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h. o·.e::-,ical ar~ Pt:vsicd Ci:c:;.racteristics 

COo.l tc:!:." is E,,ro:lucec:: by tl:e cari.:onization, also cllec cctins, of 

cca.l. Creoscte arx; neutral oils are Frc:x5ucts cf coal tar. /-.ltr.0us:1 

creosote and n~utral cil r.Qy be cistillec fra:; scurces oti:er tt.M; ccal, 

ti.e terms "crecsote" and neutral oil" in this C.:ccur:;er.t \.ill refer to 

distillates of coal Uir. Coal tar is cescrite--J in ti.e Ccncens~ Ci:~.;i-

cz.l I:;ictic:--.arv (i:awley, 1977} as: 

;... black, visccus liquid { or se:1i-sclk,), r.ar~ht.h~er,e­
like CC:cr; sharp Lurnir.g taste; cbtainE:Li L)· the: ces­
tructive cistill~tion of bitw,in~ cc.:c..l, as in cd:e 
evens; l ton cf coal vielc;s ~.e c;allcr.s of ceol t~r. 
C,;r:ibusti::.;le. St,kcific s::-avity 1:10-1.2:, {6C/t.:i .. .CF). 
Sol~le i."1 e:t.i~er, i..;enzer:e, c-=:.rLon c.Ji~ulf:..Ce, ctlorc­
for.:-.; :=-artially sclu;.;,le ir. alcctcl, acctcme, r:£:tl.ar:cl, 
and ber.zene; c:tly slishtly soluble ir: \:ater. 

/ 
/ 

i-11 t:.hc~c;:r. it has ct.i:.1=r L.:.S~s, tl.e terr., creosote l.:.Sl:all y re:ers tc 

tl:at cz tar distillate ·,Jhicl-. is L.:..Sec :er ;.,"CCX; t=l:'eservut.ior.. ..;e:;:bi-
1/ 

ticr.s of crE-OSote vary, hcwev;;r. -

y 'i'-.s a wo::c ~reservative, crecsote is cefbtae bJ the l..r:-£:rican Loca 
Preservers' .:.Ssociaticr. (1976) as: 

A distillat~ C:criveci fra., ce:.l tar. ~ us~ in tLe 
~ preservins incustry, creosote cier.ctes '" ciistil­
late of coal tar t=rociuced L"1· ti:e hi<;;b t~rature 
cartcnizaticri of bitw.,ina.:.s. coal. CreosotE:: cora:ists 
r,rir.ci;:ally cf lic~uia ar.c; sclicJ ara :atic hycirccorLa-.s 
ar.c con~ins scc.-e tar acics ar..:1 tar bases: it is 
heav iE::r tl~an ;...ater c:.nc.l Las a ccnti.rn.~ous t.cilint;; 
ranc;e L:.es;innir.,c_; at c:.bc....t 20G 0 c. 

(continueo en µ::'=;:E: 2) 
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Coal tar neutral oils are generally defined as a mixture of naph­

thalene, fluorene, anthraci:ne, an:! other neutral hydrocarbons (Smale, 

1977). Neutral hydrocarbons are those coal tar hydrocartx::ns other than 

coal tar a=ids (such as phenols, cresols, am cresylic acids), and coal 

tar bases ( such as P.{ridines, quinolines, ar.d acridines). 

'llle actual constituents of coal tar, creosote, and the neutral oils 

are highly variable. '!hey depen:l on the sol.lrce of the coal used to pr~ 

duce the tar, the design arrl attendant cp;rating corx:3itions ( te--:iperature, 

cokil')3 time, gas collection systems) of the o:>ke ovens, ard in the case of 

the coal tar distillates the aesign and c;:erating par-a:TW:t.et'S of the still 

(e.g. the feed rate, t~rature, and the blerdin:3 of various tar distil­

late fractions) (Leach aoo Weinert, 1976). 

Oler three hundred car.pounds have been positively identified in 

coal tar. It is estimated that as many as ten thousand c:ITI?=>unds ma~· 

y (continued fran page l) 

The Conde?".sed Chemical Dictionary (Hawley, 1977) defines cresosote as; 

A yellewish to dark brorwn, oily liquid; clear at 38°c 
or higher; naphthalenic o:3or; frequently contains s.J?:r 
stantial amounts gf naphthalene and gnthracene; distill-
in; range 200-400 C; flash i:oint 165 F ( closed cup); .. 
soluble in alcohol, benzene, arrl toluene; immiscible 
with water. Canbustible. 

Von Rumker et.al. (1975) defined creosot0 as a distillate of coal 
tar distilling in the temperature range 271-362 C, heavy creosote as dis­
tilling in the range of 28S-395°c, ar.d light creosote as distilling in 
the -r:ar,;e of 238-291°c. lbss (1948) identified Ct'eOSOte oil as0a distil­
late of coal tar distilling in the temperature rar13e of 230-270 C. 

(2) 



exist, though many a?:"e present only in trace amounts ('NIOSH, 1977). Be­

cause the o:::mµ,sition of coal tar and coal tar pro::iucts· is knawn to vary, 
-·-

they a=e usually assayed an::l sp:cified by their physical d:laracteristics 

(includin; water content, SF,ecific gravity impurities, and fractional dis­

tillation curve). Usin3 these physical dlaracteristics, s:;;ecification.s 

for creosote used to pressure-treat w::xx3 have been established by the 

Merican Wood Preservers' Association, the American society for Testin; 

a.r.d Materials, aro the United States General Services Administration (Ap­

pendix A) • 'lbe A.-nerican Woo3 Preservers' Association has also established 

specifications for creosote-coal tar solutions (App:ndix B) • ~t 98% • 
of the creosote used for wocx:I preser1ation in the United States is appliec 

by pressurE.-treating rrethods (American Wood Preserver's lnsti tute, 1977) • 

Pressure-treating forces creosote to p:2netrate deeply into the~. 

B. Registered Uses, Prcduction, and SU'C'Ol;t: 

l. Uses 

'!he largest. pesticidal coal tar and creosote use is as a w10C0 prE.­

servative. COal tar is also used as an insect repellent, an acaricide, 

and a cr0w repellent. Creosote's ot."ler pesticidal uses are as an herbicide, 

an insecticide, an acaricide, an arac.lmicide, a fungicide, a tree cressin;, 

a disinfectant, aoo a horse rei;:ellent. Coal tar neutral oil is registered 

as a disinfectant, a la:cvicide, an insecticide, a 'wOod preservative, an 

arachnicide, an acaricide, and a fungicide. Specific uses and sites are 

gi11en in Table 1. 

2. Pro::iuction and SUtr.llV 

Von Rumker et al. (1975) rei;:orted that in 1972, 1,150 million 

(3) 



,. 
L' ,~ 

() 
t1 
Ill 
n 
11: 

n 
0 
i.:, 

~J 
ts: p 
r. 

rr, 
I'. 

r: 
It ,1, 

1-1 
r .. 
~ 

0 
rt 

fl 
'1 
I\' , .. r. 

In 
<. .... [} 
~ t~ 

{-; 

,.-... 

:i 
~ 

- n, 
rt 0 ..... :j 
f" ., .. ·. ~ 
l,i r. -~ , ... .. 

ii 

' 

'l; 
11 
II' 
In 
~ 
~ 
p'. 
rt .... . -,i 

r-, ..... 
fl) ..... 
:J ..... 
ro 
r. 
rt 
e . ' 
rt 

.,. 
h 
:;1 
it' ... 
(i1 , .. 
I-·• "' ..... 
r._ 
r-1" 

~ 
:E 
r, 
t"( ,... 
!,1 
(II 

~-
tO 

,.,, 
[: 
,(. .... 
0 .... ,.. 
if,' 

•·• 
ir. 'J ti 
I-'· ,~ .... 
r. 
ft, 

:i.· 
'1 
tJ 

- P.. 
C-!:i 0 ,.,. 
·.- n t, .... 
- r. 

f1' 

:Jo 
h 
D• 
t--: 

~ . .... . 
.:-;. n 
rt .... 
r.i , .. 
I,~ r., 

(II 
r; 
t,: 
ft, 
:· 
~ ,, 
M : . 

l::t 
In 
rr, 
0 
rt 
.... 
r, 
I-'· 
r· r.· 

'•1 
'1 
fl' 
Ill 
If· 

~ o: 
rt 
I'· 
< 
(!; 

n 
11 

f~ 
► -1 

ill 
t• ~ 

iTi 
I-• ...., 
(II 
=-1 
rt 

fl' ,,, , . .... 
0 .... 
('' 
ct• 

tt 
CJ) 
(11 
0 
rt 

:l1 
0 
•r 
rt, ...... ...., 
ID 
:-, 
rt 

~1 

IT> ,~ 
11" 

~ ru 
rt 
I•· 
<' (t 

C 
rn I0 

(;. 
1-i ', 
~ 
f.r 

rl ... 
n0 
r {.' 

~ { 
j..,. I l .... ; 
7' ~. 

in .= 
' ....,n , - (­
,_, r, 

I• .. -,: .. . 
r.: 
...... 

. ,. 
i• h' 
,-: -:~ 
Ir. 
{f) :. 

r, 
c:·. r. 
f I (Tl 
1'.1 ID r-· ,,. •... 
1r 
(/1 , .. -· ~ .. 

0 I.,: 
( , .. 
,' 
:n ,-
• n· 

t·, 

i~ 
\, 
( , .. 
,, 
. ) 
r. ,, 

() 
CJ . ' 

n ,.~ 
f·• C: 
(/4 r.!. 
... l."l 

~ 
.,. (!: 
(') ID 
0 ,,, :-, .... .... 
? (I .. 

rt 
I\' r. 
~ t--; 

n 
-;- ~4' 

r1 <. 
ft (I) 
r.• fTl 

~- J~ 
:i .... 
l" 

L [i; 
•·· H r: r·· ,-,. c• 
'i' tC 
: ; lti 

•·' 
t-i (I 

t:;P 
rn 
~ rr. 

rt ,., r• 
() ~ 
rn t--' 
r1 t,1 t,, ... ... 
~ ~ hi 
t• ... 
11: ,r 
rl\ ~ 
I,~ t1 
... fl) ... . , 
, .• f. 
11: (, 
t ,. ft 
I·, r., 
ID (ll 
11 ... 

rr: "1 ,-..r,, ,· .. , 
"; ;:, 

l·• n 
.J 0 
~~. ~ 

rt 
t. ~-
0 .... 
t1 IT -· _, 
t-;1--1 
rr, :, 

,r, "· 
0 
rt 
1,: 

b ,-· . I • ('I 

h 
~ 
;;, 

: . ff 
B ·;.; 
" ... (fl 

f 
< r· ,,, .. 
I I r.,· ,, ,_, 
r: 
r. , .. , ..... 
In ... 
I~ 
,; 
.-.. 
(i) 

t . '.I. 
0'. i:.. 
:r C 
:·, ;j 
Ill ,r, 

':I 
t,J r. 
f---' (!I 
C [' .• ,,. 
ir .... ·~ :J. ,. ~-
,;· p· ':° ~. 

(I' ... ,,, 

P'. 
L 
1-J 

t:. 
0 
f~ 

,,. 
(; 
(: 
~ .... 
rt 

t~ 
•·· r: r 
w 
rn 

~f 

r-
1 • 
rt 

1? ... 
C ,~ ,.~ 
,r. 
111 

~ 
t1 
rr. 
ro 
fl' 

r:. 
r-'.. 

j-
1 ., 
(;, 

Ir. 

r: ,-. 
11• 

~ 
r. 
(' 
t• ., 

r·. 
(j 

'~ ~ ,,: 
•·· 
~ 
t 
•·' 

t-:. ... .... ... 

r 
n 
r.l •·· 
~ 

~--
Ci 
11 
fr. 
il-
f.'. 

~-

{.'l .... 
r-t lIt 

,, t~ 
~c ,_, 

t•l 

i; 
b 
n n 
"i• L-
tJ 
! t ~ 

,-, ,·· 
! -1 
'·, 
I-• 
c• 
► I t.·• 

• 



~ l 
(continued) 

USES AND SITES FOR a::>AL ':AR, 

Prcduc:t Use 

Coal Neutral Oil I.arvicide 
(m::squi to) 

Insecticide 
(srewwoi:m) 

I.arvicide 
(gypsym:,th) 

Acaricide 
(mites) 

I.arvicide 
(fly) 

Insecticide 
(lice} 

Insecticide 
(fleas) 

Disinfectant 

Fungicide 
(ringwom) 

(5) 

~, AND <DA.L TAR NWrPAL OIL 

Site 

Marshy Land; Stagnant Pools a."'ld Strall 
Streams;. Sewers; Drains; Small Non­
fish Bearm.3 Lakes and Porrls: Te:poracy 
P.ain Pools; Rain Barrels: Clogged 
Gutters; Intecnittently Flo::ded Areas; 
Tree Holes; Eaves; Canals and Ditches. 

Horses and Mules. 

Gypsy Moth Nests •. 

Horses. 

Garbage Trucks. 

Horses: I:ogs; Hog Houses; Sheep Barns; 
n:::,; Kennels; Horse Stables. 

Hog Houses; Sheep Barns; Cog Kennels; 
Horse Stables; Cogs. 

Soluble Cutting Oils for !-'..ad)ineey; Hog 
Houses; Sheep Barns: Dog Kennels; Horse 
Stablesi Yards arid Pens; Poultry Feeders; 
waterers ar.d InOJ.bators; Boots; AI.imal 
a:iuipnent and Utensils; Cellars; Sinks; 
Bed Pans: WashrCXJnS; Garbage Cans ard 
Pools; Hanes; Factories; Offices; Schools; 
Public Buildings; Water Closets; Urinals; 
Spittocns; Sic:krcx:r.i Walls; Kitchens; Bat.h­
roans: Lavatories; Woc::d"'10'Ck and Floors; 
Wash Basins; Toilet &o,,,ls arid seats; Live­
stock Trucks; Cotton Mills; Farro,.;ing 
Egui~nt: Po.lltry ancl Meat Dressing 
Plants: ShiJ;:S: Planes; Railroad Cars; 
Susses; Sick-rcx:r:i Thei::rnaneters~ Dishes; 
Trays and Sputlr.l CUps: Diaper Cans. 

Horses 



:i;:ou:nds of creosote .....ere used in the United States, of ~ich 990 million 

p::>unds were danestically produced and 160 million p::>unds ~re ilnp:,rte::. 

Of its total use, ll00d presecvation accounted for 972 million pounds an::'l 

fuel b.lrnir¥3 for about l 78 million pounds. F\lller et al. ( l977) reported. 

that 96,266,000 gallons of creosote, approximately 843 millio:-i p:,t.mds, 

and 23,635,000 gallons of coal tar, approrimately 238 million p::>unds, 

were used for wood preservation in 1975. Pesticide proouction data re­

!X)rt.ed to the Envira1mental Protection Agency under Section 7 of FIFAA 

indicated that 34,847,384 J.X)Unds of coal tar, 366,839,110 p:::,unds of crec:r 

sote, an3 2,019,951 pounds of coal tar neutral oil were foC1'.ulated or 

blended for pesticidal use in 1975. 

C. Fate in the Phvsical Environment 

Little info:cma.tion is available in the literature regarding the 

environmental fate of coal tar and coal tar prcxiucts used for p.1-"1:X)Ses 

other than as \olOCd preservatives. 'lhe following studies ir.dicate that· 

coal tar am creosote migrate to sane extent fran the treatec -wocd into 

the surrcunding enviroment. Hc,,r.1ever, the L~ct of this migration is 

not Jcncwn. 

teach w Weinert ( 1976) revie-.P-d the literature al the less of 

creosote fron impregnated wocd and found that the lass was depen:len't on 

many variables; among these are the kind of coal used to produce the o::>al 

tar, the kirx3 of coke c,,,en (teaperature, coking time, am gas collection 

systen) fran which the coal tar is made, the distillation facilities ar:d 

operating parameters ( feed rate', tenperature, an:! bleoo of vadous tar 

distillate fractions) , the treatnent ani han:Uing by the woc:o preservers 

(6) 



(seasoning an:5 incising of the wocd: temperature, pressure, and time of 

treatment; an:3 the after-treatment cooling period) and the situations un­

der which the woc:x5 is useo ( surface of wo:rl exposed, orientation of the 

creosoted wocd with reference to the wocd grain, and the exp:,sure erwi-

ronnent). 

l. Vapor Loss 

Stasse (1964} found that t."ie creosote vapor less was greater £ran 

seasoned poles than fran green poles. Vapor loss is also related to t.'ie 

temperature distillate fractions of the creosote: the higher the te."Tlpera­

ture of the distillate fractions, the lcwer the vapor loss. <'.Ner a three­

year period, la., residue ( resicue, in t.~is study, was defined as the p:n:­

tion of creosote distillate Oller 355°c} creosote was found to have a va­

:por 1oss of 27.5% and 15.2%, £ran the o..iter 2 inches of seasoned anc green 

poles, respectively; high residue creosote was found to have a 10.3% a.no 
• 

4.4% vapor loss, respectively. 

2. Loss in a M.a:dne Environment 

Bramhall an:3 Coc:per (1972) found that the creosote concentratior. 

in the treated zone of pilings of a 4()-year-old 'Wharf averaged 15 ~""lCs 

per Olbic foot (74% of the OJrrent minimum) in the ruter 1.5 inches. 

wbet.her the subst.aooard retention was cue to the original treatment or 
to leaching o:>uld not be detetmined. 9..ieeney et al. (1958) found that 

creosote was lost fran treated panels ~'hen wet due to the swelling of the 

woo:5 fibers. Panels 5 x 1 1/2 x l/8 inches \were pressur~treated 'v.i.t.~ 

creosote and exposed to flo-.'i..")9 seawater at 25°c. Based 01 distilla­

tion analyses, approxir.lately 30% of the creosote was lost L~ the :irst 

(7) 



rrcnth of exposure. By the twelfth rnont.h, approx:L-nately 40% of the creo­

sote was lost. 'Ihe rapid initial loss was attributed to the initial hr 

dration of the wocrl fibers resulting in mecha."lical loss. It ~d be 

difficult to determine the loss of creosote fran marine pilings based on 

the loss frcr:l small panels. 'Ihis w"C>rk, hcrwever, does Wicate that coal 

tar-creosote may be lost frc:r.1 marine pilings by mechanical ~ans, if not 

by true leaching. 

Miller (1977) found that the ability of Couglas fir marine piles 

to retain. creosote :i.."'I cool estuarine waters w-as directly related to the 

density of the woo::. Of the t.11ree piles studied, one nae a dete~...able 

less of about 0.31 pouru::s of creosote per linear foot of imrnersec pile 

during the first year, o.os pounds/year the second year, 0.06 p::>unds/year 

the third year, 0.22 pounds/year the fourth year, an: an average of 0.15 

pa.mds/year each year for the last 4 years of the 8-year study. Thus, 

in the first year a pile with 30 feet of its leo;th in water would lcse 

abcot 9.3 pounds of creosote, a daily loss of about 11.6 grams. 'Ille 

speea of the water flor,;ing past the pilings was about 2 feet :i;:er secon:::! 

during floo:3 tide and about O. 8 feet per seconc during ebb tide r upstream 

tide volume between the mean lcwest arrl the mean highest daily tides -as 

900 million cubic feet of water. Miller concluded that because of the_,..vel­

ocity and the voll.lm: of the water flowing past the pilin;s, the creosote 

lost fran the pilings was greatly diluted. Hochman ( 1967) found that about 

20% of the creosote initially impregnated into woa:l is expelled in the 

marine environment during the first year as a result of woc:d hydration. 

Stasse (1967) found a creosote displace.-nent less of 21.7% fran w::xx:3 panels 

(8) 



3. Loss in ttie Frcs:r,,;ater Envirorr·er:t 

,:else a.--x:J Behr ( 1977) fo\.:nd tr.at ti:e greatest loss cf cre~~ct~ fra:: 

ro1.ll)d Sout!~ern Pine roles in fresr. water cccurn:<i ir. t.'1c outer O. 5 inch 

zone \,;here 48 .1% of the creosote ... as c.Jepletec in 13 r.or.tl-:s. cverall losses 

for tl~e 13-ronth !)=riod were 19. 5!:s. 

c. Fate i~ tr.e Siclccical Envircrr.:~nt 

1. ~hcrcbial I::Eera:dation 

fra:-, oil z-cllutew estuarir:e \1ater; all six gre.-; ,.m :--:a,er.tl:alene, 2-~cr::·l-

r-.et.abclized b!' three cf tr.e six strains. 'l\.:o of the six strains t'".!:U:.:...o-

le:-:e. '!·;aE,ht.1-ialene, 2-:,et;;ylnc.rhtha.ler.e, 2-et.'"!ylnarr.t.hale-ne:, l-retl1ylr.a2r.-

t.1:aler.e, an:: 1,5-cL-.ethyl~r-ht:-;aler.e have dl i:-aer. icer.tifia: in creosote 

n:atior.al r::esearc! CC'..:r:.cil, 1£'45) (Lcrenz a:--.c GjcvD:, 1S72). 

z::resent en a~csot.ec ::, il i~ s in t::e Port Euener.e, W i.for.:ia harbcr Lci.C 

ti:e ,i:i,bil i ty to r.e~ a:Scli2e crecsote, cat:sir..l_: l~ss of C'!."'ecsotc frc.n tr.e 

l:lCJS. 

ar-=J r-henantLrene:- - .. -ere :-.e:tabolized tc a sisr.if icant e:xt.er.t. f'scUC.:Oi·.cr:2.s 

creosctens i£, \,hicr. was isclz. t~ :ra:-, tl:e r.,iY.t.ure c: r.:icrocrt;;;ar.is::.s, uti-

1 izec a m.1!~:.:::er of neutral creoscte ccr-.5tituents .:;.s a scurce of er.et-:-Jy: 

cor-:vers=ely, aci,~ic a.-.d 1:-...asic cre~Ctf: ccnstit.i.:~r.t.c:;: ir.t.D::it~ 

( ~') 
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was deccmfOSea by soil microorganisms. Fertilizea soil plots "'1ere watered 

weekly for 22 weeks with the a:;uivalent of one inch of rain per week. 

Analyses showed that the leachates degradea rapidly when creosote concen­

trations in the soil were O .1% or lCMer. Higher a::>ncentrations of c~ 

sote can be degraded in the soil b.lt at a much lCMer rate (Hepner, 1977) • 

tavies and Evans ( 1964) studied the metabolism of naphthalene by 

a Pseudaronas species. 'lhe ultimate metabolic prcaucts \were salicylalde­

hyce and acetaldehyde. 

2. Bioa.cCllrnlll.ation 

tunn and Stich ( 1975} showed that mussels taken fran crecsoted pil­

ings contained significantly more ben:zo[ajpyrene (B[aJP), a kna.m carcino­

gen (I.ARC, 1976) , than t.-.iose growing ai other surfaces. B [ a] P has been 

identified as a co~tituent of creosote oil (Lij insky et al., 1963). M.J.s­

sels taken fran the creosoted wocx3 showed n-ean B[a]P levels of 49 .! 5.8 

ug/kg, while mussels taken fran the same bcdy of water but renote fran the 

pilings shcrwed nean contamination levels of 2.1 .! 0.3 ug/kg. Samples of 
. . 

creo.sote-treated WCXXJ pilings (outer 4 nm) shOwed B[a)P levels averaging 

570 ppn. '.Ihi.n-layer c:hranatcgrams of pil.in; extracts w of mussels grolr.'­

ing on these pilings shOwed "similar fluorescent bard patterns" am may 

indicate that the creosote migratea £ran the pilings into the mussel.$. 

nmn and Stich (1976) also measured the B[a]P content of mussels 

attached to an:! near a partially creosoted wharf. Creosoted pilin;s 

served as a oomper system around a concrete wharf, an3 a barricade of 

creosoted tirobers was placed at one erxi of the wharf. Mussels taken frcr., 

rocr-.s underneath and near the wharf '-"1ere contaminated with creosote, rang-

(10) 



on rec}:.£. l ;,:=te:r fro~, tbe barricct<:e »i tL 17: 1..s/~g. •~1-.e autH:,i.-s si.;s-

tJ·.an tb.:se ~enerally founu nt:ar ci:-ecsoteu st.ructure:s an-.: r..ay rti:l~c~ t.:;e 

tively new a~ retair.ec: a tarry residu1:: en its s..xfa.ce; c.cssel.s t.i:.:ar 

-;,hit: (197!:5), in a st:.usy at c: :res!': ~-;at.~r- le:.}:~, c:::::.·.:::..:.ra .::... w:-

c.r;anis:;s. 

. .. 
Sinc1:: 1S6b, various ~t:s \.i.'et': cancel lee an: .. ~li. ·,in.ate:.::: .:-i:c·:, t;.C; 

lalJt:ls en coal ... c;; .. --,-

USE:S follc,...,s: 

{ . , ' ~-, 

https://retair.ec


infectin3 p::,tato bins an:::l other equipnent used in p::,tato production. 

February 1, 1969 - tJSnr;. canceled the registratior\S of creosote and 

coal tar neutral oil-coal tar acid cc:mbination prcducts used on beef cat­

tle, goats, poultl:y, sheep, arrl swine. 

February 26, 1970 - USD.li. canceled the registrations of prcducts 

containing coal tar neutral oil-coal tar acid canbinations used oo dairy 

barns aro the registration of prcducts containing creosote used oo animal 

sleeping quarters, bams, hog pens, and sheep folds. 

Marc.'1 12, 1971 - EPA canceled the registrations of coal tar neutral 

oil-coal tar acid ccrnbination prooucts used on poultry houses. 

II. Surrrnary of Scientific Evidence Relating to Rebuttable Presumption 

A. Oncogenicitv 

40 CFR Section 162 .11 ( a) ( 3) ( ii) (A) provides that "a rebut table 

presumption shall arise i£ a pesticide's ingredient(s), netabolite(s), 

or degr~ation proouct(s) ••• induces oncogenic effects in experimental 

mammalian species or in man as a result of oral, inhalation, or detmal 

exposure ••• " 

'!his discussion concerns only rep::>rt.s of the a1co;enicity of coal 

tar, creosote, an:3 coal tar neutral oil. Reports on the oncogenici;;y of 

soot, pitch, and petroleum, which have many cCX1Stituents in cannon with 

coal tar, creosote, and coal tar neutral oil will not be discussed here. 

In detet1nining that the oncogenici ty criterion was exceedeo, 

· the Working Groop considered case rep::,rts of workers who 'l<w'ere occupa­

tionally ex;x:,sed to coal tar or creosote and who develcped tumors, arr3 

reFOrts of an:imal exper:i.'nents in which mice, rats, or rabbits develq:iec 

{12) 



tuirors fran either detmal or inhalation exposure to coal tar, creosote, or 

coal tar prooucts. In addition, the Working Group considered a:>nclusions 

by the carcinogen Assessment Group (CAG) (CAG, 1977; ~, 1978; Md:;aughy, 

1978) that coal tar, creosote, an3 coal tar neutral oil are o,ccgenic. 

Also, the Work.in; Group is aware that a l1!JT:1ber of lX)lycylic and 

heterocyclic aranatic hydrocarbons present in coal tar c:reosott:: and coal 

tar have been well established as carcinogens [International Agency for 

Research on cancer (IARC), 1973; Freudenthal arrl Jones, 1976: Carcnittee 

on Biologic Effects of Atmospheric Pollutants, 1972). Specifically, !ARC 

(1973) reported that the followin; constituents of coal tar or crecsote 

were carcinogenic to animals by one or nore routes of acbni.nistration: 

benz[a]anthracene, benzo[bJfluoranthene, oenzo[j]fluoranthene, benzo(a1-

pyrene, benzo[e]pyrene, chryser.se, dibenzo[a,h] anth..~cene, dibenzo[a,h]­

pyrene, dibenzo(a,i)pyrene, irrleno[l,2,3-cd]pyrene, benz[c]acridine, di­

benz [ a,h] acridine, w dibenz la, j] acrid ine. 

