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PREFACE 


The Hazard Evaluations and Technical Assistance Branch of NIOSH conducts field 
investigations of possible health hazards in the workplace. These 
investigations are conducted .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 
authorizes the Secretary of Health and Human Services, following a written 
reQuest from any employer or authorized representative of employees, to 
determine whether any substance normally found in the place of employment has 
potentially toxic effects in such concentrations as used or found. 

The Hazard Evaluations ·and Technical Assistance Branch also provides, upon 
reQuest, medical, nursing, and industrial nygiene technical and consultative. 
assistance (TA) to Federal, state, and local agencies; labor; industry and 
other groups or individuals to control occupational health hazards 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 Health. 
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I SUMMARY 

In June 1982 the Na.ti onal Institute for Occupational Safety and Heal th { NIOSH) was 

requested by the Association of Western Pulp and Paper Workers, Local 183, to 

determine if exposures to boiler fuels and their combustion products were· the-cause 

of persistent respiratory problems experienced by a boiler house worker at Scott 

Paper Company Everett, Washington. 


In September 1982 medical interviews were conducted with the boiler house workers 

and subsequently medical records of one more s_erio~sl y affected worker were,
revi ewed. On February 7, 10, and. 24, NIOSH investigators collected samples to .. 

measure workers exposure to sulfur dioxide, total particulates, polynuclear 

aromatics, chlorine and ammonia. 


The No. 10 boiler operator and the assistant fireman had average exposures to 

sulfur dioxide of 0.71 ppm {range 0.67 to 0.78) and 1.02 ppm (range 0.67 tcr 1.60), 

respectively • .These were the only two jobs with average exposures above the

evaluation criterion of 0.5 ppm. The other jobs had three-day averag~ exposures of 

0.03,. 0. 18 and 0.29. Nine of the ten samples collected for total particulates

ranged from 0.18 to 2.44 mg/m3. The tenth was 6.44 mg/m3. All levels were~ 

less than the criterion of 10 mg/m3. Concentrations of a11111onia, polynuclear.,·· 

aromatic compounds and xylene were below detectable limits in all sample~ 

Chlorine concentrations ranged from not detectable to 0.06 ppm. The worker.s-,··· 


• • 	 reported that occasionally they are exposed to short term higher concentrattons~of 
sulfur dioxide, annnonia and chlorine during upset conditions . No upset· condi:tions· 
occurred during the sampling periods. · 

Boiler house workers in aggregate experienced symptoms which they felt were·""'·. 
work-related. Eleven (39i) of the 28 boi ler house workers reported acute .. shortness 
of breath , headache and tearing eyes associated with short tenn .exposure·,·to ·· high
concentrations of sulfur dioxide, amonh and chlorine gases occurring dur1ng·, upset 
conditions. Six (21i) of the 28 reported headaches, irritated eyes, nose, .. and··· 
throat; and "sinus congestion" associated with exposure to combustion products-;. from 
burning automobfle tires. Seven workers reported headaches; dizziness;· and--: 
irritation of the eyes, nose and throat associated .with exposure to combustfon7,.: 
products of chemicals dumped on the hog fuel (wood chips) pile. 

' . 

On. the basis of this investi gation, NIOSH detennined that a health hazardfr= 
exists at Scott Paper Co. Everett, Washington. The No. 10 boil er fireman;"and 
the assistant fireman are exposed to concentrations of sulfur dioxfdertha~~ · 
exceeded the NIOSH criterion of 0.5 ppm. Workers also reported experiencing 
shortness of breath , headache and eye irritation during upset boiler·· 
conditions. It was not possible to estimate past exposures that resulted· from 
occasional placement of waste organic sol vent and shredded tires on·· the-· hog~. 
fuel pile, therefore, it could not be determined if the wor.kers' symptoms?wer-e · 
caused by these conditions. Recommendations to reduce the exposures, to· sulfur 
dioxide, anmonia, chlorine and chemical combustion products are included: ... in the 
report. 

