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AERODYNAMIC PARTICLE DIAMETER (um)
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Figure 4, ‘Aerodynamic particle size distributions (by weight)
in the airstreams at the inlet and outlet to the
sampier.
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SPACE BETWEEN CAPTURE HOOD AND BAFFLE
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Figure 7. FURAN MOLDS: SAMPLING HOODS LOCATED
ABOVE GAS VENTS IN MOLD
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Figure 8. GREEN SAND MOLDS: END VIEW OF COOLING TUNNEL
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TABLE 4

CARBON AND HYDROGEN CONTENT OF
CYCLOHEXANE-WASHED PARTICULATES

PERCENT PERCENT .
CARBON HYDROGEM

MOLD

FURAN 22.95 4,78
URETHANE 30,99 4,38
SHELL 85.16 1.89
GREEN SAND 44,93 .4

TABLE 5

RATIO OF CARBON TO HYDROGEN ATOMS IWN
CYCLOHEXANE-WASHED PARTICULATES

HMaLn NG, € ATOMS ¢ N
FURAN 0.4 ¢ 1
URETHANE 66 : 1
SHELL 3.7 + 1
GREEN SAND 6.8 :+ 1
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TABLE &

ELEMENTAL COMPQSITION OF FURAN MOLD EFFLUENTS

Percent
Element mg/gm of total*

Aluminum 0.306 2.5
Arsenic <0.013 <0.1
Beryllium <0.003 <0.02
Cadmium 0.022 0.2
Chromium 0.005 0.04
Cobalt <0.055 <0.5
Copper 0.039 0.3
Iren 8.08 65.8
Lead 0.36 2.9
Magnesium 0.023 0.2
Mgnganese 1.71 13.9
Mércury < 0.0001 -
Nickel 0.028 0.2
Silicon 4,87
Silica 6.96
Tin 0.114 0.9

| Zinc 1.6 13.0

*Parcent of each element in total quantity of
measured elements minus silicon and silica.
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TABLt 7

ELEMENTAL COMPOSITION OF URETHANE MOLD EFFLUENTS

Percent

Element mg/am of total*
Aluminum 0.194 6.8
Arsenic 0.006 0.2
Beryllium <0.0005 <,02
Cadmium <0.001 <.03
Chromium <0.001 <.03
‘Cobalt < 0.0055 <0.2
Copper 0.011 0.4
Iron 0.117 4.1
Lead 1.28 44.6
Magnesium 1.0 34.8
Manganese 0.194 6.8
Mercury < 0.00002 -
Nickel 0.007 0.2
Silicon 6.44

Silica 8.22
Tin 0.017 0.6
Zinc 0.037 1.3

*Percent of each element in total quantity of
measured elements minus silicon and silica.
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ELEMENTAL COMPOSITION OF SHELL

TABLE 8

MOLD EFFLUENTS

Percent
Element mg/ gm of total*
Aluminum 0.512 17.7
Arsenic 0.008 0.3
Beryllium - <0.003 <0.1
Cadmium 0.01 0.3
Chromium 0.007 0.2
Cobalt <0.014 <0.5
Copper 0.02 0.7
Iron 0.89 30.8
Lead 0.03 1.0
Magnesium 0.48 16.6
Manganese 0.096 3.3
Mercury < (.00002 -—
Nickel 0.014 0.5
Silicon 16.8
Silica 20.6
Tin 0.66 22.8
Zinc 0.15 5.2

*Percent of each element in total quantity of
measured elements minus silicon and silica.
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TABLE 9
ELEMENTAL COMPQSITION OF GREEN SAND MOLD EFFLUENTS

Element mg/gm o$e§§§2§*
Aluminum 0.74 6.4
Arsenic - 0.06 C.5
Beryllium <0.003 - <0.03
Cadmium 0.01 g.09
Chromium 0.012 0.1
Cobalt ' <0.012 <0.1
Copper 0.048 0.42
Iron _ 4.55 A 39.5
Lead 3.48 30.2
Magnesium 0.96 8.3
Manganese 0.133 1.2
Mercury <0.0005 —
Nickel 0.012 0.10
Silicon 21.0
Silica 21.8
Tin 0.21 1.8
Zinc 1.3 _ 11.3

*Percent of each element in total quantity of
measured elements minus silicon and silica.
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RO SEX
1 M
2 M
3 M
4 M
9 M
1 F
Z F
3 F
4 F
9 F

TABLE 15A

MEAN BODY WEIGHTS?