'!here may be differences in t.1'.le chemical carq;x:>sition of the coal 

tars arx3 ooal tar derivatives in pesticide products subject to this pre­

Sllmption and the coal tar substances discussed in this section. If a 

registrant seeks to rebut the presUT:9tion on the ground that identifie:5 

oncc:gens are not CCl'lStituents of a i;::artic:ular pesticide product, the 

registrant should include relevant data oo :i;-:esticide o:rnposition in-the 

rebuttal suanission. 

1. Surrmary Table of Caal Tar, Creosote, and Coal Tar Neutral 
Oil Studies 

Because of the numero..is studies an::i reports on the cne03enicity 

of coal tar, crecsote, and coal tar neutral oil, a surmary table has 

been prepare:5 arx:1 precedes the discussions of the studies (Table 2}. 

(13) 
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TABLE:2 
{ ca'ltinued) 

Animal Studies 
Dermal Exoosure 

(continued) 

Substance Animal & 
Authors Year Tested Strain 

Watson & 1930 Deer.al Applica- Mice {Strain 
Mellanby tion of coal tar Undefined) 

follcwing detmal 
application of 
fats, oils, or 
tannic acid 

Coal tar dex:mal Mice (Strain 
application o::rn- Unae fined ) 
bined wit~ addi-
tion of butter 
to diet 

Bonser & 1932 Scottish blast Mice (Strain 
Manch furnace tar; Undefined) 

English crude tar 

Gorski 1959 Coal tar Mice 
(Bn Strain) 

Hueper 
& Payne 

1960 Coal tar Mice - Black 
(C57 Strain) 

Horton 1961 C.oal tars, coal Mice 
tar mixture, (C3M Strain) 
b:nzo[a]pyrene 
mixture 

Coal tar dis- Mice 
tillates {C3M Strain) 

Oeel."nan 1962 COal Tar Mice (strain 
Uooefined) 

Shabad 1971 C.oal tar Mice (CS7 ~ 
et al. ointments Hybrid Strain) 

(15) 

'Iype of Tumor 
Resoc::r.se 

Increc?Sed tumor prcdL:c-
tion 

Higher incidence of lung 
rx:dules 

Papillanas and squamous 
cell carcina:ias of the 
skin 

Skin tUJYOrs (scne 
nalignant) 

Skin carcincnas 

Skin tum:>r:s in 7~% of 
each groop of animals 

Skin tum:Jrs 

Skin carci.na:las arc 
papillcoas 

Skin t:uli0rs 
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TABLE 2 
(continued) 

COAL TAR 

Anir,ial Studies 
Inhalation Exoosure 

Authors Year 

Horton 1961 

Herton 1963 
et al. 

Tye & 1967 
Stemmer 

Kinkead; 1972-
McConnell 1974 
& Specht; 
Mac.Ewen & 
Vernot 

Mac:E.\.'en & 1976 
Vernot: 
Ma~n 
et al. 

Substance 
Tested 

C.oal tar fumes 
preceeded by in-
halation of for-
naldehyde; coal 
tar fumes 

Coal tar aerosol; 
Coal tar aerosol 
& gaSeo.JS forrr.aJ.-
dehyde 

Coal tar; coal 
tar & phenolic 
& non-phenolic 
fractions of 
0:)a,l tar; ncrr 
~enolic frac.-
tions of coal tar 

Aercsolized 
coal tar -
light oil & 

solid fraction 
rer.oved 

Aerosolized 
Coal tar 

Animal fr 
Strain 

Hice (C3M 
Strain) 

Mice (C3H 
Strain) 

Mice (C3H/HeJ 
Strain) 

Mice {ICR-CFl) 
Mice (JAX-cAFl) 
~anl.ing rats 
(Sprague-Dawley) 
Yearling rats 
(Sprague-Dawley} 
Hamsters 
(Syrian golden) 
Rabbi ts ( New 
Zealand white) 

Mice ( ICR-CFl) 
Mice (JAX-00-1) 
Rats (Sprague-
Dawley) 
Rabbits (New 
Zealand albino} 
Monkeys ( r-:acaca 
Mullata) 

(16} 

'fype of ~r 
Response 

Both gro.ips develq;eo 
proliferative alveolar 
necplasia; one t:\OUse 
(groop unspecified) ae­
velcped a squarnoos cell 
carcinana 

Both grwps develq:eci 
squar.a..s cell turrors of 
. lung ano lung .::riena:ias 

Adenanas & carcincr:\as of 
the lung 

Mice develcped skin tu­
r.crs due to aerosolized 
rr.aterial de;_:ositeo a1 

skin: Ti..T.or resp::mse was 
rot re::=orted for rabbits, 
hamsters, or ra-es 

Mice - Al veolargenic car­
cina.ia and skin turtors: 
Rats - Squamous cell car­
cincnas; No tl.lIDr resi;:onse 
was rep::>rted for rabbi ts 
or nonkeys. 
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Authors 

Poel & 

Kamner 

Bout..iell 
& Bosch 

Roe 
et al. 

Aut..'1ors 

cabot 
et al. 

Berenbl\J!\ 
& SChoental 

Horton 

Year 

1957 

1958 

1958 

Year 

1940 

1947 

1961 

TABLE 2 
(continued) 

Animal Studies 
Deonal Exoosure 

{continued) 

Substance !mimal & 

Tested Strain 

Blended creosote Mice (C57L 
oils; Strain) 

Light creosote oil Mice (C57L 
Strain) 

Creosote Mice (Albino -
(Carbaso~) rcnc:lan bred) 

Creosote oil Mice (Strain 
( Carba.sota) Undefined) 

COAL TAR NroI'RAL OIL 

Animal Studies 
Dermal Exoosure 

Substance Animal & 
Tested Strain 

Benzene solution Mice - albino 
of neutral oil "market" mice 
& benzo[alpyrene 

5 coal tar neu- Mice (Strain 
tral oil frac- undefined) 
tions 

Rabbits (Strain 
Unde:ined) 

Coal tar neutral Mice (Strain . 
oils (maleic anhy- Undefined) 
dride extracts) 

(18) 

Type of Tur.or 
Response 

Papillanas & carcinanas 
rretastatic growths in 
l1..1ngs & lyn;:,h ncdes 

Papillar.as 

Papillcrnas & carcincr..as 

Skin & lurig tunors 

'fype of Tumor 
Resoonse 

Inhibitocy effect of tu-
rror response as canpared 
to tunor resfX)n.se with 
benzo[a]pyrene (effect 
credited to skin damage) 

All fractions but two 
wsre oncogenic 

All fractioos but one 
"'111:re onccgenic 

?roduceci tum::>rs in 34.l 
an:! 32.l weeks 
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2. Coal Tar 

a. Case Reports of Skin Cancer of Workers 

NurleIOJS reports of workers who developed cancer subsequent to coal 

tar ex;osure have been reported in the literature. The follcwi"3 is a 

surrrnary of three of these case stooies. 

( 1 ) Shambaugh 

Shambaugh (1935) described his investigations of the incidence o: 

cancer cm::,ng fishecnen an:3 net loft workers who used and repaired 'Cart'ed 

nets. Coal tar was used al nets to prevent them fran rottin;, an::3 ta.r was 

often inadvertently smeared al the arms and face thrrugh use of the ~ts. 

Shambaugh' s interest was pranpted by the case of a patient who had sought 

~ical help because of a gro-1:h on his neck. The gro.ith was subsequently 

found to be an epidermal carcinana involving the lymph nodes ar:c invading 

the sub'naxillary glaro. Closer examination of the patient additionally 

revealed a srnall, puckered scar al the lip, 'fwtlich t.~e patient described 

as a •fisherman's sore." 'lhe patien~ had been a f isherr.an :or 6 years, 

and while mencing his nets he had held the ta.r-srneared needle between his 

lips at the sp::>t \iwtlere the gro.,th developed. He had snoked a pipe but 

nocnally held it on the t:p?:)Site side of his mouth. 'Ibis case led Shanbaugh 

to interview fishermen in Boston, Glcucester, New Bedford, and Prcwince­

tcMl, Mass. Usirx; records of cases of cancer of the l:ip treated at Collis 

P. Huntin;ton Mem::>rial Hospital in Beston in 1932 and 1933, four fisher-

men with lip cancer were identified. Each had used tarred nets arrl at 

least one held the repair needle in the mouth on · the side where the can-

oer develc:p2d. Tobacco was not used by this fisherman, but the other 

(19) 
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three smoked pif)es. 'lwo of the three cancers developed a, the q;,posite 

side of the mouth fran where the pipe was ~ld. 

Anon; net loft workers, three cancer cases were reported. All 

held the repair needle in the r:oJth, am at least one of these workers 

did not use tob:lcco. 'lwo had died of lip cancer, while ooe was treated 

successfully with radium. 

'!he exposure to tar through net repair nee:Sles in the eight cases 

rarged fr~ 5-60 years. All were epioennoid carcina!laS of the lo.ier lip. 

(2) 1".auro 

Workers in a tar distillery were exal'i'.inec ~ Mauro ( 1951). Of a 

crew of 32, 20 had significant exp:isure to tar (14 day laborers, 4 dis­

tillers, and 2 stokers). All except the two stokers had sane type of 

skin disorcer; focr of these were cancers. A 61-year-old distiller cle­

velcped cancer of the scrotum after a 30-year exposure. Treatment with 

surgery an:3 radiation was unsuccessful, anJ the patient died. A 5()-year­

old distiller, employed for 25 years, develcped cancer of the scrotum 

am forearm. He -was also treated with surgery am ra:hation, but the 

outcane was not stated. A 64-year-old day la.borer developed cancer of 

the d,eek after a 3()-year exposure and was 01red with radiation. A 53-

year-old day la.borer develq,ed lip cancer after 22 years of exposure ... 

He was treated successfully with radiatioo. The author stated th.at the 

workers were exposed to toth tar and pitch, ard that the two substances 

prcduce essentially identical cancers. 

(3) Rosrnanith 

Rcsmanith (1953) described the case of a worker who develq:,ed 

(20) 
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:papillcna (site unspecified) that had the a~arance of a carcina:ia, but 

wiere unable to exa?:;ine the turx,r histolo;ically. ':t:e authors felt that 

the inner surface of the ear was mere susceptible to the develc:p:lent of. 

papillcr..as than the outer surface of tiie ear because there were fe..er hair 

follicles. The author did not rerx,rt using any controls. 

(2) 7sutsui Study 

'r'sutsui (1918} studied the tur.or response fr<D bitur:-..inOJS coal tar 

applied to the skin of "strong" English nice. ':he tar was applied ever-1 

third or fourt.., cay. A total of 259 r.:ice in seven grou?s were used; ho.,-. 

ever, only 67 rrice survivec for lCO days. ':\Jr..ors were exanir.ed histolc­

gically and photographed. 

Papillc;rn.as developed L~ 4B% (32/67) cf the mice that survived lCO 

cays. Later scr.e cf the papillcr.as cevelo;:ec into carcinc::r.-.as, w'hich in­

vaoed adjacent tissue, anci were found in 2.;% { 16/67) of the r.-,ice. A spin­

dle cell sarca:ia was founc in or.e r:ouse, ancJ lung r.etas~ses, coniimee 

on histological examination, ~re present in t..·o :-:Lice. ':he aut:.or die not 

rep:>rt using any controls. 

( 3) Kenna\.r·av 
0 0 0 

A study of coal tar proc~cts of 450 c, 560 c, and 1,250 c distil-

lation ter.peratures sho,..oed a higher rate of carcino;enesis ct tl:e higcer 

terrq;:erature fractions (:i\e.nnaway, 1925) • 'i't.e tars were applied to tlie inter-­

scapular region of 100 mice tw'ice a ~k • .After 230 oays, 50% (10/20) hec 
0 

skin tumors in the 1;250 C-tar group, 34~ (10/29) had skin tir:ors in the 
0 0 

560 C-tar group, ard 41s (2/49) had skin tur.-ors in the 450 C-tar c;roup. ~-:ost 
0 0 

turrors were r.ialigrant in the l,250 C and 560 C S't'O.lt-'S• I~carly half t...~e ani-

(22} 
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0 C 
r ..als in thE::: 560 c and 1,2.se c c,;ra.1r s Laa diec: by cay 173, c.l"l.3 r·ci:~ c.:i,:c c.s 

tt:e- exr-eri:.ient contbuec. :t:e ai.:.tLor ciC:: net rer:.ot"'t usir.c; ~n~, ccntrc.:ls. 

;.. stUCJy reported by Viatson ar.c ;-:ellaru.;y (1~3C) test=:J t.i:e ecr.::i­

r:o:Jenic ef :1:ct er. i::ice ( u.'"lOef i:-:ec strain) cf t.l:e c~:i.;i:-.adcr. o~ f.ca ts in 

the diet. wit!-: cerr.al application of ceol tar, of the CCT':Linatior. oi t:,e 

cer:-:-.al ar:r,lic.;;,ticn of vc.ricus :ats, oils, c.;.r t.ar.r.ic ack pric!." to t! E 

c: s}·.ir: witi~ ;etroleu.""' etl,er to re::-,ove sei'.".e ~f r:.e fott:y si.::.:st.:.-:ci:s \.it;•: 

trez-:t:.S:.: twice .;;ad: ·,,-ee}: wit.'1 fa.u; (~:xt:r.:.ctec -:rcr-. eit:.er r.cr:~.al r:c?.;!:::iC: 

tiss:Le er fra-. :-:-cuse tissi.:e cf r.ice ~·i·.o r.ac di eel ::rc.:r. tc-.r-i:-X::1.:c:ec": tc crs) , 

v:as a;:::;_:.l:.ec 'tn the s}~in 30 rd.:1i.:tes later. Ccr.t:-ol Srct:"?S cf tl~e Sc:-""·c 

size · ... ere tr~at~ cnly with cca.l. tar. ':J·.ere ~.-ere r.o ccntrols ir. •.-.Lie\: 

heal t.t::· anL-als \-~re us.:::: ::or ca::;arison. ':r:e ar.i;·.aJ.s \~E:rE- tre"'t~c :er 

~u cays of a~:;>licatior.. Fats ,-.:e-re ~d-ea tc t.he diet t,~· the a:ditior. uf 

arr: one ratt St.:ssex grc1.:n,: cats r.~c:e into a :'"'.Cist paste i.i ":.t \,-at:er. ~is 

.. ,,.,,.· c::. •• _ 

. . . 
•"•"l &.,: .. --ir. a:~c1.:r:ts vc:.rJir.g ::-a~. 12. 5-255:. cf --..... ,._i., 

(23) 
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added to the diet but to • .. ;hich coal tar was derr..ally aJ:-,?lied. 'l'here \;ere 

no controls in which healthy anilnals were used for ca:;:.a:rison. This ex­

periment was cone twice; once with 70 nice in beth the test group and the 

controls and once with 90 r:lice in the test group and the controls. 

Sixty male mice were treated with petrolel.Jr.': et.her to rer.cve at 

least sa::ie of the fatty substances in the skin. ':'he r..etrolel.t:l ether 

(B.P. 60-80°c} was applied by 1:;eans of a cotton-.-.'001 plug 30 minutes 

prior to the dez:r:al ta::- application. 'Zhis treatr.1ent was per:orr.:ec twice 

__ weekly for 120 days, and ti:e r:1ice were cbsetved fer an acditicnal 33C 

days. A cor.trcl group consisted cf 60 male r.jce \.,nich 1,,.iere treatec ce:.-­

rrally with coal tar twice "weekly for 120 da:ys a.rx: then ci:setvec for 33C 

cays. '.:here were no controls in which healthy aniJ;'als "were used for 

cariparison. An analysis cf resclts of all the experit:.ents is founa in 

Table 3. 

'r'he ap?lication of tannic acid solution to the skin of ~~ce ~rior 

to coal tar a~-plication tlio not affect incidence relative to tr:.e inci­

dence prc::x:3uced by coal tar alone. '.:he fat: extracts or the olive cil, 

ha.;ever, increasec t\Jj,'Or i:icicence above the incicence prccuced by coal 

tar alor.e. Fat extracts frc:r., noD:'.al nice and frcr. l"iice whict:. t-.ad ciec 

frC'J tar w:-ors increased tun::>r incicence to a.J.I"ost. the sar.ie exter.t .... 

Olive oil applied to the skin of ~ice prior to cx:ial tar ap~licaticn re­

sulted in a 72% lung tur.10r incidence i:l""Drl<J the skin tl.ii""':Dr-bearing v,ice 

ccr.pared to 57% for controls ( those treated with coal tar alone). '.:he 

~ice treated with fats or oils prior to tar treatr.ent ofter. develq:,ed 

t\Ji7l0rs at several locat.ions, wnich was net true of those treated wit.'1 

(24) 
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EFFECTS .OF VARIOUS FATS AND 011.S APPLIED DER!lALLY CP. W TriE 
DIET o:~ WMOR lr~l)l;C'I'IO~ E.Y COAL ~1-.R (i,atsor. and Hellanbv, 193C) 

Preccnd i tionino 

I. Skin Treatments 

Exoeriment 1 

Tannie Acid 

Mouse Extract 
('furror-Eearing) 

MaJse Extract 
(Norr.al) 

':'ar Only 

Exoerirnent 2 

Olive Oil 

Tar Only 

II. Dietarv Treatr?ents 

Experiment 1 

Butter-fee 

tb Butter 

Experiment 2 

Butter-fed 

t~ Butter 

III.- \,asr.ino wit.') Petroleu."':'. Ether 

Petroleur:-, Ether 
(',,ash) 

Tar Only 

No. furors/ 
No. Animals 

19j7U (27%) 

35/70 (50%) 

41/70 {59~) 

18/71.: {261) 

29/70 (4H) 

21/70 (30~} 

39/70 (56%} 

20/70 (29%) 

31/90 (34\) 

37/90 (41%) 

19/60 (32~) 

37/60 (b2%) 

(25) 

Percent of 
Tun:rc-6eariN3 Ani.-:-IQls 

Developing Lun; Turners 

47 

63 

59 

5() 

72 

57 

60 

37 

55 

41 

47 

61 



tar alone. The a:3dition of butter to the diet of two gra.ips of mice led 

to a higher incidence of lung nooules in nice with tum::>J;S (6U% vs. 37i 

arri 55% vs. 41% in the t\o."O exr,eri.'!lents), as ccnpared to nice treatt::d ~ith 

tar with no cietary change. Butter-fed rr.ice developed a greasy app:ari~ 

coat. Hice washed with petroleum ether to remove sane natural skin fats 

developeci fewer skin tur.ors ( 32% vs. 62%) , aoo fewer. of these with skin 

turrors develq:ied lung nodules than those nice treate::! with coal tar alone. 

'!'he author'.concluoed :r-.at addition of fats er oils to the skin or to the 

diet of mice ~rior to coal tar application cause:: ::-ere tar to t::e absorbec 

and thus increaseo tenor production. This conclusion was also supp:,r-:.ec 

by the recuction in t\.J".".or fomation founo when r~tural skin oil was :par­

tially removed by washing wit..~ r:etroleurn ether. 

(5) Bo.,ser and i-!anch 

Bonser and Manch {1932) studied the tw.or response :re:', applica­

tion to r.-ouse skin of three sar.:ples of Scottish blast-furnace tar, cr.e 

sample of English cnide tar, and an ether extract of the latter. The 

three sa7iples of Scottish tar (I, II, and III) 'wEre r..ace fra:1 coke-even 

charges ,,.'hicr. contained in addition to the coal, 15-17%, 25%, ar.d 10% 

coke, respectively; tJ-.e Enc;lish cnicie tar was made frcr:. a charge ccntain­

ing 75% coal an:1 25% coke. Sixty rdce were used for testing each saJP?le 

of tar. 'Dlere was no caitrol group. ~e hair was clipped a,1ay frcn a 

small area of skin in the region between the shoulder-blades. The tar 

was apflieo bi-weekly for the first 14 weel:s, and thereafter once ~ekly 

because of :r.arkec ulcer.at.ion of the skin cf m.any r.iice. '!he stooy \..'aS 

C9ntir.uec for 56 "'-eeks, by which ti..-re all the r:iice hac die:. Fifty-sever. 

(26) 
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t..rors \-:~re 1.jt"OS~ly ic:JentifiE.1..~. · 'J1irt~-c-ne of tllt: tutal 57 ti.:..-01:s l·.::ic!·. 

cev1:lc:-..ec were coni:'iti ,t.,,_; r.istolo::iccdlv. . ~ -
In :.ice tre.::.tec; h'itl: the thi:ce Scottisi: Sc.r-;.les, the: [irst ti=-.c=s 

a:::~arec at the loth \.-eel:. '!."t:e Scot tis:: I, n, anci III tar Soi~Fle:::; r:rc-

ouceci a ti.!7or inci~t:rice c: 7/(,0 (12i), 10/6C (17~), c:nc: 2/bL (13;;) rcs:.:ec-

tiv~ly. 2'.e turors ~,.ere r.-.a:i,jnar.t in t!.ree r.:ice. ':t.e fir~t t~;cr c:~-

i'.eared at tr.e 21st 1,,.1eel~ • .... t:en an E.n<:lisl~ cr-..::de tar \;es usec:. Eight -:-:ice 

a:1 ee-.er extract of e-.e E:-:slis!": crJc<: tar :::evelct '"='::! t~-c~. :.i:-.e tt:"""c-rs 

':1",e crircina:-.as i:wacec t.::e ::-.uscle. c..ne 1:.al i;nant ti:-.cr, ~e~n ~ft£:i: ~ 7 . 

... -eeks cf a~pl icat.ion of etJ~er extract. of Er.glisJ-. tar, cor:sisto::r ~f a r·.ass 

tastasizi:-:s to tl.e l~;r-:rh r.o::les. 

ln tl~is stucy, i.:-.;.as:.-f:.1rnc.ce ~r d:,tair-:1::"J fra.: a varietv c..: sc;.;;re:s 

i:ic~ucec tenic:;n ar.d ralisr.ar.t tur:·.crs cf t.,.'-.e ski:, ir. 17:ici;. ':Le carcir:o:.;enic 

:.,:;rcpertie:s ,.-ere enr.ance<: ty e~tracticr. ,.;i ti: et!-:ei:. 

. .. 
~rski (1~59) investis;ateo the a.rci~CX]edc r:r4.-erti€.:s cf t:1.-:c eccl 

tars {cne rro:k:ceo frcr. cxl frc:r. the 11 ::::0l:.re.t." r..i~ .::rr'; one 1:---roouce<; f-rcr: 

ccal fro .. the "i.o..1a i:t,t.r: 11 ::-,ine), a sc-ft !.itct:, a r:.an: ;_:itcL, ..=.:-.!~an=~ 

i C'-~ -··· ... 
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'l'TJILI: 4 

. rnc1rn:MCE or 81,IIJ 'lU~um; JU mn: 'i'l:1-:/\'l'l·:D Wl'nl IILJ\.l.,"I' FlJHll/\CI: '1'/\J(!; 
1\,. t c· ('''•''), 1°1u C .n r C 1 norJen I\S!iCSSIIN~ll ,roup U'>U - ~ 

·r,ir !iample 

8cottisli I 

~coltish II 

Scottish Ill 

r:l'l(Jlish Crude 

Ether Extract 
of En<Jlhih Cnll'le 

HU1nlx.-r u( 
'l\Jmors 1,cr 

IJ\nnLer of Animalu 

7/60 (12¥,) 

lU/60 .( 17%) 

0/60 (13%) 

H/60 (13~) 

24/60 (40%) 

/\ppc:arancc o[ 
1-'i rst 'l'lu110r 

( \1£!Cks) 

16 

16 

l(, 

21 

n 

(2U) 

I lil li(Jnant 
TtU.Klt"~ 

0/60 (Ot) 

2/hO (3%) 

1/hU (2%) 

0/llU (Oi) 

9/60 (15't.) 

t 



not rep::,rt using a control group. 'l'he mice were described as havin; a 

"l0w thresrolc for sp:mtaneous gro..'ths." One drcp of the test solution 

was applied to the skin near the back.bone of the mice twice a week for 

5 nonths, for a total of 44 applications per rrouse. No data 'were prc­

videc on controls. 

The test solutions were prepared by dissolving the r.,aterials in 

benzene {a 1:1 ratio). Pitch, being insol\;ble in benzene, was extracted 

using Soxt-.let's apparatus, .. tiich provided a 1:5 solution in benze~. 

S.r..in changes observeo included peeling, swelling, aD.1 wart-.:.i..1<e 

grCMths of differing shap;s an:; sizes. Skin effects ar,peared earliest 

a.."'lC 'with greatest intensity in the soft pitch grcc:;::,. 'rumor results a?"e 

re?=)rted in Table 5. 

After 8 wee-:.s, scr.:-e r:iic:e had died in each gra;p. Skin t.urx,r cb-

servations -.were r:iaoe at 4 r.cr.tr.s. Tar fr0:, the "Bobrek" ~.ice prccucec 

.an average of 0.6 tur.ors Fer rrouse in 22 rr.ice~ 6 had malignant tur.ors." 

Eight of 26 surviving mice in the I-o,;a Huta nine t:ar grcup bad nalignan­

cies, anc there \,,ere, on the average, o. 2 tir.iors per anii:'al.. T...ienty-one 

Jr.ice survived in the hard pitch gra..p, with an average of cne t.ur.cr per 

rrouse: eight had ralignant tur'Ors. In the soft pitch grcup, 28 r::ice sur­

vivec::!, with an average of 2.9 tur..ors each; 14 r.ice had r.aliyr.ant tur.Qrs. 

Of those to which an anthracene fraction was applieo, 24 mice survivec 

with an average of 0.3 tLll'Drs each; 4 mice had r::-.alignancies. 

Mice with skin c:han;es in all gra..ps were cebilitatec:i anc died 

by t.he enc of the seven-rronth experi.1nent. White hard c;roi..'t..1-.s ranging 

in size frcn that of a pinheac to that of a pepp~rcorn \Jere fcl.!nd by 

(29) 
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cissection of the skin t.1.r.Crs, particularly in the later stages of tJ,e 

exr,eriments. Cther changes included enlarged lyr.-:ph nooes, g~ in 

the lungs, flaccidity of the liver, pale hard gro..ths on the kidneys, and 

degeneration of the liver and kidneys. 1-:etastases to the ly.:,ph ncx:ies 

were confitned in mice fran the soft anc hare pitch groups. 

':he author concluced that all the pro::iucts testec w-ere carcino­

genic, that soft pitch was the l'!Ost carcino:;enic, anthracene fraction 

tt.e least carcinogenic, and the ~'O tars and the hare pitch \..lere in an 
"intei::r.-ediate" groui:,. 

( 7 ) Hue:eer ar.d Payne 

Hueper anc Payne (1960) fcunc that skin tur.iors \..lere .;.rc::ci..:cec ir. 

mice folla..ing the application of coal tar. coal tar, four ;:etrole.:::rr, 

road asphalts (Ver.ezuelan, MississiF?ian, Ckla.haian, and Californian), 

one petrolel.lr.l roofing tar, and ~raffin oil were applied to the napes 

of the necks of groups of SO black C57 nice (25 cf each sex) for h.'O 

years. An untreated control groc~ consisted of 2CO r.i.ice. SO that the 

naterials coulo be applied as droplets, the coal tar and roofing as­

phalt were heated to T!lake ther.-: lig1.1ic, anc t.~e road a.5Fhalts were di­

luted with a sufficient ar.iount of acetone. '.:he paraffin oil .:as painted 

on the skin. Postm:>rt.er.l examinations 'IN'ere perforr.ed on all mce, and ... 
histological exar:iinations were r.iace of all tissues w'hich eXhibited 

gross abnorr.ialities. 'l'he results are found in Table 6. 

