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PREFACE 

The Hazard Evaluation~· and Technical:Assistance Branch of ·N.IOSH conduct·s fie.l d .: 
investigations of possible hea 1th bazards in the workplace. °These . .. . t 


investigations are conducted. under the authority of _Sect.ion 20(a)(6) of the · · 

Occupational Safety and Health Act of 1970, 29 :u.s.c. 669(.a)(6) which . · · 

authorizes the Secretary of Health and Human Servi~es, following a written . · 

reciuest from. any emplpyer or ·.authorized representative of employees, ·to 

determine whether .any substance normally found in the place of employment has 

potentially toxic effects ·;n such concentrati ~n.s as used .or fou~d. ·· 


The Hazard Evaluations and Technical Assistance Branch also provides ,·· upon 

re<Juest , medical , nursing, and industrial nygi ene technical and consultative 

assistance (TA) to Federal, state, arid ·local agencies; labor; ind.ustry and 

other groups or individuals to control occupational health h~zards and to . · 

prevent related trauma and disease. · 


) 

Mention of company names or products does not constitute endorsement by the 
National Institute for Occupational Safety and Healt~ • . 
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I. SUMMARY 

In January 1981 the National Institute for Occupational Safety and Health (NIOSH) 
received a request from the International Molders and Allied Workers, Local 139, to 
detennine if a potential health hazard existed to chemicals used at the Gerlinger 
.Casting Corp., Salem, Oregon. The request involved the chemicals in the phenolic 
urethane no-bake binder system used in mold making and the breakdown products of the 
binder system released during the pouring of the castings at the Gerlinger Casting 
Corp., Salem, Oregon. 

On June 23 and 24, 1981, environmental air samples were collected to determi.ne the 
workers exposure to acrolein, ammonia, aniline, benzene, carbon monoxide, 
dimethylamine, ethylamine, formaldehyde, hydrogen cyanide, methyl amine, MDI 

....: (diphenylmethane diisocyanate), phenol, 4-phenyl propylpyridi.ne, pyridine, toluene, 
tr iethylamine and xylene. A pre and post-shift medical questionnaire was administered 
to the workers in the molding and pouring departments. 

Exposures to pyridine and 4-phenyl propylpyridine (two clay -average concentrations) in 
the molding area were 5.9 ppm and 1.1 ppm respectively with a combined average 
exposure of 7.0 ppm. The evaluation criteria for pyridine is 5 ppm. There is no 
criterion for 4 -phenyl propylpyridine; however, it ·is assumed that the ·criterion is 
the same _as pyridine (5 ppm). When two or more compounds are present that have 
similar heaJth effects, as with pyridine and 4-phenyl pro-pylpyridine, the exposures 
have to be · considered as additive. The combined pvridine and 4-phenyl propylpvridine 
exposure in the molding area was 140% of the evaluation criterion of 5 ppm and in the 
pouring ~rea it was 70% of the criterion. The benzene concentration in the pouring 
area was 0.24 ppm or 24% of the criterion of 1 ppm. All samples collected for 
acrolein, amines, fonnaldehyde, hydrogen cyanide, MDI°, phenol, toluene and xylene were 
less than 6% of the appropriate criteria, Carbon monoxide concentrations ranged from 
1 to 7 ppm or less than 20% of the cd terion. 

One pourer developed a cough during the day. This was the only sympto~ he 
experienced. The other pourer had a bad cold so symptoms related to work could not be 
deter.mined. The employees conducting the molding experienced burning and itching of 
the eyes during the times thev made the large gears. At the end of the shift, one had 
a dry throat, watery eyes and a. slight cough. The employee who cleaned the mixer had 
burning and itching of the eyes, a cough and a dry throat. The core maker had a drv 
throat and felt lightheaded. 

th~ basis of the data collected for this investigation, NIOSH determined that the 
olders and other molding area employees are occupationally exposed to toxic 

concentrations of pyridine and 4-phenyl propylpyridine as used and found while 
conducting operations in the molding area. The molders -' and casters' exposure to 
irbonae acrolein, ammonia, aniline, benzene, carbon monoxide, dimethylamine, 

ethylamine, fonnaldehyde, hydrogen cyanide, methylamine, MDI, ·phenol, toluene, 
triethylamine and xylene were not toxic as measured. Recommendations involving local 
xhaust ventilation and personal protective clothing have been included in this report 

to further reduce ex osure to these com ounds •. 

