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ABSUWCT: 
On August 23, 1988, 110 firemen were exposed to a fire involviivg approxi
mately 8 000 liters of PCBg and 7 000 liters of PCB cxmtaminated oil. To 
assess their exposure to PCD^, PCDDg ard PCDFg, plasma concenta3tJ.ons of 
these substances in tha 29 most exposed firefighters were confiared txi 
those measured in an unexposed group of 30 firemen. Ihe results of tUiis 
study clearly indicate that c:q»sure to the PCB fire did not result in 
significant absorption of PCBg, PCDD^ and PCDFg. 

MTODCUCnCN: 
On August 23, 1988, a fire broke out at a poiychloroblphenyi (PCB) storage 
facility located Iji St-Basile-I«-<3rand, a rural municipality (population: 
8 000) located 25 kilometres east of M:»itreal, Canada. At the time of the 
fire, it was believed that the war^ouse contained approximately 1S2 000 
kilograms of camiercial PCBg (95% Aroclor 1242 [42% Cl], 5% Aroclor 1254 
[54% Cl]), 10 000 to 35 000 litres of PCB-contaminated oil, and an unknown 
quantity of organic solvents. An inventory of the wareluuse cont:ents 
performed five hours later, after the fire liad tieen extinguished, indi
cated that 8 000 litres of PCBg and 7 000 litres of oil had been consumed; 
it was not possible to estimate tlie quantity of solvents burnt tsp. 

AFproxlmatoly 110 firefighters were involved in ooijibat:tinj the fire and 
organizing the evacuation of the population residing under the emission 
plume. tJpon reccnroendation of a tiedical advisor, firefighters wore posi
tive-pressure self-contained broathing apparatus. However, the medical 
advisor did not reach the site until 2'i hcurs after tlie fire had started, 
and scsne of the flrefloiters were therefore unprotected during this 
Initial period. 

In the days followirg the fire, 70% of tlie firefi^ters ccnplained of at 
least one of the follcwlng symptoins: throat irritation (40%), lieadache 
(24%), eye irritation (23%), coughing (17%), skin irritation (15%), taste 
alteration (13%) ard nausea (9%). At least one objective clinical sign was 
present in 15% of cases; the most ccmTon signs were pharyngitis, con
junctivitis, and contact dermatitis. Tliese clinical features may tiave been 
caused by caustic substances such as HCl ard CI2, lil^ly to have been 
present in the sno)». TlTree days aftier the event (August 26, 1988), 
firefighters urrierwent a health assessment wliich included a medical 
examination, clinical diemistury work-up (CBC, biociiemical profile), plasma 
PCB measurements, ard a questionnaire on exposuro, synptcms and lifestyle 
factxjrs. 
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•me purpose of this study was to quantify PCBg, FCOFg ard POX)^ absorption 
by firemen who were involved in fighting this fire, and consequently, to 
assess the health risk of this e^qxjsure. Plasma levels of PCBg, PCED^ and 
PCDFg were ocrpared in exposed and unei^xjsod firefighters, with particular 
attention to corjgerters identified in environmental sanples as besing 
specific markers of exposure to this PCB fire. 

In a preliminary investigation perfortted by the Quebec Toxicology Center, 
no exposed firefighters wero fcurd to have plasira PCB levels abcve 5 t iq /1 
(5 ppb), for Aroclors 1242 an! 1254 contained in the warehouse. However, 
the ooiposition of a representative soot sanple found to contain polyaro-
matic chlorinated hydrocarbons suggested that further investigation of 
PCDF and PCDD levels was nevertheless warranted (Table X). Ihe soot in 
this sanple, taken from the top of a truck located within 50 metres of the 
warehouse, contained significant arounts of PCDFg, ard was found to have a 
PCB/PCDF ratio of 250:1, rather than the 50 000:1 ratio ccrroMily found in 
oonmercial PCBg. With a PCB/PCDF ratio of ttiis magnitude, PCCF absorption 
may be significant, even though PCB levels ranain relatively lew. Given a 
senm lipid oonoentraticn of 0.5% and a PCE^PCCF ratio of 250:1, for 
exanple, a plasma PCB level of 3 fig/1 (600 /*3/kg lipid) translates into a 
plaana-lipid-based PCDF level of 2.4 *jg/kg, compared to tlie current 
Canadian average of 0.06 /igAg (Ryan et al 1986). 

