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Agroecosystems

Per- and Polyfluoroalkyl
Substances (PFAS) in



PFAS

Per- and polyfluoroalkyl substances

Large class of synthetic compounds

widely used due to their:

water- and oil-repellent properties

resistance to heat and degradation

ability to strongly reduce surface tension
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Figure 1. Classification of PFASs major groups (Schiavone & Portesi, 2023).
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Method 1633
4 .
Analysis of Per- and Polyfluoroalkyl Substances
4 (PFAS) in Aqueous, Solid, Biosolids, and Tissue
v Samples by LC-MS/MS
Table 1. Names, Abbreviations, and CAS Registry Numbers for Target PFAS, Extracted Table 1. Names, Abbreviations, and CAS Registry Numbers for Target PFAS, Extracted

Internal Standards, and Non-extracted Internal Standards!

Target Analyte Name Abbreviation | CASRN T.'-Tgﬂ Analyte Name | Abbreviation [ CASRN

Perfluoroalkyl carboxylic acids Ether sulfoul ackls e — Table2. Cross-reference of Abbreviations, Analyte Names, and CAS Registry Numbers for the Acid and
Perfluoropeatnais agid PFPeA 2706903 1 1-Chlorocicosafluoro-3-oxsundecane- 1-sulfonic acid * 11CI-PF30UdS | 763051-92-9 nion Forms ol the Feriluoroalkyl Carpoxylates and reriiuoroalky onates
Perfluorohexanoic acid PFHxA 307244 Perfluoro(2-cthoxycthane sulfonic acid PFEESA bl Perfluoroalkyl carboxylic acids/anions
Perfluoroheptanoic acid PFHpA 375-859 Fluovatelamer carbory e acids. | . . .

—— ___3-Perfluoropropyl propancicacid | 33FTCA | 356025 Abbreviation | Acid Name CASRN Anion Name CASRN

Perfluorooctanoic acid PFOA 335-67-1 25,2, 3H 3H-Perfiucrooctanoic acid | 5:3FTCA 914637493 - -

Perfluorononanoic acid PFNA 375-95-1 1-Perfluorohepty! propancic scid | 7:3FTCA 812-704 PFBA Perfluorobutanoic acid 375-22-4 | Perfluorobutanoate 45048-62-2

Perfluorodecanoic acid PFDA 335-T6-2 EIS Compounds . .

Perfluoroundecanoic acid PFUnA 2058-94-8 Perfluoro-n-["'Cabutancic acid MC-PFBA PFPeA Perfluoropentanoic acid 2706-90-3 | Perfluoropentanoate 45167-47-3

Perfluoredodecanoic acid PFDoA 307-55-1 Perfluoro-n-[C;]pentanoic acid UCy-PEPeA PFHxA Perfluorohexanoic acid 307-24-4 | Perfluorohexanoate 92612-52-7

Perfluorotridecanoic acid PFTrDA 72629-94.8 Perfluoro-n-[1,2,3.4,6-""CsJhexanoic acid BC-PFHxA - -

iR Bcanis adid Y YT mumw[ i Jé'l‘"“f‘_““’”!:“““ acid :;f{‘“fiﬁﬁf PFHpA Perfluoroheptanoic acid 375-85-9 | Perflluoroheptanoate 120885-29-2
-1 i : . .

Perfluoroalkyl sulfonic acids pecflase 0 Culodielots ci CpENA PFOA Perfluorooctanoic acid 335-67-1 | Pefluorooctanoate 45285-51-6

Acld Forti . Per ucmmlv]nﬁﬂwm:ﬂL acid e e e
Perfluorobutancsulfonic acid PFBS 375.73.3 ﬁ_.”gf‘;:d":::;:;: — S tprum ......... PFNA Perfluorononanoic acid 375-95-1 | Perfluorononanoate 72007-68-2
Perfluoropentanesulfonic acid PFPeS 2706-91-4 Perfluoro-n-{ 1,2-"C:|dodecancic acid BC,-PFDoA PFDA Perfluorodecanoic acid 335-76-2 | Perfluorodecanoate 73829-36-4
Perfluorchexanesulfonic acid PFHxS 355-46-4 Perfluoro-n-[ 1,2-C; |ietradecanoic acid 3. PFTeDA ; ;

