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Figure 2. Scrubber saDpler during operation.
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. ,

TABLE 4

CARBON AMP HYDROGEN CO"1E"1 Of
CVClOHEXANE-WASHED PARTICULATES

PERCENT PERCENT.
MOLD cABBOU HYDROGEN
fURAN 22.95 '1.78
URETHANE 30.99 Q.38

SHELL 85.16 1.89

GREEN SAND qq~93 ~.q

. TABLE 5

RATIO Of CARBON TO HYDROGEN AToMS IN
CYClOHEXAHE-WAStfEP rARTICUlATES

MOLD HO, C ATOMS I HO. U ATOMS
fURAN O.lJ I 1
URETHANE 0.6 • 1•
SHEll 3.7 I 1
GREEN SAND 0.8 I 1
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TABLE 6

ELEMENTAL CO~1POSITION OF FURAN ~1OLD EFFLUENTS

Element mg/gm
Percent

of total*

Aluminum 0.306 2.5

Arsenic < 00013 <0.1

Beryllium < 0.003 ~0.02

Cadmium 0.022 0.2

, , Chromium 0.005 0.04

Cobalt < 00055 <0.5

'Copper 00039 0.3

Iron 8008 65.8

Lead 0.36 2.9

Magnesium 0.023 0.2

Manganese 1.71 13.9

Mercury < 000001

Nickel 0.028 0.2

Silicon 4.87

Sil lca 6.96

Tin 00114 0.9

Zinc 1.6 13.0

*Percent of each element in total quantity of
measured elements minus silicon and silica.
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TABLE 7
ELEMENTAL COMPOSITION OF URETHANE MOLD EFFLUENTS

Element mg/gm
Percent

of total*

Aluminum 0.194 6.8

Arsenic 0.006 0.2

Beryllium <0.0005 <.02

Cadmium < 0.001 <.03

Chromium < 0.001 <.03

Co~alt < 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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TABLE 8
ELEMENTAL COMPOSITION OF SHELL MOLD EFFLUENTS

Element mg/gm
Percent

of total'"

Aluminum 0.512 17.7

Arsenic 0.008 0.3

Berylli urn . <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 < 0.00002

Nickel 0.014 0.5

S11 icon 16.8

Si fica 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 COt1POSITION OF GREEN SAND t10LD EFFLUENTS

Element mg/gm
Percent

of total*

Aluminum 0.74 6.4

Arsenic 0.06 0.. 5

Beryl 1i urn <0.003 <0.03

Cadmium 0.01 0.09

Chromium 0.012 0.1
, "

Cobalt <0.012 <0.1

Copper 0.048 0.42

Iron 4.55 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

S11 ica 21.9

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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TABLE 15A
MEAN BODY WEIGHTS a

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

GREEN SAND

BODY WEIGHT(g)
DOSE LEVEL STUDY WEEK TERMINAL

GROUP SEX (mg/0.2 ml distilled water) 1 2 3 4 5 WEIGHT (g)---
M 2.5 MEAN 88 90 90 92 94 95

S.D. 9 8 5 8 8 5
N 10 10 9 9 9 9

2 M 5.0 MEAN 89 88 90 92 94 97
S.D. 7 9 6 6 7 7
N 10 10 10 10 10 10

3 M 10.0 MEAN 93 95 95 95 97 101, , S.D. 7 7 7 8 8 8
N 10 10 10 10 10 10

4 M 20.0 MEAN 86 82 90 93 92 97
S.D. 11 13 16 16 15 17
N 10 10 8 8 8 8

9 M Control MEAN 81 81 83 86 89 93
S.D. 10 9 8 6 7 7
N 10 10 10 10 10 10

F 2.5 MEAN 88 92 94 93 100 104
S.D. 8 11 12 9 14 15
N 10 10 9 9 9 9

2 F 5.0 MEAN 93 93 95 97 98 100
S.D. 17 22 17 18 17 20
N 10 10 10 10 10 10

3 F 10.0 MEAN 98 97 97 100 102 107
S.D. 10 16 14 13 13 12
N 10 10 10 10 10 10

4 F 20.0 MEAN 91 89 90 96 97 103
S.D. 8 9 8 9 8 9
N 10 9 8 8 8 7

9 F Control MEAN 87 91 95 100 104 110
S.D. 12 12 11 10 8 9
N 10 10 10 10 10 10

aBody weights were measured at the beginning of each week.
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TABLE 15B
MEAN BODY WEIGHTSa