KEYWORDS: SIC 2611 {Pulp Mills), Su1fur dioxide, total particulates, polynuc}ear· 
aromatics, chlorine, ammonia. 
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II INTRODUCTION 

In June 1982 NIOSH received a request from a representative of the 
Association of Western Pulp and Paper Workers Local 183 to determine if 
exposure to fuels used in the boiler and their combusti9n products were the 
cause of respiratory problems, shortness of breath and chest pains 
experienced b.v a boiler house worker. An initial survey was conducted on 
September 9, 1982. The NIOSH physician conducted interviews with boiler 
house workers and subsequently obtained and reviewed the medical records of 
the il1 boiler house worker. On January 19, 1983 the investigators 
attended a meeting with union representatives to present the data collected 
up to that time and future work which was planned. Environmental samples 
were collected on February 7, 10, and 24, 1983. 

III BACKGROUND 

Scott Paper Company in Everett, Washington, is a pulp and paper plant. In 
this reque~t we were called to evaluate the boiler house that generates 
steam for use in the plant. There are two boiler houses connected by a 
corridor. One contains boilers number 1 - 9 and the other boiler number 
10. Boilers 1 - 5 are hog fuel boilers that burn hog fuel which consists 
of bark, sawdust, wood chips and sometimes other combustible material to 
provide heat to generate steam. Boilers 6 - 9 are oil burners and are· 
seldom used. Boiler number 10 burns spent sulfite liquor from the pulp 
digester as a fuel to generate steam. In this process, the materials 
removed from the wood (e.g., tannins and 1igins,) .along with the spent-· 
anmonium bisulfite cooling liquor are condensed and burnerl as a fuel. The 
sulfur dioxide gas is recovered and used to make new liquor. The heat·. from·,., 
the burning liquor heats the water fn a series of pipes to form steam•which 
is used in the pl ant . · 

The concerns of the employees were (1) what the nonnal exposures are·when 
the usual hog fuel,i e., wood products, is burned and (2) what could the 
exposure have been in the past several years when shredded tires were mixed 
with the hog fuel, when xylene and waste paint thinner were added to the 
hog fuel and when a large quantity of a product called SDA 400 was added t.o · 
the hog fuel over a lQ.. day period. 

Twenty-nine ful1 time employees and four supervisors comprise four crews 
that rotate tlirough 3 shifts·, 7 days a week. An on 1uty crew consists· of 
six workers. The jobs are shift engineer, fireman for boiler 1-9, fireman 
for boiler 10, assistant fireman, bulldozer operator and utility man. The 
shift engineer collects and analyzes water samples at varfous points in 
both· boiler houses . The 1 - 9 fireman operates the t,og fuel boilers. The 
controls, gauges , etc., are in the open in front of the boilers. He spends :. 
the entire shift in this area. The #10 fireman operates the# 10 boiler 
from a control room where he spends the majority of the shift • 

.j 
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The rema1n1ng time is spent on routine inspection checks in the boiler 
house. The assistant fireman assists both the 1-9 fireman and the #10 
fireman so his time is divided between the two boi1er houses. The 
bulldozer operator maintains the hog fuel pile. Hog fuel is brought in 
with trucks and dumped on the hog fuel pile . The bulldozer operator pushes 
the hog fuel up the pi 1 e where it feeds by gravity onto a conveyor belt 
which transports the hog fuel to the boiler. He operates the bulldozer the 
entire shift. The utility man assists where needed. 

