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.,'" 

Figure 1. Chemical StructUre of peDDs and PCDFs' 
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Figure 3. Distribution of PCDDIF TEQ concentrations in freshwater sediments that are associated with adverse biological effects (e) and no adverse 

biological effects (0). Percentages indicate proportions of concentrations associated with effects in ranges below the Threshold Effect Level (TEL), 

between the TEL and Probable Effect Level (PEL), and above the PEL. 
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Table 1. List of PCDDIF coilgeners, their respective abbreviations, CAS registry numbers, and molecular weights. 

Congener 

peDDs 

2,3,7 ,8-tetrachlorodibenzo-p -dioxin 

1,2,3,7,8-per,ttachlorodibenzo-p -dioxin 

1,2,3,4,7 ,8-hexachlorodibenzo-p -dioxin 

1,2,3,6,7,8-hexachlorodibenzo-p -dioxin 

1,2,3,7 ,8,9-hexachlorodibenzo-p -dioxin 

1,2,3,4,6,7 ,8-heptachlorodibenzo-p -dioxin 

1,2,3,4,5,6,7,8-octachlorodibenzo-p -dioXID 

PCDFs 

2,3,7,8-tetrachlorodibenzofuran 

1,2,3,7 ,8-pentachlorodibenzofuran 

2,3,4,7,8-pentachlorodibenzofuran 

1,2,3,4,7,8-hexachlorodibenzofuran 

1,2,3,6,7,8-hexachlorodibenzofuran 

. 1,2,3,7 ;8,9-hexachlorodibenzofuran 

2,3,4,6,7,8-hexachlorodibenzofuran 

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

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

1,2,3,4,5,6,7,8-octachlorodibenzofuran· 

Congener 

Abbreviation" 

T4CDD 

1,2,3,7,8-PCDD 

1,2,3,4,7,8-HCDD 

1,2,3,6,7,8-HCDD 

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

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

OCDD 

1,2,3,7,8-PCDF 

2,3,4,7,8-PCDF 

1,2,3,4,7,8-HCDF 

1,2,3,6,7,8-HCDF 

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

2,3,4,6,7,8-HCDF 

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

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

OCDF 

CAS Registry 

Numberb 

1746-01-6 

40321-76-4 

39227-28-6 

57653-85-7 

19408-74-3 

3.52822-46-9 

3268-87-9 

5120.7-31-9 

57117-41-6 

57117-31-4 

70648-26-9 

577117 -44-9 

72918-21-9 

60851-34-5 

58200-70-7 

Molecular 

Weighta 

322 

356 

391 

391 

391 

425 

460 

306 

340 

340 

375 

375 

375 

375 

409 

409 

444 

'in the texl, congener abbreviations may include a subscript to distinguish between hexa-substituted(H,;CDD) and hepta-substituted (H7CDD) congeners, for example, 

especially when the chlorine substitution pattern was not provided in the original reference or to refer ail congeners within 8 homologue group. 

bCAS = Chemical Abstracts Service; from Lupp and McCarty 1989; Shiu et al. 1988; Budavari et al. 1989, 
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Table 2 \ 

Table 2. Melting and boiling point temperatures for PCDD/Fs. 

Congener Melting Point Boiling Point, 
eC) eC) 

PCDDs 

2,3,7;8-T4CDD 295 NR 

320 - 325 NR 
305 421 -447 
305 446 (est.) 

305 - 306 NR 
305 - 307 NR 

305 412 (est.) 
322 NR 

1,2,3,7 ,8-PsCDD 240 465 (est.) 

,1,2,3,4,7,8-H;;CDD' 273 488 (est.) 

275 NR 
273 NR 

1,2,3,6,7,8-H;;CDD' 285 488 (est.) 

},2,3,7 ,8,9-H;;CDD 243 488 (est.) 

1,2,3,4,6,7,8-H7CDD 264 507 (est.) 

265 NR 

OCDD 330 510 (est.) 
330 NR 
332 ' NR 

PCDFs 

2,3,7,8-T4CDF 227, 438 (est.) 

" 

1,2,3~7,8-PsCDF " 225. 465 (est.) 

2,3,4,7,8-PsCDF 196 465 (est.) 

1,2,3,4,7,8-H;;CDF 225.5 488 (est.) 

1.·,2,3,6,7,8-H;;CDF 232 488 (est.), , 

2,3,4,6,7,8-H;;CDF 239 488 (est.) 

1,2,3,4,6,7;8-H7CDF 236 507 (est.) 

1 ,2,3,4,7,8,9~H7CDF 221 507 (est.) 

Boiling Point: est: = estimated; NR = not reported. 
Reference: * = as cited in WHO 1989; ** = as cited in SRC 1989a. 

Reference 

Budavari et.al. 1989 
Budavari et al. 1989 
'Pohjanvirta 1991 
Rordorf1989 
Pohland and Yang 1972 * 
Kende et al. 1974* . 
Schroy et.al. 1985** 
Fiedler etaI. 1990 

Rordorf 1989 

Rordorf 1989 
Pohland and Yang 1972* 
Shiu et al. 1988 

Rordorf1989 

Rordorf1989 
" 

Rordorf 1989 

Shiu et al. 1988 

Rordorf 1989 
Poh1and and Yang 1972* 
Shiu et aL 1988 

Rordorf 1989 

Rordorf 1989 

Rordorf 1989 

Rordorf 1989 

Rordorf 1989 

Rordorf 1989 

Rordorf 1989 

Rordorf 1989 
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Table 3. Solubilities for PCDD/Fs. 

ru 
';Congener Solvent Temperature Solubility Reference 

Il (oC) (ng:L-1
) 

Il 
PCDDs 

!2,3,7,8-T4CDD water 20 - 22 7,91 Adams and Blaine 1986 
'1 water 22 12,5 Marple et aL 1986 

1 
water 43 .12,9 Lodge 1989 
water .22 193 Marple et al: Î986 
water 25 200 Crummett and Stehl 1973· 

, water 173 483 Lodge 1989 

1 water NR 8 - 200 Shiu et al 1988 

acetone 25 110,000000 Schroy et aL 1985·· 
benzene 25 570000000 Schroy et al. 1985" 

1 ch1orobenzene 25 720000000 Schroy et aL 1985·· 

o-dichlorobenzene 25 1400000000 Schroy et aL 1985·'-

chloroform 25 370000000 . Schroy et aL 1985·· , 

1 
methanol 25 10000000 Schroy et aL 1985·· 
n-octanol 25 48000000 Schroy et aL 1985~· 

dimethyl sulphoxide 25 200000000 Pohjanvirta 1991 

1 
1,2,3,4,7,8,-H6CDD water 7 2,22 Friesen and Webster 1990 

water " lU 2,99, Friesen and Webster 1990 

water 17 4,01 Friesen and Webster 1990 

water 20 4.42 Friesen et aL 1985 

1 water 21 4,69 Friesen and Webster 1990 

water 26 7,58 Friesen and Webster 1990 

1,2,3;4,6,7,8,-H7CDD water 7 0,90 Friesen and Webster 1990 

1 water lU LI 'Friesen and Webster 1990 

water 17 , 1.24 Friesen and Webster 1990 

water 21 2,21 'Friesen and Webster 1990 

water 26 2.47 Friesen and Webster 1990 

1 water 20 2,4' Friesen et aL 1985 

1: 
OCDD· water '. 25 0,074 Shiu et aL 1988 

1 
water 20 0.4 Friesen et aL 1985 

, water 20 0.4 Webster et aL 1985 , 
water NR 0.4 - 0,97 Fiedler et aL 1990 

PCDFs 

1 2,3,7,8-T4CDF water, 22,7 -4192 Friesen et aL 1990 

2,3,4,7,8-PsCDF water, ' 22.1 2353 . Friesen et aL 1990 

1 .-' 1,2,3,6,7,8-H6CDF water 22,7 17,7 Friesen et al."1990 

1 
1,2,3,4,7,8"H6CDF \vater 22.1 8,25 Friesen et aL 1990 

-' 

1,2,3,4,6,7,8-H7CDF - water 22.1 1.35 Friesen et aL 1990 

1 
OCDF water 25 Ll6 Friesen et aL 1990 

Temperature: NR - not reported, 

l' 
Reference: '" = as cited in Shiu et aL 1988; •• = as cited in Pohjanvirta 1991, 

, 
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ru Table 4. Vapour pressures for PCDDlFs. 

ru Congener Temperature Vapour Pressure Reference 
(oC) (JtPa) 

... 

1 ·PCDDs 

1 2,3,7,8-T4CDD 25 0.098 Podoll el al. 1986' 

25 0.151 Shiu et al. 1988 
25 0.20 Rordorf 1989 
25 0.20 Shiu et al. 1988 

1 25 0.62 Shiu et al. 1988 

1,2,3,7,8-P5CDD 25 17.5 Eilzer and Hiles 1988 

1 
25 0.058 (est.) Rordorf 1989 

1,2,3,4,7;8-H6CDD 25 0.0051 Shiu et al. 1988 

25 3.96 Eitzer and Hiles 1988 

1 
25 0.0051 (est.) Rordorf 1989 

1,2,3,6,7,8-H6CDD 25 0.0048 (est.) Rordorf 1989 

1 1,2,3,7,8,9-H6CDD 25 0.0065 (est.) Rordorf 1989 

1,2,3,4,6,7,8-H)CDD 25 1.02 Eitzer and Hiles 1988 

25 0.00075 (est.) Rordorf 1989 

1 OCDD 25 0.0001 Rordorf 1989 

25 0.00011 Shiu et al. 1988 

1 
25 0.28 Eitzer and Hites 1988 

20 8.7 Webster et al. 1985 

PCDFs 

1 
2,3,7,8-T4CDF 25 123 Eitzer and Hites 1988 

25 2.0 (est.) Rordorf 1989 

1,2,3,7,8-PsCDF 25 36.4 Eitzer and Hites 1988 

1 25 0.23 (est.) Rordorf 1989 

2,3,4,7,8-PsCDF 25 21.7 Eitzer and Hites 1988 

1· 25 0.35 (est.) Rordorf 1989 

1,,2,3,4,7,8-H6CDF 25 8.09 Eitzer and Hites 1988 

25 0.032 (est.) Rordorf 1989 

1 1',2,3,6,7,8-H6CDF 25 8.09 Eitzer and Hites 1988 

25 0.029 (est.) Rordorf 1989 

1 1),3,7,8,9-H6CDF 25 4.99 Eitzer and Hites 1988 

2:3,4,6,7,8-H6CDF 25 4.99 Eitzer and Hites 1988 

25 0.026 (est.) Rordorf 1989 

1 1,2,3,4,6,7,8-H)CDF 25 2.24 Eitzer and Hites 1988 

25 0.0047 (est.) Rordorf 1989 

1 ·1,2,3,4,7,8,9-H)CDF 25 1.3 Eitzer and Hites 1988 

25 0.0062 (est.) Rordorf 1989 

1 Vapour Pressure: est. = estimated. 
R~ference: • = as cited in S.hiu el al. 1988. 
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l ' Table 5. Log octanol-water partition coefficients (log Kows) for PCDDfFs. 

1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

Congener 

PCDDs 

2,3,7,8-T 4CDD 

,mean (standard deviation) 

1,2,3,7,8-P5CDD 

mean (standard deviation) 

1,2,3,4,7,8-H6CDD 

mean (standard deviation) 
1 

1,2,3,6,7,8-H6CDD 

mean (standard deviation) 

1,2,3,7,8,9-H6CDD 

1 (2,3,4,6, 7,8-H,CDD 

m~an (standard deviatio~) 

aCDn 

Table 5 

log Kow 

6.15 

6.60 
6,60 
6,64 
6,80 
6.85 
7.02 
7,02 
7.10 
7.10 
8.93 

6.85 (0.71) 

7,00 

7,80 

7.40 (0.57) 

7.30 

7.79 
7,80 
9,19 

9.65 
10,22 
10.40 

8,91 (/,27) 

7.60 

7.80 

7.70 (0.14) 

6.90 

8.00 

8,00 
8,20 
8,20 
9.69 
10,55 
Il.05 
11.38 
11.50 

9,62 (/,53) 

7.53 
8.20 
8.20 
8.20 
8,20 

Reference 

Kenaga 1980** 

Pohjanvirta 1991 
Gobas and Schrap 1990 
Marple et al. 1986* 
Hawker 1990; Shiu et al. 1988 
Travis & Hattemer-Frey 1987 
Burkhard and Kuehl 1986** 
Servos 1988 
Servos et al. 1992a 
Broman et al. 1991 
Sama et al. 1985** 

Broman et al. 1991 

Lupp & McCarty 1989 

Broman et al. 1991 

Burkhard and Kuehl 1986** 
Hawker 1990; Shiu et al. 1988 
Webster et al. 1985 
Webster et al. 1985 
Webster et al. 1985 
Webster et al. 1985 

Lupp and McCarty ,1989 

Broman et al. 1991 

Broman et al. 1991 

Broman et al. 1991 

Hawker 1990; Shiu et al. 1988 
Servos 1988 
Burkhard and Kuehl 1986** 
Webster et al. 1985 
Webster et al. 1985 
Webster et al. 1985 
Webster et al. 1985 
Sama et al. 1985** 

Doucette 1985** 
Servos et al. 1992a 
Broman et al. 1991 
Gobas and Schrap 1990 
Hawker 1990; Shiu et al. 1988 
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Table 5. Log octanol-water partition coefficients (log Kows) for PCDDlFs. 

Congener 

mean (standard deviation) 

PCDFs 

mean (standard deviation) 

1,2,3,7,8-PsCDF 

2,3,4,7,8-PsCDF 

1,2,3,6, 7 ,8-~CDF 

1,2,3,7,8,9-H6CDF 

2,3,4,6,7,8-H6CDF 

1,2,3,4,6,7,8-H7CDF 

1,2,3,4,7,8,9-H7CDF 

OCDF 

mean (standard deviation) , 

Reference: * as clted In WHO 1989;, h - as clted In shlU et al. 1988. 

Table 5 

log K.w 

8.60 
10.07 
10.56 
11.16 
11.35 
11.51 
11.76 
12.26 
12.72 

10.02 (l.81) 

5.80 

5.82 

5.81 (0.01) 

7.80 

7.60 

. 7.60 

7.00 

7.00 

8.10 

6.90 

7.60 
8.20 
8.78 
13.37 
2.63 

9.49 (2,63) 

Reference 

Burkhard and Kuehl 1986** 
Webster et al. 1985 
Doucette 1985"" 
Sarna et al. 1985"" 
Webster et al. 1985 
Webster et al. 1983"" 
Webster et al. 1985 
Webster et al. 1985 
Sarna et al. 1985"" 

Lupp and M'cCarty 1989 

Burkhard and Kuehl 1986" 

Broman et al. 1991 

Broman et al. 1991 

Broman et al. 1991 

Broman et al. 1991 

Broman et al. 1991 

Broman et al. '1991 

Bromanetal. 1991 

Broman et al. 1991 
Gobas and Schrap 1990 
Burkhard and Kuehl 1986" 
Sarna et al. 1984* 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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1 
1 

1 
1 

1 

1 

1 
1 
1 

1 
1 
1 

. Table 6. Log organic carbon-water partition coefficients (log K"cs) for PCDDlFs. 

Congener Mediùm 

PCDDs 

2,3,7,8-T4CDD Soil 

Soil 
Alluvial soil 
Red clay soil 

NR 
NR 

Lake bed sedimen~ 
Lake bed sediments 
Marine particulates 

Soil- pH 4 
Soil- pH 7 

Soil - pH 8.5 

1,2,3,7,8-P5CDD Marine particulates 

1,2,3,4,7,8-H6CDD Marine particulates 

1,2,3,4,7,8-H6CDD Soil - FA present 

1,2,3,4,7,8-H6CDD Soil - HA present 

1,2,3,4,7,8-H6CDD Soil - A-HA present 

1,2,3,6,7,8-H6CDD Marine particulates 

1,2,3,7,8,9-H6CDD Marine particulates 

1,2,3;4,6,7 ,8-H7CDD Marine particulates 

OCDD Marine particulates 

PCDFs 

2,3,7,8-T4CDF Marine particulates 

2~3,4,7,8-P5CDF Marine particulates 

,: 

1,2,3,6,7,8-H6CDF Marine particulates 

'1;2,3,7 ,8,9-H6CDF Marine particulates 

Ù,4,6,7,8-H6CDF Marine particulates 

1,2,3,4,6,7,8-H7CDF Marine particulates 

1 ;2,3,4,7 ,8,9-H7CDF Marine particulates 

OCDF Marine particulates 

Medium: FA - fulvic acid; HA - humic acid; A-HA - Aldrich humic acid. 
Reference: 

Table 6 
1: 

- = as cited in Lodge and Cook 1989. 

log 1(., 

6.66 

7.39 - 7.58 
5.96·6.09 
6.22 - 6.54 

5.67 
6 - 7 
6.74 

7.25 - 7.59 

6.8 
5.70 - 6.24 
5.09 - 6.10 
4.76 - 5.10 

6.8 

7.1 

5.13-5.41 

5.95 - 6.02 

6.15-6.32 

7.6 

6.6 

7.8 

7.9 

7.5 

7.4 

7.4 

6.8 

6.8 

7.9 

6.7 

7.4 

Reference 

Walters et al. 1989 

Jackson et al. 1985-
Marple et al. 1986-
Marple et al. 1986-
Kenaga 1980 
Fiedler et al. 1990 
Corbet et al. 1988 
Lodge and Cook 1989 
Broman et al. 1991 
Puri et al. 1989 
Puri et al. 1989 
Puri et al. 1989 

Broman et al. 1991 

Broman et al. 1991 

Webster et al. 1986 

Webster et al. 1986 

Webster et al. 1986 

Broman et al. 1991 

Broman et al. 1991 

Broman et al. 1991 

Broman et al. 1991 

Broman et al. 1991 

Broman et al. 1991 

Broman et al. 1991 

Broman et al. 1991 

Broman et al. 1991 

Broman et al. 1991 

Broman et al. 1991 

Broman et al. 1991 
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Tahle 7. TOlic Equivalency Faclors(fEFs) for PCDDiFs. 

Congener uh'alen Factun EFs 
. Fish Manunalian .............................................. : ....................................................................................................................................................................................................................... ·········ï::i:iii;~ .. ·································· ...................................................... ·······························~:~~·d~·~····· 

Bol et al. Clernons et al. MeMe et al. Parron cl àl. ParTon cl al. Tysklind ct al. Walker & Zabel ct al. Ahlhorg ct al. Ellioll cl al. Kuu el al. NATO/CCM Sare cl al. Siahl cl al. TiUin et al. lIeuve! et al. 
.1989 1994 1988 1991 . i992 1994 Petersan 1991 1995 1992 19H9 19911 S 19HK 19KII Sare 1990 Safe.J992 Sare 1994 1992 1996 1995 

2,3,7,S-TCDD 

1,2,3,7,8-PCDD ' 

1,2,J,4,7,8-HCDD 

1,2,3,6,7,8-HCDD 

1,2.3,7,S,9-HCDD 

Î ,2.3,4,6, 7,8-IICOO 
1,2,3,4.6,7,9-HCDD 
aCOD 

2,3,7,S-TCDF 
1,2,3,7-TCDF 
1,2,6,9-TCDF 
1,2.6,8-TCDF 
1,3,6,8-TCDF 
1,4,6,9-TCDF 
2,3.6.8-TCDF 
2,4,6,S-TCDF 

1,2.3,7,S-PCDF 

2,3,4,7,R-PCDF 
1,2.6,7.R-PCDF 
2,3,4,(j,7,·PCDF 
1,2,3,4,6-PCDF 
1,2,3,4.9-PCDF 
1.2,4,S,9-PCDF 

1,2,J.4,7,8-HCDF 

1,2,3,6,7,8-HCDF 

, 1.2,J,7,8,9-nCOF 

2.3,4,6,7,S-nCDF 
1,2,4,6,8,9-nCDF 
1,2,4,6,7,S-nCDF 
1,2,4,6.7,9-nCDF 
1.3.4,6,7,8-nCDF 

1,2,3,4,6,7,8-nCDF 
1,2,3,4.7,8,9-HCDF 
OCDF 

1 

0,77 

0.35 

0.006 

·'1 
2.6 

1.1 

0.2 

0'.2 

0.2 

0.2 

1.9 

1.1 

,0.04 

"International TEFa . 

0.3 

0,3 

0.5 

0.54 

0.42 

4.4 

0.44 

2.2 
5.4 
4.2 
3,7 
6.5 
1.6 
4.5 

0.2 
2.4 
1.4 
4.1 
3.6 

0.4 

4.4 
2.5 
3.5 
2.3 

1.1 

b,c·'\.fason et al. 1986, Bradlaw cl al. 1980, and B~diera et al. 1984, respectively, as cited in Ellion el al. 1991 

·,fClcmons el al. 1994 and Sare 1987, respective,Iy, as cited m van den Heuvel et al. 1995 

"Dandeira et al. 1982 as cited ~ Bosveld et al. 1993 

Table 7 

0.73 

0.319 

0.028 

0.034 

0.359 

. 0.28 

0.1.l 

0.319 

0.024 

n.nn2 

0.028 

0.034 

0.359 

0.28 

0.5 

0.1 

(l.! 

(l.! 

0.01 
0.001 

(l.! 

0.05 

0.5 

(l.! 

0.1 
0.1 

0,1 

0.01 
0.01 

0.001 

(U104C 

O.0037c 

0.11I12H' 

n.02S" 

0.5 

0.1 

n.ol 

Il.0(1) 

0.1 

0.05 

n.s 

0.1 

0.01 

0.001 

0.5 

Il. 1 

(l.! 

tU 

t1.01 

0.001 

0.1· 

n.ns 

0.5' 

0.1 

0,1 

(l.! 

0.1 

0.01 
0.01 
0.001 

Il.S 

(l.! 

(l.! 

0.5 

(l.! 

(l.! 

(l.! 

lUI) 

t1.nol 

(l.! 

n.05 n.UIIO.05 

Il.5 0.5 

(l.! 

(l.! 

11.1 

n.l 

0.1 

lU 

0.01 
o.nl 

0.001 

(l.S 

0.1 

0.1 

0.1 

tUlI 

0.001 

0.1 

0.1 

n.5 

Il. 1 

0.1 

0.1 

0.1 

0.1 
0.1 

0.001 

0.5 

(l.! 

0.1 

n.1I1 

0.1 

CUIS 

n.5 

(l.! 

0.2 

(UIS 

t1.1107 

0.42 

n.oH3 

0.024 

O.OW 

n.(2) 

(I.()014 O.UOOS04 

0.2 

n.2 
1.4 

0.02 

n.fI(, 

Cl.2 

tU 

(1.] 

Il.02 

1.13' 

n.49t 

0.23' 

0.01' 

tl.l197' 

n.03" 

tU3" 

lU' 

11.111' 

Il.i 

--, 

................. !!:y.~~.':' .................. . 

Bf)~~'c1d cl al. BU!lvcld el al. 
P)92 199.1 

1.2 

0.5 

0.01 

0.1 

<0.0(1) 

0.9 

11.3 

1.1' 

n.nl 
0.4 

0.01 

.1.1 

0.1l1 

0.4 

0.14' 

n.II' 
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: Table 8. World Health Organizati9n (WHO) Toxic Equivalency Factors (TEFs) for. PCDDlFs. 

Chemical Abstract 
Congerer Number Toxic Equivalency Factors (TEFs)" 

Fish Mammalian Avian 

2,3,7,8-1'4<=I>I> 1746-01-6 l' 
, 1,2,3,7,8-Ps<=I>I> 40321-76-4 1-

1,2,3,4,7,8-f16<=I>I> 39227-28-6 , 0.5 0.1 0.05 

.1,2,3,6,7,8-f16<=I>I> 19408-74-3 0.01 0.1 0.01 

1,2,3,7,8,9-~<=I>I> 57653-85-7 0.01 0.1 . 0.1. 

1,2,3,4,6,7,8-f17<=I>I> 352822-46-9 0.001 0.01 <0.001 

O<=I>I> 3268-87-9 0.0001 

.2,3,7,8-1'4<=I>F 51207-31-9 0.05 0.1 1 

1,2,3,7 ,8-P s<=I>F 57117-31-4 0.05 0.05 0.1 

2,3,4,7 ;8-Ps<=I>F 57117-41-6 0.5 0,5 1 

.1 ,2,3,4, 7,8-f16<=I>F 70648-26-9 0.1 0.1 0.1 

) 1,2,3,6, 7,8-f16<=I>I>. 72918-21-9 0.1 0.1 0.1 

, 1,2,3,7 ,8,9-f16<=I>F 57117-44-9 0.1 0.1 0.1 

. '2,3,4,6,7,8-~<=I>F . 60851-34-5 0.1 0.1 0.1 

1,2,3,4,6,7,8-f17<=I>F 67462-39-4 0,01 0.01 0.01 

1,2,3,4,7,8,9-f17<=I>F 55673-89-7 0.01 0.01 0~01 

O<=I>F 39001-02-0 0.0001 0.0001 . 0.0001 

'van den Berg et aL 1998 
1\. .:. 
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Table 9. Estiniated annual natural ànd anthropogenic PCDD/F releases into the Canadian environment. 

Release Annual 
Congener So u rce/Secto r Year Pathway Releases (kg/y) Reference 

Natural Sources 

Total PCDD Forest fires NR Air emissions 58.7 Sheffield 1985 

Chemical Manufacturing and Use 
TotalPCDD Chlorophenol production 1981· Air emissions 0.9 Sheffield 1985 . 
Total PCDD' Chlorophenol production NR Wastewater 0.013 Sheffield 1985 
Total PCDD Use of2,4-D formulations 1983 Unspecified 0.1 Sheffield 1985 
Total PCDD Use of Dicamba 1983 Unspecified 0.011 Sheffield 1985 
Total PCDD Use of2,4,5-T 1983 Unspecified 0.001 Sheffield 1985 
TotalPCDD Total PCP Use 1983 Unspecified 1400 Sheffield 1985 
Total PCDD Wood Preservation Using PCP NR Wastewater Sheffield 1985 
Total PCDD Wood Preservation Using PCP NR Waste disposai > 0.5 Sheffield 1985 

Total PCDF Total PCP Use 1983 Unspecified 800 Sheffield 1985 
Total PCDF Chlorophenol production 1981 Air emissions 0.6 Sheffield 1985 
Total PCDF Chlorophenol production NR Wastewater 0.013 Sheffield 1985 
Total PCDF PCB disposai 1982 Unspecified < 75 Sheffield 1985 
Total PCDF Wood Preservation Using PCP NR Wastewater 0.6 Sheffield 1985 
Total PCDF Wood Preservation Using PCP NR Waste disposai > 0.3 Sheffield 1985 

Combustion Sources 

Total PCDD Municipal incineration NR Air emissions 0.25 - 13.7 Sheffield 1985 
Total PCDD Municipal incineration NR Fly ash disposai 2.9 -7.1 Sheffield 1985 
Total PCDD Sewage sludge incineration NR Air emissions IA-3.3 Sheffield 1985 
Total PCDD Used railway tie burning NR Air emissions 6 Sheffield 1985 

Total PCDD Slash burning 1980 Air emissions 3.3 Sheffield 1985 

Total PCDD Fuelwood combustion 1980 Air emissions 1.8 Sheffield 1985 

Total PCDD Residential gas combustion NR Air emissions 0.9 Sheffield 1985 

Table 9 Page 1 of2 



Table 9. Estimated an nuai natural andanthropogenic PCDD/F releases into the Canadian environment. 

Release Annual 
Congener Source/Sector Year Pathway Releases (kg/y) Reference 

j 

Combustion Sources 
Total PC DO Coal-fired utility boilers NR Air emissions 0.3 Sheffield 1985 
Total PCDD Coal-fired utility boilers NR Fly ash disposai <0.3 Sheffield 1985 
Total PCDD Motor vehic\e exhaust NR Air emissions 0.2 Sheffield 1985 
Total PC DO Cigarette smoke NR Air emissions 0.003 Sheffield 1985 
Total PCDD' Residential oil combustion NR Air emissions 0.001 Sheffield 1985 
Total PCDD PCP-treated wood disposai NR Air emissions 0-30.2 Sheffield 1985 

Total PCDF Municipal incineration NR Air emissions 0.55 - 21.7 Sheffield 1985 
Total PCDF Municipal incineration NR Fly ash disposai 4.9- 15.6 Sheffield 1985 
Total PCDF Sewage sludge incineration NR Air emissions 1.5 - 6.5 Sheffield 1985 

. Total PCDF Coal-fired utility boilers NR A ir·em issions 0.7 Sheffield 1985 
Total PCDF Coal-fired utility boilers NR Fly ash disposai 0.03 - 1.3 Sheffield 1985 

Pulp and Paper Industry 
·2,3,7,8-T4CDD Pulp and paper mills NR Wastewater 0.1 - 0.15 Boddington et al. 1990. 

2,3,7,8-T4CDF Pulp and paper mills NR Wastewater 2.0 - 3.0 Boddington et al. 1990 

Source/Sector: 2,4-D = (2,4-Dichlorophenoxy)acètic acid; 2,4,5-T = (2,4,5-Trichlorophenoxy)acetic acid; PCP = pentachlorophenol; l'CS = l'olychlorinated biphenyls 

NR = not rep~rted 

Tabie 9 Page 2 of2 ... "':r .. ..... 
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Table 1 O. Atniospheric releases of PCDD/Fs into the Canadian environ ment by sec.tor (g TEQ'Y"')' 

TEQ 

Sector 1990 1997 ,1999" Reference 

Municipal waste incineration 204 152· 85.2 Environment Canada 1998a 
Wood combustion (residential) 35.7 35.7 35.7 Environment Canada 1998a 
Iron manufacturing: sintering plants 42.9 42.9 23.5 Environment Canada 1998a 
Pulp and paper: buming salt laden wood 10.5 10.5 10.5 Environment Canada 1998a 
Steel manufacturing: electric arc fumaces 9.1 10.2 10.2 Environment Canada 1998a 
Fuel combustion diesel (trafflc) 8.7 8.7 8.7 Environment Canada 1998a 
Oil combustion (residential) 7 7 7 Environment Canada 1998a 
Electric power generation 3.4 4'.6 4.6 Environment Canada 1998a 
Wood waste combustion (sawmills and pulp & paper mills) 4.4 4.4 4.4 Environment Canada 1998a 
Cement kilns 2.8 2.8 2.8 Environment Canada 1998a 
Hospital iricinerators 8.3 2.5 2.5 Environment Canada 1998a 
Chemical production (air releases) 2.2 2 0.3 Environment Canada 1998a 
In-service utility poles 1.9 1.9 1.9 Environment Canada 1998a 
Wood preserving plants 1.8 1.8 1.8 Environment Canada 1998a 
Hazardous waste incinerators 2.1 1.3 0.8 Environment Canada 1998a 

Pulp & paper kraft liqour boilers 0.7 0.7 0.7 Environment Canada 1998a ' 
Federal incinerators 1.3 0.6 0.6 Environment Canada 1998a 
Steel foundries EAF 0.4 0.5 0.5 Environment Canada 1998a 
Sewage sludge incinerators 0.3 0.3 0.3 Environment Canada 1998a 
Base metals smelting 0.1 0.1 0.1 Environment Canada 1998a 
Secondary lead smelters ,0.1 0.1 0.1 Environment Canada 1998a 
Biomedical waste incineration 4.9 0 0 Environment Canada 1998a 

Total 353 292 199 

'1999 projections 
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" Table Ù. Levels ofT4CDD and T4CDF in contaminated beverage containers (pg.g-l). 

Sample 

Milk carton 
; Cream carton 
. Orange juice carton 
: Source: Safe 1991 

Table II 

Congener 

T4CDD T4CDF 

5.8 
ND 
ND 

51 

107 
18 
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.. 
. Tahle12. ·Bioconcentratlon factors (BCFs) 6fPCDDIFs ID. fresh"'ater'organisms. 

Congener' ' 

PCDDs. 

2,3,7,8-T,CDD 

Table 12 

.. Species 

Fish 'c 

Salmonidae 

. rainbow trout 

Cyprinidae 

OncorhynchuS" mykiss 

Lire. 

Stage 

0.38g 

0.38g 

0.38g 

0.38g 

0.38 g 

0.4-1.1 g 

35 g 

fathead miimow 0.5 - 1'.0 g 

Pimepha/es prome/as 

Test 

Type 

F,M 

F,M 

F,M 

F,M 

F,M 

F,M 

S,M 

. SR,M' 

Congener . 

Cone. 

(ngIL) 

0.ü38 

.0.176 

0.382 

0.789 

0.038 

0.176 

0.382 

0.789 

3J.8 . 

36.6 

39.7 . 

39.9 

41.1 

41:7 

41.9 

50.7 

106.0 

167.2 

320 

0.87 

DOC 

(mgIL) 

NR 

NR 

NR· 

NR 

NR 

NR 

NR 

NR . 

0.7 

4.1 

1.1 

0.6 
8.6 . 

3.3 

1.7 

2.5 

1.4 

2.3 

NR 

NR 

Exposure 

Period 

(d) 

14 

21 

28 

-.7 
14 

21 

28 

14 

21 

28 

14 

21 

28 

28 

28 

28 

10 

10 
,5 

10 

10 

·10 

10 

4 

0.25 

28 

Dep. 

Period 

(d) 

o 
o. 
o 
o 

o 
o 
o 
o 

o 
o 
o 
o 

o 
o 
o 

o 
o 
o 
o 

::: 48 d 

::: 48 d 

::: 48 d 

.::: 48 d 

:::48 d 

:::48 d 

:::48 d 

:::48 d 

:::48 d 

:::48 d 

139 

Lipid' 

'content Tissue' 

(%) amllyzed 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 
·NR ' 

NR 

NR 

NR 

NR 

'NR 

NR 

.NR 

NR 

NR 

NR 

NR 

NR , 

Nil. 

NR 

WB 

WB 

WB 

WB 

WB 

WB 

wB 
WB 

WB 

WB 

WB 

WB 

WB 

WB 

WB 

WB 

WB, 

WB 

WB 

WB 

WB 

WB 

WB 

WB 

WB 

WB 

WB 

WB 

WB 

WB 

ML 

WB 

BCF 

10736 

20131 

25947 

25789 

9551, 

15966 

21977 

25670 

,9005. 

. 16282 

26439 

28644 

8558 

14'790 

19510 

39000 

37560 

86060 

36637 

3675 

33"5 

3 348 

5 017 

2 565 

. 3 493 

3 255 

2 545 

3 025 

3 025. 

.9270 

4635. 

29200dw 

5800 

7900 

BCFupid 

214720' 

402620' 

.518940' 

515780' 

191000' 

319320' 

439540' 

513400' 

180100' 

325640' 

528780' 

572 880' 

171200' 

295800' 

390200' 

'780000'· 

751200' 

1700000' 

732740' 

73500' 

66300' 

66960' 

100300' 

51300' 

69860' 

65100' 

50900' 

60' 500' 

60500' 

116000' 

82900' 

113 000' 

Rderence 

:.tt steml)' date'! 

no Mehrle et ';.1. 1988 

no 

no 
110 • 

no Mehrle et al. 1988 

no 

no 

no 

no Mehrle et al. i 988 

no 

no 

flO Melu'le et al. 1988 

no 

no 

est .al 90% 55 Mehrle et al. 1988 

est . ~t 90% 55 

est .al 90% 55 

est. al 90% 55 

yes 

yes 

yes 

ycs 

yes 

ye!> 

yes 

yes 

yes 

~ yes 

ye5 

yes 

no 

no 

est .al 90% 55 . 

Servos et al. 1989 

Branson et al. 1985 

Adams et al. 1986 
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'. Table 12. Bioconcentration factors (BCFs) of PCDD/Fs in freshwater organisms. 

Congener Species 

carp 

Poeciliidae 

gUppy 

Oryziatidae 

medaka 

Aquatic Plant. 

Chlor~phyta 
. green algae 

Poeéilia ret;eu/ota 

Oryzias latipes, 

Oedogonium cardiacum 

.,' . , 

Life 

Stage 

1 g 

. 15 g 

Test 

Type 

F,M 

F,M 

070-0.112 g RCfRN,M 

0.67-0.101 g RCfRN,M 

.175 g F,M 

NA • RC,M 

NA RC,M 

Congener 

Cone. 

(ngIL) 

0.049 

0.067 

0.062 

0.08 

0.08' 

0.12' 

0.101 

3A 

2.9 

2A 

2.6 

4.2 

3A4 

2.93 

2A2 

2.58 

4.15 

DOC 

(mgrL) 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

,Exposure' 

Period 

(d) 

71 

71 

.21 

21 

.21 

12 

15 

32 

·7 

15 

32 

.......................................................................................................................................................................................................................................................................... 

1;2,3,7,8-P,CDO. 

Fish 

'Poeciliidae 
.f 

guppy 0.70-0.112 g RCfRN,M 

Poecilia ~eticulata 

0.67-0.101 g RCfRN,M 

0.21 

·0.21' 

0.29' 

NR 

NR 

NR 

21 

21 

21 

Dep: 

Period 

(d) 

61 

61 

61 

.0 

o 
o 

175 

o 
o 
o 
o 
o 

o 
o 
o 
o 
o 

o 

o 
o 

. Lipid 

content Tissue· 

(%) analyzed 

19~ 

19~ 

9.7~ 

8.0~ 

8.0~ 

10 

NR 

NR 

NR 

NR 

NR . 

NR 

NR 

NR 

NR 

NR 

9.7~ 

8.0~ 

~.O"": 

WB 

WB 

WB 

WB 

WB 

WB 

WB 

COM 

COM 

COM 

COM 

COM 

COM 

COM 

COM 

COM 

COM 

WB 

WB 

WB 

.. :.; ... : .... : ....................... : ...... : .......... : ................. : ............................... ~ ..... : ...................... : .......................................................................................................................................................................................................... . 

1,2,3,4,7,8-H"COO' 

Table 12 

......... < .. 
,., . -, '.-. 

Fish 

Salmonidae 

rainbow trout 

Oncorhync~us mykiss 

OA-LI g F,M 13.9 

21.6 

0.3 

'1.6 

10 
. 10 

:S 48 d 

:S 48 d 

NR 

NR 

WB 

WB 

BCF 

97000 

159000 

66000 

NR 

NR 

NR 

510000 

6 

1034 

2083 

654 

1000 

380 

1000 

2075 

660 

1025 

BCF.,1d 

510000 

837000 

733000 

105000 

174000 

81000 

5100000 

BCF Refere~ce 

at steady state? ) 

ye, 

. yes 

'ye, 

est .al 55 

no 

~.no 

ye, 

no 

no 

ye, 

ye, 

ye, 

no 

no 

ye, 

ye, 

ye, 

Cook et aL 1991 

Cook et aL 1991 

Loonen et al. 1994a 

Loonen et aL 1994b 

Sèlunieder et aL 1995 

Yockim et aL i978 

Iscn,ee.l978 . 

...... : ........................... : .................................................... . 

NR 

NR 

NR 

2387 

56~ 

331 000 

186000 

,95500 

47740' 

II 360' 

est .at S5 

no 

no 

ye, 

ye, 

Loonen et al. 1994a 

Loonen et al. 1994b 

Selvos ct <lI. 19R9 
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.. 
Table 12". Bioconcentration factors (BCFsj ofPCI)DŒs in'êresh,~at~r organisms.·. 

Congener 

1,2,3,6,7,8-H"CDD 

1,2,3,7,8,9-H"CDD 

Specie~ 

Cyprinidae 

fathead minnow 

Pimephales prome/as 

Po~ciliidae 

guppy 

PoeciUa reticulata 

Poeciliidae 

'guppy 

Poecilia reticulala 

Poeciliidae 

guppy 

Poecilia re/ieu/ota 

Life 

Stage 

0.1-0.3 g 

fiy 

1.0-2.5 g 

NR 

Test 

Type 

F,M 

F,M 

F,M 

F,M 

0.70-0.112 g RCIRN,M 

0.67-0.101 g RCIRN,M 

0.70-0.112 g RCIRN,M 

0.67-.0.101 g RCIRN,M 

0.70-0.112 g RCIRN,M 

0.?7-0.101 g RCIRN,M 

Congener 

Cone: 

(ngIL) 

0.047 

0.010 

10-47 

0.018 

0.007 

7-18 

0.20 

0.20' 

0.18' 

0.23 

0.23' 

0.22' 

0.28 

DOC 

. '(mgIL) 

8.5-9.0 

8.5-9.0 

9.6 

8.5-9.0 

8.5-9.0 

9.6 

NR 

NR 

NR . 

NR 

NR 

NR 

NR 

NR 

Expos~re 

Period 

(d) 

4-5 

4-5 

21 

21 .. 

21 

21 

21 

21 

21 

21 

21 

Dep. 

Period 

(d) 

12 

48 

24-28 

24 
. 48 

24-28 

o 

o 
o 

o 

o 
o 

o' 

o 
o 

Lipid 

content Tissue 

(%) analyzed 

NR 

NR 

NR 

NR 

NR 

NR 

8.0~ 

8.0~ 

9.7~ 

8.0-

8.0~ 

9.7~ 

8.0-

8.0-, 

WB. 

WB 

WB 

WB 

·WB 

WB 

WB 

WB 

WB 

WB 

WB 

WB 

WB 

BCF 

1 715 

2840. 

. 5424 

2630 

5834 

10076 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

BCFupid 

34300' 

56 ~OO· 

13800' 

30700' 

138000 

102000 

44700 

174000 

87100 

50100 

95500 

85100 

21900 

BC~' Reference 

ut steady state'! 

ye, 

yes 

ye, 

yes 

yes 

est .al 5S. 

no 

no 

est .al 55 

no 

no 

est .al 55 

no 

no 

Muii et al. 1985b 

Muir et al. 1985c 

Muir et al. 19~5b 

Muir et al. 1985c 

Loonell et al. 1994<Ï 

Loonen et al. 1994b 

Loonen et al. 19943 

Loonen et al. 19941> 

Loonen et al. 1 994a 

Loonen et al. 1994b· 

.................................. : ..... ; ................................................................................................................................................................................................................ : .. : ................................................................. ; ........ : ......................................... : .. : ..................................................................................................... : ............. . 

1,2,3,4,6,7,8-H7CDD 

Table 12 

Fish 

Salmonidae 

rainbow trout 

Oncorhynchus mykiss 

Cyprinidae 

fathe~d minnow 

Pimephales prame/as 

0.4-1.1 g F,M 

0.1-0.3g F,M 

fiy F,ivI: 

1.0-2.5 g F,M 

1.4.3 

15.2 

23.5 

0.055 

0.011 

Il-55 

0.039 

0.008 

2.6 

0.2 
. 1.2 

8.5-9.0 

8.5-9.0 

9.6 

8.5-9.0 

8.5-9.0 

10 

10 

10 

5 

.. 5 

4-5 

5' 

:::48 d NR 

. :::48 d NR 

':::48 d ~ NR 

24 

24 

24-28 

24 

·48 

NR 
NR 

NR 

NR 

WB 

WB 

WB 

WB 

WB 

WB. 

WB 

_wB 

28027 

6594 

31789 

1059 

1790 

5480 

513 

515 

560540' 

131 900' 

635780' 

21 180' 

35800' 

2700' 
2710' . 

yes 

ye.s 

yes 

yes 

ye, 

yes 

yes 

ye, 

Selvas et al. 1989 

Muir et al. 1985b 

Muir et al. 1985c 

Muir et al. 1985b 
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Table 12. Bioconcentration fadors (BCFs) or"i)CD]j/Fs in freshwater organism·s. 

... ~ongener . Spedes 

Poeciliidae 

guppy 

Poecilia re/ieu/ola 

Lire 

Stage 

NR 

Test 

Type 

F,M 

0,70-0.1l2g RCIRN,M 

0.67-0.101 g RCIRN,M 

Congener 

Co ne. 

(ngIL) 

8-39 

1.31 

DOC 

(in~) 

9.6 

NR, 

NR 

NR 

"Exposure 

Period 

(d) 

4-5 

21 

21 

21 

Dep. 

Period 

(d) 

24-28 

o 

o 
o 

Lipid 

content Tissue 

(%) analyzed 

NR 

9.7~ 

8.0~ 

8.0'"'": 

WB'-

WB 

WB 

WB 

BCF 

2081 

NR 

NR 

NR 

BCFu, .. 

57500 

47900 

17. 000 

BCF Rererence 

al steady statè? . 

yes Muir et al. 1985c 

est .at 55 Loonen et al .1994. 

no Loonen et al. 1994b 

no 

................................................................................................................................................................................................. : ............................................................................................. :: .......................................... : ............................. : .................................. : ... ~ .. : ............................................................. : ............................... .. 

O,CDD 

PCDF. 

2,3,7,8-T,CDF 

Table 12 

Fish 

Salmonidae 

rainbow trout 

Oncorhynchus mykiss. 

Cyprinidae 

fathead minnow 

Poeciliidae 

guppy 

Fish 

Salmonidae 

rainbow trout 

Pi'!1ephales prame/as 

Poecilia reticu/ata . 

Onco;hynchus mykiss 

0.4-1.1 g F,M 

'fiy F,M 

NR F,M 

0.079 g RC,M 

.0.70-0.112 g RCIRN,M 

0.67-0.101 g RCIRN,M 

0.38 g F,M 

0.38 g F,M 

0.38g F,M 

57,5 

65.9 

69.6 

20-245 

9 

640 

0.80 

0.80' 

0.76' 

0.41 

,3.93 

0.41 

0.7 

2.0 

3.3 

9.6 

9.6 

NR 

NR 

NR 

NR 

NR 

NR 

, 10 

10. 

10 

4-5 

, 4-5 

, 8,10 

21 

21 

21 

14 

21 

28 

14 

21 

28, 

28 

:548 d 

:548 cl 

:548 d 

24-28 

24-28 

2,0 

o 

o 
o 

O· 

o 
o 
o 

o 
o 
o 
o 

o 

NR 

NR 

NR 

NR 

NR 

7.5~ 

8.0~ 

8.0~ 

NR 

NR 

NR 

NR 

NR 

WB 

'WB 

WB 

WB 

WB 

,WB 

WB 

WB 

WB 

WB 

WB 

\'lB 

'WB 

WB 

WB 

WB 

705 

1489 

637 

. 8500 

22300 

708 

NR 

NR 

NR 

3976 

4390 

2561 

6 0~9 

3028 

2366 

2730 

2455 

4449 

14100' 

29780' 

12700' 

,9330 

24000 

13 500 

2400 

79520' . 

87800' 

51220' 

120980' 

(JO 560' 

47320' 

54600' 

. 49100' 

889XO' 

yes 

yes 

yes 

yes 

yes 

yes 

est .at ss 

no 

no 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

SelVos et al. 1989 

Muir et al. 1985c 

Muir et al. 1985c 

Gobas and Schrap 1990 

Loonen et al. 1994a 

Loonen et al. 1994b 

Mehde et al. 1988 

Mehrle et al. 1988.-

est .at 90% 5S Mehrle et al. 19f<8' 
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Table 12. Biocon'ceritration faCtors (BCFs) ilfrcîm/Fs in fr~sh,,,~t~r organisms. 

'. Congener 

1,2,3,7,8-P,CDF/ 

1,2,3,4,8,-P,CDF 

2,3,4,7,8-P,CDF 

1,2,3,4,7,8-H.CDF/ 

1,2,3,4,7,9-H.CDF 

1,2,3,6,7,8-H.CDF 

2,3,4,6,7,8-H.CDF 

1,2,3,4,6,7,8-H,cDF 

Table 12 

Species 

Poeciliidae 

guppy 

Fish 

Poeciliidae 

guppy 

Poeciliidae 

guppy 

Fish 

Poeciliidae 

guppy 

Poeciliidae 

guppy 

Poeciliidae 

guppy 

Fish 

Poeciliidae 

guppy 

Poecilia re/jeu/ata 

'---- . 
Poecilia re!iculata 

Poecilia reticulala 

Poeci/ia reticulata 

Poecilia reticulata 

Poecilia reticulala 

Lire 

Stage 

Test 

Type 

0.70-0.112g RCIRN,M 

0.67-0.101 g RCIRN,M 

0.70-0.112 g RCIRN,M 

0.67-0'.101 g RCIRN,M 

0.70-0.112g RCIRN,M 

0.67-0.101 g RCIRN,M 

0.70-0.112g RCIRN,M. 

0.67-0.101 g RCIRN,M 

0.70-0.112g RCIRN,M 

0.67'0.\01 g RCIRN,M 

0.70-0.\l2g RCIRN,M 

O.70-0.112g RCIRN,M 

Congener 

Cone. 

(ngIL) 

3.93 

0.12 

0.12' 

0.19' 

0.14 

0.14' 

0.14' 

0.16 

0.16' 

0.22' 

0.21 

0.21' 

0.28' 

0.22 

0.22' 

0.20' 

0.19 

0.68 

DOC 
(mgIL) 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

Exposure 

Period 

(d) 

28 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

Dep. 

Period 

(d) 

o 

o 

o 
o 

o 

o 
o 

o 

o 
o 

o 

o 
o 

o 

o 
o 

o 

o 

Lipid 

content Tissue 

(%) analyzed 

NR 

9.7~ 

8.0~ 

8.0~ 

8.0-

8.0-

8.0-

8.0-

8.0-

8.0-

9.7-

WB 

WB 

WB 

WB 

VlB 

WB 

WB 

WB 

WB 

WB 

WB 

WB 

WB 

WB 

WB 

WB 

WB 

WB 

BeF 

2640 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 
NR 

NR 

NR 

BeF.pld 

52800' 

21400 

15500 

13200 

21400 

38900 

1 950 

240000 

138000 

83200 

110000 

81 300 

25100 

174000 

89100 

30900 

105000 

42700 

BeF Reference 

at steady stalc'! 

est .at 90% 55 

est .al 55 Loonen et al. 1994a 

no Loonen et al. 1994b 

no 

est .atss Loonen et al. 1994a.- i.. 

no. Loonen et al. 1994b· 

no 

est .al 55 Loonen et al. 1 994a' 

no Loonen et al. 1994b 

no· 

est .al 55 Loonen et al. 1994a 

no Loonen et al. 1994b 

no 

est .at 55 Loonen et al. 1994a 

no Loonen et al. 1994b 

no 

est .al 55 Loonen et al. 1994a 

est .al 55 Looncn et al. 1994a 
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Table 12. Bioconcentration factors (BCFs) ofPCDDlFs in freshwater organisms. 

Life Test Congener Exposure Dep. Lipid. 

Congener Species Stage Type Cone. DOC Period Period content Tissue BCF Reference 

(ngIL) (mgIL) (d) (d) (%) analyzed BCF BCF",,, at steady state? 

Poecilia reliculata 

0.67·0.101 g RCIRN,M 0.68' NR 21 0 8.0- WB NR 28800 110 Loonen et aL 1994b 

0.66' NR 21 0 8.0-· WB NR 12000 no· 

. . ................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................... 

Fi.h 

O,GDF Poeciliidae 

guppy 0.079 g Re,M 960 

Poecilia retiC1ilata 

0.70·0.112 g RCIRN,M 0.09 

Test type: F: flow-throu~ Re - re-circulating, RN - ~enewal. M - measured water concentration 

DOC = dissolved organic carbon . 

Dep. = Depuration 

Tissue analyzed: WB - whole·body, ML . muscle;. COM . composite of many cells 

.. BCF: ww • wet weight, dw . chy weight 

BCFlipid : BCF on a lipid adjusted basis~ values in bold font were used to calculate the.ge~metric mean BCFlipid 

BCF at steady state?: est. - estimated, ss - steady state 

NR = not reported. . 

• BCF,,;. was calculated using estimated Iipid fraction (0.05 g lipidlg wet weight) cited in Schmieder et al. 1995 

. b BCF." •• was calculated using e,timated·lipid fraction (0.08 g Iipidlg·wet weight) cited in Muir et aL 1992 

'BCF." .. wa,calculated using e,timated Iipid fraction (0.07 g Iipidlg wet weight) cited in Schmieder et al. 1995 

• BCF,,;. was calculated using Iipid fraction (0.19 g lipidlg wei weight) cited in Cook et aL 1991 

C water concentration based on contamination from generator colulIm (Chromosorb) spiked with fly-ash 

r water concentration based on contamination from generator colwlUl (sediment) spiked willi fly-ash 

Table 12 

NR 8,10 2,0 7.5- WB 589 7760 yes Gobas and Schrap 1990 

NR 21 0 9.7- WB NR 12900 est .at ss Loonen et al. 1994a 

\. 
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Table 13 

. Table'13. Bi6ta':'sedim-ent aêciùnu)ation factors' (BSAFs) 'of péDDlFs in frcsltwater and marine/estuarinc OI·ganisms. 

Congener Species 

Derived from laboratorv/mesocosm studies 

Freshwater 

PCDDs 

2,3,7,8·T4CDD laketrout 

laketrout 

carp 

carp 

guppies 

Test type/location 

sediment and smelt (food source) 

in flow through aquaria -_ 

sediment and smelt (food source) 

. in flow thr~ugh aquaria 

sediment in Static aquaria 

sediment in flow through aquaria 

sediment in generator column for 

recirculating sytem 

Tissue 

analyzed 

WB 

WB 

WB 

WB-LBHTF 

(minus liver, bowels, head, tait) 

WB-GY 

WB 

BSAF Reference 

0.03 Batterman et al. 1989 

0.07 Cook 1990 

0.11 

0.85 van der Weiden et al. 1989a 

0.27 Kuehl et al. 1987b 

0.155 Loonen et al. 1994b 

._--------------------------~--------------------.---- ----------------------------

1,2,3,7,8-Pl CDD guppies 

carp 

sediment in generator column for 

recirculating sytem 

sediment in flow through aquaria 

WB 0.080 Loonen et al. 1994b 

WB-GY 0.060 Kuehl et al. 1987b 

._--------~-------------------------------------~------~-------------------------

1,2,3,4,7,8-H6CDD guppies sediment in generator column for WB 0.024 Loonen et al. 1994b 

recirculating sytem 

1,2,3,6,7,8-H6CDD guppies sediment in generator column for WB 0.024 Loonen et al. 1994b 

recirculating sytem . 

1,2,3,4,7,8-H6CDDI carp sediment in flow through aquaria WB-GY 0.035 Kuehl et al. 1987b 

1,2,3,6,7,8-H6CDD 

".\:o.:" 
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Table 13 

Table 13. Biota-sediment accumulation factors (BSAFs) of PCDD/Fs in freshwater and marine/estuàrine organisms. 

Congener Species 

guppies . ' 

Test type/location 

sediment in generator colurnn for 

recirculating sytem 

, Tissue 

analyzed 

WB 

BSAF Reference 

0.008 Loonen et al. 1994b 

. .' .. ---------------------------------------------------------------------------------
1,2,3,4,6,7,8-H7CDD mussels 

crayfish 

guppies 

carp 

OCDD mussels 

crayfish 

white suckers 

guppies. 

sediment in lake mesocosrns 

sediment in lake mesocosrns 

sediment in generator colurnn for 

recirculating sytem 

sediment in tlow through aquaria 

sediment in lake mesoposrns 

sediment in lake mesocosrns 

sediment in lake mesocosms 

sediment in lake mesocosms 

sediment in lake mesocosms 

sediment in generator colurnn for 

recirculating sytem 

' .. 

WB 

WB 

WB 

WB 

WB 

WB-GV 

WB 

WB 

WB 

WB 

WB 

WB 

WB 

WB 

WB;..GV(carcass) 

WB 

0,07 

0,03 

. 0.03 

0.04 

0,014 

0.0048 

4.73 

0.93 

0.15 

0.10 

0.05 

0.10 

0.07 

0.09 

1.20 

0,52 

0.49 

0.003 

Segstro et al. 1995 

Segstro et al. 1995 

Loonen et al. 1994b 

Kuehl et al, 1987b 

Muir etaI. 1992b 

Segstro et al. 1995 

Muir et al. 1992b 

Segstro et al. 1995 

Muir et al. 1992h 

Loonen ct al. 1994h 

.. ' '--') . , 
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Table 13 

.... 
Table 13; Biota.::sedimentacclüriulation faCtors -(BSAFs) of PCDD/Fs -in freshwater and marine/estuarine organisms. 

Congeller 

PCDFs 

2,3,7,8-T4CDF 

1,2,3,7,8-PsCDF. 

2,3,4,7,8-PsCDF 

. Species 

mussels 

crayfish 

Hexagenia nymphs 

Maytly nymphs 

chironomids 

odonate 

guppies 

·carp 

guppies 

guppies 

carp 

Test typellocation 

sediment in lake mesocosms 

sediment in lake mesocosms 

sediment in lake mesocosms 

sediment in lake mesocosms 

sediment in lake mesocosms 

sediment in lake mesocosms 

sediment in lake niesocosms 

sediment in lake mesocosms 

sediment in lake mesocosms 

sediment in lake mesocosms 

sediment in generator column for 

recirculating sytem 

sediment in flow through aquaria 

sediment in generator column for 

recirculating sytem 

sediment in generator column for 

recirèulating sytem 

sediment in flow through aquaria 

. . 

Tissue 

analyzed 

WB 
WB 
WB 

WB 
WB 
WB 

WB 
WB 

WB 

WB 
WB 

WB 

WB 

WB-GV 

WB 

WB 

WB-GV 

BSAF Reference 

4.7 Muir et al. 1992b 

0.36 

18.6 Fairchild et al. 1992 

2.0 Muir et al. 1992b 

0.18 

24.60 Fairchid et al. 1992-

0.25 Muir et al. 1992b 

0.17 

0.31 Fairchid et al. 1992 

1.59 Muir et al. 1992b 

1.08 Fairchid et al. 1992' 

1.62 Fairchid et al. 1992 

0.014 Loonen et al. 1994b 

0.06 Kuehl et al. 1987b 

0.002 Loonen et al. 1994b 

0.088 Loonen et ·al. 1994b 

0.28 Kuehl et al. 1987b 

---------------------------------------------------------------------------------
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Table J3 

Table 13; Biota-sediment accumuiation factors (BSAFs) of PCDD/Fs in freshwater and marine/estuarine organisms. 

Congener 

1,2,3,4,7,8-H6CDF 

1,2,3,6,7,8-H6CDF 

1,2,3,4,6,7,8-H7CDF 

EstuarinelMarine 

PCDDs 

2,3,7,8-T4CDD 

PCDFs 

2,3,7,8-T4CDF 

(' 
',' 

Species 

guppies 

guppies 

carp. 

guppies 

carp 

sandworrn, Nereis virens 

. clam 

shrimp 

sandworm, Nr:reis virens 

Derived from field monitoring studies: 

Freshwater 

PCDDs 

2,3,7,8-T4CDD lake trout 

Test type/location 

. sediment in generator column for 

recirculating sytem 

sediment in generator column for 

recirculating sytem 

sediment in flow through aquaria 

sediment in generator column for 

recirculating sytem 

sediment in flow through aquaria 

sediment in flow through aquaria 

sediment in flow through aquaria 

sediment in flow through aquaria 

sediment in flow through aquaria 

sediment in flow through aquaria 

Lake Ontario (ofrGrimsby, ON) 

Tissue 

analyzed BSAF 

WB 0.031 

WB 0.021 

WB-GY 0.037 

WB 0.016 

WB-GY 0.0033 

WB 0.48 

WB 0.14 

WB 0.93 

WB 0.73 

WB 0.20 

WB 2.9' 

Reference 

Loonen et al. 1994b 

Loonen et al. 1994b 

Kuehl et al. 1987h 

Loonen et al. 1994b 

Kuehl et al. 1987b 

Rubinstein et al. 1990 

Schrock et al. 1997 

Rubinstein et al. 1990 

Rubinstein et al. 1990 

Schrock et al. 1997 

Niimi 1996 
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Table 13: Biofa-sêdimenf accumulation faétors (BSAFS)" of peDD/Fs in freshwaterand marine/estuadne org~nisms. .. . 

COIigener Species 

lake trout 

brown trout . 

smallmouth bass 

white perch 

yellowperch 

largescalelbridgelip suckers 

longnose suckers 

white suckers 

mountain whitefish 

Table 13 



Table 13 

Table li Biota-sediinent accumulation factors (BSAFs) of.PCDD/Fsin freshwater and marine/estuarine organisms. 

Tissue 

Congener ',Species 'Test type/location " an~lyzed BSAF Reference 

, Columbia R, Castlegar, BC 
/ 

O.28DL M 

Athabasca R, Hinton, AB M+WB 1.88DL Muir et al. 1992b' 

Wapiti R, Grand Prairie~AB M O.74DL 

. lake whitefish Wabigoon R/Clay L., Dryden, ON M O.94DL Muir et al. 1992b 

eel Voigerrneerpoider, Amsterdam, L 0.22 van der Oost et al. 1996 

The Netherlands 

._-~----~----~---------~-----------------~-----------------~----~----------------

1,2,3,7,8-PsCDD 'Iake trout 

eel 

1,2,3,4,7,8-H6CDD lake trout 

1,2,3,6,7~8-H6CDD laketrout 

1,2,3,4,7,8-H6CDD/ eel 

1,2,3,6,7,8-H6CDD 

1,2,3,7,8,9-H6CDD lake trout 

eel 

, 

Lake Ontario (off Grimsby, ON) 

· .Voigerrneerpoider, Amsterdam, 

The Netherlands 

Lake Ontario (off Grimsby, ON) 

Lake Ontario (off Grimsby, ON) 

Voigerrneerpoider, Amsterdam, 

The Netherlands 

· Lake Ontario (off Grimsby, ON) 

Voigerrneerpoider, Amsterdam, 

The Netherlands 

WB 0.9 Niimi 1996 .' 

" 

L 0.001 van der Oost et al. 1996 

WB .<1 Niimi 1996 

WB 0.3 Niimi 1996 

L 0.02 van'der Oost et al. 1996 

WB <1 Niimi 1996 

L 0.001 van der Oost et al. 1996 

----------~---~--------------------------~-~---------------------,--_._------------

i ,2,3;4,6, 7,8-H7CDD 

eel 

Lake Ontario (off Grimshy, ON) 

· Voigerrneeip~l~er, Amsterdam, 

, The Netherlands 

WB 

L 

, . . . .. 

Niimi 199G 

0.00007 . van der Oost et al. 199G 

-~~----------------~-----~-----~--------------------------~------------~---------

.1IiJ 
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Table 13 

Congener .... ~pecies 

otDD lake trout 

eel 

Test typellocation 

Lake Ontario (off Grimsby, ON) 

Voigenneerpoider, Amsterdam; 

The Netberlands 

Tissue 

analyzed 

WB 

L 

BSAF Reference 

'. 0.002 Niimi 1996 

0.00003 van der Oost et al. 1996 

---------------------------~---------------------------------~-------------------PCDFs 

2,3,7,8-T4CDF 

1,2,3,7,8-Pl CDF 

2,3,4,7,8-Pl CDF 

lake trout 

eel 

lake trout 

eel 

lake trout 

:eel 

Lake Ontario (off Grimsby, ON) 

Voigenneerpoider, Amsterdam, 

The NetberiandS" 

Lake Ontario (off Grimsby, ON) 

Voigenneerpoider, Amsterdam, 

The Netberlands" 

Lake Ontario (off Grimsby, ON) 

Voigenneerpoider, Amsterdam, 

The Netberlands 

WB 0.8 Niimi 1996 

L 0.01 van der Oost et aL 1996 

WB 0.6 Niimi 1996 

L 0.0003 van der Oost et al. 1996 

WB 1.7 Niimi 1996 

L 0.02 van der Oost et al. 1996 

-------------------~----------------~-----------------~----------~-------------~-

1;2,3,4,7,8-H6CDF laketrout Lake Ontario (off Grimsby; 9N) . WB 0.2 Niimi 1996 

eel Voigenneerpoider, Amsterdam, L 0.01 van der Oost et al. 1996 

The Netberlands 

1,2,3,6,7,8-H6CDF laketrout Lake Ontario (offlliimsby, ON) WB <0.3 ' Niimi 1996 

eel Voigenneerpoider, Amsterdam, L 0.009 van der Oost et al. '1996 

The Netberlands 

2,3,4,6,7,8-H6CDF lake.trout Lake Op.tario (off Grimsby, ON) WB <0.1 Niimi 1996 
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Table 13 

. .... .' '. .... .. . 

. , Table 13. Bi~ta-sedimentaccumulation factors (BSÀFs) of PCDD/Fs in freshwater and marine/estuarine organisms. 

. CongeiIer Species Test typellocation 

eél Voigenneerpolder, Amsterdam, 

The Net4erlands 

.1,2,3,7;8,9-H6CDD laketrout Lake Ontario (()ffGrirnsby, ON) 

eel 
.. 

Volgenneerpolder, Amsterdam, 

The Netberlands 

Tissue' 

analyzed 

L 

WB 

L 

BSAF 

0,01 van der Oost et al, 1996 

<0,1 Niimi 1996 

0,09 van der Oost et al, 1996 

._--~~-~---------~------------~------~~-----------~-~-------------------------~---
1,2,3,4,6,7,8-H7CDF eel Volgenneerpolder, Amsterdam, L 0,004 van der Oost et al, 1996 

The Netberlands 

1,2,3,4,7,8,9-H7CDF eel Volgenneerpolder, Amsterdam, L 0.003 van der Oost et al, 1996 

The Netherlands 

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

OCDF 

EstuarinelMarine 

peDDs 

2,3,7,8-T4CDD ' 

lake trout 

. eel 

Dungeness crab 

blue erab 

largemouth bass 

, boWfin· 

Lake Ontario ( off Grimsby, ON) 

VolgenneerjJolder, Amsterdam, 

The Netherlands 

Strait of. Georgia, BC 

Riee Cr., northeastern Florida 

. Riee Cr., northea:~tern Florida 

Riee CL, northeastern Florida 

WB -0.08 Niimi 1996 

L 0,001 van der Oost et al, 1996 

M 0.03 Harding and Pomeroy 1990 

(as reported in Muir et al, 1992a) 

hepatopanereas , 0.n89 Schell, ir. et al 1993 

'L n.1I38 Schèll, Jr. ct al 1993 

L n.lOl1 

ovar:t . 11.(196 

L IUSO Schell, Jr. ct al 1993 

l'age X 01'9 

ÎIII ... ' .... _.·.·'·' .• 1 .. · ..... ·, 

~,,_i 
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. Table Ir Bi6ta-sediriienf accumulation factors (BSAFsf of pcnD/Fs ~in frt!sh,;ater and m:arine/estuarine organisms. 

Tissue 

COlIgeller Species Test type/locatioll allalyzed BSAF 

L 0.255 

ovaiy 0.281 

catfish Rice Cr., northeastem Florida L 0.043 

L 0.074 

L 0.073 

BSAF: freshwater and marine values in bold font were used to calculate geometric mean BSAFs for freshwater or marine environments, respectively 

Tissue ana1yzed: WB - whole-body, WB-GY - whole bodyminus gills and viscera, L -Iiver, M+WB - combined muscle and whole body data 

·organic content of sediments not report and value therefore was not included in geometric mean calcùlation 

Reference 

Schell, Jr. et al 1993 

DL sediment concentrations of c6ngener were non-detectable or near detection 1imit so BSAF calculated assuming concentrations in sediment at the detection limit 

.. 
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Table 14. Levels ofT4CDD, T4CDF, and TEQ in marine mammals in Canada. 

