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PREFACE 

.Th~·H··a;·;r~f .E'va1uat i~ns. and . ;~:chni car Assistance Brarich of NIOSH ,conducts field 

.invisbgations of ppssible health hazards ·in the \'/Ork'place. ·These 
investigations are. conducte9 under the ·authority of Section 20(a)(6) of the 

·occupational Safety and:.Health Act ·of 1970, 29 u.s.c .. 669(a)(6) which 
au~horizes the Secr.e"tary of l:lealth and Human Services, -.following a .written 
-request from. any · emplpyer or authorized representative of employees, to 
_deter~ine whethel'..-.al'.'li substance normally found in the place of employment has 
pote~tia_lly toxi"c effects 'in such con~entrations as us_ed or found. 

Th~--Hazard Evaluations and --Technical Assistance- Branch also provides, upon 
r:eotiest, ·medical, nursing, and industrial hygiene technical and consultati-ve 
assistance (TA) to ·Federal, ·state, and local agenci.es; labor; industry and 
other group_s or individuals to controJ occupational health hazards and to 
_prevent relate~ trauma and disease . · · 

Mention of company names or products does not constitute -endorsement by the 
National Institute for Occupational Safety and Health. 

/ 
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I. SUM/if,RY 

In July and October 19£1, the National Institute for Occupational Safety enc 
Health (NIOSH) concucted a Health Hazard Evaluation at the Union Carbide Grafito 
Plant, Yabucoa, Puerto Rico, ·to evaluate employee exposures to pitch, sulfur 
dioxide and nuisance dust. Petsonal breathing zone air samples w~r~ obtained for 
evaluation of exposures to su·1fur dioxide, respirable dust, ,l;lenzene solubles, and 
specific polynuclear aromatic hydrocarbons. ' Health questionnaires ·were completed 
on 97 exposed workers and on 36 less or non-exposed office ·_an<Llflanagement 
workers. · Pr.ysical examinations were performed on the sun-exposed ·areas of skin. 

Fourteen(44~) of 32 personal air samples (range 0.1 to 1.5 ppm, mean 0.4 ppm.) 
for sulfur dioxide taken in the Graphitization Department exceeded NIOSH ' s 
recommended exposure criterion of 0.5 ppm. Eleven of the 14 elevated S02 
levels were found on crane operators. However, none of the results exceeded the 
current OSHA standard of 5 ppm. 

The resuits of personal samples for respirable dust ranged from non-detectable to 
0.2 mg/m~ and were \I.ell below the OSHA standard of 5 mg/m3 for nuisance dust. 

Eight (44%) of 18 personal samples (range ND to 2.7 mg/m3, Mean 0.4 mg/m3) 
for pitch volatiles taken in the Mill and Mix, -and Pitch Impregnation Departments 
were found to exceed the OSHA standard. for coal tar pitch volatiles (benzene 
solubles) of 0.2 mg/m3. All 18 workers ·sampled were found to be working in 
atmospheres containing measurable levels of polynuclear aromatic hydrocarbons 
(PNAs), compounds that are known carcinogens and for which no safe level of 
exposure is now known. All of the 18 workers wore respirators during at least 
part of their workshift so that their actual respiratory exposure may ·be less 
than that measured. 

The health questionnaire reveal~d that those production workers who ~esponded had 
a statistically significant excess (compared to office and management controls) 
of eye irritation (43i vs 6%), difficulty hearing (19% vs· 0%), back pain (43% vs 
17%); cough (23% vs 6%), phlegm (19% vs 01} and dyspnea on exertion (151 vs 0%). 
When smoking was accounted for, however, the excess of cough and phlegm was no 
longer statistically significant. Production workers reported experiencing 
phototoxic skin reactions when they were in the sun following exposure to pitch 

· fume or dust. Physical examination findings revealed evidence of erythema or 
skin peeling (suggestive of phototoxic dermatitis) in 14 exposed workers and in 1 
office control. ~ .. 

On the basis of the data obtained in this evaluation, NIOSH has determined that a 
health hazard from exposure to sulfur dioxide existed in the Graphitization 
Department at the Union Carbide Gra fito Pl ant, Yabucoa, Puerto Rico. Sulfur 
dioxide exposures (particul arly for crane operators) were foun~ ~o exceed NIOSH's 
recommended. standard of O.E mg/m3"; hm1ever, al l of the results were below the 
~urrent OSHA standard of 5 ppm. In addition, polynuclear aromatic compounds 
(PNA's) were found in the air of the Mill an d Mix an d Pitch Impregnation Areas. 
Health and safety recomr.~ndations are included in the body of the report. 

KEYWORDS: SIC 3624, sulfur dioxide, polynucJear aro~atic hydrocarbons. pitch, 
phototoxic cermatitis. 
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II. INTRODUCTION 

On April 21, 1981, the National Institute for Occupational Safety and . 
Health {NIOSH) received a request for a health hazard evaluation from· 
the .president of the Union Independente de Trabajadores de UCC 
representing workers at the Union Carbide Grafito plant, Yabucoa, 
Puerto Rico. The request expressed concern about workers' exposure to 
graphite particulates, iron oxide, and sulfur dioxide, and listed 
complaints of skin, respiratory, ey~ and central nervous system 
sy~toms, in addition to fatigue, nausea and allergies. 

On July 21, 1981, NIOSH conducted an initial site visit and preljminary 
survey. An opening conference .. was held wi.th union and-c~ff1)any
representatives in which the nature and scope of the request and plans 
for the survey were discussed. The initial evaluation included a 
walk-through of the plant, collection of bulk samples in various areas 

.~. . for laboratory analysis, and interviews ·with four workers. NIOSH 
·. distributed i-nterim report #1 for this . fovestigat1on in August, 1981. 

Interim reconnendat1ons centered on suggested repair of an exhaust 
, ventilation duct in the formation unit, . engineering controls fn the 
pitch ill'f)regnation unit, and worker instruction regarding access-to 
medica.l and inrustrial hygiene data. 

