
DR; STEPHEN BERARDNELLI 

lH CPARAC]ERIZAI IDr~ OF COPI LinOEFACI IOM FACILI I IES 
INTRODUCTION . 

(OAL LIQUEFACTION REPRESENTS A TECHNOLOGY THAT MAY DECREASE OUR 

DEPENDENCE ON IMPORTED PETROLEUM, RESEARCH IN TliIS AREA HAS BEEN 

CONDUCTED HITIHN THE UNITED STATES SJNCE 1934. Ho\1-IEVER., IN SPITE 

OF THE TIME AND EFFORT EXPANDED ON THESE PROCESSES MANY QUESTIONS 

STILL REMAIN TO BE ANSWERED BEFORE LIQUEFACTION BECOMES AN ESTAB­

LISHED TECHNOLOGY, ONE OF TliE QUESTIONABLE AREAS NOW UNDER INVESTI­

GATION IS THAT OF OCCUPATIONAL HEALTH, WORK IN THIS AREA WAS INITIATED 

SEVfRAL YEARS AGO BY THE NATIONAL INs·rITUTE FOR OCCUPATIONAL SAFETY 

AND HE/\L Tl J (NJ OSH) THROUGH /'i SER 1 ES OF STUD 1 ES DES 1 GNED TO I DENT I FY 

POTEiH 1 AL HU1LTH H/-\Z/\RDS HJ Tiff: CO/\L LI QUEF~/\CT I ON ENV If~ONMENT. 

THIS f-1!1.PE!~ J.S /\ PEVIE\'1 r_q: THE RF:-:!11..TS OF ONr: OF THFSF NIOSH 

STUDilS, THIS s·ruDY ENTITLED "A STUDY OF COAL LIQUEFACTION PROCESSES" 

IS DESIGl-!l:D TO CH/\!U\CTERIZE T!-)E OCCU?/1.TJON/;,I_ [N\IJIWNME,n OF DirF[l~EiH 

LJQlJEU\CfICf,1 PROCESSES IN T\'!U ST/\G[S: 

1. THE ID:~NTl.FJ:C/-\TION or~ CONT/IY,IN/\NT CLASSES; AND 

2, Tiff DETCf~Mif~/\TlOI\J OF' EXPOSU[~L Ll:\li.:LS FOR S[U::CTED 

CONTAMI [~/\fHS I 

THE f1G~LJLlS RE:·OF;lTD I-ff.FY /\f~E Gi\SED 01\l COMF'L[Tf:D SUf~V[YS JN TlmH: 

OF Tl-IE f-JVi: F/\CII.JTlf~S UNDO;: STUilY, ~.lTHOllGl-i THl: l)I-IYSJC/1L 1\G[l~TS /\!'JJ) 
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PROCESS 

THE FACILITIES INVOLVED IN THIS STUDY UTILIZED THE DIRECT LIQUE­

FACTION PROCESS IN WHICH COAL IS CONVERTED DIRECTLY INTO A LIQUID 

PRODUCT AS OPPOSED TO THE INDIRECT PROCESS WHERE COAL IS FIRST 

GASIFIED AND THEN CATALYTICALLY CONVERTED TO A LIQUID FUEL, BRIEFLY, 

THE DIRECT PROCESS INVOLVES THE FORMATION OF A SLURRY OF FINE-MESHED 

COAL IN A COAL-DERIVED LIQUID, THIS SLURRY IS THEN SUBJECTED TO 

ELEVATED TEMPERATURES AND PRESSURES TO .DISSOLVE, DEPOLYMERIZE, AND 

HYDROGENATE THE CARBONACEOUS MATERIAL IN COAL TO FORM THE LIQUID 

PRODUCT. GASES AND SOLIDS ARE DY-PRODUCTS OF THE PROCESS, 

THE STUDY WAS DIVIDED INTO TWO STAGES, THE FIRST STAGE IS 

QUALITATIVE ANf\LYSlSj THE SECOHD IS QUANIT!-\TIVE. AN/\LYSIS OF THOSE 

COMPOUNDS IDENTlfflD IN STAGE l. 

SLl_J}E 1 GIVES THE OPER/'1:r°H!G SIZ[ /I.ND OPH~/\TIIK1 P,\f-U\Mf<TEHS FOR 

THE DISSO[_VER/RE/),CTOR STAC:iE OF Tiff PROCESS FOi~ THE iHI\E:E FACILITIES 

DISCUSSED IN THIS PAPER, FACILITY IJ DIFF.EHS FROM THE OTHER F/\CILITIES 

BY 1-11\VING A CATALYTIC HYDfWGFh1/\TI0N STEP, fa,s CAN DE SEEi~ FROM THE 

CO/\L PfWC[SSiNG !1/\Tl::1 /\L.L THE PU\NTS STUDIED \•ffRE PILOT PLANT F!\CJ.LITIES. 

PROTOCOL AND-RESULTS/STAGE 1 

THE CONT/\Mil'~Mn CU\SSl:S Pf{[Sl:Nr \)lTllII~ TIIE COAL L.IQUEFACTiO['l 

\·/Jf~!<ING EN\!Jf\ONf,][l~T OF Tl·I[ nm F/\Cll.JTILS \\IFRE JDENTIFI!~"D THrWUCH 

AN 1\N/\LY SIS OF 3·-i 10 Lm Al~ E/\ /\ Ir{ S/\MP I. [ S, (')/\~·11) 'L r:: .:· ,.,,,=RE co· 1 E· c1-r.:: D Oh'1 , 11 ~, ... v \-\ .l--- L"- ... , 

799 



FACILITY 

l 

I I 

I I I 

SLIDE 1 
OPERfa.TH~G PARAViETERS AT THREE F,~CILITIES 

SIZE PRESSURE 
(TONS COAL/DAY) 