FROM IRON FOUNDRY CASTING OPERATIONS

DOSE LEVEL
{mg/0.2 ml distilled water)

380dy weights were measured at the beginning of each week.

2,5

5.0

10.0

20.0

Control

2.5

5.0

10.0

20.0

Control
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GREEN SAND

MEAN

MEAN
S.D.

MEAN
S.0.

MEAN
S.D.

MEAN
S.0.

MEAN
S.D.

ACUTE RANGE-FINDING STUDY OF CONDENSED PYROLYSIS EFFLUENTS

BODY WEIGHT(g)
STUDY WEEX
A2 3 4 5
88 90 90 92 94
9 8 5 8 8
10 10 9 9 9
89 88 90 92 94
7 9 6 6 7
10 10 10 10 10
93 95 95 95 97
7 7 71 8 8
10 10 10 10 10
86 82 90 93 92
11 13 16 16 15
10 10 8 8 8
81 81 83 86 89
10 9 8 6 7
10 10 10 10 10
88 92 94 93 100
8 11 12 9 14
10 18 9 § 9
93 93 95 97 98
17 22 17 18 17
10 10 10 10 10
98 97 97 100 102
10 16 14 13 13
0 10 10 10 10
91 89 90 96 97
8 9 8 9 8
0 9 8 8 8
87 91 95 100 104
12 12 11 10 8
10 10 ‘10 10 10

TERMINAL
WEIGHT (g)
95
5
9
g7
7
10
101
10

97
17

83
10
104
15

100
20
10

107
12
10

103

110
9
10



ACUTE RANGE-FINDING STUDY OF CONDENSED PYROLYSIS EFFLUENTS
FROM IRON FOUNDRY CASTING OPERATIONS

DOSE LEVEL

TABLE 158

MEAN BODY WEIGHTS?

SHELL SAND

GROUP SEX (mg/0.2 m] distilled water)

5 M 2.5
6 M 5.0
7 M 10.0
8 "M 20.0
9 M Control
5 F 2.5
6 F 5.0
7 F 10.0
8 F 20.0
9 F Control

3ody weights were measured at the beginning of each week.

-126-

BODY WEIGHT(a)
STUDY WEEK
4 2 3 4 5
7% 79 82 84 89
9 8 7 7 7
10 10 10 10 10
81 79 82 84 89
11 11 9 9 10
10 10 10 10 10
76 81 83 84 87
6 5 4 5 5
10 9 9 g 9
82 89 84 86 88
12 8 0 0 0
10 6 1 1 1
81 81 83 8 89
10 9 8 6 7
10 10 10 10 10
92 94 99 103 106
6 6 7 9 9
10 10 10 1 10
90 91 94 97 102
14 13 13 17 17
10 10 10 10 10
91 94 97 99 104
7 10 12 12 12
10 10 10 10 10
96 93 97 93 102
8 6 6 & 8
10 7 3 3 3
87 91 95 100 104
12 12 11 10 8
10 10 10 16 10

TERMINAL
WEIGHT {g}

20

9
10
89
10
10
89

5

9
90

0

1
93

7
10
108
10
104
19
10
107
13
10

104

110
9
10



TABLE 15C

MEAN BODY WEIGHTS2

ACUTE RANGE-FINDING STUDY OF CONDENSED PYROLYSIS EFFLUENTS

FROM IRON FOUNDRY CASTING OPERATIONS

DOSE LEVEL
GROUP  SEX (mg/0.2 ml distilled water)

10 M 2.5
11 M 5.0
12 M 10.0
13 M 20.0
18 M Control
10 F 2.5
11 F 5.0
12 F 10.0
13 F 20.0
182 f Control

3pody weights were measured at the beginning of each week.
Group 18 consisted of 11 males and 9 females due to mis-sexed animal,

A1l animals dead.
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URETHANE

MEAN
s.D.