Airborne contaminants that these workers are routinelv exposed to are 
sulfur dioxide and total particulates. Chlorine is usert in the pulp mill 
and occasionallv chlorine is released into the atmosohere ~nd can drift 
into the boiler house area. Ammonia is also used in the pulp mill. The · 
anrnonia storage tank is located near the hog fuel pile and occasiona1ly 
anmonia is released. · 

Waste xylene and paint thinner are burned in the hog fuel boiler. The 
waste thinner will vary from drum to drum. It would typically contain 
petroleum distillates, toluene, xylene, methyl ethyl ketone, acetone, 
alcohol and other organic so1vents. Currently the thinner is pumped from a 
55 gallon drum and injected directly into the boiler. In the past (until 
approximately September 1981) a depression was made in the hog fuel pile, 
and the thinner dumped into the depression. The hog fuel would absorb t.he'· 
thinner and wou 1 d ~v·entua11 y be burned . 

Shredded tire chips were used as a supplementary hog fuel for a two-year 
period that ended in July 1982. These chips were dumpeci on the hog fuel 
pile and used the same as other hog fuels. 

In 1976 the company purchased 2500 ga1. of a product called SOA 400 which 
was intended in use for cleaning. It was diluted with water to 8,000 
gallons. This product did not. work satisfactorily so little was actually 
used. In April 1981 it was dumped on the hog fuel pile in ~00 gallon 
quantities each day and burned until it was gone. The base product 
consisted of from 10 to 30$ xylene and other aromatic hydrocarbons, 10 to· 
30$ C9-C12 hydrocarbons, 10-15% nonylphenoxy poly(ethyleneoxy)ethanol, 
less than Sf. of triethanolamine and 10% water. The final product contained·· 
over 5500 gal of water. 

We were unable to confirm reports that other products had also been put. on 
the hog fuel pile. 

I 
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IV EVALUATION DESIGN AND METHODS 

A. ENVIRONMENTAL 

Air samples were collected on the day shift on February 10 and 24 and 
the swing shift on February 7. Breathing zone sampl es were collected 
for sulfur <lioxide, total particulates and polynuclear aromatics and 
xylene. General area samples were collected for chlorine and ammonia . 

Listed below are the sampling and analytical methods used in t~is 

evaluation . 


Substance 

allll1onia 

Col 1ection 
Method 

long term detection 
tube 

Flow 
Rate 

20 cc/min 

NIOSH Ana1ytica1(l) 
Method 

direct reading 

chlorine long term detection 
tube 

20 cc/min direct reading 

pol ynucl ear tefl on filter 1 1pm NIOSH Technical 
aromatic 
(PNA's) 

. fol 1owed by XAD-2 
resin tubes 

Bulletin TB-007 
• 

sulfur dioxide cellulose membrane l !i 1pm P&CAM 268 
filters followed 
by ·KOH treated 
fi 1ters 

total PVC filters 1.5 1pm ·electrobalance 
particulates 

xylene charcoal tubes 200 cc/min P&CAM S-318· 

B. Medical 

A NIOSH phvsician interviewed individual workers and reviewed the 

medical records of selected individuals . 


..[ 
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V EVALUATION CRITERIA 

A. Environmental Criteria 

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 physical agents. These 
criteria are intended to suggest levels of exposure to which most 

· workers may be exposed up to 10 hours per day, 40 hours per wee~,. for -a 
working 1ifetime without experiencfn~ adverse health effects. It is, 
however, important to note that not all workers will he protected from 
adverse health effects if their exposu.,..es are maintained below ·these· 
1evels. A small percentage may experience adverse heal th effects 

. because of i ndividual susceptibility, a pre--exi sting medical condition, 
and/or a 'hypersensitivity (allergy). 

In addition. some hazardous substances may act in combination with 
other workplace exposures, the general environment, or wi~h medications 
or personal habits of the worker to produce health effects even if the 
occupational exposures are controlled at the level set by the 
evaluation criterion. These combinerl effects are often not considered 
in the evaluation criteria. Also, some substances are absorbed; by 
direct contact with the skin and mucous membranes, and thus potentially 
increase the overall exposure. Finally, evaluation criteria may ,change 
over the years as new information on tt,e toxic effects of an agent
becomes available. 