Perfluorcheptanesulfonic acid PFHpS 375-92-8 Perfluoro-1-[2,3 4-"Cs |butanesul fonic acid e -PERS PFUnA Perfluoroundecanoic acid 2058-94-8 | Perfluoroundecanoate 196859-54-8
Perfluorcoctanesul fonic acid PFOS 1763-23-1 Perfluoro-1-[1,2,3-"Cy hexanesulfonic acid HCy-PFHxS NA PFDoA Perfluorododecanoic acid 307-55-1 | Perfluorododecanoate 171978-95-3
Perfluorononanesulfonic acid PFNS 68259-12-1 Perfluoro-1-[“CyJoctancsulfonic acid UCe-PFOS - - - -
Perfluorodecanesulfonic acid * PFDS 335773 Perfluoro-1-("Cijoctanesulfonamide | "CePFOSA PFTrDA Perfluorotridecanoic acid 72629-94-8 | Perfluorotridecanoate 862374-87-6
PR M-methyl-ds-perfluoro-1 -ecianesul fonamidoacetic acid D-NMeFOSAA . .
Perfluorododecanesulfonic acid * PFDoS T9780-39-5
S Nailivld it fiinor-Toete sl tissidoacetio aold Do NEFOSAA PFTeDA Perfluorotetradecanoic acid 376-06-7 | Perfluorotetradecanoate 365971-87-5
— - LA, L, 28, 2HPerfluoro-1-[1,2-"*Ca]hexane sulfonic acid BC-4:2FTS Perfluoroalkvl sulfonic acids/anions
1H,1H, 2H, 2H-Perfluorchexane sulfun_lc ai:_u:l 4:.2FTS 757124-72-4 LH,1H,2H 2HPerfluoro-1-[1.2-"CJoctane sulfonic acid 6 2FTS Y /
:g:g ’ ig ig‘iﬂg“"mzﬂm" S“'l‘;““'_'; a“‘_‘; :: igg ;;T;:‘::j LH,LH 2H 2H-Perfluoro-1-[1 2-'Csdecane sulfonic acid | VC:-8:2FTS PFBS Perfluorobutanesulfonic acid 375-73-5 | Perfluorobutane sulfonate 45187-15-3
2141, &11, 2I1-T €TIUOrodecane Sullonic acl - - Tetraflworo-2-heptafluoropropoxy-""C-propancic acid PBCWHFPO-DA } ;

Perfluorooctane sulfonamides _'_ﬁ_mmyj_DJ_FcrﬂmmmMm[pmmmmm[ """ D-MNMcEOSE | PFPeS Perﬂuompentanesulfomc acid 2706-91-4 Perﬂuoropentane sulfonate 175905-36-9
Perfluorooctanesul fonamide : PFOSA 754-91-6 N-::l:h}-I-Du-perﬂuwmbtmnesu!fﬁmmdblﬂhnﬂbl Dn-N[ﬁ1 FOSE PFHxS Perfluorohexanesulfonic acid 355-46-4 | Perfluorohexane sulfonate 108427-53-8
N-methyl perfluorooctanesulfonamide NMeFOSA 31506-32-8 N-ethyl-Ds-perfluore- | -octanesul fonamide D-NEIFOSA : :

N-ethyl perfluorooctanesulfonamide NEtFOSA 4151-50-2 N-methyl-Dy-perfluoro-1-octanesulfonamide D;-NMeFOSA PFHpS Perfluoroheptanesulfonic acid 375-92-8 | Perfluoroheptane sulfonate 146689-46-5

Perfluorcoctane sulfonamidoacetic acids |_NIS Compounds TR AN PPt . .