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

SHELL SAND

BODY WE IGHT( g)
DOSE LEVEL STUDY WEEK TERMINAL

GROUP SEX (mg/0.2 ml distilled water) .l ....L .l....L 5 WEIGHT (g)

5 M 2.5 MEAN 78 79 82 84 89 90
S.D. 9 8 7 7 7 9
N 10 10 10 10 10 10

6 M 5.0 MEAN 81 79 82 84 89 89
S.D. 11 11 9 9 10 10
N 10 10 10 10 10 10

, , 7 • M 10.0 MEAN 76 81 83 84 87 89
S.D. 6 5 4 5 5 5
N 10 9 9 9 ·9 9

8 M 20.0 MEAN 82 89 84 86 88 90
S.D. 12 8 0 0 0 0
N 10 6 1 1 1 1

9 M Control MEAN 81 81 83 86 89 93
S.D. 10 9 8 6 7 7
N 10 10 10 10 10 10

5 F 2.5 MEAN 92 94 99 103 106 108
S.D. 6 6 7 9 9 9
N 10 10 10 10 10 10

6 F 5.0 MEAN 90 91 94 97 102 104
S.D. 14 13 13 17 17 19
N 10 10 10 10 10 10

7 F 10.0 MEAN 91 94 97 99 104 107
S.D. 7 10 12 12 12 13
N 10 10 10 10 10 10

8 F 20.0 MEAN 95 93 97 98 102 104
S.D. 8 6 6 6 8 5
N 10 7 3 3 3 3

9 F Control MEAN 87 91 95 100 104 110
S.D. 12 12 11 10 8 9
N 10 10 10 10 10 10

aBody weights were measured at the beginning of each week.
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TABLE 15C
MEAN BODY WEIGHTSa

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

URETHANE

BODY WEIGHT(g)
DOSE LEVEL STUDY WEEK TERMINAL

GROUP SEX (mg/0.2 ml distilled water) -L ..L 2... 4 5 WEIGHT (g)

10 M 2.5 MEAN 65 67 66 73 78 82
S.D. 8 10 7 6 7 7
N 10 9 8 8 8 8

11 M 5.0 MEAN 66 69 70 73 76 81
S.D. 4 5 8 8 9 14
N 10 10 10 10 10 10

12 M 10.0 MEAN 68 68 68 76 77 81
S.D. 4 7 9 3 7 13
N 10 8 8 8 8 8

13 ' M 20.0 MEAN 70 84 -c -c -c -c
S.D. 5 0
N 10 1

lab M Control MEAN 69 74 75 80 83 80
S.D. 7 7 9 8 9 16
N 11 11 11 11 11 11

10 F 2.5 MEAN 70 72 76 79 86 92
S.D. 5 7 8 11 10 13
N 10 10 10 10 10 10

11 F 5.0 MEAN 66 70 77 83 88 97
S.D. 8 13 9 9 11 13
N 10 10 10 10 10 10

12 F 10.0 MEAN 73 76 79 86 89 96
S.D. 4 8 12 9 11 11
N 10 8 8 8 8 8

13 F 20.0 MEAN 62 -c -c -c -c -c
S.D. 8
N 10

18b F Control MEAN 68 63 78 83 88 82
S.D. S 12 8 9 11 19
N 9 9 9 9 9 9

aBody weights were measured at the beginning of each week.
bGroup 18 consisted of 11 males and 9 females due to mis-sexed animal.
cAll animals dead.
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TABLE 150
MEAN BODY WEIGHTSa

