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DIOXINS AhlD FWRANS IN SEDIMENT AND FISE 
FROM THE  VICINITY OF FOUR INLAND PULP AND/OR  PAPER MILLS 

-.ONE PETROLEWIK REFINERY IN BRITISH  COLUMBIA 

ABSTRACT 
I 

Dioxins  and  furans  were  analysed  in bed  sedimenits and  fish 
collected  upstream  and  downstream  of  four  non-chlorine  bleaching 

I pulp  and/or  paper  mills  and  one  petroleum  refinezy in  inland 
British  Columbia.  Areas  sampled  were the Peace  and Pine Rivers, 
Kitimat  River  and the lower  Fraser  River. The results  showed  that 
all bed sediment  samples  collected  upstream  of the mills  and 
refinery  were  below the analytical  detection  limit  for  dioxins.  and 
furans.  Most  bed  sediment  samples  collected  downstream  of the 
mills  and  refinery  were  also  below the analytical  detection limit. 
Exceptions  were,  one  sample  collected  in the Kitimat  River  which 
had  detectable  levels  of  hexachlorodibenzodioxin and. sampies 
collected  from the lower  Fraser  River  which  showed the presence of 
dioxins  and furans,. principally, octachlorodibenzodioxin. 

/ 

The levels of dioxins  and  furans  in  all  fish  samples  (composed of 
composites  of  muscle  tissue)  from the Peace, Pine and  Kitimat 
Rivers were below the detection  limit,  with the exception of one 
sample. This sample,  collected  from the Kitimat  River  downstream 

: of the pulp  mill,  had  a  detectable  concentration  of 
tetrachlorodibenzofuran  (T4CDF).  Fish  samples  collected  from the 
lower  Fraser  River,  upstream  and  downstream of the  two pulp  and/or 
paper  mills,  exhibited  detectable  levels -0f mainly  TICDF.  The 
highest  levels of T4CDF  were  measured  in the northern  squawfish 
(Ptychocheilus oregonensis) and peamouth ,chub (Mylocheilus 
caurinus) samples. 
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Des  Bchantillons de materiau  du lit  et de poissons  ont  BtB  prBlevBs 
en  amont  et  en  aval de quatre ,usines de pates  et/ou de papier 
(n'utilisant  pas  le  chlore  pour  le  blanchiment)'  et  d'une  raffinerie 
de . pBtrole,. toutes situBes a 1'intBrieur de la  Colombie- 
Britannique; ces Bchantillons  ont  &te  analyses  pour  les  dioxines 
et les  furannes.  Les  sites  d'echantillonnage  Btaient situ& dans 
les  rivieres de la Paix,  Pine et Kitimat et dans  le  bas  du  fleuve 
Fraser. Tous les  Bchantillons de rnateriau du lit prBlevBs  en  amont 
des  usines  et de la raffinbrie  ont  donne  des  valeurs  qui  Btaient 
sous  les  limites de dBtection  pour  les  dioxines  et  les  furannes. 
La  plupart des Bchantillons de materiau  du lit prBlevBs en aval  ont 
montrB  les m h e s  resultats,  sauf un khantillon pour la rivibre 
Kitimat,  qui  contenait  des  niveaux  detectables 
d'hexachlorodibenzodioxines et  certains  dchantillons  pour  le  bas- 
Fraser qui montraient la prdsence de dioxines  et de furannes, 
surtout l'octachlorodibenzodioxine. 

Pour tous les Bchantillons de Poisson  (en  fait  dek  .Bchantillons 
composites de tissu musculaire  prBlev6  chez  plusieurs  individus) 
provenant des rivi&res de la  Baix, Pine et  Kitimat,  les  niveaux de 
dioxines  et de furannes  etaient SOULS les  limites de d&tection,  sauf 
pour  un  Bchantillon.  Cet  Bchantillon,  prBlevB  en  aval de l'usine 
de pate de Kitimat, a montrB 'urn niveau  dgtectable de 
tgtrachlorodibensofurannes totaux (T4CDF). Certains  Bchantillons 
de poissons  preleves  dans  la  bas-Fraser, en amont c o m e  en  aval  des 
deux  usines de pate  et/ou de papier,  ont  monfr6 des niveaux 
dgtectables de T4CDF.. Les  niveaux  les  plus  BlevBs  ont'  BtB  mesurBs 
chez la sauvagesse  du  nord (Ptychocheilus oregonensds) et  le men6 
deux-barres (Mylocheilus caurinus). 
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INTRODUCTION 

In 1988, Environment  Canada ,and the Department  of  Fisheries  and 
Oceans  began  a program' to sample  for dioxins and furans in sediment 
and  biota  from the vicinity  of  pulp  and  paper mills in British 
Columbia (B. C. ) . . The objectives 'of this'  program  were. to determine 

. levels  of dioxins and furans and to identify areas of concern. 
+ 

Sampling  conducted  in  1988 by Environmental  Conservation  (,formerly ' . ' 

Inland Waters) of  Environment t .  Canada  concentrated  on areas in the 
vicinity  of chlorine bleaching  mills in  inland B.C. The results of 
this sampling 'are reported  in .Mah & d. -(1989). In general, fish 
had  'elevated  levels  of  tetrachlorodibenzo-para-dioxin  (T4CDD)  and 
tetrachlorodibenzofuran (T4CDF). Sediments collected  downstream  of 
the milis had  elevated levels of mainly TQCDF.. Of the  ten mills 
sampled,  eight utilize the chlorine bleached  kraft  process  and two 
use the thermo-mechanical  process. , The two thermo-mechanical  mills 
were sampled  because they were located close to ap chlorine 
bleaching mill. , 

/ 

. .  