Life T4CDD T4CDF TEQ TEF 

Location' .' Year Species Stagé Tissue N (ngokg- I
) (ngokg- I

) (ngokg- I
) Source Reference 

(ww) (ww) (ww) 

Pacific Coast 
Saanich Penn., Vancouver Is. 1988 Oall's Porpoise Immature fat <2 16 NR Jarman ct al. 1996 

Sooke, Vancouvër Is: 1987 Oall's Porpoise Immature fat 1 2 21 NR J arman et al. 1 996 

White Rock, BC 1988 Oall's Porpoise Mature fat 4 69 NR Jarman et al. 1996 

Oenman Island, BC 1987 False Killer Whale Mature fat 8 109 NR Jarman et al. 1996 

Vargas Island, Vancouver Is. 1989 False Killer Whale Mature (old) fat <2 2 NR Jarman et al. 1996 

Oenman Islimd, BC 1988 Grey Whale' Calf fat <2 3 NR Jarman et al. 1996' 

Long Beach, Vancouver Is. 1987 Grey Whale Calf fat <2 <2 NR Jarman et al. 1996 

Cambell River, Vancouver Is. 1987 Harbour porpoise Mature fat 2 43 NR Jarman et al. 1996 

Gabriola Island, BC NR Harbour porpoise calf fat ND ND 4.4 NR Burlinson 1991 

Gabriola Island, BC ' NR Harbour porpoise AOT,F fat ND 4.4 6 NR Burlinson i 991 

Gabriola Island, BC 1987 Harbour porpoise Calf fat <2 Il NR Jarman et al. 1996· 

Long Beach, Vailcouvcr Is, 1987 Harbour porpoise Juvenile fat <2 4 NI< Jarlll<1n ct al. 1996 

Qualicum Beach, Vancouver Is. ,NR Harbour porpoise AOT,M fat ND 45 8.2 NR l3urlinson 1991 

Qualicum Beach, Vancouver Is. NR Harbour porpoise AOT,F fat 3,3 44 22,2 NR l3urlinson 1991 

,Qualicum Beach, Vancouver Is. 1989 . Harbour porpoise Mature fat 4 38. NR Jarman et al. 1996 

Sandspit, Moresby Island 1987 Harbour porpoise Juvenile fat <2 2 NR Jarman et aL 1996 

Tsawassen, BC NR Harbour porpoise AOT,M' fat ND 19 3.6 NR Burlinson 1991 

Tsawwassen, BC 1987 Harbour porpoise Juvenile fat 5 31 NR Jarman et al. 1996 

Victoria, BC NR Harbour porpoise ADT,M fat ND 5.2 1.1 NR Burlinson 1991 

Victoria, Vancouver Iso 1988 Harbour porpoise Juvenile fat Il NR Jarman etaI. 1996 

Quatsino Sd. - Coal Harbour 1991 Harbour seal F,8y fat 0.95 8.38 3.81 WHO 1998 Addison et al. 1996 

Quatsino Sd. - Coal Harbour 1992 Harbour seàl F, 9 y fat NOR (0.86) 3.74 2.08 WHO 1998 Addison et al. 1996 

Quatsino Sdo - Coal Harbour 1992 Harbour seal F, 18 y fat 1 9.85 4.12 WHO 1998 Addison et al. 1996 

Quatsino Sd. - Coal Harbour 1992 Harbour se al M,2y fat NOR (1.45) 7.4 6.35 WHO 1998 Addison et al. 1996 

Quatsino Sd. - Coal HarboUr 1991 Harbour seal M,3 y fat 1.05 6.5 3.84 WHO 1998 Addison et al. 1996 

Quatsino Sd. - Coal Harbour 1992 Harbour seal M,3y fat 0.88 ' 7.13 3.43 WHO 1998 Addison et al. 1996 

Quatsino Sd. - Coal Harbou~ 1992 Harbour seal M,5y fat NOR (1.68) 2439 11.21 WHO 1998 Addison et al. 1996 

Quatsino Sd. - Coal Harbour 1992 Harbour seal M,6y fat 1.38 10.8 4.26 WHO 1998 Addison et al. 1996 

Quatsino Sd. - Coal Harbour 1991 Harbour seal M,lOy fat NOR (0.56) 2.68 1.70 WHO 1998 Addison et al. 1996 
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Table 140 Levels ofT4CDD, T4CDF, and TEQ in marine mammals in Canadao 

Life T 4CDD T4CDF TEQ TEF 

Location Year Species Stage Tissue N (ngokg- I
) (ngokg- I

) (ngokg- I
) Source Reference 

(ww) (ww) (ww) 

Quatsino Sd. - Coal Harbour 1992 Harbour seal M,lOy fat 1 1.78 7.23 6.56 WHO 1998 Addison et al. 1996 
Strait of Gêorgia - Crofton 1992 Harbour seal F, 3 Y fat 4.4 35.23 24.42 WHO 1998 Addison et al. 1996 
Strait of Georgia - Crofton 1992 Harbour seal F, 3 Y fat 4.68 35.98 26.05 WHO 1998 Addison et al. 1996 
Strait of Georgia - Danger River 1992 Harbour seal F,Oy fat 5.55 46.79 21.80 . WHO 1998 Addison et al. 1996 
~trait of Georgia - Danger River NR Harbour seal F, 5 Y fat 3.41 42.42 14.80 WHO 1998 Addison et al. 1996 
Strait of Georgia - Danger River 1992 Harbour seal M,8y fat 7.3 56.19 25.18 WHO 1998 Addison et al. 1996 
Strait of Georgia - Escape Reef 1992· Harbour seal M, Il Y fat 6.87 50.12 22.86 WHO 1998 Addison et al. 1996 
Strait of Georgia - Miami Island NR Harbour seal F,4y fat 334 52.49 20.27 WHO 1998 Addison et al. 1996 
Strait of Georgia - Miami Island 1992 Harbour seal F, Il Y fat 3.62 70.21 24.05 WHO 1998 Addison et al. 1996 
Strait ofGeorgia - Miami Island 1992 Harbour seal M,4y rat 3.67 41.7 20.97 WHO 1998 Addison et al. 1996 
Strait of Georgia - N Stuart Chan 1992 Harbour seal F, 1 Y fat 6.19 611.2 36.04 WHO 19911 Addison et al. 1996 
Strait of Georgia - N Stuart Chan 1992 Harbour seal F, 2 Y fat 4.06 58.05 22.82 WHO 1998 Addison et al. 1996 
Strait of Georgia - Nanaimo 1992 Harbour seal F, 0 Y fat 3.39 24.75 18.56 WHO 1998 Addison et al. 1996 
Strait of Georgia - North Reef 1992 Harbour. se al M,4y fat 5.74 61.76 34.96 WHO 1998 Addison et al. 1996 
Strait of Georgia - North Reef 1992 Harbour seal M,4y fat 5.81 59.52 32.96 WHO 1998 Addison et al. 1996 
Strait of Georgia - Snake Island 1992 Harbour se al F,Oy fat 2.55 12.39 12.13 WHO 1998 Addison et al. 1996 
Strait of Georgia .. Snake Island 1992 Harbour seal F,Oy fat 3.39 60.12 20.25 WHO 1998 Addison et al. 1996 
Strait of Georgia - Snake Island 1992 Harbour se al F,Oy fat 3.41 66.29 22.58 WHO 1998 Addison et al. 1996 
Strait of Georgia - Snake Island 1992 Harbour se al F, 1 Y fat 3.82 63.32 21.21 WHO 1998 Addison ct al. 1996 
Strait of Georgia - Thetis Island 1992 . Harbour seal M,16y fat 5.73 54.55 35.91 WHO 1998 Addison et al. 1996 
Johnstone Strait NR Killer whale 56 y, F rat 2.3 68 19.7 NR l1urlinson 1991 
Namu, BC 1989 Killer Whale 8 yrs fat <2 6 NR Jarman et al. 1996 
Port Renfrew, Vancouver Is. NR Killer Whale Mature fat <2 23 NR J arman et al. 1996 
Radar Beach, Vancouver Is. 1989 Killer Whale 17 yrs fat <2 13 NR Jarman et al. 1996 
Tsawwassen, BC 1986 . Killer Whale Neonate fat '2 39 NR Jarman et al. 1996 
Uc\ulet, Vancouver Is. 1987 Killer Whale Calf fat <2 13 NR Jarman et al. 1996 
Queen Charlotte Island, BC 1988 Risso's dolphin Mature fat <2 4 NR Jarman et al. 1996 

Atlantic Coast 
St. Lawrence estuary NR Beluga M oil Il <2 2 NR Muir & Norstrom 1990 

Table 14 l'age 2 of 4 . 

' .. - > , ... - - "1 -



Table 14. Levels ofT4CDD, T4CDF, and TEQ in marine mammals in Canada. 

Life T 4CDD T4CDF TEQ TEF 
~ 

Location Year Species" Stage Tissue N (ng'kg- I
) (ng'kg- I

) (ng·kg- I
) Source Reference 

(ww) (ww) (ww) 

Newfoundland -" south coast NR Pilot whale M fat 5" ND ND NR" Muir & Norstrom 1990 

Gulf of St. Lawrence NR White-beaked dol ph in M fat 9 ND ND NR Muir & Norstrom 1990 

"" 

Arctic Coast 
Beaufort Sea 1983 Beluga M+F" blubber 5 <2 <2 NR Norstrom et al. 1990 

Cumberland Sound NR Beluga M fat 6 <2 <2 NR Muir & Norstrom 1990 

Cumberland Sound 1983 Beluga M+F blubber 8 <2 <2 NR Norstrom et al. 1990 

Jones Sound NR. Beluga M fat 8 ND NO NR Muir & Norstrom ,1990 

West Hudson Bay 1984 Beluga M+F blubber 19 <2 3 NR Norstrom et al. 1990 

Baffin Bay NR Narwhal M fat 16 ND ND NR Muir & Norstrom 1990 

Amundsen Gulf 1982 Polar bear M+F liver 4 2,5 <2· NR Norstrom et al. 1990 

Barrow Strait 1982 Polar bear M+F liver 20 20,5 <2 NR Norstrom et al. 1990 

l3eau fort Sea 1982 Polar benr M+F lil'er 5 2 <2 NR Nnrstrolll ct al. 1990 

Cornwallis Island NR Polar bear MlF Iiver 18 20 <2 NR Muir & Norstrom 1990 

Cumberland Sound 1984 Polar bear M+F fat 10 <2 <2 NR Norstrom et al. 1990 

Hadley Bay 1982 Polar bear M liver 6 4 <2 NR Norstrom 'et al. 1990 

Larsen Strait 1982 Polar bear M+F fat 10 23 <2 NR Norstrom et al. 1990 

M'Clure'Strait 1982 Polar bear M+F fat 8 18 <4 NR Norstrom et al. 1990 

North Baffin Island NR Polar bear MlF fat 10 4 <2 NR Muir & Norstrom 1990 

North Hudson Bay 1983 Polar bear M+F fat 10 2' <2 NR Norstrom et al. 1990 

P9nd Inlet 1984 . Polar bear M+F Iiver 10 4 <2 NR Norstrom et al. 1990 

South Baffin Island NR Polar bear MlF fat 20 5 <2 NR Muir & Norstrom 1990 

West Baffin Bay 1984 Polar bear M+F fat 10 5 <2 NR Norstrom et al. 1990 

West Davis Strait NR Polar bear MlF fat 10 3 <2 NR Muir & Norstrom 1990 

West Davis Strait 1984 Polar bear M+F fat' 10 3 <2 NR Norstrom et al. 1990 

West Hudson Bay NR Polarbear MlF fat 9 2 <2 ' NR Muir& Norstrom 1990 

West Hudson Bay Polarbear M+F fat 10 2 <2 NR Norstrom et al. 1990 

Admiralty Inle! 1983 Ringed seal M fat Il 35 5 NR Norstrom et al. 1990 

Barrow Strait NR Ringed seal M fat 16 37 4 NR Muir & Norstrom 1990 

Barrow Strait 1984 Ringed seal· F fat 7 338 4.58 NR Norstrom et al. 1990 
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Table 14. Levels ofT4CDD, T4CDF, and TEQ in marine mammals in Canada. 

Life T 4CDD T 4CDF: TEQ TEF 

Location Year Species . Stage Tissue N (ng·kg- I
) (ng·kg- I

) (ng·kg- I
) Source Reference 

(ww) (ww) (ww) 

Beaufort Sea 1985~86 Ringed seal M+F fat 4 4 2 NR Norstrom et al. 1990 

Cumberland Sound NR Ringed seal M fat 10 8 4 NR Muir & Norstrom 1990 

Cumberland Sound 1985-86 Ringed seal M fat 4 8 4 NR Norstrom et al. 1990 

North Hudson Bay 1985-86 Ringed seal M fat 4 3 7 NR Norstrom et al. 1990 

Queen Maude Sound 1985-86 Ringed seal M fat 4 12 4 NR Norstrom et.al. 1990 

Spenee Bay 1985-86 Ringed seal M fat 4 15 3 NR Norstrom et al. 1990 

West Davis Strait NR Ringed seal M fat 8 Il 3 NR Muir & Norstrom 1990 

West Davis Strait 1985-86 Ringed seal M fat 3 Il 3 NR Norstrom etaI. 1990 

West Hudson Bay 1985c86 Ringed seal M fat 4 2 4 NR Norstrom et al. 1990 

Eastern Hudson Bay (Akulivik) NR Walrus M+r 1~ll 7 7.3 <0.9 12.98 Sail: 1990 Muir et al. 1995 

Eastern Hudson Bay (Inukjuak) NR Walrus F fat 7 2.3 0.7 3.82 Safe 1990 Muir et al. 1995 

North Sea 
North Sea NR Harbour porpoise F, > 1 yr fat <0.5 4.7 1.8 WHO 1998 Beek et al. 1990 

North Sea NR Harbour seal F, - 1 yr fat 3.9 5.2 12.1 WHO 1998 Beek et al. 1990 

NorthSea NR Harbour seal M, - 1 yr fat 2.6 5 '10.3 WHO 1998 Beek et al. 1990 

North Sea NR Harbour seal M,-1 yr fat 3.6 6.7 12.3 WHO 1998 Beek et al. 1990 

North Sea' NR Harbour seal M,-1 yr fat 3.7 4.5 9.6 WHO 1998 Beek et al. 1990 

North Sea NR Harbour seal F, > 1 yr fat 2.7 10.5 8.1 WHO 1998 Beek et al. 1990 

NOR values used hait of detectlon "mIt 
FHO - Federal Health Office 
oil - PCODIPCOF results based on mean of 10 oil samples (M + F) assuming undetectable levels are one-half of the detection limit 
ND - not detected 
NR - not reported 

·mean of duplicate analysis 
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'. Table 15. Levels ofPCDDIF in ambient air in Canada (pg·m-3
). 

Location Date Sample Type T 4CDD T4CDF 

Walpole Island 1994~ 199.7 . total 0.03 0.01 

. Windsor 1987-88 total 0.03b 0.15-<0.i6b 

Windsor 88/08/25' total 0.09 0.3 
Windsor . '88/09/18 total 1 0.6 
Windsor' 88/10/12 total 0.4 
Windsor 88/11/05 total 0.5 

'. Windsor 88/12/23 total 0.3 O.~ 

Windsor 89;03/06 total' 0.9 0.6 
Windsor 1994-1997 total 0.17 0.04 
Windsor 1994-1997 total . 0.13 0.04 

Prince Edward Island 

Charlottetown 1994-1997 total 0.03 0.004 

Quebec 

Jonquiere 1994-1997 total 0.19 0.05 
Montreal '1994-1997 total .' 0.06 0.02 

Saskatchewan 

Estevan 1994-1997 total 0.01 0.005 
Gray 1994-1997 total 0.004 0.004 
Prince Albert 1994-1997 total 0.01 0.003 

. Regina 1994-1997 total '0.008 0.002 
Regina 1994-1997 total. 0.03 0.009 

NR -' not reported 
Sample type: total = particulate + vapour 

'number of sampi es = 8 

. b maXimum Iimit dctctccd waS bdow th~ detecÙûn limit. 

.. 

':'\ 

Table 15 

. Reference 

Dann 1998 

Bobet et al. 1990 

Steer et al. 1990 
Steer et al'. 1990 
Steer .etal. 1990 
Steer et al. 1990 
Steer et al. 1990 
Steer etàl. 1990· 
Dann 1998 
Dann 1998 

Dann 1998 

Dann 1998 
Dann 1998 

Dann 1998 
Dann 1998 
Dann 1998 
Dann 1998 
Dann 1998 

. . 

\ 
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Tabte"i6~ 'Levets of PCnD/Fsin Canàdiân . soit 
" 

Sam pie Conc. TEQ TEF 

Location, Year N Type Homologue (Ilg'kg,t dw) (Ilg'kg,t dw) Source Reference 

Mean (Range) Mean (Rangé) 

Nova Scotia. 

Truro (on wood preserving plant property) NR 0,15 cm T4CDD NR NR Baker &. Matheson 1981 b 

Truro (on wood preserving plant property) NR 0-15 cm PsCDD. NR NR Baker & Matheson 1981 b 

Truro (on wood preserving plant property) . NR 0-15 cm H6CDD 10' NR Baker &. Matheson 1981 b 

, Truro(on wood preserving plant property) NR 0-15 cm 'H7CDD 100' NR Baker & Mathes~n 1981 b 

Truro (on wood preserving plant ptope!lY) NR 0-15 cm OCDD 567 NR, Baker & Matheson 1981 b 

Truro (near wood preserving plant) 'NR 0-15 cm T4CDD NR NR Baker & Matheson 1981 b 

Truro (near wood preserving' plant) NR 0-15 cm " PsCDD NR NR Baker & Matheson 1981 b 

Truro (near wood preserving plant) NR 0-15 cm H6CDD NR NR Baker & Matheson 1981 b ); 

Truro (near wood preserving plant) , NR 0-15 cm H7CDD NR NR Baker & Matheson 1981 b 

. Truro (near wood preserving plant) NR 0-15 cm OCDD ' <0.01 'NR Baker & Matheson 1981 b 

Truro (on wood preserving plant property) NR 0-15 cm T.jCDF NR NR Baker &. Matheson 1981 b 

Truro (near wood preserving plant) NR 0-15 cm Ti:DF NR NR Baker & Matheson 1981 b 

New Brunswick 
Newcastle (on wood preserVing 'plant property) NR 0-15 cm T4CDD NR NR Baker & Matheson i 981 b 

Newcastle (on wood preserving pl~tproperty) NR 0-15 cm 'PsCDD NR NR Baker & Matheson 1981 b 

Newcastle (on wood preserving plant p~operty) .. NR 0-15 cm H6CDD 100' NR Baker & Matheson 1981 b 

Newcastle (on wood preserving plant property) , NR 0-15 cm H 7CDD 1000' NR Baker & Matheson 1981 b 

Newcastle (on wood preserving plant property) NR '0-15 cm OCDD 1500 NR Baker &. Matheson 1981 b 

Newcastle (near wood preserving plant) NR 0-15 cm T4CDD NR NR Baker & Matheson:1981 b 

·Newcastle (near wood preserving plant) NR Ocl5 cm PsCDD NR NR Baker &: Matheson 1981 b 

. NewcaStle (near wood preserving plant) NR 0-15 cm H6CDD NR NR Baker &'Matheson . i 981 b 

Newcastle (near wood preserving plant) NR 0-15 cm H7CDD NR NR Baker & Matheson 1981 b 

, Newcastle (near wood preserving plant) NR 0~15 cm OCDD 280 NR Baker & Matheson 1981 b 

Newcastle (on wood preserving plant pro pert y) NR 0-15 cm' T4CDF NR NR Baker & Matheson 1981 b 

Newcastle (ne,ar wood preserving plant) NR .0-15 cm T4CDF NR 'NR Baker & Matheson 1981 b 

Ontario 
Hamilton (70 m W of municipal incinerator) 1983 0-5cm T4CDD < 0.0003' NR McLaughlin et al. 1989 

. Hamilton (70 m W of municipal incinerator) 1983 0-5cm PsCDD < 0.0013 NR McLaughlin et al: 1989 

Hamilton (70 m W of municipa:l .incinerator) 1983 ,0- 5 cm H6CDD. <0.0013 NR McLaughlin et al. 1989 

Hamilton (70 m W of municipal incinerator) 1983 0-5cm .H7CDD 0,096 NR McLaughlin et al. 1989 
Hamilton (70 m W of municipal incinerator) 1983 0-5cm OCDD' 0.11 NR McLaughlin et al, 1989 
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Table'16, Levels ofPCDDlFs in Canadian soit 

Location, 

Hamilton (880 m SE of municipal incinerator) 

Hamilton (880 m SE,ofmunicipal incinerator) 

Hamilton (880 m SE of municipal incinerator) 

Hainilton (880 in SE of municipal incinerator) 

. , Hamilton (880 m SE ofmu~icipal iricinerator) . 

Hamilton (1100 m SW of municipal incinerator) 

Hamilton (1100 m SW of municipal incinerator) 

Hamilton (1 ioo m SW of municipal incinerator) 

Hamilton (1100 m SW of municipal incinerator) 
. Hamilton (1100 m SW'ofmunicipal incinerator) 

. Hamilton (1260 m NE of municipal incinerator) 

Hamilton (1260 m NE of municipal incinerator) 

Hamilton (1260 m NE of municipal iricinerator) 

Hamilton (1260 m NE of municipal incinerator) 
Hamilton (1260 m NE of municipal incinerator) 
Hamilton (1260 m SWofmùnicipal incinerator) 

Hamilton (1260 m SW of municipal incinerator) 

Hamilton (1260 m SW of municipal incinerator) 

Hamilton'( 1260 m SW ·of rilUnicipal. incinerator) 
Hamilton (1260 mSW ofrilUnicipal.incinerator) 

. Hamilton (1570 m SSE of municipal incinerator) 

Hamilton (1570 m SSE of municipal incinerator) 

Hamilton(157.o in SSE of municipal incinerator) 

Hamilton (1570 m SSE ofmunicipai incinerator) 
Hami]ton (1570 m SSE of municipal incinerator) 

Hamilton (2020 m SSE ofmunicipalÏncinerator). 

Hamilton (2020 m SSE of municipal incinerator) 

Hamilton (2020 m SSE of municipal incinerator) 

Hamilton (2020 m SSE of municipal incinerator) 

Hamilton (2020 in SSE of municipal incinerator) 

Hamilton (2100 m SWofmunicipal incinerator) 

Hamilton (2100 m SW of municipal incinerator) 

Hamilton (2100 m SW ofmunieipal incinerator) 

Hamilton (2100 m SW of municipal inéinerator) 

Hamilton (2100 m SW of municipal incinerator) 

Hamilton (2140 m NE of municipal incinerator) 

Hamilton (2140 m NE of,municipal ineinerator) 

,,,Table 16 

~----------------------------------------~~~--~_._. 

Sa~ple 

Year N. Type Homologue 

1983 

1983 

1983· 

1983 

1,983' 
,i983 

1983' 

1983 

1983 
1983 

i983 

1983 
:1983 . 

1983 
1983 

1983 

1983 

1983 . 

1983 

1983. 

1983 

1983 '. 

1983 

1983 

1983 
1983 

1983 

1983 

1983 

1983 
. 1983 

1983 

1983 

1983 . 

1983 

1983 

1983 

0- 5' cm 

0-5em 

0-5em 

0-'5 cm 
. 0 - 5 cm 

0-5em 

0-5cm 

'"O-5em 

.0 -:5 cm 
0- 5 cm ' 

0-5em 

0-5em 
o ~ 5 cm' 

0-5em 
0-5em 
0-5'em, 

0-5 cm' 

0-5em 

0-5em 

0-5em 

0-5cm 

0-5cm 

0-5 cm 

0-5em 
'0'- 5 cm 

0-5cm 

0-5em 

0-5cm 

0-5cm 
'0-5em 

0-5cm 

0-5em 

0-5em 

0-5 cm· 
0: 5 cm' 

0-5em 

0-5em 

T4CDD 

PsCDD 
H6CDD 
H7CDD 
OCDD 
T4CDD 

PsCDD 
H6CDD 
H7CDD 
OC DO 
T4CDD 

. PsCDD 

H6CDD 
H7CDD 
OCDD 
T4CDD 

PsCDD 
H6CDD 

·H7CDD 
OCDD 
T4CDD 

PsCDD 
H6'CDD 

H7CDD 
OCDD 
T4CDD 

I\CDD 
H6CDD 
H7CDD 
OCDD· 
T4CDD 
P5CDD . 

H6CDD 
H7CDD 
OCDD· 
T4CDD· 
P5CDD 

" ' 

Conco 
(p.tgo!<g,t dw) . 

Mean(Range) 

< 0.0003 

< 0.0013 

< 0.0013 

< 0.0013 

0.12 
, < 0.0003 

< 0.0013 

< 0.0013 

< 0.0013 
,0.31 

< 0.0003 

< 0.0013 

< 0.0013 

0.15 
< 0.0013 
< 0.0003 

0.58 

0.17 

0.39 
3,5 

0.007 

.-< 0.0013 

< 0.0013 

0.042 
0.14, 

<0.0003 

< 0.0013 . 

< 0.0013 

0.042 

1.3 
< 0.0003 

< 0.0013 

< 0.0013 

< 0.0013 

0:075 
'< 0.0003 

< 0.0013 

TEQ 
(Jl.gokg,t dw) 

Mean (Range) 

NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR. 
.NR 
NR 
NR 

'NR 
NR 
NR 
NR 
NR 
NR 
NR 

. NR 
NR 
NR 
NR 

TEF' 

Source Reference· 

McLaughlin et al. 1989 

MeLaughlin et al .. 1989 

MeLaughlin et al. 1989 

MeLaughlin et al. 1989 . 

MeLaughlin et al. 1989 
MeLaùghlin'et al. 1989 

MeLaughlin et al. 1989 

MeLaughlin et al. 1989 

MeLaughlin et aL' 1989 

MeLaughlin et al. 19.89 
MeLaughlin et al. 1989 

MeLaughlin et al. 1989 

MeLaughlin et al. 1989 

MeLaughlin ct al. 1989 
MeLaughlin et al. 1989 

. MeLaughlin ct al. 1989 

MeLaughlin et al. 1989 

MeLaughlin et al. 1989 

MeLaugh[in et al. 1989 
MeLaughlin ct al. 1989 
MeLaughlin et al. 1989, 

MeLaughlin et al. 1989 

MeLaughlin et al. 1989 

MeLaughlin et al. 1989 

MeLaughlin et al. 1989 
MeLaughlin et al. 1989 

MeLaughlin et al. 1989 

MeLau'ghlin et al. 1989 

.. MeLaughlin et al. 1989 

McLaughlin et al. 1989 

MeLaughlin et al. 1989 

MeLaughlin et al .. 1989 

MeLaughlin ct al. 1989 

MeLaughlin et al. 1989 

MeLaughlin ct al. 1989 

MeLaughlin ct al. 1989 

MeLaughlin ct al. 1989 
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Table 16. Levéls of PCDD/Fs in Cinadï'an soi! 

Sam pie . Conc. TEQ TEl' 
Location Year N Type Homologue (/tg'kg- I dw) (Jlg·kg- I dw) Source Reference 

Mean (Range) Mean (Range) 

Hamilton (2140 m NE of municipal incinerator) .1 1983 0-5em H6CDD < 0.0013 NR MeLaughlin et al. 1989 
Hamilton (2140 m NE of municipal incinerator) 1983 0-5em H7CDD < 0.0013 NR . MeLaughlin et al. 1989 
Hamilton (2140 m NE of municipal incinerator) 1983 0-5em OCDD 0.05 NR MeLaughlin et al. 1989 
Hamilton (2380 m E of municipal ineinerator) 1983 0-5em T4CDD < 0.0003 NR MeLaughlin et al. 1989 
Hamilton (2380 m E of municipal ineinerator) 1983 0-5 cm' PsCDD < 0.0013 NR McLaughlin et al. 1989 
Hamilton (2380 m E of municipal ineinerator) 1983 0-5em H6CDD < 0.0013 NR MeLaughlin et al. 1989 
Hamilton (2380,m E of municipal ineinerator) 1983 0-5 cm . H7CDD < 0.0013 NR MeLaughlin et al. 1989 
Hamilton (2380 m E of municipal ineinerator) 1983 0-5em OCDD 1 NR MeLaughlin et al. 1989 
Hamilton (2480 m SW of municipal ineinerator) 1983 0-5em T4CDD < 0.0003 NR MeLaughlin et al. 1989 
Hamilton (2480 m SW of municipal incinerator) 1983 0-5em PsCDD < 0.0013 ,NR MeLaughlin et al. 1989 -',-

Hamilton (2480 m SW of municipal ineinerator) 1983 0-5em H6CDD < 0.0013 NR MeLaughlin et al. 1989 
Hamilton (2480 m SW of municipal ineinerator) 1983 0-5em H7CDD 0.27 NR MeLaughlin et al. 1989 
Hamilton (2480 m SW of municipal incinerator) 1983 0-5em OCDD 0.69 NR MeLaughlin et al. 1989 
Hamilton (70 m W of municipal ineinerator) . 1983 0-5em T4CDF 0.071 NR MeLaughlin et al. 1989 
Hamilton (70 m W of municipal ineinerator) 1983 0-5em PsCDF <0.00'13 NR MeLaughlin et al. 1989 
Hamilton (70 m W of municipal ineinerator) 1983 0-5em H6CDF <0.0013 NR MeLaughlin et al. 1989 
Hamilton (70 m W of municipal ineinerator) 1983 0-5em H7CDF <0.0013 NR MeLaughlin et al. 1989 " 
Hamilton (70 m W of municipal ineinerator) 1983 0-5em OCDF 0.009 NR MeLaughlin et al. 1989 
Hamilton (880 m SE of municipal ineinerator) 1983 0-5em' T4CDF 0.043 NR MeLaughlin et al. 1989 
Hamilton (880 m SE of municipal incinerator) 1983 0-5em PsCDF <0.0013 NR MeLaughlin et al. 1989 
Hamilton (880 m SE of municipal, ineinerator) 1983 0-5em H6CDF <0.0013 NR MeLaughlin et al. 1989 
Hamilton (880 m SE of municipal ineinerator) 1983 0-5em H7CDF <0.0013 NR MeLaughlin et al. 1989 
Hamilton (880 m SE of municipal incinerator) 1983 0-5em OCDF <0.008 NR MeLaughlin et al. 1989 
Hamilton (1100 m SW.ofmunieipal ineinerator) 1983 0-5em T4CDF <0.0013 NR MeLaughlin et al. 1989 

Hamilton (1100 m SW of municipal incinerator) 1983 0'- 5 cm PsCDF <0.0013 . NR MeLaughlin et al. 1989 
Hamilton (1100 m SW of municipal incinerator) ,1983 0-5em H6CDF <0.0013 NR· MeLaughlin et al. 1989 
Hamilton (1100 m'SW of municipal ineinerator) 1983 0-5em H7CDF <0.0013 NR MeLaughlin et al. 1989 
Hamilton (1100 m SW of municipal incinerator) 1983 0-5em OCDF <0.008 NR MeLaughlin et al. 1989 
Hamilton (1260 m NE of municipal ineinerator) 1983 0-5 cm T4CDF <0.0013 NR MeLaughlin et al. 1989 
Hamilton (1260 m SW of municipal ineinerator) 1983 0-5 cm. PsCDF <0.0013 NR MeLaughlin et al. 1989 
Hamilton (1260 m SW of municipal ineinerator) 1983 0-5em H6CDF <0.0013 NR McLaughlin et al. 1989' 

Hamilton (1260 m SW of municipal incinerator) 1983 0-5em H7CDF <0.0013 NR McLaughlin et al. 1989 
Hamilton (1260 m SW of municipal ineinerator) 1983 0-5em OCDF <0.008 NR McLaughlin et al. 1989 
Hamilton (1570 m SSE of municipal incinerator) 1983 0-5em T4CDF <0.0013 NR McLaughlin et al. 1989 
Hamilton (1570 m SSE of municipal ineinerator) 1983 0-5em PsCDF <0.0013 NR MeLaughlin et al. 1989 

Hamilton (1570 m SSE of municipal incinerator) 1983 0-5em H6CDF <0.0013 NR MeLaughlin et al. 1989 

Hamilton (1570 m SSE of municipal ineinerator) 1983 0-5em H7CDF <0.0013 NR McLaughlin et al. 1989 
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Table 16~ Levels ofPCDDlFs in Canadian soil 

Location 

Hamilton (1570 m SSE of municipal incinerator) 

Hamilton (2020 m SSE of municipal incinerator) 

Hamilton (2020 m SSE of municipal incinerator) 

Hamilton (2020 m SSE of municipal incinerator) 

Hamilton (2020 m SSE of municipal incinerator) 

Hamilton (2020 m SSE of municipal incinerator) 
Hamilton (2100 m SW of municipal incinerator) 

Hamilton (2100 m SW of municipal incinerator) 

Hamilton (2100 m SW of municipal incinerator) 

Hamilton (2100 m SW of municipal incinerator) . 
Hamilton (2100 m SW of municipal incinerator) 
Hamilton (2140 m NE of municipal incinerator) 

. Hamilton (2140 m NE of municipal incinerator) 

Hamilton (2140 m NE of municipal incinerator) 

Hamilton (2140 m NE of municipal iricinerator) 

Ham~lton (2140 m NE of municipal incinerator) 
Hamilton (2380 m E of municipal incinerator) 

Hamilton (2380 m E of municipal incinerator) 

Hamilton (2380 m E of municipal incinerator) 

Hamilton (2380 m E of municipal incinerator) 

Hamilton (2380 m E of municipal incinerator) 
Hamilton (2480 m SW of municipal incinerator) 

Hamilton (2480 m SW of municipal incinerator) 

Hamilton (2480 m SW of municipal incinerator) 

Hamilton (2480 mSW of municipal incinerator) 

Hamilton (2480 m SW of municipal incinerator) 

Urban control (4450 m SW of municipal incinerator) 

Urban control (4450 m SW of municipal incinerator) 

Urban control (4450 m SW of municipal incinerator) 

_ Urban control (4450 m SW of municipal incinerator) 

Urban control (4450 m SW of municipal incinerator) 

Urban control (5570 m ESE of municipal incinerator) 

Urban control (5570 m ESE of municipal incinerator) 

Urban control (5570 m ESE of municipal incinerator) 

Urban control (5570 m ESE of municipal incinerator) 

Urban control (5570 m ESE of municipal incinerator) 

Urban control (4450 m SW of municipal incinerator) 

Table 16 .. ~ ..... 

Sample. 

Year. N Type Homologue 

1983 

1983 

1983 

1983 

1983 

1983 

1983 

1983 

1983 

1983 
.1983 

1983 

1983 

1983 

1983 
1983 

1983 

1983 

1983 

1983 
1983 

1983 

1983 

1983 

1983 

1983 

1983 

1983 

1983 

1983 

1983 

1983 

1983 

1983 

1983 

1983 

1983 

0- 5 cm 

0-5cm 

0-5cm 

0-5cm 

0-5cm 

0-5em 

0-5em 

0-5em 

0-5em 

0-5em 

0-5em 
0-5em 

0~5em 

0-5cm 

0-5em 
0-5em 

0-5em 

0-5em 

0-5em 

0-5em 
0-5em 

0-5em 

0-5cm 

0-5em 

0-5 cm 

0-5 cm 

0-5em 

0-5cm 

0-5 cm 

0-5em 

0-5em 

0-5cm 

0-5em 

0-5em 

0-5em 

0-5em 
0-5em 

OCDF 

. T4CDF 

PsCDF 

H6CDF 

H7CDF 

OCDF. 
T4CDF 

PsCDF 

H6CDF 

H 7CDF 

OCDF 
T4CDF 

PsCDF 

H6CDF 

H7CDF 

OCDF 
T 4CDF 

PsCDF 

H6CDF 

H7CDF 

OCDF 
T4CDF 

PsCDF 

H6CDF 

H7CDF 

OCDF 
T4CDD 

PsCDD 

H6CDD 

1-17CDD 

OCDD 
T4CDD 

PsCDD 

1-16CDD 

1-17CDD 

OCDD 
T4CDF 

.. ' .. 

Conco 

{Jlgokg
ot 

dw) 
Mean (Range) 

<0.008 

<0.0013 

<0.0013 

<0.0013 

<0.0013 

0.005 

<0.0013 

<0.0013 

<0.0013 

<0.0013 
<0.008 

<0.0013 

<0.0013 

<0.0013 

<0.0913 
<0.008 

<0.0013 

<0.0013 

<0.0013 

<0.0013 

0.033 
<0.0013 

<0.0013 

<0.0013 

0.15 
<0.008 

< 0.0003 

< 0.0013 

< 0.0013 

0.005 

0.94 

< 0.0003 

< 0.0013 

< 0.0013 

0.097 

3.2 

0.009 

TEQ 

(J1gokg- t dw) 
Mean (Range) 

NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 

TEF 
Source Reference 

MeLaughlin et al. 1989 

MeLaughlin et al. 1989 

MeLaughlin et al. 1989 

MeLaughlin et al. 1989 

MeLaughlin et al. 1989 

MeLaughlin et al. 1989 

MeLaughlin et al. 1989 

MeLaughlin et al. 1989· 

MeLaughlin et al. 1989 

MeLaughlin et al. 1989 
MeLaughlin et al. 1989 

McLaughlin et al. 1989 

McLaughlin et al. 1989 

. McLaughlin et al. 1989 

MeLaughlin et al. 1989 
, McLaughlin et al. 1989 

McLaughlin et al. 1989 

MeLaughlin et al. 1989 

MeLaughlin et al. 1989 

MeLaughlin et al. 1989 

MeLaughlin et al. 1989 
MeLaughlin et al. 1989 

MeLaughlin et al. 1989 

MeLaughlin et al. 1989 

MeLaughlin et al. 1989 

MeLaughlin et al. 1989 

MeLaughlin et al. 1989 

MeLaughlin et al. 1989 

MeLaughlin et al. 1989 

MeLaughlin et al. 1989 

MeLaughlin et al. 1989 

MeLaughlin et al. 1989 

McLaughlin ct al. 1989 

MeLaughlin et al. 1989 

MeLaughlin ct al. 1989 

McLaughlin et al. 1989 

McLaughlin et al. 1989 
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Table 16. Lèvels of PCDDiFs inCanadian sOlI 

Sample Conc. TEQ TEF 

Location Year N Type Homologue (/.tg·kg- I dw) (/.tg·kg- I dw) Source Reference 

Mean (Range) Mean (Range) 

Urban control (4450 m SW of municipal incinerator) 1983 0-5cm PjCDF 0.006 NR McLaughlin et al. 1989 
Urban control (4450 m SW of municipal incinerator) 1983 . 0-5 cm H6CDF <0.0013 NR McLaughlin et' al. 1989 
Urban control (4459 m SW of municipal incinerator) .1983 0-5cm H7CDF <0.0013 NR McLaughlin et al. 1989 
Urban control (4450 m SW of municipal incinerator) ·1983 o -·5.cm OCDF <0.008 NR McLaughlin et al. 1989 
Urban control (5570 m ESE of municipal incinerator) .1983 0-5cm T4CDF 0.068 NR McLaughlin et al. 1989 

. Urban control (5570 m ESE of municipal incinerator) 1983 0-5cm PjCDF <0.0013 NR McLaughlin et al. 1989 
Urban control (5570 m ESE of municipal incinerator) 1983 0-5cm H6CDF <0.0013 NR McLaughlin et al. 1989 
Urban control (5570 m ESE of municipal incinerator) 1983 0-5cm H7CDF <0.0013 NR McLaughlin et al. 1989 
Urban control (5570 m ESE of municipal incinerator) 1983 0-5cm OCDF 0.081 NR McLaughlin et aL 1989 
Rural control (22000 m N of municipal incinerator) 1983 0-5cm T4CDD < 0.0003 NR McLaughlin et al. .1989 
Rural control (22000 m N of municipal incinerator) 1983 0-5cm PsCDD < 0.0013 NR McLaughlin et al. 1989 
Rural control (22000 m N of municipal incinerator) 1983 0-5cm H6CDD < 0.0013 NR McLaughlin et al. 1989 
Rural control (22000 m N of municipal incinerator) 1983 0-5cm H7CDD < 0.0013 NR McLaughlin et al. 1989 
Rural control (22000 m N of municipal incinerator) 1983· 0-5 cm OCDD 0.81 NR McLaughlin et al. 1989 
Rural control (22000 m N of municipal incinerator) 1983 0-5cm T4CDF <0.0013 NR McLaughlin et al. 1989 
Rural control (22000 m N of municipal incinerator) 1983 0-5cm PsCDF <0.0013 NR McLaughlin et al. 1989 
Rural control (22000 m N of municipal incinl?rator) 1983 0-5cm H6CDF <0.0013 NR McLaughlin et al. 1989 
Rural control (22000 m N of municipal incinerator) 1983 0-5cm H7CDF <0.0013 NR McLaughlin et al. 1989 
Rural control (22000 m N of municipal incinerator) 1983· 0-5cm OCDF <0.008 NR McLaughlin et al. 1989 

British Columbia< 
Background soil NR 53 T4CDD ND 0.005 (0.0 - 0.057) [-TEF Van Oostdam & Ward 1995 

Background soil NR 53 T4CDF 0.003 (ND - 0.032) NR [-TEF Van Oostdam & Wafd 1995 

Primary soil (ail sources) NR 31 T4CDD 0.005 (ND - 0.085) - 0.252 (0.0 - 2.58) I-TEF Van Oostdam & Ward 1995 

Primary soil (ail sources) NR 31 T4CDF 0.048 (ND - 0.52) NR [-TEF Van Oostdam & Ward 1995 
Primary soil (chemical sources) NR 18 T4CDD 0.0084 (ND - 0.085) 0.419 (0.0 - 2.58) I-TEF Van Oostdam & Ward 1995 
Primary soil (chemical sources) NR 18 T4CDF 0.006 (ND - 0.52) NR I-TEF Van Oostdam & Ward 1995 

Primary soil (combustion sources) NR 13 T4CDD 0.0008 (ND - 0.0035) 0.22 (0.0 - 0.126) [-TEF Van Oostdam & Ward 1995 

Primary soil (combustion sources) NR 13 T4CDF 0.031 (ND-0.16) NR [-TEF Van Oostdam & Ward 1995 

Secondary soil (ail sources) NR 137 T4CDD 0.0054 (ND - 0.55) 0.242 (0.0 - 18.7) [-TEF Van Oostdam & Ward 1995 

Secondary soil (ail sources) NR 137 T4CDF 0.025 (ND - 0.055) NR [-TEF Van Oostdam & Ward 1995 

Secondary soil (chemical sources) NR 47 T4CDD 0.ûl5 (ND - 0.055) 0.669 (0.0 - 18.7) [-TEF Van Oostdam & Ward 1995 

Secondary soil (chemical sources) NR 47 T4CDF 0.061 (ND - 0.055) NR [-TEF Van Oostdam & Ward 1995 

Secondary soil (combustion sources) NR 90 T4CDD 0.00009 (ND - 0.0056) 0.0187 (0.0 - 0.473) [-TEF Van Oostdam & Ward 1995 

Secondary soil (combustion sources) NR 90 T4CDF 0.0065 (ND - 0.18) NR [-TEF Van Oostdam & Ward 1995 

'. 

Note: With the exception of Van Oostdam and Ward (1995) measurements for each c1ass represent the sum ofseveral congeners, 
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Table 16. Levels of PCDD/Fs in Canadian soil 

Sample 
Location Year N Type Homologue 

sorne ofwhich are not chlorinated in ail 2, 3, 7 and 8 positioris. 
ND - not detected 
NR - not reported . 

aestirnated con'centration 

bas cited in OMOE 1985 

Conc. 

(flg·kg-I dw) 
Mean (Range) 

TEQ 

(flg·kg-I dw) 
Mean (Range) 

. Cbackground samples are believed to be indicative of arnbient levels ofPCDDIF. prirnary sampi es are collected irnrnediately at a potential source of contamination. 
Secondary sampi es were collected from areas directly irnpacted by the primary source. 

Table 16 
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TEF 

Source Reference 
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Table 17. Levels of PCDD/Fs in ditch water of railway right-of-way and other land use in the lower Mainland of British Columbia 

Concentration [mean' Jlg·kg·· dw'(f/n; range)b[ 

Railway 

Homologue Parkland Farm Ditches Ballasts Ditches 4 m upstream Adjacent (0 - 0.3 m) 4 m downstream Reference 

Ditches of pole to pole ofpole 

T4CDD . ND (0/3) ND (0/5) ND (0/5) ND (0/5) ND (0/5) ND (0/5) ND (0/5) Wan & Van Oostdam 1995 

PsCDD ND (0/3) ND (0/5) ND (0/5) ND (0/5) ND (0/5) 0.5 (5/15; 0.05 - 1.1) ND (0/5) Wan & Van Oostdam 1995 

H6CDD ND (0/3) ND (0/5) 0.4 (1/5) ND (0/5) ND (0/5) 1.8 (9/15; 0.15 - 4.3) ND (0/5) Wan & Van Oostdam 1995 

H6CDD ND (0/3) ND (0/5) 0.8 (2/5; 0.15 - 1.3) 0.1 (2/5; 0.05 - 0.22) ND (0/5) 19.1 (9/15; 0.41 - 58.9) 0.1 (2/5; 0.05 - 0.17) Wan & Van Oostdam 1995 

H6CDD ND (0/3) ND (0/5) 0.6 (1/5) ND ND (0/5) 3.6 (9/15; 0.18 - 11.4) 0.1 (1/5) Wan & Van Oostdam 1995 

H7CDD ND (0/3) 0.4 (3/5; 0.05 - 0.76) 16.4 (5/5; 0.09 - 66) 1.5 (5/5; 0.05 - 5.2) ND (0/5) . 208 (15/15; 0.08 - 769) 1.2 (5/5; 0.41 - 1.93) Wan & Van Oostdam 1995 

OCDD ND (0/3) 1.6 (4/5; 0.15 - 3.7) 217.7 (5/5; 0.47 - 866) 12.4 (5/5; 0.43 - 48) ND (0/5) 1754 (15/15; 0.08 - 10236) 10.1 (5/5; 2.2.- 13.4) Wan & Van Oostdam 1995 
Total ND 2 236 14 ND 1987 11.5 Wan & Van Oostdam 1995 

CD< ND 3.7 277 18.8 ND 2576 14 Wan & Van Oostdam 1995 

Furans 
T4CDF ND (0/3) ND (0/5) ND (0/5) ND (0/5) ND (0/5) 2 (3115; 0.52 - 2.38) ND (0/5) Wan & Van Oostdam 1995 

PsCDF ND (0/3) ND (0/5) 0.2 (115) 0.1 (1/5) ND (0/5) 2 (2115; 1.8 - 2.1) 0.1 (1/5) Wan & Van Oostdam 1995 . 

H6CDF ND (0/3) ND (0/5) 0.4 (2/5; 0.12 - 0.47) 0.1 (1/5) ND (0/5) 2.7 (10/15; 0.24 - 6.61) ND (0/5) Wan & Van Oostdam 1995 

~CDF ND (0/3) ND (0/5) 0.3 (1/5) 0.1 (1/5) ND (0/5) 1 (7/15; 0.31 - 2.22) ND (0/5) Wan & Van Oostdam 1995 

~CDF ND (0/3) ND (0/5) 0.2 (2/5; 0.05 - 0.41) 0.2 (115) ND (0/5) 1 (6/15; 0.18 " 2.07~ ND (0/5) Wan & Van Oostdam 1995 

H6CDF ND (0/3) ND (0/5) ND (0/5) ND (0/5) ND (0/5) 0.4 (2/15; 0.21 - 0.42) ND (0/5) Wan & Van Oostdam 1995 

H7CDF ND (0/3) ND (0/5) 0.5 (3/5; 0.18 - 1.2) 0.1 (115) ND (0/5) 94 (15115; 0.08 - 679) 0.3 (5/5; 0.16 - 0.43) Wan & Van Oostdam 1995 

OCDF ND (0/3) 0.3 (3/5; 0.06 - 061) 42.5 (5/5; 0.05 - 171 1.9(5/5;0.11-7.81) ND (0/5) 732 (15115; 1.95 - 5000) 1.5 (5/5; 0.08 - 1.71) Wan & Van Oostdam 1995 
Total ND 0.3 44.1 2.5 ND 835 1.9 Wan & Van Oostdam 1995 

CFt ND 0.7 93.4 6.5 ND 1278 3.2 Wan & Van Oostdam 1995 

ND - not detected 

"Mean concentration of positive occurrence, and adjusted for recovery efficiency 

bf = Frequency of occurrence, / =out of, n = no. of sampling sites; range of concentrations 

<Mean total CD (chlorinated dibenzo-p-dioxins) or CF (chlorinated dibenzofurans), including isomers not listed, and adjusted for recovery efficiency 
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Table 18. L'èV~ls ofT4CDD,T4CDF, and tEQ i-'l surfac'e Water and groundwater.in Canada. 

Location. Sample Year N T4CDD T4CDF TEQ TEF Reference 

Type (pg·L· 1
) (pg·L·1

) 
1 '. 

(pg'L' ) Source 

Mean (Range) Mean (Range) Mean (Range) 

Surfdce Water 
. British Columbia 

British Columbia, background surface runoff DW NR 5· 0.4 (ND - 1) ND 2.1 (0 -6.4) I-TEFs Van Oostdam & Ward 1995 

British Columbia, background surface rurioff 
DW NR 2 ND ND 0 I-TEFs Van Oostdam & Warci 1995 

(filtrate)" 
. British Columbia, background surface runoff 

(particulate)" : 
DW NR' 2 ND ND 0 I-TEFs Van Oostdam & Ward 1995 : 

British Columb~a, secondary surface runoff DW NR 10 7.5 (ND -70) 174.1 (ND - 1700) 1072 (0.03 - 10482 I-TEFs Van Oostdam & Ward 1995. 

~ritish Columbia, background water 
a DW NR ND ND 0 I-TEFs . Van Oostdam & Ward 1995' 

British C~lumbia, background water (filtrate)" PF NR 1 ND ND 0 I-TEFs Van Oostdam & Ward 1995 

British Columbia, secondary water DW NR' 3 ND 4.3 (ND - 8.6) 25.8 (0.1 - 40.1) I-TEFs Van Oostdam & Ward 1995 
British Columbia, secondary water (filtrate) DW NR 5 ND ND 0.4 (0.1.~ 1.2) I-TEFs \ Van Oostdam & Ward 1995 
Fraser River at Prince George PC 1989 <3 <2 0.1 I-TEFs 'BCMOE 1989 

Fraser Rive~ at Ques~el DW '1989 <5 <4 2 I-TEFs BCMOE 1989 
Peace River at Hudson Hope DW 1989 <3' < 3. . 0.52 I-TEFs I3CMOE 1989 

Thompson River at Ashcroft PC 1989 <8 <6 0.08 I-TEFs BCMOE 1989 
Thompson River at Savona .PC 1989 <8 <5 0.05 I-TEFs BCMOE 1989 
Thompson River at Walhachin DW 1989 1· < 10 <;7 0.05 17TEFs BCMOE 1989 
Columbia Rivér at Warfield . DW 1989 1 <5 <4 0.12 I-TEFs BCMOEI989· 
Columbia River at WarfieId PC 1989 1 <6 <5 0.18 I-TEFs BCMOE 1989 
Columbia River at Warfield PC,PF . 1989 1· <5 <4 0.1 I-TEFs I3CMOE 1989 

.! 

Alberta 
Elbow River at Calgary (G1enmore) PC,PF 1989 <7.4 < 4.5 N,R . Alberta Environment 199), 
Elbow River ai Calgary (G1enmore) . DW 1989 <7 < 5.7 .NR Alberta Environment 1991 
Bow River at èalgary (Bearspaw) PC,PF 1989 < 7.2 <2.6 NR Alberta Environment 1991 
Bow River at Calgary (Bearspaw) DW 1989 <: 7.1 < 4.3 NR Alberta Environment 1991 
Bow River at Morley' DW . 1989 <8.1 < 4.7 NR Alberta Environment 1991 
South Saskatchewan River at Medicine Hat PC,PF 1989 < 8.2 < 5.5 . NR' Alberta Environment 1991 
South Saskatchewan River at Medicine Hat DW 1989 ::: 8.6 <6.0 NR Alberta Environment 1991 .' 
South Saskatchewan River at Redcliffe DW. 1989 ..< 5.2 < 3.5 NR Alberta Environment 199 l' 

South Saskatchewan River at Redcliffe PC,PF 1989 <4.6 <3.6 NR Alberta Environment 1991 
South Saskatchewan River at Ralston DW 1989 < 8.3 <6.0 NR Alberta Environment 1991 
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.. Tab,le18_: Levels of T 4C·DD,.T4CDF, ànd TEQ in surface water and groundwater in Canada: 

,. 
1'. • 

Loèation .' Sample Year N T4CDD T4CDF TEQ TEF Reference 

" Type. (pg-L-1
). (pg-L- 1

) (pg-L-1
) Source 

.Mean (Range) . Mean (Range). Mean (Rarige) 

Soutn Saskatchewan River ?t Ralston PC,PF 1989 < 5.1 < 6.5 'NR . Alberta Environment 1991 
IrrigatiorilBow River at Brooks DW /1989 . 1 < 9.4 . <6 NR . Alberta Environment 1991 . 
Irrigation/Bow River at Brooks PC,PF' '1989 ·1 . <6.7 :< 5~3 NR Alberta Environment 1991 
IrrigationiBow River at Strâthmore DW 1989' 1 '< 11.5 < 7.5 NR 1 Alberta Environmeilt 1991 
Irrigation/Bow River at Strathmore PC,PF' 1989 < 12.5 <2.1" NR Alberta Environment 1991 
IrrigationlBow River.,at Milo PÇ,PF. 1989 <9.1 < 4.3 . NR Alberta Environmcnt 1991 

Athabasca River at Jasper .DW 1989 ND ND NR Milos 1990 
. Athabasca River at Hinton DW 1989 ND ND NR Milos 1990 . 

Athabasca Rivt<r at Hinton . DW 1989 ND ND NR Milos 1990 
Athabasca River at Hinton . PC,PF 1989 ND ND NR Milos 1990 
Athabasca River at Smith DW 1989 ND ND: NR Milos 1990 
Athabasca River at Smith PC,PF 1989 ND ND NR Milos 1990 
Athabasca River at Àthabasca DW 1989 ND ND NR Milos 1990 
Athabasca River at Athabasca PC,PF 1989 ND ND NR Milos1990 
Wapiti River at Grand Prairie DW 1989 ND ND NR Milos 1990 
Wapiti River at Grand Prairie PC,PF 1989 ND ND . NR' Milos 1990· 
Peace River at Peace River· DW . 1989 ND ND NR Milos 1990 
Pc ace River at Peacc River PC,PF 1989- 1· ND ND NR Milos 1990 
Peacc River.at Fort Verrnillion . DW 1989 1 ND ND NR: Milos 1990 
Peace Rivèr at Fort Verrnillion PC,PF . 1989 1 ND ND. . NR Milos 1990 

Ontario 
13 Municipal water supplies DW 1980-81 20 <1000 NR NR OMOE 1985 
Lake Ontario (Niagara Falls) DW. 1980-81 14 .< 1000 NR NR OMOE 1985 

. Lake Ontario (Niagara Falls) DW 1981-82 9 <250 NR NR OMOE 1985 
La,ke Ont~rio (Niagara-on-the-Lake) DW 1980-81 13 < 1000 NR NR OMOE 1985 
Lake 'Ontario (N iagara-on-the-Lake) DW 1981-82 10 <250 NR NR '. OMOE 1985 
Lake Ontario (St. Catherines) DW 1980-81 13 < 1000 NR NR OMOE 1985 
Lak~ Ontario (St. Catherines) . DW 1981-82 3 <250 NR NR' OMOE 1985 .. 
Lake Ontario (Fort Eric) DW 1980-81 14 < 1000 NR NR OMOE 1985 
LakeOntario (Fort Eric) DW 1981-82 7 <250 NR NR OMOE 1985 
Lake Ontario (Grimsby) NR.: 1981-82 <250 NR NR OMOE 1985 

. Lake Ontario (Port Colbomè) NR . 1981-82 <250 NR NR OMOE 1985 
Lake Ontario (LjncolnNineland) D.W 1980-81· < 1000 NR NR OMOE 1985 

Table 18 'Page 2 of3 .. - - ,- .. .... - -, - .. - .. .. - ' .. ,- - - -



.. '- .. --, ...... '- -- .. 
Location Sample ' Year N . T4CDD T4CDF TEQ TEF Reference 

• Type (pg'L-1
) (pg_i,-I) (pg-L- 1

) Source 
Mean (Range) Mean (Range) Mean (Range) 

Lake'Ontario (LincolniBearrisville) NR' 'J981-82 < 250 NR NR OMOE 1985 

Lake Ontario (Niagara Falls) PC,PF 1980-81 12 < 1000 NR NR OMOE 1985 

, Lake Ontario (Niagara Falls) PC,PF ,1981-82 9 . < 250 NR NR OMOE 1985 
Lake Ontario (Niagara-on-the-Lake) PC,PF 1980-81 Il' < 1000 NR NR OMOE'I985 
Lake Ontario (Niagara-on-the-Lake) PC,PF 1981-82 8 < 250 NR NR OMOE 1985 
Like Ontario (St. Catherines) PC,PF 1980-81 13 < 1000 NR NR OMOE 1985 

Lake Ontario (St. Catherines) PC,PF 1981-82 3 < 250 NR NR OMOE 1985 

Hinton combined effluent ' 1993 NR 0.35 0.78 NR Crosley 1993 

Groundwater 
British Columbia 
Pr~nce George (College Heights) DW '1989 <3 <3 NR BCMOE 1989 
Skookumchuk (near pulpmill) DW ,1989 0< 10 <7 NR BCMOE 1989 

Castlegar (near Brilliant) DW 1989 <10 <7 NR BCMOE 1989 

Sample'Typ'e: DW = raw water; PC = post chlorination; PF = post filtration. 
NR = nat reported; ND = not detected. ' . 

"background samples are believed tobe indicative of limbient levels of dioxins and furans in the environment 
secondary samples wère collected from areas directJy impacted by the primary .source, and could be usect to indicate movement of contaminants 
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Table 19_ Levels of PCDD/Fs ill precipitation in Ontario, Canada (pg-L-1

) 

1 Year Congener Dorset Toronto Island Reference 

1 1986 T4CDD NR Tashiro & Clement 1989 

1986 P5CDD NR Tashiro & Clement 1989 

1986 H6CDD NR Tashiro & Clement 1989 

1 1986 H7CDD 70 Tashiro & Clement 1989 

1986 OCDD 120 - 620 Tashiro & Clement 1989 

1987 T4CDD NR Tashiro & Clement 1989 

1 1987 P5CDD NR Tashiro & Clement 1989 

1987 H6CDD NR Tashiro & Clement 1989 

1 
1987 H7CDD NR Tashiro & Clement 1989 

1987 OCDD 60 - 1200. Tashiro & Clement 1989 

1987-88 T4CDD NR <3 Reid et al. 1990 

1 1987-88 P5CDD NR <20 Reid et al. 1990 

1987-88 H6CDD NR <9 Reid et al. 1990 

1987-88 H7CDD NR <8 Reid et al. 1990 

.1 1987-88 OCDD <20 - 180 <20 Reid et al. 1990 

1988 T4CDD <3 0.7 - <3 Reid et al. 1990 

1 
1988 P5CDD <20 7 - <20 Reid et al. 1990 

1988 H6CDD 2.7 - <9 1.2 - <9 Reid et al. 1990 
1 

1988 H7CDD 5.0 - <8 0.8 - <8 Reid et al. 1990 

1 1988 OCDD 17.1 - <20 <20 Reid et al. 1990 

1986 T4CDF NR Tashiro & Clement 1989 

1986 P5CDF NR Tashiro & Clement 1989 

1 1986 H6CDF NR Tashiro & Clement 1989 

1986 H7CDF 9 Tashiro & Clement 1989 

1986 OCDF 17 Tashiro & Clement 1989 

1 1987 T4CDF NR Tashiro.& Clement 1989 

1987 P5CDF NR Tashiro & Clement 1989 

,1 1987 H6CDF 16 Tashiro & Clement 1989 

1987 I-hCDF NR Tashiro & Clement 1989 

1987 OCDF NR Tashiro & Clement 1989 

1 1988 T4CDF <3 <3-5 Reid et al. 1990 

1988 P5CDF 0.2 - 0.6 < 6 - 6 Reid et al. 1990 

1988 H6CDF 2 - <5 0.7 - 6 Reid et al. 1990 

1 1988 H7CDF 1.4 - <6 0.8 - <6 Reid et al. 1990 

1988 OCDF 0.8 - <10 <10 Reid et al. 1990 

1 Note:' Exeept for the oeta eongener, rneasurernents for eaeh class represent the surn of several eongeners, 

sorne of whieh are not ehlorinated in ail 2, 3, 7 and 8 positions . 

1 
. NR = not reported. 
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Table 20. Levels ofT4C:DD, T4CDF, and TEQ in freshwater sediments in Canada. 

Location Year ' N Sample TOC Clay Silt Sand Gravel T 4CDD T 4CDF TEQ TEF Reference 

Depth (cm) (% dw) (%) (%) (%) (%) (ng'kg-1
) (ng'kg-1

) (ng'kg- 1
) Source 

Mean (Range) Mean (Range) Mean (Range) 

British Columbia 
British Columbia (background 

NR 12 ND 1.4(N0 -17) 3.9 (0.0 - 24.4) I-TEFs 
Van Oostam & Ward 

sediment)" 1995 

British Columbi~ (secondary 
NR 21 0.2 (ND - 2.7) 3.5 (ND - 33) 32.5 (0.0 - 172.0) I-TEFs 

Van Oost am & Ward 

sediment (ail sources» 1995 
British Columbia (secondary 

NR 14 0.2 (ND - 2.7) 3.8 (ND - 33) 42.1 (0.0 - 172) I-TEFs 
Van Oostam & Ward 

sediment (chemical sources)) 1995 
British Columbia (secondary 

NR 7 0.2 (ND - 1.1) 3.0 (ND -12) 13.2 (0.0 - 63.6) I-TEFs 
Van Oostam & Ward 

sediment (combustion 1995 
Thompson River at Kamloops 

1988 1 - 4 0.7 5.4 13.3 73.1 8.2 < 15 <10 NR Mah et al. 1989 
(VIS) 
Thompson River at Kamloops. 

1988 1 - 4 0.27 3.3 7.3 88.2 1.2 <15 <10 NR Mah et al. 1989_ 
(VIS) 
Thompson River at Kamloops 

(VIS) 
1988 1 - 4 0.37 4.8 25.4 67.9 1.9 < 15 <10 NR Mah ct al. 1989 

North Thompson River (VIS) 1990 0-3 1.9< 4.9 23.8 71.3 0 < 2.9 < 1.4 3.6 I-TEFs 
Owernychuk et aL 
1991b 

Thompson River at Kamloops 
1988 1 - 4 1.2 2.5b

· 
(DIS) 

97.1 0.4 < 15 3168 NR Mah et al. 1989 

Thompson River at Kamloops 
1988 1 - 4 LI 3.4b 

(DIS) . 
96.1 0.5 < 15 2445 NR Mah et al. 1989 

Thompson River at Kamloops 
1988 1 - 4 0.28 lO.4b 86.6 0 < 15 68.5 NR Mah et al. 1989 

(DIS) 
Lowef Thompson River at 

1990 0-3 3.5< 9 8.5 72.2 10.3 <2.9 42 8.4 I-TEFs 
Owernychuk et al. 

Walhachin 1991b 
Lower Thompson River at 
Spences Bridge 

1990 0-3 4.4< 8.7 25.9 65.4 0 < 2.1 8.9 3.8 I-TEFs 
Owernychuk et al. 
1991b 

Kamloops Lake 1990 0-3 1.6< 2.9 23.4 73.7 0 <2.7 < 3.5 2.1 I-TEFs 
Owernychuk et al. 
1991b 

Kitimat River (VIS) NR 1 - 4 0.66 5.3 23.6 71.1 0 <4 <4 18.3 I-TEFs Trudel 1991 
Kitimat River (VIS) NR 1 - 4 0.77 7 36.9 55.9 0.2 <4 <4 16.3 I-TEFs Trudel 1991 

Kitimat River (VIS) NR 1 - 4 0.39 4.2 lU 84.3 0.2 <2 <2 16.3 I-TEFs Trudel1991 
Kitimat River (DIS) NR 1 - 4 0.55 5.3 31.1 63.6 0 <2 <2 17.8 I-TEFs Trudel 1991 
Kitimat River (DIS) NR 1 - 4 0.25 5.4 16.9 77.6 0.1 ~ <2 <2 19.6 I-TEFs Trudel 1991 

Kitimat River (DIS) NR 1 - 4 1.86 12 62.6 25.4 0 < 1 < 1 . 70.4 I-TEFs Trudel 1991 
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. Table 20. Levels ofT4CDD, T4CDF, and TEQ in freshwater sediments in Canada. 

Location 

. Tudyah Lake (near MacKenzie 
- UlS) 
Tudyah Lake (near MacKenzie 
- UlS)' . 

Tudyah Lake (near MacKenzie 
- UlS) 
Willislon Lake (DiS) 
Willislon Lake (D/S) 
Willislon Lake (D/S) 
Willislon Lake (D/S) 
Willislon Lake (D/S) 
Willislon Lake (D/S) 
Fraser River al Hansard (UlS) 
Fraser River al Hansard (UlS) 
Fraser River al Hansard (UlS) 
Fraser River al Northwood 
mill (D/S) 
Fraser River al Northwood 
mill (D/S) 
Fraser River al Northwood 
mill (D/S) 
Fraser River al Prince George 
(D/S) 
Fraser River al Prince George 
(O/S) 
Fraser River al Prince George 
(D/S) 
Fraser River al Prince George 
(O/S) 
Fraser River al Prince George 
(O/S) 
Fraser River at Quesriel (UlS) 
Fraser River at Quesnel (UlS) . 
Fraser River al Quesnel (UlS) 
Fraser River at Quesnel (D/S) 

Table 20 

- - 1-

Year N 

1988 

1988 

1988 

1988 
1988 . 
1988 
1988 
1988 
1988 
1988 
1988 
1988 

1988 

1988 

1988 

1988 

1988 

1988 

1990 

1990 

1988 
1988 
1988 . 

. 1988 

-

Sample TOC Clay 

Depth (cm) (% dw) (%) 

1 - 4 

1 - 4 

1 - 4 

1 - 4 
1 - 4 
1 - 4 
1 - 4 
1 - 4 
1 - 4 
1 - 4 
1 - 4 
1 - 4 

1 - 4 

1 - 4 

1 - 4 

1 - 4 

1 - 4 

1 - 4 

0-3 

0-3 

1 - 4 
1 - 4 
1 - 4 
1-4 

.. 

0.42 

0.4 

0.51 

10.6 
5.8 
4.4 
24 

16.7 
5.9 

0.52 
0.97 
0.87 

12 

6.8 

6.4 

0.42 

0.47 

0.15 

NR 
0.59 
0.76 
0.67 

3.2 

4.3 

3.9 

20 
19.7 
21.9 
1.5 
7.4 

30.3 
8.1 
8.3 

37.2 

5.7 

5.5 

5.8 

5.2 

4 

5.6 

6.6 

NR 
9.2 
9.7 
10.8 

- .• 

Silt Sand Gravel 

(%). (%) (%) 

4.2 

8.6 

5.4 

51.8 
77.4 
69.2 
5.8 
21 

66.7 
46.7 
56.2 
54.8 

60.9 

34.8 

38.5 

40.4 

27 

9.1 

39.4 

38.4 

NR 
46.5 
42.3 
28.3 

91.6 

86.7 . 

90.4 

27.4 
2:9 
8.9 

92.7 
76.6 

3 
45.2 
33.6 
5.8 

33.2 

60.2 

55.9 

53.6 

67.3 

86.9 

55 

55 

NR 
44 

47.2 
59.5 

-

0.4 

0.3 

0.8 
o 
o 
o 
o 
o 
o 

1.9 
2.2 

0.2 

o 

o 

0.2 

0.5 

o 

o 

o 

NR 
0.3 
0.8 
1.4 

-

T 4CDD 

(ng'kg- I
) 

Mean (Range) 

< 15 

< 15 

< 15 

< 15 
< 15 
< 15 
<15 
< 15 
< 15 
< 15 
< 15 
< 15 

< 15 

< 15 

< 15 

< 15 

< 15 

<15 

<2.3 

< 2.8 

< 15 
< 15 
< 15 
< 15 

T 4CDF 

(ng'kg- I
) 

Mean (Range) 

< 10 

<\0 

< 10 

2077 
982 
1081 
< 10 
<10 
286 
<10 
<10 
< 10 

274 

69.9 

44.6 

50.7 

63.7 

<10 

< 0.9 

< 2.1 

134 
<10 
36.8 
195 

- - .. 

TEQ 

(ng'kg- I
) 

Mean (Range) 

-

NR 

NR 

NR 

NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 

NR 

NR 

NR 

NR 

NR 

NR 

3.9 

5 

NR 
NR 
NR 
NR 

-

. TEF Reference 

Source 

I-TEFs 

I-TEFs 

Mah et al. 1989 

Mah el al. 1989 

Mah el al. 1989 

Mah et al. 1989 
Mah el al. 1989 
Mah et al. 1989 
Mah el al. 1989 
Mah et al. 1989 
Mah et al. 1989 
Mah et al. 1989 
Mah et al. 1989 
Mah et al. 1989 

Mah et al. 1989 

Mah et al. 1989 

Mah et al. 1989 

Mah et al. 1989 

Mah et al. 1989 

Mah et al. 1989 

Owernychuk el al. 
1991b 
Owcrnychuk et al. 
1991b 
Mah et al. 1989 
Mah et al. 1989 
Mah ct al. 1989 . 
Mah et al. 1989 
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Table 20. Levels ofT4CDD, T4CDF, and TEQ in freshwater sediments in Canada. 

Location Year N 

Fraser River at Quesnel (DIS) 1988 
Fraser River at Quesnel (DIS) 1988 

Fraser Riverat Quesnel (DIS) 1988 

Fraser River at Quesnel (DIS) 1988 

Fraser River at Quesnel (DIS) 1988 

Fraser River at Quesnel (VIS) 

Fraser River at Quesnel (DIS) 

Fraser River at Hansard . 

Fraser River at Stoner 

Fraser River at Dog Creek 

Fraser River at Hope 

Fraser River at Mission 

FraSer River at Mission (DIS) 

North Ann of the Fraser River' 

South Ann of the Fraser River 

Kootenay River at Cranbrook 
(VIS) 
Kootenay River at Cran brook 

(VIS) 
Kootenay River at Cran brook 
(DIS) 
Kootenay River at Cranbrook 
(DIS) 

Table 20 

1990 

1990 

1990 

1990 

1990 

1990 

1990 

1990 

1990 

1990 

1988 

1988 

1988 

1988 

Sample TOC ClaySilt Sand Gravel 

(%) (%) Depth (cm) (% dw) (%) (%) 

1 - 4 
1 - 4 

1 - 4 

1 - 4 

1 - 4 

0-3 

0-3 

0-3 

0-.3 

0-3 

0-3 

0-3 

0-3 

0-3 

0-3 

1 - 4 

1 - 4 

1 - 4 

1 - 4 

0.22 
0.15 

2.4 

0.22 

2.5 

2.6C 

2.3C 

2.3C 

3.3C 

4.I C 

2.I C 

1.1 C 

4.6C 

5.4 

4.7 

13 

4.2 

7.5 33:2 57.9 1.4 
12 14.3 46.5 27.2 

7.5 33.5 49.2 9.8 

3.4 5.8 89.9 0.9 

11.4 61.T 26.6 .0.3 

Il.8 42.8 45.4 o 

9.8 41.8 48.4 o 

26.3 48.6 25.1 o 

5.8 34.8 59.4' o 

9 56 35 o 

9.6 59.5 30.9 o 

14.2 65.1 20.7 o 

6.9 41.6 51.5 o 

2.4 7.4 90.2 . o 

17.2 75.8 7 o 

6.2 27.9 65.9 o 

5.4 21.4 73.2 o 

8.5 54 37.5 o 

5.9 20.9 73.2 o 

- - -
T 4CDD 

(ngokgol ) 
Mean (Range) 

< 15 
< 15 

< 15 

< 15 

< 15 

< 1.8 

<2.9 

< 1 

< 1.4 

< 2.5 

< 2.2 

<2 

<1.3 

<1.1 

< 1.8 

< 15 

< 15 

< 15 

< 15 

T 4CDF 

(ngokgol ) 
Mean (Range) 

159 
120 

238 

36.6 

213 

< 1.4 

2 

< 0.9 

< 1 

2 

4.4 

3.6 

3.9 

< 0.9 

7.8 

< 10 

< 10 

2217 

77.9 

- -
TEQ 

(ngokgol ) 
Mean (Range) 

NR 
NR 

NR 

NR 

NR 

2.2 

4.5 

2.3 

2.5 

3.7 

4.2 

3.4 

6.3 

6.3 

3.8 

NR 

NR 

NR 

NR 

.. - -
TEF Reference 

Source 

I-TEFs' 

I-TEFs 

I-TEFs 

I-TEFs 

I-TEFs 

I-TEFs 

I-TEFs 

I-TEFs 

I-TEFs 

I-TEFs 

Mah et al. 1989 
Mah et al. 1989 

'Mah et al. 1989 

Mah et al. 1989 

Mah et al. 1989;. 