MEAN
S.D.

MEAN
S.D.

MEAN
S.D.

MEAN
S.B.
N

BODY WEIGHT(g)

A2 3 4 5
65 67 66 73 78
8 10 7 6 7
1 9 8 8 8
66 63 70 73 76
4 5 8 8 3
1t 10 10 10 10
68 68 68 76 77
4 7 8 3 7
Iw 8 8 8 8
70 8 W& & €
5 0 -
0 1 -
69 74 75 80 B3
7 7 9 8 3
11 11 11 11 1
70 72 76 79 86
5 7 8 i1 10
10 10 10 10 10
66 70 77 83 88
8 13 9 g 11
10 10 10 10 10
73 76 79 8 89
4 8 12 9 11
0 8 8 8 8
g & & & <
8 - - -
1 - - -
68 63 78 83 88
5 12 8 8§ 11
9 9 9 9 9

S;UDY WEEK

TERMINAL
WEIGHT (g)

82
7
8

81
14
10

81
13
8

c

82
19



TABLE 150

MEAN BODY WEIGHTS?

ACUTE RANGE-FINDING STUDY OF CONDENSED PYROLYSIS EFFLUENTS

FROM IRON FOUNDRY CASTING OPERATIONS

FURAN
BODY WEIGHT(g)
DOSE LEVEL STUDY WEEK
GROUP SEX (mg/0.2 ml distilled water) 1 2 5 & 5

14 M 2.5 MEAN 69 73 77 82 83
sD. 10 8 8 8 12

N 0 10 10 10 10

15 M 5.0 MEAN 70 75 79 84 88
5.0, g 8 8 8 8

N 10 10 10 10 10

16 M 10.0 MEAN 70 71 75 82 83
$.D. 7 07 4 4 il

N 10 10 10 10 10

17 " 20.0 MEAN 72 79 83 88 87
s.D. 7 6 3 0 0

N 0 3 3 1 1

18° M Contro] MEAN 69 74 75 80 83
5.D. 7 7 9 8 9

N 1n o1 11 11 11

14 F 2.5 MEAN 75 83 89 95 101
5.0. 6 6 8 8 9

N 10 10 10 10 10

15 F 5.0 MEAN 71 79 86 91 90
5.D. 8 9 11 11 17

N 10 10 10 10 10

16 F 10.0 MEAN 70 71 78 83 89
5.D. 7 7 8 9 9

N 10 10 10 10 10

17 F 20.0 MEAN 70 68 83 ¢ .C
s.0. 7 14 12 - -

N 0 4 3 - -

1> Control MEAN 68 63 78 83 88
S.D. 5 12 8 9 11

<N 9 9 9 9 g9

3Body weights were measured at the beginning of each week,

Group 18 consisted of 11 males and 9 females due to mis-sexed animal.

CAl1 animals dead.
One terminal body weight inadvertently not recorded.
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TERMINAL
WEIGHT (g)

80
12
10

944
6
9

92
6
10

94
0
1

80
16
11

108
12
10

105



TABLE 16
SUMMARY OF HISTOPATHOLOGIC FINDINGS®
ACUTE RANGE-FINDING STUDY OF CONDENSED PYROLYSIS EFFLUENTS
FROM IRON FOUNDRY CASTING OPERATIONS

GREEN SAND

GROUP 1 DOSE LEVEL: 2.5 mg; PATHOLOGY ON: 1 Male, 1 Female,
LARYNX: No significant lesion recognized.
TRACHEA: No significant lesion recognized.
LUNG: Intraluminal alveolar pigment, minimal; focal

histiocytosis, minimal (both animals).

GROUP 3 DOSE LEVEL: 10.0 mg; PATHOLOGY ON: 10 Males, 10 Females,
LARYRX : No significant lesion recognized.
TRACHEA: No significant lesion recognized.
LUNG : Intraluminal bronchiolar and alveolar pigment,

slight; histiocytosis, focal, slight; alveclar
. bronchiolar hyperplasia, minimal (all animals).