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

FURAN

BODY WEIGHT(g)
DOSE LEVEL STUDY WEEK TERMINAL

GROUP SEX (mg/0.2 ml distilled water) 1 L ..1... 4 5 WEIGHT (g)

14 M 2.5 MEAN 69 73 77 82 83 90
S.D. 10 8 8 8 12 12
N 10 10 10 10 10 10

15 M 5.0 MEAN 70 75 79 84 88 94d
S.D. 8 8 8 8 8 6
N 10 10 10 10 10 9

16 M 10.0 MEAN 70 71 75 82 83 92
S.D. 7 7 4 4 11 6
N 10 10 10 10 10 10

17 M 20.0 MEAN 72 79 83 88 87 94
S.D. 7 6 3 0 0 0
N 10 3 3 1 1 1

18b M Control MEAN 69 74 75 80 83 80
S.D. 7 7 9 8 9 16
N 11 11 11 11 11 11

14 F 2.5 MEAN 75 83 89 95 101 108
S.D. 6 6 8 8 9 12
N 10 10 10 10 10 10

15 F 5.0 MEAN 71 79 86 91 90 105
S.D. 8 9 11 11 17 14
N 10 10 10 10 10 10

16 F 10.0 MEAN 70 71 78 83 89 97
S.D. 7 7 8 9 9 11
N 10 10 10 10 10 10

17 F 20.0 MEAN 70 68 83 -c -c -c
S.D. 7 14 12
N 10 4 3

18b F Control MEAN 68 63 78 83 88 82
S.D. 5 12 8 9 11 19
N 9 9 9 9 9 9

aBody weights were measured at the beginning of each week.
bGroup 18 consisted of 11 males and 9 females due to mis-sexed animal.
CAll animals dead.
dOne terminal body weight inadvertently not recorded.
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TABLE 16
SUMMARY OF HISTOPATHOLOGIC FINDINGSa

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

GREEN SAND

GROUP 1

GROUP 3

GROUP 4

DOSE LEVEL:
LARYNX:
TRACHEA:
LUNG:

DOSE LEVEL:
LARYNX:
TRACHEA:
W~:

DOSE LEVEL:
LARYNX:
TRACHEA:
W~:

2.5 mg; PATHOLOGY ON: 1 Male, 1 Female.
No significant lesion recognized.
No significant lesion recognized.
Intraluminal alveolar pigment, minimal; focal
histiocytosis, minimal (both animals).

10.0 mg; PATHOLOGY ON: 10 Males, 10 Females.
No significant lesion recognized.
No significant lesion recognized.
Intraluminal bronchiolar and alveolar pigment,
slight; histiocytosis, focal, slight; alveolar
bronchiolar hyperplasia, minimal (all animals).

20.0 mg; PATHOLOGY ON: 2 Males; 2 Females.
No significant lesion recognized.
No significant lesion recognized.
Intraluminal bronchiolar and alveolar pigment,
slight; alveolar bronchiolar hyperplasia,
moderdate to marked; alveolar histiocytosis,
minimal (all animals).

NOTE: No significant lesions were recognized in any other tissues from
the Group 1, 3 and 4 animals that were examined.

SHELL SAND

GROUP 7 DOSE LEVEL:
LARYNX:
TRACHEA:
LUNG:

10.0 mg; PATHOLOGY ON: 10 Males, 10 Females.
No significant lesion recognized.
No significant lesion recognized.
Intraluminal alveolar bronchiolar pigment,
minimal to moderate; alveolar histiocytosis
hyperplasia, minimal to moderate (all animals).

aHistopathologic 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 FINDINGSa

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

SHELL SAND (Continued)

GROUP 8 DOSE LEVEl:
LARYNX:
TRACHEA:
LONG:

SPLEEN:

LIVER:

20.0 mg; PATHOLOGY ON: 10 Males, 10 Females.
No significant lesion recognized.
No significant lesion recognized.
Adenomatous hyperplasia associated with the
presence of pigment; congestion, acute, moderate;
pneumonitis, minimal; bronchiolar pneumonia;
diffuse dust deposits throughout the lung (all
anima1s).
Peritonitis, acute and chronic diffuse, minimal
(l female).
Hepatitis, granulomatous, multifocal, slight
(l female).

