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In  November,  1988,  partial  results of a  continuing  national  dioxin 
survey by Environment  Canada and Fisheries and Oceans  Canada  were  released, 
showing  unacceptably  high  levels of dioxins and furans in some marine 
invertebrates.  This  resulted in closures of some  crab,  shrimp and  prawn 
fisheries in Howe  Sound and near  Prince  Rupert.  Three  companies  operating 
pulpmills at these  locations  were  required by Environment  Canada and Fisheries 
and Oceans  Canada,  under  authority  of the Fisheries Act  and  the Canadian 
Environmental  Protection .=ct,  to undertake  further  sampling and analysis to 
determine the extent of contamination.  Results of these  company  studies, 
released in May,  1989,  demonstrated  some  contamination  outside the closure 
area  boundaries.  As  a  result, the closure  areas  were  extended. 

In November,  1989,  further  results of  the national  dioxin  survey by 
Environment  Canada  and  Fisheries and Oceans  Canada  were  released, 
demonstrating the presence of dioxins  and  furans in harvested  fish and 
shellfish  species at 7 new  locations:  Kitimat, Elk  Falls-Campbell  River, Gold 
River;  Nanaimo,  Crofton,  Cowichan Bay  and Powell River.  Companies  with 
industrial  operations that were thought  to  be  or known to  be sources of 
dioxins and furans in these  areas  were  required to undertake  studies  similar 
to those of  the original three  mills,  under the same authority. These 
companies included  Fletcher Challenge  Canada  Limited‘s pulp  mills at Crofton 
and Campbell  River;  MacMillan  Bloedel  Limited’s two pulp  mills at Nanaimo and 
Powell  River;  Canadian  Pacific Forest  Products  Limited’s  pulp  mill at Gold 
River,  Raven  Lumber  Limited’s  sawmill at Campbell  River,  Doman  Forest  Products 
Limited’s  sawmill at Cowichan Bay  and Westcan  Terminals  Limited’s  shipping 
terminal at Cowichan Bay. Reports  detailing the results of these studies  were 
provided to Environment  Canada, and are  listed in  the References. 

At Kitimat,  no  obvious  source of  the dioxin and furan  congeners that 
were  implicated in the crab fishery  closure  were  identified (the  Eurocan 
pulpmill  there  does not use  chlorine bleaching). Analysis of various inplant 
waste streams and effluents at the pulpmill, the Ocelot  methanol plant and the 
Alcan  aluminum  smelter did not suggest  sources  of  contamination.  Nevertheless, 
Eurocan  and  Alcan  undertook  voluntary,  limited  additional  sampling. 

Results of these  company  sampling  programs  are  tabulated in this 
report to make the data  available in one,  easily  accessible format. This 
summary of results is provided as  a  convenience for  researchers in this  field, 
and is  not intended to take  the  place of the original  company  reports,  which 
have been made public. 



En  novembre 1988,  les  ministeres  canadiens de l'environnement et des 
Ptches et des  Oceans ont presente  des  resultats  partiels  de  leur  etude 
permanente  nationale  sur  les  dioxines.  Selon  ces  resultats,  certains 
invertebres  renerment  des  concentrations  de  dioxines et de  furanes  depassant 
les  normes.  Dans la baie  de  Howe et pres de  Prince  Rupert, on a  dQ  fermer 
certaines  p6ches  du  crabe et des  crevettes  de  petite et de  grande taille. 
Trois  compagnies y  exploitant  des  usines  de  plte ont ete  sommees par ces  deux 
ministeres,  en  vertu  de  la Loi sur  les  ptches et de  la Loi sur la protection 
de l'environnement,  d'effectuer  d'autres echantillonnages et analyses pour 
determiner l'ampleur de la  contamination.  Les  resultats  des  etudes  de  ces 
compagnies,  divulgues  en mai 1989,  indizuaient que  la  contamination  debordait 
des  zones fermees. Ces  dernieres ont donc  et4  agrandies. 

En  novembre  1989,environnement  Canada et PIches et Oceans  Canada 
faisaient  connaitre d'autres resultats  de  leur  etude  nationale  sur  les 
dioxines.  Des dioxines et des  furanes  avaient  ete  detect  dans  des  poissons, 
des  crustaces et des  coquillages  piches a  sept autres  endroits  Kitimat, Elk 
Falls-Campbel  River,  Gold  River,  Nanaimo,  Crofton,  Cowichan Bay et Powell 
River.  On  a demande  aux  compagnies dont les  installations  dans  ces  regions 
etaient  des  sources  possibles  ou  connues de  dioxines et de  furanes  de mener 
des  etudes  semblables a celles  demandees  aux  trois  usines  precedentes, en 
vertu  des  mimes lois. Les  installations  en  cause  etaient : les  usines  de plte 
de  la  Fletcher  Challenge  Canada  Ltee a Crofton et Campbell  River,  de la 
MacMillan  Bloedel  Ltee a nanaimo et Powell  River et de  Produits  forestiers 
Canadien  Pacifique  Ltee a  Gold  River;  la  scierie  de  la  Raven  Lumber  Ltee a 
Campbell  River er celle  de  la  Doman Forest  Products  Ltee  a  Cowichan Bay et; le 
terminal de la  Westcan  Terminals  Ltee  aussi la Cowichan Bay. Les  rapports 
presentant lest resultats  de  ces  etudes ont ete  soumis a  Environnement  Canada; 
ils  sont metionnees  dans  la  bibliographie du  present  document. 

A Kitimat,  on n'a detecte  aucune  source  evidente  de  congeneres de 
dioxine et de furane,  substances  responsables  de  la  fermeture de la ptche de 
crabe (l'unsine de ptte d'Eurocan B cet endroit  ne fait  pas de blanchiment 
au chlore). Les  analyses  visant a detecter  des  contaminants  dans  les  eaux 
us'ees circulant  dans  diverses  conalisations  des  installations et dans  les 
effluents  de l'usine de ptte, de l'usine de methanol d'0celot  et de 
l'aluminerie  dl'Alcan  ont donne  des  resultats negatifs.  Eurocan et Alcan ont 
tout de  mQme  volontairement  effectue  des  echantillonnages  supplementaires 
limi tis. 

Le present  rapport  reunit sous  forme  de  tableau, pour qu'ils puissent 
ttre  consultes  facilement,  les  resultats  des  programmes d'echantillonage  menes 
par ces  compagnies. Ce  condense a ete prepare a l'intention des  chercheurs 
oeuvrant  dans  ce  domaine et ne  remplace pas les  rapports  originaux  des 
compagnies,  lesquels ont ete  rendus publics. 
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1.0 INTRODUCTION 

In  November,  1988,  partial  results of a  continuing  national  dioxin 
survey by Environment  Canada and Fisheries  and  Oceans  Canada  were  released, 
showing  unacceptably  high  levels of dioxins  and  furans in some  marine 
invertebrates. This resulted in closures of some  crab,  shrimp  and  prawn 
fisheries in Howe  Sound  and  near  Prince  Rupert. Three  companies  operating 
pulpmills at these  locations  were  required by Environment  Canada and Fisheries 
and Oceans  Canada,  under  authority  of  the  Fisheries Act  and  the Canadian 
Environmental  Protection  Act, to undertake  further  sampling  and  analysis to 
determine the extent of contamination.  Results of these  company  studies, 
released in May,  1989,  demonstrated  some  contamination  outside the closure  area 
boundaries.  As  a  result, the closure  areas  were  extended. 

In  November,  1989,  further  results  of the national  dioxin  survey by 
Environment  Canada  and  Fisheries  and  Oceans  Canada  were  released,  demonstrating 
the presence of dioxins and  furans in harvested  fish  and  shellfish species at 7 
new  locations:  Kitimat,  Elk  Falls-Campbell  River,  Gold  River,  Nanaimo,  Crofton, 
Cowichan  Bay  and  Powell  River.  Companies  with  industrial  operations that were 
thought to be or  known to  be sources of dioxins  and  furans in these  areas  were 
required to undertake  studies  similar to those  of the original three  mills, 
under  the same authority. These  companies  included  Fletcher  Challenge  Canada 
Limited's pulp  mills at Crofton and  Campbell  River;  HacHillan  Bloedel Limited's 
two pulp  mills at Nanaimo  and  Powell  River;  Canadian  Pacific  Forest  Products 
Limited's pulp  mill at Gold  River;  Raven  Lumber Limited's sawmill at Campbell 
River;  Doman Forest  Products Limited's sawmill at Cowichan  Bay;  and  Westcan 
Terminals Limited's shipping  terminal at Cowichan  Bay.  Reports  detailing the 
results of these studies  were provided to Environment  Canada,  and  are  listed in 
the References. 

At Kitimat,  no  obvious  source  of the dioxin  and  furan  congeners that 
were  implicated in the  crab  fishery  closure  were  identified  (the  Eurocan 
pulpmill  there  does not use  chlorine bleaching). Nevertheless,  Eurocan and 
Alcan  undertook  voluntary, limited  additional  sampling.  Results of these 



- 2 -  

company  sampling  programs  are tabulated in  this report to make the data 
available in one,  easily  accessible  format.  This  summary of results is provided 
as a convenience for  researchers in this  field, and is not intended to take  the 
place of the original  company  reports,  which  have been  made  public. 
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2.1 Sample  Collection 

Samples of marine  sediment  and  fish  and  invertebrate  tissues for  this 
study  were  collected  during ' January-February, 1989 in Howe  Sound  and  Prince 
Rupert,  and  January-February, 1990 in  the other  areas.  Sample  stations  are 
shown in  Figures 1-20. Detailed  methods  are  given in  the reports  listed in  the 
References. 

2.2 Analytical  Procedures 

Methods of analysis and  quality  assurance/quality  control  program 
specified  for  this  work  are  given in Appendix I. 

All  samples  were spiked  with an aliquot of 13C-labelled  internal 
standards  (tetrachlorodioxin,  tetrachlorofuran,  pentachlorodioxin, 
hexachlorodioxin,  heptachlorodioxin  and  octachlorodioxin)  prior to analysis. 
Sediment samples  were ground  with  sodium  sulfate  and  soxhlet  extracted. 
Effluents  samples  were  filtered; the particulate  was  soxhlet  extracted, the 
liquid was  stirred  with  dichloromethane  and  the  extracts  combined.  Tissue 
samples  were  ground  with  sodium  sulfate, packed in a glass  column and eluted 
with  solvent. The  extracts  were  subjected to a series of cleanup  steps  and then 
analyzed by gas chromatography  with  mass  spectrometric  detection (GC/!IS). 

Detailed  methods  for  dioxin  and  furan  analysis  as  well  as  for the other 
parameters  not  reported  here  are  given in the  reports  listed in the  References. 
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3.0 RESULTS 

All  analytical  results for dioxins and  furans  are  given in Tables 1-20. 
The  analytical QA/QC results fo r  surrogate  recoveries,  blanks and duplicates met 
the specified  standards.  Figures 21-27 show the relative  amounts of 2,3,7,8 
tetrachlorodibenzo-p-dioxin in fish  and  invertebrate  tissues at each  location. 
The  circles  are  proportional to  the natural  logarithm of the corresponding  data 
in Tables 1-20; results  less than  the detection  limits  are  shown  as triangles. 
Quality  assurance/quality  control  analyses for  selected  split  samples  are 
reported in Table 21. 
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F i g u r e  1: Sed imen t   samp l ing   s ta t i ons   a t   Go ld  River. 
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F i g u r e  2: Sediment  sampling stations a t  Elk Falls. 
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Figure 4:  Sediment sampling stations a t  Powell River. 



- 12 - 

. 

\ ', '3 §ar,ake 4 ~ Closure Area 

I. N A N A I M 0  (NARMAC)  - SAMPLE STATIONS ( S e d 1 m e n l )  

Figure 5: Sediment sampling stations a t  Nanaimo. 
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Figure 6: Sediment  sampling stations at  Crofton. 
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Figure 7: Sediment sampling stations at Cowichan Bay. 



- 15 - 

1 Station 

Closure  Area 

1 KITIMAT ARM - SAMPLE STATIONS (Sediment) 

Figure 8: Sediment  Sampling  Stations  at  Kitimat. 
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Figure 9: Sediment sampling s t a t i o n s   a t  Howe Sound. 



- 17 - 

. 

Figure 10: Sediment  sampling stations a t  Prince Rupert. 
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Figure 11:  Tissue sampling stations a t  Gold River. 
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-igure  12:Tissue sampling stations a t  E l k  Falls. 
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Figure 14: Tissue  sampling stations a t  Powell River. 
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F i g u r e  15: Tissue  sampling  stat ions a t  Nanaimo. 
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F i g u r e  16: Tissue  sampling  stat ions a t  Crofton. 
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F i g u r e  17: T issue   samp l ing   s ta t i ons   a t   Cow ichan  Bay. 
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Figure 18: Tissue sampling stations a t  Kitimat. 
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F i g u r e  19: T i s s u e   s a m p l i n g   s t a t i o n s   a t   P r i n c e   R u p e r t .  
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Figure 20: Tissue sampling stations a t  Howe Sound. 
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Figure 21: Relative  levels o f  2,3,7,8 T4CDD in  Sediments. 
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Figure 22: R e l a t i v e   l e v e l s  o f  2,3,7,8 TBCDD i n   b i v a l v e   S h e l l f i s h  S o f t  Tissue. 
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Figure 23: Relative  levels o f  2,3,7,8 T4CDD i n  fish fillets. 
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F i g u r e  24: R e l a t i v e   l e v e l s  o f  2,3,7,8 T4CDD i n   f i s h   l i v e r s .  
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Figure  25: R e l a t i v e   l e v e l s  o f  2,3,7,8 T4CDD in crab  hepatopancreas. 
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Figure 26: Relative levels o f  2,3,7,8 T4CDD i n  crab  muscle. 
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Figure 27:  Relative  levels o f  2,3,7,8 T4CDD in shrimp and prawn ta i l  muscle. 
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lJl1 Tom 11311 TOTAL Illm TOTAL III H II TOTAL TOTAL 1311 TOTAL 11111 lH11 TOTAL 111611 TOTAL 11)HlI Tom TOTAL 
.Jill.L-11ill...nill.....liW....OOL...llillL...Jllill.....Jllill.....QillL ...lillL ...lillL -lli.QL 1.illL ..lliQL H 6 CDF _ H 6 C 0 f JJ.l.£QL J!illL ...QIDL 

( 1.1 U (LI (LI (l.O 110.0 11.0 10.0 110.0 11.0 15.0 (\.1 (1.2 (1.1 (1.1 1.1 n.l (J.2 (2 .1 

(0.1 (0.1 (\.1 (\.1 (\.1 11.0 1 I. 0 1\.0 1\ .0 86.0 1)0 .0 (1.0 (1.0 1.J (\.1 ( 1.1 (\.6 (\.6 (1.1 

(1.\ (1.\ (2,j (I .' (1.1 11.0 I.! 11.0 18.0 I .! 1.1 (1.\ (\.\ (1.\ (1.0 (/.0 (1.1 (1.1 (5.0 

- - " ~ 

W 
0'1 

-..- ~ 
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..illlJ.O..... ml 
PHI smmm PASSAGE 

PHi KALASPIIA STRAIT 

Pi -SI KALASPIIA STRAIT 

PHil mlSPlU STRAIT 

Pi·Sl2 ULASPlU STRAIT 

PHil UL1SPIIA STRAIT 

PHil KALASPlU STRAIT . 