Carcina:ias of .the skin .... sere founc in 22 of 50 ( 44%) ar..d pa::_::.illc­

r.ias in one of SO (2%) mice receiving dernal afPlicatior.s of coal tar, 

whereas control rr.ice die net develcp tur.ors cf ti:.e skin. 
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'l'J\ULE 6 

SKIN 'ltJK>HS IN MICI~ GIVEN L>EHMAL J\PPLIC/\'l'IONS OF UJ/\L 'J'J\H, l't.::J'HOLUJM 
lffil-'ING 'J'I\H, PARHAl-'IN OIL, OR n:mol.L:UM IUI\D I\Sl'III\L'!S 

Carcinogen Assessment Croup (CI\G), 1Y7U 

8km 8km 
Treatment CarcinCJTlils Papillanas 'J'otal 

Control 0/200 · (0%) 0/200 (0%) U/200 (0%) 

Coal Tar 22/50 (44'ii) 1/50 (2%) 23/50 (46%) 

Petroleum Hoofin<J 'l'ar 1/50 ( 2'6) 0/50 (O!t) 1/50 ( :.!% ) 

Pa raff in Oil 1/50 (2%) 1/50 {:l%) 2/50 (4%) 

Petroleum Road Asphalt 

Venezuelan 0/50 (0%) 0/50 (0%) 0/~U (0%) 

Mississippian 1/50 (2%) 1/50 (2%) 2/50 (4%) 

Oklahanan 0/50 (0%) 1/50 (:Ott) 1/50 (2%) 

Californian 1/50 (2%) 0/50 (0%) 1/50 (2%) 

t 
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Huet=,er am Payne also administered scr.e of the substances via in­

halation aro intramuscular injection. Coal tar did not prc:duce lung ti..­

rrors in rats or guinea pigs in.1-ialing such fUires for ~riods up to two 

years but did proouce muscle sarcanas fol_lowing intramuscular injection. 

The results of the intranuscular study are not oiscussec here because 

intramuscular injection is r.ot a route of exp:,sure incluceo in t.k~ cri­

teria of 40 CFR 162.ll{a) (3) ( ii)(A). 

(&) Horton 

In several experi-nent.s Hert.on (1961) testeo a nur..ber of crude coal 

tars, coal tar distillates, and fractions of coal tar fer skin t~or re­

sp:mse in C3M nice. In the first part of the stooy, L.ve ooal tars ( four 

frar, the c:c:king of bi tur.i.inous coal and one fra:, the ccki~ of lignite 

coal) , a r.iixture of one of the bi t.ur.1.i~ous coal .tars in 50% benzene, and a 

benzo[a)pyrene r.iixture were tested. The authors cic not re~rt. using a 

control group. No data were prov ioea en the nur.iber of mice tested nor on 

the length of time tr~ ani.!r.als were treated; however, the ti.-:-.e-tcrtur.or 

for each grcup was re~rtec. Tue incidence of tun:::;rs was re;crted to be 

greater than 75% ( only a percentage was rei:X)rtea) for each test grccp. 

Horton develcpec a nur.erica.l irrlex designed to grade the various tars 

anc tar fractions for relative carcino;enic r:otency. This index was re--­

ferred to as the p:>tency for a minirnlll'!'l coocentration of rr~terial (PNC). 

A high PMC value is meant to indicate a c;reater carcincgenic p:::tency. 

For tars D-1 arc C-613 for which rnul ti;1e doses were applied, a oose 

response was evident. The r.-iean ti,e-to-tur:-or ( i.'i weeks), the scbedule 

of application, am tile ?.,;C valt.:es for each of the ta.rs, the tar soll..-

(33) 

https://ti.-:-.e-tcrtur.or


h~-. '!T:E~o-'" .. U·CR A!-:D E .c V.hLl.,C:S mn ?Ci.,"R 31:U"}:Ii:ClS 
~o, Clli. LI(;ZdTL ';i--iZ, iJ:J:, Ci.E SCU..?IC..i·; CF BQ;ZC;la]FYFJ:::E 

(Adc:Dtt=e frCE hcrtoo, 1961) 

Schee.: l.ile o: 
!.[..:plication ::ean :· ir.:e-tc-

F'·r Treatr.~nt (~/week - r:iq l ':\Jr..or (wee:".s) . ·'-

~ ~~* r:-1 - ti tl.!l:i.inoc.s tar :-10 15,,::i* .0:, I • 

2-SC 12.6* C.37* 
3-lCC 7.C* C.63* 

")' (' G , -r-4 - bi tL..J;.incus t..:;.r 2-10 c.--s.u •• ..:> 

r.-5 - i:.i t~:,incus tar 2-10 23.6 w •• ~ 

.... , ~ D-5A - 5C~ liluticr. 2-10 25.1 u ... ..; 
by .,.;eis;ht of 
r:.-5 tar 

D-6 - bitlS-"inous t:ar 3-SC 21.9 0.11 

c-12 lignite tar 3-50 17.l ;:,.1c 

D-613 - t.enzo[a]:c-,yrene 2-15 33.C* G.CZ* 
in 85~ beta­ 2-SC 3v.6* l,,lL1t 

nethylna~thaler.e 
arx3 15\ l:.enzene 
solutior. 

,. ':'te r.wti~le coses fer Tars lrl ar.c C-bl3 cie.cr.5;trotE:a"'..: a r . .can tir::c:­
tc-tur:ior arid a PMC dose resb,X:)r.ses. 

(3~) 



tion, arx:l the benzo[a]pyrene solution are reported b Table 7. 

Two tars fra:t the previous group (D-1 am D-8) ~re c:r.osen to test 

the effect of skin washing with a cetergent in water 5 or 60 r.-..inutes after 

tar application. Tars D-1 and D-8 had the highest (0.8) and lo,,,est {0.1) 

benzene-insoluble content, respectively. i;ashing delayed tur.or uevelq:,­

rnent, but the final tumor incidence was not sign if ica."\tly changec. '!he 

delay was greater in the anir..als washed 5 rr..inutes after de:cma.l aFPlicaticn. 

Hotton also cleten:-..ined the relationship between the ar.:ount of ber-.zo 

laJ p~-rene ir. distillates of ccal tar aro the carcir.cgenic poter.cy of those 

distillates. Tar D-l, a distillate oil o: D-1 (t.11e first 9-13.5% cf t.he 

distillation), a prcportionate rebler~ of nine distillate fractions of r::-1, 

ar.c two distillate fractioris (a carbolic oil ar.c a light creosct.e oil) of 

a coal tar (D-9). not previcusly \.:Sec in tt.ie ex;:er.i.~ents were testec :or 

B[a)P content arrl carcincgenic potency (R:C) to the skin of mice. \•;ith 

the exception of Tar D-1, all test materials were· awli~ tor.ice (s:rai."1 

unsp:cified) in 10 rrg ccises. Tar D-l was awlieo i.'1 20 r.g doses. The 

nur.-.ber of applications was cescribed as "repeated," oot neither the fre­

quency nor the durat.icn was specified. 'i:he R-!C values and benzc[a]pyrer.e 

content of the test substances are reporteci in 'l'able 8. 

Conparison of the benzo la] pyrene content with the carcincgeni~ ~ 

tencies of various fractions showed that no tur.ot"S \liere prcx:uced by 't;hcse 

fractions in which no benzo[a]pyrene could be detected, ,,.,bile the carcino­

genic µ:>tency of the test materials that contained benzola]pyrene was cor­

related with their ccntent by wei;ht of this carci!"logen. respite tr.is ot­

servation, the authors oic cal.:.tion that these results co net ir.iply that 

benzo[a}pyrene is the crJ.:r· carcino;;en in ti:ese substances. 
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'l'/\BLI~ U 

l'MC V/\Wl·:S /\ND BL;Niotal PYHl·:tJE 0Jl'11'EN1' l·OH 'l\•;o (..Ul\L 'f/\l:!;, ~INEIW... 
DIS'l'ILl.J\'l'J::S OF 'l1JUSE CU/\L '1'1\1~, NJlJ /\ l'l.:CJPOH'l'lCJUJ\'l't:: IU::ULENU 01-' 

1.llt lJW'l'IL,lJ\'l't::::i f'HUft U-.JE CJF '111E 'l'AHS 

C<.>ntf:llt of Relative CarcinuJenic 
1.'est Material Uost~S (lliJ) llenzo(alpyrcnc (%) Potency ( PMC) 

'l'ar L>-1 20 0.74 0.27 

Distillate Oil o( 'l'ar L>-1 10 0.01 0.01 

Pro[Jortionate Heblend of 10 o.ou 0.11 
the Nine Cuts of 'l'ar L>-1 

Carbolic Oil of 'l'ar L>-9 10 o.ou o.oo 

Light Creosote Oil of 1'ar L>-9 10 o.oo u.oo 
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( 9) Ceelr:an 

CeeL"71i:in ( 1962) stuciec tt.e e:fect of tir:.e between tar a:c:-1=--lications 

on tur.-or develq;:r.ent. I.ie found that papillcr..as develc:peci after lo appli­

cations regardless of the inte:rval between aF,i:;lications {2 to 7 uays). ':i1e 

nur..ber of carcincr..a..s ...-as sr:-all after 16 applications. In tirre, after ti:e 

en::l of the applications, iicr,.;ever, r..any of the ~pillc.1cs becar.:e carcincr.as. 

\•;hen tar was applied to different size skin areas or fields, it 

was found that r.,.ice \ofitr. tr,e largest field ( 2C x 25 I'!T.1) hcd an averc:ge of 

cne carcina~-ia and seven i:,2filla;.as each. Eigt.t r.,ice, with a tarrec:J fielc 

of 2 .5 x 25 =r.-. (":he cc.al-tarred area :or t::,e t:isnt .r:,ice ccr..bir:ec is ~7..:.:::.1 

to the largest field testec or 20 x 25 ni:: field for cr.e r..ouse.) hac a tc­

tal of 34 papillCJ'las and three carcina;ias ar.::.on; t.her.:. It .. ·as found tr.at 

~ the tar fields te:stec (20 x 25 .::-.~, lu x 25 r:n a.nd 2.5 x 25 rr.,), ti,e 

s::ialler ti:e tar fielcl, t.i)e larser the r.ur..ber of tur..ors i:,er 1..:nit area. 

This r.iay be a result of tl,e gre:ater toxicity to the ar.i.r-.als with t!1e large::­

tar fielcs; the author ot:,se:rvec that r::or...c.lity, weight less, aoc kidr.ey 

dar..age ii.creased as the size of the tar fielc incre:as';d. ~.o l:r.treatec 

centrals were L!Sed in tr.e stucy. 

(10) Shabad et al. 

Shabad et al. (1971) aF~lied three ccal tar oint:-.ients [Lcri:..corten 
• 

tar ointnent ('CSA), CIEA ccal tar cir.tr.Ent (S,,....it.zerlana), anc coal tar 

ointr.ent (t;SSR)] to CS7 03A hybrid rr1ice twc er three tir..es each week for 

10 or 12 rrcnths tc test for turner F-rcx5uction. The aut.r.ors did not report 

using any control groc.:ys. All of t!":e ui.ce ciec within 18 1:-ontl:s or were 

sacrificed because of their :::x;or concition. tighteen cf lS (9~.7%), 2~ 
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of 21 (S5.2%), and 16 of 17 (94.l~) of the anir.als in U::iSR, CIW-., am 

Loracort.en ointment groups, respectively, develcped turrors. ~ benzo 

(aJpyrene content of the three ointments was 225, 5,020, and 5,190 ug/g, 

res;iectively. Shabad also tested the ef feet of t..o bird'll,,,'QCXj tar oint­

m:nts, Vishnevsky and Tashkent, en groops of 20 aoo 24 C57CEA mice. l<ine 

of the mice in the groups develpec tumors after 18 :r.onths. ':he benzo[a] 

pyrer.e cc:otents of the Vislmevsky and Tashkent tars were 0.0013 anc 0.044 

ug/g, res;:ectively. 

( 11) Hort.on 

Horton (1961) studiea the limg twor res:,X):ise in C3H ~ice after 

e:q:osure to ooal tar fur.es. Cne group of !!:i.:e L"lhalec fot::'.alaehyde­

contarni:-.ated air i:i.temittently :or an uns;:ecified amcunt. of ti"T.e, wtile 

a second groop ,,.as kept in clean air. The fo::::ner group develq:ed squa::-,cus 

rnetaplasia as a result of their expos~e to fotr:".a.lder.yce. Both grcups 

were then exposed to coal tar furres (0.33 ra;/liter) for cne tour/cay, three 

cays/week for 13 to 33 weeks. A majority of the :r..ice ( nu...bers were not re­

;orted) in beth groops cevelopeci proliferative alveolar neq::.iasia, arc one 

( the group was net re;p::.,rtea) oevelcped a squanous cell carcincr..a. The t\10 

groops of mice showed no difference in neoplasia incidence. A third group 

of mice, eX?=)sed intermittently to forr:aldehyc:?e alooe :or 64 weeks, srp.ied 

no alveolar proliferation or carcina-:ia develq:rnent. 

(12) Horton et al. 

Horton et al. (1963} examined C3H nice (a s~rain that was re?=)rteci 

· to have a le,.. historical incidence of s;:ontaneous ~uJ..rronacy aclencir.as) :or 

11.lng tumors follc:,..ing inhalation exfOSure to coal tar aerosol, gase---...us !ot-
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r.ia.ldehyde, or gaseous formaldehyde follc,..,,ed by ccal tar aerosol. In the 

. first part of the experiment, groups of 60, 60, and 42 mice were exr,csec 

to concentrations of 0.5, 0.10, or 0.20 rrg/liter, resi;:ectively, of gaseous 

fotmaldehyde for three 1-hour periccs per week. The control srou;; consis­

ted of 59 untreated r..ice. After 35 weeks, none of the anirr.als that -.;ere 

sectionec of those that died { 118 of 221) durin:; t.l-ie 35-weel~ 1:ericc h~ 

develc;:,ec lung turrors. The surviving animals ......ere used to conduct fur­

t.'"ler experiments with coal tar anc fo~ldehyde. The survivi~ 33 r.ice 

fra:i the control grocp in 'the first pa:::-t of the exr::eri~nt arc tr.e su....-viv­

ing 26 r.u.ce frOi\ the group in the first part of the experi.7er.t t!"'.at had 

i:een ex:.;osed to O .10 ~/1 of gaseous fo~.aldehyde we re ~sea to C. 30 

r.g/1 cf ccal tar aercsol for three 2-hoi..r p:ricds t:::er week for up to 36 

wee,-.s. The surviving 36 mice f:::-a:i the grou? t.".at had been exposec to 

0.05 m;/1 of foi:::-..alcehyce in the first part of the eX:)E:ri~nt were ex­

c=osed to O .15 r.g/1 of fcr:r.aldehyde for three 1-::our I;ericds each week for 
1/ 

up to 35 weeks. There was also an untreated control group- wt:ich was c~ 

served for 82 ......eeks. 

The test animals were e:q:osec to t.,e test sLmstances until death; 

the first ceath occurred 1 to 11 -wee}:s after e:q:osure ar.a ti"le lc~est 

ti.me until death .,,,as 36 \.-eeks. Serial secticr.s of tl~e tracheu, large-­

bronchi, arc lung froo the exfOSed aniz:·.als arc fra;; the lungs of 30 

unex1.:csec :mice were exarninec (':'able 9). 

y The initial size of t.1-ie untreated grDl..-p i,.;as not re:=ort.ed. At the 
t.eminatior. cf t.~ ex:-...erir:ient at o2 weeks, the grcup consiste:: of 
30 mice. 
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'1'AULE; 9 

'1\Jf-l>nS 01•, '1111•; LUllG IN MICE INII/\LING FOHM/\LlJEIIYot:: I\NlJ/OH /\EHOSOI, OF CO/\L 1'/\R 
C'1rcinogcn l\sseBsnent Group (CAG), 1970 

'l'reatment Squanous Ce 11 '!\morn /\dena11c1 s 'l'otal 

(-) U/JU . (0%) 0/JO (0%) U/JO ( U%) 

Coal 'l'ar 6/33 (18%) 1/J] ( ]'t) 7/JJ (2n) 

Fotmah.Jehy<le 1/26 (4t) 1/2& (4%) 2/26 (8%) 
and Coal Tar 

Fot111aldel 1yde 0/36 ( lJ'f,) U/36 < oi > U/36 (0%) 

t 
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Five r,:icf: i.nbtling cc.;:l tar c:ercsol anc une r..r)u::1; inh.:::.li:--t.~ :o~·.c..l-

e:ry of tlie 11.:ns;, invclvi:"l~: 1/3 to 1/2 cf the lei;~. Ir. b,o i.:ice fro·, tl:~ 

(Ot'!"'.':er group, several lot:es we re i:,vcl ve<::. .r.. six tb r.:ousc in tl .~ fcrr.-~r 

r.OJo:. .... he:reas t.l,csi: cccurrin-J ir. the other five ani...als p_..c~l~/ l."E:::1~r€.-

St!r.tec ar. e.3::-lier sta-:,;e of cevelc:::;r:".er.t a:. t,e ':i:t cf r..:ea:i:. 11 C.r.€: ;-c1.:se 

. 
~ere \,ere ot[;er ~ar:{Jes l·-i:a.;uceci i:-. t1.: tracLe-..:::r:=-r,c;·.i.:.l er..;it:.E-

licr.1 as t.t.e result o: tt:e i.T'.r.alaticr. cf ccal t?.::-. ':.l:e :-:cs-c stril:i~ ,_.;,;s 

·- r: a r.ecrotizinc:; traci.ecl;rc~ci.itis i,:, th:: .7.ajQrit~ cf ;-·,ice; tr.e i.,ci:::er:ce t .. c:..; 

sraller brc~chi. ii~1;;erpls..sia cf the brcncr:iaJ. er,itl:.eli~. occ..:::-::ce ::rE-

tl-.e trachea; exter.sicr. btc t;-,e rc?.jcr b1."Cr.cr.i was ir.frec.:..:er.t ::.,il ,:ic.: r.ct 

occur nt all in t!:e s.r,.i:ller i.::.ror.c:"Li. I~ 9eneral, tl:e inl:~kticr, of :fa;.!.--

r.-.aloehyde resultec in c:"! aCt.:te tractec;;rOi.c.:hitis ran:.:i:"J.;; fra-. slisJ·tl~· tc 

sever-=:ly r..ec:rotizirie;, or cevelqJi:x,; intc e. chronic tyr-e \;i t.L r;rcl ife::<ltior. 

of fihro..;s tiss1.:t:. ':.is \,-as sa~ti:.·:es ca-.rlicate~ L-:· !.:rc·r..cl~c:::::-:-2~ or.i~. 

c::ar.~es. 
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( 13) ?ve an<"; £ t(;..,.:r.E-r 

•""'I,,/ p.her.clic (?-tar) anc non~henolic (i '-tar) :ractions ar.c: e>.T...csec r.lc~ -.J 

inhalation to various bler.c.s of ti:e coal tar fr.-:ictions aro tc a:E: of ti .E: 

original tars. ':t,e sar·!E: coal tc:r {'::'-1) 1SFeci.:ic ljravit::· l.l.7, -i.::,s-, 

irl t::e f::Xl....t::rir:er.ts !.:,~; Eortor., Tye, a, ... i Ster::rer ( 19G3) and a sec~r.d, scr ... ..;-

· .. hat cif:er~:-:. tar (':'-2) (S!='-tcific sravi~, 1.2•1, :..4°:: tc.r acic:, l.ls,:; !...-e~ 

Fifty r.-c:le C3E/EaJ i-:ice, tr.rt:e tc :ive :-:entl:s cl.::, v-<::'!."E ir. -=aci: 

test srC1.:r:. ':l':e tests sra.:ts ccnsist~ of cr.tr~tec, ':ar-l, ::..i:-ar-1, ::-

\;er~ e>::;_:cseci :or t,.;c :-.oi.:.1·s eve.r:: t!:ree we:el:s. i.:"..tring t!,e- fi:::-st ei~i:t 

"v.reeks, tr.e exr:cs1.:re \,,as at a cor.ccr.tration of C. :c :~.:fl, t.-1,;t t.::is \,"f.s :::-:-

cucec to C.12 r:-s/1 teca~se 

::-.ice. /t tl-.e e:id c! t!".e e.-<~ri::.er:t, t!.et:-= \.,ei:e 3l/:C: (i:2~), ll/5v l::%_), -
11/50 (2::%), lG/SC (2C!';), 21/50 (42~~), -=-~ 21/Su (42~;) r:ice tih·e :...-: tl.E: 

, .. ~ 1 
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'l'/\LiU: 10 

y 
HJCil>ll.iCl·: (W llJIX:; 'lUl-lJHS IIJ IIICE 11-Jli/\l.IIJG /\t-:h1WLS Ol-' (U/\1, 'li\l<!;; 

C<..1n;im.)(JL'll /\SSL"S!.;lll(mt GL"<Jlll) (CN;), 1970 

y Iv.. le, 1uaas l. 

'l'n~utmcnt . /\dcnauaH /\denuc,u:-cinrn,as Ct1n;inu,1.:1s 

(-) 0/32 ( OV;) 0/32 (U~;) U/3:l ( (J!i,) U/32 (0%) 

'l'<.1t"'""l 5/13 (JU'l) 12/13 (92t) J/lJ (2)'i.) 13/13 (100%) 

N-Tc1r-l :l/20 (10\;) lL/20 (UO'l) 0/:!0 (lJY;) lL/20 (llU%) 

IJ-'l'ur-1 + 5/1!) ( 2(,¥,) 14/1!) (74'1,) 1/19 ( ~¥,) 1~/l!J ( 7!J!i.) 
P-' l'u r- l 

l~-'i'ilt,_ l + 7/25 (2U%) 14/:.!5 (~6%) 1/25 ( •l \,) l~/25 ( l>U1ti) 
P-' 1',.ff-2 

IJ-Ji',u---2 + 4/23 (17%) 1'1/2J (GH,) 0/2] (UV.) 1,11:n (61\.) 
P-'l'..ir-1 

(•U) 



nocarcinanas, occurring anywhere in the bronchial tree. Multiple turrors 

were freq,.1ently seen. 'Ihe intrabronchial adenanas were papillary. There 

also were al veloar acenanas which were peripheral. Tur.ors of the lung 

-were diagnosed as aaenocarcinanas only if there was invasion or if metas­

tases were cbserved • 

.Adenanas an'.:i carcinar.as of the lung were c:bserved in 60% to 100'% of 

the mice inhaling aerosols of coal tars, whereas tUJTors were not see.11 ir. 

any of the control r:tice. Inc:ide:ices of squam:,us metaplasia varie.:::l frm, 

10% to 38% in treated mice aro w-ere absent in control :nice. "Alveolar 

epithelization" was also cbserved, but less often tlian squarrous metaplasia. 

Are.as of squamous ard alveolar metaplasia were rot coos idered as t,30rs, 

even when they occupied relatively large spaces. 

(14) Kinkeac, McConnell anc S-oecht, ana MacEwen 
and Vernot 

Mac.Ewen and Vernet (1972-19i4), Kinkead (1973), an:5 McConnell and 

Specht (19i3) re?)rted on a study in which raice, rats, hamsters, :tnc ~ 

bits were exposed to a coal tar aerosol frc:1 ....tich the light oil anc solic3 

fraction was rerrDVed. Gross skin patholo:;-1 for the rr,ice was reported; any 

other turror response in the mice am i."i the other anir.lals was not repor-
1/ 

ted.-

Groops of 64 female yearling a.""XJ 64 weanling (32 of each sex) 

Sprag~Dawley rats, 50 male J'AX-cAFl mice, and 50 male ICR-CFl tr.ice were 

11 Per contractual agreement, Sasrrore performed internal ana skin 
histopatholcgy for the study aoo reported his results (Sasrt0re, 
1976), but because infotmation in the Sasm:>re report is in­
c::anplete, no cx::,nclusior-.s can be made about the report. 

(44) 
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TABLE ll 

'IU-OR RE.5PCNSE IN P-'.ALE I~l AND J'AX-<:AF'l MICE FOUO."IN3 EXPOSURE 
a:w., TAR AE.ro:;QL (Adapted fran McConnell and Sf€cht, 1973) 

3 y y 
D:::ise (rrg/rn ) ICR-CTl JAX-c.Af'l 

y 2/ 
20.0 10/36 (28%) 10/27 (37%) 

y 3/ 
10.0 3/8 (38%) 0/12 (0%) 

3/ y 
2.0 2/25 (8%) 0/47 (0%) 

y y 
0.2 0/2 (0%) 0/47 (0%) 

2/ 2/ 
o.o 0/62 (0%} ··0174 (0%) 

1/ The ru.merator is the number of animals with b.:trors at 415 days i;:ost 
exposure. The denaninator is the number of animals that were alive 
at 93 days post exposure. 

2/ '!his dose groop began with 75 animals. 
y This acse group began with 50 animals. 

TABLE 12 

IATENI' PERIOD OF FIRST 'ItK)R INOOCTIOO IN CIV-I EXPOSED ICFt-CFl MICE 
(McConnell and Soecht, 1973) 

-
3 

IX:se (m;/m) Time of Tumor Appearance (Days) 

20 · < 93 

10 128 

2 142 

(46) 
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'I'/\BLE.: 13 

SKIN 'l\JMOH l{ESl'ONSt-; IN ICH-Cl-'l Alm JAX-CJ\l-'l mn: FCJLLU-IING EXlWUIU:; 
10 CO/\L 'I'/\H /\EHU:iOL (MacL\.len and Vernot, 197(,) 

y 
Cumulative Number of 'l\.unors 

3 Week of y ICH-CF1 J/\X-CJ\1-'l 
Dose ( rrxJ/m ) Observation l::xposed Control Exposed Control 

10 100 44/75 (59%) J/75 (4%) 10/75 (24%) 1/75 (1%) 

2 103 14/75 (1~%) 0/75 (0%) 3/7~ (4%) 0/75 (0%) 

0.2 101 1/75 (1%) 0/75 (0%) 1/75 (1%) 1/75 (1%) 

.!/ 'fhe nu1rerator is the number of animals with ttmurn: the denaninator 
is the nul'llJer of animals ex1osed. 

y Includes the YU-duy exposure r.c!riod. 

( 4U) 



ling rats, 18 1-,;ew Zealand albino rabbits, and 5 r.iale am 9 female Macaca 
3 

mulatta rr.onr.eys WE::!re exp::>sed to 10 r.g/m of coal tar aerosol for 5 hours 

e~h day, five days per week for 18 m:mths. The coal tar used to generate 

the aerosols in this study was the same as that of the first study. Ae~ 

sol particle size was determbed r:onthly in the exposure chambers. A r.uni­

rnun of 99% of the total droplets in l::oth cha.'nbers were 5 microns or less 

in oiarr.eter and were thus within a respirable size range for rcx:jents. 
3 

E>.1=Csure to the coal tar at 10 m3/n significantly reci;ced tt:e bccy 

weight of rabbits and rats ca:ipared with the controls, w'hereas r::onkeys 

showed no significant d-.ange in l:::cdy weight. Sixteen of 18 rabbi ts and 

six control mice died during the test per ice. These deaths v.iere att.ri!;utec 

to a chronic respiratory infection wtich caused debilitation ard der.ydra­

tion. At the conclusion of the ex;csure :::ericd, the test r..onkeys an:::! the 

surviving test rabbits along with the unexposed controls were e:elivereo to 

the NIOSH Laboratories in Cincinnati, Ohio, for lcng-tern pcst-ex1=0sure 

observation, but the result.s were not re:=orted in ?·iacEwen et al. (1976). 

Discussion with Maet."'\.l'en inc:!icated that while the rronkeys are still t;nder 

observation, the number of surviving rabbits {2 of 18) was too few for 

statistical a::oparison, and those anir.'.als were sacrificed (Gibb, 1976a). 

t.;o tur:or response was found in the sacri:iced rabbits (Gibb, 1978b). .. 