Dwemychuk et al. 
1991b 
Dwemychuk et al. 
1991b 
Dwemychuk et al. 
1991b 
Dwemychuk et al. 
1991b 
Dwemychuk et al: 
1991b 
Dwemychuk et al. 
1991b 
Dwemychuk et al.' 
1991b 
Dwemychuk et al. 
1991b 
Dwemychuk et al. 
1991b 
Dwemychuk et al. 
1991b' 

Mah et al. 1989 

Mahetal. 1989 

Mah ct al. 1989 

Mah et al. 1989 
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Table 20. Levels ofT4CDD, T4CDF, and TEQ in freshwater.sediments in Canada. 

Location Year N Sample TOC Clay Silt Sand Gravel T 4CDD T 4CDF TEQ TEF Reference 

Depth (cm) (% dw) (%) (%) (%) (%) (ng·kg-·) (ng·kg-·) (ng·kg-·) . Source 

Mean (Range) Mean (Range) Mean' (Range) 

Kootenay River at Cranbrook 
1988 1 - 4 4.2 2 34.7 

. (O/S) 
63.3 0 < 15 27.4 NR Mah et al. 1989 

Kootenay River at Cran brook 
1988 1 - 4 4.2 12.4 28.2 

(O/S) 
59.4 0 < 15 < 10 NR Mah et al. 1989 

Kootenay River 29 km from 
Apr-90 0-2 1.2c 3.1 9.5 87.4 0 <2.1 < 1.4 3.3 I-TEFs 

Owemychuk et al. 

Crestbrook (VIS) 1991a 
Kootenay River 5 km from 

Apr-90 0-2 1.6c 6.1 35.9 58 0 < 1.6 <1.1 2.6 I-TEFs 
Owemychuk et al. 

Crestbrook (VIS) 1991a 
Kootenay River 5 km from 

Nov-90 0-2 1.8c 7.6 37.1 55.3 0 <3.3 <2.2 6.6 I-TEFs 
Owemychuk et al. 

Crestbrook (VIS) 1991a 
Kootenay River 800 m from 

Apr-90 0-2 1.9c 5.2 26 59 0 < 1.6 23 4.5 I-TEFs 
Owemychuk et al. 

Crestbrook (O/S) 1991a 
Kootenay River 800 m from 

Nov-90 0-2 1.8c 4.8 29.8 65.4 0 <2.3 19 5.8 I-TEFs 
Owcmychuk et al. 

Crestbrook (O/S) 1991a 
Kootenay River 3 km from 

Apr-90 0-2 l.4c 3.2 18.5 78.3 0 <1.7 <1.5 2.6 I-TEFs 
Owemychuk et al. 

Crestbrook (O/S) 1991a 
Kootenay River 3 km from 

Nov-90 0-2 1.0c 21.1 75.9 0 <2.2 < 1.6 3.6 I-TEFs 
Owemychuk et al. 

Crestbrook (O/S) . 1991a 
Kootenay River 3.9 km from 

Nov-90 0-2 0.8c 2.6 28.9 68.5 . 0 . < 1.9 < 1.6 3.7 I-TEFs 
Ow<:mychuk et al. 

Crestbrook (O/S) 1991a 
Kootenay River 4.8 km from 

Nov-90 0-2 l.4c 4.9 49.6 45.5 0 < 2.1 9.2 4.6 I-TEFs 
Owemychuk et al. 

Crestbrook (O/S) 1991a 
Kootenay River 15.8 km from 

Apr-90 0-2 If 4.4 29.7 65.9 0 <2 4.6 3.8 I-TEFs 
Owcmychuk et al. 

Crestbrook (O/S) 1991a 
Kootenay River 15.8 km from 

Nov-90 0-2 0.9' 3.3 14.6 
\ 

<1.1 I-TEFs 
Dwernychuk et al. 

Crestbrook (O/S) 
82.1 0 8.7 2.8 

1991a 
Kootenay River 30.3 km from 

Apr-90 0-2 1.9' 6.5 40.1 53.4 0 < 2.2 10 4.4 I-TEFs 
Dwernychuk et al. 

Crestbrook (O/S) 1991a 
Kootenay River 50 km from 

Nov-90 0-2 0.5' 1.2 3 45.3 50.5 <2.4 14.5 5.8 I-TEFs 
Dwcrnychuk et al. 

Crestbrook (O/S) 1991a 
Kootellay River 86.5 km from 

Apr-90 0-2 1.6c 6.2 23.5 70.3 0 < 1.5 7.6 3.1 I-TEFs 
Dwemychuk et al. 

Crestbrook (D/S) 1991a 
Kooiellay River 86.5 km from 

Nov-90 0-2 of 6.3 55 38.7 0 < 1.0 16 3.7 I-TEFs 
Dwernychuk ct al. 

Crestbrook (O/S) IQ91a 
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Table 20. Levels of T4CDD, T4CDF, and TEQ in freshwater sediments in Canada. 

Location 

Kootenay River 119.5 km 

from Crestbrook (DIS) 
Kootenay River 167 km from 

Crestbrook (DIS) 
Kootenay River 167 km from 

Crestbrook (DIS) 
Skookumchuèk Creek 6km 

from Crestbrook (VIS) 
Skookumchuck Creek 2.6 km 

from Crestbr<;>ok (VIS) 

Columbia River at Arrow Lake 

Columbia River at Arrow Lake 

Columbia River at Arrow Lake 
Columbia River at Càstlegar 
Columbia Riyer at Castlegar 
Columbia River at Castlegar 
Fibrelco Pulp Inc. Peace River 
(VIS) . 
Fibrelco Pulp Inc. Peace River 
(VIS) . 

Fibrelco Pulp .Inc. Peace River 
(VIS) . 
Fibrelco Pulp Inc. Peace'River -
(VIS) 
Fibrelco Pulp Inc. Peace River. 

(VIS) 
Fibrelco Pulp Inc. Peace River 

(VIS) 

Petro-Canada Products (DIS) 

Petro~Canada Products (DIS) 

Petro-Canada Products (DIS). 

Table 20 

Year 

Apr-90, . 

Nov-90 

Nov-90 

Nov-90' 

1988 

1988 

1988 
1988 
1988 
1988 

1989 

1989 

1989 

1989 

1989 

1989 

1989 

1989 

1989 

N Sample TOC Clay . SHt 

. Depth (cm) (% dw) (%). (%) 

0-2 

0-2 

0-2 

0-2 

0-2 

1 - 4 

1 - 4 
1 - 4 
1 - 4 
1 - 4 

î -4 

bed sediment 

bêd s~diment 

bed sediment 

bed sediment 

bed sediment 

bed sediment 

bed sediment 

0.29 

0.14 

0.92 
21 
4.7 
I.I 

1.34 

1.35 

1.18 

1.08 

LIs 

0.88 

1.67. 

6 44.5 

22.3 '39.2 

6.6 53.6 

I.I 2.9 

2.9 14 

6.7 
3.2 
SA 
3.8 

15 

8.6 

Il 

7 

12 

9 

10.5 

4.l b 

3.3b 

39.2 
37.3 
55 

37.2 

27.8 

19.1 

40 

38.8 

24 

32.2 

53.8 

Sand· Gravel 

(%) (%) 

49.5 

.38.5 

39.8 

89.9 

80.9 

95 

95,2 

52.5 
59.5 
39.6 
58.9 

57.2 

72.1 

49.· 

54.2 

64 

58.8 

35.7 

o 

o 

o. 

6.1 

2.2 

0.9 

1.5 
1.6 
o 
o 

0.1 

o 

. 0.2 

o 

o 

o 

o 

o 

bed sediment 1.26 9.2 41.7 49.1 o 

bed sediment 2A3 10.3 52.4 37.3 '0 

- .. -
T4CDD 

(ngokg-I
) 

Mean (Range) 

<lA 

< 1.7 

<1.1 

< 1.9. 

< 2.7 

< 15 

< 15 

< 15 
< 15 
< 15 
< 15 

<4 

<2 

<15 

<2 

<9 

<40 

<20 

<19 

<14 

T4CDF 

(ngokg- I
) 

Mean (Range) 

< 1.0 

15.5 

22 

< lA 

<1.7 

< 10 

< 10 

< 10 
642 
298 
100 

<4' 

<2 

<15 

<2 

<9 

<40 

<20 

<19 

<14 

- .-

TEQ· 

(ng'kg- I
) 

. Mean (Range) 

4.6 

4.1 

4.6 

4.1 

NR 

NR 

NR 
NR 
NR 
NR 

NR 

NR 

NR 

NR' 

NR 

NR 

NR 

. NR 

NR 

TEF 

Source 

. I-TEFs 

I-TEFs 

I-TEFs 

I-TEFs 

I-TEFs 

\ 

- -
Reference' 

Dwernychuk et al. 
1991a 
Owernychuk et al. 

1991a 
Owernychuk et al. 
1991a 
Owernychuk et al. 
1991a 
Owernychuk et al. 
1991a 

Mah et al. 1989 

Mah et al. 1989 

Mah et al. 1989. 
Mah et al. 1989 
Mah et al. 1989 
Mah et al~ 1989-
Tuominen & Sekela 

1992 
Tuominen & Sekela 
1992 
Tuominen & Sekela 

1992 . 
Tuominen & Sekela 
1992 

. Tuominen & Sekela __ 
1992 
Tuominen & Sekela 
1992 
Tuominen & Sekela 

1992 
Tuominen & Sekela 
1992 
Tuominen & Sekela 
1992 
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Table 20. Levels ofT4CDD, T4CDF, and TEQ in freshwater sediments in Canada~ 
, 1" ,1., " 

- " 

Location Year N Sample TOC Clay' Silt Sand Gravel 

(%) (%) 

Fibrelco pulp Inc. (D/S) 

Fibrelc~ Pulp)né. (Di~) 

Fibrelco J>ulp Inc. (D/S) 

Eurocan Pulp & Paper Co': 
(U/S) 
Eurocan Pulp & Paper Co. 
(U/S) 
Eurocan Pulp & Paper Co. 
(U/S) 

, Eurocan Pulp & Paper Co. 
(D/S) 
Eurocan Pulp & Paper Co. 
(D/S) 
Eurocan Pulp & Paper Co. 
(D/S) 
Lower Fraser River Mills 
(U/S) 
Lower Fraser River Mills 

(U/S) 
.Lower Fraser River Mills 

(U/S) 

Scott Paper Lld. (D/S) 

Scott Paper Lld: (D/S) 

Scott Paper Lld. (D/S) 

Paperboard Industries Corp. 
(D/S) 
Paperboard Industries Corp. 

(D/S) 
Paperboard Industries Corp. 

, . (D/S) , "" 

Tablé 20 _ .• '-

1989 

1989 

1989 

1989 

1989 

1989 

1989 

1989 

'1989 

1989 

1989 

1989 

1989 

1989 

.1989 

1989' . 

1989 

-

" Depth (cm) (% dw) (%) ,(%) 

bed sediment 0.64 7.3 31.3 61.4 o 

bed sediment 1.94 14.5 61.9 23.6 .0 

bed sediment 1.92 15.5 71.6 12.9 o 
.' 

bed sediment 0.39 5.3 23.6 71.1 o 

bed sediment. 0.6 36.9 55.9 0.2 

bed sediment 0.22 4.2 11.3 94.3 0.2 

bed sédiment 0.2 5.3 31.1 63.6 o 

bed sediment 0.24 5.4 16.9.77.6 0.1 

bed sediment' 1.71 12 62.6 25.4 o 

bed sediment 0.24 6.2 25:3 68.5 o 

bed sediment' 0.3. 6.6 34.9 58.5 o 

. bed sedimeni 0.64' 10.3 77. 7 12 o· 

bed sediment ' 1.88 6.230.8. 59.4 36 

bed sediment 1.57 10.2 43.8 46 

bed sediment 1.51 6.8,' 36.5 54.9 1.8 

bed sediment 0.61 6.4 36.4 . 56 1.2 

bedsediment .1.02, 14.3 53' 32.7' 0 

bed sediment 1.91 10 55.9' 34.1 0 

- - - - -

T4CDD 

(ng·kg-1
) 

Mean (Range) , 

<12 

<7 

<6 

<4 

<4 

<2 

<2 

<2 

<1 

<44 

<23 

<23 

<13 

<15 

<10 

<6 

<7 

<19 . 

T4CDF 

(ngokgo1
) 

Mean (Range) 

. <12 

<7 

<6 

<4 

<4 

<2 

<2 

<2 

<1 

<44 

<23 

<23 

24 

19 

22 

<19 

- .. -

TEQ' 

(ng·kg-1
) , 

Mean (Range) 

NR 

NR 

NR 

NR 

NR' 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

_.-

TEF, Reference. 

Source 

.. 

Tuominen & Sekela ' 

1992 
Tuominen & Sekela 

1992 
Tuominen 8i Sekela 

1992 
Tuom'inen & Sekela 

, 1992' 
Tuominen &-Sekela 

1992. 
Tuominen· & Sekela 

1992 
Tuominen & Sckcla 
1992 
Tuominen & Sekela 
1992· 
Tuominen & 'Sekela 

1992 
Tuominen & Sekela 
1992 
Tuominen & Sekela 
1992 
Tuominen &'Sekela 

1992 
Tùomincn & Sekcla 

1992 
Tu'ominen & Sekela . 
1992' 
Tuominen & Sekcla 

1992 
Tuominen & Sckcla 

1992 
Tuomincn'& Sckela 

1992 
Tuomincn & Sekcla 

1992 
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Table 20. Levels o~T4CDD,T4CDF, and TEQ in freshwater sediments in Canada. 

Location 

Alberta 
Wapiti Rivent Grand Prairie 
(VIS)' 
Wapiti River at Grand Prairie 
(DIS) 
Athabasca River at Hinton 
Athabasca River at Hinton .' 
Athabasca River at Hinton 

Maskuta Créek (VIS) 

Hinton Combined Efllueni 

Weldwood Haul Bridge 

Obed Bridge 

Emerson Lakes Brid'ge 

Berland River (VIS). 

'Windfall Bridge 

Maskuta Creek (VIS) 

Hinton Combiried Eflluent . 

Weldwood Haul Bridge 

Obed Bridge . 

Emerson Lakes Bridge 

Berland River (VIS) , 

Table 20 

Year ,N Sainple TOC' Clay Silt Sand Gravel 

(%), (%) (%) 

NR 

NR 

NR', 
NR 
NR 

i992 

1992 

1992 ·2 

1992 

1992 

1992. 

1992' 

1993 

1993 

1993 

1993 3 

1993 

1993 

Depth (cm). (% dw) (%) 

1·-4 

1 - 4 

1 - 4 
1.-4 
1 - 4 

'suspendeçl 
sediment' 

suspended 
sediment 

. suspended ' 
sediment 

suspended 
sediment, 

suspended 
sediment 

suspended' : 
sediment 

suspended 
'. sediment 
su~pe'nded 
se'diment 

suspended 
sediment 
~uspended 

, ·sediment 
suspended 
sediment 

suspended. 
sedin;ent 

suspended' 
sediment 

1.24. 

1.17. 

0,75 
5.87 
2.04 

NR. 

NR 

NR 

NR 

NR 

NR 

NR' 

NR 

NR 

NR 

NR 

NR 

NR 

43 33 

43 33 

8 88 4 
11.9 45.8 42.3-
Il 77 12 

NR . NR NR 

NR NR NR 

NR NR NR' 

NR' NR. NR 

NR NR NR 

NR . NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR, 

NR NR NR 

NR NR "NR 

~R NR NR 

o 

o 
O· 
o 
o 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR. 

NR 

T4CDD 

(ng'kg'l) 
Mean (Rànge) 

<2 

<6 

< 1 
<2 
<5 

0.2 

II 

0.3 

0,8 

0.8 

0.6 

<0.1 

24 

3 

3,1 

3.7 

2 

T4CDF 

(ng'kg'l) 
Mean (Range) 

<2 

36 

<1 
7 

<5 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR. 

NR 

NR 

NR 

- -
TEQ 

(Dg'kg'l) 
Mean (Range) 

16.3 

19.4 

16.3 
i6.4 
16.3 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR' 

NR 

NR 

NR 

- -
TEF Reference 

Source 

. ,1-TEFs Trudel 1991 

I-TEFs Trudel1991 

I-TEFsTrudeI1991 
I,TEFs Trudel 1991 
I-TEFs Trudel1991 

Crosley 1996 

Crosley 1996 

Crosley 1996 

Crosley 1996 

Crosley 1996 

Crosley 1996 

Crosley 1996 

Crosley 1996 

Crosley 1996 

Crosley 199~ 

Crosley 1996 

Cfosley 1996 

Crosley 1996 

-
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Table 20. Levels of T 4CDQ, T 4CDF, and TEQ in freshwatersediments in Canada. 
" " 

Location- Year. N Sample TOC . C1ay- . Silt .Sand Gravel T 4CDD T4cDF TEQ TEF Reference 

Depth (cm) (% dw) (%) (%) (%) (%) (ng'kg- t
) (ng'kg- t

) (ng'kg- t
) Source 

Mean (Range) Mean (Range) Mean (Range) 

Windfall Bridg.e '·i993. 
'suspended 

NR 
sediment 

NR NR 
.' 

NR NR 1.5 NR NR Crosley '1996 

, Blue Ridge: 1993 . 
. suspended . 

NR NR NR NR NR 0.94 NR NR Crosley 1996 
sediment 

Alpac Sit.e (ViS). 1993 .. 
suspended 

NR NR NR 
sediment 

NR NR 0.45 NR NR .Crosley Î996 

Ft. McMllITay (VIS) 1993 
.suspended. 

NR NR NR NR NR <0.18 NR NR Crosley 1996 
sediment· 

At 27 Baseline )993 
suspended 

NR NR NR . NR NR <0,1 NR NR Crosley 1996 
'sediment 

Maskuta Creek (VIS) 1992 
. depositional 

NR NR NR NR . NR <0.1 NR NR Crosley 1996 
sedimenÎ' 

wêldwood Hau) Bridge 1992 
depositional 

NR NR NR 
sediment 

NR NR 0.2 NR NR Crosley 1996 

Obed Bridge - 1992 2 
depositional 

NR NR 
sediment 

NR NR NR 0.4 NR NR Crosley 1996 

Emerson Lakes Bridge: 1992 2 
depositional. 

NR NR 
sediment 

NR NR NR 0.4 NR NR Crosley.' 1 996 

WindfallBridge '1992 
depositional 

NR .NR NR 
sediment 

NR NR 0:4 NR NR Crosley 1996 

Maskuta Creek (VIS) 1993 
depositional 

NR NR NR 
sediment 

.NR NR <0.13 NR NR Crosley 1996 

Weldwood Haul Bridge 1993 
depositional 

sediment 
NR NR NR NR NR 0.23 NR NR Croslcy 1996 

Obed Bridge ' 1993 
depositional, 

NR NR NR 
sediment 

NR NR 0.14 NR NR Crosley J 996 

Emerson Lakes Bridge 1993 
depositional. 

NR NR NR 
sediment .'. 

NR NR 0.22 NR. NR Crosley 1996 

Berland RiverW(S) -1993' 
dèpositional' ' 

NR NR .'NR NR NR 0.29 NR NR Croslcy 1996 
sediment 

Windfall Bridge. 1993 2 
depositional 

NR NR NR NR NR 0.17 NR NR Crosley 1996 
'sediment 

Blue Ridge 1993 
depositional 

NR NR NR NR NR 0.14 NR NR Crosley 1996 
sediment 
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Table 20. Levels ofT4CDD, T4CDF, and TEQ in freshwater sediments in Canada. 

Location Year N Sample TOC Clay SHt Sand Gravel T 4CDD T 4CDF TEQ TEF Reference 

Depth (cm) (%dw) (%) (%) (%) (%) (ng·kg- I
) (ng-kg- I

) (ng·kg- I
) Source 

Mean (Range) Mean (Range) Mean (Range) 

Alpac Site (U/S) 1993 
depositional 

NR NR NR NR NR 0.12 NR NR Crosley 1996 
sediment 

Ft. McMurray (UlS) 1993 
depositional 

NR NR NR NR NR <0.25 NR' NR Crosley 1996 
sediment 

Aboye Maskuta Creek 1993 
. suspended 

0.94 17.61 66.44 15.95 NR 0.41 0.51 NR Crosley 1996 
sediment 

Weldwood Haul Bridge 1993 
suspended 

4.6 40.59 57.64 1.76, NR 3.1 28 NR' Crosley 1996 
sediment 

Obed Bridge 1993 
suspended 

4.6 41.88 50.01 8.11 NR 3.8 32 NR Crosley 1996 
sediment 

Obed Bridge (Dup.) 1993 
suspended 

4.6 41.88 50.01 8.11 NR 4.2 32 NR Crosley 1996 . 
sediment 

suspended . 
Obed Bridge (Trip.) 1993 

sediment 
4.6 41.88 50.01 8.11 NR 3.9 34 NR Crosley 1996 

Emerson Lakes Bridge 1993 
suspended 

6.2 68.21 31.39 0.39 NR 6.4 33 NR Crosley 1996 
sediment 

Aboye Berland R,iyer . 1993 
suspended 

NR NR NR NR NR 2.5 29 NR Crosley 1996 
sediment 

Windfall Bridge 1993 
suspended 

NR NR NR NR NR 2.4 23 NR Crosley 1996 
sediment 

At Blue Ridge 1993 
suspended 

8.7 5L67 46.22 2.11 NR 4.8 20 NR Crosley 1996 
sediment 

At Athabasca .' 1993 
suspended 

NR NR NR NR NR 140 130 NR Crosley 1996 
sediment 

Alpac Site 1993 
suspended 

5.6 NR NR NR NR 6.1 7 NR Crosley 1996 sediment 

Aboye Ft. McMurray 1993 
suspended 
sediment 

6.2 NR NR NR NR . 2.7 7.7 NR Crosley 1996 

27 Baseline 1993 
suspended 

4.9 77.13 21.99 0.88 NR 3 1.9 NR Crosley 1996 
sediment 

Saskatchewan 
North Saskatchewan River at 
Prince Albert (DIS) 

NR 1 - 4 2.17 7.1 17.8 74.4 0.7 <2 <2 16.4 I-TEFs Trudel 1991 
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Table 20_ LevelsofT4CDD, T4CDF, and TEQ in freshwater sediments in Canada: 
... .1 

Location 

Manitoba 
Saskatchewan River at The 
Pas (UlS) 
Saskatchewan River at The 
Pas (DIS) 

Ontario 
St. Lawrence River at 
Cornwall (UlS), 
St. Lawrence River at 
Cornwall (DIS) 
St. Lawrence River at 
Cornwall (DIS) 
Wabigoon Lake (UlS) 
Wabigoon River (DIS) 
Wabigoon River (DIS) 
Wabigoon River (DIS) 
Wabigoon River (DIS) 
Spanish River at Espanola 
Spanish River at'Espanola 
Spanish River at Espanola 
Lake Superior at Red Rock 
Lake Superior at Red Rock 
Lake Superior at Red Rock 
Lake Superior at Red Rock 
Lake Superior at Red Rock 
Lake Superior at Red Rock 
Old Welland Canal at Thorold 

(DIS) 
Kaministiquia River (UlS) 
Kaministiquia River (DIS) 
Kaministiquia River (DIS) 
Mattagami River (UlS) 
Mattagami River (DIS) 
Mattagami River (DIS) 

Table 20 _.- -

Year N· . Sample TOC Clay Silt Sand Gravel 

(%) (%) (%) 

NR 

NR 

NR 

NR 
, 
NR 

NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
1989 
1986 
1986 

.1986 
1989 
1989 

NR 

NR 
NR 
NR 
NR 
NR 
NR. 

-

Depth (cm) (% dw) (%) 

1 - 4 

1 - 4 

1 - 4 

1 -4 

1 - 4 

1 - 4 
1 ~ 4 
1 - 4 
1 - 4 
1 - 4 
1 - 4 
1 - 4 
1 - 4 
1 - 4 
1 - 4 
1 - 4 
1 - 4 
1-4· 
1 - 4 

1 - 4 

1 - 4 
1 - 4 
1 - 4 
1 -4 
1 - 4 
1 - 4 

-

NR 44 

NR 10 

1.87 4.2 

2.75 4.2 

4.31 6.2 

6.93 2 
3.54 25 
4.8 . 41 

7.52 10 
17.19 <0.01 
1.91 9.3 
0.34 0 
0.57 0 
25.7 3 
3.26 27 
10 6 

13A 
3.14 50 
7.72 15.2 

7.17 0 

41.2 14.8 

23.7 65.6 

9 

4.8 

23.9 

43 
65 
54 
7 

3.3 
28 
0.8 
0.2 
57 

63.6 
70 
60 

48.5 
48 

1.6 

80.4 

8.1 

69.9 

36 
10 
5 

83 
96.7 
61.7 
40.8 
40.6 
40 
9.4 
24 
35 
1.2 

36.8 

95.4 

lAI 
1.5 

3.28 
5.24 
2.1 
0.84 

13.1 55.2 31.7 
5.8 22 63.5 
10 85.4 4.6 
29 56.6 14.4 

14.5 6.8 72.7 
5.5 12.2 63.6 

- - -

o 

0.7 

6A 

2.9 

o 
o 
o 
o 
o 

58.6 
59 
o 
o 
o 
o 

0.3 
o 
3 

o 
8.7 
o 
o 
6 

18.7 

-

T4CDD 

(ng-kg- I
) 

Mean (Range) 

< 15 

< 15 

<20 

<13 

< 12 

<20 
<30 
66 

<10 
< 30 
<2 
<9 
<2 
<12 
<4 
<6 
<5 
<10 
< 18 

<24 

<7 
<7 
<4 
< Il 
<3 

< Il 

T4CDF 

(ng-kg- I
) 

Mean (Range) 

<10 

<10 

<20 

<13 

<12 

<10 
280 
1200 
72 
120 
<2 
58 
31 

< 12 
12 
<6 
20 

<10 
< 18 

<24 

<7 
<7 
<4 

< Il 
<3 

< Il 

- _.-

TEQ 

(ng-kg- I
) 

Mean (Range) 

-

32 

16.3 

35.6 

108.5 

94.3 

18.8 
52.7 

207.9 
34 

61.6 
18.2 
23.1 
20.2 
22.8 

270.4 
205A 
266 
16.4 
36.4 

45.8 

19.9 
16.5 
19.1 
18.2 
16.5 
19.1 

-

TEF Reference 

Source 

I-TEFs Trudel 1991 

. I-TEFs Trudel 1991 

I-TEFs 

I-TEFs 

I-TEFs 

I-TEFs 
I-TEFs 
I-TEFs 
I-TEFs 
I-TEFs 
I-TEFs 
I-TEFs 
I-TEFs 
I-TEFs 
)-TEFs 
)-TEFs 
)-TEFs 
I-TEFs 
I-TEFs 

)-TEFs 

Trudel 1991 

Trudel1991 

Trudel 1991 

Trudcl 1991 
Trudel 1991 
Trudel 1991 
Trudel 1991 
Trudel 1991 
Trudcl 1991 
Trudel 1991 
Trudcl 1991 
Trudel 1991 
Trudel 1991 
Trudel 1991 
Trudel 1991 
Trudel 1991 
Trudel1991 

Trudcl 1991 

)-TEFs Trudel1991 
I-TEFs Trudel 1991 
I-TEFs Trudel 1991 
1-TEFs Trudel1991 
I-TEFs Trudel 1991 
1-TEFs Trudel 1991 

- -
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Table 20. Levels ofT4CDD, T4CDF, and TEQ in freshwater sediments in Canada. 

Location Year N Sample TOC Clay Silt Sand Gravel T 4CDD T 4CQF TEQ TEF Reference 

Depth (cm) (% dw) (%) (%) (%) (%) (ng'kg-!) (ng'kg-!) (ng'kg-!) Source 

Mean (Range) Mean (Range) Mean (Range) 

. Niagara River NR 
suspended 

NR NR NR NR NR NR ND-412 NR 
Hallet! & Brooksbank 

sediment 1986 

Quebec 
Ottawa River at Témiscaming 

(DIS) 
NR 1 - 4 3.75 II 88 O· < 1 <3 17.3 I-TEFs Trudel 1991 

Ottawa River at Portage-du-

Fort(D/S) 
NR 1 - 4 4.12 20 64 16 0 <8 8 20.8 I-TEFs Trudel 1991 

Ottawa River at Thurso (DIS) NR 1 -4 3.77 II 5 84 0 <9 5 16.7 [-TEFs Trudel 1991 
Saguenay River at Jonquiére 

(DIS) 
NR 1 - 4 \.22 JO 47 43 0 < 1 < 1 16.3 I-TEFs Trudel 1991 

Quévillon River (DIS) NR 1 -4 3.81 41 . 43 16 0 43 57 63.9 I-TEFs Trùdel 1991 
St. Maurice River at La Tuque 
(DIS) 

NR 1 - 4 3.67 42 57 0 5 46 26.1 I-TEFs Trudel 1991 

St. Maurice River (UlS) NR 1 - 4 \.5 0.04 44.5 55 ' 0 <1 25 19.6 [-TEFs Trudel 1991 
St. Maurice River at Cap de la 

NR 1 - 4 
Madeleine (DIS) 

0.04 0 0.2 97.9 \.9 <9 <9 28.3 I-TEFs Trudel 1991 

St. Maurice River at Cap de la 
NR 1 -4 

Madeleine (DIS) 
0.03 0 0.1 100 0 < 18 <18 45.6 I-TEFs Trudel 1991 

.st. Lawerence River at Cap de 
NR 1 - 4 

la Madeleine (DIS) 
0.08 10.7b 87.9 2.4 < 17 < 17 3\.6 I-TEFs Trudel 1991 

St. François River at Windsor 
NR 1 - 4 

(DIS) 
3.01 4 44 50 2 <6 14 18.9 I-TEFs Trudel 1991 

St. Lawrence Estuary - Baie 
1991 1 - 2 

des Mille Vaches 
NR NR NR NR NR OS 7.2 NR Brochu et al. 1995 

St. Lawrence Estuary - Baie 

des Mille Vaches 
1991 5-7 NR NR NR NR NR 0.9 8.3 NR Brochu et al. 1995 

St. Lawrence Estuary - B'aie 

des Anglais 
1991 1 - 2 NR NR NR. NR NR 0.7 87 . NR Brochu et al. 1995 

St. Lawrence Estuary - Baie 
1991 6 c 7 NR NR NR 

des Anglais 
NR NR 2.5 115 NR Brochu et al. 1995 

Saguenay Fjord «50 from 
1991 3-5 

major industries) (DIS) 
NR NR NR NR NR ND 5 NR Brochu et al. 1995 

Saguenay Fjord «50 from 
1991 5-7 NR NR NR NR NR ND 1.6 NR Brochu et al. 1995 

major industries) (DIS) 
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Table 200 Levels ofT4CDD, T4CDF, and TEQ in freshwater sediments in Canadao 

Location Year N Sam pie TOC Clay 

Depth (cm) (% dw) (%) 

New Brunswick 
Miramichi River al Newcàslle 

NR 1 - 4 8.32 29.1 
(UlS) 

, - Miramichi River al Newcastle 
NR 

(DIS) 
1 - 4 1.97 6.3 

Miramichi River at Newcastle 
NR 

(DIS) 1 - 4 3.05 6 

Saint John River at Nackawic 
NR 

(UlS) 
1 - 4 2.12 10 

Saint John River at Nackawic 
NR 

(VIS) 
1 - 4 2.08 20 

Saint John River at Nackawic 
NR 

(DIS) 
1 - 4 4.95 9 

Saint John River at Nackawic 
NR 

(DIS)' 
1 -4 5.17 22 

Saint John River at Saint John 
NR 

(UlS) 
1 - 4 0.97 8 

Saint John River at Saint John 
NR 

(DIS) 
1 - 4 0.5 6 

Nova Scotia 
Saint John River at Edmunston 

NR 
(UlS) 

1 - 4 1.3 8 

Saint John River at Edmunston 
NR 

(UlS) 
1 - 4 3.18 8 

Restigouche River at 
NR 1 - 4 1.21 9 

Atholville (UlS) 
Restigouche River al 

NR 1 - 4 2.5 17 
Atholville (DIS) 

, N R - not reported. 
ND - not detected 
N - number of samples used to calculale the mean 
Location: VIS = upstream ofpulp mill; DIS = downstream ofpulp mil!. 

Table 20 

- .. - - - - -

Silt Sand Gravel 

(%) (%) (%) 

60,1 10,5 0.3 

15.2 73.1 5.4 

14 64 16 

67 23 0 

60 20 0 

75 16 -0 

58 17 3 

64 28 0 

57 27 0 

32.4 58 2 

71 21 0 

18 73 0 

56.7 19.5 6.8 

- -

T4CDD 

(ngokg- I
) 

Mean (Range) 

<5 

<3 

< 10 

<2 

<5 

<2 

<20 

< 1 

< 1 

<1 

< 1 

<3 

<6 

, T4CDF 

(ngokg- I
) 

Mean (Range) 

91 

34 

21 

<2 

<6 

18 

10 

< 1 

< 1 

< 1 

5 

'<2 

<4 

TEQ 

(ngokg- I
) 

Mean (Range) 

28.7 

20.4 

18.3 

19.7 

16.8 

43.5 

40.4 

16.4 

16.6 

16.3 

18.2 

16.3 

16.4 

- - -'- -

TEF Reference 

Source 

I-TEFs Trudel 1991 

I-TEFs Trudel 1991 

I-TEFs Trudel 1991 

I-TEFs Trudel 1991 

I-TEFs Trudel 1991 

I-TEFs Trudel 1991 

I-TEFs Trudel 1991 

I-TEFs Trudel1991 

I-TEFs Trudel 1991 

I-TEFs Trudel 1991 

I-TEFs Trudel 1991 

I-TEFs Trudel 1991 

l-l'EFs Trudel 1991 

- -
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Table 20. Levels ofT4CDD, T4CDF, and TEQ in freshwater sediments in Canada. 

Location Year N Sam pie TOC Clay 

Depth (cm) (% dw) (%) 

Silt Sand Gravel 

(%) (%) (%) 

Sediment size classes: clay = < 0.004 mm;' silt = 0.004-0.062 mm; sand = 0.062 - 2 mm; gravel = 2-64 mm. 

'background sampi es are believed to be indicative of ambient levels of dioxins and furans in the environment. 

T4CDD 

(ngokg- I
) 

Mean (Range) 

T4CDF 

(ngokg- I
) 

Mean (Range) 

Secondary samples were collected from areas directly,impacted by the primary source, and could be used to indicate movement of contaminants. 

bcombined clay and silt. . 

closs on ignition (%). 

dchemical sources - chlorophenol contamination (i.e., contaminated wood chips, power lines, raillines, sawmill, spill sites) 
herbicide contamination, oil relineries, PCB contamination puipmililandlill, sewage 

ecombustion sources - biomedical waste incineration, forest lire, industrial waste incineration, municipal waster incineration, 

TEQ 

(ngokg- I
) 

. Mean (Range) 

PCBlire, pulpmiU power boilers, scrap iron yard, pulpmill recovery boilers, sewage sludge incineration, smelter (primary, secondary), woodwaste bumers 

Table 20 

- - - -
TEF Reference 

Source 
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Table 21. Levels ofT4CDD, T4CDF, and TEQ in marine sediments in Canada. 

· Location 

British Columbia 
Elk Falls - Discovery Passage 
Elk Falls - Discovery Passage 
Elk Falls - Discovery Passage 
Crofton'- Georgia Strait 
Crofton c Georgia Strait . 
Crofton - Georgia Strait 
Nanaimo " Geogia Strait 
Nanaimo - Geogia Strait 
Nanaimo - Geogia Strait· 
Powell River - Georgia Strait 
Port Mellon - Howe Sound 
Port Mellon - Howe Sound 
Woodfibre - Howe Sound 
Woodfibre - HQwe Sound 
Woodfibre- Howe Sound 
Gold River - Muchalat Inlet 
Gold River - Muchalat Inlet 

· Port Albemi - Albemi Inlet 
· Kitimat Arm - Douglas Channel 

Kitimitt Arm - Douglas Channel 
Kitimat Arm- Douglas Channel. 
Port Alice - Neroùtsos Inlet 
Port Alice - Neroutsos Inlet 
Prince Rupert - Hecate Strait 
Prince Rupert - Hecate Strait . 

Nova Scotia 
New Glasgow' - Northumberland Strait 
New Glasgow - Northumberland Strait 
Port Hawksbury'- Strait ofCanso 

Port Hawksbury.~ Strait ofCanso 

NR - not reported 

Year 

NR 
·NR 

NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR· 
NR 
NR' 

NK 

NR 
NR· 
NR 
NR 

Sam pie Depth 

. (cm) 

1 ~ 4 
1 - 4 
1 - '4 
1 - 4 
1 - 4 
1 - 4. 
1 - 4 
1 - 4 
1 - 4 
1 - 4 
1 - 4 
1 - 4 
1 - 4 
1- 4 . 

1- 4 
1 - 4 
1- 4 
1- 4' 

1 - 4 
1 - 4 
1- 4 
1- 4 
1 - 4. 
1- 4 
1-4 

1-4 
1-4 
1 - 4 
1-4 

TOC Clay Silt 

(%)" (% dry wt (%)a 

9.5 . 
0.32 
0.17 
0.47 
5.81 
8.2 

4.65 
NR 
NR 
NR 
0.87 
0.35 
NR 

. 4.46 
1.26 
7.01 
1.69 

. NR 

0.06 
1.39 
4.75 
NR 
NR 
1.96 

'1.61 

0.15 
0.16 
4.43 
8.56 

NR NR 
0.8 I.7 _. 
1.2 3.1 
3 10 
9 41 
5 56 
2 Il 

NR NR 
NR NR 
NR NR 
o 4 
o 3 

NR NR 
10 67 
29 68 
1.3 6 
1.2 3 
NR NR 

4 74 
3 50 
o 0.4 

'NR NR 

NR NR 
41.8 55.7 
36.8 61.2 

o . 3 . 

o 3 
NR NR 

2 24 

Sand 

(%)" 

NR 
97.5 
90.2 
82 
50 
39 
69 
NR 
NR 
NR 
88 
92 
NR 
23 
3 

62.9 
63.3 
NR 
22 

'46.3 
99 
NR 
NR .' 

2.5 
2 

97 
97 
NR 
74 

'Sediment size classes: clay = <0.004 mm; silt = 0.004-0.062 mm'; sand = 0.062 - 2 mm; gravel = 2:64 mm. 

Table 21 

-
Gravel 

(%)" 

NR 
o 

5.4 
5 
o 
o 
18 

NR 
NR 
NR 
8 
5 

NR 
o 
o 

29.8 
32.5 
NR 
o 

0.7 
0.6 
NR 
NR 
o 
o 

o 
o 

NR 
o 

-
T 4CDD 

(ng'kg- I) 
(dw) 

<3 
< 1 
<1 
<3 
15. 
Il 
<3 
4 

<3 
5 
17 
13 
27 
9 

<3 
<3 
2. 
8 

<7 
< 28 

. < 6 

<4 
<4 . 
<4 
25' 

<9 
< 1 
<2 
<4 

- - -
T 4CDF 

.(~g-kg-I) 
(dw) 

22 
< 1 
3 
29 

726 
478 
25 
288 
165 
983 
875 
897 

2005 
3179 
148 . 

360 
430 
326 
<7 
<228 
<6 
64' 

13 
340 
860 

6 

<2 
210 

TEQ 
(ng-kg- I) 

,(dw) 

99.4 
16.3 
16.3 
51.2 
1398 
539.5 

.352.3 
696.1 
213.7 

.982.9 
733.1 
310.8 

2142.5 
860.3 
145 

169.1 
112 

1699 
. 34.3 

254.2 
27.9 
96 
50 

128.7 
449.9 

16.3 
16.3 
67.6 
36.8 

- - - -
TEF 

Source Reference 

I-TEFs Trudel 1991 
I-TEFs Trudel1991 
I-TEfs Trudel 1991 
I-TEFs Trudel1991 
I-TEFs Trudel1991 
I-TEFs Trudel 1991 
I-TEFs Trudel 1991 
I-TEFs l'rudel 1991 
I-TEFs Trudel 1991 
I-TEFs' Trudel 1991 
I-TEFs Trudel1991 
I-TEFs Trudel 1991 
I-TEFs Trudel 1991 
I-TEFs Trudel 1991 
I-TEFs Trudel 1991 
I-TEFs Trudel1991 
I-TEFs Trudel 1991 
I-TEFs Trudel 1991 
I-TEFs Trudel 1991 
I-TEFs Trudel 1991 
I-TEFs Trudel 1991 
I-TEFs Trudel 1991 
I-TEFs Trudel 1991 
I-TEFs Trudel 1991 
I-TEFs Trudel 1991 

I-TEFs Trudel 1991 
I-TEFs Trudel 1991 
I-TEFs Trudel 1991 
I-TEFsTrude11991 
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,1 Table 22. Scientific and common names of organisms included in this docume~t 

1 

1 
1 
1 
1 
1 
1 
1 
1 

1 
l, 

1 
1 

Corn mon Name 

Freshwater Fish 
:~ . 

Alewife 
Brook trout 

' .. Brown bullhead . 

Carp 
Channel catfish 
Coast range sculpin. 

. Cresent gunnel 

Cutthroat trout 
Dolly varden 

le Fathead minnow 
Goldfish 
Guppy 

Kokaneé 

Lake herring 
Lake trout 

Lake whitefish . 

Largescale sucker 

Longnose ~ucker 
Medaka 
Mountain whitefish 
Northem pike . 
Northem squawfish 
Plainfin midshipman 
Prickly sculpin 
Rainbow trout 

Sculpin 
Shiner perch 
Shiner perch 
Smallmouth bass' 

.: Smelt 
li Walleye 

'~ White sturgeon 
White sucker . 

:, Amphibians 

:, American toad 

:' Bull frog 
Green frog 

:,:,Leopard frogs 

1: 

'Table 22 

Species Name 

Alosa pseudoharengus 
S~lvelinus fonti~alis 
Jetalurus nebulosus 
Cyprinus carpio 

'Jctalurus punctatus 
Cottus aleuticus 
Pholis l'aeta ' 

Oncorhynchus clarki clarki 
Salvelinus malma 
. Pimephales promelas 

Carassius auratus 
Poecilia reticulata 

Oncorhynchus nerka 
Coregonus artedii 

Salvelinus namaycush 

Coregonus ,clupeaformis . 

Catostomus macrocheilus 
Catostomus catostomus' 
Oryzias latipes 
Pros opium williamsoni 
Esox lucius 
Ptychocheilus oreogonensis 
. Porichthys notatus 

Cottus asper . 
Oncorhynchus mykiss, formally 
Salmo gairdnert 

Cottus cognatus 
Cymatogaster aggregata 
Cymatogaster aggregata 
Micropterus dolomieui 
Osmerus mordax 
Stizostedion vitrèum 
Acipenser transmontanus 

, Catastomus commersoni 

Bufo americanus 

. Rana catesbeiana 
. ' 

Rana clamitans 
'. Rana pipiens 

Corn mon Name 

Mari~e 'Fish 
Canary rockfish, 
Chinook salmon 
Cod 
Coho salmon 

Dogfish 
English sole 

Eulachon 
Greenland halibut 
Greenstripe rockfish 
Pacific herririg 
Pacific staghom sculpin 
PeamOlith chub 

Pollock 
Quillback rockfish 

Ratfish 

Red Irish lord 

Redsnapper 
Redside shiner 

Rockfish 
Sculpin 
Shiner perch 

. Silverside . 

Starry flounder .. 
Threespine sticklebaèk 
Yellow eye rockfish . 

Cabezon 
Lingcod 
Kelp greenling 

Reptiles 
Snapping turtle 

Species Name . 

Sebastes maliger 
Oncorhynchus tshawytscha 

'. Gadus morhua 

Oncorhychus kisutch 
. Squalus acanthias 

Parophrys vetulus 

-Thaleichthys pacificus 
Reinharditus hippoglossoides 

Leptcottus armatus 
Mylocheifus caurinus . 

Pollachius virens 
Sebastes maliger 
Hydrolagus colliei 
Hemilepidotus hemilepidotus . 

Sebastes ruberrimus 
Richardsonius balteatus . 
Sebastes sp, 
Cottus cognatus· 
Cymatogaster aggregata 
Menidia berllina 
Platichthys stellatus 
Gasterosteus aculeatus 

SCorpaenichthys '!larmoratus . 
Ophiodon elongatus 

Hexagrammos decagrammus 

. Chelydra serpentina 
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Table 22. Scientific and comm~~ names of organisms included in thisdocument. 

Common Name Species. Name. 

Freshwater Invertebrates 
Amphipod 
Crayfish 
Midge 

. Mosquito 

Mussels 
Oligochaete 
Snails 
Snails '. 

Waterflea 

Plants 

Alg~e 

Coontail 
Duckweed 
Slender waterweed 

Mac'rophyt~ 

Marine Mammals 
Beluga 

. DaIi's Porpoise 
Fàlse Killer Whale 
Grey Whale 
Harbour porpoise. 
Harbour se aL . 
Killer Whale . 

Narwhal 
Pilot whale . 
Polar bear 

Ringed seal 
Risso's dolphin 

. Walrus 

Whité-beaked dolphin 

Table 22 

Hexagenia limbata 
Pacificasrus spp. 
Chironomustentans 

. Aedes aegypti 
Elliptio complenata 
Paranais spp. 
Helosoma spp. 
·Physa spp. 
Daphnia magna 

Oedogonium cardiacum 
Certophyl/um emersum 
Lemna minor 
Elodea nuttali 
Ceratophyl/um demersum 

. .' 

De/phinapterus leucas 
Phocoenoides dalli '. 
Pseudorca cra;sidens 
Esèhrichtius robustus 
Phocpena phocoena 
'Phoca vitulina 
Orcüius orcà 
Monodon monoceras 

Thalarctos maritimus 
Phoca hispida 
Grampus griseus 
Odebenus rosmarus 

Corn mon Name 

Marine Invertebrates 
Amphipod 
Box crab 
Butter clam 
Crab 

. Dungeness crab 
Littleneck clam 
Lobster . 

Mussel 
Mysid 
Oyster 
Pacifie oyster 
Pink shrimp 
Red rock crab 

Sea urchins 
Shrimp 

: Snow Crab 
Softshell clam 
Whelk 

Terrestrial Mammals 
Caribou:. 
Mink 
Muskrat 
Otter 

Species Name 

Ampeliscaabdita . 
Cancer spp. 

· Saxidomas giganteus 
Chionoecetes opilio 
Cancer magister 

· Protothaca staminea 
· Homarus americanus . 
Mytilus spp. 
Mysidopsis bahia 
Crassostrea' spp. 
Crassostrea gigas 

· Penaeus duorarum 
. èancer productus 
Arabacia Runctulata 
Panda/us borealis 
Chionoecetes opilio 

.-Mya arenaria 
Buccinum undatum 

.Rangifer tarandus 
Mustelavison 
Ondatra zibethicus 
Lutra lutra 

1 
1 
1 
1 
1 
1 
1 
1 
1" 
1 
1 
1 
1.' 

') . 1 
.:,-,' 

1 
1 
1 
1 
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1 Table 22. Scientific and common names of organisms incIu~ed in this document. 

1 Corn mon Name Species Nanie Common Name Species Name 

1 Birds 
Bald eagle chicks Haliaetus /eucocepha/us Greater scaup Aythya marila 

1 
Bald eagle Haliaetus /eucocephalus Harlequin duck Histrionicus histrionicus 

Barrow's goldeneye Bucephala is/andica . Herring gull Larus argentatus 

Bobwhite quaiI Co/inus virginianus Hooded merganser Ldphodytes cucullatus 

Bufflehead Bucepha/a a/beo/a Lesser scaup Aythya affinis 

Canvasbacks Aythya valisineria Mallard duck Anas p/atyrhynchos 

Caspian Tern Hydroprogne caspia, forrn ail y 

Sterna caspia Night Heron Nycticorax nyticorax 

Common goldeneye Bucepha/a c/angu/a Oldsquaw duck C/angu/a hyema/is 

Common merganser Mergus merganser Pied-billed grebe . Podilymbus podiceps 

Common terns Sterna hirundo Red-neckedgrebe Podiceps grisegena 

1 Corrnorants Pha/acrocorax carbo Ringed turtle dove Streptope/ia risoria 

Double-crested 

corrnorants Pha/acrocorax auritus Ring-necked pheasants Phasianus co/chicus 

1 
, Eider Ducks Somateria mollissima Surfscoter Me/anitta perspicillata 

Foster's Tern Sterna forsteri Western grebe Aechmorphus occidentalis 

Goldeneye Bucepha/a c/angu/a White-winged scoter Me/anitta fusca 

1 Great blue heron Ardea herodias Wood ducks Aix sponsa 

1 
1 
1 
1 
1 
1 
1 
1 
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Table 23. Levels ofT4CDD, T 4CDF, and TEQ in freshwater invertebrates in Canada. 

Location Species Year Tissue N T4CDD T4CDF TEQ TEF Reference 

(ng·kg- I
). (ngokg- I

) (ngokg-I
) Source 

(ww) (ww) (ww) 

British Columbia 
Kootenay River (U/S of mill) Benthic macroin vertebrates 1990 who le NR < 0.7 1.3 1.6 NR Dwernychuk et al. 1991 a 
Kootenay River (DIS of mill) Benthic macroinvertebrates 1990 whole NR 3.5 140 18 NR Dwernychuk et al. 1991 a 
Side channel (DIS of mill) Benthic macroinvertebrates 1990 whole NR 17 '1000 127.4 NR Dwernychuk et al. 1991a 

Fraser River Crayfish 1992 muscle 21 <1.3 <0.69 O' I-TEFs Dwernychuk et al. 1993 

Fraser River Crayfish 1992 muscle 21 <1.2 <0.91 O' 1-TEFs Dwernychuk et al. 1993 

Fraser River Crayfish 1992 epatopancrea 21 206 12 15.4' I-TEFs Dwernychuk et al. 1993 

Ontario 
Frog Creek (UiS of disposaI site) Mussels 1986 whole NR < 4.0 < 3.6 NR NR Hay ton et al. 1990 
Frog Creek (DIS of disposaI site) Mussels 1986 whole NR 2.3 2.7 NR NR Hay ton et al. 1990 

Stanjikoming Bay (DIS of disposaI Mussels 1986 whole NR < 1.2 <2.4 NR NR Hay ton et al. 1990 

Location: UIS = upstreain; DIS = downstream. 

N = number of samp1es. 

NR = not reported. 

aTEQ is normalized to lipid weight 
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Table 24. Levels ofT4CDD, T4CDF, and TEQ in marine invertebrates in Canada. 

·Location 

British Columbia 
Gold River mouth 
Gold River mouth· 
Cous Creek 6 km DIS Port Albemi, 
Cowichan' Bay .. 
Cowichan Bay' 
Port Albemi 1 km DIS outfall 
Powell River 1 km S of outfall 
Powell River outfall otT of pul p mill 

docks . 
Crofton B.C 2.5 km SOIS outfall 
Crofton, S.C 
Coastal outfall @ Crofton, B.C. 500 
m W of mill outfall 
Crofton, B.C. 4.4 km NW ofoutfall 
Powell River outfall 

_ Powell River outfall 
Albemi, s.e. 
Crofton 
Crofton, B.C '4 km NW outfall 
Powell River outfall 
Crofton, S.C 
Crofton, S.C. 2 km SE outfall 
Prince Rupert 750 m N VIS 
Prince Rupert 750 m SOIS 

New Brunswick 
Miramichi River Estuary 
Limestone Point, Chaleur Bay 

Nova Scotia 
Sydney Harbour (South Ann) 
Sydney Harbour (Mouth) 
Port Morien (control) 

Eastern Canada 
Baie des Anglais (BDA) 
Baie des Anglais (BDA) 
Baie des Mille Vaches (BMV) 
Baie des Anglais (BDA) 

Table 24 

Year Species 

NR Dungeness & Redrock 
NR Dungeness & Redrock 
NR Dungeness crab 
NR Dungeness crab 
NR Dungeness crab 
NR qungeness crab 
NR Dungeness crab 
NR Dungeness crab 

NR Little neck clams 
NR Little neck clams 
NR Oyster 

NR Oyster 
NR Oyster 
.NR Pink shrimp 
NR Prawn 
NR Prawn 
NR Prawn 
NR Prawn 
NR Shrimp 
NR Shrimp 
NR Shrimp 
NR Shrimp 

1983 Lobster 
1983 Lobster 

1984 Lobster 
1984 Lobster 
1983 Lobster 

1991 Crab 
1991 Crab 
1991 Crab 
1991 Shrimp 

Life 

Stage Tissue N 

NR muscle NR 
NR hepatopancreas NR 
NR muscleNR 
NR muscle NR 
NR hepatopancreas NR 
NR hepatopancreas NR 
NR hepatopancreas NR 
NR muscle NR 

NR soft tissue NR 
NR soft tissue NR 
NR soft tissue NR 

NR soft tissue NR 
NR soft tissue NR 
NR muscle NR 
NR muscle NR 
NR muscle NR 
NR muscle NR 
NR muscle NR 
NR muscle NR 

. NR muscle NR 

NR muscle NR 
NR muscle NR 

../ 

ADT digestive glands 
ADT digestive glands 

ADT digestive glands 
ADT digestive glands 
ADT digestive glands 

NR 
NR 
NR 
NR 

whole 
whole 
whole 

.whole 

8 
4 

5 
4 
5 

NR 
10-25 

T4CDD 

(ng·kg- t
) 

(ww) . 

5.4 
80 

ND 
1.3 
12 

ND 
ND 
ND 

ND 
ND 
16 

32 
7.8 

0.94 
ND 
ND 
ND 
ND 
ND 
ND 
26 
20 

<2 
<2 

< 2 - < 5 
<4- <5 

<3 

L7 
L5 
L2 
ND 

T4CDF 

(ng·kg- t
) 

(ww) 

420 
4400 

2 
Il 

221 
6.6 
190 
240 

5.8 
55 

350 

190 
1500 
110 
2 
16 
20 
36 
28 
38 

710 
580 

190 - 270 
160-170 

30 - 590 
30 - 60 
37 - 85 

40.5 
28.4 
5.7 
4.5 

TEQab 

(ng'kg- I
) 

(ww) 

44.5 
403.75 

0.14 
\.95 

59.97 
0.95 
1122 
12.09 

0.42 
3.76 

10\.91 

49.1 
83.46 

6.7 
0.2 
0.8 
\.II 
1.8 
1.5 
\.99 

72.36 
49.83 

29.85 
43.1 

36.11 
10.83 
9.81 

2.54 
2.31 
2.19 
0.85 

Lipid 

(ng'kg- t
) 

(ww) 

\.II 
4.27 
0.77 
1.64 
9.63 
2.02 
1.43 
1.31 

1.43 . 
0.08 
0.66 

3.25 
3.65 
2.21 
2.07 
NA 
NA 
1.67 
7.67 
10.64 
1.99 
1.31 

NR 
NR 

NR 
NR 
NR 

NR 
NR 
NR 
NR 

-
TEF 

Source 

WHO 1998 
WHO 1998 
WHO 1998 
WHO 1998 
WHO 1998 
WHO 1998 
WHO 1998 
WHO 1998 

WHO 1998 
WHO 1998 
WHO 1998 

WHO 1998 . 
WHO 1998 
WHO 1998 
WHO 1998 
WHO 1998 
WHO 1998 
WHO 1998 
WHO 1998 
WHO 1998 
WHO 1998 
WHO 1998 

WHO 1998 
WHO 1998 

WHO 1998 
WHO 1998 
WHO 1998 

I-TEFs 
I-TEFs 
I-TEFs 
I-TEFs 

- -
Reference 

CPPA 1989 
CPPA 1989 
CPPA 1989 
CPPA 1989 
CPPA 1989 
CPPA 1989 
CPPA 1989 
CPPA 1989 

CPPA 1989 
CPPA 1989 
CPPA 1989 

CPPA 1989 
CPPA 1989 
CPPA 1989 
CPPA 1989 
CPPA 1989 
CPPA 1989 
CprA 1989 
CPPA 1989 
CPPA 1989 
CPPA 1989 
CPPA 1989 

Clement et al. 1987 
Clement et al. 1987 

Clement ct al. 1987 
Clement et al. 1987 
Clement et aL 1987 

Brochu et al. 1995 
Brochu et al. 1995 
Brochu et aL 1995 
Brochu et al. 1995 

-
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. Table 24. Levels ofT4CI>D, T4CDF, and TEQ in marine invertebrates in Canada. 

Life T 4CDD T 4CDF TEQ8b Lipid TEF Reference 

Location Year . Species Stage Tissue N (ng·kg- I
) (ng-kg- I

) (ng-kg- I
) (ng-kg- I

) Source 

(ww) (ww) (ww) (ww) 

. Baie des Mille Vaches (BMV) 1991 Shrimp NR whole 10-25 ND 8.1 0.5 NR 1-TEFs Brochu et al. 1995 
Saguenay Fjord (few km DIS ofp&p 1991 Shrimp NR whole ND 7 0.7 NR I-TEFs Brochu et al. 1995 
mil! not using kraft bleaching 
Saguenay Fjord 20 (not receiving 1991 Shrimp NR whole ND 6.2 0.47 NR 1-TEFs Brochu et al. 1995 
direct urban or industrial inputs) 
Saguenay Fjord 30 (not receiving 1991 Shrimp NR whole ND 3.5 0.46 NR I~TEFs Brochu et al. 1995 
direct urban or industrial inputs) 
Saguenay Fjord (few km DIS ofp&p 1991 Snow crab NR whole 1 4.4 36.5 2.99 NR I-TEFs Brochu et al. 1995 
mill not using kraft bleaching 
Saguenay Fjord 20 (not receiving 1991 Snow crab . NR whole 3.9 27 2.38 NR I-TEFs Brochu et al. 1995 
direct urban or industrial inputs) 
Saguenay Fjord 30 (not receiving 1991 Snow crab NR whole 1.9 15.4 1.69 NR I-TEFs Brochu et al. 1995 
direct urban or industrial inputs) 

. Baie des Anglais (BDA) 1991 Whelk NR whole ND 26 1.84 NR I-TEFs Brochu et al. 1995 
Baie des Anglais (BDA) 1991 Whelk NR whole 0.7 21.2 1.79 NR I-TEFs Brochu et al. 1995 
Baie des Mille Vaches (BMV~ 1991 Whelk NR whole 10-25 ND 1.4 0.23 NR I-TEFs Brochu et al. 1995 

N = number of samples. 
NR = not reported. 
ND = not detectecL Where detection limits (DL) are given, values reported as < DL have been changed to (DU2) in the calc.ulation ofTEF. 
ADT= adult 

"TEQ calculations based on WHO 1998 TEFs for fish reported in van den Berg et al. 1998. 

bHalfofthe detection limit fo~ those congeners not detected (ND) was used when calculating the TEQ 
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Table 25: Levels of pèDD/Fs and TEQ in freshwater fish in Canada 

Location 

, ' 
British Columbia 
Nicomekl, S.C. 
Eurocan Pulp, & Paper Co. 
Sidney Island, B.C.· 
Station cn- Fraser River· 
between Hope and Mission 
Station cn -Fraser River 
between Hope and Mission 
Station FI - Kootenay River 39 
km upstream Crestbrook 
Station FI - Kootenay River 39 
km upstreani Crestbrook 
Eurocan Pulp and Paper Co. 
Eurocan Pulp ând Paper Co. 
Station FI- Kootemiy River 39 
km upstream Crestbrook 
Station F! - Kootenay River 39 
km upstream Crestbrook 
Station F2 - Kootenay' River 1.3. 
km DIS Crestbrook discharge . 
Station F2- Kootenay River 1.3 
km DIS Crestbrook discharge . 
Station F4 - Kootenay.River 70 
km DIS Crestbrook discharge . 
Station'F4 - Kootenay River 70 
km DIS Crestbrook discharge 
Station F5 - Kootenay River 80 
km DIS Crestbrook discharge 
Station F5 ~ Kootenay River 80 
km DIS Crestbrook discharge 

.. Station RI - Fraser River @ 

Hansard, B.C . 
. Station RI - Fraser River @ 

Hansard, B.C. 
University of British Columbia 

. Station F5 - Kootenay River 80 . 

km DIS Crestbrook dis charge 

Table 25 '.' 

Year Species .. 

1986 Brown bullhead 
1989 CoaSt range sculpin 
1986'·' Cresènt gunnel 

1992 Cutthroat trout 

1992 Cutthroat trout 

1990 Cutthroat Trout 

1990 Cutthroat Trout 

1989 Dolly varden . 
1989 Dolly varden . 

1990 Dolly varden 

1990 Dolly varden 

1990 Dolly varden ' 

1990 Dolly varden 

1990 . Dolly varden 

1990 Dolly varden . 

1990 Dolly varden 

1990 Dolly varden 

1990 Dolly varden 

1990· Dolly varden 

1986 Goldfish 

1990 Kokanee 

Life 

Stage Sex Tissue N 

NR 
NR 
NR. 

NR 

NR 

NR 

NR. 

NR 
NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

" 

NR . Regurgiiated Prey NR 
NR inuscle NR 
NR Regurgitated Pr~y NR 

NR Muscle 

NR Liver 

NR Muscle 

NR Liver 

NR 
NR· 

muscle 
muscle 

NR Muscle 

NR Liver 

NR 

NR Liver 

NR Muscle 

NR . Liver 

NR Muscle 

NR Liver 

NR Muscle 

NR Liver 

. NR. 
NR 

1 

3C 

3C 

3C 

3C 

3C 

3C 

NR Regurgitated p'rey NR 

. ~R . Muscle 8C 

-
Total 

PCDDIF 

(ng'kg,l) 

(ww) 

10.00. 
. '<208 

1 roo 
5.2~ 

2.99 

6.45 

9,85 

<278 
<102 

6.90 

30.65 

24.65 

31.20 

27.65 

65.30 

24.35 

26.85 

12.25 

34.00 

10,00 

22.35 

- - - - - - -
. TEQlisl,"bC TEQmam ab TEQ .. 'ian ab Lipid 

(ng'kg,l) . (ng'kg,l) 

(wW) ,(WW) 

'2.07 
CNR 
1.16 

0.50 

0,27 

1.01 

1.03 

CNR 
CNR 

. 1.14 

4.82 

2.57 

.4.73 

2.71 

6.33 

, 3.06 

2.59 

1,53 

4.06 

2:16 

2.37 

2.32 
CNR 
1.43 

0.62 

0.34 

.' 0.99 

1.04 

'CNR 
CNR 

1.09 

4.80 

·2.94 

3,93 

3.05 

'. 
7,12 

3,i6 

1.70 

1.68 

4.34. 

2.42 

2,76 

(ng'kg,l) . (ng'kg,l) Reference 

(Ww) (ww) 

3.02 
CNR 
4,01.' 

3.32 

1.88 

1.92 

2.93 

CNR 
CNR 

1.65 

9,75 

12.88 

21.90 . 

12.98 

30.62 

8.42 

19.68 

1.78 

. 4.84 

5.01 

11.84 

1.6 Elliot! et al. 1989 
4.2 Tuominen & Sekela 1992 

0.99 : Elliott et al. 1989 

NR Dwemychuk et al. 1993 

NR Dwernychuk et al. 1993 

NR . Dwemychuk et al. 1991 a 

NR Dwemychuk et al.' 1991 a 

7.6 Tuominen & Sekefa 1992 
7.6 Tuominen & Sekela 1992 

NR Dwernychuk et al. 1991a 

NR Dwemychuk et al. 1991 â 

NR Dwernychuk et al. 1991 a 

NR Dwernychuk et al. 1991a 

NR Dwernychuk et al. 1991 a 

N R Dwernychuk et al. 1991 a 

NR Dwernychuk et al. 1991 a 

NR Dwemychuk el' al. 1991 a 

NR ·Dwernychuketal. i991b' 

NR Dwernychuk et al. 1991 b 

15.2 Elliott et'al. 1989 

NR Dwernychuk et al. 1991a 
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. Table 25_ Levels of PCDD/Fs a~d TEQ in freshwater fi,sh in Canadà 

.~ ', .. ': 

'. j. 

Location 

Statiofi F5 ~'Koo~enay Rivér80 
km DIS Cre'stbrook discharge' 
Station F6 - Kootenay River 
160 km DIS Crestbrook 

, , Station 'F6 ~ Kootenay River 
160 km DIS Crestbrook 

,Columbia River VIS of CeJgar·. 
pulp mill' " . 

Columbia River at Lower 
Arrow Lake 
Columbia River ~iLower 
Arrow Lake 
Columbia River DIS ofCelg'ar 

;,pulp mill, 
Columbia River DIS ofCelgar 
pulp mill 
Columbia River DIS of 
Kootenay River 
Columbia River DIS of 
Kootenay River 

Columbia River DIS ofTrail 

Columbia River DIS ofTrail : 

Columbia River VIS ofTrail 

Columbia River Û/S"ofTrail 

Fibre\co Pulp Inc, (D/S) 
Lowe'r FraSer River Mills (VIS) 
Paperboard Indusiries Corp, 
Scott Paper Ltd. (DIS) 
Site 96CI~FI - Kootenay R. 
u~stream of Crestbrook Forest 
Industry Mill. 

'Site 96CBF2 - Kootenay River, 
Skookumchuck bridge (DIS of 
Site 96CBF2 - Kootenay River, 
Skookumchuck bridge (DIS of-

Table 25, ... --

·Life 

Year Species Stage Sex 

1990 Kokanee, NR 

. 1990 Kokanee" ·.NR NR 

1990 Kokanee. : NR NR 

1990 Lake whitefish . 32-36 cm MlF 

1990 Largescale sucker , 33 cm ~ 

1990 Largescale sucker 33 cm 'MlF 

1990 'Largescale sucker 44-52 cm MlF 

1990 Large~cale sucker 44-52 cm MlF 

1990 Largescale sucker 51 cm MlF 

1990 ,Largescale sucker 51 cm MlF 

1990 Largescale sucker 47 cm MlF 

1990 . Largescale sucker 47 cm MlF 

1990 ' Largescale sucker 50 cm . NR 

1990 Largescale sucker 
, . 

1989 Largescale sucker 
1989 Largescale sucker 

1989 Largescale sucker 
1989 Largescale sucker 

f996 Largescale sucker 

1996 Largescale sucker 

1996 Largescale sucker 

50cm NR 

NR NR 
NR NR 
NR NR 
NR NR 

NR NR 

NR NR 

NR NR 

- -'- -

Tissue 

.' Liver 

Muscle 

Liver 

muscle 

muscle' 

liver 

muscle 

liver 

muscJe 

',Iiver 

'muscl'e 

liver 

muscle 

Iiver 

muscle' 
muscle 
muscle 
muscle 

Muscle 

Muscle 

Liver 

-

N 

8C 

3 

6C 

6C 

6C 

6C 

5C 

SC 

9C 

9C 

6(; 

6·C 

NR 
NR 
NR 
NR' 

4C 

4C 

4C 

-

Total 
PCDD/F 

(ng-kg,l) 

(ww) . 

32.10 . 

13.35 

29.40 

122.10 

1.40 

1.80 

42.30 

83.80 

6.00 

106.50 

24.00 

" 76.40 

'·24.60 

76.20, 

<139 
<55.6 
'<62, 
<32 

5.20 

10.90 

44.50 

-

TEQIiS.;abc TEQm~m ab TEQavia. ab' Lipid 

'. l' ", 1 
(ng-kg') (ng-kg') 

(ww) (ww) 

4.27 ' 

1.62 

1.54 

CNR 
CNR 
CNR 
CNR 

,0.51 

0.98 

4.55 

3.81 

1.88 

2.22 

19.7/18,Sd 

4.2/0.5d 

3.010.0d 

, d 
5.914.5 

19.7/16.4d 

4.8/0.5d 

19.4/16.5d 

6.6/2.3d 

14.3/11.6d 

5.2/2.7d 

15.6/12.3d . 
CNR 
CNR 
CNR 
CNR 

0.59 

, 1.34 

6.47 

_.-

. ,1 " ,1 
(ng-kg ), (ng-kg ) Reference 

(ww) (ww) , 

16.10' NR Dwemychuk etaI. 1991a 1 

7.70 

15.76 

CNR 
èNR 
CNR 
CNR 

2.60 

8.30 

41.90 

-

NR Dwemychuk et al. 1991 a 

NR Dwemychuk et al. 1991 à 

EVS 1991 

3.5 EVS 1991 

3.5 EVS 1991 

3 EVS 1991 

3.5 EVS 1991 

2.5 'EVS 1991 

2.5 EVS 1991 

5.5 EVS 1991 

4.5 . EVS 1991 

2.5 EVS \991 

6.5 EVS 199\ 

5.1 Tuominen & Sekela 1992 
4 ',Tuominen & Sekela i 992 

, ?2 Tliominen & Sekela 1992 
3.8 Tuominen & SekeJa 1992 

1.4 Dwcrnychuk et al. 1996 

1.4 Dwernychllk et al. 1996 

7.5 Dwernychllk ct al. 1996 
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Table 25; .Levels of PCDD/Fs. and TEQ in freshwater fish in Canada 

,. 