HA3SKIAL AND MRUClCS 
The ej^josed group was ocnpoeed of 29 of the 110 firefighters present at 
the fire. Selection was on the basis of a high probability of intense 
anVor lereithy exposure. The exposed firefighters were further classified 
into haavilY-«5xjsed and moderately-exposed sub-groups, with the former 
group having qjent at least 4 hours at the site. The control g i x u p was 
ocrposed of 30 firemen fran neighbourirq mmicipalities located upwind of 
St-Basile, with no previous exposure to PCB fires. Participation in the 
control group was voluntary. All firefighters studied were male. 

A 500 ml blood sanple was drawn frcm each fireman by Canadian Red Cross 
personnel on January 10, 1989. Ihe frozen plasma was analyzed by the 
Midwest Reseanai Institute, Kansas City, Missouri. Plasma concentrations 
of PCBg, PCIXÎ  and PCDFg were determined using a n«5dification of a stan
dard HRGQ/HraB (High Resolution Gas Chronatography/Hlc^ Resolution Mass 
Speotranetry) analytical protocol developed by the Environmental Protec
tion Agesicy (EPA) and the Centres for Disease Control (CDC). 

RESUIUS 
1. Characteristics of the exposed and omtrol groups 

Ihe potentially confounding effects of age, weight, ana sex were 
analyzed for both eigjoeed sub-grotps and the control gitxq) by an 
analysis of varianoe (tables II, III). 

2. £ S B 
2 ,1 CcngenBr p ro f i l e 
Tha followir^ oot^aners ware detected in the plasma of f i re f ighters 
(nunters in brackets oorrespord t o the classificatJ.on systiem devised by 
Ballschmiter e t a l , 1989): 2 , 3 ' , 4 , 4 ' , 5 PsCB (118); 2 , 2 ' , 3 , 4 , 4 ' , 5 " HxCB 
(138); 2 , 2 ' , 4 , 4 ' , 5 , 5 ' HxCB (153); 2 ,3 ,3 ' , 4 ,4" ,5 HxCB (156); 2 , 2 ' , 3 , 
3 ' , 4 , 4 ' , 5 VpCB (170); 2 , 2 ' , 3 , 4 , 4 ' , 5 , 5 ' HpCB (180); 2 , 2 ' , 3 , 4 ' , 5 , 5 ' , 6 
HpCB (187) and 2 , 2 ' , 3 , 4 , 4 ' , 5 ' , 6 HpCB (183). 
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Previous analyses have demonstaiated that only oorygeners 118, 138, and 
153 are present in Aroclor 1242, wliere they account for 0.03%, 0.08% 
and 0.02%, respectively, of the oonraarcial product (Albro and Parker 
1979). In contrast, congeners 138 ar»l 153 are the pririoipal ocnponents 
of Aroclor 1260 (11.4% ard 9.9%, respectively) (Duinker ana Hillebrand 
1983), and congener 118 is one of the principal ccnponents of Aroclor 
1254. No Aroclor 1242-speoific oorqener was detected in the blood of 
any of the firefighters. 

2,2 Plasma PCB levels 
AS table IV indicates, no statistically significant difference was 
found between the exposed ard control groups for total PCB conoentra-
tic»is, which are generally lower than natitaial levels. Specific PCB 
congeners results (not shown) do not differ significantly either. 

3. PCDFg and PCDC^ 
The principal congeners found in the soot sanple (Table I) wore the 
TeCDFg, PeCDFg, and HxCDFg, with HtJCDFg, OCCF, anl pa»g all present at 
much Icwer concentrations. Interestingly, this soot sanple was the only 
environmental sanple in wliich 2,3,7,8-TCCO was detected. 
Mo significant difference was observed between the levels of any of the 
iixlividual congeners or the sum of tetra- to hexa- PCDFg (Z TePeltx-COF) 
in the exposed airf control grixps (Table V). 
Eî xDsed firefighters, and more particularly those in the heavily-
expoeed sub-group ( i 4 hours on-site), havo a significantly higher 
level of total PCCOg (Table VI), probably attributable to an increased 
level of HpCDC^ and OCDO. However, given the measured PCW/PCDD ratio 
of 360:1, and the absence of a similarly increased plasma level of 
total PCDFg, it is not possible to attribute this increase in PCEO to 
fire-related exposures. 
AS table VII indicates, no correlation was observed between age, weight 
ard sroaking, and the concerttrations of PCDFg or PCDC^ in either group. 
Finally, the TCDD equivalent toxicity of PCDFg, PCDD^, and L TalteHx-CDF 
was calculated in both groups, using the EPA (1987) and NKDO-OCMS 
(1988) weighting factors listed in table VIII. No significant, dif
ference was found (Table TX). 

