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CHRONIC DERMAL TOXICITY OF EPOXY RESINS
I. SKIN CARCINOGENIC POTENCY AND GENERAL TOXICITY

J. M, Holland, L. C. Gipson, M. J. Whitaker, B. M. Eisenhower,
and T. J. Stephens

EXECUTIVE SUMMARY

This report describes and quantifies ;he cutaneous and systemic
response of male and female C3H mice to skin application of seiected
commercial epoxy resins and amine curing agents, at the maximum tolerated
dermal dose (MTDD). Relevant findings were:

(D) At 75 mé per week, diglycidyl ether of bisphenol A (DGEBA) (CAS no.
1675-54-3), obtained from three separate ménufacturers, accelerated
mortality in female but not in male mice, had no effect on body
weight in either sex, and had no effect on hemétological or clinical
chemical parameters. Skin exposed to this material exhibited
hyperkeratosis, alopecia, depigmgntation and sporadic focali
inflémmatioq. Treatment—related skin neoplasms were not observed
under the prevailing test conditions. |

(2) Equal-parts mixtures of the same resins with bis(2,3-epoxycyclopentyl)
ether (CAS no. 2386-90-5), é resin shown previously to be a weak skin
carcinogen in strain C3H, resulted in positive synergism; the activity
of the combination exceeded, by a substantial margin,.ﬁhe activity of
either component applied separately. Elevated white cell counts were
noted but.were considered secondafy to cutaneous neop}asms, Skin
carcinogenic potencies, relative to benzo(a)pyrene [B(a)P], were

similar for all three DGEBA combinations and varied with dose rate,



(3)

(4)

(5)

(6)

from approximately 1/5,000th to 1/20,000th the activity of an
equivalenf surface dose of B(a)P..

A DGEBA ﬁanufactured b& Union Carbide Cérporatioﬁ (Material E,
Appéndix.A) in the mid-1970's and assayed for skin carcinogenicity
previously was chemically chafacterizeﬂ. The results of this
analysis are included with the present datg for comparison purposes.
The corrosiveness of diglycidyl ether of fesorcinol (CAS no. 101-90-6)
limited the MTDD to 1;8 mg/week. At -this dose, systemic toxicity was

noted which included weight loss, early and accelerated mortality, and

‘dose-related reduction in white cell count and blood glucose relative

to age—- and sex-matched vehicle controls. Skin Changes included mild .

.hyperkeratosis, depigmentation, and follicle depletion. Treatment-

related skin neoplasms were not observed at any dose.

N,N'~diglycidyl-5,5-dimethylhydantoin (CAS no. 15336-81-9) was also a

potent direct skin irritaﬁt which limited the MTDD to 3.75 mg/week.

At thié‘dose level there was accelerated mortality in femalg but not in
male.mice and no effecf on body,weight or clinical parameters. This
material was found to'be a moderately potent ékin carcinogen with an
activity épproximately 1/200th that of B(a)P,

The‘diglycidyl ether 6f neopentyl glyc61 (CAS no. 17557-23;2) was a
potent skin irrifant which limited the MTDD to 3.75 mg/week. At this
dose level there was no effecf>on average body weight in either sex.

An increased mortality’ét a single intefmediate dose level in.female
mice was notea. The material was carcinogenic in skin of both sexes

with a potency approximately 1/700th tHat‘of B(a)P.



(7)

(8)

i (9

(10)

A 70:30 mixture of the hydantoin and neopentyl gylycol base resins,
respectiveiy, applied at the MTDD of 3.75 mg/week reflected fhe same
pattern of systemic toxicity‘and skin carcinogenicity observed with
each component separately, thus there was no indication of synergesim
between these materials. The skin tumorigenic potency of the
combination was approximately 1/200th that of B(a)P, which is similar
to the activity of the hydantoin base resin alone.

The amine curing agent menthane diamine (CAS no. 80-52-4) was a potent
skin irritant. In mice exposed at the MTIDD of 3 mg/week, body weight,
overall mortality, blood count, and blood chemistry values were not
significantly different from those in age- and sex-matched vehicle
controls. This material induced mild thickening and scaling of the
skin and depletion of hair follicles. Treatment-related skin tumors
were not 1induced.

A second curing agent consisting of an eutectic mixture of
Eggifphenyienediamine (CAS no. 108-45-2) and DGEBA was systemically
toxic via percutaneous absorption.( This limited the MTDD to 9lmg/ﬁeek.
At this dose level there was a significantly increased mortality in
mice of both sexes. Blood counts, blood chemistry, and body weights
were not affected. This material induced mild scaling of the
epidermis. Treatment-related skin tumors were not observed.

The commercial materials were characterized by gas and liquid
chromatography, spectrometry, potentiometric titration, and vapor

pressure as osmometry. The findings are summarized in Appendix A.



(11) Statistical methods have been developed that permit quantitation of
skin tumorigenicity., Background information on the special

statistical methods used is presented in Appendix C.



INTRODUCTION

Epoxy resins are a diverse class of chemicals that differ in structure,

~ physical properties, and, presumably, biological -activity. The purpose of

these experiments was to compare the chronic dermal toxicity and

.carcinogenicity of selected commercial epoxy resins:and to determine the

potential for positive synergistic carcinogenic interactions between
different resins.

This work is an extension and continuation of a Department of Energy
sponsored program to evaluate epoxy resins for potential occupational health
risks. The materials examinéd were chosen on the basis of their interest to
the U.S. government. They are representative of the manufacturer's
productipn at‘the ;ime, and tﬁerefore the data afe completely valid only for
the specific production period.

ReSul;s of the experimental exposures will be reported in two parts.
This report descfibes the test maférials, their éhémical_and physical
characteristics and the experimental.design.. Genéral (systemic) toxicity
will be evaluéted and the skin cércinogeniéity of the m;teriéls compared.

A subsequent report will provide morpholggical descriptions of skin and

significant internal pathology induced>by the various tfeatments.



MATERIALS AND METHODS

Test Materials

Figure 1 provides tﬁe structure, systematic name and Chemical Abstracts
(CAS) registry number for the main component of five named epoxy fesins
(I-VII), two amine curing agents (VIII, IX), And'B(a)P (X) which was used as
a standard reference skin carcinogen. The commercial sources of the
materials are given in Table 1. It is important to réalize that the test
materials are commercial/proprietary producté réther than individual

* chemical compounds. Thus, materials I, TI, and III are similar insofar as

Table 1. Source, identity and purity of test materials

Material Manufacturer Trade name _ Batcﬁ No. Purity (wt 7%
I UCelanese Coatings EpifRez“SOS MC8 684 97
I1 ' Shell Chemical Epon 828 | swﬂjl7 | 89
111 ~ Ciba Geigy | N Araldite 6010 BAP—427 87
1v Ciba Geigy . ERE 1359  P6602 88
v Ciba Geigy xB 2793  BARY0786 89
VI wilmington Chemicél Heloxy WC68 .GGG1367 70
VII Union Carbide ERR 4205 ‘ - 97
VIII Applied Plastics Apco 2330 J7-017 93
IX Rohm and Haas Ment hane diamine  G5783 85

X Aldrich Chemical Benzo(a)pyrene 031777 99
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YI Bis(2, 3-epoxycyclapentyl) ether
O 8}

ML 1,3-Benzenediomine

2386-30-5

108-45-2
NH,

, (()ﬁ\rsm2
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e
2 CHy

80-52-4

X Benzo[o}pyrene

o>

50-32-8

Structures for the named principal component of commercial epoxy resins and amine

curing agents. A roman numeral identifier, systematic. name, and Chemical Abstracts registry
number is given above each structure. : '



their main component is DGEBA (see Fig. 1) and oligomers derived from it.
However, they also contain small quantities of impurities. Further details
concerning the chemicallcharacterizgtion of these materials can be found in
Appendix A. In Table 1, purity refers to the amount, by weight, of the
named chemical (plus oligomers for I, II, and III) in the commercial
product.

All the materials in Table 1, witﬁ the exception of VII, were applied
separately. Material VII had been tested previously (1,2) and therefore
was not retested singly; in the current study it was tested in an equal
parts (by volume) mixture with mategials I, II, and III. Materials V and
VI were also tested in combination but.at 70:30 (by volume). Letter codes
are used in the text and tables to identify each mixture: (A) 50:50
mixture of III and VII; (B) 70:30 mixture of V and VI; (C) 50:50 mixturé of

I and VII; and (D) 50:50 mixture of II and VII.

Animal Exposures

Inbred, male and female C3Hf/Bd mice were produced under pathogen-free
barrief conditions énd held under these conditions for the 24-month
duration of the experiment. Mice were weaned at 34 weeks of age. At
10 weeks of age the hair was removed from the back with electric clippers
aﬁd the animéls were’randdmly assigned in groups of five to each treatment
doée combination. Mice were housed in polycarbonate shoebox.cages with
hardwood chip bedding. Food (Purina 5010-C) and water were constantly
available.‘

The dose levels for each material were selected on the basis of a
2-week, five times weekly application of the test materials dissolved in

spectro-grade acetone (Matheson—-Coleman-Bell). The highest dose for the



©

2-year exposure was one which could be tolerated without irreversible

local skin toxicity or systemic toxicity as reflected by suppression of
weight gain or mortality. In some instances (materials I-III), when no
significant local or systemic toxicity was observed, the viscosity of the
material defermined the concentration which could be reproducibly applied
to the animals. The concentrations, number of‘mice pef sex; and dose are
given in Table 2, For mixtures A-D, the highest dose was set eﬁual to the
most toxic component. B(a)P (X) was diluted so that the level of response
and distribution of times to skin tumor appearance would be similar to that
of a weak skin carcinogen.

At the start of the experiment all materials, except IX and X, were
weighed into glass scintillatipn viélé in an amount sufficient to yield the
highest concentration after the éddition of an appropriate volume of acetone.
The vials were kept in the dark at 4°C until used. Because material IX was
so unstable that it could not be diétribufed, it was kept in a dessicator
under nitrogen and weighed into Qials immediately before solvent dilution.
Material X was made from a concentrated stock solution kept at room
temperature in a foil-wrapped container,

The material was applied with a 50-pl micropipette on Monday, Wednesday,
and Friday,.excluding holidays. Mice were reshaved as required. The time of

neoplasm appearance was taken as the day on which a raised, circumscribed

"lesion appeared in the treated area of gskin that persisted for the duration

of the experiment or until death. The time of initial appearance as the
basis for comparison of different materials is preferred to other indices,

such as time to reach some arbitrary diameter, because tumor volumes can vary



10

greatly as a consequence of secondary infection, amount and accumulation of

keratin produced, and growth behavior of individual neoplasms.

Table 2. Experimental design

Material No. of mice Material concentration

Dose
Female . Male . (wt/vol %) (mg/week)i
I 40 40 50 75
T 4 40 50 75
I 40 40 50 75
IV 25 25 1.25,0.63,0.32 1.8,0.9,0.45
v i 25 25 2.5,1.25,0.63 3.75,1.87,0.94
VI 4' 25 25 2.5,1.25,0.63 ©3.75,1.87,0.94
i 4o w0 s0,10 75,15
VITT 25 25 6,3,1.5 9,4.5,2.25
x 25 25 2,1,0.5 3,1.5,0.75
X 50 s0 0.01,0.005,0.0025, 0.015,0.0075,0.00375,
. ' 0.00125 0.001875
A 25 25 50,25,12.5 75,37.5,18.75
B 25 25 2.5,1.25,0.63 3;75,1.87,0.94
c 25 25 50,25,12.5 75,37.5,18.75
D 25 25 50,25,12.5 75,37.5,18.75
Acetone 150 150 100 150

a. . . : .
—~Unit density assumed for all materials.

b . s . . .
—Data obtained previously and included for comparison with the current

materials.
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Parameters of Chronic Dermal Toxicity

At intervals throughout the experiment body weight was determined, by
cage group, at the highest concentration of each material. Cumulative
mortality was noted. Heparinized blood samples taken ffom a random sample
of mice surviving the full 24-month exposure were submitted to the clinical
laboratory of the ORNL Health Diﬁision.m For each sample fotal red and
white cell counts, hematocrit, and hemoglobin were determined before the
sample was centrifuged to recover the plasma. The plasma was subjected to
analysis for total protein, albumin, glutamic-oxalacetic transaminase,
alkaline phosphatase, urea nitrogen, glucose and triglycerides. Procedures
used and other methodological aetails can be found in Appendix'B. Time to
skin tumor observation was, as previously noted, the primary criterion used
for comparison of different material—-dose groups. The viscera were
examined in animals that either died or were killed at the end of the
study. lesions noted were recorded on a standard form for each animal, and
tissues were taken for histology only when the gross diagnosis was

questionable.

Statistical Analysis

Body weight'was evaluated by the t-test for comparison of treated
group means with those of the vehicle cohtrol.ﬂ Grou§ means and standard
errors were calculated for clinical hematologic and chemical parameters.
The effect of treatment on systemic_mortality énd the effect of the
presence of skin tumor on mortality were evalﬁated by means of the
Mantel-Haenszel test on the force of mortality. The "force of mortality”

for an animal alive at the beginning of a small time interval is the
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probability of death in the interval divided by the length of the interval.
Here each interval is taken to ﬁe 1 day. The degree of skin carcinogenicity
was determined from paramete;s of the Weibull distribution fitted to the
times to tumor for each animal. Potencies relative to material X were
"obtained for eachlof the test materials shown to elicit skin neoplasms.
Details coqcerning the statistical theory and methods used can be found in

Appendix C.
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RESULTS

Acute Toxicity

Mortality was induced after daily derﬁal appliéation of materials V,
VIII, and IX for 2 weeks at concentrations of 20, 12, and.50%, respectively.
None of the remaining materials was lethal. Maximum tolerated exposureAwas ,
limited more by skin inflammation and necrosis than by’acuté lethality.
Acute necrosis with sloughing was observed after one or two applications of
materials IV, V, VI, and IX at concentrations greater than 10%. This
irritant effect was also noted at lower concentfations, but with lesser
degrees of cytotoxicity. Eventually a concentration was reacﬁed that could
be tolerated without skin ulceration. ﬁaterials I, II, III, and VII, after a
transient inflammatory response, were toleratéd at the maximum concentrations
permitted by viscosity. Material VIII was not a primary skin ifritant but
was systemicaily'toxic. The observed acuté toxic‘potéﬁtial of these
materials is summarized in Table 3. B(a)P (X) and acétoﬁe did ﬁot cause

Table 3. Concentration at which acute toxic effects were noted when epoxy
resins and amine curing agents were applied to the intact skin

Material Concentration at which effect was noted
‘ Body weight loss  Mortality Skin irritation
I,II,III,VII none at 50% | none at 50% vmild and transient at 50%
1V 107  none at 50% severe above 1,257
v 20% 207 severe above 2,57
VI none at 507% none at 507 ~ severe above 2,57

VIII 127 ' 12% none at tolerated levels

IX 10% 50% ~ severe above 27%
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acute skin irritation, weight loss, or mortality at the concentration and
volume applied. Mixtures A-D induced acute toxicity in proportion to the

additive effect of each componeﬁt.

Chroﬁic Toxicity

Evaluatidn of chronic toxicity was based uponuchanges in body weight
at the highest dose of each material, changes in force of non-skin tumor
'mortalify and blood hematologic and chemical alterations at the highest

dose level.of each material, relative to the vehicle control.

Body Weight

| ‘ Avefége body weights at different-tiﬁés during the experimeﬁt are
given in Table 4. Body weight was sigﬁificantly (P < 0.001) suppressedlat
24 months in male and female miée ekposed to materials‘iv and VII.. In all
other groups average weight did not differ signifiééntly (P > OLOS)Afrom

that of the vehicle control.

Mortality

As a sumﬁary measure of ovefall4ﬁortality, we used 750-day survival
(percent) as shown in Table 5A for female and 5B for male mice. Animals
that wére'killed before 750 days were ignored in this:calculation. Except
for a.few groups, which are indicated in the table, there were at most two

such animals in each group.
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Table 4. Body weight in male and female C3H mice exposed dermally at the
highest dosage

Material Sex _ Average body weight (g i,SE)'at
6 months 12 months 24 months’
1 CF 26.7 (0.8)  26.7 (0.6) . 26.9 (0.9)
M 34,2 (0.5) 33.4 (0.5) ©31.8 (0.8)
I1 F : 27.9 (0.5) 27.5 (0.4) 27.7 (0.7)
: M . 32.5 (0.2) 31.8 (0.3) 30.9 (0.4)
ITL Fooo 28.2 (0.5) 27.8.(0.6)  27.6 (0.4)
oM 32.8 (0.2) 31.8 (0.3) 30.6 (0.7)
v CF 25.9 (0.3) 25.5 (0.2) 18 ()&
M 31.3 (0.5) 30 (0.3) 22 (0.7)%
v F 26.6 (0.3) 26.4 (0.6) 26.2 (0.9)
‘ Mo '31.8 (0.6) 30.9 (0.4) 29.5 (0.6)
V1 ¥ 27.6 (0.4) 27.4 (0.5)  27.5 (0.5)
M 32.2 (0.6) 31.6 (0.7) 30.7 (0.4)
VIl F n.d.2 n.d. 21.3 (0.7)2
M . nd. . n.d. 23.8 (0.8)2
VIII F 27,1 (0.5) . 26.3 (0.2) 25.7 (1.3)
M 32.2 (1) 30.9 (1.1) 28.6 (0.5)
IX F 29.2 (0.6) 27.8 (0.4)  28.3 (0.4) .
M , 3404 (1.2) 32.6 (1.1) 30.3 (1.2)
X F 27.2 (0.4) _ n.d. n.d.
M : 32,3 (0.8) - " n.d. n.d.
A F 27.2 (0.4) 27 (0.5) 26.8 (0.5)
M 30.8 (0.2) 30.6 (0.4) 28.6 (0.4)
B F. - 28.8 (0.8) 27.9 (0.8) 26 (0.8)
M- 32.8 (1) 32,9 (0.6) 30 (0.3)
c F 27.2 (0.5) 27 (0.4) 26.5 (0.9)
M 31.1 (0.4) 30.5 (0.3) 29.7 (0.6)
D F 26.8 (0.4) 26.6 (0.5) 27.5 (0.5)
M 30.6 (0.4) 30 (0.5) 30.2 (0.5)
Acetone F 28.2 (0.5) 27,2 (0.3) 27.4 (0.3)
M 33.4 (0.5) 31.8 (0.5) 30 . (0.6)

ZMean body weight significantly different from that of vehicle control;
P < 0.001. : . .