Location' 

Site 96CBF3 - Kootenay River-· 

Bummers Flats (U/S cif Fort. ~ 

Steele,S.C)· .' 
Site 96CBF3 ~ Kootenây River­
BUlrimers Flats (VIS of Fort 

Steete,s. C) 
'Site 96CBF4 -:Wardner. 
(Kooéanusa Lake)' . 

. Species >. 

1996 . Litrgescale ~ucker 

1996 . Largèscale sucker 

1996 Largescale sucker 

Site 96CBF4 - W!.Ifdner 
(Koocanusa Laké) 

. , . t<:196 . Largescale sucker 

Site 96CBS 1 -_ Kootenay R 
. upstream of Crestbrook Forest 
Industry Mill.' 

"Station F2.- Kootenay River 1.3 
km' DIS Crestbtook rlischarge 

. 1996 Largescale sucker 

1990' Largescale 'sucker 

. Station F2 - Kootenay River 1:3 
. 1990 Largescale sucker 

km DIS Crestbrook.discharge 

Station F3 - Kooienay River 35 1990 Largèscal~ ~uckéi:.: 
km DIS Crèstbrook 'discharge . 
Station F3 - Kootenay River 35 
km D/S'Crestbrook discharge 
Station F4 - Kootenay River 70 
km DIS Crestb~ook discharge 

. Station F4 -Kootenay River70 
km DIS Crestbrook discharge . 
Station F5 - Kootenay River 80 
km DIS Crestbrook discharge . 
Station F5 - Kootenay River 80 
km DIS Crestbrook discharge . 
StationF6 - Kootenay River 

1990 Largescale sucker 

. 1990'· Largescale sucker . 

1990 Largescale sucker 

1990 Largescaie sucker 

. 1990 Largescale suèker~ . 

1990 Largescale sucker 

Life 

Stage' Sex·· . 

. ~ : .. 

NR NR 

NR NR 

NR· NR 

NR NR 

NR NR 

NR NR 

NR. NR 

NR- NR 

NR NR 

NR NR 

Nit· .NR 

NR 'NR 

NR NR 

NR' NR 
. 160 km DIS Crestbrook 

Station F6 - Kootenay River 

160 km DIS Crestbrook 
1990' Largescale sucker" NR NR 

. Station RI - Fraser~iver @ 
Hansard, B.C. .' '<. 

Station RI - Frasei River@ 

Hansard, B.C 

Table 25 

1990 ., Largescale sucker.- NR NR 

1990 Largescale sucker NR ..• NR 

Tissue 

Muscle 

:Liver 

Muscle: 

Liver 

Liver· 

Muscle 

Muscle' 

Liver 

Muscle 

Liver' 

Muscle 

Liver 

Muscle 

Liver 

Muséle :' 

Liver 

- -
·N 

2e 

2C 

4C 

3C 

3C' 

6C 

.6C 

5C 

·5 C 

.2C 

2C 

1 

1· 

3C 

3C 

Total 

PCDD/F 

(ng-kg- I
) 

~ww) . 

8.15 

6.00 

24.60 

10.50 

64.05 

220AO . 

20.15· 

60.95 

.10.70 

.78.80 . 

9.85 

41.65 

7.20 

24.85 

'24.00 

- - - _.;.-

Lipid· . 
., 

(ng-kg- I
) (ng-kg- I

) (ng-kg- I
) (ng;.kg- I

) Reference 

(ww); (w~) (ww) (ww) 

. 0.64 0.86 5.30 '0.97 Dwernychuk et.aL 1996 

1.95 2.87 20.00. 7.2 Dwefr)ychuk et al. 1996 

0:62 . 2.63 1.3 .. Dwernychuk et al. 1996 . 

IA.1 1.61 6.98 4.9 Dwernychuk et al. 1996 

J.06 1.39, 7.90. 5.6 . Dwernychuk et al. 1996: 

9.17 . 1L54 56.34 NR' Dwernychuk et al: 1991a 

32.47 . 40.01 186.79 J'IR Dwernychuk et al. 1991 a . 

.' 
2.04· . 2.32 9.61 '. NR '. Dwernychuk et al. 1991 a 

8.27 47.I4 NR Dwernychul( et al. 199.la 

1.44 \.26 5.97 NR Dwernychuk et at: 1991 a . 

10.35 li.27 . NR Dwernychuk et aL 1991 a . 

. L49 -- L50 NR . Dwernychuk et itL.l991 a 

5.36 . 25.27 NR' Dwernychuk et al. 1991a 

\.20 Ll3 1.62 NR .. Dwerny~huk ct al. 1991 a 

2.41 3.26 19A7. NR Dwernychuk etaI. 1991a 

3.74 4.08 4.32 ·NR Dwernychuk et al. 1991b 

4.11 4.47 4.65 NR DWfrnychuk et al. 1991 b 
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Table 25;· Levels 'ofIlCDD/Fs and TEQ in freshwater fish in Canada 
, '.". . .-.. ', 

.. ',", Life 
".' 

Location Year Species Stage "Sex 

, :. 

'StationRI2 ~ :rhompson River 

@ McLurc·,.S.C· .' 
1990 .' LargescaÎe suckèr NR. · ... NR. 

Station RI2 - Thompson River 
, '~'" . 1990 LargescaJé' sucker - @ McLure,B.C.·· . ' 

NR NR 

.;. Station R3- Fraser River below 
Prince George, B.C. 
Station R3- Fraser River below 
Prince George, B.C.. , 

· Station,R4 - Fraser River @ 
Stoner, B.C .. 

1990 Làrgescale sucker ' NR NR 

. 1990 Largesca!e sucke~ : . 'NR ·NR 

, .... ' 
1990 . Largescale Sucker. ~R . NR 

NR .NR 
· Station R4 - Fraser River @ 

, ' . ,'1990' Largescale sucker 
.' ,Stoner, B:C. ' . 

NR , ,Fibrelco Pulp Inc. (DIS) . 1989 Longnose sucker ;' NR 
Fibrelco Pulp Inc. l)/S Peace . ,1989 . Longnose sucker NR NR 
Fibrelco Pulp Inc. UlS Pine . ,"1989 Longnose sùcker NR 'NR 
Station FI - Kootenay River39 

· km upstream Crestbrook: .1990 Longnose sucker NR 'NR 

'Station FI ~ Kootenay River 39 
1990' Longnose .sucker , NR, NR 

'. km upstrearn Crestbr<?ok .. 
Coll)mbia, River DIS ofCelgar 

1990 Mountilin whitefish 31'-35 cmF 
pulpmill .: 
Columbia RiverD/SofCelgar r . ' • F 

1990 Mountain whitefish 31-35 cm 
pulpmill 

,Columbia River DIS of 

Kootenay River. 
CÇllumbia River DIS of 

Kootenay River 

Columbia Rivèr UlS ofTrail 

Columbia River UlS ofTrail 

Columbia Riy.erD/S ~fTrail 
Columbia RiverD/S MTrail 

FibrelcoPulp Inc. UlS Peace 
. Fibrelco Pi.llp Ine. UlS Pine' 

Sitè96CBSI'7 Kootenay R. 

.: 1990' Mountain whitefish . 37 cm MlF 

1990 , Moun!a!nwhitefish 3.1 cm MlF 

1990 Mouniain whitefish ,: 36 cm : MlF 

1990 Mountain \vhitefish. 36,cm MlF 

1990 Mountain whitefish ,34·cm MlF 

1990 Mountain whitefish 

. 1989 Mountairi' whitefish 
1989 Mountairi whitefish' 

34 ·cm· MlF. 

·NR NR 
NR NR· 

upstream ofCrestbrook Forest ' 1996 Mountain whitefisli - NR ", . NR 

, Industry"Mill. 

,'. 
. Table'25 

Tissue 

Muscle 

. Liver 

Muscle 

Livee 

Muscle 

Liver 

muscle 
muscle 
muscle 

Muscle 

Liver' 

, muscle 

Iiver 

muscle 

Iiver 

. ,muscle 

liver 

. muscle 

liver 

muscle 
muscle 

Muscle 

.-", ", 

_. 
: .. ' 

N 

6C' 

6C 

6C 

6C 

6C 

NR 
NR 
NR 

2C 

2C 

6C 

6C 

6C 

6C 

6C 

6C 

9C 

9C 

NR 
NR 

6C 

-

Total 
PCDD/F 

(ng'kg'l) 

(ww) 

Il.55 

24.60 

20.95 

85.15 

23.10 .' 

'49.25 

<172 
<132 

'<106 

6.75 

18.30 

i37.50 

39.80 

84.40 

77.80 : 

186.10 

75.90 

225.50 . 

5'4.40 

<358 
<142 . 

22.90 

-' 

Lipid 

(ng'kg,l) . (rig'kg,l) (ng'kg,I)' (ng'kg,l) 'Reference 

. (ww) ,(ww) (w'w) (ww) 

2.11 2.18" 3.07 

3.53 3.46 7.46 

3.61 3.82 4.83 

40.70 ' 39.93 56.67 

. 3.24 3.44 4.60 

5.45 ' 4.63 24.95 

CNR CNR CNR 
CNR CNR CNR 
CNR CNR CNR 

1.13 1.05 1.22 

.2.05 1.76 , 1:88 

CNR 
CNR 

1.40 

-

19.4/16.5d 

10.II7.4d 

14.01I0.6~ 

.19.9/.13.8d 

26.1/24.l d 

13:41 1O:2d 

. 31.9 1 27.5d 

11.615:3d 

CNR 
CNR 

2.37' 

CNI~ . 
.CNR 

20.40 

-

NR Dwernychuk ët al. 1991 b .. 

NR Dwernychuk et àl. ,1991 b 

NR Dwernychuk et al. 1991 b 

NR Dwernychuk et àl. 1991 b 

NR Dwernychuk et al. 1991b 

'NR 'Dwernychuk et al. .J99Ib· 

6.4 Tuominen & Sekela 1992 
4.4. Tuominen & Sekcla 1992 
2.5 Tuominen & Sekela 1992 

'NR ,Dwernychuk et al. 1991 a 

.. 
,NR Dwernyc~uk et al. 1991a 

·3.EVSI991 

4 EVS 1991 

3.5 EVS 1991 

4. EVS 1991 

3. EVS i991' 

4 

3 

EVS 1991 

EVS 1991 

4.5:' EVS 1991 

8.4 ' Tuominen & Sekela 1992 
7.3 Tuominen & Sekela 1992 

. . '.:. 

2 Dwernychùk et al. 1996, 

, . 
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Table 25. Levels of PCDD/Fs and TEQ in freshwater fish in Canada 

Life· 
Total 

PCDD/F 
TEQlish abc TEQmam ab TEQa\'ia" ab Lipid 

Location Year Species Stage Sex Tissue N (ng'kg- I
) (ng'kg- I

) (ng'kg- I
) (ng'kg- I

) (ng'kg- I
) Reference 

(ww) (ww) (ww) (ww) (ww) 

Site 96CBS 1 - Kootenay R, 
. upstream of Crestbrook Forest 1996 Mountain whitefish NR NR Liver 6C 30,35 2.29 3,11 20,29 2,9 Dwernychuk et al. 1996 

Industry Mill. 
Site 96CBS2 - Kootenay River, 

1996 Mountain whitefish NR NR Muscle 6C 30,50 2,25 3,57 27,90 2 Dwernychuk etaI. 1996 
Skookumchuck bridge (DIS of 
Site 96CBS2 - Kootenay River, 

1996 Mountain whitefisli NR NR Liver 6C 45,60 3.42 5,13 37,60 4,6 Dwernychuk et al. 1996 
Skookumchuck bridge (DIS of ~.:: 
Site 96CBS3 - Kootenay River-
Bummers Flats (VIS of Fort 1996 Mountain whitefish NR NR Muscle 6C 31.50 2.30 3,67 28,90 2,2 Dwernychuk et al. 1996 .. 
Steele,B,c') 
Site 96CBS3 -Kootenay Rlver- "-~ .. ;;~~,' 

Bummers Flats (VIS of Fort 1996 Mountain whitefish NR NR Liver 6C 35,95 3,06 4,26 27,73 3,6 Dwernychuk et al. 1996 ~7,. ~ - .. ~-; "'--~ ..... ,'; ... : 
Steele,B.c') .~ .. ;~-!±: 

Site 96CBS4 - Wardner 
1996 Mountain whitefish NR NR Muscle 6C 17,20 1.37 2,04 14,65 0,94 Dwernychuk et al. 1996 ,..:.:;::'-: 

(Koocanusa Lake) 
Site 96CBS4 - Wardner 

1996 Mountaiil whitefish 
(Koocanusa Lake) 

NR NR Liver 6C 40,80 3,56 4,70 28.19 2.3 Dwernychuk et al. 1996 . ...:;, .•.. '~ 

Station FI - Kootenay River 39 
1990 Mountain whitefish NR NR Muscle 6C 38,60 3,22 4,74 33.56 NR Dwernychuk et al. 1991 a 

km upstream Crestbrook 
Station FI - Kootenay River 39 

1990 Mountain whitefish NR NR Liver 6C 35,15 4.17 4,74 19,27 NR Dwernychuk et al. 1991 a 
km upstream Crestbrook 
Station F2 - Kootenay River 1.3 

1990 Mountain whitefish NR NR Muscle 9C 46,70 3,79 5,58 39,79 NR Dwernychuk et al. 1991 a 
km DIS Crestbrook discharge 
Station F2 - Kootenay River 1.3 

1990 Mountain whitefish NR NR Liver 9C 98,65 7,52 10,29 67,92 NR Dwernychuk et al. 1991a 
km DIS Crestbrook discharge 
Station F3 - Kootenay River 35 

1990 
km DIS Crestbrook discharge . 

Mountain whitefish NR NR Muscle 8 56,65 4,82 7,19 51.34 NR . Dwernychuk et al. 1991 a 

Station F3 - Kootenay River 35 
1990 Mountain whitefish 

km DIS Crestbrook discharge 
NR NR Liver 8 61.90 6,15 8,32 50,75 NR Dwernychuk et al. 1991 a 

Station F4 - Kootenay River 70 
1990 Mountain whitefish 

km DIS Crestbrook discharge 
NR NR Muscle 5C 47,60 3,15 4,85 37,29 NR Dwernychuk et al. 1991 a . 

Station F4 - Kootenay River 70 
km DIS Crestbrook discharge 

1990 Mountain whitefish NR NR Liver 5C 54.25 4,69 3.35 31.78 NR Dwernychuk et al. 1991 a 

Station F5 -Kootenay River 80 
1990 Mountain whitefish 

km DIS Crestbrook discharge 
NR NR Muscle SC 56,05 5,90 3.48 50,93 NR Dwernychuk et al. 1991a 

Station F5 - Kootenay River 80 
1990 M()untain whitefish 

km DIS Crestbrook discharge 
NR NR Liver 5C 123,00 15,92 10.47 114,94 NR Dwernychuk et al. 1991a 
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Table 25. Levels of PCDDlFs and TEQ in freshwater fish in Canada 

Location 

Station F6 - Kootenay River 
160 km DIS Crestbrook 
Station F6 - Kootenay River 
160 km DIS Crestbrook 
Station RIO - Fraser River@ 
Lillooet, B.C. 
Station RIO ~ Fraser River @ 
Lillooet, B.e. 
Station RIO - Fraser River near 
Lillooet, B.C. 
Station RIO - Fraser River near 
Lillooet, B.C. 
Station RII - Thompson River 
@ Chase/Monte Creek 
Station RII - Thompson River 
@ ChasetMonte Creek 
Station RI2 - Thompson River 
@ McClure, B.C. 
Station RI2 - Thompson River 
@ McLure, B.C. 
Station RI2 - Thompson River 
@ MeL ure, B.C. 
Station RI3 - Thompson River 
@ KamloopslTranquille, B.C. 
Station RI3 - Thompson River 

@ KamloopslTranquille; B.C. 
Station RI4 - Thompson River 
@ SavonaiWalhachin B.C. 
Station RI4 - Thompson River 

@ SavonaIWalhachin B.C. 
Station RI4 - Thompson River 

@ Walhachin, B.C. 
Station RI4 - Thompson River 

@ Walhachin, B.e. 
Station RI4 - Thompson River 
near Walhachin, B.C. 

Table 25 

.. '-. ,. 

Year Species 

1990 Mountain whitefish 

1990 Mountain whitefish 

1995 Mountain whitefish 

1995 Mountain whitefish 

1992 Mouritain whitefish 

1992 Mountain whitefish 

1990 Mountain whitefish 

1990 Mountain whitefish 

1995 Mountain whitefish 

1990 Mountain whitefish 

1990 Mountain whitefish 

1990 Mountain whitefish 

1990 Mountain whitefish 

1990 Mountain whitefish 

1990 Mountain whitefish 

1995 Mountain whitefish 

1995 Mountain whitefish 

1992 Mountain whitefish 

Life 

Stage Sex 

NR NR 

NR NR 

NR NR 

NR NR 

NR NR 

NR NR 

NR NR 

NR NR 

NR NR 

NR NR 

NR NR 

NR NR 

NR NR 

NR NR 

NR NR 

NR NR 

NR NR 

NR NR 

- -

Tissue N 

Muscle 

Liver 

Muscle 6C 

Liver 6C 

Muscle 6C 

Liver 6C 

Muscle 6C 

Liver 38 C 

Muscle 6C 

Muscle 6C 

Liver 17C 

Muscle 6C 

Liver 7C 

Muscle 6C 

Liver 9C 

Muscle 6C-

Liver 6C 

Muscle 6C 

-.-

Total 
PCDD/F 

(ng·kg"l) 

(ww) 

16.85 

20.60 

4.40 

7.35 

5.40 

12.95 

33.50 

51.75 

12.30 

208.30 

164.00 

185.45 

351.60 

115.80 

279.65 

1.4.75 

18.10 

14.90 

-

TEQfi.h abc TEQmam ab TEQavian ab Lipid 

(ng-kg"l) (ng-kg"l) (ng-kg"l) (ng-kg"l) Reference 

(ww) (ww) (ww) (ww) , 

1.85 2.17 9.86 NR Dwemychuk et al. 1991a 

2.01 2.28 . 9.26 NR Dwemychuk et al. 1991a 

0.49 0.49 1.33 3.2 Dwemychuk et al. 1995 

0.74 0.75 2.05 2.9 Dwemychuk ct al. 1995 

0.98 1.00 1.76 NR Dwemychuk et al. 1993 

2.57 2.60 4.57 NR Dwernychuk et al. 1993 

9.42 8.49 27.51 NR Dwcrnychuk ct al. 1991 b 

15.25 14.05 39.67 NR Dwcrnychuk et al. 1991 b . 

1.08 1.46 9.23 6 Dwernychuk et al. 1995 

47.95 39.55 201.07 NR Dwernychuk et al. 1991 b 

47.32 41.43 155.48 NR Dwernychuk et al. 1991 b 

50.34 43.45 177.07 NR Dwernychuk et al. 1991 b 

115.99 104.14 332.17 NR Dwcrnychuk ct al. 1991 b 

26.08 21.64 108.06 NR Dwernychuk et al. 1991 b 

·109.88 102.12 254.38 NR Dwernychllk et al. 1991 b 

1.35 1.87 11.80 5.1 Dwcrnychllk ct al. 1995 

1.88 2.29 11.16 3.8 Dwernychuk et al. 1995 

2.46 2.85 10.26 NR Dwcrnychuk et al. 1993 

l'age 6 ofl 0 
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Table 250 Levels of PCDD/Fs and TEQ in freshwater fish in Canada 

Location 

Station RI4 - Thompson River 

near Walhachin, B.e. 
Station RI6 - Fraser River@ 

Hope, B.e. 
Station RI6 - Fraser River@ 

Hope, B.e. 
Station R 16 - Fraser River near 

Hope, B.C. 
Station RI6 - Fraser River near . 

Hope, B.e. 
Station R 17 - Fraser River @ 

Mission, B.C. 
Station R2 - Nechako River 
Station R2 - Nechako River 
Station R4 - Fraser River @ 

Stoner, S,Co 
Station R4 - Fraser River @ 

Stoner, S,e. 
Station R4 - Fraser River @ 

Stoner, S.e. 
Station R4 - Fraser River @ 

Stoner, B.e. 
Station R4 - Fraser River near 

Stoner, B.C. 
Station R4 - ,Fraser River near 

Stoner, S.C. 
Station R5 - Fraser River near 

Quesnel, S,Co 
Station R5 - Fraser River near 

Quesnel, B.C. 
Station R6 - Fraser River @ 

Quesnel River 
Station R6 - Fraser River @ 

Quesnel River 
Station R6A - Fraser River @ 

Quesnel River, S,Co 

Table 25 

Year .species 

1992 Mountain whitefish 

1995 Mountain whitefish 

1995 Mountain whitefish 

1992 Mountain whitefish 

1992 Mountain whitefish 

1995 Mountain whitefish 

1995 Mountain whitefish 
1995 Mountain whitefish 

1990 Mountain whitefish 

1990 Mountain whitefish 

1995 Mountain whitefish 

1995 Mountain whitefish 

1992 Mountain whitefish 

1992 Mountain whitefish 

1992 Mountain whitefish. 

1992 Mountain ~hitefish 

1990 Mountain whitefish 

1990 Mountain whitefish 

1995 Mountain whitefish 

Life 

Stage Sex 

NR 

NR 

NR 

NR 

NR 

NR 

NR 
NR 

NR 

NR 

NR 

NR 

NR 

NR, 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 
NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

Tissue' 

Liver 

Muscle 

Liver 

Muscle 

Liver 

Muscle 

Muscle 
Liver 

Muscle 

Liver 

Muscle 

Liver 

Muscle 

Liver 

Muscle 

Liver 

Muscle 

Liver 

Muscle 

-, -
N 

6C 

6C 

6C 

6C 

6C 

6C 

6C 
6C 

3C 

3C 

6C 

6C 

6C 

6C 

6C 

6C 

6C 

6C 

Total 
PCDD/F 

(ngokg· l ) , 

(ww) 

18,00 

4.80 

6,80 

10.40 

49.35 

4,55 

3,50 
7,05 

167,60 

223.80 

5.05 

10.20 

10,75 

41.95 

8,25 

11.85 

295.95 

312.65 

2,85 

.. .. -
TEQfi'h

abc 
TEQmam

ab 
TEQa\'ian

ab Lipid 

(ng·kg· l
) (ngokg· l

) 

(ww) (ww) 

3.31 

0.51 

0,72 

2.27 

5,15 

0.45 

0.45 
0,85 

53,60 

79,10 

0,51 

1.16 

5.13 

18.69 

1.70 

4.55 

102,35 

113.30 

0,27 

3.69 

0.53 

0.72 

2,28 

5.15 

0.46 

0.41 
0.79 

47,79 

72.86 

0.53 

1.11 

5,16 

19.32 

1.73 

4.66 

92,74 

101.48 

0.25 

(ng·kg· l
) (ngokg· l

) Reference 

(ww) (ww) 

11.71 

1.73 

1.75 

4,14 

11.59 

1.48 

0.53 
1.03 

144,19 

155.88 

1.63 

2,08 

6.96 

23.68 

3.13 

7.36 

255.90 

207,13 

0.30 

NR 

3 

2.9 

NR 

NR 

3 

3.8 
2.5 

NR 

NR 

2,7 

2,8 

NR 

NR 

NR 

NR 

NR 

NR 

3.1 

Dwernychuk et al. 1993 

Dwernychuk et al. 1995 

Dwemychuk et al. 1995 

Dwernychuk et al. 1993 

Dwernychuk et al. 1993 

Dwernychuk et al. 1995 

Dwernychuk et al. 1995 
D~vernychuk et al. 1995 

Dwernychuk et al. 1991 b 

Dwernychuk et al. 1991b 

Dwernychuk et al. 1995 

Dwernychuk et al. 1995 

Dwernychuck et al. 1993 

Dwernychuck et al. 1993 

Dwernychuk et al. 1993 

Dwernychuk et .. al. 1993 

Dwcrnychuk et al. 1991b 

Dwernychuk et al. 1991 b 

Dwernychuk et al. 1995 

Page 7 of 10 
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Table 25. Levels of PCDDlFs and TEQ in freshwater fish in Canada 

.Location 

Station R6A • Fraser River @ 
Quesnel River, B.C. 
Station R6A - Quesnel River, 
Station R6A • Quesnel River, 
Station R 7 • Fraser River below 
Quesnel, B.C. 
Station R7· Fraser River below 

. Quesnel, B.e. 
Station R 7 • Fraser River 
between Quesnel and 
Station R 7 • Fraser River 
between Quesnel and 
Station R8 • Fraser River 
@Soda Creek, B.C. 
Station R8 • Fraser River 
@Soda Creek, B.C. 
Station R8 • Fraser River near 
Marguerite, B.C. 
Station R8 - Fraser River near 
Marguerite, B.C. 
Fibrelco Pulp Inc. (DIS) 
Fibrelco Pulp Inc. VIS Peace 
Columbia River at Lower 
Arrow Lake 
Columbia River at Lower 
Arrow Lake 
Lower Fraser River Mills (U/S) 
Paperboard Industries Corp. 
Scott Paper Lld. (DIS) 
Nicomekl, B.C. 
University of British Columbia 
Eurocan Pulp & Paper Co. 
Eurocan Pulp & Paper Co. 
Éurocan Pulp & Paper Co. 
Station F2 • Kootenay River 1.3 
km DIS Crestbrook discharge 

Table 25 

Year Species 

1995 Mountain whitefish 

1992 Mountain whitefish 
1992 Mountain whitefish 

1995 Mountain whitefish 

1995 Mountain whitefish 

1992 Mountain whitefish 

1992 Mountain whitefish 

1995 Mouniain whitefish 

1995 Mountain whitefish 

1992 Mountain whitefish 

1992 Mountain whitefish 

1989 Northem pike 
1989 Northem pike 

1990 Northem squawfish 

Life 

Stage Sex 

NR 

NR 
NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR' 

NR 

NR 
NR 

38 cm 

NR 

NR 
NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 
NR 

F 

. 1990 Northem squawfish' 38 cm F 

NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 

1989 
1989 
1989 
1986 
1986 
1989 
1989 
1989 

1990 

Northem squawfish 
Northem squawfish 
Northem squawfish 

Plainfin 
Plainfin 

. Prickly sculpin 
Rainbow trout 
Rainbow trout 

Rainbo\v trout 

NR 
NR 
NR 
NR. 
NR 

. NR 
NR 
NR 

NR NR 

Tissue 

Liver 

Muscle 
Liver 

Muscle 

Liver 

Muscle 

Liver 

Muscle 

Liver 

Muscle 

Liver 

muscle 
muscle 

muscle 

N 

6C 

6C 
6C 

6C 

6C 

6C 

6C 

6C 

6C 

6C 

NR 
NR 

6C 

liver 6 C 

muscle NR 
muscle NR 
muscle NR 

Regurgitated Prey NR 
Regurgitated Prey NR 

muscle NR 
muscle . NR 
muscle NR 

Muscle 3 C 

Total 
PCDD/F 

(Dg'kg- I
) 

(ww) 

8.25 

230 
3.07 

21.00 

40.90 

II.65 

45.20 

3.85 

10.20 

25.60 

79.15 

<122 
<212 

2.30 

7.05 

<72 
<66 
<150 

. 31.00 
16.00 
<304 
<132 
<88 

30.00 

•• 

TEQlish abc TEQmam ab TEQ.vinn ab Lipid 

(ng·kg- I
) (ng'kg- I

) 

(WW) (ww) 

0.90 

0.19 
0.33 

12.24 

21.60 

3.76 

20.86 

0.56 

1.16 

11.39 

38.37 

CNR 
CNR 

CNR 
CNR 
CNR 
4.22 
3.42 
CNR 
CNR 
CNR 

5.05 

0.83 

0.20 
0.31 

12.52 

22.12 

3.87 

22.09 

0.53 

1.10 

11.76 

39.50 

CNR 
CNR 

4.4 10.Od 

3.7/0.6d 

CNR 
CNR 
CNR 
5.75 
4.02 
CNR 
CNR 
CNR 

5.95 

(Dg'kg- I
) (ng·kg- I

) Reference 

(ww) (ww) 

1.06 

0.49 
0.41 

16.84 

26.83 

6.77 

33.45 

0.88 

1.98 

16.95 

46.75 

CNR 
CNR 

CNR 
CNR 
CNR 
5.17 
11.02 
CNR 
CNR 
CNR 

24.00 

2.3 

NR 
NR 

4.6 

3.8 

NR 

NR 

2.2 

2.8 

NR 

NR 

2.1 
2.1 

3 

4 

4 
4.2 
4.1 
0.22 
2.76 

3 
6.8 
5.3 

NR 

Dwemychuk et al. 1995 

Dwemychuk et al. 1993 
Dwemychuk et al. 1993 

Dwemychuk et al. 1995 

Dwemychuk et al. 1995 

Dwemychuk et al. 1993 

Dwemychuk et al. 1993 

Dwemychuk et al. 1995 

Dwemychuk et al. 1995 

Dwemychuk et al. 1993 

Dwemychuk et al. 1993 

Tuominen & Sekela 1992 
Tuominen & Sekela 1992 

EVS 1991 

EVS 1991 

Tuomincn & Sekela 1992 
Tuomincn & Sekela 1992 
Tuominen & Sekela 1992 
EII iot! et al. 1989 
EII iott ct al. 1989 
Tuomincn &. Sckela 1992 
Tuominen & Sekcla 1992 
Tuominen & Sckela 1992 

Dwemychuk ct al. 1991 a 

l'age & of 10 

-
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Table 250 Levels of PCDDlFs and TEQ'in freshwater fish in Canada 

Location 

. Station F2 - Kootenay River 1.3 
km DIS .Crestbrook discharge 
Station F6 - Kootenay River 
160 km DIS Crestbrook 
Station F6 - Kootenay River 
160 km DIS Crestbrook 
Nicomekl, B.C. 
Point Roberts, B.C. 
Fibrelco Pulp Inc .. VlS Pine 
Petro - Canada Products (DIS) 
Fraser River 10 km VIS Prince 
George (by pulp mill outfall) 
Fraser River 10 km VIS Prince 
George (by pulp mill outfall). 
Fraser River 10 km VIS Prince 
deorge (by pulp mill outfall) 
Fraser River 10 km VIS Prince 
George (by pulp mill outfall) 
Fraser River JO km VIS Prince 
George (by pulp mill outfall) 
Fraser River JO km VIS 'Prince 
George (by pulp mill outfall) 
Fraser River JO km VIS Prince 
George (by pulp mill outfall) 
Fraser River 10 km VIS Prince 
George (by pulp mill outfall) 
Fraser River 10 km VIS Prince 
George (by pulp mill outfall) 
Fraser River 10 km VIS Prince 
George (by pulp mill outfall) 
Fraser River 10 km VIS Prince 
George (by pulp mill outfall) 
Fraser River JO km VIS Prince 
George (by pulp mill outfall) 
Fraser River 10 km VIS Prince 
George (by pulp mill outfall) 
Paperboard Industries Corp. 

Table 25 

Year Species 

1990 Rainbow trout 

1990 . Rainbow trout 

1990 Rainbow trout 

1986 . Shiner perch 
1986 Shiner perch 
1989 Walleye 
1989 Walleye 

1991 White sturgeon 

1991 White sturgeon 

1991 White sturgeon 

1991 White sturgeon 

199 T White sturgeon 

1991 White sturgeon 

1991 White sturgeon 

1991 White sturgeon 

1991 White sturgeon 

1991 Whitesturgeon 

1992 White sturgeon 

1992 White sturgeon 

1992 White sturgeon 

1989 . White sturgeon 

Life 

Stage Sex Tissue N 

NR 

NR 

NR 

NR 
NR 
NR 

. NR 

NR 

NR 

NR 

NR 

60+ 

60+ 

60+ 

23+ 

23+ 

23+ 

52+ 

52+ 

52+ 

NR 

NR Liver 3C 

NR Muscle 

NR Liver 

NR Regurgitated Prey NR 
NR Regurgitated Prey NR 
NR muscle NR 
NR muscle NR 

F white muscle 

Fred muscle 

F Iiver 

F roe 

M white muscle 

M red musCle· 

M liver 

white muscle 

red muscle 

liver 

M white muscle 

M red muscle 

M liver 

.NR muscle NR 

Total 
PCDD/F 

(ngokg"l) . 

(ww) 

IOLl5 

5.05 

18.40 

16,00 
14.00 
<100 
<96 

19.90 

288.90 

115.40 

64.70 

50.10 

674.70 

216.30 

4.50 

9L70 

156.70 

13.20 

228.40 

231.20 

<80 

-
(ngokg"l) . (ngokg"l) 

(ww) (ww) 

15.68 

0.88 

3.50 

2.27 
2.32 
CNR 
CNR 

2.80 

41.77 

16.93 

9.02 

6.60 

80.83 

28.97 

0.31 

5.38 

10.04 

0.75 

12.98 

13.74 

CNR 

19.15 

0.83 

3.28 

2.74 
2.82 
CNR 
CNR 

3.89 

57.07 

23.04 

12.42 

9.11 

115.06 

39.66 

0.53 

9.44 

17.14 

1.37 

24.61 

23.87 

CNR 

Lipid 

(ngokg"l) (ngokg"l) Reference 

. (ww) (ww) 

8691 

1.00 

3.73 

7.02 
8.02 
CNR 
CNR 

15.24 

224.66 

88.15 

50.01 

41.36 

579.05 

197.42 

4.58 

79.43 

140.14 

12.53 

193.36 

193.50 

CNR 

NR 

NR 

NR 

0.9 
0.36 
3.1 
3.4 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

1.8 

Dwemychuk et al. 1991a 

Dwemychuk et al. 1991a 

Dwernychuk et al. 1991 a 

EII iott et al. 1989 
Elliott et al. 1989 
Tuominen & Sekela 1992 
Tuominen & Sekela 1992 

MacDonald et al. 1997 

MacDonald et al. 1997 

MacDonald et al. 1997 

MacDonald et al. 1997 

MacDonald et al. 1997 

MacDonald et al. 1997 

MacDonald et al. 1997 

MacDonald et al. 1997 

MacDonald et al. 1997 

MacDonald et al. 1997 

MacDonald et al. 1997 

. MacDonald et al. 1997 

MacDonald et al. 1997 

Tuominen & Sekela 1992 
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Table 25; Levels of PCDD/Fsand TEQ in freshwater fish in Canada 

Life 
Total 

TEQlish abc TEQm.~ ab TEQavian ab Lipid 
PCDD/F 

Locatiori Year Species Stage Sex Tissue N (ng'kg- I
) (ng'kg- I

) (ng'kg- I
) (ng'kg- I

) (ng'kg- I
) Reference 

(ww) (ww) (ww) (ww) (ww) 

Ontario 
Lake Ontario (Grimsby) 1992 Alewife NR NR whole NR 9.10 9.10 9.23 10.81 NR Niimi 1996 
Western Lake Ontario 1985 Alewife 7-20 cm NR whole 239 0.01 >4 6.30 7.21 NR . Braune & Norstrom 1989 
Lake Huron 1984 Lake trout 
Lake Michigan 1984 Lake trout 
Lake Ontario 1984 Lake trout 
Lake Ontario (DIS of 

1990 Lake trout 
chloropheno1 wastedump 
Lake Ontario (Grimsby) 1992 Lake trout 

. Lake Superior 1984 Lake trout 
Lake Superior (near kraft mill . 1990 Lake trout 
Lake Ontario (Grimsby) 1992 Sculpin 
Lake Ontario (Grimsby) 1992 Smelt 
Lake Erie 1984 Walleye 
Lake St. Clair 1984 Walleye 

N = number of samples; C = composite samp1é ofN fish. 
NR = not reported. NOR = incorrect isotope ratio 
CNR - Congeners not reported. 
Location: VIS = upstream; DIS = downstream. 

ADT NR composite 
ADT NR composite 
ADT NR composite 

NR NR whole 

NR NR whole 
ADT NR composite 
NR NR whole 
NR NR who1e 
NR NR whole 

ADT NR composite 
ADT NR composite 

Life Stage:. JUV = juvenile; ADT = adult. Length (cm) is fork 1ength; YOY = young of the year. 
Sex:. M = male; F = female; N = sexually undifferentiated. 
Concentrations are reported as wet weight, mean values. 

5C 48.60 8.29 
5C 105.20 20.76 
5C 58.00 12.44 

220.50 75.31 

NR 148.00 81.65 
5C 22.70 2.20 

49.60 9.41 
NR 160.00 48.52 
NR 16.75 30.54 
5C 22.00 2.10 
5C 38.80 4.33 

"TEQs were ca1culated based on the WHO 1998 TEFs for fish reported in van den Berg et al. (1998) unless otherwise indicated 

bTEQ calculations are for Dioxins and Furans only. 

9.44 36.67 
22.88 78.42 
13.37 40.27 

76.55 160.78 

83.36 120.16 . 

2.95 17.60 
10.24 32.45 
51.63 101.33 
31.51 46.83 
2.68 14.27 
5.57 30.7692 

ccalculations for Total TCDDITCOF 'and TEQ's used 1/2 of the reported detection limit if the amount of congener present in the sample was not quantified. 

NR DeVault et al. 1989 
NR DeVault et al. 1989 
NR DeVault et al. 1989 

NR Whittle et al. 1992 

NR Niimi 1996 
NR DeVault et al. 1989 
NR Whittle et al. 1992 
NR Niimi 1996 
NR Niimi 1996 
NR DeVault et al. 1989 
NR DeVault et al. 1989 

dTEQs were reported based on Provincial government (BC) and Federal government methods. TEQ ca\culated using I-TEFs. Provincial TEQ used DU2 and Federal method uses 0 ifhelow DL. 

Table 25 .. .. _
\ .. [-.111:" 
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Table 26. LevelsofT4CDD, T4CDF, and TEQ in marinefishin Canada. 

Location 

British Columbia 

, Mouth of Gold River vi~inity of pulp 

mill outfall 

Neck Point Qeorgia si. 
. Powell River 2.5 km N ofpùlp inill 

Po.well River 6 km DIS of ~ulp mill 
Quinsam River,Elk Falls 

Albemi, Thurbum Bay DIS 
Mouth of Gold River, 

Quinsam River, Elk Falls 

Elk Falls outfall 
Crofton 2 km SE VIS Pulp mill outfall 

, Crofton 4km NW pulp mill outfall 

Crofton NW of Willy Island 
, . ~rince Rupert, 750 fi S DIS 

Prince Rupert, Morse Basin 

Fraser estUary - Westhani Island 

, Fraser estuary - Westham Island 

University of British Columbia 

Powell River outfall 

Harmac.outfall 
Harmac outfall 
Fraser estuary - Iona Island 

, . 
fraser estuary - Iona Island 

Fraser estuary - Iona·lsland 

Fraser estuary - Westham Island 

Fraser estuary - Westham Island 

Fraser estuary - Westham Island 

: ,Fraser estuary - Westham Island 

Lower Fraser River Mills (VIS) 

Paperboard Industries Corp. (DIS) 

Table 26 

Total TEQr;'hnb TEQmRmRb TEQ"'in:b % Lipid 
Year Species 

Life 

Stage Tissue N PCDD/F (ng:kg") (ng·kg,l) (ng'kg") Reference 

Canary rockfish 

, Chinook salmon 
, d';inook salmon .. 

Chinook salmon' 
, , 

Chinook salmon 
Coho salmon 

, Coho salmon 

Coho salmon 
Dogfish 

, English sole 

English sole 
English sole 
English Sole' 

English sole 
1991 Eulachon, 

1991 Eulachon 

1986 Eulachon 

, Greel1stripe rockfish 
Pacific herring' , 
Pacific herring 

199 I. Pacific staghom' sculpi 

1991 Pacific staghom sculpi 

NR fillet NR 

NR fillet NR 
. NR fillet NR 

NR fillet NR ' 

NR fillet NR 
NR fillet NR 
NR fillet NR 

NR fillet NR 
NR fillet NR 

NR fillet NR 
NR fillet NR 
NR fillet -' NR 

NR fillet NR 
NR fillet NR 
NR whole 

·NR' whole 

NR regurgitated prey NR 

NR fillet NR 

NR 
NR 

. fillet 

roe 
NR 'whole 

NR whole 

NR 
NR' 

1991 Pacific staghom sculpi NR 

1991 Pacific staghom sculpi NR 

1991 Pacific staghom sculpi NR 

1991 Peamouth chub ' NR 

1991 Peamouth chub' NR 

(ilg.kg,1 ww) (ww) (ww) (ww)', (ww) 

57.7 

51.2 
70.4 
127.6, 

.42.4 

40.5 
3.2 

9.7 
48 

. 15-

28.2 
27.8 

27.1 
15.6 

<3:1 c 

<13.6c 

14.00 
22.14 

22 
10.2 

<6.5c 

<4.8c 

<8.4c 

<14.9c 

<7.6c 

. 5.5c 

17.2c 

8.2 

5.12 

6.92 

10.41 

0.88 
0,75 

0.32 
0.81 ' 

8.81 

1.5. 
2.82 

2.78 
2.71 
2.1 

CNR 

'CNR' 

2.36 . 

2.61 
2.2' ' 

0.85 

CNR 

CNR. 

CNR 

CNR 

3.65 

2.39 
3.52, 

7 
0.38 

0.64 
0.16 

0.36 
5.82 
0.75 
1.16 
1.08 . 

1.15 
1.35 ' 

CNR 

CNR 

2.82 

1.38 
0.86 

0.51 
CNR 

13.15 

47.04 

68.24 

65.97 

7.41' 
1.88 
3.2 

6.91 
24.82 

15 
22.06 

20.08 
22.05 

15.6 
CNR 

CNR 

'9.01 

18.48 
16.06 

7.14 

CNR 

2.12 CPPA'1989 

6.46 CPP A ~989 
3.18 . CPPA 1.989 

4.31 CPPA1989 
2.4 CPP A 1989 

2.06 CPPA 1989 

2.15 CPPA 1989 
. 1.79 CPPA 1989 

10 CPPA.l989 
1.64 CPPA 1989 

2.15 CPPA 1989 
1.82 CPPA 1989 ' 

1.13 CPPA 1989 
1.16 CPPA 1989 

Il. 7 Harfenist et al. 1995 

6.4 Haifenist'et al. 1995 

8.73 Elliott et al: 1989 
1.51 CPPA 1989 

6.13 CPPA 1989 

3.2 CPPA 1989 

Harfenist et al. 1995 

0.7 .Harfenist et al. 1995 

2 

1.5 

Harfenist et al. 1995 

Harfenist et al. 1995 

1.3 Harfenist et al. 1995 

2.9 Harfenist et al. 1995 

3 Harfenistet al. 1995 

1989, Peamouth chub NR 

whole 

whole 

whole 

whole 

whole 

muscle 
'muscle 

NR " ,0.83 
NR ND 

CNR 

CNR 

'CNR 

CNR 
CNR' 

CNR 

CNR 

,CNR 

CNR 

CNR 

CNR 

CNR, 

CNR 

CNR 

CNR 

CNR 

CNR 

CNR 

CNR 

CNR 
CNR 

6 TuoÎninen & Sekela 1992 
'1989 Peamouth chub NR 3.4 Tuominen & Sekela 1992 
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Table 26. Levels of TicDD, T 4CQF, and TEQ in marine fish in Canada. 
, . ' . '. )',' . 

Life Total TEQi.,h ab TEQmamRb TEQ~vian ab % Lipid 

· Location YearSpecies Stage .. . Tissue N PCDD/F (ng·kg"!) 
. ! 

(ng·kg" ) (ng·kg"!) Reference 
! . 

(ng·kg" ww) (ww) (ww) (ww) (ww) 

Scott Paper Ltd. (DIS) . 1989. Peamouth chub NR muscle NR ND CNR CNR CNR 3.6 Tuoininen & Sekela 1992 . 

Gowlland Harbour. Elk Falls Pink Salmon NR fi Il et NR 42.6 4.92 2.9 32.35 1.22 CPPÀ 1989 

Elk Falls outfall . Quillback rockfish NR fillet NR 51.7 3.12 0.71 10.11 0.85 CPPA 1989 

· Fraser estuary - Westham Island .. ' 1991 Redside shiner NR whole 1 ·4.6c CNR CNR CNR 2.5 . Harfenist et al. 1995 

F.raser estuary : Westham Island 1991 Redside shiner NR whole 3.l c CNR CNR CNR. ·2.4 . H~rfenist et ·al. 1995 

Crofton '2 km SE U/S Pulp mill outfall Rockfish NR fillet NR 27.8 '·4.31 2.64 18.79 1.84 CrrA 1989 

, Crofton 500 m W Pulp mill outfall ' Rockfish' NR fillet NR 40.3 1.09 0.73 6.21 1.11 CrrA 1989 

· Fraser estuary -.Iona Island 1991 Shiner perch . NR whole 1 <34.2c CNR CNR CNR 1.6 Harfenist et al. 1995 

Fraser estuary - Iona Island 1991 Shiner perch NR whole <23.2" CNR CNR CNR 2.5 Harfenist et al. 1995 

Fraser estuary - Westham Island 1991 . Shrimp NR who le .<2.9c CNR CNR CNR 0.7 Harfenistet al. 1995 

Point Roberts, B.C. , 1986 Staghorn sculpin NR regurgitated prcy NR 8.00 2.06 2.22 3.01 0.2 Elliot! et al. 1989 

Somass River' estuary, Vancouver' 1991 ,Staghorn sculpins NR whole 6 .2.2c 0.4</ 0.58 f 2:i NR Vermeer et al. 1993 

Fraser estuarY:- Westham Island 1991 Starrytlounder NR whole <5.7c CNR CNR CNR 0.48 Harfenist et al. 1995 

Fraser estuary - Westham Island 1991 Starry flounder NR whole <2.7c CNR CNR CNR 0.64 Harfenist et al. 1995 

" Fraser estuary - Westham Island 1991 StaiTy flound~r ' NR whole '1, <3.6c CNR CNR CNR ,1.06 Harfenist et al. 1995 

. Fraser estuary -'Westham Island 1991 Starry flounder NR who le <3.6c CNR CNR CNR 0.48 Haffenist et al. 1995 . . . 
Fraser estuary - Westham Island 1991 Starry flounder ' NR whole <6.3c CNR' CNR CNR 2.7 ilart'enist et al. 1995 

Fraser estuary - Westham Island. . 1991 Starry flounder NR whole <4.6c CNR CNR CNR 0.3 Harfenist et al. 1995, 

Fraser estuary - Westham Island 1991 Starry flounder NR whole <13.1 c CNR CNR CNR 1.6 Harfenist et al. 1995 

University of British Columbia . 1986 Starry flounder NR regurgitated prey ·NR 33.00 4.12 5.42 ·25.02 i.18 Ei1iott et al. 1989 

Somass River estuary,Vancouver 1991 Three spirie stickleback NR who le 6 ' 3.4c 0.14 f 
. 0.88 f 3.4r NI~ Vermeer et al. 1993 

Fraser estuary : .westh~m· Island '1991 Threespine stickleback NR. who le . 1 <12.6c CNR CNR CNR 2 Harfenist et al. 1995 

Fraser estuary - Westham Island 1991 Threespine stickleback NR who le <2.1 c CNR CNR CNR 0.35 Harfenist et al. 1995 

Sou.theast ofVicor Is. Gold River . YellO\y eye rockfish NR fillet NR 12 ·1.2 0.6 12 0.73 errA 1989 

Eastern Canada 

Saguenay Fjord JO (not receiving ,1991 Greenland halibut NR .wpole Broc~u et al. 1995 

'. direct urban or industrial inputs) 

Table 2,6 Page 2 of3 ' 
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- Table260 Levels ofT4'CDD, T4CDF, and TEQ in marine fish in Canadao 

Life Total TEQfj'h ab TEQmam ab TEQav'ian ai, % Lipid 

Location Year Species . Stage . Tissue . N PCDD/F . (ngokg-I) (ngokg-I) (ngokg-I) Reference 

(ngokg-I ww) (ww) (ww) (ww) (ww) 

Saguenay Fjord 30 (not receiving 
direct urbim or industrial inputs) 

Northwest Atlantic 

Off Labrador coast 

1991 Greenland halibut 

1990 Cod 

Life Stage: JUV = juvenile; 'ADT = adult. 
Concentrations are reported as wet weight, mean valùes. 
N: N = number ofsamples." . 
NR = not reported. ND = not detected:CNR = Congeners not reported 

NR 

7-9 yr 

whole 

liver 10 7.l e . CNR 

Note: oniy observations wlÎere TEQ > 5 have been reported or used in the calculation ofmean TEQ, TCDD, and TCDF concentrations. 

"TEQs wer~ calculated based on WHO 1998 TEFs reported in van den Berg et al. (1998) unless otherwise indicated 

bTEQ calculaiions are for Dioxins 'and Furans only . 

. "Total PCDDfPCDF is the total of 2378-TCDD iUld 2378-TCDF only. 

dArithmetiè mean of the % lipirl in all'samples 

CNR CNR 

e Arithmetic mean of the reported congener concentrations found in 10 fish was reported (calculation does not include 1/2 of detectlon Iimit for those congeners not reported) 

fTEQ calculated did noi include 1/2 of detection Iimit. Detection Iimits were not-speciflcally reported .. 

Table 26 

Brochu et al. 1995 

Hellou & Payne 1993 
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Table 27. Levels ofT4CDD, T4CDF, and TEQ in reptiles in Canada. 

Life T 4CDD T 4CDF TEQ TEF % Lipid Reference 

Location Year Species Stage Tissue N (ng·kg-1
) (ng·kg-1

) (ng·kg- 1
) Source 

(ww) (ww) (ww) 

Ontario 

St. Lawrence River - Steeleis Bay 1984 Snapping turtle 16y,M fat 474 12 585.20 Safe 1990 93 Ryan et al. 1986 
St. Lawrence River - Steele's Bay 1984 Snapping turtle 16y,M liver 107 1 128.10 Safe 1990 11 Ryan et al. 1986 
St. Lawrence River - Goose Bay 1984 Snapping turtle 8 y, F fat 232 6 298.60 Safe 1990 71 Ryan et al. 1986 
St. Lawrence River - Goose Bay 1984 Snapping turtle 8 y, F liver 1. 32 1 41.70 Safe 1990 9.2 Ryan et al. 1986 
St. Lawrence River - East Massena 1985 Snapping turtle 14y, F fat 370 330 2094.30 Safe 1990 85 Ryan et al. 1986 
St. Lawrence River - East Massena 1985 Snappirig turtle 14y, F liver 74 74 355.40 Safe 1990 16 Ryan et al. 1986 

Algonquin Park - Inland 1989 Snapping turt1e egg eggs 10 ND ND Ob WHO 1998 5.35 Bishop et al. 1996 

Lake Ontario - Lynde Creek 1989 Snapping turtle egg egg 982.1 ND 366.51 b WHO 1998 5.6 Bishop et al. 1996 

Lake Ontario - Lynde Creek 1991 Snapping turtle egg eggs 10 482.4 ND 224.49b WHO 1998 5.68 Bishop ct al. 1996 

Lake Ontario - Cranberry Marsh 1989 Snapping turtle egg eggs 6 75.8 ND 37.90b WHO 1998 4.75 Bishop ct al. 1996 

Lake Ontario -. Cootes Paradise 1984" Snapping turtle egg eggs 3 1030 ND 107.73b WHO 1998 6.5 Bishop et al. 1996 

Lake Ontario - Co otes Paradise 1989 Snapping turtle egg eggs 9 167.6 ND 422.38b WHO 1998 6.98 Bishop et al. 1996 

Lake Ontario - Cootes Paradise 1990 Snapping turtle egg eggs 14 419.7 ND 125.46b WHO 1998 6.1 Bishop et al. 1996 

Lake Erie - Big Creek Marsh 1989 Snapping turtle . egg eggs 10 ND ND 21.60b WHO 1998 5.34 Bishop et al. 1996 

Lake Erie - Rondeau Park 1989 . Snapping turtle egg eggs 9 ND ND 23.65b WHO 1998 5.72 Bishop et al. 1996 

N = number of samples. 
Life Stage: M = male; F = female; y = year. 

ND = Not Detected; NR = Not Reported 

"1984 data from Struger et al. (1994) 

bTEQ calculated using TEFs for fish as reported in van den Berg et al. (1998) Detection limits were not reported th us DLl2 could not be used in the TEQ calculation. Concentrations arc in lipid weight. 
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Table 28; Levels ofT4CDD, T4CDF, andTEQ in birds in Canada . 

. .; ,"' \ 

Location 

British Columbia 

Lower Fraser Valley -
. Brunswick Pt. 
Re.- southeast coast -
B.C.- southeast coast -

Campbell River 
B.e.- southeast coast -

Campbell River 
B.C.-southeastcoast~ 

RC.- southeastcoast ~ 
B.C.- southeast coast -

Denman Island 
B.C.- southeast coast - Dent 

Island 
B.e.- southeast coast -

Nanaimo 
B.C.- southeast coast -

Nanoose 
B.e.- southeast coast - Port 

Hardy 
B.C.- southeast coast -

Powell River 
B.C.- southeast coast -

Powell River 
B.e.- southeast coast -
Powell River 
B.e.- southeast coast -
B.C.-southeastcoast­
B.C.-southeastcoast­

Campbell River 
B.e.- southeast coast - Port 

Hardy 
B.e.- southeast coast - Port 

Hardy 
B.C.- southeast coast - Port 

Hardy 
B.e.- southeast coast - Port 

Hardy 
Berryman Pt. 

Table 28 

Year Species' 

1990 Bald eagle chicks 

1990 Bald e~gle 

1990 Bald eagle 

1993 Bald eagle 

1990 Bald eag1e 
1990 Bald eag1e 

1990 Bald eagle 

1993 Bald eagle 

1990 Bald eagle 

1990 Bald eagle 

1989 Bald eagle 

1990 Bald eagle 

1989-
Bald eagle 

1994 

1990 Bald eag1e 

1990 Bald eag1e 
1992 Bald eag1e 

1990 Bald eagle 

1990 Bald eagle 

1990 Bald eagle 

1993 Bald eagle 

1993 Bald eagle 

1992 Baldeagle chicks 

Life 

Stage 

egg 

4 yr 

3 yr 

adult 

3 yr 
adult 

adult 

1 yr 

adult 

adult 

adult 

adult 

adult 

adult 

adult 
adult 

2 yr 

3 yr 

1 yr 

adult 

adult 

egg 

Tissue 

. egg 

liver 

liver 

liver 

liver 
liver 

liver 

Iiver 

liver 

liver 

liver 

Iiver 

Iiver 

liver 

Iiver 
Iiver 

Iiver 

liver 

liver 

Iiver 

Iiver 

egg 

T4CDD 

N (ng'kg- I
) 

(ww) 

19 

42 

263 

30 

212 

21 
6 

49 

4 

25 

23 

33 

392 

70 

41 

29 
30 

18 

5 

77 

54 

17 

10 

T4CDF 

(ng'kg- I
) 

(ww) 

23 

15 

8 

60 
42 

78 

35 

15 

28 

lOI 

3 

33 

63 

24 
15 

33 

20 

41 

3 

45 

7 

TEQ 

(ng'kg- I
) 

(ww) 

NR 

1430 

197 

2440 

155 
30 

205 

110 

129 

135 

276 

2817 

606 

193 

417 
394 

83 

53 

1220 

832 

302 

NR 

TEF 

Source 

Safe 1990 

Safe 1990 

Safe 1990 

Safe 1990 
Safe 1990 

Safe 1990 

Safe 1990 

Safe 1990 

Safe 1990 

Safe 1990 

WHO 1998' 

WHO 1998' 

Safe 1990 

Safe 1990 
Safe 1990 

Safe 1990 

Safe 1990 

Safe 1990 

Safe 1990 

Safe 1990 

_
. , ' 

% Lipid Reference. 

5.1 

NR 
NR 

NR 

NR 
NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 
NR 

NR 

NR 

NR 

NR 

NR 

5.9 

Elliot! et al. 1996b 

EII iot! ct al. 1996c 

EII iot! et al. 1996c 

Elliot! et al. 1996c 

Elliot! et al. 1996c 
Elliot! et al. 1996c 

EII iot! et al. 1996c 

Elliot! et al. 1996c 

Elliot! et al. 1996c 

EII iott et al. 1996c 

EII iot! et al. 1996c 

EII iott et al. 1996c 

EII iott et al. 1996c 

EII iott et al. 1996c 

Elliott et al. 1996c 
EII iott et al. 1996c 

Elliott et al. 1996c 

EII iott et al. 1996c 

Elliot! et al. 1996c 

Elliot! et al. 1996c 

Elliot! et al. 1996c 

Elliott et al. 1996b 

- .. 
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Table 280 Levels ofT4CDD, T4CDF, and TEQ in birds in Canadao 

Location 

Crofton River - Crofton 
Crofton River - Pringle 
Crofton River - Southey 
East Vancouver L - Crofton 
East Vancouver L - Jack 
East Vancouver L­
Winchelsea 15. 
Fraser Delta- Brunswick 
Fraser Delta - River Road 
Johnstone Strait - Harbledon 
Island 
Johnstone Strait - Owl Island 
Johnstone Strait - Pearce 3 
Johnstone Strait - Pearce 5 
Johnstone Strait - Plumber 5 
Johnstone Strait - Plumber 8 
Johnstone Strait - Swanson 
Island 
Lower Fraser Valley -
Agassiz Bridge 
Lower Fraser Valley -
Annacis Is. 
Lower Fraser Valley -
Chahalis Flats 

Year Species 

1991 Bald eagle chicks 
1990 Bald eagle chicks 
1990 Bald eagle chicks 
1992 Bald eagle chicks 
1992 Bald eagle chicks 

1992 Bald eagle chicks 

1992 Bald eagle chicks 
1992 Bald eagle chicks 

1991 Bald eagle chicks" 

1991 Bald eagle chicks 
1991 Bald eagle chicks 
1991 Bald eagle chicks 
1991 Bald eagle chicks 
1991 Bald eagle chicks 

1991 Bald eagle chicks 

1991 Bald eagle chicks 

1990 Bald eagle chicks 

1990 Bald eagle chicks 

Lower Fraser Valley - Cheam 1991 
Island Bald eagle chicks 

Lower Fraser Valley - Island 
Nanaimo - Canoxy 
Nanaimo - Canso 
Nanaimo - Jack Point 
Nanaimo - Jack Pt 
Nanaimo - Leask 
Nanaimo - Maude Island 
Nanaimo - Northwest Bay 
Nanaimo - Southey Island' 
Pocahontas Pt. 
Powell River 
Powell River - Bali Pt. 
Powell River - Bali Pt. 

Table 28 

1991 Bald eagle éhicks 
1990 Bald eagle chicks 
1990 Bald eagle chicks 
1992 Bald eagle chicks 
1990 Bald eagle chicks 
1990 Bald eagle chicks 
1991 Bald eagle chicks 
1992 Bald eagle chicks 
1991 Bald eagle chicks 
1992 Bald eagle chicks 
1992 Bald eagle chicks 
1992 Bald eagle chicks 
1992 Bald eagle chicks 

,Life 

Stage 

egg 
egg 
egg 

egg 

egg 
egg 
egg 
egg 
egg 

egg 

egg 

egg 

egg 

egg 

egg 
egg 
egg 
egg 
egg 
egg 
egg 
egg 
egg· 
egg 
egg 

Tissue 

egg 
egg 
egg 

yolk sacs 
yolk sacs 

- yolk sacs 

yolk sacs 
yolk sacs 

egg 

. egg 
egg 
egg 
egg 
egg 

egg 

egg 

egg 

egg 

egg 

egg 
egg 
egg 
egg 
egg 
egg 
egg 
egg 
egg 
egg 
egg 

yolk sacs. 
. yolk sacs 

.. \ ..... ~"", 

N 

·1 
1 

T 4CDD 

(ngokg- I
) 

(ww) 

51 
104 
110 
1800 
1450 

2460 

868 
646 

15 

Il 
32 
11 
22 
12 

10 

41 

58 

58 

23 

51 
59 
82 
24 
79 
63 
70 
14 
28 
17 
32 

1130 
1120 

T 4CDF 

(ngokg- I
) 

(ww) 

60 
16 
26 

923 
2930 

2190 

661 
238 

68 

39 
80 
37 
58 
39 

29 

13 

112 

89 

73 

16 
29 
29 
56 
49 
36 
119 
18 
65 
7 
18 

1670 
1880 

TEQ 
. (ngokg- I

) 

(ww) 

NR 
NR 
NR 
NR 
NR 

NR 

NR 
NR 

NR 

NR 
NR 
NR 
NR 
NR 

NR 

NR 

NR 

NR 

NR 

NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 

TEF 
Source % Lipid Reference 

6 
4.4 
5.9 
NR 
NR 

NR 

NR 
NR 

2.8 

3.9 
6 

4.4 
4.8 
4.3 

4.1 

6.2 

5.9 

6.1 

4.9 

5.3 
3 

4.2 
4.7 
4.5 
4.7 
4.5 
4.9 
4.2 
2.4 
3.7 
NR 
NR 

.. 

Elliott et al. 1996b 
Elliott et al. 1996b 
EII iott et al. 1996b 
Elliott et al. 1996a 
Elliott et al. 1996a 

EII iott et al. 1996a 

EII iott et al. 1996a 
EII iott et al. 1996a 

ElIldtt et al. 1996b 

Elliott et al. 1996b 
Elliott et al. 1996b 
EII iott et al. 1996b 
EII iot! et al. 1996b 
Elliot! et al. 1996b 

Elliot! et al. 1996b 

EII iott et al. 1996b 

Elliott et al. 1996b 

Elliot! et al. 1996b 

Elliot! et al. 1996b 

Elliot! et al. 1996b 
EII iott et al. 1996b 
EII iott et al. 1996b 
Elliot! et al. 1996b 
Elliot! et al. 1996b 
Elliot! et al. 1996b 
Elliott ci al. 1996b 
Elliot! et al. 1996b 
EII iot! et al. 1996b 
Elliot! et al. 1996b 
EII iot! et al. 1996b 
Elliot! et al. 1996a 
Elliott ct al. 1996a 
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Table 28. Levels ofT4CDD, T~CDF, and TEQ in birds in Canada. 

l 
Life T4CDD T4CDF TEQ. TEF 

Location Year Species: .. Stage Tissue N (ng'kg- I
) (ng'kg- I

) (ng'kg- I
) Source % Lipid Reference 

(ww) (ww) (ww) 

Powell River - Convent 1990 Ba1d eagle chicks egg egg 88 97 NR 5.7 Elliott et al. 1996b 
Powell River - Evenden point 1992 Bald eagle chicks yolk sacs 2670 18800 NR NR EII iot! et al. 1996a 
Powell River - Evenden point 1992 Bald eagle chicks yolk sacs 3560 24100 NR NR Elliot! et al. 1996a 
Powell River - Grise Point 1992 Bald eagle chicks egg egg 10 38 NR 6.1 Elliott et al. 1996b 
Powell River - Kelly Pt. 1990 Bald eagle chicks egg egg 98 59 NR 6.1 Elliot! et al. 1996b 
Powell River - Limekiln Bay 1992 Bald eagle chicks yolk sacs 1470 6900 NR NR EII iott et al. 1996a 

. Powell River - Limekiln Bay 1992 Bald eagle chicks yolk sacs 2250 7970 NR NR EII iot! et al. 1996a 
Powell River - Lund 1991 Bald eagle chicks egg . egg 41 110 NR 5 EII iot! et al. 1996b 
Powell River -' Scuttle Bay 1992. Bald eagle chicks yolk sacs 2700 16700 NR NR EII iot! et al. 1996a 
Powell River- Scuttle Bay 1992 Bald eagle chicks yolk sacs 2450 11590 NR NR EII iott et al. 1996a 
Powell River - Stillwater (1) 1992 Bald eagle chicks egg egg 78 166 NR 5.8 EII iot! et al. 1996b 
Powell River - Stillwater (2) 1992 Bald eagle chicks egg egg 81 168 NR 6.7 Elliot! et al. 1996b 
West Vancouver Island-

Bawden Bay 
1992 . Bald eagle chicks yolk sacs 218 672 NR NR Elliot! et al. 1996a 

West Vancouver Island -
1992 Bald eagle chicks .yolk sacs 

Mercantile Creek 
323 360 NR NR Elliott et al. 1996a 

West Vancouver Island-
1992 Bald eagle chicks ·.yolk sacs 

Thomton Cr. 
629 1070 NR NR EII iott et al. 1996a 

West Vancouver Island-
1992 . Bald eagle chicks yolk sacs 

White Pine 1 
306 305 NR NR Elliot! et al. 1996a 

West Vancouver Island-
1992 Bald eagle chicks yolk sacs 353 465 NR NR EII iott et al. 1996a 

WhIte Pine 4 
Howe Sound 1993 Barrow's goldeneye NR breast muscle <6 <3 NC NR Elliott & Martin 1998 
PortAlbemi 1989 Barrow's goldeneye NR liver 6 115 NR NR Vermeer et al. 1993 
Powell River 1991 Barrow's goldeneye NR breast muscle 3 \31 NC NR Elliot! & Martin 1998 

Rupert 1991 Barrow's goldeneye NR breast müscle" <2- 45 Il.3' 
Safe 1990; Ahlborg et al. 

NR Elliott & Martin 1998 
1994 

Alert Bay 1992 Bufflehead NR breast muscle <1.1 1.4 3.03" 
Safe 1990; Ahlborg et al. 

NR Elliott & Martin 1998 
1994 

Annacis Island 1990 Bufflehead NR breast muscle 18 9.5 NR NR Elliot! & Martin 1998 

Campbell River 1991 Bufflehead NR breast muscle <3.2 23 14.2' 
Safe 1990; Ahlborg et al. 

1994 
NR Elliott & Martin 1998 

Crofton 1990' Bufflehead NR breast muscle 1 9.4 28 NR NR Elliot! & Martin 1998 
Crofton 1990 Bufflehead NR liver <2.3 \3 NR NR Elliot! & Martin 1998 

Gold River 1991 Bufflehead NR breast"muscle <1.5 30 5.81' 
Safe 1990; Ahlborg et al. 

NR Elliot! & Martin 1998 
1994 

Rupert 1991 Bufflehead NR breast muscle <15 70 3'8' 
Safe 1990; Ahlborg et al. 

NR Elliott & Martin 1998 
1994 
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Table 28. Levels ofT4CDD, T4CDF, and TEQ in birds in Canada. 

Location 

Rupert 

Peace-Athabasca Delta 
Annacis Island 

Annacis Island 

Campbell River 

Howe Sound 
Howe Sound 

Rupert 

Annacis Island 
Annacis Island 

Gold River 

Howe Sound 
Howe Sound 
Howe Sound 

Nanaimo 

Port Albemi 

Port Albemi 

Chain Islands 

Christy Islands 

Crofton 

Howe Sound 

Howe Sound 

8urrard Inlet 
Crofton 

Crofton 

Crofton 

Table 28 

Year Species 

1991 Buffiehead 

1992 Canvasback 
1990 Common goldeneye 

1990 Common goldeneye 

1991 Common goldeneye . 

1990 Common goldeneye 
1990 Common goldeneye 

1991 Common goldeneye 

1990 . Common merganser 
1990' Common merganser 

1992 Common merganser 

1990 Common merganser 
1990 Common merganser 
1993 Common merganser 

1992 Common merganser 

1989 Common merganser 

1992 Common merganser 

NR 

NR 

NR 

Double-crested 

cormorants 
Double-crested 

cormorants 
Double-crested 

cormorants 
Double-'crested 

1988 
cormorants 
Double-crested 

1989 
cormorants 

1990 Goldeneye species 
1988 . Great blue heron 

1986 Great blue heron 

1987 Great blue heron 

Life 

Stage 

NR 

NR 
NR 

Tissue 

liver 

liver 
liver 

NR breast muscle 

NR breast muscle . 

NR liver 
NR breast muscle 

NR breast muscle 

NR breast muscle 
NR Iiver 

NR breast muscle 

NR breast muscle 
NR Iiver' 

NR breast muscle 

NR breast muscle 

NR Iiver 

NR breast muscle 

egg 

egg 

egg 

egg 

egg 

egg 

egg 

egg 

eggs 

eggs 

eggs 

eggs 

eggs 

Iiver 
eggs 

eggs 

. eggs 

T4CDD 

N . (ng'kg-I
) 

(ww) 

6 

7 

7 

7 

7 

10 

6 

10 

10 

24 

NR 
<12 

<2,1 

<5,8 

7.1 
<lA 

7.9 

13 
14 

6.8 

21 
37 
<9 

<1.8 

24 

<4.3 

20 

39 

26 

68 

30 

14 
211 

66 

210 

T4CDF 

(ng'kg-I
) 

(ww) 

100 

NR 

17 

9A 

38 

66 
30 

75 

18 
23 

120 

116.5 
163 
26 

38 

123 

26 

3 

2 

4 

L7 
8 
2 

3 

... 

TEQ 

(ng'kg-I
) 

(ww) 

60.2" 

2.6 
NR 

NR 

'12,1' 

NR 
NR 

32.5' 

NR 
NR 

27' 

NR 
NR 
NC 

11.8' 

NR 

29,5' 

80 

97.1 

82.6 

NR 

NR 

NR 
NR 

79 

230 

TEF 

Source 

Safe 1990; Ahlborg et al. 

1994 
NR 

Safe 1990; Ah1borg et al. 

1994 
Safe 1990; Ah1borg et al. 

1994 

Safe 1990; Ah1borg et al. 

1994 

Safe 1990; Ah1borg et al. 

1994 

Safe 1990; Ahlborg et al. 

1994 

Safe 1990; Ahlborg et al. 

1994 

WHO 1998 

WHO 1998 

WHO 1998 

Elliolt et al. 1989d 

Elliolt ct al. 1989d 

% Lipid Reference, 

NR Elliolt & Martin 1998 

25-30 
NR Elliolt & Martin 1998 

NR 

NR 

, NR 

NR 

NR 

.NR 
NR 

NR 

NR 
NR 
NR 

NR 

NR 

NR 

NR 

NR 

NR 

4,5 

NR 
NR 

NR 

NR 

.. 