"1.veolargenic carcincr.ias were prc:duced in 26 of 61 ( 43%) IC1'-Cfl 

mice and in 27 of SO (54%) JAX-<:A.Fl mice. The nur.tber of turors in the 

IC:FH:Fl arrl the J'AX-cAFl control :nice were 3 of 68 (4%} and 8 cf ~8 (17%), 

res~ctively. The exposed aro control groups did not differ in ti:e inci­

dence c:: other types of t..r.ors inchrling sc;i..a..'Tlous cell carcincr.as, lyr.'f,ho-

(4Sl 

https://carcincr.as
https://JAX-<:A.Fl


c:,, 2 cf ..,u (.:r~) of tl:e J,,;,-C~l ;:.ice- as ca.·::.a.n.'<i tc 3 uf i:; (3<:.) 

·~;:,c.··, .. ,-,..,- ·--~ .. , .. ;""' ... ,,, --·,"'1·,-·=-. dianete:l· c=.i~ ir. hei<)~t. ....... ......, . ...,,.. .,Q_ ~_ .... ,,Cl'-'=•,; \-.'-• .... -•··-""" 

•:·-· .... ·"-
~, ·• r,, .. 
~1o..--v .. 

..,,· -: , ir.ci.:.:e::nce ...... 14 cf 75 (S;i;) \ --="-' 
~-,•_r· -· .;, , ... ;.~ in i..Ji· ... -,~.J.. •.. -·-

... ♦ • .. ♦ ♦ • - ... !C~-CFl cc~cr~ls ar~ l of 7:, tl.3~) -,;r ... -...,,,.-.;.·...., 

--,~ ·---. 
. .. ..... 

' J. ... . 

to ~ o: 3b ( v'a.) ir: : . .a.l..e CC!':'Cl:'Cls. ~,.;::. 1,; c:;::t.rcls. 



'l'lJJLE 14 

(."OJ\I, 'l'/\lt '1UURIGENESIS IN H/\'l'S 
( M.icl.:Wcn, 197 6 ) 

y 
Nwnber Examined llistol03ically 

Nu11J.,er of Rats with 'l\uoors: 
Sqururous <.:ell Carcinant1, Lung 
ScJuaceous Cell Ct1rcina:1a 
lntranhdaninal Cardna-:\a 
M,11111;-iary Fihroadcn<Jllcl 
r·tammary l.denocat-cinuna 
Other 'l\mors 

Uvernll •rumor Incidence (%) 

I 
t -, <I ,. 

Controls Exposed 
Males Fcnlilles Males Females 

30 37 JU JU 

0 0 JU Jl 
0 l 0 u 
u 1 0 u 
u 1 0 ] 

0 l 0 0 
0 1 u 2 

0 13 lOU U2 

Y 'l'he original number of rats t~r <Jroup was 40. lb.1ev,?r, bccmme of 
ilUtolysis and/or cannibaliz..ation, a few animals \oA.!re unsuited for 
histopatl10lOJical exrnninations. 

(51) 
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TABJ..E 15 

2 
SlM-1ARY OF HIDE FUX>RESCENCE (ug/an) OF ICR--CFl MICE OORIOO 

AND AFTER EXPC6URE 'JU 00M. TAR J\Eln:iOL 

ICR-CFl Mouse 
3 Days of Exposure 30 Days Skin 'l\Jnors at 

Dose (119/m) 1 7 30 60 90 Post-Exposure 100 Weeks 

10.0 26.9 34.9 19.2 23.8 21.6 0 44/75 (59%) 

2.0 2.4 9.3 7.6 4.4 9.9 0 14/75 (19%) 

0.2 0.4 1.6 4.9 1.0 3.8 0 1/75 (11) 
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had been creosoting tir.iber for 40 years. \..arts had aFf)E:arec on his l·.anos, 

legs, and behind his ears seven years prior to reporting his case. '1'he 

warts had fallen off and left scars behind then. Eighteen r..cnths before 

the case was reported, a wart on the patient's scrotun had fallen off, 

leaving a small sore which never healed ano steadily enlargec. Three 

ront.hs before admission to the hospital, the glands of the left groin en­

larged; the patient steac.ily lost weight and grew wea~er. Cn acir.".issicn 

to the hospital, the case v.•as considered inCJ?=rable. 

( 3 ) Ccx:>kson 

Cookson ( 1924) rer,orted on a worker ~loyed for 33 :years to carry 

creosoted wcx:xS. At least 15 years before the case was rer0rtec, a s:-.all 

swelling appeared on the back of the worker's right hand. ':11e swellihs 

\or'OUlo occasionally break open and then heal ~ain. Atout 7 years later, 

the swelling increaseo substantially in size until the gro..t.h bad to l:e 

renovec1. A portion was exani.."'lec histolcgically prior to being excised 

and proved to be a ~'uc!I'lOUS epithelicr.a. Follcwing the r,at:ient's death 

several years later, an autopsy was perfoi:::::ed, and s:r..all seconcary epi­

thelia:-.atous cei;:osits were found in the liver, botl: lungs, ar.c in oot!1 

kidneys. 'Inere were also two seconcary ciei;:osits in tr.e heart walls. 

One in the left ventricular wall involving its whole thicl-.ness was t.te 

size of a walnut and was !::;,eginning to break dorwn in the interior. ';;:'tlf! 

ot..'ier was the size of a pea at the right borcer of the right ventricle. 

(4) Henrv 

Henry (1947) reviewed 753 cases of cutaneC\.!S epithelicr,at.a rE.­

rx,rted to tte British Medical Insi:;:ector of Fac--..ories frc:::r, 19:0 tc 1945 
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arx3 found 37 cases attributable to creosote exposure. Of these cases 14 

occurred among workers treating timber, 9 among pecple h&~ling creosote 

in storage, aoo 10 among people using creosote a.s a releasing agent for 

brick m:>lds. Cne case of epi thelicr.ia was re;;:orted ~ \wOrkers using 

creosote for the rnanufacture of furnace cn.cibles, arx:3 cne case among 

workers manufacturing creosote disinfectants. The author also reports 

two cases of cutaneous cancer not reported to the British tiedical In-
.. 

s~ctor of Factories: a railway plate layer handling creosoted ties anc 

an assistant chemist testing creosote for 16 ronths i."l a tar distillery 

laboratory. 

(3) ~nson 

Lenson (1956) described a shipyarc \IJCrker who hac worked with crec­

sote for three years. Malignant cutaneous tUI10rs of the face app:arec 5 

years after wor:king with the creosote. 'Ihe worker had beer. a painter for 

41 years and hac raixec his O\i.n paints, U?in;;J leac ar.d oils. 'IUrFent.ine 

aoo white gasoline had been used as paint rerravers. 

b. Animal Studies 

'Ihe folla.,,ing 6 anirr.al studies are presented chronokgically. In 

general they show that tum::>rs were procuced follc:wing dermal exp:,sL.re to 

creosote. As with coal tar, the Working Groop notes that the interpreta­

tion of sar.e of the early stuoies is limited by t.he absence of cootroJ.. 

data. However, later studies 'Which inclooe appropriate cootrol gro.ips 

generally cor.fim aoo reinforce the observations in the early studies. 

( 1) Sall and Shear 

Sall and Shear ( 1940) reported 01 several ex;:eri-nents ,,.,t,ich tested 
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the p:>tential of the basic fracticns of creosote to accelerate tur.cr ft'O­

duction by k;nc,,,n carcincgens. Fer..ale Strain A mice c:btained frcr. the 

Roscoe B. Jackson fierrorial Laboratory in Bar Harter, Maine, ....ere· used in 

all the experi"l'lents which included adninistration by skin painting and 

subcutaneous injection. In the skin painting experiments a mixture of l % 

basic creosote and either 0.02% or 0.05% benzo[a]pyrene was applied three 

times per week to the treated anir..als. Concentrations of benzo[aJpyrene, 

at 0.02% am 0.05% were used alone for two control groups; another ccn­

trol group was painted witi:. 1% basic creosote alone. '!'t.ere ...,-ere no ccn­

trol groups in which healthy ani"r.als were used for ~risen. The ria­

sults of the skin painting e~rir.ents L"iCicat.ec that tr..e basic fraction 

of creosote accelerated the tur.cr foc:-.at.ion when applied with either 0.02% 

or 0.05% benzo[a]pyrene concer,tration, although the basic creosote alcne 

prcduced no turrcrs. 'Ihe results of the intrarnuscclar experirr.ent are net 

discussed here because intramuscular injection is not a route of ex;.os..:r~ 

incluced in the criteria of 40 CFR 162.ll(a) (3) (ii)(A). 

(2} Wcodhouse 

Wcx:x:5house ( 1950) studied the c.arcino;enic activity of 16 F,etrolet.x. 

fractior~ an:: extracts, anthracene oil, creosote oil, linsee::9 oil, pine tar, 

and six spindle oils aemally applied to 50 groups of ten-..:eek-old, albino 

mice (undefined strain). Each test st.:bstance was ai;:plieo with glass ~ods 

to the intrascapular ar-ea twice weekly for 25 weeks. .Males a.rd f er.lales 

were tested in approxi:nately equal nur.ibers. '!he animals surviving 25 weeks 

in each test group were counted, an:3 pa;:,illanas ano carcincr..as were identi­

fied. Of t.~ creosote-treated a:-1i":'lals, 19 survived 25 wee.1-'..s; 19 turrors (10 

(5€) 

https://L"iCicat.ec


papilla.as and 9 carcina:;as} were reµ,rted. This _.;as the highest nu:::ber 

of tur:ors in the 10 treatment groups testec. There was no control group. 

(3) Lijinskv et al. 

A study by Lijinsky et al. (1950) evi:i.luatec:. creosote aoo its l.:.a.sic 

fracton as possible tur.ot-pra:-oting agents. 'i'he exp:rir.ient failea to den­

onstrate that creosote acts as a strong pra:-cter when aer.,ir.istered to r.:ice 

receivin; a single painting of 7 ,12-oinethylbenzla) anthrancene (l:::4JEh), but 

it did ce..onstrate that creosote is i.roepenc-ently carci.ncx:,enic. 
0 

The creosote used was a ";l oil, dry t=eint 2.;o c, collectec a.s a 

distillation fraction fran a ~-:ilton still." ':he basic fraction was :r:re­

pared by the procech.:re of Cai:::ot. et al. (l~4l)). '.:.'reatr:ient.s .. -erE: give.r. 

twice wee.'tly for 70 'weeks to focr grou~s of 30 fer.ale Swiss rr.ice. i,, si~ 

gle crop of the trea~nt solution was afpliecl with a glass d~per to 

t.lie intrasc.apular regicn of the skin, whicl: ..;as ke:::,t free cf hair t:· clip­

ping with scissors. A control grcup (Cr-~t:> 1) cor.sisting of Su mice -was 

treatec with the initiatir1:3 agent, 7,12-di.-:-etr,ylbenz[aJanthrancer:e (tt:.Ep.) 

given as ca H, solution in r.iineral oil. Group 2 was i:;,aintE-'C5 with \Jr.dil~ted 

creosote. The three remaining grou~"'S received a single initial painting 

of 1% tllBA. in r.u.neral oil; one .. -eek later they .,.;ere treated with unciluted 

creosote (Group 3), 10% creosote in acetone {Gr~p .; ) , er a 2~ ~sic fr.::.c­

tion of creosote solution in acetone (Gro1..p 5). ':i:'here 1.JE:re no ccntrOl 

groups in 'lw'iiich heal thy animals were useci for ~risen. 

The tl.Jil'Or incidence in tbe five: grol.,ps is snown in ?able 16. •~'he 

survival rate of the control anir:ials given Ci·:.Eh alone -as not given; v,n0ot­

ever t.bE: ir nur..ber, none of tte:-i were re1..ottea tc have cevelCf,ed t.ur.crs. 
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SKIN 'JU.UR INCIDElJCf:~ IN mci:; 'l'Hl::J\'l'U> wrm OU:.u:iUI't 
CarcinocJen /\ssessment Group (CI\G), 1lJ77 

Group 
Initial 

PaintincJ 
'lwice Weekly Incidence of !/ Nos. of 

PaintinCJ 'l'ui1or-llearing Mice Papillanas 
I-us. of 

Carcinanas 
l\veril(Je Latent 
Period (weeks) 

l l't LNB/\ lone 0/50 (0%) 0 u 0 

., 
&. None Crec~ote: 

UJKHluted 
lJ/26 (50%) 7 If, 50 

3 1% U·IB/\ Creoc .. mte: 
undiluted 

17/:lJ (7,16) 6 26 39 

4 1% Ulll/\ Creosote 
10% in /\celone 

11/2'.J ( 30%) 7 u 43 

5 1% 11'11\/\ Cr:t!O!;Ote : 2% 
l\c.isic Ft·action 

0/12 (0'6) u 0 0 

!/ In group 1 there were 50 animalH initially. In ~Jrwps 2, 3, mxJ 4 the dena:1inator 
is the nunl>er o[ Hurvivors at time of t•p[..earance o( Urnt twror. In lJL·oup 5 there 
then! wern 12 survivors at 5b weeks. 

t 
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In contrast, there was a high tur.cr rate for ar.i.ma.ls pr~treated with 0-$.!.. 

an: then treated repetitively with either undiluted or 10% c:recsote. Scr.e 

enhancer.ent of the act.ion of a single initiating dose of 0-1.EA t.1as noted 

when given with undiluted creosote (SO~ vs. 74%), alt.hough the difference 

was not significant. Dilution of the creosote to 10~ in acetone dir:u.nished 

the tur.or producing action of I:t·!BA plus creosote, -..nile t±e basic fraction 

did not prove to be a-iccgenic. 

In a canpanion study (Liji:1Sky et al., 1956) the crecscte was d1ern­

ically analyzec for benzo(a]pyrene, but less than 100 rrg of ber.zo[a)pyrene 

w·as found per liter of creosote, an a.~t the authors cor.sider toe s:,all 

to account for the carcino;ienic activity of creosote. 'It:ey suggested t11at 

scr.,e of the carcino::;enic activity may result fra:l tte presence cf ber.z [a} 

anthracene which was found in a relatively large c;uantity (2. 75 c;r.✓ liter). 

The results of this stucy sr.owed that undiluted creosote alor.e pro­

duced a carcinogenic effect which was slightly augrrentec by the initial 

Il-lBA treatment. \·men the creosote was diluted to 10% t."le prcr.oti."19 ac­

tion was scnewhat di.TJ.nished in relation to t.~e ur-.oiluted creosote. The 

basic fraction of creosote at a 2% strength was inactive. 'Ihe authors 

rer:ortec that the carcinCXJenic p::,tentia.l of tt.e undiluted creoso~e 'waS 

ccr.;;.arable to results founo with Il-:.BA, a potent carcinogen, in a si!:iilar 

.. 
test conducted at the sarre laboratory. 

( 4 ) Peel an:l Kar.ir.er 

Poel arx3 Ka.'!lr.er {1957) tested t\JO •creosote oils" for carcinogenic 

F,Oter.tial on male anc fe.-na.le mice. In the intrcrluction to their ~rt, 

Poe:l aro l~r cescril:ec the di:ferenci: :t.:etwt:en t..~ definitior..s of ccal 
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tar fractions as they are classically cefineo arx.J coal tar fractions as 

they are i.ntlustrially used: 

The crude in:iustrial fractions distilled fra;, high­
temperature coal tars are designateo light oil, mi.aclle 
oil or napttalene crude cut, heavy creosote oil, an­
thracene oil and pitch (Tei..ble 17) • h clear cut sefcra­
tion of tar into these distinctive fractions is usually 
not practiced on an inciustrial scale. In fact, such 
tetr.is as creosote, heavy oil, and anthracene oil have 
been used synonyr.ously, w'hile certain industries to 
this day designate scr.e pitches as "tars". !~ost of the 
rerketed oil products are blends or sr.iears, containing 
both creosote and anthracene oils plus varying ar.ounts 
of the resiaual fractions frcrn the ni.cldle-oil cut - the 
fraction sgo..n in Table 17 to .r.ave a belling range of 
2CO to 250 C. 

The tw'O "creosote oils" usec.1 in the st.uc.iy \were c.Jescribea 1.,y ?eel 

and Ka.-::ra:r as foll0w-s: 

Eoth are fractions fra:i a higb-terrperature horizc.~tal 
.t::,y-proauct-coke-oven tar. Cne is a crysW-::ree oil, 
li:ial::l~etec as a blend of creosote, ar.thracene oils, and 
the oil crainec fro:, the na~hthalene reCC",/t?:)' o:....era­
tion. '!..~is blenc of oils .r.as been described as non­
toxic to hl.ir.ans a.n= is used princifclly for the ~re­
sei:vation of ',,,,'CCC.... 'It.e se:ccnd ~le, considere.-6 
a light crecsot.e oil industrially [':able 171 is the 
residual oil draine<J frco the r..aphthalene recovery 
q;:eration. 

The blended ~le was tested in toluene at two dilution levels, 

20% and 80%; the light creosote oil was testeci at a 50% ciilution int~ 

luene. As a i:;ositive control, benzo[a]pyrene was testeci in tcluene cat 

two dilution levels, o.cs~ arrl 0.25%. ~luene was tested as a negative 

control. 

':'he test anir..a.ls ~re CS7L r::ice, fer..ales, 10 to 12 weE:ks olo anc 

r..ales a to 11 ~er.s clc. ':he test solution was a~liec thi.·ee tir.es per 

week on the sr.aved Lack o:: each r..:::,use for its lifespan 01: until t.=,e:-sis-
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i,t it_ ,rox 1J•1ute L·'l:uct icm 
l1iHtil l;9c\ion J.•,x;«Nen ... -<I h iridpc1l Cui;1x)nr~nb1 

l:tinqe ( C) Fru:1 TiJr ( fii) o( Ft·..ict iufl 

,. 
J I t:I 1zcn(: , 'J'ol, 1t'lll!, 

;-:ylcnc, ::olv1.:11t lil•(hthil 

llid<ile Oil 17 'J~L- /\cid:;, •~•or LD:~:;, 
IJa1,hU1.:ih.:11l:, L.iyht 
CL1!1l!.;ot<~ oil ( n:~;idue) 

Ctcc~a •lti Oil 2!,11-)110 7 Mc.:1:1 ,y l<1tc.:d t!,11 :htl 1...ilt:n1.::;, 
ll:e;,vy) h:en.:111hll ,,~nu 

._, /IJ 1\.11l'uCcnt! Oil )llO-JSO (' F.luon:11c, rll,:rii1nt.l 1nme, 
il11 llin,<.:t •111 ! , Cm bazole 

l'itd, > ]"::,l) (12 I 1i b:I, oil, t,,LI ,u11 



tent papillanas clevelopeo at the application site. :Results of the test 

are found in Table 18. 

'l'hese results show a significant increase in tur:or incidence after 

topical treatment with ooth concentrations of blended creosote as c~ 

pared to t..~ incidence prcxluced by t..'1e toluene control. All mice exposed 

to tx:>th dilutior.s of the blenoed creosote oil oevelc:ped papillanas, and 

7 of the 8 in each dilution group cievelcpeo carcincnas. ki¥::>n":3 the creo­

sote-treated animals that develcped carcina:ias, 5 of 14 had rretastatic 

grcwths in the lungs ar.d/or the reg_ional lymph ncx:5es. '!'he 50% soluticn 

cf light creosote oil in toluene prcduced turrcrs in all 11 r..ale C57L-:-:-.ice 

tested, after e;q:osure ranging fra.-, 22 to 41 weeks. It was not reported 

whether the tur.ors were malignant or not. The presence cf benzo[a]pyrer.e 

was testec for in light creosote oil arx:l in the anthracene fractior: cf tl,e 

bleooed creosote oil (where it tr.Ost likely would te found). Detectable 

levels were not observed, and the authors concluded that the tur:or res­

:i;:onse seen was cue, at least in part, to other agents. 

In sura-nary, oerr..al application cf light anc blencSe<: creosote oils 

fran higb-ter..perature-coke-oven-tars i.rx:uceo significant increases in 

skin tl.L"".lOrs on mice. Most of the turrors fra.-. the blencec oil wer1::: car­

cinanas. 

( 5 ) Boutwell ar.d Bosch ... 
In a stooy \.rhich evaluated the tun'Or initiating aro prcr..cti."')3 ac­

tivity of several chenicals, inclucing creosote, an:: tr.e carcincgenic ~ 

tential of crecsote ,:ithout the use cf initiating er prcnoting agents, 

oOUtwell arc Besch (1958) found that creosote was carcino;enic wt:en ~.,_ 
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TABLE 16 

'IU'DR rn::x.JCTION m C57L mcr TREATED \·;'!Th Bu::rir;r:r., 1/ 
CREOSUI'E, UQ-i7 CRE.osarE, BL'-;ZO la] PYRE!~E, ~;I.) mu..nu:-

Cone. in 1.:0. Mice No. Mice with t-io. i lice with 
'l'est ~:.aterial Toluene(%) with 'Iur.acrs Eoiderr.al cancer Metastasis 

y y 
Creosote Blend 80 8/8 (100~) 7/8 (88%) 3 

2/ y 
treosote Bl~rc 20 8/8 (100%) 7/8 (88\) 2 

2.1 !I 
Light Creosote 50 11/11 (100%} 

y 2/ 
Senzo[a]pyrene 0.25 8/8 (100%) S/8 (100%) 2 

Senzc [a] pyrene o.os 8/9 (89%) 7/9 (71:>%) l 

Tolueme Control o.o C/10 (0%) 0/10 (0%) 0 

y Fer.ale C57L rr.ice were used i:1 all grcups except light crecsote wtiic:-: 
used males. 

-5 
y Significantly r.igher than controls (p = ~.3 X 10 ) • 

-4 
y Significantly r.igher than controls (p = 2.5 x 1c ) • 

~ 

,!/ Signi:icantly higher than controls (p = 2.8 X 10 ) • 

~ The light creosote oil was acIT~nistereo as one drop of 5~% {in tolu~r.e) 
creosote oil alc:ng with one drop of toluene. 
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plied to raouse skin, and tr.at it had the ability to initiate tuner fotr.ia­

tion when applied for a limited period prior to treatr.ent with croton oil. 

Tue mice used in the test were 8-week old, randa:i-bred fer.ale aloino nice. 

'lhe creosote .,..as tested at full strength as obtained fra:1 Barrett 

Chenical canpany. 'It,e trade name of the oil is Carbasota. It is described 

as "fractions distilled fra;i a high temperature cd~oven-tar in the boil­

ing range of 200 to over 400°c." Croton oil arrl Dll:!A used in the study 

were dissolved in re-distilled benzene. Solutions -..ere protected frcr:i ex­

FQSure to light arx::l eva;oration. 

The solutions were applied as a 25 ul arcp to the shaved skin of 

the back. Mice were inspected for tun:::,rs weekly and i:a,pilla::-.as larger 

than l m.i in diameter were counted. The gross identification of bot:r. 

benign and malignant tur."crs was coofirr..ed periccically by micrcscopic 

exarnL-iation. 

'!here were 30 female mice in each grouF. '!he group applications 

were as follo,..,s: (Croup l} one drq:, ( 25 u1) of uncilutec crecsote twic~ 

weekly with no initial treat:r.ent; (Group 2) one application of 75 ug 0-iSA 

followed ( one week later) with 25 ul of benzene twic:e-\wleekly; (GrOJ? 3) 

single applications of DlBA as in Group 2, follo..ed after one week with 

twice-weekly applications of 25 ul undiluted creosote; (Group 4) same 

initial treatnent as in GrOJpS 2 and 3 but foll~ with twice-weeklf 

applications of 25 ul of a 0.5% croton oil in benzene solution: (Groo:E=, 

5) croton oil alooe with no pre-treatment: (Group 6) undiluted creosote 

twicE!-\oleekly for four weeks only with no secondary treatr.ent: {Groop 7) 

unc:iilutec crecsote twice-,<,.'eekly for four weeks follcwed with croton oil 
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as in Groops 4 ~ S. There were no controls in ·which healthy animals 

were used for ca;;:parison. The length of obsetvation of each grcup was 

oetemined by the cat'Cinogenic response (Table 19). 

Papillcr..as ana carcinm.as aevel~ in all groups given creosote 

except Grcup 6, where the duration of treatment may not have been long 

enough. Ca.parison of the results frcr.i Groups 6 and 7 sha.: that creosote 

can act as an initiating agent prior to the ar,plication of croton oil. 

Pre.-treatment with rt~ slightly reduces the iroucticn ti.ile of tur.-ors 

pro::Sucec by repeatec continuous creosote acr.:inistratior.. 

(6) Ree et al. 

Roe et al. (1958) found that anir.als receiving cetr..al awlica­

tions of creosote oeveloped tur.ors of the skin anc the lungs. 'n"le stucy 

consisted of two experir.lents. ':\.lo to thre:e-r:onth ola r..ice we:::-e cbtai.nea 

fran a cxr.'i!!'ercial breeder for the first experi.I'!".ent. Prier to treating 

with creosote, the authors cbsetveo a total or 766 lung adencr.as_ on the 

lct,e surface of the lungs of 138 r.ice (an average of 5.8 aoena:as per 

r.ouse) at 6-8 ix:nths of age. Since the ccr.rercial breeder had usec crec­

soted wcx::oen t.cxes to house the anir.-als, it was detemi~ ~at the lung 

adencr..as were t.1-ie result of housinc; t."le ar.ir.als in these boxes. Scne of 

these mice were alla.;ed to lJreed in steel cages in the labcrato~·. ';he 

resulting proge."lY -were found to have an average of only o.s ade~cnas ]:'er 

animal. ~ groups of the fourti1 generation cf the original nice were 

used in the first exp:rir.-.ent. One group \.,as bred in stainless steel ec.--ges 

and 24 cf the resulting pro:;eny l Gro...-p l) ~re kept as untreated controls 

for eight months. ".:wenty-five progeny (Cra..7 2) were treatee ~ice--wce}:.ly 
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'l'ABLI·: 19 

SOIEIJUIJ:: 01-' '1'lllil\'l'MEt-n.'8 I\NU 'J.UUR INCIDENCE HJ MICE t:;X!WED 'l'O U-1UI\ /\NU OlliU:iCJfE 

Group 
Initial 
'l'reatment 

Secoodary 
'l'reatment 

(2x/wk) 

l'criuJ of 
1'reatment anrl 

Observation (wks) 

Induction 'l'ime 
Carcincmas 

(wks) 

lnci<lence y 
of Carcina:1as 

(%) 

1 Jlbne Creosote 20 26 
y 

82 

2 

3 

4 

75 Ul_J L.Nlll\ 

75 ug UUV\ 

75 U<j l.ltB/\ 

Uenzene 

Creosote 

Croton Oil 

56 

2U 

54 

23 

36 

y 
82 

y 
uo 

5 t-b11e Croton Oil 44 

b 

7 

Creosote, 
4 weeks, (2x/wk) 

Creosote, 
4 weeks, (2x/wk) 

None 

Croton Oil 

44 

5(, 44 
y 

46 

!/ For yroups 1,3,4, and 7, 011ly percenta<Jes \oJet'e 
carcinana percenta(_j~s were reported for Groups 
'!his incidence \-,as n .. -con.led at :w weeks. 
'J1iis incidence was n~unJed at 4:l weeks. 
'Iliis incidence Wa!i n.-corded at 44 wcckH. 

reportt.'C11 no 
2, 5, or 6. 

i 
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an the backs with one drq? ( 25 ul) of creosote oil ( Carbasota) fro., the 

age of three 1weeks until six rronths and were cbservec for two ::onths lcr:-

ger. The carbasota was prcducec by the Barrett Chemical ca::r-,ar.y and ,.,.-as 

described as "a r..aterial in the boiling ra~e of 20u0 c to ever 40UOC 

distillecl fra71 a high ter.~rature coke-oven-tar." Prcgeny frcr:1 the seconc 

group of the fourth generation mice were bred in wocden cages wbich \-iere 

"ttorougl:-.ly impregnated with creosote oil." They proouce5 29 young (Crcur, 

3). Gro.ip 3 mice were kept in the cages for the curaticn cf t.~e ex?,eri"T.e~t 

arc were treatec for five r..onths with crie drcf? ( 25 ul) of creosote oil ( Car­

basota) applied twice-weekly after which they were keft for three ~nt.r.s 

without treatrrent. After eight rronths Grocp l hac a.~ average of less tr.an 

0.5 aaena:ias p:r nl:;jUSe. Group 2 had a.L~t six per r:ouse and Grou~ 3 al­

most 11 fer r.iouse (Table 20, Experi.~ent l) • GrOUFs 2 aoo 3 t.ogether tota.l.eq 

53 mice. Of this m.1r-.ber, 5 bcre ski-:1 tur:-ors tut no lu."is tur,.ors; nir,e r.ac.i 

lung tur.ors tut no skin tu:':lors; and 39 bore beth skin and lung tumors. 