Eﬂ.d. = not done.
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Mortality differences can occur as a result of either systemic toxicity
or skin tumérs. ’To iﬁvésfigafe systehic tdxicify, we comparéd the force of
non-skin tumor'mprtality in each treated'group with that in the acetone
controls, A summary chi—squafed statistic based on the log-rank test (3) was
computed in each case and is presented in Table 5A and B for females and males
respecfively. _The validity of this test depends on the assumption that
skin tumor incidence does not select eitﬁer for or against animals that would
otherwise have died later of anothef‘cause. In the absence ofudata on the
cause of death, this assumption is not statistically testable. Sighificant
(P < 0.05) systemic mortality was noted at the higher doses, especially in
female mice. Positive evidence of accelerated mortality in some, but not ali
treated groups indicates that the doses selected on the basis of a 2-week
acute test do not accurately predict systemic toxicity.

Skin"tumor:related mortality was assessed within each group by comparing
the effect of presence of tumor on force of mortality., Statistical evidence
(P < 0.05) of skih-tumor related mortality was found for the B(a)P.groups at
dose = 0.0075 (males and females) and for the B(a)P treéted females at dose =
0.0037. At thé-highest B(é)P dose (0.015) early sacrifice after tumor
induction précluded assessment of tumor related mbrtality. The only other
group to show skin-tumor related mortélity was the high dose feméle group
treated with material A. 1In mény of the remaining groups, there were not
enough animals at risk for natural death in the tumor-bearing and tumor-free
states to permit a reasonably powerful statistical test. Lack of statistical
significance should therefore not be'interpreted as evidence that skin tumors

had no effect on mortality.
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Table 5. Overall and systemic mortality in C3H mice

Dose

% Survival at 750 days

. Material x2-for systgmic
-(95% confidence limits) ~mortality—
A. FEMALES
I 75 58 (41-74) 12,95%**
. 11 75 70 (55-85) 10,21%*
I1I 75 65 (49-81) 13, 10%%*
v 1.8 17 (6-36) 66.61%**
0.9 64 (43-81) 3.93*
0.45 84 (66-94) 0.22
v 3.75 24 (13-51) 8.55%%
1.87 60 (38-78) 2.11
0.94 72 (53-88) 2.91
VI 3.75 80 (62-92) 0.54
1.87 56 (34-76) 16.35%**
0.94- 72 (53-88) 2.33
VII 75 51 (34-68) 4,95%
i 15 62 (45-78) 1.53
VIIL 9 44 (24=66) - 28,07***
4,5 68 (47-84) 1.37
2,25 80 (62-92) 0.36
IX 3 84 (66-94) 0.00
1.5 72 (53-88) 0.71
. 0.75 64 (43-81) 0.83
b
X 1 0.015 % 0.65
' 0.0075 = 0.46
© 0.0037 68 (54-82) 0.20
0.0019 66 (52~80) 4.95%

(Table 5 continued)



Table 5 (continued)
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Material

lefor systemic

~ Dose % Survival at 750 days m

(95% confidence limits) mortality—
A 75 80 (62-92) 0.07
37.5 76 (57-89) 0.30
18.75 72 (53-88) 1.30
B 3.75 68 (47-84) 1.38
1.87 72 (53-88) 5.03
0.94 72 (53-88) 1.25
c 75 60 (38-78) 3.79
37.5 56 (34-76) 3.66
18.75 72 (53-88) 0.76
D 75 84 (66-94) 0.11
37.5 ‘68 (47-84) .62
18.75 64 (43-81) 3.99*

Acetone - 82 (76-88) -
B. MALES

I 75 83 (69-96) 1.07
I1 - 75 85 (73-97) 0.27
I1I 75 79 (66-93) 0.83
v 1.8 72 (44-88) 1.47
0.9 72 (53-88) 0.76
v 3.75 76 (57-89) 0.36
1.87 84 (66-94) 0.13
0.94 60 (38-78) 1.30
Vi 3.75 88 (70-97) 0.76
1.87 84 (66-94) 0.27
0.94 80 (62-92) 0.07
VII 75 75 (60-90) 0.01
15 68 (52-83) 0.19

(Table 5 continued)
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Table 5 (continued)

. Material Dose %Z Survival at 750 days xz for systemic
(95% confidence limits) mortalityi
VIII 9 64'543-81; ' 12, 74%**
. 4.5 . 84 (66-94 S 0.07
2,25 80 (62-92) 1 0.23
IX 3 84 (66-94) | 1,21
1.5 80 (62-92) ' 0.02
0.75 84 (66~94) 0,42
b
X 0.015 5 : 0.24
0.0075 - 1.57
0.0037 . 82 (70-95) 0.00
0.0019 82 (70-94) 0,03
A 75 : 72 (53-88) .- 1.96
37.5 80 (62-92) 0.17
18.75 68 (47-84) 4,48%
- B 3.75 54 (34-75)  0.05
. 1.87 84 (66-94) 0.21
0.94 : 76 (57-89) ~0.00°
- ' c 75 71 (50-88) 0.01
37.5 92 (76-99) . - 1.37
18.75 . 80 (62-92) - 0,03
D 75 - 92 (75-98) 1.93
-~ 37.5 76 (57-89) | 1.06
18.75 92 (76-99) - 2,20
) Acetone - © 83 (77-90) -

kk*%

2*p ¢ 0.05, **p < 0.01, P < 0.001.

EB(a)P groups sacrificed after 100% tumor response, before 750 days.



20

Clinical Hematologic Evaluation

Toxic sqppression of bone mafrow and Iymphatié tissues was evaluated by
examining . the ceilular composition of peripherél blood in a randomly selected
subset of animals which survived to ;he end of the experiment., Blood was
collected by cardiac puncture, ﬁnder Mefofane® (Pitman-Moore) anesthesila,
into a syringe which contained heparin to prevent coagulation. The samples
were evaluated for total red cell count, total white cell count, hemoglobin,
and hematocrit by use of conventional clinical laboratory proéedures (refer
to Appendix B for details). Treatment-related effects were evaluated by
comﬁarison.of fhe data with that from écetone controls, while age- (or
acetone-) related changes were evaluatéd by comparison of vehicle control
with 10- fohIZ—Qeek—old untreated ﬁice (aging control). Only the highest
dose of each material was evaluated, with the exception of material IV, for
which body weight suppression énd mortality provided evidence of systemic
toxicity. "Hematologic data are presented in Table 6.

The data indicate an age- (;r‘acetone—) related decrease in the number
of circulating red cells and a proportionate decrease in hemoglobin and
hematocrit in ail treate& animais., White cell counts'fluctﬁated widely, with
' leukocytosislnotéd in groups in which skin tumors were induced (V, VI, X, B,
C, D). Higher-than-normal white blood cell counts in these groups most
prdbably are due to inflammation following necrosis and infgction of skin
~neoplasms. Leukopenia was noted with material IV at the two highest dose
levels. Because differential counts were not done, it is not possible to
determine whether suppression of lymphocytes, granulocytes, or‘both;

contributed to the decrease in white cell numbers. The fact that red cell
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Table 6. Blood counts in C3H mice exposed dermally for 24 months to epoxy resins
and amine curing agents
Material Dose Sex . No. .Average values (SE)
(mg/week) of : -
animals Red cell White cell Hematocrit Hemoglobin
(X10"8/mm3) (X107 3/mm3) (%) (g/100 ml)
1 75 F 5 . 7.14 (0.21) 5.74 (0.66) 36.4 (1.2) 13.1 (0.29)
75 M 5 6.59 (0.84) 7.22 (0.48) 33.6 (0.51) 11.6 (0.28)
Il 75 F 5 6.32 (0.28) 6.9 (1.0) 32.4 (1.4) .5 (0.62)
75 M 5 6.64 (0.17) 8.12 (2.55) 32.8 (0.73) .7 (0.31)
I11 75 F 5 - 6.51 (0.57) 7.44 (1.25) 34.4 (0.4) 12.1 (0.17)
75 M 5 6.78 (0.23) 9.88 (1.87) 34.0 (1.4) 12.0 (0.41)
v 1.8 F 2 no sample
1.8 M 13 7.66 (0.19) 4,38 (0.41) 35.0 (0.59) 13.3 (0.33)
0.9 F .5 6.68 (0.20) 4,14 (0.68) 33.2 (1.25) 12.0  (0.36)
0.9 M 5 6.26 (0.50)  4.66 (0.50) 32.8 (1.46) 11.3 (0.84)
0.45 - F 5 6.14 (0.25) 5.88 (1.55) 32.0 (0.94) 11.88 (0.44)
0.45 M 5 ©6.99 (0.17) 6.5 (0.50) 34.6 (0.75) 12.7 (0.29)
\Y 3.75 F A5 5.54 (0.39) 8.4 (4.07) 31.4 (2.06) 10.56 (0.75)
3.75 M 5 6.05 (0.45) 15.4 (5.12) .34,6 (0.6) 12.14 (0.46)
Vi 3.75 F 5 5.84 (0.36) 6.22 (1.37) 33.0 (1.64) 11.5 (0.49)
3.75 M 5 6.34 (0.36) 13.48 (6.4) 32.0 (1.67) 11.2 (0.73)
VIII 6 F 5 .54 (0.07) 6.16 (0.89) © 35.0 (1.05) 11.9 (0.26)
6 M 5 7.14 (0.16) 7.94 (0.34) 35.8 (1.56) .12.8 (0.37)
IX 3 F 5 6.38 (0.15) 6.88 (1.01) 32.4 (1.12) 1.6 (0.38)
3 M 5 7.70 (0.68) 7.50 (1.18) 37.6  (3.37) .2 (1.08)
X 0.00375 F 10 5.96 (0.19). 13.32 (6.4) 29.65 (0.84) 10.86 (0.43)
0.00375 M 10 6.22 (0.33) 12,08 (5.0) 31.5 (1.48) 11.34 (0.57)
A 75 F 5 6.24 (0.26) 5.7 (0.97) 33.0. (0.55) 11.5 (0.38)
75 M 5 6.82 (0.53) 7.8 (1.17) 35.8 (3.64) 12.5 (1.16)
B 3,75 F 5 5.34 (0.47) 10.5 (3.35) 30.6 (2.58) 10.48 (0.93)
3.75 M. 5 5.06 (0.32) 2l.4 (4.91) 32.8 (1.68) 10.08 (0.44)
C 75 F 5 6.44 (0.20) 6.06 (1.53) 35.0 (l;O) 11.96 (0.35)
75 M "5 6.43 (0.14) 13.64 (8.92) 33.2  (0.49) 11.56 (0.16)
D 75 F 5 5.69 (0.48) 8.5 (1.96) 29.0 (1.52) 10.04 (0.54)
75 M 5 5.96 (0.36) 14.3 (5.23) 30.2 (1.2) 10.6 (0.57)
Acetone
control - F 20 6.14 (0.18) 5.3 (0.66) 31.65 (0.51) 11.11 (0.32)
M - 20 .39 (0.26) 7.02 (0.88) 32.15 (0.89) 11.58 (0.49)
Aging .
control - F 10 7.18 (0.07) 4,44 (0.51) 38.0 (0.39) 13.63 (0.11)
M 10 7.44 (0.07) 5.58 (0.24) 39.9 (0.28) 13.06 (0.11)
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numbers were not reduced in animals exposed to material Iv makes it least
likely that bone marrow toxicity caused the leukopenia. By deféult, it is

. more likely that toxicity to lymphatic tissues reduced the cell count.
Hematologic dafa.areAnot available for material VII by itself. However, to
the extent that its effects would be observed és a component in the A, B, C,
and D mixtures, there appears to.be no significant effect of this material

on circulating cells.,

Clinical Chemical Evaluation

In conjunction with the determination of the cellular composition of
blood, the plasma from the éame animals was also subjected to a battery of
routine assays to detect systemic or organ-specific toxicity. The results
of these determinations are summarized in Table 7. The methods and .
procedures uéed are described in Appendix B.

Plasma total protein levels were increased as a function of age in
both sexes, with occasional high average levels noted in males. Alkaline
phosphatase levels varied widely; both within and between groups. It
appeared that female C3H mice had significantly higher alkaline phosphatase
levels than males,‘irrespective of age. Glutamic-oxalacetic transaminase
levels were relatively uniform across groups and between sexes, but the
range of standard errors gives a clear indication of underlying individual
heterogeneity. Glucose levels were little affected by sex or age. A clear
treatment- and dose-related hypoglycemia was noted in both male and female
mice exposed to material IV. Triglyceride levels varied widely, with no

clear indication of an effect of treatment or age, although levels were



Table 7. Clinical chemical evaluation of C3H mice exposed dermally for 24 months to epoxy resins and

amine curing agents—

Material Dose Sex No. of Total Alkaline Glutamic—

_ Glucose Triglycerides Urea
(mg/week) animals protein phosphatase oxalacetic (mg/dl) "~ (mg/dl) nitrogen
(g/d1) (units/liter transaminase . (mg/d1)
at 30°Cc) " (units/liter
" at 30°C)
I 75 F 5 5.0 (0.1) 70 (8) . 52 (4) 94 (12) 127 (25) 35 (2)
75 M 5 5.1 (0.2) 60 (3) . 51 (11) 79 (11) 88 (11) 33 (2)
11 75 F 5 5.2 (0.3) 109 (24) . 51 (8) 72 (8) 97 (17) 38 (2)
75 M 5 5.4 (0.1) 53 (4) 31 (1) 104 (6) 128 (20) 27 (1)
I1I 75 F 5 4.9 (0.1) 135 (25) 82 (37) 96 (6) 92 (17) 30 (2)
: 75 M  5 5.3 (0.3) 52 (8) . 32 (45) 85 (8) 134 (20) 41 (3)
iv 1.8 F . 2 - 4.8 (0.03) 74 (3) 55 (6) 44 (10) 77 (15) 7 30 (2)
1.8 M 13 5.0 (0.1) 62 (3) 71 (6) 55 (5) 79 (10) 35 (2)
0.9 F 5 5.1-(0.4) 129 (30) - 93 (35) 50 (11) 112 (36) 40 (9)
0.9 M 5 5.2 (0.2) 63 (3) 56 (6) 64 (8) 88 (15) 29 (2)
0.45 F 5 5.2 (0.1) 126 (17) 40 (2) 98 (10) 94 (14) 27 (2)
0.45 M 5 5.4 (0.1) 71 (11) 47 (7) 97 (5) 238 (23) 46 (1)
v oo 3.75 F 5 ned. 188 (69) n.d. 80 (6) 75 (7) 34 (3)
3.75 M 5 5.3 (0.05) 60 (5) 49 (6) 76 (13) 149 (33) 41 (2)
Vi 3.75 ‘ F 5 5.2 (0.2) 167 (69) 49 (4) 96 (3) 188 (18) 35 (4)
3.75 M 5 5.7 (0.2) 99 (39) 39 (7) 81 (7) 167 (39) 43 (7)
VIII 6 F 5 n.d. 109 (12) n.d. 95 (5) 100 (13) .29 (2)
6 M 5 5.2 (0.2). 55 (2) ‘ 48 (6) 107 (6) 115 (24) 38 (4)
IX 3 F 5 5.5'(0.1) "106 (15) .62 (11) 115 (5) 139 (30) 37 (&)
3 M 5 6.5 (0.2) © 100 (31) 79 (15) 107 (16) (23) 45 (2)

(Table 7 continued)
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Table 7 (continued)

Material Dose Sex No. of Total Alkaline Glutamic- Glucose Triglycerides Urea

(mg/week) animals protein phosphatase oxalacetic (mg/d1) (mg/dl) - nitrogen
(g/dl) (units/liter transaminase (mg/d1)
at 30°C) (units/liter '
at 30°C)
X 0.00375 F 10 'S5 (0.5) 103 (19) 70 (26) 82 (11) 96 (27) 34 (3)
0.00375 M 10 5 (0.1) 59 (6) 46 (5) 92 (6) 118 (32) 35 (2)
A 75 F 5 5.6 (0.2) 73 (10) 41 (2) V 104 (7) 128 (20) 31 (3)
75 M 5 5.3 (0.1) 52 (3) 40 (4) 85 (13) 194 (34) 45 (2)
B 3.75 F 5 5.2 (0.07) 97 (12) 97 (46) 82 (8) 95 (25) 40 (&)
3.75 M 5 5.4 (0.1) 55 (8) 51 (11) 90 (11) 165 (35) 42 (5)
C 75 F 5 5.5 (0.3) 83 (20) 41 (3) 112 (5) 98 (15) 26 (1)
75 M 5 5.8 (0.1) 51 (3) 44 (8) 100 (13) 103 (12) 27 (1)
D 75 . F 5 5.3 (0.2) 84 (18) 44 (9) 111 (12) 77 (16) 40 (8)
' 75 M 5 6.4 (0.3) 39 (4) 60 (6) 120 (6) 123 (12) 38 (1)
Acetone . : o
control - F 20 5.4 (0.1) 148 (34) 70 (16) 88 (6) 95 (18) 32 (3)
- M 20 5.5 (0.3) 57 (9) 112 (28) 78 (9) 119\(25) 40 (4)
Aging :
control = F 10 4.9 (0.07) 74 (2) 58 (18) 112 (5) 126 (16) 24 (2)
- M 10 4,9

.9 (0.06) 51 (2) .82 (22) 98 (4) 216 (14) 30 (1)

174

2yalues given are mean (SE).
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éqnsistently higher in males than in females. ‘Ureavpitrdgen 1gvgls were
higher in males than females and also increased as .a function of ages
Treatment-related differences were not apparent, althoggh standard errors
again suggested considerable variation among individual animals.

Taken together, these data amplify and gonfirm the evidghce that
material IV is a systemic toxin at dose levels that fail to induce either
skin irritation or neopiasia. Since clinical hemafologic and chemical
ahalyses were conducted on individual animals and each aniﬁal was also
:subjected to gross . and microscopic evaluation, it eventually will be possible
to correlate clinical findings with gross and migroscopic pathologic changes.

This information will be included in a subsequent report.

