak and 
will soon decline, giving a total incidence, with com­
plete reporting, about three times that reported thus 
far. This gives an estimate of oa 0.2 percent (lARC 
1974). 

3. Assume a breathing rate of 0.03 1/min for the mouse 
and 0.14 1/min for the rat. 

Cigarette smoking 

1. Human •incidence. Men smoking approximately 10 ciga­
rettes per day have an age standardized death rate 
from lung cancer of approximately 0.05 percent. As­
sume that the annual death rate from all causes among 
smokers is about 2 percent. Then the total incidence 
associated with smoking 10 cigarettes per day is about 
2.5 percent (Doll 1967). 

2. Human dose. Assume that the average duration of smok­
ing is 40 yr and that half of the smoke is inhaled. 
Then ten cigarettes per day represents the smoke from 
1/2 X 10 X 365 X 40 V 70 = ca 1,000 cigarettes/kg. 

3. It is to be noted that questions have been raised as 
to whether the observed mouse lung tumors were actual­
ly caused by smoke and as to whether the nose breath­
ing of mice results in filtering out carcinogens to 
which the human smokers' lungs are exposed {Lancet, 
506, 1974). 

4. The breathing rate of the hamster is taken as 0.08 
1/min. 
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The carcinogens for which comparisons can be made are 
those already known to affect humans. In generalizing to 
other compounds, this selection may impose a bias, exag­
gerating the sensitivity of man relative to laboratory 
test systems. Other factors may introduce an opposite 
bias. For two carcinogens, vinyl chloride and DBS, ob­
servations on man are for considerably less than a full 
lifetime so that the reported incidence may be a serious 
underestimate of the eventual total. Also, these two 
compounds and aflatoxin are known as human carcinogens 
because they are associated with types of cancer that are 
otherwise rare. If these carcinogens also induce more 
common types of cancer, even at much higher frequency, 
this could go undetected, again giving rise to an under­
estimate of their overall carcinogenicity to man. 

The limited conclusion that emerges from the compari­
sons given in Table 5 is that if the data from the most 
sensitive published test on animals are used to predict 
lifetime human incidence on a dose per body weight basis, 
the result seems approximately correct for benzidine, 
chlornaphazine, and cigarette smoking. For aflatoxin, the 
predicted human incidence is about ten times greater than 
estimated from existing epidemiologic studies, while for 
vinyl chloride it is about 500 times higher. For DBS, 
the human incidence predicted from the result of a single 
dose administered to newborn female mice is about 50 times 
higher than that estimated from studies of adenocarcinomas 
in daughters of women given DBS during pregnancy.* Thus, 
as a working hypothesis, in the absence of countervailing 
evidence for the specific agent in question, it appears 
reasonable to assume that the lifetime cancer incidence 
induced by chronic exposure in man can be approximated by 
the lifetime incidence induced by similar exposure in 
laboratory animals at the same total dose per body weight. 
(For a discussion of interspecies scaling factors for 
dose, see Rail 1974.) 

Dose-Response Relationships In the case of suspected 
environmental carcinogens, we are usually concerned with 

*ln comparing human and animal sensitivity it is assumed 
that the response is simply proportional to dose. See 
the discussion of dose response relationships in the next 
section. 
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exposures much lower than those producing a statistically 
significant increase in tumors in the small number of 
animals used in laboratory tests. Therefore, we must 
extrapolate the experimentally measured rate to lower 
doses. This is the second area in which risk estimation 
involves a basic assumption, as mentioned earlier. 

For estimating the response at doses lower than those 
tested in laboratory animals, several quite different 
assumptions have been proposed. 

Threshold hypothesis. This hypothesis assumes that 
there is a dose below which cancer induction cannot occur. 
An examination of published dose-response data for chemi­
cal carcinogenesis in laboratory animals provides no 
clear indication of a threshold for any carcinogen (Craig 
and Miller 1974). In a review of 151 dose-response 
curves, none was found to be clearly inconsistent in a 
manner suggesting a threshold with both the single-event 
and the probit hypotheses discussed below. Neither is 
there any adequate theory of chemical carcinogenesis that 
would require the general existence of thresholds. Thus, 
even if a threshold is postulated, there is presently no 
empirical or theoretical basis for determining the dose 
at which it may occur. Unless and until this can be done, 
the threshold concept does not provide a practical basis 
for risk estimation. 

Single-event hypothesis. This assumes that the in­
duced incidence of cancer is directly proportional to the 
dose all the way from the lower incidence levels that can 
be measured in animal experiments of practical size down 
to zero dose and zero response. In other words, below an 
induced incidence of about 10 percent, the dose-response 
curve is, for practical purposes, a straight line. This 
would result, for example, if cancer is induced by a 
single cellular event, the likelihood of which is direct­
ly proportional to the dose of carcinogen. An essential­
ly linear dose-response relationship can also result 
under much more general assumptions, so long as the car­
cinogen in question simply adds its effects to those of 
other carcinogens already present (Crump et al., in 
press). 