Nomethyl perflanioocmnenilfhaamidoaostls adil e TS :ﬂumn-lﬁ':_ﬁ: ::“,ummw.am.d ué;.ﬁ; :: PFOS Perfluorooctanesulfonic acid 1763-23-1 | Perfluorooctane sulfonate 45208-90-6
N-ethyl perflucrooctanesulfonamidoacetic acid NEIFOSAA 2991-50-6 5 ME:T::{I‘EZ e dc‘::]::.’:‘:’:mm’ e PEDA PENS Perfluorononanesulfonic acid 68259-12-1 | Perfluorononane sulfonate 474511-07-4

Perfluorooctans sulfonamide ¢thanols Perfluoro-n-{1.2.34- “C.Joctanesulfonic acid SC.PFOS NA PFDS Perfluorodecanesulfonic acid 335-77-3 | Perfluorodecane sulfonate 126105-34-8
N-methyl perfluorooctanesulfonamidoethanol NMeFOSE 24443-09-7 Perfluoro-n-{1,2,3 4,5-''Cs] nonanoic acid P PFNA
N-ethyl perfluorooctanesulfonamidoethanol NEtFOSE 1691-99-2 Perfluoro-n-{1,2-"C;]hexancic acid 3C,-PFHXA PFDoS Perfluorododecanesulfonic acid 79780-39-5 | Perfluorododecane sulfonate | 343629-43-6

Per- and Polyfluoroether carboxylic acids Perflucre- 1 -hexane] "*0:|sulfonic acid 1 0:-PFHxS _ . . .

Hexafluoropropylene oxide dimer acid HFPO-DA 13252-13-6 | The target analyte names are for the acid and newtral forms of the analytes, See Table 2 for the names and CASRN = Chemical Abstracts Service RegIStry Number
4,8-Dioxa-3H-perfluorononanoic acid ADONA 919005-14-4 Chemical Abstract Service Registry Mumbers (CASRN) of the corresponding anion formns, where applicable.
Perfluoro-3-methoxypropanoic acid PFMPA 377-73-1 NA =Not assigned & CAS Registry Mumber
- . * These analyvtes may not perform as well as othets in some mairices (see Section 1.6): PFDS, PFDoS, and
Perfluoro-4-methoxybutanoic acid PFMBA 863090-89-5 ICLPFIOUES in aqueeus samples: PFD0S and 1 1CLPFI0UAS in biosolid samgles: and PFDS in tissue
Nonafluore-3,6-dioxaheptanoic acid NFDHA 151772-58-6 sampbes.
Mcthod 1633 50 January 2024

Internal Standards, and Non-extracted Internal S_ripd:rds‘ ]




Why “forever chemicals"?

4
4
- (] o (] (]
- 1. High Electronegativity of Fluorine: 3. Strength of the C-F Bond:
Highly polarized covalent bond Energy required to break a C-F bond ~563 kJ/mol.
O+ O— One of the highest bond energies for a single carbon-
C F element bond.
. . Fluori 1 Eq (A) + Eq(B)
2. Small Atomic Radius of e _—
Fluorine: Cxygen . -
Short and strong bond ‘ Q ® ¢ 2 E
. Re ®» =
’ (& C o A O ;.:
\ o d ® .
g ©
Hydrogen Carbon

‘ A-B bond length, r (A)

The high energy required to break the C—F bond explains 4. Comparison with C-H Bond:
why PFAS are so persistent in the environment. They do

The bond between (C-H) is much weaker in comparison.
easily degrade through natural processes such as: Energy required to break a C-H bond : ~436 kJ/mol.

hydrolysis, oxidation, or biodegradation. (less polarized and less resistant bond).




PFAS

A diverse group of thousands of chemicals used in hundred of products.

PFAS can be found in water, soil, air, and food from industrial sites, wastewater
treatment plants, and household products.
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non-stick cookware firefighting foam




PFAS

The PFAS backbone is constituted by single-bonded carbon atoms with fluorine atoms covalently bonded to the alkyl chain.