50 CJ.50 BBL/Ii) 1500-2000 

20 150-400 

6 (18 BD[_/D) }L;QQ-2500 

800 

TEMPERAT~RE 

200-375 

500-7SO 

800-filS 
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600MG CHARCOAL TUBES AND 875MG SILICA GEL TUBES FOR THE IDENTIFICATION 

OF HYDROCARBONS AND AROMATIC COMPOUNDSJ E,G, AMINESJ PHENOLS, THESE 

SAMPLES WERE COLLECTED AT A FLOW RATE OF 100 ML/MIN, 

A SPECIAL SAMPLING CASSETTE CONSISTING OF A SILVER MEMBRANE 

FILTER AND (HROMOSORB 102 WAS DESIGNED FOR COLLECTING POLYNUCLEAR 

AROMATICS CPNAs). THIS CASSETTE SHOWN IN SLIDE 2 INCLUDES: 

• A SILVER MEMBRANE FILTER 

~ STAINLESS-STE~L SCREEN 

e (HROMOSORB 102 - 3 GRAMS 

• SUPPORT PAD 

A GLASS FILTER WAS NOT USED IN THIS SAMPLING DEVICE BECAUSE 

PARTICULATE LEVELS AT THE SURVEYED FACILITIES WERE !JOT EXPECTED TO 

CLOG THI: SJLVEf~ MG1BRAfff Fil_TLi~. IN OPEl·U-\TION; TIHS ASSUMPTION 

PROVCJJ CORRECT, THE (HROMOSORB ADSORBENT i'II\~~ fa.DDED TO THE SYSTEM 

TO CAPTURE VAPOF< PHASE Pl'L~s AND SPt::CIES EV/\POR/\THJG FROM THE FILTER 

COLL EC([]) PARTICULATES, ,;REA SAMPU:S ~~ERE COLLECTED /\ T A FLO\'l RI'"\ TE 

OF 9.2 LPM, 

A GUJl:lrnL SC/\[~ OF CH/'.~CO/\L Al~L SIL I CA GEL. TUBE AREA SAMPLES 

FROM VARIOUS PrWCESSIMG UNITS \·/J'1S COI\WLJCTED FOR MOf1E THAN 25;0Q0 

COMPOUNDS us r NG fl G/'1S Cl-!l~Of\1/\TOGRIIPI-JIMASS srECTROMETl:R (GC/MS) \·'/ITH 

QLJ/\l_lT!\TIVl: J.J..;Ei-JTlfICATICHJ BY/\ COMPUTE!~ DI\:/\ J\J\SE. CHARCOAL /IJ~D 

SI t_ l C/\ Gl:L SM'1?L[S \'/[:RE /\LSO /\!~AL 'i?ED DY GAS CHROMATOGl~APHY FOR 

l3E:'-)ZU~[) TOLU[N[) Ar~D )'.YLU![) /\l'ln Till: /\l;OMATlC f\1'11N[S /\ND /\rWM/\TIC 
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ALCOHOLS LISTED IN SJ,JJlL2, THE COMPOUNDS IN .SJ .. Jl).£..2. ARE REPRESEN-:­

TATIVE OF TWO CLASSES OF CHEMICAL WHICH HAVE BEEN ASSOCIATED WITH 

THE LIQUEFACTION PROCESS, THE SAMPLE CASSETTES WERE QUANTITATIVELY 

ANAl.lYZED FOR THE CYCLOHEXANE-SOLUBLE FRACTION \,~HICH IS IN LIEU OF 

THE BENZENE-SOLUBLE FRACTION, ALL ANALYSES WERE PERFORMED ACCORDING 

TO THE APPROPRIATE NI0SH ANALYTICAL METHOD, WHERE AVAILABLE. 

THE PNA SAMPLE CASSETTES WERE ALSO QUA~TITATIVELY ANALYZED FOR 

THE 30 PNAs LISTED IN SLIDE _l{ FOi~ VIHICH ANALYTICAL STANDl\!~DS \~ERE 

AVAILABLE, ANALYSES FOLLO\'ff:D THE GC/MS Mm HIGH PERFORl'i/:\NCE LIQUID 

CHROMATOGRAPHY METHODOLOGY DEVELOP[D BY THE UNIV[RSITY OF JowA 

HYGIENIC LABOF~ATORY, !OV,'A CITYJ lm·/A, IN THlS METHOD TH~ SILVER 

MEMBRANE FI LTl:R 1 S UL.TR/\SON I CL.Y EXTR.t·,CTED \'II TH CYCLOHEXAi\!Ei THE 

(HROMOSORB 102 IS EXTRl\CTE:lJ H~ /\ SOXflLET l:XTr~t\CTOR US I NG /0• 50: 50 

MIXTURE OF ME:THYU:lff CHl.crnD[·-f,i[Tl-lf\fWL .• Su,JSIT}VITY OF Tl![ Mf:THOD 

FOR EACH OF 30 Pl'l/\s IS IN THE L0\.'1 Nf,.[,lf.\OC,f't'\r-'1 R/\f\'.CE PEF~ S/\MPLL 

Sr/\GE J. RESULTS /\ND D1scuss1ou 

.~ TOTAL OF 85 COMFOUNDS \'fffH: IDE!frIFir::D IN TH[: 25 S/\MPI [S TAl<EI~ 

r: J r-n ...... 1 F AT rACILJ1Y .. AND Do \'ff.:!~r~ IDENTIFIED IN!.. S/\Mi'l.[S T/\1([[-J /\T I\CIL.ITY 