NOTE: No significant lesions were recognized in any other tissues from
animals in Group 7 and 8.

URETHANE

GROUP 10

GROUP 11

GROUP 12

DOSE LEVEL:
LARYNX:
TRACHEA:
LONG:

DOSE LEVEL:
LARyNx:
TRACHEA:
LUNG:

DOSE LEVEL:
LARYNX:
TRACHEA:
LUNG:

2.5 mg; PATHOLOGY ON: 2 Males.
No significant lesion recognized.
No significant lesion recognized.
Minimal alveolar bronchiolar hyperplasia
associated with pigment (both animals).

5.0 mg; PATHOLOGY ON: 10 Males, 10 Females.
No signiflcant Jeslon 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).

aHistopathologic 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 FINDINGSa

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

URETHANE (Continued)

GROUP 13 DOSE LEVEL:
LARYNX:
TRACHEA:
LUNG:

20.0 mg; PATHOLOGY ON: 10 Males, 10 Females.
No significant lesion recognized.
No significant lesion recognized.
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:
LARYNX:
TRACHEA:
LUNG:

10.0 mg; PATHOLOGY ON: 10 Males, 10 Females.
No significant lesion recognized.
No significant lesion recognized.
Intraluminal bronchiolar and alveolar pigment,
minimal; alveolar bronchiolar hyperplasia,
minimal, focal (all animals).

DOSE LEVEL:
LARYNX:
TRACHEA:
LUNG:

20.0 mg; PATHOLOGY ON: 9 Males, 10 Females.
No significant lesion recognized.
No significant lesion recognized.
Intraluminal bronchiolar and alveolar pigment,
minimal to moderate; alveolar bronchiolar
hyperplasia, minimal; fibrinopurulent necrotizing
pneumonia, moderate, diffuse (all animals).

NOTE: No significant lesion recognized in any other tissues from
animals in Group 16 and 17.

GROUP 17

CONTROL

GROUP 9 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.

aHistopathologic 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 SIG~S - CHRONIC STUDY

KEY TO GROUP IDENTIFICATION

GROUP
NUMBER

1

2

3

4

5

6

7
" 8

9

10
11

TREATMENT

Vehicle Control
Ferric Oxide Control (Fe203 + Vehicle)
Positive Control (BaP + Fe203)
Shell Sand
Shell Sand
Green Sand
Green Sand
Furan
Furan
Urethane
Urethane

-187-

DOSE LEVEL
(mg/O.2 ml distilled water)

3.0

3.0 + 3.0
5.0

10.0
5.0

10.0

5.0
10.0
2.5
5.0
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TABLE 19
MEAN BODY WEIGHTS

EXPLANATION OF SUPERSCRIPTS

aWeight change (weight at the given interval minus initial weight)
significantly lower than vehicle control value at the 0.05 level
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 level
after adjustment for multiple comparisons

CWeights not taken due to breakdown of automatic weighing station
dAll animals dead
eWeights not available for Weeks 106 and 114 due to error

GROUP IDENTIFICATION

GROUP
NUMBER

1

2

3

4

5

6

7

8

9

10

11

, TREATMENT

Vehicle Control
Ferric Oxide Control (Fe203 + Vehicle)
Positive Control (BaP + Fe203)
Shell Sand
Shell Sand

Green Sand
Green Sand
Furan
Furan
Urethane
Urethane

-278-

DOSE LEVEL
(mg/O.2 ml distilled water)

3.0

3.0 + 3.0

5.0
10.0

5.0
10.0
5.0

10.0
2.5
5.0
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