--~--~~-' ---~ 

TABLE 4 - IliW10DlOIII/DlBU10fum mum IPPTI - POWILL IIVIt 

2111 Tom 12m Tom 121411 Tom 1211111 TOUL TOUL 2m Tom Iml 23m Tom 23ml Tom Imlll Tom TOUL 
...Iill.L...Iill.L.1iill...1iill..IillL.JIillL...II.ill.L...Ilm.~ ..liill.....liill....lillL.lillL.lillLIlliL-lillL...IillL...IillL-lliL 

(1.1 1ID .0 1.1 110 . , 0 .1 110 .0 110 .0 270 .0 910.0 11.0 m.1 «(.6 «(.6 n.o 1.1 '0.0 11.0 llO.D 11.0 

(1.1 IS .O 0.1 11.0 0 .0 JIO.D 19.0 10 .0 IOU ., .. 12.0 (2.0 (2.0 U (2.1 14.0 12.0 12.0 12.0 

(\.0 110.0 2.1 110 . , (1.\ m.o 1'-0 120.0 110.0 120 .0 201.1 (1.1 (1.1 II.I (1.2 21 .0 11.0 11.0 22 .0 

(l.l 110.0 U 110.0 (0 .1 1100.0 110 .0 210 .0 110.0 218.0 110.0 2. ' (1.1 11.0 (2.1 110.0 120.0 120 .0 ".0 
(0.1 ll.O (l.i 11 .0 (0 .1 lID .0 11.0 110.0 110 .0 ,1.0 ".0 (1.\ U U (0 .1 H.O 11 .0 11.0 11 .0 

(Q.i (u <1 .1 (1.1 (0. 1 l.l l.l U 11.0 1.2 1.2 (u (U (0,1 (0 .1 (0. ' (0 .1 (D. ' (1.1 

(1.1 (1.1 (2.1 (2.1 <l.0 <l .0 (2.0 <l.0 (1 .1 (0.1 (0 .1 (U (0" (U (1.1 (1.1 (2.5 (2.5 (1.1 

~ ~ :-- ~ -~ '~ .... 

w 
00 



~ sm 

HC-SI IOIlTHUKBERLUD CRAun 

HC -51 NORTHuKsmm cmm 

HC-S9 IORTBUK8ERLAIO CHum 

TABLE 5 - mmODIOmlpIBEHOfUW RESULTS l1lli - NANAIKO IHARKAC) 

2ll! TOTAL 12J11 TOTAL 11llll TOTAL 12lH7I TOTAL TOTAL 2m TOTAL Illl! 21111 TOTAL 2l1m TOTAL 12lH18 Tom Tom 

J..IilLJillL~-1.illLIIillLJOOL.J1m...J1m..~ J.!Q.L ...!.iilL .lillL.lillL PIC 0 f H 6CO Y H 6 COY H 1 CD Y J!ill.L...QIDL 

<1.0 190 .0 1l .0 310 .0 <11.0 1100 .0 110 .0 110.0 1100.0 110 .0 510 .0 <11.0 <11.0 H .O <20 .0 llO.O 110.0 320 . G 110 .0 

l.S 300.0 15 .0 150.0 0.1 10000 .0 590 .0 1100.0 1500.0 150 .0 920.0 11.0 <u 92.0 <1.4 210.0 110 .0 410 .0 HO.O 

<1.0 10 .0 1.1 19 .0 <2.0 120.0 11.0 Is.o 130.0 51.0 12.0 <0 . ' <0. , 1.0 <1.1 11.0 10.0 32.0 1l.O 

W 
\.0 
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Jlll..!L SIT~ 

os- 3 COVI cm BAI - HUiSHOii 

os-1 COVICHU BAT - mRSHm 

vs- 3 COVI cm au - UARSHOii 

TABLE 7 - DIB!M!ODIOIIM/DIBEMIOfURAN RESULTS IPPTI - COVICHU BAY loom rOREST PRODUCTS, WESTm T!RKIlALS) 

1J1! Tom 11311 TOTAL 11H1I TOTAL Ill" 11 TOTAL TOTAL lJ1l TOTAL I2ll1 lllll TOTAL 111171 TOTAL Illllll TOTAL TOTAL 

.lillL.lillL-.lliQL.11ill-!!illL...!!!ilLJIill.LJIill.L-.9ill.L .ll.ilL.lillLJillL...lliL.1illL.!IillLJ!illLJ!illLJIillL...2illL 

<1.1 <1.1 <1.1 <1.1 <\.4 <I.I <1.6 <3.6 11.0 <1.0 (1.0 (1.\ (1.\ (1.\ O. S <l. S <l.1 1.3 (U 

<l.l <l.l (1.3 <1.3 <u J.l (1.1 S.4 1'" (l.! (u (1.1 <2.1 (1.1 (3.4 0.4 OJ 10.0 (U 

<1.3 <l.l <1.l (1.l (t.O 12.0 <l.4 1.1 SS.O (2.0 (2.0 (I.l (l,l (J.) ('U (1.5 <l.1 11 .0 4.! 

~ ...... 



J.1IUh.. sm 

SOIOI II TlKAT IV. - KOUTH NOm 

SOlOI 1ITIMAT IV . - Koun SOUTH 

TABLE 8 - DIBIIlODlom/DIBluorURAM mum (pm - IITIHAT ARM 

2311 TOTAL 12111 Tom 123111 TOTAL 12lUlI TOTAL Tom 2111 TOTAL 12311 23111 Tom 231m TOTAL 1234611 Tom TOTAL 

J.I.nl.J.I.nl.~~~~..Jlli.L..Jlli.L...lliL-IIDL-IIDL.1illL.1illL-1IDL!!illL.JIillL....!!illL....!!illL.!IDL 

<l.1 <1.1 <11.0 <1'-0 <12.0 <12.0 <lI .O <11.0 0.\ <2.1 0 . 4 <U <u <U W/A (\.! (12.0 (12.0 (2'-0 

<1.1 <1.1 <U <U <11.1 <13.0 <2'-0 <21.0 <2'.1 O.S (J.S (3.1 0.1 0.1 I/A <1.1 (1.6 (1.6 m.' 

~ 
N 



J.I.Il...IL lin 

SS-I Mom IASII 

55-) POIPOISI 1A180UI 

5H POIPO I 51 clIJm 

TABLE 9 - OIBmOOIOIlWIBENlOfllW RESIl1YS IPPTI - PRUCE RUPERT 

lJ11 TOTAL 1lJ11 Tom llJlll TOTAL 12J1618 Tom Tom 2111 Tom Iml 2J111 TOTAL llHlI TOTAL III m 8 Tom TOTAL 
..I.l..lli..~.lill.L.lill.LI!!ilL.J..\..CQL...II.ill.L...II.ill.L....QillL JillLJillL.liill...1illL.lillL!!..mLJ!illLJ!.illL...IlliL~ 

IJ.O IJ.O (3.0 0.0 <0.1 \10 .0 110.0 240.0 930 .0 110.0 110.0 (2.\ (I.' U <0 . ) loS 0.4 21.0 22 .0 

U U (1.1 (1.1 (Ll 110.0 H.O llO.O 110.0 2)0.0 110.0 <0.1 (0.1 <0.1 <\. ) (l.l <0.7 <0.1 (1.1 

<\.o (\.0 (0.' (0.' <1.1 1l.0 3.0 1.0 40.0 21.0 )U <0.1 <0.\ <0.' (0.1 <0.' (0.1 <0.1 <2.0 

--- ---------

+=> 
w 



..ll.llR.... sm 

S-2 SQUAMISH HARBOUR 

5- ) SQUAMJSB HARBOUR 

s-) SQUAMlSB HARBOUR 

H MOIUGU cmm 

HI THOiIBROUGH CHANm 

H' THOBIBiOUGB csum 

HI TBORmOUGB CHANlBL 

HI QUEn CHULom CHAHm 

TABLE 10 - OIBKK!OOJOIU/OIB6!!O£URAI mum (UTI - Hon SOUID (PORT ULLOJ , VOODflBRi) 

2111 TOTAL 12111 Tom 111111 Tom 12l1m Tom Tom 2311 Tom 12311 21111 Tom 2l1i1l Tom 121tHi Tom Tom 
...Iill.L...Iill.L.1.illL.1.illLBillL...aillL...8ill.L-lillL.Mill.... ..lJill.....lJill....1.illL.1.illL.llliLIillL.JillL.lillL...lillL.!IDi. 

(u (1.1 ( J.I (J.l <1.2 2300.0 m .o !!D. 0 lIO.O 3'0 .0 m.o u (1.1 U (1.1 1.2 U 17 .0 (I.' 

l.l l.l (2.1 <2 .1 (2.0 110 .0 ".0 110.0 110 .0 llO.O 190.0 (u (U (I.' (1.2 )1.0 24 .0 11.0 lU 

l.t l.t (l.l (l.l <1 .1 120 .0 13.0 120 .0 1tD .0 lID •• 210.0 (U <u <I.' <1.2 22 .0 1.1 ''-0 22 .0 

(1.0 (1.0 <I. I <1.5 <1.0 210 .0 ILO 11.0 110.0 H.O n.o <1.0 (1.1 <1.1 (1.8 U 11.0 11.0 <l.0 

11.0 11.0 (I.] (I.] (U '000.0 110 .0 m .o 1100.0 1000.0 1100.0 (1.1 (1.1 <1.1 <U 24 .0 2U 11 .0 m.o 

27 .0 l! .0 " .0 ,1.0 <5.' 5100.0 )00.0 m.o !SOo.o m .o 1000 .0 0 .0 (3.0 (3.0 IJ.I n .D '0.0 110 .0 H.O 

1.5 U 21.0 21.0 <10 • 0 430 0.0 1l0.0 290.0 110.0 310 .0 m .o 0 .1 0.1 U (1.2 ,2.0 12.0 110 .0 11. 0 

(1.1 (1.1 0 . 3 (J.J (2.1 110.0 110 .0 200.0 lJOO. 0 11.0 100.0 (J .1 <!.I (I., (1.7 10 .0 46 .0 1l0 .0 )U 

-- .... 

~ 
~ 
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Am I ' SI OUNmESS CRAB 
:mmEEBAT 

(U IK . SEI 

AREA H2 PUVI 
: mCHLEE BA! 

(I. I IK . 3EI 

A"A l-S3 oumms CRAB 
: GOL~ RIVER· KOUTH 

(LlI"' ENE I 

Am H3 oumms cm 
: GO.O RIVER . KOUT, 

(1.1 I" . ml 

mA 2· S3 ommss cm 
: GOLD Rl VER . KOUTH 

(1.1 1M • EMEI 

AlEA l-Sl Dumms CRAB 
: GiiLO lIVER - KOUTH 

(I-! 1M • ml 

~m )-,3 ?RAWN 
: COLe R i VEi - ~OUTr. 

(1.1 1M • EHEI 

AREA l-S6 OUMcmss CRAB 
: "cCUROT CREEl 

(J.\ IK - VI 

AREl HI uUICOIESS cm 
: JACI LAH BAY 

(J.\ IK . SVI 

mm TYPE 

HEP UOPANCmS 

TAlL KUSCLE 

HEPATOpmmS 

LEC "USCLE 

LEG KUSCLE 

LEG KUSCLE 

TAl L KUSCLE 

HEPATOPANCRKAS 

HEPATOPANCREAS 

AREI 2-S1 OUKCENESS cm LEC KUSCLE 
: COLD RIm . INHER HRB . 

(0 .6 I" . EMEI 

AOEA HI OUMGEIESS CRAB LEG KUSCLE 
: GOLD RIVER INNE> HRB. 

IU I~ - .lEI 

mA HI OUNGE!ESS CRAB LEG MUSCLE 
: GOLD RIVER - INHER HRB . 

10.61" - ENE) 

Am HI OUNGEms CRAB 
: GOLD RIVER · IHHER HRB . 

10.1 IK ' ml 

HEPATOrA~CR'AS 

TABLE 11 - DI3;~!ODIO!lW!BEmfURAN m ULTI I"P ' 'IEL111Bll · G0~0 RIVER 

NO. \ 2111 TOTAL 12111 TOTAL 121411 TOTAL 1214618 TOTAL TOTAL 2111 TOTAL 1WI lJllI TOTAL llHlI TOTAL llllll! TOTAL TOTAL 

rnL. Lllli ..1I.rn......lillL.lillL.lillL!!illL J!li.D.L ..JG.\.QL ---'l.lilL..QillL .1illL T (C 0 f _ PIC Of PIC 0 f LlliL H 6 COP ..lliQL..!:!.illL J!illL ..QillL 

l,l0 IU 11.0 JI . O 11.0 <1.1 llO .O u 1,1 <2.\ 2200.0 1000.0 21.0 11.0 120.0 <2 . 2 <2.2 <2.0 <1 .0 il.J 

IIA 1.5 1.5 <I.I <I.I <1.1 5.1 <2.1 <2.1 m.o 110.0 130 .0 <0.5 <0.5 <0.5 <LI <!.I <4.0 <4.0 <lJ.O 

NIl 11.0 14 .0 H.O 80.0 <1.0 110.0 u U <l.I IJOo.o 11000 .0 66.0 120.0 260.0 <I.J <1.3 <1.4 <1.4 <1.2 

N/A U U 1.1 1.1 <0.5 18.0 (0.8 <0 . 1 <2.1 J50 .0 380.0 1.6 u 1.1 <0.5 <0.5 <0.5 <0 . 5 <1.0 

III . l.! t.! <0.1 <0.1 <0.5 J.O <0.5 <0.5 1.7 2JO .O m.o l.l t.! U <0 .4 <0 . 1 <0.1 <0.1 <0 .6 

N/A 2.J l.l <2.1 <l.l \1.1 U <1.\ <1.\ <2.1 270.0 m.o 2.7 1.8 U <1.0 <1.0 <2.1 <l.1 <1.1 

m LI 1.1 <1.1 <1.1 <1.6 \.6 <U <U <12.0 210.0 210.0 <1.1 <1.1 (1.7 <l.l <l.l <J.\ <3.1 (!.1 

2.10 J5.0 H.O 20.0 60 .0 <1.2 JOo.o 2.1 1. 3 <1.3 1200.0 6600.0 42.0 73.0 150.' <0.7 <0.7 <l.i <U <1.4 

N/A n.o 16.0 31.0 11.0 <1.1 310 . 0 1.8 11.0 '0 .0 6000.0 1400 .0 11.0 14 .0 110.0 <1.1 <1.1 <2.1 <2.1 <I.] 

N/A 2.1 2.1 <0 .1 <0.8 <0.6 6.\ <0.8 <0.1 <U 300.0 llO.O 3.1 1.6 U <0.5 <0 . 1 <0.1 <0.7 <0 .' 

N/A 1.0 1.0 U U (0.1 18 .0 1.0 Lt <1.0 110.0 720.0 1. 0 1.1 12 . 0 <0.2 <0 . 2 ,0.1 <0.1 <0 .5 

W/A t.l t.l ([.2 <1.2 <0 .\ 2\.0 <0. \ <0.\ <1.2 too.o 100H 1. 1 1.] H.O <0.1 <0.1 <D.' <0.1 <0.1 

1 HIA 100.0 110 .0 18 .0 110.0 iO. l \80.0 lU 5\.0 11 .0 14000 .0 moo.o au 210.0 \ 10.0 <0 . ' 16.0 l.\ l.\ <O.! 

~ 
U1 



TABLE 11 (cont.) - plsmODIOllWIBENZOrUm RESULTS IPPT VET V£lGHTI - GOLD RIVER 

5PKClESISIU 10 . \ 2111 Tom 11111 Tom 123m TOTAL l2lm. Tom TOTAL 2111 TOTAL 12J11 2m. TOTAL m61l TOTAL I2l m 1 TOTAL TOTAL 
...illl.ll.- mmm mn 2Unml allmml ~illllJillLJillL-1ill.L-1illLOOLJ!illL.1ill.L.1ill.L...21ill.- J.ruL .lillL -lliL .1ill.L .1ill.L l!illL ~ .J!l.t1.L .J!l.t1.L ~t~QL 

un HI PRlVl TAl L HUSCLE iO III 2.1 2.1 <1.0 <1.0 <0 . ' 11. ° <1.9 <u <10.0 m.o m.o <0.4 <0.4 <0.4 <u <0: , <1.0 <1.0 <1.1 
: JlCILlR BlI 

(J.S IH - Si) 

1iU 2-SS OUlGlnss cm LEG HUSCLI 0.20 U l.I <2.1 <2.4 <2.2 H.O <1.1 <),I m.o 110.0 S!o.O J.. U 12.0 <2.2 <1.2 <4.1 <4.1 <11.0 
: COLD IIVIR - OUTFALL 

10 IH) 

Am 2-SS OUIGUISS cm LEG HUSCLE 0.15 U U !.I 1.\ <0.1 11.0 0.1 0.1 <0.1 500.0 'JO.O U U 10.0 <0 .1 <0.2 <0.5 <0. \ <0.1 
: COLO RIVER • OUTFALL 

(O IH) 

un 2-55 OUICKUS5 cm LEG Husm O. J2 J.9 1. ' 1.1 2.1 <0.1 10.0 <0.5 <0.\ <1.1 110 .0 610 .0 6.1 6.0 11.0 <0. J <0.1 <0.5 <0. \ <0.1 
: COLD RI YEa - OUTFALL 

(0 IH) 

AREA HI DUICEUSS cm HIPATOPANcms MIA 63.0 86.0 1U ~.6.0 <0.\ flo.o U 10.0 1.2 mo.o 11000 .0 11.0 110 .0 1l0.0 <1.0 1.5 U 1.6 n .l 
: GOLO RIVER - OUTFALL 

(0 IH) 
..r::. 