II (SL.iDE __ ~)), FACILITY III i~!\~ NOT INVOL\/[D lN TIil:. STAGE l SURVEY, 

FROM Hff QU/\f_ITJ\TIV[ M~/\LYSIS; MOf'.:E DIFFl::l~f:iH !Oi,!J.JS OF /\J!OM/\TIC TH/\N 

/\LIPHATTC \·ff:J~!: FOUfrn M10NG Tiff COMPOUl'lDS \'/HlCH COUU) BE DET[CT[D, 
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AROVi/HI C .~MI h/ES 

Ar~ IL I NE 

N, N.-DI11iETHYL/\NIL.INE 

2, 4···D I METHYU\N IL I NE 

P-i'l l TfWAl~ IL I NE 

0-Toun DI NE 

0-/\N 1 f; I DI NE 

P-/\N IS 1 DI)~[: 

SLIDE 3 

LI ST OF SELECTED co;1POUNDS 
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AR mt~ TIC ALCOHOLS 

PH~NOL 

P-PHENOL 

0-[THYLPHENOL 

P-ETHYLPHEMOL 

0-C!~ESOL 

M-CRESOL 

p .. (RE SOL 

2,. 3-XYLENOL 



NAPHTHALENE 

QuINOLI!lE 

2-f1ETHYLNAPHTHALENE 

1-HETHYLNAPHTHALENE 

AcENAPHTHELENE 

/\CENAPHTHEl·~E 

FLUOREN[ 

PHEtlANTl-mENE 

ANTHR/\CENC: 

A ., R J D I w-_ l. \ - ,\:::: 

CARBOZOLE 
r . .. - - . ---· ··-" ·-I" L UVK/\i'i I Ii Ll\ t. 

PVD::r•;-:­
l 1\,._,\L 

BE1~zo Cn) FLUO:\E~~c: 

SLIDE 11 

POLYNUCLEAR AROMATICS CPNAs) 

805 

BENZ (A) 1~NTHRACEN E 

Ci-mYsENE 

TRJPHENYLENE 

DIMETHYLBENZ(A)ANTHRACENE 

BENZO(E)PYREN[ 

BENZO (/-\) PYRENE 

DIBEtE(A; J )!\cR I DINE 

DIBENZ(A;I)CARBAZOLE 

INDENO (l,2;3-C;D)PYRENE 

DIBENZM~THRACENE 

D IB Et~ZPYRENE 



SLIDE 5 

BREAKDOWN OF COMPOUMDS IDE~~TIFIED AT FACILITIES I AND II 

FACILITY 

I 

I I 

ALIPHATIC 

5 

1 

AROf1.~ TIC 

31 

67 

806 

TOTAL 

86 

68 



THE PREDOM I NANCE OF THE ArWMAT I CS /\MONG THE IDENTIFIED COMPOUNDS 

JS ~ELIEVED TO BE DUE TO THE GREATER STABILITY OF THE AROMATICS 

RELA'rIVE TO Tl-IE ALIPHATICS AT THE OPERATING TEMPERATURES AND PRESSURES 

OF THE PROCESS,(10) THIS PATTERN OF RELATIVE STABILITY IS ALSO 

APPARENT AMONG THE AROMATICS AS CAN BE SEEN IN S.LlDLI. \1/HICH GIVES 

A BREAKDOWN OF THE AROMATICS BY THE NUMBER OF AROMATIC RINGS WITHIN 

THE COMPOUND, IT IS APPARENT TH/\T THE MORE ST/\BLE CLASS OF AROMATICS) 

THE SINGLE-RING AND FUSED TWO-RING COMPOUNDS) ACCOUNT FOR A MAJORITY 

OF THE COMPOUNDS IDENTIFIED AT THE TWO FACILITIES WITH AN AVERAGE 

DISTRIBUTION OF 52;3% AND 66.8%, RESPECTIVELY) FOR FACILITIES l AND II. 

THESE FINDINGS SUGGEST THAT COMPOUND STABILITY IS A FACTOR IN 

DETERMINING THE TYPES OF COMPOt.JNDS l3El NG FOF!MED UNDER THE LIQUEFACTION 

PROCESS, OTHER F/\CTORS ~·/OUL_D BE THE TYPE OF PROCESS,. OPER!-\TING PARA-

METERS.1 Ct·.TAL ys·i- ., ETC, 

TH!: BEf,JZENE-soumu:: FRACTION HAS BEEN u~-:ED AS Af~ INDJ.l~ECT MEASURE 

OF PN.~ LEVELS IN TIIE \'WRl<ING n!VIROl~M[NT, (J.J_) FoR EACH St.MPLE CASSETTE 

THE CYCLOHEX.l\NE SOLUBLE F[;/\CT I ON \~/-\S DETEFU·1 I N[D SEP/\R~,TEL Y FOR THE 

FILTH< AND 1-\DSOf\BE[,JT TO EVJ-\l_LI/\TE Tilt APPLICABJLITY OF THIS METHDD TO 

ALO[~G \'HTH ME/.\SU[~[-:D F'N!\ LEVELS FOR Ti i[SE SJ'Ji?LES I THE p[,JA VAt_UES 

REPRESENT THE SUM or TH[ COl~C.ENTRf\TION OF TH[ 30 PM.4s Ul·:DEI\ STU:.lY, 

.~s CAN BE SEl:N SOMF. CONS I ~~TEl~CY Is suc;G[STEn MlONG TH[ SOLUBLE r-RACTION 

P ~.I.fl. VALUES RUT A HI GIi V1\R I /\D ll. I TY \~/\S f·JOT[D \'II TH TI~ THE ;\i"I V /\LU[S, No 

APP/\E[NT R [ LJ\ T 1 ON ~;1-1 Ir \1U\S NOT[D D ET\·![:EN T!i E C YCL01 l EX/\i•l [·-so LUB U: FI\/\CT ION 



STRUCTURE 

Not~FUSED RINGS 

Tf . '11I, 1~" \ .1\v0 

FUSED E Ii'JG 

SUL£ 6 
% BREA!ln1/N (f AR(X'V\TIC CCTPOlllDS AT 

FACILITY I NID II 

(No. OF CoMPOUNns) 
FACILITY I FACILITY I I 

3"1.2 
(32) 

