
 PFBS 4 5 C4HF9O3S 300.1 56.6

 PFHxS 6 7 C6HF13O3S 400.12 2.3

 PFOS 8 9 C8HF17O3S 500.13 1.57

 PFBA 3 4 C7H5FO2 140.11 0.4

 PFPeA 4 5 C5HF9O 264.05 112.6

 PFHxA 5 6 C6HF11 314.05 21.7

 PFOA 8 8 C8HF15O2 414.07 9.5

 PFNA 8 9 C9HF17O2 464.08 9.5

 PFDA 9 10 C10HF19O2  514.08 5.1

 PFHpA 6 7 C7HF13O2 364.06 4.2

 PFMOPrA# 3 5 C4HF7O3 230.04
 PFMOBA# 4 6 C5HF9O3 280.04
 PFMOAA 2 4 C3HF5O3 180.03
 PMPA# 3 5 C4HF7O3 230.04 13.4 39

 PFO2HxA 3 6 C4HF7O4 246.04
 PEPA# 4 6 C5HF9O3 280.04
 PFO3OA 4 8 C5HF9O5 312.04

 HFPO-DA (GenX) 5 7 C6HF11O3 330.05 300 37

 PFO4DA 5 10 C6HF11O6 378.05
 PFO5DA 6 12 C7HF13O7 444.06
 HydroEVE 6 10 C8H2F14O4 428.08
 Nafion By-prod1 7 10 C7HF13O5S 444.12
 Nafion by-prod2 7 10 C7H2F14O5S 464.13
# isomer pairs
~ based on SSAB presentations Dec 2020
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Physical Characteristics

Fluorinated 
Carbons

Total 
Chain 
Length

Molecular 
Formula

Molecular 
Weight 
(g/mol)

Water 
Solublity 38 

(20-25C (g/L))

Most frequently detected PFAS in North Carolina~



PPARα9 PPARγ9 RXRβ9 ERα9 Other Active 
Sites10

 PFBS

 PFHxS

 PFOS

 PFBA

 PFPeA

 PFHxA

 PFOA

 PFNA

 PFDA

 PFHpA

 PFMOPrA#
 PFMOBA#
 PFMOAA
 PMPA#
 PFO2HxA
 PEPA#
 PFO3OA

 HFPO-DA (GenX)

