U.S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE
_ CENTER FOR DISEASE CONTROL
NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH
CINCINNATI, OHIO 45226

HEALTH HAZARD EVALUATION DETERMINATION
REPORT NO.76-43 A-F-429

HERSEY PRODUCTS COMPANY, INC.
GILBERTVILLE, MASSACHUSETTS

SEPTEMBER 1977
TOXICITY DETERMINATION

A combined environmnetal-medical evaluation of particulate, yaporous,
and gaseous contaminant exposures by workers involved in founding of
ferrous and non-ferrous castings has been completed at the Hersey
Products Company, Gilbertville, Massachusetts. The following deter-
minations with regard to employee health are based on environmenial and
medical data collected, occupational health criteria, and available
literature on the toxicity of the substances evaluated.

A. Ferrous Foundry

1. The shell and no-bake core makers, sand molders, metal pourers,
fettlers, sand muellers, cupola tenders, and shakeout personnel were
exposed to toxic concentrations of respirable crystalline silica.

2. The large metal pourers were exposed to potentially toxic concen-
trations of carbon monoxide. The no-bake core makers, cupola tenders,
small pourers, and shakeout personnel were not exposed to toxic concen-
trations of carbon monoxide.

3. The shell core machine operator was exposed to toxic concentrations
of airborne formaldehyde. This operator was not exposed to toxic concen-
trations of ammonia, phenol, or hydrogen cyanide.

4. The no-bake core maker was not exposed to toxic concentrations of
phosphoric acid or furfural. The no-bake core painter was not exposed
to toxic concentrations of furfural or isopropanol.

5. The metal pourers were not exposed to toxic concentrations of par-
ticulate polycyclic organic matter, benzo(a)pyrene, benzo{e)pyrene, iron
oxide fumes, ammonia, phenol, hydrogen cyanide, or formaldehyde.

6. The snagger-grinder operators were exposed to toxic concentrations
of iron oxide dust and total particulate. The pedestal-grinder operators
were not exposed to toxic concentrations of these contaminants.






11,

IV

Page 3 - Health Hazard Evaluation Determination Report No. 76-43 A-F
INTRODUCTICON

Section 20(a)(6) of the Occupational Safety and Health Act of 1970,

29 U.S.C. 669 (a)(6), authorizes the Secretary of Health, Education, and
Welfare, following a written request by an employer or authorized
representative of employees, to determine whether a substance normally
found in the place of employment has potentially toxic effects in such
concentrations as used or found.

The Nationa] Institute for Occupational Safety and Health (NIOSH) received
six such requests from an authorized representative of the Hersey Products
Company, Inc. Of these six requests, five (HHE 76-43 A,B,C,E and F) were
concerned with worker exposure to foundry sand and its additives, vapors,
gases, and metallic oxides and particulate generated during the founding
of ferrous (grey iron) and non-ferrous (bronze and aluminum) castings.

The sixth request (HHE 76-43 D) was concerned with employee exposure to
organic vapors at a casting coating operation. Signs or symptoms of
worker exposure were not listed on the respective request forms.

HEALTH HAZARD EVALUATION

A. Process Description and Associated Potential Health Hazards

The Hersey Products Company is engaged in the founding of ferrous (grey
iron) and non-ferrous (bronze and aluminum) castings. The ferrous foundry
manufactures water meters and pressure fittings, and general castings

such as machine tools. The non-ferrous foundry casts water meter components
and general industrial type castings such as valve bodies. The employee
distribution consists of 60 workers in the ferrous and 4 in the non-ferrous
foundries. The former figure also includes 2 persons working in a casting
coating building. In addition, there are 20 administrative and clerical
employees giving a total employment of 82. The processes used are similar
to most foundry operations, i.e. (1) core making, (2) sand molding, (3)
melting and pouring (4) shakeout and sand reclamation, and (5) fettling.