PFOA PFOS % o
Perfluorooctanoic acid Perfluorooctanesulfonic acid F %o e
C8HF1502 C8F17SO3H %
414.07 g/mol 500.13 g/mol
PFBS - PFBA

Perfluorobutanesulfonic : ! Heptafluorobutyric acid

acid 0 C4HF702

C4F9S0O3H 214.04 g/mol

300.10 g/mol i

PubChem (2024).



RESENCE IN
NVIRONMENTAL SAMPLES
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Due to their
, PFASs can disperse widely

in the environment, accumulating in

both aquatic and terrestrial
ecosystems.

PFASs have been detected in
surface water, groundwater,
sediments, soils, and the
atmosphere.

Include industrial activities, landfills,
sewage sludge application, and the
use of products containing PFASs.




F o 1 United States
NG Environmental Protection
\’ Agency

Environmental Topics v Laws & Regulations v Report a Violation v

About EPA v

Safe Drinking Water Act

Per- and Polyfluoroalkyl Substances (PFAS)

Final PFAS National Primary Drinking Water Regulation

e Summary

e Supporting Materials
o General Information
o Technical Information for States, Tribes and Water Systems
o Espafiol

¢ Regulatory Information and Supporting Documents

e Webinars

e Background

r
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CONTACT US

Compound Final MCLG Final MCL (enforceable levels)
PFOA Zero 4.0 parts per trillion (ppt) (also expressed as ng/L)
PFOS Zero 4.0 ppt
PFHxS 10 ppt 10 ppt
PFNA 10 ppt 10 ppt
HFPO-DA (commonly known as GenX Chemicals) 10 ppt 10 ppt
1 (unitless) 1 (unitless)

Mixtures containing two or more of PFHxS, PFNA, HFPO-DA, and PFBS

Hazard Index

Hazard Index

« Public water systems must
monitor for these PFAS and have
three years to complete initial
monitoring (by 2027), followed
by ongoing compliance
monitoring. Water systems must
also provide the public with
information on the levels of
these PFAS in their drinking
water beginning in 2027.

Public water systems have five
years (by 2029) to implement
solutions that reduce these PFAS
if monitoring shows that drinking
water levels exceed these MCLs.

* Beginning in five years (2029),
public water systems that have
PFAS in drinking water which
violates one or more of these
MCLs must take action to reduce
levels of these PFAS in their
drinking water and must provide
notification to the public of the
violation.




Contents lists available at ScienceDirect

Regulatory Toxicology and Pharmacology

ELSEVIER joumal homepage: www.elsevier.com/locate/yrtph
Table 1 / / /
Safe doses of PFOA and PFOS from international authorites.

Range of the perfluorooctanoate (PFOA) safe dose for human health: An Authority Safe Dose ug/  Point of Departure (PODyp) Uncertainty Factors

kg-day

international collaboration

Alliance for Risk Assessment 0.01-0.07 Various (see text): Animal-human kinetic factor =1 °

(this paper) 4.35 to 23 pg/ml of serum Animal-human dynamic factor = 3 &
Lvle D. Burgoon®, Harvey J. Clexﬂ. ell®, Tony Cox © Wolfgmlg Dekant &' , Linda D. Dell . ., James Human toxicodynamic factor = 3°
A. Deyo©, Michael L. Dour son , Bernard K. Gadagbm Philip Goodmm , Laura C. GLEEH h Human toxicokinetic factor = 8.4"
K. Vijayavel ', Travis R. Kline’ T:unan House- E{nwhr ' Michael 1. Luster \ Themse M:mmng Database uncertainty factor = 1%
Paul Nathanail ®, Frank Pagone , Katie Richardson®, Tlago Severo-Peixe %, Anurag Sharma’, i Human clearance = 0.23 ml/day-kg
European Food Safery 0.00063° 17.5 ng/mL (BMDL;g} « MNone applied

James S. Smith °, Nitin Verma ", Jackie Wright™

Authority (EFSA, 2020) Decreased anti-tetanus and anti-diphtheria e BMD derived in sensitive population (infanes) and response is risk factor for

antibody concentration dizease rather than a disease.