oisaiBsioM 
The results of this study clearly irdioate that firefighters involved in 
this PCB fire did not significantly absorb PCBg, PCEC^ or PCDFg. This 
firriirjg may have two explanations. Firstly, it may well be that toxic 
releases fron the fire were indeed lew. This hypothesis is st^iported by 
the relatively lew conoentratJ.ons of contaminants found in enviromiantal 
sanples. Secondly, firefighters may have adcpted mitigating strategies 
such as maintainiiq a minimum distauice from the fire or staying i^wind, 
before respiratory protective devices becone available for all, 

PCDD ard PCDF values measured in this study are consistent with those 
previously observed in the Canadian population (Ryan 1986). The mean 
E TtePeHx-COF values measured in the firefighters (34,4 ng/kg lipid) is far 
less than that fourd to cause disease in one Vusho ard one Yu-Cheng 
patients, where levels of 9 300 ng/kg and 12 700 rg/kg, reflectively, have 
been ctoserved (Kuroki and Masuda 1978, Chen ct al, 1985), The ratio of 
concentrations found in these Yusho ard Yu-Cheng patients to those cb-
served in the firefighters examined in this study is 270:1 an! 369:1, 
respectively. 
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s imi lar ly , the TCDD equivalent tox ic i ty concentrations found in the 
f i r e f igh te r s ' plasma correspoided t o average Canadian values (i*/an 1986), 
and was nuch lower than those measured in 8 chi ldren vho devel<?»d ch lor -
acre within 1 month of the Seveso accident (CDC 1988). VSiile, in the 
f i r e f igh te r s ' plasma, the average TCDD equivalent t ox ic i ty ocincenta:ation 
i s 12.4 or 24.38 ng/kg l ip id , d^sending on t h e msthod of calcula t ion em
ployed, t ha t of the children varied frcm 828 t o 27 825 ng/kg. 
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OoMfXsltion of a soot saxple taken 
f rcn a t ruck roof loca ted 50 matres 

from U M f i r e 

j Species 

TtatalPCDo 

2 ,3 ,7 ,0 TCDF 
Tota l ToCDFs 

tlxCDF 
llpCDF 
OCDC 

Tota l rCOFa 

2 ,3 ,7 ,0 TCCO 
•mtal 'rtCOOg 

(IxCUO 
JlpCCO 
OCDO 

Tota l POXJB 

TXjtal PCDg/Total Peel's 

Total PCWo/T>3Ul PCCO^ 

OrDnc.(ng/g) 

1 723 219 

2 B58 
5 924 

761 
216 

22 
30 

6 053 

6 
6 

ND 
HD 

6 
7 

19 

2 5 0 : 1 

3G0: 1 

m not dotectod 

Tablo I I 

Avcrogo tKja, ua igh t , ajid t o tnoco ooiisu«pLioii of subjocUi 

Croup 

1 Exposed 

1 c o n t r o l 

H 

29 

30 

Age 

X SD 

32.8 8.2 

20.7 6.4 

P 

0.037 

Weight 

X SU 

83.83 15.1 

04 .41 12.7 

P 

0.674 

Tobocoo conEimptiofil 
(pack-yea re > | 

X Si: 

176.69 321.3 

170.77 194.0 

h* 

0.097 

N nunbar of s u b j e c t s pe r groi^i 
X roan 
SD s tandard d o v i a t i o n 

I ' ab le I I I 

M a l y s l s of vorlanco of age , weight and tobacco conaui^stion 

Group 

Llxixeod 
nigh 

moderate 

Control 

Total 

N 

IB 

11 

30 

59 

Ago 
(years) 

X SD 

33.4 9,04 

31.7 6.87 

20,7 6.4S 

30.7 7.58 

P 

0.163 

Weight 
(Hg) 

X SD 

06.08 16.4 

80.16 12.6 

84 .41 12.7 

84.13 13.8 

P 

0.299 

'itobacoo ooiwujuJtloo 
(pock years ) 

X SD 

224.44 309.00 

106.15 149.07 

17U.77 101.U4 

175.15 262.30 

P 

< O.OUl'l 

N nunixjc oC sub ja t ca pa r group 
X noon 
SD standard deviation 

Table IV 

Htwle p l o s i u and p l a s i t a - l i p id -based t o t a l rcu comoj i t ra t lo iu i 

Croup 

1 Eiqjosed 

H cont ro l 

H 

29 

29 

Hhule plasna ( i tq/ l ) 

