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BackgroundBackground
• Sediment and soil contaminated with a variety of 

h i l i l di 2 3 7 8 TCDD PCB hchemicals, including 2,3,7,8‐TCDD, PCBs, other 
dioxins and furans.

Ri k d i b 2 3 7 8 TCDD• Risk driven by 2,3,7,8‐TCDD

• Two adjacent candidate sources of 2,3,7,8‐TCDD

Objective
.

Determine whether neither both or only one ofDetermine whether neither, both or only one of 
two sources contributed to 2,3,7,8-TCDD 

releases and how much
2

releases and how much.



Tiered ApproachTiered Approach

• Data analysis methods:• Data analysis methods:
– Qualify usability of flagged data

Sample dioxin and furan distribution comparisons– Sample dioxin and furan distribution comparisons

– Correlation analysis among congeners

St ti ti l d iti– Statistical decomposition

• Compare results to other lines of evidence
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Flagged DataFlagged Data

• Point data:

Both congeners unflagged or minor flag
J-type flag
B-type flag: Contaminated blank for at least one congener
U-type flag: HxCDD at detection limit
U-type flag: OCDD at detection limit 

Both congeners unflagged or minor flag
J-type flag
B-type flag: Contaminated blank for at least one congener
U-type flag: HxCDD at detection limit
U-type flag: OCDD at detection limit 

– Unflagged, minor flag, J (estimated), B 
(contaminated blanks)

• Range data:
– U: detection limits and estimated maximum 

yp g
U-type flag: both congeners at detection limit
Linear trend fitted to point-type data

yp g
U-type flag: both congeners at detection limit
Linear trend fitted to point-type data

Source Area Soil
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G

possible concentrations (U‐type flag). 
Multiple dots for possibility that 
concentration could be any lower value.

• Flags with unknown meaning omitted 
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from analysis.

• Arrows point to two detection limit 

Source Area soil
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values that fall somewhat outside the 
range of values determining the trend.

• Overall, flagged data align with 
unflagged data and reinforce the same1
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unflagged data and reinforce the same 
relationship: included in all analyses.
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Profile Comparison
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Background – Individual SamplesBackground  Individual Samples
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Background – All SamplesBackground  All Samples
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Hexachlorophene Area SoilHexachlorophene Area Soil
2378-TCDD included 2378-TCDD excluded
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Barrel Reconditioning Area SoilBarrel Reconditioning Area Soil
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Other On‐Site SoilOther On Site Soil
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Sediment (Fewer Samples)Sediment (Fewer Samples)

Near Barrel Reconditioning Other AreasNear Barrel Reconditioning Other Areas

No sediment samples 
near HCP facilitynear HCP facility
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Contaminant Correlation
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HCP Area Soil Samplesp
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Barrel Reconditioning Area Soilg
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Concentrations By Area
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Average

MaximumMaximum
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St ti ti l Fi i tiStatistical Fingerprinting
(Polytopic Vector Analysis or PVA)( y p y )
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The Concept of Statistical Fingerprinting

1 Each source emits a unique
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Database1. Each source emits a unique 
composition of chemicals 
(dioxin congeners here) = 
Fingerprint 0

0.5

0

0.5? ?
Database

Fingerprint

2. Once emitted into 
environment, individual source 
compositions mix, leading to 
different patterns measured in 
sediment samples

Source Source 
R l MiR l Mi

0.5 0.51 2

4.

sediment samples.

3. Correlations among the dioxin 
congeners help establish which 
congeners occur together in Sediment Dioxin 

Releases Mix:Releases Mix:

1.
0 0

3.

congeners occur together in 
stable compositions, and each 
sample is decomposed into 
these stable patterns.  

Patterns

0 5

Sediment Samples 2. Statistical 
Analysis

4. Comparison with a database of 
source fingerprints leads to 
identification of sources that 
have contributed to the mix in 

h l
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PVA Results 1
Both of these compositions are known to be typical of the HCP 

manufacturing process

Present in the feed, 
was removed in 
initial steps, prior to 

Byproduct of HCP 
reaction, removed in 
steps after reactor.
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reactor.



PVA Results 2
Typical of 

combustion and 
background

Typical of 
combustion and 

backgroundg background

Typical of PCBs 
(dioxins are present 

as impurities)
Unidentified

20



How Much TCDD From Each Source?How Much TCDD From Each Source?

Overall, the 2,3,7,8-TCDD factor 
identified as HCP manufacturing 
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contributes 99.04% of concentration.



Other Evidence

22



When all is considered together …g
Documented 
purification 

Statistics

Presence of

stage losses.

Diamond Alkali (TCP supplier) Presence of 
HCX 

at HCP building 
and elsewhere

Diamond Alkali (TCP supplier) 
documentation of 2,3,7,8-TCDD content

Spatial distributions: TCP, 
2,3,7,8-TCDD, PCE all peak in the 
vicinity of HCP building and 
d f b ildi

…

… … …
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decrease  away from building