Skin Neoplastic Changes

Treatment—relafed skin neoplasms fhat'were persistent, grew
progressively, and contributed to mortality were induced with materials v,
VI, VII, and X and with all the résin mixtures (A—D).' For interpretation of
the tumorigenic propefties of-eaéh material, independent_qf natural or
treatﬁent-related mortality, the proportion of animais'with skin tumors was
corrected for deaths in animals before tumor occurrence by the Kaplan-Meler
procedure (5). The resulting step curves, relafing duration of exposure and o
probability of sdrviving without a skin neoplasm,.are given ih Fig. 2A and B
for females and males, respéctively. Differences between the distributioﬁs
for males and females weré tested by use of the 1og—rénk fest (3) and found
to be significant (P < 0.05) in many cases; therefore the results are

presented separately for each sex.
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Fig. 2. Distribution of times to skin tumor for female (A) and
male (B) C3H mice. Solid lines, Kaplan-Meier proportions; dashed lines,
fitted Weibull. When dose responses are either absent or very shallow
(Panels A-D) the lines cannot be distinguished. Each panel is :
identified with the material symbols used in the text. Panel E is the
B(a)P control, and panel F the mixture of material VII and the Union
Carbide DGEBA tested previously. The data in Panels E and F are
included for comparison with the current materials. Symbols correspond
to the dosages applied (mg/week) and, in order of decreasing dose, were

) R <:>, for one or more dosages of each material shown to
induce skin neoplasms under the prevailing test conditions.
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. The log-rank test was used again to test for.dose~dependent differences

among the distributions for each material—sex combination. Differences were

not observed (P > 0,05) for material VI in females, for material VII and mix D

in males, or for mixes A and C in either sex. All other positive treatment
groups demonstrated significant differences due to dose.

" The Képlan—Meier procedure is a useful means of displaying the
distﬁibﬁtion of times to tumor, requiring minimal assumptions. However, for
quaﬁtification of the dose-response relationships, further assumptions.need
A;to be made. One usual assumption is that the distribution of time to tumor
belongs to some parametric family of distributions.. Past experiences (6-8)
indicate that the Weibull distribution is frequently a good model in
continuous skin carcinogenesis experiments. Accordingly, a restricted
three—pafameter Weibull distribution was fit for each treatment combination.
(The restrictions on the Weibull fits concern assumptions needed for
dose-response quantification. Details concerning the Weibull model and the
fitting may be found in Appendix C.) The resulting Weibull fits are shown as
dash;d lines in Fig. 2, superimposed on the Kaplan-Meler step functions. As
a summary and comparison measure, the expected median time to tumor response,
(T50) was calculaﬁed from the fitted weibull for each dose group eliciting at
least one skin tumor, together witﬁ an approximate standard error (Table 8).

Comparison of different treatment groups on the basis of T50 reveals
substaﬁtial differences among the materials. Males were more susceptible
than females for all materials in which the response was édequate. “Just as
was observed in pfevious experimenté,:méteriais I, II, and III proved to be

synergistic with material VII, on the basis of higher incidence and more
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Table 8. Incidence and estimated time to median skin tumor response for
materials in which one or more persistent skin tumors were observed

Material ~ Dose Sex No. at start No. with tumor TS50 (SE)
(mg/week) Co : ' .(days)
v : 3.75 . F 25 : 16 - 593 (19)
3,75 M 25 _ .2 542 (16)
1.87 F 25 18 646 (20)
1.87 M 25 ' C22 ' 587 (18)
0.94 F. 25 - 12 © 7706 (27)
0.94 M 2 15 © 654 (24)
V1 3.75 F 25 1 “1183 (236)
3.75 M 25 9 781 (38)
1.87 F 25 2 991 (136)
1.87 M , 25 4 879 (67) .
VIL 75 F 40 _ 3 922 (84)
' 75 M Ch0 ‘ 2 ‘ 931 (82)
A 75 < F 25 ‘ o1 752 (37)
' 75 "M 25 15 671 (24)
37.5 T F .- 25° . 11 726 (33)
37.5 M : 25 o 10 - 738 (33)
18.75 F 25 e .8 771 (43)
18.75° o 25 10 716 (32)
B © 3,75 F .25 20 . 592 (18)
3.75 M 25 , 22 _ . 542 (15)
1.87 F 25 20° 573 (17).
1.87 M 25. _ 22 597 (17)
0.94 F " 25 : 18 - 671 (23)
0.94 M 25 21 - 6512 (18)
C 75 F 25 R 6 . 796 (50)
75 M 25 ' 10. 729 (30)
37.5 F 25 14 682 (26)
37.5 M 25 o 20 664 (20)
18.75 F 25 .10 - 743 (35)
18.75 M 25 : L7 672 (21)
D 75 . F 25 . 9 776 (41)
75 .M 25 . _ .14 CO711 (24)
37.5 F 25 3 912 (90)
37.5 - M 25 10 : 724 (30)
18.75 F 25 ‘ 1 . 1110 (197)
18,75 M 25 13 727 (26)
X - ©0.015 F 45 44 322 (6)
' '0.015 M 50 48 317 (7)
0.0075 F 50 45 493 (12)
0.0075 M 50 50 464 (10)
0.0038 F 50 ' 16. 792 (35)
0.0038 M 45 26 710 (20)
0.0019 F 50 ' 2 1164 (170)
0.0019 M 50 2 1123 (139)
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rapid rate of tumor occurrence observed for.resin mixtures A, C, and D than
observed for either component elone. Mixtu;e;B does:no; exhibit synergism
but rather the additive effects of the individual components, i.e., the

activity of the combined treatment does not exceed that of either component

tested separately.

Determination of Carcinogenic Potency

For comperison of different treatments within a single experiment as
well aelexperiﬁents done at different times buﬁ in the same sex and strain,
a potency index has been>ca1cu1ated for each treatment—dose combination
relative to that obtainee for the reference carcinogen (X).. The potency
index is the ratio of the dose of the refefence ca;cinogen to that of the
test material aﬁtan equivalent effect level., Here the "effect” was defined
to 5e.esfimafed median time to skin tumor, based upon a three-parameter
Weibull fit fo each meterial—dose combination with the shepe (k) and location
(w) parameters'of the model held constant for all doses of the reference
carcinogen‘and test material. In several cases there was evidence that the
aSSumptioe ef common k and w waé not valid. However, an alternative
eomputation of potency index in these cases hed little effect on the
coneleeions. (See Appendix C for details concerning the potency calculations
and the eValﬁation of the assumptions on which they were based).

In Fig; 3 the dose-effect observed for the reference carcinogen is
compared with that obtained for each dose level of the unknown. Over the

experimental dose range two features are apparent: (a) the effect changes

more rapidly as a function of dose with the reference carcinogen (X) than
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with any of the test‘materials; (b$ for séveral méterials, a change in
' effeét with increasing dose is either vefy‘slight or ébsent. in view of
these observations we have évalﬁatedrrelative ppteﬁcy'fof each dose; values .
aré given\in Table 9 for.eécﬁ sex. :Noﬁe‘chat the‘éystematic diffe;ences
.between séxes largely disappear when'ﬁhé'pptency.is evaluafed on a'relative
5asis, Diminishing poténcy‘wi£h increaéing dose occurs bécauée the median
time to‘tumor for tﬁe ;eference cafcinogen:decreases much more rapidly with:
increasing log dose thah does the median time tb tumor for the test
materials. An arbitrary, but perhaps valid, means of comparing'the
different materials would be to contrast the relative'potencies'at the -
highest exposure ievei’péfmitted by local or systemic~toxicity. By this
‘convention the potencies of materials V and VI are an o:der'of magnitgde
greater than those observed at the highest petmissibie doses of eiﬁher_
~material ViI alone or material VII 1in combinatioﬁ"with materials I, II, or
| ITI. Material VII exhibité pqsitiv;'éynergiétic interaptioﬂ with
materials I, II; and II1 (groups A, C,'éﬁd'D).. Ihe cbmbinatioﬁ of::'
‘materials Viénd VI.(group- B) indﬁces a respoqéélcompatable toltha; of
' matérial V,:wifh no iﬁdicétioﬁ~of synergism;f,By way bf.coﬁpafison the data
shown in panel E is a’previously tested Unioﬁ Carbide DGEBA base resin
together with.the contemporary B(a)?-feference standard, The’résponse
obserVéd'is comparablé to that observed for the other combinations of DGEBA

with material VII (groups A, C, and'Dj.
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Fig. 3. Conmparison of the dose effect obtained for B(a)P (‘) with that of each unknown (O) for
female (A) and male (B) C3H mice. The points on the ordinate are the maximum likelihood estimates of.
T50 and on the abscissa are dose on a logarithmic scale. One standard error is shown for each estimate
of T50. The solid line connecting the points for each material is the weighted, least-squares best fit
to the observed data. Panels are identified for each unknown compared with the concurrent B(a)P
positive control. The data in Panels VII and E were obtained previously and are included for comparison
with current materials. ’ :
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Table 9. Skin carcinogenicity of B(a)P relative to that of epoxy
resins and resin combinations

Material ' Dose » Relative potency‘

1
- (mg/week) _ (lower 95% confidence limit)
Female ‘ . Male
v _ 0.94 : 218 (186) - 218 (207)
1.87 380 (341) 373 (360)
3.75 667 (578) 640 (614)
VI 1.87 660 (386) 713 (617)
. 3.75 1,640 (774) 1,180 (1,070)
yiid 75 55,400 - 206,000
A | 18.75 4,740 (3,890) 5,300 (4,650)
37.5 9,350 (8,140) 9,980 (9,100)
75 . 18,400 (15,300) 18,800 (16,800)
B . 0.94 190 (152) 200 (184)
1.87 347 (297) 359 (337)
3.75 : 638 (519) 647 (595)
C 18,75 4,380 (3,390) 4,470 (3,970)
- 37.5 9,000 (7,450) 9,480 (8,640)
75 18,500 (13,700) 20,100 (17,500)
D . - 18.75 7,730 (5,110) 5,280 (4,960)
37.5 12,300 (9,840) 10,400 (9,890)
75 19,600 (16,300) - 20,300 (19,100)

2pata obtained previoﬁsly and included for comparison with current
materials; confidence limit not calculated due to insufficient dose-
effect data.
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DISCUSSION

Thé precent data demcnstrate the chronic toxicity and.skin.
carcinogenicity of selected'commercial epoxy'reéin formniaticns applied as
‘diiuté acetone-éolution to.thc skin of C3H mice. An order'of mngnitude or
greater-diffcrénce in potency wasrnoted. ‘In genenal, male mice were mo;e
sensitive to skin tumor indncticn than:femaie micc3 whereas fenalés were
more senéitivc.to systcmic ioxicity. 'The nctential for synergistic
interaction betﬁeen differcnﬁ.materiéls wns evaluaced by application of
resin mixtures. 1£ had been noted'previouély (2)‘that material VII
intcracted syneréistically»with.a UnionfCarBide-product genefically similar
to I, II and III; Since this previously tested Carbide matcrial was later
found to contain appreciable‘amqunts of_epichlorohydfin and other
nontypicai compcnencs (see\Appéndik A),'it'wés pcssinle that sfnergism was
due fo these contnninants and not to the resin monomers as had been
originally‘suspected;‘ Thc pfeéenﬁ_demonstration‘of'an equivalent degree of
synergism between'Vii'and each of chree separate resins obtéined fron
different'SOurces each with low bnt different'ievels of'cpichlcfhydrin.
suggests strcngly'tnnt synefgism is between the principal components.

Skin neoplnsns were-not induced.by‘materials I, I1, III, IV, VIII, and
IX at the docage_levels applied.to C3H mice. Matérials‘IV:and IX are
noteworthy in that both areiccrrosive on mouse skin and thus muétvbe applied
at lnw ccncentration. Material IV also attracts attention as a potential
systémic toxicant.nt levels-of exposnre,that'do not induce local irritation.

Additional longnterm feeding studies to determine the toxic and carcinbgenic
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potential of material IV are in progress, sponsored by the National
Toxicology Program (1980). Previously published animallcarcinogenicity
studies of materiél IV reveal that it is capable Qf elicitingvskin neoplasms
1n C57BL (9) but not in Swiss ICR (10) mice following chronic gkin'exposure.
This is consistgnt with the present data in wh;ch skin tumors were not
induced in C3H migg, which have previously been shown to be less sensitive to
chemical skin carcinogenesis than C57BL/6 (2,11); In our opinion,_the most
significant occupational risk for material IV would be primary skin
irritation and potential systemic toxicity associatgd with skip gbsorption.
It is unlikely that chronic depmal exposures at_concentrgtions abpve those
used in the present experiment would be unnoticed by‘workers due to the
irritant properties @f this material.,

The significance of the synergistic ipteraction between materials I, 11,
ITI, and VII, as it bears on poteqtial occupational hazard, will depend upon
~a better understahding Qf mechanism.1 Studies are in progress in this and
other laboratories to examine the hypothesis that materia; VII is a
competitive iqhibitor of epoxide hydrolase, the principal detoxificatioq
enzyme fqr DGEBA, the_major component of materials I, II, and III (12). If
material VII inhibits epoxide hydrolase, then.reactiye 1ntermediates may
accumulate as well as persist longer within the cell. 1In either case, the
probability is increased that critical targets will be affected. The
importance of this to‘the question of human risk can be investigated directly
by comparing the levels of metabolites generated in parallel cultgres of
human and mouse skin follpwing application Qf radiolabeled resins either

singly or in combination. Assuming the original hypothesis is valid, then it
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should be possible to compare both.spécies in terms of whether risks are
either comparable or substantially different, and, if diffefent, the
‘direction of fhe difference and ité mégnitude. ,Tﬁe qurreﬁt obséfvation of no
or a very shallow dose response with the combined-resin exposures 1is
interpreted as a'éaturation phenomenon and thus is consistent with the
enzymatié interaction hypothesis. An amount éf material VII sﬁffiéienﬁ.to
achieve ﬁaximal steady—-state levels of é reactive iﬁtermediéte within
epidermal cells may have been achieved at the lowest concentration in the
current study. This railses the possibility thaf the absence of a
caféinogenic effect of materials similar.to I, II, and IIT applied singly is
due to their slow rate of percutaneous ébsorption and their rapid -
detoxification. If this is true, then any ﬁodification that either.increases
penetration of the stratum corneum or decreases metabolism, e.g., by eéoxide
hydrolase, would presumébly increase the_potential éarcinogeniciﬁy of these

materials. o U
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Appendix A

CHEMICAL ANALYSES OF TEST MATERTALS

G. F. Dorsey, DevelopmentrDivision

The compositiohs and properties of the test materials were examined by
liquid and gas chromatography, and gas chromatography/méss spectrometry,

potentiometric titration, and vapor. pressure osmometry.

: Liquid and gas chromatdgraphy Qere'the majér chemical identification and
quantificatioﬁ me;hods. ‘Chromatographic prdcedures and techniques uéed were
the result of consultation with, and a visit to, the analytical laboratories
of Shell Development Cqmpany (Houston, Texas) and Dow Chemical Company

(Freeport, Texas).
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MATERTAL I

Diglycidyl ether of bisphenol A (DGEBA)
Celanese Coatings Epi-Rez 508

Lot MC5684

CAS ﬁo. 1675:54;3

Oligomer distribution: N =0, 96%; N =1, 1% N =2, 0

Impurities:
diol of DGEBA* = 2% epichlorohydrin 4 ppm
unidentified 17 toluene 26 ppm
‘ total chlorine 0.3% methyl ethyl ketone <50 ppm

phenyl glycidyl ether 220 ppm

additional very low-concentration impurities were noted but not
identified .. -

Chemical/physical character:

av, mol. wt. 362 epoxy equiv, wt, 168.0 g/e%uiv.
viscosity @ 25°C 4930 cps density @ 25°C 1.16 g/cm

*2—[4—(2,3—dihydroxypropoxy)phenyl]—2-[4—(2,3—epoxypropoxy)phenyl]propane.

1S



i Sol% ERL-2258

_MATERIAL II

DGEBA

Shell Chemical Co. Epon 828
Lot 8WHJ17 |
CAS no. 1675-54-3

Oligomer distribution: N =0, 78%; N =1, 9%; N = 2, 2%

Impurities:
diol of DGEBA . 4% , toluene ' - 40 ppm
total chlorine = 0.2% ‘ methyl isobutyl ketone 40 ppm
epichlorohydrin . 29 ppm 1,3-dichlorohydrin " 15 ppm

additional low-concentration impurities were noted but not identified
Chemical/physical character:

av. mol. wt. 388 ‘ " epoxy equiv, wt. 184.8 g/eguiv.

viscosity @ 25°C 13,300 cps density @ 25°C 1.16 g/em

MATERIAL III

DGEBA

Ciba-Geigy Araldite 6010
Lot BAP-427 |

CAS no. 1675-54-3

Oligomer distribution: N =0, 78%; N =1, 7%; N = 2, 2%

Impurities:
diol of DGEBA . 4% ‘ epichlorohydfin 3 ppm
total chlorine 0.3% : ' toluene "13 ppm

1,3-dichlorohydrin 10 ppm
additional low-concentration impurities were noted but not identified
Chemical/physical character:

av. mol. wt. . v 390 epoxy equiv. wt.  184.6 g/e%uiv.
viscosity @ 25°C 13,320 cps density @ 25°C 1.17 g/cm
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MATERIAL IV

Diglycidyl ether of resorcinol
Ciba-Geigy ERE 1359

Lot P6602

CAS no. 101-90-6

Oligomer/isomer total: estimated at 887%

Impurities:
total chlorine - 1% phenyl glycidyl ether 406 ppm
toluene . " 6000 ppm toluene glycidyl ether present
epichlorohydrin 845 ppm monochlorohydrin <10 ppm

several aromatic species containing oxygen weré present '

Chemical/physical character:

av. mol. wt. 257 ‘, epoxy‘equiv. wt. 124 g/eqiv.

viscosity @ 25°C 250 cps density @ 25°C 1.21 g/cm3
MATERIAL V

N,N'-diglycidyl=-5,5-dimethylhydantoin
~ Ciba-Geigy XB 2793

Lot BAR90786

CAS no. 15336-81-9

Oligomer/isomer total: estimated 89%

Impurities:
total chlorine - 2.7% toluene : ~ <100 ppm
epichlorohydrin 1725 ppm phenyl glycidyl ether 500 ppm

several aromatic species containing oxygen were present

Chemical/physical character:

av, mol. wt. 265 ' epoxy equiv. wt. 140.2 g/equiv.
viscosity @ 25°C 177 cps - “density @ 25°C 1.21 gm/cm3
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MATERIAL VI

Diglycidyl ether of neopenfyl glycol
Wilmington Chemicals Heloxy WC68

Lot GGG1367

CAS no. 17557-23-2

Oligomer/isomer total: estimated 70%

Impurities:
toluene 1% ' total chlorine : 4,67
epichlorohydrin none detected

Pentyl moieties containing oxygen with molecular weights of 290; 310,
346, 402, and 440 were present S

numerous unidentified low-boiling impurities were present in low
concentratiouns ' '

Chemical/physical character:
av., mol, wt, 250 epoxy equiv. wt. 136.6 g/eguiv.
viscosity @ 25°C  16.1 cps , density @ 25°C 1.07 g/cm

MATERIAL VII

| L . Eo% EkL-Z2sg
Bis(2,3-epoxycyclopentyl) ether ' : '
Union Carbide Chemicals and Plastics ERR 4205
CAS no. 2386-90-5
Oligomer/isomer’totalﬁ ~97% (includes several isomeric férms)
Impurities:
low concentrations of structurally similar‘Eomponents such as
l-cyclopentene-3-one present, as well as other material containing
carbonyl groups '

Chemical/physical cha:acterﬁ

av. mol. wt. 192 ' epoxy equiv. wt. 96.0 g/equiv.
viscosity @ 25°C 35 cps v density @ 25°C 1.17 g/cm3
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MATERIAL VIII

Liquified meta-phenylenediamine

Applied Plastics Company Apco 2330

Lot J7-017

CAS no, 108-45-2

Oligomer distribution: N = 0, 68%; N= 1+ N = 2, ~25%

Impurities:
oxygen . . 0.3% sodium formate'. . 400 ppm
several small unidentified peaksAobserved in chromatographic analysis

Chemical/physiéal character:

av, mol. wt. 157 . . amine equiv. wt. - 67.2 g/equiv.
viscosity @ 38°C 3250 cps density @ 25°C 1.17 g/cm3
MATERIAL IX

Co

Menthane diaﬁine
Rohm and Haas
Lot G5783
CAS no. 80-52-4
Oligomer/isomer total: estimated 85% _ .
Impurities:

All structurally.similar: t-butylbenzene, hydroxy derivative of

t-butylbenzene moiety, with 2-aminopropyl ion present; molecular .

weights of 182, 195, 333, respectively. Aromatic compounds with

molecular weights of 272, : :

Chemical/physical character:

av. mol. wt. 172 amine equiv. wt. 93.3 g/equiv.
viscosity @ 25°C 13 cps density @ 25°C 0.92 g/cm?