· A follow up sur.vey was ·conducted ~n Oc.tober 19-22, 1981,· to collect · 
personal air sa111>les for sulfur ·dioxide, respirable ·dust, coal . tar · 
pitch volatiles (benzene solubles} . and specific polynuclear aromatic 
hydrocarbons (PNAs). In addition medical questionn~1res were . 
administered to 133 workers ~t the ·plant, and. skin examinations were 
p~rformed on all participating workers.· 

·III. BACKGROUND 

Union Carbide Grafito employs under 800 workers, of whom the majority 
are engaged in production. The ·manufacture . of graphite electrodes 
consists basically of five steps: forming~ baking, pitch impregnation 
'(PI), grafitizing and machining. The principal raw materials are 
petroleum· coke and pitch. They are transported to the plant where they 
are either stored or ·lifted to the top of UCG's 8 story nrilling an_d 
mixing building. The coke is crushed, . sized, milled, then combined 
with flour .and -pitch and sent to weighing .hopper~. 

The batch flows by gravity ·to a mixer. During mixing, the pitch melts 
. and disperses uniformly t'hrough the batch. · .After nrixing, the nrix is 
fed into a cooler where air is drawn through the unit to cool the mix 
to prevent sagging after extrusion. 

., 
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-Following -cooling, the mix flows into an extrusion press· which contains 
a 11l.ld cylinder. An extrusion die is attached- to the end --of the mud 
cylinder ·and a · hydraulic extension ram forces the rrud through. the 
extruder. head. The electrode is cut to the -desired length, then rolled 
into a temperature-contr6lle·d .tank for cooling. In the ·baking process, 
which is · the next phase, the "green 11 electrodes are pac~e·d in 11 saggers 11 

.with a sized packin·g medium to prevent. distorti.on or slu~ing as · the · 
electrodes are heated .through the te111>erature range where -the pitch is 
liquid. ··The ele·ctrodes are baked for up to 3 weeks, depending on size, 
and undergo considerable expansion and then .shrinkage as they are 

·cooled• . · 

·· In pitch i·mpregnation, · baked electrodes are preheated an~ placed in an 
autoclave which is -evacuated to a low pressure. Hot pitch is then 
pumped -into the autoclave and held under pressure until the electrode 
is co~let~ly i~regnated. 

In graph1tii"ation, : the electrodes are · further processed with -coke, and 
then heated -to high temperature in an electrically fired furnace. 

The electrothermf c graphite electrodes are -machined and ·threaded on 
both ends so they tan be joined .lengthwise and fed continuously into 
electric -furnaces. Tapered threaded nipples of the proper size are
used ·as the. joining ~gents in this assembly. 

IV. METHOD AND MATERIALS . 

A. Environmental 

Personal sJ111>lfng was conducted in the graphitization ·area for 

sulfu'r dioxide, ·resp'lrable dust and airborne part1cu1a·tes. 

Personal sa~ling in the milling and mixing building and the pitch 

i~regnation unit was condt,!cted -for _coal tar pitch volatiles 

(benzene solubles) and -specific polynuclear aromatic hydrocarbons 

(PNAs). PNAs · included were phenanthrene, ~nthracene, fluorathene, 

pyrene, benz ('a )anthracene, chrysene, benzo(b )fluoranthene, 

benzo(k)fluorathene, benzo(e)pyrene, benzo{a)pyrene, peryline, 

indino(123 CD)pyrene, benzo (GHI}perylene and dibenzo(AH)anthracene. 


Personal breathing zone air samples for sulfur dioxide were 

collected by passing air through a filter train, consisting of a 

cellu-lose ester membrane filter followed by an impregnated 

cellulose filter containing potassium hydroxide at a flow rate of 1 

liter per minute {L/min). Particulate matter is collected on the 

first -filter, while sulfur dioxide passes through the first filter 

and is collected ·o.n the second fi 1ter. The ~ampl_es were collected 

with portable battery operated pumps and analyzed .by_ ion 

chromatography according to NIOSH Method P&CAM 268. · 
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Personal breathing zone air samples for respirable dust (less than 
10 microns mass median aeroqynamic diameter) were collected by
passing air through a 10 mm nylon cyclone ·at a flow rate of 1.7 
L/min. · The samples were collected on M5 filters (po·lyvinyl
chloride filters) and analyzed gravimetrically. 

Airborne particulates in the graphitazation area were collected on 
Andersen Ambient Particle Sizing Samplers for particle size 
distribution analysis. Each -Andersen saq,ler contained nine 
filters (illl)action plates) and backup filters. The first two 
stages contained glass fib.er filter~ with a 23 mm hole in the 
center and the 1 as t seven stages contai ned DM-800 filters. The.. 
sal11)les were collected at a flow rate .of. 1 cubic foot of air per
minute. The filters were analyzed gravimetrically. 

Personal air samples for benzene solubles and specific PNA's were 
colletted on Gelman glass fiber/silver membrane. filters with porous 
polymer tube backups at a flow rate of 1.75 1/min. The filters and 
porous polymer tubes were desorbed with .benzene. · Only the filter 
extr~ct was used for analysis of benzene solubles·. PNA 's were 
determined by HRGC-SIM-MS analysis of both . filters ~nd porous 
polymer tub~s. A total of 14 specific 'PNA's were involved in the 
analyses. A labeled recovery standard of 200 n.g of d12. 
chrysene was spiked in each sample before e~tract1on and an 
internal quantitation standard of 200 ng of d10 - anthracene was 
added to each saq,le at the end of the sa111>le preparation (i.e., 
before GC-MS analysis). The ,mean recovery of di2 - chryserie was . .
asi but each sa~le was 1ndfvfdlally corrected for its own measured 
recovery. The lower limit of quantitation was 2 ng/sample. A 
variable recovery based on submitted quality con:trol sample results 
was noted for some of the PNA compounds. The problem appeared to 
be a result of the extraction and ~onc~ntration procedures used. 
The results being reported, therefore, are approximate in some 
cases and should be considered minimum values. · 