The incidence of skin and lung tun,rs in tr.e C...'"'ntrols was net c_;iv~n; the.-re­

fore, a statistical analysis of the cor.trol versus the ex-,c,-e::i'°,er.tal groops 

is not r,ossible. i-b,;ever, the tot.al n~r cf lUP.g acencr::as in Gr0.!:;;:s 

2 arc 3 was greatly inc-reasec over those cf the controls (GrcuL) l). 

In the secorxl experi..~ent, randcr::-brec:l albino· r..ice were obtain~ 

fran a supplier who usec only metal cages for breecing. 'll,e control­

group {Group l) of 50 ani-:ials consisted of b.'O groups fra.\ a related 

study (Boubo.-ell and Scscb, 1958), in which one group was treat.ea initi­

ally with 75 ug of tt-!E.~ follc:,.,-ed by a twice--.;eekly application of 2.5 ul 

cf a O. 5% solution ( w/v) cf croton cil in uer.zene; and the ot.t:-er group 
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TABLE 20 

'!HE EFFECTS or CREX:sOI'E 'I'RFA'IMEl:T ON 'IBE INCIDENCE OF LulJG 
AL~-~ (Carcinogen Assessment Group, 1977} 

Menccas 
al Lung Adenc::r:'.as 

EXPerilrent Grouo Treatment No. of Mice Surfaces per :-10use 

l l None (control) 19 9 0.5 

2 One drop of creosote 
2 ti.Ires/week for 23 
weeks 

24 139 5.8 

3 One crop of creosote 
2 ti,.-es/week for 19 
'ffeek.s in creo.soted 
Cages 

29 315 10.8 

l lni tial treat:rrent with 50 15 0.3 
75 ug of Il1E.A follC1w1ed 
~ or..e drop of croton oil 
or benzene 2 times/week 
for approximately 55 
weeeks (central) 

2 One dI"q) of creosote 2 23 37 1.6 
times/week for 4 weeks. 

. .. 
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'was treated initially with 75 ug of C:·i?h follOn'ed by a twi~.J:ly a;:;?li­

cation of 25 ul of benzene. 1-0 untreated ccntrols 1,;ere usec. ~e test 

groop of 30 anir.lals (Group 2) was treated wice---weel:ly for four ~..s 

nine tir.es) with one crcp {25 ul) of creosote oil and thereafter ket=,t ~ 

der observation without further treatr.,ent. ht 10 Tionths 15 adena,1as \:e?:"e 

seen in the 50 survivors of Croup l. On the ctr.er hand, t..'"le: 23 survivors 

of Group 2 !:ore a total of 37 l~ tur..ors (Table 2C, E:i-.-perinent 2} • r;o 

s>~in tunors were reported :or any of the nice in E.xperir.,ent 2. 

4. Coal 7ar ~;eutral Oil 

No hur.-an stucies were fOIJI':C on coal ta:::- neutral oil. ':'r.e foll::N;ir.g 

t.11ree anir..al st1..'6ies on coal tar r.eutral oil are ~resentec chrcr.olo;ically. 

(l) Cabot et al. 

catct et al. (1940) t2ir.ted albino "r..arket" :r...ice i,.;ith benzene sc­

lutior.s of various creosote oil fractions together with ber..zo[a]pyrene. 

'I'he fractions of creosote were prepared fro;-. a creosote oil obtained :r-a:-, 

a vertical-retort coal tar: 9C% of the crecsote oil cistilled beo.;een 
0 0 

160 C anc 300 C (Fraction 1). 'The basic ccnstituents 1,,,~re first rer.cveo 

frcr.1 crEosote with aqueous hydrochloric acic (Fraction II); tbe p.l-ie:r.ols 

were t"E!'iOVed with aqueous scxHun hydroxide (Fraction III). ~e rer..ain­

ing neutral r.-.aterial (Fraction IV) was stear.1 distilled, prcx:h;cin; "neu-.. 
tral distillate" or neutral oil (Fraction V), ancJ leaving the "r.eutral 

resici.:e " (Fraction VI). The six fractions \Jere dissolved in benzene ccn­

tai.r.ir.g eit."'ler 0.2% .or 0.05% ber.zc[a)pyrene. ,;,,ese solutions v.-ere paintecl 

on gro..ips of 20 r.iice thn:e tir..es wee.'tly for 2C wee)~. 'r'hereaf ~er, the 
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solutions containing 0.2% benzo[a)pyrene were a?Pliea twice-weekly for six 

additional weeks. With the solutions containing 0.05% benzo[a)pyrene, the 

the painting w"aS continued three times per week for an additional 18 weeks. 

When a papillana appeared, painting was continued until the skin growth 

attained an average diameter of aboot 4 millirreters. Control groups were 

painted with benzene solutions containing either O .2% or 0.05% benzo[a] 

pyrene. lb 1.mtreated controls were used. 

Skin turrors occurred sooner and with greater incidence in animals 

tested with the high ben2pyrene concentration than with the 1""7 concen­

tration treatnents. Four of the fractions had lower rates of tu:tor for­

mation th,an the rates pro:3uced by benzofa] pyrene alone. 'Ihese four frac­

tions were the parent creosote mixture, the phenolic fraction, the concen­

trated neutral distillate, and the neutral resioue. 'Itle authors attributed 

the inhibitory ef feet of all but the phenolic fraction to skin ca'ilage, but 
. 

suggested further ~rirnents on the inhibition mechanism of phenolic 

fractions. Of the two prcrnoting fractions, or.ly the basic fraction ha:'l an 

enhancing effect at both benzo[a)pyrene concentrations. 

(2) Berenbllml and Schoental 

Berenblum a.rd Schoental (1947) extracted a horizontal-retort gas 
1/ 

tar- with light petroleum, then removed basic an:3 acidic constituen~ by 

shaking with dilute HCl follc,..;ed by dilute NaOH. 'llie renainin; neutral 

y Although gas tar is made £ran coal, it is sc:rne'ilwTlat different fran bi­
tuminous ccking q?eration coal tar which is used for pesticide produc­
tion in the united States. ~ Worki~ Group, however, decided that 
the physical arii chemical characteristics of the two are similar enoo<;h 
to make the :results of this study relevant .• 
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fraction was chrcoatcgraphed and five coal tar neutral oil fractions 

were separated: 

I. All bands up to and including anthracene 
II. After ar1tr.racene, before benzo[alpyrene 

III. Benzola]pyrene bards 
IV. Fluorescence bands 3Sl, 412, and 430 r:u. 
v. Fluorescence bands at 385 mu, and residue 

The fractions "-Ere tested dem.ally on groups of 10 mice anci 5 ra...-­

bi ts, for periocs of 17-26 vw-eeks, ano were aE=?lied cnce a week on nice 

ar-.d twice a wee.~ on rabbi ts. !..o untr~ated controls \o.ere used. Fracticn 

II was onccgenic to rabbits (5/5), but net to ~ice (C/11), Fractions IIl 

and IV 'were onco:;enic to l::oth rabbi ts { 5/5 a.'"'.c 4/5, resr.ectively l ~ • .c !:'.ice 

(7/lC and -3/10, respectively). Fraction v ci:3 not r,rcc.uce tt...""."Ors in r..ice 

or raobits. '!be results cf Fraction I were not ri:fX)rtec. !Gne of ti:.e 

aystals obtained fra:-, any of the fractions were onc:o:Jenic to r.-ice or 

rabbits, which suggested that. the CT1.cc:genicity of the fraction rer.\ai.~er.; 

in the r..cther liguor. 

(3) tiorton 

As discussed earlier, horton (1961) evaluated tr.e carcinc::r::Jenic ~ 

tential of coal tar arrl several coal tar fractions i1_1cluoing coal tar 

neutral oil. · In sepa.rat:ins the coal tar fractior.s, coal ta:: acic \<.as..ex­

tracted with a 9% aqueous solution of scciurr. hycroxice fro:, filtereci ~n­

zene solutions of two diffi=rent coal tars. "ihe raffinates frCT.t tr.is so­

di:r.l hycroxice extraction of the tars were l':i.ixeci with celite, as,it.atea 

wi tb concentrat.ec HCl, aro ther. fil terec. The tar bases rer.,aineo en the 

-
celite: as solic1 hydrochlorides. 'Ihe tar fractions frcrn -..bict tr.e acids 
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anc bases had been rernovf:O wert: subjecteci to repeated contact with r.ia-

leic anhydride in benzene solution at bO o C to extract the neutral an-

thracene-type of hycrocaroons ( the ne;tr:-al oils). ':he a::lciucts fonneo 

with ITaleic anhydride were nlixed with ~ered soca-lir..e, anc the neu­

tral oil was regener:-ated ~'Y short path distillation at a dull rec heat 

at atr.ospheric pressure. ~e rer..ainin;; residue after extraction of tr.e 

tar acids, the tat" bases, ard the neutral oil hydrocarbcns 1,,,-as called 

the residual tar. ':he tar acids ano the tar bases \..ere cissolved in ben­

zene at a concentration equivalent to their concentrations ir. t.'1e crisi­

nal ccal tar. 'It:e r..aleic af'l.hydrice fraction ( the neutral oil) was tE:Ste: 

in a 1~ solution of benzene. '!he resicual crude tars were tested at lCCJ\ 

concentration; in aocition, one of the crude tars was tested at a SU% ccn­

centraticn in benzene. 

Ten-m; coses of the two coal tars a.no the dilutec coal tar "'-ere 

oe:crrially aP9lied twice-wee.\:;ly to IXlUSe skin ( the nur..ber al'ld strain of 

mice tested was not stated), anc 10-o; c:::::ses of the fractions arc r~ 

sidual tars were applied three times per \or-eek. t-b untreated controls 

were used. The time of the tur.or gp?=arance was noted, and the relativt: 

carci:-io:,;enic potency of the different test sui.>stances was calculated co 

the basis cf diffe~nces in ti'i'le""'tO-t\r.Or. This i.roex was referred t.s; 

as the _EX)tency for a minimur.i concentration of r..aterial (Pt·iC). A high 

PMC value means a greater carcin03enic potency. S.i<.in tur:ors ap?=ared 

r.-ost quickly frcn tt'le residual aoo C'-"Uce tars: 24.8 ar:c 23.6 weei~ a.rd 

18.4 and 13.4 we£:ks · fra:i their respective residual tars. ?-b tur.iors \~re 

rei;::ortea fran the acidic fractions of e-ither tar. 'Ihe basic fract.ior-.s 
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of the two tars produced tunors in 48.6 ana 40.6 weeks, res:t;:ectively, an:i 

the coal tar neutral oils (maleic anhydride extracts) fran the two ta.rs 

produced turrors in 34.l and 32.l \¥eeks. '!be PMC values indicated that 

the residual arrl crude tars were most carci~enic, with calculated values 

of 0.14 an:3 0.22 for the residual tars aIX3 0.13 a.rd 0.14 for the crude 

tars. PMC values for the ccal tar neutral oils \¥ere 0.05 an::3 0.06; the 

PMC values for the basic fractions were 0.03 and 0.04. Since no tuJTOrs 

\¥ere prcduced by the acidic fractions, FMC values -wiere oot calculated. 

5. Conclusion 

a. Coal Tar 

Shambaugh (1935), Mauro (1951), and Rosmanith (1953) rep::,rted en 

fishetmen and net loft workers, tar distillery workers, and a tar worker, 

respectively, who had teen occupationally e~ to coal tar arx:i 'Who haS 

develcped skin ca..~cer. In animal studies, detmal application of coal tar 

prcduced skin tunors with mice [Horton ( 1961) , Sha.bad et al. ( 1971) , 

Watson and Mellanby {1930), Tsuitsui (1918), Hueper and Payne (1960), 

Deelman {1962), Bonser and Manch (1932), Gorski (1959), am Kennaway 

(1925)], a.nd rabbits [Yamagiwa and Ichikawa (1915)]. Inhalation exp::,sure 

to ccal tarr proouced lung tuitcrs in mice [Horton ( 1961) , Mac:E.\<len et al. 

{1976), Horton et al. (1963), and Tye and Ster.mer (1967)], and rats [Ma~n ... 
et al. ( 1976)] • Exp::)sure of mice to coal tar aercsol also produced skin 

tum::,rs (Mc:Connel and Specht, 1973; and Macewen et al. 1976). 

Borton {1961) found a do.se response for skin tu?Tors in mice follo-i-­

ing de::mal application of coal tar. McCon..,ell an:! Specr.t ( 1973) an::'l 
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1-iac::;wen and Vernet (1976) four.d a dose resµ:nse for s}dn tuTors ir. I°'-CFl 

r.iice folla,.,,ing inhalation exposure to ccal tar aercsol. .hcrtcn (1%1} 

am ricConnell anc Sf,echt (1973) also fou.nd tli.st the tir..e.-to-ti.::-.cr .....-as cjos~ 

related. 

'Ine i:orkirr,J Group concluci~s that coal tar prcx::ucec tur:ors in tliree 

species of animals: r..ice, rats, anci rabbits; that t.urxir resi:-,Cnse arx:: tir.e­

to-tur.or in the Horton ( 1S61) , !•icCor.nell an: Specht ( 1973), a.no :1ac1.:·wen 

ar.d Vernet .(1976) studies were dose-related: and that ;.;orkers occ..:~ticr.­

alll· ex;_:oseo to coal tar develq_;ed t:L::Drs. ':°:"'.:e '.icrkir:c.; GrOl.IF- t:.us ccn­

cl1,;c.1es that coal tar is an oncogen anci ti~t it excE:tds the criteria of 4C 

era 162.ll(a}(3)(ii)(A). ~.cccrdir.gly, the Agency is issuir'~ a ret.~tta:.;.l~ 

~resl.l:""~tion against all :pestici6es containing coal tar. 

b. Creosote 

Henry ( 1947), Lenscn ( 1956), C 1 :.:Cncvan ( 192G), Ccckscn ( 192-t), an:; 

Hackenzie (185'8) described varicus kinds cf \-.orkers ... to were occ~~ticr.­

ally ex--~e<J to crecsote ard c~velq:ec ski..'i tur.ors. tet:r..al aFrlic:aticr. 

of creosote pro::iuced skin tt.::r.ors in nice [i·;oocho..:.se ( 1950) , foel ar.ci 

Kar:ir!er ( 19 S 7 ) , Li j insky et al • ( 19 56 ) , Eo,.rt" ... iell ar.c Bosch ( lSSe. ) , a,.-.:,; 

Roe et al. (1958)]. Roe e~ al. (1958) also found t.:-,.at cex=al apflic,;;.t.icn 

of creosote to ti.ice pra:1uced lung twr::ers. Co..it\,-ell an: Cc.sch {195b) ... 
:our..,j that c:recsote had trje ability to initiate tur:cr fot::".ation wr.e:i at'­

pliec for a lir.\itec pericx:: prior to treat:r-.e:nt with croton oil. sall arx5 

Shear ( 1940) found that the mr.J:.e::- cf skin tl.i-:-ors was ir.creasec i....··y 6et­

mtl t..reatl,£.r.~ h'i th creascte ar.ci benzc ( a] 1-,-yra-,e ever the r.ur:'.ber cf t.:..Tors 

f'rccucec by b~.zc l al t'::,rrer,e er cn-cscte alc.ne. ':he ~;orkir.--:, Grc.;_;~ ccr.-
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eludes that crecsote ;;roouces tur:ors in rnice; that creosote, \.Jbc.m ot-'!:-'liec 

denrally, is a tllI!Or-ini tiating agent 'nhen follo..-E:d by ce"J:r."iil treat:-ent 

with croton oil (Boutwell arii Bosch, 1958): that creosote accelerates the 

tur;or frcducticn causec t.-y benzo[a]r:,yrene (Sall c::Uld Sliear, 1940); ar.d 

that. workers occupationally ex:.:.osed to creosote cJevelo~ tur:ors. '!'he 

WorkiN:i Cro.lp concluoes that creosote is an cncoyen and exceeds tt.e cri­

teria of 40 CFR 162.11 (a)(3){ii)(A). Accordingly, the Agency is issuing 

a rebutt.al.)le presur.:ption against all :pesticides ccntaininc:2 ccal tar. 

c. Coal Tar Neutrcl Cil 

Horton ( 1961) found that der::-.al c:i1,:·:E?licaticn of cCctl tar r.eut::-al 

oil to mice ::;rccucec skin tu..ors. Eereni.;l~ ar.J Schoer.t!:al ( lS.47} fOl.!.'1~ 

that several chrcr.atcgra~.ic fractior.s of ccaJ. tar neutral oil r,ro::h.:ceo 

skin tumors when dem.ally applied to ;:;ice. Catot et al. (lS.;u) fcl.!.--:d 

that r~ixtures of coal tar neutral cil \Jith benzo[a]pyr~ne C:ecreased t!:e 

number of tl:.'Ors prccucec by benzo[a]pyrene alone, but sugsestecl ~t 

this inhibiting effect ....,as due to skin oar.age. The ~-.:orking Grcu~ ccn­

cluces that coal tar ne1,;tral oil prcx;uces tur.ors in r.-.ice, ari! t.--iat as an 

onccgen, it exceeds the criteria cf 40 CFR 162.11 (a)(3) ( ii)(h). ~cc..-ord­

ingly, the AgenC}-· is _issuiny a rebut table ::;resi.z-:-;;ticn against al~ ?eSti­

cides containing coal tar ne1.tral oil. 

b. r~utagenicity 

40 CFR 162.ll(a){-3 )( ii) (A) provides that "a rebuttable ,E:resl.i.l7,ption 

shall arise if a pesticide's ingrecient(s), r.etabolite(s), or lesraclation 

prccuct(s) ••• ir.euces l!lutagenic effe:cts, as cetei.i::inec by r::u:tite-st evi­

dence. h 
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In detemining that this criteria was exceeded, the Working Group 

considered reports by Silmon arx3 Poole (1978) arrl Mitchell am Tajiri 

(1978) who examined a creosote mixture of Amedcan Wocd Preservers' Asscr 

ciation (Ah-PA) specification P-1 and a o:,al tar-creo;ote mixture of JHPA 

specification P-2, Class c. '!he N-t"PA specifications for P-l and P-2, 

Class c, are fow,d in App:ndices A and B. P-1 creosote is used for founda­

tion piles, fresh-water piles, telephone p::>les, utility poles, fence p::>Sts, 

ano other land ard fresh-water uses. Oass C P-2 coal tar-creosote is 

used primarily for railroad ties (Gibb, 1978c). 1!l vitro microbiolcgical 

assays with four strains of Sa.1:nonella typhin-.uriurn, TA 1535, TA 1537, TA 

98, and TA 100, and Escherichia coli WP2 (S:iml'lon ana Poole, 1978) a."ld in 
. - -

vitro mammalian cell bioassays with L5178Y nou.se lynphcma cells (Mitchell 

and Tajiri, 1978) were conducted 01 both of the coal tar-crecsote mixtures. 

1. Sinm:>n and Poole 

Simlron and Poole (1978) conoucted in vitro microbiological :nutageni.c --- . 

assays on P-1 arrl P-2 using Salrronella tvohi.."TU.lriurn and Escherichia £2.ll. 

strair.s. 'Ihese microbiolcgical assays w1ere concucted l:oth with arrl without 

m:tabolic activation. Metabolic activation was pI'OIJided by use of an ArO­

chlor 1254-stimulated rat liver haxqenate. Metabolic activation provides 

m:tabolic steps that the bacteria either are incapable of coooocti.ng ... or 

do not carry out under the assay conditions .. 

'lhe Salm::mella strains used were all histidine auxotrq?hs. 'Ihey 

inclliled: Strains TA 1537 an::3 TA98 which are sensitive to frarneshift mu­

tations, TA 1535 which is sensitive to base-pair substitutions, an::3 TA 100 

whieh is sensitive to base-pair substitutions and sane frameshift mutations. 

The!• coli WP2 strain is a tr:YPtophan auxotrcph a.rd is ser.sitive to base-
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pair substitutions. '!t;e results cf the r:-il..tagen tests on Fl anc l-'2 ar~ 

founc in Table 21. 

Except at the higher doses \o.nich were toxic, creosote Pl and coal 

tar-creosote P2, Class C, when T.'letabolically activated, cenonstratt.."<.3 a 

rnutacJenic dose.-response and a coubling CNer the backgrouno level in t.t.e 

bacterial assay vi th Sa.llT.onella tvnhir.iUriur.-, straL"lS ':A 1537, TA 98, a.'"ld 

'::A lOC. §.:_ typhir.:uriun strair. ':A 1535 and E. ~ strain \·,1'2 cic not 

den::,nstrate a positive rr.utagenic rest=,ense with ~et.abolic activation. 

!-One of the strains cer..cr.stratec a r:ositive resE=Or.se \Jiti:cut act.ivatior.. 

'Ihe fact that a rnutagenic cicse-resr.onse \-1as fcun:J in the ':J.. 1537, ?A !;£, 

ar.c TA lOO s. t:vchL~ri~~ strains irzicates tha~ the riUta<;enic ~cce of 

action cf the crecsote anc1 the crecsote-coal tar nixture is by frar:-estdf't 

rutation. 

2. Mitchell end '!'ajiri 

l-:i tchell anc 'raj iri ( 1976) testc-;: crecscte of ;.;,-:p;.. SFe(:ificaticn 

Pl anc a coal tar-creosote mixture of N/,PA S-t-Ecification P2, Class C, fer 

rutagenic activity on an in vitro r.iar-nalian I!'.U~~enesis assay using L517t'!' 

rrouse lyq:r.cna cells heterozygous .at the tl:ymidine ki.nas:e {~") loo;s. ~1e 

purp::>se of the test was to detemine the effects of · the Pl arXl P2 ni.."':ti.1re 

on the for-..;arcl n:.taticn frequency of the T.i< lOCl.!S, '::!..+/-~ ~-/-, 't'Eila­

tive to the backgrocnd level. Sm.Har to ti!e nicrcbial assay aescrit:ec 

al::::ove, the rrouse lyq;ha::c study was conducte:c both with ano without neta­

oolic activation using an Arochlor 1254 stir.clatec rat liver bcr:o;;enute 

r.:ixture. 

The ~se lyr.~hcr.:: cells ...,-ere c;rc,,..Tl ir. sus.i::;ension culture. '.:t.e 
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T?.EU: 21 

IN VITRO PSSAYS SAll·O.~~ 7:'PHIHURl~\ AND ESQiERICT.IA COLI 
( s ir.-:-:cn and f'col e , 1970) 

Ar.aunt of 
Sa."r.ple Averaae t:l..lr.1ber of Revertants ?er Plate 

Metabolic Added Per s. t:r2r:i.r.luril.T.'. E. coli 
Sar.nle Activation Plate ( l!O) 'IA1535 'Z'l.J.537 ':'A9& ?AlOu i•;p2 

I 

Negative Control 25 6 27 D6 47 
+ 17 8 41 154 4~ 

Positive Ccr.trol 
9-Ar:.i noacnc ine 100 071 
2-An t.hr c:mine + 2.5 179 lul7 1211 

+ 10 5~2* 

Creosote Pl 5* 26 6 17 l .. '"? - 39 
10 32 6 20 13~ 39 
50 37 5 25 123 42 

100 3.; 7 18 137 3~ 
250* 29 4 16 75 JS ..... 500 ... 4 16 ... 37 "' ,.,., lCOO* ... 1'0 26 

5000* ,., ... T 

+ 5* 12 11 52 212 45 
+ 10 20 14 60 as ~9 
+ 50 19 22 119 304 48 
+ 100 17 30 125 330 ~l) 

+ 250* 26 52 149 -.41 ~7 
+ 500 12 50 172 156 58 
+ 1000* T 31 214 T 44 ,.., ,... 
+ 5000* ... ... T .. 

* Inclicates the results of just one exr..erb.ent. All other oata are the aver~e of 
two assays c~ucteo 01 separate cays. 

T = Toxic 
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TABLE 21 
(continued) 

IN VITRO 1'.SSJl:/S SAUONEI.J..A 'IYPHIMURIUM .Al',;D f.SrnERIOU.A COLI 
(Si.I:'n:)n and Poole, 1978) 

.Ar.ount of 
sample Average Number of Revert.ants Per Plate 

Metabolic Addeo Per S. tvohirnurillr.1 E. coli 
Sarr:ple Activation Plate(~) TA1535 TAl537 TA9b TAlOO f'l°'P2 

Caal tar-Creosote s• 31 4 31 106 37 
P2, Class C 10 22 6 23 128 35 

50 28 3 23 119 45 
100 28 7 li 122 40 
250 21 6 15 70 43 
500 21 3 15 55 40 

1000 ll 4 14 T 27 
5000 T T T T 

+ 5* 10 11 43 185 55 
+ 10 16 23 62 186 61 
+ so 19 26 95 293 62 
+ 100 20 37 147 347 49 
+ 250 16 41 183 65 72 
+ 500 15 58 163 196 59 
+ 1000 8 40 145 "' 49 • 
+ 5000 T T .... ... T 

* lncicates the results of just one experir.lent. All ot.11er cat.a are the average of 
OolO assays conducted on separate days. 

T = Toxic 

.. 

(79) 



Pl u1t: P2 ::1ixturcs ,."t:re dissclvec in cir-.et::y:!.sul:fc:>:i,·2e (!l !.JO) c:'.n.:. here 

~kiec ':.o the cell cultures i.'1 vat;,'in:._; test concencr,ticP.s. ;,. solver,: 

con trcl usij)(.: 1 % aoc J rosi tive ccr.trol t:s:.r.~; either C"ii-·(;t.;,,·1:-:it.r·:r 

sa..,i~ (t:::n ( i:, th~ preser.ce cf r..ett~olic activ.:.t.icn) er eti:yl :-:-.t:tl.c";.:-,e:-

":!':e cells 'W'i::re plater.:? (,;u;,;licates c,£ eacl~ EX.i. osurE: cc:;cE:r.traticr., t::e scl­

vent centre.:!., ar.d the r-cr.itive ccr:trol \..,ere n:n) en a S(:l~ctiv(:- r:-:eciu:-: 

cells ,.i:ic.r ::aC r;ct r::1,;tatec die: :-:ct sra:. 

t.ar.t cells to SL:rvivir.--; cells at e.:,c?· cc.:-ice,r..tra-:.icn cf test. c:-:u-.·.:.ca:.. '::J-42 

tier. frequer.cies. ;... reletive tot..c:1 gn ...... tl: ~.-~.s de':.E:-i='.:ir:er. for tL~ cor~trc.:.s 

sic:; of cell !J!'01.1tJ. in relation tc- t::e r.ei;at.ivc ccr.trol ar.c is ~,i,,ressec 

as a :_:)l=rcentage, (~ables 22 tr.rougr. 25). 

creosote rl Qrc coal tar-crecsote ?2 Lac si~ilar bl..t r.ct .:::1:ntical 

l:.oth \;i tl. a.n:1 1,.i t:'.<::L.t ir.c:.:cec re,;sLolic activat::.::::n. Ir. t;:e r,r;;sc::c12 -~f. 

tt..e l-.rcchlor 1254-in:.uceJ met.acolic act.ivaticr., a dos.e 1:elate:...: i:-icl·~ase 

fur L--ctr; ?l ar-.:: P2. Fer Fl with:;;..:t ;:-.e:ta;:.o.lic Dctivctic:., ti:-: eel~· ccr-

-... 