GROUP 4 DOSE LEVEL: 20.0 mg; PATHOLOGY ON: 2 Males, 2 Females.

LARYNX : No significant lesion recognized,
TRACHEA: No significant Tesion recognized,
LUNG : Intraluminal bronchiolar and alveolar pigment,

slight; alveolar bronchiolar hyperplasia,
moderdate to marked; alveolar histiocytosis,
minimal {all animals).

NOTE : No significant Tesions were recognized in any other tissues from

the Group 1, 3 and 4 animals that were examined,
SHELL SAND
GROUP 7 DOSE LEVEL: 10,0 mg; PATHOLOGY ON: 10 Males, 10 Females.
LARYNX: No significant lesion recognized.
TRACHEA: No significant lesion recognized.
LUNG: Intraluminal alveolar bronchiolar pigment,

minimal to moderate; alveolar histiocytosis
hyperplasia, minimal to moderate (all animals).

8Histopathologic evaluations were performed on all animals that died or were
sacrificed moribund during the study, all animals in the Group 9 control
group, and all animals in the highest dose group (for each test article) with
survivors at the time of study termination,
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TABLE 16 (Continued)

SUMMARY OF HISTOPATHOLOGIC FINDINGS®
ACUTE RANGE-FINDING STUDY OF CONDENSED PYROLYSIS EFFLUENTS
FROM IRON FOUNDRY CASTING OPERATIONS

SHELL SAND (Continued)

GROUP 8 DOSE LEVEL: 20.0 mg; PATHOLOGY ON: 10 Males, 10 Females.
LARYNX: No significant lesion recognized.
TRACHEA: No significant lesion recognized.

: Adenomatous hyperpiasia associated with the
presence of pigment; congestion, acute, moderate;
pneumonitis, minimal; bronchiolar pneumonia;
diffuse dust deposits throughout the lung (all
animals).

SPLEEN: Peritonitis, acute and chronic diffuse, minimal
(1 female).
LIVER: Hepatitis, granulomatous, muitifocal, slight
(1 female).
NOTE : No significant lesions were recognized in any other tissues from
‘ animals in Group 7 and 8.
URETHANE
GROUP 10 DOSE LEVEL: 2.5 mg; PATHOLOGY ON: 2 Males.
LARYNX : No significant lesion recognized,
TRACHEA : No significant lesion recognized.
LONG: Minimal alveolar bronchiolar hyperplasia

GROUP 11 DOSE LEVEL:
TARYNK:

TRACHEA:
TONG:

GROUP 12 DOSE LEVEL:
LARYNX :
TRACHEA:
LUNG :

asscciated with pigment (both animals).

5.0 mg; PATHOLOGY ON: 10 Males, 10 Females.
No significant lesion recognized,

No significant lesion recognized.
Intraluminal bronchiolar alveolar pigment,
minimal; alveolar bronchiolar hyperplasia,
minimal; histiocytosis focal, minimal (all
animals).

10.0 mg; PATHOLOGY ON: 2 Males, 2 Females.

No significant lesion recognized.

No significant lesion recognized,

Alveolar bronchiolar hyperplasia, focal, minimal;
fibrinopurulent pneumonia, multifocal, associated
with aspiration of pigment, slight (all animals).

3listopathologic evaluations were performed on all animals that died or were
sacrificed moribund during the study, all animals in the Group 9 control
group, and all animals in the highest dose group (for each test article) with
survivors at the time of study termination.
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TABLE 16 (Continued)
SUMMARY OF HISTOPATHOLOGIC FINDINGS2
ACUTE RANGE-FINDING STUDY OF CONDENSED PYROLYSIS EFFLUENTS
FROM IRON FOUNDRY CASTING OPERATIONS

URETHANE (Continued)

GROUP 13 DOSE LEVEL: 20.0 mg; PATHOLOGY ON: 10 Males, 10 Females.
LARYNX: No significant Tesion recognized.
TRACHEA: No significant lesion recognized.
LUNG : Intraluminal bronchiolar pigment, minimal to

moderate; alveolar bronchiolar hyperplasia,
focal, minimal; fibrinopurulent pneumonia,
multifocal associated with aspiration of pigment,
slight (all animals),

NOTE : No significant lesions were recognized in any other tissues from

animals in Groups 10, 11, 12 and 13.

