A Five-Year Observation on the Spatial and
Temporal Distributions of PFAS in Galveston
Bay, TX, USA
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Background on PFAS

Per- and polyfluoroalkyl substances (PFAS) are a group of man-made chemicals
(>15,000 known chemicals)

3 key groups are measured in this project: perfluorinated carboxylic acids
(PFCAs), perfluorinated sulfonic acids (PFSAs), and fluorotelomer sulfonates

(FTS)
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Perfluorooctanoic acid(PFOA) Perfluorooctanesulfonic acid (PFOS) 6:2 fluorotelomer sulfonic acid (6:2 FTS)

Produced in the US since the 1940s for different consumer products
Bioaccumulative in humans and marine life, and potentially toxic

! TR 5 R i
"% %l el Sl i .
, g2y




Emerging Contaminants in Galveston Bay

i - What can we learn about the Bay’s resiliency
Hurrlca R towards extreme conditions that contribute to

eer Park ITC F 2019 emerging contaminants?
: O Are extreme events affecting Galveston
Bay’s water quality?

|t
L s Dee

0 How long does it take for the Galveston
Bay system to recover?

O Monitoring of traditional contaminants

Harvey have led to effective policies and
@ treatments, but what about emerging
20000 | contaminants”?
% o000 d We monitored 30 PFAS.
B ITC
" o0 | @ O The first time series of PFAS in Texas.
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Galveston Bay Observation Cruises

San Jacinto River Trinity River Houston Ship Channel
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o Quarterly Occupied Stations

(O Houston Ship Channel Stations Added
Since March 2019

Sediment grab samples
Water from surface and bottom




Molecular Weight Factors?

Data excluded ITC fire

Water Sediments
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Spatial and Temporal Variability of PFAS in Sediment
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But seem to be de-coupled with events that led to high water concentrations.
PFAS found in sediments are mostly C8.
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Spatial and Temporal Variability of PFAS in Water
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» Total PFAS in water exhibits significant spatial and temporal variabilities.
* PFAS found in water are C8 or less.
+ We saw significantly elevated total PFAS during the Intercontinental Terminals Company (ITC) fire that

occurred in March 2019.
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 Deer Park ITC Fird 2018

Aqueous Film Forming Foam
(AFFF) was used during ITC fire.

6:2 FTS was significantly
elevated.

Before ITC fire, 6:2 FTS was not

apnjien

detected in Galveston Bay, TX.
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PFBA as a Product of Precursor PFAS Degradation?

March 2019 June 2019

September 2019
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PFBA was ~5 times higher than baseline (4.63 ng L-') near the ITC site during the fire (March 2019).

But, it was ~8 times higher than the baseline in lower Galveston Bay 3 months after the ITC fire (June
2019).

June 2019 elevated PFBA may be from precursor (e.g., 6:2 FTS) transformation and transport to
lower Galveston Bay.



Baseline Values for PFAS in Galveston Bay Water

* Baseline PF,AS _ Mean Concentration 5
concentrations in water Compounds Name (ng/L) Frequency (%)

were estimated as the
mean values for PFAS

detected in more than _ 4.63 89.22
20% of water samples “ 3.65 67.66
after ITC data exclusion. _ 7 86 94.95

. PFOAand PFOShavebeen | il 6.32 95.18
both lated

TEXAS A&M UNIVERSITY
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« PFAS concentrations varied significantly spatially and temporally in water and
sediment but were more variable in water.

* The types of PFAS in water and sediments are different.

« The ITC Fire in March 2019 contributed significant amounts (above “normal”) of
PFOS and 6:2 FTS to Galveston Bay, and it took months to return to normal.

- Elevated PFBA could be from AFFF and degradation of precursors (e.g., FTS).

« This work shows the importance of a time series study to establish what is “normal,”
and understand fate and transport of contaminants in ecosystems.

* Non-targeted analyses are underway.
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PFAS in Texas and
Galveston Bay

Waters: Where are
we Now?

Vanessa Hulse, Erin Kinney

HARCresearch.org



What is PFAS and
why Should we Care?