B. Medical 

Workers involved in plant operations and maintenance . in 5 areas 
were randomly selected from the e111>loy~e list, interviewed by
questionnaire, and were submitted to ·a .Physical e)t'amination of the . · 
skin. The five areas were: Mill and Mix, Pitch Impregnating (PI), . 
Graphitizing, Bake, and Maintenance Shops. Plant. management and 
office workers .were selected randomly as· less or.non-exposed · 
·controls for an administered questionnaire and physical examination · 
of the skin. The participants-were in~ervjewed privately, _" jn
either Spanish or English, depending on the.. pr.eference of the · 
e~l oyee.. The interview consisted of questions regarding past 
medical history, current symptoms, respiratory problems, social 
history, and occupational history. 

http:maintenance.in
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V. EVALUATION CRITERIA 

A. Environmental Cr.iteria 

As a .guide to the evaluation of the hazards posed by workplace 
· exposures, 'NIOSH field staff employ environmental evaluation criteria 
for assessment of ·a ·number· of chemical and physi ca·l agents. · These 
criteria are intended to suggest levels of exposure to which most 
workers may be expo·sed up to 10- hours per day, 40 hours per week for a 
working l ifeti~ without experiencing adverse hea1th effects.' It is, 
however, important to note that not all workers will be protected from 
adverse health effects if their exposures are maintained below these 
levels• . A.small percentage -may experience adverse health. effects 

.because of individual :suscept1bility, a pre-existing medical condition, 
and/or a. hypersensitivity (allergy). 

In addition, some hazardous ·substances may act in combination with 
··other workplace exposures, the general environment, or with medications 
or ·personal habjts -of the worker to produce health effects even if th_e 
o~cupational exposures are controlled.at the level set .by the 
evaluation criterion. These combined effects are often not consid~red 
fn the eva·luation criteria. Also, some substances are absorbed by
direct contact with the skin and Jlllcous membranes, and thus potentially 

· increase the ·_overa1 l exposure. Finally, evaluation criteria may change 
over the years as new Jnformation on the toxic effects of ·an agent 

· become available. 
. 	 . 
The primary sources Qf environmental evaluation criteria for the 
workplace are: 1) NIQSH Criteria Documents and recommendations, 2) the 
American Conference ·of Governmental Industrial Hygienists'· (ACGIH) 
'Threshold Limit Val~es (TLV's), and 3) .the U.S. Department ·of Labor 

· 	(OSHA) occupational health standards~ Often, the NIOSH reconmendations 
and ACGIH· TLV ' s are 1ower than the correspondi-ng OSHA standards. Both 
NIOSH recoffl!llendations and ACGIH .TLV's usually are based on more r~cent 
in.formation than ·are the OSHA standards. The OSHA standards also may 
be required to take into account the feasibility of controlling 
exposures in various industries where the agents are used;· the 
NIOSH-r·ecommended standards, by contrast, are based primarily on 
concerns relating to ·the prevention of occupational ·disease. In 
evaluating the exposure··1evels and the recommendations for ·reducing 
these levels fou~d in this report, it should be noted that industry is 
legally required to meet only those levels specified by an OSHA 
standard. · 

A time-weighted average (TWA} exposure refers to the average airborne 
concentration. of a substance during a normal 8- to 10-hour··workday. 
Sone substances have recommended short-term exposure 1.imi ts· or cei 1ing
values which are intended to supplement the TWA where there are 
recognized toxic effects from high short-term exposures. 

: . ·.-; .: 
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Listed below are the evaluation criteria for the substances sampled in · 
this evaluation. 

ENVIRONMENTAL CRITERIA 

"8 hr. TWA O_SHA 
-Substance Exeosure 1evel Source Standard 

Sulfur dH>xide 0.5 ppm NIOSH 5 ppm 

Respirafrle

Nuisance dust 5 mg/m3 OSHA 5 mg/m3 

Coal Tar 
Pitch Volatiles 

-as benzene solubles 0.2 mg/m3 OSHA 0.2 mg/m3 

Toxicity 

. Pitch . 

Coal tar pitch is a residual from the fractional distillation of coal 
. tar and is thought to contain thousands of components. of which only

about 300 have been identified. · The b,:mzene soluble fraction of coal 
tar pitch has been shown to contain substances calle.d polynuclear · 
aromatic hydrocarbons (PNAs). Several 'of these PNAs such as 
benzo{ a )pyrene, benzanthr-acene, and pyrerie h·ave bee!" shown to be · 
carcinogenic in animals. Petroleum pitch is the residue. ·from the .. 
fractjonal distillation of-petroleum products. Petroleum pitch 
contains ·many of the same compounds such as the PNAs found in coal 
tar pitch but such compounds are usually found in lower · 
concentrations· in petroleum derived pitch. · 

Exposure to coal tar products has been reported .to produce phototoxic . 
. effects, such as erythema, burning, and itching of the skin · following · 
· sun exposure, photophobia and conjunctivitis. From the epidemiologic 
and experimental toxicologic evidence on co~l tar products, NIOSH has 
concluded that they are carcinogenic and can increase the risk of 
lung and skin cancer in exposed workers.1 : . 

The NIOSH standard for coal tar products ·such as coal .tar derived 
pitch is 0.1 mg/m3 {cyclohexane soluble production). N_IOSH has not _ 
recommended a standard for petroleum derived pitch. The Federal 
Standard (8. TWA) for 11 coal tar pitch volatiles" (berizene. soluble 
fraction) has been .set at0.2 mg/m3. · For. th-is purpose.ncoal tar 
pitch volatiles" (CTPV) were defined as including ·the fused 
polycyclic hydrocarbons which volatilize from the .distillation 
residues of coa1, petroleum, wood and other organic matter 11 , - and thus . 

http:components.of
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·the standard includes coal tar pitch as well as petroleum products 
SUGh as pe~roleum pitch. In May 1982 OSHA proposed to delete all but 
the coal tar derived products from the CTPV Standard .because the 
non-coal tar derived prod.Jets might be less toxic. After receiving 
numerous comments OSHA dec.ided to continue including petroleum pitch 
in the tTP~ standard (48 2764, Jan. 21, 1983). 