31.,4 
(2,) 

LJ. G 
(~) 

S6,9 
(~:J) 

2D.9 
(13) 

]7.3 
(11) 

2~9 
(20) 

26 l 
{18) 

0 

Ggl5 
(f1~) 

L·O 7 
(28) 

.15.0 
(9) 

fs. 7 --~ 
808 

REPRESErfrA TIVE Cff,1PDUNDS 

lNDENE 

tLUIDINE 
ISIDINE 
IOPHENE 

BEI'JZENr:: 
SUBSTI TUrED BENZ[MES 
T0Lu1:NE 
XYLENE 
ANILINE 
SUBSTITUTED /\NJLINE 

BirHFNYL 
SU3ST I TU fEJ) BI Pl-ltJNLS 
BT ,......, 1•-1 r. -,l" ,-
) J t' l /V-l!.. Ji ,: 

PHf:Nf;fHHf(EJJE 
SL!BSTITUlTD PHENNffl lf~ENES 
~~Tl-1:<.l\C[f,J[ 
1-l[F; iD l !·~:: 
('' P] 1/\-IQI •;: L,l\;\ ) ,_ -t. 

l}-N?l ·\'rd UE: 
PCINLJ.N[ 



SLIDE 7 

CYCLa-EXA?E·-SOLUBI£ FRACTIO:"I vs. TOTAL Pi!/\s 

SAMPLE CYCLOHEXANE-SoLUBLE FRACTION Ct"iG/r..3) 
HiI13ER FILTER ADSORBEl{f TOTAL 

TOTAL P;'l'\s C»ofi113) 
FILTER ADSORBENT TOTAL 

an 0.2 1.6 1.8 0,9 8.3 9.2 

002 0.4 0.6 1.0 0.4 L1!:::_ Q 
{..-' I 1.6,4 

- -

003 0.3 0.9 1.2 19.4 1727 1746. 

004 0.1 0.7 0,8 13.5 2E{).l 273,7 

016 0.3 1.2 1.5 0.07 30.0 3~.l 

Q2l 0.07 0.8 0.9 67Jl 1?7, 191, 
<11 

r _____ ·---·· r,-~~ c~,'"Tr-"."'"\ no~ !'! ~ 6 l.~Kr,i:LA I I Ul~ l.Uc, r-, I !LI £:.ti. VI lJ 

I\BsoRn EHT + o. en 
ToT t-;L --- 0.12 
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VALUES Al1JD THE MEASURED PN/\ LEVELS I ND I CAT I NG THAT THE SOLUBLE 

FRACTION MAY NOT l3E AN EFFECTIVE TOOL FOR MEASURING WORKER EXPOSURE 

To PNAs. 

ON THE BASIS OF THESE QUALITATIVE RESULTS, STAGE 2, QuANITATIVE 

SAMPLING AT THE THREE FACILITIES WAS LIMITED TO BENZENE, TOLUENE, 

XYLENE, AROMATIC AMINES, AND PNAs; COMPOUNDS AND COMPOUND CLASSES 

IDENTIFIED IN STAGE 1. A PANEL OF NIQS~l RESEARCHERS HAD PREVIOUSLY 

PRIORlTIZED THE LIST OF CHEMICALS, THE O!~ES LISTED ABOVE \1ERE IN 

THE HIGHEST Pl\ I OR I TY G,wur I NG I 

St-\MPL r NG PrwrocoL 

lHRE[ /V',JOR JOB C/\TEGORI[~'. \·/ERE IUEl~TIFILD HJ \1HICH i'Wi~l<ERS MAY 

B[ [X?OS[D TO ri:OCESS CONT!\MllU\NTS BF.C/-\USE OF P..SSIGNED DUTlE~;t IHESE 

C/'.TEGORJ[;; INC[.UDi.: THE PLMH orr:F:/\TO[",:S; LAI30[\/\TOrn' Ti:CHNICI/1.NS, AND 

TllF: M/\IlflUJ/\l\lCr: STAn-·, THE S/,JlPLil~G PIWGIU\M [MF'l{/\SIZL::D SAMPLING TO 

Df:TE1:1'1H![ E>TOSllrff OF TH[ PL/\~JT OPER/\TOF<S BECAUSE TflEIR EXF'OSURE JS 

BEL 1 [V! ri TO Bl: l'iOlfr l\[Pi~ESUH/\Tl VE OF ll-lE PROCESS TI-IAN THE OTHER LIO}: 

C/-1·,1:COf-UL.<1, Tl·i[ f\ESlJLTS REPOfffED l·JEf\l:: FOF~ TH[ "flll\EE FACILITIL:S Ar~E 

IN STt··,C[ /: DPFl~/\"i ()i\ l:XPS1X!FU: l'/1\S Dl:ll:l~f·1l NLU l"()R EACH or THE 

COIH/\MH:/\NTS JDLfHlFlU· Ir~ ST/\Cd: 1 .. fJJ[SE COIITf\/'I 1/ IT I - : \ ... , • t~ \ ~' s A IH: L I s TED 

If~ s_,_l])l: ~. S,'\MPL[S T:'\i(EN \\1EfH: UF g .. ::ow~ DU),:\TIOJJ \~lTl-1 r-·Lo\·J R/1TES 

or-- JUD /':L/1·1 JU 1:or~ C1~/\iiCO;\L /\ND SI LI Cl\ r.1:1.. TUE[ SAM1 1 L[S M~D 1, S 
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BENZENE 
TOLUENE 
XYLENE 