* PFAS

O

O

Perfluoro-: All C-H bonds replaced with C-F
oonds

Polyfluoro-: At least one C-H bond replaced
with a C-F bond

oProperties of PFAS

O
O

Chemically and thermally stable
Hydrophobic and lipophobic
= | eads to wide applications

HARCresearch.org
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Where is PFAS Found?

PRODUCTS
THAT CONTAIN

U

www.ae2s.com/perspectives-and-insights/pfas/

HARCresearch.org PFAS Facts | FAYPWC.COM
: FAYPWC.COM



EPA National Primary Drinking Water Regulation for 6 PFAS

Final MCL (enforceable levels)

PFOA 4.0 parts per trillion (ppt)
PFOS 4.0 ppt
PFHXS 10 ppt
PENA 10 ppt
HFPO-DA (commonly known as GenX) 10 ppt
Mixtures containing two or more of 1 (unitless) o o
PEHxS, PENA, HFPO-DA, and PFBS Hazard Index EPA Aquatic Life Criteria
Criteria Acute Water Chronic Water Invertebrate Fish Whole- Fish Muscle
Component Column (CMC)' | Column (CCC)? Whole-Body Body (mg/kg ww?)
(mg/L) (mg/L) (mg/kgww?) | (mg/kg ww’)
PFOA 3.1 0.10 1.18 6.49 0.133
magnitude
PFOS 0.071 0.00025 0.028 0.201 0.087
Magnitude
Duration 1-hr average 4-day average Instantaneous Instantaneous Instantaneous
Frequency Not to be Not to be Not to be Not to be Not to be
exceeded more exceeded more exceeded exceeded exceeded
than once in 3 than once in 3
years, on years, on
Caroline Emery, TCEQ average average

1 Criterion Maximum Concentration
2 Criterion Continuous Concentration
3 Wet Weight

Fact Sheet: Final Recommended Aquatic Life Criteria and Benchmarks for Select PFAS




EPA National Primary Drinking Water Regulation for 6 PFAS

Final MCL (enforceable levels)

PFOA 4.0 parts per trillion (ppt)
PFOS 4.0 ppt
PFHXS 10 ppt
PENA 10 ppt
HFPO-DA (commonly known as GenX) 10 ppt
Mixtures containing two or more of 1 (unitless) o o
PEHxS, PENA, HFPO-DA, and PFBS Hazard Index EPA Aquatic Life Criteria
Criteria Acute Water Chronic Water Invertebrate Fish Whole- Fish Muscle
Component Column (CMC)' | Column (CCC)? Whole-Body Body (mg/kg ww?)
. . (mg/L) (mg/L) (mg/kgww?’) | (mg/kg ww?)
EPA’s recommended criteria
PFOA 3.1 0.10 1.18 6.49 0.133
for PFOA and PFOS fall below magnitude
PFOS 0.071 0.00025 0.028 0.201 0.087
detectable thresholds of P,
curre nt aVvd | I d b I e teCh NO I Ogy Duration 1-hr average 4-day average Instantaneous Instantaneous Instantaneous
and laboratory methods
Frequency Not to be Not to be Not to be Not to be Not to be
exceeded more exceeded more exceeded exceeded exceeded
than once in 3 than once in 3
years, on years, on
Caroline Emery, TCEQ average average

1 Criterion Maximum Concentration
2 Criterion Continuous Concentration
3 Wet Weight

Fact Sheet: Final Recommended Aquatic Life Criteria and Benchmarks for Select PFAS
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A neonatal loggerhead sea turtle in sargassum floats in the Gulf
Stream. BRIAN LAPOINTE/Florida Atlantic University

HARCresearch.org

PFAS in Wildlife

* What is exposure zone?

o Tend to accumulate at air/water
interface

o Highly mobile, move with
groundwater plumes

oPFAS accumulation in wildlife



Specific Issues Related to the
Gulf/Texas

* Surface Accumulation ("Salting-Out")

* Sea Spray, Sea Foam and Air Transport

Image: Galveston Daily News

* Surface Concentration:
oUp to 62,000x higher in sea spray
o Surface water 6x higher than deep-water
o Sargassum accumulation
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Image: Colorado State University
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ITC Fire and Fires in
the Gulf