Elliolt & Martin i998 

Elliolt & Martin 1998 

Elliolt & Martin 1998 
Whitehead et al. 1992 

Elliolt & Martin 1998 

Elliolt & Martin 1998 
Elliolt & Martin 1998 

EII iolt & Martin 1998 

Elliolt & Martin 1998 
EII iolt & Martin 1998 
Elliolt & Martin 1998 

Elliolt & Martin 1998 

Vermeer et al. 1993 

EII iolt & Martin 1998 

Sanderson et al. 1994b 

Sanderson et al. 1994b 

Sanderson et al. 1994b 

Whitehead ct al. 1992 

Whitehead ct al. 1992 

Elliolt & Martin 1998 
Bellward et al. 1990 

EII iolt ct al. 1989 

EII iolt ct al. 1989 
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Tabl~ 28. Levels ofT4CDD, T4CDF, and TEQ in birds in Canada. 

Location 

Crofton 

Nicomeki 

Nicomekl Riyer 

Sidney' 

,UBC 

UBC 

Vancouver 
Vancouver 
Vancouver 
Crofton 
Croftori 
Port Albemi 
Howe Sound' 

Rupert . 

Burrard inlet 

Rupert' 

Howe Sound 

Powell, River 

Powell River 

Howe Sound 

Alert Bay 

Burrard In. 

Crofton 
Crofton 

GoldRiver. 

'Howe Sound 
Howe Sound 
Howe Sound 

Nanaimo' 

PortAlbemi 

Table 28 

Year Specie,s 

1991 Great. blue heron 

1986 Great blue heron 

1988 Great blue heron 

1986 Great blue heron 

1987 Great blue heron 

1987 Great blue heron 

1988 Great blue heron 
1990 Great blue heron 

,1992 Gre'at blue heron 
1990. Greater scaup 
1990 Greater scaup 
1989 Greater scaup 
1990 Harlequin duck 

1991 Hooded merganser 

i 990 Lesser scaup 

1991 Lesser scau p 

1990 Oldsq'uaw duck 

1992 Pied-biIl~d grebe 

1992 Pied-billed grebe 

1993 Red-necÏœd grebe 

1992 Surf scoter 

1991 Surfscoter 

1990 Surf sèoter 
1990 Surf scoter ' 

1991 Surfscoter 

1990 Surf scoter . 
1990 'Surf scoter . 
1993 Surf scoter 

1992 Surf scoter 

1989 Surf scoter 

Life 

Stage 

egg 

egg 

egg 

egg 

egg 

egg 

egg' 
egg 

Tissue 

eggs 

eggs 

eggs 

eggs 

eggs 

eggs 

eggs 
eggs 

N 

7 
5 
II 

'4 

7 

10 

12 
7 

egg eggs 7' 
NR '. breast muscle' ·1 
NR 
NR 

liver 
liver 

NR liver 

NR 

NR 

breast muscle 

liver 

,.1 

NR breast muscle l ' 

NR 

NR 

NR 

liver 

breat muscle, 

liver 

NR breast muscle '1 

NR' breast muscle 

NR breast muscle 

NR breast muscle 
NR liver 

NR breast muscle 

NR breast muscle' l ' 
NR liver 

, NR breast muscle 

NR breast muscle l ' 

NR liver 

T 4CDD· 

(ng-kg'\ 
(ww) 

16 

10 

10 

9 

25 

55 
135 
42 
10 

<7.2· 
<1.5 

3 
<2 

9 

.14 

<3.9 

9.2 

3.6 

10· 

0.9 

<2 

<1.7 

<5.1 
6.9 

<1.7 

2.2 
8.7 
0.2 

0.5 

24 

" 

T 4CDF 

(ng:kg- I
) . 

(ww) 

4 

ND 

<1 
1 

3 

,17 

Il 
15 
4 

37 
34 
32 
36 

44 

Il 

60, 

9.6 

6.8 

36 

2.5 

2.6 

25 

40 
57 

53 . 

31 
34 
3.3 

7.4 

123 

TEQ 

(Dg-kg- I
) 

(ww) , 

66.7 

14 

NR 

Il 

34 

,64 

NR 
80.6 
25.1 
NR 
NR 
NR 
NR 

. 23.1' 

NR 

13.9' 

NR 

15.3' 

49.1' 

NC 

NR 
NR 

8.3' . 

NR 
NR 
NC 

6.1' 

NR 

TEF 

Source 

WHO 1998, 

'Elliot! et al. 1989d 

EII iott et al. 1989d 

Elliott et al. 1989d 

Elliott et al. 1989d 

WHO 1998 
WHO 1998 

. Safe 1990; Ahlborg et al. 
1994 

Safe 1990; Ahlborg et al. 
1994 

. Safe 1990; Ahlborg et al. 
1994 

Safe 1990; Ahlliorg et al. 
1994 

Safe 1990; Ahlborg et al. 
1994 

Safe 1990; Ahlborg et al. 
1994 

Safe 1990; Ahlborg et al. 
1994 

Safe 1990; Ahlborg et al. 
1994 

% L1pid Reference 

NR. 

NR 

NR 

NR 

NR 

NR 

Sanderson et al. 1994<i 

Elliot! et al. 1989 

Bcllward et al. 1990 

EII iot! et al. 1989· 

Elliot! et al. 1989 

Elliot! et al. 1989 ' 

NR Bellward et al. 1990 
NR Sanderson et al. 1994a 
NR Sanderson et al. 1994a 
NR' Elliott & Martin 1998 
NR Elliott & Martin 1998 
NR Vermeer et al: 1993 
NR Elliot! & Martin 1998 

NR 

NR 

Elliott & Martin 1998 

Elliott & Martin 1998 

Elliott & Martin 1998 

NR' Elliott & Martin 1998 

NR 

NR 

NR 

NR' 

NR 

l'IR 
NR 

NR 

Elliot! & Martin 1998 

Elliott & Martin 1998 

Elliott & Martin 1998 

Elliott & Martin 1998 

Elliot! & Martin 1998 

EII iott & Martin 1998 
Elliott & Martin 1998 

Elliott & Martin 1998 

NR Elliott & Martin 1998 
NR Elliott & Martin 1998 
NR . EII iott &: Martin 1998 

NR 

NR 

Elliott & Martin 1998 

Vermeer et·aL 1993 
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Table 2it 'L~vels ofT4<;DD, T4CDF; and TEQ in .~irds in Ca~ada . 

Location' 

Powell River 

Westham Island 
Westham Island 

Alert Bay' 

Howe Sound 
Howe Sound 

Nanaimo 

Port Albemi 

.Port Alberni 

Powell River 

Powell River 

Alert Bay 

Gold River 

Ontario . 
. Lake Hu'ron 
Lake Ontario 

Green Bay, Little Gull 

. -: 

Lake Huron, North Channel 

Lake ~uron, North Channel 

Lake Huron, North Channel' 

Lake Huron, North Channel 

Lake Huron, North Channel 

Lake Huron, St. Martins 

Table 28 

Year Species 

1992 Surf scoter 

1989 Surfscoter 
1989 Surf scoter· 

1992 Western grebe 

1990 Western grebe 
1993 Western grebe. 

1992 'Western grebe 

1989 Western grebe 

1992 Western grebe 

1992 Western grebe 

1991 Western grebe 

1992 . White-winged scoter 

1991 White-winged scoter 

1991 Caspian Tern 
1991 Caspian lem 

Double-crested' 
1989 

cormorants . ' 
1989 Double-crested 

1989 

1989 

corrnorants 
Double-crested 
cormorants 
Double-crested 
cormorants 
Double-crested 

1989 
cormorants 
Double-crested 

1989. cormorants 

1989 Double-crested 
corrnorants 

Lifè 

Stage Tissue 

T4CDD 

N (ng"kg"t) 
(ww) 

NR breast muscle 1 . <1.6' 

NR breast muscle 1· < 1.6 
NR Iiver <2.3 

NR breast muscle <1.6 

. NR liver '. 
NR breast musCle 

NR breast muscle 

NR 

NR 

NR' 

liver 

breast muscle 

breast muscle 

·1 

NR breast muscle 1. 

NR 

NR 

egg 
.egg 

egg 

4 days 

10 days 

21 days 

. egg 

egg 

breast muscle 

breast muscle 

eggs 
eggs 

eggs 

eggs· 

eggs 

5 

5 

5 

5 

12 

12 

46 
1.7 

2.9 

117 

25 

44 

4 

<2 

<1.9 

19 
29 

NR 

NR 

NR 

NR 

T4CDF 

(ng"kg"l) 
(ww) 

12 

13 
17 

<0.9 

109 
44 

41 

217 

69 

230 . 

198 

3.2 . 

110 

10 
5 

NR 

NR 

NR 

NR 

TEQ 

(ng"kg-t) 
(ww) 

5.55' 

NR 
NR 

5.88' 

NR 
NC 

IJ.7' 

NR 

99.8' 

42.8' 

NC 

. 4.91' 

15.4" 

421 
42.1 

382.3 

83.78 

24.86 

85.22 

37.32 

. 32:;.2 

329.8 

, ... ' 

TEF 

Source 

Safe 1990; Ahlborg et·aL 
1994 

Safe 1990; ~hlborg et aL' 
1994 

Safe 1990; Ahlborg et al. 
1994 

Safe 1990; Ahlborg et al. 
1994 

Safe 1990; Ahlborg et al. . 
1994 

Safe 1990; Ahlborg et al. 
1994 

Safe 1990; Ahlborg et al.. 
1994 

H411EC 

H411Ee 

H411EC 

H411EC 

H411EC 

'H4I1Ec 

% Lipid Reference' 

NR 

NR 
NR 

NR 

NR 
NR 

NR 

Elliott & Martin 1998 

Elli~tt & Màrtin 1998' 
Elliott & Martin 1998 

Elliott & Martin 1998 

Elliott & Martin 1998 
Elliott & Martin 1998 

Elliott & Martin 1998 

Nk: Vermeer et al. 19'93 

.NR 

NR 

NR 

NR 

NR 

NR 
NR 

NR 

NR 

NR 

NR 

.NR. 

NR 

Elliott & Martin 1998 

Elliott & Martin 1998 

Elliot! & Martin 1998 

Elliot! & Martin 1998 

Elliot! & Martin 1998 

Ewins et al. 1994 
Ewins et al. 1994 

Jones et al. 1994 

Joncs et al. 1994 

Jones ct al. 1994 

.' 
Joncs ct al. 1994 

Joncs et al. 1994 

Joncs ct al. 1994 

Joncs et al. 1994 . 
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Tablè 28. Levels ofT4CDD, T4CDF, and TEQ in birds in Canada. 

Life T 4CDD T 4CDF TEQ TEF 

Location Vèar Species Stage, Tissue N (ng·kg- I
) (ng·kg- I

) (ng·.kg- I
) Source % Lipid Reference 

.. (ww) (ww) .(ww) 

Lake Huron, Tahquamenon 
1989 

Double-crested 
12 155.4 H411Ec NR Joncs et al. 1994 

Island corrnorants 
egg eggs 

Lake Huron, Thunder Bay. 1989 
Double-crested 
corrnorants 

4 day~ 5 NR NR 149.62 H411Ec NR Jones et al. 1994 

Lake Huron; Thunder Bay 1989 
Double-crested 

10 days 5 NR NR 20.85 H411Ec NR . Jones et al. 1994 
corrnoranti ~ 

Làke Huron, Thunder Bay 1989 
. Double-crested 

21 days 5 
corrnorants 

NR NR 55.84 H411E" NR Jones et al. 1994 

Lake Huron, Thunder'Bay 1989 
Double-crested 

32 days ·5 
corrnorants 

NR NR 45.01 H411Ee NR Jones et al. 1994 

Lake Huron, Thunder Bay Î989: Double-crested egg eggs 12 
corrnorants 

211.5 H411Ee NR Jones et al. 1994 , !~ 

Lake Michigan 1983 
Double-crested 
corrnorants 

NR nestlings 3 4 2 NR NR Stalling et al. 1985 

Lake Michigan, Beaver 
1989 

Islan~s 

Double-crested 
4days 5 

corrnorants 
NR NR 124.26 H411Ec NR Jones et al. 1994 

Lake Mjchigan, Beaver . 1989 
Double-crested 

10 days 5 NR NR 69.53 H411Ec NR Jones et al. 1994 
Islands' corrnorants 
Lake Michigan, Beaver 

1989 
Double-crested 

21 days 5 
Islands corrnorants 

NR NR 83.14 H411Ee NR Jones et al. 1994 

Lake Michigan, Beaver 
1989 

Double-crested 
32 days 5 

Islands corrnorants 
NR NR 106.86 H411Ee NR Jones et al. 1994 

Lake Michigan, Beaver 
1989 

Double-crested 
12 329.4 H411Ee NR Jones et al. 1994 

Islands corrnorants 
egg eggs 

Lake Michigan, Northem 
1989 

Double-crested 
4days 5 NR NR 111.97 H411Ee NR Jones et al. 1994 

Green Bay corrnorantS 
Lake Michigan, Northem 

1989 
Double-crested 

10 days 5 NR NR 23.66 H411Ec NR Jones ctal. 1994 
Green Bay .. corrnorants 
Lake Michigan, Northem 

1989 
Double-crested 

21 days 5 NR NR 84.06 H4IIEc NR Jones·et al. 1994 
Green Bay corrnorants 
Lake Michigan, Northem 

1989 
Double-crested . 32 days 5 

Green Bay corrnorants 
NR NR 168.34 H411Ec NR Jones et al. 1994 

Lake Ontario NR 
Double-crested 

5 egg eggs 
corrnorants 

36 (O)b ·100.6 WHO 1998 NR Sanderson et al. 1994b 

Lake Superior, Apostle 
1989 

Double-crested 
4 days 5 

Islands corrnorants 
NR NR 26.86 H411Ee NR Jones et al. 1994 

Lake Superior, Apostle 
1989 

Double-crested 
.32 days 5 NR NR 17.8 H411Ee NR Jones et al. 1994 

Islands corrnorants 
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Table 28. Levels ofT4CDD, T4CD~, and TEQ in birds in Canada; 
;.1 

Location Year Species. 

Lake Superior, Apostles 1989 Double-crested 
Island connorants. 
Lake Superior, Tahquamenon '1989 Double-crested 
Island connorants 
Lake Superior; Tahquamenon . 1989 Double-crested 

. Island . . comiorants 
Lake Superior, Tahquamenon Double-crested 
Island 

1989 
connorants 

Lake Superior, Tahquamenon 1989 Double-crested 
Island connorants 
northem Lake Huron, St. 1989 Double-crested 
Martins Shoal corinorants 
northern Lake Huron, St. Double-crested 

1989 
Martins Shoal 
northern Lake Huron, .St. 
Martins Shoal 
northem Lake Huron, St. 
Martins-Shoal 
Lake Erie' 
Lake Erie - Fighting colony 
Lake Erie - Middle colony 
Lake Erie - Niagara colony 
Lake Erie - Port Col borne 
colony 
Lake Huron 
Lake Huron ~ . 

. Channel/Shelter colony 
Lake Huron - Chantry colony 

. Lake Huron - Double colony 
Lake Huron - Double Island 

Lake Huron, Saginaw Bay 

Lake Huron, Saginaw Bay 

Lake Huron, Saginaw Bay 

Lake Huron, Saginaw Bay 

Lake Michigan . 
Lake Michigan - Big Sister 
colony 
Lake Michigan - Gull colony 

Table 28 

. connorants 
1989 Double-crested 

connorants 
1989 Double-crested 

connorants 
1984·: Herring gull 

84 -91 Herring gull 
84 -91 Herring gull 
84 -91 Herring gull 

84 -91 Herring gull 

1983 Herring gull 

84 -91 Herring gull 

84 -91 Herring guI! 
84 -91 Herring gull 
84 - 88 Herring gull 

1989 Herring Gull 

19~9 Herring Gull 

1989 Herring Gull 

1989 Herring Gull 

1984 Herring gull 

84 -9 L Herring gull 

84 -91 Herring gull 

Life 

Stage 

egg 

4 days . 

10 days 

)1 days 

.32 days 

4 days 

10 days 

21 days 

32 days 

egg 
egg 
egg 
egg 

egg 

egg 

egg 

'. egg 

egg 
egg 

4 days 

10 days' 

21 days 

egg 

egg 

egg 

Tissue 

eggs 

eggs 
eggs 
eggs 
eggs 

eggs 

eggs 

eggs 

eggs 
. eggs 

egg 

eggs 

eggs 

eggs 

eggs 

eggs . 

eggs 

eggs 

T 4CDD 

N . (ng'kg'l) 
(ww) 

12 

5 NR 

5 NR 

5 .NR 

5 NR 

5 NR 

5 NR 

5 NR 

5 NR 

3 9-32 
NR 16.75 
NR 15.81 
NR 23.77 

NR' 17.13 

3 15-141 

NR 86.5 

NR 18.32 
NR,24.99 
NR <40 

5 NR 

5 NR 

5 

12 

2 

NR 

NR 

1 

NR 

NR 

. 10-18 

14.16 

14.09 

T 4CDF 

(ng'kg'l) 
(ww) 

NR. 

NR 

NR 

NR 

NR 

NR 

NR 

NR 
0.89 
1.62 
0.84 

0.73 

NR' 

3.61 

9.12 
1.3 
NR 

.NR 

NR 

NR 

NR 

NR 

2.58 

2.24 

iiiiii;.-'. ; =!lI' ............. . - ..... ) '.-> .~' ... . 

TEQ 

(ng'kg,l) 
(ww) 

141.7 

95.03 

91.08 

17.9 

27.38 

27.55 

·86.24 

72.7 

55.38 

NR 
NR 
NR 
NR 

NR 

NR 

NR 

NR 
NR 
NR' 

226.49 

96.85 

398.92 

557.2 

NR 

.NR 

NR 

TEF 

, Source 

H411EC 

H411EC 

H411Ee 

H411EC 

H411EC 

H411EC 

H411EC 

H411EC 

H411EC 

H411EC 

H411Ec 

H411Ec 

H411Ec 

% Lipid Reference' 

NR Jones et al. 1994 

NR Jones et al. 1994. 

NR Jones et al.' 1994 

NR Jones et al. 1994 

NR Jones et al. 1994 

NR Jones et al. 1994 

NR Jones et'al. 1994 

NR Jones et al. 1994 

NR Jones et al. 1994 

NR Bishop et al. 1992 
. NR Hebert et aL 1994 
NR Hebert et.al. 1994 
NR Hebert eqll. 1994 

NR Hebert ct al. 1994 

'NR' Bishop et al. 1992 

NR 

NR 
NR 
NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

Hebert et al: 1994· 

Hebert et al. l 994 
Hebert et al. 1'994 
Bishop & Weseloh 1990 

Joncs et al. 1994 

Jones et al. 1994 

Joncs et al. 1994 

Joncs et al. 1994 

Bishop ct al. 1992 

Hebert et al. 1994 

Hebert et al. 1994 
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Table 28. Levels ofT4CDD, T4CDF, and TEQ in birds in Canada. 

Life T 4CDD T 4CDF TEQ TEF 

Location Year Species Stage Tissue N (ng·kg- I
) (ng-kg- I

) (ng·kg- I
) Source % Lipid Reference 

(ww) (ww) (ww) 

Lake Ontario 1983 Herring gull egg eggs 3 19-90 NR NR NR Bishop etaI. 1992 
Lake Ontario - Muggs colony 84 -91 Herring gull egg eggs NR 43.55 0.77 NR NR Hebert et al. 1994 
Lake Ontario - Mugg's Island 84 - 88 Herring gull egg egg NR 25 - 60 NR NR NR Bishop & Weseloh 1990 
Lake Ontario - Scotch 

'11 - 82 Herring gull NR 
165-2350 

NR NR 
Bonnet Island 

egg egg 
(est.) 

NR Bishop & Weseloh 1990 

Lake Ontario - Snake colony 84 -91 Herring gull egg eggs NR 68.87 0.84 NR NR Hebert et al. 1994 
Lake Ontario - Snake Island 1985 Herring gull ADT . whole 10 127 2.6 151.09 WHO 1998 NR Braune & Norstrom 1989 
Lake Ontario - Snake Island 1985 Herring gull ADT Iiver 10 72 2.4 108.3 WHO 1998 NR Braune & Norstrom 1989 
Lake Ontario - Snake Island 1985 Herring gull egg eggs 9 83 ND 99.6 WHO 1998 NR Braune & Norstrom 1989 
Lake Superior 1983 Herring gull egg egg 13 NR NR NR Weseloh et al. 1994 
Lake Superior - Agawa 84 -91 Herriilg gull egg eggs NR 20.09 1.58 NR NR Hebert et al. 1994 
Lake Superior - Granite 84 -91 Herring gull egg eggs NR 16.03 1.49 NR NR Hebert et al. 1994 
Lake Superior - Granite 84 - 88 Herring gull egg egg NR < 25 NR NR NR Bishop & Weseloh 1990 

Green Bay and Lak.e 1978 Night Heron NR whole NR 59 8 NR NR Stalling et al. 1985 
Green Bay and Lake 1978 Night Heron NR whole NR 12 ND NR NR· Stalling et al. 1985 

Green Bay and Lake 1982 Night Heron NR whole NR 21 4 NR NR Stalling et al. 1985 

Quebec 
La Tuque 1989 Common Merganser egg 7 III 44 Safe 1992 NR Champoux 1996· 

La Tuque 1991 Common Merganser egg 24 270 lOI Safe 1992 NR Champoux 1996 

La Tuque VIS from mill NR Common Merganser fledgling 4 0.24 0.2 Safe 1992 NR Champoux 1996 

La Tuque DIS from mill - NR Common Merganser fledgling 4 2.5 20.75f 5.4 Safe 1992 NR Champoux 1996 

La Tuque 1991 Hooded Merganser egg eggs 2 26.5 204 59.9 Safe 1992 NR Champoux 1996 

Saskatchewan 

Last Mountain Lake NR 
Double-crested 

12 6 ND 18.5 
corrnorants 

eggs eggs WHO 1998 NR Sanderson et al. 1994b 

NR not reported; Ne - not calculated; ND - not detected; L.fe Stage: ADT adult. 

"TEQ includes mono-ortho PCBs, non-ortho PCBs, PCDDs, and PCDFs 

blevels in parenthesis are averages of values ofwhich more than halfwere at or beiow the Iimit of detection, defined by a signal to noise ratio of3: 1 (aprox. 0.5 - 2 ng/kg) 

cminimum detectable level 

dElliott et al. 1989 uses TEF from a variety of sources to derive their TEQ. See Table 7. 

cTEQ measured by H4IIE bioassay as described by Tillet et al. 1991 

fsignificant difference at p < 0.05 
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Table 29. Levels of PCDD/Fs and TEQ in terrestrial animais in Canada 

Life T4CDD T4CDF TEQ % Lipid TEF Reference 

Location Year Species Stage Tissue N (ng'kg-') (ng'kg-') (ng'kg-') Source 

(ww) (ww) (ww) 

Northwest Territories 

Bathurst 1991-92 Caribou age 4.1 fat 7 ND' ND' NR 43 Hebert cl al. 1996 

Southampton Is. 1991-92 Caribou age 3.6 fat 5 ND' 0,16' NR 92.3 Hebert et al. 1996 

Cape Dorset 1991-92 Caribou age 3.7 fat 3 0,73' 0.99' NR 19.2 Hebert et al. 1996 

Lake Harbour 1991-92 Caribou age 4.3 fat 4 0.14' 0,21' NR 80.4 Hebert et al. 1996 

Quebec 
La Tuque, St. Maurice River, U/S 1991 Mink NR liver 3 <2.0 <1.0 2.3 Safe 1992 Champoux 1996 

La Tuque, St. Maurice River, DIS, Near 1991 Mink NR liver 6 0.41 0.19 2.7 Safe 1992 Champoux 1996 

La Tuque, St. Maurice River, DIS, Far 1991 Mink NR liver 2 0.9 0.38 32.7 Safe 1992 Chàmpoux 1996 

Yukon 
Finlayson 1993 Caribou age 2 fat 3 ND' ND' NR 88,7 Hebert el al. 1996 

Finlayson 1993 Caribou age 3 fat 2 ND' ND' NR 85.5 Hebert el al. 1996 

Finlayson 1993 Caribou age 3 liver 2 ND' ND' NR 4.1 Hebert el al. 1996 

'Finlayson 1993 Caribou age 3 muscle 2 ND' ND' NR 1.8 Hebert et al. 1996 

Finlayson 1993 Caribou age 4 fat 6 ND' 'NO' NR 87.2 Hebert el al. 1996 

Finlayson . 1993 Caribou age 5 fat 3 ND' ND' NR 71.3 Hebert el al. 1996 

Finlayson 1993 Caribou age 6 fat ND' ND' NR 88.1 Hebert et al. 1996 

Tay 1993 ' Caribou age 5.3 fat 13 ND' 0.14' NR 84,2 Hebert et al. 1996 

Bonnet Plume 1993 Cariboù age 6.6 fat 14 ND' ND' NR 83,8 Hebert et al. 1996 

Alberta 
Ml - 3km DIS Weyerhauser pulp mill 1991-92 Mink NR liver 3 0.2 ND NR NR Wayland 1995a 

M2 - Athabasca Delta 1991-92 Mink NR liver 5 ND ND NR NR Wayland 1995a 

M3 - 40 km DIS Hinton, AB. 1991-92 Mink NR liver 2 0,6 ND NR NR Wayland 1995a 

Peace-Athabasca Delta '1992 Muskrat NR fat 12 ND ND NR 30.1 Wayland 1995b 

ND - not detected 

NR - not reported 

'concentrations in lipid weight 
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. Table 30. Data from unpublished or unconfirmed sources 

Life T 4CDD T 4CDF TEQ" 

Location Year Species Stage Tissue N (ng·kg-') (ng·kg-') (ng·kg-') % Lipid Reference 

(ww) (ww) (ww) 

Marine Invertebrates 
Lower Fraser River 1988 Dungeness crab egg who le 1 0.95 46.1 9.6 DFO - unpuolished data 

Lower Fraser River 1988 Dungeness crab NR hepatopancreas 5 3.1 71 16.1 DFO -- unpublishcd data 
Campbell River 1988 Dungeness crab NR hepatopancreas li 540 314.8 DFO - unpublished data 

Gold River 1988 Dungeness crab NR muscle 9 3.4 393.3 49.9 DFO - unpublished data 

. Gold River 1988 Dungeness crab NR hepatopancreas 6 60.5 . 7466.7 980.3 DFO - unpublishcd data 

Gold River 1988 Dungeness crab NR muscle 5.4 260 49.5 DFO - unpublished data 
. Gold River 1988 Dungeness crab NR hcpatopancreas 58 3000 525.8 DFO - unpublished data 

McCurdy Creek 1990 Dungeness crab NR hepatopancreas 42 9200 1158 DFO - unpublished data 
_ Mooyah Bay 1990 Dungeness crab NR· hepatopancreas 27 2400 323.4 DFO - unpublished data 

Kleeptee Creek 1990 Dungeness crab . NR hepatopancreas 41 3900 565.2 DFO - unpuolished data 
Silverado Creek 1990 Dungeness crab NR hcpatopancreas 12 1100 142.6 DFO - unpublished data 

Houston River 1990 Dungeness crab NR hepatopancreas 1 27 1600 284.6 DFO - unpublished data 

Powell River 1988 Dungeness crab NR muscle 3 L2 116.7 15 DFO - unpublished data 

Powell River 1988 Dungeness crab NR hepatopancreas 4.7 270 50.5 DFO - unpublished data 

Powell River 1988 Dungeness crab NR muscle ND 220 22.9 DFO - unpublishcd data 

Powell River 1988 Dungeness crab NR hepatopancreas ND 170. 19 DFO - unpublished data 

Savary Island 1990 Dungeness crab NR hepatopancreas' 0.5 90 12 DFO - unpublished data 
Harwood Island 1990 Dungeness crab NR hepatopancreas 5.2 320 50.7 DFO - unpublished data 

Aigerine Passage 1990 Dungeness crab NR hepatopancreas 0.35 38 6.7 DFO - unpublishcd data 

Saltery Bay 1990 Dungeness crab NR hepatopancreas 2 98 18.7 DFO - unpublished data 

Elk Falls 1988 Dungeness crab NR muscle 1 0.4 31 5.6 DFO - unpublished data 

Elk Falls 1988 Dungeness crab NR hepatopancreas 2 Il 685 188 DFO - unpublished data 

Elk Falls 1988 Dungeness crab NR hepatopancreas ND 330 95 DFO - unpublished data 

Maude Island 1990 Dungeness crab NR hepatopancreas 3.3 230 78.4 DFO - unpublished data 

Orange Point 1990 Dungeness crab NR hepatopancreas 10 550 133.8 DFO- unpublished data 

Campbell River 1990 Dungeness crab NR hepatopancreas 1 12 910 133 DFO - unpublished data 

Nanaimo 1988 Dungeness crab NR hepatopancreas 3 11.5 416.7 136.4 DFO - unpublished data 

Harmac 1988 Dungeness crab NR hepatopancreas 16 353 135.4 DFO - unpublished data 

Pylades Channel 1990 Dungeness crab NR hcpatopancreas 7.4 230 53.1 DFO - unpublished data 

Ruxton Island 1990 Dungeness crab NR hepatopancreas 3.8 91 28.6 DFO - unpublishcd data 

Fairway Channel 1990 Dungeness crab NR hepatopancreas 4.9 140 27.4 DFO - unpublished data 

Northumberland Channel 1990 Dungeness crab NR hepatopancreas 0.7 72 22.2 DFO - unpublished data 

Hammond Bay 1990 Dungeness crab NR hepatopancreàs 0.6 34 7.5 DFO - unpublished data 

Crofton 1988 Dungeness crab NR muscle 4 L7 58.2 16.1 DFO - unpublished data 
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-Table 30. Data from unpublished or unconfirmed sources 

Life T4CDD T4CDF TEQ" 
Location Year Species Stage Tissue N (ng'kg- I

) (ng·kg- I
) (ng'kg- I

) % Lipid Reference 
(ww) (ww) (ww) 

Crofton 1988 Dungeness crab NR hepatopancreas 9 13.9 418.9 179.5 DFO - unpublished data 
_ Crofton 1988 Dungeness crab NR hepatopancreas 2 88 2510.5 528.8 DFO - unpublished data 
CroftoQ 1988 Dungeness crab NR muscle ND 49 9.1 DFO - unpublished data 
North Reef 1990 Dungeness crab NR hepatopancreas 8.3 190 110.6 DFO - unpublished data 
Maple Bay. 1990 Dungeness crab NR hepatopancreas 16 410 153.7 DFO - unpublished data 
Satellite Channel 1990 Dungeness crab NR hepatopancreas 1 0.7 43 13.6 DFO- unpublished data 
Houston Channel- 1990 Dungeness crab NR hepatopanereas 2 4 70 21.9 DFO -unpublished data 
Ladysmith Harbour. 1990 Dungeness crab NR hepatopanereas 2 6.6 165 53.7 DFO - unpublished data 
Saanich Inlet 1990 Dungeness crab NR hepatopancreas 2 1.9 47.8 13.6 DFO - unpublished data 
Cowichan Bay 1988 Dungeness crab NR hepatopancreas 2.5 66 34.7 DFO - unpublished data 
Cowichan Bay 1988 . Dungeness crab NR hepatopancreas 12 161 64.9 DFO - unpublished data 
KitimatArm 1988 Dungeness crab NR hepatopancreas 7 26 10 132.3 DFO - unpublished data 
Kitimat 1988 Dungeness crab NR hepatopancreas 1 17 13 169.1 DFO - unpublished data 
Port Mellon 1988 Dungeness crab NR muscle 3 7.7 245 43.6 DFO - unpublished data 
Port Mellon 1988 Dungeness crab NR hepatopancreas 2 112.5 3902.5 742.4 DFO - unpublished data 
Prince Rupert 1988 Dungeness crab NR muscle 7 16 375.3 64.6 DFO - unpublished data 
Prince Rupert 1988 Dungeness crab NR hepatopancreas 4 462.8 13834 2413.5 DFO - unpublishéd data 
Prince Rupert 1988 Dungeness crab NR body fluids 2 3.5 115.5 19 DFO - unpublished data 
Woodflbre - How~ Sound 1988 Dungeness crab NR muscle 7 7.9 205 51.9 DFO - unpublished data 
Cous Creek - Port Alberni 1988 Dungeness crab NR hepatopancreas ND 6.6 6.9 DFO - unpublished data 
Alberni Harbour 1990 Dungeness crab NR hepatopancreas 3.5 65 47 DFO - unpublishcd data 
Polly Point 1990 Dungeness crab NR hepatopancreas 6.7 300 94.4 DFO - unpublished data 
Stamp Narrows 1990 Dungeness crab NR hepatopancreas 3 55 36.1 DFO - unpublished data 
Howe Sound 1988/89 Dungeness crab NR muscle 8 8.9 313.4 43.4 DFO - lInpublished data 
Howe Sound 1988/89 Dungeness crab NR hepatopancreas 8 126.9 4562.5 820.2 DFO - lInpublished data 
Victoria 1988 Crab NR hepatopancreas 1 10 99 446.3 DFO - unpublished data 
Crofton 1988 Crab NR hepatopancreas 2 88 2510.5 534.3 DFO - unpublished data 
Buntzen Bay 1988 Crab NR hepatopancreas 3 129 174.4 DFO - unpublished data 
Boundary Bay 1988 Crab NR hepatopancreas 1.5 44 37.9 DFO - unpublished data 
Iona Jetty 1988 Crab . NR hepatopancreas 22 290 113.6 DFO - unpublished data 
Chemainus 1988 Crab NR hepatopancreas 10 161 139.4 DFO - lInpliblishcd data 
Nanaimo 1988 Crab NR hepatopancreas 4 93 51 DFO - lInpublishcd data 
Seabord Terminus 1988 Crab NR hepatopancreas 5 123 74.4 DrO : unpublished data 
Harmac 1988 Crab NR hepatopancreas 16 353 136.8 DFO - unpublished data 
Port Mellon 1988 Crab NR hepatopancreas 662 24968 3634.4 DFO - lInpliblished data 
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Table 30; Data from unpublished or ùnconfirmed sources 

Location 

Woodfibre - Howe So'und 
Woodfibre - Howe Sound 

. Prince Rupert 

Prince Rupert 
Nanaimo 
Stuart Channel 
May Island' 

Menzies Bay 
SaItwater Lagoon 
Queen Charlotte Channel 
Powell River 

, Powell River 

Gold River 
Gold River 
McCurdy Creek 
Houston River 
Port Mellon - Howe Sound 
Port Mellon - Howe Sound 
Woodfibre - Howe Sound 
Woodfibre - Howe Sound 
Howe Sound area 
Howe Sound 
Anvil Island - Howe Sound 
Howe Sound area 
Port Mellon - Howe Sound 
Woodfibre - Howe Sound 

Howe Sound 
Port Mellon - Howe Sound 
Prince Rupert - Hecate Strait 
Powell River - Georgia Strait 

Powell River - Georgia Strait 
Nanaimo - Georgia Strait 

Crofton - Georgia Strati 

Crofton 
Crofton 

Table 30 

Year Species 

1988 Crab 
1988 Crab 

\988 Crab 
1988 Crab 
\988 Red rock crab 
\990 Red rock crab 
\990 Red rock crab 
\990 Red rock crab 
\990 Red rock crab 

\988/89 Red rock crab 
\988 Box crab 
\988 Box crab 
\988 Prawn 
\988 Prawn 
\990 Prawn 
\990 Prawn 
1988 Prawn 
\988 Prawn 
\988 Prawn 
\988 Prawn 

\988/89 Prawn 

1988 
\989 

\988/89 
\988 
\988 

1988/89 
\988 
1988 
\988 
\988 
1988 
\988 
1988 
\.988 

Prawn 
Prawn 
Small prawn 
Large prawn 
Shrimp 
Shrimp 
Shrimp 
Shrimp 
Pink shrimp 

Pacific oyster 
Pacific oyster 

Pacifie oyster 
Oyster 

Oyster 

.. : .. : 

Life 

Stage Tissue 

NR muscle 
NR hcpatopancrcas 
NR muscle 

NR hepatopancreas 
, NR hepatopan,creas 

NR hepatopancreas 
NR .hepatopancreas 
NR hepatopancreas 
NR hepatopancreas 
NR hepatopancreas 
NR muscle 
NR hepatopancreas 
NR muscle 
NR .. -muscle tissue 
NR riluscle 
NR muscle 
NR soft tissue 
NR muscle tissue 
NR muscle tissue 
NR muscle tissue 
NR mus'cle tissue 

NR muscle tissue 
NR muscle tissue 

NR muscle tissue 
NR soft tissue 
NR soft tissue 
NR muscle 
NR soft tissue 
NR muscle 
NR muscle tissue 

NR soft tissue 
NR soft tissue 

J'IR soft tissue 
NR soft tissue 

NR soft tissue 

.. 

N 

\ 
3 

2 

4 
\ 
6 

2 
5 
7 
2 
6 
5 
2 
1 
4 
2 
2 
\ 
2 

T 4CDD 

(ngokg- I
) 

(ww) 

\2 

356 
\4 

487 
0.4 
1.4 

1.3 
0.8 

0.45 
7.\ 
0.7 
8.9 
2 

ND 
2 

1.4 

8.4 
\4 

4.7 
9 

3.3 
2.9 
3 
6 

8.3 
5 

ND - 6.2 
17.6 
23 

0.94 . 

0.5 
0.4 
-6.2 

0.6 
7.6 

T 4CDF 

(ngokg- I
) 

(ww) 

333 
16547 
310 

11890 
42 

50.5 
50 
26 
97 

'320 

58 
1100 
176.7 
350 
150 
46 

205.5 
337 
72.8 
108 
82 
67 
70 

399.4 
200.4 
\35.2 
158.8 
6\1.8 

605 
\00 
190 
42 

51.5 
33 
190 

..-

TEQ" 

(ngokg- I ) % Lipid Reference 

(ww) 

6\ 
2874.5 

47.5 
2177 
8.7 . 

20.4 
28.5 
12.4 
45 

47.3 
7.4 

155.3 
21.3 
35.4 
18.7 
8.9 

36.1 
50.7 
\8.\ 
44.6 
13.1 
Il.4 
12.5 
46.3 
34.5 
22.4 
17.4 
87.2 
94 

13.7 
20.4 
5.4 
9.2 
6.4 

75.2 

DFO - unpllblished data 
Dro - unpllblishcd data 
DFO - lInpllblished data 
DFO - lInpllblishcd data 
DFO - unpllblishcd data 
DFO - unpllblished data 

DFO - unpublished d~ta 
DFO - lInpublished data 
DFO - unpllblished data 
DFO - unpublished data 
DFO - unpllblishcd data 
DFO - lInpublished data 
DFO - unpllblishcd data 
DFO - lInpublished d~ta 
DFO - unpllblished d~'ia 
DFO - unplIblished data 
DFO - unpublished data 
DFO - unpublished data 
DFO - unpublished data 
DFO - lInpublished data' 

DFO - unpublished data 
DFb - lInpubl ishcd data 
DFO - unpllblished data 
DFO - unpllblished data 
DFO - lInpublished data 
DFO - unpublished data 
DFO - unpublished data 
DFO - unpllblished data 
DFO - unpublished data 
DFO - unpublishcd data 

DFO - unpublished data 
DFO - lInpublished data 
DFO - unpublished data 

DFO - unpublished data 
DFO - unpublishcd data 
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Table 30. Data from unpublished or unconfirmed sources 

. Life T 4CDD T 4CDF TEQa 

Location Year Species Stage Tissue N (ng'kg-
1
) (ng'kg-1

) (ng'kg-1
) % Lipid Reference 

(ww) (ww) (ww) 

. , 

Powell River 1988 Oyster NR soft tissue 1 4 1000 110.3 DFO - unpublished data 

K1eeptee Creek i990 Oyster . NR soft tissue 1. 0.6 120 13.5 DFO - unpublished data 

Silverado Creek 1990 Oyster NR soft tissue 1 0.6 130 14.6 DFO - unpublished data 
.. ·Crofton 1988 Oyster NR NR 2 13 315 81.6 DFO - unpublished data 

Nanaimo 1988 Oyster NR NR 2 ND 35.5 22.7 DFO - unpublished data 
Harmac 1988 Oyster NR NR 6 98 34.1 DFO - unpublished data 

. Gabriola Bar 1988 Oyster NR' NR 3 91 22.8 DFO - unpublished data 

èroftori 1988 Littleneck clam NR soft tissUe 1 ND 42 14.3 DFO - unpublished data 

Crofton 1988 Butter clam NR NR ND 36 13.7 DFO - unpublished data 

Port Mellon 1988 Softshell clam NR NR 3 76 12 DFO - unpublished data 

Harmac 1988 Clam NR NR. 1 3 14 21.4 DFO - unpllblishcd data 

Howe Sound 1988/89 Mussel . NR who le 2 ND 77 12.9 DFO - unpllblished data 

Gold River 1988 Mussel NR whole 2.5 341 42.9 DFO - unpllblishcd data 
. Crofton 1988 Mussel NR NR 5 75 .. 31.6 . DFO - unpublished data 

Marine Fish 
Powell River 1988 Chinook salmon NR fillet ND - 2.2 65 8.8 2 DFO - unpublished data 
Georgia Strait 1988 Chinooksalmon NR fillet ND 47 5.1 DFO - unpublished data 

Morse Basin ~ Prince Rupert 1988 Chinook salmon NR whole 75 10 DFO - unpublished data 

Morse Basin - Prince Rupert 1988 Chinook salmon ADT muscle 14.5 13 23.8 DFO - unpublished data 

Port Mellon - Howe Sound 1988 Chinook salmon JUV muscle 4 51 12.3 DFO - IInpublished data 

Gold River 1988 Rockfish NR liver 150 6800 1056.3 DFO - unpublished data 

McCurdy Creek - Gold River 1990 Rockfish NR liver 16 380 75.3 DFO - unpllblished data 

Mooyah Bay - Gold River 1990 Rockfish NR liver 12 200 42.6 DFO - IInpublishcd data 

Houston River - Gold River 1990 Rockfish NR liver 32 650 \39.8 DFO - IInpllblished data 

Kleeptee Creek - Gold River 1990 Rockfish NR liver 46 550 \35.4 DFO - unplIblished data 

Port Mellon - Howe Sound 1988 Rockfish NR fillet ND 27 24.7 DFO - unpublished data 

Gold River 1988 Canary rockfish NR fillet 2.7 10 8.2 DFO - unpublishcd data 

Port Mellon - Howe Sound 1988 Quillback rockfish NR muscle tissue 3 28 8.2 DFO - unpublished data 

Maude Island - Elk Falls 1990 Quillback rockfish NR liver 9.9 420 83.8 DFO - unpublishcd data 

Cape Mudge - Elk Falls' 1990 Quillback rockfish . NR liver 4.4 180 37.4 DFO - IInpllbl ished data 

Shelter Point - Elk Falls 1990 Quillback rockfish NR liver 8.1 250 74.4 DFO - unpublishcd data 

Powell River 1990 Quillback rockfish NR liver 16 1600 217.4 \)FO - unpllblishcd data 

Powell River - diffuser 1990 Quillback rockfish NR liver 4.6 420 55.5 DFO - unpublishcd data 

Blubber Bay - Powell River 1990 Quillback rockfish NR liver 5.7 370 5\.4 DFO - unpllblishcd data 
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Table 30.' Dat!, from unpublished orunconfirmed sources 

\, . 

", 

" , . ',' 

,.,;'; :>-, 
·tifé . T4CDD T4CDF TEQ" 

Location ;:.' , Velu Species Stage Tissue N (ngokg'l) . (~g·kg,l) (ng·kg'l) % Lipid Reference 
(ww) (ww) (ww) 

Harwood Islan'd - Powell River 1990 Quillback rockfish NR liver 7.4 340 60.9 . .1 DFO - unpublished data 
North,umberiandChannel ~ Harinaé '1990 Quillback rockfish NR liver 22 450 165.5 DFO -.unpublished d~ta 
Mudge Island - Harmàc . 1990. Quillback rockfish NR liver .16 310 59 DFO - unpublished data 
Snake Isla'nd' -·Harmac 1990· Quill back rockfish NR liver 7.9 230 38.1 DFO - unpublished data 
Stuart Channel - Harmac 1990 Qitillback.rockfish NR liver 7.2 160 42.1 DFO - unpublished data '" 
North 'Reef- Crofton 1990 Quill back rockfish NR liver 120 1500 474.4 DFO - unpublished dàta , 

.~-".. 

Cowichàn Bay: Crofton 1990 Quillback rockfish NR liver . 7.3 120 30.2 1 DFO - unpublished data 
Saanich 'Inlet - Crofton 1990 Quillback roèkfish NR liver 3.9 60 13.8 1 DFO - unpublished datà 
St~mpNarrows' -Port Albemi .1990 Quillback rockfish NR liver 4.4 22 25 . DFO - unpublished data 
Dunsmuir Point" Port Albemi 1990 Quillback rockfish NR liver 4.2 20 38.2 DFO - unpublished data 
Powell River - 1990 Red snapper NR liver. II 1300 165 DFO - unpublished data 

-:' 
Powell River - diffus'er 1990 Redsnapper NR liver 4 290 39.4 DFO - unpublished data. ~";...c; 

. BI~bber Bay - f>owell River 1990 . Red snapper NR' liver 7.8 300 51.9 DFO.- unpublished data '~ . 
Prince Rupert - Hecate Strait 1988 Pollock NR . ' muscle tissue 9.5 1l.5 12.6 2 DFO - unpublished data 
Gold River 1988 . Ratfish NR liver 330 50000 5516.4 DFO - unpublishcd data ''>:+ 

Elk Falls 1988 Oogfish' NR fillet 1 20 7 1 DFO - unpublished data ':"1: 
Elk-Falls '1988 . Cabezon NR liver .. 7.9 550 167.2 2· DFO - unpublished data' 
Silverado Creek - Gold River .. 1990 . Lingcod NR liver 39 550 206.3 DFO - unpublished data 
Maude Island - Elk Falls 1990 . Lingcod. NR . liver 0.6 140 21.8 DFO - unpublished data 
Snake Island - Harmac 1990 Lingcod NR liver 0.8 130 22. 1 DFO - unpùblished data 
Northumberland Channel" - Harinac 1990 Lingcod NR liver 1.2 190 57.3 1. DFO - unpublished data 
Mudge Island - Harmac 1990 Lingcod NR' livér 0.8 130 . 15.8 . DFO - unpuplished data 
Stuart .Channel -.Harmac 1990 .. . Lingcod NR liver' 2.9 120 47.9 DFO - unpubli'shed data 
North Reef - Crofton 1990 Lingco!i NR liver 3.6 96 29.3 DFO c .unpublished data 
Mudge Island - Harmac 1990 Kelp greenling NR liver 19. 390 63.8 DFO - unpublished data' 
Satellite Channel - Crofton 1990 . Kelp greenling NR liver" . 3.6 96 29.3 1 DFO - unpublished data 
Polly Point - Port Albemi .. 1990 Kelp greenling NR liver 4.9 80 16.3 DFO - unpublished data 
Chemainus 1988 Perch NR NR 3 14 10.5 DFO - utipublished data 
Harmac 1988 Perch NR NR 4 288 42 DFO - unpublished data 
Lower Fraser River 1988 . Threespine stickleback NR NR 2 19 9.4 DFO - unpublishe'd data 
Harmac 1988 Threespine stickleback NR NR 2 20 8.4 DFO - unpublished data 
Albemi Harbour 1990 . Threespine stickleback NR whole 1.6 31 9.1 DFO - unpu.blished data 

. Powell River .. 1988 Engl ish sole NR liver 3.4 .140.5 35.7 2 DFO - unpublished data 
Nanaimo 1988 English sole NR fillet 1.3 30 6.8 1 . DFO - unpublished data 
Nariaimo '. 1988 Engl ish sole NR liver 3.3 . 69.7 2l.l 3 DFO - unpublished data 
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Table 30. Data from unpublished or ~riconfirmed sources 

, ,. 
: ~ .. ' .. Life T 4CDD T 4CDF TEQR , 

Year" 'Species Location '. Stage Tissue N (ngokg- t) (ngokg- I
) (ngokg- t) %'Lipid Reference 

, . . . . 
(ww) (ww) (ww) 

'. .. ' 

Crofton . 1988 English sole NR fil let 2.5 18 7 .. 8 1 DFO - unpublished data 
Crofton . ~988 . · English sole NR liver 3.6 70.7 22.6 3 DFO - unpublished data 
Crofton . 1988 . Sculpin NR NR 6 123 31 2 DFO - unpublished data 
Port Alberni 1988 Sculpin NR NR 9 16 20.6 DFO - unpublished data 
Chemainus . 1988 Sculpin .NR NR ND 23 5.4 1 DFO - un(Jubli~hed data 
Powell River 1988 · English sole NR liver 3.4 140.5 35.7 2 DFO - unpublished data 

. l'Ianaiino 1988 .English sole NR fillet 1.3 30 6.8 1 DFO - unpublished data 
Nanaimo 1988 English sole NR Iiver' 3.3 69.7 21.1 3 DFO - unpublished data 
Crofton' 1988 English sole. NR fiI.1et 2.5 18 7.8 .1 DrO - unpublished data 
Crofton .1988 ','English sole NR Iiver 3.6 70.7 22.6 3 DFO - unpublished data 

. Crofton 1988 : Sculpin NR' NR 6 123 31 2 DFO - unpublislied data 

Port Alberni. . 1988' Sculpin NR NR 9 16 20.6 1 DFO - unpublished data 
Chemainus 1988 .Sculpin .' NR NR ND 23 5.4 1 DFO - unpublished data 
Maude Island ~ Elk Falls 1990 Red Irish lord .. NR liver 7.2 170 33.2 DFO - unpublished data 

Cape Mudge - Elk Falls 1990 · Red lr'ish lord NR liver 2.3 70 11.2 DFO - unpublished data 

Freshwater Fish 
North Thompson River at McLure 

.. 
1990 Rainbow trout 24.5 cm '. muscle 5 ""' 3.40 B.e. MELP 1991 

North Thompson River at McLure 1990 Rilinbow trout 24.5 cm Iiver 5 2.60 B.C. MçLP 1991 
North Thorrtpson River at McLure 1990 Rainbow trout 38 cm. muscle 2 2.40 B.C. MELP 1991 
North Thompson .River at McLure 1990 Rainbow trout 38 cm liver 2 0.60 B.e. MELP 1991 
North Thompson River at McLure ·1990 Rainbow trout 10-20 cm muscle NR 2.10 B.e. MELP 1991 
North Thompson River at McLure . 1990. Rainbow trout 10-20 cm Iiver NR 26.00 B.C. MELP 1991. 

· .. South Tho'mpsonRiver at Chase 1990 : Rainbow trout 23icm 'muscle 5 1.90 B.C.MELP 1991 
'Soùth Thompso~River at Chase 1990 Rainbow trout 23.6 cm liver 5 0.50 B.e. MELP 1991 
South Thompson River at Chase '1990 Rainbow troui 39.3 cm muscle 4 5.50 B.C. MELP 1991 

South Thompson River at Chase 1990 Rainbow trout 39.3 cm liver 4 4.80 B.e. MELP 1991 

South Thompson River at Chase 1990 Rainbow trout 20-35'cm muscle NR 2.90 B.e. MEU' 1991 

South Thompson Rivèr a,t Chase 1990 Rainbow trout 20c35 cm liver NR 1.40 B.e. MELP 1991 
Kamloops Lake 1990 · Rainbow trout 40.7 cm muscle 2 4.60 B.e. MELP 1991 

Kamloops Lake 1990 · Rainbow trout 40.7 cm Iiver . 4 10.50 B.e. MELP 1991 

Kamloops Lake 1990 Rainbow trout 20-35 cm muscle NR 2.40 B.e. MEU' 1991 

Limer Thompson River at Walachin 1990 Rainbow trout 14.2 co{ muscle 6 2.40 B.e. MELP 199i 

LowerThompson River at Walachin 1990 Rainbow trout 14.2 cm liver 6 2.60 B.e. MELP 1991 

. -LowerThompson River at Walachin 1990 . Rainbow trout 30.8 cm muscle 5 4.80 B.C. MELP 1991 
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'Table 30. Datafr()munpubiishedoru~confirmed sources ' 
., . ,". ' .'- - "'-

, .:;c', 

.' 

Life T 4CDD "TCDF 4 , TEQ" 

Location " Year Species Stage .Tissue N (ng'kg,l) 
, r 

,(ng'kg,l) % Lipid Reference (ng'kg' ) 

(Ww) (ww) (ww) 
~, : 

" 

LOwer Thoinpso~'River at Wal~chin 19QO Rainbow trout . 30~8,cin '" '·liver '5 " 11.80 B,e. MELP 1991 ' 
, Lo\ver Thompson River atWalachin 1990 R~ii1bow trout 39.6cni " muscle 5 8,50 Re. MELP 1991 

Lower Thompson River at Walachin ',:~1990 Rairibow trour ' ' 39~6 cm ' liver ,5 ' il,oO B.e. MELP 1991, 
Lower Thompson River at Walachin 1990 . Ràinbow trout >35'cm 'm'uscle 3 8,60 B,e. MELP 199i 
Lower Thompson River àt Walachin 1990 ~ainbow trout > 35 cm ' liver 3 42.80 B.e, MELP 1991 
Lowef Thompson River Dis of Ashcroft 1990 Rainbow'trout 1!j.6 cm muscle' 7 2.90 B.C. MELP 1991 
Lower Thompson' River DIS of Ashcroft ,i990 Rainbow trout ,16,6 cm Iiver', 7 .~ .. 1.70 B.C, MELP 1991 
Lower Thompson River DIS of Ashcroft: Rainbow trout 

..". 
1990 28.4 cm muscle 5 8,10' . B,e. MELP 1991 ' 

Lower Thompson Riv~r DIS of Ashcroft ,i990 Rainbow trout ' 28.4 cm, liver 5 9,60 ' Re. MELP 1991 
Lower Thompson River DIS of Ashcroft::J !990 ,.' RilÎnbow trout 39.1 cm" muscle .5 6,70 B,C. MELP 1991 
Lower ThompsonRiver DIS ofAshcroft 1990. Rainbo,w trout 39.1 cm ' Iiver 5 ' ,5,50 RC, MELP 1991 

-~ 

Barriere River" ' 1990 ' Rainbow trout' >J5cm muscle 2' 0:9 - 2.2 LI - 4.2 , 3.40 ' B,e. MELP 1991 
; ".:;: , 

Barriere River,,' 1990 ' Rainbow trout ,>'35 cm liver 2 1.3~ 2,2 L2 - 1.9 HO ' B,ë, MELP 1991 ~:: 

Ba~riere Ri~er ': 1990 Rainbow trout '> 35 cm roe 1.4 1.7 2.40 B,c"MELP 1991 
Corbeit Lake 1990' Rainbow trout ,30,1 cm . muscle 5 3.00 ' Re. I\1ELP 1991 
Corbet! Lakt: 1990' Ralnbow trout 30,1 cm liver 5 0:50 Re. MELP 1991 
Corbet! Lake 1990 Rainbow trout 38 cm muscle' 2 2.30 RC, MELP 1991 
Corbet! Lake 1990 Rainbow trout 38 cm liver 2 0,60 Re. MELP 1991 
North'Thompson River at McLure 1990 Dolly yarden 50cm muscle 2,50 Re. MELP 1991 
North Thompson River at McLure' . 1990 Dolly varden ' 50 cm liveT 5,50, Re. MELP 1991 

"TEF source not reported ':." 

( 
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Table 31. Acut~ and chronic toxicity data of PCDD/Fs to freshwater organisms. 

Exposufe Conditions 

cc, 
Watef Nominal Tissue 

, Lire c Test Duration Concentration Dose Tissue Residue 

Species Name Stage, ' ' Type E~prrotal (fEQ ng'L") (fEQ /tg'kg" ww) (fEQ /tg' kg" ww) Endpoint Reference 

Amphibia 

American bililfrog tadpole c ' ' IP" SD/50 d NA 0 NR 20% mortality , control Beatty et al 1976 
Rana catesbeiana NA 25 "'NR 13% thortàlity 

NA' 50 NR 27% mortality 

NA 100 NR 7% mortality 

NA 200 NR 20% màrtality 

NA 1000 NR 20% mortality 

, adult IP SD/35 d NA 0, NR 0% mortality - control Beatty et al 1976 
NA 50 NR O%mortality 

NA 100 NR - 0% mortality 

NA 250 NR 0% mortality 

NA 500 NR 0% mortality 

American toad eggs S,N 24h167 d 0 NR NR 19% mortality - control Jung and Walker 1997 
Rufo amèricanus 3 NR omo 10% mortality - NS 

30 NR 0,123 17% mortality - NS 

300' 'NR 1.078 11 % mortality - NS 

3000 NR 7.125 15% mortality - NS 

30,000 'NR 19.331 17% mortality - NS 

tadpoles S,N 24 hl7 d 0 NR NR <2% mortality - control Jung and Walker 1997 
300' NR 2,663 <1 % mortality - NS 

300b NR 5,661 0% mortality - NS 

leopard frog eggs S,N 24 hl28 d 0 NR NR 31 % mortality at <15 d post-hatch - control Jung and Walker 1997 
Rana pipiens 3,000 NR 17.486 42% mortality at <1.5 d post-hatch - SIG 

green frog eggs S,N 24h141 d 6 NR NR Il % mortality - control Jung and Walker 1997 
Rana c/amitans ' 300 NR 0,891 2% mortality - NS 

3,000 NR 3,682 2% mortality, NS 

10,000 NR 11.482 21 % mortality - NS 

30,000 NR 28,227 6% mortality - NS 
{"--

100,000 NR 73,717 5% mortality , NS 

Salmonidae 

coho salmon 3,5 g S,N 24; 48,96 hl 0 0 NR 2% mortality - control' Miller et al 1973 

Oncorhynchus /dsutch 59d ,0,056LOEL 
0,054 NR 12% mortality -

056 054 NR 15% mortality 

5,6 5.4 NR ,55% mortality 

56 54 NR 100% mortality 
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Table 31: Ac';'te and ~hrimictoxicity data ofPCDD/Fs,tofreshwater or~anisms. 

Exposure Conditions 
~ ';' 

Wa'ter Nominal Tissue 

Life Test, Duraiiori . Concentration Dose Tissue Residue 

Species Name Stage ' Type Expffotal (fEQ ng'L'I) (fEQ /lg'kg-l ~) (fEQ /lg'kg-l ww) Endpoint Reference 

·l·' 

3.5 g' S,N 24h/60 d 0 0 NR . 0% mortality. - control Miller et al. 1979 

0.056 0.054 NR 5% mortality - NS 

'0.56 0.54 NR' 5% mortality - NS 

5,6NOEL 5.4NOEL NR 15% mortality - NS 

56LOEL 54LOEL NR 100% mortality -SIG 

3.5 g S,N 48 h/60 d - 0 0 NR 5% mortality - control Miller et al. 1979 

0,056 0.054 NR 5% mortality - NS 

0.56NOEL 0.54NOEL NR 10% mortality - NS 

5.6LOEL .5.4LOEL NR 15% mortality - SIG 

56 54 NR 100% mortaIity -SIG 

3,5 g S,N 96 h/60 d 0 0 NR 0% mortality - control Miller et al. 1979 

0.001 0.00054 NR .0% mortality - NS 

0.005 0.0054 NR 0% mortality -NS 

0.056 0.054 NR 0% mortality - NS 

0,56NOEL 0.54NOEL NR _15% mortality - NS 

5,6LOEL 5.4LOEL NR 50% mortality - SIG 

56 54 NR 100% mortality - SIG 

3.5 g S,N . 24h/60 d 0 0 NR control - growth set at 100% Miller et al. 1979 

0.056 0.054 NR growth rate increased by 8% - NS 

0.56NOEL 0.54
NOEL NR no effect on growth 

5,6LOEL 5.4LOEL NR growth rate reduced by 60% - SIG . 

3.5 g S,N' 48 h/60 d 0 0 NR control - growth set at 100% Miller et al. 1979 

0.056 0.054 NR growth rate reduced by 30% - NS 

0.56NOEL 0.54
NOEL NR growth rate increased by 4% - NS 

5,6LOEL . 5.4LOEL NR growth rate reduced by 82% - SIG 

3.5 g S,N 96 h/60 d 0 0 NR control - growili set at 100% Miller et al. 1979 

0,056 ·0.054 NR growth rate reduced by 5% - NS 

O.56NOEL 
0.54

NOEL NR growth rate redticed by 14% - NS 

5.6LOEL 5.4LOEL NR growth rate reduced by 84% - SIG 

6.6g S,N 96 h/114 d 0 0 'ND '13% inortality ~ control Miller et al. 1979 

0.001 0.00054 ND 20% mortality - NS 

0.011 0.0054 ND 7% mortality - NS 

0.105 0.054 ND 20% mortality - NS 

Table 31' Page 2 of 19 
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Table 31. Acute and chrome toxicity data of PCDD/Fs to freshwater orgamsms. 

Exposure Conditions 

Water Nominal Tissue 

Lire Test DUl""dtion Concentration Dose Tissue Residue 

Species Namc Stagè .' Type . ExplTotàl ' .. (TEQ ng'L") (TEQ /lg-kg' ww) (TEQ /lg'kg' ww) Endpoint Reference 

L053NOEL 0.54NOEL O. 125WB. NOEL 7% mort~hty - NS 

10. 53LOEL 5.4LOEL 2. 17WB, LOEL 53% mortality -SIG 

6.6 g •. S,N '24 h/114d 0 0 NR control - growth set at 100% Miller et al. 1979 

0.001 0.00054 NR growth rate increased by 21 % - NS 

0011 0.0054 NR growth rateincrcased by 13% - NS 

0.105 0.054 NR growth rate increased by 3% -NS 

1.053NO
I!L 0.54NO

I!L 0.021 WB.NOI!L growth rate increased by 17% - NS 

·10.53LOEL 5.4LOEL 0.478WB,LOEL growth rate reduced by 65% - SIG 

6.6g S,N 96 h/114 d 0 0 ND control - growth set at 100% Miller et al. 1979 

0.001 0.00054 ND growth rate reduced by 5% - NS 

0.011 0.0054 ND growth rate increased by 15% - NS 

0.105 0.054 ND growth rate reduced by 6% - NS 

1.053NO
I!L 0.54NO

I!L 0.125WB. NOEL growth rate reduced by 12% - NS 

10. 53LO
I!L 5.4LOEL 2.17WB. LOEL growth rate reduced by 93% - SIG 

chinook salmon fingerhng F,N d 1-601210 d . Ô%TBKME-FW NR 0.0014d hepatic EROD activity - control- Servizi et al. 1993 

Oncorhynchus tshawytscha d 1-60/210 d 1.5%,'IBKME-FW NR 0.00255d hepatic EROD activity elevated - SIG 

d 1-601210 d 4%~KME-FW NR 0.00255d hepatic EROD activity elevated - SIG 

d 61-144/210 d O%?'BI<ME-FW NR • 0.00015d hepatic EROD activity - control· 

d 61:1441210 d 0.3% TBKME·FW NR 0.0023d hepatic EROD activity elevated - SIG 

d 61-1441210 d 0.8%TBKME-FW NR 0.0021 d hepatic EROD activity elevated - SIG 

d 145-210/210 d 0% llU<ME·SW NR 0.00045d hepatic EROD activity - control 

d 145-210/210 d 00/0 TBKME-SW NR NR no effect on hepatic EROIi activity 

d 145-210/210 d 0% llUQ.Œ-SW NR 0.00015d no effect on hepatic EROD activity 

rainbow trout eggs SR,N 96 h/168 d 0 NR NR 0.9% mortality in alevins after 56 d - control Helder 1981 

Oncorhynchus mykiss O.I NOEL NR NR 0.9% mortality in alevins after 56 d - NS 

l LOEL NR NR 2.3% mortahty in alevins after 56 d - SIG 

10 NR NR 15.8% mortality in alevins after 56 d - SIG 

eggs SR,N 96 h/168 d O. NR NR no evidence ofterata after 84 d - control Helder 1981 

O.I NOEL NR NR no evidence of terata after 84 d 
l LOI!L NR NR terata evident in 20% Offry after 84 d 

10 NR NR terata evident in 90% offry after 84 d 

eggs SR,N 96h/168 d O· NR NR growth - control Helder 1981 
O.ILOI!L NR . NR growth reduced after n'd - SIG 

NR NR growth reduced after 118 d - SIG 
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Table31. Acut~ ~nd cl~ronic toxicity data of PCDD/Fs to freshwaterorg~nisms.· 

Exposure Conditions 

Water Nominal Tissue 

. Life '. Test .. Concentration Dose Tissue Residue 

Species Name . Stage . Type 

. Duration' 

Èxprrotal (TEQ ngL") . (TEQ flg'kg" ww) (TEQ flg'kg" ww) Endpoint 

10 NR NR grawth reduced at ail times ' SIG 

eggs .. S,]'I 48 h/24+ d 0 NR 0 -37% ma,1;.lity ta swim-up - cantral 

83.3LOEL NR 0.279LOFL. -63% martality ta swim-up - SIG 

167 NR 0,428 -65% martality ta swim,up - SIG 

250 NR 0,466 -78% martality ta swim-up - SIG 

333 NR 0.72 -90% martality ta swim-up - SIG 

500 NR 1.620 -93% martality ta swim-up - SIG 

LO,o = 0,439 flg'kg"l ww 

eggs INl. S0/24+ d NA O· NR -50% martality ta swim-up - cantral 

NA 0.194NaFL NR -57% martality ta swim-up - NS 

NA 0.291 LOEL NR -47% martality ta swim-up , NS 

NA 0,437 NR -78% martality ta swim-up - SIG 

NA 0.656 NR -97% martality ta swim-up - SIG 

NA 0.983 NR -98% martality ta swim-up - SIG 

LO,o = 0,421 flg'kg' l ww 

eggs INl S0/24+ d NA 0* NR -II % sac fry martality - cantral 

NA 0.14* NR -20% sac fry martality - NS 

NA .18* NR -16% sac fry mortality - NS 

NA 0.24· NR. -22% sac fry martality - NS 

NA O.32·NOEL 
NR -40% sac fry martality - NS 

NA 0,40*WEL NR" ~7% sac fry martality - SIG 

NA 0.57* . NR -73% sac fry martality - SIG 

NA 0.75* NR -99% sac fry martality - SIG 

LO,o* = 0.404 ~g TEQ'kg'l ww 

LO,oC2,3,7,8-T4COO) = 0.230 - 0,488' ~g'kg"' ww 

LO,o(1,2,3,7,8-P,COO) = 0.566 ~g TEQ'kg"' ww 

LO,oCI,2,3,7,8-P,COF) = 0367 ~g TEQ'kg" ww 

LO,oC2,3,4,7,8-P,COF) = 0350 ~g TEQ'kg'l ww 

LO,oCI,2,3,4,7,8-H"COO) = 0.714 ~g TEQ'kg" ww 

LO,o(1,i,J,4,7,8-H"COF) = 0.099 ~g TEQ'kg" ww 

alevin SR,N 4d125 d 0.61 NR NR -1 % mortali.ty aner 25 d - control 

1.00 NR NR - 4% martality aner 25 d 

1.65 NR NR - 40% martality aner 25 d 

2.72 NR NR - 85% martality aner 25 d 

'4,48 NR NR - 99% martality aner 25 d 

7.39 NR NR -1 00% mortality aner 12 d 

Table 31 

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

~ 

" '.',' 

Reference 

Walker et al: 1992 

Walker et al. 1992 

Walker and Petersan 1991 

Bal etai 19X9 
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Table 31. Acute and chronic toxicity data of PCDD/Fs to freshwater organisms. 

Exposure Conditions 

Water Nominal Tissue 

Lire Test Duration Concentration Dose Tissue Residue 

Species Nallle Stage Type Expffotal (TEQ ng'LO ' ) (TEQ flg'kg0l ww) (TEQ 'Ig·kg°l "~,) Endpoint Reference 

12.18 NR NR -100% mortality alter 14 d 

20.09 NR NR -100% mortality after 18 d 

0.38g F,M 28 d/56 d 0.001 NR 0.027WD.( 5% mort.1lity after 28 d -control Mehrle et al. 1988 

0.038 NR 0.98 6% mortality after 28 d -NS 

0.079NOEL 
NR NR 18% mortality aller 28 d -NS 

0.176WEL NR 4.5z'.<JF.L 50% mortality aller 28 d -SIG 

0.382 NR 10.95 73% mortality aller 28 d -SIG 

0.789 NR NR 85% mortality alter 28 d -SIG 

0.38g F,M 28 d/56 d 0.001 NR O.22WB •• 7% mortality alter 56 d -control Mehrle et al. 1988 
0.038W EI. NR 0.74wEL 

45% mortality alter 56 d - SIG 

0.079 NR NR 83% mortality aller 56 d - SIG 
.1' 

0.176 NR NR 95% mortality aller 56 d - SIG 

56 d Le" = .046 ng/L 

0.38g F,M 28 d/56 d <O.OOI*DL NR O.OI-WJl.( 0% mortality alter 28 d - control Mehrle et al. 1988 

0.02· NR 0.12- 2% mortality aller 28 d -NS 

0.05· NR NR 6% mortality aller 28 d -NS 

0.09·NOEI. NR NR 3% mortality aller 28 d -NS 

0.20·WEI. NR OA8*WEI. 18% mortality alter 28 d -SIG 

0.44" NR NR 28% mortality alter 28 d -SIG 

0.38 g F,M 28 d/56 d <O.OOI·DL NR <O.003·DL,WB •• 0% mortality aller 56 d -control Mehrle et al. 1988 

0.02" NR 0.005* 2% mortality aller 56 d -NS 

0.05" NR NR 6% mortality alter 56 d -NS 

0.09"NOEI. NR NR 3% mortality alter 56 d -NS. 