.\ - .  

Siniilar sampling was conducted by Environmental Protection of 
, I Environment  Canada  and the Department  of Fisheries and Oceans in 

the vicinity  of coastal kraft pulp mills using chlorine bleaching.. 
The results showed that certain  fish,  shellfish,  bivalves ' and 
sediment  (Harding  and  Pomeroy 1990) had  .elevated  levels  of  dioxins 
and  furans. A cross-Canada  survey  on dioxins and furans in 
sediment  collected  downstream  of  pulp mills using  chlorine 
bleaching  showed  elevated  concentrations  of dioxins and  furans in, 
the sediments (Trudel 1991). Oqher studies have ,shown that dioxins 

' and  ,furans are associated  with  ch.lorine  bleached  pulp mill effluent 
(Amendola et  al. 1987) and.in environmental samples collected  from 
the vicinity  of  chlorine  bleaching  pulp mills (Koistinen & d. ' 
1990; Rappe & d. 1989). 

Dioxin and furan contamination  from.  non-chlorine  bleaching  mills 

, <  
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may  occur through the use of  chlorophenoJl contaminated  woodchips 
(Elliot & d. 1989) and. recycled  paper (Beck & &.. 1988). '7 In 
addition,  a Finnish study  suggested that the chlorination, of 
process water for  disinfection  and  decolourising  may  be  a source of 
dioxins and furans precursors in some non-chlorine  bleaching  mills 
(Kitunen and  Salkinoja-Salonen 1990). 

1 

In 1988, Environmental  Conservation  completed its program to sample 
for dioxins and furans in fish.and bed sediments from the vicinity 
of ten inland B.C. pulp and/or paper  mills. This report  presents 
the results of sampling in the vicinity  of the four  interior  pulp 
and/or paper mills sampled  in 1989. 

I 

Sampling was'conducted near'an unbleached  kraft mill at  Kitimat,  a 
recycled paper converting mill atBurnaby;.an unbleached  groundwood 
pulp mill at New Westminster  and a bleached chemical thermo- ' 

mechanical mill at Taylor'. ,None of these four mills utilizes 
chlorine bleaching  in their process. t 

Samples were also collected  from the vicinity  of the Petro-Canada 
Products'  petroleum  refinery; due to its close proximity to  the pulp 
mill at 'Taylor, and because' dioxins and furans have been  detected 
in petroleum  refinery  wastewater (MISA 1988). 

I . .  I 
I 

\ 



METHODS 

L 

A detqiled description of methods  is  given in Mah d. (1989). 
I ,  

\ 

Bed sediments and fish were samp1,ed  in the vicinity of: Paperboard 
Industries-  Corporation,  Scott Paper Limited,  Eurocan Pulp and  Paper. 

n 
I 
1 
I' 
I 
I 

Company, Fibreco Pulp Incorpoqated  and the Petro-Canada Products 8 

petroleum  refinery (Figure 1) . , At  each  site, . samples were 
collected  upstream  and  downstream of the discharges. The upstream 
samples were collected 30 . to 160 km upstream  of the effluent 
discharge's in' order to avoid  contamination  from other potential 
sourdes of dioxins and furans (for example, . wood treatment 
facilities).  Downstream samplinqwas conducted in areas considered 
most.affected,by effluent. Sites containing fine grain sediments 
were preferentia1,ly selected for.  sediment  sampling. The exact 
locations  of the bed.'sediment  and  fish sampling sites are shown in 
Figures 2 through 7,. 

I 

. .  

, '  

I 

Sampling  .commenced  in,  August 1989 and  continued to October 1989. At 
each site sediment  and  fish  sampling was conducted  at the same . 

time. 

. .  

( Three composite',bed sediment samples were collected from'upstream 
and  downstream of the discharges.  Composite  bed sediment samples 
consisted  of  a  minimum  of three grabs of the Ekman  or Ponar dredge. 
On two occasions, samples were collected  using  a stainless steel ' 
,spoon 'or ladle. In all cases only the  top 2-4 cm were used. Once 
collected, the samples were mixed  well  in a stainless steel bucket 
and.subsamples were placed  into  labelled Teflon jars and  frozen.. 

I 1 ,  

I 
I 

/ 
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Figure 1. Locations of the Four Pulp and/or Paper Mills 
and One. Petroleum  Refinery  Sampled. 
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Figure 2. Locations of Areas Sampled in the  Pine  .and Peace Rivers. 
Details "An and "Bn are shown in Figure 3 .  