* |ssues with finding
Information on fires
oAdjacent to Bayous
oln Galveston Bay
oin the Gulf

oDisclosure of chemicals
burned and used for fire
suppression

Eures Ia1a

Image: ABC 13

HARCresearch.org



Regulations on PFAS

States With Numerical PFAS Limits

.. I

= Bammed in
firafighting fonm

* Federal =T

oEPA limits on 4 PFAS molecules i
(reduced from 6)

EPA |

oState g r—

* Wwighing proposed
It

oTexas currently follows EPA PEOk w24 b
Y L Err— W Vionccota | é

14 PPT(PFOA) PFOA/PFAS listed as = 16 PPT{PFOA) « 70 PPT (Combined PFOAPFOS)
O t er States 13 PPT (PFD5) harardaus waste ;

= ¥ PPT{FFO5] = Sitate standard for comcen frations
Drinkin ng water 70 PPT [Cambinsd PFOAPFDS) s« Heslth-based im :|rl'|'|l}'-15 inal@r

netification guidance * G-'wndwm l]'l-|l‘l]' un-:l-rd guidance values

oBut what's left out?

20 PRT [PEAS)

+ Drinking water
health advisory for
G PFAS

" i

70 FPT [PFAS)

* State gubdance bor
canceniration of

Bloomberg Environment

PFAS Project, Silverman 2018

HARCresearch.org



PFAS Regulation
Issues

* Specificity
oPFAS not regulated past main
6 compounds

oNamed PFAS regulations lead
to loopholes for new
compounds to be
manufactured

oChallenges of the Texas
regulatory environment

HARCresearch.org

EPA has MCLs for 4 PFAS
molecules that are

intended to be phased 1 -
out by manufacturers m i —

- E’E‘:
E‘Eg

i
;

=EE
i
i
Eesei :

Texas regulatory
environment - following
EPA




Removal technologies

Pros

Cons

Activated carbon (AC)

Adsorptive membrane
Electrocoagulation (EC)
Advanced oxidation
processes (APQOs)

Reverse osmosis (RO)

lon Exchange

High adsorption capacity
Effective for a variety of PFAS compounds
Relatively low operational costs

Combines filtration and adsorption

In situ coagulant generation
Minimal chemical usage

Potential for secondary contaminants

High rejection rates for PFAS
Effective for various contaminants

Selective removal of charged PFAS

Removal/Remediation

Requires replacement/regeneration
Generates secondary waste

Membrane fouling can increase
operational costs

Energy consumption can be high
Potential for secondary contaminants

Potential formation of toxic
by-products

Membrane fouling can occur

Can be costly, especially with special-

ized resins

Hassan, R.K., Sallam, N.A., Alrefaey , K.A. ef a/. Enhancing PFASremoval:
feasibilityofan integrated electrocoagulation and adsorptive membrane
approach. DiscovChem Engd,23 (2025)

HARCresearch.org



State of the

Science

HARCresearch.org

Removal/Remediation

* New removal techniques for mineralization

= Methods to remove and t
e PFAS size 1ssues

hen treat

" Degradation techniques make smaller PFAS

molecules
e Detection vs.removaltechn

" Detection requires a smal

rather than removing all t]

iques
]l amount of PFAS
he contaminant

* Prevention 1s the only rehab]
* Consumer Pressures

e method



Resources and
Future Directions

Contamination
Levels

More work needs to be
done to
determine where/what
specific compounds are
present in
Texas/Galveston Bay,
including in wild life

s
_

Re gulation

EPA and Texas have loose
regulations that can cause
more contaminations,
especially contaminations
that are unknown (new
compounds)

Prevention

Removal of PFAS n new
products,especially new
PFAS molecules, will
reduce contamination
levels

HARCresearch.org

- ¢

Remediation

New remediation methods
are needed,especially for
small PFAS molecules




CONTACT US

For further information, contact HARC at
(281) 364-6000 or visit www.HARCresearch.org.