A brief description of the process stages relative to each foundry and the
associated potential health hazards are described below.

a. Ferrous Foundry

1. Core Making: The sand cores are produced by the shell, no-bake,
and oven-bake processes. The shell cores are prepared from a urea-phenol-
formaldehyde-sand mixture. The cores are produced by blowing the resin-
sand mixture into a metal mold pre-heated to 400 to 450°F, holding for
approximately 30 seconds to allow the binder to cure, then removing the
finished core or core segment from the mold. Formaldehyde, phenol,
hydrogen cyanide, carbon monoxide, and ammonia are reported to be evolved
from thermal degradation of the binder system during curing.1:2 The
latter substance results from the decomposition of hexamethylene tetramine
(HMTA) which acts as a catalyst for the resin. The HMTA concentrations were
not evaluated because a satisfactory sampling and analytical method was not
available. The process involves one person, 8-hours per day, 40-hours per
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week. The employee's principal exposure occurs while removing the finished
core from the mold and when carrying it to a storage table or rack beside
the machine.

A urea-furan binder system is used in the no-bake cores. The binder system
is based on a urea-formaldehyde resin reacted with furfural aicohol, in
which the setting reaction is catalyzed by addition of phosphoric acid

at the time of mixing in a screw type mixer positioned above the pattern
box. The resin was generally present at about 2 percent of the sand and

the catalyst at up to 30 percent of the resin. After mixing, the sand
mixture drops by gravity onto the pattern where it is compacted, thus forming
a core. The cured core is transported to the "paint area" where an

employee paints the cores with finely powered graphite suspended in a
solution of isopropyl alcohol. The alcohol paint is coated on the core by
spraying and then it is ignited. The heat from the burning alcohol serves
to dry out the paint leaving a veneer which prevents the molten metal during
pouring from entering the core. No-bake cores are made one shift per

day involving two persons, the core maker and core washer, for eight

hours. The potential airborne exposures of the core maker would include
furfural alcohol and phosphoric acid. Those of the core painter would
include isopropyl alcohol and furfural alcohol, and possibly carbon
monoxide.

The oven-bake cores employ an oleoresinous binder system which is a
combination of 0il, kerosene, cereal-binder (mostly starch and dextrin),
phenolic coated sand, and water. For example, a 300 pound batch of

core sand would consist of 4 pounds of cereal-binder, 1 quart of kerosene,
2 quarts of oil, and water as needed. Turn-over draw machines are used

to make the cores. The operator shovels the sand mixture onto the pattern
and the jarring and jolting action of the machire compacts the sand mixture
forming a "green core". Depending on size, the core is taken to one of
three gas-fired baking ovens set at about 400°F for curing. Cores less
than 10 pounds are baked in a reach-in oven and cores greater than 10
pounds are cured in walk-in ovens. The cores are placed in and removed
from the ovens by a core finisher who also pastes the core halves together
after they've cooled. The oven-bake cores are made one shift per day
requiring 2 core makers and 3 core finishers for 8 hours, Other than
casting sand dust, the core makers are not believed to be exposed to any
other airborne contaminants that could present a health problem under
conditions of use. The core finishers are potentially exposed to thermal
degradation products_of the core 0ils and resin such as ammonia, acrolein,
and carbon monoxide.® However, based on failure of the exposed finishers
to elicit any symptoms of upper respiratory tract irritation, it is
doubtful that a toxic exposure to the latter two lachcrimators exists.
Based on the extent of exposure, it is also doubtful that a toxic exposure
to carbon monoxide exists; this was confirmed by detector tube sampling.
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E. Evaluation Results and Discussion
a. Environmental Evaluation - Ferrous Foundry

1. Respirable Crystalline Silica: Respirable crystalline silica mass
samples were collected during June 27 through July 1, 1976. Quartz was
the only polymorph (form) of crystalline silica detected and resuIts are3
therefore reported as milligrams of quartz per cubic meter of air (mg/M°)
sampled. The minimum detectable amount of quartz per filter was 0.02
mg with some samples reported as less than ?<) values for milligrams
quartz and airborne concentration of quartz. Since no interpretation can
be placed on values reported as less than as to whether or not thgy are
above or below the NIOSH reconmended health criteria of 0.05 mg/M or the
action level of 0.025 mg/M these results were not considered in determining
whether the respective workers are exposed to concentrations of quartz that
may be potentially toxic.