Details nCn and I'Dn are shown in Figure 4 .  
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Figure 3. Detail A: Locations of Fish  and  Sediment  Sampling Sites 
near Fibreco Pulp Incorporated  and  Petro-Canada Products 
Limited. 

Detail B: Locations of Fish' and  Sediment  Sampling Sites 
Upstream on the Peace,River. 
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Figure 4. Detail C: Locations of Fish  Sampling Sites on the Pine 
River  near  Graveyard Creek. 

Detail D: Locations of Fish and' Sediment  Sampling  Sites 
on  the  Pine River. 
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Figure 5., Locations of Fish, and  Sediment  Sampling Sites in the 
of Eurocan  pulp Kitimat River Upstream  and  Downstream 

and Paper Company. 
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Figure 6. Locations of Areas Sampled in, the Lower  Fraser River. 
Details "AH and trBn are shown in Figure 7. 
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Figure 7. Detail A:, Locations of Fish  and  Sediment  Sampling Sites 
near Paperboard Industries Corporation  and  Scott Paper 
Limited. 
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Detail B: Locations of Fish and, Sediment  Sampling  Sites 
near Hope. 
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Fish BamDling . '  

10 E 
1 

Fish were collected us.ing minnow  traps,  beach seines and  sinking I 

gill nets (mesh sizes from 3.8 cm to 11.4  cm). Captured  fish  were 
placed  into stainless steel basins  or  buckets  and  kept cool until 
field  processing.  Field  processing  consisted of: 

I )  1 
- identifying the species, I 
- assigning  labels, I .  < 1 
- wrapping in oven baked  aluminum  foil, 
- and freezing with dry ice. 

* L -  recording the length, 

. .  

. .  1 Details of the fish sampling locations, dates and  sampling methods 
are presented  in Table.1. 

Fish PreDaration and Aueinq, 1 
In the laboratory the fish were thawed,  weighed  and  re-identified I 
to confirm field  identification. The fish were then skinned, and 

. ' an.equa1 amount  of  epaxial muscle tissue was removed from  several 
fish of the same species to make one composite sample.  Usually, 
the composite sample consisted  of seven fish;  however, this number 
varied  from five to sixty. The tissue was then homogenized  using 
a blender  followed by a Polytron ultrasonic  dispersator  and  mixed . 

well. Subsamples were placed  into  labelled Teflon jars and  frozen. 1 
For some samples, composite liver  and  kidney samples were similarly 
prepared - for future analyses. 

I 
I 

, 

, - ' .  

Otoliths, pectoral fins and  pelvic fins were removed  and  retained 
. ' from  each fish for age determination. Scales . ,  were retained ' for 

ageing  from some species.  Fish .age .was determined by examining 
, annuli  present  in the structures listed  above. The analysis' was 
conducted at the Fish Age Determination  Unit, Department.of 

\ I 
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Fisheries and  Oceans, Pacific Biological  Station,  Nanaimo, B.C. 

BeQiment Particle Sise Distribution 

The particle size distribution  of  sediment samples was determined 
by, hydrometer, bottom  withdrawal  or sieve analysis' methods using 
procedures described  in  Environment  Canada  (1988a). 

Particulate Oruanic Carbon Determinatioq ' I  
The procedure for  determining  particulate  organic carbon was d 

identical to NAQUADAT ,06903 (Environment  Canada 1979; 1988,) except 
that the dried,  acid  washed  sediment was pressed  into  a capsule and 
no  catalyst was 'added. . .  m 

I 

I 

LiDidS in Fish. 

The lipid  content was determined by extracting the fish sample with 
50% methylene ,chloride/hexane as described  in Mah & d. (1989). 

Determination of Dioxins.anQ Furans 

The analytic methods used  for the determination  of dioxins and I 
furans in fish and  sediment, as well as  the quality assurance and 
quality control procedures', are presented  in Mah & a. (1989). 

. I  \ .  
I 

, I 
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RESULTS  and  DISCUSSION .' ' 8  

I 
. .  

t .  

I 
Bed Sediment Results < 

, .  

. Refer to Table 2 for the'bed sediment sampling.locations, sampling, 
.dates and. particle size distributions: Table 3 presents 
concentrations 'of '.dioxins  and  furans,  moist,ure  content  and  organic 
carbon content. 1 , 

r . 
, .  

- \  

. .  

Quality Assurance (QA)  and. QU8litjp Control (QC) ,. 

As part ,of  the  'QA/QC procedures,, composite bed sediment' samples 
from .two different locations were split into. -three subsamples. ' 
.Each subsample was assigned  a  'unique  label  and submitted for 
analysis. The results of the bed sediment -splits (Table 4 ) .  are 
similar. since all results were below the detection limit. However, 
detection  limits'  varied among. splits.  Laboratory  anaiytical QA/QC 
procedures are those of Mah & &. , (1989). The laboratory QA/QC 
results for dioxin ana1ysis:on bed sediments are presented  in Table 
5. 

1 

I _  

. .  \ 

, .  