SLIDE 8 

CONTAMINP,NTS STUDIED IN ST,~GE I I 

ANILINE 
N1N-D1METHYLANILINE 
214-DIMETHYLANILINE 
P-NITROANILINE 
0-TOLUIDINE 
0-ANISIDINE 
P-/-\NISIDINE 
ALPHA-NAPHTHY~AMINE 

811 

NAPHTHALENE 
QuINOLINE 
2-METHYLNAPHTHALENE 
1-METHYLNAPHTHALENE 
AcENAPHTHALENE 

,~CEf~APHTHENE 
FLUORENE 
PHENANTHRENE 
fi.NTHRACENE 
AcRIDINE 
CARBAZOLE 
FLUORANTHENE 
PYRENE 
BENZO(A)FLUORENE 
BENZO(B)FLUORENE 
BENZ(A)ANTHhALENE 
CHRYSENE/TRIPHENYLENE 
DIMETilYLBENZ(A)ANTHRACENE 
BENZO(E)PYRENE 
BENZO(A)PYRENE 
PERY!_ENE 

DIBENz(A,J)AcRIDINE 
DIBENZ(A,I)(ARBAZOLE 
INDENO(l,2,3-cn)PYRENE 
DIBENZANTHRACENE 
BENZO(G,H,I)PERYLENE 
{\NTHAN"f HRENE 
Co1~0NEr\JE 
DI Bl:l'\ZPYR PJE 



LPM FOR THE PERSONAL PNA S/\MPLE CASSETTE, PERSONAL MONITORING 

SAMPLES WERE SUPPLEMENTED AT EACH FACILITY WITH 8-HOUR AREA SAMPLES, 

THE AREA SAMPLES ARE UNIT EXPOSURES, 

A DIFFERENT SAMPLING DEVICE HAS DEEN DESIGNED TO MONITOR l'IORJ<ERS 

FOR PERSONAL PNA EXPOSURE, THIS SAMPLING DEVICE IS SHO\"/N IN .S.L11l[:_9_. 

IT COUSISTS OF I\ 37MM CASSETTE WITH A SILVER MEMBRANE FILTER S/1ND-, 

WICHED DETl'JEEN T\~O GASKETS AND A 7MM INN[R DIAMETEr~ GLASS TUBING 

(BORON SILICATE) CONTAINING 150 MG OF (HROMOSORil 102, T8E TWO 

SECTIONS \1H:RE JOil~ED \'/ITH INERT ?(i-INCH TYGON TUBING, T1-1rs CI//\NC[ 
' 

\~AS NEC[S'.~ARY DUE TO PUMP \1EIGIIT RESTRICTIONS, 

SAMr·u=.s T/\l<EN r N ST/\GE 2 WEHE AN/\l_YZFD us r ~JG TIIE PfWC[])llf"ffS 

n1::scrn 13[f) FOR STAGE l; THf1T Is G/\S Cl ll<OM/\TOGF:/\F'l I FOR CII/\RCOA!_ AND 

Slt lC.!.\ Cl I TllBF. !3/\M!'U:S /\NJJ GC/t1S /\tr!) HJliH PE1,F(ii;:1<1/d~Cr: LIQUID 
_I 

Cl lfWM!\lOf',iU\PHY lls 1 NG i:., FLUOnLSC[NT D[TECTOR FD[\ THE PN/\ S/\MPLC 

C/\SSETT[S I 

Tl IE r: ES [J[ TS FOR BE!U[l '.[; TOLUG!L; XY L.Llff /\l~li Tiff. f:l GI IT /\rWf,1.' 1 TT cs 

STIJJJ I FD /\1\E S UMMM.:l 7[D HJ ,S_!JJ)_[. __ J_Q_, Tl W R/\NG[ S G 1 \/[N I\ [11 f~[S FNT /\ 

COMPO:s,J Tl:: OF THE RF SUL TS FOR Tll[ Tl-llff[ M/\'-J()I~ ,JOB C/\TU;Ol<J FS, /\r; C/11~ 

BL SEEN l1i!_/\:,ll!~E/\Ill.E QU/-\tflITil!.S \1/Ef~:!:: O]JT/\INED 11rn1,1Mnl.Y /\T fACil.lTY l 

\'/Illl llW fllGlll:R urn OF llll:. l{/\i~(;i: H,~lNi', M;S0C:J/1Tl 1) \·!ITli ·111F PUffUf,1'1/\l'K[ 

01: M/\HHl:iJ/\l'~CE ACTlVITl[S, /\T F~ACII.JTY JI ONLY TOLUENE \·U\(; FOUl~D /\T 
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-~ 

t....iE---- 30 mm ----~ 
GLASS WOOL 

CHR0MOS0RBl02 

70 mm 

TYGON TUB!f'i G 
I 
I 

CELLULOSE GASKEY 

CASSETTE 

I I 

lJ 

1 
I 

I 
I I 

11 
FL.OW --~-

I 17 
[,J 
t:i~ 

lCELLULOSE 
GASKET 

SILVER MEMBRANE 

Slide 9.. PERSONAL MONITORING DEVICE FOR PNA 



COMPOUND 

B::NZEN:: 

TOLUENE 

XYLENE 

,l1.N IL IN E 

fl, N-DIMETHYLANILiNE 

2.14-DIMETHYLANIL!NE 

P-t'; I TRO,l\NAL i NE 

0-IOLUIDINE 

0-,4N IS iDINE 

P-,1\NIS!DINE 

1-NAPHTHYLAMINE 

SLIDt 10 

FACiL:7Y I 
No. OF 
SAMP S 

15 

21 

21 
2 

21 
21 
21 

RANGE 

0,01 Q,L. 