KEY WORDS: SIC 3221 (Gray Iron Foundries) benzene, 4-phenyl propvlpyridine, 
pyridine, phenolic urethane no-bake binder systems. 

http:propylpyridi.ne
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II. INTRODUCTION 

In January 1981 ~he National Institute for Occupational Safety and Health 
(NIOSH) received a request fran the International Molders and Al lied Workers, 
·Local 139, to determine if a potential health hazard existed to chertticals used 
in the phenolic urethane no-bake binder system, in mold making and in the 
breakdown products of the binder system released during the pouring of the 
castings at the Ger linger Casting Corp., Salem, Oregon. An initial survey was 
conducted on January 22, 1981 and an environmental survey on Jtme 23-24, 
1981. An interim report including the environmental and questionnaire results 
and recommendations was submitted to the company and the union. 

III. BACKGROUND 

Gerlinger Casting Corp. is a gr-ay iron foundry. This evaluation involves only 
the molding and pouring departments. A phenolic urethane no-bake binder 
system is used in the mold making process. Ftienolic urethane no-bakes are 
high speed chemical binder systems. Using this system, molds can be ready to 

,, strip within 1-15 minutes after filling a pattern. The phenolic urethane 
; 
i usually comes in 3 parts. The phenolic urethane chemicals are mixed with sand 

in a mixer immediately preceding the molding operati.on. The mixed molding 
sand iJ pl aced in the mold at which time the mold begins to cure. This curing 
takes pl ace in a matter of minutes. The excess sand is placed in an open bin 
next to the molding station. Some excess sand is inadvertently spilled on the 
floor. After the molds have cured the flasks are removed and the molds 
transferred to the pouring area. The large molds, such as the large gears, 
have a lot of surf ace area. The molders lean over the mold to do their wrk. 
This results in a higher short term exposure to the released gases and 
vapors. There is me sand mixer and -molding station using -this process. 
There is no local exhaust ventilation on this process. The molders wear 
rubber gloves as several of the chemicals can be absorbed through the skin. 
During the morning and afternoon bre~ks, lune~ time and at the end of the 
shift, one worker cleans the resin-sand mixture from the mixer. 

The potential exposures include airborne vapors and gases of the chemicals 
used in the resin formulation, the breakdown products as a result of the ,. 
curing process, and the potential skin contact with the wet resiri-sand mixture \ 

' 
prior to curing. The molds are lined up in the pouring are~ and poured in 
place. The airborne vapors, gases _and fumes include the chemicals in phenolic 
urethane sand binder systems and the ·chemical breakdown produ·cts resulting 
fran the hot molten metal being poured into the molds. There is no local 
exhaust ventilation at the pouring station. The pouring area is in the high 
bay section of the building and general ventilation is . accomplished in wanner 
weather by leaving the rearby overhead doors open. ibere were · 5 employees in .-: 
the molding area and 3 in the pouring area• . nte plant was working one shift 
per day. 

. •,
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IV. EVALUATIOO DESIGN AND METHOD 

A. Environmental 

Area air samples were collected at a location 4 feet from the molders and 
at a second location in the middle of the pouring floor. Several samples 
were also collected in ·the breathing zone of the molder and pourers. Area 
samples were selected in lieu of breathing zone samples since there was 
only me molder and two pourers and 10 different pieces of sampling 
equipment were required to obtain the ·samples at each location. 

Listed below are the sampli.ng and analytical methods used :in this 

evaluation. 