_It was adv·isable_to continue including petroleum pitch in the CTPV 
stand~rd since petroleum pitch contains many of the same PNA 
con-.,ounds a_s does coal tar pitch. In addition research results of 
the application of petroleum and coal tar derived pitch on the skin 
of mice reported ·by Bingham, Trosset, Warshaw 3 in .1980, indicated 
that "raw. petroleum pitch is as carcinogenic as a co~arable 

· concentration of benzo(a) pyrene (BAP), while raw coal tar pitch is 
somewhat more -carcinogenic than a comparable concentration of BAP". 
Since petroleum pitch apears .to have an animal carcinogenic potency 
of a magnitude similar to that of coal tar pitch, the standard of .2 
mg/m3(beniene soluble) has been used in this report for both 
petroleum ·and coal tar derived pitch. While compliance with this. 
standard stioul d reduce the incidence of cancer, no ·,absolute safe 
concentration can be established for a carcinogen at this time. 
Therefore, the reco11111ended ·limit should be regarded as an uppe_r limit 
of exposure and every effort should be made to. keep exposure as low 
as is technically feasible. · 

Sulfur Dioxide4 

Sulfur Dioxide (SOz) is a colorless gas at ambient te01>eratures 
with a c_haracteri ~tic ·strong odor. Th_e present OSHA Feder~l Standard 
is 5 ppm j13 mg/m) as a TWA. The NIOSH recommendation is _0.5 ppm 
(1.3 mg/m ) -TWA. · . 

The gas is irritating to the tmJcous membranes of the upp~r
respiratory tract. Chronic exposure may result in nasopharyngitis, 
altered sense of ·smell, .and chronic bronchitis symptoms such as 
,cou·gh-, increased nucous secretion, and <tYspnea .on exertion. 

VI. RESULTS 

A. Environmental 

The results of the air sampling for respirable dust in the 
Graphitization Department are ·contained in Table 'I. Personal 
brea\hing zone concentrations ranged from non-detectable to 0.2 
mg/m · (TWA). The OSHA standard ~or the respirable fraction of 
inert or nuisance dust is 5 mg/m (TWA). In addition six sets of 
air s·a~les were collected on Andersen samplers in the graphitization 
area to determine the size of the dust particles. The.. mass mean 
diameters of these six sample sets ranged from 3.9 to 8. 8 microns and 



.. Page 8 - · Health Hazard tvaluation Determination Report No~ 81-284 . · 

the geometric standard deviations of the six salll)le sets ranged from 
2.0 to 10.1 microns. Thus over half the total dust measured was in 
the respirable range of less than 10 microns in diamete~. · 

Personal air samples for sulfur dioxide · in the graphitization area 
ranged from 0.1 to 1.5 ppm TWA (Table II). The OSHA Standard is 5 
ppm (parts per million} TWA; none of the samples exceeded the OSHA 
standard. The NIOSH recommended criterion is 0.5 ppm TWA. Fourteen 
of 32 personal samples. exceeded.the NIOSH recommended criterion. 
Eleven of the 14 sa11'¢>les which were above the NIOSH criterion were 
collected in the breathing zone of crane operators. 

The results of the sat11)les for benzene solubles and PNAs are 

presented .in Table III. On the 18 personal sa_mples collected, 

benz3ne soluble concentrations §anged from non-detected to 2o7 

mg/m, with a mean of 0.43 mgfm. Eight of the samples exceeded 

the OSHA standard of 0.2 mg/nrS for coaJ tar pitch volatiles 

measured as benzene solubles. 


Levels for seven to eleven PNAs were measured on each of the 18 
personal samples. Concentrations of PNAs ranged from 0.01 ug/m3 to 
193 ug/m3• . All workers sampled .were therefore documented as. being 
exposed to levels of known carcinogens~-PNAs, for which no safe level 
of exposure is known. 

It should be noted that the two workers in the Mill and Mix building 
were -wearing disposable organic vapor respirators during their work 
shift and thus their respiratory exposure would be.less than that 
measured. The 16 sat11)led workers in the pitch i"1)regnation (PI) area 
wore organic vapor respirators during the periods when the autoclaves 
were opened and clouds of vapors and gas escaped. Thus their 
respiratory exposure also is likely to be less than .that ·measured by
personal sall1)ling. The protection afforded by the· respirators will 

'depend to a large extent upon the fit of the respirators on each 
e~loyee. The plant has a qualitative fit testing program. It 
should also be noted that the plant was in the progress of 
redesign1n.g and shortly was to begin replacing all the mixers in the 
Mill and Mix Building. 

During the walk-through of the plant, conducted on July 21, 1981, 
work practices and processes were observed. The milling area has 

. .. 	 local exhaust ventilation which is connected to a ·baghouse. 
Collected dust is reused. Air which passes through the cooler ·is · 
sent through an electrostatic precipi"tator· for cleaning.· A local 
exhaust ventilation duct near the shaker was severely abraded and not · 
connected to the shaker. Open ports, which presented the potential 
for fugitive dust escapes, were observed in the weighing .area. Vapor 
escapes were observed at the mixing area. At the time of the 
follow-up survey, October 19-21, 1981, the electrostatic precipitator 
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which e~hausts the coolers in the milling and mixing buildi _ng _w·as 
inoperat.ive due .to a fire whi.ch had -disabled the ·electrostatic 
prec,pitator-the week before the survey.· Thus, measurements in · this 
area did_not· constitute normal workplac;e exposure and employees in 
this._area wore r:espirators during peak :exposure periods. · : · 

B. Medical 
.·. . :.·· ....-: ·.· ..·· 


A total of 133 worke.rs· par.ticipated in the· followup stuey • . An · 

·analysis .of the st~ey 's exposed participants· by ·department.. is shown 

below: 


Department 

Mill & (PI) Pitch ·Grafi-. Bake Mainten·ance 
Mix .·. Impregnation tization Shop 

Maintenance 2 5 11 . 1 ·.-·2· 
Production . 23 19 · 27 7 .-0 

. · Totals 25' . .· 24. 38 a· 2 

Total Exposed Participants= 97 · : : 

· .The management ·e111>loyees in .. the controi group consisted of the following·: · 10 
supervisors, · 1 foreman, ~ accountants~ 5 .industrial engineers, 4 health and 
safety personne-1, 3 production planners, 3 clerks and 1 e~loyee relations 
specialist. All stuey participants ·were men. Age characteristics· and past 
medical histories of the participants are . given in Table. IV. Age and medical . 

