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Weight of Evidence (WOE) and Lines of 
Evidence (LOE)

� WOE assessment involves determining 
possible ecological impacts based on 
multiple LOE

� Three fundamental LOE (the Sediment 
Quality Triad [SQT]):

� Sediment chemistry
� Sediment toxicity
� Benthic community structure

� Additional LOE such as bioaccumulation 
can also be used (e.g., a Tetrad)

� WOE incorporates observations (benthic 
community) and investigations (laboratory 
toxicity tests)

� Each LOE has strengths and limitations; 
it is essential that they be considered 
together, rather than relying on only 
individual LOE
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LOE Integration

� WOE assessments typically make 
comparisons to a reference site, chosen 
to reflect study area conditions (e.g., 
depth, grain size, TOC) but without 
elevated levels of contaminants - to 
determine whether an LOE reflects an 
adverse effect

� Results for individual LOE can be 
integrated using indices, statistical 
summarization, scoring systems, logic 
systems, and best professional judgment 

� Individual LOE have different weighting in 
the WOE, with benthic community 
surveys providing the “gold standard” of 
actual field conditions (the benthos live in 
the sediments)



Case Study: Ellison Creek Reservoir (ECR)

� Created in 1943
� 4 miles long, 0.5 

miles wide
� 40-ft maximum depth
� Lone Star Steel (LSS) 

Plant in south-east
� Discharges to ECR 

include LSS (since 
1940s), electric power 
plant, agriculture, 
septic fields,  sewage 
treatment plant, aerial 
deposition

� Sediments 
contaminated and 
possibly toxic



ECR 
sediment 
sampling 
stations

� ECR Ref



Benthic Community Sampling



Chemistry and Toxicity Sampling



Sediment Chemistry - Results
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Sediment Chemistry - Results
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Sediment Chemistry - Results

0

200

400

600

800

1000

1200

1400

1600

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 REF

Station

Z
in

c 
(m

g/
kg

 d
ry

 w
t)

Zinc (Zn) Zinc TEL Zinc PEL

0

10

20

30

40

50

60

70

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 REF

Station

N
ic

ke
l (

m
g

/k
g 

d
ry

 w
t)

Nickel (Ni) Nickel TEL Nickel PEL

0

5000

10000

15000

20000

25000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 REF

Station

T
o

ta
l P

A
H

s 
(u

g
/k

g
 d

ry
 w

t)

0

50

100

150

200

250

300

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 REF

Station

T
ot

al
 P

C
B

s 
(u

g
/k

g 
d

ry
 w

t)

Total PCBs Total PCB TEL Total PCB PEL

Nickel

Total PAHs

Zinc

Total PCBs



Sediment Chemistry - Overall Spatial Patterns

� Stations 3, 11 and 15 distinct from all 
others: high sand, low TOC, low 
contaminants

� Metals and PCBs higher in southern 
portion of reservoir; highest in or near 
Barnes Creek arm

� Metals sediment quality guidelines 
(SQGs) exceeded at all but two stations, 
but metals not bioavailable from Station 
10 northward due to presence of excess 
AVS relative to SEM

� Total PAHs highest in Barnes Creek Arm 
(includes coal fines); decreased at 
stations to the north and to the south



Test Organisms
Hyalella azteca (amphipod)
� Typically abundant in lakes, ponds 

and lentic areas
� Epibenthic, feed on detritus, burrow 

in surficial sediment; use vegetation 
for food and cover

� Testing conditions increase direct 
sediment contact (higher 
contaminant exposure than under 
field conditions)

Chironomus tentans (midge)
� Common in lakes, ponds, streams
� Larval stages are infaunal, feed on 

detritus; short life-cycle



Laboratory Toxicity Test Method

� USEPA (2000) whole-sediment test
� 100 mL of sediment + 175 mL water 

in 375-mL jar
� Laboratory-cultured (in-house or 

purchased) test organisms
� 8 replicates per treatment; 10 

individuals per replicate

� 10-d exposure; 23°C; continuous light; daily water renewal & feeding
� Negative (clean) control sediment; reference toxicant test
� Count survivors on Day 10 and determine average dry weight (ash-

free dry weight [AFDW] for chironomids)
� Test acceptability criteria specified for each species
� Compare results to control performance to identify statistically

significant adverse effects



Toxicity Test Results - Survival
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Toxicity Test Results – Dry Weight
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Toxicity Test Results - Summary