The primary sources of environmental evaluation criteria for the.-. 
workplace are: 1). NIOSH Criteria Documents an_d recommendationsU-4), 
2) the American Conference of Governmental Industrial Hvgienists' 
(ACGIH) Threshold Limit Values (TLV's), 3) the U. S. Department of 
Labor (OSHA) occupational health standards , and 4) the Washington ·State 
Standards. Often , the NIOSH recommendations and ACGIH TLV's are· lower 
than the corresponding OSHA standards. Both NIOSH reco11111endations and 
ACGIH TLV's usually are based on more recent information than· are ·the 
OSHA standards. The OSHA standards al so ma.v be required to· take.-into 
account the feasibility of controlling exposures in various.· indus:tr.ies 
where the agents are used; the NIOSH-recommended standards, by 
contrast, are based sole1y on concerns relating to the prevention ,of 
occupational disease. In evaluating the exposure levels and the-· 
reco11111endations for reducing these levels found in this report, it 
should be noted that industry is legally required to me~t 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·. 
Some substances have recommended short-term exposure limits or ceiling 
values which are intended to supplement the TWA where there are 
recognized toxic effects from high short-term exposures. 

I 



NIOSH 
Recommended 
Criteria 

Washington State 
or (OSHA) 
Standard Health 

Substance 

Antnonia 

10 Hr TWA 

50 ppm 
( 5 min ceiling) 

8 Hr TWA 

50 ppm 

Effects 

Irritation of eyes, 
respiratory tract, 
and slcin 

Ch1orine 0 .5 ppm
(15 min ceiling) 

l ppm
(ceiling) 

Irritation of eyes, 
nose & throat. May: 
reach lung causing 
pulmonar.v congestion, 
tightness in chest and 
edema 

Polynucl ear 
aromatics (PNA) 

100 ug/m3 200 ug/m3 Suspected to be able 
induce cancer 

Total particulates
(Nuisance dust) 

(10 mg/m3) 10 mg/m3 Nuisance dust·have · 
little adverse effect 
on lungs and do not 
produce significant 
organic disease or · 

• toxic effect w~en •exposures are kept 
under reasonable 
control 

Sul fur dioxide o. 5 ppm 5 ppm Irritation of nose and 
throat, sneezing and 
coughing. Low· levels 
can. cause a reflex 
increase in rate and 
diminution of the 
depth of respiration
with reflex broncho, 
constriction 
resulting in pulmonary 
air flow resistance. 
Long exposure m~y
result in conjuncti
vitis and frequen~ 
respirato~y infections 

Xylene 100 ppm 
(200 ppm ceiling 
10 min.) 

100 ppm Dizziness, excitement, 
drowsiness, 
incoherence, stagger
ing gait, irritation 
of eves, nose and 
throat. Nausea, 
vomiting, ,abdominal 
pain. 
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VI RESULTS AND OISCUSSIQN 

{ A. Environmental 

, f Breathing zone samples were collected to determine the workers' 
exposures to sulfur dioxide, total particulates and PNA's . · The -results 
are shown in Table 1. Since there are six separate jobs, they are 
discussed individually. The bulldozer operator sp~nds his day outside 
on the hog fuel pile. His sulfur dioxide exposure ranged from 0.02 to 
0. 05 ppm which is less than 10% of the evaluation criterion. Only one 
sample was collected for total particulates and it was 2.18 mg/m3 ·or 
21% of the criterion. Since xylene had been put on the hog fuel pile 
in the past, the workers wanted to know if there was any x.vlene
residual that was resulting in an inhalation exposure. All sample 
results for xvlene were less than the detectable concentration of 0.1 
ppm ind.icating there was no xylene residual present . 

