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Disclaimer Statement

The contents of this presentation neither constitute nor
necessarily reflect DOD policy.
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Background

Per- and polyfluoroalkyl substances (PFAS) pose exposure risks to diverse
ecological systems and to humans.

The PFAS, perfluorooctane sulfonic acid (PFOS), is broadly distributed in surface
waters and is toxic to a variety of aguatic organisms including fish.

A need exists to understand how PFOS bioaccumulates in aquatic exposures.

In the Present Study

« We determined how exposure concentrations, exposure durations, and
developmental life stages affected PFOS accumulation in zebrafish.

« Maternal transfer of PFOS to eggs was quantified.

« Atoxicokinetic model was developed that accurately predicts PFOS body burdens
In multiple zebrafish life stages spanning broad exposure durations.
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Multi-Generational Exposure (Conceptual Overview)
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Experimental Design (Continuous Multi-Gen Exposure)

Control

0.1 pg/L 0.6 pg/L

Design Details:

5 PFAS Concentration + Control
5 Replicate Tanks / Treatment
50 Fish per Replicate
Separation of Breeding Groups
Minimum Statistical Power: > 0.8

3.2 ug/L 20 pg/L 100 pg/L

Gust et al. 2024 Environ Toxicol Chem
43(1):115-131, DOI: 10.1002/etc.5770
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Exposure System
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PFAS Treatment Systems (pre- and post-treatment)

ow'of PFOS
ater from fi

3 canisters of Purofine PFA694 resin for treatment of PFOS waste from equilibration tank

RO water line \

2 canisters of Purofine PFA694 resin for pretreatment of RO water to fish racks to remove any
residual PFASs

drain line of treated
PFOS waste to large
outside holding tank

Particulate filter to

remove any debris (fish
food, feces, etc.)

pump

Activated charcoal
canister
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PFOS Bioaccumulation (All Values, P and F1)

PFOS body burdens in zebrafish remained
relatively constant in the P generation through

14, 29 & 180dpf and F1 through 180dpf.

This result suggests apparent steady state in

tissues reached by 14dpf.
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A. Parental (P) - 180 dpf PFOS Accumulation

PFOS Bioaccumulation

O Male

(Males vs Females at 180dpf) g w .
Significantly Increased PFOS bioaccumulation g : A
In males vs females across all PFOS exposure g B
concentrations. T -
2.5-fold and 1.9-fold increases in PFOS body .
burdenS fOf ma|eS VS femaleS |n the Pl and Fl o PFC()J;Exposure-W;terConcentrat?gn (nalL, Meal?fr)ed) o
generations, respectively. B. F1-180 dpf PFOS Accumulation
Possible explanations: g o Men :
::_:S/ 100 = ?
Zebrafish began breeding trials on day 131 with egg e 1 —
release representing a potential PFOS depuration > VRloes ¥ T
mechanism (tested — Results in upcoming slide). s e osmpen
= 0.1 R?=0.9897
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0.01

composition which may affect PFOS : 10
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bioaccumulation potential.
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PFOS Bioconcentration Factor (BCF)

PFOS bioconcentrated in zebrafish whole-body tissues:

960 L/kg (mean BCF) « 27610 2,187 L/kg (range of BCF observations)
934 L/kg (median BCF) « *443 L/kg (standard deviation of BCF observations)

Significantly Increased BCF in males vs females — 2.5- & 2.0-fold increases P and F1, respectively.
BCF Decreased Significantly with increasing PFOS exposure concentrations.