The results obtained from dust measurements at two types of core making
processes are presented in Table 3. Six personal samples were obtained;

4 at a no-bake core and 2 at a shell core operation. The respirable _quartz
concentrations ranged from 0.12 to 0.33 mg/M3 and <0.04 to 0.06 mg/M3,
respectively. A1l (4/4) of the samples collected at3the no-bake operation
exceeded the NIOSH recommended criteria of 0.05 mg/M°. This criteria

was also exceeded by 1 of 2 samples collected at the shell core operation.
The higher concentrations of respirable quartz measured at the no-bake
core process is attributed to the fact that it is immediately adjacent

to sand molding and metal pouring stations; whereas, the shell core
process occurs in a separate room and is removed from dust generating
processes such as sand molding and metal casting.

Thirteen (13) personal samples were collected to evaluate the sand molders
exposures to respirable quartz (Table 4) The measured airborne concen-
trations ranged from 0.05 to 0.97 mg/M3. A1l of the gamp1es showed
concentrations equal to or greater than the 0.05 mg/M° NIOSH criteria.

Four (4) personal samples were collected to measure the metal casters
exposure to resp15ab1e quartz (Table 5). The concentrations ranged from
0.10 to 0.26 mg/M A1l of the samples showed concentrations in excess
of the 0.05 mg/M3 NIOSH criteria. The average concentration of 0.18 mg/M
was 3.6 times the NIOSH criteria.

Nine (9) personal samples were collected to measure the shakeout workers
exposures to resp}rab]e quartz (Tab]e 6). The concentration§ ranged from
0.07 to 0.91 mg/M?, which are all in eﬁcess of the 0.05 mg/M” NIOSH criteria.
The average concentration -of 0.26 mg/M°, is 5.2 times the NIOSH criteria.
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Six (6) measurements were taken at the breathing zone of a core finisher
and a core painter on July 1, 1976. A1l samples showed a maximum level
of <10 ppm.

During small mold shakeout on July 1, 1976, 7 samples were taken to evaluate
a shakeout employees exposure to CO. The measured levels ranged from 5
to 40 ppm, with an average concentration of approximately 20 ppm.

The cupola tenders exposure to CO was evaluated on June 30, 1976. Two (2)
samples were collected from each of 3 areas of the cupola. Included were
the charging platform, catwalks, and base of the cupola. The concentrations
ranged from none detected on the catwalks to 25 ppm at the base of the
cupola.

It is evident from the aforementioned data that the workers are exposed to
varying concentrations of C0. Exposures of the core painters and finishers
appear to be low, while that of the pourers and shakeout personnel, and
possibly the cupola tender are significantly higher. Based on the {ype of
aerometric instrumentation that was available and conditions of exposure,

it was difficult to obtain sufficient data to define the workers exposure in
terms of a personal breathing zone TWA. However, the levels are sufficiently
high to suggest that the workers, especially the large pourers, could be
exposed to toxic concentrations. The biological monitoring data presented
below tends to support this hypothesis.

Expired-air CO and percent carboxyhemoglobin (COHb) concentrations for

pre and post exposure breath analysis samples are presented in Table 10.

A total of 9 employees were tested. Three sets of data (1 set per day)

were collected from 8 of the 9 persons; 1 set was obtained from the 9th
worker. Because the contributions of CO from the work environment and
smoking habits cannot be readily discerned, the data on the non-smokers

was only used to evaluate the workers exposure to CO. The post exposure

COHb determinations of the core making personnel did not exceed the 5 percent
criterion which was exceeded by a large metal pourer and shakeout employee.
The COHb determinations of the latter 2 persons were 1.8 and 2.2 times the

5 percent criterion, respectively. Though the data is limited, it is
consistent with the aerometric data which showed that the core making personnel
are exposed to Tow levels of CO and the pourers and shakeout employees are
exposed to higher levels.