� Mean survival of both species 
reduced by >50% for three stations 
(1, 5, 10)

� Both species had similar mean 
survival at close to half the stations

� Chironomid survival generally higher 
than amphipod survival at southern 
stations; amphipod survival higher 
than chironomid survival at northern 
stations

� Growth of both species highest in the 
three “high-sand” stations (3, 11, 15) 
and the reference station



Benthic Abundance
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Taxonomic Richness
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Simpson’s Evenness Index (SEI)
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Reference Station – A Confounding Factor

� Selection of appropriate reference 
station (similar physico-chemical 
characteristics, but uncontaminated) 
important for WOE assessment

� Comparisons of laboratory toxicity test 
results and benthic community 
structure relative to reference 
conditions used to determine adverse 
effects

� TCEQ-selected ECR reference station 
proved unsuitable due to:

� greater benthic diversity
� abundant aquatic vegetation not 

found at other stations
� Not possible to separate habitat-related 

differences from contaminant-related 
differences

� Nearest station (Station 15) not an 
alternative since it was “high-sand”

Representative ECR Sediment (Station 2)

Reference Sediment



Relationships Between Chemistry and Biology

� Multivariate Statistical Analyses
� Correlations
� Contaminants of Potential Concern 
(COPCs) and Biological Effects
� COPCs and LSS Operations
� Biological Effects and Habitat 
Characteristics



Benthic NMDS Results

� Calculated using 
abundance data for all 
but rare taxa

� Physico-chemical and 
habitat-related 
characteristics not 
included in NMDS, but 
their influence 
reflected in the 
groupings

� NMDS “stress” value 
of 0.09 indicates that 
DIM1 & DIM2 provide 
good representation 
of the original data 
matrix

Three different station groupings
based on similarities between

the benthic communities



Different Benthic Community Groupings

� Discrimination based solely on 
similarities between benthic 
communities

� Differences primarily habitat-
driven

� Differences occur within the two 
major groupings (“deep” and 
“shallow”) in terms of sediment 
contamination and laboratory 
toxicity

Bottom-line: The primary driver 
for benthic community 
structure is not contaminant-
related toxicity



Influence of Habitat-Related Characteristics

Strong correlations between 
variables unrelated to the LSS 
Plant (e.g., water depth, 
substrate) confounded 
interpretation of subtle 
relationships between LOE

� Correlations of water depth and 
TOC with distance from the LSS 
Outfall 002 are just as strong as 
the correlations of contaminants 
with distance



Relationships Between Chemistry and Biology

� All COPCs had significant negative 
correlations with toxicity test 
endpoints, but not necessarily 
causative (e.g., pore water ammonia 
similarly correlated but 
concentrations well below those 
associated with toxicity)

� Gradient relationships between 
COPCs and toxicity endpoints 
suggest that contaminants from 
the LSS outfall contributed to 
observed toxicity responses in the 
laboratory tests, but effects not 
reflected in benthic community 
structure within the reservoir



LOE Decision Criteria

Sediment Chemistry LOE
� Rating assigned based on contaminant 

concentrations <TEL, between TEL and PEL, or 
>PEL

Sediment Toxicity LOE
� Rating assigned based on toxicity test endpoints 

reduced by <20%, between 20 and 50%, or >50%
� More weight given to survival endpoint than 

growth, and to statistically significant differences
Benthic Community LOE
� Assignment of absolute ratings not possible since 

reference station was not appropriate for 
comparison; multivariate analyses used for 
relative ratings

� Stations assigned to “shallow” or “deep” groupings 
based on multivariate statistical analyses