P . .  

\ 

Pin. and Peace Rivor Bed  Blediments. 
r 

Bed ' sediments were . collected  from the Pine and Peace Rivers, . .  

upstream  and  downstream of Fibreco Pulp Incorporated  and the 
Petro-Canada Products refinery. No detectable residues of dioxins 
or furans were measured  except  for one Pine River sample (Pine-03). 
Initial analysis of the Pine-03 sample showed.  the 'presence of 

% hexachlorodibenzodioxin  (H6CDD) , -hexachlorodibenzofuran  (H6CDF)  and 
heptachlorodibenzofuran  (H7CDF)  residues. ' Since the Pine-03  samfile 
was collected  from an upstream,  location with no apparent source of 
dioxins or  furans,  a  re-analysis  of this sample was performed. The 

. .  - 
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second analysis of  a  field  split  showed  no detectable residues of 
dioxins or  furans;  however the detection  limits were high. These 
differing results may  be due in part.to difficulties in  obtaining 
a completely homogeneous sample for  analysis.  Further  sampling  is 
required to fully characterize the Pine River  sediment.  Appendix 
A, Table 'A-1 presents the results of the original .analysis on these 
samples. 

/ 

I 

Kitimat  River  Bed  Sediment 

I 
The bed sediments collected  from the Kitimat River upstream  of 
Eurocan Pulp and Paper Company  had  no detectable residues, of 
dioxins or furans., One sample (EUR-03) collected  downstream  of 
Eurocan Pulp and Paper Company  had  a H6CDD concentration of 687 
pg/g (parts per trillion or ppt). To confirm this result the 
sample was re-analysed. The second analysis showed  a  concentration 
of 470 ppt  H6CDD; the mean of these two results is 578 ppt. 
Similar concentrations of H6CDD were found  in marine bed  sediment 
samples collected from  Kitimat Arm in 1990 (Goyette and  Boyd'1991). 
Goyette and  Boyd  measured HdCDD concentrations in  bed sediments 
ranging from  below detection .to 982 pg/g. These authors also 
detected concentrations of heptachlorodibenzodioxin (H7CDD)  and ' 

octachlorodibenzodioxin (08CDD) in. these marine  sediments. 

The EUR-03 sample contained  higher  silt-clay  content (30% higher) 
and organic carbon content (two times higher) than  the other 
Kitimat River samples. Dioxins and  f,urans have.low solubility  in 
water and high affinity to soil particles with high organic- carbon I 

content (Palausky & d. 1986; Arthur  and  Frea 1989). In the EUR- 
03 sample, the presence  of H6CDD may have been  detected  because  of 
the higher organic carbon content. 

I 

A potential source of H6CDD in  non-chlorine  bleaching  pulp mills is 
the use of chlorophenol contaminated  wood chips. The production of 

\ 
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chlorophenols is known to produce trace'amounts of  chlorinated 
dioxins including .H6CDD (Hagenmaier  and  Brunner  ,1987) . - In British 

' . Columbia chlorophenols have been  used  for  preserving  wood  and  wood 
products for  export. The Eurocan Pulp and Paper Company  plant site 
includes  a  former  woodmill..  Until  1977,  'this  woodmill operated'a " 
.drive-through chlorophenol dip tank' for  anti-sapstain treatment (S. 
Liu,  pers.  comm.) . As noted by Kitunen & a. (1987), the. 
historical use of chlorophenols (and chlorppheno'l  contaminated  wood 
chips) may  be  one source of H6CDD; 

! '  

Lower Praser River Bed Sediment 

1nitial.analyses of'bed sediment  samples  collected  upstream  of the 
lower  Fraser River mills showed  no detectable residues of dioxins 
or furans , (Appendix A, Table A) . These samples *ere  re-analysed 
since' detection limits  in the initial  analyses were high.  Re- 
analysis showed -similar results - no .dioxins or furans, were 
detected  but the detection  limits were high  (Table' 3). The high 
detection limits may have been the result 'of sample matrix 
interference.  Samples ' with  excessive' cooextractives require 
extensive  clean-up  prior to analysis. . In some samples-the clean-up 
procedure  may  not remove the-interference thus resulting in  ;higher 
detection limits., One possible sour&  of interference  may  have ' 

been organic matter originating.  from  decaying saimon .that were 
present  at the upstream site ..during 'sampling. As a  result, the 

. Hope bed'.sediment samples likely  contained sufficient' quantities of 
organic.'matter (decaying -salmon) -to produce the interfer,ence  during 
analysis. 

.~ 

I I 

Bed  sediment samples collected  downstream  of the lower  Fraser  River 
mills contained .detectable residues of -dioxins and  furans. The. 
levels of  2,3,7,8-T4CDF'measured doynstream  of  Scott Paper Limited, 

' New  Westminster (19 to'  24  ppt) are similar 'to the level  (22  ppt) 
Pleasured  in  ,one sample downstream  of .Paperboard Industries 

. .  
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Corporation,  Burnaby.  Note that these 2,3,7,8-T4CDF levels are 
\ 

lower than the 2,3,7,8-T4CDF  detection limits for 'the upstream 
(Hope) samples. 