FURAN
“ +GROUP 16 DOSE LEVEL: 10.0 mg; PATHOLOGY ON: 10 Males, 10 Females.

LARYNX : No significant lesion recognized.

TRACHEA: No significant lesion recognized,

LUNG: Intraluminal bronchiolar and alveolar pigment,
minimal; alveolar bronchiolar hyperplasia,
minimal, focal (all animals).

GROUP 17 DOSE LEVEL: 20.0 mg; PATHOLOGY ON: 9 Males, 10 Females.

LARYNX: No significant lesion recognized.

TRACHEA: No significant lesion recognized.

LUNG: Intraluminal bronchiolar and alveolar pigment,
minimal to moderate; alveolar bronchiolar
hyperplasia, minimal; fibrinopurulent necrotizing
pneumonia, moderate, diffuse (all animals).

NOTE : No significant Tesion recognized in any other tissues from

animals in Group 16 and 17.

CONTROL
GROUP & DOSE LEVEL: 0,2 ml distilled water; PATHOLOGY ON: 10 Males,

10 Females.

No significant lesions were recognized in any tissues, including
the respiratory system, from all animals in Group 9.

3Histopathologic evaluations were performed on all animals that died or were
sacrificed moribund during the study, all animals in the Group 9 control
group, and all animals in the highest dose group (for each test article) with
survivors at the time of study termination.
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TABLE 18
INCIDENCE OF PHARMACOTOXIC SIGNS - CHRONIC STUDY
KEY TO GROUP IDENTIFICATION

GROUP DOSE LEVEL
NUMBER TREATMENT (mg/0.2 mi distilled water)
1 Vehicle Control --
2 Ferric Oxide Control (Fe'203 + Vehicle) 3.0
3 Positive Control (BaP + Fe203) 3.0 + 3.0
4 Shell Sand 5.0
5 Shell Sand 10.0
6 Green Sand 5.0
7 Green Sand 10.0
8 Furan 5.0
9 Furan 10.0
10 Urethane 2.5
11 Urethane 5.0
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TABLE 19
MEAN BODY WEIGHTS

EXPLANATION OF SUPERSCRIPTS

aNeight change (weight at the given interval minus initial weight)
significantly lTower than vehicle control value at the 0.05 Tevel
after adjustment for multiple comparisons '

_bweight change {weight at the given interval minus initial weight)

significantly lower than vehicle control value at the (0.01 Tevel
after adjustment for multiple compariscns

CWeights not taken due to breakdown of automatic weighing station
dA]] animals dead
®Weights not available for Weeks 106 and 114 due to error

GROUP IDENTIFICATION

GROUP DOSE LEVEL
NUMBER - TREATMENT (mg/0.2 ml distilled water)
1 Vehicle Control --
2 Ferric Oxide Control (Fezo3 + Vehicle) 3.0
3 Positive Control (BaP + Fe203) 3.0 + 3.0
4 Shell Sand 5.0
5 Shell Sand . 10.0
6 Green Sand o 5.0
7 Green Sand 10.0
8 Furan 5.0
9 Furan 10.0
10 Urethane 2.5
11 Urethane 5.0
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TABLE 19A
MEAN BODY WEIGHTS
CARCINOGENIC POTENTIAL OF CONDENSED PYROLYSIS EFFLUENTS
MALES

FROM I1RON FOUNDRY CASTING OPERATIONS {CHRONIC STUDY)
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TABLE 19A (Continued)

MEAN BODY WEIGHTS
CARCINOGENIC POTENTIAL OF CONDENSED PYROLYSIS EFFLUENTS

FROM IRON FOUNDRY CASTING OPERATIONS (CHRONIC STUDY)

MALES

_STUDY WEEK

18
4
4
q

17
3
4
4

(=R o]