The No. 1-9 boiler fireman spends his entire shift in the No. 1-9 
Qoi.ler area. The sulfur dioxide average exposure was 0.18 ppm, (range
0: 16 - 0.21 ppm) whicti is less than soi of the criterion'. The-total 
particulates average concentration was 0.6 mg/m3 or 6% 'of the · 
criterion. The polynucl ear aromatics (PNA), which can be fanned· when 
wood chips are burned, were below detectable limits. (See Table ·1 for 
each specific PNA analyzed.) 

Three job classifications spend time i~ both ·the No. 1-9 boiler·· area
and the No. 10 boil er area. Their time varies from day to day:,,-, The .. 
shift engineer had a sulfur dioxide average exposure of 0.30 ppm~which 
is 1ess than the criterion of 0.5 ppm. The total particulate-aver.age 
concentration was 1.82 which is less -than the criterion. Oue ·· to·· 
absence of· the other crew members, the util it.Y man position was.. only
filled on one of the three sample days; therefore, the one day·· sample 
result for sulfur dioxide of 0.52 ppm is not conclusive. His· total 
oarticulate exposure was 6.44 mg/m3 and was the highest measured but 
still less than the 10 mg/m3 criterion. A portion of the · 
particulates is wood dust, but the percentage is unknown. The:·PNA~s 
were less than detectable concentrations. 

The assistant fireman, who also works in both areas, had. an· average:~· 
sulfur dioxide exposure of 1.02 ppm (range 0.67 ·- 1.60 ppm). Thfs- is 
twice the criterion and on one day was three times the criterion~·of·0.5 
ppm. On all three da_ys his exposure to sulfur dioxide exceeded 0.5 
ppm. His total particulate average exposure was O. 23 mg/m3 which·· is 
only 2.3t of the criter;a. 

The No. 10 boiler fireman spends the ·majority of his shift in the No. 
10 control room -and the rest in the area around the boiler . His 
average sulfur dioxide exposure was 0.71 ppm or 1.4 times the 
criterion, with a range of 0.67 to 0.78 ppm. On a11 three days his 
exposure exceeded the criterion. 
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G.eneral area samples were collected for sulfur dioxide both inside and 
outside the No . 10 boiler control room . Sulfur dioxide concentrations 

. were slight1 y higher inside the room then outside wit~ hoth being c1ose 
to, or slightly higher than, 0.5 ppm. ·The difference is probably due 
to the 1ocation of the air inlet to the control room. If the sulfur 
dioxide were removed from the supply air to control the No. 10 fireman· 
exposure to· sulfur dioxide would be greatlv reduced and would orobably 
be less than 0.5 ppm. With the amount of time the assistant fireman 
spends in the control room, his exposure wou1 d also be reduced. 

General area samples were collected for chlorine and anmonia in both 
boiler areas and on the bulldozer. Ch1orine and ammonia are used in 
the plant and occasionally there is a leak or upset condition. When 
the wind direction is toward the boiler house, the workers can be 
exposed to chlorine and/or anmonia. During the three days of sampling, 
anmonia was not rletectab1e and the chlorine concentrations were from 
nondetectable to 0.06 ppm. 

One of 'the major concerns of the worlcers was what their exposure was to 
.substances put on the hog fuel anrt subsequently when they were burned. 
These include waste xylene, waste paint thinner, the product SOA 400 
and shredded tires. The addition of waste xylene and paint thinner to 
the hog fuel was sporadic. The SDA 400 was added daily for one 2-week
period. It is not possible to estimate the airborne concentration of· 

• 	 the volatile materials that the bulldozer operator woulrt have been 
exposed to. The shredrled tirP.s would not present .a problem on the hog· • 

fuel pi 1 e-.. However, the burning in the hoi1 er, the combustion products 
could enter the hog fuel boiler area under certain boiler conditions · 
such as a back draft. Estimation of the composition and concentration 
of the emissions was not possible at this time. 