MATERIAL E>

DGEBA

Union Carbide Corporation

Lot 1742
Oligomer distributibn:-E N =
Impurities:-—12
diol of DGEBA 1%
unidentified 1%

epichlorohydrin 1476 ppm
toluene 14 ppm

Chemical/physical character:S

av. mol. wt, 374

viscosity @ 25°C 13,800 cps

mesityl oxide © 46 ppm
glycidol 30 ppm
2,3 dichlorohydrin 180 ppm

phenyl glycidyl ether 369 ppm

epoxy equiv. wt. 199 g/equiv,
density @ 25°C 1.16 g/cm3

2Material tested previously in experiments begun in 1975 and reported in
ORNL 5375, where analysis indicated significant amounts (~10%) of an
epoxidized polyglycol. Later analysis at Shell Development Company_'
(Houston, Texas) indicated <57% 1l,4-butanediol glycidyl ester was present
in the resin. Analysis by Union Carbide Nuclear Division at the end of
this test series did not show these materials to be present,

l)-1981 analysis.

L1978 analysis.,
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Appendix B

HEMATOLOGY AND BLOOD CHEMISTRY ANALYSES
C. A. Burtis, S. Garrett, E. M. Hall, E. L. Hurst, C. J. McDowell,
J. M. Morton, and D, B. North, Health Division
Hematologic and blood chemistry analyses described in the text were
performed in the clinical laboratory of the Health Division of the Oak Ridge

National Laboratory.

Hematology

Cell counfing-— Total red cell count and white cell count were

determined for each specimen with a Model FN>Cou1ter Counter (Coulter

Electronics; Inc., Hialeah, Florida).

Hemogiobin analysis — The hemoglobin content of each sample was

measured with a Coulter Hemoglobinometer (Coulter Electronics, Inc.,

Hialeah, Florida).

Blood Chemistry

Total protein (TP), alkaline phosphatase (ALP), glutamic-oxalacetic
transaminase (SGOT), glucose (GLU), triglyceridés (TRIG), and blood urea
nitrogén (BUN) were measured for eaéh specimen with the miniatufe centrifugal

analyzer that at the time of these studies was routinely operated in the

" clinical laboratory of the ORNL Health Division.

Analytical system — The centrifugal analyzer system used in these

studies was developed and fabricated at the Oak Ridge National Laboratory and
is a computer-controlled, multicuvet spectrophotometer (1,2) which utilizes

a centrifugal field to simultaneously transfer and initiate several
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individual reactions. These reactions subsequently proceed under identical
conditions- of time and temperature and are fepetitively monitored as the
cuvets spin through the énalyzer's optical system. As a result, centrifugal
analyzers generate a large quantity of time;absorbanée data that may be
either acquired, processed, and reduced in "real time" or stored for later
p;ocess;ng by means of an %ntegrated data system (3). In addition, a wide
variety of computational algorifhms are available (3)Ito calculate analyticai

results,

Reagents — Standard clinical chemical methods for determining BUN, GLU,
TRIG, TP, ALP, and SGOT have been scaled down and adapted for §se with the
miniature(analyzer. When available, commerci;l reagent kits were used.in
these studies.

For five of the assays'Stat—Pak reagent kits were obtained from
Calbiochem (San Diego? California). ‘The two-vial kits were reconstituted by
dissolving the contents of one vial with 2 ml of water or buffer, which was
then added to and mixed with the contents of the second vial.

For the tptal protein assay, biuret reagent was prepared by diséolving
18 g CuSQ4'5H20,_9 g potagsiuﬁ—sodium tartrate, and 5 g potassium iodide
in 700 ml of distilled water; 80-ml of 56% NaOH was then added,'aﬁd the
volume was adjusted to 1 liter..

Procedures — The procedures for theAindividual determinations have been
described previously (2). The pertinent analytical parameters a;e’summarized
in Table B-1. For each rotor analyzed, three quality control samples were
assayed, and their results were evaluated statistically to validate the

results.
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Table B-l. Analytical parameters for clinical methods adapted for use

with the centrifugal analyzer

Procedure Volume (ul) Wavelength Reaction - Reference

- (nm) type’
Sample Total

Enzyme
" ALP 10 130 405 rate 4
SGOT 20 130 340 rate 5
Metabolites
BUN 2 122 340 rate ratiometric 6
GLU 2 122 340 equilibrium 7
TP 3 123 . 540 ~equilibrium 8
TRIG 4 124 340 equilibrium 9
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Appendix C

Statistical Analysis of Mortality and Relative Skin Carcinogenicity

D. A. Wolf and T, J. Mitchell, Computer Sciences Division

Systemic Mortaiity

For the statisfical test of systemic mortality (text Table 5), the event
"of 1nterest was time to death from causes other than_skin tumor; Since cause
of death was not routinely recorded, we treated the occurrence of a skin
tumor as a censoring mechanism, i.e., the only information drawn from skin
tumor-bearing énimals was that the event of interest occurred (or would have
occurred but for sacrifice or death related to skin tumor) later than the
appearance of the skin tumor. To dvoid bias, it was also necessary to assume
that the censoring was "nonprogrostic” (1) in that skin tumor incidence did
not select either for or against animals that wouldlotherwise have died of
another cause at a given later time.

Under these assumptions, we used the standard log-rank test (2) to
compare the force of non—skin tumor mortality in each treated group with that
of the acetone control. (This test can also be“viewed-as a special case of
the Mantel-Haenszel (3) test familiar'to many biologists;) The test
statistic, approximately distributed as a chi-squared under the hypothesis of
identical time-~dependent force of non-skin tumor mortality in both groups, is

given in text Table 5A and B.

Tumor-Related Mortality

To investigate the effect of the presence of skin tumor on the force of

mortality in each group, we again used a variation of the Mantel-Haenszel
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test. Just prior to the ith "natural” death (i.e., excluding sacrifices),
there are TFj skin tumor-free animals and TBj skin tumor-bearing animals.,
("Tied" deaths were ordered arbitrarily. Deaths precedé sacrifices iﬁ case
of ties.)A Under fhe null hypothesis that presehce'of skin tumor has no
effect on the force of mortality, the probability that the ith natural death
comes from the tumor-bearing group is pj = TBy/(TBj + TF;j). Llet X; = 1 if
this event is observed and Xj = 0 ptherwisé; then X; is a Bernoulli random
variable with mean pj and variance vy = pj(l - pj). For the purpose of
making inferences about the force of mortality, it is appropriate to<consider
TBj and TFy as fixed for each 1, so the X; are treaﬁed as indgpendent random
vgriabies. The sum X = IX{, summed over the deaths when there were animals
at risk with and without tumors, has mean p = Ipj and variance v = Zvy,
,Beqaqse of the.central limit effect of summing several variables, the
statistic ¢ = (X - p)2/v'is approximately distributed under the nuli
hypothesis as chi-squared with ;ne degree of freedom. In cases where fewer
than 9 Xifs contributed to the sum or where P < 2, we foqnd this
approximation to be poor, so we ignored the chi-squared values.

1t should be noted that the power of this test (and the test for
systemic mortality described above) depends on phe‘number and classification
of the animals at risk prior to each death and also on the beﬁavior of the
relative forces of mortality. If, for example, the presence of a tumor
decreases the force of mortality early in life and increases it later, ¢ will
likely be too small to be‘declared "significant.” The correct interpretation
for a non-significant teét is therefore "inconclusive" rather than "no

differenée.“
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Relative Potency

The ﬁotency of a test material’relaeive to a standard is defined as the
ratio of doses, standard/test, that elicit equivalent effects (4). The
standard was B(a)P and the test materials were the epoxy resins. Median time
to tumor, T50, was the effect. Each felativevpotency calculation used only
data froe a single test ﬁateriel (at several doses) and from the appropriate
B(a)P aose groups. Maies and females Qeﬁe considered separately beeause of
the noticeably greater tumor incidence in males. The x2 for‘the log~rank
test (with 1 degree of freedom) of the hypothesis of no sex difference with
respece to tumor respense (25 are giveﬁ in Table C—l. The inverses of the
estimated relative potencies and their confidence limits are reported in text
Table 9.

To estimate T50, the distribution of time (T) from first treatment to
first skin tumor was modelled by use of a Weibull distribution with shape,
location, and scale paremeters k, w, and b, respectively. The
three—parameter Weibull.disfribution can.be characterized by the cemulative
distfibution function F(t)_v= 1'_ exp[-b(t - w)k] for k,b > 0 and.t > W,

T50 is therefore given by
TS50 = w + (0.69315/b)1/k, (1)

If k and w are the same for the standard and test materials, then any two
doses that are equivalent in terms of T50 are also equivalent in terms of b
by Eq. (1). Relative potency in terms of T50 can therefore be calculated

equivalently in terms of b. The subsequent estimate of the standard error of
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Table C-1. Sex effect on time to tumor distribution

Material Dose Observed/Expec't:ed‘3 x2 for
(mg/week) log-rank test—
Females Males o
v 3,75 16/23.05 24/16.95 5.09%
1.87 18/24.10 22/15.90 " 3.88%
0.94 12/15.7 15/11.30 2.08
VI 375 1/5.01 9/4.99 6.4 3%
1.87 2/2.85 4/3.15 ©0.49
VII 75 . 3/1.97 2/3.03 0.88
X ' 0.0150  44/45.33 48/46.67 0.08
0.0075 45/54.99 50/40.01 4,31%
0.0038 16/23.10 26/18.09 © 4,85%
0.0019 2/1.71 2/2.29 0.09
X< 0.150 40/32.97 40/47.03 2.55
0.015 31/35.63 38/33.37 1.25
A 15 10/15.12 15/9.98 b.21%
37.5 ~ 11/10.09 10/10.91 0.16
18.75 8/10.00 10/8.00 0490
B 3.75 20/27.00 22/15.00 5.09%
1.87  20/17.10  22/24,90 0.83
0.94 16/22.99 21/14.01 5.62%
c 75 6/8.17 -~ 10/7.83 - - 1.18
37.5 14/15.23 20/18.77 ©0.18
18.75 10/14.76 17/12.24 © 3,38
D 75 9/12.03 14/10.97 1.6
37.5 : 3/7.11 10/5.89 5.24%
18.75 1/7.16 13/6.84 ©10.84%%
2 75 17/28.33 28/16.67 12,24%%
15 ’ 6/11.11 13/7.89 5.6 5%

E-(Observed number of tumors)/(expected number of tumotrs if no differences
in time-to-tumor distributions).

D4p < 0.05; **p < 0.001.

E-B(a)P from an earlier experiment tested concurrently with materials VII
and E.

gMixture of material VII and Union Carbide DGEBA tested in an earlier
experiment.
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relative potency is not only simpler but requires fewer dubious
approkimétioné tﬁap would be needed if k and w were allowed to differ between
materials. The assumption>of comﬁoﬁ k and w is therefore a standar& parf of
our estimation procedure. A sﬁagistical check on the validity of this
assumption is indicated beldw.A~qu further commentary on the practice of
“"fixing"” k and w, see Peto and-Lee (5) or Peto et al. (6).

The method of maximum likelihood was used to estimate the Weibull
parameters. Common k and w but iqdividual.b's were estimated for each dose
of test material andlstandard. In calculating the likelihood, all
observétions were used, including the times to death of animals that die
before tumor occurrence. In such cases, the time ﬁo tumor is considered to
be "right-censored” in that it can only be inferred‘that the time to tumor
e#ceeds the time to death. The censoring mechanism (death) is assumed to be
"nonprognostic” (1), i.e., death does not select eiﬁher for or against
animals which would otherwise be "destinéd" to get a tumor at a given
subsequent time.

The maximum'likelihood calculations were made with a computer program
kindly provided by pr. D. G. Thoﬁas of the National Cancer Institute. This
program was also used to calculate T50 and iﬁs standard error, based on the
Weibuil‘fit. The results are summarized in Table C-2A and B. The estimates
of the Weibull parameters have large variances and ére highly correlated, so
their individual values are difficult to interpret, whereas the T50 values
and their approximate standard errors are fairly stable. Note that the

estimates of T50 for the standard treatment [B(a)P] groups differ slightly
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Table C-2, - Summary of Weibull fits
Parameters Dose No. Tumor- b (Weibull) T50 (SE)
and (mg/week) of bearing
material animals animals
A. FEMALES
k = 6.862
w = 76,068
X 0.015 - 45 44 2,64420E-17 323 (6.0)
0.0075 50 45 6.27310E~-19 502 (10.0)
- 0.0038 50 16 2.04230E-20 778 (26.1)
0.0019 50 2 2.23850E-21 1044 (109.0)
v 3.75 25 16 1.65170E-19 593 (18.9)
1.87 25 18 8.54700E-20 646 (19.8)
0.94 25 12 4,25680E-20 706 (26.5)
k = 4,645
w = 157.417
X : 0.015- 45 44 3.54600E-11 322 (5.8)
0.0075 50 45 1.30000E-12 492 (11.8)
0.0038 50 16 6.56690E-14 794 (35.6)
0.0019 50 2 7.32790E-15 1178 (175.6)
VI 3.75 . 25 1 . 7.18390E-15 1183 (236.3)
1.87 25 2 1.87920E-14 991 (135.6)
k = 6.927
w = 66,011
vi2 0.15 40 40 4.61890E-13 123 (1.5)
0.015 40 31 4,84760E-17 . 281 (5.9)
VII 75 40 3 3.37810E-21 922 (84.0)
k = 5.381
w = 131,718 , -
X 0.015 45 44 3.72710E-13 322 (5.8)
0.0075 50 45 1.14120E-14 496 (10.9)
0.0038 50 16 4,87350E-16 787 (31.3)
0.0019 50 2 5.40160E-17 1117 (142.7)
A 75 25 10 6.53400E-16 752 (36.8)
37.5 25 11 8.25540E-16 726 (33.3)
18.75 25 8 5.56200E-16 771 (42.7)

(Table C-2 continued)
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Parameters Dose No., - Tumor- b (Weibull) T50 -(SE)
and (mg/week) of bearing ‘
material animals animals
k = 6,296
w =97.996
X 0.015 45 44 1.07630E-15 323 (5.9)
0.,0075 50 - 45 2,77170E-17 500 (10.2)
0.0038 50 16 9.91220E-19 780 (27.7)
: 0.0019 50 2 1.09070E-19 1067 (118.2)
B 3.75 25 20 7.55850E-18 592 (17.9)
1.87 25 20 9.74110E-18" 573 (17.0)
0.94 25 16 2.99020E-18 671 (22.8)
k = 5.72
w = 116,513
X 0.015 45 44 4,05190E-14 322 (5.9)
0.0075 50 45 1. 19490E-15 497 (10.8)
0.0038 50 16 4,81490E-17 784 (30.0)
0.0019 50 2 5.32340E-18 1098 (134.3)
C 75 25 6 4,34580E-17 796 (49.8)
37.5 25 14 1.24620E-16 682 (26.4)
18.75 25 10 6.92920E-17 743 (35.0)
k = 5,233
w = 137.471 :
X 0.015 45 44 9.53300E~13 . 322-(5.8)
0.0075 50 45 3.00000E-14 496 (11.2)
0.0038 . 50 16 1.32010E~15 788 (32.1)
0.0019 50 2 1.46490E-16 1128 (149.8)
D 75 25 9 1.44920E-15 776 (41.4)
37.5 25 3 5.30410E~-16 912 (90.3)
18.75 25 1 1.61250E-16 1110 (197.4)
k = 7.69
w = 59,274
x2 0.15 40 40 8.91250E-15 123 (1.5)
b 0.015 40 31 6.11800E-19 282 (5.4)
E— 75 40 17 1.13780E~22 740 (21.7)
15 39 6 3.71330E-23 846 (45.7)

(Table C-2 continued)
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Table C~2 (continued)