- Similar levels of 2,3 , 7,8-T4CDF (5.8 to 26 ppt) were measured  in 
lower Fraser River bed sediments  collected  in 1990 by -Swain and I 

Walton (1991) . Their samples were collected  in the vicinity  of 
a . Paperboard Industries Corporation  and  at the mouth of the Main Ann 

of the Fraser River. Mah d. (1989) measured  2,3,7,8-T4CDF  in 
bed sediments sampled  from the vicinity  of six pulp mills located 
at  least 240 km upstreamtof Hope in the Fraser  River basin. Five, 
of the upstream mills use the chlorine bleached  kraft  process. 
Amendola & &. (1987) state that the 2 , 3,7,8-T4CDD  and 2 , 3,7,8- 
T4CDF isomers are the principal  isomers  found  in  chlorine-bleached 
pulp mill matrices. . .  

I 
Mah & &. (1989) measured 2\,3,7 , 8-T4CDF  in one "upstream"  site. 
This site was located' on 'the Fraser  River'  upstream of .pulp mills 
located  in  Quesnel  but 135 km downstream of three chlorine 
bleaching kraft mills situated  in Prince George. Their results 
indicate that pulp mills located  upstream on the Fraser River may 
produce detectable residues of 2,3,7,8-T4CDF considerable distances 
downstream. 

All six bed sediment samples' collected  in the vicinity  of  Scott 
Paper Limited  and  Paperboard Industries Corporation'had measureable 
levels of 08CDD. Two of the six samples also had  measureable 
residues of H6CDD and one sample contained,  a third isomer,  H7CDD. 
Similar results were found by Swain  and Walton (1991).  They 
detected all five congeners of  dioxin  in  bed sediments collected 
from the lower Fraser River;  but the H6CDD, H7CDD and 08CDD 
congeners predominated. 

I 

Levels of 08CDD measured  in aucrpended sediments collected  from the 
lower Fraser River in  March  1989  (Environment  Canada,  1989 

B 

4 .  I 
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unpublished  data)'  are  similar to the levels measured. in  bed 
. sediments in the. present. study.. 'The results of the dioxin and 

furan  analyses (Table B-1)  and analytical  quality control (Table B- 
2) on these suspended  sediment  samples are presented in.Appendix B. 
Two 24 hour suspended  sediment samples were collected  using  a 
Westfalia continuous flow  centrifuge.  Both samples were collected 
.from the Main Arm of the ' lower Fraser River. The first sample 
(STEV-100) , collected  near the George'  Massey Tunnel' (Appendix B< 
Figure B-1), had  an 08CDD concentration  of  370  ppt while the second 

' sample (ANN-200) ,  collected  just dowirstream  of Annacis Island " . 

. .  

f 

. (Appendix B,  Fi-gure  B-1) , had  an 08CDD concentration  of 329 ppt. 
\ ,  

. .  \ I 
> 

\ 

In our  study, these highly . .  chlorinated congeners of dioxin were not 
detected  in Fraser River bed sediment samples collected  upstream'  at 
Hope;  nor were they detected by Mah a. (1989) in their Fraser 
River  Basin samples collected  at  -least 240 km upstream of Hope. 
The lower  Fraser  River1ha.s  various  .potential sources of the' higher 
chlorinated dioxin' congeners. Previous studies (.Czuczwa  and Hites 
1984; Czuczwa. and Hites 1986) have shown that the primary sources 
of  08CDD to  the- environment  include: municipal' incinerator 
emissions,,.  industrial  incinerator  emi,ssions and' pentachlorophenol. 
Czuczwa  and Hites (1986)  found that 08CDD predominated  in  air- 
particulate  and sed.iment  samples.  Based on their historical  use, 
Elliot  et  al. (1989)  attribute  chlorophenols as the m 0 s . t  important 
potential , source of dioxins to  the, British  Columbia  environment. 
Tetra-. and  pentachlorophenols  have  been  used by the' British 
Columbia  wood  industry  for the prevention of sapstain fungus. 
Hagenmaier  and  Brunner  (1987) foqd commercial  pentachlorophenol 
and  pentachlorophenate to contain  measureable  levels  of all dioxin 
and furan ksomers, ,but the octa-,  hepta-  and  hexa-  isomers . - 
predominated.  Considerable  chlorophenol  contamination  of " 

stormwater  run-of  f to the lower.  Fraser  River has occurred  from the 
stacking  of  chlorophenol  treated  'lumber  in  large outdoor. storage 
sites (Krahn & d. 1987). 

- 
-. . 

. .  I .  

i 

. 1  

'-, 

t 

c ." , 

. <  

I 

I 

* x -  



36 I, 
I 

A detailed description of  fish samples used for dioxin and  furan ' 

analyses is  presented in .Table 6. The results of fish tissue 
analyses for dioxins and furans are presented  in Table 7. 