AREA I-SS mrlSH LIVER 71.00 J JO. 0 lJO.O <1.1 (2.1 <1.1 n.o <LO <1.0 <11.0 50000.0 \0000.0 81.0 180.0 l10 .0 <1.1 <1 .1 <5 .1 <5.1 <11.0 O'l 

: COLO RIVER - oumLL 
(0 IHI 

AREA 1-5\ ROCIFISH LIVER N/A 110.0 110.0 19.0 " .0 <1.6 13.0 <11.0 <11.0 <11.0 6800.0 6800.0 180.0 110. ° 110 .0 <1.1 13.0 <11 .0 <11.0 <69.0 
: GOLD RIm - om ALL 

10 IH) 

~ ....... ... ~ ----



SPECI ESIS ITt 
.lJ.IUL 10lSTAm FRl>H OUTFALL I 

gr-Cl 

[HI 

,HI 

EHI 

EF-CI 

EHI 

EF-CI 

,HI 

[f-TI 

H-T! 

EHI 

H-Tl 

H-T] 

OUlCUESS cm 
: Dmu BAt 

12.0 !~ - HI 

DmEliSS CRAB 
: DUNCAN BAT 

12.0 IK - NVI 

oUlGEms cm 
: OUNm BAY 

12.0 l~ - "VI 

Dumms CRAB 
: OUICAN BAl 

11.3 IK - "VI 

DUNcmss CRAB 
: COVLLANO HARBOUR 

11.0 IH - SE I 

oumms cm 
: COVLLANO HARBOUR 

11.0 l~ - SEI 

BOI cm 
: COWLLUD HARBOUR 

11.0 1M - SEI 

OumJESS CRAB 
: COVLLAND HARBOUR 

11.0 1M - SE I 

CAmON 
: DISCOVER! PASSAGE 

(3.0 IH - NVI 

CABElON 
: DISCOVER! PASSAGE 

13.0 1M - NWI 

OBEI01 
: DUNCA~ BAI 

10.71 1M - SEI 

CABElOK 
DUNCAN BAI 
10.71 IN - SEI 

REO IiISH LORD 
: CAMPBELL AV. 

11.1 U SSEI 

SAMPLE mE 

KUSCLE 

KUSCLE 

MUSCLE 

HEPATOpmmS 

MUSCLE 

MUSCLE 

HUSCLE 

HEPUopmms 

FI LLET 

LIVER 

FILLET 

LIVER 

r1LLET 

TABLE 12 - mm,-,mm/Dl8Emfum RESULTS IPrT WiT WCHTI - ELI FALLS 

NO. \ llll TOTAL 11J1l TOTAL Illlll TOTAL llWll TOTAL TOTAL llll TOTAL 12Jl! llll! TOTAL 111678 rOTAL 1211,l! TOTAL Tom 
~ IJ.ill. .lill.L.lill.L.lmL.lmL OOL J!KQL ~ JiliQL ~ T ICOY TlCDY PlCDY P Ie Of PICDY!!illL J!illL H1COF JillQL' OICDY 

0.'1 <1.4 <1.4 <l.l <U <1.1 (1.1 <j,4 0.4 <U U U (Ll <I.! <l.l <2.\ <2.1 < 2.2 (2.1 <6.l 

IIA <0.8 <0.1 <1.5 <1.5 <1.1 <l.l <2.\ <2.5 <U 12.0 11.0 <0.1 <0.1 <0.1 <2.0 <2.0 (l.I <U <1.2 

NIA <0.8 <0 .1 <1.6 <U <1.0 <1.0 <1.0 <1.0 <U 11.0 IJ.O <0.6 <0.6 (0.6 <U <1.6 <1.4 <I.! <1.2 

10.40 IJ.O 13.0 H.O 61.0 <l.9 440.0 2'.0 42.0 (1.6 6\0 .0 HO .O U 12.0 11.0 <I.] 53.0 1U 21.0 d.; 

1.00 <0.1 <0 .1 (l.! (l.! (1.1 11.0 (2.0 (2.0 <1.0 11.0 11.0 <!.l <1.2 (1.2 (l.! {I.\ <1.2 <1.2 <l.G 

0.10 (0.1 (0.1 (2.1 (2.1 <1.3 1.1 <1.3 <1.3 <1.2 10 .0 10 .0 <0.1 <0.8 (0.: <0 .1 <0.1 <3.1 (0.' <1.6 

IIA <0.1 (0.1 <1.I <1.1 <0.1 3.2 <1.3 <1.3 (l.l U 1.1 <0.4 <0.4 <0.4 <1.0 <1.0 <0.1 <0.1 (1.8 

'.11 U 11.0 H.O ,6.0 (1.3 660.0 15.0 25.0 14.0 120.0 m.o 1.0 ll.O 44.0 <0.' 11.0 <U <l.6 <1.5 

0.11 (0.4 <0.1 <0.1 (0 .1 <0.1 <0.1 <0.6 <0.' <1.5 2.1 2.1 <0.1 (0.1 (0.1 <0.6 <0.6 <0.6 <0 .6 n.1 

4.31 I.' I.' IU 14.0 <1.4 110.0 U U <5.1 110.0 110.0 (0.1 J.J J.l <1.1 <1.1 (1.4 (1.4 <l.l 

0.14 <0 .1 <0 .1 <1.2 (1.2 <1.0 <1.0 <1.0 <1.0 <l.l 9.0 '.0 <0.4 (0 .4 <0.4 'D.? <0.' <1.0 <I.O <I.J 

NIA u l.l 11.0 21 .0 <0.' 1100.0 11.0 11.0 11.0 m.o m.o 11.0 11.0 110.0 <0.& U IU IU 'l.t 

1.01 <0.1 <0.1 <I.I <I.I <!.l <\.1 <I.I <I.! 0 .1 u U <0.6 <0.6 (0.6 (1.1 <1.1 d.1 (1.\ (/.] 

+=­
'" 



TABLE 12 (cont.) - IDll!ODIOllmIBENIOfURAN RESULTS {?1T VET VEIGHT} - ELl FALLS 

SPECIES/SITE 10. \ 2Jl1 TOTAL 11111 Tom Illlll Tom 1234611 TOTAL TOTAL 2118 Tom 11118 21118 TOTAL 21ml TOTAL 1234611 Tom Tom 
.J~ -1illlANCE EROM OUTFALLl SAMEL, TIPE CQ!!t.. urn. ..I..i£QL T I COD .1JiQ.L.llliL!I.illL.J!illL J!.illL ...!!..IDL -lliQL -1illL T ICDF .1ill.L P\CDF .1illL OOL ..J!.illL ..!!IDL -i!ill.. .MilL 

EHI m liiSH LORD LIVER 12 1. 11 3.1 3.1 1.0 1.0 < 1. I 100.0 12.0 12.0 U 110.0 110 .0 l.l 11.0 lU <u <u <1.1 <u <1.2 
; CAMPBELL IV . 

II. \ 1M - SSEI 

Er -TJA PACIFIC coo fILLET D.!! <D. \ <0 .1 <0 . ' <0. , (1.0 1.1 <0.1 (0.1 <2.2 2.1 2.1 (0.1 (0.1 (D.4 (D .1 <D.' <t.' (D.' (2.1 
; CAMPBELL RV. 

113.1 1M - ~;EI 

EHIA ?ACIFIC COD mER 11.30 10.0 10.0 1.1 1.1 (1.0 llO .O L1 1.\ <3.1 m.o \10 .0 <0.' (0 .' , .0 (1.1 <!.l <0.' <0.' (2.2 
: mmLL RV . 

(IJ.1IM - SSEI 

,Hl comES SOH TISSUE 0.11 (0.1 (0.1 ().O (1.0 <0.1 3.1 <0.1 <J.l <2.1 u 1.6 (0.\ (0.\ (0. S (0. , (0 . ' (l.l (l.l (l.l 
: YEtLOV IS. 

(1.1 1M . !VI 

EHI NATIVE LITTLE-NECK CLAM SOfT TISSUE 1.0' (0.1 (0.1 (0.1 (0.1 (0 .1 (0 .1 (U <0 .' (1.1 1.8 1.8 <0.\ <0.\ <u (0.1 (0.1 <!.l <!.l <l.l 
; OISCOVE~Y PASSAG, 

11.1 1M - HI 
~ 

EF · L ~ sum LITTLE-lEe! CLAM SOFT 7i 55UE JO 1.21 <0.1 (0.1 <0.' <0.1 <0 .1 <0.1 <O. l ( ~ . ~ <I.' !.\ 1.1 <0.\ <0.\ <D. S <1.0 <1.0 (1.0 (1.0 (1.1 ex> 
: OUADaA IS . - mNCIscc ,~ 

11l.\ 1M . SEI 



SPEClES/sm 

~ ImIAI~1 [B2" OUIFAL~1 mm 1IPI 

RL-el OUICiUSS em "USCLi 
: BAIl IE SLOUCH 

10 .11 I" - lIE) 

iL-CI oUlcmss cm HlPuopucms 
: BAlli! SLOUCH 

10 .11 I" - ml 

TABLE 13 - OrmIOOrO!INIOIBEmrURAN RESULTS IFrT VET VElGUII - CAMPBELL RIVEI IRAm L a~m) 

10. \ 2111 TOTAL 1111l Tom llH1I TOTAL 1234611 Tom Tom 2111 TOTAL 12m 21111 TOTAl. 2m1l TOTAL II 14m TOTAL TOTAL 
~ IJlli J..lliL iillL ~ Pleoo H6COO J!§lQL J!illL JIillL ~ ..1illL ..1illL .lIDL .lIDL ...lli.L OOL ~ J!illL J!illL ...Q!~ 

III <0.1 <0.1 <I.J <l.l (0 .1 U (1.1 (l.l (2.] U U <0 .4 <0.4 (0.4 (1.0 1.4 (U <1.1 ( 1.1 

KIA 11.0 1' .0 32 .0 ,1.0 220 .0 610.0 200.0 210 .0 1l0 .0 140.0 740 .0 '.J 11.0 liD .0 14.0 110 .0 210.0 410.0 41.0 

+0-
W 



SPECIES/SITE 
Jill...!L IDISIAJCK Em OUTfALL I SAHPLE TYPE 

PHI 

PHI 

PHI 

PHI 

PHI 

PHI 

PHI 

PHI 

PHJ 

PHJ 

PR ·n 

1Hl 

PR ' C4 

DUIGUESS CUB HUSCLE 
: SlVln I SLUD . HACE rT 

(I l.) IH • MVI 

DumliSS CRAB HUSCLE 
: SAVARY ISLAIO . HACE PT 

(ll .J," . IVI 

DumllSS CUB KUSCLE 
: SAYAn ISLAID • HACE PT 

Ill . 11M - iii 

oumms cm mnomcms 
: SAVAa! I SLUO . KACE PT 

Ill.) IH - ~VI 

DUlcmss CUB KUSCLE 
: URVOOD 1 S. - EAST 

(1.' '" . VI 

Dumms CRAB 
: HARVOOD IS . . Em 

11.' IK . VI 

DUICEIES S cm 
: HARVOOD IS •. EAST 

II.! IK - VI 

~umms cm 
: RUVOOD IS .• OS! 

II.! IH - VI 

BOI cm 
: SCUTTLE au 

(1.\ I" - IVI 

BOI cm 
: SCUTTLE BAY 

11.\ IK - "VI 

BOI CRAB 
: SCUTTLE BAI 

ILl IK . HI 

~. II~"!'~~~ t~,~~ 
: KALASPINA STRAIT 

(1.1/K · SEI 

DU"GEmS CRIB 
"ALASPI~I STRAI T 
11.1!~ SEI 

HUSCLE 

KUSCLE 

HEPATOmCmS 

KUSCLE 

KUSCLE 

HtPATOP AHCms 

~I.'~ ~ [, f 

KUS CLE 

TABLE 14 - DIBEHZODIOllHl1lmZOFUm RESULTS IPPY VEY VEIGHT! - POWELL RIVER 

NO. \ 2171 TOTAL 12111 TOTAL 1/1111 Tom 111m. Tom Tom 1111 TOTAL I2J11 11418 TOTAL llHlI Tom I1lH1I Tom teaL 
mL. IJ.m T 4 COD T 4 COD .1lill....1lill...!!illL..Mill...!1ill.. J!lill.....!fill.... .1illL T 4 COP .1lliL.lillL.1illL!!illL J!illL J!illL J!illL ...ill2£.... 

0.61 <0.4 <0 . 4 <0.1 <0.1 <0.7 <0.7 <O.S <O .S <U 1.1 I.E (0.1 <0 .1 <0 .1 <1.\ <1.\ <0.6 <0.6 <1.1 

0.71 <0.1 <0.1 <1.2 <1.2 <0. ' <0.' <IJ <1.1 <U U 2.' <0.6 <0.0 <0.6 <J.l <J.l <I.I <1.1 (1.7 

0.71 <0.1 <0 .1 <1.2 <1.2 <0.9 (OJ <U <0.9 <2 .1 1.2 1.2 <0 .7 <0 .7 <0.1 <1.1 <1.1 <1.0 <1.0 (\.! 

11.00 L7 L7 !.l 11.0 <1.0 11.0 1.1 U <2.1 210.0 130.0 <0.' 1.2 /D.O <1.l <1.) <I.! <1.1 (l.l 

0.'2 <0 .4 <0 . 4 <O.S <U <U <U <'.4 <0.4 <U 11.0 11.0 <0 . 2 <0 .1 <0.2 <0.0 <0.1 <1.1 <1.1 (0.1 

0.12 (0.6 <u <i.J <I.) <I.) </.l <2 .S <U <2 .1 6.1 1.) <O .S <0.1 <u.s <1.\ <1.1 (U <U (/.I 

0.90 <1.1 <I.I <J.l <1.2 <1.0 0.0 <1.l <1.l <2.2 u U <1.1 <0.1 (0 .1 <0.9 (D.! <1.4 <1.4 n.1 

10 . 70 u u u U <u 21 .0 1.1 1.1 <2.1 110 .0 m.o <0 .1 1.1 12.0 <1.1 3.1 1.9 1.9 <1.6 

0.11 <0.6 (0. . <1.1 <1.1 <1.0 <1.0 <0.1 <U <2 . 2 11.0 11.0 (0.1 <0.1 (0.6 <1.0 <1.0 <0.1 <0.1 <U 

1.11 0.7 0.1 <0.1 <0.1 <1.0 1.1 <0.0 <0.6 </.I 11.0 " .0 <0.3 <0 .3 <0.1 <1.1 <1.1 (0 .. <D.. <1.4 

7.01 8.9 u U 20 .0 <1 .3 W.O !.l 11.0 1.0 1100 .0 1300.0 (0.8 0.8 11 .0 (1.0 11.0 <1. 0 <1.0 (0 .1 

(I.i., J.) I.J l.i I.1 (U lU (O,j <0.9 <u 1/0.0 110 .0 \0.6 (0.6 <U (1.3 '.I . J (1.0 <1.0 ;1.\ 

0.11 1.1 1.1 (1.1 <!.I <1.4 1).0 <1.! <2.1 <I . ! 110.0 110.0 <0.1 (0.1 ,0.1 ( /.0 \1.0 '1.1 n .1 (4.\ 

Ul 
o 



SPEWS/SITE 
J..W....!L ~ISTAm FRO" OUTFALL I 

PHI 

PHI 

PHI 

PHI 

?ICI 

i s:i 

P1. -: : 

PHI 

PHI 

rHl 

~ p. i1 

PH ) 

PHI 

OUICUESS cm 
: mmmmm 

11.1 1M - SEI 

oUlcmss CRAS 
: mASPINA smrr 

i! . l 1M - SEI 

Ou"cmSS CRAB 
: KALASPIU STRAIT 

II.] I" - SSEI 

OUNCEms cm 
: MALASPINA mAlT 

; l.l I~ - SSE I 

9umms cm 
: ~AL,.smA m AlT 

II.] I" - SSEI 

mmm cm 
: ~nLA 5?rHA SrH!':' 

;8.] !M - ; SEI 

ElCLISH SOLE 
: SHEARVATER ?AmCE 

11.0 I" - "VI 

.ICLISH SOLE 
: mmmR PASSACE 

·11.0 1M - IV) 

mUSH SOLE 
: SHEARVATER PASSACE 

11.\ IK - "VI 

EICL I SH SOLE 
: SHEARVATER PASSAGE 

I I . I IN . NVI 

EmlSH SOL( 
: MALASPINA STRAIT 

:C . I I" - ml 

tNCLI SH SOLE 
: KALASPlhA STRAIT 

I a. I IN . S5VI 

PRm 
SH EARVAm PASSAGE 
11.0 'M "VI 

_..---.-

TABLE 14 (cont.) - mmr;~I0liW:aE!jOFUm RESULTS IPPT WET V£lGHTI - POVELL NmR 

SAMPLE TYPE 

KUSCLE 

HKmOPAlCRKAS 

KUSCLE 

HUSCLE 

HUSCL.E 

HEPAlOPANCREA. 