. histories .were not significantly different between ·procllction and control 

groups. · ·.:· · 


... : 
F.requenci es. of repqrted symptoms are -shown in Table V. Compared with office 
and management controls, the production e111>loyees showed statistically 
significant excesses . (at the ·P=.-05 level)· for. . eye irritation; · .difficulty 
hearing,. back .pain, cough; phlegm, and c(yspnea on· exerti'<>n~ However the . 
produ.ction employees .had a significantly (at P=.Ol levelLhigher proport-ion ·of . 
me_n _who _smoked (61%) than did the mana:gement employees ·(42%). When ·smoking is 
controlled for in th.e analysts, the differ:-ence · in phlegm .o'r cough is not 
statistically significant (Table VI). 

Many production employees· .reported .experienci'ng episocies·"o.f .-skTn ·'pee:l.ing 
·suggestive . of phototoxi c dermati.ti s. These reports w·ere most ·common ·among 

· . workers presently el11)loyed in the Mill and Mix (13/ 25) ·and pftch i111>regnation 
(8/24) areas: No bake employees and only. 2 of 30 workers in-·the 

_graphitization. area and 3 c:,f 36 administrative controls reported such skin 

http:dermati.ti
http:worke.rs
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' 
peeling. Physical examination revealed ·lesions consistent ..with phototoxic 

.

dermatitis (erythematous and/or peeling skin of sun-exposed areas} in 14 of 97 
productjon · workers and 1 of 36 control workers. · 

Workers in the Mi l1 and Mix, and Pitch Impregnation Departments stated that 
they were most subject to suffering phototoxic reactions. following work-shifts 
spent in the "pitch passage" in the Mill and Mix building, or in the pitch 
storage area of the Pitch I~regnation Department. In the "pitch passage" one 
worker per shift wo.ul d transport the pitch with a front end loader and 
occasionally would have to handle. the pjtch using manual tools. ~n the mill . 
and mix area a front . end loader was also used but during most shifts the 
worker would spend some time loading pitch -0nto a conveyer belt using a 
shovel. · In both work areas elJl)loyees were ·provided .barrier creams and 
protective clothing. ~mployees' skin would unavoidably become covered with 
pitch dust. · · 

The workers reported that they could not g·o- into the sun for several days 
follCMing a work shift spent in the pitch storage and handling areas because 
such ~xposure would cause a severe phototoxic reaction resembling severe 
sunburn, in which the skin wouJd redden, blister, and then peel. The other 
e~loyees who work in the Pitch Ill'i)regnation or Mill and Mix Department -but 
not _'in the storage areas did not usually have .direct contact with. the pitch, 
and they reported experiencing fewer problems with phototoxic reactions~ . . 

VI I. DISCUSSION 

. The Pitch I111>regnation Department (PI} had no exhaust ventHation. A large 
cloud of vapors and gases was observed whenever an autoclave. was opened. To 
date, · engineering controls in this area·· have -been inadaquate .but management ·is 
currently installing a new Pitch I111>regnation Department which. will have the 
effect of reducing emissions of pitch volati.les; · 

Be'cause of the potenti a 1 for harmful exposure to PNAs ·or othe·r substances the 
col11)any requires all e111>loyees working in the Mill .and Mix building {except 
those on the ground floor} to wear a company supplied disposable r~spirator. 
The company also requires ·e111>loyees in ·the· Pitch I111>regnation (PI) area to · 
wear. a respirator when the autoclaves are opened and the aforementioned clouds 
of vapors and gases escape. Since exposures to measurable levels of 
carcinogens were documented in the PI ·area during the NIOSH survey., it would 
be advisable for the coll'i)any to reassess th.e need for PI workers to wear 
sui tab.le respirators at all times until environmental measurements demonstrate 
that no potential harmful exposures are present except when the_' au.tocl~ves are 
being opened. 

- The high. terfl)eratures nee.ded to produce graphitizati on of carbon . atoms appear 
to dri ve off sulfur col11)ounds in the process. · Nearly half .of. the ·personal air 
samples fo·r sulfur dioxide obtained in the graphitization :area were above the 
NIOSH recommen_ded criterion of 0.5 ppm and most of ·these were obtai ned on the 
overhead crane· operators. {No samples exceeded the 5 ·pm OSHA .S02 Standard 
but this limit may not prevent ·adverse health effects in exposed· employees}. 

http:suitab.le
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. ~lthough the gr~phftization unit is open on thre~ sides. the ventilation is 
inadequate · to prevent overexposure to sulfur dioxide in this area. Union I-
Carbide's environmental staff should investigate this situation and .institute 
engineerihg controls to reduce S02 exposures in this area. In addition, 

·I 
I . several of the crane cabs had leaks near window seals and some_had -improperly 

functioning air conditioning units. These crane· cabs should tontinue to be 
inspected and repaired. 

The workers exposed to p.itch reported that they had had recurring episodes of 
phototoxic reactions. - Similar phototoxic reactions have been reported in 

· workers handling pitch in other locations and the reaction is lik-ely to be due 
to phototoxic properties of the j>'itch. Efforts should be .made to decrease the · ' 
amount of personal handling required for the pitch so that contamination of 
worker's skin with pitch dust can be lessened. Workers who ·come in contact 
with pitch or coke should be provided with protective; disposable clothing on 
an as needed basis. Employees are provided with co111>lete cleanup .facilities 
_for showering after their work shift. It is _possible that sun -.screen -agents 
that contain benzophenones such as Uval~ (Dome Laboratories) . or ··Sol bar® 
(Person &Gonvey, Inc.) may lessen the phototoxic respo~se due to skin 
contamination with pitch. Workers who llllSt go out in the sun following work · 

.in areas with high ~irborne pitch concentratio.ns may find such agents of · 
benefit in decreasing the intensity of phototoxic reactions. - - _ . ·· 

VIII. RECOMMENDATIONS 

1. 	Continue to maintain the . graphitization area crane cab window seals and air -· 
conditioning units. 

2~ 	 Continue industrial hygiene/engineering study to control sulfur . dioxide _- : ...
·exposures at the Graphitization Department • 

.3. Continue to proceed with the pitch irll)regnation .'process installation. 
. 	 