As part  of the QA/QC procedures composite fish tissue samples 
two different locations were split  into three subsamples. 

from 
Each 

subsample was assigned  a unique label  and  submitted for analysis. 
The results of the fish tissue splits (Table 8) indicate  a  high 
level  of  reproducibility,  with  a  coefficient  of  variation of 7.5% 
for the one furan isomer that was detected.  Laboratory analytical 
QA/QC procedures are those of Mah & d. (1989) . The .laboratory 
QA/QC results for dioxin analysis on fish'tissues; are presented  in 
Table 9. 

\ 

Pin. and Poace River Bi8h 

Fish were collected  from the Pine and Peace Rivers upstream  and 
downstream  of Fibreco Pulp Incorporated  and the Petro-Canada 
Products- refinery. These fish samples showed no detectable 
residues of dioxins or furans. 

xitimat River Biah 
\ '  

Fish  collected  from the Kitimat  River  upstream  of  Eurocan Pulp and 
Paper Company  showed  no detectable residues of dioxins or  furans. 
One sample (Dolly  Vgrden, Salvelinus malma), collected  downstream 
of the mill,  had  a detectable concentration  of 2 , 3 , 7 , 8-T4CDF  and 
total T4CDF (24 ppt). Similar concentrations of 2,3,7,8-T4CDF (14 

' .  \ 
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ppt to 19  ppt) were found  in the hepatopancreas of dungeness crab 
(Cancer m a g i s t e r )  collected  from  Kitimat Arm by the Department of 
Fisheries and Oceans (Government of Canada, 1990; Harding  and 
Pomeroy 1990 ) .  These hepatopancreas samples also had  measureable 
concentrations of other. dioxin and  furan  congeners. .Migration 
studies on  Dolly Varden have shown that the habitat of three to 
four  year  old  fish. (the age of  fish  used  in this study) is, the 
stream  in which they were spawned (Scott and Crossman 1973) . The 
adults (three to six years old). of anadromous populations move 
seaward  in  late  May and'early June,' remaining short distances from 
the stream  mouth, then'move back  into the  streams usually  in  mid- 
July to September (Smith and. Slaney' 1980): The Dolly Varden, 
collected for this study  may have spent time in  Kitimat Arm. 

I 
I 
I 
I. 
I 
I 
I 
I 

\ . .  
. .  

Lowor  Brraor  Rivor  Bi8h . I  
\ 

\ 

The levels of. 2,3,7,8-T4CDF  and total T4CDF  measured  in fish I 
collected  upstream  and  downstream  of the lower, Fraser River mills 
were similar. The dioxin,'  2,3,7,8-T4CDD, was detected  in  only  one 
sample,  a  peamouth chub (Mylochei lus ,caur inus)  sample collected  at I 

the upstream site. These two isomers were the principal forms .of 
dioxins and. furans measured  in fish collected by Mah & d. (1989) 
from the upper and  mid-Fraser  River  in  1988. It , should  be  noted . . 

that fish collected upstream  of  a given location  may have I- 
previously resided downstream of that  location, and, vice versa. 

4 
'I 

I 
In the lower Fraser River  fish,  the'  peamouth chub and  northern i 

squawfish (Ptychocheilus o r e g o n e n s i s )  .samples had higher levels  of 
TICDF, (24 ppt  and 44 ppt,  respectively) - than the largescale  sucker 
(Catostomus macrochei lus)  samples (below the detection limit to 3.8 
ppt)'. With the small sample sizes, it is difficult to comment on 
species-concentrations  relationships. The results of this study 
are  consistent' with those observed  in  Mah & &. (1989). Higher 
levels  of  'furans were measured  in  fish,  like  northern  squawfish  and 

i 

1 
'I 
I 
I 
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peamouth  chub, that generally  'occupy the higher trophic levels. 11. . .  ' '; I 

I1 ' ,  

I 
Health  and WO.1f.r. Ev8lU8diOn Of th8 Biah D8t8 , 

_ I  

I 

Health and Welfare Canada  assessed the data on dioxins and  furans 
in fish collected  in 1989 from the Peace,  Pine,  Kitimaf,  and  Fraser 
-Rivers. The assessments, as reported  in Government-.of Canada  press 
releases,  concluded that-the levels  did  not pose a  health risk and: , .  

consumption restrictions were not  necessary  (Government  of  Canada, ' 

1990 and  1991). , , \ 

I I  ' 
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CONCLUSIONS I 
1) No 'dioxins  or furans were  measured  in bed sediments or  fish 

, co.llected  from the Pine and Peace Rivers,  or  upstream  of 
Eurocan Pulp and Paper Company  in the Kitimat  River. No 
dioxins or  furans' were detected  in  bed sediments co1,lected 
near  Hope, the upstqeam site for the lower Fraser River mills. 

I 
.I 

I 

2) H6CDD was detected  in one bed sediment sample collected  from , I  
the Kitimat River downstream  of Eurocan Pulp and , Paper 
Company.  Bed sediments collected  from the lower Fraser River I 
had measureable levels  of dioxins and  furans. The source of 
these dioxins and furans is unknown. The samples collected 
from the vicinity  of Scott, Paper Limited  had detectable 
concentrations of  H6CDD,  H7CDD, 08CDD and  2,3,7,8-T4CDF; 
whereas the samples collected  from the vicinity  of  Paperboard 

I 
I 

-. 