B. Medi cal 

Boiler house employees (hourly and salaried) were questioned about 
their occupational history, use of tobacco and alcohol, medir.al history 
and use of medications, and whether they harl experienced the follow,ing·· 
symptoms during 1981 or 1982: chest pains, s~ortness of breath, 
burning sensation within the chest, sputum products, skin rash or a 
combination of headache, dizziness, tearing eyes , throat burning and 
shortness of breath. Twenty eight employees were interviewed: 3 of ·4 
supervisors, 25 of 29 full-time steam plant employees, one of whom had 
just transferred to the steam plant four days earlier. The 28 
emoloyees (2 were female; all were Caucasian) ranged in age from· 28 to 
64 years (mean= 44.8 years), and had worked at the mill from 1· to 41 
years (mean= 18.~ years, median= 15.S years). All except two had 
worked in the steam plants at least since January 1981. (OnP. of the 
exceptions harl worked in the steam plants 4 days, the other 5 months~ 
Bo.th had transferred to the steam pl ants from elsewhere in the mill • ) 
Worker lavoffs related to economic conditions have been common at this 
mill in recent years. Workers at the steam plants tend to have 
accumulated many .vears of seniority, and tlierefore the steam plant:wor'< · 
force has been very stable. 

http:medir.al
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The boil er house workers had experienced svmptoms which t11ey fe1 t to be 
· work-related. These ~ymptoms can be described in 3 categories. 

1. 	 Acute-onset, short duration symotoms related ta exposure to 
sulfur dioxide or arrmonia 

All workers reported that the intermittent, apparently 
unoredictable relP.ase of these gases causerl symptoms· such as 
acute shortness of breath, headache and tearing eyes. Eleven· 
of the 28 workers complained soecifical1y of the discomfort· 
associated with these work site exposures. 

2. 	 Symptoms related to combustion prorlucts associated with burning
automobile tires 

Six of the 28 workers specifica11.Y complained of symptoms 
associated with burning automobile tires. The workers told of 
headaches and irritated eyes, nose and throat as well as "sinus 
congestion." Several additional workers complained.that their 
sl< in and nasa1 passages became verv dirt.v when tires- were 
burned. This made the work conditions verv undesirable. 

3. 	 Symatoms related to exposure to volatile and combustion · 
pro ucts of chemicals which were dumped on the hog fuel pile
(The chem1cal s may have been SOA - 400 as well as other · 
chemica1s.}

Seven workers recalled experiencing symptoms in March ·and· April 
1981. Symptoms included headache, dizziness, nausea, . and 
irritation of eyes nose and throat. Three workers worked ·one,. 
shift, while the other 4 workers were all on the preceding 
shift. One workef (a bulldozer operator) recalled having· 
symptoms at work for several days after "the i:1ump11 

; howeve"-, 
only the index worker ha.d symptoms which persisted for weeks·. 

One worker reported more severe health problems. He reported· a, 
history of respiratory symptoms which predated his work· in· the:-..~ 
boiler house. Persistent exacerbations of his symptoms· were· 
temporarily related to working in the boiler house. Howe.ver-·; it·:
was not possible to document a causa1 re1 ationship between'· his · 
persistent symptoms and workplace exposures. Both the sever.ity ·and 
duration of his svmptoms were unique among those reported by· the 
boi1 er house workers. Futhermore extensive 1aboratory and:other.•-· 
diagnostic testing done by his physicians did not demonstrate a 
measurable ohysiological defect in lung function. 

We conclude that the boiler house workers in aggregate ·experienced 
symptoms which were related to. workplace exposures. The· symptoms·· 
were acute and inc1 uded shortness of breath; irritated eyes, nose-· · 
and throat; headaches; and dizziness. The svmptoms were ·related· to 
exposure to sulfur dioxide and ammonia, and combustion ·products:.of· 
automobile tires and chemicals dumped on the hog fuel pile. 