Possible explanations:

« Limited transport surfaces affecting bioaccumulation dynamics at higher PFOS concentration.
« Competition for molecular binding sites for PFOS at the cellular level.
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Maternal Transfer of PFOS to Eggs

PFOS was maternally PFOS in Parental (P) Females Compared to F1 Eggs
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Toxicokinetic Model of PFOS Accumulation from Water

A one-compartment toxicokinetic model was developed to represent all life
stages of zebrafish from embryos through adulthood.

t (24
o= ®
1+ (E) 62.23 Characteristic hatching time (hpf), scale parameter of
T the log-logistic distribution function
5 19.25 — Hatching exponent, shape parameter of the log-logistic
— S q . o a
Vo(s) + Voo ( T ) ) distribution function
V(tls) = T2 0.51148 mm? Asymptote for the volume of adult zebrafish
1+
( T ) 4282.1 hr Characteristic growth time of zebrafish growth and
. development
W) = f ds p(s) V(tls), (3) 1 mfn3 Unit density of water
0
0.00265 g Scale parameter for the allometric relationship between
oV mm? gill surface area and mass of adult fish species
Sgill =5 4) 1.17 UM Scale parameter for aqueous exposure concentrations
p 1.604 umol PFOS mass uptake per unit exchange surface area and
2: V(O = kSgin(®) “—Cp kaSgin ()C(0). (5) mm? hr  time
0.00151 L PFOS elimination constant in units of tissue volume per
" mm2 hr  unit exchange surface area and time
(€O = J ds p(s)C(t - ). (6)
0

_ _ _ _ - REMIEC
Gust et al. 2024 Environ Toxicol Chem (accepted pending minor revisions) #RemTEC EMERGING CONTAMINANTS

SUMMIT



Toxicokinetic Model of PFOS Accumulation from Water

A one-compartment toxicokinetic model was developed to represent all life
stages of zebrafish from embryos through adulthood.
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Toxicokinetic Model — Prediction vs. Measured Values

The toxicokinetic model reliably 1000
reproduced PFOS whole-body
burdens (data within 1.64-fold of
predicted values - dashed red lines).
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Toxicokinetic model predictions fell
within acceptable error tolerances
(+/- 2-fold) for application to PFOS
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Summary & Conclusions

PFOS Bioaccumulation: PFOS concentrations in zebrafish tissue
reached apparent steady state within 14 dpf.

Equivalent Body Concentrations at 14, 29 & 180 dpf in P generation and
180 dpf in F generation despite zebrafish developmental maturation.

PFOS Bioconcentration Factor (BCF): PFOS bioconcentrated in
zebrafish whole body tissue with Median BCF of 934 L/kg.

BCFs were significantly higher in Males vs. Females (2 2-fold).

BCF values were significantly higher in PFOS exposures <1.0 ppb
relative to higher exposure levels in the 20 to 100 ppb range.
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Summary & Conclusions (cont)

Maternal Transfer: PFOS was maternally transferred to eggs
at levels equivalent to maternal whole-body burdens.

Maternal Transfer does not appear to be a PFOS depuration
mechanism explaining decreased PFOS burdens in females.

Toxicokinetic Model: A novel 1-compartment TK model
accurately predicts PFOS body burdens within 2-fold error.

TK model predictive across zebrafish life stages.

Predictive of PFOS burdens in lifetime chronic and multi-

generational exposures.
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Current Events - Global Influence

Results from Gust et al (2024)* were acknowledged during open review of
Australian regulatory standards for PFOS.

The technical rigor of the study was acknowledged & influenced the removal of
a less robust earlier Multi-Gen PFOS exposure study by Keiter et al (2012).

Specifically, PFOS effective concentrations were higher than reported in Keiter
et al (2012) and at levels consistent with the broader peer-reviewed literature.

Therefore, effects data for Keiter et al (2012) were replaced with data reported
In Gust et al. (2024) for derivation of the new risk standard for PFOS.

*Gust et al. 2024 Environ Toxicol Chem 43(1):115-131
Keiter et al. 2012. Aquat Toxicol 118-119:116-129
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Questions?

Kurt Gust
kurt.a.gust@usace.army.mil
Phone: 601-634-3593

/ REMTEC
# Re mT E C EMERGING CONTAMINANTS
SUMMIT



mailto:kurt.a.gust@usace.army.mil