FILL ET 

LI V8i 

FILm 

LIVER 

FI LLET 

LI VER 

TAIl. KUSCLE 

MO . \ 1111 Tom 1111l Tom llllll Tom 123ml TOTAL TOTAL 2J18 Tom 12m 2H18 TOTAL lHllI TOTAL 1114111 TOTAL TOTAL 

illl. !J.lli .JillL -.!illL .lillL .lillL OOL J!KQL J!illL J!illL -..lliD.L .1illL J.ill.L -1illL PIC 0 Y .lIDL!!illL J!illL J!ill.L J!ill.L --9.lliL 

0.11 1.2 I.l < 1.0 < 1.0 < 1.1 !.1 <1.1 <1.1 <1.1 110.0 110 .0 (0.1 0.1 0.1 (1.1 (1.1 <1.1 <2.2 \l .1 

2. " 1.1 !.1 \.! 1.1 <4.\ no 01.0 01.0 <10 .0 !l0.0 1100.0 (l.l 1. 2 1.1 0 .1 11.0 (6.) <U (6./ 

0.11 <0.1 <0.1 <l.l <l.l <l.4 <I.I <1.0 <1 .0 <1 .1 11.0 ll.O (0.1 <0.1 (0.1 <1.1 (1.1 <I.l (1.1 <1 .6 

0.81 <0.6 , 0.6 <I.I <I.( <I.I <I.I <1.6 <1.6 <U 11.0 1l.G (C. l (0. 1 (0.1 n .l (1.1 (1.1 <2.1 (606 

m <0.1 <0.1 <0.1 ,U <1. 1 n .l <l .6 <l .6 (£.\ 1.) 8. 1 (0 . 5 ,0.6 (0.6 (1.1 (1.1 (\.2 (\.2 (1.6 

6.41 (0.1 (0.1 1.1 U <1.2 11 .0 1.1 1.1 ( \.6 lIO. O 1) 0.0 (0.1 2.0 1.1 <1 .1 n. 1 <2.0 <2.0 (J.l 

1.11 <0.1 (0 . 1 (1.1 <1 .1 (1.2 <1 .1 (1.2 <1.2 (1.2 u U <0 . 1 (0.1 <O . J <l.l .(1.1 (l.l <l.l <1 .1 

12 6056 1.1 1.1 !.1 !.1 <6.1 120 .0 (1 .1 (1 .1 (1 .0 110 .0 110 .0 (l.l i.l U (]J.O <11.0 <1.2 <1 . 2 <11.0 

l.ll <0.1 <0 . 1 <0 .1 (0 .1 (0. I U (1.0 <1.0 <1.0 1. 1 1.1 (0. J <0. J (0.) (0.5 <0.1 <0 .1 (0 .1 (0.1 

11 1.14 1.1 1.1 I.! U <2 .0 11.0 1.0 1.0 1.1 11.0 1 J.O < 1.1 1.1 1.1 (1.\ <1.\ (2 . 2 <1.2 <!.I 
,-) 

m (0.1 <0. 1 <\.1 \1. 1 <1. 1 1.1 <I.I <I.I <12 .0 lO.O 10 .0 <0.1 <0.1 <0.1 (2.1 <1.1 <1.1 <1.1 <1.1 

II \.10 u .., U 1.1 (J .I 110 .0 11 .0 11 .0 1\ .0 210 .0 110 .0 1.0 11.0 IU <1.1 2.1 (1.2 <1.2 <1.l 

10 K/A <0.6 <0.6 (1.0 <1.0 <U 1. 1 <1.1 <1.1 <2 .1 11.0 11.0 <0.1 <0.\ <0.1 </.0 <1.0 <1.1 <I.I <1.0 

U1 
~ 



TABLE 14 (cont.) - DlmIOPIOIIWIBE!IDfURAN RESULTS {?PT VET WEICHTI - POWELL RIm 

SPECIES/SITE 
~ (DISTAiCK fRO" OUtrALLI mPLE mE 

Pi·n 

PR ·T) 

PR · Ll • 

PH2 

PR -Ll 

PHI 

(1. -01 

PR -04 

PHI 

Pi -O' 

PH1 

Pim 
: SHmVATER PASSAGE 

I I. I IN • lV) 

TAIL NUSCLI 

pam TlIL MUSCLI 
: NALASPIU STRAlT 

10.1 IN - SSWI 

mILl CLAN SOFT TISSUI 
: mART ISLAND - NACE PT 

{lJ.) 1M - iW) 

mlVE LITTLHECI CLAN SOFT TISSUI 
: SCUTTLE BAY 

11.1 IM- "VI 

m I LA CLAN SOFT TISSUE 
: KALASPlNA STRAIT 

(I.l IN - SSI) 

PACIFIC OYSTER SOfT TISSUI 
: SAVAIT I SLm - KACE PT 

{Il.! '" - "VI 

PACIfIC ormi 
: SCU~TLE BAY 

ILl IN - NWI 

?AClflC OYSTER 
: MALAspm STRAIT 

{l.lIN - IIVI 

PACIFIC OYSTER 
: POWELL RIVER 

{J.O IN - HI 

PACIfIC oysm 
: NALASPlU STRAlT 

{1.0 1M - SEI 

PAClflC OTSm 
WESTVIEW 
{I . l IN - SSEI 

SOFT TISSUI 

SOfT TISSUE 

SOFT TISSUI 

SOFT TISSUE 

SOfT TISSUE 

NO . \ 1111 TOTAL 11111 TOTAL Illm TOTAL 1114111 TOTAL TOTAL 1m TOTAL Illll 11411 TOTAL 214m TOTAL 11lHlI TOTAL Tom 
~ lliil -lill.L..lillL.lill.L...illPL!!illL.J!.KD.L..ll.C.ll........!lill.P.......2ill.P.... ...1!£QL...1!£QL? ICDf ~.1lill... lliL J!illL ...l!.!ilL ...l!.!ilL .MilL 

I/A ( 1.1 ( 1.1 ( 1.\ ( 1.\ ( 1.2 1.6 (1.1 (1.1 0.1 11.0 11.0 (0.1 (0.1 (0.1 (l.l (l.l (1.4 (2.1 (1.1 

10 1.\1 (0.1 (0.1 (1.\ (1.\ (l.l U (1.6 (1.6 (U 16.0 10.0 (0.6 (0.6 (U (J.) (i.J (1.6 (1.6 (4.1 

21 1.01 (0.6 (0.6 (1.1 (1.1 (0.1 (0.1 (0.1 ,0.1 (0.9 2.0 l.\ (0.1 (0.1 (U (0 .9 (U (U (0.9 (0 .1 

20 1.20 (0.4 (0.4 (i.J (i.J (0.1 (0.1 (0.' (0,9 \1.1 11.0 14.0 (0 . \ (0 .1 (0.5 (0.1 (0.1 <I.e (U (O.! 

40 1.10 (0.1 (0.1 (0.1 (0.1 (1.0 «(,0 (1.6 (1.6 (1.4 6.4 1.8 (0.4 (0 .4 (0.4 (0.9 (0.9 ([,4 (1.4 (1.1 

2.0, (l.l (1.2 (1.1 (1.1 (1.0 (1.0 (1. 1 (l.l (1.6 110.0 190.0 (C.1 (0.1 (0.1 <1.0 «(,0 (1.C «(,0 n.2 

1.11 (1.0 10.0 (1.1 J.l (0.1 (0.1 (1.2 <1.1 (1.8 m.o \10 .0 (G. I (0.1 U (1.0 (1.0 (1.4 «(,4 (2.1 

o. " 1.1 1.1 (1.1 (1.1 (U (0 .1 (1.0 (1.0 (U 110.0 110 .0 (0.6 (0.1 (0.6 (0.1 (0.1 (1.1 (1.1 <0.1 

0.19 (O.l (U (U (0.9 (0.1 1.1 (1.1 (1.1 ().5 \10.0 210 .0 <0. \ (0.1 (0 .1 (0 .1 (0.1 (1.0 (1.0 (1.0 

1.11 (0.1 (0.6 (0.9 (0.9 <1.1 (1.) (0.1 <0.1 <1. 4 46.0 .1.0 (0.1 (0.1 (0.1 «(,0 (1.0 (0 .1 (0.1 <2.1 

0.91 (0.. (0.. (1.1 n .1 (0.8 (0.8 <1.l (i.J n.' )1.0 JO.O (0.8 (0.1 <0.1 <1.0 (1.0 1/.1 0.1 (1.1 

(J1 

N 



..ill.LI.O..... SP Ems / S !Ti 
101 smcl FRon OUTfALL I 

HC-CI 

IC-CI 

HC-CI 

HC-Cl 

HC-C2 

1: ·n 

HC -O 

HC-c! 

NC -c) 

HC-C) 

Hr.,] 

HC rJ 

HC - (4 

OUIGIUSS cm 
: mmo - JACl PT 

11.5 I" - ml 

Du.cmss cm 
: mmo - JAe! PT 

(1.1 '" - UVI 

Du.cmss CRAB 
: lUunO - Hel PT 

11.11" - NlVI 

DUICElESS CRAB 
: mmo - lACl ?T 

11.1 1M - NNW I 

Dumuss CRAB 
: DESCANSO BAT 

14.2 1M - NEI 

DUNcmss CRAB 
: DESCANSO BAI 

14.2 In - HEI 

DUNCENESS cm 
: mcmo SA' 

14.2 1M - NEI 

DUNCENKSS CRAB 
: DESCAISO BAT 

14.2 1M - MEl 

Dumms CRAB 
: NORTHUMBERLAND CHANN!L 

12.1 '" - SI 

DUNCmss cm 
: aORTHUMBERLAND CHANm 

(2.1 1M - sl 

DUNmm CRAB 
: NORTHUMBERLAND CHANNEL 

11.1 I" - SI 

DUHCF.NESS CRAB 
: NORTHUMBERLAND CHANNEL 

11.1 IN - SI 

ROCI CRAB 
: NORTHUKBmm CHANNEL 

IU 'K' SS[J 

mPLE TYPE 

"USeLI 

"Usm 

"Usm 

HEPATOpmms 

MUSCLE 

~:JSCLE 

MUSCLE 

HiPATOpmms 

KUSCLE 

MUSCLE 

MUSCLE 

HEPATOPANCREAS 

KUSCLE 

TABLE 15 - mmODIOIlWIBENZOfURAK mum IreT VET WKlGHTI - mAIKo (HAK"ACI 

NO. \ 1311 TOTAL 11311 Tom 113171 Tom 113HlI TOTAL rOTAL 2111 rOTAL 12311 lll1l TOTAL 111m TOTAL lllHli rOTAL TI!iAl 

C21!L.1Jlli.1lill....1lill....1lliL.1lliLIllliL...II1ill.......lliD.L...lliD.L..ill.QL..!illL..!illL...illQL.1illL...illQLI!illL....IIiill.....J!lill.J!lill...2illL 

0.11 <0.6 <0,1 (1.\ (1.\ <0.1 (0.8 (0.8 (0.1 (1.0 2.' U <0.1 (0.1 (0.5 (1.1 (1.1 <0.1 <Q.! (l.l 

0.10 (0.4 (0.4 (O.l (O.l (O.l (O . l <0.1 <0.1 (1.1 2.4 2.4 (0.5 (U (0.5 (0.9 (U <1.0 (1.0 (l.l 

0.84 <0.1 (0.1 (1.\ (1.\ <1.\ (1.\ <1.2 <2.2 <12.0 2.4 1.1 (0.9 <0.9 (0.' (1.1 <I.! (1.\ <1.\ <6.1 

1.11 1.1 2.1 <t.J (t.J <l.1 11.0 11.0 11 .0 0.1 m.o 160_0 (1.\ (1.\ ]0.0 <2.4 \3.0 11.0 11.0 n.l 

1.01 (0.6 <0.6 <l.l (l.l <1.1 11.0 <1.\ (1.\ (1.1 15 .0 11.0 (U (0.4 <0 .4 (O . l (0,9 (1.] <1.l (1.1 

UI <O.l (U <1.1 <1.1 (0.8 1.4 <1.0 <1.0 <l .0 u 1_1 (0.\ (0.\ (0.\ (0.1 <0.8 <0 .1 <0.1 (2.] 

D.l\ (0 .1 (0 .1 <0.1 <0 .9 <1.1 3.0 <0.1 <0.1 <l.! \ _2 \.1 <0.1 (0.1 <0.1 <2.0 (2.0 <2.1 <1.] (\.8 

UI 4.4 4.4 6.1 6.1 <1.1 110 .0 <3.4 <l.4 (4.4 190.0 220.0 (1.1 1.1 1.1 <1.l <1.l (1.4 (1.1 (1.1 

O. jJ 0.1 0.1 <1.1 <1.] <1.\ J.1 <1.0 (1.0 <1 .1 9.1 11.0 (0.8 (0.1 <0.8 (1.2 (1.2 <2.2 <1.2 <1.9 

0.11 <1.0 <1.0 <1.0 <1.0 <1.1 11.0 <l.l 0.1 <u 11.0 20.0 (l.1 <1.1 <l.1 <2.2 <1.2 <2.] <2.3 (2.6 

1.0\ <0.1 <0.1 <0.1 <0 .1 (1.1 13.0 <0.\ <0.1 <1.0 16.0 1' .0 <0.1 <0.8 <0.1 (1.0 (].O (0.1 (0 .1 (1.6 

IUO 18 .0 31.0 \1.0 140.0 <1.0 1100.0 31.0 4U (1.4 930.0 1100.0 (1.1 10 .0 3\ .0 <0 .1 ,l.O <1.1 11 .0 <1.1 

N/ A <0.1 <0.4 <0.1 <0.1 <0 .1 <0.1 <0.4 <0.4 <1.1 1.3 3.1 <0.4 <0.4 (0.4 <0.1 <0.' <U <0.' (0.9 

<..n 
w 



...illU.Q..... SPECIES/SITE 
msme! rROK omAIL) 

HC-C4 

HC -C4 

HC-CI 

HC-C4 

HC-CI 

HC-T) 

HC-TI 

HC-Tl 

HC -Tl 

HC -Tl 

HC-Tl 

He 14 

HC-14 

~"-

ROCI cm 
: 10nmSmAMD CRANHEL 

11.1 1M - 55£1 

ROCI CUB 
: 10RTIUMlULUO CHANNEL 

11.1 IK - SSEI 

ROCI CUB 
: 10RTHUKBmm cmNEL 

11.1 1M - 55£1 

ROCI CRAB 
: 10RTHUKBERLAND cmm 

1'-1 1M - SSEI 

ROCI CUB 
: 10RTHUKB!RLAKD CHANKEL 

11.1 IN - SSEI 

ElGLI5R SOLE 
: rmm CHANNEL 

11.1 'M - NNEI 

EICLI51 SOLE 
: fAIRWAY CHANNEL 

11.1 IK - NNEI 

tlCLISH SOLE 
: 10RTHUM8!RLUD CHAMm 

11.1 IK - II 

EICLISH SOLE 
: lonHUM8ERLANO CHANNEL 

11.1 1M - HI 

iNGL I SH SOLE 
: IOITHUMBERLAMD CHANNEL 

ILlIK - ml 

EHGLISH SOLE 
: NORTHUMBERLAND CHANNEl 

11.8 1M .. NNYI 

EJGL I SA SOLE 
DE coum GROUP 
11.1 'M - S I 

mLiSH SOLE 
: DE COURCI GROUP 

11.1 'M . SI 

~ 

TABLE 15 (cont _) - OI8EH!OPIOllNIDIBmOFum RESULTS IPPT m WEIGHT) - mAIKo (HARKACI 

NO. \ llll 70m 11311 TOTAL III III TOTAL 11 Hi 11 Tom TOTAL 1 JJ8 Tom 11 J1I 11118 Tom 1 JH 18 Tom IlllI 71 Tom TOTAL 
S.'MPlS TlPE ~ ill.ll ...1illL..l!ill....lill.L.lill.L I!illL ...lliP.L Jllill.... Jllill.....l1ill... ...lli.QL...lli.QL ~ PICDF -lliQL OOL J!illL J!illL .J!illL ...QlliL 

KUSCLE KIA <0_1 <0.1 <1.1 <I.I <1.1 <1.1 <0.1 (0.1 <1.0 1.1 U <0.1 <0.1 <0.1 <1.0 <1.0 <1.5 <U <1.1 

MUSCLE HIA <O.J <O.J <0.1 <0.4 <0.1 <0.' <O.i (0.1 <1.0 I.S 2.1 <0 . 2 <0 . 1 <0.2 <0 .5 <0.1 <0.1 <0.1 <I.I 

MUSCLE N/A <0.6 <0.6 <!.I <!.I (1.1 <1.1 <1.0 <1.0 <1.1 2. 1 J.8 <0.1 <0.1 <U <1.0 <1.0 <1.1 <1.1 (J.J 

MUSCLE K/A <0.1 <0.1 <1.2 <1.2 <I.I <1.4 <l.l <l.l <1 .1 (0 .5 <0.5 <0.6 (0 .6 <0.6 <1.5 <U <1.\ <1.\ <5.1 

HEPATOFANCREAS 2.12 <0.1 <0.1 1.1 1.1 (U H.O <0.1 1.1 O.J 11 .0 61.0 (D.! (O .l <O.! <0.6 <U (1.0 (1.0 <1.6 

tILLEr 5.01 I.J l.l l.I l.I <1.0 10.0 <OJ <0.' <1.0 JO .O JO.O <0.4 (0.1 <0.4 <0 .1 <D . l <1.1 n.1 <1.1 

LIVER !. " l.O U 10 .1 10 .0 <1.1 '0 .0 1.0 1.0 U 16.0 16.0 (0.1 1.5 1.5 <J.! (J.! <1.1 (1.1 <1.6 

FILLET 1.11 <U <0 .1 <0 .1 <0 .1 <I.I 1.1 <1.1 <1.2 <I.i 6.l U (0 . 1 <0.1 (0.4 (O.! <0.' <1.0 <1.0 <1.0 

LIVER N/A 1.1 1.1 U U (1.1 41 .0 1.0 1.0 <l.l 'U 6U <0.6 l.l I.J <1.1 n .1 <2.1 <1.1 <1.U 

FIlLET N/A <1.1 <1.1 <1.1 <!.I <1.1 <1.2 <2.1 <2 .1 <5.1 ! 1.1 1.1 <0.6 <U <U <1.8 <1 .1 <2.1 <l.1 n.) 