( ':).i} 
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ThbLE 22 

I.i:~CED !£"'...:AE.GLIC AC:Dl'i:.C.Ia, (:·litchell anc 

Ccncentratior. 
(~rcent v:v) 

Sclve:r.t Ccntrol 
(1% I:::.SO) 

Pcsitive Ccntrcl 
(500 uc..,/r,.l DlS) 

0.9£C X 10-2 

0.686 x lu-2 

o.~so X 10-2 

0.336 x lC-2 

0.235 x lC -2 

_., 
0.165 x lC o1. 

C.115 x lti-2 

0.081 X 10-2 

Relative ':'ctal 
Grc,..,"tl: (~) 

lOb.4 
~G.2 

37.2 
52.l 

0.16 
O.Li:l 

36.8 
40.3 

71.4 
55.3 

78.3 
76.9 

68.2 

6t!.3 
79.6 

136.9 
94.1 

85.l 
71.9 

Calculc:.tc~ 
r:utaticn 0 

Freci.!emC\1 (x lC ) 

40 
66 

573 
663 

286 
422 

57 
82 

GC 
55 

79 
77 

47 

71 
75 

54 
62 

68 
56 

':'ajiri, 197e) 

rnc:uce:-d 
!·il.ltat.ion 6 

Frec..uencv (x 10 ) 

520 
61G 

233 
417 

, .. 
2S 

7 
~ 

..:. 

26 ..., . ..... 
C 

lb 
22 

l 
~ 

15 
3 

(Cl) 
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rc~·sE L1'::J?EO>;A FDM,l~ :-i" .. .'.'I'A':'IOi~ /.S::;;l~Y CF C-::...<.,'SO:'£ Pl Ir; T"rX P:i'~l.2:G: CF 
y 

1:,c1JO.:D r-~'AOOLIC A~Tv?u'lC~. U•:itci1dl an<; '?ajiri, 197S) 

Calculatt:d 1.r.~ucE.'1:1 
Cc:-icentraticn ~lative '?otal ~- i.l ta tion 6 t·iutation 6 
(1-;--ercent v:v) Grc,.,t.--; ( % ) Frecuer:cv (x 10 ) Fr'2C:uencv (X 10 ) 

Solver.t Control 97.4 lGl 
{l~ !.1·:SO) 102.6 S4 

Positive Cantre: 6.3 ~~s 3~7 
(luO u9/r.-J. O'.!-) 10.8 2b2 lo~ 

3.uu X 
1-·-3 

'-' o.a ,;5y 3Gl 
1.0 398 3Cl 

2.40 .x Hl-3 3.9 318 r· .__ 

4.4 305 2u7 

1.92 X 10-3 9.9 213 115 
12.9 222 124 

1.54 X 
-3 10 23. U 167 7C 

21.3 185 'C,7 

1.23 x lC -3 36.7 180 62 
43 .3 140 42 

0.96 X 
-3 10 .;2.8 169 71 

~3.1 174 76 

0. 7':, X 10-3 62.i 
7,.s 

151 
141 

SJ 
.;3 

-
C.63 X 10 -3 8~.3 120 23 

77.9 126 3U 

l/ Arod--ilor 1254-ioo~ced rc.t liver S-SJ, batch !R-11. 

(~2) 



TABLE 2~ 

IlWCED ~~AbOLIC ACTIVA'l'IC!~ U•:itchell and Tajiri, 197e) 

calct.aateo Ir.cucec 
Concentration Relative Total ~J.Jtation 6 riutation 6 
(oercent v:v) Grcwt'"l (%) Frec:uency (X 10 ) Frecuencv (x 10 ) 

1 

Solvent Control 108.4 .;o 
(1% U·:SC) 90.2 66 

.., ?ositive Cantrel 3i .2. 573 2:3"' 
{500 ug/cl t:=15) 52.l 663 417 

0.980 X 10-2 0.02 233 £21 
0.01 

0.686 X 10-2 41.6 143 9C 
32.9 175 123 

0.480 X 10-2 57. 7 '¢7 3.; 
63.2 79 26 

1 ... -2 C .336 X u 75.9 
70.7 65 12 

. 0-2 0.235 X J. 85.5 58 5 

0.165 :x 10-2 

60.3 93 4ll 
_.., 

0.115 X l"' v ... 65.7 59 6 .. 
67.5 61 b 

-2 0.081 X 10 55.4 74 21 
66.8 52 0 

(83) 



TABLE 25 

Calculated Induce:: 
Concentration Relativ~ Total ~11.;tation 6 Z•1:tation 6 
(percer.t v:v) Growth { % ) Frecue:.cv. (x 10 } F'recuencv (x 10 ) 

Solvent Control 97.4 101 
(Hi ll:SC) 102.6 9"t 

Positive Control 6.3 4.;5 3~7 
( 1 OU ug/n;. r.t-Ji) 10.8 282 lo~ 

3.CO X 10-3 2 . .., t) 306 LB~ 
1.9 370 273 

2.40 X 
-3 10 7.0 269 172 

5.8 338 2.;u 

1.92 X 
-3 10 14.4 20.; lCb 

16.l 236 139 

l.54 X 
-3 10 35.C 13-t 37 

36.i 190 92 

1.23 X '0-3 .I. 35.0 140 43 
36.3 147 49 

0.98 x l(r3 50.7 177 !:JG 
56.9 152 55 

U.79 X lC-3 58.9 153 =>c 
77.8 117 2u 

0.63 X 10 -3 73.7 123 26 
75.9 12.l 23 

y Arochlor. 125~-i~uct=d rat live~ s-9, bate~ IH-11. 

(b~) 



gro..'t.h was belew lt. For CCGl tar-crecsote P2 with<..'Ut 1 . .eU:L,;Olic activa-
-2 -2 

tion, t: •. o ccncentraticns, C.% :x Hi % a.~ 0.606 x lC t, ;y·ielcit=<l a 1.1~t.c.-

tion frequency sic;nificantly a.l.:ove the s;;:cntaneo:.is freqcency. ~ain, the: 
-2 

relative total gro..;th value at O. 98 x 10 t was belo.-; 1% survival. ;,,t _.., .. 
0.686 x lC % the relative total gro..·th value -.,.-as a1,,~roximate:ly 35~. 

3. Conclusion 

5i..r.on an:5 ~oole (1976) fou.nc tr.at follcwL'1C;; r.eta;.x:)lic activation 

by Arochlor 1254-sti:7,ulatec:J rat liver hc:::r.o;er.ate !:cth tr.1:: creosct.e :C-1 ~ 

the coal tar-creosote P2, Class C, Frcx:iucec: a r.,i.:ta;enic c.cse-res;..c:ise c::r.c 

a cOl.ililing above backgrol.!.~ r.-.utation rate ._.itb Sal...cnell':. t·.1-h.:.,;-:-.uri;.;.:: 

· st.rains TA 1537, ~ ~a, anc ?A 100. r:itchell ar.<l ':'ajiri {1970) £01.Xil t.1:at, 

following 1netat:olic ac~ivatior. by .?..rc.cr.lor 1254..:sd.r.-ciatec rat liver r.cuc­

c;en.ate, crecsote: Pl ari: cc.al ta:r-crc-csote P2, Class C, increase.: t!~e r.i;.:­

ber of fot\>.artl r:utaticns at the thyr.-.ic':i:-.e kinase locus of L517cY r.'Cl.!Se 

lyr.pr.cr-..a cells in a dose-related r..anner. ~e Wcrk.ir.; Grcup concluded that 

Pl and P2, Class c, causeo rnut.aticns in Sal::-cr:ella tz.::Lir.;uriui.; st::-c:dr.s 

'IA 1537, TA S/8, aJ'lci TA lGC, and in L5l 78Y r..cuse lyq_.;ha:1a cells. 7:-,e ~-:ork­

ins Group, therefore, concluceci that Pl and P2 are r.u.itagenic in ~ r.:clti­

test syster. ar.c e.xceec the criteria of ~u CF"rl l62.ll(a}(3)(ii}(A). hCCOrt.'-

.. 
ingly, the Agency is issuing a re~utt.able ~res~::1ption ~Qir.st. crecsote 

a.:¥:3 coal ta:r-creosote r.-,ixtures. 

C. Exposure 

Although 4C CTR 162.ll{'-)(3) (ii) (A} o~s net r~uil:e t.tat e,q:.osure 

be cer.-:onstratec in order tc prest.r.e again.st. a :i:;esticicle on t.~e l:.ca:sis cf 

onccgenicity or on the oasis cf r.;et_asenicit.y in ca r.,ultitest syst.er.1, a 

(85) 
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tion is periomeo in a control house near ti:e char.-.bers. In o:!.der facili­

ties leakage of coal tar and creosote fra, old pifes an; fittings r..ay re­

sul tin relatively high ir.halation exi,:..osure to the treatrrent cpera':Ors. 

Treatment ti.me varies but ranges fra:, about six to seven hours for each 

change of r..aterial. Foll0wing treatment, a vacuun is generally aFplied 

to withdraw excess preservative. After the excess is withdrawn, the 

charrber ccor is cracked q:en by a doorman. '1:~ile still under vgc:uUJ:;, 

prior to wi ti-.crawal of the trar:\ cars Lol::ing the treated woo=, the coor 

rer.1ains cracked q_:;(=n for at=froxi-:-.ately 15 r:.i.:n;tes. T.";e greatest q;;cr­

tunity for L"'lhalation e,q:csure appears to cc0,,1r durin; t.l:e i;ecbanical 

\>."it."Xlrawal of tr.e trar.: cars frm the pressure char.,ber. The \..OO:-lader. 

:ram cars are linkec to an en:;ine ar.d withcrawn to a storage area where 

the wecx::: rt!r..ains until shipment to t.iie buyer. 

Coal tar and creosote cript=ase occurs al.OJ'X3 the rail tracks lead­

ing fro:-, the c."larr.ber. 'mis dri?pa<;e is collected in di t.ches alcr.gsice 

the tracks aro is p~ to a collecting ponci c.lcr:r; with creeiscts tl:at 
, 

r.as drip[:ed frcn the J:ressure chambers at t.he t.i."'."te the diar;e \.las rer:cveci. 

Dike systens are er..ployec arou.~ wocc treatnent plants to prevent rJnc:f 

o:f creosote frcr.. t..r.e Flant area. In at least or.e case, haweve::-, creosote 

-was found to r:tigrate fra:1 a treatr:-.ent plar.t into tt.e ground watEr s~pply 

of a neighboring COT.J.Jnity. 'Ihe plant r.ic.s since been shut do.m t?·iittel:na."l, 

1978). 

Non-ra:tine q;erations such as cleaninc; of tt.e treatI::e:-:.t cLar.lJer 

l"!'lc,Y occur several t:ir.es yearly. v."orkers in such ~rations are r-rovicec 

with suitable respirators c=nc.; r;rotec:tivE: clothing. 

{87) 



b. lnhalaticn Exposure 

U"l Februa:y 24-25, 1976, re;:,resentatives of the l~ational Institl.ite 

of Occupational Safety and Beal th n:r~n) lt.i.S. i.::-epartr."€nt cf iledt.i:, 

Education, and helfare (USCtIDi), 1977J anc ' of Koi:;f-ers Ca:ipany (SI.1itl1, 

1977) r,erfom.ed two separate air rronitorins surveys at a KC.i:,~rs Ca::t'c.ny 

w<:X::d preservation ~lant in Little Roe.~, Arkansas. Air sar.,F,les were col­

lected using lapel sa::1pling pur.ps and analyzed fer fOlycylic ~rticulate 

organic r:i.atter (PFu•l) i.;.y the ?i!CSE <;jravir.ietric r.:ethoo (~.ICSE, 1977). ":r.e 
y 

--,­results cf the two stL:cies are r,resentec i.'1 Table 26 an: ':'c;;ble ... I• 

1977 (i;ebb, 1~77) at t."'-ie sar..e Little Rock, .~rkansas ~lant. s~::plec by i~of,:;:,ers 

y ':'te lc:i.pel air sa.:,~ling p~;:,s ccllectec the ?Fa: en c:. silver r,·er..brane­
glass fiber filter ... -:r.ich ..;as hel.6 in place oy a cellulcse ,-:ad. follo..­
ir.g collection of the air s~le, l,ICSh (USr:.ra.:.-;, 1577) desorbeci tLe fil­
ter ar.c the cellulose :i;:ca with cychlohexane. E.y contrast, :::op--:-ers 
(;•iilliarns, 1977) (':able 27) desorh....ec che filters, bt:t not t.::~ cellclost­
;-.aos, with ber-.zene. '.L'1e cyclcheXc.ne soluticn, er tne t..e:.z:ne scluticn 
in tt.e case of tt .. e l\op~rs I analyses, \;as place: ir. c1 teficn a;~ ~.i;: 
tlle benzene er tte c:yclobexar.e .. ai eva::;orate:ci Ly flac~ ti'.e cui:- in a 
vacuum oven for tl·.ree hours at ~O C. ':1":e weight of the re:.aini..-.g r:-.:­
terial was ~e cyclohexane or tenzene soluble :r...a.teriz.J.. ':he ccncer,tra­
tion of r.P_/r., \oi'as oeterr..ined Lj' ciiviair.g the weigtt of t.~ C"JClc-
hexane er benzene soli.Jble r..aterial by the volt.re of air sa.-:-;.lec:. ':11e 
results of the NIOSh analysis ~re ~enerally higher tr.an tiiose of 
Koppers' • t~ICSil, bawever, as stated above, desor~ t,:-;r; ~lulose r;:.::a 
as -well as the filter with cyclohexane, while Kopi:;ers desolveci oa.ly the 
filter. Ar.alysis of two blank cellclose Fads for PFai Ly I:Ia:E prccucec 
results of 115 and 120 1..'g/filter. t:O c:ie'lju.st::ent in tl~e: r,I0S~i repJrt ~as 
I!"ade for the bla."ik cellulcse pac:s. ~ adjust for the blank £c;;.":'ples, 
117.5 us/filter (the average of 115 and 12G ug/filter) was s~tracte<J 
frcr., the ug/fil ter rei:c,rted for the t.:IC.Sn test sar.;;les L>y an EPA c:her:.ist 
for the put1:0Se of 1=-resentin; tt.-e table of results in this loa=."ent. 
Lr.ere no results are reportec: for tl1e "us;/~ilter" in ':'able 2S, the 1.;sf 
filter of the blc:.nk sa1,.ple .. ~s hi9her t.~ the test sar:;,le:. 

(66) 
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RESUI..'l''S OF 1576 !UC:Sh ?-'C~aTCH!~ S"'I'UDY AT i:OPPEI'5 
o:;;.u,_A,i,Y i.u:.iD Y-lll·.':'i•·~,"':' FI.A!'."l' Ir~ LITI'LC klX:", Af'J:At~ 
( Li .s. Denart:r.!er.t of Heal th, E.ducat.icn, anci helf are, 1977) 

y 3/ 
Concentration cooe cf-

1/ hir Volur.e3 In3 ~~orker 
t-escrioticn (Cate) ug/filter Sar.:olec (n) Air (1?5/r.1 ) or Site 

Treating Cperator (2/24) 32.5 C.49 C.C7 S-1-6 

Locrr..an (2/24) 0.53 !.i-i-7 

Treating Operator (2/25) 62.5 C.'t9 0.13 S-i-11 

Cooma.r. (2/25) C.51 S-,-12 

Loccr..ctive Operatcr (2/2~) 12.5 0.49 u.oJ S-:-8 

I.occr.lOt.ive C-c-erator (2/25) 52.5 0.5ti O.C9 ~:-15 

I.occn:,tive Switcl-r..an {2/24) 0.73 s.:-Si 

loccriOti ve Sw i tc.".r.-.an (2/24) 0.57 S:•:-lC 

Lccc:iotive Switc..,r.~n {2/25) 137 .s o.so u.2s s---13 

Loccr.-.cti ve ~:i tchr.ia.n (2/25) 42.5 0.50 C.G8 s-:-14 
4/ 

Treatins Area- 52.S 0.44 0.12 s:;-16 

... 
y 'Ibis is the total ar.ount r..easured on the :il te=s mir.us the a.-.our.t 1-:-.easured 

on t::e cellulose control tlaru~. 
2/ '!his is t."le concentration in the air cl cyclohexane soluble p:>lycylic 

particulate organic naterial. 
3/ This ccce \..-as given to each ..ork~r or site sa-;-;ple:d. 'Ihe same c<Xes .,iere 

usea by Kopi:;.e:-s Ccnpany in their s.;,.r.iplin<;. See Ta~le 27 fer a ccr.cp.3rison 
of the results. 

4/ T.-,is is a stationary area sa.-:-:~le. ':r',e ct.,er ~rles ~re collectec :n:r.. 
label sa.-npl ing pur.;,·s. 

(o9) 
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'1'/\DLI:: 27 

l<E!iUL'l'S OF 1976 t~OPPEW:i I l·UH'lUIUIJG !;'11.JDY A'I' l<Ol'PEHS (.UUl/\lN 

'· 
\•,000 'l'PJ.·:J\'l'Ml::N'l' Pl.JWI' IN Ll'l"fLI:: I«I~, J\HK/\NSN:> (Smith, l ~77) 

17 Ca.le of 
Concentration \-Jorker 

Description (Date) In Air (nty/1113) Ol- Site 

'l'reatincJ Operator (2/24) 0.10 SHi 

Locanotive Swi tchlTlitn ( 2/211) 0.07 !11-9 

l~arK>tive !;witclt111c1n (2/24) 0.07 ~1-10 

locanotive ~;wi tct,rnan (2/25) U.07 ~-1-1!> 

!/ 'ltlis is tlie concentration in the air of benzene soluble 1.oly­
cyclic pi.lrticulctte orc:,anic 111c.1terial. 

• 
(90) 
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TI.BLE 28 

ru:.5t;LTS CF 1977 ,~Ot>PE:F.S CT:1-!PA::'r' r-c:a'IORr.-..G 
1/ --

STCDY i-.T L!Tl'U:: ~Z, APJv.r~SAS (v~ebb, 1977)-

3}y 
Descri-:;,tion Concentration Ir. Air (pg/ffi -

0.02 
y 

0.07 

:~eating Operator 0.05 

Treatins ~rater 0.01 

Switcm.an 0.03 

Switchr.ian 0.02 

Swi terr.an < 0 .Gl 

LocCJ'ilOtive Cr...era~or o.os 

Loca!lOtive C?=rator 0.01 

Bori.ns Operation 

Area Clean i:p 0.02 

y The ~at.her condit~ons during the study were ti:-e fcll°"'ing: 
ter.;erature, 72-83 F; relative hurrJdity, 7~-~1~; bartr.etric F,r~ss~r~, 
30.00 inches Bg; and w·incs frCT.1 the north at 5 r.-~h. 

2/ This is the concentration in the air of ber.zene soll.±ile r..aterial. ... 
y This doom.an' s e.iq:os:.ire r.-ay have been hisher because of his recoverir.s 

a trar:: ir-.siae the cylirder follo.-1iTB a bre~: of tbe trcr.-, t~, cable. 

(91) 
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1::orf f;(J in ·.ratle 2c:. 

~i:e 1:-:iG ar.c 1S'77 Kor~r.i;i:s' sti;diel:!i fuL.:"ll ~ ri.:.r.':,t: o: < (,.(.,1 tc 
3 

O.lCi r.-,s/1~ tenz~ne soluble r..at~rial ccnce::r.tratic.m in ti.i= air c.r~~c. t.i;E; 

Little r:ock \..'O(,lj trE':at::..ent f-lant.. 'll1e 1~7t:i .:1c.s;i stuu~i :ci.;nc; c::i r~.!ie 
3 

cyclchexane scl:.!!:.h ::..ateritl in ti,-= Qir c:.rCUI~c.: tJ:e 

nuclear aro-:-.atic (F:.;...) byc.irocari.:..cns \-:cul::: sc U.'1ccllE:Ctec. r.ls~, t.Le 

nor.s:.:-ecifici ty, i.e., tbe or-:;ar,ic ::·.at.ericl "-~i:;ht:e r·.ay ir.c.1~5: i."'lr.ccio.:ci.:s 

as v;;ll as carcir.~~!"lic r:.at;ri.sls. -
c. r.ecr:.cl £xi:csure 

forr.e.: ei t,:;(:r ::.eci.anically wr i..i ~~ i.<t"tc.l i.;ter.sils sei tr.at ~irt:Ct ,:el-:.ic:.l 

https://r.ecr:.cl
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2. Resio~es in Feed 

Creosote, coal tar, and coal tar neutral oil are not applied to --·-
food crcps. &:me evidence exists, ho,.,,ever, tbat creosote or creosot~ 

coal tar mixtures may leach out of :;iarine pilings and coritaninate rr.arine 

life in the near vicinity aoo that this :marine life rnay be eaten by 

hi.:nans or rove through the focx1 chain. 

tunn and Stich (1975, 1976a, 1976b) mnitored russel :enzo[al­

py-rene contaminatior., and Zitko (1975) nonitored various aquatic fauna 

for pyrene ec:~ivalents. wnn a"'ld S~ich (1975) found ti,at rr.ussels taken 

fran a relatively FOllution-free location containec higher ter.zo[a}­

pyrene .levels (4~ :, 5.8 ppb) when near crecsot:eci pilin;s than \.rt1en cis­

tant fra::-. the pilings {2.l:, 0.3 p~). Analyses for tJ-.e tla]P was F,er­

perfotmed by thin layer c:hrcnato;raphy (TLC) and fluorEscent a:.ission 

spectra. i·mile 'll.C techniques have, for the r.cst pa.rt, been supersecied 

by high pressure lic;uic c:hra::-.atography (hl?LC) am gas chra:i.atogrc:!.?hY 

(GC) r.ethocis offering grE:?ater se;,aration frcn poter:.tial i.'1terferer,ces 

anc greater sensitivity, the data generated is valic anc deserves greater 

investigation. Although it was not cooclusively demon.stratec that crec­

sote "-as the source of the :S [ a) P contamination, it is not unlikely that ·-
creosote constituents r..ay ~igrate frar1 ~ over t.i.":le if cnly by ~urely 

mechanical L~ans such as abrasion or swelling of the -ooo. ~e extent 

of this Ji!igration is unkn~n, but the data provided L;1 Dunn and Stich 

(1975) NUSt be consicjered in ti;e absen0: of ~tter-cievelq:.ed oata. 

'Ihe \-lorlcing Croup conclooec that the extent of potential cietary 

ex;csure cue to shellfish is unkr,a..n, but is likely to be s:-:-all. A 
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total of 3. 73 g/day of fresr., frozen, arx.l ca."'J'lec shellfish was ccnsur:ec p€r 

capita in the Unitec States in 1974 (U,;C/1, 1974}. I: it is assu:ed that 

shellfish taken frcn sites near crecsoted pilin;s cc.:ntain approxir:-~tely SG 

pft> B[a]P {i.e. 50 ug/kg) (Dunn an:5 Stich, 1975), then the:- r..a.xi::',i.:n daily 

intake of E [al P would re 50 ug/kg x 3. 73 g = 0 .19 ug/persor/day B[a] 1:-'. 

This exposure would result only if all shellfish contai:,ed the l![a]P con­

tent detec'ted by Dunn and Stich, an assur:-.ption wi thol.!t supporting data, 

and also assur~ng the cat.a of Lunn anc Stich is re~resentative of all 

shellfish near creosotea pili:.gs. 

3. User EX"'..osure 

a. use of Treatec ~vo::x:: 

Sc."lwartz (1~42) ref,Orted that i..orkers ex-tNsee tc creosoted floors 

developed eryther.iatous, papular, and vesicular eruptions on their ankles 

cne to t'..io we~ .lfter beginning woz:::k. 'Ihe .?e~ticiac Episode i\efOrting 

System (PE~) (lS-76) reported a nurr.ber of incidents in '.-.'hich ,..orkers 

handlirr.;i creosote-treated wocxj sufferE:G adverse- effects frcn expcsure to 

the creo.sote (Appendix C). 

'Ihe Working Group ccncludecl that ex:,.;osl.:~e fra:l the r.andling of 

treated wocd cy t,,"Orr..ers such as railroad wct:kers, utility ~le "-'Orl;e"ts, 

and workers ir.stalling pilings desetvec greater attention. hhen this 

work is cone in the s~r, \vOrkers 'wOuld probably incur the greatest 

potential exposure because of the inconvenience an: oiscO".".fort of "P-ar­

ing ~rotective clot.~ins during tr.is tL-:ie cf year. 
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b. r-:anual Application of Coal Tar, Creosote, and Coal 
'I-ar Keutral Oil for v;cx::ic Preservation 

Birdwocc ( 1938) rer..orted a, the ,::::errr.anent daIT".age to vision of 

two gardeners who had gotten creosote in their eyes while treati~ 

fences. Jonas (1943) reporteo that i-lavy construction .... -orkers devel­

q:ed skin an: eye irritation as a result of ex;;:osur~ to creosote w'hile 

applyin:.3 t..11e creosote curing construction. '!he Pesticide C?isooe Re­

porting Syster.: { 1976) rer-crtec a number cf i:-:.cidents ir. ...,inch workers 

applying creosote suffereci adverse effects frcm e~scre (i-.p~ndix D). 

'D'le Working Group conclooeo that c:iFPlicatcrs 1r.no r.anually a~ly 

creosote are ex:-...osed, but no Wor::-.ation is available to quantify tr.is 

~sure. 

c. Acolication of Creosote as an herbicide 

'l'he Pestic i.de Episode Re~rting Sys ter:-, report.~ tw-o cases of bl..rns 

to applicators applying creosote as an hetbicide (Ap:p':ncix E). 

'D'le Working Grcup concluded that exr,osure to creosote does result 

, frar. its application as an herbicice. 'It1e Working Group, r.a..ever, is net 

aware of any infor:nation that is available to c;uantify this ~~re. 

c. Other Uses 

Coal tar neutral oil an5 creosote are active ih-.:;recients of t...c in­

secticices used on horse and rr.ule ..,'OUI".cs {2 registrations). Coal tar neu­

tral oil arrl creosote are both active ingredients o: cisinfectf.nts for 

water closets, outhouses, garbage cans, anir.'.al areas, institutional Freni­

ses, ard sickrca:i areas (a:=-µ-cx:L"!".ately 57 r~istrations). Coal tar ar.c 

coal tar neutral oil are act.ive ingredients in i:;estic:ide cips aro sharr:­

poos for d03s (approxL~tely 7 rt><;istrations). Creosote is an active 
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insi:-f:<.Her.t cf a 1.-:sticice registerc;a for .,.ite a.'X: tic}: cc;;.trcl i:1 rcdtry 

l:t ... Coal tar n,;:Jtral oil is an actiVE: incJr~:ient of c: r..esticfoe "'llses. 

i.;,les (6 re<)ist.ratior:.s). 

Creesotc- is an active iriSJr~i.er:.t b r~ istnitions :c!" ::crse- re"".el­

lent (1 r~::;istratioI'.), a trt=E and sLr~ cressi:-:s (3 rt::<Jistraticr.s), ari 

an herbicide (2 registratior.s). Ccal tar is .:i."1 active i:,gr€"'..:iH:.t ir, _ 

ere,.,; repellent :or s.:ee-.:: c::rn { l res istrsti::r-.) c=.r.d a b.: ·.:.n insect rt=~e:l-

.; _,.,.-:;;,.: '.C:.'1' ... ,-..& len~ (1 r-='-=istraticr.). Coru. tc:.r n~~tr.::.l cil is er. active ...i .._, - -- - -·. ,_ _,,., 

vici~e re;istratic:-:.s. 

~:C infct:r ..aticr. is c:vc:ilaLle 

a hU;":'.an insect rere:llent a~ear r-cst lil:el~· tc resu.l t i:-. cire:c:. b.::::ar. 

contact. 

The i.-i.fcrr.:atior. fo tr.is SE:ction relc::tcs to ct.:-:.er ac".v,.::rs1: effe .. ~~ 

able infcr.:~tion oCEs nut require issua:-:ce cf a rt.:t)1.:ttable i:resur:t tic:1 

a<1ai:-"st r~istratici\ er: tl.ese c:f~cts. ::-.e l-senc./ ,~ces s::lic:..4:. i:-.. !:or:.~ 

.. ,r:ere r:eces~ar ... ·• 

(Cir.' .,,, .. J 
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B. Skin anc Eve Irritation 

The \iorking Group reviewed several re1:orts indicating tl,at creo­

sote is a p:>tent skin anl ey~ irritant. 