 PFO4DA
 PFO5DA
 HydroEVE
 Nafion By-prod1
 Nafion by-prod2
# isomer pairs `` COMBINED scores of toxprint groups 1 & 2
~ based on SSAB presentations Dec 2020``toxprint grpoup 7 scores; PFOA singulart score from group 9

```` based on GenX and Pfmopra isomer- group 5
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Toxicity Data
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3 - 7```` 5.5 - 9 1.5 - 11 1 - 2

CYP3A4, 
CYP2D6, CNG, 

ALDH1A1, NPSR, 
HTTQ103, 

VP16,RORγ, G9a, 
JMJD2A, Nrf2, 
ELG1, Smad3, 

Gsgap, DNA re-
replication, GLP-1, 
ATXN, HT-1080-

NT, DT40-hTDP1, 
Plk PBD

Carboxylic Acids

1 - 12``` 
PFOA =15

1 - 21    
PFOA = 22

1 - 18     
PFOA = 13

1 - 9      
PFOA = 7
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Sulfonic Acids 1 - 5`` 1.5 - 11 1 - 1.5 0.5 - 5

     (mean fold inducton realtive to control) 9

Nuclear Receptor Activity                                                                      

PFAS 
Type

PFAS Group PFAS Compound



 PFBS
Zebrafish, Medaka, 

Trout11-13
Rat26 0.001 36

 PFHxS Zebrafish14,15 Mouse21 0.6 36

 PFOS
Zebrafish, Daphnia, 

Mysid Shrimp, 
Trout14-16

Rat26,27 2 36

 PFBA
Daphnia, Zebrafish, 

Trout17-19
Rat26 0.05 36

 PFPeA Daphnia, Trout17-18 Rat, Mouse26,28 0.01<RPF<0.0536

 PFHxA
Zebrafish, Daphnia, 

Trout15,17-19
Rat, Mouse26,28 0.01 36

 PFOA
Zebrafish, Minnow, 

Daphnia14-18
Rat, Mouse26,28,29 1 36

 PFNA Daphnia 20,21 Mouse34 10 36

 PFDA Daphnia, Trout21 Rat26 0.01<RPF<1036

 PFHpA
Zebrafish, 
Daphnia14,21

Mouse28 0.01<RPF<136

 PFMOPrA# Mouse30

 PFMOBA# Zebrafish22 Mouse30

 PFMOAA Zebrafish22 Mouse30,31 ~122,35

 PMPA# Zebrafish22 ~122,35

 PFO2HxA Zebrafish22 ~122,35

 PEPA# Zebrafish22 ~122,35

 PFO3OA Zebrafish22,23 ~122,35

 HFPO-DA (GenX) Zebrafish22,24,25* Rat, Mouse26,29,32 ~122,35

 PFO4DA Zebrafish22,23 *24,25 ~122,35

 PFO5DA Zebrafish22,24,25* *24,25 ~122,35

 HydroEVE Zebrafish22,24,25* *24,25 ~122,35

 Nafion By-prod1
 Nafion by-prod2 *24,25 Mouse33 
# isomer pairs
~ based on SSAB presentations Dec 2020

Toxicity Data
Most frequently detected PFAS in North Carolina~
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Chemours 
Area (n = 42)

Regional Sites 
(n = 19)

 PFBS

 PFHxS 5.9

 PFOS 4.2 - 9.7 4.1 - 37

 PFBA 2.0 - 40 4.0 - 8.0

 PFPeA 4.3 - 14

 PFHxA

 PFOA 5.4 - 120 5.2 - 7.9

 PFNA

 PFDA

 PFHpA 4.6

 PFMOPrA#
 PFMOBA#
 PFMOAA
 PMPA#
 PFO2HxA
 PEPA#
 PFO3OA

 HFPO-DA (GenX)

 PFO4DA
 PFO5DA
 HydroEVE
 Nafion By-prod1
 Nafion by-prod2
# isomer pairs
~ based on SSAB presentations Dec 2020

DAQ Total Atmospheric 
Deposition 2018-2021

Environmental Data
Most frequently detected PFAS in North Carolina~
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DWR Chemours       
  Outfall 002         

(n = 213+)

Cape Fear, 
Lock & Dam 1 

(mean)

Chemours 
area (mean)2  

(n=100)

DWR Lake 
data (n = 140)

 PFBS 36 (2 - 82) <10 1.3 40 (37 - -42)

 PFHxS 37 (2 - 82) 27 0.7 40 (20 - 70)

 PFOS 37 (2 - 82) 29 2.1 40 (17 - 590)

 PFBA 40 (3 - 160) 31 8.6 40 (17 - 160)

 PFPeA 35 (5 - 310) 35 6.3 40 (17 - 260)

 PFHxA 40 (3 - 98) 33 2 40 (31-350)

 PFOA 40 (4 - 130) 21 1 40 (26 - 90)

 PFNA 40 (1 - 82) <10 0.4 40 (16 - 160)

 PFDA 40 (1 - 200) 3.7 40 (20 - 160)

 PFHpA 37 (2 - 82) 25 1.3 40 (13 - 280)

 PFMOPrA# @
 PFMOBA# @
 PFMOAA 95000 76
 PMPA# 740 696.6
 PFO2HxA 8200 296.6
 PEPA# 280
 PFO3OA 7000 37.2

 HFPO-DA (GenX) 110 (21 - 39000)+ 790 475.2 40 (16 - 42)

 PFO4DA 330 5.9
 PFO5DA 153 0.2
 HydroEVE <10
 Nafion By-prod1
 Nafion by-prod2 <10 18.8
# isomer pairs + n=234 @ isomers combined in this dataset
~ based on SSAB presentations Dec 2020

Environmental Data
Concentration in water (median (range)) ng/L ppt
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 DEQ Chemours 
area (n=3406)

% Detection (n)