Parameters Dose No. - Tumor- b (Weibull) T50 (SE)
and (mg/week) of . bearing .
material animals animals
B. MALES
kK = 6.262 .
w = 64.339 . . -
X 0.015 50 48 6.20320E~16 317 (6.3)
0.0075 50 50 3.55700E~17 464 (9.5)
0.0038 45 _ 26 1.76160E-18 710 (20.2)
0.0019 50 2 7.96000E-20 1123 (129.3)
v . 3.75 25 . 24 1.15900E-17 542 (16.2)
1.87 25 22 6.60070E-18 587 (18.2)
0.94 25 15 3.09470E-18 . 654 (24.4)
k 6.601
w = 46,567 A , :
X 0.015 50 48 6. 10470E-17 317 (6.5)
0.0075 = 50 50 3.46500E~13 465 (9.8)
0.0038 .45 26 1.63920E-19 710 (19.7)
0.0019 50 2 7.35120E-21 1109 (129.4) .
Vi 3.7 25 9 8.38980E~20 781 (37.8)
1.87 25 4 3.68580E-20 879 (66.7)
k ='9.909
w = 0.235 S
XI—- 0.15 40 40 9.24870E-22 128 (2.3)
) 0.015 - - 40 38 5.01140E-25 274 (5.0)
Vil - 75 ' 40 2 2.67190E~30 931 (81.5)
k = 6.699
w = 45,103 ' . ’
X 0.015 50 48 3.35920E-17 318 (6.4) L
0.0075 50 50 1.84860E-18 465 (9.6) .
0.0038 45 26 8.49830E-20 710 (19.5)
0.0019 - 50 2 3.79670E=21 1103 -(123.5)
A 75 © 25 15 1.27840E~19 671 (24.1)
37.5 25 10 : 6.47210E~-20 738 (32.9)
18.75 25 10 8.00940E-20 716 (31.7)

(Table C-2 continued)



Table C-2 (continued)

59

Parameters Dose No. Tumor- b (Weibull) T50 (SE)
and (mg/week) of bearing
material animals animals
k = 7.857
w = 0.584
X 0.015 50 48 1.51280E-20 318 (6.5)
0.0075 50 50 7.24660E-22 468.(8.9)
0.0038 45 26 2.72260E-23 711 (17.8)
0.0019 50 2 1.18150E-24 1060 (103.3)
B 3.75 25 22 2.30290E-22 542 (15.1)
1.87 25 22 1.07420E-22 597 (16.5)
0.94 25 21 8.86690E-23 612 (17.5)
k = 7.678
w = 3.148
X ' 0.015 50 48 - 4,58950E-20 318 (6.5)
0.0075 50 50 2.31300E-21 468 (9.2)
0.0038 45 - 26 9.11450E-23 711 (18.1)
0.0019 50 2 3.97960E-24 1067 (107.1)
C 75 25 10 " 7.49580E-23 729 (30.0)
37.5 25 20 1. 54260E-22 664 (19.5)
18.75 25 17 1.40360E-22 672 (21.3)
k = 7.782
w = 0.191
X 0.015 .50 48 2.32900E-20 - 318 (6.4)
0.0075 50 50 1.15140E-21 468 (9.2)
0.0038 45 26 4,43990E-23 711 (17.9)
0.0019 50 2 1.93290E-24 1063 (105.9)
D 75 25 14 4,43820E-23 711 (24.4)
37.5 25 10 3.86160E-23 724 (29.5)
18.75 25 13 3.74190E~-23 727 (25.9)
k = 8.054
w o= 22,244
X2 0.15 40 40 3.45550E-17 128 (2.4)
b 0.015 40 38 3.45080E-20 272 (5.2)
E— 75 40 28 1.98870E-23 652 (15.2)
15 40 13 .7.55790E-24 732 (24.7)

2B(a)P from an earlier experiment tested concurrently with materials VII

and E.

EMixture of material VII and Union Carbide DGEBA tested in an earlier

experiment,
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from one comparison to another. This occurs because the comparison with
B(a)P was made independently for each test material, and a different k and w
were estimated each timé.

The next step in the relative potenéy calculations involved fitting the

following equation to the logarithm of the b's:
logip b = aj + ¢4 logjg dose, (2)

where i = test or std.‘ This was done by thé method of least squares, appliéd
to the b's; the maximum-likelihood estimates of the b's werevobtained as
described above. The weight used for each b was thé number of tumors
observed in that treatment group. These weights were derived by noting that,
for fixed k and w, the variance Qf the common logarithm of b is approximately
the same as 0.189 times the inverse of the number of tumors. Actually, k and
w (though commonvto all groups.within an assay) are not fixed; however, the
differences among the iogarithms of the b's are fairly stable with respect to
variations of k and w (S). The effect of su;h variations would therefore be
fb raise or iower aj in Eq. (2) by roughly é constan; amount ; this would have
little or no effect on the relative potency in Eq. (3) below. [In the
futuré! we plan to estimate the coefficients in Eq. (2) difectly by maximum
likelihood, thus avoiding the weighted least-squares approach altogether.]

.The least-squares results are given in Table C-3. -
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Table C-3. Weighted 1east-squares‘resu1ts, logjp b = ajy + ¢4 log)g dose

Material Sex ateSt Ctest astd Cstd SSE—a- DFi

v, X . F -19.34 0.9780 7.380 5.065.  0.8289 3

M -17.464 0.9414 - 7.474 ° 4,233 0.0707 3

VI, X F -13.35 =-1.3820 - 2.3184 4.,4780 0.4902 2
M -19.75 1.182 - 8.412 4,270  0.0589 . 2

VII, XI2 F -20.47 - - 9.06  3.979 - 0
M =29.57 - -18.343  3.266 - 0

A, X F -15.32° 0.0969. - 3.871 - 4.713  0.7534 3
M -19.64 0.3752 - 8.597 4,311  0.3203 3

B, X F -17.38 0.6264 - 5.984 4,948  2.015 3
M -22.08 0.6938  -11.52  4.541  0.3003 3

c, X F  -15.78 =0.1937 - 4.721 . 4.775  1.560 3

: M -21.30 -0.385 -11.16  4.474  0.4356 3

D, X F -17.71 1.535 - 3.533  4.675  0.6106 3
M -22.59 0.1239  -1l.41 4,502  0.0900 3

g,& xi2 F -23.25 0.6957 -10.62  4.163 - 0

M -23.83 0,6011 -13.99 3.001 - 0

25SE is the weighted residual sum of squares. If the fitted model is
.adequate, SSE/0.189 is approximately distributed as chi-squared with
DF degrees of freedom.

—B(a)P from an earlier experiment tested concurrently with materlals VII
and E.

—Mlxture of material VII and Union Carbide DGEBA tested in an earller
experlment. :
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Upon completion of the least-squares estimation of Eq. (2), the relative
potency at the dosage of the test material, dieggs can be calculated by
solving for the dosage of the standard, dgtq, Which is predicted to’ yield the
same b as dteét' The ratio dgygq/diesgt 18 the relative potency. The common

logarithm of this ratio is given by:

log)g (relative potency at diegt)

(atest — astd) + (Crest — €std)10810 dtest (3)

Cstd

It cén be seén from Eq. (3) that relative potency does depend upon digogt When
Ctest ¥ Cgtd' It was quite clear that this was the case for the data presented
in this report. An upper 95% confidence limit for the ratio of Eq. (3) was
obtained by applying Fieller's theorem (4). Taking antilogs of Eq. (3) and
of thié.confidence limit givés the relative potency estimate and its
confidence limit, the inverses of which are givenAin text Table 9 for each
éssay.A
It is evident that fhe relative potency célculations rest on a series
of statistical assumptions:
(i) tﬁe adequacy of the Weibull model,
(ii) thé éssumption of nonprogﬁostic censoring,
(iii) the assumption of common (k,w) in each assay,
(iv) fhe appropriateness of the weighted least-squares procedure,
particularly the rule for assigning weights,

(v) the adequacy of the regression model, Eq. (2).
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Statistical tests were made for (iii) and (v). 1In the case of
assumpgion (iii), the NCI program was ﬁsed to maximize the likelihood when
this assumption is dropped. _The'ratio'¢ of this maximum likelihood to that
obtained when the assumption is enforced provides a iikelihood ratio test for
the validity of the assumptibn.’ Twice the natural 16garithm of ¢ is
approximately distributed as chi-squared wifh 2(ng - 1) degrees of freedom,
“where ng 'is the number of groups in the assay. The'reSUIts.are giQen in the
third column of Table C-4. ,It is disturbing tﬁat in four cases (all male)
there is strong statistical evidence that assumption (iii) does not hold.
However, (k,w) did not diffe; significantly among the dose groups of the
standard [B(a)P]. We therefore used the following alternative procedure to
estimate relative potency for the fourléases in which assumption (iii) was
rejected. Assuming that (k,w) ié'constant’within the standard dose groups,
we used Eq. (1)_and (2) (for i.= std only) to obtaiﬁ T50 as a function of
dose forlthe standa#d. For each dose of the test material, T50 was obtained
from the Wei5u11 parameters based on data from that dose group only. We were
then.able té calculate the equivaleqt dpse of fhe standard, from which the
relative potency followed. This alternative calculation yielded relative
potencies that were within the one-sided confidenée intervals given in text
Table 9 in all casés except Material VII, for which no ;onfidence interval
was calculated. We tentatively conclude thatvaithough violations of
assumption (iii) may occur, they do not seriously affect the results given
here. |

Assumption (v) was tested by comparison of the weighted SSE from the
least-squares analysis with the theoretical variance (0.189). The

chi-squared statistic and its degrees of freedom are given in the fourth
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Table C-4, Test of assumptions
Material Sex x2 (DF) for a x2 (DF) for
log-rank test,— adequacy ofa
common k and w linear model—
v F 22,640 (12)* 4,39 (3)
M 10.816 (12) 0.37 (3)
b,c
VI P 10,198 (10) 2.60 (2)
M 14.878 (10) , 0.31 (2)
VII _ E% 7.134 (4) no test
o ‘ M= 13.734 (4)** : no test
A F , 11.624 (12) 3.99 (3)
M 29,992 (12)** 1.70 (3)
B F , 14,956 (12) 10.68 (3)*
‘ M S 15.687 (12) 1.59 (8)
c F 13.125 (12) 8.27 (3)*
M 12,358 (12) 2.31 (3)
D b 16.622 (12) 3.24 (3)
M 45,107 (12)*** 0.48 (3)
2%P < 0.05; **P < 0.01; ***p < 0.001.

~Dose group(s) with O and/or 1 tumor.

c e .
—Average number of tumors per dose fewer than five.
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column of Table C-4. In column 2 of the same table are indicated those test
materials with an average of fewer than five tumors per dose group or fewer
than two tumors in any single dose group. These can be considered warning
"flags" that assumption (iv) may be shaky.

The validity of assumption (i) can be evaluatedAvisually in text Fig. 2.
[Note that the Weibull curves there are also based on assumption (1i1).] We
have made no attempt to use statistical models other than the Weibuil for
time-to-tumor distributions.

Assumption (ii) is intuitively reasonable, but is not statistically

testable.

REFERENCES

l. Lagakos, S. W. Biometrics 35: 139-156 (1979)..

2. Peto, R., and J. Peto. J, R. Stat. Soc. A 135: 185-206 (1972).

3. Mantel, N., and W. Haenszel. J. Natl. Cancer Inst. 22: 719-748 (1959).

4. Finney, D. J. 'Statistical Methods in Biological Assay, 2nd ed.
Griffin Press, London, 1971.

5. Peto, R., and P. Lee. Biometrics 29: 457470 (1973).

6. Peto, R., P. N. Lee, and W. S. Paige. Br. J. Cancer 26: 258-261 (1972).







67

Appendix D

Animal Data

Key for data on following pages:

1st line -~ . Material, sex, dose

2nd line - Identification no. (ID), age at first painting (AFP), time
to first tumor (T), removal code (D), age at death (AAD)



T 75
ID AFP D AAD
1105 71 . D 199
0304 71 . D 436
- 0203 71 . D U465
0305 71 . D 582
0101 73 « D 595
12010 71 . D 61
ns504 71 . D 617
11093 M « D 652
1302 1 . D 655
0505 71 . D 690
o401 71 . D 698
o403 MM . D 702
27104 73 . D 705
1202 7 . D 717
0102 73 . D 735
1303 71 . D 736
- 0302 71 . D 750
11017 71 . D 757
0202 71 . D 761
0201 71 . D 766
0105 73 . D 770
0402 71 . D773
0501 71 . D 780
0405 71 . D 801
1203 71 . S 803
1204 71 . S 803
1205 71 . S 803
1301 7M1 « S 803
1304 71 . S 803
1305 71 . S 803
ouns 71 . S 807
0502 71 . S 807
0503 71 . S 807
0193 73 . S 810
1102 71 . S 813
1104 71 . S 813
0204 71 . S 814
9205 71 . S 814
n3ntT 71 . S 814
0303 71 . S 814
I ! 75
ID AFP D AAD
1003 71 . D 568
08n1 71 « D 607

68

0601 €6 .
0701 78 .
0604 €6 .
0903 70 .
0901 70 .
1401 71 -
1001 71 -
0805 71 .
0804 71 .
0902 70 .
0602 66 .
1405 71 .
1402 71 .
0603 66 .
0605 72 .
1403 ™M .
1404 7 .
1501 7M1 .
1502 71 .
1503 71 .
1504 71 .
1505 71 .
1002 71 .
1004 71 .
1005 71 .
1601 71 .
1602 71 .
1603 71 .
1604 71 .
1605 71 .
0802 71 .
0803 T .
0904 70 .
0905 70 .
0702 78 .
0703 78 .
o704 78 .
0705 78 .
IY

ID AFP
0101 66 .
ount MM .
1104 71 .
0304 1M .
0502 71 .
1201 M .
1301 71 .

DooooUo0vo

nuunuinsunnnuuuInuLuLLLLLVNLLLANNNNDYDODDODYODUODODUVUODO

0205 71 . D 682
0305 71 . D 708
0403 71 . D 708
0405 7 « D 730
1304 71 '. D 747
0303 71 « D 760
03017 7 . D 782
1205 ™M . D 782
0402 7 « D 785
ouos 71 . D 785
1202 71 . D 785
0102 66 . D 784
1204 "M « D 795
1305 71 « D 795
0203 M . D 802
11017 "M . D 803
1102 71 . S 803
1103 71 . S 803
1105 N . S 803
1203 71 . S 803
1302 71 . S 803
1303 M . S 803
0302 M . D 806
0103 66 « S 805
0104 66 . S 805
0105 66 . S 805
0501 M « S 814
0503 71 . S 814
0504 71 « S 814
0505 71 . S 814
0204 71 . D 816
0201 71 . S 8218
0202 71 « S 828
I1 75
ID AFP T D AAD
0605 70 . D 528
1604 71 - D 571
0904 70 . D 610
0705 MM . D 626
0905 70 . D 686
1504 71 « D 712
0602 70 « D 756
0902 70 « D 792
0803 71 « D 793
1004 71 « D 793
1603 71 . D 800
0601 70 . D 805

=
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n6n3 70 . S 807
0604 70 .« S 807
0701 71 - S 814
0702 71 « S 814
0703 71 . S 814
0704 71 « S 814
1001 71 . S 815
1002 71 « S 815
1003 71 . S 815
1005 71 . S 815
1501 71 « S 815
1502 71 « S 815
- 1593 71 . S 815
1505 71 . S 815
1601 71 « S 815
1602 71 . S 815
1605 71 . S 815
1401 71 « S 816
1402 71 . S 816
1403 M . S 816
1404 71 .S 816
1405 71 « S B16
0801 71 . S 8321
0901 70 . D 821
0802 71 « S 822
0804 71 . S 822
ngos 71 « S 822
0903 70 . S 822
IIT 75
ID BA¥P T D AAD
oud’1 M . D 526
o4n2 71 . D 5834
0204 78 « D 605
1201 71 « D 626
0203 78 . D 676
0201 78 . D 722
1204 71 . D 725
0305 71 . D 729
0501 71 . D 730
0205 78 . n 737
1101 71 . D 732
1105 71 . D 740
0505 71 « D 745
1303 71 « D 745
0104 80 . D 769
1301 71 . D 761
0504 71 . DTN

69

775

AAD

0302 71 . D
1302 71 . D 778
1102 71 . D 783
1202 71 . D 787
0303 71 . D 792
0502. 71 . D 794
1103 71 . S 800
11046 71 . S 800
0404 71 . D 801
0301 71 . S 807
0304 71 . S 807
0403 71 . s 807
0405 71 . S 807
1203 71 . S 808
1205 71 . S 808
0101 80 . D 818
0102 80 . S 818
0103 80 . S 818
0105 80 . S 81%
1304 71 . S 813
1305 71 . S 813
0503 71 . S 814
0202 78 . D 821
I1T ! 75
ID AFP D
1604 71 . S 124
1403 71 . D 142
1402 71 . D 472
0608 O . D 627
1605 71 . D 633
1505 71 . D 689
0702 69 . D 689
1002 71 . D 694
1001 71 . D 696
0705 69 . D 777
0801 71 . D 799
0704 69 . D 800
1601 71 . S 807
1602 71 . s 807
1603 71 . s 807
0802 71 . S 808
0803 71 . S 808
0804 71 . S 808
0805 71 . S 808
0701 69 . S 807
0703 69 . S 807
1401 71 . S 810