The single-event hypothesis is in agreement with the 
limited data available for man. The induction of leu­
kemia by ionizing radiation from nuclear explosions is 
compatible with a linear dose response down to an induced 
incidence of about 0.1 percent, the lowest incidence for 
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which the available data can meaningfully be be analyzed.* 
Other data on the induction of various types of cancer 
following therapeutic and occupational exposure to ioniz­
ing radiation, although less extensive, are likewise com­
patible with linearity (NAS 1972b). The dose response 
relating the incidence of lung cancer in men to the aver­
age number of cigarettes smoked per day is also compati­
ble with the single-event hypothesis. In this case, the 
data can be analyzed down to an induced incidence of 
approximately 2 percent (Doll and Hill 1964, Doll 1967, 
Kahn 1966). 

Animal experiments are not usually conducted on a 
scale large enough to measure induced incidence below a 
few percent. For some carcinogens in some investigations, 
the dose-response relation is compatible with the single-
event hypothesis, while in other cases it is not. How­
ever, it is quite possible that a dose-response departing 
from the single-event hypothesis at high induced inci­
dence may nevertheless converge to a linear relation at 
lower incidence values (Crump et al. 1975). 

The probit and other hypotheses -implying a dose-
response curve that is concave upwards. This class of 
hypotheses assumes that there is no threshold for a popu­
lation but that the incidence at doses below the lowest 
tested is less than that implied by the single-event 
hypothesis. Below a response of a few percent, such a 
relationship between dose and response is described by a 
smooth curve that is concave upwards. For example, the 
incidence of skin tumors produced by surface application 
of benzo[a]pyrene in the mouse has been found to vary as 
the square of the amount of chemical applied over the 
dose range examined (Lee and O'Neill 1971). 

Another dose-response relation that is concave upwards 
at low dose levels is the probit curve. It assumes that 
the sensitivity of individuals in a population to chemi­
cal carcinogenesis is a Gaussian function of the loga­
rithm of the dose. The probit dose-response curve is 
S-shaped, with a slope that at first increases and then 
decreases as the dose is lowered. Its use requires the 
choice of an adjustable parameter, the probit slope, that 
describes the narrowness of the presumed Gaussian distri­
bution of sensitivity to carcinogenesis in the population 

*It has recently been suggested, however, that while the 
response for neutrons is linear, y radiation may vary more 
nearly as the square of the dose (Jablon 1975). 
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at risk. The probit slope may be estimated from dose-
response data at high incidence, as determined in an 
animal experiment, so long as the experimental data is 
compatible with a probit curve. For sufficiently low 
dose levels, the probit extrapolation always predicts a 
lower incidence than does the single-event hypothesis. 
However, using a value* for the slope that is well in the 
range of values found for various carcinogens in animal 
experiments at high incidence, the probit extrapolation 
for lower doses does not differ by more than a factor of 
10 from the incidence predicted by the single-event hy­
pothesis down to an induced incidence of about 1 per 
100,000 exposed individuals. 

Estimates of Carcinogenic Hazard Until more is known 
about the mechanisms of chemical carcinogenesis, any 
method of extrapolation to predict cancer rates at doses 
much lower than tested will remain partly a matter of con­
jecture. However, the single-event hypothesis probably 
provides an upper limit for induced incidence estimates 
at low dose levels and is compatible with the very limited 
human data on carcinogenesis at intermediate response 
levels. It would therefore seem prudent to employ the 
single-event hypothesis in making risk estimates, at least 
for those carcinogens for which the dose-response curve 
from animal experiments approaches linearity at the lower 
response levels that can practically be studied. In that 
case, the estimated total lifetime incidence in man re­
sulting from continuous exposure to an environmental car­
cinogen would be the lifetime incidence for continuous 
exposure to the same total dose per body weight found by 
extrapolation of the animal data under the single-event 
assumption. For risk assessment, the resulting estimate 
would then be subject to adjustment to allow for statis­
tical uncertainty in the input data. 

Findings of the Health Hazards Panel 

1. For many pesticides in widespread use, it is inevi­
table that some will appear in the diet of the general 
population, which may also be exposed, although apparently 
to a lesser degree, via other routes. 

*One standard deviation per log dose (see Mantel, N. 
and W. R. Bryan 1961). 
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2. There is no clear indication in U.S. mortality 
statistics through 1967 reviewed by the Panel of any major 
deterioration in health attributable to the widespread 
use of synthetic organic pesticides. This does not pre­
clude the possibility of less-extensive, but still impor­
tant, effects requiring more detailed evaluation of such 
statistics for their detection. Such evaluation, includ­
ing the analysis of the most recent site-specific and 
age-specific trends and of cancer mortality by county, 
should be encouraged as a means of detecting previously 
unsuspected environmental effects on health. 

3. Chronic exposure to a chemical carcinogen may not 
manifest itself as an increase in cancer until many years 
after the agent is introduced into use. However, the in­
duced cancer incidence may rise sharply thereafter. This 
seriously limits the assurance that may be drawn from 
short-term observations of mortality or morbidity statis­
tics for the general population and for smaller groups, 
exposed to unusually high doses, such as applicators and 
manufacturers. 

4. Although there are major uncertainties in extrap­
olating the results of animal tests to man, this is 
usually the only available method for quantitative risk 
estimation. Despite the uncertainties, enough is known 
to indicate what dependences on dose and time may operate 
and to provide rough predictions of induced cancer rates 
in human populations. 




