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Dioxin in Sediment is Important, Costly 

Issue in the Pacific Northwest
• Dioxins are primary risk drivers in Puget Sound and are key to the Puget 

Sound Cleanup Initiative

• The Dredge Material Management Program has proposed revised 

background-based guidelines for suitability determination for in-water 

dredge material disposal, which likely means more sediment dioxin 

testing will be required

• High-Resolution Gas Chromatography/Mass Spectrometry (HRGC/MS, 

EPA 1613b) is “gold standard” for sediment dioxin testing but costly with 

long turn around times

• Bioassays have potential to provide much cheaper, quicker quantitative 

dioxin results for sediments but have not been evaluated for sediment in 

low, dredge material-relevant concentration range of 4 and 10 ppt TEQ
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qPCR-Based Assay: Procept (EPA 4430)

6/16/2010 http://www.eichrom.com/dioxin

/
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Cell-Based Assays:                                       

CALUX (EPA 4435) and 101-L
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OSV Bold 

Research Cruise
Collective effort of multiple 

State and Federal Agencies 

to characterize non-urban 

influenced sediment 

samples throughout the 

sound for determination of 

natural background 

contaminant concentrations 

to support DMMP revised 

sediment management 

guidelines

An additional 21 urban 

influenced samples were 

retrieved from project 

archives and included in the 

data set
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Sediment Sampling Methods
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Sediment Sampling Methods
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Sediment Sampling Methods
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Sediment Analysis Methods

• High-Resolution Gas Chromatography/Mass Spectrometry 

(HRGC/MS)

– SGS Laboratories,                                                  

Wilmington, NC

• XDS-CALUX®

– Xenobiotic Detection Systems Laboratory,                         

Durham, North Carolina

• 101-L & Procept

– Engineering Research & Development Center Laboratory,               

US Corps of Engineers, Vicksburg, MS
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Bioassay vs. HRGC/MS Evaluation 

Methods

• Bioassay performance was evaluated against HRGC/MS by

– Bivariate Least-Squares Regression

• Does not assume error-free independent variable

• Considers variances of both independent and dependant variables 

simultaneously

• Sample-specific variances were estimated for HRGC/MS and 

bioassay results by extrapolating calibration standard variances 

based on sample concentrations 

– Relative percent differences

– False positive/false negative rates

6/16/2010 10
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Results
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HRGCMS CALUX 101L Procept

min 0.0440 0.340 0.893 -0.136

max 11.6 17.0 22.6 184

Correlation coefficients 0.708 0.166 -0.162
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Results
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Laboratory Duplicate Results

6/16/2010 14



BUILDING STRONGSM

156/16/2010

Laboratory 

Duplicate 

Results for 

Other 

Parameters



BUILDING STRONGSM

6/16/2010 16

Results
Table 1. PCDD/PCDF toxicity equivalent concentrations in parts per trillion as determined by high 

resolution gas chromatography/mass spectroscopy (HRGCMS) and the three assays for all sediment 

samples.  Sample ID HRGCMS CALUX 101L Procept Sample ID HRGCMS CALUX 101L Procept