0.01 0,07 
n O? V .f .1. .. 

0.01 

0.01 - 0.04 

0.01 - 0.02 
0.02 
0.02 

j 

-/ 

J 

3 

27 
-~7 
!. ! 

27 
r·..., J , 
~I 

27 
27 
27 

R '~IG'\:' 
) \r'd\ -

Q r .. , f'"', r.. ,. 
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MEASUREABLE LEVELS WHILE NONE OF THESE CONTAMINANTS WERE DETECTABLE 

AT FACILITY III. THE DETECTION LIMIT FOR BENZENE, TOLUENE AND XYLENE 

WAS 0,Ql PPM AND FOR THE AROMATIC AMINES RANGED FfWM 0.02 T,O 0.05 PPM 

DEPENDING ON THE COMPOUND AND ON SAMPLE VOLUME. THE HIGHEST VALUE 

RECORDED WAS FOR TOLUENE AT 0.4 PPM AT FACILITY I INDICA"fING THAT 

WORKER EXPOSURE TO THESE CONTAMINANTS VtERE WELL. BELOW currnENT 

OCCUPATIONAL HEALTH STANDARDS, 

WORKER EXPOSURE TO THE PN{\s 1 s SUMMAr~ I ZED IN ~;LJDF 11. Vtu_uc: 

GIVEN ARE FOR TOTAL PNAs AND REPRESENT Tl![ SUM OF THE /liri\'3URLD 

CONCENTRATION OF THE 30 PNfa,s STUDIED, /\s C/-iN DI~ SE::'.N \)(i;<i(EF, 

EXPOSURE To THE PNAs WAS 
\ 

RANGE, A COMP/\RISOi'J OF THE- THRP.E FACILilIU; SHOhS Til/\T f-1'\Cil.ITY l 

HAD HIGHER EXPOSURE LEVELS TH/\N TllE O'J!lf°'.r< F-/\ClLi"'fiU:,. IT IS f!Jf(JCJ· 

CONTROL TEO!l~OLOGY,, T!·!r~s!: V/-\LU::::s \'!li.L Lr. ClJIT[ ! ()\/, 

Ar i E\"'·I 11 r··-1c1t\l or-· ·1· 1-'E Df:('.!il --;-:·· ~ , , _ l..n \ I . . r 1 . I\ r_, .. _ l ) 

I \ , .. ' ' . ;,:•;:_ 

RHJG.PN{\S ACCOUNTED FOF: MOfH: Tl-i/\!\! 97 P[i<CFi1T HY v:1.:_JGl'.'i' Cil- Tl-::· .. '. :'CJ'f'J-'.L 

Pr 'A (' ·1) ~ S IDENTIFIED AT THE THl~EI::: F/\CILITiL:., /<'. ~;1:0\··!i: };i :,;! Lr;~_. _, ·1- ! ! ! - ~ ~ .' ' .... SI. 

I r·-1 C ! .. l,l,....JJ [_' T_) 1,.1/\ r) Lj TH1'1 I ___ E-1,.1 [ J r:.) u 'l' IHJ' L 1.· 1· 1 ·1·=.- ·' rj ·-1 .. 1r:T1 :·,: ! !\'/· ,-., ,_ , .. , : Ii' I i·: r, t •;_ 
01
/ ... 1·'· f.' •I , · ': : i ,', .. I : .. l L: .._ r \..•. -- .. 'l L ,_ t l 1 L. ·, ·\ i i 1 • ....... ·-· ! 'H- J . ¥ 1 · l: ·" i I I ~ t., /~ 1 . . • ! 

T,
1
,c 

'. ,1 •• 
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SLIDE 11 
FIELD OPERATOR EXPOSURE TO TOTAL PNAs IN MG/M3 

FACILITY I FACILITY II FACILITY III 

NUMBER OF SAMPLES 12 12 4 
AVERAGE 62.8 0.2 9.9 
RANGE 3.5-254.3 0.02-0.3 0 I 05-21, !./ 

ST /\l~DARD D I 77..2 fl 1 v I 2.8 
GEOMETRIC MEAN, 3S.G 0.1 3.1 
GEOMETRIC STD, DEV, 3.3 22.8 16.0 
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SLIDE 12 
BREAKDOWN BY W~IGHT OF PNAs FOUND AT THREE LIQUEFACTION FACILITIES 

l l'!O R- ··r:: !.i 1iv COMPOUNDS 
!\ ( UG/i13) 

,,,..., .. 'I,...-·,-) (··-'-·;1-,,I 
j i-J\v!_ ~ l 

Dr,~,r::;:-) 
1\1'-\i:l...:L 

r,:o 
• r ' 

nc "·1V)L,-,--Ji ,)hi 1, ;:_.) 

T;~1~EE Q ... ,.,, .... 
: \ l 1'1 1.; COi"iPO uNDS 

7 
II •r- r • I 

( UGfi./) (:tP,i, 

C?: ) 

(us/M3) 
"~:-µcr-;,.,7 
\..i.,:.,, Cl~! R" ,·r.:-) Pt;_,_ 

\ ~:1\.Ji.-

:"\11 ··o : ~. : OF C' i\ \~D' ':(' ..:,-,l jJ L: ... d 

FOUR PLUS RING 

Cov.POUNDS 
:,;·:;1f .. l (1rr.:/MJ3'i 1,_n11 ..,_, 1 

r )CD(Ci,IT) 
\!LIi ._J,1 

• .: • 1 ; '-."!'Ir 1 ,- , 
.. ,.., nF ,.,~.,"'·r-0 
!t•J! .._, '-"'M,11 LL.V 

FACILiTY j 
). 