Food Standards Australia/ 0.16 4.9 pg/kg-day Within human variability = 10
Mew Zealand (2017) Animal to human extrapolation = 3
Health Canada (2018) 0.02 0.52 pg/kg-day Within human variabilicy = 10

Animal to human extrapolation = 2.5

US Environmental Protection  0.0000015 0.0000149 pg/kg-day decreased anri- Within human variabilicy = 10

Agency (2022)
US Environmental Protection
Agency (2023 DRAFT)

0.00003"

tetanus antibody concentration
Various (human):
0.000305 pgke-day (decreased ant-

Within human variabilicy = 10

tetanus and anti-diphtheria antibody
concentration),
0.000275 pgkg-day (increased serum
cholesterol)
0.000292 pg/kg-day (decreased birth
weight)

World Health Organization 0.02 Estimated based on PFOA water level of

(2022) 100 ng /L

s WHO made a risk management call of 100 ng/L

e This value can be uzed to estimate the comparable safe dose of 0.02 pg/kg-day
using 2 L of water consumption per day, a 60 kg body weight and a 20%
relative source contribution.

2 Factor is not needed since PODs are based on serum concentrations.
® The use Df a 3 is rhe US EPA defaulr pnsmnn {L . Env 1mnment’|l Protection Agency EPA, 2014); the IPCS (2005) default is 2.5.

L - Vo — — e e

Many government agencies and expert groups have estimated a dme-rate ﬂf p-exﬂunrmctanmte (PFOA) that would iﬂ;ﬂ?ﬁl&ﬂ;gﬂ;ﬂﬂ;_ﬂmsEtﬂi- (2013, Table 2) bya
protect human health. Most of these evaluations are based on the same studies (whether of humans, laboratory

animals, or both), and all note various uncertainties in our existing knowledge. Nonetheless, the values of these

various, estimarted, safe-doses vary widely, with some being more than 100,000 fold different. This sort of

ﬂlSlE[E'pEIll'_'_‘,F invites ﬂ:rutlﬂj.r am:l EIplﬂ[lEltlﬂ[L ﬂmenn.rme what is the laj.r puhlu: to m:ake of l'hlS ﬂlEpEﬂt‘_‘,F?

ming steady state.

ent endpoints in different populations to derive an RiD.



ELSEVIER

Contents lists available at ScienceDirect

Science of the Total Environment

Science ..
Todal Ervirormeant

journal homepage: www.elsevier.com/locate/scitotenv
Discussion ;m
. . . . - Chack for
Estimated scale of costs to remove PFAS from the environment at current o’
emission rates
Alison L. Ling
Department of Civil Engincering, University of 5t Thomas, 2115 Summit Ave, 053 100, 5t Paul, MN 55105, United Sbates of America
Legend:
————— B
PFAS Transter FFAS i e e e i el bl
and Emissions Destruction | -h:- |
| |
|
| |
Global Enviromnment | I 'ELII'I'EI’“ ............. R T e
Scope Used 1 | Global PFAS -*
| Treated | Emissions Regenerative
Lo Ea:‘: - o Thermal Oxidizers
| Jirect emissions to s 5
) I W . (RTO) at industrial
| air, soil, and, wate
PFAS Production T | - [————————— facilities
| Direct emilssions 6o
PFAS I air, soil, and, water”
Product | : A - i
Manufacturing i Industrial discharges | _ i | High-Temperature
| to centralized Global I Incineration
PFAS-containing wastewater treatment E I
aroducts > Environment I
I Direct emisshons 1o I
- 3
P P - air, soil, and, water 1 e I:frl['|LIﬂE5 :
I

Motes:

[1] Medium- to long-term envircnmental sinks
include open ccean water, sediment burial,
deep-well injection, and deep ocean burial

[2] Includes untreated stack gas and NPDES

discharges

[3] Includes local uze and emissions and releases
due 1o washing and weathering

[4] Includes thermal oxidation of pygas and
syngas from pyrolysis and gasification and SCWO,
HALT, UV-ARPs, and electrochemical oxidation af

concentrated wastes

Use-phase
emissions to
wiastewater

¥

EMISsIons

Wastewater | effluent

Used products
and wastes

Treatment
biosolids

controlled
leachate
uncontrolled

- leachate
Solid Waste to groundwater

Management ————»
(e.g. landfills)

groundwater, surface
waters, soils/
sediments,
atmosphere and
biota; post-consumer
waste management
facilities like
wastewater
treatment and
landfills; and medium-
and long-term
environmental sinks')

b — + GAC Reactivation
Treatment

residuals
and other
materials
Emerging
_______ Destruction
seme Technologies'
remediation | [Capacity limited]
residuak

Current Global

PFAS Destruction

y

// / /

Theoretical cost estimate for steady-state global PFAAs

Using estimated emission rates of 20,000 to 100,000 metric tonnes per
year of PFAAs and precursors and applying estimated unit costs of 0.9
million to 67 million USD per kg PFAA removed and destroyed, cost to
achieve steady-state global PFAA stocks would be between 20 and 7000
trillion USD per year. This range brackets the estimated global GDP of
106 trillion USD (International Monetary Fund, 2023). This order-of-
magnitude cost estimate is subject to significant, compounding un-
certainties, including those associated with variations in treatment ef-
ficacy, characteristics and concentrations of specific PFAA, which PFAA
are reported, and site-specific constraints that cannot be captured in a
broad survey. However, the estimated scale of costs (tens to thousands of
trillions of USD per year) provides a useful benchmark highlighting the
impracticality of relying on environmental remediation alone to control
global stocks of PFAAs in the environment.



Method 1633

Analysis of Per- and Polyfluoroalkyl Substances

(PFAS) in Aqueous, Solid, Biosolids, and Tissue
Samples by LC-MS/MS

E

v
O

Clean all equipment prior and after Prior to use, baked glassware must be solvent
each use cleaning solvents used rinsed and then air dried

include 1 methanolic ammonium hydroxide (1%)
 Water ] Toluene

. Methanol . methanol

- methanolic ammonium hydroxide

= Do not use PTFE-lined caps on sample
containers.



Liquid samples

JdWaters

JdSludges
Jdsimilar materials < 50 mg solids

» Sample bottle, HDPE
» with linerless HDPE or
polypropylene caps

Solid samples

ASoils

Jdsediments

dbiosolids

Jcontain more than 50 mg solids

» Sample bottle or jar

» wide-mouth, HDPE

polypropylene caps

> with linerless HDPE or

=

— N — - e W —

Aliguots

A Disposable

polypropylene
collection tubes



1 To mix soil cores and to store
samples for other analysis,
polyethylene sealed bags were >0 feet
used. 6 meters

& el e e “f 20 feet
- it — 6 meters

20 feet
6 meters

2 fields per location
Total 32 cores



Collecting water = Do not fill the bottle past the shoulder,

to allow room for expansion during
dsources that flow freely (e.g., frozen storage

effluents) are collected as grab
samples.

if the purpose of the sampling is to
characterize the PFAS content of the
waterbody, samples should be
collected from below the surface to
avoid the enrichment in the surface
layer .

Jthe nominal sample size is 500-mL.




JMaintain all agueous and solid samples protected from light
and at or below 6 °C from the time of collection until shipped
to the laboratory.

1 Once received by the laboratory, the samples may be stored
at0-6°C oratorbelow-20°C, until sample preparation




Jwhen sampling long distances cooler and ice
are required to keep the samples always
refrigerated.

Jonce possible samples are transferred to
freezers/fridges.