LI VEl m (0.8 ;0.1 <1.1 <1.1 <1.0 10 .0 <I.l <1.3 <l.l )3.0 1l.0 <0.1 O.! 0.' <1.) <1.1 <1.1 <1.1 <U 

FI LLET 1.1 ) <U <0.1 1.0 1.0 (0.8 5.1 <0.1 <O.l <0.1 11.0 11.0 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0 .1 <0.1 

LIVH 10 8. Jb 3.0 3.0 11.0 11 .0 <1. ' 18.0 <1.1 <1.1 <1.4 ".0 61.0 <1.0 <1.0 <1 .0 <1.1 <1.1 <1.0 1.0 < 4.1 

(Jl 

~ 



TABLE 15 (cont.) - DIBE!!ODiOIIWlBEN10rUW RESULTS IrrT WET WEIGHTI - MAMAIKO IHARHACI 

SPECIES/SITE NO. I 1311 Tom 11111 Tom I1H1I Tom 11H618 TOTAL TOTAL 1316 Tom 11m lH18 TOTAL 134611 TOTAL 1134611 TOTAL TOTAL 
~ IDlmm FROH OUTFALL I mm TIPE C2lIt..illll-liill..-liill...llliL.llliL!!ill.LJ!illL.JIlill....JI1.lli....2l.ill.. T I COF T I cor P leo F .1illL.1illL!!illL H 'CDF J!illL....!!..illL...QIDL 

HC-T! SIDESTRIPE SHRIKP TAl L KUSCLE 11 1.11 (0.1 <0.\ (1.2 (1.1 (0.8 1.1 <1.1 <2 .1 <1.6 U 6.0 <0 .1 (0.1 (0,1 <0.1 <0.6 <1.\ <1.\ < 1. 1 
: FAlRWAT mmL 

(U I" - NNE) 

HC-Tl S I DESTRIPI SHRlKP TAlL KUSCLI II 1.11 <0,\ <0 .1 (1.1 <1.1 (0 .1 11.0 <2.1 <2.1 <2 _0 10.0 10.0 <0.1 <0.1 (0.1 <0 . , (U (1.1 <1.7 (1.2 
: IORTHUKBmm CHANNEL 

(1.1 IK - HI 

,C -14 HUKPBACI SHRIKP TAl L KUSCLI 11 1.31 <0.1 <0.6 (1.0 <1.0 <\.6 <\.6 <l.l (u (1.8 1.8 U (0.1 (0.\ (0. I (1.1 (1.1 (l.l <1.1 (Ll 
: DE COURCI CROUP 

11.1 IK - 51 

Hnl KUlLA CLAK SOFT TISSUE 11 1.16 (0.1 <0.1 <I. 3 (l.l (0 .1 1.6 (1 . 3 <2.3 <1.1 1.9 U (0.5 (0.5 (0.5 (0.6 (0 .6 (\.6 <\.6 (1. ! 
: DESCANSO BAT 

11.1 IK - m 

~nl HIm LITTLHKCl CLAK SOFT TISSUE 10 1.10 (0.6 (0 .6 <0.9 (0.9 (0.9 (0.9 (l.l (1.3 (1.1 1.6 J.l ;G.\ (0.5 (0.5 (l.O (1.0 (1.6 (i.E (2.1 
: NAKAIKO - mmos PT 

{U lK - SI 
(J"I 

SC-OI ?AClflC OTSm SOFT TISSUE Ul (0.9 (0.9 <\.C <1.0 <1.1 5.1 (1.5 <1.5 ().9 50.0 82.0 (C.l <0.7 (0 .1 (1.0 <1.0 (l.I (l.i (J .1 (J"I 

: mAIKO - JACI PT 
Il.l IK - m) 

~C' 01 PAC IfIC 01STER SOFT TISSUE 3. 10 (0.1 (0.1 (0.1 (0 .1 (1.1 U o.a (l.! 0.1 H.O 50.0 (0.6 (0.6 (0.6 (1.0 (\.0 <1.1 (1.1 <1 . 1 
: ~UOCE IS . - WEST 

{I.! IK - SSE! 



TABLE 16 - ::mZOD!Om;mmoruRAN RES~i.TS J1ll 'iT VE!GHT) - CRO,TON 

SPECIES/SITE NO. \ 2m TOTAL 12)11 TOTAL IlHII TOTAL 121HlI TOTAL TOTAL 2)11 TOTAL 12111 23m mA!. 234611 TOTAL 121HlI TOTAL !m:. 
~ IDlSTA8Cg fRO" OUTFALL) illf.1Uli.L- mL. !J..ill ..lli..Q.L..lli..Q.L P SC DO ..liC.QL!llliL..J!ill.L J!illL J!illL..2illL ..l.lQL..lillL -fillL ...lli.QL ...f..lliL lli.QL J!illL ...!!.l.liL..illi.DL 08 C~l 

CH2 

CH2 

CH2 

CH2 

CH) 

CH) 

CHl 

CF-C) 

CH4 

CH4 

C, <4 

CH4 

cr -cs 

DUlCU!SS cm 
: STUART CHUm 

1J.1 1M - NVI 

DUIGlnSS cm 
: STUART CHAMIEL 

11.1 I" - IVI 

DU8GEIESS cm 
: STum CHUm 

11.1 IH - NY! 

OUNGEms cm 
: STUART CHANNEL 

11.11" - "WI 

OUIGEUSS cm 
: STUART CHAMm 

11.0 IN - NWI 

DUNGElESS cm 
: STUART mm~ 

11.0 IH - "WI 

Dumms cm 
: STUART CHUm 

11.0 I" - 8VI 

DUIGmSS cm 
: STUUT cmm 

11.0 IN - IVI 

MUSCLE 

HUSCLE 

HUSCLE 

HEPATopmms 

HUSCLE 

NUSCL. 

MUSCLE 

HSPATOPUcms 

DU.CUISS cm HUSCLE 
: SAL TSPRlJG IS . - DOCI PT 

11.! I" - II 

Duscmss CRAB Husm 
; SAL TSPRUG IS . - OOCI PT 

IJ.!U-!I 

DU8C£lESS CRAB Hvsm 
; SALTSPRING IS. - DOCk PI 

IJ.! IH EI 

8UNCiJESS CRAB HEPATOPANCmS 
: SALISPRING IS. DOC' PI 

Il.! 'H - EI 

OUNGEIESS CRAB HUSCLE 
; OSBORN BAT 

12.1 IH - S) 

0.11 (0.6 (0.6 (\.0 (1.0 (0 . ' U (1.0 iU <U 1. 4 10 .0 <U <0.6 <U <O .S <O . S <1.0 (1.0 n.6 

1.06 (O. S (O.S (1.4 (1.4 (0.9 U (1.0 (\.0 <1.-1 1.0 U (U <O . S <0.1 <0.6 (0 . ' (0.1 (0.1 (U 

1.02 (0.4 (0.4 (0 . ' (0 . 8 (0.7 6.4 (0.1 (0.1 <2.4 5.7 U <0 . 4 <0 .4 <0.1 <0.1 <0.1 (0 .7 (0.1 (1.2 

lLOO 12.0 11.0 11.0 13.0 <0.8 SSO.O ! .) 16.0 U 310.0 m.o J.l U 42.0 (0.6 10.0 (l.6 <U (U 

0.14 (0.6 (0.6 <l.\ <1.\ <0 .7 7.4 <O.! <o,! <1.1 !l.0 11 .0 <0.1 <0.1 (0.1 <0.1 (0.1 <0.1 (0 . ' <1.1 

UO <O.S <O .S <l.l <l.l <O .S 1.1 (0.4 <0.1 <(,2 12.0 16.0 <0.1 (' .1 (0.1 <0 .4 (0.1 (0 .6 (0.\ (C. l 

U7 <l.' <!.I <).0 (1.0 <2.1 IS.0 <U <U <u 20 .0 2J.O <l.l <l.l <I.l <u (U <l.l <1.; (6,4 

I . SS 20 .0 20.0 10 .0 130 .0 <1.0 1000.0 12.0 20.1 <1.7 170 .0 m.o 11.0 H.I 71.1 <0,1 H.O .., I.' 0.1 

O.H <!.I <1.1 <2.) (2 .) <l.! <I.l <4.1 (4.1 <1.1 1.2 1.2 <1.2 <1.2 <1.2 <1.5 <1.\ <2.1 (2.1 < 4.1 

l.l) <1.4 <1.4 (1.1 <1.1 <2.0 11.0 <2.4 <2.4 <11.0 U 12.0 <(,0 <1.0 (1.0 <(,7 <(,7 0.1 (J.l <l . 4 

l'.l2 (0.8 (0,1 (1.4 \1.4 (1.\ l.1 <l.) <1.l <u 6.1 l.l (l.l (1.1 (1.2 (1.1 <1.1 <1.1 (l.l <2.3 

1.6, i2 ,0 14.0 2U lU (O.S \30.0 U 14.0 (/.0 HO.O 360 .0 2.2 4.1 11.0 (0.1 !.2 1.1 1,1 <1.6 

0,11 '1 .0 (\.0 <1.1 ( 1.1 <1.4 1\.0 (1.1 (1.1 (1.2 11.0 21 . 0 (0.' (1.9 (O.! (1.0 (1.0 (l,S (1.\ <1.0 

<..T1 
0\ 

..... 



SPiCIiS/SITE 
J.J..Il.l.L !PI SIAm fRO" OUmLL I 

Cf-CS 

Cf-CS 

CF-CS 

CHI 

CH' 

CHI 

CH6 

CHI 

CHI 

CHI 

CHI 

CHID 

CHIO 

DllIGU ISS CUB 
: OSBnRI BAT 

12.' 1M - SI 

DUIGiIISS cm 
: OSBORI BAT 

12.1 1M - SI 

DUIGmSS CRAB 
: OSBORN BAY 

12.1 1M - 51 

DUNGmSS cm 
: BOOTH BAT 

16.0 1M - SEI 

VUNGElESS CRAB 
: BOOTH BA! 

16.0 1M - SEI 

VUNGEms CRAB 
: BOOTH au 

16.0 1M - SE, 

VUICElESS CRAB 
: BOOTH BAT 

16.0 1M - SEI 

DU.GmSS CRAB 
: BUR GO!ME BAY 

11l.l 1M - HI 

DU.GKJlSS cm 
: 8URGOm BAT 

112.) 1M - SEI 

DU.GiMESS CUB 
: BURGOm BAT 

(ll.l 1M - 5EI 

VUNGEm5 CRAB 
: BURGOTIE BA I 

112.l 1M - SEI 

DUNGEmS CRAB 
: SATELLITE CHANNEL 

Ill . ) I" - 51 

Dumms CRAB 
: SAmLIU CHANNEL 

Ill.) I" - SI 

TABLE 16 (cont.) - pmmpIOIIP/DlBmOfURAN RESULTS IFPT VII VilGHTI - CROfTON 

10. \ 2111 Tom 12m TOTAL 12J171 TOTAL mllli TOTAL TOTAL 2171 Tom 12m 2J1J8 TOTAL 234671 TOTAL 12J1611 TOTAL TOTAL 
mPLE TlPE ~ IJID. .JillL J.illL .1ill.L .lID!.. !!illL .JllC.P.L .Jlill.... ...lIillL..2lliL ...!illL T 4CDY J.illL.llliL.1illL!!illL J!ill.L J!l.ill.. .JlillL ...QillL 

MI)SCLB 1/1 <0.1 <0.1 <1.l <I.) <0 .7 12.0 <0.9 <O.! <l.i 11.0 11.0 <0.' <U <0.6 (0.5 <0.5 (0.7 <0.1 <0.1 

MUSCLB O. !O 2.1 2.1 l.S U <1.1 )5.0 <1.1 <1.1 <1.1 11.0 11.0 <U <0.1 <0.' <1.1 (1.1 (U <U (2.0 

R£PATOPANCmS U2 21.0 2U )1.0 11.0 <0.6 610.0 10.0 11.0 1.2 510.0 1)0.0 2.1 U 20.0 (0 .1 12.0 (0.4 ' (0.4 (1.4 

~USCLK 0.91 1.1 l.l 2.4 1.8 <1.2 17.0 <1.2 <1.2 <l.l 35.0 11.0 (0.6 (0.6 1.0 (0.' (U (I.l (I.l (2.8 

KUSCLE 0.91 2.1 2.1 1.3 20.0 <1.0 69.0 <O.! <0.9 (l.9 110 .0 110.0 (0.9 1.1 5.1 <0.8 <0.8 <0.1 <0.1 <1.1 

U1 
~USCL8 0.80 0.6 U (0.' (0.9 (0.1 21.0 (0.6 (0.6 (2.1 15.0 21.0 <0.5 <0.5 (0.5 (0.5 (0 .1 (0.6 <0.6 (0.3 " 

mATC'!.mEAl 10 .10 3J.O 11.0 110.0 320.0 <0.8 1900.0 • 16.0 26.0 <2.1 1100.0 1300.0 <0.6 21.0 36.0 (0.5 0.0 u U (2.0 

KUSCLE 0.71 (1.0 (1.0 (1. 7 (1.7 (1.5 (1.5 (1.1 (1.1 (U 2.b l.6 <1.0 (1.0 (\.0 (0.' (0.9 (1.4 (1.1 (U 

KU5CLB 1.01 0.1 0.1 0.' U (0.5 U (0.' (0 . ' (0;1 I.! 10.0 (0 .1 (0.1 (0.3 (0.2 <0 .2 (0 . 5 (0.5 (0 .1 

KUSCL. 1.01 (0 .6 (0.6 (1.1 (1.7 (I.l lU (I.l (I.l (5.1 10.0 12 .0 (0.7 (0 .7 (0.7 (1.1 (1.1 <1.1 <!.I (].6 

HEPATOPUCREAS 6.6, 11.0 13.0 15 .0 11.0 <1.1 510.0 5.7 9.l (2 .6 m.o 3\0.0 (0.6 1.0 U (0 .1 (0.1 1.7 1.7 n.! 

KUSCLE HIA (0.1 (0.7 <1.0 (1.0 (1.0 1.5 (0.' (O.! (2 .2 ].6 U (0 .4 (0.1 (0.4 (0 .1 (0.1 (1.0 <1.0 <l.5 

KUSCLE HIA (0.1 (0.1 (l.l <1.1 (I.] U (3.1 (3.1 (1.0 1.I 1.1 (0.' (0.\ (0 . ' (1.1 (1.1 (1.1 (1.1<1.\ 



~ SPECIES/Sm 
(DlSUICK f80n OU TfALLI 

CF -CJO 

cr-Cil 

cr -Cll 

CHll 

CHI 1 

cr-CII 

~ : -Cll 

cr-cll 

CHII 

CHI I 

(f· TI 

cr ·Tl 

cr · Tl 

...... 