LM<
Cd v

16

W

oM

wme
8 e

14

~NO

11
12
i

=
o=
o &
= =@
=1 —
&8
©z

e
.- el
o

bk d
Tl

el
Cd

O~

- T
O

wo

I
T v

we

—ro
Cdost

o0

-y
Cdve

cdo
-
CdOel

-

oo

D e Y
T et

EAN
S.0h.
N

Lo~
. oT
o

@
. e
MmN

£
[T o]

nn<
—

o
Ny

—oyT

MEAN
YR U
H

[ 270

o
. O
o
—

oo

["r R T'r]
-

o
VICauT
-

Ve
. .
o i

s Lo
hNLL

o

TN -
- D

-l
—

< im
-
———

W

IO T
——

HEAN
i
M

{]

i

-280-

~ow

I~rauy
——

O

-y

113.7
136
50

P -

vy I
1t

HEnN

<y

[n k-
Ot

119.32
13.9
ag

117,02
14,1
49

—--C

HEAN
[

114,97
13.
50

—re
- O
<

N

HEAN
Sk

e

HEaN
S, 0,

el
309 e
oyt

—eem= €

H

Tt
PADES
r~oe

—r—

oo
- alm

oo

cen-lC

Cd

@
Qe

R

i

HEAM
n.

10

-t

o<
-

—eee-C

~—
PR

oW

——

oy
. .0n
LT

-———

e
s s~
a0
——

HEAN
IR UN
N

11



TABLE 19A (Continued)

MEAN BODY WEIGHTS
CARCINOGENIC POTENTIAL OF CONDENSED PYROLYSIS EFFLUENTS

FROM IRON FOUNDRY CASTING OPERATIONS (CHRONIC STUDY)

MALES

STUDY WEEK
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NUMBER

~9
D

54

46

34

oIS

D
Cumt

<0
s
-

N
e

——

O -

onT
-——

I
I
—

Wi

(7N

M
—

HEAN
Sl
H

[T

O~ g 13

o~y

Nea
TN e

oo

Sy
ks

o0

o
o3y
-~

~“Q T
-ty

=

HE AN
o,

S

<y
o

W=t

M0
. oP)
o<
——

-

T
O

oo

T -t T
- —

—-0

cHra<
oy

-281-

ey
. .
e

S, I
H

119.4

116.8

MEAN
S0
N

17.3
34

40

<o~

~orm
—

om
=4
—

HEAN
5,0,
H

<o~

MO
-y

w

< rer
———

~w
RPN
[ iRy

T
Lazla o

11

N

HEAN
S.h,

Cd vt

LIy

TmT
[ ==

™~
. o
o~y

M

HEAR
S,

10

—r

—Cd
[ ]

Mo

~SOCI)
——

~o
™~

< on
MU e

e
N

HEAN

11

A

Reproduced from
best available copy.




111

98

g4

30

TABLE 19A (Continued)
MEAN BODY WEIGHTS
CARCINOGENIC POTENTIAL OF CONDENSED PYROLYSIS EFFLUENTS
FROM IRON FOUNDRY CASTING OPERATIONS (CHRONIC STUDY)
MALES
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TABLE 19B
MEAN BODY WEIGHTS

CARCINOGENIC POTENTIAL OF CONDENSED PYROLYSIS EFFLUENTS

FROM IRON FOUNDRY CASTING OPERATIONS (CHRONIC STUDY)

FEMALES
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TABLE 198 (Continued)

MEAN BODY WEIGHTS
CARCINOGENIC POTENTIAL OF CONDENSED PYROLYSIS EFFLUENTS

FROM IRON FOUNDRY CASTING OPERATIONS (CHRONIC STUDY)

FEMALES

STUDY WEEK
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TABLE 19B (Continued)

MEAN BODY WEIGHTS
CARCINOGENIC POTENTIAL OF CONDENSED PYROLYSIS EFFLUENTS

FROM IRON FOUNDRY CASTING OPERATIONS (CHRONIC STUDY)

FEMALES

STUDY WEEK
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TABLE 198 (Continued)

MEAN BODY WEIGHTS
CARCINOGENIC POTENTIAL OF CONDENSED PYROLYSIS EFFLUENTS

FROM IRON FOUNDRY CASTING OPERATIONS (CHRONIC STUDY)

FEMALES

STURY WEEK
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