Connect with HARC via Instagram, Linked In,
Facebook or Twitter. Like or follow @ HARCresearch.
VaHulse02@gmailcom

ekin ) haedrAsERfCh.org
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http://www.harcresearch.org/
https://www.instagram.com/harcresearch/?hl=en
https://www.linkedin.com/company/houston-advanced-research-center/
https://www.facebook.com/HARCResearch.org/
https://twitter.com/harcresearch?lang=en

Our Mission

HARC applies
science to drive
energy, air, water,
and resilience
solutions for a
sustainable and
equitable future.
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Rooted In
Sustainability

HARC owes its origins to the vision and

Initiative of Houston businessman and

philanthropist George P. Mitche

established the organization in -

non- profit university consortium

|, who
082 as a

and

technology incubator, bridging basic

research and market applications.

HARCresearch.org

George P. Mitchell




Sustainability Requires
a Commitment

HARC defines sustainability as engaging in
practices that consider and support
ecological, societal, and economic health
and vitahty. Sustainability presumes that
resources are fmite and must be

conserved, protected, and distributed n a
manner that meets the needs of the
present without compromising the ability of

future generations to meet ther own needs.

HARCresearch.org




Applied Time Series Analyses
(2000-2017) of Vibrio vulnificus
And Vibrio parahaemolyticus S
(Pathogenic and Non-Pathogenic . 5
Strains) in the eastern oyster, in 28
Crassostrea virginica

- -1..___. -

Dr. Antonietta Quigg
Texas A&M University Galveston

TEXAS A&M UNIVERSITY
AlM | GALVESTON CAMPUS.

https://www. texassaltwaté'fflshmgmagé
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_ * Concerns about the health
o consequences of seafood
“ born human pathogens are
ongoing given their
occurrence, prevalence and
ability to cause infections,

and sometimes death in
humans

% x .
o i e | -.F ——— .
el e e e e

* These pathogens are also
associated with seafood
morbidity and mortality
worldwide

* Climate change

* Growing aquaculture
industry




ROUTES OF INFECTION

V. vulnificus

- estuarine bacterium

- naturally found in brackish
waters

- concentrated by filter-feeding
oysters

- illness range from gastroenteritis
to grievous wound infections or
septicemia and death,
particularly in individuals with
predisposing conditions

First reported studies in Galveston Bay in the 1990’s https://www.tamug.edu/seafoodsafetylab/index.html



V. parahaemolyticus

/ Gastroenteritis

—> Septicemia

N

estuarine & coastal bacterium
only some strains are pathogenic
(denoted as tdh+)

concentrated by filter-feeding
oysters

Wound Infection

illness range from gastroenteritis
to grievous wound infections or
septicemia and death,
particularly in individuals with
predisposing conditions

First reported in Galveston Bay in 1998

https://www.tamug.edu/seafoodsafetylab/index.html



Perkinsus marinus

(formerly Dermocystidium marinum or Dermo)

* parasite
* resultin poor oyster body condition and
survival

* surveys in Galveston Bay oysters have
revealed higher infection levels (prevalence,
infection intensity, and weighted prevalence)
during periods of warm and saline conditions

* does not harm people that ingest the oysters

https://oystersentinel.cs.uno.edu/

https://library.enaca.org/Health/FieldGuide/html/mp045per.htm
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Examinations of oyster microbiomes in response to
environmental and water quality variables

H1: The co-occurrence of dermo in oysters increases the prevalence of Vibrio



Galveston Bay

* Five private, commercial reef
sites in the central part of the
bay where the oysters were
collected from 2000 to 2017.
And Sammy’s Reef in West Bay




T

Vibrio

21,613 oysters examined from 1999-2018
1,853 bacterial assays conducted

Of the oysters tested, ; - ;
1398 assays (75%) were positive for V. r X “-;‘cr#m ' amq,,

3 W - "'""-t_""-"J _“. .
{ vulnificus, : __f :

i . =
] I
e LT
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-
A Cad
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4 1679 (91%) total V. parahaemolyticus, ' ’ﬁ
and ;
128 (7%) pathogenic tdh+ V.

§ parahaemolyticus

s Dermo

Of the oysters tested,
87% were positive




Environmental variables and Vibrio spp.