Co11 ection Flow NIOSH Analytical 
Substance Method Rate Method 

aero lein 	 bubbler 1.0 1pm P&CAM 211 

1% Na HS03 

hexyl resorcinol 


amines (aliphatic) 	 silica gel 50-100 cc/min P&CAM 221 

ammonia 	 1 ong term 20 cc/min 

detector tubes 


aniline 	 silica gel 50-100 cc/min P&r.AM 168 

benzene, to 1uene, charcoa 1 50-100 cc/min P&CAM 127 

xylene 


carbon monoxide 	 long term 20 cc/min 

detector tubes 


formaldehyde 	 treated c harcoa 1 1.0 1pm P&CAM 318 

tube 


hydro gen cyanide 	 bubbler 1.0 1pm P&CAM 116 

O.lN KOH 


MDI 	 treated fi 1ter 1.0 1pm P&CAM 326 

phenol 	 bubbler 1.0 lPJ11 P&CAM S-330 
0.1 N NaOH 

pyridine and charcoal tube ~0-100 cc/min P&CAM S-161 

4-phenyl 

pro pyl pyridine 


http:sampli.ng
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B. Medical 

The molders and pourer were privately interviewed during which time they 

stated the adverse svmptoms they experienced in ·the .past. A short pre and 

post-shift questionnaire was administered which elucidated the employees' 

symptoms of dry or sore throat, burning or itching eyes, tearing of the 

eyes, stuffy or runny nose, headache, dizziness or lightheadness, 

coughing, tight chest, wheezing, nausea, skin rash or irritation, and 

blurred visicn or halo effect. 


v. EVALUATION CRITERIA 

A. Environmenta1 

The environmental criteria for exposure to toxic substances used in this 

evaluation are based on the following; 1. NIOSH Criteria Documents, 

Recommended s;andards for Occupaticnal Exposures; 2. Threshold Limit 

Values ( TLV) of the American Conference of Goverrnnental Industrial 

Hygienists (Aa;IH); 3. The Oregon s.tate Occupational Health Standards; 

and 4. The U.S. Department of Labor (OSHA) Occupational Health Standards . 


NIOSH (or ACGIH) OSHA & 
RECOMMENDED OREGON 
CRITERIA 	 STANDARDS 

SUBSTANCE 10 hr TWA* 8 hr TWA 	

acrolein 	
ammonia 	

ani1ine 	
benzene 	

carbon monoxide 
dimethyl amine 
ethylami ne 
formaldeh vde 

hydrogen cyanide 
methyl amine 
MDI (di phenylmethane 

diisocyanate) 
phenol 
4-phenyl propylpyridine 

pyridine 
toluene 
tri ethy1ami. ne 
xylene 

* TWA - time weighted average 
** S - Skin a~sorpti<n a factor 

0.1 ppm (ACGIH) 
50 ppm . 
(5 min. ceiling) 

25 ppm (ACGIH) 

2 ppm -~-(ACGIH) 
1 ppm . 
( 5 ppm ceiling) 
35 ppm 
10 ppm (A<X;IH) 
10 ppm (ACGIH) 

0.8 ppm 
30 minutes 

5 ppm -s 
10 ppm (AOO!H) 
0.2 mg/cu m 

ceiling 
5 ppm -s 

5 ppm (ACGIH) 
100 ppm -S 
25 ppm (ACGIR) 
100 ppm -S 

o.) ppm 
50 ppm 


5 ppm 
10 ppm 
(25 ppm ceiling) 

50 ppm 

JO ppm 


3 ppm cei1ing 


10 ppm 

10 ppm 

0.2 mg/cum 


ceiling 

5 ppm 


5 ppm 

200 ppm 

25 ppm 

100 ppm 
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B. Toxicology 

Only those subst anced which were present in potentially toxic 

concentrations are discussed below. 