/;REA PERSONAL 
27.2 52,8 

(/-{9 I 3) (72 I 8) 

0.12 - 72.7 0 2''4 -- 'i' ,:, 

(20 - 78.4) co - 9LL 5) 

8 19 

26.5 7.8 
(45.0) (24. 8) 

0, !J. - ~ 10 0.6 - 19.8 I l,j_.J. 

118 7 \ ..,_ I - 73,3) (6,2 - 100.0) 

8 19 

n 7 ....., .~. ,- 0.9 
(2. l) (3.3) 

C, 02 - 2.4 0 - 4.5 
ro 7 
\ f / - r1 71. 

'-I i I (0 - I'>,... Ln 
L:J. . I 

8 19 

FACILITY I I 
AREA PERSONAL 
52.9 0.2 

(97 I 5) (100) 

14,8 - 72.2 0.02 - 0.5 
(89.3 - 99.8) (100) 

12 25 

0.6 0 
(1, 7) 

0.03 - 1.5 
(0.3 - 7.2) 

12 25 

0.4 a 
(0.9) 

n a~ 
VI J. - 1.0 

(0.02 - 3.5) 
12 25 

FACILITY I II 
AREA 
7.2 

(68. 8) 

0 - 18.4 
(0 - 9li, l) 

13 

1,0 
(28.1) 

0.01 -
(2 I 9 -

13 

O.J 
(2.6) 

4.6 
100) 

0 - ~.8 
(0 - 16. 7) 

13 

PERSONAL 
14.2 

(86.1) 

0 - 42,0 
(0 - 97 .1) 

lll 

0.8 
(13.5) 

0.05 -
(2 ~ 6 -

lLI 

0.04 
(0.4) 

1. ~ 
10( 

0 - 0.09 
(0 - 1.1) 

14 



CONCLUSION 

BASED ON THE RESULTS OF SURVEYS CONDUCTED AT THE THREE FACILITIES, 

A PRELIMINARY ASSESSMENT CAN BE MADE WITH REGARD TO THE COAL LIQUE­

FACTION WORKPLACE ENVIRONMENT, THE STAGE 1 RESULTS INDICATE THAT THE 

SPECTRUM OF ORGANIC CONTAMINANTS FOUND IN THE LIQUEFACTION WORKPLACE 

ENVIRONMENT FOR THAT PLANT ON THOSE DAYS UNDER THOSE CONDITIONS IS 

NOT AS DIVERSE AS WOULD BE EXPECTED, CONSISTING OF THE LOW-MOLECULAR 

WEIGHT AROMATICS WITH ONE TO THREE RINGS APPARENTLY PREDOMINATE !N 

THIS ENVIRONMENT, HOWEVER, NOT ALL LOW-MOLECULAR WEIGHT SPECIES 

WERE PRESENT, NOTABLY ABSENT WERE THE PHENOLS AND CRESOLS WHICH, 

AL THOUGH BEL! EYED TO BE PRESENT IN THE LIQUID EFFLUENTS ~·IER E NOT 

DETECTED IN ANY OF THE AIRBORNE SAMPLES, 

STAGE 2 PERSONAL MONITORING RESULTS INDICATE THAT EXPOSURE TO 

THESE LOW-MOLECULAR WEIGHT AROMATICS WAS IN THE PARTS PER MILLION 

RANGE AND FOR THE PNAs, IN THE MICROGRAM-PER-CUBIC-METER RANGE. Ar 
THE PPM LEVEL, COMPARISON OF BENZENE, TOLUENE, XYLENE AND THE AROMATIC 

AMINES WITH CURRENT OCCUPATIONAL HEALTH STANDARDS INDICATE THAT THESE 

COMl'OUl~D3 ARE WEU .. BELO\"/ THE OS!-f.~ LIMITS. 

TH ERE IS AN ABSENCE OF TOX I CO LOG I C/\L DATA TO /\SS ES S THC l lE/1.L TH 

HAZARD OF PROLONGED PNA EXPOSURES AT THE MICROGRAM-PER-CUBIC-METER 

IU\NGE. HO\'/EVER, TOX I COLOG IC STUD I ES HAVE S l iOl'./N TH/\ T PROCESS STRE/\1'·1 

tXllU\CTS OB TAI NE:D FROM TH[ PROCESS STREAMS OF DIFFERENT CO/\L CONV!::r{-

SI Ot~ PROCESSES EXHIBITED CARCINOGDHC PfWPERTil:S \'il-lICH \•/ERE ATTRIBUTED 

TO TII[ p(~A CONSTTTUENTS (2-7). SINCE /\ NUMBER OF P~·l/\s H/\\/1: EXHII3I1TD 
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CARCINOGENIC PROPERTIES IN ANIMAL TOXICOLOGY STUDIES (3.,9)., IT COULD 