DUl CUISS CUB 
: SATILLIU cUlm 

IlU 1M - SI 

DUlcmss CIlI 
: CO. I CIAI BAT 

IIU 1M - SI 

oUlcmss cm 
; CO'I CUI BAT 

IlU 1M - SI 

DUlcum cm 
: cO'lcm BAY 

IIU 1M - 51 

OUICEIISS CRAB 
: COYICHAI BAT 

IIU 1M - SI 

oUlcmss cm 
: COYICHAI BAr 

111.0 1M - SI 

OUICUESS CRAB 
: COY I CHAI BAr 

111.0 1M - SI 

OUICIUSS CUI 
: COYI CHAI BAT 

114.1 1M - SI 

ourclllss cm 
: COVJCRU BAT 

111.0 1M - S I 

oumllSs cm 
: covlcm BAT 

114.0 1M - SI 

EICLISH SOLK 
: STum CHANm 

Il.l 1M - .IVI 

UCLISB SOLE 
: STUART CHAHNEL 

I!.I IK - NlVI 

UGLISH SOLE 
: STUART CHAUlL 

11.2 1M . ml 

TABLE 16 (cont.) - OIB5MZQPIOI(ft/OIBHZOr ll BA! B1SI!!,IS (PPI ' tiT WGHII - CROfTOK 

10 . \ 1m TOTAL 12111 TOTAL 11HlI Tom IlJHlI TOTAL TOTAL 2J11 TOTAL 12111 21111 TOTAL 2lHlI TOTAL 12Hill TOTAL TOTAL 
SAMPLE TIPI Wf... illll ...llill......llill....1ill.L.1ill.L IlillL .J..iilL ..illQL JIlill......tlill... J.illL.JillL.lill.L.lIDL.lIDL HillL ~ ...l!1ill.. ..IlliL ...QillL 

HIP ATOP ucms m U 1.4 1l.0 lLO (U 260 .0 11,3 11.O 1,1 110 .0 1l0 .0 (0.4 l.l 11.0 (0 .1 • . , (0 .1 (0.1 (l.6 

MUSCLI 0,11 (0,1 (0 .1 (1.\ (1.\ (0.' 2.1 (J.f (1. 1 (1.0 U 1.1 (0 .1 (0 .1 (0.1 (1.0 (1.0 (1.1 (\.2 (J.S 

mm 0." (0.1 (0 .1 (0.' (0.' (0.' (0.' (1.1 (1. 1 (1.1 2.1 1.1 (0.4 (0 .4 (0 .4 (0.1 (0.6 (0 .1 (0.1 (1.2 

MUSCL! 0." (0. 1 (0. 1 (1.1 (1.1 (J.l 1.2 (1.6 (1.6 <2.1 J.I J.J (0.6 (0.1 (0.1 (1.2 (1.2 (1.6 (1.6 (U 

MUSCLE 0.1) (G.I (0.' (/.I (J.6 (0 .' J.6 (1.1 (1.1 (1.1 1.1 2.1 (0.6 ( 0.1 (0.1 (0.1 (0.1 (1.1 <1 . I (l.! 

REmop lIClUS 12.10 u U (1.2 ll.O (0.' 120.0 20 .0 lI . O 11 .0 110 .0 210 .0 (U J.S 1l.D (U 11. 0 u U <2.0 

KUSCLE 0.11 (0.2 (0 .1 (0 .1 (0.1 (0.1 U (0.1 (0.1 (1.\ 1.1 1.1 (0.4 (0. 4 (0. 4 (0 .1 (0.1 (0.' (0.' <1 .1 

MUSCLE OJ, (1.0 (1.0 (0 .1 (0.1 (U l.! (1.1 (1.1 (5 .1 1.6 J.6 (0.1 (0.1 (0 .1 (0.1 (0 . ' (1.1 (2.4 (1.1 

KUSCLI o. " (0.1 (0.1 (0.' (0.\ (0 .1 1.0 (0 .' (0.1 (2.0 1.1 l.J (0 .5 (O.S (0 .5 (0.' (0 . ' ( I.] (l.l (1.1 

HKPATOPUCRBAS ' . 11 S. I U (1.0 lU (0.6 1'0 .0 1' .0 40 .0 , ., 140.0 110.0 (0 .' 2.1 ll.O (0 .1 lU 1.4 1. 4 (1.1 

f l LLET 1.11 1.S 2.1 4.1 4.1 (0.9 U <l . J (: . J (1.4 11 .0 Ifo ( o . ~ (0.6 (0.6 (0.1 (0.8 (!.I (1.1 <1.1 

LIVER 10 11.00 u u '.J 9.J (1.1 ~ 1.0 (1.1 (1.1 11 .0 11 .0 11 .0 (1. 4 (1.4 (1.4 <I . J (J.l <2 .1 <2 .1 (4.1 

PILLET 1.1J (O . ~ (U (1.1 (1.1 (0 . ' I.l <2 .1 (2.1 (2.4 I .' U <0.1 (0 .1 (0.1 (0 .1 (0.1 (1.4 (1.4 (1.1 

--.. ~ ~ -- -.. -- -.. -.. 

U1 
co 

-.. 



SPECIEs/sm 
~ (PISUICI FROM OUTfALL I 

CHI 

CF-Tl 

CF -Tl 

CHI 

CHI 

CF-T! 

CF -T! 

CF-Tl 

CHI 

CHI 

CF -Ll 

CHI 

CHI 

IIGLISI SOLI 
: mm CHUm 

(\.2 1M - NUl 

momoTi nOU.DII 
: SATELLITE CHANNEL 

(11 .1 1M - SSEI 

AiiOVTOOTH FLOUIDER 
: SATILLlU mmL 

(11 .1 1M - SSHI 

IIGLISH SOLI 
: COVICHA' BAT 

(IU 1M - 51 

IIGLISH SOLE 
: COVI CHAN BAT 

115 .2 1M - 51 

SIDESTRm SHRIMP 
: STUART CHAMm 

(!.l 1M - NNVI 

SIDESTRIPI SHRIMP 
: STUART mmL 

(1.1 1M - lit I 

SIDISTRIPI SHRIMP 
: SAT ILL ITE C HAIlE L 

111.4 1M - 5511 

SIDISTlIPI SHIIMP 
: COVICHAI BAT 

(IU 1M - SI 

UTIVI LITTLHiCI CLAM 
: IUPER IS - JOSLING PT 

(1.11K - IMII 

KUlLA CLAM 
: STum CHANm 

(l.J IK - m 

UTm LITTLHECI CLAM 
: aOOTH BAI 

(1.0 U - 5£1 

UTIVI LITTLHBCl CLAM 
: SATELLIn mmL 

(IU 1M - 51 

TABLE 16 (cont . ) - DIBKUODIO!IWIBmOfum RE SUL TS (PPT WEi WAIGHTI - CROfTON 

NO . \ 1)11 TOTAL 11111 TOTAL 111111 TOTAL IllHl. TOTAL TOTAL lll1 TOTAL 12Jl1 23111 TOTAL mill TOTAL I1l1m Tom TOTAL 
smLI TlPE COMP . I..l.W. JillL T 1(00 P ICDO ~ HICDD ..!illL J!l.ill... J!l.ill... ~ ...!illL...!illL -1illL ...lliQL .lIDL IillL Jill.L J!illL ...IlID.L ...QillL 

LIm I . ll u U 10 .0 10 .0 (l.l 11.0 (U (U (U 100.0 100.0 (O.! 1.1 3.2 <2 .1 <2.1 (1.1 (1.1 <U 

'I LLIT 3.41 (0.1 (0.1 (U (U (0 .1 (0.1 (1.1 <1.1 <2 .1 u u (0,6 (U (0.1 (0.1 <0 .1 <1.4 (1.4 <1.4 

LI ViR N/A u U (1.1 (1 .1 (2.1 U (1.1 <1.1 (9.1 ,3.0 ,3.0 (1.0 <1.0 <1.0 . (1.9 (1.9 <1.1 (1.1 <S . l 

fILLET O.H (0.1 <0.1 (1.1 (1.1 (0.8 <0.8 <1.\ (1.\ <1 .1 2.1 1.1 (0.4 (0.4 <0.4 <0.8 (0 .8 <\.2 (\.2 <1.2 

LIVER m (1.8 (1.8 12.0 11.0 (1.\ n.o (1.1 (1.1 (4.1 11.0 lI .O (0.8 2.1 2.5 (1.l (1.l<1.I <1.\ <l.! 

TAl L MUSCLE 11 1.0 <0 .1 <0.1 (0.1 (0 .8 (0.1 1.1 <I.I (1.1 (1.1 u U <0.4 (0.4 (0.4 (0 .6 (0 .6 <1 . 1 <1 .1 <0 . ' 

TAIL MUSCLE 11 1.\, <0.1 <0.1 <0.1 <0 .8 <0 .1 2.1 <0 . 1 <0 .1 <0 . ' 4.4 4.4 (0.1 <0 .1 (0.1 <0.1 <0 .1 (0 .' <0.1 <0 .1 

TAIL KUSCLE Il KIA <0 . 4 <0 .4 (0 .1 <0 .1 <0. I l.\ (0 . ' <O .! <O .! 1.0 1.0 <0.1 (0.1 (0 .1 (0 .1 <0 . 1 <0 .1 <0 .1 (0 .1 

TAIL MUSCLI Il 1.11 <0.1 <0 .1 <0 .1 <0.1 <0 .7 1.1 <1.1 <J.I I/A 1.1 1.1 <0 . 4 (0.4 <0 .4 (U <0,1 <0 .1 <O.! <0 .' 

SOFT TISSUE II J.Il <0.1 <0 .1 <0 .1 <0 .1 <0 .1 <0 .1 <0 .1 (0 .1 (O.! 1.4 1.4 (0.1 (0 .1 (0 .1 <0 . 4 (0.4 (0,6 <0.' <0 .6 

SOfT TISSUE 12 0.11 <0 .1 <0,\ <1.0 <1.0 (0.1 <0.1 <1.1 <1.1 <1.1 1.3 f.l <0 . 1 <0 . 1 <0 .1 (0.1 <0.1 (1.0 <1.0 <0 .1 

SOFT TISSUE 1.11 (0 .1 <0.4 <0.' <0,1 <0,6 <0 .6 <1.0 <1.0 (1.0 1.1 J.l <0.4 <0 . 4 (0.4 (0 .1 <0.1 <0 .1 <0 .1 <0.7 

SOFT TISSUE 11 M/A <0 .1 <0 .1 <O .! <D .! <0.' <0 . ' <1.0 <1.0 (1.1 <0 .1 <0 . 1 <0 . 1 <0.1 (0 .1 (0.' <0,6 <0.1 <0.1 <0 .1 

U1 
W 



TABLE 16 (cont.) - mmODIOW1DIBsmrURAM muLTS IPPT YET WEIGHT) - CROITO. 

SPECIES/SITE NO . \ Ill1 Tom 11311 Tom 11]411 Tom I1Jml Tom Tom lJ11 Tom lll71 lllll Tom llHlI Tom 11lHlI Tom Tom 

~ Imu.c~ fm QUIYALLI SAmE T!P~ illL urn. T 'COO ~ P ICOD -.lliQL!!illL J!ill.L ...Rilll.. ...Rilll.. ~ .-lillL -.!ill.L .1ID.L .1ID.L ~ H 6COF .J!illL J!.KDL J!IDL ...QlliL 

CF-Ol PACIFIC olsm SOfT TlSm I.Jl <0.' <0.1 <l.l <l.l <1.1 l.S <1.4 <I. 4 <2.1 11.0 17.0 <0 .7 <0.1 <0 . 1 <1.1 <1.1 < 1.1 <l.l <!.I 
: DUMAJ IS. 

(l . 0 1M - m) 

CHI PACIFIC OISTIR SOfT TISSUi 1.11 <0.1 <0.1 1.2 1.0 <0 .1 11 .0 <0.1 <0 .1 1.4 11.0 46 .0 <0.4 <0.4 <0.1 <0.6 <0 . ' <0.5 <0 .5 <0 .9 
: mART CRAMm 

ILl IK - IV) 

Cf-O ) PACifiC Olsm SOFT TISSUE 1.]4 <1.1 (Ll <1.1 <\.4 <1.1 2.1 <4.1 <I.' <11.0 15.0 41.0 <1.1 <1.1 (1.1 <1.\ <2.\ <1.0 (1.0 <10 .0 
: OSBOU BAT 

(I.! IK - SSi) 

CH. PACIFIC orsm SOFT TISSUS l.ll (u (0.8 <l.l <l.l (0. 9 1.1 <1.2 <1.1 <1.7 14.0 16.0 <0.1 <0 .1 <0 .1 (0.7 <0 .7 <0.9 <0.' (1.1 

: BOOTH BAl 
(1.0 IK - SEI 

Cf -Ol PACIFIC Olsm sm TISSUE N/A (0.6 <0 .6 3.0 U <0.1 11.0 <1.1 <1.1 2.6 68.0 16 .0 <0.7 <0.7 <0 .7 <o.a <0 .1 <1 .0 <1.0 (Ll 
: MAPLE BAt 

(1 .9 IK - SSE) 
0"1 

Cf-06 PACifiC OISTER SO FT TISSUE 4,22 (0. ' <C. 4 <0.7 l.! iO . 4 8.7 <0.5 <0.5 J.I J5.0 41 .0 (0.' (0. ' <0.4 <0.' 0.1 (0,; iC. ' (0.6 0 

: BURGOYNE BAY 
(12.0 !~ - SE) 

CHI PAC IfI C 015TER SO FT TISSUi !fA (U (U (a.9 :U <0 .8 J.6 <1.1 <1.1 <l.l u 11.0 (0.3 (0.3 (0.1 <G.7 (0.7 n .e <1. 0 (0.9 
: COVICHAI BAl· NEARSHORE 

(11.1 1M - 51 



TABLE 17 - OIBENIOOIOlU/DIBENlOFUm RESULTS IPPT VIT V!IGHTI - COVICHAN BAT (DOMAN FORm PRODUCTS I WESTCAM TERMINALS) 

SPiCIES/SITi NO. \ 2111 Tom 11171 Tom IlH1I Tom 12lt'" Tom TOTAL 2m TOTAL 12m 23m TOTAL lH6JI TOTAL 123HlI TOTAL Tom 
2ill...!L.. (DISTAffC! FROM OUTFALL) SAMPLE TYPi ruL !Jill ...!!.I.QL T ICOO .nm... P ICOO !!illL....!!illL.!illL J!lill.. ..2ill.L -.!!ill... -.!!ill... PICDF Plcor .lillL H6COY ....!!.§.£QL.JillQL H1COf OSCOF 

OB-I CLAN SOfT TISSUE II 0.11 <\.0 <1.0 <l.l <l.l <2.) <l.) <2.0 
: COVICRA! BAY - NiARSHORE 

<2.0 ).1 l.l l.! <0.1 <0.1 <0.1 <2.0 <2.0 <1.1 <1.1 <2 . ) 

(0.1 1M - tI 

OB-2 oUlGlms CRAB MUSCLE 0.01 <\.0 <\.0 <2.1 <2.1 <1.1 <1.1 <2.2 
: COVICHU BA! - NKARSHOiE 

<l.2 <2.1 2.1 2.1 <0.1 <0.1 <0. , <l .1 <2.1 <1.1 <1.1 <2.5 

(1.1 IN - SEI 

OB-2 DUICElESS CRAB HEPATopmms 2.51 1.5 1.5 <2 . ) d.) <2.1 )1.0 < 1.1 
: COVICHAH BAY - NEARSHORE 

3.1 0 . 1 )1.0 13.0 <2.0 <2.0 I.S <2 . 2 <2.2 <1.5 <1.\ <l . ) 

(1.1 IN - SEI 

,B-1 OUNcmss CRAB HEPATOPANCREAS 1.31 l.S 2.1 1.1 10 .0 <1.5 113.0 !l.0 
: COVICRAI BAY - HARSHORE 

2U <2.3 ''-0 91.0 \.0 2.1 21.0 <I.! 23.0 1.1 1.1 <2.1 

(0 INI 

'IB-I oumms CRAB KUSCLE 0.01 <0.9 <0.1 <1.\ <1.\ <u J.I <2.1 
: COVICHAN BAY - NEARSHORE 

<2.1 <2. J 2.1 3.1 <0,6 <0,& <0.' <I.l <I.l <I.l <l.l <1.1 

IU 1M) 

(J) 

...... 