Pearson correlation coefficients; solid color lines represent linear regression and color bands the 95% of confidence interval

A G
R=0.065, p=0.35
10 1
V. vulnificus .
O- L)
1 0 1 2
B 1254 . 1251 L H 1251
R=-0.26,p= 0.00042. R=0.2,p=0.0031
10.0 A1 . 10.0 4
total . 5] 25
V. parahaemolyticus 5.0 5.0 etk
2.51 2.5
0.0 0.0 .
1 0 1 2
Cc ° F ° |
4 R=0.12,p=0.076 4- R=-0.17,p=0.011 4- R=0.094,p=0.17
pathogenic tdh+ 3 L. 3- .. 3
V. parahaemolyticus 2] RANDPRNRA O 2 Ay 21
1 e o oo ‘0.. s [} .: 1 - * o o8 o ’..0 .u. e 14
Py _l=.‘.—*’.—- ‘-_'.2 *e Qo o ®
04 ¢ < —— © O ¢ e e Lt o EBES & 0 -
10 20 30 10 20 30 1 0 1 2

Temperature Salinity Oceanic Nifio Index
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Vibrio

{ 21,613 oysters examined from 1999-2018 . .
1,853 bacterial assays conducted Tlme series analyses
B Of the oysters tested,

& 1398 assays (75%) were positive for V.
g VUlnificus,

4 1679 (91%) total V. parahaemolyticus,
and
# 128 (7%) pathogenic tdh+ V.
parahaemolyticus

|

Of the oysters tested,
87% were positive




Decomposition of V. vulnificus time series
(2001-2017)

Original data
(monthly averages)

observed

W Decrease 2008 to mid-2014
ends High 2001 to early 2008 o017

Seasonal effects

Random error

|||||||||||||||||||||||||||||||||||
2001 2002 2003 2004 2005 2006 2007 2008 2009{"me2010 2011 2012 2013 2014 2015 2016 2017 2018
i

High abundances were observed during the early and mid-2000’s, and then again in the mid and late 2010’s
Observed seasonal abundances, with the peak during the late spring and summer

m



Decomposition of total V. parahaemolyticus
time series (2001-2017) in Galveston Bay

Original data

(monthly averages)

Trends / L\

Seasonal effects

Randomerror o O O OOO0OO0O0O0OOOOOO0 @
2000 2001 2002 2003 2004 2005 2006 2007 2008 2010 2011 2012 2013 2014 2015 2016 2017 2018

* No cleartrend
* Observe periods with either high (red) or lower (blue) abundances
* Stepincrease associated with the end of the droughtin 2010-2014



Decomposition of pathogenic tdh+ V. parahaemolyticus
time series (2001-2017) in Galveston Bay

Original data E -]
(monthly averages)  ° - i A/\ A /\/W\_AA_

Decrease Constant changes in trend

until late -
High 2006 ' ° &
mid-2001 L=
to late | <
Trends ot W 2

Seasonal effects

Random error

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
2000 2001 2002 2003 2004 2005 2006 2007 2008 _12_9]1069 2010 2011 2012 2013 2014 2015 2016 2017 2018
i

 High abundance (red) in early 2000’s, which then decreased, and stayed lower
« Summer season has the highest abundance of pathogenic tdh+ V. parahaemolyticus — but not significant



Cross-correlations between time series
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- Densities increase from spring into summer, with peak levels measured at the end of summer
- Thrives with higher temperatures and salinities

- Red star corresponds to peak P. marinus densities



Cross-correlations between time series

Step 2: Seasonal abundance of V. vulnificus relative to P. marinus
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V. vulnificus numbers are high during high P. marinus infections (lag 0), and 1 month after high P. marinus
infections (lags -1)
High V. vulnificus correlations one and two months before P. marinus high infection (lag 1 and 2) shows

that the summer peak of V. vulnificus coincides with increasing infection intensities of P. marinus during
the summer



Cross-correlations between time series

Step 3: Seasonal abundance of total V. parahaemolyticus relative
to P. marinus
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Weak seasonal pattern in the co-occurrence of both species
Shows low bacterial abundance after 4 to 6 months of high P. marinus infections