 PFBS 2.9 (0.9 - 21) 1.8% (63)

 PFHxS 3.5 (1.9 - 11) 1% (37)

 PFOS 6.9 (2.2 - 39) 1.4% (49)

 PFBA 7.5 (2.2 - 300) 3.2% (109)

 PFPeA 6.8 (2 - 53) 3.2% (109)

 PFHxA 3.4 (1.9 - 29) 2.5% (85)

 PFOA 4.5 (1.1 -61) 2.6% (89)

 PFNA 3.5 (2.3  - 7.5) 0.2% (8)

 PFDA 3.2 (3 - 7.5) 0.1% (3)

 PFHpA 3 (0.9 - 43) 22% (740)

 PFMOPrA# @ @
 PFMOBA# @ @
 PFMOAA 13 (2 - 3500) 66% (2241)
 PMPA# 63 (2 - 8800) 92% (3117)
 PFO2HxA 13 (1.5 - 2800) 73% (2495)
 PEPA# 33 (2 - 2100) 23% (792)
 PFO3OA 4.6 (1.3 - 490) 21% (704)

 HFPO-DA (GenX) 15 (2 - 3200) 69% (2355)

 PFO4DA 3.5 (1.1 - 230) 6% (216)
 PFO5DA 5.1 (2.1 - 460) 1% (34)
 HydroEVE
 Nafion By-prod1 4.6 (1.5 - 20) 0.4% (14)
 Nafion by-prod2 5.5 (1.1 - 110) 51% (1748)
# isomer pairs @ isomers combined in this dataset
~ based on SSAB presentations Dec 2020

Concentration in water ng/L ppt
Environmental Data

Most frequently detected PFAS in North Carolina~
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Pamlico Field Lab   
(n = 29)

% 
Detection 

(n)

Cape Fear River 
(n= 58)

% 
Detection 

(n)

 PFBS 10 (10 - 200) 45% (13) 150 (10 - 1350) 24% (14)

 PFHxS 590 3.4% (1) 800 (200 - 1000) 98.3% (57)

 PFOS
9410 (4620 - 

16500)
100% (29)

490000  (122000 - 
 977000)

100% (58)

 PFBA <108 (LOD) 0% (0) 100 (100 - 200) 14% (8)

 PFPeA

 PFHxA

 PFOA 160 (160 - 1140) 14% (4) 570 (160 - 4290) 15% (9)

 PFNA 480 (340 - 820) 96% (28)
4500 (800 - 

11600) 100% (58)

 PFDA 2500 (1680 - 4600) 96% (28)
68000 (10200 - 

146000)
100% (58)

 PFHpA

 PFMOPrA#
 PFMOBA#
 PFMOAA
 PMPA# 120 (120 -140) 10% (3) 120 (120 - 190) 14% (8)
 PFO2HxA
 PEPA#
 PFO3OA

 HFPO-DA (GenX) 1640 (240 - 2300) 10.3% (3) 1910 (310 - 5850) 48% (28)

 PFO4DA
 PFO5DA <5 (LOD) 0% (0) 490 (10 - 1350) 22% (13)
 HydroEVE
 Nafion By-prod1
 Nafion by-prod2 <248 (LOD) 0% (0) 300 (250-1030) 77.6% (45)
# isomer pairs
~ based on SSAB presentations Dec 2020

Biological Data
Most frequently detected PFAS in North Carolina~
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 NC Striped Bass Serum4  [mean (range)] ng/L ppt

Blood Serum Data 
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Adults (n=289)
% Detection 

(n)
Children (n=55)

% 
Detection 

(n)

 PFBS

 PFHxS 3500 (1200 - 8600) 98% (282) 1900 (1.2-4.7) 98% (54)

 PFOS 9400 (3800-28200) 99% (287) 5100 (2800-11500) 100% (55)

 PFBA

 PFPeA

 PFHxA

 PFOA 4800 (1700 - 11300) 99.7% (288) 3000 (1900 - 6500) 100% (*55)

 PFNA 1300 (600 - 3600) 97% (280) 800 (400 - 1500) 82% (45)

 PFDA

 PFHpA 200 (100 - 1400) 59% (170) 400 (200 - 1000) 98% (54)

 PFMOPrA#
 PFMOBA#
 PFMOAA
 PMPA#
 PFO2HxA
 PEPA#
 PFO3OA

 HFPO-DA (GenX) <2000 (LOD) 0% <2000 (LOD) 0%

 PFO4DA 2300 (400 - 13700) 98% (284) 2600 (700 - 8900) 100% (55)
 PFO5DA 300 (100 - 1000) 89% (256) 200 (100 - 400) 84% (46)
 HydroEVE
 Nafion By-prod1
 Nafion by-prod2 3200 (1000 - 8500) 99% (286) 1600 (600 - 3800) 100% (55)
# isomer pairs
~ based on SSAB presentations Dec 2020

Biological Data
Blood Serum Data [median (range)] ng/L ppt

Most frequently detected PFAS in North Carolina~

Ether Sulfonic 
Acids

Co
ns

en
t O

rd
er

 C
om

po
un

ds

Ether 
Carboxylic Acids

Carboxylic Acids

Le
ga

cy
 C

om
po

un
ds

Sulfonic Acids

Wilmington NC5
PFAS 
Type

PFAS Group PFAS Compound



Pittsboro NC6 Fayetville Works 
adjacent, NC7

Adults (n=49) Aduts (n=30)

 PFBS

 PFHxS 3000 (20 - 12500) 2100 (700 - 6700) 1080 (990 - 1180)

 PFOS 11600 (3200 - 31800) 5500 (1400 - 34600) 4250 (3900 - 4620)

 PFBA

 PFPeA

 PFHxA 1500 (300 - 4000) <100 (LOD)

 PFOA 6400 (2100 - 42400) 1800 (400 - 7300) 1420 (1330 - 1520)

 PFNA 1500 (300 - 9500) 600 (<100 - 2100) 411 (360 - 460)

 PFDA 600 (400 - 2400) 200 ( <100 - 1300) 200 (180 - 210)

 PFHpA 100 (<100 - 600)

 PFMOPrA#
 PFMOBA#
 PFMOAA
 PMPA#
 PFO2HxA
 PEPA#