0.20·W EI. NR O.027·WEL 22% mortality aller 56 d -SIG 

0.44" NR NR 46% mortality aller 56 d -SIG 

0.38g F,M 28 d/56 d 0.001 NR 0.027WB.( growth after 28 d - control Mehrle et al. 1988 

0.038WEL NR O.98LOEL growth reduced 3fter 28 d - SIG 

0.079 NR NR growth reduced aller 28 d - SIG 

0.176 NR 4.52 growth reduced aller 28 d - SIG 

0.382 NR 10.95 growth reduced alter 28 d - SIG 

0.789 'NR NR growth reduced alter 28 d - SIG 00, 

0.38g F,M 28 d/56 d 0.001 o NR 0.22WB •• growth aller 56 d - control Mehrle et al. 19R8 

0.038W
EI. NR 0.74WEL growth reduced alter 56 d - SIG 
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Table 31. Acute aridchrimic toxicity data' of PCDD/Fs to freshwater organisms. 

EIposure Conditions 

Water Nominal Tissue 

Lire Test Duration Concentration Dose Tissue Residue 

Species Name Stage Type EIprrotal (TEQ ngL") (fEQ /tg'kg" ww) (fEQ /tg'kg" ww) Endpoint Rercrence 

. 038 g F,M 28 cl/56 d <0.001 "DL NR O.OI·WB,r growth afier 28 d - control Mehrle el al. 1988 

0.02" l'iR 0.12" growth afier 28 d - NS 

0.05"NO"" NR NR growth reduced afier 28 d - NS 

0.09"LOEL NR NR growth reduced afier 28 d - SIG 

0.20" NR 0.48" growth reduced afier 28 d - SIG 

0.44" NR NR growth reduced afier 28 d - SIG 

/ 
038g F,M 28 cl/56 d <0.001 "DL NR <0.003"DL,WB, • growth afier 56 d - control Mehrle el al. 1988 

0.02·NOEL NR 0.005"NOEL growth reduced afier 56 d - NS 

0.05·LOEL NR NR growth reduced afier 56 d - SIG 

0.09· NR NR growth reduced afier 56 d - SIG 

0.20· NR 0.027· growth reduced afier 56 d - SIG 

OM* NR NR growth reduced afier 56 d - SIG 

juvenile IP SO/80 d NA 0 NR 0% mortality - control Spitsbergen el al. 1988a 

NA l NOEL NR 0% mortality 

NA 5LOEL NR 20% mortality 

NA 25 NR 90% mortality 

NA 125 NR 95% mortality 

80 d LO" = 10 J-lg'kg" ww 

juvenile lP SO/80 d NA 0 NR 470% initial body weight (IBW) afier 80 d - control SpiL.bergen et al. 19R8a 

NA 1NOEL NR 430% IBW afier 80 d - NS 

NA 5LOEL NR 155% IBW afier 35 d (control = 200%) - SIG 

NA 25 NR 125% IBW afier 14 d (control = 145%) - SIG 

NA 125 NR 120% IBW afier 14 d (control = 145%) - SIG 

juvenile IP S0125d NA 0 NR 28.75 X 10' leukocytes/J-lL - control Spitsbergen ct ,,1. 1988a 

NA l LOEL NR 10.82 X 10' leukocytes/J-lL - SIG 

NA 10 NR 7.81 X 10' leukocytes/J-lL - SIG 

juvenile IP· SOI25 d NA 0 NR 1'6.83 X 10' thrombocytes/J-lL - control SpiL.bergen et al. 1988a 

NA l LOEL NR 1 1 .04 X 10' thrombrocytesl J-lL - SIG 

NA 10 NR 3.06 X 10' thrombrocytes/J-lL - SIG 

juvenile IP SO/80 d NA .0 NR -D% mortality afler 80 d - control Kleeman et al. 198X 

NA I NOEL NR -3% mortality afier 80 d 

NA 5LOEL .NR -25% mOrL11ity afler 57 d 

NA 25 NR -91% mortality afier42 d 

NA 125 NR -97% mortality afler 29 d 
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Table 31. Acuteand chronictoxicity d~ta ~fPCDD/Fs to freshwater organisms. 

Exposure èonditions 

Water 

Concentration 

Nominal Tissue 

Dose 

.. .. ' .. 
Tissue Residuc 

Specics Namè 

Lire 

Stage 

Test 

Type 

Duration 

Exprrotal (fEQ ng'L") (fEQ "g'kg-' ,m') CŒQ "g'kg" \\w) Endpoint 

.80 d Lb,,;" 10 Jlg'kg" ww 

juvenile 'diet' 105 d NA OOW NR 0% mortality aller 105 d . control 

NA . 0.000032 'NK 0% moitality aller 105 d 

NA 0.036NOE~ NR 0% mortality aller 105 d 

. NA 21 LOEL NR 88%mortalitY'in 71 d 

juvenile diet lOS d NA OOW NR growth aller 30 d - coritrol 

NA 0.000032 NR no ellect on growth aller 30 d - NS 

NA 0.036NOEL NR no etTect on growth aller 30 d - NS 

NA 21 LOEL NR growth reduced·ajler 30 d - SIG 

35·57g IP SD/84d NA 0 NR' no adverse eflècts - control 

NA om. NR increased inlhmmatory cells in liver aller 42 d 

NA 0.05 NR accumulation of erythrocytes in spleen aller 21 d 

NA 0.1 NR scattering of hepatocytes in liver aller 42 d 

, NA 0.5 NR EROD activity 7 times control aller 21 d 

NA LO NR focal coagulation necrosis in liver after 21 d 

NA 5.0 NR growth reduction aller 42 d - SIG, 20% mortality aller 84 d 

35.57g SD/84d IP NA 9 NR no adverse ellects - control 

NA oooèOEL NR' no adverse eŒects 

NA 0.03LOEL NR r;lative spleen weight red~ced aller il d - SIG· 

NA 0.06 NR relative liver weight reduced aller 42 d -.' SiG 

NA 03 NR' ERO~activity? times'control aller 21 ct - SIG 

NA 0.6 NR EROD activity 16 times control aller 42 d . SIG. 

NA 3.06 'NR growth reduction aller 42 d . SIG, 20% mortality afte~ 84 d 

21 d ED" for EROD activity = 0.79 Jlg'kg" 

200g - or SD12,4,8,I6 d NA 0.060-3.7"'''' . TEL(2,3,7,8-T,CDD)EROO'OId'" = 0.07if!g·kg·'.;,v; 

TEL(2,3,7,8-T;CDD)";OD.(UVER) = 0.016 Jlg'kg" ww 

. NA 0.032-9.6 TEL(I,2,3,7,8-P,CDD)EROO'0I do., = 0.039 Jlg'kg" ww 

TEL(I,2,3,7,8-P,CDD)EROD.(LIVER) = NR 

NA <0.01-0.08 TEL(I,2,3,6,7,8-H"CDD)ERon'OId'" = <0.01 Jlg'kg" ww 

TEL(I,2,3,6,7,8-H"CDD)EROO.(LIVf.R) = NR 

NA 0.05~5 TEL(I,2,3,4,7,8.H"CDD)EROO'OId'" = 0.13 Jlg'kg"ww 

TEÜI,2,3,4,7,8-H"CDD)ERoD.(LlVER) = 0.020 Jlg'kg" ww 

NA <0.01-.08 TEL(I,2,3,4,6,7,8-H,CDD)EROD'OId''''= <0.01 Jlg'kg" ww 

TEL(I,2,3,4,6,7,8-H,CDD)ERoo.(LIVER) = <0.001 Jlg'kg" ww 

NA 0.04-1.25 .TEL(2,3,7,8-T,CDF)EROD'OId." = 0.01 Jlg'kg" ~ 

Table 31 

.... - -

Hawkes & Norris 1977 

Hawkes & Norris 1977 

van der Weidcn et al. 198% 

van der Weidcn ct'aL 1992 

(. 

Parrott et al. 1995 
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Table 31. Acute and chronic toxicity data of PCDD/Fs to freshwater organisms. 

Exposure Conditions 

Water Nominal Tissue 

Lire Test 'Duration Concèntntion Dose . Tissue Residue 

Species Name ' Stage Type Expffotal (TEQ ng'L"r (TEQ I.g·kg" ww) (TEQ "g'kg" ww) Endpoint Reference 

TEL(2,3,7,8.T,Ci:W)EROD'IUVERI; 0,002 Ilg'kg" ww 

NA 0,04-1.25 TEL(i,2,3,7,8·P,CDF)ERaD'0!d"'; O,04llg'kg" ww' 

TEL(I,2,3,7,8·P,CDFkoD'IUVERI; 0,002 Ilg:kg'! ww 

NA, 0,20.6 TEL(2,3,4,7,8·P,CDF)F.RaD'0!dou; OAO Ilg'kg" ww 

TELc2,3,4,7,8.P;CDF)EROD'IUVERI; 0,0024Ilg'kg'! ww 

NA 0,03·0,86 TEL(I,2,3,4,7,8.H.,CDF)ERoD'Oldo,,; 0,06Ilg'kg" ww 

, TEL(I,2,3,4;7,8,H.,CDF)ERoD'IUVERI; 0,005'llg'kg" ww 

lake traut eggs SR,N 48h/113d ° NR Oh 18% martality ta swim.up . control Spitsbergen et al. 1991 

Salvelinus namaycush 0,1 _1.0NOl!L NR <0,015DL,NOEL 15,8% m?rtality ta swim-up - NS 

IOLOEL NR O,04LOEL 22,5% martality ta swim-up - SIG 

100 NR 0,400 ' 100% martality to swim.up - SIG 

eggs , SR,N 48 h/175 d, ,0 NR d -21 % mortality ta swim-up (120 d) - control , Walkeretal. 1991 

laN°EL NR 0,034NOEL -28% mort.1lity ta swim-up (120 cl) • NS 

20LOEL NR . 0,055LOEL , --43% martality ta swim-up (120 d)· SIG 

40 NR 0,121 -50% martality after hatch (97 d) - SIG 

62 NR 0,226 -55% martality after hatch (97 d) - SIG 

100 NR 0.302 -50% martality after hatch (80 d) - SIG 

LD,. ; 0,065 Ilg'kg'! ww 

eggi SR,N 48 h/217 d 0_150· NR 0·0,126' NOELsFM ; 0,045, LOEL'sFM; 0,061 Ilg·kg:':...w Guiney et al. 1996 

LD".sFM ; 0,069 Ilg'kg" ww 
0_150m NR 0-0,128' , NOELsFM ; 0,045, LOEL'sFM; 0,061 Ilg'kg" ww 

LD".sFM; 0,072 Ilg'Kg" ww 

eggsn SR,N 48h/217d 0_150· NR '0-0,121' NOELsFM '" 0,030, LOEL'sFM ': 0,036 Ilg'kg'! ~ 
LD",sFM; 0,044 Ilg'kg" ww 

0_150m NR 0-0,121' NOELsFM ; 0,036, LOEL'SFM; 0,047 Ilg'kg" ww 

LD".;FM ; 0,057 Ilg'kg" ww 

eggsP SR,N '48 h/217 d 0_150· NR 0-0,101' NOELsFM '= 0,041, LOEL'sFM; 0,054Ilg'kg" ww 

LD".sFM '" 0,053 Ilg'kg" ww 
0_150m NR 0-0,099' , NOELsFM ; 0,035, LOEL 'sFM ; 0,036 Ilg'kg" ww 

LD,.,sFM ; 0,042 Ilg'kg" ww 

SR,N 48 h/217 d 0_100· NR 0,034-0,115' NOELsFM ; 0,034, LOEL'SFM; 0,053 Ilg'kg" ww, 

LD".sFM ; 0,065 "g'kg" ww 

eggs lNI , SD/24+.d NA, 0, NR -12% saé fry mortality - control Walker et al. 1992 

NA 0,024 NR -20% sac fry mort.1lity . NS 

NA 0,033 NR --43;/0 sac fry marta1ity . NS 

NA O;044NOEL NR ," --48% sac Iry martality . NS 
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Table 31 .. A..cute~and chroIÙ~ t~xi~ity data ofPCDD/Fs to f~esh~ater orgaIÙs~s. 

Lire ,'rest 
l,' 

.. Species Name· 
;,' 

Stage: Type 

,", 

~~." 

; 

brook trout eggs . SR,N' 

Sa/ve/!nusfontinalis 

cisco/lake herring eggs. RC,M, 

Coreg~,nus art~dii 

> 

'-

...•. 

. eggs. . RC,M 

,',:' 

.' 

\'-: 'p~e'ciliidae 

guppy 8-12mni SR,N 

PoeciZia retieu/ata 

9-.4O,mm SR,N 

, ' 

Table 31 

Exposure Conditions 

Water 

Durati~n' Concentration 

,ExpfIotal 

.NA 

'NA' 

NA 

48 hl80 cl '0" 

~ 4 

6NOFL 

8LOEL 

·io 
15 

20 

'30 

O'mliOOd <0.0065OL 

0'ml100 d 0,05 

7 mil 00 d 31 

20 nil100 d 31 

60 ,;vI 00 d 31 

180' rn/JOO d . ·31 

540 rn/JOO d 31 

" b' mlioo â <0',00650L 

O'mlIOO,ô 0,05 

7 mil 00 d 31 

20rn/l00 d ,31 

60rn/l00 d 31 

180rn/IOOd 31 

540 rn/100 d 31 

24h169 'd ° O.OINOEL 

O,ILOEL 

'. 'J 

1O, 

120 hl37 d ° 'lOaLDEL 

.Nominal Tissue 

Dose. 

: .. -

' 0.05SLoEL 

0,077 

0,103 

NR 

NR 

NR 

NR, 

NR 

NR 

NR' 

NR 
.'j~. 

NF. 
NR 

NR 
NR 

NR' 
NR 

NR . 

/NR . 

.:NR 

NR 

NR 

NR 

NR 

NR 

° . '0.08''';EL 

o,ilLOEL 

8:0 

80.0 • 

Ni{ , 
'NR' 

- ' .. ' .. ' '- ,- - - - -'{ 

, ,,' 

Tissue Residue 

Reference 

NR " -83% sac iiy ~ortality,~ SIG 

'NR -73% sac fry rnortality - SIG 

NR ;., 100% sac fry mortality - SIG 

LD" = 0.047 l'g'kg·1ww 

, 
, -0% sac try mortaÙty - control ND' " Walker and Petcrson 1994b. 

0,101 -0% sac fry "mortality- .NS 

0,135NOEL -11% sac fl'y mortality 'NS 

0,1 85LOEL -24%.sac tiy rnortality ~ SIG 

0,233 ,;.,g0% sac Iry ii;àrtality - SIG 

'0.337 ;.,g8% sac fry mortality - SIG 

0.434 -100% sacfry iiiortality - SIG 

0.470 -1000/, sac fry mortality - SIG' 

LD" = 0,200 fÎg·kg· J ~. 

. <0:00080L 94% survival -'controlr . Elonen et al. 1998 

0.023 92% suivival - control' 

0,175NOEL 88% sUIVival - !,!S 

0.270LOÈL 80% survival'- SIG 

0,717 63 % survival - SIG 

1.210 24% survival , SIG 

2,090 2% survival- SIG 

Lr:i,~ = 0,902 fig·kg· J wW . 

'<0,00080L growth - control' . ' Elonenet al. 1998 

0,023 grciwtJi - control' 

0:175 no effect on'growth - NS 

0,270NOEL 
no. 'effect on growth - J:'IS 

'0,717LOEL 
growth reduced - SIG 

1.210 growth reduced ' SIG 

2.090 (no statistics possible, ~ replicàtes, dead) 

NR " 7% fish with fin necn?sis aile! 42 d - control Miller,etal. 1979 

NR .12% lish with tin necrosis' aller42 d,- NS 

NR. 37% fish with fin necrosis' aller 42 d - SIG 

NR 49% fish with fin necrosis ailer 42, d : SIG 

NR 87% fish with fin necrosis aner 42d - SIG· 
,. 

NR 0% mortality - control 

IOb%m~rtality, LT" = 21.7d NR 

. No';'is & Miller 1974 , 
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Table 31. Acute and chroIÙctoxiéity dâta of PCDD/Fs to fr~shw~ter.orgaIÙsrns. 

'.1>pecies Name·.· 

niosquitofish . 

Gambus!a. affi1iis 

Percidae 

yeUow perch 

Percaflavescens . 

-

zebrafish 

Danio rerio 

Cyprinidae 

'fathead miimow 

'Pimephales prame/as 

'.;' 

Table 31 . 

- .. 

, -.' 

·.ùre Test. 

. Stage Typé 

NR" . S,M 

~g. lP 
' . . " 

eggs' Re,M' 

eggs . Re,M 

eggs Re,M 

ExposureConditions' 

Water ,Nominal Tissùe 

Duration 

Expffotal 

Concentr.tion Dose Tissue Residue . 

(fEQ ng·L"). . (TEQ ~g'kg" ww): (fEQ ,tg'kg" ww) Endp,oint. 

15 d" 

SD/80 d 

O'm/32l 

0' m/32 d 

6 Înl32 d 

16 m/32 d 

4Oni132d 

100 inJ32 d 

250 m/32d 

0' m/32 d 

O'm/32 d 

6m/32 d 

16 m/32 cl 
40 m/32 d 

'100 m/32 d 

250 m/32 d 

0' m/32 d 

0' m/32 cl 
'6m/32 d 

15 m/32 d 

.. 

1000 

10000 

2.8 

NA 

NA 

NA 

NA 

NA 

0.01 

0.08 

23 
. 23 

23 

23 

23 

0.01 

0.08 

23 

2~ 

23 

23 

23 

0.01 

. 0.07 

9 • 

'9 

; . 9 . 38m/32 d 

94m/32 d 

'23~m/32 d 

, .. ' 9 .. 
. 9 

-

NR 

NR 

NR 

0 

5 

25 

125 

NR 

NR 

NR 

NR 

NR 

.NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 
.NR 

'NR 

NR 

.NR 

NR 

NR 

NR 

·'NR 

NR 1 00% ~ortality: L T" =' 11.6 d . 

NR 100%mortality, L T" = 18.2 d 

.' 6.3WB
.' 100% inortality 

NR · -0% mortalitY ,c~ntrol . '.' . 

NR -5% inortality.aller 80 d ' 

NR -76% mortality aller 80 d 

NR · -100% mortality aller 46 d . 

NR ""96% mortality iller 25 d 

· 80 d LD" = 3 fig' kg" ww 

0.007 84% su~ivâl - controlr ( 

0.070' , 81 % survival - contraiS 

0.422 . 82% survival ' NS' 

0.424NOEL 76% survival ' NS 

.2.000LOEL 66% survival ,SIG 

2.650 36% survival ' SIG 

4.390 6% survival ' SIG 

LD,. = 2.610 fig' kg" ww . 

0.007 . . growth ' control' 

0.070 growth ' control' 

0.422 no effect on growth ' NS 

0.424 no effect on growth ' NS 

2.000 no effect on 'growth ' NS 

2.650NOEL no effect on growth ' NS 

4.390LOEL growth reduced ' SI G 

0.005 100°/, survival ' cont~ol' 
0.032 100% survival ' control' 

0.126 100% survi"a! ' NS 
. b:235N~EL 95',.{, survival ' NS . 

0,435LOEL .. 73% surviva! ' SIG 

0.823 ·10% survival ' SIG 

1.540 5% surviva! ' SIG 

LD" = 0539 fig' kg" ww . 

- ' .. .. 

Reference 

y ockim et al. 1978 

Spitsberg~n et'al. 1988b 

Elonen et al. 1998 

. Elonen et al. 1998 

Elonen et al. 1998: 
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Table 31. Acute and chronic toxicity data of PCDD/Fs to freshwater organisms. 

Exposure Conditions 

Water Nominal Tissue 

Life Test Duration Concentration Dose Tissue Residue 

Species N.une Stage Type· Expffotal (TEQ ng'L") (TEQ /lg'kg" \\w) (TEQ /lg'kg" \\'W) Endpoint Reference 

eggs RC,M 0' m/32 d 0.01 NR 0.005 gniwth - control' Elonen et al. 1998 

0' ,;v32 d 007 NR 0.032 growth - control' 

6m/32 d 9 NR 0.126 no etTect on growth - NS 

15 m/32 d 9 NR 0.235 no enect on growth - NS 

38 m/32 d 9 NR 0.435 no enec! on growth - NS 

94m/32 d 9 NR 0.~23 no etTect on growth - NS 

234m/32 d' 9 NR 1.540 no enect on growth - NS 

eggs S,N blastula to 48 h 0' NR 0 0% mortality - control' Olivieri and Cooper 1997 ~~:. 

post-hatch/7 d 0' NR 0 0% mortality - control' 

0.37 NR . 0.040 0% mortality 

1.20 NR b.130NOEL 0% mortality 

0.59LOEL NR 2.46LOEL 16% mortality 

2.83 NR 12.070 46% mortality 

10.16 NR 37.010 50% mortality 

7 d LD" = 25.710 /lg'kg" ww 

eggs S,N blastula to 48 h 0' NR 0 0%, total lesions - contra Ir Olivieri and Cooper 1997 

post-hatch!7 d 0' NR 0 0% lotallesions - con troiS 

0.37LOEL NR O.04LOEL 
36% totallesions 

120 NR 0.130 56% total lesions 

0.59 NR 2.460 41 % total lesions 

2.83 NR 12.070 86% totallesions 

10.16 NR 37010 100% totallesions 

7 d ED,. = 0.140 /lg'kg" ww 

larvae S,N 24h!64 d 0' NR 0 0% mortality - control' Olivieri and Cooper 1997 
0' NR 0 0% mortality - control' 

3.8 NR 3.590 0% mortality - NS 

90 NR 20.000 0% mortality - NS 

40 NR 26.51 NOEL 
1 % mortality - NS 

76.5 NR 44.698LOEL 
28% mortality - SIG 

68.6LOEL NR 163.000 98% mortality - SIG 

LD,. = 70.915 /lg'kg" ww 

larvae S,N 24h/64 d 0' NR 0 growth - controlr 
Olivieri and Cooper 1997 

0' NR' 0 growth - control' 

3.8 NR 3.590 no fish atTected by reduced growth - NS 

90 NR 20.000 80% offish .atTected by reduced growth - SIG 

40 NR 26.51 NOEL 
56% of fish atTected by reduced growth - NS 
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Table 31. Acute and chronic toxicity data ofPCDD/Fs to freshwater organisms. 

Exposure Conditions 

Wate. Nominal Tissue 

Ufe' . Test: Duration çoncentration Dose Tissue Residue 

Species Name Stage Type Expffota'l (fEQ ng·L·') (fEQ "g'kg" ww) (fEQ "g'kg" ww) Endpoint Reference 

76.5LOI!L NR 44. 698LOEL 100% offish atlècted by reduced growth - SIG 

68.6 NR 163.000 (no statistics possible - replicates dead) 

ED" = 25.727 Ilg'kg" ww 

larvae S,N 24h!64 d 0' NR 0 0% of fish allècted by wasting syndrome - control' Olivieri and Cooper 1997 
< 

0 0% of fish aIlècted by wasting syndrome - control' O· NR 

3.8 NR 3.590 0% of fish affected by wasting syndrome 

90 NR 20.000LOEL • 81 % of fish affected by wasting syndrome 

4OLOI!L NR 26.510 69% of fish afTected by wasting syndrome 

76.5 NR 44.698 10.0% of fish affected by wasting syndrome 

68.6 NR 163.000 100% of fish affected by wasting syndrome 

1-2g SR,M 24h!60 d 0 NR NR -8% mortality - control Adams et al. 1986 

0.12 NR NR -2% mortality 

o.n
NOEL NR NR -6% moIt11ity 

7.14LO
I!L NR NR -40% mortality 

81.8 NR NR -94% mortality 

1 -2g SR,M 48 h!60 d 0 NR NR -8% moIt11ity - control Adams et al. 19R6 

0.12 NR NR -2% moIt11ity 
o.nNOE!. NR NR -6% mortality 

7.14LO
E!. NR NR -58% mortality 

81.8 NR NR -100% mortality in 42 d 

1 - 2 g SR,M 12 h!60 d 0 NR NR -8% mortality - control Adams et al. 1986 

0.12 NR NR -2% mortality 
o.nNOE!. NR NR -6% moIt11ity 

7.14LO
E!. NR NR .-40% mortality 

81.8 NR NR -100% mortality in 19 d 

1 - 2 g SR,M 96 h!60 d 0 NR NR -8% mortality - control Adams et al. 1986 

0.12 NR NR -2% mortality 
o.nNOE!. NR NR -6%mortality 

7.14LO
I!L NR NR -50% moIt11ity 

81.8 NR NR -100% mortality in 30 d 

0.5 - 1.0 g SR,M 28 d/28 d 1.7 NR NR ·28 d LC" Adams et al. 19R6 

carp 20 g IP Sn/80 d NA 0 NR -0% mortality afier RO days - control Kkeman ct al. 19RR 

Cyprinus carpio NA NR -0% mortality afier 80 days 

·Table 31 Page 12 of 19 
c ,- - ... - - - - - - - - - - - '_. - - - -



- - - - - - - - - - .. '- - .. - - - - -



. Table 31. Acute and chronic toxicity data of PCDD/Fs to freshwater organisms . 

Exposurè Conditions 

Water ·Nominal Tissue 

Lire Test' Duration Concentration Dose Tissue Residue 

Species Name Stage Type Expffotal (fEQ ~g.L-l) (fEQ I1g'kg-l ww) (fEQ I1g·kg·l ww) Endpoint Reference 

Esox /ucius' O.I LOEL 
NR NR reduced body length offl)' by 6% afier II d - SIG 

1 NR NR reduced body 1 ength offl)' by 13 % aller II d - SIG 

10 NR NR reduced body length offl)' by 19% aller II d - SIG 

eggs SR,N 96 h/23 d 0 NR NR 39.5% mortality ta swim-up (15 d) - control Helder 1980 

0.1 NR NR 48.8% mortality ta swim-up (l5 d) 

1.0 NR NR 65.9% mortality ta swim-up (l5 d) 

10.0 NR NR 61.8% mortality ta swim-up (15 d) 

eggs RC,M cf riI/32 d <0.0065DL 
NR 0.001 98% survival - control' Elonen et al. 1998 

0' m/32 d 0.03 NR 0.132 100% survival - control' 

6m/32 d 208 NR 0.433 98% survival - NS 

15 m/32 d 208 NR 0.647 88% survival - NS' 

38 m/32 d 208 NR 1.190NoEL 93% survival - NS 

94m/32 d . 208 NR 1.800LOEL 75% survival - SIG 

234m/32 d 208 NR 4.770 3% survival- SIG 

LD,. ; 2.460 fig'kg" ww 

eggs RC,M 0' m/32 d <0.0065DL NR 0.001 growth - control' Elonen et al. 1998 

0' m/32 d 0.03 NR 0.132 growth - control' 

6m/32 d 208 NR 0.433 no effect on growth - NS 

15 m/32 d 208 NR 0.647 no effect on growth - NS 

38 m/32 d 208 NR I.l90 no effect on growth - NS 

94m/32 d 208 NR 1.800NOEL no effect on g,owth - NS 

234m/32 d 208 NR 4.770LOEL growth reduced - SIG 

Ictaluridae 

channel catfish eggs RC,M 0' m/32 d NR NR <O.OOORDL 1000/0 survival - controlr Elonen et al. 199R 

leta/urus punetatus 0' m/32 d NR NR 0.017 100% survival - control' 

6m/32 d 31 NR 0.041 94% survival - NS 

18 m/32 d 31 NR 0.097 100% survival - NS 

52 m/32 d 31 NR 0.140 100% survival - NS 

156 m/32 d ' .. 31 NR 0.385NOEL 
94% survival - NS 

486 m/32 d 31 NR 0.855LOEL 
18% survival - SIG 

LD,. ; 0.644 fig' kg" ww 

eggs RC;M 0' m/32 d NR NR <0.0008DL growth - control' Elonen et al. 199R 

O'm/32 d NR . NR 0.017 growth - control' 

6m/32 d 31 NR 0.041 no effect on growth - NS 

18 m/32 d 31 NR 0.097 no efiect on growth - NS 
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Table 31. Acute and chronic toxicity data ofPCDD/Fs tu freshwater urganisms. 

Exposure Conditions 

Water Nominal Tissue 

Life Test Duration Concentration Dose Tissue Residue 

Species Namc Stage Type Exprrotal (fEQ ngoLO') (fEQ Ilgokg-' Inv) (TEQ I1gokg-' InI') Endpoint Reference 

52 m/32d 31 NR 0.140 no etTect on growth - NS 

156 m/32 d 31 NR 0.385 no etTect on growth - NS 

486m/32 d 31 NR 0.855 no etrect on growth - NS 

juvenile S,M 20d 4.2 NR 3.3" 100% moitality y ockim et al. 1978 

- bulIhead 6g IP SO/80 d NA 0 NR -0% moitality after 80 days - control Kleeman et al. 1988 

Jeta/urus me/as NA I NOEL NR -0% moitality alter 80 days 

NA 5LOEL NR -53% moitality after 69 days 
00 

NA 25 NR -100% moitality after 34 days 

NA 125 NR -100% mortality aller 34 days 

80 d LO,o ; 5 I1gokgO' ww 
.~ 

Catoston,lidae 

white sucker eggs RC,M 0' m/32 d NR NR 0.003 95%, survival - contra Ir Elonen et al. 1998 

Catostomus commersoni 0' m/32 d NR NR 0.001 90% survival - control l 

30m/32 d 285 NR 0.848 93% survival - NS 

60m/32 d 285 NR 1. 220NOElo 83% survival - NS 

120m/32 d 285 NR 1.960LOEL 
38% survival - SIG 

240m/32 d 285 NR 2.400 3% survival - SIG 

480 m/32 d 285 ·NR 3.090 0% survival - SIG 

LO" ; 1.890·l1gokgo1 ww 

eggs RC,M ri m/32 d NR NR 0.003· growth - co,:,trol' Elonen et aL 1998 
O· m/32 d NR NR 0.001 growth - control' 

30m/32 d 285 NR 0.848NOEL no etrect on growth - NS 

60m/32 d 285 NR 1. 220LOEL growth reduced - SIG 

120 m/32 d 285 NR ·1.960 growth reduced - SIG 

240m/32 d 285 NR 2.400 growth reduced - SIG 

480m/32 d 285 NR 3.090 (no statistics possible - replicates dead) 

Centrarchidae 

bluegill 30g IP SO/80 d NA 0 NR -0% moitality after 80 days - control Kleeman et al. 1988 

Lepomis macrochirus NA NR -6% moitality after 80 days 

NA NR . -1% moitality after 80 days 

NA 25 NR -79% moitality after 78 days 

NA 125 NR -100% moitality aller 26 days 

80 d LO,o; 16 flgokg
O
' ww 

largemouth bass 7g IP SO/80 d NA 0 NR -0% moitality after 80 days - control Klceman et al. 1988 

MÎcropterus sa/moide~ NA 5 NR -6% moitality aller 80 days 
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Table 31. Acute and chrome toxicity data of PCDD/Fs to freshwater orgamsms. 

EXI!0sure Conditions 

Water Nominal Tissue 

Lire Test Duration Concentration Dose Tissue Residue 

Species Name Stage Type Expffotal (l'EQ ng'L-') (l'EQ /tg'kg-' ww) (l'EQ /tg'kg-' ww) Endpoint Reference 

NA 25 NR ~6% mortality after 80 days 

NA 125 NR' -100% mort.1lity aller 28 days 

80 d LD" ~ II /tg'kg" ww 

Oryziatidae 

medaka eggs S,M 14d 0 NR NR 10% incidence of minor lesions - control Wisk & Cooper 1 990a; b 

Oryzias latipes . O.4WEL NR NR 50% incidence of minor les ions 

1.7 NR NR 60% incidence of minoT lesions 

5.9 NR NR 50% incidence of minor lesions 

i3.2 NR NR 80% incidence of minor lesions 

31.7 NR NR 100% incidence of minoe les ions 

50.8 NR NR 100% incidence of minor les ions 

EC,. ~ 3.5 ng TCDD'L" ' 

eggs S,M 14d 0 NR NR 0% incidence of severe lesions v - control Wisk & Cooper 1 990a; b 

O.4WEL NR NR 10% incidence of severe lesions 

1.7 NR NR 10% incidence of severe lesions 

5.9 NR NR 10% incidence of severe lesions 

. 13,2 NR NR 4O%l incidence of severe lesions 

31.7 NR NR 100% incidence of severe lesions 

50.8 NR NR 100% incidence of severe lesions 

EC, •. ~ 14 ng TCDD'L'I 

eggs S,M 14d 0 NR NR 0% mortality to 3 d post-hatch - control Wisk & Cooper 1990a; b 

O.4WEL NR NR .10% mortality to 3 d post-hatch. 

1.7 NR NR 1.7% mortality to 3 d post-hatch 

5.9 NR NR 40% mortality to 3 d post-hatch 

13.2 NR NR 60% mortality to 3 d post-hatch 

31.7 NR NR 100% mortality to 3 cl post-hatch 

50.8 NR NR 100% mortality to 3 d post-hatch 

LC" ~ 9 ng TCDD-L" 

eggs S,M II d 0 NR NR 10% incidence of any les ions 
w 

- control Wisk & Cooper 1 990a; b 

0.5NOEL NR <O.' 1 DeE. NOEL 10% incidence of any lesÎons 

2.4
WEL NR' O.3

LOEL 
50% incidence of any lesions 

7.0 NR 07 80% incidence of any lesions 

.12.0 NR 1.2 80% incidence of any lesions 

33.5 NR 3.3 90% incidence of any lesions 

57.9 NR 4.8 100% incidence of any losions 

EC" ~ 2.2 ng·L". ED,. ~ 0.24 )lg'kg-' ww 
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Table'31. Aeutè~nd chronie to:Ücity dat~ ~f'PCD:biFs to freshwater organisms. 
• • '. > '". ~ .' " • • r, -

," '." .:t 

Exposure Conditions 
" '. :'.~ . i.., .. 

Wat~r 'No.minal Tissue 

Lire ":Test '. Duration Concentration , Dose . Tissue Residue 

Sp~ciès N~ll1e . Stage !ypè 
., 

ÈxplTotal' (fEQ ng·L~l) (fEQ f1g:kg~l ww) '(fEQ f1g·kfi~1 ww) Endpoint 
".' . ~'''\' , 

Reference 

'" -é 

"" 
; .. ,. 

0' ml32,d': <0.00~65DL 83% survival - c~ntrolr , eggs' RC,M NR 0.009 
" ,~ 

.- ~ , 

O· ml32 d 0.10' NR 
~ ~ 

0,057 ' . 89% survival - control' 

E10nen et al, 1998 

6 inl32 d 29 NR: 0,251 96% survival " NS 
:, .. 

15 ml32 d' 29 ' NR 0.455N?~ 83% survival : NS 

> 43 niJi2d' ~29 NR '0~949LOEL 58% survival ' SIG -
.' 
~ ',' . 114 ml32 d 29 ~ NR , 2.110 5% suniival - SIG' 

234 ml32 d 29 NR ,3,670 . . 0% survival - SIG 

LO" = 1I10f1g'kg~1 ww 

.-
Rè,M., 0' mt32 cl <0.0065DL NR 0~009 growth - control' eggs 

O· nl!32 d 0,10 : NR· 'C 0.057 : growth - control'" 
,-' ~6 w32d 29 NR 0.251 no efiect on growth - NS 

15 ml32 d 29 NR ~ 0.455 no elIect on growth - NS 

43 ni/32 d 29 NR 0.949NOEL . no elIect on growth - NS 

114m13id 29 NR 2.IIOLOEL groWth reduc~d - SiG 

2~4m132d • 
~ ~ 

29 ~NR. 3.670 (no statistics possible· replic.tes dead) 

Crustaceà 

waier ile~" <1 d SR,M 48 hl7 d î030 NA. NR insignificant moriàliiY ' Adams et al. 1986 

Daphnia magna 7d SR,M 48h17d, 1030 NA NR insi~ificant ;"ortality , 

21 d SR,M 48 hl7 cl 1030 ,NA NR i~igni~cant m0rù!lity 
:\ 

: NR . S;M:''" 32d' 3.1 NA lO.4
x no elIèd on gro,\'vth and reproduction y ~ckim et al. 1978 

,: 

, NR S,M.'. 33 d ,0 NA NR , noadverse elIects rep~rted.: control Ise,n,see and Jones 1975 , 

1330 NA ' 1O;400
DW 'no àdVerse effects reported 

Insecta 

mosquito larvae S,N 17 &39 d 0 NA NR no etfect on pup~tio~ - c?ntr~î 
Aedes a~gypli 2ôo NA Nt<. nô' effect on pupation 

Miller ët al. 1973 

Oligochaeta .. : 

Oligochaetes, 40 mm .~ " S,N 55 d 0 NA NR no effect on re~roduction - control Miller et al. 1973 

Paranais sp. 200 NA NR 36% réduction in reproduc(iv~ su~cess - SIG 

Gastropoda 

, snail ! " 

Helosoma sp" NA 
;... ' 

NR S,M 32d 3,1 5,3x no élIect on growth and reproduction Y,ockim et,aL 1978 
." 

, sn~il 

"Physasp. , adult ,S,N " 36 d/48 d 0 ~NA NR Dg effect' on reproduction - control 'Miller et al. 1973, 

,2.00 NA NR -35% reduction in total'hatch 

, . 
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Table3~. Acùte ahdchroJÙc toxicitydata of PCDD/Fsto freslÎw~ter orgaJrisms. 
,.... . . '. . ". ' ' " .' ," .. 

. ,. Life Test 

Exposure Conditions 

Wate' Nomin~1 Tissue 

Dosè . Tissue Residue . 

Species Name .. Stage Type 

'Duration 

Expffotal 

Concentration 

cfEQ ng-L-') (fEQ I,g:kg-' ww) (fEQ l'g-kg-' ww) Endpoint 
,. 

NR S,M '. 33 ci NA NR no adverse ëffects reported ~ control 

-1330 NA 1820 no adverse eflècts reported· 

PI~ntS' 
algaé 

oedogo.~i~~ ~araiacum NR S,M 32d 3.1 NA 28' no·effeCt on growth and reproduction 

S,M 33d 0 NA '.NR no adverse effects reported - control 

1330 NA Îi690DW no adverse effects reported 

dùckweed 

Lemnaminor ~ S,M> .. 3Ù ·0 NA NR no adverse effects reported - control 

~.' 1330 NA NR no adverse effects reported 

macrophyie 

. Elodea nuttali NR ·S,M 40d <12DL ·NA 0.500' no adversè· effec~ reported 

màcn:iphyte 

Ceratophyllum demersum NR S,M 40d . <12DL NA 0.500>' no adverse effects reported 

'Test Type: F';' flow-tliiough; INJ; egg injection; IP; intraperitoneal injection; oi'; oral intubatio,?; RC ;reci;culating; S·; static; SR; static rene~"I. 
" "M = me~ured water concentration~ N = nominal water concentration .' . 

Duration Expffotal: exposure period to test compound/duration of observatiori; SD; single dose;·d ;.days;· h; hours; m ;' minutès 

NA· ; not applicable; ND ,,; not detected; NR ,; not rep?rted . - . 

Endpomt NS; not-slgnificant, SIG; slgmficant, EC,., LC,., LD,., LT,. ; effe~tiv~ éoncentration, lethal càncen~ation, lethal dose, I~thal tolerance, affectin~ 50%·ofthe. population respectivély 

TEL; minimum dose causing statistically significant increasesin EROD or P450lA activity above controls 

- endpoint estimatecl from original figures (graphs), tables . 

• '; 2,3,7,8-T,CDF 

• 'tadpoles fed during expo~ure and observation period 

b tadpoles not fed during exposure period but fed during observation period 

, meari e~dpoint for 24, 48 Îmd 96 hr exposures . 

d TEQ includes 2,3,7,8-T,CDD, 2,3,7,8-T,CDF, and 2,3,4,7,8-P,ÇDF 

, based on four different strains of rainbow trout 

f ti~suè r~sidu-" measured at end of exposure phaSe . 

.• tissue residue"measured at end of depùration phase 

,h me;U; concentration of ['H]-TCDD in eggs 1:~ wk po~t-expos;"e .. 
. ; ~ean concentrati~~ of ['H]-TCDD in 'eggs on days 3, 31, and 52 post-exposure . 

j ~ggs taken from fi~h collected from Westém Lake Ontario· Fifly Point· 

.. k water te~perature m!J.intained at 8°C . 

. m water t~mperature regime: 8-3~8°C '." .. ' 

n eggs taken from fish collected. fr~m Eastern Lake Ontarià - Stony Isiand : 

P eggs taken from hatchery fish - Crystal Springs, !..Itura, MN '. . 

• ~ggs t,'lken fro~ fish. colleéted from·Southwest~m Lake Superior - Gui! Island 

Table 31 - - - - - - - - - - - - - -
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Refere~ce 

lsensee and Jones 1975 

y ockim et al. 1978 

lsénse" and Jones 1975· 

Isense~ and Jones 1975 

Tsushimoto et al. 1982 

Tsushimoto et al. 1982 
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Tabl~ 31.' Acute and chroniè toxicity data of PCDD/Fs to freshwater organisms .. 

Exposure Conditions 

Water Nominal Tissue 

Dose 

- - -
" Tissue Rcsidue 

·Species Name 

Lire 

Stage 

Test 

Type' 

Duration 

ExplTotal 

Concentration 

. (fEQ ng·L") (TEQ I1g'kg" ,,~v) (TEQ ,tg'kg" ~v) Endpoint 

, clean water control 

• solvent control : 

'mean offish sampled on days i'-3, aild 7 

"méan'offishsampledon days l, 3, 7 and 15, 

v severe lesions included severe ",.scualr hemorrliage and pericardial edema, 'or lesions that resùltedin death prior ta hatching or at hatching 

w any lesions incl)Jdes bath" minof and severe 

• x ~ean of organi~ms sampled. on days l, 3, 7, 15 and 32 

'-not a pure sample ofthis spécies, rnixed with other'predominant macrophyte speci~s; see Tsushimoto et al. 1982 

DCE tissue residue'bàsed on dechorionated"embryo . 

DL detection limit . 

DW dry weight 

· (UVER) ~ measur~d liver concentration ~f2,3,7,8-T.CDD 
LOEL. ~ lowest observable efiect level 

· NOI!L ~ no observable effect level 

SFM ~ sac fry mortality 

TBKME.FWv/v treated bleach~d kraft milïefl1ue~t mixed wifu' freshwater 

TBKME-SWviv treated ble'ached ~aft ~ill emuent mixed with sea~ater 
WB tissue residue oased on wh~le-bo~ sàinple 

Table 31 
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Table 32. Summary of the avaiIable biological effects and related physicochemical data for sediment-associated PCDDlFs 

TEQ (lJg/kg) Analysis Test 
Cene. S.O. Hit Type Type Endpeint Measured 

0,00083 NE SQG Interim Assessmerit Criteria (Iow risk) 
0.001' . "'ISQG 
0.0011 SBA WDNR Interim Criteria for In-Water Disposai of Dredged Sediments 

. 0.0014 NE COA 28-d FT Not significantly toxic (7.5% mortality) 

• ·.l!!Ë,.o'~;:·~i .•.. '~!&~f~f~t~i~Îlil~~~r 
0.0032 
0.0035 
0.0036 

NE COA High abundance (378 N/sq.m.) 
0.0013 NE 
0.0042 NE 

COA High abundance (16865±2383 N/sq.m.) 
COA Not significantly toxic (5.5±2.56% deformities) 

0.0043 0.0041 SG COA Low abundance (20.8±27 N/sq.m.) 

':fi1Ë'f!lli.·g ...• ~.~.;'11~illl!l§i~II~ia~~t=~Ji~~; 
0.0045 0.0046 SG COA Low abundance (6050±2566 N/sq.m.) 
0.0046 0.0023 NE COA10-d FT Not significantly toxic (8.17±9.85% mortality) 

Speeies 

Mammalian wildlife 

Gastropoda 
Benthic invertebrates 
Chironomidae 
Gastropoda 

{C~l~Q]~\~~~~:l ;-c.'. ·':.:~;::·0i~·t,'·rr.;E':."gç'~ 
hirriiiômüs:tëiltàiis' (inidgè)':';;;, 

"'~"~'~!~1~~~~~:~~!tt~: 
Benthic invertebrates 
Hya/e/la azteca (amphipod) 

0.005 0.006' COA 14-d FT Significantly toxic (0.35±0.7% sexual maturity) Hya/e/la azteca (amphipod) 
0.005 . 0.006 NE COA' 14-dFT Nottoxic (20.9±11.5% mortality) Hyale/la azteca (amphipod) 

Ô:'b'OS'2, , '0'.0059· • " , , 

.. '0:00690.003 NE 
';' 0.007 - NE 

6.'0073·;O:p032.NE .' . ~i~~l~1~~i.'~ti;~t~I>~~~~li::.tl!~i~]fi::'" 
0.0074 0.00028 NE COA , 10-d FT Not significantly toxic (21±1.4% mortality) Chironomus tentans (midge) 

0.0074 0.0034 NE COA' 21-d ST Not significantly toxic (1.65±1.67) 

0.0077' 0.0044 sC; COA 21-d ST Significantly toxic (46.6±43.3) 
0.0077 0.0035 NE COA 21-d ST Not significantly toxic (11.0±6.3 mg weight) 

:f·~~,~.o~·~i~.:~'f6:,~~iiè~C;.~g~~· ~:~~:~~fnïerimAssess~il~~ni~tl~lN':'~" 
:·.·: .. 0 . .0.1.0.:.:/····· . . . ...... . TEL: .. ::·:··········· 

0.01 

0.012 
0.012 

0.041 
.. 0.046 

0.046 

jl{fdI~~!f'NE, 
0.069 0:055' 
0.069 0.057 NE 
0.07 . 0.1. NE 

, Table 32, . 

Intemational Joint Commission Sediment Quality Objective 
21-d ST Not signiftcantly toxic (0% mortality) 

.10-d ST Not significantly toxic (6.65±6.29% mortality) 
10-d ST Not . toxic 17±1.73 

Interim Assessment Criteria (high risk of mortality-sensitive spp.) 
Not significantly toxic (2% deformities) 

'High abundance (2204 N/sq.m.) 
, ,~ighabundance (7152 

Significantly toxic (402±40.6% increase in number) 
10-d ST Not significantly toxic (3.08±3.84% mortality) 
21-d ST Not significantly toxic (25.95±17.37 mg weight) 

Interim Assessment Criteria (high risk of mortallttv-!;I'!nStlll/e 

Aquatic Lite 
Hexagenia Iimbafa (mayfly) 
Chironomus fenfans (midge) . 
Chironomus fenians 

Lumbriculus variegatus (oligochaete) 
Lumbriculus variegatus (oligochaete) 
Hexagenia Iimbata (mayfly) 
Avian wildlife 

i';;"T;;nnï1Tn,'îii~;"r; 
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1 
1 
1 
1 
1 
1· 
1 
1 
1 
1 
1 
1: 
Il 
Ir 
Il 
Il 
Il 
Il 
Il 

(,.lg TEQ'kg-1 dry weight) in freshwatersystems.· ,.' 

Life 

Stage 

LAR 
.LAR 
LAR 

10-12 d 
LAR 
LAR 

1-3mm 

LAR 
LAR 
LAR 

10-12 d 

3M 
14 d 

JUV 

3M 
3M 

EMB/JUV 
. 1 ()-12 d 

4M 
'10-12 d 
10-12'd 

.:':-,·)UV 

TOC 
(%) 

1.7 
2 
2 

2.0±OA 
1.9 
1.8 

1.9±0.3 
2.6±2.6 
2.5±2.5 
2.5t2.5 
3.1±2.3 
3.3t3.1 
3.3t3.1 
2.7±2.8 

3.6±3.5 
3.6±3.5 
3.7t3.5 . 

.4:1±2.8 
1 

3.5t2.7 

5.9±6.2 

10.0±8.9 
3.9±2.6 

.1 

3.2±1.1 
3.2±1.1 
3.2±1.1 

1.1 
1.1 
1.1 

'" :LAR'" 4.4i:2A· 

·FF·.'RRyY.·".' ... · >:<i,5±'2.4 
"'45t2:4 

LAR>.':. '4,S't2A' 
ADT 
ADT 
4M 

EMB/JUV 

'.' 

LAR. 

4.5±2.5 
4.5±2A 
3:2tO.8 

: 3.5tO.5 
2:1±1:3 

Table 32 

.-

Unionized 
AVS Ammonia Sand 

(Ilmol/g) (mg/L) (%) 

Silt 
(%) 

Clay Area Reference 
(%) 

United States USEPA 1993 

Great Lakes Sullivan et al. 1985' 
2.6 0.07 10 9.5 74.3 Buffalo River, NY Ingersoll et al. 1992 

5g, '0. ;~~Ltf~~~~fjfi:··!6Ë37 ~~~{~:,;~;~'~Xi',1i~!§!ii ;~il!~:~" 
4.2 7.5 3.7 92 Buffalo River, NY Ingersoll et al. 1992 

6.3±4.0 7.5t2.3 6.7t2.5 83.3±7.9 Buffalo River, NY Ingersoll et al. 1992 
27±54A 32A±29.6 5.8t2.9 57.7t29.1 Buffalo River, NY Ingersoll et al. 1992 

24.7±51A 31±28 6At2.9 58.1±26.6 Buffalo River, NY Ingersoll et al. 1992 

2;;';:::::~:tfi~i:fji;~Jii~~~ii!~;i~'r~~]ii~is~~~ln~~f;j, 
29.7t58.2 37.8t28.3 5.9t3.2 52.1±27.5 Buffalo River, NY Ingersoll et al. 1992 

43.6±78.3 
43.6±72.3 
44A±7i7 

36.5t7.0 47.5t4.8 15.9t3.1 St Louis River and DuluthlSuperior Crane et al. 1997 
Harbour area 

0.08tO.02 20t15.9 8.1±2.2 67.9t18 Buffalo River, NY Ingersoll et al. 1992 
0.08tO.02 20t15.9 8.1±2.2 67.9±18 Buffalo River, NY Ingersoll et al. 1992 

o.O:0:3~~~,E1~~{~~~9~:8:::::' .. ~gl~~:~~,g~ê,"J:~~'i,~;'ii~~t}::;~;~~j 
41.3±11.9 45.2t9.0 13.6±2.9 St Louis River and Duluthl Superior Crane et al. 1997 

Harbour area . 
23.9t22.0 57.6t17.0 18.6t7.6 .St Marys River, ON 
26.2t16.1 56.3t14.6 17.5t3.3,,l/St Marys River, ON 
21.1±22.1 60.1±16.6 18.9t8.2 St Marys River, ON 

0.05tO.02 
0.05tO.02 

8.5tO.7 
8.5tO.7 

62.6t3.5 28.7tOA Canagagigue Creek, ON 
62.6t3.5 28.7tOA Canagagigue Creek, ON 

ON 

0.02 57A 13.2 29.2 Saginaw River, MI 
0.02 57A 13.2 29.2 Saginaw River, MI 
0.02 57A 13.2 29.2 Saginaw River, MI 

Bedard and Petro 1997 

Bedard and Petro 1997 
Bedard and Petro 1997 

Jaagumagi and Bedard 1997 
Jaagumagi and Bedard 1997 
Jaagumagi and Bedard ,1997, 

Ingersoll et al. 1992 
Ingersollet al. 1992 
Ingersoll et al. 1992 

·,;~1~~~r~I{;:::~~~~i~J!i~l!~'~li{i~I;~ ·ri~l~I![~u."d&; 
36t28A 35t17A 29t16.8 Lower Fox River & Green Bay, WI 

33At28.7 35,3t16.7 31.3t18 Lower Fox River & Green Bay, WI 
0.11 tO.ll 9.0tl.l 61At3.2 29.2t3,0 Canagagigue Creek, ON 

United States 

Cali et al. 1991 
Cali et al. 1991 
Jaagumagi and Bedard 1997 
USEPA 1993 
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Table 32. Summary of the available biological effects and related physicochemical data for sediment-associated PCDDfFs 

TEQ (l.Ig/kg) Analysis Test 

Conc. 5.0. Hit Type Type Endpoint Measured 

0.17 
0.17 
0.18 
0.18 

0.14 NE 
0.14 NE 

COA 28-d FT Not significantly toxic (82.2±11.3% sexual maturity) 
COA 14-d FT Not significantly toxie (7.61±5.17% mortality) 
COA 21-d ST Significantly toxie (50% mortality) 
COA 10-d ST Significantly toxie (51.1 % mortality) 

5pecies 

Hyalel/a azteca (amphipod) 
Hyalel/a azteca (amphipod) 
Hexagenia limbata (mayfly) 
Chironomus tentans (midge) 

. 0.18. 
0.18 
0.19 0.028 NE g~~,,;·~:~ .. ~~t·U~~~li~~i~~~Ji?~w~i~l.t.)- c • 

. . ;'A;:~;~;~~tJ~lî~~~~1~~::~:ti~i~~~fË~::~;:~~~~~~~~b~~~~: 
0.19 

0.2 
0.2 
0.2 

0.15 NE COA 14-d FT Not significantly toxie (11.5±8.37% mortality) Chironomus riparius (midge) 
0.17 NE COA 14-d FT Not significantly toxie (13.1±5.95% sexual maturity) Hyalel/a azteca (amphipod) 

SG COA 14-d FT Significantly toxie (2.8% sexual maturity) Hyalel/a azteca (amphipod) 

: 0.2 
0.22 
0.23 

. 0.23 
0.24 
0.27 
0.27 
0.51 
0.51 

.0.51 
0.55 . 
0.55 
0.62 
0.75 

2.1 
<100 

0.07 
0.17 NE 
0.15 
0.15 • 

SG: 
0.27 SG 
0.22 • 
0.34 NE 

0.87 SG 

0.85 • 

128 NE 
214 194.4966 SG· 

l 

a As ciled in Filchko 1989 

. Table 32 . 

COA Low abundanee (806±434 N/sq.m.) Benthie invertebrates 

~~··:S:~:~liil~il~tr~) :i~~J~~~~,t'#!~~~~~~:::::;t::" 
COA Low abundance (1494±533 N/sq.m.) Benthie invertebrates 
GOA Moderate abundance (3304±588 N/sq.m.) Benthie invertebrates 
COA Not significantly toxie (3±4.24% deformities) Chironomidae 
GOA 14-d FT Significantly toxie (90% mortality) Hyalel/a azteea (amphipod) 

~~~: . ~:~ ~~~~lt~~!r}~~f~~~~~~~~!BZ)m~;u'~ty) ·:.;::".:.·:.:.:.~.~t.'~:::tt~J{:1"~.FHC~~h'::,~r·~o;[n%o~m:~·'~dla;e~: .• ~ •.. ~: .. _~.·:.:~." .• ~.'.:.~ ...•. ~: ...• ~.".};.:.>.·.L'.·.;,f.:.L,· .• ~:::::.· ..• -... 
COA .. '". '. SignifiéànuYjOXiç~(16:6±4:83o/.·defoririities) - . . 

COA 14~ FT ': $fg~~~~~t!Y1~~c~(~~~:?~~~:_~q·!.1~lity). ::"~' ... ~ .. \~ ç~ji!:~Pfu~S~~ripj~nù~:.(rilidgé)t<~;~~~~~~.,. 
GOA Low abundance (65±41.7 N/sq.m.) Chironomidae 
COA 10-d ST Significantly toxie (85±13% mortality) Hyalel/a azteca (amphipod) 
COA Moderate abundance (3686 N/sq.m.) Benthie invertebrates 
EqPA New York State Sediment Criteria Value 

~~~ ' .. :. {~r~:t:~tJ;t:.~~~~~:~71~~/~~)m.) ':' '-",' <:.,,<;ç:·~::~:·~:;":f;?::·~,"ê']:~:~:~:~~:~:~~:::,c .. ~j. :~:;:j'~~~~~~~ 
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\\1 ' 
'l' 
i. 

1 
l, 

1 
1 
1 
Il 

li 
Il 
Il 
Il 

. . 

(/.lg TEQ·kg-1 dry weight) in freshwater systems . 

.. Life 
Stage 

LAR 
LAR 
4M 

10-12 d 
10-12 d 

JUV 

24 h 
. LAR 

LAR 

LAR 

LAR 

LAR 
LAR 
LAR 

24 h 

TOC 
(%) 

2.1±1.3 
2.1±1.3 

3.1 
3.1 
3.1 
3.1 

3.1±0.1. 

2.1±1.3 
2.2±1.5 

1.4 
2.6±2.1 

.2.4±1.3 
. 2.2±1.5 

.. 2.2±1.5 
0.2 

2.3±1.4 
1.9±0.9 
1.6±0.à· 

2.1 
2.1 
2.1 

3.1±0.4 
. '.~, 2.1 

2.3±0.8 
4.3±1.2 

2.6 
1 

'12.3 
9:2±2.3 

. r 

Table 32 

AVS 
(Ilmol/g) 

4.2±2.6 
4.2±2.6 

4.8±1.2 . 

4.2±2.6 
4.5±3.0 

3.7 
5.3±3.9 

·5.0±2.4 
4.4±2.7 

. 4.4±2.7 

.1.2, 
7.6±7.2 
3.4±0 .. 3 
8.5±9.9 

15.5 
15.5 
15;5 

5.1±1 
15.5. . 

6.4±5.4 

5.6 

31.?-
41:5±21.4: 

Unionized 

Ammonia 
(mg/L) 

Sand 
(%) 

Silt 
(%) 

Clay 
(%) 

Area Reference 

Ingersoll et al. 1992 0.05±0.03 
0.05±0.03 

0.24 

57.3±26.5 
57.3±26.5 

10.1 

9.7±4.4 
.9.7±4.4 

59.1 
59.1 

'59.1 
59.1 .. 

9.8±0:3 

31.4±23.7 
31.4±23.7 

30.2 
30.2 
30.2 
30.2. 

Saginaw River, MI 
Saginaw River, MI 
Canagagigue Creek. ON 
Canagagigue Greek. ON . 
Canagagigue crëe~,.6N: 

Ingersoll et al. 1992 
Jaagumagi and Bedard 1997 

0.82 10.1 

·O.8? .... " .. ; :,\~~1,.~: 
064::";' ">10 1 
" ··);~.8Ü.6 .. 76.7±4.6 

Canaga'gigue Cieè~tON . '. 
Saginaw River, Ml';·-:··: ': 

Jaagumagi and Bedard 1997 
. Jâ'agU'magi and Bedard ÜJ97 

: J~àgùri1agi and Bedard 1997 
Ingersoll et al. .i 992 .. ' . 

0.05±0.03 
. 0.06±0.03 

0.05 

57.3±26.5. 
60.9±24.9 

7.1.2 

9.7±4.4 
10.3±5.2 

9.9 

·31.4±23.7 
28±18.7 

16.4 
0.07±0.05 60.4±35.4 9.8±7.2 29±26.3 
ci.33±ë.W;:·~64±:f~.4.t::: :Ù~7±3.1: ;:.30.3±15.4 
0.06±0.03 .;. 63.2±25:2·. 9.7±5.0··: 25.8±19.2 

0:~gè~.~,~5~~~~~~~;~~,i·:9i}~:.:~i:.·.~.;~~::.~~~.9:2 
61.5±12.2 7.2±2.1 26.1±11.2 

0.05±0.01 66.1±17.5 9.6±3.4 22.6±14.1 

Saginaw River, MI Ingersoll et al. 1992 
Saginaw River, MI Ingersoll et al. 1992 
Saginaw River, MI Ingersoll et al. 1992 
Saginaw River, MI Ingersoll et al. 1992 

S~giiia:N Ri~~:~~fw'~ ?:;:>;\éi;:~',' I~gefsoll et al.' 19.92 
Saginaw River; MI·":,.i'., ... c·<·;·""~'i,, "c Ingersoll etai. 1992 

;:~:~'::·~&~~f ~:~;'~~l'::~\~~i,\~;f~;;,~:~;~:~~:: .:: :::. ~ ::~.; 
Sagina~ Riv~r: Mt <',.,~ - .. , 'Ingérsoll et al: 1992 

Saginaw River, MI Ingersoll et al. 1992 
0.04±0.03 

0.06 
68.6±0.9 

69.2 
6.0±0.1 

6 
19.6±0.3 Saginaw River, MI Ingersoll et al. 1992 

19.8 Saginaw River; MI Ingersoll et al. 1992 

." 00.·0066 ...... :~ .... :.': ... _:: ..•. ~6699:.:.22·~.~{.;;\ ..... '.66.;. . :; 19.8 Saginaw'Ri,vèf:MI., > ·.~~·,:"·., .. Ingersokét al. 1992 ' 
" . ..19.8 Saguiaw ·~iver:Mi·::-:'.' ~ .. ~ '::~.":J;; InJi~rsoliei al. ,1992 

,.: 0':.'0: 6'.: '.· ... ,.,:.:?, •• · .. : .•. ,2 ... ·,.;?,':.·'66.·.··
9
·±,·.1?5 ... :,6::~,::.,.·~.' .. :: .. 9.:;.6.··.6± .. P ..... 4 .. ' ·.;~.4.9±17.4. Saginaw River, MI';· '.: .,.;, .... ·:-:t':·.:," .;: ·.Ingersoll et al. 1992 •.. 

. . • . .. '"i •. 19.8. Sagina\ll.~r~ë~:'.MI\t;;;2t;~:.;i~:·e::..)iîge~~èUetaI.1 ~92: 
37±29.7 8±1.9 ?0.7±30 Saginaw River, MI .Ingersoll et al. 1992 
29.7±7.8 . 56.3±6.8 12.7±3.9 Willametle River, OR . PTI Environmental1992; Pastorok et al. 1994 

27.3 9 55.6 Saginaw River, MI . Ingersoll et al. 1992 
New York State Newell 1989 

, ,::.·.'~~:;.~l~l';~,~·5·.:~~:~ . . .6·~.~:; 5.1 :~~::~:~~:~~~:'f[;:;.:CS·~~:;~'i2?~~~,m!:~~:::: :::.~::;. . ~;';~f;:~::;ti~~;; 
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1 
Table 33. Summary of the available biological effects and related physicochemical data for sediment-assoclated PCDDlFs 1 

TEQ (Ilg/kg) 

Cone. 5.0. 

Analysis 

Hit Type 

Test 

Type Endpoint Measured Speeies 1 
0.00056 0.00011 NE COA 4.8-h Not significantly toxic (8B.2±4.24% normal developmeni) Arbacia punctulata (se a urchin) 1 

0.001 0.00033 NE COA 10-d Not significantly toxic (5.8±3.7% mortality) Rhepoxynius abronius (amphipod) 
0.001 0.00033 NE 
0.001 0.00033 NE 
0.001 0.00033 NE· 
0:003 NC 

0.0031· .• 0.0022 NE:: . 

'0.0033· 2.36 NE 
0.0034 0.0022 NE 
0.0034 0.0022 NE 

COA . 10-d Not significantly toxic (3.4±1.B2% mortality) . Nereis virens (polychaete) 
COA 2B-d Not significantly toxic (11.2±3.7% mortality) Nereis virens (polychaete) 
ëOA·· . 2s:(f' . Not sign'iffcanlly "toxic (3.52±1.66% mortalitY)"'" .~ . . ',.'. . .. Maèoma nasuta (clam) 
COA· _ 96-h" SigmÏica!ltly toxië (53~' normal development) .. · ".:- . ._. ;" cicissosireà gigas (oyster) 
è;ok'~:':,*·· 96~i1!f~:jlloisignifiè:aiitiY.toxic (S.33±2.34% mortality), . . .•.•. .,.. Mysidopsis bahia (mysid) 
coj{· ;;'~;' 96~h': ~oi siMffiCâ'nW'toxic (10±2.77% mortalitY) : "". .M.enidia berflina (sihierside) 
ëOA' .... ·i6=d~-Nciï-5igr;-;fië;~ïiYïOXiC·(10.1±3.53% mortalitY) Ampelisca abdita (amphipod) 

COA 1 O-d. Not significantly toxic (B.29±3.25% mortality) Mysidopsis bahia (mysid) 

1 
1 

0.0037 SG COA 96-h Significantly toxic (22.3% mortality) Menidia berflina (silverside) 
0.0045 0.0012 
0.0048 0.0029 NE 
0.0048 0.0029 NE 
0.0049 
0.005 0.003 NE 

9.98 10.7 NE 
9 .. 98 10.7 NE 

COA 4B-h Significantly toxic (14.6±1 B.9% normal development) Arbacia punctulata (sea urchin) 
COA30-d -Notslgrîlïië3iitiitoxlè (4;35±3.94% mortâffiyj'; ":::'.:.'.\ ..': .-.. ''MàëOmanasuta (clar[l) < • 

. COA '-SO:d '.' ~ot sigl)ificantlX.toxië (14.2±8.12% mortaljty)« .. ; -: :-' • 'Ma'coma'nasuta (clam) , . 
COA. ,., • 9s,Ii;, siiiriificantiY-toxic (1S%mortality) ..' ~" .".':;~ :'. ;~''''. ", . Mysidopsis bahia (niysid) 
COA 9s:i"Hoù!9rljfiiAin.ifY. t~XiC(8~:§±9.9S% norma,l. deie~àp.!n~~tl· .. .' Crassostrea gigas (oyster) '.'. \ ,., 
SSBA 10·d Not signigicantly toxic (9. 75±4. 79% mortality) Ampetisëà abdita (amphipodr" 
SSBA 10-d Not significanlty toxic (0.40±0.04mg Weight) Ampelisca abdita (amphipod) 

~, .--:- "-~ .. 1 
1 

<100 EqPA New York State Sediment Criteria Value 

1 
1 

1 
1) 

1 
1 
1 
1 
1 
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1 
1 
1 
1 
1 

1 
1 
1 
l, 

1: 

Il 
Il 
Il 
Il 

i 

Il 
Il 

El 

(/lg TEQ·kg-t dry weight) in marine systems. 

Life 

Stage 

LAR 

ADT 
ADT 

LAR 

TOC 
(%) 

0.1±0.1 
2.8±0.5 
2.8±0.5 
2.8±0.5 
2.8±0.5 

1.3 
1.4±1.1 
1.4±1.1 
1.5±1.0 
1.5±1.0 

1.7 
2.0±0.6 
1.5±0.6 
1.5±0.6 

1.8 
1.5±0.7 

Table 33 

AVS 
(Ilmol/9) 

223±292 IIg/g 
16.3±9.6 
16.3±9.6 
16.3±9.6 
16.3±9.6 

1 0566±14023 IIg/g 
1 0655±13994 IIg/g 
1 0070±12868 119/9 
10070±12868119/9 

656211g/g 
14009± 13434 119/9 

7095119/9 

Unionized 

Ammonia 
(mg/L) 

0.25±0.21 

Sand 
(%) 

51.6+/-31.4 
51.6+/-31.4 
51.6+/-31.4 

: 51:s+i:31.4 
' . 

• ·11.45±8. 75:~ ~,; .. ; .. ' . ,--
" ,.,'," 

. 11.~5,±8!§;.{ ._,. 

12.42±8.39 
12.42±8.39 

18.2 
17.29±1.36 

18.25 :':" " ~:' 
/: 

: --

Silt 
(%) 

20.2+/-15 
20.2+/-15 
20.2+/-15 
20.2+/-15 

,.' --

Clay 
(%) 

28.2+/-17.4 
28.2+/-17.4 
28.2+/-17.4 
28.2+/-17.4 

Area 

Brunswick Harbor Entrance, GA 
Wilmington Harbor', NC 
Wilmington Harbor, NC 
Wilmington Harbor, NC' 
Wiiiiiirigtôn-Râiboi, N'C 
Grays'Hai'bor/C'hehaiis River, WA 
Brunswick Harbor Entranœ, GA ~ 
Brunswick H.àrbOrÈntrance, GA .. 
Brunswick Harbor Entrance, GA 
Brunswick Harbor Entrance, GA 
Brunswick Harbor Entrance, GA 
Brunswick Harbor Entrance, GA 
GraYÙiarbor/éhétialis 'Rivéi, INA 
Grays Harbor/ChehalisRiver, WA 

BrunSW~~k H-a~bor Entrcmce, GA 
Grays Harbor/Ç~~halisRiver, w,A..' 
Tomales Bay, CA 
Tomales Bay, CA 
New York State 

Reference 

Windom 1993 
Ward etaI. 1992 
Ward et al: 1992 
Ward et al. 1992 
Ward et al. 1992 
Word et al. 1990 

. Windom 1993 
Windom 1993 
Windom 1993 
Windom 1993 
Windom 1993 
Windom 1993 
Word et al. 1990 
Word et al. 1990 
Windom 1993 
Word et al. 1990 '. 

Barber et al. 1998 
Barber et al. 1998 
Newell1989 
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Table 34 .. Acute toxicity data for orally administered PCDD/Fs in mammals. 