Industries Corporation had detectable levels of 2,3,7,8-T4CDF 
and  08CDD. 

3) One Dolly Varden (Salvelinus  malma) sample collected  from the 
Kitimat River downstream  of  Eurocan Pulp and Paper had a. 
measureable concentration of 2 , 3 , 7 , 8-T4CDF. Northern 
squawfish and  peamouth chub samples (Ptychocheilus  oregonensis' 
'and Mylocheilus  caurinus, respectively)  collected  from the 
lower Fraser River at'the upstream ,Hope site and  in the 
vicinity  of  Scott Paper Limited 'and Paperboard  Industries 
Corporation also had  measureable levels of 2,3.,7,8-T4CDF.- One 
peamouth chub sample collected  near Hope,. upstream of the 
lower Fraser River  mills,  had  a detectable concentration of 

, .  

I 

2,3,7,8-T4CDD. 

4) The Health and  Welfare  Canada  assessment  of the data on 
dioxins and furans in fish concluded that the levels did  not 
pose  a health risk and  consumption restrictions were not . 
necessary. 

I 
I 
I 
.I 
I 
I 
I 
I 
I 
I 



I J 

I 
I 

I 
I 
I 
I 

I - ,  , 

I 

.I ! 

" 47 
". 

REFERENCES , 

\ .  

Amendola, G. , D. Barna, R. Blosser, L. Lafleur, A. McBride,. I 
.F. Thomas, T. Tiernan, and R. Whittemore.  1987. The 
Occurrence and Fate of PCDDs and PCDFs in Five Bleached. ' 

' ' Kraft Pulp and Paper Mills.  Presented  at the Seventh 
Internationa1,Symposium on  Chlorinated Dioxins and., 
Related  Compounds;. Las Vegas,  Nevada, U.S.A. 

Arthur,  M.'and J. Frea.  1989&. 2,3,7,8-Tetrachlorodibenzo-P-. 
dioxin: Aspects of Xts  Important Properties and Its . .  

Potential Biodegradation  in  Soils. J. Environmental  Quality 
18 :.1-11. . .  

Beck, H., K., Eckart, .W. Mathar,  and R. Wittkowski..  1988. , .  

Occurrence of PCDD and  PCDF  in  Different Kinds of 
. . Paper. Chemosphere 17(1):51-  57. 

Czuczwa,' J. and A. Hites.  1984. Environmental Fate of 
Combustion  Generated  Polychlorinated  Dioxins  and  Furans. 
Environ. .Sei. Technol. 18(6) :.444-450: - . .  

s .  

Czuc'zwa, J. and A. Hites.  1986. Airborne Dioxins  and . ' 

Dibenzofurans: Sources and  Eates.  Environ.  Sci. 
Technol.  20(2):195-200. 

Elliott, J., R. Butler, R. Norstrom  and P., Whitehead. 1989. 
Environmental Contaminants and  .Reproductive  Success  of  Great 
Blue Herons e d e a  herodias in British  Columbia,  1986-1987. - , 

Environmental Pollution 59:91-114. 
. .  

Environment  Canada. 1979. Analytical Methods Manual-,  Water 
Quality  Branch, .Inland  Waters  Directorate,  Ottawa, 
Canada. \ 

Environment  Canada . 1988a. Laboratory Procedures for Sediment 
. ' . ;Analysis,  2nd Edition,  Sediment  Survey  Section,  Water, 

' Resources'Branch, Inland- Waters Directorate,  Ottawa, 
Canada. L 

. .  a 

Environment Canada.  1988b.  NAQUADAT,  Dictionary of Parameter 
Codes,  Data Systems Section,  Water Quality  Branch, 
Inland Waters Directorate,  Ottawa, Canada. 

Environment  Canada  Unpublished' Data.  1989. March 1989 suspended 
sediment samplinglin the 'lower Fraser River on board the HMS 
Vector  research  vessel.  WaterIQuality  Branch,  Inland  Waters 
Directorate,  Environment  Canada,  North  pancouver, B.C. 

! . 

D .  1 '* 



Government  of 
Advisory 

4 0  

Canada.  November  29,  1990.  News  Release. 
to Limit  Consumption  of  Some  Fish, Shellfish and 

Waterfowl in  British  Columbia  and Waterfowl in the Yukon. 

Government of  Canada.  August 1991. News  Release. 
Advisory to Limit  Consumption of Fish  and Shellfish from.the 
Vicinity  of  British  Columbia  Pulpmills.  1991-39. 