 PFO3OA

 HFPO-DA (GenX) <100 (LOD) <100 (LOD) <100 (LOD)

 PFO4DA
 PFO5DA
 HydroEVE
 Nafion By-prod1
 Nafion by-prod2
# isomer pairs
~ based on SSAB presentations Dec 2020
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 PFBS MI, MN

 PFHxS VT, RI, MA, NH, MN,CT, AK, CO, DE, ME, MI, NM 3

 PFOS MN, NH, RI, CA, NJ, NY3

 PFBA MN

 PFPeA None

 PFHxA MI

 PFOA CA, RI, MA, NH, NY, CT, ME, AK, CO, DE, NM 3

 PFNA MA, CT,  NJ, NH, RI,

 PFDA MA

 PFHpA VT, CT , MA, RI

 PFMOPrA# None
 PFMOBA# None
 PFMOAA None
 PMPA# None
 PFO2HxA None
 PEPA# None
 PFO3OA None

 HFPO-DA (GenX) NC, MI, OH

 PFO4DA None
 PFO5DA None
 HydroEVE None
 Nafion By-prod1 None
 Nafion by-prod2 None
# isomer pairs
~ based on SSAB presentations Dec 2020
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Target Class  Target  Description

NPSR

The neuropeptide S receptor (NPSR), which is highly expressed in brain areas involving modulation of arousal, 
stress and anxiety, could be a novel drug target for sleep and anxiety disorders. This assay is conducted to 
identify NPSR antagonists. the treatment of

GLP-1

The overall aim of this assay is to discover ligands for class B1 GPCRs. Specifically, this assay focused on class B1 
receptor for glucagon-like peptide-1 (GLP-1), which is a potential therapeutic target for diabetes and 
neurodegenerative disease.

ion channel CNG

The cyclic nucleotide gated (CNG) ion channel was used as a biosensor for cAMP induction in this assay. The 
rationale is that cAMP stimulation will cause the CNG ion channel to open and subsequent membrane 
depolarization to occur.

miscellaneous DNA re-replication
 This assay is used to screen small molecules that induce DNA re-replication, which can cause the DNA damage 
response, arrest cell proliferation, and trigger apoptosis.

CYP2C9 , CYP3A4, 
CYP2D6

Cytochromes P450 (CYP) are a group of heme-thiolate monooxygenases that oxidize a variety of substances 
including steroids, fatty acids, and xenobiotics. In these assays, three different CYPs (CYP2C99, CYP3A410, and 
CYP2D611) were used to screen inhibitors and substrates for those CYP enzymes.

ALDH1A1

Aldehyde dehydrogenase 1 (ALDH1A1) is an enzyme that oxidizes a variety of endogenous and exogenous 
aldehydes to the corresponding carboxylic acids and is the critical step for retinoic acid metabolism. In this assay, 
inhibitors of ALDH1A1 were identified.

G9a

G9a is a histone methyltransferase that is responsible for histone H3 lysine 9 (H3K9) mono- and di-methylation. 
It has been recognized as a potential drug target for several human diseases, including cancer. The goal of this 
assay is to identify inhibitors of G9a.

ELG1
As the major subunit of a Replication Factor C-like complex, ELG1 is critical to ensure genomic stability during 

DNA replication14. This assay identifies small molecules that block ELG1 function.

ATXN

Ataxin-2 protein (ATXN2) is encoded by the ATXN2 gene. The mutation in ATXN2 could cause Spinocerebellar 
ataxia type 2 (SCA2) disease. The objective of this assay is toidentify compounds that inhibit the expression of 
ATXN2.

protein kinase  Plk1 PBD

Polo-like kinase 1 (Plk1) is a member of a conserved subfamily of serine / threonine protein kinases and plays a 
central role in cell proliferation. Plk1 is a potential target for anti-cancer therapy. This assay aimed to identify 
inhibitors that target the Plk1 polo-box domain (PBD).

K18
In this assay, a recombinantly expressed fragment of tau, K18 was used to identify inhibitors of tau (which is an 
abundant protein in the axons of neurons that stabilizesmicrotubules) aggregation.

HTTQ103 When exon 1 of HTTQ103 (Huntingtin protein containing 103 polyglutamines expansion) is expressed, it causes 