Life 

Species Stage Sex Congener Dose TEQ Dnse Exposure Endpoint Reference 

(pg'kg-l bW'd-l) (ng·kg·1 bW'd- 1) (days) 

Porton albino guineà pigs adult . MlF 2,3,7,8-TCDD 0 0 control Greig et al. 1973 

Porton albino guinea pigs adult MlF 2,3,7,8-TCDD 2,4, or 10 2000, 4000, 10000 
15-30% loss ofbw within 8-24 d; no obvious abnormalities ofthe 

Greig et al. 1973 
major \Ilscera 

Hartley guinea pigo M 2,3,7,8-TCDD 0.6 600 oralLD50 Schwetz et al. 1973 

Golden Syrian hamsters 50-80 g F 2,3,7,8-TCDD O· 0 mortality (0%) and bw gain (71 g) by d 50 - control Oison et al 1980 

Golden Syrian hamsters 50-80 g F 2,3,7,8-TCDD 500 500000 mortality (20%) and bw gain (35g) - S by d 50 Oison et al 1980 

Golden Syrian hamsters 50-80 g F· 2,3,7,8-TCDD 1000 1000000 mortality (20%) and bw gain (52g) - S by d 50 Oison et al 1980 

Golden Syrian hamsters 50-S0 g F 2,3,7,8-TCDD 2000 2000000 mortality (20%) and bw gain (30g) - S by d 50 Oison et al 1980 

Golden Syrian hamsters 50-80 g F 2,3,7,8-TCDD 3000 3000000 mortality (0%) and bw gain (26g) - S by d 50 Oison et al 1980 

Golden Syrian hamsters 50-80 g M 2,3,7,8-TCDD O· 0 mortality (0%) and bw gain (75g) by d 50 - control Oison et al 1980 

Golden Syrian hamsters 50-80 g M 2,3,7,8-TCDD 500 500000 mortality (0%) and bw gain (34g) - S by d 50 Oison et al 19S0 

Golden Syrian hamsters 50-S0 g M 2,3,7,8-TCDD 1000 1000000 mortality (0%) and bw gain (40g) - S by d 50 Oison et al 1980 

Golden Syrian hamsters 50-S0 g M 2,3,7,8-TCDD 2000 2000000 mortality (0%) and bw gain (4Ig) - S by d 50 Oison et al 19S0 

Golden Syrian hamsters 50-S0 g M 2,3,7,8-TCDD 3000 3000000 mortality (33%) and bw gain (29g) - S by d 50 Oison et al 1980 

Golden Syrian hamsters 50-S0 g MlF 2,3,7,8-TCDD >3000 >3000000 50 d LD50 for intraperitoneal administration Oison et al 1980 

. Golden Syrian hamsters 50-80 g M 2,3,7,8-TCDD 500b 500000 mortality (0%) and bw gain (9g) - S by d 50 Oison et al 1980 

Golden Syrian hamsters 50-S0 g M 2,3,7,8-TCDD 1000 1000000 mortality (60%) and bw gain (1 Ig) - S by d 50 Oison et al 1980 

Golden Syrian hamsters 50-S0 g M 2,3,7,8-TCDD 2000 2000000 mortality (100%) and bw gain (-Ig) - S by d 50 Oison et al 1980 

Golden Syrian hamsters '50-80 g M 2,3,7,8-TCDD 3000 3000000 mortality (SO%) and bw gain (7g) - S by d 50 Oison et al 1980 

Golden Syrian hamsters 50-80 g M 2,3,7,8-TCDD 1157 1157000 50 LD50 for oral administration Oison et al 1980 

Golden Syrian hamsters 70-120 g M 2,3,7,8-TCDD 5051 5051000 single dose oral LD50 Henck et al. 1981 

albino mice pregnant F control 0' maternal BW gain = 0.8 g; maternal RL W = 6.8 - pooled control Nagao et al. 1993 

albino mice pregnant F' PCDD mixture 21000<1.· NS effect on BW gain, ~W = 8.0 - S Nagao et al. 1993 

albino mice pregnant F PCDD mixture 63000 NS effect ori BW gain, RLW = S.4 - S Nagao et al. 1993 

albino mice pregnant F· PCDF mixture l 11000<1.· NS effect on BW gain, RLW = 6.9 - S Nagao et al. 1993 

albino mice pregnant F PCDF mixture l 34000 NS effect on BW gain, RLW = 7.5 - S Nagao et al. 1993 

albino mice pregnant F PCDF mixture II 8000<1.· NS effect on BW gain, RLW = 7.5 - S Nagao et al. 1993 

albinü mice pregnant F PCDF mixture II 15000 NS effect on BW gain, RLW = 7.5 - S Nagao. et al. 1993 

albino mice pregnant F PCDF mixture II 23000 NS effect on BW gain, RLW = 7.8 - S Nagao et al. 1993 

albino mice pregnant F 2,3,4,7,S-PCDF 20 10000 NS effect on BW gain, RLW = 7.5 - S Nagao et al. 1993 

albino mice pregnant F 2,3,4,7,8-PCDF 28 14000 NS effect on BW gain, RLW = 7.7 - S Nagao et al. 1993 

albino mice pregnant F 2,3,4,7,8-PCDF 55 27500 NS effect on BW gain, RLW = 7.9 - S Nagao et al. 1993 

albino mice pregnant F 2,3,4, 7,~-PCDF 80 40000 NS effect on BW gain, RLW = 8.0 - S Nagao et al. 1993 

albino mice pregnant F 2,3,7,8-l'CDD 5<1.· 5000 NS effect on BW gain, RL W = 7.0 - NS Nagao et al. 1993 

albino mice pregnant F 2,3,7,8-TCDD 15 15000 NS effect on BW gain, RLW = 7.6 - S· Nagao et al. 1993 

albino mice pregnant F 2,3,7,8-TCDD 30 30000 NS effect on BW gain, RLW = 8.0 - S Nagao et al. 1993 

albino mice pregnant F 2,3,7,8-TCDD 45 45000 NS effect on BW gain, RLW = 8.0 - S Nagao et al. 1993 
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Table 34.· Acute toxicity data fororally administered PCDDlFs in mammals. 

Life ., 

Species Stage Sex Congener Dose TEQ Dose Exposure Endpoint Reference 

C/.1g·kg-l bw·d-l) (ng'kç-l bW'd-l) (days) 

albino mice pregnant F 2,3,7,8-TCDD 90 90000 NS e!fect on BW gain, RLW = 8.3 - S Nagao et al. 1993 

1:2 mixnire 

miee (B6C3F1) 10 weeks M 
1,2,3,6,7,8- : 

750 75000 9weekLD50 
US Dept. Hcaltb and 

:1,2,3,7,8,9- Human Services 1980 

HCDD 
1:2 mixnire 

mice (B6C3F1) 10 weeks F 
1,2,3,6,7,8-

500 50000 9weekLD50 
US Dept. Health and 

:1,2,3,7,8,9- Human Services 1980 

. HCDD 

mice 6-8 weeks F 2,3,7,8-TCDD Of 0 endotoxin induced mortality 7d after dioxin dose (0%) Roscnthal et al. 1989 

mice 6-8 weeks F 2,3,7,8-TCDD 50 50000 endotoxin induced mortality 7d after dioxin dose (0%) Rosenthal et al. 1989 

mice 6-8 weeks F 2,3,7,8-TCDD 100 100000 endotoxin induced mortality 7d after dioxin dose (0%) Rosenthal et al. 1989 

mice 6-8 weeks F 2,3,7,8-TCDD 200 200000 endotoxin induced mortality 7d after dioxin dose (87.5%) - S Rosenthal et al. 1989 

mice 6-8 weeks F 2,3,7,8-TCDD 0" 0 endotoxin induced mortality 7d after dioxin dose (0%) Rosenthal et al. 1989 

mice 6-8 weeks F 2,3,7,8-TCDD 50 50000 endotoxin inducèd mortality 7d after dioxin dose (50%) - S Rosenthal et al. 1989 

mice 6-8 weeks F 2,3,7,8-TCDD 100 100000 endotoxin induced mortality 7d after dioxin dose (100%) - S Rosenthal et al. 1989 

mice 6-8 weeks F 2,3,7,8-TCDD 200 200000 endotoxin induced mortality 7d after dioxin dose (100%) - S Rosenthal et al. 1989 

mink adult 2,3,7,8-TCDD 4.2 4200 28 d LC50 Hochstein et al. 1988 

Hochstein et al. 1986 

mink adult 2,3,7,8-TCDD 4.3 4300 28 d dietary LC50 cited in Aulerich et al. 

1988 

mink adult M 2,3,7,8-TCDD 0 0 
mortality = 0%; % BW change = -0.6; relative brain wt = 0.65%; 

Hochstein et al. 1988 
relative kidney wt = 0.57% - control 

mortality = 0%; % BW change = -11.4 - S; NS decrease in feed 
mink ad~t .M 2,3,7,8-TCDD 2.5 2500 conslimption; relativebrain wt = 0.68% - NS; relative kidney wt = Hochstein et al. 1988 

0.63%- NS 
mortality = 75% by d17; days to death = 12.3; % BW change = -

mink adult M 2, 3;i,8-TCDD 5000 27.1; S decrease in feed consumption; relative brain wt = 1.02%- Hochstein et al. i 988 

S; relative kidney wt = 1.06% - S 
mortality = 100% by d14; days to death = 9.5; S decrease in feed 

mink adult ·M 2,3,7,8-TCDD 7.5 7500 consumption; relative brain wt = 0.96% - S; relative kidney wt = Hochstein et al. 1988 

0.96%- S 

New Zealand albino rabbit MlF 2,3,7,8-TCDD 115 115000 oral LD50 Schwetz et al. 1973 

Han/Wistar Rats 300-400g M 2,3,7,8-TCDD 0 0 14 wt gain = 17.5g; RLW = 3.01 - control Mustonen et al. 1989 
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Table 34. Acute toxicity data for orally administered PCDD/Fs in mammals. 

Lire 

Species . Stage Sex Congener Dose TEQ Dnse Exposure Endpoint Rererence 

" ()1g·kg.l bw·d·l) (ng·kg·l bw·d·l) (days) 

Han/Wistar Rats 300-400g M 2,3,7,8-TCDD 0.007b 7 14 wt gain = 33.8g - NS; RLW = 3.03 - NS Muslonen el al. 1989 

HanIWistar Rats 300-400g M 2, 3;7, 8-TCDD 0.07 70 14 wt gain = 32.5g - S; RLW = 3.3 - S Muslonen et al. 19R9 

Han/Wistar Rats 300-400g M 2,3,7,8-TCDD 0.7 700 14 wt gain = l7.5g - S; RLW = 3.47 - S Mustonen el al. 1989 

1:2 mixture 

Osborne-Mendel rats 9 weeks M 
1,2,3,6,7,8-

:1,2,3,7,8,9-
1800 180000 9 week LD50 

US Dept. Heallh and 
Human Services 1980 

HCDD 
1:2 mixture 

Osborne-Mendel rats 9 weeks F 
1,2,3,6,7,8-

800 80000 9 week LD50 
US Dept. Heallh and 

:1,2,3,7,8,9- Human Services 1980 

HCDD ,; ~ 

Porton albino rats 8-11 weeks F 2,3,7,8-TCDD 0 0 control Greig et al. 1973 
'-2= 

.;;\ ;1i 
Porton albino rats 8-11 weeks F 2,3,7,8-TCDD 200 200 000 

irrunediate and prolonged reduetion in food intake, with S loss of 
Greig el al. 1973 

. bw 7 d after tr.eatment; S inerease in LW-I d after treatruent il 

Porton albino rats 8-11 weeks M 2,3,7,8-TCDD 200 200 000 S inerease in LW 1 d after treatment Greig et al. 1973 

Sherman rats M 2,3,7,8-TCDD 22 22000 oralLD50 Sehwetz et al. ·1973 .~ 

Sherman rats F 2,3,7,8-TCDD 45 45000 oral LD50 Sehwetz et al. 1973 

Sprague-Dawley Rats 140-160g F control 0 a 3 6d post-treatruent thymus wt = 0.47g; BW = 186g Shara and Stohs 1987 

Sprague-Dawley Rats 140-160g F 2,3,7,8-TCDD 40 40000 3 
6d post-treatruent Iipid peroxidation 4.4-fold inerease; thymus wt 

Shara and Slohs 1987 
= 0.08g - S; BW= 116g 

Sprague-Dawley Rats 140-160g F 2,7-DCDD 40 noTEF 3 
6d post-treatruent Iipid peroxidation-NS; thymus wt - NS; BW 

Shara and Stohs 1987 
NS 

Sprague-Dawley Rats 140-160g F 2,7-DCDD 400 noTEF 3 
6d post-treatruent Iipid peroxidation-NS; thymus wt - NS; BW 

Shara and Stohs 1987 
NS 

Sprague-Dawley Rats 140-160g F 2,7-DCDD .2000 noTEF 3 
6d post-Ireatruent Iipid peroxidation-NS; thymus wt - NS; BW 

Shara and Stohs 1987 
NS 

Sprague-Dawley Rats 140-160g F 1,2,4-TrCDD 40 noTEF 3 
6d post-Ireatruent Iipid peroxidation-NS; thymus wt - NS; BW 

Shara and Stohs 1987 
NS 

Sprague-Dawley Rats 140-160g F 1,2,4-TrCDD 400 noTEF 3 
6d post-Ireatruent Iipid peroxidation-NS; thymus wt - NS; BW 

Shara and Slohs 1987 
NS 

Sprague-Dawley Rats 140-160g F 1,2,3,4-TCDD 40 noTEF 3 
6d post-Ireatruent Iipid peroxidation-NS; thymus wt - NS; BW 

Shara and Stohs 1987 
NS 

Sprague-Dawley Rats 140-160g F 1,2,3,4-TCDD 400 noTEF 3 
6d post-Ireatruent Iipid peroxidation-NS; thymus wt - NS; BW 

Shara and Stohs 1987 
NS 
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Table 34. Acute toxicity data for orally administered PCDDlFs i~ mammals. 

'Life 

_ Species Sei: Congener 

Sprague-Dawley Rats 140-160g F OCDD 

Sprague-Dawley Rats 140-160g F OCDD 

Sprague-Dawley Rats 160-180g F 2,3,7,8-TCDD 

Sprague-Dawley Rats 160-180g F 2,3,7,8-TCDD 

"intraperitoneal administration 

b peroral administration 

'pooled results of 4 control groups; significance was based on pooled control 

Dose 

(J1g.kg-! hw·d-l) 

40 

400 

0 

40 

TEQDose 

(ng-kg-! bw-d-!) 

4 

40 

0 

40000 

ddoses in "g TEQ·kg·l bw; TEQ concentrations were converted from International TEQs to 1998 WHOTEQs _ 

Exposure End point 

- (days) 

3 
6d post-treatroent Iipid peroxidation-NS; thymus wt - NS; BW 
NS 

3 
6d post-treatroent Iipid peroxidation-NS; thymus wt - NS; BW 
NS 

6d post-treatroent heart rate (beats/min) = 314; blood pressure 
3 (mmHg) - systolic = 155.4, diastolic = 106.7, mean arterial = 

123.2 
6d post-treatroent heart rate (beats/min) = 230.3 - S; blood 

3 pressure (mmHg) - systolic = 116.3 - S, diastolic = 71.8 - S, 
mean arterial = 86_9 - S 

'administered by subcutaneous injection on day 9 ofpregnancy; where doses were greater than 30 "g-kg-I, the amount was given in IWo divided doses 

fendotoxin dose of 5 mg-kg·l 7 d following dioxin treatroent -

gendotoxin dose of25 mg'kg'l 7 d following dioxin treatroent 

brats treated intragastrically by gavage with 0.05, 0.5, or 5M-kg·l bw once a ~eek for 2 weeks 

Table 34 

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

- Reference 

Shara and Stohs 1987 

Shara and Stohs 1987 

Hermansky et al. 1988 

Hermansky et al. 1988 
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Table 35 .. Chronjc toxicity data for orally administered PCDD/Fs in mammals. . . .' . 

Lire Total 

Speci~s , Stage. Sex 'Congener Dose 'TEQ dose Exposure pose Endpoint. Reference 

(Jlg'kg,1 bW'd'l) (ng'kg,1 bW'd'l) (days) 
1 . 

. (Jlg'kg' bw) 
" .. 

Hartley guinea pigs 4 week· 
. 2,3;7,8-

0.8 800 ED50 for body wt gain Hanberg et al. 1989; 199'0 
TCDD' 

. Hartley guinea pigs 4wçek 
2,3,7,8-

0.1 100 ED50 for hepaticvitamin A gain Hanberg efal. 1989; 1990 
. :"TCDD 

Hartley guinea pigs 4 week 
2,3,7,8-

2.5 '2500 60% mortality Hanbcrg et al. 1989; 1990 . , 

TCDD 
,',: 

M: ,.,2,3,7,8-
0 

BW'" 7i3g; %ïnitial'BW = 186;RLW = ' . 
guinea pigs weanling . 'TCDD 0 0 90 

4.54 - control 
De'Caprio et al. 1986 

guinea pigs weanling M 
'c~~,2,3, 7 ,8~ . , 

0.0001 0.1 90 . 0.011 
BW = 682g - NS; % initial BW == 176 -

De Caprio et al. 1986 
" tCDD. NS; RLW = 4.10 - NS 

2,3,7,8- ;'\ BW'= 651g c S; % initial BW = 170-
guinea pigs weanling M . 0.0006 0.6 90 0.055· De Caprio et al. 1986 

TCDO' NS; RLW'; 5.36 - NS 
" 

guinea pigs weanling M 
2,3,7,8- . 

0.0049 4.9 '90 0.411 
BW = 603g - S; % initial BW == 148 - S; 

De Caprio et al. 1986 
TCOO RLW = 5.63 - S .•. .-;.-;!l 

: 2,3,7;8-
BW = 433g' S; % initial BW = 97 - S; 

.~.,,-',', 

guinea pigs weanling hl ·0.026 26 90 1.3 40% mortality + 20% moribund De Caprio ct al. 1986 
TCOO 

condition 

guinea pigs weanling' F 
2,3,7,8-

0 0 90 0 
BW = 602g; % initial BW= 164; RLW = 

De Caprio et al. 1986 
TCOO 4.30 - control 

2,3,7,8-
, BW= 583g - NS; % initial BW = 162-

guinea pigs weanling F 
TCOO', 

0.6001 0.1 90 0.011 
NS; RLW = 4.49 - NS . 

De Caprio et al. 1.986. 

. guinea pigs weanling F 
2,3,7,87 

0.0007 0.7 90 0.061 
BW = 570g' - S; % initial BW = 155 -

Qe Caprio et al. 1986 
'TCOD NS; RLW = 4.27 - NS 

guinea pigs weanling F 
2,3,7,8-

0.0049 4.9 90 0.437 
BW ='53Ig - S; % initial BW = 142 - S; 

De Caprio et al. 1986 
TCOD RLW= 5.54-S 

guinea pigs weanling F 
2,3,7,8-

0.031 31 90 1.9 
BW = 351g -S; % initial BW;' 86 - S; 

De Caprio et al. 1986 
TCOO 40% mortality + 20% sacrificcd 

guinea pigs weanling M 
2,3,7,8-

0 0 0 0 no mortality De Cap rio et al. 1986 
TCOO 

guinea pigs weanling M 
2,3,7,8-

0.025 25 lia 0.28 
10% mortality@ d19; BW remained . 

De Caprio et al. 1986 
TCOO 20% below 'controls aller 79 d recovery 

guinea pigs . weanling M. 
2,3,7,8-

'0.025 25 21 a 0.54 
10% mortality @ d 71; rate of wt gain . 

De Caprio ct al. 1986 
TCOO and BW severely deprcssed 

guinea pigs weanling M 
2,3,7,8-

0.027 27 35a 0.95 
70% mortality within d 47; rate ofw! 

De Caprio et al. 1986 
·.TCOO gain and BW severely depressed 
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Table 35. Chronic toxicity data for'orally administered PCDD/Fs in mammals. 
, ""'.' .. 

Species 

, Golden Syrian hamsters 

Golden Syrian hamste~s 

Golden Syrian hamsters 

Golden hamsters 

Golden hamsters 

mice 

mice 

mice 

mice 

C57bl/6 mice 

C57bl/6rrlice 

C57bl/6 ~ice 

C57bl/6 mice 

C57bl/6 mice 

Table 35 ' 

tilla .. 

Life 
Stage ,Sex ,Congener' 

4 weeks 
2,3,7,8-
TCDD 

4 weeks 
,2,3,7,8-

l'CDD 

,4 week 
2,3,7,8-
TCDD 

122 d M 
2,3;7,8-' 
TCDD 

122 d M. 2,3,7,8-
TCDD 

4 weeks M 
2,3,7,8~ 
TCDD 

4 weeks M, 2,3,7,8-, 
TCDD 

4 weeks M 
' 2,3,7,8-
, TCDD 

4 weeks M 
2,3,7,8-
TCDD 

4 weeks 
2,3,7,8-
TCDD 

4 weeks 
2,3,7,8-
TCDD 

~ week 
2,3,7,8-
TCDD 

4 month ,'M, 2,3,7,8-
TCDD 

4 month M 
2,3,7,8-
TCDD 

.. - -

" Dose 

(l1g'kg-1 bw~d,l) 

>1000 

,14 

7,4 

'0 

'2 

0 

0,7< 

104< 

3,0< 

890 

TEQ dose 

(ng'kg- I bW_d-l) 

> 1 000 Ilg'kg- I 

14000 

7400 

0 

2000 

0 

700 

1400 

3000 

' 890 Ilg'kg- I 'd- I 

, Exposure 

(days) 

1 b 

28 

28 

28 

28 

>1000 ' > 1000~g'kg-1 ,d-I 

27 27Ilg'kg-l'd;1 

'0 0 14 
.-

0,03d 30 14 

-- - ,-.,., -

Total 
Dose 

(l1g'kg:1 bw) 

0 

2 

0 

0,02 

0,04 

0,08 

- .. 

Endpoint 

ED50 for body wt gain 

ÉD50 for Iiver enlargement 

ED50 for hepatic vitamin A gain 

bw= 156 g - control 

bw = 107 g - S; S reduced core, 
temperature over a range of ambient 
temperatures; NS effect on metabolic 
rate; NS effect in motor activity 

control 

no effect on wt gain 

decreased wt gain - NS --' 

decieased wt gain - S 

ED50 for body wt gain 

ED50 for Iiver enlargement 

ED50 for hepatic vitamin A gain 

bw gain = O,89g; RLW = 6,07%; relative 

thymus wt = 0,127% - control 

bw gain = 0,68g - NS; RLW = 5,99%-
NS; relative thymus wt = 0,120% - NS 

- - .. 

Reference 

Hanberg et al. 1989; 1990 

Hanberg et al. 1989; 1990 

Hanberg et al. 1989; 1990 

Gordon et al. 1996 

Gordçm et al. 1996 

Thigpen èt al. 1975 

' Thigpen et al. 1975 

Thigpen et al. 1975 

Thigpen et al. 1975 , ' 

Hanberg ei al. 1989; 1990 

Hanberg et al. 1989; 1990 

Hanbe~g et al. 1989; 1990 

Vos et al.,1974 

Vos et al. 1974 
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. Table 35. Chronic toxicity data for or.ally administered PCDD/Fs in mammals . 

. . - . 

Life Total 

'Species ~tage Sex Congener Dose, TEQ dose Exposure Dose Endpoint. Reference 

'big'kg- I bW'd- l
) (ng'kg- I bW'd- l

) (days) (;'g·kg- I bw) 

C57bl/6 mice 4 month: M 
2,3,7,8- . 

0.4 400 14 
bw gain ~ 0.66g - NS; RLW = 6.75% - S; 

Vos et al. 1971., 
TCDD relative thymus wt = 0.110% - S 

C57bl/6 mice, 4 month' M 
' 2,3,7,8-

0.7 700 14 
bwloss = 0.5g ~ S; RLW = 7.01% - S; 

Vos et al. 1974 
. TCDD relative thymus wt = '0.085% - S , 

C57bl/6 mice 4 month M 
2,3,7,8-

3.6 .3600 14 
bw loss = 2.40g - S; RLW = 7.13% - S; 

Vos et al: 1974 
TCDO relative thymus wt = 0.030% - S . 

2,3,7,8- ' 
mortality = 0%; bw gain = 1.45g; RLW = 

C57bl/6 micl!' 4 morith M 
Tcim 

0 0, 42 5.98%; relative thymus wt = 0.173%- Vos et ai. 1974 
control 

. , 2,3,7,8-
mortality = 0% - NS; bw gain = 3.43g-

C57b 116 mice 4 month', M 
l'CDD 

0.03" 30 42 NS; RLW = 6.39% ~ NS; relative thymus Vos et al. 1974 ' 
wt = 0.166% - NS , 

2,3,7,8-
mortality = 0% - NS; bw gain = 2.09g -

C57bl/6 mice 4 month M 
TCDO 

0.4 400 42 NS; RLW = 7.03% - S; relative thymus Vos ct al. 1974 
wt=0.137%-S 

2,3,7,8-
mortality = 0% - NS; bw gain = Q.58g: 

C57bll6 mice 4 month M 
TCDO 

0.7 700 42 NS; RLW = 7.56% - S; relative thymus Vos ct al. 1974 " 
wt ~ 0.098%.- S 

2,3,7,~-
mortality = 17.6% - NS; bw loss = 2.88g 

C57b1/6 mice -4 morith M '3~6 3600 42 . S; RL W = 8.53% - S; relative thymus wt Vos et al. 1974 
TCDD 

= 0.042%-S ' 

rats 139 g F 
2,3,7,8-
TCDD 

0 0 91 control. 

rats 139 g F 
2,3,7,8-

0.106 106 91 decreased wt gain -. S 
'Suter-Bormann and 

TCDD Schlatter 1989 

rats 139 g , F 
2,3,7,8-

0.269 269 91 decreased wt gain - S Suter'Hormann and:· 
TCDD SchlatteLI989 

139g F 
2,3,7,8-

, 0.542 542 91 decreased wtgain - S 
Suter-Bormann and 

rats TCDD Schlatter 1989' 

rats 139 g F 
2,3,4,7,8-

1.107 553.5 91 decreased wt gain - S 
Suter-Bormann'and 

PeCDF Schlatter 1989 

139 g F 
1,2,3,7,8-

. 1.124 1124 91 decreased wt gajn - S ' 
Suter-Bormann and 

rats PeCDD Schlatter. 1989 

139 g F 
1,2,3,7,8-

'5.051 5051 ,91 decreaSed wi gain - S 
Suter-Bormann and 

rats ' 
PeCDD Schlatter 1989 
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Table 35. Chronic toxicity data for orally administered PCDDlFs in mammals. 
, " '.', ' "., ' - '- .. 

'C 

)", ' 

Life Total 
Species . Stage Sex Congener Dose TEQdose . Exposure Dose Endpoint . Reference 

., 

(J1g·kg,l bw·d'l) (ng'kg,l bW'd'l) (days) (J1g'kg'l bw) . 

139 g F mixture 129f 91 decreased wt gain - NS 
Suter-Hofmann and. 

rats 
Schlatter.l989 

rats 13~ g F mixture 300f 91 decreasedwt gain - NS' 
Suter-Hofmann and 

'Schlatter 1989 

124 g M 2,3,7,8-
control 

Suter-Hofmann and 
rats 

TCDD 
'0 0 91 

Schlatter 1989 

124 g M 
2,3,7,8-

0.091 91 91 decreased wt gain ~ NS 
Suter-Hofmann and 

rats 
TCDD Schlatter 1989 

2,3,7,8-
decreased wt gain - S 

Suter-Hofmann and 
rats 124 g M 

TCDD 
0.23 230 91 

Schlatter 1989 

2,3,7,8-
480 decreased wt gain - S 

Suter-Hofmann and' 
rats 124 g M 

TCDD 
0.48 91 

Schlatter 1989 

2,3,4,7,8-
0.944 472 decreased wt gain - S 

Suter-Hofmann and 
rats I24 g M 

PeCDF 
91 

Schlatter 1989 

1,2,3,7,8-
0.919 decreased wt gain -' S 

Suter-Hofmarin and 
rats 124 g M 

PeCDD 
919 91 Schlatter 1989 

.1,2,3,7,8-
4.97 dccreased wt gain - S 

Suter-Bofmann and 
rats 124 g M 

PeCDD 
4970 91 Schlatter 1989 

rats 124 g M mixture 109f 91 decreased wt gain - NS 
SutcrcBofmann and 
Schlatter 1989 

rats 124 g M mixture 253 f 91 decreased wt gain - NS 
Suter-Bofmann and 
Schlatter 1989 

Fischer rats 200-250 g M ·OCCD .0 . 91 co'ntrol Birnbaum et al.1989b 

enzyme induction; liver hypertrophy and 
. Fischer rats iOO-250 g M OCCD 368 91 cytoplasmic vacuolization, and a mild Birnbaumet al. 1989b 

non-regenerative anemia 

Sprague-Dawley Rats 6-7 weeks' F 
2,3,7,8-
TCDD 

0 0 91 + 91 h 0% mortality - control Kociba et al. 1976 

Sprague-Dawley Rats 6-7 weeks F 
2,3,7,8-
.TCDD o.oooi 0.7 91 + 91 8% (1 rat) moribound by d 9 oftreatment Kociba et al. 1976 

Sprague-Dawley Rats 6-7 weeks F 
2,3,7,8-
TCDD 

0.007 7 91 +91 O%"mortality; S increase in RLW Kociba et al. 1976 

2,3,7,8-
O%mortàlity; S reduced food 

Sprague-Dawley Rats 6-7weeks F 0.07 70 . 91 +91 consumption and BW; S reduced thymus Kociba ct al. 1976 
TCDD 

weight; S increase in RLW 
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Table 35. Chronic toxicity data for orally administereâ PCDD/Fs in mammals. 

Life Total 
Species . Stage Sex Congener Dose. TEQ dose Exposure Dose Endpoint Reference 

(/lg'kg'] bW'd']) (ng'kg'] bw·d']) (days) (/lg'kg,1 bw) 

50% mortality; S reduced food 

Sprague-Dawley Rats 6-7 weeks F 
2,3,7,8-

0.7 700 91 +91 
consumption and BW; S reduced relative 

Kociba et al. 1976 
TCDD thymus, brain and spleen weights; S 

incrcase in RL W 

Sprague-Dawley Rats 6-7 weeks M 
2,3,7,8-

0 0 91 + 91 h 0% mortality -control Kociba et al. 1976 
TCDD 

. Sprague-Dawley Rats 6-7 ~eeks M 
2,3,7,8- o.oooi 0.7 91 +91 0% mortality Kociba et al. 1976 
TCDD 

Sprague-Dawley Rats 6-7 weeks 'M 
2,3,7,8-

0.007 7 91 +91 0% mortality; S increase in RL W Kociba et al. 1976 
TCDD 

2,3,7,8-
0% mortality; S reduced food 

Sprague-Dawley Rats 6-7 wceks M 0.07 70 91 +91 consumption and BW; S reduced thymus Kociba et al. 1976 
TCDD 

weight; S increase in RL W 

17% mortal ity; S rcduced food 

Sprague-Dawley Rats 6-7 weeks M 
2,3,7,8-

0.7 700 91 +91 
consumption and BW; S decreased 

Kociba et al. 1976 
TCDD relative thymus, brain, spleen and testes 

weights; S increase in RL W 

Sprague-Dawley Rats 6-7 weeks F 
2,3,7,8-

0 0 728 control Kociba et al. 1978 
TCDD 

Sprague-Dawley Rats 6-7 weeks F 
. 2,3,7,8-

0.001 728 mortality rates; bw - NS Kociba et al. 1978 
TCDD 

Sprague-Dawley Rats 6-7 weekS F 
2,3,7,8-

0.01 10 728 
mortality rates; bw - NS; increase in 

Kociba et al. 1978 
TCDD relative liver wt - S 

increased cumulative mortal ity over the 

Sprague-Dawley Rats 6-7 weeks F 
2,3,7,8-

0.1 100 728 
latter half of study - S; decreased bw - S; 

Kociba et al. 1978 
TCDD increase in relative Iiver wt - S; decrease 

in thymus wt - S 

Sprague-Dawley Rats 6-7 weeks M 
2,3,7,8-

0 0 728 control Kociba et al. 1978 
TCDD 

Sprague-Dawley Rats 6-7 weeks M 
2,3,7,8-

0.001 728 mortality rates; bw - NS Kociba et al. 1978 
TCDD 

Sprague-Dawley Rats 6-7 weeks M 
2,3,7,8-

0.01 10 728 mortality rates; bw - NS Kociba et al. 1978 
TCDD 

Sprague-Dawley Rats 6-7 weeks M 
2,3,7,8-

0.1 100 728 mortality rates - NS; decreased bw - S Kociba et al. 1978 
TCDD 
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Table 35. Chronic toxici~y data for orally administered PCDDlFs in mammals. 

Life Total 
Species. Stage Se.x Congener Dose TEQ dose Exposurè Dose Endpoint 

(Ilg'kg-I bW'd- l ) (Dg'kg- I bW'd- l
) (days) (Ilg'kg-I bw) 

Sprague-Dawley Rats lactatiDg F 
2;3,7,8-

0 0 10 control 
TCDD 

2,3,7,8-
increase in dam RL W (46% - S) and 

Sprague-Dawley Rats lactating F 
TCDD 

0.5 500 10 neonate RLW (58% - S); S decrease in 
neonate BW (15%) 

Sprague-Dawley Rats 4 weeks 
2,3,7,8-

89 89000 ED50 for body wt gain 
TCDD 

Sprague-Dawley Rats 4 weeks 
2,3,7,8-

>100 >100000 ED50 for liver enlargement 
TCDD 

Sprague.-Dawley Rats 4 weeks 
2,3,7,8-

26 26000 ED50 for thymie atrophy 
TCDD 

Sprague-Dawley Rats 4week 
2,3,7,8-

3.5 3500 ED50 for hepatic vitamin A gain 
TCDD 

"after dosing, retumed to control diet for 79, 69, or 55 d, respectively 

bpregnant female hamsters (-135 d in age) were given a single dose on gestation day 11.5. Male offspring underwent experiments when 5 months of age 

cmice received 0, 5.0, 10.0 or 20.0 Ilg'kg-I bW'week-1 through a grastric tube (oral gavage) for 4 weeks 

dmice dosed by gastric intl!bation with 0.2, 1.0, 5.0, or 25 Ilg'kg-I bw once a'week for 2 weeks 

cmice dosed by gastric intubation with 0.2, 1.0, 5.0, or 25 Ilg'kg-I bw once a week for 6 weeks 

fin addition to a standard diet, rats were fed pulverized liver Iyophilisate from rabbits fed (via gavage) a single dose a known mixture ofPCDDs and PCDFs 
obtained from extracting flyash; doses are 'in ng TEQ'kg-1 bw; where TEQ concentrations wér~ converted to 1998 WHO TEQs 

grats received 50 Ilg'kg-I bw 5 d a week by gavage for 13 weeks 

h91 days treatment plus 91 days without treatment 

igiven 0, 0.001, 0.01, 0.1, 1.0 Ilg'kg-I bw·d-I via gavage 5 days/week 

Table 35 ...... ~:-

Reference 

Lans et al. 1990 

Lans et al. 1990 

Hanberg et al. 1989; 1990 

Hanberg et al. 1989; 1990 

J-1anberg et al. 1989; 1990 

I-Ianberg et al. 1989; 1990 
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Table 36. Reproductive toxicity data for orally admiriistered PCDD/Fs in mammals. 

Lire Total 
. Species Stage Sex Congener Dose TEQ Exposure Dose Endpoint Reference 

(flg·kg-I (ng·kg-I (days) (flg·kg-I bw) 

bw·d- I) bw·d- I) 

kidney congestion = 0%; hydronephrosis = 
Golden syrian hamsters pregnant' Ii 2,3,7,8-TCDD Ob 0 ·1.6%; kidney congestion = 0%; Oison et al. 1990 

hydronephrosis = 1.6% - control 

Golden syrian hamsters pregnant F 2,3,7,8-TCDD 1.5 1500 
kidney congestion = 9.7%; hydronephrosis 

Oison et al. 1990 = 11.2%; S reduction in Iymphoid weight 

Golden syrian hamsters pregnant F 2,3,7,8-TCDD 3 3000 S reduction in Iymphoid weight Oison et al. 1990 .} 

Golden syrian hamsters pregnant F 2,3,7,8-TCDD 6 6000 S reduction in Iymphoid weight Oison et al. 1990 f"'~, 

:'f-
58% fetal mortality; incidence of deft palate 

Golden syrian hamsters pregnant F 2,3,7,8-TCDD 18 18000 in viable tètuses = 7%; S reduction in Oison et al. 1990 
.~~'~!:~~1~ L-':':;'" "' .... ;. 

Iymphoid weight 

dimplantation sites/litter = 13.1; living .~ 

fetuses/litters = 12.0; 
albinomice pregnant F control OC resorptionslimplantation sites = 8.7%; letal Nagao et al. 1993 'fil 

weight = 1.17 g; den palate/fetuses = 0.6%; 
1;: 

litters with deft palate = 7% - control 

NS effect on implantation, living fetuses, 

albinomice pregnant F PCDD mixture 21000" 
resorptions or fetal weights; deft 

N agao et al. 1993 
palate/letuses = 19.4 - S; litters with deft 
palate = 65.2% - S 
NS effect on implantation, living fe!uses, 

albinomice pregnant F PCDD mixture 63000 
resorptions or fetal weights; deft 

Nagao et al. 1993 
palate/fetuses = 66.2 - S; litters with deft 
palate = 100% - S 
NS effect on implantation, living fetuses, 

albinomice pregnant F PCDF mixture 1 11000" 
resorptions or fetal weights; deft 

N agao et al. 1993 
palate/fetuses = 2.7 • S; litters with den 
palate = 25% - S 
NS effect on implantation, living fetuses, 

albinomice pregnant F PCDF mixture 1 34000 
resorptions or fetal weighl~; deft 

N agao et al. 1993 
palate/fetuses = 11.7 - S; litters with cleft 
palate = 50% - S 
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Table 36. Reproductive toxicity data for orally administered PCDDlFs in mammals. 

Lire Total 
Species .. Stage Sex Congener Dose TEQ Exposure Dose Endpoint Reference 

(Jtg'kg0l (ng·kg°l (days) (Ilg.kg°l bw) 

bW'd
OI

) bW'd
OI

) 

NS effect on implantation, living fetuses, 

a1binomice pregnant ,F PCDF mixture II 8000<! 
resorptions or fetal weights; cleft 

Nagao et al. 1993 
palate/fetuses = 1.2 - S; litters with cleft 
palate = 12.5% - NS 
NS effect on implantation, living fetuses, 

a1binomice pregnant F PCDF mixture II 15000 
resorptioils or fetal weights; cleft 

Nagao et al. 1993 
palate/fetusés ,; 10.4 - S; litters with cleft 
palate = 52.6% - S 
NS effect on implantation, living fetuses, 

albinomice pregnant F PCDF mixture II 23000 
resorptions or fetal weights; cleft 

Nagao et al. 1993 
palate/fetuses = 24,6 - S; litters with cleft 
palate = 66,7% - S 
NS eflèct on implantation, living fetuses, . 

albinomiee pregnant F 2,3,4,7,8-PeCDF 20 10000 
resorPtions or fetal weights; deft 

N agao et al. 1993 
palate/fetuses = 9.5 - S; litters with clen 
palate = 55.0% - S 
·NS elTeet on implantation, livingfetuses, 

albinomiee pregnant F 2,3,4,7,8-PeCDF 28 14000 
resorptions or fetal weights; cleft 

Nagaoetal.1993 
. palate/fetuses = 15,8 - S; litters with cleft 

palate = 61.1 % - S 
NS effect on implant.'ltion, living fetuses, 

albino miee pregnant F 2,3,4,7,8-PeCDF 55 27500 
resorptions or fetal weights; cleft 

Nagao et al. 1993 
palate/fetuses = 45,6 - S; litters with den 
palate = 93.8% - S 
NS effect on implantation, living fetuses, 

albinomice pregnant F 2,3,4,7,8-PeCDF 80 40000 
resorptions or fetal weights; cleft 

Nagao et al. 1993 
palate/lètuses = 62.1 - S; Iitters wilh clen 
palate = 100% - S 
NS eflèct on implantation, living fetuses, 

albinomiee pregnant F. 2,3,7,8-TCDD 5<! 5000 
resorptions or fetal weight~; cleft 

Nagao et al. 1993 
palate/lètuses = 5.4 - S; litters with c1eft 
palate = 38.5% - S 
NS effect on implantation, living lètuses, 

albinomiee pregnant F 2,3,7,8-TCDD 15 15000 
resorptions or lètal weight~; clen 

Nagao et al. 1993 
palate/lètuses = 28.1 - S; litters with clen 
palate = 71.4% - S 
NS eflèet on implantation, living retuses, 

albino miee pregnant F 2,3,7,8-TCDD 30 30000 
resorptions or letal weights; den 

Nagao et al. 1993 
palate/letuses = 55.8 - S; litters with den 
palate = 100% 0 S 
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Table 36. Reproductive toxicity data for orally administered PCDD/Fs in mammals. 

Life Total 
Species Stage Sex Congener Dose TEQ Exposure Dose Endpoint Reference 

(Jtg_kg-I (ng'kg-I (days) (!Ig'kg-I bw) 

bW'd- l
) bw·d-I) 

NS eftèct on implantation, living fetuses, 

albinomice pregnant F 2,3,7,8-TCDD 45 45000 
resorptions or fetal weights; det! 

N agao et al. 1993 
palatelfetuses = 77.2 - S; litters with cleft 
palate = 100% 
NS ellèct on implantation, living fetuses, 

albinomice pregnant F 2,3,7,8-TCDD 90 90000 
resorptions or lètal weight.; deft 

Nagao et al. 1993 
palate/fetuses = 85.5 - S; litters with cleft 
palate = 100% - S -;;, 

;J 

B6C3FI mice neonates MlF 2,3,7,8-TCDD 0 0 4g BW = \3.6g; RLW =6,2; RSW = 0.62; 
Luster et al. 1980 -.:~ 

RTW =0.45; ~-:~ 

B6C3FI mice neonates Mlf 2,3,7,8-TCDD 1000 4 
BW = 12.6g; RLW =6.8; RSW = 0.66; 

Luster et al. 1980 
·~4 

RTW= 0.46 

B6C3FI"mice neonates MlF 2,3,7,8-TCDD 5 5000 4 
BW = 10.9g - S; RLW =6.5; RSW = 0.64; 

Luster et al. 1980 
RTW = 0.33 - S , . 
BW = 7.9g - S; RLW =6.0; RSW = 0.35 - S; . ~; 

B6C3FI mice neonates MlF 2,3,7,8-TCDD 15 15000 4 RTW=0.19 - S; overt toxiçity; 70% Luster et al. 1980 .'.~ 

mortality 
_. 

No. oflitters = 9; BW gain = 3.8 g; BW:LW 
= 7.4; no. live fetus/litter 6.9; % fetal 

Mice (C57BU6N) 17-20 g; pregnant F 2,3,7,8-TCDD 0 0 gestation day. 10 0 mortality = 10.5; no oflitters with cleft Weber et al. 1985 
palate = 0; % fetuses with deft palate = 0.0; 
kidney damage = 0.17 - control 

NS elfects on BW gain; no. oflive 
fetuses/litter; and % fetal mortality; no. of 

Mice (C57BU6N) 17-20 g; pregnant F 2,3,7,8-TCDD 12 12000 gestation day 10 12 
litters = 10; LW:BW = 7.93 - S; no. of 

Weber et al. 1985 
litters with cleft palate = 4; % fetuses with 
cleft palate = 8.7- S; kidney damage = 2.01 
- S; 
NS eftècts on BW gain; no. oflive 
fetuses/litter, and % fetal mortality; no. of 

_Mice (C57BU6N) 17-20 g; pregnant F 2,3,7,8-TCDD 17 17000 gestation day 10 17 
litters = II; LW:BW = 8.36 - S;'no. of 

Weber et al. 1985 
litters with clet! palate = 9; % fetuses with 
deft palate = 43.9 - S; kidney damage = 
2.32 - S; 
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Table 36. . Reproductive toxicity data for oraily administered PCDD/Fs in mammals. 

Lüe Total 
.species: Stage .. Sex Congener Dose TEQ Exposure Dose Endpoint Reference 

(flg'kg'l (ng·kg,1 (days) (llg'kg,1 bw) 

bW'd'l) bW'd'l) 

NS effects on BW gain; no. oflive 
fetuses/litter; and % fetal mortality; no. of 

Mice (C57BU6N) 17-20 g; pregnant F 2,3,7,8-TCDD 22 22000 gestation day 10 22 
litters = 10; LW:BW = 8.55 - S; no. of 

Weber et al. 1985 
litters with cleft palate = 10; % fetuses with 
cleft,palate = 77.6 - S; kidney damage = 

2.16 - S; 

NS effects on BW gain; no. oflive 
fetuses/litter; and % fetal mortality, no. of 

Mice (C57BU6N) 17-20 g; pregnant· F 2,3,7,8-TCDF 300 30000 g~station day 10 300 
litters = II; LW:BW = 7.71 - NS; no. of 

Weber et al. 1985 
litters with cleft palate = 3; % fetuses with 
cleft palate = 7.7 - NS; kidney damage = 

1.57 - S; 
NS eftect~ on BW gain; no. oflive 
fetùses/litter; and % fetal mortality; no. of 

Mice (C57BU6N) 17-20 g; pregnant F· 2,3,7,8-TCDF 600 60000 gestation day 10 600 
litters = 10; LW:BW = 8.24 - S; no. of 

Weber et al. 1985 
litters with cleU palate = 9; % f~tuses with 
c1eft palate = 55.5 - S; kidney damage = 

2.13 - S; 
NS elfects on BW gain; no. oflive 
fetuses/litter; and % fetal mortality; no. of 

Mice (C57BU6N) 17-20 g; pregnant F 2,3,7,8-TCDF 900 90000 gestation day 10 900 
litters = 7; LW:BW = 8.52 - S; no. oflitters 

Weheretal.l985 
with clen palate = 7; % fetuses with clen 
palate = 88.8 - S; kidney damage = 2.09 -
S; 

NS eftects on BW gain; no. oflive 
fetuses/litter; and % fetal mortality; no. of 

Mice (C57BIJ6N) 17-20 g; pregnant F 2,3,7,8-TCDDIF 12/300 42000 gestation day 10 12/300 
litters = 10; LW:BW = 8.40 - S; no. of 

Weher et al. 1985 
litters with c1eft palate = 10; % fetuses with 
cleft palate = 79.1 - S; kidney damage = 

2.38 - S; 
NS eftcct~ on BW gain; no. oflive 
letuses/litter; and % Ictal mortality; no. of 

Mice (C57BU6N) 17-20 g; pregnant F 2,3,7,8-TCDD/F 12/600 72000 gestation day 10 12/600 
litters = II; LW:BW = 8.52 - S; no. of 

Weher et al. 1985 
litters with den palate = Il; % feluses with 
cleft palate' = 100 - S; kidney damage = 2.41 

. . 
- S; 
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Table 36. Reproductive ~oxicity data for orally administeredPCDD/Fs in mammals. 

Life 
Species Stage Sex Congener Dose TEQ Exposure 

(/lg'kg.1 (ng·kg·1 (days) 

bW-d'l) bw-d·l) 

: '.' 

10 weeks;' 
Mice (C57BU6N) F 

pregnant 
2,3,7,8-TCDD Oh 0 . gestation day 10 

10 weeks; 
Mice (C57BU6N)' 

pregnant 
F 2,3,7,8-TCDD 6 ·6000 gestation day 10 

10 weeks; F', 
. . 

gestation day 10 Mice (C57BU6N) 2,3,7,8-TCDD 12 12000 
pregnant 

":~. 

10 weeks; 
Mice (C57BU6N) 

pregnant 
F 2,3;7,8-TCDD '15 . 15000 gestation day 10 

'. 10 weeks;. 
Mice (C57BU6N) F. 2,3,7,8-TCDD 18 18000 gestation day 10 

pregnant 

10 weeks; 
Mice (C57BU6N) F. 2,3,7,8-TCDD '. Oh 0 gestation day 12 

pregnant 

Table 36 

........ '~~ 

Total 
. Dose 

(/lg'kg'l bw) 

- ....: -
Endpoùlt Reference 

maternaI: BW gain = 2.53g; %RLW = 6.91; , 
Fetal: mortality = 1,1.29; BW = 1.I5g; c1eft 
palate: no. of litters = 0; incidence/litter = 0; Birnbaum et.aL 19!!9a 
hydronephrosis: no, oflitters = 2; 
incidencellitte~ = 6.25 - control 

materrial: BW 'gain = 2.33g; %RLW = 7:73 . 
S; l'etaI: mortality = 18,66; BW = 1.I7g; 
cleft palate: no. oflitters = 0; incidence/litter Bimbaum et al. .1989a 
:= 0; hydronephrosis: no. ot: litters = II; 
incidence/litter = 96.97 - S 

maternaI: BW gain = 2.43g; %RLW = 7.44 
S; Fetal: mortality = 9.63; BW = 1.21 g; 
clen palate: no. of litters =10 :S; . 

Birnbaum et al. 1989a 
incidence/litter = 20.86 - S; hydronephrosis: 
no. oflitters = 14; incidence/litter = 92.00 -
S 

. maternaI: BW gain = O.73g - S; %RLW = 
7.46'- S; Fetal: mortality = 9.21; BW = 

1.20g; clen palate: no. oflitters' = 8 - S; Birnhaum et al: 1989a 
incidencellitter = 49.30 - S; hydronephrosis: 
no. of litters = 8; incidence/litter = 100 - S 

maternai: BW gain = 1.02g -S; %RLW = 
7.51 - S; Fetal: mortality = 5.04; BW = 
1. !3g; cleft palate: no. oflitte~ = II ~ S; Birnbaum et al. 1989a 
incidence/litter = 70.12 - S; hydronephrosis: 
no. oflitters = 12; incidencellitter = 100 - S 

'maternal: BW gain = 0.09g; %RLW = 6.66; 
Fetal: mortality = 7.27; BW = 1.14g; den 
palate: no. oflitters = 0; incidence/litter = 0; Bitnbaum et al. 19893 
hydronephrosis: no. oflitters = 2; 
incidence/litter:= 8.33 - .control . 
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Table 36. Reproductive toxicity data for ,!rally administered PCDDlFs in mammals. 

Species: 

Miel: (C57BU6N) 

Miee (C57BU6N) 

Miee (C57BU6N) , 

Miee (C57BU6N) 

Mink 

,Mink 

Mink 

Mink 

Mink 

Mink 

Table 36 

Life 
Stage 

IOweèkS; 

pregnànt 

10 weeks; 

pregnant 

10 weeks; 
pregnant 

10 weeks; 

pregnant 

kits 

kits 

kits 

kits 

kits 

kits 

Sex Congener 

,F 2,3,7,8-TCDD 

.F 2,3,7,8-TCDD 

F , 2,3,7,8-TCDD 

F 2,3,7,8-TCDD 

F 2,3,7,8-TCDD 

F 2,3,7,8-TCDD 

F 2,3,7,8-TCDD 

M 2,3,7,8-TCDD 

M 2,3,7,8-TCDD 

:M 2,3,7,8-TCDD 

.. ' 

Dose 
(JJg'kg.1 

bw·d· l
) 

6 

9 

12 

15 

o 

0.1 

0.1 

',1 

.. 

TEQ 

(ng·kg·1 

bw·d·l
) 

,6000 

9000 

12000 

15000 

o 

100 

1000, 

o 

100 

1000 

Exposure 

(days) 

gestation day i 2 

gestation day 12 

gestation day 12 

&estation day 12 

12 

12 

12 

12 

12 

12 

Total 
Dose- . Endpoint Reference 

(fig·kg·1 bw) 

maternai: BW gain = -0.12g; %RLW = 7.53 

- S; Fetal: mortality = 11.59; BW = 1.16g;, 
cleft palide: no. of litters = 1; incidence/litter 
= 1.43; hydronephrosis: n~. oflitters = 14 -' 

S; ineidencenitter = 97.62 - S 

maternai: BW gaiil,= 0.2Ig; %RLW,= 7.29 

S; Petai: mortality. = 5.40; BW = 1.15g; 
'cleftpalate: no, oflitters = 9 - S; 
incidence/litter = 19.91 - S; hydronephrosis: 
no. oflitters = 14 - S; incidencellitter = 100 -

S 

'maternai: BW gain = Og; %RLW = 8.19 oS; 

Fetal: mortality = 8.41; BW = 1.1 Gg; cleft 
palate: no, oflitters = 12 - S; ü}cidence/littcr 
= 51.45 - S; hydronephrosis: no, of litters =' 

12 - S; incidence/litter "" 98.61 .-, S 

maternai: BW gain = O.llg; %RLW = 7.36 
S; Fetal: mortality = 7.38; B\V = 1.16g;, 

cleft palate: no. of litters = 12 - S; 
inciden~ellitter = 77.91 - S; hydronephrosis: 
nO.oflitters = 12 - S; incidence/litter = 100'-
S ' 

control 

S decreased BW by 3 weeks and >50% 

mortality within 10 weeks; NS ellect on 

tooth eruption or eye opening , 

100% mortality with 2 weeks 

control 

S decrea~ed BW hy 2 wecks and >50% 

mortality within 10 weeks; NS cHeet on 

tooth eruption or eye opening . 

Birnbaum et al. 1989a 

Birnbaum et al. 1989a 

Birnbaum et al., 1989a 

Birnbaum et al. 1989a 

Aulerich et al. 1988 

, Aulerich et al. 1988 ' 

A~lerich et al. 1988 

Aulerieh et al. 1988 

Aulerich et al. 1988 

Sdecrea~edBWhyweek 1; 100%mortalitY'·A l 'h' 1 19';Q , u cnc et a . 00 

with 2 wccks ' , 

, ' -- .. .. 
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Table 36. Reproductive toxidty data for oràlly administered PCDD/Fs in mammals. . . , . - .. 

" Lire Total 

Species Stage Sex Congener Dose TEQ Exposure Dose Endpoint Reference 

(Ilg'kg,l . (l~g·kg,l (days) Ülg'kg,l bw) 

bW:d"l) " b~v'd,l) 

':'t 

Rheus monkey adult F 2,3,7,8-TCDD 0 0 9 0 
abortions = 25%; maternaI toxicity = 0%; 

McNulty 1985 
maternai death = 0% " contiol 

Rheus monkey adult F 2,3,7,8-TÇDD o.oi 20 9 0.2; 
abortions = 25%; maternai toxicity = 0%; 

McNulty1985 
maternai death = 0% 

Rheus monkey aduli 'F 2,3,7,8-TCDD 0.11/1 '110/1000, 9/1 . Ij 
abortions = 81 %; maternai toxicity = 50'%; 

McNulty 1985 
maternai death = 19% 

Rhi!Us mônkey' . adu1! F . 2,3,7,8-TCDD 0.56 560 9 5j abortiollS ,: 100%; maternai toxicity = ; 
McNuliy 1985'. 

100%; maternai death = 100% . 

Holtzrnan rats 32-120 d M 2,3,7,8-TSDD 0 .0 l k control Mably et al. 1991 :...r,;' 
.. 

: 
ventral prostate wt 60% reduction by d 32; 
cauda epidiymis wt reduction 53% by d 63; 

Holtzrnan rats 32-120 d .' M 2,3,7,8-TCDD 0.064 64 spermlcauda epididymis reduction - 75% by Mably et al. 1991 
d 63; daily 'perm reproduction rate .. 

reduction - 43% by d 49 

anogenital distance 21 % by d"l; time to 
testis descent delay by 1.7 d; seminal vesicle 

Holtzman rats.· 32-120 d M 2,3,7,8-TCDD ·0.16 160 wt 56% reduction by d 49; increased Mably et al. 1991 
latencies to 1 st mount, intromission, and 
ejaculation 

Holtzrnan rats 32:120d M 2,3,7,8~TCDD 0.4 400 
testis wt reduction - 17% by d 32; copulatory M bl . " 1 

.- a y et a . 1991 
rate decrease - 43%; . . . 

Holtzrnan rats 32-120 d M .2,3,7,8-TCDD 1 1000 
nuniber ~ounts increas~ by 130%; number 
of intromissiollSincreàseby 38% . 

Mably et al. 1991 

. ~ . 

Holtzrnan rats 'L 
pregnant F 2,3,7,8-TCDD Ob 0 . gastr~intesÜnal hemorrhaging not ob~erved; Oison et al. 1990 

Holtzrnan rats pregnant F 2,3,7,8-TCDD 1.5 1500 
gastrointestinal hemorrhaging = 7.7%; S 

\ OIson et al. 1990 
reduction in Iymphoid weight 

Holtzrnan rats pregnant F . 2,3,7,8-TCDD ',3 3000 . S reduction in Iymphoid weight . Oison et àl. 1990 

Holtzrnan rats pregnant F 2,3,7,8-TCDD 6 6000 
S decrease in maternaI BW gain; S reduction . 

1990 . 1 h 'd 'ght Oison et al. m ymp QI wei 
S de{,TCase in maternai BW gain; 72% [etai 

Holtzrn,an rats pœ~ant F 2,3,7,8-TCDD 18 18000 
mortality; incidence of c1eft palate in viable 

Oison et al. 1990 
fetuses = j 8%; S reduction in Iymphoid 
weight 

Table 36 Page 7 of Il 



Table 36.' Reproductive toxicity data for orallyadministered PCDD/Fs in mammals: ' 

LiCe Total 
Species Stage Sex Congener Dose TEQ Exposure Dose Endpoint Reference 

,{Jlg'kg-l (ng'kg-l (days) (Jlg'kg-l bw) , 

'·bw·d-l) bW'd- l) " 

Sprague-Dawley Rats 
. 6-7 weeks. MlF .2,3,7,8-TCDD 0 105+m "FI 44%; Iitter size 8; live pups 95%; pup 

(F.) _ 1 st mating 
0 Murray et al. 1979 

suivival to 21 d = 93%; , 

Sprague-Dawley RatS 
6-7weeks MlF 2,3,7,8-TCDD 0,001 

FI 50%; litter size 10; live pups 90%; pup 
(F.) - 1 st mating . 

105+ 
survival to 21 d = 84'% - S; 

Murray et al. 1979 

'. 
Sprague-Dawley Rats 

6-7 weeks' MlF 2,3,7,8-TCDD 0.01 10 105+ 
FI 60%; Iitter size 8; live pups 90%; pup 

Murray et al. 1979 
.(F.) - 1 st mating survival to 21 d = 68% - S; 

Sprague-Dawley Rats 
6-7 weeks MlF 2,3,7,8-TCDD' 0.1 FI 10% - S; Iitter size 4 - S; live pups 0% Murray et al. 1979 

(F.) - 1 st mating 
100 105+ 

Sprague-Dawley Rats 
6-7 weeks MlF 2,3,7;8-TCDD 0 156+P 

FI 66%; litter size Il; live pups 96%; pup , 
Murray et al. 1979 

(F .)- 2"d ~ating 0 
survival to 21 d = 74% - control; 

Sprague-Dawley Rats 
6~'7 weeks MlF 2,3,7,8-TCDD 0.001 

FI 74%; litter size 10; live pups 89%; pup 
Murray et al. 1979 

(F.) - 2"d mating 
156+ 

survival to 21 d = 920/. - S; 

Sprague-Dawley Rats 
6-7 weeks MlF 2,3,7,8-TCDD 0,01 

FI 75%; litter size 10; live pups 96%; pup 
Murray et al. 1979 

(F 0) - 2"d mating 
10 156+ 

survival to 21 d = 71%; 

Sprague-Dawley Rats 
6-7 weeks MlF 2,3;7,8~TCDD 0.1 

FI 3% ~ S; litter size 6 - S; live pups 83%; 
Murray et al: 1979 

(F.) - 2"d mating 
100 156+ 

pup survival to 21 d = 80%; 

Sprague-Dawley Rats 
(Flb) ,off spring from 130 d MlF 2,3,7,8-TCDD -' 0 0 

: trom conception FI. 85%; litter'size 11; live pups 96%; pup 
Murray et al. 1979 

2"d mating ofF. 
to 130 d survival to 21 d = 87% - control; 

Sprague-Dawley Rats 
FI 88%; litter size Il; live pups 89%" S; (F lb) - otr spring from 130 d MlF 2,3,7,8-TCDD 0.001 ' 

from conception Murray et al. 197'9 

2"d'mating ofF. 
to 130 d pup survival to 21 d = 85%; 

, ' 
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Table 36. Reproductive toxicity data for orally administered PCDD/Fs in mammals. 

Spècies 

rats (Fo) 

rats (Fo) 

rats (Fo) 

rats (Fo) 

rats (Fo) 

Table 36 

. Life 
Stage 

40-44 d 

40-44 d 

40-44 d 

40-44 d 

40-44 d 

40-44 d 

40-44 d 

Sex Congèner 

F 

F 

F 

F 

F 

F 

F 

.F 

Dose 
(J1gokg°1 

bwodOI
) 

- control 

.: .. TEQ 

(ngokg,l 

bwod'l) 

PCDDIF-

0.0 18q
; total 

TEQ-0.046 

5o/c Lak H PCDDIF - 0.169; 
~ e uron . total TEQ _ 

chmook salmon 0.527 

salmon 

20% Lake 
Huron chinook PCDDIF - 0.522; 

. total TEQ - \.90 

Exposure 

(days) 

70 +<21 
breeding + 21 
gestation + 21 

lactation 
70 + <21 

breeding + 21 
gestation + 21 

lactation 
70 + <21 

hreeding + 21 
gestation + 21 

lactation 
70 + <21, 

5% Lake 
. Ontario 

chinook salmon 

PCDDIF - 0.224; 
hreeding + 21 . 

total TEQ-
0.661 gestation + 21 

lactation 
70 + <21 

20% Lake 
Ontario PCDDIF - 0.786; breeding + 21 

chinook salmon. total TEQ - 2.43 gestation + 21 
lactation 

control 

PCDDIF-

0.019q
; total 

TEQ-0.050 

·50~ Lak H PCDDIF - 0.194; 
, '0 e uron total TEQ _ 
chinook salmon 0.606 

20% Lake 
. Huron chinook PCDDIF - 0.597; 

salmon' total TEQ - 2.18 

70 d after 
weaning + <21 
breeding + 21 
gestation + 21 

lactation 

70 d after 

weaning + <21 
breeding + 21 
gestati on + 21 

lactation 

70 d after 
weaning + <21 

breeding + 2 1 
gestation + il 

lactation _ 

Total 
Dose 

(Ilgokg,l bw) 

Endpoint 

control 

NS effects on mating index, fertility index, 

conception rate, gestation period or index, 
no. oflive pups bom or pup survival 

NS effects on mating index, fertility indeX, 
conception rate, gestation period or index, 
no. oflive pups bom or pup survival 

NS eflèct~ on mating index, fertility index, 
conception rate, gestation period or index, 
no. oflive pups bom or pup survival 

NS cffects on mating index, fertility index, 
conception rate, gestation period or index, 
no. oflive pups bom or pup survival 

mating index = 0.83 - control 

NS elfects on fertility index, conception rate, 

gestation period or index, no. oflive pups 
bom or pup survival; mating index = 0.98 -
S; pup bw @ 21 days reduced - S 

Reference 

Feeley and Jordon 
1998; Arnold et al. 

1998 

Feeley and Jordon 
1998; Arnold et al. 
1998 

Feeley and Jordon 
1998; Arnold et'al. 
1998 

Feeley and Jordon 
1998; Arnold et al. 

1998 

Feelcy and Jordon 
1998; Arnold et al. 
1998 

Feeley and Jordon 
1998; Arnold et al. 
1998 

Feeley and Jordon 

1998; Arnold et al. 

1998 

NS enect~ on mating index, lèrtility index, 
. .,. Feeley and Jordon 

concep~lOn rate, gestatton penod or mdex, 1998; Arnold ct al: 
no. of live pups bom or pup survlval; pup hw 1998 
@ 21 days signilicantly reduced 
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Table 36. Reproductive toxicity data for orally administered PCDD/Fs in mammals. 

,Life 

Species Stage Sex Congener 

40-44 d F 

40-44 d F 

Dose 

(fig·kg·1 

bW'd-l) 

5% Lake 
Ontario 

chinook salmon 

TEQ 

(ng·kg-I 

hW'd-l) 

PCDD/F - 0,238; 
total TEQ-

0,702 

20% Lake PCDD/F _ 0 918' 
Ontario . , 

chinook salmon total TEQ - 2.84 

Exposure 

(days) 

70 d alter 
weaning + <21 
hreeding + 21 
gestation + 21 

lactation 

70 d alter 
weaning + <21 
breeding + 21 
gestati on + 21 

lactation 

BW body weight; RLW relative liver weight; RSW. relative spleen weight; RTW relative thymus weight 

'd 9 of a 16 d gestation period; animaIs sacriticed on d 15 

bperoral administration 

'pooled results of 4 control groups; signiticance was based on pooled control 

dmeasured on day 18 ofpregnancy 

Total 
Dose 

(fig'kg-I bw) 

'doses in fIg TEQ'kg,1 bw; TEQ concentrations were converted from International TEQs to 1998 WHO TEQs . 

Endpoint Reference 

NS etfects on mating index. fertility index, 
, " . d . d Feeley and Jordori conception rate, gestatton peno or ln ex, 

. . . 1998' Arnold et al. 
no. ot hve pups horn or pup survlval; pup hw ' 
@ 21 days signiticantly reduced 1998 

NS etfectS on mating index, tèrtility index, 
t
, . ' d . d Feeley and Jordon concep Ion rate, gestalton peno or ln ex, 

. . ' 1998' Arnold et al. 
no. ofhve pups born or pup survlval; pup bw ' 
@ 21 days signiticantly reduced 1998 

fadministered by subcutaneous iiljection on day 9 ofpregnancy; where doses were greaterthan 30 fIg'kg-l, the amount was given in two divided doses 

8mothers were dosed by gavage on d 14 of gestation and on d 1,7, and 14 following birth 

hdosed by gavage 

idivided in nine intragastric doses, days 20 to 40 postconception 

ifour animaIs given nine divided doses, twelve given a single dose, days 20 to 40 postconception 

kmothers of male offspririg were orally dosed on day 15 of gestation 

Ld 10 of a 22 d gestation period; animaIs sacriticed on d 20 

mfed diets 90 d prior to rnating, through mating (-15 d), gestation, and lactation 

"FI (fertility index) = nurnber offernales delivering a litter/nurnber offernales rnated 

Prnated a secon'd tirne 33 d after the tirst litter was weaned; total expose = 156+gestation and lactation periods 

'lt,ased on international TEFs (cou Id not be converted to 1998 WHO values with the information provided); total TEQ includes PCDD/F and coplanar PCB congeners. 
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Table 37. Immunotoxicity data for orally administered PCDD/Fs in mammals. 

Lif~ Total 

Species Stàge Sex Congener Dose TEQ Dose Exposure Dose Endpoint Reference 
(Jtg'kg-I (ng'kg-I (days) (/lg'kg-I bw) 

bw·d·l) bw·d· l) 

Hartley guinea pigs 4weeks 2,3,7,8-TCDD 1.8 1800 ED50 for thymic atrophy 
Hanberg et al. 

1989; 1990 

Golden Syrian hamsters 4 weeks 2,3,7,8-TCDD 48 48000 ED50 lor thymic atrophy 
H anberg et al. 

1989; 1990 

B6C3Fimice neonates MlF 2,3,7,8-TCDD 0 0 4" 
14 d mortality rates for bacterial challenge (28%)-

Luster et al. 1980 
control 

'B6C3Fl mice neonates MlF 2,3,7,8-TCDD 1000 4 14 d mortality rates for bacterial challenge (40%) Luster et al. 1980 

B6C3Fl mice neonates MlF. 2,3,7,8-TCDD 5 .5000 4 14 d mortality rates for bacterial challenge (73 %) - S Luster et al. 1980 

C57bl/6 miee 4weeks 2,3,7,8-TCDD 280 280000 ED50 lor thymic atrophy 
Hanberg et al. 
1989; 199(J 

14 d mortality rates for baeterial challenge (25%); lor 

mlce 4 weeks M 2,3,7,8-TCDD 0 (J 28 0 viral challenge (15%) lollowing dioxin exposure- Thigpen et al. 1975 
control 

mièe 4 weeks M 2,3,7,8-TCDD 0.7b 700 28 0.02 
14 d mortality rates for bacterial challenge (65%) ~ S; 

Thigpen et al. 1975 
lor viral challenge (15%) following dioxin exposure 

mice 4weeks M 2,3,7,8-TCDD 1.4b 1400 28 0.04 
14 d mortality rates for bacterial challenge (65%) - S; 

Thigpen et al. 1975 
for viral challenge (0%) following dioxin exposure 

mice 4 weeks M 2,3,7,8-TCDD 3.0b 3000 28 0.08 
14 d mortality rates for bacterial challenge (95%) - S; 

Thigpen et al. 1975 
for viral challenge (10%) following dioxin exposure 

mlce 4 weeks M 2,3,7,8-TCDD 0 0 28 0 
14 d mortality rates for bacterial challenge (25%) 

Thigpen et al. 1975 
following dioxin exposure- control 

mice 4 weeks M 2,3,7,8-TCDD 0.07< 70 28 (J.02 
14 d mortality rates for bacterial challenge (25%)-

Thigpen et al. 1975 
NS following dioxin exposure 

mice 4weeks M 2,3,7,8-TCDD 0.14< 140 28 0.04 
14 d mortality rates for bacterial challenge (65%) - S 

Thigpen et al. 1975 
following dioxin exposure 

mice 4weeks M 2,3,7,8-TCDD 0.7< 700 28 0.08 
14 d mortality rates for bacterial challenge(75%) - S 

Thigpen et al. 1975 
following dioxin exposure 

mice (BALB/cGa) pregnant F 2,3,7,8-TCDD 0 0 Id control Fine et al. 1990 
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Table 37. Immunotoxicity data for orally administered PCDDlFs in mammals. 

Species 

mice (BALB/cGa) 

mice (B6C3FI) 

mice (B6C3FI) 

mice (B6C3FI) 

mice (B6C3FI) 

mice (B6C3FI) 

mice (B6C3FI) 

mice (B6C3FI) 

mice (B6C3FI) 

mice (B6C3FI) 

mice (B6C3FI) 

mice (B6C3FI) 

mice (C57BU6N) 

. mice (C57BU6N) 

mice (C57BU6N) 

Table 37 .. 