4. 	D.isposable-protective cloth.ing on an as -needed basis should be provided to -.- · 
workers in the pitch vaults and pitch ·melting ·areas. Work ·practices in 
Mill and Mix and Pitch I~regnation should be modified to decrease the · 
amount of personal handling of pitch~ . In addition,. adequate cleanup -: 
facilities for post-shift ·cleanup should continue -to be available to -· 
workers in these areas. · 

IX. REFERENCES 

·l. 	Criteria for ·a recommended -standard: Occupational exposure to Coal Tar . 
Products, DHEW (NIOSH) Publication No. 78-107. ·.. ·· 

2-. 	 General Industry ·standards: - ·occupational . safety and health 
administration. -safety atid health standards (29 CFR 1910),~ 

3~ 	 Carcinogenic Potential of Petroleum Hydrocarbons: A critical .review-of the 
literature. Eula Bingham, Roth Trosset, David Warshaw. Journal of 
Environmental Pathology and _Tax·icolog'{ 3:453-5~3.3 (1980). _·· 
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4. Occupational Diseases: 	 ·A guide to their recogn_iti_on. · USDHEW, PHS, CDC, 
NIOSH. · ·Publication t-!O. 77--181. 

/ 

X. AUTHORSiHP AND .ACKNOWLEDGEMENTS 

. Report Prepared .by: 	 James. Cone, M.D., MPH. 

Medi ta l Officer 

Me di cal Sec ti on 
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Industrial Hygienist 

.... 4 

Industrial Hygiene Section·
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XI • . DISTRIBUTION. AND AVAILABILITY OF REPORT 
~ 

.·copies ·of this report are currently available upon· ·reques.t from _NIOSH, 
Divisio~_of Standards Development and Technology Transfer, 4676 Columbia 
Parkway.,. Cinci-nnati, OMo. 45226. After 90 days, the report will be ·available 
through the National Technical Information Service (NTIS), 5285 Port Royal, 
Springfield, Virginia .22161. . Information regarding its ava.ilabili.ty through 
NTIS can be obt~ined from NIOSH Publications Office at the Cincinnati 

· address. · Copies of· this report have been sent to: 
· f· 

· · 1.· Union Carbide G.rafito, :· .V.ab~coa, Puerto Rico 

· 2. Union Independente de Trabajadores de UCC 

For the purpose of informing affected employees, copies of ·this report shall · 
. ~e -posted by the_~mployer in prominent places accessible to the employees for 
a period of 30 calendar days. 
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TABLE I 

*AIR SAMPLING FOR RESPIRABLE DUST: GRAPHITIZATION AREA 

UNION CARBIDE GRAFITO 

YABUCOA, PUERTO RICO 


HE-81-284 


October 20-21, 1981 


Sample 
Date Of Time Of Volume C.oncentrati on 

Job/Location sa:m~le Samele ( 1 i ters) {mg/M3) 

Cleaning 10/20/81 0641-1312 665 0.1 
Furnace Loader Unit #4 10/20/81 0615-1304 69s· - · 0.0 · 
System Operator 10/20/81 0627-1307 68_0 0.2 
Furnace Loader 10/20/81 0624-1308 686 .0.2 
Cleaning 10/20/81 0645-1314 . 661 Ool · 
Utility Man 10/21/81 .. 2235-0~23 694 NO 
Heater, Unit #2 10/21/81 2232-0511 678 0.1 

. Hea:ter, ·unit #6 10/21/81 : 2229-0505 673 .Q.2 
.. System_Operator 10/21/81 2230-0523 7_02 0.1 
Utility Man 10/21/81 .. 2234-0506 667 ND 
System Operator 10/21/81 2221-05·14· .·692 0-.0 
Michigan Loader 10/21/81 2222-0505 685-·. ND 
System Operator 10/21/81 2226-0502 · · 673 · ·0.1 
Heater, U_nit 1 10/21/81- - 2236-0525 · 695 0.1 
~eater., Unit 5. 10/21/81 2226-0500 - 670 0.2 

-OSHA .PEL .for· respirable fraction of ine_rt or ·nuisance dust is? mg/M3 

ND = Not De_tected 
* All air samples are personal breathing zone samples 
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TABLE II 


AIR SAMPLING FOR SULFU~ DIOXIDE: GRAPHITIZATION AREA 


UNION CARBIDE GRAFITO 
YABUCOA, PUERTO RICO 

HE 81-284 
 -... "!·

October 20-21, .1981 ·· 

Sample Sulfur Dioxide 

Job /Location 
Date Of Type Of Ti we Of Volume 
Samele Samele · Samele .(1 i ters) 

Concentrati .on 
(PPM) 

i 

i 

I 

i. 
I 


... 

Crane Operator #1 
Furnace Loader, Unit #4 
Furnace Loader, _Unit #2 
Laborer, Unit #2 
Furnace Loader~ Unit #1 
laborer 
Crane Operator. #2 . 
Crane Operator #8 
Furnace · Loader 
Furnace Loader,. Unit #1 ~ 
Furnace Operator, Unit #6 
Furnace Oper~tor, Unit #2 
Furnace Loader, Unit #1 · 
51 above ground, between 

Units 101 ahd 103 
· Crane Operator. #5 
Crane Operator #1 
Crane Operator #8 

·Furnace Loader, Uriit #5 
Crane Operator #2 · · 
F~rnace Loader, Unit #5 · 
Furnace Operator, Unit .#4 
Crane Operator #7 
Furnace Loader, Unit #5 
Furnace Loader, Unit -#6 
Furnace Loa4er, Unit #3 

· Furnac·e Loader, Unit #1 
Crane Operator #7 
Crane Operator #3 
Crane Operator #6 
Cra~e Operator #5 
Crane Operator #8 
Crane Operator ·#2 

·Furnace Loader, Unit #2 
Furnace Loader, Unit #4 

10/19/81 
10/19/81 

. 10/19/81 
10/19/81 
10/19/81 .. 
10/19/81 
10/19/81 
10/19/81 
10/19/81 
10/19/81 
10/20/81 