Cross-correlations between time series

Step 4: Seasonal abundance of pathogenic tdh+ V. parahaemolyticus
relative to P. marinus

c

© | . .'ﬁ'
o / [
Z1 / N\ [\
< | \ [\
o / \\ ." l"l.
= : | ‘ | | i : ‘ | | | ‘ ™ ,."'IIIII 1I"-_ .'II IIII'.
| ‘ | - / ‘~ a
o 5 lIl,I I|I III'.
E 'DI 1 l"-IIIII I|I H“"a
' 1 e i —_—
1 _ *vf”f’_ N 3 months
o 1 N after
A5 10 05 0.0 05 10 15 < ' ' '
Lag JFM A MJ J A S OND

Show NO seasonal pattern between the two-time series
Shows pathogenic tdh+ V. parahaemolyticus decrease after 3 months of high P. marinus infections



Conclusions:

Oyster microbiomes vary in response to
environmental and water quality variables, but
not always in response to the presence of the
parasite, P. marinus

* The positive lags point to a relationship between the abundance of
V. vulnificus and P. marinus

* We did not find a similar pattern for total or pathogenic tdh+ V.
parahaemolyticus with P. marinus infections



Conclusions:

* ENSO driven climate variability and local salinity patterns influence oyster
survival —these have been shown to also influence Vibrio spp. elsewhere

* In terms of the aquaculture industry, oysters, their microbiome and their
pathogens offer a wealth of information, making them excellent sentinels or
bioindicators of oyster health




Applied Time Series Analyses (2000-2017) of Vibrio vulnificus
and Vibrio parahaemolyticus (Pathogenic and Non-Pathogenic
Strains) in the Eastern Oyster, Crassostrea virginica

Antonietta Quigg *=, Aurora Gaona-Hernandez =/, Mona S. Hochman, Sammy M. Ray and John R. Schwarz
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Monthly spatial distribution of V. vulnificus
(2001-2017).
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Circles and color scale represent monthly abundances per station. Units are MPN g for V. vulnifus.



Monthly spatial distribution of total V.
parahaemolytlcus (2000 to 201 7)
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Circles and color scale represent monthly abundances per station. Units are MPN g for total V. parahaemolyticus.




Monthly spatial distribution of pathogenic
tdh+ V. parahaemolyticus (2000 to 2017

January e February
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Cross-correlations between P
marinus and Vibrio spp. timeseries

* Plots show cross-correlations with

a) V.wulnificus, significant correlations occurred
at lags -1, -2, -4, -5, -6 and -7/,

b) total V. parahaemolyticus, significant
correlations at lags -4, -5 and -6,

c) pathogenic tdh+ V. parahaemolyticus,
significant correlations at lag -3.

* Blue lines indicate the 95% confidence intervals
(any bars outside the interval suggests a
significant correlation).

Cross-Correlation
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STATE OF THE BAY: LEGACY, EMERGING CHEMICAL AND BIOLOGICAL
CONTAMINANTS IN AQUATIC ECOSYSTEMS PART |l

DIOXIN AND POLYCHLORINATED BIPHENYLS: LESSONS LEARNED
FROM TWO DECADES OF MONITORING, DATA

ANALYTICS, AND MODELING

2026 State of The Bay Symposium
February 24-25, 2026




The Lower Watershed of the
Galveston Bay Estuary

 Home of the City of Houston and the
industrialized Houston Ship Channel
» Highly developed and populated
« Vulnerable to natural disasters: flooding,
hurricanes, drought, and extreme heat
« Water quality challenges:
 Indicator pathogens
« Seafood advisories for polychlorinated
dibenzo-p-dioxins (PCDDs) and
polychlorinated dibezofurans (PCDFs)
and polychlorinated biphenyls (PCBs)
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The Houston Ship
Channel (HSC)
System and its
Tributaries

* The dredged
channel opened
in 1914

* Maintenance
dredging of the
deeper channel
continuous

e Currently
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widening and
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Context for PCB and Dioxin in Galveston Bay

The 1994 15t State of the Bay Report for Galveston Bay identified 17 priorities, including:
* #5 — toxic substances have contaminated water and sediment, and
* #9 — Seafood from some areas may pose a public health risk as a result of potential presence of toxic chemicals