• 

··
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VII SUMMARY AND CONCLUSIONS 

The No. 10 boiler operator and the assistant fireman were exposed to 
airborne concentrations of sulfur dioxide that exceed the criteria of 0.5 
ppm used in this evaluation. (The OSHA and WISHA current standard is 5 
ppm.) The workers' exposure to su1fur rlioxide in the other four jobs were· 
less than the criterion. The workers' exposure . to total particulates, 
polynuclear aromatic compounds, chlorine and anmonia were well below 
existing criteria. Exposure to these compounds at the concentrations 
measured are not known to cause the severe chest. pains experienced by 
several of the workers. It was also detennined that acute-onset of 
shortness of breath, headache, anrl tearing eyes may be experienced during 
infrequent upset boiler conditions. It was not possible to estimate past 
exposures that ~esulted from occasional placement of waste organic solvent 
and shredded tires on the hog fuel pile, therefore it could not be 
detennined if the workers' symptoms were caused hy these conditions. NIOSH 
was not able , to document a causa1 relationship between work place exposures 
and the persistent symptoms reported ~y one worker. 

VIII RECOMMENDATIONS 

1. The supplv air to the No. 10 boiler control room should be filtered to 
remove the sulfur dioxide. Currently, the sulfur dioxide TWA concentration 

• 	 in the control room exceeds the criterion of o.; ppm. Due · to the high 
percentage of time the fireman spends in the control room, his TWA exposure 
can be reduced considerably. 

2. The No. 10 boiler fireman and the assistant fireman should be provided 
with NlOSH approved respirators for use with sufur dioxide. These 
respirators should be worn when working around the boiler when high sulfur 
dioxide concentrations occur. . ·. 

3. All boiler house workers should have respirators available for use with 
anmonia and chlorine in case a high concentration of thes~ vapors rlrifts 
into the boiler house area. 

4. Materials other than wood products should not be added to the hog fuel 
pile. 
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Washington. 
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f . r 	 .,• I • • :. ';,:'.;. • . - ' • • ~ -1•. • • t ' ;i~~~. ' : ~l'k\: " : ~~:;a •. :l. .. t" ;. j .:;·~·:t"; l,f, ~1" ,',~j ; ' " • '' ' ~1 " 1 •. ,;;rri~... ~;~~~t1 
' ~ ··~ ( .. , .... ! •. ·" "' ' ' . -~.~ , , • 	 , • ·' '"'' ... .. · ~ .• • ·.,::. .. 1 ... , ·.. . .(" ·:!:iA'.,..-,,,_d:tET .. ei-259 ··,/ . '!"'ii(:;·. ···.:~t,-:' '.~t ·.,·t ,!···A1tf ' /:':{. -,".-,,; . •,(,"<t:,m
. ·.,'. ·:'·; ;-- :y·...·~._.(. :·-~ .- / 	 ·: r=: ·.ft<.>.~~·J,... , •: ;• -	

o.n, ·.:<0.01 0.1a -·; -: .( .. ~::~)t\:!Af.,,~W
( RZ) 	 2-10-83 0 21 0 03 0 81 .;. - - :.,.· .,,. ·!\. ...·• 

• • • • ,. ,• ,·:,. r' · ''ii';(- ·. ,..:
2-24-83 0 .18 0 02 0 °1 - . - - .. ._: :y: * ·, ;::.,;fl;;• 	 · - ·" • .•, ,•. •f l.>·'I 

·,:•, t ·: .. ::;:.ii '\,:lljJ:~# 1 - Q Boiler ArP.a 	 2-7-83 ... . ~o ...... uo _. j - i.i;~·i:..~-+r~~~• I ..
(GA) 	 ~-10-83 ·. 0.04 : NO t ~ _;::!'~·.,) t }.l~i·!;\

' 	 ' ·. ~.. t ·,,;•(· l·ll,::;;pJ:.
12-?.4-83 	 .- 0.06. t HD - : ,.· •• : .'i):··1i+4 ·-~~t/f:l; ~··;:' 

