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The Residue Levels of Dioxins in Imported Salmon

Takeo SASAMOTO™, Tsuneo HASHIMOTO®*, Yumiko YAMAKI*, Nobuyuki MICHIHATA**,
Takuma ISHIMOTO** and Akihiro IBE*

Dioxins, which include polychlorinated dibenzo-p-dioxins (PCDDs), polychlorinated dibenzofurans (PCDFs),

and coplanar polychlorinated biphenyls (Co-PCBs) were analyzed in imported farmed and wild salmon. The

residue levels of dioxins in farmed salmon were 0.38 - 5.2 pg TEQ/g wet weight, but in wild salmon the level was

0.95 pg TEQ/g wet weight. In each sample, the residue level was less than the tolerable daily intake (TDI) at usual

intake levels. The major exposure path of farmed salmon to dioxins was possibly through to be through their feed.

The contribution ratio of Co-PCBs to dioxins was much greater than that of PCDDs or PCDFs, and these were

thought to originate from PCB-containing materials.
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Table 1. Characteristics of Salmon Samples

sample No. breed scientific name growing country type
1 coho salmon Oncorhynchus kisutch Chile farmed
2 salmon trout Oncorhynchus mykiss Norway farmed
3 king salmon Oncorhynchus tschawytscha Canada farmed
4 king salmon Oncorhynchus tschawytscha New Zealand farmed
5 sockeye salmon Oncorhynchus nerka U.S.A. native
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Sample ( 300 g)
Spiked with °C, - PCDDs / PCDFs (100 pg each) and "°Cy,- Co - PCBs (1000 pg each)
Digested in 1.0 mol/L KOH/EtOH solution 1200 mL for 2 hr at room temperature
Extracted with n -hexane 1200 mL, 3 times

n -Hexane layer Aqueous layer (waste)

Washed with water 500 mL, 3 times

Dehydrated and concentrated to 5 mL
n -Hexane extract
Adjusted to 100 mL with 7 -hexane

Treated with concentrated sulfic acid 50mL, 5 ~6 times

n -Hexane layer Sulfic acid layer (waste)
Washed with water 500 mL, 5 times

Dehydrated and concentrated to 3 mL

Multi-layer column chromatography

Eluted with n- hexane 140 mL and concentrated to 1 mL
Charcoal column chromatography

Eluted with 25% dichloromethane/n- hexane 80 mL

Eluted with toluene 240 mL
after 1st fraction
Eluate (1st fraction) Eluate (2nd fraction)
Concentrated to 200~300 pL —  Concentrated to 200~300 uL
Spiked with °C;,-Co-PCB ——— Spiked with "°C,-Co-PCB and "*C,-PCDD/PCDF
Concentrated to 100 uL. — Concentrated to 20~30 uL
Adjusted to 500 pL with toluene —— Adjusted to 50pL with toluene
mono ortho Co-PCBs PCDDs, PCDFs and non ortho Co-PCBs
HRGC/HRMS analysis HRGC/HRMS analysis

Fig. 1. Purification Method of PCDDs, PCDFs and Co-PCBs from Salmon

Table 2. GC/MS Condition for the Analysis of PCDDs, PCDFs and Co-PCBs

GC Apparatus HP-6890
Column 1 BPX-DXN (for analysis of PCDDs and PCDFs), 60 m X 0.25 mm i.d., 0.23 m film thickness
Column 1 temperature 130°C(1 min hold)—15°C/min—210°C(1 min hold)—3°C/min—310°C—5°C/min—320°C(20 min hold)
Column 2 SP-2331 (confirmation column for 2,3,7,8-PCDD and PCDF), 60 m X 0.25 mm i.d., 0.2¢ m film thickness
Column 2 temperature 100 °c(1.5 min hold)—20 °C/min— 180°C(1 min hold)—3°C/min—255°C(28 min hold)
Column 3 HT-8 (for analysis of Co-PCBs), 50 m X 0.22 mm i.d., 0.25 m film thickness
Column 3 temperature 100°C(1 min hold)—20°C/min—200°C(1 min hold)—5°C/min—270°C(1 min hold)—5°C/min
—320°C(20 min hold)
Injection 1 u L, Splitless
MS Apparatus Micromass Auto Spec Ultima
Ionization EI positive mode
Ion source temperature ~ 270°C
Trap current 500 u A
Ion voltage 35eV

Mass resolution 10,000
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Table 3. Monitor Ion of PCDDs, PCDFs and Co-PCBs for SIM Analysis

Monitor Ion m/z

Compounds M M+2)" (M+4) "

PCDDs TeCDD 319.8965 321.8936

PeCDD 353.8576 355.8546

HxCDD 387.8186 389.8156
HpCDD 423.7767 425.7737
OCDD 457.7377 459.7348

Analysis compounds PCDFs TeCDF 303.9016 305.8987
(Native) PeCDF 339.8597 341.8568
HxCDF 373.8207 375.8178
HpCDF 407.7818 409.7789
OCDF 441.7428 443.7399

Co-PCBs TeCB 289.9224 291.9194

PeCB 323.8834 325.8804

HxCB 357.8444 359.8415

HpCB 391.8054 393.8025

C,-PCDDs TeCDD 331.9368 333.9339

PeCDD 365.8978 367.8949

HxCDD 401.8559 403.8530
HpCDD 435.8169 437.8140
OCDD 469.7779 471.7750

Internal standards C,,-PCDFs TeCDF 315.9419 317.9389
(Cleanup spike) PeCDF 351.9000 353.8970
Recovery standards * HxCDF 385.8610 387.8580
(Syringe spike) HpCDF 419.8220 421.8191
OCDF 453.7830 455.7801

°C,-Co-PCBs TeCB 301.9626 303.9597

PeCB 335.9237 337.9207

HxCB 369.8847 371.8817

HpCB 403.8457 405.8428

Calibration mass standard PFK 330.9792 (Lock mass)

* The following were used as recovery standards :

1,2,3,4 -TeCDD, 1,2,3,4 - TeCDF, PCB#70 (TeCB) and PCB#111 (PeCB)

Table 4. Detection Limits of PCDDs, PCDFs and Co-PCBs in Salmon (wet weight)

PCDDs, PCDFs TeCDD/TeCDF, PeCDD/PeCDF, HxCDD/HxCDF, HpCDD/HpCDF 0.01 pg/g
OCDD/OCDF 0.02 pg/g
Co-PCBs 0.01 pg/g
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Table 5. TEQ Concentration of PCDDs, PCDFs and Co-PCBs in Salmons (pg TEQ/g wet weight)

sample No. breed PCDDs PCDFs Total (PCDDs+PCDFs) Co-PCBs Total TEQ growing country type
1 coho salmon 0.00071  0.029 0.030 0.35 0.38 Chile farmed
2 salmon trout 0.34 0.45 0.79 4.4 5.2 Norway farmed
3 king salmon 0.16 0.13 0.29 1.03 1.3 Canada farmed
4 king salmon 0.020 0.010 0.030 0.47 0.50 New Zealand farmed
5 sockeye salmon 0.084 0.20 0.28 0.67 0.95 U.S.A. native
100 100
z Farmed Salmon from Norway § Native Salmon from U.S.A.
S S
& &
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= 50 =
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Fig. 2. Congener Specific Contributions of PCDDs+PCDFs and Co-PCBs
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