A dioxin Total Maximum Daily Load (TMDL) process was launched in 2002, PCB data collection added in 2003
Sampling from 2002 — 2021

0 - A ' T n ake nus-on
Water, Sediment, tissue ...

ssss contiguos al norte del puente Fred Hartman en la carretera
1eeaes
=== estatal 146, incluido el rio San Jacinto al sur de la presa Lake
Houston

La bahia superior de Galveston y todos los cuerpos de aguas

contiguos al norte de la demarcacin que abarca desde Red

Bluff Point, pasando por la boya indicadora del Five-Mile Cut,

Seafood advisories
have been issued for
much of the Galveston
Bay System for PCBs
and dioxin in crab and
fish tissue
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Continuing Sources
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Industrial/

Source Apportionment and Profiling Studies




S swesie

= Legacy Source: The San Jacinto River Waste Pits Superfund Site

o 1965 & 1966 wastes from the Champion Paper Mill in Pasadena, TX, were disposed in pits that
Z subsided over time

1953 AERIAL PHOTOGRAPH i 1962 AERIAL PHOTORAPH 1966 AERIAL PHOTOGRAPH 1976 AERIAL PHOTOGRAPH

Regional land
subsidence and
local activities
caused
degradation in
conditions near
= site

By 02, the waste pits wee in diret, |
constant contact with SUR waters



Waste Pits Superfund Site
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Longitudinal Context: Spatial and temporal and congener change over time

Dioxin TEQ in Sediment Samples Total PCBs in Sediment Samples
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Daily variability and system inputs critical to understanding system behavior
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Flow dynamics

Confluence of
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e
Modeling the HSC-SJR: EFDC modules and variables

Primary module inputs

* QOrganic carbon
* Partition
coefficients

Modeled parameters

* Dissolved toxics
* |Sediment toxics

~ PCB-1 simulated at
specific point sources

11/02/2002; 02/10/2003; 03/12/2003;
00:00 AM 00:00 AM 00:00 AM
S ® Spin-up: 100 days ® Model run: 30 days ® >

HYDRODYNAMICS MODULE

14
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EFDC Model for the HSC-SJR
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Shear stress: Model Day 101 (No rain)

Force
dragging
sediment
particles

70,000 - o
60,000 Lo
50,000

£ 40,000
)
530,000 -

20,000 4

San Jacinto
River (SJR)

10,000 -

Houston Ship Channel (HSC)

3.38E-05 Total Bed Shear, N/m?
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Shear stress: Model Day 103 (No Rain)

San Jacinto
River (SJR)

Houston Ship Channel (HSC)

2.27E-05 Total Bed Shear, N/m?
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Shear stress: Model Day 110 (Rain)

San Jacinto
River (SJR)

Houston Ship Channel (HSC)

2.92E-06 Total Bed Shear, N/m?
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Shear stress: Model Day 111 (Rain)

San Jacinto
River (SJR)

s

Houston Ship Channel (HSC)

6.48E-06 Total Bed Shear, N/m?
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Shear stress: Model Day 112 (Rain)

San Jacinto
River (SJR)

e

Houston Ship Channel (HSC)

2.56E-05 Total Bed Shear, N/m?
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Shear stress: Model Day 116 (Rain)

San Jacinto
River (SJR)

Houston Ship Channel (HSC)

3.11E-05 Total Bed Shear, N/m?
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EFDC Model Simulations — Dioxin Water Concentrations from Releases at SIRWP and Champions in HSC
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Microbial dynamics, sediment characteristics, organic carbon, pollutant concentrations
as indicators of system health
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LESSONS LEARNED

 Legacy and continuing source characterization necessary for
understanding role of sediments and guiding their management and
remediation

 Longitudinal data are critical for understanding system dynamics and
response to external forcings such as severe storms or hurricanes

« Concentrations, mass fluxes, and partitioning behavior need to be
considered as one continuum towards holistic management and
remediation of sediment contamination

* Microbial dynamics in sediment within natural water systems aids in
understanding system pollutant state and change over time

« Organics are not equal even though persistent and bioaccumulative
and share common sources
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