cell death and GFP aggregates. This assay screens for small molecules that reduce aggregate formation.

JMJD2A

JMJD2A is a jumonji-domain-containing lysine demethylase. In this assay, the inhibitors of JMJD2A-tudor domain 
interactions (which is helpful in probing the regulatory pathways of selective demethylation of a given 
methyllysine locus) were identified20. signaling pathway Gsgsp The objective of this assay is to identify 
molecules with inhibitory  activity at gsp mutations, which are responsible for McCune-Albright syndrome.

RORγ 
The goal of this assay is to identify small molecules that inhibit ROR (retinoic acid-related orphan receptor) 
gamma activity.

VP16 
The goal of this assay is to identify small molecules that inhibit components common to both ROR gamma and 
VP16 transcription factor.

Nrf2

Nrf2 is a transcription factor that maintains cellular redox homeostasis and protects cells from xenobiotics. This 
assay is used to screen inhibitors of Nrf2 function, which could be potential therapeutic targets for improvement 
in cancer treatment.

Smad3

TGF-b signaling pathway plays important roles in cellular and development pathways. Smad3 is the primary 
transducer of TGF-b's signals and regulates many functions related to TGF-b signaling. The goal of this assay is to 
identify Smad3-small molecule antagonists.

HT-1080-NT 
In this assay, a synthetic lethal screen was conducted for chemical probes specific for 2HG-producing tumor cells 
using HT-1080-NT fibrosarcoma cell line.

DT40-hTDP1

Human tyrosyl-DNA phosphodiesterase 1 (HTDP1) is a novel repair gene and can be used as a new target for 
anti-cancer drug development. In this assay, after exposure to small molecules in the absence of camptothecin, 
the growth kinetics of DT40-hTDP1 cells were evaluated to determine whether the molecules can inhibit the 
TDP1-mediated repair pathway.

DT40-hTDP1 In this assay, after exposure to small molecules in the presence of camptothecin, the growth kinetics of DT40-
hTDP1 cells were evaluated to determine whether the molecules can inhibit the TDP1-mediated repair pathway.

abridged from Cheng & Ng 2019

viability

protein-protein 
interaction 

transcription 
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other enzymes

promoter

G protein-
coupled 

receptors 
(GPCRs)



code ToxPrint Group Name Casrn Chemical name in Houck et al 2021 abbrv Notes

3871-99-6 Potassium perfluorohexanesulfonate PfHxS salt form

29420-49-3 Potassium perfluorobutanesulfonate PFBS salt form

2795-39-3 Potassium perfluorooctanesulfonate PFOS salt form

2806-15-7 Sodium perfluorodecanesulfonate PFDS not in NC table; salt form

1763-23-1 Perfluorooctanesulfonic acid PFOS

355-46-4 Perfluorohexanesulfonic acid PFHxS

375-92-8 Perfluoroheptanesulfonic acid PFHpS not in NC table

375-73-5 Perfluorobutanesulfonic acid PFBS

62037-80-3 Ammonium perfluoro-2-methyl-3-oxahexanoate Gen X salt form

55621-21-1 Perfluoro-3,6-dioxaoctane-1,8-dioic acid PFDoDa

377-73-1 Perfluoro-3-methoxypropanoic acid PFMOPra

801212-59-9 Perfluoro-4-isopropoxybutanoic acid PFPE-1 not in NC table

13252-13-6 Perfluoro-2-methyl-3-oxahexanoic acid GenX

422-64-0 Perfluoropropanoic acid

2706-90-3 Perfluoropentanoic acid PFPeA

335-67-1 Perfluorooctanoic acid PFOA

375-95-1 Perfluorononanoic acid PFNA

307-24-4 Perfluorohexanoic acid PFHxA

375-22-4 Perfluorobutanoic acid PFBA

335-76-2 Perfluorodecanoic acid PFDA

375-85-9 Perfluoroheptanoic acid PFHpA

9 Perfluoroaklyl carboxylic acids (PFCAs) their salts and esters 865-79-2 Chloro-perfluorononanoic acid PFOA salt form

7 Perfluoroalkyl  (linear) Carboxylic Acids

1 Perfluoroalkane sulfonate

2 Perfluorakyl (linear) sulfonates

5 Perfluoroalkyl ether carboxylates
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