TEL = 
Threshold 

Effect Level 
PEL = 

Probable 
Effect Level



Integration of Individual LOE Ratings

Color-coded “pie wedges” used to illustrate 
integrated LOE ratings

� Each “wedge” represents one LOE

� Benthos LOE assigned color code 
based on “shallow” and “deep” station 
groupings (“shallow” = white; “deep” = 
grey) 

� Chemistry and toxicity LOEs assigned 
color codes based on potential for 
impaired sediment quality (low = white; 
moderate = grey; high = black)
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LOE Weighting

Benthic Community LOE
� Assigned the most weight because it 

reflects actual conditions within the 
reservoir

Sediment Toxicity LOE
� Assigned less weight than benthic LOE 

due to uncertainty in extrapolating from 
laboratory data to field conditions

Sediment Chemistry LOE
� Assigned minimal weight in the WOE 

since contamination does not 
necessarily imply an adverse biological 
effect



Integrated 
WOE 

Assessment



Integrated WOE Assessment
� Benthos may be subtly, but not substantially, 

altered by sediment contaminants ; two major 
groupings assigned based on similarity of the 
benthic communities

� Subtle effects on sediment quality a possibility at 
six stations in southern end of reservoir, but 
further information about background benthic 
community structure would be needed for such 
discrimination

� Three stations distinct in terms of grain size, 
TOC and contamination; two of these stations in 
the “deep” grouping despite little or no toxicity in 
the laboratory tests

� Four stations with elevated contaminants and 
moderate to high laboratory toxicity not 
classified as impaired with respect to benthic 
community structure (i.e., contaminants not toxic 
to benthos, probably due to low bioavailability 
[e.g., black carbon binding PAHs, PCBs])



Take Home Messages

� WOE not individual LOE
� Fully assess each LOE prior to 

integration and during integration –
use appropriate assessment and 
integration methods

� Integrate giving data on biological 
impacts (effects to communities, not 
just individuals; e.g., benthic 
community structure) higher weight 
than biological effects data (to 
individual organisms; e.g., sediment 
toxicity tests)

� Lowest weight given to chemistry (no 
measure of bioavailability, effects or 
impacts)



Thank you for 
Listening!

Questions / 
Discussion?



Further Discussion



TCEQ and Golder ECR Findings

� Chemistry data: similar; some 
differences but within range 
possible given sediment 
heterogeneity [TCEQ AVS/SEM 
data not available]

� Toxicity data: very different; 
TCEQ found very little sediment 
toxicity (no toxicity for 
chironomids, toxicity for 
amphipods in northern stations 
not just southern) compared to the 
Golder study [reason(s) for these 
differences unknown]



Two Labs – Different Toxicities



Two Labs – Different Toxicities (cont’d)



Draft TCEQ Sediment Assessment Guidance

� LOE and relative weighting assigned by TCEQ:
� Whole-sediment toxicity tests (50 points)
� Sediment elutriate toxicity tests (10 points); 

not used if whole-sediment test data available
� Benthic community structure (10 or 25 points, 

depending on whether IBI established)
� Sediment chemistry (10 points)
� Best professional judgment (10 or -10 points)

� Points assigned based on presence of the specific 
condition (i.e., statistically significant mortality 
classifies a sediment as “toxic” and assigns 50 
points for that LOE); points assigned on an “all or 
nothing” basis for each LOE but criteria not clear

� For each sample: >50 = toxic; >15 – 50 = 
concern; <15 = no concern (not assessed or 
insufficient data)

� If >10% of samples are “toxic”, the water body 
is “impaired for toxic sediment”

Summary
of the

Guidance



Draft TCEQ Guidance (cont’d)

Proposed guidance does not reflect current 
state of the science

� Needs to incorporate comparisons to 
reference conditions, rather than to 
laboratory controls

� Use of elutriate testing with water-column 
species is not appropriate for assessing 
sediment quality

� Provides undue reliance on sediment 
toxicity tests, greater weighting should be 
given to the benthic LOE

� Sediment toxicity tests are a valuable LOE, 
as long as they are considered together 
with other LOE; they should incorporate 
measures of sublethal effects and should 
not be limited to a mortality endpoint 

Comments
on the

Guidance
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