AI_20_C_GS 0.619 4.58 3.32 15.6 SCPS_1 3.35 8.44 8.58 27.8

AI_1 0.423 4.00 9.84 23.5 SCPS_10_C 1.09 5.59 2.47 18.7

AI_11_C 0.0440 1.07 2.20 20.7 SCPS_2 0.508 3.55 3.28 71.3

AI_13_C 0.452 3.24 6.15 51.9 SCPS_3 0.177 0.990 2.62 38.3

AI_5_C 0.408 1.33 4.37 49.7 SCPS_5 3.66 17.0 12.5 82.7

CPS_0 1.85 11.5 8.90 184 SJF_10_C 0.323 1.50 4.37 40.1

CPS_1 2.19 2.60 4.80 95.1 SJF_12_C_GS 1.68 9.17 4.61 49.9

CPS_3 1.33 4.18 5.23 94.2 SJF_2 0.275 3.70 2.41 23.1

CPS_4 0.949 4.45 16.6 140 SJF_3 0.163 1.65 2.97 14.6

CPS_5 0.655 3.83 4.93 95.9 SJF_9_C 0.536 2.01 3.41 25.0

HC_0 0.886 7.06 9.05 162 SJI_0 0.677 4.11 3.87 38.2

HC_1 0.802 6.12 5.02 6.91 SJI_1 0.828 2.38 3.36 22.3

HC_2 0.774 8.54 7.59 4.20 SJI_20_C_GS 1.04 3.82 8.01 15.8

HC_3 0.444 8.77 7.10 36.0 SJI_3 0.445 1.46 5.12 36.0

HC_6 0.493 11.9 4.70 28.1 SJI_8_C 0.556 1.58 3.85 22.8

NCPS_0 0.646 5.33 10.2 0.0612 SPSB_0 1.46 9.68 5.41 33.5

NCPS_1 0.0791 1.15 5.48 47.9 SPSB_1 1.26 5.80 10.6 49.4

NCPS_2 1.07 5.35 2.96 31.2 SPSB_2 2.14 8.50 5.44 40.5

NCPS_3 0.675 6.17 4.49 0.0704 SPSB_3 0.192 1.14 3.76 34.6

NCPS_4 0.298 4.96 22.6 37.0 SPSB_8_C 0.0728 0.410 0.893 0.696

PSPS_8 0.105 1.96 4.08 54.5 SS_0 8.35 12.9 5.92 27.6

PSPS_9 1.46 12.3 6.52 104 SS_1 0.393 0.34 2.53 13.2

PSPS_1 2.04 7.16 4.31 68.9 SS_2 1.33 2.23 3.31 20.2

PSPS_2 2.69 10.8 4.76 2.14 SS_8_C 1.10 3.42 2.72 35.6

PSPS_3 0.862 10.3 2.95 2.27 SS_9_C 11.6 14.6 7.53 4.41

R_SAM_0 1.32 7.58 4.72 38.6 FB-A1-16 3.39 4.49 9.88 29.4

R_SAM_1 1.56 7.33 4.97 72.8 FBA3-02-S 9.37 43.0 4.64 9.39

R_SAM_3 1.32 4.68 3.07 54.3 FBA3-22-S 9.14 7.22 5.70 1.38

R_SAM_4 0.877 11.1 6.60 84.5 FBA3-23-S 8.99 8.00 7.88 25.6

R_SAM_5 1.84 12.3 4.89 19.2 FBA4-05-S 9.01 5.05 4.47 18.7

R_CAR_0 0.598 3.04 4.34 6.49 FBA4-12-S 9.24 6.42 4.36 42.5

R_CAR_1 0.991 3.09 4.24 -0.136 FBA4-13-S 4.14 6.64 6.88 66.4

R_CAR_4 0.838 4.53 3.83 41.9 T115-S1-02-ZA-0803 14.0 78.5 6.63 28.7

R_CAR_5 5.07 6.32 7.41 0.411 T115-S1-ZA-0803 12.5 56.5 12.0 22.4

R_CAR_6_C 0.211 2.70 7.82 24.7 FBA3-32-2* 41.0 18.6 11.1 51.0

R_DAB_0 0.257 1.52 3.48 39.9 T115-S1-CS-0803* 19.2 88.7 6.06 33.3

R_DAB_1 1.58 10.4 5.09 47.1 T115-S2-01-ZA-0803* 31.5 71.0 18.2 52.4

R_DAB_2 1.44 9.12 5.27 33.1 T115-S2-02-ZA-0803* 24.1 104 12.5 31.5

R_DAB_5 1.53 11.5 7.76 48.1 T115-S2-CS-0803* 23.3 75.7 20.6 46.4

R_DAB_7_C 1.20 4.14 4.59 73.4 T18-S1-C5* 22.3 60.2 20.5 34.0

R_HOL_0 0.121 1.66 3.23 44.3 PO-BA-25-SS-A* 23.6 14.1 7.65 59.6

R_HOL_1 0.372 0.980 5.08 30.0 PO-BA-25-SC-Z* 67.2 16.3 13.4 493

R_HOL_3 0.100 0.730 4.21 40.4 PO-UP-22-SC-A* 40 11.4 9.61 48.5

R_HOL_4 1.20 11.1 7.21 40.8 PO-UP-22-SC-B* 28.2 3.90 18.7 30.9

R_HOL_7 0.862 8.87 8.94 13.2 PO-UP-20-SC-A* 39.2 15.4 12.6 64.3

PO-UP-20-SC-B* 54.1 8.64 11.9 33.7

0.708 0.166 -0.162

notes

a. value was truncated to zero for correlation analysis
b. estimated value below lowest calibration standard concentration

c. estimated variance value for this datapoint was negative for 101L so it was not included in the analysis.

Correlation Coefficients of Assays 

Urban samples are shown in itallics

* Urban samples used for screening evaluation purposes only not included in regression or correlation 

analysis. Check marks indicate assay >15 ppt TEQ and x's indicate assay <15 ppt TEQ.
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Discussion
• Assays performed well in the concentration range of interest

– False positive errors for CALUX and 101-L < 27 percent

– False negative errors for CALUX and 101-L < 10 percent

• RPDs indicate that sampling error may have contributed significantly to total 

error in this study

• Assays performed poorly for urban samples containing  concentrations > 15 

ppt TEQ; however, samples originated from separate studies

• Factors contributing to poor performance may include 

– Presence of co-contaminants

– Proximity to known sources

– Variations in sample percent moisture

– Sample heterogeneity and differences in sample preparation

• Recommend assay performance be evaluated on site-specific basis 

considering uniformity of sediment, presence of co-contaminants and known 

sources
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