TABLE 18 - DlBmODIOII~JDIBmOfUm mumlPE! mVE!Gm - lImA! ARM 

SPECIES/SITE 10. \ 1]11 Tom 11111 Tom 111171 TOTAL Imlll TOTAL TOTAL 1311 TOTAL Illli 21111 TOTAL 21ml Tom l2lml Tom Tom 
...1l1U.L. 1~ISu!CE [RO~ OUTFALL I mm ml ~!..lfU...IillL...lli1L.lill.L1lill...hillLJIillL.JI.lC.lLJ!1ill......nm.. ...IillL...IillL..lliQL..lliQL..llill...IlillL.1illL-I1ill...Jl1ill.......2IDL 

oumnss CUB HEPATOP AleRIAS 9.20 27.0 60.0 H.O 11!.O <1.1 S03.0 11.0 11.0 <20.0 14.0 14.0 <4.1 (4.1 2U 1/1 <S,I (U (U (11 .0 
: ALCU 5m m AREA 

II.l !~ . SII 

OUlGEUS5 CUB HiP ATOP AlCIIlS 12 7.11 2'.0 SI .O lJ.O 111 .0 <u 102 .0 12.0 21.0 1.4 1!.D 11.0 <2.4 <2. 4 ll .8 1/1 <1.] <l . 4 <l.t (4.1 
: ALCU SMELTER Am 

II.l !M - SVI 

oumms cm REPATOPAWCREAS 12 1.!0 21.0 S\.O 60,; 11U <6.4 m.o 1.7 17.0 (J.) 11.0 11.0 (1.7 <2 .7 23.0 I/A (4.1 (3.2 <l.2 (4.1 
: ALm 5KELm AREA 

11.3 1M - SVI 

)uxmm CRAS HEPATOpmm5 1.10 2!.0 \5.0 11.0 161 .0 <l.1 SOU 15.0 15.0 (11.0 14.0 21.0 O. \ (J.) ]0.0 IIA <22.0 (U (u <12 .0 
: mE~T[ iAI IEmmEI 

10 . ' 'M - ESEI 

Dumm5 em HEPATOPAICREAS 1.50 21.0 4U 16.0 119.0 m.o 404.0 <14.0 <24.0 <42. 0 <13.0 <13.0 <5 .1 <\.1 JU IIA <1.4 (11.0 <1'-0 <42.0 
: wmx VILLAG! 

13.7 1M - 51 
0'1 

"sums; em HEPATOmCmS J.l0 <!.4 <9,4 OLD m.o <!.4 13.0 <17.0 <!7 .0 <11.0 <7 .1 <1.1 <1.9 <I.! <I.! I/A <II. 0 <1.0 <1.0 <14.0 N 

: GOBm m 
;:U!~ - 51 

Dumms CRAB HEPATOPAHCREAS 6.)0 17.0 67.0 11.C 193.0 (609 !1U <11 .0 <11.0 <21.3 (9.1 (\.I (4.] (4.] 1'-0 "fA (10.0 <!.O (1.0 <24.0 
: BISM em! 

(:1.1 !~ - 5'11 

DUNGmSS CRAB MEPATOPAWCRKAS 1. 00 11.0 lU 71.0 116.0 NIA 11\.0 <9.1 (9.1 <14.0 3.1 3.1 (\.I (i,! 1.\ m (13.0 <6.\ (6.\ <11.0 
: 815M CREEl 

Ill.) !" - SVI 

\ =:....::;; .-- '- --- .--



TABLE 19 - mmODIOlIWI8EHZ QFURAN REfIlLIS I?Pi IT! VEIGHTI - PRim RUPERT 

SPECIES/SITE NO. \ 1311 TOTAL 11Jl1 Tom 113111 TOTAL 1134611 Tom TOTAL 2J18 Tom 12311 lH11 Tom 234il1 Tom 11 lib 11 Tom Tom 

~ IDISTAICS VROn OUTFALL} mm mE rn..L IJ!.lQ ~..lJIQ.L.1.IDL.lillL!!illL H6CDD .J!..illL J!.lliL ~ TlCDV T4CD' PICD' .llOC..llOC. H6CDV H6m J!l£QL H1CDY OICDY 

51-1 oumms cm HKPATOPANCR lAS 11 N/A 21.0 16.0 31 .9 11 .0 <1.3 110 .0 1.2 U 0 .2 110 .0 100.0 l.l U 11.0 <0. I <0. I <0 .1 <0 .1 <1.1 
: MORSE BAm 

(U 1M - NEI 

51-3 DUIGmSS CRAB HEPlTOP AlenAS 11 ItA 140 .0 110.0 11.0 110.0 <0 . j 1100 .0 40.0 100.0 110.0 3200.0 4100 .0 11 .0 21.0 11.0 <0.4 1.0 <0.1 <0 .1 <0 . ' 
: POIPOISE AARBOUR 

(0 . 3 1M - E) 

51 -3 Musms SOYT TISSUE 12 MIA 1.1 1.\ <3.2 0.1 <1.1 290 .0 <4.0 <4.0 <u 110.0 140 .0 <I. 4 <J.4 <J.4 <1.1 <1.1 <2.3 <2.3 <13 
: PORPOISE HARBOUR 

10 . 3 1M - E) 

51-I oumuss CRAB HIP ATOPAMCmS 16 MIA 11.0 IU 10 .0 11.0 <0 .1 160.0 2.' 2.1 <1.0 310.0 m.o O. , J.O U <0.1 <0.1 (1.0 (J.G <1.\ 
: COAST IS. - SOUTH 

(6.3 1M - SVI 

ST-I Pill SHRIMP TAl L MUSCLE 41 III <0.1 <0 .1 <0 . ' <0.' <J.J u <l.i <1.6 <1.1 11.0 22.0 U 0.1 <u <0 .9 <0. , <J.4 <I. 4 (2.1 

: Mom BASIl 
11.1 1M - IE) 

0'1 

ST-2 COOISTRIPS SHRIKP TAlL MUSCLE II IIA I . ' I . ' (u <1.6 <1 .4 14.0 0.1 0 .1 <!l .0 llO .O llO.O <1. 1 <J.J <J.J <2.0 <1.0 <l.l <1. , (6.1 
w 

: POIPOISE HmOUE 
(2 .0 IN - 5) 

ST- 3 pm S8i1KP TAlL KUSCLE 11 MIA 1.1 1.1 U U <1.8 19 .0 <1 .1 <1.1 <10.0 120.0 llO . O <0. ' <0. ! <D .' <J.4 <1.1 <1. 3 <l.l <5.1 
: COAST IS. - VEST 

(1 .2 IK - SV) 



SPEcm/SIt! 
~ IDISTANCE FROM OUTfA LL I ~Uill 

I · ) 

[ . ) 

I' S 

I· IO 

I·IOlb) 

J-n 

1·11 

1· 11 

1· 11 

I · I! 

T-! 

T I 

H 

~,... 

OUlmESS CRAB HEPATOPANCREAS 
: soumSR HARBOUR 

11.0 1M · SV IV)/ll.1 1M . NE IPMII 

Musms 
: SOUAMISH HA!BOUi 

11.0 IN - SV IVII 

oUNGEIESS CRAB 
: SOUANISH mSOUi 

11.1 1M - S IVII 

oUMGEIESS ClAB 
: mmROUGH CHANm 

10.IIM - NE IPMII 

MUSSELS 
: THORIBROUGA CHANm 

11.0 1M - SV IPMJI 

Dmmss CRAB 
: THORN BROUGH CHAH~EL 

11.6 1M - S IPMI) 

oumKESS cm 
: mOmOUGH CHANNEL 

11.5 1M - S IPMli 

oUlCillSS CRAe 
: MOWUGU cmm 

SOfT TISSUE 

mATOPANCmS 

HEPATOmCREAS 

SOFT TISSUE 

HEPATOPANCREAS 

HEPATOPAH CREAS 

HEPATOPAHcms 

11U l! - E IPM)/16 .1 IK - S IVI) 

DUNC£IESS CIAB HEPATopucms 
: KOIUGU CHAmL 

114.S IK - E IPKI/H . I 1M - S IVI) 

DUNCEJESS CIAB HEP ATOPANCmS 
: oum CHARLOTTE CHAHNEL 

11U 1M · SE IPMIIll.IIK - S IV)) 

SIoESTRIPE SHRIMP 
somlSH HARBOUR 
11.0 1M · E IVI) 

SloESTRIPE SHRIKP 
: THORN BROUGH CHANNEL 

11.1 'N . SE IPHII 

S I oESTR I PE SHi I NP 
: THORI8ROUGH CHAMMEL 

IU IN - S IPH)) 

T AIL MUSCLE 

TA I L MUSCLE 

TIlL MUSCLE 

TABLE 20 - nmmOIOIlH/DIB6K!OFIJRAK RESULTS IrrT m VEIGHT) - HOVE som (PORT MELLON I 'OnOFIBRE) 

HO. \ 2J11 TOtAL lllll TOTAL llllll TOTAL lllHlI TOTAL TOTAL 2JH TOTAL l/ill lH1I TOTAL mill Tom lllhH Tom Tom 
CQJ!t.. IJ.ll.D. ...IillL...IillL..nru....nru..!I1C.L....lliD.L ~ ...lim...2ID.L .1illL...tillL.lillL.lillL.1illL!!ill.L J!illL ...!!.illL ..1lillL ...lliQL 

1 I NIl 11 .0 11.0 10.0 160.0 <3.i 1100.0 13.0 11.0 <1.4 4000 .0 1100.0 11.0 11.0 110.0 <I.I 6.1 u U <2 . 1 

H 1/1 <l.l <l.l <2.2 <2.2 <U ''.0 <1.1 <1.6 m.o 110 .0 !l0 .0 <1.6 <l.i <U <l.3 II,] <1.2 <1.2 m.o 

II III Sl .O SI .O 11.0 120.0 <1.0 1208.0 U 1.1 <4.1 2300.0 3600 .0 16.0 12.0 11.0 <0 .6 2.1 <0.1 <0.' <1.1 

15 1/1 m.o 310 .0 ''-0 240 .0 <l.l 2400.0 21.0 3U <I.! 9100 .011000 .0 11 .0 110 .0 100.0 <0.8 !l.0 <0.1 <0.1 <2.0 

II NIl (10.1 <10.1 <1.1 <1.1 <l.6 1.0 0 .2 0.1 m.o 44 .0 41 .0 <0 . 1 <0 .1 <0.1 <I.l (I.l <1.6 <1.6 <14.0 

II I/A 240.0 210 .0 10.0 m.o <l.0 1100.0 I.l U <2.9 1100.0 11000.0 41.0 12U 210.0 <U 9.3 <1.0 <1 .0 <1.1 

II NIA 110.0 110 .0 16.0 110 .0 <I.! 110.0 11.0 11 .0 <U 1100 .0 6000 .0 10 .0 60.0 1I0.0 <0.6 <0 .6 <1.0 (1.0 <1.1 

II 1/1 42.0 41.0 33.0 ]J .O </.6 m.o I.i 12.0 <IU 1100.0 2200.0 10 .0 21.0 11.0 <2.1 U <U (U (1.1 

II ~/A 11 .0 41.0 40 .0 40.0 <1.1 m.o u 6.1 11 .0 1100 .0 1800 .0 1.1 11.0 20.0 (0.4 3.0 ( 1.0 < l.O 1.1 

II "fA 2' .0 IJ.O 11.0 11.0 (1.1 210.0 11.0 30 .0 <13.0 1300.0 1109.0 1.1 14.0 11 .0 (1.\ 11.0 <I.! <1.' (\.4 

13 MIA (1.6 <1.\ <2.1 <1.8 <1.\ <4.\ <1 .1 (1.1 <41.0 110 .0 140.0 <1.8 <1.8 0 .1 <1.6 <1.6 <6.1 <6 . 1 <21 .0 

10 HIA U 6.1 <!.I <1.8 </.I 11.0 <1.1 <1.1 0 .8 210 .0 no.o <1.1 <1 .1 <1.2 </.0 <1 .0 0.1 (J.l <6.1 

JJ MIA <1.1 <1 .1 <1.1 <1.1 <U U 0.' <].9 <11.0 110.0 110 .0 <1.0 <1.0 <1.0 <l.! <l.! <1.1 <J.l <1.9 

en 

"" 



TABLE 20 (cont.) - OIBE!lOPIOllWIBEHOFUm RESUL7S IPeT WET VillJill - HOVE SOUNO (PORT HELLON , VOOOFISREI 

SPEClES/SlTK 
.illl....!L IO;STUCK fm OUTFALL I SAMPLE mK 

T-I SIOKSUIPE SHRIMP TAlL HUSCLE 
: Qum CHARLOTTE CHANNEL 

112.1 1M - SE (PHI I 

MO. \ 2311 TOTAL 11111 TOTAL Ill111 TOTAL 123ml TOTAL TOTAL 2J11 TOTAL Illll lJllI TOTAL 23ml TOTAL 1m"! Tom TOTAL 
illL. lJ.ID ...l!rn.......l!rn.....lillL.1.1lJL H 6 CO 0 _ .Jliill.. J!ill.L J!ill.L .!!ill.... T 4 COf ..lli.QL.1lill....1lill......illlL IIillL .lillL ...lliQ.l. .1lill.. ...2lli.t. 

21 I/A (\.1 (\.1 (2.1 <l.I (6.\ (6.\ 1/1 I/A 1/1 55.0 55.G (1.4 (1.4 <1.4 <5.2 (5.2 1/1 1/1 III 

0) 

U1 



Environment  Canada 
Conservation  and  Protection 

QUALITY  ASSURANCE  GUIDELINES  FOR 
DETERMINATION  OF  DIOXINS  AND  FURANS 
FOR  ENVIRONMENTAL  MONITORING  PROGRAMS 

Laboratories 
Pacific & Yukon  Region 

Version 1.0 November 

~"""""_"""""""""~"""""""""""""""""""""" . 
INTRODUCTION 

These  quality  assurance  guidelines  has  been  developed  for  analytical 
laboratories  providing  dioxin/furan  data  on  water,  sediment  and  tissue  samp 
f o r  environmental  monitoring  programs.  They  are  based  on a QA  protocol 
developed  by  the  Dioxin  Quality  Assurance  Committee,  comprised  of  analytica 
and  Quality  Assurance  experts  from  Environment  Canada  and  the  Department  of 
Fisheries  and  Oceans.  The  objectives  of  this  intensive  QA  are: 

- to  maximize  the  generation of quality  analytical  data; 
- to  ensure  complete  documentation  and  defensibility of all 

data; 
- to  expedite  data  evaluation  and  acceptance  with a minimum 

inconvenience  to  Environment  Canada  and  contract  labs;  an 
- to  clearly  define  the  various  QA  requirements  that  must b 

followed. 

Since  highly  accurate  and  precise  results  at  the  parts-per-trillion ,and 
-quadrillion  level  are  required,  it  is  essential  that  laboratories "_ 
follow  these  guidelines  closely.  This  does  not  infer  that  they  should 
not  follow  their  own  internal  QA  program  as  well. 

These  guidelines  are  divided  into 4 sections: 

(a)  Analytical  Procedures 

( b )  Data  Reporting  and  Evaluation  Procedures 

(c)  Additional  QA  Requirements 

(d)  Reference  Materials 

For further  information,  contact: 

Director,  Laboratories 
Conservation  and  Protection 
Environment  Canada 
4195 Marine  Drive 
West  Vancouver, B. C. V7V 1N8 

tel.  (604)666-6767 FAX (604)666-4895 

contd. . . . 
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APPENDIX I 

QUALITY ASSURANCg GUIDBLINES FOR DBTgRnINATION 

OF DIOXINS M D  PURANS FOR ENYIRONlIENTAL MONITORING 



Conservation & Protection 
Pacific 6, Yukon Region 

dioxem-vl.O 

A. ANALYTICAL  PROCEDURES 

1. Sample  Sets 

~ l l  samples  will  be  processed  in  batches. A minimum  of 20% of  the 
samples  must  be  analyzed  in  duplicate. For a batch  size  of 9 samples 
or  less, a minimum  of 1 method  blank  and  one  reference  sample  must be 
processed  with  the  samples. For more  than 9 samples,  at  least  two 
method  blanks  and  two  reference  samples  must  be  analyzed. ( A  method 
blank  is  defined  as  all  surrogates,  reagents  and  cleanup  steps  with no 
sample  matrix  present.)  The  reference  material  may  be  spiked  with 
known  quantities  of  various  isomers.  Laboratories  will  follow  their 
own  internal  QA  protocols  as  well. 

Example  of  sample  batch = 6 samples 

1 method  blank 

2 replicates 

1 reference -"- 
10 

The  National  Water  Research  Institute  has  available  two  freshwater 
sediment  reference  materials  which  are  considered  satisfactory  where 
sediment  analyses  are  being  conducted  (see  Section D for further 
information). Other  reference materials may be acceptable as well. 

2. Sample  Sizes 

I t  is  expected  that 4 L of each  fresh  water  sample  will  be  required  to 
achieve  the  detection  limits  specified  in  Table 2. One  liter  of  each 
effluent  sample  must  be  analyzed. 

A minimum  of 10 g (wet  weight)  of  tissue  must  be  analyzed.  Results  are 
to  be  reported  in  wet  weight. 

A minimum  of 5 g (air-dried  weight)  of  each  sediment  sample  must  be 
analyzed.  Oven-dried (O.D.) weight  must  be  determined  and  used  in 
calculations. 

contd. . . . 