PYRIDINE - "Irritaticn of the conjunctiva of the eye and cornea and mucous 
memb·ranes of the upper respiratory track and skin mav occur. It 
occasicnally causes skin sensitization, and photosensiti.zation has been 
reported. Very hi.gh concentrations may cause narcosis. Repeated, 
intennittent, or con tinous low level exposure may lead to transient 
effects on the central nervous system and gastrointestinal tract. The 
symptoms include headache, dizziness, insomnia, nervousness, anorexia, 
nausea, vomiting, and diarrhea. Low back pain and urinary frequency wit~ 
no changes :in urine sediment or liver or renal function and complete 
recovery have been reported to follow exposures to about 100 pfm." .( 1) 

4-PHENYL PIDPYLPYRIDINE - There is very little infonnati on in the existing 
literature. Animal studies in mice indicate that it is irritating to the 
skin and eyes. The LI>-50 is about the same as pyridine and males are mote 
suceptable than females. ( 2) 

VI. RESULTS AND DISCUSSION 

A. Environmental 

All s~ples collected for acrolein, amines, fonnaldehyde, hydrogen cyanirle, 
MDI, phenol, toluene and xylene we~e either not detectable or ~re less than 
6% of the appropriate evalua~ioo criteria. (Tables 1-4) The carbon monoxide 
concentrations ranged fran 1 to 7 ppn which is 20% or less of the criteria of 
35 ppm. (Table 2) One benzene sample collected in the pouring area was 0.24 
ppn which is 24% of the criteria of 1 ppn. (Table 3) Benzene i.s not present 
in the original fonnulaticn but is a breakdown product of the heat in the 
casting operation. 

4-fXlenyl propvlpyri dine is present in the sand binder as a catalyst. A 
portion of this is converted to pyridine during the sand mixing and molding 
process. The pyridine concentratioos m the pouring floor were 2.5 and 2.8 
ppn, which is 50% of the evaluation criteria, and the 4-phenyl propylpyridine 
concentratioos were 0. 7 ppm and less than 0., ppm. <Table 3) At the molding 
area the pyridine concentrations were 6.0 and 5. 7 Ptxn, which is 120% of the 
criteria of 5 ppm, and the 4-phenyl ptopylpyridine concentrations were 1.0 and 
1.2 ppn. There is no evaluaticn criteria for this ccmpound, however if it is 
assmned that the evaluation criteria is the same as pyridine (5 ppm), then 
these concentrations would then be 20% of this criteria. When 2 or more 
compounds are present that have similar health effects, as i.n this case with 
pyridine and 4-phenyl propylpyridine, the exposures have to be considered as 
additive. The combined pyridine and 4-phenyl propylpyridine exposures "°uld 
then be 140% of the evaluation criteria during the 2 days of sampling. 
Breathing zone concentraticns of the mofder wuld probably be higher than 
those measured as he is working directly over the molds. These samples were 
collected on warms days with the large overhead doors rear the process open 
(except for a porticn of. the .afternoon on the second day). Thi.s produced a 
breeze through the molding area. It is anti.cipated that m days when the 
doors are closed all or most of the day, as in the winter, that the pyridine 
and 4-phenyl . propylpyridine concentrations would be higher than those measured. 
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B. Medical 

The past and present symptoms reported hy the workers from the molding area 
were burning and itching of the eyes, throat irritation, cough, headaches, 
blurred visim. constipatioo, skin rash, chest tightness, diarhea and lack of 
appetite. Several stated that some of the symptoms had not been present since 
they started wearing rubber gloves in December of 1980. The past and present 
symptoms reported by the workers f-ran the pouring area were burning eyes and 
diffi 011 ty in breathing during the pour. 

A short pre an:i post-shift medical questionnaire was administered which asked 
if the employees had symptoms of dry or sore throat, buring or itching eyes, 
tearing of the eyes, stuffy or runny nose, headache, dizziness or 
lightheadedness, coughing, tight chest, wheezing, nausea, skin rash or 
irritation, and blurred vision or halo effect. 