Although the data on the smokers was not directly used to show an increase
COHb from occupational exposure to CO, it shows that the smokers had
alveolar air concentrations of CO above their fellow non-smokers and above
the 5 percent COHb level. The paramount fact is that the increased Tevels
of COHb may affect the worker's ability to work safely.35
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with union support. A NIOSH document titled, "A Guide to
Industrial Respiratory Protection", will serve as a reference
source with information for establishing and maintaining a
respiratory protection program which meets the requirements
of 29 CFR 1910.134.32

iv. When employees are exposed to muitiple toxic substances, such
should be considered when selecting the proper respiratory
protection device. For example (1) the shell core makers are
concurrently exposed to toxic concentrations of silica and
formaldehyde; (2) the ferrous foundry snagger-grinders are
concurrently exposed to toxic concentrations of silica, iron
oxide dust and total particulate; and (3) the non-ferrous
foundry shakeout/fettier is concurrently exposed to toxic
concentrations of inorganic lead and silica particulate.

v. There should be an established in-plant procedure and means
and facilities provided to issue respiratory protective equipment
to decontaminate and disinfect the equipment, and to repair or
exchange damaged equipment. Records of these activities should
be maintained.

vi. Employees should be given instructions on the use of respirators
assigned to them, on cleaning respirators, testing for leakage
and proper use.

vii. Respirators should be issued with caution. There might be
individuals in the group for whom wearing a respirator carries
certain specific dangers, i.e. highly increased resistance to
airflow in a person with compromised pulmonary function may be
associated with acute respiratory insufficiency. Employees
experiencing frequent and continuous breathing difficulty while
using respirators should be evaluated by a physician to determine
the ability of the worker to wear a respirator.

viii. Though no personal breathing zone exposure data was obtained on
other workers such as maintenance and foreman personnel, based
on the general work-room aerometric data (Table 9) it is also
recommended that these persons wear respiratory protection while
in the established exposure areas.

C. Environmental and Medical Surveillance
Part I, Sections 1, 2 and B of the NIOSH Criteria Document for Crystalline

Silica, Inorganic Lead, Carbon Monoxide and Formaldehyde should be used as
a guide for establishing environmental and medical surveillance programs.
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Tabhle 2
Job Categories and Number of Workers Studied

Hersey Products Company, Inc.
Gilbertville, Massachusetts

June, 1976
JOB TITLE FERROUS FOUNDRY NON-FERROUS FOUNDRY

Sand Mixers 2 0
Core Makers 8 0
Molders 8 1
Melters & Cupola Operator 3 1
Pourers 2 0
"tility Men 5 1
.akeout 3 0
Grinding & Finishing 4 1

Shipping Inspector 0 N
TOTAL 35 5




Table 3

Summary of Personal Sampling Concentration Data

for

Total Respirable Free Silica and Total Respirable Particulate - Ferrous Foundry

Hersey Products Company, Inc.
Gilbertville, Massachusetts

June 30 and July 1, 1976

0s

HA
Airborne Concentration [Data-m m3(a) Silica Stﬁpdard
ma/m

Sample Job Description Sampling Sample Volume Total Free Silica
Sample Date Number  ard/or Classification Period liters mng 7% Tatal Free Silica Total Respirabie Dust
6/30 FB-78 Shell Core Maker 0600-1200 782 n.05 21 0.06 n.24 0.43
1245-1425
mn PY-399  Shell Core Maker IRIN-11%F 573 <0.02 <25 <0.04 0.33 <0.40
8/30 PV-196 No-Bake Core Maker 0612-1157 748 0.75 61 0.33 0.55 0.16
1240-1415
mn PV-59 No-Bake Core Maker 0607-1155 748 0.17 81 0.23 0.28 0.12
1238-1410
6730 PV-136 No-Bake Core Maker 0612-1157 748 0.09 39 0.12 0.3 0.24
1240-1415
mn PY-161 No-Bake Core Maker 0612-1155 737 0.15 83 0.20 0.24 0.12
1240-1410
Environmental Criteria 0.05 mg/M> 5 mg/M>

Denotes milligrams of contaminant per cibic meter of contaminated air.