Conservation & Protection 
Pacific & Yukon  Region 

dioxem-vl.O 

3. Surrogate  Spiking 

prior to extraction,  each sample  must  be  spiked  in  its  extfaction 
vessel  with  100  UL of the surrogate  standard  solution  (see  Table  1). 

e 

4. Extraction  and  Cleanup 

~ l l  samples  will  be  extracted  and  cleaned  up  by  the lab's regular 
validated  extraction  and  cleanup  procedures. 

5. Recovery  Standard  and  Final  Extract  Volume 

The  cleaned  up  extract  will  be  taken  just  to  dryness  in a clean,  new 
100 UL  cone-shaped  vial  under a gentle  stream of nitrogen  and 20 UL of 
the  Recovery  Standard  solution  (see  Table  1)  added.  This  will be  used  to 
assess  surrogate  recoveries. 

6. Quantitation 

The  Daily  Calibration  Standard  solution,  containing  native  and  labelled 
PCDD/PCDF  compounds,  is  listed  in  Table 1. The  ion  masses  to be 
monitored  for  determining  sample  results  are  also  shown  in  Table l.,This 
solution  must  be  run  daily  (at  the  beginning  of  the  day  and  every 8 hrs. 
thereafter,  including  after  the  last  sample  analysis)  to  update  relative 
response  factors ( R R F s )  determined  during  periodic  multi-level 
calibrations  (see  Section C, para. 9). The  daily RRF's must  be +/- 15% 
of the  originally  determined  values, or they  must  be  completely 
re-established  by  multi-level  calibration. 

Laboratories  are  to  use  internal  standard  procedures  for  quantitation 
using  the  Surrogate  Standard  Solution  detailed  in  Table 1. The 
isotopically  labelled  surrogates  serve  as  internal  standards  to  correct 
for losses  during  processing of samples  and  to  compensate  for  errors  due 
to  differences  in  injected  volume  and  unnoticed  variations  in 
instrumental  sensitivity. 

Dioxin  and  furan  results f o r  each  homologue  are  corrected for the 
recovery  of  the  corresponding  labelled  surrogate  dioxin  congener,  except 
for  tetra-furan  which  are  corrected  for  the  recovery of their  own 
labelled  surrogates.  The  contractor  will  provide  examples  of  all 
equations  used  to  calculate  surrogate  recoveries, to determine  relative 
response  factors  between  native  and  surrogate  compounds,  and  to 
determine PCDD/PCDF concentrations  in  the  sample. 

contd. . . . 
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7. Criteria  for  PCDD/PCDF  Identification 

Since  many  compounds  can  interfere  with  the  determination d f  PCDDs  and 
PCDFS, it is  of  utmost  importance  that  positive  identifications  be 
made. :The criteria  for  PCDD/PCDF  confirmation  are  listed  below: 

c1 - Peak  responses  of  the  quantitation  ions  must  be  greater  than 3 
times  the  background  noise  level. 

c2 - Peak  area (or height)  ratios or spectral  ion  intensity  ratios 
(from  intensity  list  of  spectrum  of  analyte  peak)  of  the  two 
monitored  molecular  ions  for  each  congener  group  must  be  within 
+/- 20% of the  ratio  obtained  for  the  corresponding  components in 
the  Daily  Calibration  Standard  solution. 

c3 - Peak  maxima  for  all  three  monitored  ions  must  coincide  within 
+/-2 scan  units  for  it  to  be  included  in  total  congener 
summation. 

C4 - For isomer  specific  identification,  peaks  may  be  identified  as 
2,3,7,8-TCDD,  2,3,7,8-TCDF,  PSCDD,  H6CDD, H7CDD and  O8CDD if they 
meet  the  first  two.c.riteria  and  co-elute  with  their 
isotopically-labelled  surrogates  within +/- 2 scan  units. 

C5 - no  response  must  be  seen  at  the m/e ratios  identified  for  the M+ 
ions  of  hexachlorodiphenyl  ethers  identified  in  Table 1. These 
compounds  can  give  the  same  fragment  ions  as  the  associated 
furans  and  yield a false  positive  result. 

C6 - surrogate  recoveries  must  fall  within  acceptable  windows  in 
Table 3 below. 

8 .  Detection  Limits 

The  detection  limit  must  be  reported for all  sample  results - not  just 
for non-detectable  values.  The  concentration  units  used  to  report  the 
detection  limit  must  be  the  same  as  that  used  for  the  sample.  Detection 
limits  must  be  corrected  for  surrogate  recovery. 

Table 2 below give's detection  limits  which  must  be  met  for  data  to  be 
considered  acceptable. 

contd. . . . 



Conservation & Protection 
Pacific & Yukon  Region 

dioxem-vl.O 

TABLE 1 - STANDARDS  AND  SELECTED  ION  MASSES  FOR  PCDD/PCDF  ANALYSIS 

S tandaTd 
CONCENTRATION  QUANTITATION  CONFIRMATION INT. ( 1  

(pg/L 1 I ON  IONS 

1. Daily  Calibration  Standard  (Set 8 )  

DIOXINS - 
2,3,7,8-T4CDD  100 
1,2,3,7,8-P5CDD  200 
1,2,3,4,7,8-H6CDD  200 
1,2,3,6,7,8-H6CDD  200 
1,2,3,7,8,9-H6CDD  200 
1,2,3,4,6,7,8-H7CDD  200 
08CDD  300 

FURANS - 
2,3,7,8-T4CDF 
1,2,3,7,8-P5CDF 
2,3,4,7,8-P5CDF 
1,2,3,4,7,8-H6CDf 
1,2,3,6,7,8-H6CDF 
lt2,3,7,8,9-H6CDF 
2,3,4,6,7,8-H6CDF 
1,2,3,4,6,7,8-H7CDF 
1,2,3,4,7,8,9-H7CDF 
08CDF 

100 
200 
200 
200 
200 
200 
200 
200 
200 
300 

322 320, 259 
356 354, 293 
390 392, 327 
390 392, 327 
390 392, 327 
424 426, 361 
460 458, 395 

306 
3 4 0  
340 
374 
374 
374 
374 
408 
408 
444 

304, 243 
338, 277 
338, 277 
376, 311 
376, 311 
376, 311 
376, 311 
410, 345 
410, 345 
442, 379 

(plus  the  Surrogates  and  Recovery  Standards  listed  below) 

2. Surrogate  Standard  Solution  (Set  C) 

13C12-2,3,7,8-T4CDD  100 
13C12-1,2,3,7,8-P5CDD  100 
13C12-1,2,3,6,7,8-H6CDD  200 
13C12-1,2,3,4,6,7,8-H7CDD 200 
13C12-08CDD  300 
13C12-2,3,7,8-T4CDF  100 

334 
368 
402 
436 
472 
318 

332 
366 
404 
438 
470 
316 

3. Recovery  Standard  (Set  D) 

13Clt-l,2,3,4,-T4CDD  100  334  332 

376 
410 
410 
446 
446 
446 
446 
478 
478 
514 

Note  (1):  molecular  ion of possible  chlorodiphenyl  ether  interferences. 

contd. . . . 
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TABLE 2 DETECTION LIMITS 

T4CDD/F 

PSCDD/F 

H6CDD/F 

H7CDD/F 

08CDD/F 

Water 
( PPq) 

2 

5 

10 

15 

20 

Effluent Sediment 
( PP9 ( PPt 

10 10 

20. 20 

30 30 

4 0  4 0  

5 0  50 

Tissue 
(ppt  wet) 

2 

5 

10 

15 

20 

""""""""""""""" 

An  analyte  is  detectable  when  the  quantitation  ion  response  is  greater 
than 3 times S/N ratio,  However,  if  other  qualitative  criteria,  such 
as correct  ion  ratios  (congener  specific  determinations  onl-y),  are  not 
met,  that  measurement  is  reported as  ND(R). An  analyte  is 
non-detectable  when  the  quantitation  ion  response  is  less  than 3 times 
S/N ratio.  This  will Se reported  as ND. 

Detection  limits  corrected  for  surrogate  recovery  will  be  calculated 
in both  cases as  follows: 

e 

D.L. (ppt) = ( 3  x N) x (Pg  of  internal  std.  added) 
, ..................... 

g sample x (peak  area  for int.  std.) x RRF 

RRF is  the  response  factor  for a native  standard  relative  to  the 
response  factor f o r  the  surrogate.  Noise  (N),  the  estimated  sum  of 
electronic  and  chemical  background,  can  be  determined  by  manually 
drawing a line  across  the  top  of  the  average  maximum  noise  peaks  in  the 
ion  chromatogram  of  the  quantitation  ion  for  each  homologue  window.  The 
height of the  line  is  converted  to  area  by  multiplying  by  the  peak 
area/peak  height  ratio  determined  from a surrogate  peak. 

Whenever  possible,  the  noise for each  homologue  group  will  be 
determined  from  the  actual  chromatogram of the  sample of interest. 
However,  in  cases  where  the  quantitation  ion  channel  contains a large 
peak  which  prevents  observation  of  the  noise  (without  rescaling  and 
reprinting),  the  noise from the  same  channel  in the method  blank  run  may 
be used as a default  value. 

contd. . 8 
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B. DATA  REPORTING  AND  EVALUATION  PROCEDURES 

The  laboratory  must  retain,  and  provide  for  inspection  on  request, 
hard  copies of  all  GCMS  ion  chromatograms,  with  areas  and  retention 
times  clearly  marked  in  ink for positive  analyte  peaks  not  printed by 
printer,  spectra  and  spectra.1  ion  intensity  lists  used f o r  ratio 
calculations f o r  all  analytical  standards,  sample  and  blank  extracts and 
check  solutions  with  all  peaks  identified  as  PCDD  or  PCDF  congeners 
clearly  indicated  directly  on  the  printouts  in  ink. 

2. Data  Evaluation 

Environment  Canada  will  examine  all  material  requested  and  either  accept 
or reject the data based  upon  the  identification  criteria,  surrogate 
recoveries,  comparison of duplicates  and  reference  materials, 
performance  on  solutions of standards,  etc.  Duplicates  must  agree  to 
within 50% f o r  all  target  analytes. 

Surrogate  recoveries  outlined  in  Table 3 belnw  must  be  achieved f o r  
all  matrices.  In  cases  where  recoveries  of  surrogates  are  less  than 
the  minimum  recovery  (in  the 20 - 40% range  with  all  other  criteria 
being  met)  and  there  is a significant  positive  congener  value  at  greater 
than  twice  the  detection  limit  the  data  will  be  closely  examined  and  may 
be  accepted.  However,  if  results  are  non-detectable, reF;eat analysis 
will  be  requested. 

Laboratory  performance  may  be  further  evaluated  by  inter-laboratory. 
study  with  spiked or unspiked  matrices.  Environment  Canada  may  also  wish 
to  audit  individual  laboratories  and  their  operating  procedures  on-site. 

C. ADDITIONAL  QA  REQUIREMENTS 

Most  of  the  following QA requirements  are  probably  routine  procedures 
in  laboratories.  However,  they  form  an  integral  part  of  this  QA 
protocol  and  must  be  followed: 

1. Methodology  Documentation  must  be  available,  kept  up  to  date,  and 
provided  to  Environment  Canada  on  request. 

2. Good  laboratory  practice - all  equipment,  sample  concentrators, 
glassware,  benches,  etc.  shall  be  kept  clean  during  processing  of 
these  samples. No high  level  samples  such  as  flyash  shall  be 
processed  simultaneously  with  the  sediment  samples.  This  could 
lead  to  cross-contamination  problems. 

contd. . . . 
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TABLE 3 SURROGATE STANDARD RECOVERY CRITERIA 

Surrogate  Standard Amount  Spiked  Acceptable 

(ng)  Recovery 

13C12-2,3,7,8-T4CDD 2 

2 

13C12-1,2,3,6,7,8-H6CDD 4 

l3C12-lf2,3,4,5,7,8-H7CDD 4 

13C12-08CDD 6 

2 

40-120 

35-120 

30-120 

25-120 

20-120 

40-120 

""""""-"-""""- 

3 .  Sample  storage  dur-ing  workups: - all  sample  extracts  shall  be 
refrigerated  at 4 deg.C  in  the  dark  when  not  needed f o r  various 
cleanup  steps. 

4. Record  keeping: - a set of laboratory  notebooks  will  be  dedicated 
these  analyses  and  all  records of sample  treatment  shall  be 

- recorded in  these logs,  which  will  be  checked,  signed  and  dated 
. ,  daily by a senior chemist.  Such  notebooks  shall  be  available f o r  

i" 

,IF1 
audit  upon  request  by  Environment  Canada. 

.* 
5. Samples  and  final  sample  extracts  will  be  suitably  stored  until 

Environment  Canada  accepts  the  analytical  data. 

6. Laboratories  shall be responsible  for GC column  performance 
checking  and  shall  provide  details of such  checks  with  sample 
reports: 

( i )  check  for  isomer  specificity  (2,3,7,8-TCDD  and  -TCDF) 

( i i )  use  commercial  window  defining  mixtures to set  up  GCMS 
windows  for  the  various  congener  groups. 

( i i i )  run a column  blank  frequently to assess  carryover. 

contd. . . . 
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7 .  

8 .  

9. 

12. 

( i v )  verify  and  demonstrate  that 5 pg  2,3,7,8-TCDD  can  be 
accurately  seen at  greater  than 3 times S/N prior to each 
set  of  analyses. 

Additional  performance  audits  may  involve  blind  analysis  of 
spiked  matrix  samples,  split  audit  samples  sent  to  government 
labs,  etc. 

Instrument  mass  range  shall  be  calibrated  daily. 

Quantitation  linearity  of  the  system  shall  be  determined 
periodically  by a 6 point  calibration  covering a concentration 
range  of 5 to  1500 pg/uL  PCDD/PCDF.  Relative  response  factors 
(RRF's)  (native  std./labelled  std.)  are  established  using  these 6 
solutions.  It  is  recommended  that RRF's be  calculated  on  the 
basis  of  triplicate  analysis of each  solution.  The  relative 
standard  deviation  (RSD)  for  each  set  of  three  RRFs  determined 
from a single  standard  must  be  less  than  10%.  If  this  precision 
criterion  is  met,  average RRFs over  the  entire  calibration  range 
can be calculated  from  the  single  point  averages.  The RSD of the 
six  point  average RRFs must  be  less  than 20%. This  latter  value 
effectively  corresponds  to a response  linearity  criterion. 

coCl  loss  must  be  monitored. 

D. REFERENCE  MATERIALS 

The  National  Water  Research  Institute  has  two  uncertified  freshwater 
reference  materials  suitable for use  under  this  protocol.  They  are 
available  at a cost of $200 per  bottle  (containing  approximately  20  g). 
Certified  values  are  available  for  other  organic  compounds.  Order  these 
materials  from: 

Environment  Canada 'X 

National  Water  Research  Institute 
Quality  Assurance  Program 
P. 0. Box 5050, 867  Lakeshore  Road 
Burlington,  Ont.  L7R  4A6 

* k .  

tel. (416)  336-4877 
FAX  (416)  336-4989 

Cheques  must  be  made  payable  to  the  Receiver  General for  Canada. 

REVISION  HISTORY 

Version 1.0 Nov 89 Introduction 

contd. . . . 
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FORM  A.  ANALYTICAL  RESULTS ( f o r  sediment  samples) 

Lab  Name:  Date: 
Sample  ID:  GC/MS : 
Sample. Description: 
Sample  weight: g (air d r y )  Final  Volume: 

g (oven d r y )  
UL 

_""""""""""""""""""""""""~""~"""""""""" 
Congener pg/O.D.g DL  Homologue pg/O.D.g DL 

( 1 )   ( 2 )  ( 1 )  ( 2 )  

2378-TdCDD 
12378-PSCDD * 
123478-H6CDD * 
123678-H6CDD * 
123789-H6CDD * 
1234678-H7CDD 

2378-TCDF * 
12378-PSCDF * 
23478-PSCDF * 
123478-H6CDF * 
234678-H6CDF * 
123789-H6CDF * 
1234678-H7CDF 
1234789-HTCDF 

TCDD 
PSCDD 
H6CDD 
H'ICDD 
OCDD 

"""""" 

Total  PCDD 
"""""" 

TCDF 
PSCDF 
H6CDF 
H7CDF 
OCDF 

"""""" 

Total  PCDP 
"""""" 

"""""""""""""""""""""""""""""""""""""- 
Surrogate  Amount  Added  (ng)  Recovery ( % )  

1. Results  are  corrected  for  surrogate  recovery.  Value for  asterisked ( * )  
isomer  represents  maximum  possible  amount, as it  could  co-elute  with  0th 
isomers. 0.D.q = oven-dried  weight in grams. ND = not  detected.  ND(R) = 
detected  due to incorrect  ratio. 

2. DL = Detection Limit  (ng/g). 
3. NP = number of analyte  peaks. 
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