BE ASSUMED THAT THE PNP, CONSTITUENTS FOUND IN THESE PROCESSES MAY BE 

POTENTIAL CARCINOGENIC HAZARDS AS WELL. THIS SUGGESTS THAT WORKERS 

WITHIN THESE FACILITIES MAY HAVE AN ADDED RISK OF DEVELOPING CANCER 

BECAUSE OF PNA-INDUCED ~ANCER RELATIVE TO WORKERS WITHOUT SUCH 

EXPOSURE, WHAT REMAINS UNDEF.INED IS THE QUANTIFICATION OF JHE RISK 

FACTOR, 

COMPARISON OF NIOSH CONTRACTOR AND DOE INDUSTRIAL HYGIENE DATA 

THE DATA COLLECTED BY OUR CONTRACTOR AT THE COMPREHENSIVE SURVEY 

WAS OBTAINED DURING OPERATION OF THE SRC~II PROCESS, FOR MEANINGFUL 

EVALUATION THIS DATA IS BEING COMPARED WITH DO[ REtULTS OBTAINED DURING 

SRC-Jl OPERATIONS, BECAUSE OF DIFFERENC[S IN SAMPLING AND ANALYTICAL 

PHOCl:l.JUk!::S: THE COMPA1d SON OF DJ\TA Fr10M THE Tl/0 3URVEYS IS CCNCG::·J:=D 

W1TH MAGNITUDE OF THE OBSERVED CONCENTRATIONS FOH E/,C:H PfWCESS A!-ffA, 

BENZENE; TOLUENE, AND XYLENE 

AC MD/\ ('0~ 1 or- 1-1-~E I r:\frl s FOR BE''lz~rir- ·-c,I l'-r"- /1t1··\ xvl l"'N'" I'·' ,0,:1, /"\RI0 1·~ ,- , · .c u_, - \ ·· _l\ .. ,t:,\.:; I ,._ut:\J1::., -,'s!_; , .-.:.,:1.:. .~ 

THE COAL PREPARATION; MINER.I\~. S[PARATION., AND SOl_VENT f~ECOVH<Y /:\RC:1\S 

Sil OH ED SIM I L/\R LEV!:LS FOi~ BOTH Al~ El\ S/\MPLES ,l\ND l)EI~ SOl·~JL ~;f1MPLES, 

Ho1·1EVER; IT SHOULD BE NOTED TH/\T orJLY ONE S/\MPL[ 11/\S T/d(EN IN E/\CH 

AREA BY OUR CONTRACTOR, 
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THE DOE DATA TAl<EN OVER A PERIOD OF 12 MONTHS SHOWED LITTLE 

VARIATION AMONG SAMPLES WITHIN PROCESS AREAS TESTED: MORE THAN 90 

PERCENT OF THE SAMPLES HAD VALUES BETWEEN 0.01· AND 0.05 PPM FOR 

BENZENE, TOLUENE, AND XYLENE. OUR CONTRACTOR'S DATA TAKEN 8 MONTHS 

LATER FALLS WITHIN THIS RANGE, WHICH SUGGESTS A UNIFORMITY IN PROCESS 

EMISSIONS FOR THESE COMPOUNDS IN THE SRC-11 PROCES$, 

PNAs 

WITH REGARD TO ·rHE PNAs, DOE SAMPLES WERE ANALYZED ONLY FOR 

BENZO(A)PYRENE (BAP), AN EVALUATION OF CONTRACTOR.PERSONAL SAMPLES 

SHOWED SIMILAR LEVELS FOR BAP IN ALL TESTED PROCESS AREAS EXCEPT 

THE PRODUCT SOLIDIFICATION AREA, FOR THE TWO SURVEYS, LEVELS RANGED 
7 

FROM NOllDETECTABLE TO LESS rw,N O, 01 uc:;/f'P, }·JHEI\EAS DOE HAD LEVELS 
7 

-i·c· T~ ._,,,) '·'•"r,-,r. or ,,,rr-:,lT"T"IIT"sr-· IITG''["" ro 1~ n ga ur::/M..J) U \JI: U I Y~L UIU)i:.t,.:, 1· l'lr\~JI' ! I UJ.JC l"ll II .I\ \ 1 •. _, - v 1. j i.Jt 11 1 
Tu 1 ~ 
11,iv 

DISCREPANCY IN THE PRODUCT SOLIDIFICATION AREA CANNOT BE PROPERLY 

L\'/\LU/~;TD BEC/\USE P!J\NT OPEI\/\Tll~G ST/1.llJS INFOf~M/\TION DURING THE DOE 
SURVEY WAS No1· AVAILADLE. 

Tiff Dl,T/\ ARE COffiP/\R/-\BL.E I DOTH !JOE AND OUH CONTRACTOR RESULTS 

AG F; i: F, 0 R AT LE AST ERR Hl TH [ S /1J1E D I R [CT I ON , 
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Discussion 

Dr. Weisburger (NCI): I have one or two comments. First, what was this 
coal-derived liquid that was used for the process you mentioned? 

Dr. Berardinelli: It is a mixture of aromatics, i.e., anthracene oil in 
which the coal is then slurried. At facility number 2, I think, 
methyl-naphthalene is probably one of the biggest constituents. 

Dr. Weisburger (NCI): Also, you have compared the extent of exposure to 
the polycyclics with -- I mean, between these people and people, say. 
who are out standing on the street corner in some busy city. you know, 
where there are lots of automobiles going by and lots of combustion 
taking place; what is the relative extent of exposure? 

Dr. Berardinelli (NIOSH): Okay, that is a very valid question. This is 
something that I think we will pursue further. The big problem here is 
analysis. I think EPA was the first one to point out that we cannot use 
just a silver membrane filter. If you look at the NIOSH methods of 
sampling analysis for PNA 1s, a silver membrane filter is recommended. 
Well, we know that this is not entirely suitable because we are missing 
the whole vapor phase. A sorbent resin is needed to catch the vapor 
phase PNA 1 s. 

But what I am saying is that some of the old data really cannot be 
compared to our data because the techniques are different. In addition, 
we have some problems as to analytical capabilities. Most people have 
used the cyclohexane-soluble fraction and tried to use that as a PNA 
indicator. EPA has done work where they have looked extensively at BAP-

I would say that BAP is in the high nanogram per cubic meter range for 
ambient levels, I think in the Pittsburgh area. I believe more 
important would be to compare PNA 1 s to other work places. One thing we 
can do there is to look at some Scandinavian data, which I do not have 
with me. However, they looked at coke oven emissions using an 
analytical scheme which analyzed 40 PNA 1 s, and found total PNA's in the 
milligram per cubic meter range. 

So to answer your question fully. I really have to kibitz a bit, because 
I will say that PNA's seem to be worse than the rural environment. 
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