Bini\olOC:d { 1~3o) reported oo two garder.ers ...,'ho got creosote into 

their eyes ..mile creosoting fenc:es. The two patients both ccr:.:;:lainec 

of blurred vision ar¥5 upon exar.:i:--iaticn were four.a to have r..aculae ur-on 

the cornea and keratitis of the cornea. Birdwocri repartee that for i.::oth 

patier.ts the irr.r,airr.,er.t of vision woulc ce :;:er.nar.ent •. 

As incicated previously, the Pesticice Episode Reportir.<; Systf::."".'. 

(1976) rep,rted 33 cases of eye cia:i:-.age, burns, er derr.-.atitis resi.:.lti.""lg 

fra.1 creosote exr,osur= either frc:n treatec wccc er Ly a?r,~ication curL;~ 

t.l"ie pericd August 1968 to April 1976 (A~~ncices c,:.;, ar.c E). 

I•Jci-1illan ( 1976) re?Qttec on the accident history of 50 of t!:e a~ 

proxi..i.ately 175 pressure-treatiN; plants in the United ~tates am Canacc. 

which use creosote to treat ~- ~t 3,000 esn;?lcyees rut o!: ar:r:rc.xi­

~'.ately 7 ,GOO er,,;ployed in the ir.austry were s:.!l"'Veyec:. Of t.'1cse s~eyeci, 

230 were rep:,rted to be directly exi:.csec to creosote ano :i:teen hcr.drec: 

E:Ji;ployees were ref()rtec1 to be either uirectly or iriiirectly exi:.osed. ':he 

reFOrt ~as vague oo the period of ti.r:e- 'oihich the Sl-TVey ccve:-ed. Cr.e er.­

ployer ref'.X)rted for a 6-year peria:5 ( 1969-1:,75), one ~.;::loyer rep:,rtec for 

a 10-year i~riod ( 1961-1971), arii 5 er.-,ployers' reports were te?:i.iec "his­

torical." The ti~e :E=,ericx:i covereci for tt:e ot.'1-ier 43 pl&nts -.,;as not ~ 

porteci. /..lsu vague in tl.e report ...,:as the nur..ber of treat."':lent 1;la.:ts w11ict: 

cQO.lj.'enteo er uid not cocur.ent the accicer.t history. Of tt.cse \,,tich 1'.€re 

l·,... --... . ;_ d~:entec, 98 c:.::.ses of che.'7:ical cor.jcnctivitis aro 19 cases cf e~·e 

(97) 

https://ar:r:rc.xi
https://patier.ts


tation were reported. ~-t least one treatl,ient i,.•lant reporte<l that eye 

irritation was "occasional." Sixty cases of skin burns anc5 t\.io aller­

gic reactions were rerorted. bt least one plant reported that sJ:in 

burns \·.ere n infrec.;uent. II 

Pfit.zer et al. (1965) found that the instillaticn of O.l r.Jlli­

liter of creosote into the eyes cf rabbits caused the conjunctiva to be­

ccr:e slightly erythenatous. Examination of the eJCFOSCC eyes 24 hcurs 

foll0n1ing exµ,s~re shewec that slisht redness cf t.,e co.~junctiva r-er­

sisted i."'l two of tr.e eyes tested and the re-:-.aining four exp:,sec eyes 

were essentially free cf irritation. All cf t!".-e ex"":,OSed eo;es uere fre:e 

of any a~parent effects after-seven clays. Pfit.zer et al. (1965) also re­

J;:Orteo tr.at the contact of creosote wi tl1 tr.e intact and o.bra:dec arec..S cf 

t±e skin of the bellies cf rabbits fc;r a i'.'.a.X:i.nur.-1 pericc of 2.; het.:rs !;re­

duced n:x:erate etyt.her.c and r:x:cerate to severe eoe:a. ~e skin reac­

ticns rer.-.ained relatively und-~ec.: 72 hours folla.;ing e>..~ure:. rifter 

14 days, t.~e exf=OSecl areas revealed severe epicietr.;c.l flaking. 

Schwartz ( 19.;2) reF,Orted that w'Crkers eXfX)sed to creosote treated 

floors cievelcpeo etytherr.ato..is, ~pular, anc vesicular en:pticns er. their 

uncovered ankles cr.ie to t\..o weeks after begir.ning wcrk • 

.Jonas ( 1943) treateo 450 Iiavy construction w0rkers { 1/6 cf the-­

\o,Orkers at a t:avy canp) for creosote burns. 1:e founci that fair-skinnE:Ci, 

light-hairec workers were particularly affected by creosote burns ar.cl 

tr.at the nur:-.ber of Lurns increaseci on sur.ny days. seventy percent cf tl:e 

burns were r.,ild, while 30\ .\.'ere r.-ore seve1.'"e' and ct.a.racterized by i:iter:se 

bl:rr.ing, itching, and considerable subseqi..-ent pie::r.entaticn follo.,.,eo by 
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desquamation. Fifteen percent of the 450 patients had inflar.:r.aticr: cf tJ-ie 

conjunctiva, with mild cases tie ins characterized by hyperennia of th~ r,ir 

cus r:-.er.'lbranes ard :r.ore severe foti:is by :::,;hotor-,r.obia a.rd a large ar:"IOl.l."'lt of 

serous secretion. ':hree :i;ercent r.ad inJuries to the cornea varyin; :ra-:-, 

s:nall abrasior.s to r:iulti,E::le la~Je ones. One-third of these cases develc-~ 

perr.anent corneal scars leaving hazy vision. These injuries 1were ca~se:d 

by flyin;; chips of creosoted w~. 

C. Toxicitv to Livestock 

':he \•;or'.1dng Grcur~ reviewed several re;:ctts L--::Jicating t..'".~t crecsctE: 

r:-.ay .r.ave been respor.sible for toxic e£fects anc dea~ ir. sm.e li'Jes:.cck. 

l. rianlon 

1-'.anlcn { 1938) rei:ortec tbe loss of four steers anc ~-o co.,·s frcr. 

a let of 94 head of cattle fra~ ,;.,'hat a~pea:red to ::e crecsote pciscr.ing. 

The cattle 'I.Jere believed to have lickec electric light poles whid: r.ce 

recently be-en creosoted. Syr:r,ta:-.s in affect.ea ank.als cor.sisteo of e:<­

trer.1ely rapic res~iration anc evicence of b~rnir.g ever ~~e r.11.Jccsa o: ~~e 

ma.it.11, ton;ue and lips, whict were \..t:ite ar..cJ haraened. ':::he ~upi.:i.s ,YE::::1:: 

contracted, the skin was cold, and tt.e enir..als \vere in a ca:-.atcse ccr;-­

dition. Feces \,,11:re black in color and the affected anL-;-.als were ap;:-...ar­

ently in a;ony. In the early stases they w<:re rej?Orted to r.ave evi:,cec 

great thirst. A steer in extrer.,is was killed, and an autC!:)sy carrie:1 

out imr..e.oiately. Intense inflar.r.ation anci congestion was evident in 

the whole gastrointestinal tract. 

2. Lander 

Lander (1926) (cited in Hanlon, 193G ~.d harrison, 1~59) rer-crtec 
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the death of stock that haci access to freshly treated railway ties. Ee 

stated that water ray cissolve sufficient creSQls.frcn crecsote-treated 

sleeper ties to cause liv~stock poiso:1ing. 

3. Wanntorp 

\·:amtorp (1953) (cited in Harrison, 1959) clescri~ several cases 

in which calves ard caws died or t.ad to be slaughtered after licki~ c::-eo­

soted wcx::x:3 or 'f()les. He r::entior.s also the µ:issibili ty that 1csses o:: 

f,OUltry following the treatt.ent .of fcc..l hcuses with cartolineur., ( c hi,;b 

boiling point tar oil) ;:,,ay have beer. cue to r.oisoning t..--y tar deriv"'tives. 

4. Li.:ke 

Luke ( 1~51) rer:,ortec tLe ceatr. of four pigs, the si.:s;ectecJ cause of 

.. ·hich was tl:.e i."";gestion of cool tar pitch fro:'. tbe £leer cf their per.. n:e 

floor was r:-~ce cf old rc:iilw-a~· ties levelec cf: with pitch. Prior tc ceati":, 

the apr,etite of the pi;s was vetj,• p::x:;r arc COJ{Jhing was wi.oes;rc~. Fcst­

rnort.en examination of the pigs found r.arkec er.lar-~er.-.e::.t cf the liver ar.c 

several other liver ancr.~ies in all four cases. Also, the c.bccni~al cavi­

ties contained varying quantities of blo::x5staincc fluio, and t.her1: was an 

excess of straw colorea fluid i."i the pleL;ral cavities. .?.. py~er.ic :f:.r:e-ur;-c;­

nia was found in two carcasses, ii:Lnd in c.ne of these there was a well-r..ar}:ed 

pericarditis. '.lne lungs were ncr.:ial i"'l two cases arc in one ci. these -a 

marked cystic o:,ndi tion of tl:e kicneys was found. £:. P;'O;"lene:s was isolatet.1 

fra.l the pneur:10nic lungs but cultures frcn liver, spleen, and hec;rt blcxx:3 

\-.,ere unifon:.ly negative. fra:-. their ~ioci~s, the autl10t-s ccr.clocec that 

i;;neur.onia "-ciS net the principal caus1:: of deat.h, but tr.at the ~eath rescl tee; 

fra.1 the liver cli;;i..ase. '!c test this hYt-OthE:sis, the ~itch vc::.s fee tc; t.·,c 
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grc:ops of healthy pigs. Group A was Ccr."'t"'Tis.E:d cf th~ healthy i,)i;s, ea.ch 

aba.lt 60 i:ounds in weight, ar.d Gra.ip E. of ti,,.o pigs, eacl: abcut 4U i-Qunds 

in weigbt. 'Ihe -pi:;;s in Group B \-Jere net tr.riving quite as well as tliOse 

in Group A. A quantity of pitch was gro..md up am a srr.all c;uantity acuee 

daily to the focd for b::>th groups. Oler a ~ricx:.i of 2C days, Grwp J, re­

ceived a quantity of two i:ounds of t-itch. '!he pigs in Group :c r~ceivec 

four cunces of pitch over a r..ieriod of 12 days. In .both srcu~s ti:e acoi­

tior. cf the pitct: affected appetite arc the i:,is;s teroec to i::e consti;;a-=.ed. 

At the erx.3 cf feeding for i.::cth groups, the pigs '-'ere killed arc e;.;ar..inec. 

In all tr.ree cases ::ra.1 Gr01."? A tne pi;s sho,.;ec an e!".larger.-.ent of the 

liver tcget.her i..itb a aegree of liver oar.a.age Si.";:ilar to tl:ose c: the 

original cases. Extensive liver. lesions ar:c a r:-arkeo excess c: i:;eri-=c­

neal fluici were found in the pigs c: Gra.i? D. Eistclo;ical exanir.ation 

of the affecteo liver tissue fra:i bot~ fielc an::i ex~erL~~ntal an.i.":la.ls 

shewed sinilar changes, viz. a r..arkec central necrosis of t..~ lob.:.les 

which in sa:w? cases batl ccr.pletly cesttcyed tr.e non:·ial liver cell. 

5. Harrison 

Harrison (195~) determined fra.'L his t:X"",cA:ri"':iE:r.tal oat.a that a 3G 

kg sheep ~'OU.ld have to i~est 300 g of~ or 120 ~ of crecscte to re­

ceive an ao;tely fatal ccse; a loo l:c; calf i,.oulc have to i~est l,CCC. s 

of woa:j or 4C0 g of creosote for the ucse to l:e acutely fat.al. ':hese 

acute lethal dcses are net LD 50 Vi:tlues, hc:,,,;ever. A chronic fatal dose 

for sheep \JCUJ.d be 37 .5 g ·of \o.QC0 or 15 g of creosote ingestea ::(?r cay 

over a l r:-onth r;ericc; a ctircnic fa':.al ccse :or calves \.'Ocld be 125 g 

er 5U s o! crt=osct.e fer day =or at least 11 clays. Harrison tr.cugi;t. tba ~ 
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the only danger to stock w::x.ild be througl: tLeir access to the ra\..' preserv­

ing fluid either near st.acks of freshly i."'1pregnate<l ti::iber er on freshly 

treated farn ti~iber and nearby cont~inated vegetation. 

6. Olafso~ and Leutritz 

Olafson ar.c I.eutri tz ( 1956) appl iec crescte to the sJ,-,.in of calves ever 

the jaw area to preclude lickir.g off the Inii:iterial. [.,ba.:t three cays after 

application, the skin cevelc;:ec slight swelling and becal:.e r.arcer tr.z.n nor­

i:'":.cl. Gray creases ap;:eared. Fra:1 7 to lll cays later I a cry cn.:.st-,: thicker.­

inc; of the skin had OCC".lrred. Healing toci: pl,:1ce sla.;ly ano recovery \ .. as 

not ccn~lete in four weer.s. 

Olafson anc Leutri tz ( 19Se) also studied calf respcr.se follcwi::g cral 

acr:.inis tra tion cf creosote. They rerortec that a 1, OCli-r-,ound ccw w0cl6 

have to ingest ever 75 cc of creosote ~fore a:;:~reci:ilile b.arm .. c~:a r'?­

sult, altr.ougr. the exact basis for- this deterr..ir-.aticn w-as not stat':!C. 

w. Fetotoxicitv 

The Working Grc:cp identified cne livestoc.".;: stocy, the results cf 

which r.ay ~sea question as to the fetetcxicity of cr.ausote. 

Schipper ( 1961) fo1.mc a creosot'?-relatec fetctoxic effect wi t.l: pre,y­

nant sc,,..,-s: the platforms of the cages in -..;hich t!~e sows were housed ~ bal 

three brush applicaticns of a ca:1t:-ercial creosote wocri F,reservative.· -:1:e 

so-JS were conf in~ in the cages 2 and 10 cays bt:fcre givi03 ~irth. ':i:\;enq­

four of the forty-one pi;s celivered by the four so.-;s W:l-e deaci at birt!:. 

Of the rer:iaining oifsprings, six i.'igs diec; on <lcy 1, four pigs on dcy 2, 

ano one pig on oay 3. :he survivins r-,iss r..aci t."C.lugh skin, were cehycratec, 

am hacl severe ciarrt:ea: wei9ht ~ains W:re l~inderec until tt..ey \..ere S ax 
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6 weer-...s old. A control group was not incll.Xleo in the stucy, aoo the au­

thor did not re;:ort the route nor the a.-nour.t of exF05ure. 

. .. 
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Ap,endix A 

i;PECIFICATJONS FOR COAL-TAR CREOSOTE~'EW MATERIAL) 

Pl~ll Pls-d2l ~) 

Clual 
SPECIFICATION NUMBE:R 

'Water 141t. by •olumel >U >1.5 l.!mu t.Omu 
Matter wohible in beziune {~ by weigbtl :> 0.5 > 0.5 ~.5mu 1.Smu 
Specific gnvity &t 88° C eompued t.o 

water at 1s.s0 c 
Original Cl"eGSOte < 1.050 < LOSO 1.0S rnitl 1.D50mm 
:23>31s•c traetion < 1.027 < U>30 0.Immi:l l.Imu 
s1s.sssec fne'Uo11 < 1.095 < 1J05 l.D95mic l.09Smic 
:Residueabove355°C < 1.160 

:Diltillado11 
To210°C > 2.0 > 2J) !.Om.u 2.0m.ax 
To235°C >12.0 >12.0 lU>111u 12.0m.u 
To2"1'o•C <20.0:>40.0 20.D:>40.0 '20.0-40.0 20-40 
To31S°C <,5.0-.>65.0 45.0-.>65 .0 "5.0-65.0 "5-65 
,.o3SS°C <65.<r.>82.0 6S.0>75.0 65.o-82.0 15-82 
~ L&nd,frah Marine Land. fresh Poles 

water •ater 

QI For ludand fl-esh water use, AWPA Std. 
C21 For marine {coast.al water\ 11su. A WPA Std. 
C3) For land &II~ ff'e'Sh wa\tt l!St. AST"i Std. 
'41GSA 11.and&rcb fDT' tfft!SO\e i11 YM. 

__; 

-(Fuller! 1977) 

'TT-C64Sbt4l 
Cus2 

Umu 
Uaw: 

CJ.a.us 

3.0mu 
1.Smu 

.... 
I 

1.050mm 
1.D'Z7min 
1.o9Smin 

l.080mui 
l.030 min 
1.110mm 
u&omm 

2Jlmu 
12..0mu 

20-40 
~ 
65-82 

Ge11en.!.. 
lalld.Jnsb 

..-ater 

2.0mu 
U.Omu 

20-40 
45-65 
~75 

Marine 
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'A-:,_pendilt ~ 
-1.WPASPECIFl9ATIONSOFCREOS0IE-COALTARSOLLTIONSO-"EWMATERlAL) 

(lull.er. 1977} · 
' AWPAPU8 

REFERENCE ,GRADE A B C D 

Composition 
<80 <'70 <60 ~ Creosote 

Coal Tar -> 8.0 > 8.0 > s.o > 8.0 ~.o ·water(% by volume} 
> 8.0 > S.5 > ,.o 1.0-S.0 Benzene, insol. (llii:i by weight) > 2.0 

> 5.0 > '7.0 > i.O . .>ll.O 4.0.7.0 Coke residue (~ by weight) 

Speeifie Gravity (SB.'15.51 
l.06-1.11 1.07-1.12 l.OS-1.lS 1~1.14 1»90 V.'hole oU 

1.025 1.025 1.025 1.025 1.030 23>Sl5°C fraction 1.oas 1.0&5 1.0&5 1.0&5 l.105 :SlS.3S5°C fr-action 
l.185 Res,due 

.Distillation 
6 u To210°C 

25 15.0 To235°C 
20-SS To270°C 

32 30 as.so To315°C 
52 -48 SS-10 'To355°C 

Residue 

i 
-; QI r .. 8Se iii truimerit o! IZWiH pila uid timben. 
- ~:B.anloN!Uffll. 
h,, 

I 
I 
I 
I 
i 
I 
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y 
.REPORT Or' E.:PISODES OF EXPCSUP.L 'TO CREOSOTI: FI-.Oi·l THEATED W•::BCT­

(Adacted frcrr, Pl::..kS, 1~76) 

Date of 
Episooe 

2/25/73 

4/5/73 

4/12;73 

4/26/73 

6/1/73 

6/29/73 

7/9/73 

8/9/73 

State 

y 
causative Agent 
Verification 

Probable 

Probable 

Yes 

Probable 

Prd:lable 

Prcbable 

CA Prccable 

?rd:;able 

A dccl::..cr}:.er cevelc::r...eo a rash er. his arrs 
after ccntact.i~ crates coated \v:.t.1-i crecsote. 

A car:-..enter si.:.sta i:-ied ch~ical rurns o:: ;:is 
face, hands anc ar,,s w'!~ile pa.inti~ fence 
tX>s t.s wi tt. creosote. 

A cari:;enter was r.anclinc; ti":'.!:.,en; at 2 sti~ 
yaru. Creosote splasr.ec into tis left eye, 
wnich aevelq::eo recr.ess ar.o pain. 

A -.,-elder cevelcped a rash en his hips, chest., 
thighs a~ tn:r.k while \..'Od:inc_; arot.:.na treatec 
railroad ties. 

A :-.aintenar.ee ran develq:.ec an erytr.enat:.ou.s 
rash, first degree burns and c!1er.:ical irri­
tation while hanclir.g freshly treatec: fOles. 

A weed worker uevelq:-.€ci first degree cheniical 
t.urns when he rubbec the d1e.r..ic;al on his 
face \¥ti ile working. 

An e<;uip-.ient operator for a COJ.nty \,ater 
agency was ra:·.oving poles treated· with crec­
sote all day. His face and neck becc:a.-:-.e rec, 
Sw'Cllen and sore. 

A lineman ·was hold in; treatec utility µ::,les 
witb glOV'es when be wiped his face, thert:ty 
transferring creosote fra.,, the gloves to bis 
face. Diagr.csec as cbenical ;:urn. 
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APPEJ~l)I~: C 
( con ti..'1ue::.J) 

1/ 
REFCC\":' CF EFISODE:s CF o:POSUP..E ':t) C.P.Eos::J:'2 rnc:-: TRCATEL; L1.::'.SCT-­

(Adat.;te<} fro.-: fi.:fS, 1976) 

2/ 
Oate of Causative Agent­
EDiso::e State Verificaticn 

· 9/20/73 CA Probable Laborer develq:ed coot.act derr:.ati tis en 
his t:.uttoci::.s wt:ile workint; wi tli tr£::atec 
lU1:-.ber. 

1/75 Yes Laborer ·,,'Orkii,s with trea'ted -..ccc C€­
v€::lcp:a cf:r.:;.a ti tis er. r.ar.cs ar.ci a:::::s. 

y FJ;corcs checkeo frcn 1967 thrcugh Ar;ril, 1976. 
y Verification irx:icates "'nether ti:e i;,esticiC:e associated wit...-; tl.e episoce 

\,,gs established as tbe causative agent .... Lich resulted in de~t.h, illr:ess, 
etc. "Yes" inc:iicat~s that substantial evidence exists li;,j.:inc; the ~st.i­
cioe to the episode's effects; "Procable" indicates cir~-:1Stanti.al evi­
dence exists linking the ~sticide to the episode's effects. 

3/ In c.11 cases l .bur~n receive:1 r:eci~ attention. 
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. 

i::.:att:: cf 
E;;iscx;e: 

S/i:l 

.;/:::3/i3 

.. ··;-.:.\.) ··;7., .., 

6/(;/73 

t./11/73 

u/1£/73 

i-::..1~1::.· CF 

5tbte 

c.-:. 

, ... 

C. 

,.... 
'-'. 

·•·7 
\,,i;-: 

1/ 
~I~i:'..~ CI- C:::R..~~t::-J:: '::C C-i::C~:;;:·:.: ri•-., •. • .:.;.··~"L::.:G::lc~.­

(i~~~-t1::(.. frc.. .. ~:~..:.,, .i:., 70) 

y 
:c;usadve- ;.....,f=nt 3/ 
\.e1.·i::i~i:icn f..E.:I . .c;:.,":·:..s 

l-. car::.er.t,:;,r :.:.-2v1::lC:.:-~ ~i.::..:.-ac-~te: c::::j ~-:=-:~­
vitis a:::t~r -_;e't-:i.-.:_i crcc;cte: i.:-. : .i.;; i;;;· -~ 

~t: \,Cr}~. 

an~ ~~ i.~J..Js ~·bt::.1~ ~i~ ec.::.c i:~tc ~~;L'-"~:. 
·\·,i -:.:: cr~:c•~= s!..r:~-. 

" Ci..,r~~~cti::,r, ' .. ·c;:;~cr ,:evo:L.:~.-:.--..,; a r:::..::;·. 
en cll E::-:tre.--::i'ti;: -..Lile \.c..r}.:i:-.-:: ..... 1.... 

cr-=cscti;,,; • 

.-.. cc..r.s:..vuctior; '.Jc~:~cr ~€'.:~l ~--L~'\o,oa ~--~.:ic-=-1 
Lcrr-:.S cf :.ct!: :e,i.-e:.?.r.:-.s \,l. i.i.c:: eo i:-:.-; .:.: :,._; 
crecsote-tr~~ti:.:: ~ca:.. 

:irst '-E:Sl·ee ;;;,\.a.T.s c:: · .. r . .:.-~ 
::-:-'-"'Vi,.,(.: ::r,::C.SOt.:: fi:u. a --~ . .... .: .. . 
.r. .. i l~l..crc:r <...€.:'.'el=;.=-.: e:t:~~~ .~.~ c.f t.:..e ::;;..c;, 
r.~L c:.a:. fcl·=-~:.s · .. !.er: l.t:: ir.,;c.vE::~t~::l~· 
l~;:.t:'J Ct'eebCt;: c..•n t!.~: .• 

i-. c.::.r: .. er.tel" s,:.~lc.~::e~ c:r~.:s~=-~ :..-.:c ..:.c~~ 
e.:·e.s i;.r'.C .::e:v;l:.:.~ c:t~:.ic~ ~~ergtc...:<.:l"'!'J u;~­
tivi tis. 

;_ cai.-;er.tci:- ~r:ille,;.; cr-\,;<..:Sct; c:-i u·L~ c:.:-.;., 
:cce: an:: ce:velq.i::': .s:...:-,el."f ici.::.l il."r::. t....-~ici·. 
of ar, . .!:; a.-.:.~ :!.cc~ • 

. ;.,,. :;.. ~~~-t:11t ~~t cri:.~S.Ott ~:: [:Jrc.:.r.::.::. ·,.~.~~-:; 
~:c.::.:--.t:.1:--.s ~..c~ts a.r.~ C.,;vt;;lc.-~j d .E;.-:-.i;;2 -~i..-: .• 
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APP::I-~I:... t 
( con tinuec) 

l/ 
fi.EFCr7.i:-• OF EPISO[;ES OF D~L"RE 'ID CJID)SCTE FRG1•: APPl,ICATICi~­

(Ada::ted fror., fr..:RS, l:l7u) 

Date of 
Eoisc:de 

7/24/73 

7/26/73 

7/31/73 

9/24/73 

8/24/74 

4/25/75 

5/25/75 

State 

2/ 
causative hgent­
Verificaticn 

Probable 

CA Prc..ta.ble 

Probable 

CA Prct.a.ble 

Yes 

Ii/A 

CA Probable 

y 
Rer:-.arks 

A laborer dev~lcr~ first degree burr.s cf 
the arr.-.s, face ar:c hams a::ter 1:.aintir.s 
FC5ts wi t'1 c:re:osote. 

A carpenter ~ustainec first cesree :...~IT'.s 
er. his face, fc::-ean.;s ar.ci lo.:er a.t::x:cr,e::-i 
... hen he s~l.asl:ed tl:e :-:iaterial er. hi.-:-.sel:: 
cu=ir-,g an a~~lication a.~rati~n. 

A laborer for a c:cnsttuctic:, c:r..i..ar.y st.:s­
tai.."'l.ed a che..":U~l b'J'rn wt:en tl~e ::-.at.eriC..:. 

·was s~rayed en bis arr:i.S and face. 

A laborer got crecscte in tis ::ac1: cr.c: 
eyes thereby sustainincj a ci:~ical o.;rr .. 

;..,, \l.cr:".an \;as injured wr-,en the car. fra:­
\..Tlicb she was E=Olll.·ing crcOSote er.to t:':E:= 
foundation of het' ha:,e, sliF,feG fro:. r.e::­
r~nc, s~las!:ins the d;enical or. t:er legs 
and into her eyes. 

A r..an was ar:.E-'lying crecsote. to a ra::p ... hen 
r:e accidentally splashec it on tis face. 
'j}1e effect of tt,e accicer:t ~s not rei:crted. 

A..-.. e~plo1ee was treating a ;-1Cccen Mock. 
Material splashCC: onto hir.:, rest.:l tii"lC,: i.'i 
contact derr~~titis. 

1/ Recoros checked £rcr.; 1967 ti:rOl.-gh ~ril, l97Ci. 
y Verification irdicates 'wtiether the pesticid~ associated wi ti". t.::e e9isoce 

was established as the causative agent which resulteo in ceath, illness, 
etc. "'ies" ixicates that sl:bstantial evidence exists link.in<J the ~sti­
cide to tt,e episode's effectl:i; "?robaLle" indicates circ:u:.:stantial evi­
dence exists linking the r;esticic;e to the e~i~e•s e:fects. 

y In all cases l hur:,.an received ~ical attention. 
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APPE!;I;IX E 

?£FCC\"':' E.PISCCES OF BL"Fl-;£ SUFFEE.ED F?.C.'1 ':.l:::.: 1'.FF~ICA'l"IIT.~ 
1/ 

OF CRl.'OSCTE l>S AI·: 1-i.ER?lCIDE (Adactec frcr.i J::E?S, 1976 )-

2/ 
Date of Causative l..cJent 
E'oiscce State Ve~ificatior. 