X SD 

1.40 0.099 

1.88 1.321 

P 

0.344 

Upid (MQ/kg) 1 

X SD 

?.30.24 136.38 

260.41 224.17 

P 

0.539 

M nurrber of s u b j e c t s pe r group 
S tncan 
SD atondord d o v i a t i o n 
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T a b l e V 

Plasma-lipid-based concentrations (ng/kg) of PCDfc ard PCDOg 
in exposed and cont roFsubjec ts 

1 congener 

KJRANS 

* 2 , 3 , 7 , 8 - TCDF 

* 1 , 2 , 3 , 7 , 8 - PeCDF 

* 2 , 3 , 4 , 7 , 8 - PeCDF 

* 1 , 2 , 3 , 4 , 7 , 8 - HxCDF 

* 1 , 2 , 3 , 6 , 7 , 8 - HXCDF 

* 2 , 3 , 4 , 6 , 7 , 8 - HxCDP 

* 1 , 2 , 3 , 7 , 8 , 9 - HxCDF 

1 , 2 , 3 , 4 , 6 , 7 , 8 - HiJCDF 

1 , 2 , 3 , 4 , 7 , 8 , 9 - HtCDF 

1 , 2 , 3 , 4 , 6 , 7 , 8 , 9 - OCDF 

* S TePeHx - CDF 

T o t a l P O J P E 

nmooNS 
2 , 3 , 7 , 8 - TCDD 

1 , 2 , 3 , 7 , 8 - PeCDO 

1 , 2 , 3 , 4 , 7 , 8 / 
1 , 2 , 3 , 6 , 7 , 8 - Hxcn> 

1 , 2 , 3 , 7 , 8 , 9 - HxCEO 

1 , 2 , 3 , 4 , 6 , 7 , 8 - HllCm 

1 , 2 , 3 , 4 , 6 , 7 , 8 , 9 - OCTV 

1 Ttotal PCII\, 

s t a t u s 

E ' 
C 

E 
C 

E 
C 

E 
C 

E 
C 

E 
C 

E 
C 

E 
C 

E 
C 

E 
C 

E 
C 

E 
C 

E 
C 

E 
C 

E 
C 

E 
C 

E 
C 

E 
C 

E 
C 

M 

24 
28 

0 
1 

21 
26 

27 
30 

28 
28 

24 
28 

0 
0 

29 
30 

0 
1 

0 
1 

29 
30 

29 
30 

17 
13 

25 
24 

29 
30 

28 
30 

29 
30 

29 
30 

29 
29 

X 

6,3117 
8 ,5761 

0 
2 , 6 1 

10 ,9543 
9,8654 

7 ,6363 
7 ,5353 

7 ,2929 
7 ,0857 

3 ,0075 
3 ,0296 

°o 
24 ,270 
2 3 , 4 4 5 

0 
2 , 7 1 

0 
1 3 , 8 

32 ,2848 
36,4453 

56 ,5548 
60 ,4407 

4 , 3 
3 , 8 1 

8 ,026 
7 , 1 8 1 

72 ,847 
69 ,436 

12 ,643 
12 ,156 

106 ,46 
85 ,642 

587 ,965 
479,067 

788,92 
649 ,56 

SD 

4 ,366 
6,559 

N.A, 
N,A, 

5,109 
4 ,205 

3,459 
3,088 

3,42 
2 ,959 

0 ,996 
1,214 

N,A, 
N,A, 

11 ,291 
11,822 

N,A, 
N.A, 

N.A, 
N,A, 

13 ,933 
14,568 

22,659 
23,347 

2 ,83 
1,69 

2 ,198 
2 , 6 0 1 

32,257 
27,954 

7 ,120 
5,608 

57,159 
57 ,791 

516,436 
327,057 

602,20 
412,67 

P 

0 , 1 4 5 

N,A, 
N.A. 