Life 
Stage: 

pregnant 

6-7weeks 

6-7 weeks 

6-7weeks 

6-7 weeks 

6-7 weeks 

6-7 weeks 

6-7 weeks 

6-7 weeks 

6-7 weeks 

6-7 weeks 

6-7weeks 

pregnant 

pregnant 

pregnant 

Sex 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

Congener 

2,3,7,8-TCDD 

2,3,7,8-TCDD 

2,3,7,8-TCDD 

2,3,7,8-TCDD 

2,3,7,8-TCDD 

2,3,7,8-TCDD 

2,3,7,8-TCDD 

2,3,7,8-TCDD 

1,2,3,5,6,8-HCDD 

1,2,3,5,6,8-HCDD 

1,2,3,5,6,8-HCDD 

1,2,3,5,6,8-HCDD 

2,3,7,8-TCDD 

2,3,7,8-TCDD 

2,3,7,8-TCDD 

Dose 

(Jlg'kg-I 

bW'd-l
) 

15 

o 

0.01 

0.05 

0.1 

0.5 

1.0 

2.0 

o 

0.1 

1.0 

10.0 

0.0 

1.5 

3.0 

TEQDose 

(ng'kg-I 

hw·d- t
) 

15000 

o 

10 

50 

100 

500 

1000 

2000 

tioTEF 

noTEF 

noTEF 

noTEF 

a 

1500 

3000 

Exposure 

(days) 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

9 

9 

Total 
Dose 

(flg-kg-t hw) 

Endpolnt 

50-60% reduction in thymic wt and cellularity of 
gestation d 18 and 30-50% on postnatal d 3-11 

total hemolytic activity ( 91.V·mrt
); C3 (493 A.t) -

vehic1e control 

total hemolytic activity ( 54 V'mrl) - S; C3 (476 A.t) 
NS 

total hemolytie activity ( 63 V·mrt
) - S; C3 (464 A.t) 

NS 

total hemolytic aetivity ( 56 Umrt
) - S; C3 (485 t\J) 

NS 

total hemolytic activity (41 Umrl) - S; C3 (450 t\J) 

S 

total hemolytic aetivity ( 32 V'mrl) - S; C3 (39X f\i) 

S 

total hemolytic activity ( 17 Umrl) - S; C3 (363 t\J) 

S 

etotal hemolytic activity ( 69 Umr\ C3 (625 t\J) -

vehic1e control 

total hemolytie activity ( 74 V'mrl) - NS; C3 (605 

A.t) - NS 

total hemolytic activity ( 42 V'mrl) - NS; C3 (575 

A.t) - NS 

total hemolytic activity ( 25 V'mrl) - S; C3 (500 t\J) 

S 

relative thymic wt = 0.24%; 

relative thymic wt = 0.14% - S; S etlect on T ccII ~ 

(thymocyte) ditferentiation on d 18 of gestation, hut 

not postnatal d6-d 14 
. relative thymie wt = 0.1 % - S; S ellèct on T cell 

diftèrentiation on d 18 of gestation and postnatal d6 
hut not dl4 

Reference 

Fine et al. 1990 

White et al. 1986 

White et al. 1986 

White et al. 1986 

White et al. 1986 

White et al. 1986 

White et al. 1986 

White et al. 1986 

White et al. 1986 

White et al. 1986 

White etaI. 1986 

White et al. 1986 

Holladayet al. 1991 

Holladay ct al. 1991 

Holladay ct al. 1991 
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Table 37. Immunotoxiéity data for orally admihistered PCDDlFs in mammals. 

'Life . Tota! 

Sp~cies Stage Sex Congener Dose TEQ Dose Exposurlê Dose , Endpoint Reference 

(pg'kg'l (ng'kg,1 (days) (pg'kg'l bw) 

bw:d,l) bW'd'l) 

, " , 
Swissmice 3-4 weeks M 2,~,7,8-TCDD . _og, 0,0 28 

endotoxin (10 flg) induced mortality 2d alter dioxiil: . 
dose (0%) -'control 

Vos et al. 1978 

Swiss mice 3-4weeks M 2,3,7,8-TCDD' 0.2' 210, 28 
endotoxin (l0 flg) induœd mortality 2d atlerdioxin 

, dose (0%) 
. , Vos et al. 197H 

Swissmice 3-4 weeks, M 2,3,7,8-TCDD 0.7 710 28 
endotoxin (10 flg) induced mortality 2d alter dioxin 
dose (0%) 

Vos et al. 1978 

Swiss mice 3'-4 weeks M 2,3,7,8-TCDD 2.1 2140 28 
endotoxin (10 flg) induced mor!3lity 2d afier dioxin 

Vos et al. i978 
dose (25%) 

Swissmice 3-4weeks M- 2,3,7,8-TCDD 7.1 7140 28 
endotoxin (10 flg) induced mortality 2d afier dioxin 
dose (50%) 

Vos et al. 1978 .' ;7 

Swissmice 3-4 weeks M 2,3,7,8-TCDD og 0,0 28 
endotoxin (250 flg) induced mortality 2,d afier dioxin 
dose (0%) - control 

Vos et al. 1978 

Swiss miee 3-4 weeks M 2,3,7,8-TCDD 0,2 210 28 
endotoxin (250 flg) induced mortality 2d alter dioxin 
dose (20%) 

Vos et iÎI. 197H ." 

Swissmice 3-4 weeks M 2,3,7,8-1'CDD 0.7 710 28 
endotoxin (250 flg) induced mortality 2d afier dioxin 

Voset al. 1978 
dose (100%) 

*:]d' 
' ..... 

Swissmice 3-4 weeks M 2,3,7,8-TCDD , 2.1 2140 28 
endotcixin (250 flg) induced mortali'ty 2d afier dioxin 
dose (100%) 

,Vos et al. 1978 ... ~ 

Swissmice 3-4weekS M 2,3,7,8-TCDD og 0.0 28 
endotoxin (10 flg) induced mortality 2d afier dioxin 
dose (0%) - control 

Vos et al. 1978 

Swissmice 3-4 weeks M 2,3,7,8-TCDD 0.2 210 28 
endotoxin (10 flg) induced mortality 2d alter dioxin 
dose (0%) 

Vos et al. 1978 

Swissmiee 3-4 weeks M 2,3,7,8-TCDD " 7,1 7100 28 
endotoxin (10 flg) induced mortality 2d alter dioxin 
dose (40%) 

Vos et al. 1978 

Swissmice 3-4 weeks M 2,3,7,8-TCDD og 0.0 28 
endotoxin (100' flg) induced mortality 2d afier dioxin' 
.dose (0%) - control 

Vos et al: 1978 

Swiss miee 3-4 weeks M 2,3,7,8-TCDD 0.2 210 28 
endotoxin (100 flg) induced mortality 2d afier dioxin 

'Vos et al. 1978 
dose (17%) 

Swissmiee 3-4 weeks M 2,3,7,8-TCDD 7.1 7100 28 
endotoxin (100 flg) induced mortality 2d afier'dioxin 
dose (83%) 

Vos et al. 1978 

Swissmice 3-4 weeks M 2,3,7,8-TCDD og 0.0 28 
endotoxin (500 flg) indueed mortality 2d alter dioxin 
dose (33%) - control 

Vos et al. 1978 

Swiss~iee 3-4 weeks M 2,3,7,8-TCDD 0.2 210 28 
endotoxin (500 flg) induced mortality:id alter dioxin 
dose (50%) 

Vos et al. 1978 
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Table 37. Immunotoxicity data for orally administered PCDDlFs in mammals. 

Species 

Swissmice 

. Mice (B6C3Fl)· 

Mice (B6C3Fl) 

Mice (B6C3Fl) 

Mice (B6C3FI) 

Mice (B6C3FI) 

Mice (B6C3FI) 

Mice (B6C3F 1) 

Mice (B6C3FI) 

Mice (B6C3F1) 

. Mice (B6C3FI) 

rats 

rats 

rats . 

rats . 

rats 

Table 37 

Life 
Stage 

3-4 weeks 

6-8 weeks 

6-8 weeks 

6-8 weeks 

6-8 weeks 

6-8 weeks 

6-8 weeks 

6-8 weeks 

6-8 weeks 

.6-8 weeks 

6-8 weeks 

139 g 

139 g 

·139 g 

i39 g 

... 

Sex 

M· 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

Congener Dose 

. Utg'kg-l 

bW'd-1
) 

2,3,7,8-TCDD 7.1 

2,3,7,8-TCDD Oh 

2,3,7,8-TCDD 50.0 

2,3,7,8-TCDD 100.0 

2,3,7,8-TCDD 200.0 

2,3,7,8-TCDD 

. 2,3,7,8-TCDD. 50.0 

2,3,7,8-TCDD 100.0· 

2,3,7,8-TCDD 200.0 

2,3,7,8-'tCDD 

2,3,7,8-TCDD 200.0 

2,3,7,8-TCDD o 

2,3,7,8-TCDD 0.106 

2,3,7,8-TCDD . 0.269 

2,3,7,8-TCDD 0.542 

2,3,4,7,8-PeCDF LI 07 

TEQDose 

(ng'kg-l 

bw·d-1
) 

7100 

0.0 

50000 

100000 

200000 

0.0 

50000 

100000 

200000 

0.0 

200000 

o 

106 

269 

542· 

553.5 

..-
V 

Exposure 

(days) 

28 

1 

91 

91 

91 

9i 

91 

Total 
_ Dose 

(/lg'kg-l bw) 

o 

50 

100 

200 

o 

50 

100· . 

200 

o 

50 

Endpoint 

endotoxin (509 Jlg) induced mortality 2d after dioxin , 
dose (100%) 

morta1ity 2d aftèr endotoxin (5 inglkg) injected 7d' 

after dioxin dose (0%) - control 
mortality 2d after endotoxin (5 .:nglkg) injected 7d 
after dioxin dose (0%) 
mortality 2d after endotoxin (5 mglkg) injected 7d 
after dioxin dose (0%) 
mortality 2d alter endotoxin (5 mglkg) injected 7d 
after dioxin dose (87.5%) 

morta1ity 2d alter endotoxin (25 m~g) injected 7d 
alter dioxin dose (0%) - control 
mortality 2d alter endotoxin (25 mglkg) injected 7d 
after dioxin dose (50% - S) 
mortality 2d aller cndotoxin (5 mglkg)'injectcd 7d 

alter dioxin dose (100% - S) 
mortality 2d aller endotoxin (5 mglkg) injected 7d 

. after dioxin dose (100% - S) 

mortality 2d after endotoxin (25 mglkg) injected 1 d 

alter dioxin dose (7.6%) - control 
mortality 2d after endotoxin (25 mglkg) injected 1 d 

after dioxin dose (23 %) 

control 

de~Tease in thymus wt - S 

decrease in thymus wt • S 

decrease in thymus wt - S 

decrea~e in thymus wt - S 

Reference 

Vos et al. 1978 

Rosenthal et al. 
1989 

Roscnthal et al. 
1989 

Rosenthal et al. 
1989 

RosenthaI et al. 
1989 

Rosenthal et al. 
1989 

Rosenthal et al. 

19.89 
Roscnthal ct ai. 

1989 
Rosenthal et al. 

1989 

Rosenthal ef al. 
1989 

Rosenthal et al. 
1989 

Suter-Hofmann and 

Schlatter 1989 

Suter-Bofmann and 

Schlatter 1989 

Suter-Bolinann and 

Schlatter 1989 

Suter-Hofmann and 
Schlatter 1989 
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Table 37. Immunotoxicity data for or:llly administered PCDD/Fs in mammals. 

Life Total 

Species Stage ,Sex Congener Dose TEQ Dose Exposure Dose Elldpoillt Reference 

(flg'kg,l (ng·~,l (days) (flg'kg,l bw) , 

bW'd'l) bW'd'l) , 

, rats 139 g F 1,2,3,7,8-PeCDD ' 1.124 1124 91 decrea$e in thymus wt,- S 
Suter-Hotinann and 
Schlatter 1989 

rats 139 g F 1,2,3,7,8-PeCDD 5,051 5051 91 decrease in thymus wt - S 
Suter-Bofinann and 

Schlattei- 1989 

rats 139 g F mill.iure 129i 91 decrease in thymus wt - S 
Suter-Bofinann and 3 
Schlatter 1989 

rats 139 g F . mill.iurè 300 i 91 decrease in thymUS wt - S 
Suter-Bofinann and --
Schlatter 1989 

rats 124 g M 2,3,7,8-TCDD ' 0 0 91 control 
Suter-I-Iofinatin and 
Schlatter 1989 

',; 

rats 124 g M ,2,3,7,8-TCDD 0,0?1 91 91 decrea.e in thymus wt - S 
Suter-I-Iofmann and 
Schlatter 1989 

rats 124 g M 2,3,7,8-TCDD 0.23 230 91 decrease in thymus wt - S 
Suter-Bofmann and 
Schlatter 1989 

rats 124 g M 2,3,7,8-TCDD· 0.48 480 91 ~ecrease in thymus wt - S 
Suter-Hofmann and 
Schlatter 1989 

rats 124g M 2,3,4,7,8-PeCDF 0.944 472 91 decrease in thymus wt - S 
Suter-Bofmami and 
Schlàtter 1989 

rats 124 g M 1,2,3,7,8-PeCDD ' 0.919 919 91 decrease in thymus wt - S 
Suter-Hofmann and 

Schlatter 1989 

rats , 124 g M 1,2,3,7,8-PeCDD 4.97 4970 91 decrease in thymus wt - S 
Suter-Bofmann and 

Schlatter 1989 

rats 124g M mixture 109i 91 , decrease in thymus wt - S 
Suter-Hofinann and 

Schlatter 1989 
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. Table 37; Immunotoxicity data for orally ad~inistered }lCDDlFs in mammals. 

Species 

rats 
, ~,-

" , 

rats (Fo) 

rats (Fo) 

rats (F.) 

rats (F.) 

,Life 
Stage 

I24g' 

.'.' 

40-44 d 

40-44 d 

40-44 d 

40-44 d 

Sex 

M 

MlF 

' MlF 

MlF 

MlF 

COJ;lgener. Dose 
. ' .. (fIg'kg'l 

~W'd,l) 

·mixture. 

control 

'5 or 20% 
Lake Huron 

or Lake 
Ontario 

. chinook 

salmon 

control 

5 or 20% 
'LàkeHuron 

orLàke 
Ontario 
chinook 
salmon 

amothers.were dosed by gavage on d 14 ofgestati9n and on d 1,7, and 14 following birth . 

TEQDose 

(ng·kg'l 

. hw·d-·) 

253; 

PCDDIF 

TEQ- 0.ü1~; 
total TEQ-

0.û38 

PCDD/F 
TEQ -upto 
0,786; total 

TEQ-upto 
2,43 

PCDD/F 
TEQ - 0.016-

0.01 <)i; total 
TEQ - 0,042 

0,050 

PCDD/F 
TEQ -upto 
0.918; total 

TEQ - upto 
2,84 

bmice received 0, 5,0; 10.0. or 20,0 Ilg:kg'l bw'week'· through a grastric tube (oral gavage) for 4 weeks 

c~ièe reccived 0, 0,5, 1.0 or 5,0 Ilg'kg'· bw'week'· through a grastric tube (oral gavage) for 4 weeks 

Table 37 ... . ' .. , 

Exposure 

(days) 

91 

70 + <21 
breeding + 

21 
gestation + 
21 lactation 

70 + <21 
breeding + 

21 
gestation + 
21 lactation 

70 d alter 
weaning+ 

<21 
breeding + 

21 
gestation + 
21 lactation 

70 d after 
weaning + 

<21 
hreeding + 

21 
gestation -+-

21 lactation 

Total 
Dose 

(Jtg'kg'l hw) 

Endpoint 

decrease in thymus wt - S 

control 

changes in hematological indices and immune 
functionality could not be related to either fish source 
or concentration and tended to be reversihlc 

~ 

control 

. cha~ges in hematological'indices and immune 
functionality could not be re!ated to either fish source 
or concentratiôn and tcnded to he reversihle 

Reference 

Suter-Hofmann ànd 
Schlattei- 1989 

Fee!ey and Jordon 
1998; Tryphonas et 

al. 1998 

Feeley and Jordon 
1998; Tryphonas et 
al. 1998 

Feeley and Jordon 
1998; Tryphona.. et 
al. 1998 

Feeley and Jordon 
1998; Tryphonas et 
al. 1998 
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Table 37. Immunotoxicity data for orally administered PCDD/Fs in mammals. 

Life 
Species Stage 

ddosed on d 14 of gestation 

'values estimated from a graph 

fdosed from d 6 to' d 14 of gestation. 

Sex Congener Dose 

(fig'kg,l 

bW'd'l) 

'triice received 0, 1.5, 5, 15, or 50 /lg'kg,1 bw·week'i through ~ral intubation for 4 weeks 

horal gavage 

TEQ Dose Exposure 

(ng·kg·l (days) 

bW'd'l) 

-
Total 
Dose Endpoint 

(/lg'kg,1 bw) 

iin addition to a standard diet, rats' were fed pulverized liver Iyophilisate from rabbi~ fed (via gavage) a single dose a known mixture ofPCDDs and peDFs 

. ... 

jbased on international TEFs (could not be converted to i998 WHO values with the information provided); total TEQ includes PCDD/F and coplanar peB congeners. 

Table 37 

.. -
Reference 

., 
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Table 38. Carcinogenic toxicity data for orally administered PCDD/Fs in mammals. 

Life Total 
Species Stage Sex Congener Dose TEQDose Exposure Dose Endpoint Reference 

CJtg'kg'l (ng·kg·1 (days) (/lg'kg-I bw) 

bW'd- l) bw·d· l) 

mice (B6C3FI) M 2,3,7,8-TCDD o __ 0 728 0 vehicle control 
US Dept. Health and 
Human Services 1982 

mi ce (B6C3FI) M 2,3,7,8-TCDD 0.0014' 1.4 728 1.02 dose dependent increase 
US Dept. Hcalth and 
Human Services 1982 

mice (B6C3FI) M 2,3,7,8-TCDD 0.007" 7 728 5.10 dose dépendent increase 
US Dept. Health and 
Human Services 1982 

mice (B6C3FI) M 2,3,7,8-TCDD 0.071 a 71 728 51.69 
S- inCIdence ofheptocellular carcinoma~ US Dept. Health and 
oradenomas Human Services 1982 

mice (B6C3FI) F 2,3,7,8-TCDD 0 0 728 0 vehicle control 
US Dept. Health and 
Human Services 1982 

mice (B6C3FI) F 2,3,7,8-TCDD 0.006b 6 728 4.37 dose dependent increa~e 
US Dept. Health and 
Human Services 1982 

mice (BGC3Fi) F 2,3,7,8-TCDD 0.03b 30 728 21.84 dose dependent increa,e 
US Dept. Health and 
Human Services 1982 

mice (BGC3FI) F . 2,3,7,8-TCDD 0.29b 290 728 211.12 
S- incidence ofheptocellular carcinomas US Dept. Health and 
or adenomas; S- follicular-cell adenomas Human Services 1982 

1:2 mixture 

mice (B6C3Fl) M 
1,2,3,6,7,8-

0 0 728 0 vehicle control 
US Dept. Health and 

:1,2,3,7,8,9-· Human Services 1980 
HCDD 

1:2 mixture 

mice (B6C3F1) M 
1,2,3,6,7,8-

0.18c 18 728 131 dose dependent increase 
US Dept. Health and 

:1,2,3,7,8,9- Human Services 1980 
HCDD 

1:2 mixture 

mice (B6C3F1) M 
1,2,3,6,7,8-

0.36c 35 728 262 dose dependent increase 
US Dept. Health and 

:1,2,3,7,8,9- Human Services 1980 
HCnD 

1:2 mixture 

mice (B6C3Fl) M 
1,2,3,6,7,8-

0.71 c 71 728 517 
S- incidence ofheptocellular carcinoma, US Dept. Health and 

: 1,2,3,7,8,9- oradenomas Human Services 1980 
HCDD 
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Table 38. Carcinogenic toxicity data for orally administered PCDD/Fs in mammals. 

Life Total 
Species Stage Sex . Congener Dose TEQDose Exposure Dose Endpoint Reference 

(Jlg'kg.l (ng·kg·l (days) (/lg'kg-l hw) 

: 
hw·d-l) hW'd- l) 

-
1:2 mixture 

mice (B6C3FI) F 
1,2,3,6,7,8-

0 0 728 0 vehicle control 
US Dept Health and 

:1,2,3,7,8,9- Human Services 1980 

HCDD 
1:2 mixture 

mice (B6C3FI) F 
1,2,3,6,7,8-

0.18< 18 728 130 dose dependent increase 
US Dept. Health and 

: 1,2,3,7,8,9- Human Services 1980 

HCDD 
1:2 mixture 

mice (B6C3FI) F 
1,2,3,6,7,8-

0.36< 35 728 260 dose dependent increase 
US Dept. Health and 

:1,2,3,7,8,9- Human Services 1980 

HCDD 
1:2 mixture 

mi ce (B6C3FI) F 
1,2,3,6,7,8-

0.71< 71 728 520 
S- incidence ofheptocellular carcinomas US Dept. Health and 

:1,2,3,7,8,9- or adenomas Human Services 1980 

HCDD 

Charles River CD-I 
7-9 weeks F 

DMBA (tumour 
2 flgl mouse 

tumor initiating capacity aller 32 d (1.8 DiGiovanni et al. 1977 
mice initiator) papillomas/mouse) 

Charles River CD-I 
7-9 weeks F 2,3,7,8-TCDD 2 flgl mouse 1- weak tumor initiating capacity aller 32 d DiGiovanni et al. 1977 

mice (0.1 papillomas/mouse) 
Charles River CD-I 

7-9 weeks F 
2,3,7,8-TCD~ + 

2 flgl mouse 
additive tumor initiating capacity aller 32 DiGiovanni et al. 1977 

mice· DMBA d (2.2 papillomas/mouse) 

Osborne-Mendel rats M 2,3,7,8-TCDD 0 0 728 0 vehicle control 
US Dept. Health and 
Human Services 1982 

Osborne-Mendel rats M 2,3,7,8-TCDD 0.0014' . 1.4 728 1.02 dose dependent increaie 
US Dept. Health and 
Human Services 1982 

Osborne-Mendel rats M 2,3,7,8~TCDD 0.007' 7 728 5.\0 dose dependent increase 
US Dept. Health and 
Human Services 1982 

Osborne-Mendel rats M 2,3,7,8-TCDD 0.071' 71 728 51.69 S- follicular-cell adenomas 
US Dept. Health and 
Human Services 1982 

Osborne-Mendel rats F 2,3,7,8-TCDD 0 0 728 0 vehicle control 
US Dept. Health and 
Human Services 1982 

Osborne-Mendel rats F 2,3,7,8-TCDD 0.0014' 1.4 728 1.02 dose dependent increase 
US Dept. Hcalth and 
Human Services 1982 
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Table 38. Carcinogenic toxicity data for orally administered PCDD/Fs in mammals. 

Life Total 

Species Stage Sex Congener Dose TEQDose Exposure Dose Endpoùlt Reference 
{Jlgokg-l (ngokg-l (days) (Jlgokg-l bw) 

'bwod-l) bwod-l) 

Osborne-Mendel rats F 2,3,7,8-TCDD 0.007" 7 728 5.10 dose dependent increase 
US Dept. Health and 
Human Services 1982 

Osborne-Mendel rats F 2,3,7,8-TCDD 00071" 71 728 51.69 S- incidence of neoplastic nodules 
US Dept. Health and 
Human Services 1982 

1 :2 mixture 

Osborne-Mendel rats M 
1,2,;3,6,7,8-

0 728 0 vehicle control 
US Dept. I-1eoalth and 

:1,2,3,7,8,9- Human Services 1980 
HCDD 

1:2 mixture 
dose dependent increase of incidence of 

Osborne-Mendel rats M 
1,2,3,6,7,8-

0.18e 18 728 130 heptocellular carcinomas or neoplastic 
US Dept. Health and 

:1,2,3;7,8,9-
nodules 

Human Services 1980 
HCDD 

1:2 mixture 

Osborne-Mendel rats M 
1,2,3,6,7,8-

0.35 e 35 728 260 dose dependent increa.~e 
US Dept. Health and 

:1,2,3,7,8,9- Human Services 1980 
HCDD 

1:2 mixture 

Osborne-Mendel rats M 
1,2,3,6,7,8-

O.71 e 71 728 520 dose dependent increase 
US Dept. I-1ealth and 

:1,2,3,7,8,9- Human Services 1980 
HCDD 

1:2 mixture 

Osborne-Mendel rats F 
1,2,3,6,7,8-

0 0 
:1,2,3,7,8,9-

728 0 vehicle control 
US Dept. I-1ealth and 
Human Services 1980 

HCDD 
1:2 mixture 

Osborne-Mendel rats F 
1,2,3,6,7,8-

0018e 18 728 130 dose dependent in~Tease 
US Dept. Health and 

:1,2,3,7,8,9- Human Services 1980 
HCDD 

1:2 mixture 

Osborne-Mendel rats F 
1,2,3,6,7,8-

0035e 35 728 260 
S- incidence ofheptocellular carcinoma.~, US Dept. Health and 

: 1,2,3,7,8,9- adenomas, or neoplastic nodules Human Services 1980 
HCDD 

1:2 mixture 

Osborne-Mendel rats F 
1,2,3,6,7,8-

O.71 c 71 728 520 
S- incidence ofheptocellular carcinomas, US Dept. Health and 

:1,2,3,7,8,9- adenomas, or neoplastic nodules Human Services 1980 
HCDD 
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Table 38. Carcinogenic toxicity data for orally administered PCDDlFs in mammals. 

Lire Total 
Species Stage Sex Congener Dose TEQDose Exposure Dose Endpoint Reference 

(Jlg'kg-I (ng'kg-I - (days) (Jlg'kg-I bw) -

bW'd- l
) bW'd- l

) 

Sprague-Dawley Rats 6-7 weéks F 2,3,7,8-TCDD 0 0 728 control Kociba et al. 1978 

Sprague-Dawley Rats 6-7 weeks F 2,3,7,8-TCDD _ 0.001 728 
increase incidence of swollen heptocytes -

S 
Kociba et al. 1978 

Sprague-Dawley Rats 6-7 weeks F 2,3,7,8-TCDD _ 0.01 10 728 
increased incidence of hepatocellular 

nodules - S 
Kociba et al. 1978 

increased incidence ofheptocellular 
Sprague-Dawley Rats 6-7 weeks F. 2,3,7,8-TCDD 0:1 100 728 carcinomas of the liver - S; increa~ed Kociba et al. 1978 

incidence of squamous cell carcinomas - S 

Sprague-Dawley Rats 6-7 weeks M 2,3,7,8-TCDD 0 0 728 control Kociba et al. 1978 

Sprague-Dawley Rats 6-7weeks M 2,3,7,8-TCDD 0.001 728 
decrease incidence of swollen heptocytes -

S 
Kociha et al. 1978 

Sprague-Dawley Rats 6-7 weeks M 2,3,7,8-TCDD 0.01 10 728 
increa~ed incidence ofhepatocellular 

nodules - S 
Kociba et al. 1978 

Sprague-Dawley Rats 6-7 weeks M 2,3,7,8-TCDD 0.1 100 728 
increased incidence of stratified squamous 

cell carcinoma~ - S 
Kociha et al. 1978 

"rats and male mice were dosed by oral gavage with 0.005, 0.025, o~ 0.25 Jlg'kg- I bw twice a week for 104 weeks 

bfemale mice were dosed by oral gavage with 0.02, 0.1: or 0.1 flg'kg'l bw twice a week for 104 weeks 

'mice were dosed by oral gavage with 0.625 (low dose), 1.25 (mid dose) or 2.5 Jlg'kg'l bw (high dose) twice a week for 104 weeks and observed for an addition al 3-4 weeks 
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Table 39. Actite toxicity data for orally administered PCDD/Fs in birds. 

LiCe Tntal 
Species . , Stage Sex Congener Dose TEQ Dose Exposure Dose 'Endpnint Reference 

Ü1g'kg-1 (ng'kg-l' (days) Üig'kg-I hw) 

b~·d-I) hW'd- l
) 

.. 
• < • .' 

bobwhite quail (Colinus virginianus) . 7 weeks M 2,3,7,8-TCDD . 15 15000 15 LC50 Hudson et al. 1984 

.. mallard (Anas p/atyrhynchos) J week . MlF 2,3,7,8.-TCDD >108 ·108000 1 108 LC50 Hudson et al. 1984 

'. , 

pheasants (Phas/Gnus co/chlcus) 
40-45 

F 2,3,7,8-TCDD 6.25 6250 0 no mortality; NS change in BW Nosek et al. 1992 
weeks 

. pheasants (Phasianus co/chicus) . 
40-45 

F 2,3,7,8-TCDD .6:25 6250 6.25 no mortlllity; NS loss in BW (6%) . Nosek et al. 1992 
weeks' 

pheasants (Phasianus co/chicus) 
40-45 

F 2,3,7,8-TCDD 25 25000 25 
-78% mortality after 6 weeks oftreatment; S 

weeks 10ss in BW (25%) . 
Nosek et al. 1992 

pheasants (Phasia,nus co/chicus) 
40-45 

F 2,3,7,8-TCDD 100 100000 100 
100% mortality after 6.weeks oftrel!tment; S 

Nosek et al. 1992 
weeks loss in BW (38%) 

ringed turtle-dove (Streptopelia risor!a) aduIt M 2,3,7,8-TCDD >810 >810 000 810 LC50 Hudson et al. 1984 

white leghorn chicken (Gallus 
egg 2,3,7,8-TCDD 0.122 

domesticus ). 
122 0.122 LC50 for yolk injected embryos" l-Ienshel et al. 1997 

white leghorn chicken (Gallus 
egg 2,3,7,8-TCDD 0.297 

domesticus) 
297 0.297 LC50 for air-cell injected embryos l-Ienshel et al.1997 

white leghorn chicken (Gallus 
2,3,7,8-TCDD 

death 12-21 days,Iater; weight loss, pericardial 

domesticu,s) < . 
4-6 weeks' 25-50 25000-50000 1 25-50 edema Greig et al. 1973 

'E2, E3, and E4 =-embryonic day 2, 3, and 4, respectively 

( 
Table 39 Page 1 of 1 



-"- -;',:'" .... - - -
'.,-./ 

"",' 
,',-

. Tab.c 40." ClihmiC toxicity d~tà for oraliy adminis~crcd PCDDlFs in birds: 

Life 
";: 

Spe~ies , Stage ,Sex ' Congener Dose TEQ,Dose Exposure 

,,'-

white leg ~orn diickens . 1 day M, 2,3,7,8-TCDF 0 0 21 

white leg hornchickens 1 day M 2,3,7,8-TCDF 1 1000 ' 21 

white leg horn chickens 1 day M. 2,3,7,8-TCDF 5 5000' 21 

" . 

Table 40,' 

Total 

Dose 

0 

21 

" 105 

.. _ .... 

Endpoint 

. 0'% mortility; tenninal BW ~ 1!D.3g; RLW ~ 4.16; 

. relati~e.spleen weight = 0.168 

, 16% ~ortality; NS eftèct on RLW; reduced fo'od 
consumption, BW gain and spleen weight; marked 

, thymic involution; depletion of lymphocytes in spleen; 
marked subcutaneous edema, ascites, hydropericardium. 

100%'mortality; BW, RLW, or' spleen weightnot 
detennined; reduced food consumption; marked thymic 
involution; depletion oflymphocytes in spleen; passive 
congestion of]iver; marked subcutaneous edema, ascites; 
hydropericardium. ' 

'-: 

-,'. •• 
, Refuence 

',' 

" 

McKinney et aL 1976 

McKinneyetaL 1976' 

McKinney et aL 1976 
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Table 4l. Reproductive toxicity data for oraUy administered PCDD/Fs in birds. 

~-

Life Total 
Species Stage Sex Congener Dose TEQ Dose ExposUl'e Dose Endpoint Reference 

(~g'kg-I (ng'kgl (days) Ülg'kg-I bw) 

bW'd-l) bW'd-l) 

pheasants (Phasianus 
co/chieus) 

40-45 week old F 2,3,7,8-TCDD O' 0 70 0 no mortality Nosek et al. 1992 

pheasants (Phaswnus 
40-45 week old F 2,3,7,8-TCDD 0.0014 1.4 70 0.1 

no mortality; NS effect on tèrtilily, egg production ~r 
Nosek et al. 1992 

co/chieus) eggshell thickness index 

pheasants (Phasianus 
40-45 week old F 2,3,7,8-TCDD 0.014 14 70 

no mortality; NS effect on fertility, egg production or 
Nosek et al. 1992 

co/chieus) eggshell thickness index 

delayed onsét ofmortality in 57% ofhirds; S less 

pheasants (Phasianus 
increase in BW; decline in BW in later stages of egg 

40-45 week old F 2,3,7,8-TCDD 0.14 140 70 10 production; S reduced egg production; NS effect on Nosek et al. 1992 
co/chieus) 

fertility or eggshell thickness index; S increase in 
cumulative % mortality of embryos; 

white leghorn chicken 
egg 2,3,7,8-TCDD 0 0 0 no abnormalities Henshel et al. 1993 ~ 

(Gallus domesticus) 

white leghorn chicken 
egg 2,3,7,8-TCDD 0.01 

(Gallus domesticus) 
10 0.01 bE2 - asymmetrical somites and heart abnormalities; 

Henshel et al. 1993 
overall abnormality rate - 17% 

white leghorn chicken 
egg 2,3,7,8-TCDD 0.1 100 0.1 

E2- asymmetrical somites and heart abnormalities; 
Henshel et al. 1993 

(Gallus domesticus) overall abnormality rate - 33% 

white leghorn chicken 
E2 - asymmetrical somites and heart ahnormalities; E4 -

egg 2,3,7,8-TCDD 0.3 300 0.3 abnormal vitelline va~culature; overall abnormality rate Henshel ct al. 1993 
(Gallus domesticus) 

- 57% 

E2 - asymmetrical somites and heart abnormalities; E3 -

white leghorn chicken 
discrepancies in developmental indicators; high 

egg 2,3,7,8-TCDD 1 1000 frequency of abnormal visceral arches; E4 - Henshel et al. 1993 
(Gallus domesticus) 

underdeveloped hrain and allantois; missing tailbud; 
overall abnormality rate - 83% 

white leghorn chicken 
% mortality ~ 21; % cardiova~cular malformations 

fertile eggs 2,3,7,8-TCDD 0 0 (simple/complex) in embryos -~ 23/6; % subcutaneous Cheung et al. In 1 
(Gallus domesticus) 

edema~2 

, 
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Table 41. Reproductive toxicitydata f()r orally administered PCDD/Fs in birds. 

Species 

white leghorn chicken 

(Gallus domesticus) 

white leghorn chicken 
(Gallus domesticus) 

white leghorn chicken 

(Gallus domesticus) 

white leghorn chicken 
(Gallus domesticus) 

white leghorn chicken . 
(Gallus domesticus) 

white leghorn chicken 
(Gallus domesticus) 

white leghorn chicken 
(Gallus domesticus) 

white leghorn chicken 
(Gallus domesticus) 

white leghorn chicken 

(Gallus domesticus) 

chicken 

chicken 

chicken 
chicken 

chicken 

Lire 
Stage 

fertile eggs 

fertile eggs 

fertile eggs 

fertile eggs 

fertile eggs 

fertile eggs 

fertile eggs 

fertile eggs 

fertile eggs 

fertile eggs 

fertile eggs 

fertile eggs 

fertile eggs 
fèrtile eggs 

Sex Congener 

2,3,7,8-TCDD 

2,3,7,8-TCDD 

2,3,7,8-TCDD 

2,3,7,8-TCDD 

2,3,7,8-TCDD 

2,3,7,8-TCDD 

2,3,7,8-TCDD 

. 2,3,7,8-TCDD 

2,3,7,8-TCDD 

2,3,7,8-TCDD 

2,3,7,8-TCDD 

2,3,7,8-TCDD 
2,3,7,8-TCDD 

2,3,7,8-TCDD 

'hens were dosed once/week with vehicle control, 0,01, D,l, orl.O I1g·kg·1 

bE2, E3, and E4 = embryonic day 2, 3, and 4, respeetively " 

Dose 

(/lg'kg,1 

bW'd'l) 

0.00003 C 

0.001 

0.01 

0.045 

0.089 

0.18 

0.271 

0.362 

0.453 

o 

0.01 

0.1 

0.3 

TEQDose 

(ng'kg'l 

bW'd'l) 

0,03 

10 

45 

89 

180 

271 

362 

453 

o 

10 

100 
300 

1000 

Exposure 

(days) 

Total 
Dose 

(/lg'kg,1 bw) 

o 

0.01 
0.1 
0.3 

Ceggs injected with 0, 0.009, 0.16, 1,6,7.8, 15.5,31.0,46.5,62.0, or 77,5 pmol'egg,1 where eggweight was 50-60 g 

Table 41 - .. - _ .• 
iiii .. -

Endpoint 

% mortality = 29; % cardiovascular malfonnations 
(simple/complex) in embryos = 29/15; % subcutaneous 

edema = 3 
% mortality = 30; % cardiovascular malfonnations . 

. (simp1e/complex) in embryos = 38/2; % subcutaneous 
edema= 2 
% morta!ity = 18; % cardiovascular malfonnations 
(simple/complex) in embryos = 32/14; % subcutaneous 
edema =4 
% mortality = 31; % cardiovascular malfonnations 
(simple/complex) in cmbryos = 25/25; % subcutaneous 
edema= Il 
% mortality = 32; % cardiovascular maltonnations 
(simple/complex) in cmbryos = 48/16; % subcutancous 
edema= 7 
% mortality = 39; % cardiovascular malfonnations 
(simple/complex) in embryos = 30/30; % subcutaneous 
edema = 20 
% mortality = 34; % cardiova~cular malfonnations 
(simple/complex) in cmbryos = 46/8; % subcutaneous 
edema= 13 
% mortality = 20; % cardiova~cular malfonnations 
(simple/complex) in embryos = 30/27; % subcutaneous 
edema= 7 
% mortality = 40; % cardiova~cular maltonnations 
(simple/complex) in embryos = 40/40; % subcutaneous 

edema = 30 

dose dependent increase in brain a'ymmetry (angle and 
teetal width) on embryo days 9 and 13, and at hatch (d 

21) 

.. .. 

Reference 

Cheung ei al. 1981 

Cheung et al. 1981 

Cheung et al. 1981 

Cheung et al. 1981 

Chcung ct al. 1981 

Cheung et al. 1981 

Cheung et al. 1981 

Cheung et al. 1981 

Cheung et al. 1981 

Henshel et al. 1998 
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Table 43. Basic Freshwater Aquatic Trophic Levels 

1 Trophic Level 1 Primary Producers Examples 

Phytoplankton free-floating unicellular algae 

Periphyton algae attached to substrates (e.g. rocks, mud, surfaces of 1 
aquatic macrophytes) 

Emergent macrophytes marsh plants rooted in the littoral zone with leaves and stems 
exposed (e.g. cattails and bulrushes) 1 

Floating aquatic macrophytes higher plants that are free-floating and not rooted to a 
substrate (e.g. duckweed, pondweed, water hyacinth) 

Submerged aquatic macrophytes' higher plants rooted to a substrate in the littoral zone that are 
1 

" 
submerged underwater (e.g. hydrilla) 

Detritus dead and decaying plant and animal particulate matter. It may 
float or settle to the bottom. 1 

1 
1 
1 
1 

1 
1 
1 

1 
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Table 43. Basic Freshwater Aquatic Trophic Levels 1 

Trophic Level 2 Herbivores and Detritivores Examples 1 
Planktivores generally are zooplankton that filter phytoplankton and 

floating detritus and bacteria from the water column. 

Order Anostraca fairy shrimp 1 
Conchostraca clam shrimp 

Cladocera water fleas (e.g. Daphnia) 
1 

Copepoda copepods 1 
Diptera aquatic larvae ofseveral species offlies 

Class Bivalvia mussels and clams 1 
Periphyton and Macrophyte Consumers herbivorous invertebrates that feed on the periphyton (and 

associated detritus) on the surfaces of plants and other aquatic 1 
substrates, or that feed on macroalgae and higher plants. 

Order Amphipoda scuds, side-swimmers, or freshwater shrimp 1 
Decapoda crayfish 

Coleoptera Haliplidae (crawling water beetles) 1 
Diptera aquatic larvae of flies and midges 

Lepidoptera caterpillars ofbutterflies and moths 1 
Gastropoda snails 

Class Amphibia tadpoles, larval newts 

Bony fishes . several species including lake herring, shad, and carp 

1 
Detritivores scavenge food from substrates or through filter-feeding. 

Order Copepoda copepods 1 
Ostracoda seed shrimp 1 

Amphipoda pontoporeia, scuds, side-swimmeers, or freshwater shrimp 

Diptera aquatic larvae of midges and several species of flies . 

, 1 
Decapoda grass shrimp 

1 
1 
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Table 43. Basic Freshwater Aquatic Trophic Levels 

1 Trophic Level 3 Small Carnivores Examples 

.' 
. In'vertebrate Carnivores 

Order Caldocera Lep/adora sp., Polyphemus sp. 

Mysidae Mysis sp. 

Coleoptera Dytiscidae (predatory diving beetles) 

, 

1 
... .. Hemiptera aquatic bugs 'such as water bugs, water boatmen, and water 

'.: ... striders . .' . .. " 

Odonata dragonfly and damselfly nymphs and adults 

1 Ephemeroptera nymphs ofsome mayflies 

Invertebrate Omnivores many groups of invertebrates include species that feed on both 

.' 
plant and animal matter or that display a wide variety of : , 
dietary habits among species. One of the more ubiquitous of 

1 
these groups arè the Trichopterans (or caddis flies). This 
group includes many omnivorous species, but some'species 

. are exclusivley grazers, scrapers, suspension feeders, tilter 
feeders, or carnivores. ' 

1 '. , , 

Small Vertebrate Carnivores species that feed on zooplankton and bènthic invertebrates. 

1· Fish species forage fish species including shiners (up to 5 to 6 cm), 
mudminnows, darters, killifish, sticklebacks, longnose dace, 

.. mummichog, suckers, alewife, smelt, sculpin, chub, crappie, 

1 
.' bullheads, sunfish, white perch, yellow perch (until age 4), 

carp. 

,," .. 

, ,~.: 

.> 

1 ,'. 
.... 

.,!-

1· 
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Table 43. Basic Freshwater Aquatic Trophic Levels 1 

Trophic Level 4 Large Carnivores Examples 1 
Predacious fish species the larger carnivores, or predators, can feed on the smaller 

.- carnivores, but also tend to feed on the larger herbivorous 
species. In freshwater aquatic ecosystems, the larger 
carnivores are exclusively fish. 

examples ofkey species include trout (particularly greater 
than 30 cm), salmon, walleye, northern squawfish (> 30 cm), 

,. , burbot (> 50 cm), redfin and chain pickereL coho salmon, ,1 
Arctic char (> 20 cm), channel catfish (> 45 cm); gar, and 
pike. 

1 
1 
1 

\ 

1 
1 
1 
1 
1 

1 
1 
1 
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1 Table 44. Basic Marine (Salt Marsh) Aquatic Trophic Levels 

. 1 . • 

1· Trophic Level 
; 

1 Primary Producers Examples 

1 the base of salt marsh food webs include the grasses, 

, the algal macrophytes and phytoplankton, and organic 
detritus predominantly derived from those grasses and 

l' algae. 

Emergent grassess genus Spartina (cord grasses) and species of Jimcus 
. (rushes) and Salicornia 

" " 

1 Submerged aquatics .... eelgrass (Zostera sp.) 

Detritus dead and decaying plant and animal particulate matter. 

,1 , 
" It may float or settle to the bottom. 

1 Trophic'Level 2 Herbivores and Detritivores Examples 

Herbivores herbivores that graze directly on the cord grasses, 

1 rushes, and eel grass include crabs (e.g. rriarsh crabs; 
fiddler crabs), sorne marsh insects (e.g. grasshoppers), 
and sorne waterfowl (e.g. Canada goose, brant goose). 

1 
The macro-algae is grazed primarily by snails (e.g. 

" '.~ periwinkles, marsh snails). The phytoplankton is. 
0, consumed by zooplankton (e.g. copepods). The marsh .. 

insects (including grasshoppers and plant hoppers) 

1 which either'consume the marsh grass leaves or suck 
the juices from the plants, serve as prey for spiders, 
wren s, and sparrows. -

1 . Detritivores . , the organic detritus, which provides the bulk of the 
energy flowin salt marshes, is derived in large pàrt 
from the bactèrial decomposition of the marsh grasses 

1 '. 
and algae: It is concentrated near the mud surface and 
providès the food for benthic macroinvertebrates such 

,. as Cr<lbs (e.g. green crab, blue crab, various shrimp), 

1 
small crustace a (e.g. isopods, beach fleas, spring-tails 

.... , amphipods, sand 'shrimp), filter-feeding bivalves (e.g . 
ribbed mussel), and marineworms·(e.g. Arenicola). 

1 
,. 

1 
1 
1 
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Table 44. Basic Marine (Salt Marsh) Aquatic Trophic Leve~s 

. t 1 , 

Trophic Level 3 Small Carnivores Examples 

Small vertebrate carnivores species that feed on zooplankton and bel1thic 
1 

invertebrates. Sorne bottom-feeding fish such as 

., 

skates, flounders, dabs, and plaice consume the worms , 
and shellfish that feed on the organic detritus . . . 1 

.. ' .. Anchovies and weakfish may consume the various fish 
species. Weakfish also 'consume anchovies and crabs. 

- . Alewife are anadromous fish found in Atlantic Coast 1 
,. waters and feed almost exclusively on crustacea. 

Trophic Level 4 Large Carnivores Examples 1 
Predacious fish species the larger carnivores, or predators, càn feed on the 

sm aller carnivores, but also tend to féed on the larger 
. ' herbivorous species . .. 

examples ofkey species include striped bass. 

·1 1 
1. 

1 
1 
.1 

1 
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1 Table 45. Basic Marine (Open Water) Aquatic Trophic Levels 

1 Trophic Level 1 Primary Producers Examples 

phytoplankton 

1 
Trophic Level 2 Herbivores Examples 

1 zooplankton, krill, copepods, larval lamprey 

mussels and clams are filter feeders on plankton, 
zooplankton, anddetritus. 1 

1 Trophic Level 3 Small Carnivores Examples 

1 nvertebrates larval squid, marine crabs, pelagic shrimp 

Bony fish Atlantic and Pacific herring, walleye pollock, -
, 

American and Pacific sand lance, shiner perch, 
1 

juvenile Atlantic mackerel, Pacific sanddab, gulf 
flounder, sole, American plaice, juvenile salmon, 
capelin, diamond killifish, menhaden, anchovy 1 

1 Trophic Level 4 Large Carnivores Examples 

Invertebrates examples ofkey species include octopus and adult 
squid. 1 

1 
Bony fish examples ofkey species include Atlantic cod, 

haddock, pollock, adult Atlantic salmon, chinook 
salmon, Pacific hake. 

1. 
1 
1 
1 
1 
1 
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Table 46. Feeding Habits and Prey Trophic Levels of Representative Freshwater 
. Amphibian, Reptilian, Avian, and Mammalian Species 

Species Prey Trophic Feeding Habits 
Level 

Amphibians 

Frogs 2 capture insects that may have an aquatic or terrestriaI food chain 
base. 

Salamanders 2 adults and nymphs are carnivorous. 

Mudpuppies 2 feed on worms, crayfish, insects, and smaII fish. 

Reptiles 

Water snakes 3 . feed primarily on small fish and frogs. 

Common ~napping 
) 

3,. feed primarily on aquatic invertebrates, small fish, and amphibians. 
turtle 

Eastern painted turtle 2 feed on insects, snails, and bits of lily pad. 
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Table 46. Feeding Habits and Prey Trophic Levels of Representative Freshwater 
Amphibian, Reptilian, Avian, and Mammalian Species 

Bitds 

Herring gull 4 herring gulls frequent a wide variety of coastal areas including 
freshwater and marine. They are highly opportunistic feeders and 
feed on a wide variety of foods depending on availability including 
fish, squid, crustace a, molluscs, worms, insects, small mammals 
and birds, duck and gull eggs and chicks, and garbage. Freshwater 
fish usually considered trophic level 3 (up to 23 cm in length, i.e. 
small freshwater drum, alewife, smelt) comprise a large proportion 
ofherring gull diets in most populations, although sorne trophic 
level4 fish are also taken. About 75% od their dietis fish. 

Bald eagle 4 bald eagles are generally found in coastal areas, lakes, and rivers. 
They will eat de ad or dying fish over most of their range, but also 
catch live fish swimrning near the surface and often eat mammals 
and biras. In general, bald eagles can be described as opportunistic 
feeders, eating whatever food source is most plentiful and easy to 
capture. Bald eagles can capture and carry relatively large prey 
(i.e. > 60 cm in length) such as chain pickerel, burbot, and Jake 
trout. 

Belted kingfisher .3 beIted kingfishers are typically found along ri vers and streams and 
along lake and pond edges. They are also common on sea coasts 
and estuaries. Kingfishers feed predominantly on fish, although 
they sometimes consume large numbers of crayfish. The largest 
fish prey taken are generally less than 18 cm, the average length 
being closer to 5 to 8 cm. Freshwater species known to be 
captured by kingfishers include brook trout, sculpins, blacknose 
dace, creek chub, common shiner, darters, brook stickleback, 
redbelly dace, fathead minnow, and suckers. 

Osprey 3 osprey are found near fresh or salt water and are almost completely 
piscivorous. AIthough, they have been observed on occasion to 
take other prey including birds, frogs, and crustacea. Freshwater 
fish prey include gizzard shad, yellow perch, and salmonids. Most 
of the fish captured by osprey are between 10 and 35 cm in length. 

'Ring-billed gull 3 although smaller in body size, ring-billed gulls inhabit areas similar 
1 

to the herring gui\. They are generalized and opportunistic ' 

- foragers, consuming large quantities of fish as weil as significant 
quantities ofterrestrial, aquatic, and areial invertebrates. A study 
in the Great Lakes found ring-billed gulls to consume mainly 
srneIt, alewives, and sticklebacks. They also consumed 
earthworms, ephemeroptera (mayflies), homoptera (cicadas), 
coleoptera (beetles), and diptera (chironomid midges). 

Black-crowned night 3 black-crowned night herons nest in a wide variety of freshwater, 
heron brackish, and saltwater habitats. They are considered opportunistic 

general predators, feeding prirnarily on fish, amphibians, and 
insects (beetles, flies, and dragonfly nymphs) in freshwater 
habitats, and on molluscs, spiders, small mammals (e.g. voles), 
and birds and eggs. Fish species up to 17 cm in length have been 
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Table 46. Feeding Habits and Prey Trophic Levels' of Representative Freshwater 
Amphibian, Reptilian, Avian, and M~ihmalian Species 

,1;' taken and include whiting, herring, carp, pickerel, suckers, hom-
pouts, black bass, perch, gizzard shad, alewife, and eek 

Common tem 3 corn mon tems usually breed on island or coastal beach habitat 
They forage in large flocks over schools of sm ail fish, with fish 
comprising over 90% oftheir diet They feed secondarily on 
crustaceans and insects. In freshwater, common tems have been 
found to prey on alewife, smelt, bluntnose minnow, common 
shiners, emerald shiners, and trout-perch. 

Forster's tem 3 Forster's tem breeds in freshwater and saltwater marshes and on 
marshy borders of ponds and lakes. Little information exists on the 
feeding preferences of the Forster's tem, but it is known that it 
feeds oninsects as it flies over marshes and also feeds on fish. 
Chicks are fed minnows almost exclusively. They also eat frogs, 
scavenge de ad fish, and occasionally take the eggs of the 
Amaerican coot. 

Caspian tem 3 caspian tems breed on flat sand or gravel beaches, shell banks, and 
occasionally marshes in both marine and freshwater. They dive 
primarily for fish and occasionally' take crustaceans. Fish species 
eaten include alewife, smelt, yellow perch, pumpkinseed, and rock 
bass. , Fish taken are usually 10-12 cm in length. 

Black tem 3 black tems breed in shallow freshwater marshes. During the 
breeding season, they eat mainly insects, including dragonflies, 
moths, grasshoppers and crickets, beetles, spiders, water scorpions, 

, mayflies, and caddisflies, and smaller amounts of grubs, larvae, 
small fish, molluscs, and crayfish. 

Double-crested 3 double-crested cormorants frequent coasts, bays, estuaries, marine 
cormorant islands, freshwater lakesand their islands, ponds, rivers, sloughs, 

and swamps. Their diet consists primarily of schooling fish, but 
may include sorne sm ail invertebrates. Double-crested corn orants 
often take sm ail forage fishes su ch as sticklebacks, sculpins, and 
burbot, and also take yellow perch, white sucker, and tulibee. Most 
of the fish taken range from 12-15 cm in length. 

Common and 3 the Arnerican rnerganser is recognized by sorne as a subspecies of 
American mergansers ,,' the common merganser. Common mergansers generally occur in a 

variety of open freshwater habitats including co Id and warm water 
rivers, ponds, lakes, and inland bays. In riverine habitats, they 
have been observed to pre fer trout and young salmon, and in larger 
bodies ofwater will utilize forage fish in large schools. In lakes 
and rivers, the mergansers were capturing small salmonids and 
small to medium sculpins (3 to 12 cm in length). 

Red-breasted 3 the habit of the red-brested merganser is much more marine than 
merganser that of the common merganser. In the breeding season, it inhabits 

inland waters as weil ascoasts and marine islands. In other seasons 
" 

it inhabits tidewater and in shore marine areas. In freshwater areas, 
red-brested mergansers atesalmon eggs, salmonids, sticklebacks, 
sculpins, schizopods (crusatcean), andcaddis larvae. 
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Table 46. Feeding Habits and Prey Trophic Levels of Representative Freshwater 
Amphibian, Reptilian, Avian, and Mammalian Species 

Great blue heron 3 great blue herons are found in a variety of freshwater and marine 
habitats, including freshwater lakes and rivers, brackish marshes, 
lagoons, mangroves, and coastal wetlands. They are often seen on 
tidal flats and sandbars, and occasionally forage in wet meadows, 
pastures, and other terrestrial habitats. Fish are the preferred prey, 
but they also eat amphibians, reptiles, crustacea, insects, birds. and 
inammals. Most of the fish captured represent trophic level 3 
(including hom-pouts, chiners, perch, suckers, blackbass, herrings, 
sm ail pickerel) and are less than 25 cm in length. 

Loons 3 loons feed primarily on small fish at trophic level 3. 

Western grebe 3 the western grebe diet includes trophic level 2 and 3 aquatic 
invertebrates and small fish between 3 and 20 cm in length. 

Lesser scaup 2 lesser scaup are found on large lakes and bays during the fall and 
winter, and are common on sm aller bodies of water during the 
spring. Most populations consume primarily aquatic invertebrates 
year round. Common prey include snails, clams, amphipods, 
midges, chironomids, and leeches. In spring and summer, egg-
laying feinales and ducklings feed at about trophic level 2. 

Common goldeneye 2 du ring the summer on inland lakes, common goldeneyes tend to 
consume aquatic invertebrates (75%) and plant material (25%). 

Mallard duck 2 mallards prefer natural bottomland wetlands and rivers to 
reservoirs and farm ponds. They feed prirnarily on seeds of aquatic 
plants and cultivated grains, aithough they also consume aquatiè 
invertebrates, particularly du ring the breeding season. During the 
summer, 80-90% of their diet is made up of aquatic invertebrates. 

Snow goose 1 snow geese are almost entirely herbivorous year-round. 

Cari'ada goose 1 Canada geese are almost exclusivly vegetarian year-round. They 
.' 

graze on terrestrial and wetland plants. 

American black duck' 1 the spring and summer diet in freshwater habitat is 80% aquatic 
.plants. : 
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,Table 46:' Feeding Habits, and Prey Trophic' Levels of Representative Freshwater 
. Arriphibian, Reptilian, Avian~and Mantmalian Species . 

Mammals '. 

River otter 4 river otters are almost excIusively aquatic and are found in food 
riCh coastal areas, the lower portions of streams and rivers, 

; .. estuaries, nonpolluted waterways, the lakes and'tributaries that feed 
.. 

rivers, a'nd areas sh~wing little human impact. They primarily .' . .. ' 

consume fish, bût may also consume crustaceans, aquatic insects 
(e.g. stonefly nymphs, aquaitc beetles), amphibiqns, insects, birds 
(e.g. ducks), màmmals, and turtles. Otters feed primarily on 
trophic level 3 fish, incIuding suckers, mudminnows, shiners, 
darters, and carp. They also capture sorne perch and level 4 
walleye, but very fe~ trout and burbot. The average length of fish 

, captured isabout 13 cm. 

Harbour seal 4 Sorne freshwater harbour seals are found in Canada. They were 
found to be depleting older lake trout populations in Quebec, 
although ail ofth~ fish were less than 55 cm in length. 

Mink 3 mink are found associated with aquatic habitats of ail kinds, 
incIuding water ways suchas rivers, streams, lakes, an~ ditches, as 
~ell ~s swamps, marshes, and backwater areas. Mink are . 

.. " generalist and opportunistic feeders, t!lking whatever prey is 16cally 
abundant. The diet of mink consists primarily of prey linked to 
aquatic ecosystems, incIuding crayfish, frogs, fish, muskrat, and 
waterfowl. Terrestrial prey incIude shrews, mice, and voles. Fish 

" species taken incIude trout, sculpins, blacknose dace, creek chub,. 
suckers, darters, and redbelly dace ~easuring less than 18 cm in 
length. 

Raccoon ,2 raccoons are found near virtually every aquatic habitat, particulary 
.. 

in hardwood swamps, mangroves, floodplain forests, and fresh and 
salt water marshes. Raccooris consume less fish then do river 
otters or mink. They consume a high amount of fruit and nuts., as 
weil as aquatic' invertebtates. Their diet rarely contains trophic 
leve'\ 3 fish .. .. 
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'1 Table 47. ,Feeding Habits a~d Prey Trophic Levels of Representative Marine Avian and Mamm~lian ' 

, l' • -, , 

Species 1. " 

Species Prey Trophic -
" 

Feeding Habits 
, , Level ,. 

J 

i: 1 8irds 

1. 
1 
\ 

1 

Northem fulmar 4 ,the Noithem fulmar feeds on fish, 'small squid; and crustaèea at 
the surface of the ocean. 

Baldèagle, 4, bald eagles are generally found in c~astal areas, lakes, and rivers, 
They will eat dead or dying fish over most of their range, but also 
catch live fish swimming near the surface and often eat mammals 
and birds. In general, bald eagles can be described as 
opportunistic feeders, eating whatèver food source is most 

1 
, plentiful and easy to capture. , When' foraging in coastal areas, 
, , they tend to include in their diets a high proportion of seabirds 

(e.g. cormorants, gulls, shearwaters, auklets, petrels) which can 

1 
, " raise their effective trophic level. Bald eagles can also capturé 

'and carry relatively large fishprey (i.e. > 60 cm. in length). 
, , 

Herring gull 4 herring gulls frequent a wide variety of coastal areas including 

1 freshwater and marine,They are highly opportunistic feeders and 
J feed on a wide varietyoffoods depending on' availability 

,inc\uding fish, squid, crustacea, molluscs, worms, insects, small 

1 
, , 

.. mammals and birds, duck and gull eggs and chicks, and garbage . 
Fish usually considered trophic level3 (up to 23 cm in'Iength,) 
comprise a large proportion ofherring gull dietsin most 

1 
" populations, although sorne trophic level 4 fish are also taken, In 

, , , coastal areas, chicks of other seabirds (e.g. Leach's storm petrel, , 
puffins, other gulls) may also be taken . .. , 

" 

l' black-crowned nightherons nest in a wide variety offreshwater, Black-crowned night 3 
heron brackish, and saltwater habitats. They are considered 

opportunistic general predators, feeding primarily on fish, and 

1 
, secondarily on crustaceans (shrimo, sandhoppers, crabs, prawns, 

" ' " 

"' . . , , , " and crayfish) in saltwater habitats. ,Fish species up to 17 cm in ' 
.. length have been taken . 

", " 

l, , Blilck-Iegged kittiwake 3 the black-legged kittiwake feeds priIDarily on small fish and somè 
" crllstacea, 

" 

Caspian tem 3 caspian tems breed on flat sand or gravel beaches, shell banks, 

1 and occasionally marshes in both marine and freshwater. They 
, , 

dive primarily forfish and occasionally take crustaceans. In :' 
. , .> ,', ' 

, ' marine areas, caspian tems,ate primarily adult shiner per'ch and ' , 

1 .. 

" ' less commonly adult northem ànchovy. 
\ , 

~ \, . .. 
Common tern 3 common tems usually breed on island or coastal beach habitat. , 

" -', .. They forage in large flocks over schools of small fish, with fish , 

1 " 
.. 

" 'comprising over 90% of their diet. They feed secondarily on ,- , , , 
crustaceans and,~nsects, In saltwater, common tems havè been , ' 

foùndto prey on sandeels; bay anchovies, sandlance, baby 

1 
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Table 47 .. Feeding Habits and Prey Trophic Levels of Representative· Marine Avian arid Marnrnalian 
Species 

Cornrnon and American 
rnergansers , 

Double-crested 
cormorant 

} 

Forster's tem 

Great blue heron 

Belted kingfisher 

Leach's storm petrel 
, , " 

Atlantic puffin " , . 
, 

Ring-billed gull 

, 

Tabie 47 

.. 

3 

3 

3 

3' 

3 

3 

3 

3 

, 

bluefish, silversides, killifish, butterfish, and a variety of herring. 

the American rnerganser is recognized by sorne as a subspecies of 
the common rnerganser. Common mergansers generally occur in 
a variety of open freshwater habitats including co Id and warm 
water rivers, ponds, lakes, and inland bays. They.sometimes are 
found in saltwater habitats, generally in shelteredestuaries or 
backwaters.ln saltwater and estuaries in winter and spring, the 
mergansers captured salmonids (2.5 to 6 cm), herring, 
sticklebacks, sculpins, blennies, rockfish, and othèr small fish. 

double-crested cormorants frequent coasts, bays, estuariès, marine 
islands, freshwater lakes and their islands, ponds, rivers, sloughs, 
and swamps. Their diet consists primarily of schooling fish, but 
maY'incIude sorne small invertebrates. In marine areas,double­
cresteci comorants have taken Atlantic herring, cunners, pinfish, 
s'culpin, and gunnels. Most of the fish taken range from ,12-15 cm 
in length. 

Forster's tem breeds in freshwater and saltwatE~r marshes and on 
marshy borders of ponds and lakes. Little mformàtion exists on 
the feeding preferences of the Forster's tem, but in marine waters 
it has taken juvenile northem anchovy, juvenile shiner perch, and 
arrow gobies. Prey is generally less than 10 cm in length. 

great blue herons are found in a variety of freshwater and marine 
habitats, incIuding freshwater lakes and rivers, brackish marshes, 
lagoons, mangroves, and coastal wetlands., They are often seen 
on tidal flats and sandbars, and occasionally forage in wei, 
meadows, pastures, and other terrestrial habitats. Fish are the 
preferred prey, and they have tilken staghom sculpins, threespine . 
sticklebacks, bay pipefish; shiner perch, tube-snout, stanY 
flounders, shiners', sea perch, and saddleback, crescent, and 
penpoint gunnels.Most of the fish captured represent trophic 
level 3 and are less than 25 cm in length. 

belted kingfishers are typically found along rivers and'streams 
and along lake' and pond edges. They are also common on sea 
coasts and estuaries. Kingfishers feed predominantly on fish, 
although they sometirnes consume large numbers of crayfish. The 
largest fis~ prey taken are generally less tha~ 18 cm, the average 
length being cIoser to 5 to 8 cm. . . " 

the Leach's storm petrel feeds on small (trophic level 3) fish in 
coastal areas and open ocean. 

the Atlantic puffm feeds on small (probably trophic level3) fish 
in coastal waters and open ~cean. '. 

although smaller in body size; ring-billed gulls inhabit areas 
sirnilar to the herring gui!. They are generalized and opportunistiC 
foragers, consuming large quantities of fish as weil as significant 
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Table 47. Feeding Habits and Prey Trophic Levels of Representative Marine Avian and Mammalian 
.1. . 

Species 

quantities of teITestrial, aquatic, and areial invertebrates. 

Red-breasted merganser 3 the habit of the red-brested merganser is much more marine than 
that of the common merganser. In the breeding season., it inhabits 
inland waters as weil as coasts and marine islands. In other 
seasons it inhabits tidewater and inshore marine areas. In 
saltwater and estuaries, mergansers ate salmonids, heITing, 
eulachon, sticklebacks, smooth sculpin, sculpins, blennies, rock 
fish, and shrimps. 

Osprey 3 osprey are found near fresh or salt water and are almost 
completely piscivorous. Although, they have been observed on 
occasion to take other prey including birds, frogs, and crustacea. 
Most of the fish captured by osprey are between 10 and 35 cm in 
length. 

Least auklet 2 the least auklet feeds primarilyon herbivorous zooplankton. 

MUITes 2 mUITes feed on fish fry and various planktonic crustacea. 
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Table 47. Feeding Habits and Prey Trophic Levels of Representative Marine Avian and Mammalian 
Species 

Mammals 

River otter 4 river otters are almost exc\usively aquatic and are found in food 
ri ch coastal are as, the lower portions of streams and rivers, 
estuaries, nonpolluted waterways, the lakes and tributaries that 
feed rivers, and areas showing little human impact. In marine 
habitats, they primarily consume fish, but may also consume 

. crustaceans (e.g. blue crabs, crayfish), molluscs, shrimp, 
mammals, and.birds. Otters'feed primarily on trophic level 3 fish, 
marine species inc\uding sheepshead minnow, diamond killifish, 
gulfkillifish, top minnow, flounder, mullet, and sailfin molly. 
The average length offish captured is about 13 cm. 

Harbour seal 4 harbour seals are found on both the Atlantic and Pacific coasts. 
The harbour seal's diet varies seasonally and includes bottom-
dwelling fishes (e.g. flounder, sole, eelpout), invertebrates (e.g. 
octopus and squid), crabs and shrimp, and species that can be 
caught in periodic spawning aggregations (e.g. herring, lance, and 
squid). They have also taken haddock, offshore hake, herring, 
smelt, mackerel, sandlance, capelin, cod, shiner perch, sculpins, 
pollock, and red hake among other species. The fish taken are 
estirnated to be less than 30 cm in length. 

Raccoon 2 raccoons are found near virtually every aquatic habitat, 
particulary in hardwood swamps, mangroves, floodplain forests, 
and fresh and salt water marshes. Raccoons consume less fish 
th en do river otters or mink. They consume a high amount of 
fruit and nuts., as well as aquatic invertebrates. ln tidewater 
mudflats, raccoons took mussels, oysters, shrimp, crabs, gobies, . 
and marine worms. Their diet rarely contains trophic level 3 fish. 
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Table 48 .. Aquatic Food Chain Multiplying Factors" 

.. 
Log K.", 'Trophic Level 2 

2 1 

2.5 1 

3 , 1 

." 3.1 ", 

1 

3.2 1 

3.3 
.. 

1 

3.4 1 

3.5 '. 1 

3.6 1 

3.7 1 

3.8 1 

3.9 1 

4 1 

4.1 1 

4.2 1 

4.3 1 

4.4 1 

4.5 1 

4.6 1 

4.7 
- , 

1 

l,'· 4.8 l' 

4.9 1 

5 
.. . 1 : 

.. 
',5.1' 

, 
1 

5.2 1 

5.3 1 

5.4 1 

""', 5.5 ". 1 . , 

" . 5.6 ' 1 
.' 

5.7 1 

.", 5.8';' .. ' 'I 

Table 48 

'. ' 

Trophic Leve! 3 Trophic Level 4 

1.005 1 

1.01 1.002 

1.028 1.007 

' , 

1.034 1.007 

1.042 1.009 

1.053 1.012 

1.067 1.014 

1.083 1.019 

1.103 1.023 

1.128 1.033 

1.161 1.042 

1.202 1.054, 

1.253 1.072 

1.315 1.096 

1.38 1.13 

, 
1.491 1.178 

1.614 1.242 

1.766 1.334 

1.95 1.459 " 

2.175 1.633 

2.452 1.871 

2.78 . 2.193 

3.181 -2.612 

'3.643 " 3.162 

4.188 
" , 

3:873 

-- 4.803 4.742 

5.502 " 5.821 

6.266 7.079 

7.096 8.551 

7.962 10.209 
.. 

. 8.841 '. 12.05 
.. 
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Table 48. Aquatic Food Chain Multiplying Factors' 

Log K"w Trophic Level 2 Trophic Level 3 

5.9 1 9.716 

6 1 10.556 

6.1 1 Il.337 

6.2 1 12.064 

6.3 1 12.691 

6.4 1 13.228 

6.5 1 13.662 

.. 6.6 1 13.98 

6.7 1 14.223 

6.8 1 14.355 

6.9 1 14.388 

7 1 14.305 

7.1 1 14.142 

; 7.2 1 13.852 

7.3 1 13.474 

7A 1· 12.987 

7.5 1 21.517 

'. 7.6 1 11.708 

7.7 1 10.914 

7.8 . 1 10.069 

7.9 1 9.162 

8 1 8.222 

. 8.1 1 ., 7.278 

. 8.2 1 6.361 

.. .8.3 1 5.489 

8.4 . 1 4.683 

8.5 . 1 .. ' 3.949 

' . '. 8:6 1 3.296 
. , 

8.7 1 2.732 

.. 8.8 .. 1 2.246 

. . . 8.9 . . ... 1 1.837 

9 1 \ 1.493 
a From Sample et al. 1996. 
b Trophic level: 2 = zooplankton; 3 = small fish; 4 = piscivorous fish, including top predators. 

Table 48 

Trophic Level 4 

13.964 

15.996 

17.783 

'19.907 

21.677 

23.281 

24.604 

25.645 

26.363 

26.669 

26.669 

26.242 

25.468 

24.322 

22.856 

21.038 

19.967 

16.749 

'14:388 

12.05 

9.84 

7.798 .. 

6.012 

4.519 

3.31\ 

2.371 

1:663 

l.l46 

0.778 

0.521 

0.345 

0.226 
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