4/2l/i3 Probable A pe~t control cp:rato::- s;.:st.::i!ieJ c.-:e;..ica:.. 
t:urr.s cf the face while sr,rc.yi::-~ 1,;eecs. 

o/14/73 c.;._ Probable ;.,. lur:~r CO'!'.?;i."./ • .. ~r}:er wc:.s sprayi:--.s · .. e-::cs. 
~:iro ble....- the her:Licice int.:i r.is :r.ce ar.c 
t:.be: .,,on:~::- sL:.Stair.ec: first cegree ::.crr.s. 

y ?.e:ccr~s checkec fra:1 1%7 thrc..-ugb April, 1976. 

y Verification inciicates .... tiet."'ler the r.:esticicJe asscciated w1 t.-. tl:e e::isoJe 
was €:-S~lisr.ed as the causative a<..Jent w'hict resulted ir. de:ath, iliness, 
etc. "Yes" indicates tr.at si..bstar.tial evicence exists lir~;ir,g tl:e r.esti­
cice to the e1;iscx!e 's effects; "?rcbable" indicates cirCUT'lStdr',tial evi­
oence exists linking tbe :t:esticide to the ei-~isoce 1 s e£fects. 

In all cases 1 t:w.an received IT'IE'Cical attention. 

110< 

https://S~lisr.ed
https://sr,rc.yi
https://SUFFEE.ED


• 

REFERU ~C£S 

l. ff."erican -r:ocx.i Preservers' Association ( 1976) • li,PJ\ Bcx:i: of Stan­
dards, wasbington, D.C. 

2. American t-;c:x:x:3 Preservers' lnstiti.;te, r.nvironrnental Prcgr""',s Task 
Grcup Subccr:;rnittee I,o. 5 (1S77). "Creosote and Creosote Solutions­
•·~ Preservatives. 11 Me:norar.dun :or the Office of !?e::sticice Pro­
grar.s, Er.viror.mental Protection Agency. 

3. Eer~nblur:,, I. and r.. Schoental (1547). nearcino;;enic Cor.stituen:.s 
1 of Coal-7ar." Sritisi: Journal of Cancer l: 157-165. 

4. Eir.Jwoccl, C.'Z'. (1931:l). "Keratitis frcr:-. :;cr=,dr.i; with Cr1:::csote.n 
British Hecical Journal 2:18. 

5. Dor.ser, Gecrgiana !--!. and H.D. Manch (1932). "'!w..ors cf the Si-.in ?-.:o-­
duced by Elast-rurnace Tar." Lz:ir.cet I: 77 5-776. 

6. Bocb.ell, R.K. anc c.,.K. Beser. (1956). "':'he Carcin03enicity of Cr-e0-
sote Oil: !ts Rcle in tr.e Induction of Si~iil 1?'...1.-:-.Cl"'S in :lict::. II can­
cer Research l8(10):l17l-ll75. 

7. 1:a"a."':lhall, c. an:5 P •. :,.. Cooper {1972). "\./uality CC":lpariscr. cf .C1..rrent. 
Marine Piling wi tr, 2S- and 40-i'ear-Service Piling." Ar.erican \·~ocx::i 
Preservers' J>.sscciation 68: 194-202. 

8, Cal:ct, s., N. Shear arc ~-!.J. Shear (1940). 11Stu::Ues ir. Carcinc;e:r.esis. 
XI. DevE:lcp-:ie~t of Tunors in ~ace Painted witi~ 3,4 Eer.zpyrene a.r.c 
Creosote Oil Fractions." .Hr.ericar:. Jourr.al of Pathology 16: 301-312. 

9. "Carcinogen Assessr..er.t Group's Rer-ort on Coal Tars" ( 1978). Office 
of Researc.~ and I::evel~nt, Environr.~ntal Protection Agency. 

10. "CarcinaJen Assessr.\ent Group's ke-;:ort on Creosote" (1977). Cffice 
of Researc.11 aro Develq:.-rnent, Environrrental Protection i'tC:,ency. .. 

ll. O:n:-.ittee on Biolcgic Effects cf At..:Ospheric .Pollutants, ~:ational 
Research Council (1972). Biol~ic Effects of Atr.osi=t'1eric Poll~­
tants, ?articulate Polycyclic Organic !latter. washington, D.C.: 
i~tional Acadeny of Sciences. 

12. Cookson, n.A. (lS24). "Epithelicr..a of tt.e S}:in After Prolcnsed tx­
re,sure to Crecc-...ote. " aritist: ~-:e<.iical Jcurnal 6c;(l):368, 

13. Ull'!T.li:-.c.:;s, :•;illc,r-J ( 1977). use Profile for Coal ':'ar l:.E:riv'1tives 
(Exclusive of ~-!c:x:x:3 Preservatives}. t:np . .blishec E?t-, N::p;;,tt. 

1.;. t:avi€s, J.I. aroh.C. Evans (l:16.;). "Gxidativei-:etat:oli~c: :.a,r.t:­
thalene t.v ~oil Pseuca:-.onacs. i:t.e Rir~-Fissior. !-:ec!-.anisn. 11 ..;i~ 
cl:e::istt;:/Jourl".al 91:251-261, -

(i) 

111~ 

https://cl:e::istt;:/Jourl".al
https://Researc.11
https://Assessr..er
https://Jourr.al


15. ~a.n-I-;a~,r.-onc.:, D. fu""ld Rutgers R. Bartha (1975). "biccegrc::.d~tion c: 
Sare Polym:clear Ara:-.atic Petroleur:1 Ca:;.onents by I!arine Eacteric:.." 
'!'echnical. Rer.ort 1:0. 5; Research S_t-0nsorec} ~y the: Office cf l;avc:i:l 
Research Under Contrz:.ct lID14-G7-A~ll~, Tasl~ :~ur.iber lJ", 137-E:.~3. 

16. DeeL-:;an, H.T. (1962). "Induction and ether Probler . .s of Tar cancer." 
In International Cor.ference on the i:orpbolcx.;ical Precurscrs of 
Cancer 1%2. Ecited tj,· L. Sevari, r,p. 69-73. 

l7. Drisko, 1'.1;. anc ':' .B. O'?:eill ( 1~66). ":licrc.biolcx;ical :-..etabolis.i! 
of Creosote." Forest ?rc:oucts Jourr.al 16 (7) :31-34. 

18. Dunrl, Bruce P. anc Hans F. ~tich ( 1975) • 11':'he Use: cf i iusse:ls in 
C.Sti-:".ating Eenzo[a] cvrene Ccntar.irulticn of t..1'1e !-\arine Er.vircr;:-,ent 
(30971). 11 Proceeci~s cf the socit:!ty for Ex:,~rir:.ental EiQlcsy ar.6 
hecicine 150:49-51. 

19. I:'unr., Bruce P. ana Hans F. Stich (l97lia). ":-icr.itorins Procedures 
for O'ler,ical Carcin03en.s in Coastal ;;~ters~" Jc.;i.:.rr.i:.l cf t.t,e 
Fisteries R1;;;search Bcaro cf Caroc:SCJa. 33 ( 9): 2t;4G-:u.;6. 

2C. i::.unr., Eruce ?. ar,cl f.ans F. Stich (1976!:). "Re:le2..se c: ti:.e carci:-.c­
ger. Eer.zo[a] i:,yrene fra~ :.r.vircr.r.:entally Ccr.tai .. ~inatec ;;ussel~." 
Eulletin of Envircnr..ental Ccntanina~icn and Toxicclo;:z:, 15 (.;): 
39S-4Cl. 

21. Frei;dent.r.al, Ralph ·aoc; Peter i,. Jcnes, Editors (1~76). Carcin<:x;;e."'le­
sis-i'~ ca.~rr:-..hensive Survey. Volur:.t 1: Polyr.uclei;;.r Arcr:-.atic hydrca:r­
bons:Q1er.ustr1, r-iet.atclis..i, aria CarcinogE:r.esis. l-i€w Yor}~, I°;.i;:.Ver. ?ress. 

22. Fuller, E., R. ticlberger, D. carstea, J. Cross, R. :cerr.i.ar,, and ?. 
~;alker (1S77). 11 The Analysis of Existing .;ccc ?reservi:-.':i ':'ecbniq,..:es 
am Pcssible Alternatives. 11 ,-il':i.':r.;E Technical R!:;::ort i52C; ::1."".:'!.::;u.;. 
Divisicn/ ':he !·iitre Cor-t-0ration. Contract !:u. 6b-Dl-.. 31Cl, Project 
l..o. 15060 for the E.nviror.,:ental Protection Ager.c.-y. 

23. Gibb, Hen:ian {197oa). Flione conversation cf At=,ril 25, 1978 \;i ti: ;; .D. 
Hacfa,;en (t.iniversity cf Califonlia) en test re:sults cf r.:cnkeys i=n: raL-
bits in i.;ac.c,.en E:t al. stuciy. -

24. Gibb, Hsrr..an (1S7Sb). Phone ccnversation of il.ay ;,,; , 1~7~ wit.I-: Lcivid 
Groth (t;ICSE-Cincir.ati) or: test results· cf rabuits enc r.~ru~eys fro:-. 
:.:.ac.E.wen (1976) stucy. 

2:.. Gicb, HeIT.'.an (197ec). Phone cor.versaticn of nay 5, 1978 wit.~ Lavic 
i:ebb {J.j•.PI) on use cf coal tar-creosote ;.;,:;p;_ s~cification ?l and P2. 

26. C.OrE.ki, J. {1959). 11 Ex-tA;rir.:ental Ir.vestigaticns o~ the Carcir.~e;:-i.k 
FrcT~rties cf Sa;-:e ?itc::hes sz.td Tars 1:ar.ufactura fra:1 Sile~ia.r. ?it 
C°'3.l. h !-;ec:ycyr.a Prc.C"J 10 ( 5) : 3U>-317. 

( ii) 

https://C.OrE.ki
https://HeIT.'.an
https://i.;ac.c,.en
https://cerr.i.ar
https://Frei;dent.r.al
https://Jourr.al
https://Contrz:.ct


.. 

• 

27. Hanlon, c.;. (193(,). "Creosote Poisoning of Cattle. n .AustrQ).ian Vet~ 
rinary Journal 1.; : 73. 

28. l:iarrison, c.L. (1959). "'.:he: Tu~icity of :;oc:x5 Preservatives to !::toe;~. 
Part 2: Coal ':'ar Creosote." l..ew Zealand Veterinaty Jourr.al i:~~-~i.. 

29. i.ia\:ley, Gessner G. (1977). ':he-: Conc:lensed Qic1.1ictl Picticr.ary - t.e,..., 
Yolk: Van 1-:ostrard Heintcld Ca:'pc:!ny, w. 214,237 • 

30. i:ienry, S.A. (lS47). "Occupational Cutaneo'l.!S Car.cer At.triliuu.Lle tc 
certain Cher.iicals in Industry." Eritish 1-iedical I:.ulletin ~:3%-.;ul. 

31. hepner, R.D. (1977). "Investigaticns on the Leactinc; cf Crecsote 
and Crecsote [:.egra<lation Prccuct.s fro:-, SOil:Sana:Crecsote I-~ixtures." 
Pittsl:.urgt: Kop1:-ers Ca-:r:.any, Inc. 

32. Eoc!"'.r..an, l:iarrv (1967). 11Creosoteci -~~c::o:1 in a =ia:rine .Er.viror:r:'.ent - ;.,. 
Sur.r..aI"J Re:;,o:i. • A.,:-.eriCQD ~,co:: Preservers' ;...s_c:ociation lc:131::-1,9. 

33. i:orton, ;·i.A. (1~61). ";.n Investigation cf th~ Ca.rcino;e:nic Pr~r­
ties cf various Coal Tars cf Ccc:;-:ercial Fractions :·:.erecf. 11 i<e:::,crt. 
cf tile Kettei.-i['l{J Lal;ora.tory, Ler.:art:r:.er,t cf Prev~r.tive :.;ec.;;icine anc. 
Iooustria.l Healt.r,. Cir.cir.nati: ~niversity of Cincinnati, 32 ~ges. 

34. !:Orton, A. iielsey, f-J.1.Sse:ll 'Iye, anci ~aL:.E L. Ster:::-.er (lS,63). "r.x­
t=,erimental Carcincx.;enesis of the- i..i.;r.g. Inhalaticr: of Ga.s~l.:.S Fotr..al­
ciehyde er an Ae:rcsol of Coal ?ar by C3i:-i i•:.ice. 11 Jourr.al cf the ~;~tier.al 
cancer Institute 3G(l):31-~3. 

35. llue~r, t;. ar.ci ti .t•:. Payne ( 1960). "Carcincx.Je:nic Stl..'Cies en ?etrer 
lei;.. As~halt, Cooling Cil, ar.a Coal ' .. l.'ar." Arc:.1-:iives cf Pati~olcgy 
70;372-3&4. 

36. International Agency fer Research en cancer i-~cnografr.s en tl:e 
Evaluaticn of Carcinogenic Risk cf t.r.e Cher.deal to i•icm: Certain 
felycyclic Arcr.;atic Eyarocaroor.s arx:1 heter~·clic ca.~.cs; Vol. 
3 {1973). Lyon: Ir.ternaticnal Agenc-.1 for ReseQrch en cancer. 

37. Jonas, ~clfh r.i. (1943). "Creosote u.:rns." J'c:.ut"ncil cf Inciust.riis:l. 
h~~iene and 'Iexicology 25:41~-➔20. 

38. Kelso, ialliam c. Jr. ano £loon ii.. Behr (1977). "J.:epletion of Pr~ 
servatives fra:, ~ Southern Fine i.~ Fresh ;,;atf:r." .f-F.eric.;.n 

3C'. ., . 
~=cx:x5 Preservers' Association _E;ret=rint rre~rec for the Annual 
i~ting, ~ril 1~77. 

~enr.away, E.L. (1$25). "E...~.:erir.ient.s on Cancer-?ra::;uci~s Sl.i!-s~ces." 
Eri tish .i iecici:il .:icurr.al 69 ( 2): 3366-3371. 

{ iii) 



40. l~im:ea::, Edwin k. ( 1973). "Toxicity of Coal ':ar Aeroscl." In tLe 
Proceedings cf the 4th ~.nnual Conference on ~nvirorr~ntal :oxi­
cclo:_;y; Pa~;er i<>. 13, FP• 177-168. 

---
41. Laooer, G.D. (1926). "Veterinary ".:.'oxicolcgy." loroon: bailli~re, 

Tiooall and Cox. (Cited in Hanlon, l93e anc Harrison, l!-'59). 

• 

42. Leach, C.\·◄• and J .R. \·ieinert (1976). ••Migration of Creosote 'I1ira..igb 
Pressure Treat.ea ~;ocxi. 11 A :ke:;:crt to the Environr.ental Pl:cxJrar.1 'l'asi~ 
Group, Su!:.-Groorj :~.5 (Creosote) cf the Ar.':erica."'l 'r·,cx::o Preservtrs' 
Institute. 

43. Lenson, t:orr..an (1950). "!1ultiple Cutar:ecus Carcincna A:ter Creosote 
Ex-t-Csure. 11 l·jew 1nglar.c Jourr.a.l of t:edicine 2s.;:S2U-523. 

44. Lij i:-.sk.;1, \~., t.;. Sa:fiotti ar.c :i::>. Sbi.;!:iik ( 1~56). "A 5tl.X.!y c: ti".E: 
O'ter..ical Constitution ~ Carcinex:enic Action cf Creoscte Cil. 11 

Journal of tl1e !.ational Car.cer Insti tl.:te lei: 6e7-692. 

«;5. Lijir.sk~, ',·i., I. Ccnsk.:z', G. t,iasc,n, H.Y. !::C.r.a.hi, and?. Sc.fovi (lS63). 
TLe chr::::r..at0:3rapr.ic dt=terr.1ination cf traci: c;nou.,ts cf :=ol~nucleu- l:~·­
drocarbor.s in Ft=tro~eur., ;,-.ineral cil and cOcll tar. ,:..r.alyt. Cte::-.• 3:5: 
952. 

,o. Lorenz, L.F. and L.R. Gjcvik (197~). Analyzing cre<Ywete t~/ <;as chrc­
r.-atography: F.elaticnship to creosott::: SFecifications. Proc~ings 
;;~PA. bo:32-.;2 (Cit.ec.'l in A...erican ;-iocx5 Preservers'Institute, 1977). 

47. Lu}~, D. {195~). "Liver I;ystrcpt:.y hssociate<l with Coal 'I'ar Pitc;-; 
Pcisonin<.J in tt:.e ?ig. 11 Vete_rb~ry Record oc(.;3) :6~3-645. 

4:3. l-:a<:Ewen, Jar::es D. , hllen r.all III, an: Lester Li. Scheel ( 1976) • "Ex­
r,eri.'":lenta.1 Cnco;;er.esis in Rats aoo nice Ex~sec to Cotl Tar Aen.."SOls." 
Hi.RL Technical Rep::>rt :.;c. 76-125 In the ?roceccinss cf t..i--ie Seventl:. 
hruuJal Conference en Er.viror.r:ie~tal Toxicolcgy. 

49. 1'-=.~n, J .D. c.nd E.H. Vernet. Toxic Hazards F..esearci·. Unit Aru11.:.al 
Technical :Re~rt: 1S72, 1973, 1S74, lS7:S, 1976. CJ.-:.io: Aercs~ce -l-edi.:al Research Laboratcry, ~-;righ1:-~atterscn Air force Base. 

Su. Mackenzie, s. (1898). •Yelle.,... Pig.ientary Stc:ins of }!aenc1-rhu<;ic Ori­
gin" and "A Case of Tar Eruption... British Journal of Cer.:-.atolcg~• 
lo:,a7. 

51. ;•;auro, Vittorio (15151). "Precancerous ~kin ~!anifestations iri i;orkt:!rs 
~lO\.Jeo in Cistillins ~ar." rolio ?,e-Jica 34(6):2Sl-2S6. 

52. ::ceor.nel::., L'rnest E. ar.d Lavi<.: ii. Specht (1973). "Lesior.s Founo i:1 
Anir.als Ex:.osec to COal Tar hercscls. h Ir:. the l?rccc:eciir.gs of tt.e 
FOl!rtl1 t1.r .. .,ual Ccn.:erence en tr.vironr:.e .. tal :·oxicolcgy; ?Q~r :;o. 
1.;, ?i,:• l39-l9B. 

( iv) 

114-c: 



53. Mc:Gaughy, R.E. (1978). E?A neitO of July 25, 1978 to Heman J. Gibb. 
Carcinogenicity of coal tar neutral oil. 

54. Md-1.illan, B.T. (1976). "Data on Applicator Exposure. 11 A RelX)rt to 
the Erwiromiental Prcgram Task Group, Subgroup No. S ('Creosote) 
of the American Wocd Preservers Institute. 

55. Miller, D.J. {1977). "u::>ss of Creosote fran touglas-Fir Marine Piles." 
Forest Prooucts Journal 27(11):28-33. 

56. Mitc.~11, Ann D. am Dennis T. Tajiri, 1978. "In Vitro Mammalian 
Mutagenicity Assays of Creosote ?l am P2." SRIInternational. 
Unpublished rep::>rt for EPA, Contract No~ 68-01-2458. 

57. Mittelman, Abraham (1978). Exposure A."1.alysis for creosote, Coal Tar 
an1 Coal Tar Neutral Oils. (Unpublished Rep:>rt) • 

58. National Research Co.mcil Canmi ttee ( 1945) • •canp:>unds in Coal Tar 
Creosote." Olemistry of Coal Utilization. New York: John Wiley 
and Sons, Inc. pp. 1357-1370. 

59. NIOOH. Criteria for a Rec:::rmen:1ed Standard ••• 0:0.1pational Exposure 
to Coal Tar Prcrlucts (1977). tJ.S. Department of Health, Education, 
and Welfare, Public Health Service; Center for Disease Control; 
National Institute for OCc..ipational Safety an1 Health, D:iai (NIOSF.) 
Publication No. 78-107. 

60. O':CX,I'lO'lan, W.J. (1920). "Epithelianatous Ulceration Amon; Tar Wor­
kers. • British Journal of Det:matolo;y an1 Syphilis 32:215-252. 

61. Olafson, Peter and John I.eutritz,J'r. (1958). "The Toxicity of Creo­
sote and Crecsote-Pentachlorcphenol Mixtures to catUe." A-nerican 
Wc::xXl Preser:vers 1 Association 55:54-57. 

62. Pesticide Episo::ie Review System (1976). Report No. 61 11Sum:na:y of 
:Re:t:0rted Episcx:les Involving Creosote." Office of Pesticide Pro­
grams, Envirorvnental Protection Agency. ~ril 29, l976. 

63. Pjitzer, Emil A., Paul Grass arx3 Harianne Kaschak (1965). ".Ra.Jlll.3e­
fin:ling Toxicity Tests on Creosote (64-451B)." Pittsburgh: Indus­
trial Hygiene Foundation of America, Inc •. for Koppers Canpany, Inc. 
12 pages. 

64. Poel, William E. an:3 A.G. Kammer (1957). "Experiffental carcinoge­
nicity of Coal-Tar Fl:'actions: ·. 'Ihe Carccgenicity of Creosote Oils." 
Journal of the National cancer Institute 18 ( l) : 41-50. 

65. Roe, F.J.C., Dorothy Bosch and R.K. Bc>utwell (1958). "The Carcino­
genicity of Creosote Oil: '!he Induction of Lung 'l\lm:>rs in Mice." 
Cancer Research 18:1176-1178. 

(v) 

11.s~ 



• 

66. ~th, J. (1953). •A Case of Cancerous Tumor caused by Tar Va!X)rs 
in a Scar Left After Erythemat.als Lupus.• Pracovni uekarstvi 5: 
270-272. 

67. lbss, Philip (1948). •occupation.al. Skin Lesions due to Pitch an:3 
'Dar." British Medical Journal _£:369-374. 

68. Sall, Robert D. and M.J. Shear (1940). •stl.X3ies in carcino;enesis. 
XII. Effeet of the Basic Fraction of creosote Oil en the Prcduction 
of Turrors in Mic:e by Chemical carcinogens. " Journal of the National. 
canc:er Institute 1:45-55. 

69. Sasrtk:>re, Daniel P. (1976). Histopathologic Evaluation of Animal 
Tissues fran Coal Tar Stooies (Rat, Rabbit, Hamster, and Mouse). 
Perf~rmec under NICSH Contract No 210-75-0050. (Unpr.lblished Re:port). 

70. Schi~r, I.A. (1961). "The Toxicity of Woo::3 Presetvatives for Swine." 
American Journal of Veterinary Research 22(88):401-405. 

71. Schwartz, Louis (1942). "Der:matitis- Fran Creosote-Treated Flcors." 
Industrial Medicine il(S):387. 

72. Shambaugh, Philip (1935). 11Tar cancer of the Lip in Fishermen." 
Journal of the 1'.merican Medical Association 104:2326-2329. 

73. Shabad, L.M., A.B. Linnik, V.P. Tumano<./ an:3 L.S • .Rubetskoy {1971). 
"Possible Blastanogenicity of Tar-Containing Ointments." Eksperi­
mental' naya Khiurugiya i Anesteziologiya 16(6) :6-9. 

74. Simrron, Vincent F. an:::i Denis C. Poole (1978). "In Vitro Microbio­
lcgical Mutagenicity Assays of Creosote Pl and Creosote P2." 
SRI International, for EPA, Contract i 68-01-2458. 

75. Sna.le, B.C. 1977. 0 Coal Tar Creosote and Coal Tar Pesticides as 
C.andidates for RPAR." Unpublished EPA· rep:,rt. 

76. Snith, Tenpleton, {Kop~rs canpany), 1977. letter of August 26, 1977 
to Jerane P ~ Flesch (Hazard Evaluation an::i Technical Assistance 
Branch, REW). HEW Health Haza.rd Evaulation Detetmination Report • .. 

77. Stasse, H.L. (1967). "1958 c:.c:q,erative Creosote Project: rv Marine 
Tests; Analysis of Marine Panels After Exp:>sure for Six ard a Half 
Years." In Proceedin;s of the American Wood Preservers' Association 
63:95-105. 

78. Stasse, H.L. (1964). "A Stu:3y of Creosote Treatment of seasoned an:::i 
Green southern Pine Poles. 9. Effect of Variables on Va!X)r Loss and 
ii:::JVernent of Oil." American Wood Preservers.' ~sociation 60:109-128. 

79. Swieeney, T.R., T.R-. Price, R.A. Saunders, Sigmund M. Miller, arrJ 
F.G. Smith, Walton (1958). "Coal Tar Creosote Studies; Part l -
A Methc:rl for the Accelerated Evaluation of Marine Woo::3 Presetva­
tives." 14 (1) :295-301. 

(vi) 116< 



80. Tsutsui, H. ( 1918). "Concerning the Artificially Induced Cancroid 
(Cancer) in the Moose. Gann 12:17-21. 

81. 'lye, Russel ard Stemmer, Klaus L. {1967). "Exparinental Carcin~ 
genesis of the !J.lng II. Influence of Pherols in the Prcdu-=tion 
of Carcinana." Journal of the National Cancer Institllte 39:175-
186. 

82. U.S.D.A. (1974). Focd conslll!lption, prices, expeooitures. AER #138. 
{Cited in Mittelman, 1978). 

83. u.s. Dept. of Health, Education, and Welfare, Center for Disease 
Control, National Institute for Cccupational. Safety am Heal.th, 
1977. Health Hazard Evaluation t:etetrnination ReFOrt, No. 75 -
ll.7-372; Cincinnati, Ohio. 

84. von Furnker, Rosmarie, Edward W. Lawless, Alfreo F. Meiners wi t:1 
Kathryn A. Lawrence, Gary L. Kelso arrl Fre.3a Horay (1975). "Pro­
duction, Distribution Use an5 Envirome:1tal Irn?act Potential of 
Selected Pesticides." For the Environnental ?rotection 'AgenC'j, 
Office of Pesticide Programs; EPA 540/1-74-001. 

85. Wanntorp, H. (1953). "Memorardurr, frcr.i the State Veterinar1 i'-leci:::al 
Institute, Stockholrn, SWeden, to the Director N.Z. Forest Set":ice." 
(Cited in Harrison, 1959). 

86. Watson, A.F. arrl E. Mellanby (1930). "Tar Cancer in Mice. II: 'Ihe 
Coooition of the Skin When .Modified by External Treatment or Diet, 
as a Factor in !nfluencirJ3 the Cancerous Reaction." British Journal 

· of Experir.lental Patholcgy 11:311-322. 

87. webb, Dav id A. { AWP!) Mero of December 28, 1977 to Herman Gibb 
{SP.RD) on Creosote Coranittee of ~'"Pl Arlsl,.,aers Questions on Creosote. 

88. White, Steven T. (1975). "The Influence of Piers an:3 Bulk.1-ieads on 
the Aquatic Organisms in Lake Washin;ton." Master's Thesis, Univer­
sity of WashiN:;ton. 

-89. Williams, David R. (1977). Procedure for tetecnination of Workers' 
Exposures to Coal Tar Pitch Volatiles (Kn0wn also as Polycylic Par­
ticulate Organic Matter). Rep::>rt of Koppers Canpany, Inc., 
M:>nroeVille, Pennsylvania. 

90. l'-bc:dhouse, D.L. (1950) ... The carcincgenic Activity of SC:me Petro­
leum Fractions w Extracts; Canparative Results in Tests on Mice 
zepeated After an Interval of Eighteen Mont.'1s. • Journal of Hy­
giene 48:121-134. 

91. Yamagiwa, K. and Ichikawa (1915). "Th~ ExperiJMntal Induction 
of Papillcmas." u. Jap. Path. Ges 5:142-148. 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121