Goyette, D. and J. Boyd. (in prep.). Sediment Dioxin  and Furan 
Sampling in the,Kitimat Arm Area, 1990. Environment  Canada, 
Environmental  Protection,  Pacific and  Yukon  Region.  Regional 
Data  Report 91-03. I 

-I 

Hagenmaier, H. and H. Brunner.  1987.  1somerspecifi.c Analysis of 
Pentachlorophenol and  Sodium Pentachlorophenate for 
2,3,7,8-Substituted PCDD and PCDF at  Sub-PPB  Levels. 
Chemosphere 16:1759-1764. \ 

Harding, L. and W. Pomeroy. 1990. Dioxin  and Furan Levels in 
Sediments,  Fish  and  Invertebrates  from the  Closure' 
Areas of  Coastal  British  Columbia.  Environment  Canada, 1 

Environmental  Protection,  Pac'ific.  and  Yukon  Region. 
Regional Data  Report 90-09. 

Kitunen, V., J. Val0 and M. Salkinoja-Salonen.  1987. 
Contamination of  Soil  around  Wood--Preserving  Facilities 
by Polychlorinated Aromatic  Compounds.  Environ. Sci. 
Technol. 21(1):96-101 

. .  

Kitunen, V. and M. Salkinoja-Salonen.  1990. PCDDs/PCDFs 
in  Unbleached  Pulp.  Chemosphere.  20:1663-1670. 

Koistinen,.J., J. Paasivirta  and J. Sarkka.  1990. Organic, 
Chlorine Compounds in Lake Sediments.  IV.  Dioxins, Furans 
and  Related  Chloroaromatic  Compounds.  Chemosphere 12:1371- 
1379. 

Krahn, P., J. Shrimpton and R. Glue.  1987. Assessment  of  Storm 
Related  Chlorophe,nol  Releases  from  Wood Protection 

Environment  Canada,  Vancouver, No. 87-114. 
I Facilities in  British  Columbia.  Regional  Program  Report, 

Liu, S. 1991. Program Officer  for  Forest Producfs 
Program.  Environmental  Protection,  Environment  Canada, 
North Vancouver, B.C. Personal Communication. 

Mah, F. , D. MacDonald, ' S. Sheehan, T. Tuominen and D. Valiela 
1989. Dioxins and  Furans  in  Sediment  and  Fish  from the 
Vicinity  of Ten Inland Pulp Mills in  British  Columbia. 
Environment  Canada,  Pacific  and  Yukon  Region,  Inland 
Waters Directorate,  Water  Quality  Branch. 

1 

1 

I 
I 
I 
I 

I 
I 
I 
I 



, 
49  

MISA (Municipal/Industrial Strategy  for  Abatement).  Communique. 
Misa  monitoring discovers dioxins and. furans in 
wastewater stream.of petroleum  refinery.  December 5,. 
1988 

I 
I 
1' 
.I. 
I 

, '  Palausky', J.,  J'. Harwood, T., Clevenger, S. Kapila  and A: Yanders. 
1986. Disposition of Tetrachlorodibenzo-p-dioxin in 
Soii. m,.C. Rappe, G. Choudhary  and L. Keith (eds.) I 

Chlorinated  Dioxins and Dibenzofurans in PersDective. 
Lewis PublPshers.  Chelsea,  Michigan, U.S.A.  pp. ,211- 
223. 

. ,  

\ 

Rappe, C.,  P. Bergquist  and  L..Kjeller. 1989. Levels, Trends 
and Patterns of  PCDDs'  and PCDFs in Scandinavian 
Environmental  Samples.  Chemosphere  18:651-658* 

Scott, W. and E:Crossman. 1973. Freshwater Fishes o'f Canada. 
. Bulletin 184. Department of the Environment, Fisheries * 

Research  Board of Canada,  Ottawa,  Canada. 
I '  

Smith, ,He and P. Slaney. 1980. Age,.Growth, Survival and 
Habitat of Anadromous Dolly Varden (Salvelinus malma) in the 
Keogh  River,  British  Columbia. Fisheries Management  Report, 
ISSN  0705-5390 ; number 76. 

I 
I 

Swain, L. and D. Walton. .1991. Report on the 1990 Lgwer Fraser 
River and  Boundary  Bay  Sediment Chemistry,and Toxicity . 
Program, Fraser River Estuary  Monitoring  Program.  .B.C. 
Environment  and  Fraser  .River  Harbour  Commission. 

- 
Trudel, L. 1991. Dioxins  And  Furans In Bottom Sediments Near 

The'47 Canadian Pulp And,Paper Mills.  Using Chlorine' 
Bleaching. Water Quality  Branch,  Inland Waters Directorate, 
Environment,Canada, Ottawa,  Canada. 

I 

I1 - 

I 

.- 

I 
. 



I 

APPE#DIX A 

so - 

Initial Dioxin  and Furan Results for Re-analysed  Bed 
Sediment Samples I '  

, 



. 
. .  

5 1  L 

/' n 
W cn 

' 2  
3 
I 

' 0  
(D 

5 , 

1 

n 
m 
a 
W 

E' I 

v) 

3 cn 
W 
U 

3. 

8 '  8 -1 
. -  I 

a 



32 

\ 
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. Figure B-1. Locations of 
Sites in the. 

'Suspended Sediment  Sampling '. 

lower  Fraser River. , ~ 
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