·. 10/20/8.1 
' 10/20/81 

10/l0/81 
10/20/81 
10/20/81 
10/20/81 
i0/20/81 
10/20/81 
10/20/81 
10/20/81 
10/20/81 
10/21/81
10/21/81 
10/21/81 
10/21/81 
10/21/81 
10/21/81
10/21/81 
10/21/81 
10/21/81 
10/21/81
10/21/81 
10/21/81 

· 

· ·Personal 
Personal 
Personal · 
.Personal · 
Personal 
Personal 
Personal 
Personal 
Personal 
Personal 
Personal 
Personal 
Personal 

Area · 
Personal 

. Personal 
Personal 
Personal 
Personal 
Personal 
Personal 
Personal 
Persona.l 

. Personal 
Personal 
Personal 
Personal 
Personal 
Personal 
Personal 
Personal 
Perso·nal 
Personal 
Personal 

1408-2113 
 -425 
 0.8 
1450-2124 
 394 
 0.2 
1.434-2111 
 397 
 0.5 
1436-2110 
 .394 
 0.4 
1446-2106 
 380 
 0.2 
1418.;.2118 
 420 
 o·.2 
1406-2110 
 424 
 0.8 
1420-2121 
 421 
 . 0.9 
1424-2115 .' 
 411 
 0.1 
1445-2112 
 387 
 0.1 

0651-1309 . 
 378 
 0.8 · 	
0635-1317 
 402 
 0.6 	
0712-1301 
 349 
 0.2 	

0718-1325 
 · 367 
 . 0.0 
0654-1311 
 378 
 1.5 
0705-1329 
 .3~4 · 0.4 
0639-1308 
 389 
 1.1 
0630-1306 
 396 0.3 . 
0644-1337 
 413 
 1.1 
0631-1300 
 389 
 0.4 
0613-1300 
 407 
 0.4 
Pump stopped, sample invalidate.d 
2216-0500 
 404 0.2 
2214-0506 
 412 0.1 
2217-0503 
 406 0.3 
2213-0523 
 430 0.6 
2210-0511 
 421 L2 
2209-0514 
 425 . 0.6 
2204-0521 
 437 1.5 
2207-0508 
 421 0.1 
2205-0516 
 431 0.6 
2206-0523 
 437 0.8 
2221-0520 
 419 0.2 
2220-0522 
 422 0.4 

I :•.-
OSHA PEL - 5 ppm 

·NIOSH.·Recommended Criteria 0.5 ppm 








Table III 

Benzene Solubles and PolyntJclear Aromatic Hy<irocarhons 

Union Carbide Grafito 
Yabucoa, Puerto Rico 
October 19-20, 1981 

Benzene • Oil\pr,n 

Soluble (AH} 

Joh Time of Concen Phenan Anthra Fluoran Benzo(A) BP.nzo(E.l Benzo(A) BPnznlGHI} J\nt.hra
Location _Sample tration threne cene thene anthr!cene Chrys~ne Pyrene Pyn~ne PP.rvlenP · pPrvlPnP l:P.<IP -·-··--· (mg/M3 J . (ug/M3 I fug/f.i3T Tu97M3T { ~- (ug/M } (u!J/M ) lt1!1/M3 l Iu"a)M'J) !uo/M3) luo7f,13) 

Valve !5 :Ul-21:32 Filter 0.32 0.29 l. 9 2.9 5.9 1.3 1.4 0.41 
Upcrator PP Tube 14 1.5 2.2 9.5 
I'! Total 0.32 14 1.5 2.5 11 2.9 5.9 1.3 1.4 0 .41 

llelper 15:27- 21:31 Filter 2. 7 1.5 9.1 4.1 8.2 4,0 4.1 l.O 
Pl PP Tube 4.9 0.47 0.74 1.2 

Total 2.7 4.9 0.47 2.2 10 4.1 8.2 4,0 4.1 1.0 

Crane 15:31-21:32 F11 ter · 0.17 0.08 0.4 · 0.49 0.97 0.33 0.4 I) .12 
Opera tor PP Tube 7.9 1.0 1.2 2.4 

pl Total 0.17 7.9 1.0 l. J" 2.8 0.49 0.97 0.33 0.4 0.12 

Crane 15:34-l'l:33 Fi 1ter 0.16 0.09 0.29 0.74 1·,5 0,43 0.62 0.16 
Opera tor PP Tube 3.2 0.41 0.62 1.4 

p _I Total 0.16 3.2 0 .41 0.71 1. 7 0.74 1.5 0.43 0.62 0. 16 

Crar1e 15:41-21:30 Filter N.D. 0.15 0.29. 0.46 0.92 0,23 D.31 0,0Q 
Opcr,1 tor PP Tube 4.1 0,52 0.82 1.4 
Hakin!J Totc1l N.O. 4.1 0.52 0~97 l. 7 0,46 0.92 0.23 0.31 O,OQ 

Pitch lb:22- 21 :41 Filter 0.27 6.8 6.1 2.5 3.1 1.8 3.6 1.0 
UpCrdtOr PP Tube 193 52 39 27 
Mi 11 i rHJ Total 0.27 193 52 46 33 2.5 3.1 1.8 3.6 1.n 

Lahorcr 16:35-21:39 f 11 ter 0.17 3.2 4.5 1.6 2.4 0.51 0.73 0.2!1 
Mi 11 in (J PP Tube 6.8 1.3 1.2 0.85 

Total 0.17 6.8 1.3 4.4 5.4 1.6 2.4 0.51 0. 73 0.28 

(onsul r. lb :42-21 :4Z Filter N.O. 1.3 1.7 0,53 1.1 o. i's 0.34 0.11 
Upcra tor PP Tube 98 34 21 13 
Mi 11 inu Total N.U 98 34 22 15 0,53 l.1 0. l!l 0,34 0.11 



Table II I (Continued) 

Benzene Dibeng 
Soluble (All) 

Job Time of Coneen Phenan Anthra fluoran Benzo(A) Benzo(E) Benzo(A} Benzo(GHl} Anthra-
Location-  --- Sample tration 