15048 71 . S 819
1805 71 . S 810
1004 71 . D 811
0601 70 . D 812
0602 70 . S 812
0603 70 . S 812
0605 70 . S 812
1501 71 . s 815
1502 71 . S 815
1503 71 . s 815
1504 71 . S 815
1003 71 . s 822
1005 71 . S 822
0904 71 . D 828
0901 71 . s 835
0902 71 . S 835
0903 71 .-§ 835
0905 71 . S 835
IV 1.8
ID ATFP D AAD
owos 70 . D 457
0202 78 . D 472
0403 70 . D 53&
0103 71 . D 536
0502 71 . D 579
0505 71 . D 596
0302 71 . D 605
0504 71 . D 662
0204 78 . D 673
0301 71 . D 689
0501 71 . D 695
0102 71 . D 704
0303 71 . D 710
0503 71 . D 718
0405 70 . D 721
0101 71 . D 736"
0401 70 . S 743
0402 70 . S 743
0205 78 . D 752
0104 71 . D 746
0105 71 . D 746
0304 71 . D 747
0305 71 . s 751
0201 78 . D 76u
0203 78 . D 764



v 0.9
ID AFP D AAD
1505 71 . D 540
1503 71 . D 563
1305 71 . D 571
1201 78 . D 627
1101 71 . D 690
1303 71 . D 698
1205 78 . D 712
1405 70 . D 723
1501 71 . D 736
1195 71 . b 771
1302 71 . D 796
1204 78 . D 809
1401 70 . D 805
1102 71 . s 809
1103 71 . S 809
1106 71 . S 809
1202 78 . S 816
1203 78 . S 816
1301 71 . D 810
71502 71 .. S 816
S1504 71 . S 816
1200 71 . s 827
1602 70 . S 830
1493 70 . S 830
1404 70 . S 830
v ' 0.45
ID AFP D AAD
233548 71 . D 529
2205 71 . D 533
2203 71 . D 592
2204 71 . D 743
2505 71 . D 771
2192 71 . D 778
2305 71 . D 778
2201 71 . . S 806
2202 71 . S 806
2301 71 . s 807
2302 71 . s 807
2303 71 . S 807
2401 71 . S 807
2402 71 . s 807
2403 71 . S 807
2004 71 . S 807
2805 71 . S 807

70

2501 .71 . S 816
2502 71 . S 816
2503 71 . S 816
2504 71 . S 816
2101 ™M . S 817
2103 M . S 817
2104 71 . S 817
210 71 . s 817
Iv M 1.8
ID AFP D AAD
1004 71 - D 540
0704 78 . D 591
0902 70 - D 616
1001 71 . S 731
1002 71 « S 731
1003 71 « S 7131
1005 71 . S 73N
0901 70 . D732
0703 78 « D 745
0903 70 - S 744
o904 70 - S 744
0905 70 . S 744
0805 71 « S 752
0601 71 . D 757
OR0O1 71 . S 758
0802 71 . S 758
ngo3 71 « S 758
osou 71 « S 758
0701 78 . D 765
0702 78 . S 766
0705 78 « S 766
0602 71 « S 772
0603 71 « S 772
o6ou 71 « S 772
0605 71 « S 772
Iv M - 0.9
ID AFP D AAD
1805 71 D 47
1605 71 . D 613
1903 70 « D 672
1704 71 . D 701
1603 71 . D 725
1801 71 . D 726
1905 70 « D 737
1802 71 . D771

2005
2001
2002
2003
2004
1701
1702
1703
1705
1601

1602

1604
1901
1902
1904
1803
1804

71 . D 185
71 . S 803
71 . S 803
71 . S 803
71 . S 803
71 . s 809
71 . S 809
71 . s 809
71 . S 809
71 . s 814
71 . s 81y
71 . s 814
70 . S 822
70 . S 822
70 . S 822
71 . s 827
71 . s 827

0.45
¥P D AAD
71 .7D 549
71 . D 585
71 . D610
78 . D 723
71 . . D 768
71 . D 771
71 . D 782
78 . S 813
78 . s 813
78 . S 813
78 . S 813
71 . D 807
71 . s 814
71 . s 814
71 . S 814
71 . S 814
71 . s 814
71 . s 820
71 . S 820
71 . s 820
71 . S 820
71 . s 821
71 . s 821
71 . s 821
71 . s 821



v 3.75
ID AFP T D AAD
0305 71 . D 288
0401 71 . D 369
0504 71 . D 495
0103 71 . D 523 -
0403 71 . D 558
10303 71 507 D 698
0104 71 518 D 677
0304 71 550 D 710
0205 71 . D 625
0101 71 571 D 743
0302 71 574 D 760
0201 71 581 S 815
0105 71 584 D 659
10301 71 588 D 760
0203 71597 D 717
0502 71 602 S 738
0503 71 602 S 738
0405 71 . D 675
0102 71 609 D 780
0402 71 616 S 752
0404 71 630 D 724
0202 71 630 D 750
0204 71 630 S 815
0501 71 . s 738
0505 71 . S 738
v 1.87
ID AFP T D AAD
1404 70 368 S 814
1304 70 . D 457
1203 71 . D 561
1102 71 . D 568
1201 71 534 D 764
1204 71 540 D 724
1403 70 543 D 696
1503 71 571 S 816
1101 71 583 D 738
1401 70 602 D 695
1202 71 616 D 736
1405 70 623 S 814
1501 71 639 S 816
1105 71 . D 715
1505 71 644 D 793
1103 71 . D 717
1402 70 6f5 D 752

71

679

1205 71 s 806
1303 70 . » 758
1504 71 700 S 816
1108 71 716 S 808
1301 70 718 S 821
1302 70 718 s 821
1305 70 718 S 821
1502 71 . D 813
v 0.94

ID AFP T D AAD
23027 70 . D 527
2402 71 493 S 815

. 2105 71 528 S 807
2502 70 . D 619
2202 71 570 S 806
2103 71 595 S 807
2503 70 . D 693
2504 70 623 S 821
2501 70 637 D 801
2205 71 651 S 806
2404 71 . D 724
2304 70 660 D 759
2005 71 . D 736
2102 71 665 S 807
2201 71 . D 745
2508 70 . D 7u5
2305 70 €81 D 788
2401 71 693 S 815
2203 71 700 S 806

2101 71 . D 79%
2403 71 . D 804
2204 71 . S 806
2104 71 . S 807
2301 70 . S 821

2303 70 . S 821
v 3.75
"ID AFP T D BAAD
0604 71 399 D 744
0701 71 422 D 802
0903 71 424 D 725
0804 78 431 D 772
0605 71 462 D 759
0805 78 483 D 792
0904 71 497 D 802
0602 71 497 S 809

71

0702 504 D 767
0703 71 504 S 809
0705 71 504 S 809
1005 71 529 S 803
0901 71 550 S 816
0905 71 550 S 816
0603 71 552 D 694
0803 78 557 D €61
0801 78 581 D 788
0802 78 581 D 792
1001 71 588 S 803
0704 71 595 S 809
1002 71 609 D 736
0902 71 609 S 816
1003 71 . D 691
0601 71 651 S 809
1004 71 721 S 803
v 1.87
ID AFP ™ D AAD
1903 71 336 D 563
2003 71 420 S 820
1703 71 514 s 807
1602 71 528 D 743
1705 71 557 D 774
1704 71 557 S 807
1802 78 557 S 814
1605 71 564 D 792
1603 71 569 S 807
1804 78 569 S 814
1601 71 571 s 807
1604 71 571 S 807
1701 71 581 s 807
1805 78 581 S 814
1801 78 616 S 814
1803 78 616 S 811
2001 71 616 S 820
2002 71 616 S 820
2005 71 616 S 820
1904 71:630 D 736
1901 71 644 S 806
1902 71 644 S 806
1905 71 . D 716
2006 71 . D 779
1702 71 . s 807



0.94

72

10205

V. !

ID AFP T D AAD
3003 71 324 D 766
29017 71 380 D 696
3005 71 . D575
2802 78 « D 617
2703 71 550 D 747
2604 71 564 D 682
2701 71 570 D 652
3001 71 . D 648
2801 78 « D 655
2702 71 595 S 806
2605 71 595 5 807
2602 71 . D 684
2203 78 616 D 764
2704 71 616 S 806
2705 .71 616 S 806
2805 78 616 S 813

.2603 71 630 s 807
2904 71 644 S 806
3004 71 « D 745
2601 71 693 s 807
2804 78 714 s 813
3002 71 . S 803
2902 ™M . S 806
2903 71 . S 806
2905 . S 806
VI F 3.75%

I AFP T D AAD
0405 M « D 652
0503 71 « D 677
0303 M . D 689
N401 71 630 s 821

. 0305 ™M « D 702
ou4n2 71 . D717
0101 71 . D 757
ouoy 71 « D 757 .
0204 78 . D 764
0505 71 . D 76U
0502 T . D 800
ns01 71 « S 807
o504 71 . S 807
0201 78 . S 816
0202 78 . S 816
0203 78 . S5 81
78 . S 816

0102 71 . S 814
0103 71 . S 814
0104 71 . S 814
0105 71 . s 814
0403. 71 . S 821
0301 71 . S 823
10302 .71 . S 823
0304 71 . S 823
VI 1.87
ID AFP T D AAD
1404 71 406 D 704
1204 78 . D 593
1505 .71 . D 593
1305 71 . D 645
1205 78 . D 673
1103 71 . D 684
1104 71 . D 701
1405 71 . D 729
1503 71 . D 729
1303 71 669 S 806
1101 71 . D 743
1402 71 . D
1304 71 . D 764
1401 71 . D 766
1502 71 . D 772
1105 71 . D 775
1203 78 . D 782
1403 71 . D 797
1301 71 . D 802
1102 71 . S 803
1302 71 . S 806
1201 78 . S 813
1202 78 . S 813
1501 71 . S 807
1504 71 . S 807
VI - F 0.94
ID AFP T D AAD
2402 71 . D 533
2104 71 . D 632
2305 71 . D 659
2504 71 . D 668
2203 71 . D 696
2501 71 . D 736
2805 71 . D 746
2101 71 . D 766

743 -

2201 71 . D 768
2102 71 . D 792
2403 71 . D 794
2105 71 . D 796
2103 71 . S 803
02202 71 . S 803
2204 71 . S 803
2205 71 . S 803
2301 71 . S 806
2302 71 . S 806
2303 71 . S 80F
2304 71 . S 806
2502 71 . S 807
2503 71 . S 807
02505 71 . S 807
2401 71 . S 809
2604 71 . S 809
VI _ 3.75
ID AFP T D AAD
0901 70 . D 560
0902 70 518 D 626
1002 71 597 s 803
0602 71 . D 708
0703 71 637 S 809
0905 70 637 S 815
1004 71 651 s 803
0801 71 . D 767
1001 71 714 s 803
0803 71 729 S 823
0805 71 729 S 823
0604 71 . D 802
1003 71 . s 803
1005 71 . S 803
0601 71 . S 809
0603 71 . S 809
0605 71 . S 809
0701 71 . s 809
0702 71 . S 809
0704 71 . S 809
0705 71 . S 809
0903 70 . S 815
0904 70 . S 815
0804 71 751 s 823
0802 71 . S 823



b)

VI M 1.87
ID AFP T D AAD
1605 71 . D 649
1503 71 . D 652
1702 71 584 S 807
2004 71 616 D 736
2003 71 616 D 789
1901 70 637 D 758
1903 70 . D 721
1604 71 . D 775
1601 71 . s 803
1602 71 . S 803
1902 70 . D 805
1891 71 . S 806
1802 71 . s 806
1803 71 . s 806
1804 71 . s 806
1805 71 . S 806
1701 71 . S 807
1703 71 . s 807
1704 71 . S 807
1705 71 . S 807
1904 70 . S 815
1905 70 . S 815
2001 71 . . S 816
2002 71 . S 816
2005 71 . S 816
VI M 0.94
ID 2FP T D AAD
2705 717 . D 442
2801 71 . D 491
3001 71 . D 645
2601 71 . n 722
3004 71 . D 730
2904 70 . D 795
2701 71 . S 806
2702 71 .S 806
2703 71 . S 806
2704 71 . S 806
2602 71 . S 807
2603 71 . S 807
2604 71 . S 807
2605 71 . S 807
2802 71 . s 808
2803 71 . S 80R
2804 71 . S 808

73

2805 71 . S 808
2901 70 . S 815
2902 70 « S 815
2903 70 . S 815
2905 170 . S 815
3002 71 « S 816
3003 71 « S 816
3005 . S 816
VIY ; 75

ID AFP T D AAD
1001 63 « D 168
1005 63 . D 504
1802 61 . D 603
1303 61 . D 611
0605 70 - D 641
0205 70 « D 6146
0601 70 . D 647
0902 63 . D 687
oy 61 . D 687
0204 70 . D 702
0101 70 « S 703
0905 63 . D 697
1401 61 . D 712
0602 70 . D 723
0502 70 « D 724
0901 63 - D 721
0105 70 . D 728
0201 70 . D 735
n102 70 « D 739
1304 61 « D 737
0604 70 689 S 805
1301 61 . D 754
0203 70 693 s 805
1305 61 . D 768
1002 63 « D 770
1004 63 . D 779
1403 &1 . D 782
1302 61 - S 796
1405 61 - S 796
Nn103 70 735 S 805
0104 70 . S 805
0202 70 « S 805
0501 70 .. s 8915
0503 790 .« S 805
0504 70 . S 805
0505 70 « S 805
0603 70 « S 805

0903 €3 . S 800
0904 63 . S 800
1003 63 . S 800
VII r 15
ID AFP D AAD
0201 70 « D 102
0902 63 . D 319
0504 66 « S 4m
0202 70 « D 513
1404 60 . D 545
0604 66 - D 556
0605 66 . D 616
1405 60 « D 665
0102 70 - D 676
0203 70 . D 707
1403 60 . D 699
1003 63 « D 725
0601 66 « D 732
- 0205 70 . D 750
1304 60 « D 746
1004 63 . D 749
0101 70 « D 770
1001 63 « D 772
0501 66 « S 775
0903 63 . D778
- 1002 63 . D 795
0502 66 « S 801
0503 66 « S 801
0505 66 - D 801
0602 66 . S 801
0603 66 . S 801
0103 70 « S 805
0104 70 . S 805
0105 70 « S 805
0204 70 . S 805
1301 60 . S 797
1302 60 - S 797
1303 60 - S 797
1305 €60 . s 797
1401 60 « S 797
1402 60 « S 797
0901 63 . S 800
0904 63 « S 800
0905 63 . S 800
1005 63 « S 801



0403

VII M 15
ID AFP T D AAD
‘1603~ 60 . D 222
0805 70 . D 408
0706 70 . D 449 -
1204 53 . D 544
1104 64 . D 610
1105 64 . D 654
72 . D 675
0305 72 . D 702
1502 60 . D 719
0301 72 672 S 807
1203 53 . D 739
1503 60 . D 762
0702 70 . D 785
0703 70 . D 793
0701 70 . D 794
0803 70 . D 798
0405 72 . D 804
1501 60 . D 794
1505 60 . D 794
1504 60 . S 795
n705 70 . S 805
n801 70 . S 805
0802 70 . S 805
0804 70 . S 805
0302 72 735 S 807
0303 72 . S 807
0304 72 . S 807
0401 72 . S 807
0402 72 . S 807
0404 72 . S 807
1601 60 . S 796
1602 60 . S 796
1604 60 . S 796
1605 60 . S 796
1201 53 . S 790
1202 53 . S 790
1205 53 . S 790
1101 64 . s 801
1102 64 . S 801
1103 64 . S 801
VII " 15
ID AFP T D AAD
0805 69 . D 479
1204 63 . D 522

74

1104 63 . D 539
0803 €9 . D 610
0404 70 . D 693
1201 63 . D 701
0704 69 . D 713
1604 59 . D 706
1505 59 . D 714
1605 59 . D 731
1603 59 . D 735
1203 63 . D 742
1503 59 . D 747
1105 63 . D 756
1601 59 . D 759
0702 69 . D 794
0701 69 . S 804
0703 69 . S 804
0705 69 . S 804
0801 €9 . S 804
0802 €9 . S 804
0804 69 . S. 804
0301 70 . S 805
0302 70 . S 805
0303 70 . S 805"
0308 70 . S 805
0305 70 . S 805
0401 70 . S 805
0802 70 . S 805
0403 70 - . S 805
0405 70 . S 805
1501 59 . S 796
1502 59 . S 796
1504 S9 . S 796
1602 59 . S 796
1101 63 . s 801
1102 63 . S 801
1103 63 . s 801
1202 63 . S 801
1205 63 . S 801
VIIY Ay 9
ID AFP D AAD
0301 71 . D 366
0401 71 . D 491
0103 69 . D 556
0205 76 . D 587
0308 71 . D 659
0405 71 . D 673
0203 76 . D 678

0201 76 « D 709
0505 71 « D-719
o403 71 « D 723
ouos 71 « D 729
0502 M « D 729
0503 71 « D 736
0102 69 . D 748
0101 69 . D 755
0202 76 . D 764
0302 7 « S 766
0303 ™M - S 766
0305 71 « S 766
‘0501 71 . D 766
0104 69 . D 784
0504 71 « D 793
0204 76 « S 799
0105 69 « S 799
o402 7 . S 809
VIIT 4.5
ID AFP D AAD
1503 71 . D 387
1404 70 « D 723
1502 71 - D 724
1303 71 . D 738
1401 70 . D 738
1105 66 . D 735
1101 66 . D 739
1203 7 . D 750.
1405 70 « D 751
1308 71 « D 760
1403 70 . D 767
m2nt N . S 800
1202 M - S 800
1204 71 - S 800
1205 71 . S 800
1102 66 « S 801
1103 - 66 « S 801
1104 66 . S 801
1501 7N . S 806
1504 71 « 5.806
1505 71 .. S 806
1301 M . S 808
1302 M . S 808
1305 M .« S 808
- 1402 70 « S 809



LN

VIII F 2.25

ID AF¥P T D AAD
2404 71 . D 264
2503 71 . D 499
2105 66 - D 622
2401 711 . D 732
2605 M « D 750
2103 66 . D 759
2504 MM . D 782
2203 76 . D 794
2505 71 . D 799
2102 66 . D 796
2101 66 . S 801
2104 66 - S 801
2501 M . S 806
2502 71 . S 806
2201 76 . S 8N
2202 76 . S 811
2204 76 . S 811
2205 76 . S 8N
2402 M . S 808
2403 7 . S 808
©2301 M . S 809
2302 71 « S 809
12303 M . S 809
2304 71 . S 809
2305 M . S 809
VIII M 9

ID A¥> T D AAD
0802 70 . D 532
0705 71 . D 655
0903 70 . D 672
1001 71 . D 702
0703 71 « D 705
0604 73 . D 713
1005 71 . D 732
0702 71 « D 733
-1004 71 . D 750
0603 73 . D 768
0901 70 . D 779
0605 73 <« D 788
0805 71 . D 787
1003 71 « D 792
1232 71 . D 800
osos 71 . D 802
0601 73 . S 809