0 , 4 3 1 

0 , 9 

0 ,809 

0 ,944 

N.A, 
N,A, 

0 ,785 

N,A, 
N.A, 

N,A, 
N,A, 

0 ,267 

0 ,519 

0 ,586 

0 ,316 

0 ,666 

0 ,772 

0 , 1 9 1 

0 ,336 

0 ,309 

N number of subjects per group 
it mean 
SD standard deviation 
NA not applicable 
E exposea 
C control 
• matter congeners for t h i s PCS t i r e 
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Table VI 

Analysis of the effect of ej^x^ure duration on 
PCDF and PCDD plasma-lipid-based concentrations (r>g/kg) 

Grcwp 

S TePeHx-COF 

S PCDF 

E PCDD 

Status 

E (h) 
E (n) 
C 

All 

E (h) 
E (m) 
C 
All 

E (h) 
E (m) 
C 
All 

N 

18 
11 
30 
59 

18 
11 
30 
59 

18 
11 
30 
59 

X 

35.11 
27,66 
36.44 
34,4 

62,65 
46,57 
60.44 
58,53 

929.49 
558,89 
649,56 
719,24 

SD 

15,296 
10,391 
14,568 
14,29 

25,58 
12,18 
23,34 
22,90 

712,387 
242.76 
412,67 
516.47 

P 

0,47 

0,141 

<0,0001 

N number of subjects per groi^ 
X mean 
SD standard deviation 
E (h) : heavily-exposed 
E (m) : noderately-exposed 
C : control 

Table VII 

Correlation matrix of selected var iab les 

Correlations 

t TePeHx-CDF 
E PCDF 
E PCDD 
Age 
Weight 
Tobacco consunption 

ETePeHx-CDF 

1,0000 
,9026* 
,5954* 

-,0515 
.0062 

-.1237 

S PCDF 

.9026* 
1.0000 
.7774* 

-.0490 
,0495 

-,0877 

E PCDD 

.5954* 
,7774* 

1,0000 
.1708 
.0891 

-.0700 

p < 0,001 
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Table VIII 

TCBQ-equivalent weighting factors 

congener 

FURANS 
2 , 3 , 7 , 8 - TCDF 
1 , 2 , 3 , 7 , 8 - PeCDF 
2 , 3 , 4 , 7 , 8 - PeCDF 
1 ,2 ,3 ,4 ,7 ,8 -HxCDF 
1 ,2 ,3 ,6 ,7 ,8 -HxCDF 
2 , 3 , 4 , 6 , 7 , 8 - H x C D F 
1 ,2 ,3 ,7 ,8 ,9 -HxCDF 
1 ,2 ,3 ,4 ,6 ,7 ,8 -HpCDF 
1 ,2 ,3 ,4 ,7 ,8 ,9 -HpCDF 
1 , 2 , 3 , 4 , 6 , 7 , 8 , 9 - O C D F 
DIOXDG 
2,3,7,8-TCDO 
1,2 ,3 ,7 ,8-PeCDD . 
1 , 2 , 3 , 4 , 7 , 8 / 1 , 2 , 3 , 6 , 7 , 8 - H x C D D 
1,2 ,3 ,7 ,8 ,9-HxCDD 
1 ,2 ,3 ,4 ,6 ,7 ,7 -HpCED 
1 , 2 , 3 , 4 , 6 , 7 , 8 , 9 - O C D O 

weightir^ factors | 

EPA 1987 

0 , 1 
0 , 1 
0 , 1 
0 , 0 1 
0 , 0 1 
0 , 0 1 
0 , 0 1 
0 ,001 
0 ,001 
0 

1 
0 , 5 
0 ,04 
0,04 
0 ,001 
0 

NATO-OCBS 1988 

0 , 1 
0 ,05 
0 , 5 
0 , 1 
0 , 1 
0 , 1 
0 , 1 
0 , 0 1 
0 , 0 1 
0 ,001 

1 
0 , 5 
0 , 1 
0 , 1 
0 , 0 1 
0 , 0 0 1 

Table IX 

TCEO equivalent dose (ng/kg) in ejqjosed ard control subjects 

Ooixieners 

Z PCDF 

E KJXJ 

E PCDF + E POXJ 

E 

C 

E 

C 

E 

C 

N 

29 

30 

29 

29 

29 

29 

EPA 1987 

X 

1,68 

2 ,18 

10,52 

9 , 3 6 

12 ,40 

11 ,59 

SD 

0 ,75 

0 ,93 

4 ,64 

3 ,30 

5,24 

3 ,89 

P 

0 ,176 

0 ,276 

0,507 

NATO-CCMS 1988 

N 

29 

30 

29 

29 

29 

29 

X 

7 ,20 

7 ,65 

17 ,18 

15 ,49 

24 ,38 

23 ,27 

SD 

3 , 1 5 

2 , 9 5 

7 , 6 1 

5 , 6 6 

9 , 8 8 

8 , 0 3 

P 

0 , 5 7 5 

0 , 3 4 1 

0 , 6 4 1 

N nuniier of subjects per group 
X mean 
SD standard deviation 
E exposed 
c control 
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