(mg/M3) 
threne 
(ugJf.13) 

cene thene Pyrene anthracene 
(uglH!T ( ugJA3 I 

Ctirysene 
lugJA3 I 

Ptrene 
(ug7M3) 

J>yrene 
. TuglRJ, 

Perylene Perylene 
!ug/M3 I 11ig7H31--

cene
--·- -·--·· (ug/M3) ( ug/M~I 

Pitch 15:24-21 :32 Filter 1.5 1.6 1.5 1.1 3.0 9.3 4.4 6.2 12 
Melting 

Pl 
PP Tube 
Total 1.5 

16 
18 

1.6 
1.6 

0.78 
0.78 

1.4 
2.9 1.1 3.0 9.3 4 .4 6.2 12 

Valve 15:26-21:32 Filter 0.33 0,79 0.79 1.7 6.7 l.6 
Opera tor PP Tube 16 3.2 1.4 5.1 3.3 
· Pl Total U.33 16 3.2 1.4 5.9 0.79 1.7 10 1.6 

Cr<1ne 7:44-13:38 Filter 0.13 0.21 0.81 0.93 1.9 0.33 0.51 0 .16 
Opera tor 

Pl 
PP Tube 
Total 0.13 

5.4 
5.4 

0.65 
0.65 

0.66 
·o.87 

1.9 
2.7 0.93 1.9 0.33 0.51 0 .16 

Valve 7:31-13:39 Fi Her 0.2!i 0.26 l.3 2.2 4.5 0.76 0.13 0_31 
Operator PP Tube ·1.8 1.1 1.1 5,6 

PI Total 0.25 7.8 1.1 1.4 6.9 2.2 4.5 0.76 0 .13 0.31 

Rcbake 7:44-13:36 Filter 0.08 0 .19 0.39 0.13 0 .31 0,09 .0.13 0.04 
liandl er PP Tube 3.3 0.28 0.41 0.36 
Rebake Total 0.08 3.3 0.28 0.60 0.75 0.13 0.31 0.09 0.13 0.04 

11i SC. 7:34-13:37 Filter N.D. 0.13 0.38 · 0.20 0.44 0 .15 0 .13 0.04 
Crane PP Tube 4.3 0.39 0.58 0.69 
Opera tor PI Total N.D. 4.3 0.39 0.71 1.1 0.20 0.44 0 .15 0 .1 3 0.04 

laborer 7:32-13:39 Filter 0.16 0.13 0.55 0.62 1.1 0.36 0.31 0.09 
Pl PP Tube 4.2 0.45 0.56 1.4 

Total 0 .16 4.2 0.45 0.69 2.0 0.62 1.1 0.36 0.31 0.09 

Pitch 7:33-13:37 Fi 1ter 1.1 l.3 0.2 0.39 3.6 2.7 4.2 2.5 3.3 l.O 0.07 U.52 
Melting PP Tube 5.0 0.64 0.60 1.2 0.02 

PI Total 1.1 6.3 0.84 0.99 4.8 2.7 4.2 2.5 3.3 1.0 0.07 

Rcbake 7:44-13:38 Filter 0.09 0.14 0.47 0.06 0.10 0.03 0,03 0.01 0.U7 0.5? 
Crane PP Tube 2.8 0.35 0.38 0.41 
Operator Rebake Total 0.09 2.8 0.35 0.52 0.88 0.06 0 .10 0.03 0,03 0.01 

Valve 7:2C:l  13:38 Filter 0.25 1. l 5.3 l. l 
Opera tor PP Tube 15 1.6 1.6 5.1 

PI Total 0.25 15 1.6 1.6 5.1 1.1 5.3 1.1 



Table IV 

DEMOGRAPHIC CHARACTERISTICS 
·'

i, I Age of participants: 

mean age range 

a. Exposed workers 34.3 19-56 
N=97 

b. Less exp. contrQls . 33.4 
. N=36 

23-51 

Total # of ·participants = 133 

III. -Past Medical Hi stories 

Exposed 

a. Hyperten·s ion 8 

Controls 

5· 
b·. Heart disease 2 0 
c. Cancer 0 1 
d. GI ulcer 0 1 

:.- -. 



Table V 

Frequency of Reported Symptoms 

· Followup· Survey 


Union Carbide GrafitQ 


HETA 81-284 ' -(

(N =. 97) ( N = 36) Test 
Symptoms Exposed Controls Rate _Si gni fi canee 

Workers 1 Ratio 
# i # i 

·. 

Eye i r.ri tati on 42 43 6 16 2.6 * 
Nasal -Allergy 12 12 8 22 ·o.55 NS 
Anxiety 14 14 3 8 NS 

. 0 Skin Cancer 0 0 0 NS 
Difficulty hearing 18 19 0 0 * 
~ose bleeds 4 4 3 8 NS 
Dermatitis 25 26 · 4 11 2.3 NS 
Back Pain 42 43 6 17 2.6 * 
Sore Throat 29 30 7 19 1.5 NS 
Cough 22 23 2 6 4.1 * 
Phlegm 18 19 0 0 * 
Chronic 

Bronchitis (1) 6 6 0 0 NS 
Dspnea on Exertion· 15 15 -o 0 * 
Asthma 9 9 5 13 NS 

(-1) Cough c phlegm > 4 d/wk, > 2 mo/yr X2 more years
* Significant at p = .05 level 
NS Not significant at P=.05 level 



·--------------·------·  --------------- 

Table VI 

Cough or phlegm

Among Exposed vs Control 


Controlled for Smoking History 


Cough or 
Phlegm Exposed Controi"s 

Current 
Smoker 

+ 11 
15 

1 
6 

Previous 
Smoker. 

+ 10 
23 

2 
-7. 

Never 
. Si.noker 

+ 9 
28 

1· 
15 

X2 Ma~tel Henzel = 1.95 
. Heterogeneity Chi square= 0.60 
Estimate of Odds ratio= 3.0 
lower confidence limit (95i) = .• 98 
upper C_(?nfidence limit (95$) = 9.03 
p = .05 
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