75

0602 73 . S 809
0701 71 . S 809
0704 71 . S 809
0904 70 . S 809
0905 70 . S 809
0801 71 . s 814
0802 71 . s 814
0803 71 . S 814
VIIY 4.5
ID AFP D AAD
1801 78 . D 515
1902 70 . D 700
2003 71 . D 703
1703 69 . D 709
1701 69 . D 778
1802 78 . S 807
1803 78 . S 807
1804 78 . S 807
1805 78 . S 807
2001 71 . S 802
2002 71 . S 802
2006 71 . S 802
2005 71 . S 802
1601 70 . S 802
1602 70 . S 802
1603 70 . S 802
1604 70 . S 802
1605 70 . S 802
19084 70 . D 876
1702 69 . S 806
1704 69 . S 806
1705 69 . S 806
1901 70 . S 807
1903 70 . S 807
1905 70 . S 807
VIIT 2.25
'ID AFP D AAD
2601 70 . D 448
2605 70 . D 486
2903 70 . D 616
3003 71 . D 7M
2603 70 . D 746
2804 71 . D 787
3002 71 . D 800
3001 71 ..D 802

3004 71 . S 803
3005 71 . S 803
2602 70 . S 805
2604 70 . S 805
2701 71 . S 806
2702 71 . S 806
2703 71 . s 806
2704 71 . S 806
2705 71 . S 806
2901 70 . S 809
2902 70 . S 809
2904 70 . S 809
2905 70 . S 809
2801 71 . S 814
2802 71 . s 814
2803 71 . S 814
2805 71 . S 814
IX ; 3
ID AFP T D AAD
0203 71 . D 431
0303 71 . D 659"
0505 71 . D 673
0104 71 . D Tu46
0504 71 . D 765
0103 71 . D 766
0502 71 . D 794
0201 71 . D 799
0202 71 . S 802
0204 71 . S 802
0205 71 . S 802
0501 71 . s 803
0503 71 . S 803
0401 71 . S 806
04802 71 . s 806
0403 71 . s 806
ou0s 71 . S 806
0405 71 . s 806
0101 71 . S 807
0102 71 . s 807
0105 71 . s 807
0301 71 . S 807
0302 71 . s 807
0304 71 . S 807
0305 71 . s.807



X 1.5
ID AFP D AAD
1204 71 . D 578
1501 71 . D 638
1202 71 . D 649
1305 71 . D 705
1101 71 . D TN
1403 70 . D 714
1308 71 . D 719
1504 71 .'D 759
1103 71 . D 766
1405 70 . D 780
1201 71 . s 802
1203 71 . S 802
1205 71 . S 802
1401 70 . S 805
1402 70 . S 805
1408 70 . S 805
1102 71 . S 806
1104 71 . S 806
1105 71 . S 806
1502 71 . S 808
1803 71 . S 808
1505 71 . S 808
1301 71 . S 809
1302 71 . S 809
1303 71 . S 809
X 0.75
ID AFP D AAD
2501 71 . D 625
2502 71 . D 634
2302 71 . D696
2304 71 . D 705
2201 71 . D 708
2505 - 71 . D 726
2102 71 . D 729
2105 71 . 9 729
2191 71 . D 740
248046 71 . D 785
2202 71 . S 802
2203 71 . S 802
2204 71 . S 802
2205 71 . S 802
2301 71 . S 802
2303 71 . s 802
2305 71 . S 802

76

2103 71 . S 806
2108 71 . S 806
2503 71 . S 806
2504 71 . S 806
2801 71 . S 807
2402 71 . S 807
2803 71 . S 807
2405 71 . S 807
X M 3
ID AFP T D AAD
0601 71 . D 614
0905 70 . D 665
0703 71 . D 683
0902 70 . D 746
0901 70 . S 805
0903 70 . S 805
0904 70 . S 805
1001 71 . S 806
1002 71 . S 806
1003 71 . S 806
1004 71 . S 806
1005 71 . S 806
0602 71 . 's 807
0603 71 . S 807
0608 71 . S 807
0605 71 . S 807
0701 71 . S 807
0702 71 . S 807
0704 71 . S 807
0705 71 .S 807
0801 71 . . S 809
0802 71 . S 809
0803 71 . S 809
0804 71 . S 809
0805 71 . S 809
IY M 1.5
ID AFP T D AAD
1604 71 . D 5A9
1802 78 . D 596
2005 71 . D 607
1602 71 . D 715
20046 71 . D 736
1801 78 . D 796
1701 71 . S 802
1702 71 . S 802

1703 71 . S 802
1704 71 . S 802
1705 71 . S 802
1803 78 . S 809
1804 78 . S 809
1805 78 .« S B09
19017 M . S 806
1902 71 - S 806
1903 71 - S 806
1904 71 « S 806
1905 M . S 806
1605 M . D 807
2000 M . S 807
2002 71 . S 807
2003 M « S 807
1601 71 . S 808
1603 71 . S 808
IX ! 0.75

ID AFP D AAD
2803 71 . D 543
3000 71 . D 593
2601 71 . D 638
3005 71 « D 736
3004 71 . D 801
2801 M « S 802
2802 71 « S 802
2804 M « S 802
2805 71 « S 802
2701 78 . S 809
2702 78 . S 809
2703 78 . S 809
27C4 78 . S 809
2705 78 + S 809
2602 T . S 803
2603 71 . S 803
2604 71 . S 803
2605 M . S 803
3002 M « S 807
3003 71 - S 807
2901 71 . S 808
2902 M . S 808
2903 ™M . S 808
2904 M . S 808
2905 M . S 808



2

[t ',:‘

015

77

X 0. X F 0.0075
ID AFP T D AAD ID AFP T D AAD
0203 70 227 s 490 1305 70 317 D 513
0105 70 231 b 361 1303 71 . D 396
0204 70 252 s 490 1404 71 340 D 662
0205 70 262 S 490 1204 70 364 D 560
0203. 70 266 D 438 1105 70 380 D 662
0402 71 275 s 479 1203 70 400 D 590
0501 71 281 S 463 . 1201 70 400 » 595
ou01 71 283 S 479 1301 70 406 D 637
nN3n3 70 289 s u92 1205 70 417 p 570
0304 70 289 S 492 1303 70 417 D 625
0405 71 290 D 100 1502 71 421 D 631
0202 70 297 D 455 1304 71 428 D 606
0102 70 297 S 490 1503 71 434 D 600
0104 70 297 s 490 1304 70 434 D 638
0105 70 297 s 490 1202 70 434 D 641
0201 70 297 s 492 1403 71 444 D 649
0401 71 304 D 456 1505 71 455 S 682
0402 71 304 s 470 1201 70 462 D 606
0403 71 304 s 470 1105 70 462 D 665
0404 71 304 s 470 1205 70 469 S 694
0201 70 309 D 479 1405 71 470 D 635
0103 70 309 s 490 1102 70 470 D 6u8
0204 70 315 D 483 1508 71 473 D 634
0505 71 323 S 463 1502 71 473 D 676
0101 70 325 s 490 1203 70 476 D 690
0102 70 329 D 490 1505 71 477 D 674
D101 70 329 S 492 1504 71 477 s 683
0104 70 329 S 492 o2 M . D 554
ouos 71 332 S 479 1102 70 483 D 626
0405 71 332 s 479 1405 71 487 D 641
0305 70 336 s 492 1503 71 490 D 673
0501 71 340 S 466 1501 71 490 S 682
nsS0s 71 340 S 466 1202 70 497 s 697
0505 71 343 s u66 1402 71 518 S 684
0103 70 346 D 490 1204 70 532 s 697
0503 71 354 S 463 1401 71 539 D 676
D403 71 357 S 479 1401 71 5486 D 652
0503 71 361 S U66 . 1408 71 549 S 684
0301 70 368 s 492 1302 - 70 556 D 630
0502 71 372 S 463 1403 771 560 S 683
0205 70 379 S 492 1104 70 567 S 694
0302 70 379 s 492 1101 70 571 s 681
0504 71 382 5 463 1305 71 571 S 691
0502 M . S 466 1103 70 581 s 681
0202 70 395 S 492 1101 70 588 s 694

1302 71 589 D 680

1104

70 595 S 681
1301 71 . D 677
1501 71 . S 683
1103 70 . S 694
X 0.00375
ID AFP T D AAD
2501 71 . D 334
2501 71 . D 424
2403 71 480 D 666
2303 70 . D 560
2301 70 . D 562
2405 71 . D 584
2304 70 532 D 665
2303 71 555 D 667
2503 71 . D 631
2203 70 . D 648
2105 70 581 D 681
2402 71 . D 668
2404 71 602 S 807
2101 70 . D 716
2302 70 . D 723
2401 71 . D 726
2202 70 660 D 772
2201 70 660 S 834
2204 70 660 S 834
2505 71 665 D 794
2305 70 . D 742
2502 71 679 S 814
2201 70 688 S 820
2204 70 . D 763
2504 71 707 D 794
2103 70 721 s 834
2304 71 721 s 837
2104 70 728 S 820
2105 70 728 S 834
2301 71 . D 801
2401 71 . D 801
2402 "71. . S 807
2502 71 . S 813
2504 71 . S 813
2503 71 . S 814
2505 71 . S 814
2102 70 . S 820
2202 70 . S 820
2205 70 . S 820
2403 71 . S5 821
2404 71 . S 821



2005 71 . S 821
2203 70 .-D 821
2103 70 . s 821
2101 70 . S 834
2102 70 . S 834
2104 70 . S 834
2205 70 . S 834
2302 71 . S 837
2305 71 . S 837
X * .001875
ID AFP T D AAD
3503 71 . D 561
3301 70 . D 563
3201 70 . D 569
3301 71 . D 575
3805 71 . D 592
3204 70 . D 592
3502 71 . D 669
03205 70 . D 673
3303 71613 D 715
3101 70 . D 692
3802 71 . D 69
3102 70 . D 709
3103 70 . D 714
3504 71 644 S 815
3205 70 . D 721
3302 71 . D 726
3808 71 . D 737
3202 70 . D 738
3501 71 . D 766
3303 71 . D 778
3202 70 . D 784
3401 71 . . D'785
3305 70 . D 787
3203 70 . D 794
3105 70 . D 798
3505 71 . D 801
3308 71 . S 807
3405 71 . S 807
3502 71 . S 807
3504 71 . S 807
3505 71 . S 807
3304 71 . D 809
3501 71 . S 815
3503 71 . S 815
3305 71 . S 816
3401 71 . S 822
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3402 71 . S 822
3403 71 . S 822
3102 70 . D 822
3101 70 . D 826
31046 70 . S 826
3105 70 . S 826
3203 70 . S 840
3201 70 . S 840
3206 70 . S 840
3103 70 . S 8u4
3106 70 . S 844
3302 70 . S 844
3303 70 . S 8u4
3306 70 . S 8uu
X 0.015
ID AFP T D AAD .
0702 70 214 5 491
0905 71 218 S 485
0703 70 227 S 493
0904 71 239 S 485
0605 70 . S 316
0704 70 246 D 438
0904 71 246 S 481
0802 71 252 D 436
0903 71 254 D 435
0603 70 259 S 493
0605 70 260 D 436
1005 71 276 S 472
0701 70 276 S 491
0702 70- 289 D 392
0901 71 290 D 430
0805 71 291 S 488
0801 71 294 S 488
0802 70 297 D 485
0602 70 297 S 491
0804 70 297 S 492
0901 71 301 S 481
0905 71 301 S u481
0902 71 302 S 485
1001 71 308 S 474
0601 70 309 S 491
0705 70 309 S 491
0801 70 309 S 492
0602 70 315 S 493
0705 70 315 S 493
1002 71 316 S 472
0601 70 329 S 493

0704 70 329 S 493
0902 71 332 5 481
0603 70 337 S 491
0604 70 337 S 491
0805 70 337 S 492
0803 71 339 S 488
1001 71 380 S 472
1003 71 340 S 472
0701 70 346 S 493
0804 71 352 S 488
0903 71 359 S 485
0803 70 359 S 492
1004 71 361 S 472
1004 71 371 s 474
1005 71 371 s 474
0604 70 389 S 493
1002 71 392 S 474
1003 71 . S 474
0703 70 408 S 491
X M 0.9075
ID AFP T D AAD
1703 70 323 D 630
1601 70 331 D 583
1704 70 351 D 654
1705 70 351 S 694
1904 71 359 D 442
1603 70 359 D 522
2005 71 371 D 519
1604 70 375 D 541
1901 71 375 p 561
1903 71 375 D 631
1803 70 395 S 682
2002 71 413 D #93
1604 70 413 S 694
1802 71 420 S 691
1801 71 421 D 673
1701 70 427 D 673
1804 70 427 S 682
2004 71 428 D 659
1605 70 435 S 694
1802 70 436 S 682
2003 71 441 S 683
1605 70 448 D 6504
2002 71 449 S 683
1803 71 455 S 691
1901 71 462 S 684
1702 70 462 S 694"

[ &
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1905 71 469 S 684
1601 70 487 S 694
1602 70 487 S 694
1701 70 490 S 686
1704 70 490 S 686
1902 71 498 S 691
1905 71 498 S 691
1801 70 501 S 682
1805 70 501 S 682
1903 71 504 S 684
1603 70 505 S 694
2004 71 511 S 683
1904 71 518 'S 684
1705 70 518 S 686
1804 71 528 S 691
1602 70 532 D 669
1703 70 532 5 686
2001 71 542 S 683
2005 71 546 S 683
2003 71.560 S 683
. 1902 71 567 S 684
2001 71 571 s 683
1702 70 581 S 686
1805 71 581 S 691
X M 0.00375
ID AFP T D AAD
2802 71 373 D 695
2905 71 396 S 836
3003 71 434 D 598
27048 70 535 S 808
2601 70 . D 610
2703 70 . D 623
2903 71 555 D 743
2702 70 567 D 801
2805 70 . D 639
2903 71 581 S 828
2605 70 623 D 801
2904 71 630 D 773
2804 70 634 S 843
2701 70 637 S 820
2605 70 . D TN
3004 71 644 S 807
2804 71 653 D 743
2801 71 653 S 828
2602 70 667 S 821
2795 71 672 S 808
2702 70 679 S-820
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2802 70 . D 752
2901 71 686 S 836
3001 71 700 S 807
3002 71 700 S 807
2703 70 700 S 808
2704 70 700 S 820
2602 70 707 S 834
3004 71 . D 790
2603 70 721 S 820
2602 70 721 S 834
3005 71 . S 807
2701 70 . S 808
2803 70 742 S 843
2604 70 . D 813
2705 70 . S 820
2604 70 . D 821
3001 71 . S 823
3002 M . S 823
3003 71 . S 823
3005 71 . S 823
2601 70 . D 826
2805 71 . S 828
2902 71 . S 836
2801 70 . S 843
X M .001875
ID AFP T D AAD
3601 70 . D 388
4003 7 . D 577
3702 70 . D 610
3801 70 . D 618
3703 70 . D 683
3708 70 . D 707
3804 71 . D 736
3602 70 . D 739
3802 ™M . D 743
3802 70 . D 760
4002 .71 . D 792
3904 71 . D 792
3801 71 721 s 823
3701 700 . S 805
3702 70 . S 805
3705 70 . S 805
4003 71 . D 806
4001 71 . S 807
4002 71 . S 807
4008 71 . S 817
4005 71 . S 807

3905 71 . D 809
3601 70 . D 815
3603 70 . S 816
3604 70 . S 816
3605 70 . S 816
4001 71 . S 822
8004 71 . S 822
4005 71 . S 822
3604 70 . D 822
3803 71 752 s 823
3805 71 . S 823
3901 71 . s 827
3902 71 . s 827
3903 71 . s 827
3901 71 . s 830
13902 71 . s 830
3903 71 . s 830
3904 71, S 830
3905 71 . S 830
3602 70 . S 842
3603 70 . S 842
3605 70 . S 842
3701 70 . S 84
3703 70 . S 844
3704 70 . S 841
3705 70 . S 8uu4
3803 70 . S 844
3804 70 . S 84U
3805 70 . S 841
XI 0.15
ID AFP T D AAD
1307 67 96 5 226
0601 60 106 S 211
0602 60 106 S 211
0902 63 111 s 218
1002 63 111 s 218
1003 63 111 s 218
1005 63 111 5 218
0502 60 113 s 211
1302 67 115 S 226
1304 67 115 S 226
1305 67 115 S 226
1401 67 115 S 226
1402 67 115 5 226
1404 67 115 S 226
1405 67 115 S 226
0104 66 120 S 216



0105 66 120 S 216
0504 60 122 S 211
0901 63 126 S 218
0903 63 126 S 218
0904 63 126 S 218
0905 63 126 S 218
1001 63 126 S 218
1004 63 126 S 218
0604 60 128 S 211
0201 66 129 .5 216
0202 66 129 S 216
0203 66 129 S 216
0204 66 129 S 216
0205 66 129 S 216
0501 60 132 s 211
0503 60 132 s 211
0505 60 132 S 211
0603 60 132 .5 211
N605 60 132 s 211
0101 66 135 S 216
0102 66 135 S 216
0103 66 135 5 216
1303 67 136 S 226
1403 67 136 S 226
YT 0.015
ID AFP T D AAD
0101 65 175 s 375
0903 63 220 D 340
0203 65 226 S 375
0505 58 231 S 368
1304 67 231 s 379
0205 65 238 S 375
0501 58 241 S 368
9504 58 241 S 368
0605 58 241 S 368
0901 63 246 S 373
1001 63 252 s 373
1402 67 256 S 379
0603 58 263 S 368
0905 63 267 S 373
1005 63 267 S 373
1301 67 269 S 379
1303 67 269 s 379
0105 65 270 s 375
0503 58 273 S 368
0604 58 273 S 368
0202 65 274 S 375
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0103 65 280 S 375
0104 65 280 S 375
N201 65 280 s 375
0204 65 280 S 375
0902 63 287 S 373
0602 58 296 S 368
1401 67 297 S 379
1403 67 297 s 379
1404 67 297 S 379
0601 58 308 S 368
0502 58 . S 368
0904 63 . S 373
1002 63 . s 373
1003 63 . S 373
1004 63 . S 373
0102 65 ..S 375
1302 67 . S 379
1305 67 . S 379
1405 67 . S 379
XI M 0.15
ID AFP T D AAD
1501 66 100 S 225
0701 60 106 S 215
0801 60 106 S 215
0401 66 108 S 217
0402 6 108 S 217
1201 63 111 S 220
0704 60 113 S 215
0301 66 113 S 217
0302 66 113 S 217
0803 66 113 S 217
nuos 66 113 S 217
1504 66 115 S 225
1505 66 115 S 225
1601 €6 115 S 225
1605 A6 115 S 225
0305 66 120 S 217
0804 60 122 S 215
1502 66 123 S 225
1101 63 126 s 220
1103 63 126 S 220
£ 1105 63 126 S 220
1202 63 126 S 220
1205. 63 126 S 220
0702 60 132 s 215
0703 €0 132 S 215
0802 60 132 S 215