One pourer developed a cough during the day. This was the only symptom he 
experienc~d. The other pourer had a bad cold so symptoms related to work .. J 
could not be determined. nte employees conducting the molding experienced 
burning and itching of the eyes during the times they made the large gears. 
At the en:l of the shift, one had a dry throat, watery eyes an:1 a slight 
cough. the employee who cleaned the mixer had burning and itching of the 
eyes, a cough and a dry throat. The core maker had a dry throat and felt 
lightheaded. y ' 

:: 

VII. CON CLUS IONS 

It is· determined that the molders and other molding area employees are exposed 
to ·concentrations of pyridine and 4-phenyl propyl pyridine that are toxic as 
used and found while conducting operatims in the molding area. This is based 
on airborne samples that showed exposures to the.se compounds were 140% of the 
evaluattm criteria, and that molding of the large gears and cleaning of the 
mixer produce short tenn exposures which resul te's in the emplovees 
experiencing intennitt~nt burning and itching of the eyes, cough and dry 
throat. 

VIII. REOOMMENDATIONS 

1. 	 Provide local exhaust ventilation where the molds are made. A 

suggestion is the use of slot ventilation on one side near the mold 

which would not interfere with the molding operatim. 


2. 	 Provide local exhaust ventilation on the mixer. 

3. 	 Cover and venti1ate the excess molding sand bin located next to the 

molder. 


4. Install an . exhaust sy~tem on the floor under the molding location to 
capture the vapors released fonn the spilled mixed sand lying on the 
floor. 
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5. 	 Avoid physical contact with the resin. Use protective clothing such 
as rubber gloves and aprons as these chemicals can be absorbed 
through the skin. 

6. 	 Clothing contaminated with the resin or catalyst should be removed 
and washed before ·wearing again. 

7. 	 Clean work clothes should be used daily. 

8. 	 Pending adequate engineering controls, if feasible, the person 
cleaning the mixer should wear a NIOSH approved full face respirator 
with cartridges for use with organic vapors or with an air cap 
similar to those used in other operations in the plant. 

9. 	 Pending adequate _engineering controls, if feasible, the employees _ 
working in the molding area should wear an air cap or an approved 
respirator with cartridges for use with organic vapors. The molder 
should wear an air cap or a · full face respirator especially when 
making 1arge gears. 

10. 	 Consider installaticn of local .exhaust ventilation at the point where 
the castings are poured. 

q . 	Monitor the molding area workers exposure to pyridine and 4-phenyl 
propylpyridine under various conditions and jobs in order to 
prioritize the installatim of controls. 

12. 	 Keep searching the market for less toxic chemicals that would perform 
the same functions as those currently used in the molding operations. 

IX. REFERENCES 

1 . OCCUPATIONAL DISEASES - A GUIDE TO THEIR RECOGNITION Nati.anal 
Institute for Occupationa1 Safaety and ·Heal th DREW (NIOSH) publication No. 
77-181. 

2 FICHE TOXICOLOGIQUE No. 155 INRS 30, Rue Olivier - Noyer 75680 Paris 
Cedex 14th Paris, France. 

X. DISTRIBUTION . AND AVAILABILITY OF DETERMINATION REPORT 

Copies of this canplete Determination Report are currently available upon 
request from NIOSH, Division of Standards Developnent am Technology Transfer, 
Information Resources and Dissemination Section, 4676 Columbia Parkway, 
Cincinnati, Ohio 45226 . After ninety f 90) days, the report wi 11 be avai 1able 
through the National Technical Infonnation Service (NTIS), Springfield, 
Virginia. !nformatim regarding its availability through NTIS can be obtained 
from NIOSH Publications Office at the Cincinnati address. 
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Copies of this report have been sent to: 