... 	 ·· ·:;·,.r.;;:.: .ri .1~ .~ :; .. \ ; ' 	 ... ·;,t~ t;:·;·\ f~:t,t:~,l#10 Fireman l-7-83 0.68 <0.01 . ' '1·l · - ,.,,,l,1-i:,,
( BZ) 2-10-83 O.li7 0.01 • • t','ff -: . ~ :;; ~·j ::: 

. .. , . 'i i.r I·2-?.4-83 0. 78 0.02 ·.{,,/; ._:i-r:)·~:·l 
,: 	 . . • , ,.;i-..... ,f'.t/··fa'f<':;t;:

#10 Boiler 	 2-7-83 
Control Room 	 "D .. ~ ,, - • '.\ 	 c :*~~;::
(GA) 	 2-1~-83 o.s;~ 0.02 ·. ' . '0.04·. uo - .. ' --, .. '....,,1.,;,·.-,,~p· .. 1r· .~ ·," , :,• 	 ·,.,, , \ ,, ~:-' . .. . 0.04.2-24-83 0.78 0.01 	 .r. ND - · :, :

' t 	 • • , ' ' ~- : · ~ • J'.£~'1~ 
Outside #10 Bo11~r ,' ..'i1::~'i"'lii:tfi 

Room (GA) ?.-10-83 0.47 0.02 .. .. '.?"<"\1t
2-?4-A3 0.48 0.01 	 j1..~., ,i::14 

Asst Fireman 2-7-83 O.fi7 <0.01 0.?.7 	 .<·-~r)· 
• • I : \~~,I!:( BZ) 	 2-10-83· 0.7q 0.01 0.27 

2-?.4-83 1.fiO 0.01 0.15 

Utility Man (BZ) 	 ?.-7-A3 o..-~:> 0.03 6.44 

-- :· · ·~. 
·shift Engineer 	 .W 

.. (BZ) 2-10-83 o.~4 0.15 2.44 
?.-24-83 0.3~ 0.06 l.20 

Bulldozer Operator 	 ?.-7-83 0.05 <0.01 " o.o~ . ND. :, <O. l 
) . ~( BZ) 2-10-83 0.03 <O 01 	 o.or.· ., Nti . ' ··· , <O l -; 
• ; • · • I'· • • ', ., . · _,;<O 1 "'?.-?.4-83 · 0.02 <0.Ql .2•.lli Q. 04 ·: ·· , · '.; ND .' ? · ' . <: • :.>.·· 

*All PNA samples werP. analyzed for thP 	following .individual PNA 1 s an~ all were lP.ss t~an the indicatetf
concPntrilt.1ons: B~nz( a) anthr·acene <0. 5 u(!/m3; Renzo( a)pvrene <O. 5 uq/in ; . Benzo( e) pyrene <O.'i ug/m3;

·,: -·:~: ' ' . ~ .. .,... i f .~:~Ch,.ysr.nP. <1.'i uq/m ; fluor;tnth~nP. <t 1111/m3; Pvrenr. <1.'i uq/m3 
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:' -.. =, 	 s,~1 f~r ... ·,i;,;-:di:·.~~1J_~J e.$ ·-.-:~-: ,; ·:.:,r:, ,:,.J.9.t!l ..'Jf':r·i:l:.•f-lf•s.if':},{'ff.:t:·t ~i.-~ti·._. ,-~~;-~·ll.F} ~.:'.' ·
;11 bi(H(1d~ "-~.::t ": ::a~ Jt2s<>r :r ·. ;',Pa,:J1cu _a~~-~.'.(·~· ~JJ~Rr m~Ji . ~n~,a .-~~Xy}~~1·

Joh or Location Date opin - m9/c41 m ' mq/cu .m· · . ... ppm . .',· ppm · · : ppm · ;~ ·:: *PNA·t,i ~?~ 
Ill ~ 9 Fireman 2-7-83 . 
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