Table 6

Summary of Personal Air Sampling Concentration Data

for

Total Respirable Free Silica and Total Respirable Particulate - Ferrous Foundry

Hersey Products Company, Inc.
Gilbertville, Massachusetts

June 29-30, and July 1, 1976

OSHA
Sample Job Description Sampling  Sample VoTume Total Free Silica Airborne Concentration Data-mu/m3(a) Silica Standard
Sampling Date ANumber and/or Classification Period liters mg ¥ Tntal Free Silica Total Respirable Dust mg/m>
6/29 PY-162 Small Shake-Out 1208-1526 337 0.04 31 0.12 0.38 0.30
(llew Foundry)
6/2% Pv-87 Small Shake-Out 1156-1510 329 0.30 14 0.91 1.03 0.63
{New Foundry)
6/30 PY-7 Smail Shake-Out 1158-1605 420 0.05 22 n.e .55 0.43
(b) (New Foundry)
6/30 Py-74 Small Shake-0Out 0646-1530 891 0.05 8 n.06 n.70 1.0
(New Foundry)
N PY-102 Small Shake-Out 1139-1555 435 0.03 17 n.07 0.41 0.53
(New Foundry)
1 PV-99 Small Shake-Out 1240-1541 308 0.08 24 0.26 1.06 0.38
{New Foundry)
6/30 PV-101 Large Shake-Out 1615-1825 641 0.06 27 n.09 n.34 0.34
(01d Foundry) 1905-2312
6/30 PV-126 Large Shake-Out 1617-1825 600 n.04 27 n.07 0.25 0.34
{0Td Foundry) 1905-2250
771 PB-411 Wheelabrator Oper. N945-1200 459 n.30 17 n.65 3.9n 0.53
1245-1600
= S 3 M3
Environmental Criteria 0.05 mg/M 5.0 mg/

a. Milligrams nf contaminant per cubic meter of contaminated air,
b. Worked at the wheelabrator from 0600 to 1200 and on shake-out from 1230-1530 hrs.
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Table 7

Summary of Personal Sampling Concentration Data
for
Total Respirable Free Silica and Total Respirable Particulate - Ferrous Foundry

Hersey Products Company, Inc.
Gilbertville, Massachusetts

OSHA
i(a)

Sampie Job Description Sampling Sample Volume Total Free Silica Rirborne Concentration Data-m Silica Standard
Sampling Date Number and/or Classification Period liters mg, v Total Free Gilica Total Respirable Dust mq/m3

6/29 PY-129 Snagger-Grinder 0734-1201 740 .22 8 n.30 3.73 1.0
1235-1523

6/29 PV-109 Snagger-Grinder 0738-1200 709 n.18 9 0.25 2.89 0.91
1246-1521

6/30 P¥-130 Snagger-Grinder 0711-1125 723 n.i8 12 n.25 2.07 07
1240-1531

6/30 PV-75 Snagger-Grinder 0710-1153 79 0.14 12 0.19 1.65 n.71
1240-1500

/1 PY-67 Snagger-Grinder 0710-1100 680 0.21 10 .31 3.24 0.83
1235-1525

711 Py-358 Pedestal-Grinder 0719-1200 819 n.1g 18 n.22 0.12 0.50
1235-1556

6/29 PY-127 Pedestal-Grinder 0736-1201 09 n.22 19 n.31 1.66 0.48
1243-1515

6/30 PV-154 Pedestal-Grinder n714-1151 743 n.n7 18 n,n09 0.54 n.50
1245-1525

Environmental Criteria 0.05 mq/H3 5.0 mq,’h"l“l

a, Milligrams of substance per cubic meter of contaminated air.
























Table 15

Summary of Personal Air Sampling Concentration Data

for

Iron Oxide Fume and Total Particulate Measured During Metal Casting - Ferrous Foundry

Hersey Products Company, Inc.
Rilbertville, Massachusetts

Airborne Concentration Data - mq/M3 (a)

Sample Job Description Samp] ing Sampling Volume

Sampling Date Number and/or Classification Period Liters Iron Oxide Fume (Fggpg) Total Dust
6/30 PV-191 Small Mold Pourer 1200-1544 336 0.21 2.76
6/30 PV-435 Small Mold Pourer 1211-1542 N7 0.34 5.9
71 PY-82 Small Mold Pourer 1133-1542 374 0.14 2.08
1 PV-442 Small Mold Pourer 1135-1539 366 0.35 6.73
6/30 PV-134 Large Moid Pourer 1208-1542 321 n.22 4.9
6/30 PV-106 Large Moid Pourer 12131537 306 0.23 2.97
mn PV-133 Large Mold Pourer 1130-1540 375 0.18 3.39
7/2 PV-158 Large Mold Pourer 1139-1545 369 0.M 2.76

Environmental Criteria 5 mg/M> 10 mq/M

a. Denotes milligrams of contaminant per cubic meter of contaminated air.