I. 	 Gerlinger Casting Corp., Salem, Oregon 
.. 

2. 	 International Molders and Allied Workers Local J39 

Portland, Oregon 


3. 	 U.S. Department of Labor, Occupational Safety and Health 

Administration, Region X, Seattle, Washington 


4. 	 Oregon State Accident Prevention Division, Salem, Oregon 

For the purpose of informing the 8· affected employees, the employ~r shall . 
promptly post this Determination Report in a prominent place(s) near· the work 
area of the affected employees for a period of thir'ty ( 30) calendar days. 
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Arvin G. Apol 
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Region X/NIOSH 
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Region VIII/NIOSH 
Denver, Colorado 
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Hazard Evaluation and Technical 
Assistance Branch 
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TABLE 1 

ACROLEIN, FORMALnEHYDE & PHENOL 

AIR CON<;ENTRATIONS 


GERLINGER CASTING CX>RPORATtON 

Salem, Oregon 


HHE 81-133 


ACROLEtN 

SAMPLE. TIME SAMPLE 
· NUMBER MINtn'ES ppm NUMBER.LOCATION 	 DATE 

Middle or pourin~ floor (GA) 6-23-81 
c~n ~dge or raised 'portion) 

Middl~ ·or pouring flnor (GA) 6-211-81 
(nn edge or raised portion) 

4 ft. ft""Offl mol~er (GA) 	 6-23-81 

.4 rt.• from· m"lder ( GA) 	 6-2ii.:.e1 

At~::\ch~d to front or the 6-24-81 
s~nd ·mixer in the molders 
bre~thing zone~ 

Limits or detection: 	 acrolein - 0.045 ug 
formaldehyde - 6 ug 
phenol - 0.03 mg 

9 1'30 0.001 5 

79 435 0.001 75 

29 1'25 <0.0005 25 

49 1'25 0.002 1'5 

62 

FORMALOF.HYDE 


't'tMF.: 
MilHJTES 

430 

EPffl 

0.05 

1135 0.03 

425 

42c; 

410 

0.05 

0.03 

0.03 

SAMPLE 
NUMBER 

11 

81 

31 

51 

6'.3 

PHENOL 


TtME 
MINtrrES ~m 

370 

u35 

380 

300 

1100 

0.06 

0.23 

0.11 

0.17 

0.29 

, ..,,, . 
'), .. 

http:6-2ii.:.e1


• \ 

TABLE 2 

AMMONIA , 'CARBON MONOXIDE, HYDROGEN CYANIDE AND DIPHENYLHETHANE DIISOCYANATE (MDI) 
AIR' CONCENTRATIONS ,. 

GERLINGER CASTING CORPORATION 
Salem, Oregon 

HHE 81-133 

AtflONIA CARBON K>NOXIDE 
 HYDROGEN CYANIDE 
 I MDI 

SAMPLE 
 TIME i SAMPLE TIME SAMPLE TIME SAMPLE TIME 
LOCATION DATE I Nll1BER 
 MINUTES Nll1BER HINUTES J!2.! Nlt!BER MINUTES !!!!5/CU ffl N~BER HINtrrES ug/cu· m· 22!! 

Middle or pouring floor 6-23-81' 6 430 <0. 5 1 430 2 10 lf30 < \0.01 8 430 <o.6 
(on edge of' raised portion) 

Middle or pouring floor 6-24-81 76 i,35 <0.5 11 435 7 80 435 <0.01 I 48 405 <o.6 
Con edge of raised portion) 

4 rt from molder 6-23-81 26 425 <0.5 27 1125 1 30 425 <0.01 I 28 425 <:0.6 

4 rt from molder 6-24-81 116 425 <0.5 117 425 2 50 ai25 <0.01 --
Attached to front or the 6-23-81 I I 32 400 <o.6 -­ -·-­ --- I -­ -·­ - -- --- ----

sand mixer in the mold~rs 
breathing zone. 

j. Attached to front of the 6-24-81 64 ai10 <:0 . 6 I -­ --- --- I -­ -·-­ - -- --- ---- l 
sand mixer in the molders 
breathing zone. 