0803 60 132 S 215
0805 60 132 S 215
1102 63 134 S 220
1104 63 134 S 220
1203 63 134 S 220
1503 66 136 S 225
1604 66 136 S 225
0303 66 139 S 217
0304 66 139 5 217
0405 66 139 S 217
12048 63 147 s 220
0705 60 155 S 215
1602 66 159 S 225
1603 66 159 S 225
X1 0.015
ID AFP T D AAD
1202 €3 205 s 373
0304 66 214 s 376
0305 66 219 S 376
1603 60 231 s 372
0705 63 231 S 373
0703 63 241 5 373
1201 63 246 S 373
1204 63 246 S 373
0302 66 248 S 376
1604 60 256 S 372
0801 ‘64 259 S 374
1103 63 267 S 373
1104 63 267 s 373
0403 66 270 S 376
0701 63 273 s 373
0704 63 273 s 373
1101 63 275 s 373
1501 60 276 S 372
1502 60 276 S 372
1503 60 276 S 372
1504 60 276 S 372
1505 60 276 S 372
1602 60 276 S 372
1102 63 280 S 373
0402 66 280 S 376
0404 66 280 S 376
1105 63 287 s 373
0803 64 288 S 374
0804 64 288 S 374
0301 66 291 S 376
0702 63 296 S 373

. X



1205 63 296 s 373
0802 64 296 S 374
0303 66 303 S 376
1605 60 304 s 372
0805 64 308 s 374
1203 63 . S 373
o401 66 310 s 376
0405 . 66 310 s 376
. 1601 60 « S 372
Lt 75
InN - AFP T D AAD
o405 70. . D 595
0203 M . D 606
0204 71 549 D 757
0303 71 549 p 757
0501 71 612 D 703
0302 71 640 D 778
0304 71 « D 723
0502 71 665 s 802
. 0103 69 . D 738
. 0105 . 69 676 S 805
o403 70 . D 760
0205 ™M . D 768
ouos 70 707 s 805
0305 71 707 S 807
0301 71 714 D 795
0104 69 . D 790
0201 71 721 5 814
0503 MM . S 802
nsou4 71 . S 802
0505 71 . .S 802
ount 70 . S 805
0402 70 . S 805
0101 69 . S 805
0102 69 . S 805
0202 71 . S 814
A .37.5
ID AFP T D ARD
1302 71 417 D 585
1203 71 . D 512
1405 71 470 D 785
1303 71 . D 582
1407 M . D 59
1305 71 569 D 782
1501 71 . D 653

81

1508 71 . D 659
1102 80 613 5 817
1108 80 630 S 817
1202 71 640 S 800
1204 71 679 S 800
1402 71 . D 760
1503 71. 693 5 823
1403 . 71 707 s 803
1101 80 . D 794
1201 71 721 S 800
1404 71 722 s 803
1205 71 . S 800
1103 80 . S 817
1105 80 . S 817
1301 T .. S 809
1308 71 . S 809
1502 71 . S 823
1505 71 . S 823
A F 18.75
ID AFP T D AAD
2104 69 480 D 622
2503 71 . D 590
2303 71 . D 592
2405 71 557 D 814
2203 71 602 S 803
- 2501 . 1M1 . D 683
2302 71 633 S 809
2504 71 647 S 809
2403 71 . D 726
2201 71 661 b 771
2404 71 665 S 816
2204 71 . D 740
2103 69 . D 745
2301 M1 . D 754
2402 71 693 S 816
2101 69 . D 797
2202 71 . S .803
2205 7 . S 803
2102 69 . D 805
2105 69 ..'S 806
2304 71 . S 809
2305 71 . S 809
2502 71 . S 809
2505 71 . S 809
2401 71 . S 816

A M 75
.ID AFP T D AAD
0802 78 443 D 684
0602 €6 . D 607
0702 71 . D 612
1004 71 560 D 733
1002 M . D 635
0704 71 584 D 764
0904 70 588 s 806
0605 €6 598 S 801
0905 70 602 S 806
0601 66 616 S 801
1003 71 630 S 8009
0805 78 640 S 816
€705 71 . D 732
0703 71 661 D 767
0901 70 661 D 801
0902 70 665 D 756
0701 71 . D 739
1005 71 679 S 809
0o8nou 78 . D 758
0903 70 686 S 806
0801 78 714 S 816
0603 66 . D 787
0604 66 . S 801
1001 M . S 809
0803 78 . S 816
A 37.5
ID AFP T D AAD
1604 70 570 S 80?2
1705 71 577 D 673
1701 71 577 s 802
1702 71 577 S 802
2005 71 . D 660
1904 790 « D 662
1805 71 602 S 803
2003 71 619 D 782
1605 70 . D 694
1902 70 626 S 805
1703 71 630 S 802
1905 70 665 S 805
2002 71 « D 740
2004 71 . D 768
1603 70 714 s 802
1602 70 . D 798
1704 71 < S 802



1601 70 . S 802
1801 71 . S 803
1802 71 . S 803
1803 71 . S 803
1804 71 . S 803
19301 70 . S 805
1903 70 . S 805
2001 71 . S 806
A 18.75
ID AFP T D AAD
2904 70 . D 500
2801 78 . D 561
2701 - 71 . D 571
‘2705 71 S04 D 775
2704 71 522 D 687
/3001 71 542 D 708
3003 71 564 D 808
3005 71 . D 638
3002 ™M . D 647
2602 ‘73 598 S 808
2603 73 598 S 808
2803 78 640 S 807
2604 73 651 S 808
2703 71 6€1 s 802
2805 78 .. D 747
2802 78 . D 764
3004 71 . D 758
2905 70 707 S 805
2804 78 .S 807
2702 MM . S 803
© 2901 70 . S B0S
2902 70 . D 805
2903 70 . S 805
2601 73 . S 808
2605 73 . S 808
B - - .3.75.
ID AFP T D AAD
0801 71 409 S 802
0504 71 810 D 610
.0502 71 428 D 781
0302 71 511 D 806
0102 71 512 D 773
0501 71 514 D 778
0403 71 . D 620
0102 71 550 S 809
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0405 71 560 D 754
0301 71 574 D 757
0304 71 574 S 814
0303 71 575 D 654
0203 71 581 D 732
0201 71 582 S 81t
0305 71 609 S 814
0503 71 616 D 797
0205 71 616 S 814
0104 71 620 D 795
0404 71 630 S 802
0204 71 640 D 743
0202 71 . D 715
0505 71 . D 715
0105 71 . D 729
0101 71 665 D 779
0402 71 . S 802
B 1.87
ID AFP T D AAD
1201 71 336 D 556
1203 71 400 D 673
1202 71 . D 498
1303 78 . D 522
1803 71 873 S 803
1405 71 S42 D 764
1404 71 542 S 803
1204 71 563 D 778
1101 71 563 S 802
1205 71 563 S 807
1502 71 574 D 771
1505 71 574 D 817
1801 71 581 s 774
1301 78 581 S 814
1103 71 595 S 802
1104 71 595 S 802
1102 71 . D 676
1501 71 . D 679
1504 71 612 S 817
1304 78 616 D 792
1305 78 616 S 814
1105 71 . D €39
1402 71 619 D 779
1302 78 651 S 814
1503 71 665 S 817

B F 0.94
ID AFP T D AAD
2208 71 . D 315
2502 71 448 D 688
2102 71 . D 547
2501 71 567 D 661
2301- 71 574 D 710
2303 71 585 D 757
2105 71 595 S 802
2203 71 616 D 760
2103 71 630 D 704
2302 71 633 D 782
2504 71 . D 708
2205 71 640 S 803
2505 71 658 S 806
2401 70 665 S 805
2402 70 665 S 805
2404 70 665 S 805
2503 71 . D 768
2403 70 707 S 805
2405 70 707 S 805
2305 71 . D 782
2304 71 714 s 806
2201 71 . D 793
2101 71 . D 799
2104 71 . s 802
2202 71 . s 803
B M 3.75
ID AFP T D AAD
0701 78 . s 109
0905 71 366 D 558
0604 71 407 S 809
0603 71 844 S 809
0705 78 463 D 796
0901 71 891 D 661
0903 71 491 D 704
0803 71 491 D 710
0605 71 512 D 708
0602 71 512 D 773
1001 71 . D 605
0804 71 542 D 773
0801 71 542 s 814.
1005 71 553 S 827
0805 71 556 S 814
0702 78 563 S 821
0904 71 570 D 716
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N302 71 574 D 659
0802 71 574 5 814
0704 78 581 D 745
0703 78 581 s 821
1004 71 588 s 827
0601 M . D 677
1002 71 609 D 708
1003 71 693 s 827
: -1.87

. ID AFP T D AAD
1801 71 487 s 806
1705 71 494 D 682
1792 71 494 s 807
1805 71 499 D 775
2004 71 553 D 794
2002 71 553 s 817
1803 71 556 D 757
. 1604 71 563 5 802
1704 71 563 s 807
1901 70 588 D 714
1905 70 588 s 807
- 1603 71 595 5 802
1903 70 602 D 777
1902 70 . D 673
20017 71 612 'S.817
2003 71 6125 817
1701 71 616 D 771
1703 71 . D 696
1602 71 630 s 802
1802 71 644 s 806
1804 71 644 S 806
2005 71 651 s 817
1605 71 665 D802
1601 71 693 S 802
1994 70 . S 807
B ! 0.94
ID A¥P T™ D AAD
280t 7 « D U424
2904 71 . D 431
2902 71 u438 D.645
‘2705 71 483 S 803
2€93 71 532 s 802
2905 71 556 S 806
2703 71 563 D 761
2802 71 564 D 750
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2804 71 571 S
2805 71, . D 645
-2604 71 577 s 802
2605 71 577 s 802
. 2704 71 581 D 729
+ 2602 71 595 D 793
2601 71 S95 s 802
2901 71 633 s 806
2903 71 644 D 796
2803 71 644 s 809
3003 71 651 D 806
3004 71 651 s 824
2701 71 679 s 803
3001 . .71 686 D 804
3005 71 686 S 824
2702 71 721 s 803
3002 7 . S 824
C F 75
ID AFP T D AAD
0501 71 449 » 738
0104 69 .« D 528
0201 71 501 D 726
o504 71- . D 600-
0402 70 « D 617
0503 71 . D 666
0203 71 623 D 768
o401 70 . D 702"
0301 ™M « D 725
0502 71 . D 736
0205 71 . D 740
0303 71 672 5 772
0304 71 672 5 772
0305 71 686 S 772
0302 71 « S 772
0105 69 . D 785
0102 69 - D 792
0204 71 « D 794
0202 71 . 'S 800
0505 71 . S 806
0101 €9 . S 806
0103 69 - S 806
0403 70 - S 809
osoy 790 . S 809
0405 70 . S 809

c . \ 37.5
ID AFP T D AAD
1505 71 337 D 575
1202 71 . D 498
1204 71 519 s 806
1502 71 . D 613
1203 71 584 D-708
1101 66 584 S 798
1102 66 598 S 798
1503 71 634 D 743
1304 71 . D 708
1305 71 . D 708
1105 66 637 S 798
1104 66 . D 705
1205 71 . D 728
1405 71 658 S 806
1302. 71. . D 736
1103 66 . D 748
1501 71 693 S 808
1402 71 700.D 787
1201 71 700 S 806
1408 71 700 S 806
1301 71 707 S 814
1303 71 . D 782
1403 71 729 S 806
1401 71 . S .806
1504 71 . S 808
18.75

ID AFP T D AAD
28037771542 D 726
2402 71 560 S 802
2302 78 . D 656
2305 78 581 D 680
2401 71. . D 689
2501 71 . D 705
2303 78 648 S 807
2505 71651 s 796
2104 70 . D 730
2102 70 . D 732
2202 78 679 S 814
2205 78 679 S 814
2504 71 686 D 801
2103 70 . D 759
2304 78 . D 771
2405 71 700 S 802
2301 78 721 S 807



2502 71 « D 793
2503 M « S 796
2404 71 . S 802
21017 70 . S 802
2105 70 . S 802
2201 78 . S 814
2203 78 . S 814
2204 78 . S 814.
c ! - 75

ID AFP T D AAD
1002 71 . D 317
0902 71 . D 554
0802 71 498 s 779
N901 71 . D 621
0803 71 . D 631
0903 71 575 D 750
1005 71 588 D 661
0701 69 - D 678
0603 69-609 D 791
0702 69 609 S 806
0904 71 633 S 772
1003 71 . S 718
0805 71 679 s 779
0703 69 679 S 806
0804 71 693 s 779
0705 69 702 S 806
0801 71 - S 779
0601 69 . S BO6
0602 69 . S 806
0604 69 « S 806
0605 €9 . S 806
0708 69 « S 806
1991 M . S 809
1Mo 71 . S 809
0905 71 . s 822
c 37.5

ID AFP T D AAD
1904 70 484 D 774
1905 70 S04 D 749
1802 71 563 D 771
2003 71 588 5 808
1801 71 602 s 800
1703 71 602 S 806
1705 71 . D 708
1704 71 637 D 792
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- 1605 70 637 S 806
1902 70 637 S 807
1803 71 651 S 800
1903 70 665 S 807
2002 71 665 S 808
1702 71 672 S 806
1602 70 673 S 806
1603 70 675 S 806
2001 71 693 S 808
1604 © 70 714 S 806
1804 71 721 S 800
1805 71 721 S 800
1701 71 . D 801
1601 70 736 S 806
1901 70 . S 807
20048 71 . S 808
2005 71 . S 808
C M 18.75
ID AFP T D AAD
2902 .70 . D 525
2901 70 484 D 704 -
3001 71 490 D 761
2804 71 518 D 729
2905 70 549 D 778
3003 71 553 S 806
2703 71 595 S 807
2805 71 616 S 807
3004 71 623 D 772
3002 71 . D 695
2705 71 637 s 807
2802 71 651 S 807
2803 71 . D 740
2704 71 672 S 807
2801 71 . D 764
3005 71 693 S 806
2701 71 700 s 807
2601 €6 714 S 802
2603 66 714 'S 802
2605 66 714 S 802
2702 71 714 S 807
2602 66 . S 802
2604 66 . S 802
2903 70 . S 806
2904 70 . S 806

D F 75
ID AFP T D AAD
0203 71 540 D 799
0504 71 . D 617
- 0205 71 585 D 757
0404 71 . D 675
0301 71 633 s 807
0201 71 640 D 765
0403 71 . D 722
0405 71 658 S 807
0401 71 . D 738
0303 71 672 5 807
0101 71 695 D 792
0104 71 700 D 803
0202 71 714 S 814
0302 71 . D 800
0304 71 . S 807
0305 71 . 's 807
0402 71 . s 807
0102 71 . s 808
0103 71 . s 808
0105 71 . D 808
0206 71 . s 814
0501 71 . s 820
0502 71 .S 820
0503 71 . S 820
0505 71 . S 820
D ¥ 37.5
- ID AFP T D AAD
1401 71 . D 233
1303 71 . D 5482
1303 71 . D 652
1305 71 . D 659
1302 71 . D 668
1201 71 616 S 800
1405 71 . D 698
1104 71 637 S 803
1304 71 . D 715
1503 71 651 S 809
1504 71 . D 750
1102 71 . D 785
1502 71 . D 799
1202 71 . S 800
1203 71 . s 800
1204 71 . S 800
1205 71 . s 800

‘»
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102 71 « D 801
1101 71 . S 803
1103 71 . S 803
1195 71 . S 803
1301 71 . 5806
1404 71 . S 809
1501 71 . S 809
1505 71 . S-809
D 18.75

ID AFP T D ARAD
2200 M « D 430
2105 M < D 596
2503 71 . D 659
2202 M . D 688
2402 71 « D 704
2203 71. . D 710
2504 71 « D 726
2372 711 . D 739
21017 M . D 745
2205 71 679 D 778
2301 71 « D 773
2303 71 - D 789
2502 71 . D 793
2204 71 . S 800
2505 71 . D 800
L2102 71 . S 806
2103 71 . S 806
2104 71 . S 806
2501 M . S 806
2401 71 . S 813
2403 7 . S 813
2404 71 . S 813
2405 M . S 813
2304 71 . S 815
2305 M . S 815
D 15

ID AFP T D AAD
0804 78 « S 2u0
0905 71 599 s 808
0803 78 602 S 814
0604 71 €23 s 807
0705 71 . D 695
0901 71 . D 722
1001 71 651 D 787
1004 71 651 S B13
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0602 71 661 S 807
0605 71 661 S 807
1005 71 665 S 813
0903 71 672 S 808
0805 78 679 S 814
0704 71 693 S 808
0701 71 707 S 808
0702 71 707 S 808
0904 71 707 S 808
0601 71 . S 807
0603 71 . S 807
0801 78 . S 814
0802 78 . S 814
0703 71 . S 808
0902 71 . S 808
1002 71 . s 813
1003 71 . s 813
D 37.5
ID. AFP T D AAD
1903 70 . D 99
1705 71 . D 212
2005 71 . D 395
1904 70 . D 588.
1802 78 . D 619
1805 78 581 D 775
1704 71 591 D 757
1701 71 591 S 806
1703 71 591 S 806
1702 71 623 S 806
2001 71 630 S 808
1902 70 . D 732
1901 70 665 D 795
1801 78 679 S 807
2002 71 . D 754
1601 71 700 S 808
1603 71 700 S 808
1803 78 . S 807
1804 78 . S 807
1905 70 . S 805
1602 71 . S 808
1604 71 . S 808
1605 71 . S 808
2003 71 . S 808
20046 71 . S 808

18.75

ID AFP T D RAD
2702 71 . D 656
3005 71 588 S 827
2705 71 595 D 731
2701 71 595 D 766
2703 71 595 D 775
3002 71 612 s 827
2601 71 623 D 799
2802 71631 D 799
2605 71 661 S 806
2801 71 667 S 814
2704 71 688 S 802
2602 71 700 S 806
2903 70 700 S 807
2901 70 . D 792
3001 71 722 s 827
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