Table 17

Summary of Personal Sampling Concentration Data
for
Total Respirable Free Silica and Total Respirable Particulate - Non-Ferrous Foundry

Hersey Products Company, Inc.
Gilbertville, Massachusetts

June 29-30, 1976

ngplinq Sample e fa) Sampling Sample Volume Total Free Sj]ica Airborne Concentration Data - mq/M3(b) SiliggHgtquard
ate Number Job Description Period Liters mg_ _* Total Free Silica Total Pespirable Dust __ mg/M®”
6/29 RPY-B5  Molding/Pouring/Shakeout 0520-1155 961 0.05 19 0.05 n.27 n.48

6/29 RPV-116 Shakeout/Fettling éggg:lfgg 982 1.04 31 0.04 0.13 0.30

6/29 RPY-169 Fettling éggi:}?gg 1035 0.02 40 0.02 0.04 0.24

1233-1621

6/30 RPY-205 Molding/Pouring/Shakeout 0520-1200 876 0.04 15 0.95 0.30 0.59

6/30 RPY-197 Shakeout/Fettling ngg:}ggg 672 0.13 62 0.19 0.31 0.16
Environmental Criteria 0.05 mg/M3 5 rnq/M3

a. Denotes job descirption(s) of the employee during the sampling interim.
b. Denotes milligrams of contaminant per cubic meter of contaminated air.












Table 21

Personal Breathing Zone Exposures to Metallic Aerosols and Total Particulates

by the
Bronze Foundry Workers

Hersey Products Company, Inc.
Gilbertville, Massachusetts

June 30, 1976

Airborne Concentration Data

Sample Sampling Sample Volume Lea Coppe Zinc Alumigum Nicke Total Partjcylate
Number Job Description(a} Period Liters ug/Mg(b) ug/M5 ug/M3 uq/Mg ug/M5 mg/MEEE?
BPY-92 Melting/Pouring 0520-1035 473 25.5 8.5 297.8 <15 <5 0.79
ABPY-349 Pouring/Shakeout 1035-1200 210 <7 19.1 <1 <15 =5 0.27
1235-1330
ABPV-114 Molding/Pouring 0a530-1200 704 12.9 10.0 52.9 61.4 <5 1.61
1235-1354
ABPV-410 Utility-man 0525-1200 583 22.0 11.9 111.9 q1.5 <5 1.64
ABPY-407 Fettling 0600-1200 683 242.7 618.6 102.9 63.2 <5 1.69
1235-1410
Environmental Criteria 100 1000 5000 10000 15 10

a. Denotes job description{s) of the employee during the sample interim.
b. Denotes micrograms of contaminant per cubic meter of contaminated air.
c¢. Denotes milligrams of contaminant per cubic meter of contaminated air.















Table -26:

Recommendations for Respirator Usage at Airborne Crystalline Silica,
Inorganic Lead Particulate and Formaldehyde Above the Exposure Limit.

Hersey Products Company, Inc.
Gilbertville, Massachusetts

Concentration of Contaminant

Substance in Multiples of Limit Recommended Respirator Type

Silica ‘Less than or equal to 5x Single use (valueless type) dust
respirator.

Silica Less than or equal to 10x Quarter or half mask respirator

with replaceable dust filter or
single use (with valve) dust
respirator.

Lead Dust Less than or equal to 7x Air purifying respirator (except
single use types), with fume or
high efficiency particulate filter
(99.97% efficient against 0.3
micron size particles).

tormaldehyde Less than or equal to 2x, Chemical cartridge respirator and
organic vapor cartridge and full
facepiece.

Greater than 2x, up to 10x Chemical cartridge respirator and
organic vapor cartridge and full
facepiece.

Greater than 10x, up to 100x Full-face mask, chest-or back-
mounted type, with industrial size
organic vapor canister.
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