Breathing zone - pourer 6-23-81 12 380 -- --- --- 3 

Breathing zone - pourer 6-24-81 82 435 4 -
 -·-­ --
Limits ot detection-· Amnonia - 0.5 ppm 

Carbon Monoxide 0.5 ppm
Hydrogen Cyantde 

­
­ 5 tig 

MDI - 0.3 ug 

._.,. ·...__, 


,~ ·~ 
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TABLE 3 


BEN'lENE, TOLUENE, XYLENE, PYRIDINE, AND 4-PHENYL PROPYLPYRIDINE 

AIR CC*CENTRATIONS 


GERLINGER CASTING CORPORATION 

Salem, Oregon 


HHE 81-133 


I BEN'lENE TOLUENE XYLENE PYRIDINE II-PHENYL PROPYLPYRIDINE 

SAMPLE TUE SAMPLE TIME I $AMPLE TIME I 
I 

LOCATION DATE NUMBER MINUTES NUMBER MINUTES ~UMBER MINUTES J!l!!L .J?.I!!_ .J?.I!!_ ~ ~

Middle or pouring floor 6-23-81 4 q 430 2.5 430 <0.5-­ -­ -­ -­
(on edge or raised portion) -­

I 

Middle or pouring floor 6-24-81 73 1135 0.24 <0.1 <o~ 1 74 435 2.8 74 435 0.1 
(on edge or raised portion) 

II rt.. rrom molder 6-23-81 23 425 o.os · <0.1 <0. 1 24 425 6.o 24 425 1. 0 

. 425 II rt. rrot1 molder 6-24-81 113 1125 o.os <0.1 <0.1 44 5.7 · 44 425 1.2 

Lil'lits or detection: 	 benzene - 0.001 mg 
toluene, xylene - 0.01 mg 
pyridine - 0.02 mg 
4-phenyl propylpyridine - 0.1 ag 
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TABLE 4 

ALIPHAUC AMINES (DIHETHn.AMINE, ETHYLAMINE, HETHYLAHINE, TRIETHYLAHINE) 
AI.II CONCENTRATIONS . . 

AND ANILINE 

GERLtNGER CASTING a>RPORATION 

Salem, Oregon 


HHE 81-133 


m · LOCATION DATE 

ALIPHATIC AMINES ANILINE 

SAMPLE 
NUf,SER 

TI!£ 
MINUl'ES 

DIMETHYL­
· AMINE 
mg/oil Ill 

ETHYL­
AMINE 

mg/cum 

METHYL­
AMINE 

mg/cu m 

TRIETHYL­
AMINE 

111g/cu m 
SAMPLE 
NUf,SER 

TI!£ 
MINlTl'ES mg/cu 

-
Middle or pouring floor 

(on edge of raised portio
6-23-81 

n) 
1 430 <2.5 < 1.5 <2.5 <2. 5 2 430 <0.5 

< 

Middle or pouring floor 6-24-81 
(on edge of raised portion) 

71 435 <1.4 <1.0 < 1.4 <1.4 -­ --­ --­
4 rt from molder 6-23-81 21 425 <2.5 < 1.5 < 2.5 <2.5 22 425 <0-5 

4 rt rrom molder 6-24-81 .41 425 <1-5 <1.0 < 1.5 <1.5 42 . 425 <0.3 

Attached to front of the 6-23-81 
s~nd mtxer in the molders 
breathing zone. 

33 400 <2.5 <1 .5 < 2.5 < 2.5 -­ --­ --­

Attached to rront or the 6-24-81 
s.:tnd mixer in the molders · 
breathing zone . 

61 410 <1.2 < 1.0 <1.2 < 1.2 -­ --­ --­

NOTE: No aromatic amine peaks greater than 0.01 mg relative to analine were observed • 

.Limits of detect.ton - D1methylam1ne, methyla111ine, triethylamine - 0.05 mg 
Ethylam1ne - 0.03 mg 
Aniline - 0.01 mg 

..""'-'.·-..

. .. 
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