Field protocol

Toposequence

Samples are always

©
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O
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O o
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O ©
O O

1 Sediments

J Water
 soil







dsoil samples are collected
using a plated soil probe. We
use water from the area to
wash it.

Jonce clean the probe is
thoroughly sprayed with
methanol LC_MS grade

dlastly the probe is thoroughly
sprayed with water LC_MS
grade.

JAll cleaning residues are kept.

AMS 7/8" X 33"

Plated Soil Probe

w/ Handle, 5/8"
Thread

= Average collection time was 2.5 hours per
location
= Clay loam soils took up to 4 hours




JSamples must be shipped with sufficient
iIce to maintain the sample temperature
at or below 6 °C during transport for a
period of at least 48 hours to allow for

shipping delays.




Holding times

®  ssues have been observed with certain

JAqueous samples may be held for up to 28 days when
perfluorooctane sulfonamide ethanols

stored at or below 6 °C, or 90 days whgn stored at or and perfluorooctane sulfonamidoacetic
below -20 °C and protected from the light. acids after 7 days.
JSoil and sediment samples may be held for up to 90 = likely to elevate the observed
days, if stored by the laboratory in the dark at either O - COﬂC@ﬂtragiOﬂS O; other F;FAS f
0 AN O compounds via the transformation o
6 °C, or at below -20 °C. these precursors.

~IBiosolids samples may be held for up to 90 days, if

stored by the laboratory in the dark at 0 - 6 °C, but = soils and sediments may exhibit
preferably at or below -20 °C. microbial growth when stored at O -
6 °C.

L1EPA recommends that samples be frozen if they need  SelipleSih SR Ialceis
soon as possible it NFDHA is an

to be stpred for more than a few days before important analyte
extraction.



Extra samples may be needed
for other analysis

1 Texture
J Nutrients
. Organic matter




= Do notuseany
fluoropolymer articles
or task wipes in these
extraction
procedures.

Sample Preparation and Extraction

|||||T—)m

Aqueous samples

= pH should be 6.5 = 0.5 - adjust with 50%
formic acid or ammonium hydroxide

= all parts of the SPE manifold must be
cleaned between samples  with
methanolic ammonium hydroxide (1%)
and air dried prior to use

= gsonication with methanolic ammonium
hydroxide (1%) may be used

= Useonly HDPE or
polypropylene wash
bottles and centrifuge
tubes.

J Homogenize the sample
[ Pre-condition the cartridges

1 Do not allow the WAX SPE to go dry



= maximum sample weight for sediment or soil is 5 g dry-weight
Soil samples = maximum sample weight for biosolids is 0.5 g dry-weight

mix the sample
determine water content |
sample

weigh aliquot

add 0.3% methanolic
ammonium hydroxide
vortex

shake for 30 minutes
centrifuge for 15 minutes 7
repeat the extraction stepd
2 times \
concentrate the extract
add reagent water

24 hs

3 hs

5-7 hs

5-7 hs/

batch SPE

elution
concentrate /reconstituted

5-8 hs

oo O OO0 oood OO0 OO




Plant tissue

3—-14
days d freezedry
3—-10 .
days J manually grind
J weigh aliquot
1 add MeOH with 400 mM ammonium
3-4 hs acetate
1 vortex
1 ultrasonicated for 30 minutes
J centrifuge for 15 minutes
] repeat the extraction steps 2 times
>-10 3 SPE
hs/batch ] concentrated




] Biosolids

ASU 094 Smooth(Mn,2x5) PEHXA F9:MRM of 1 channel ES-
6 1058 312.904 > 268.902
1.351e+003
100~ 106.21
%_
~ .
L LA B e B e e B TTC T e e min
9.25 9.50 9.75 10.00 10.25 10.50 10.75 11.00 11.25 11.50 11.75
NC water 015 Smooth(Mn,2x5) PFBA F1:MRM of 1 channel ES-
4 4.46 212.904 >168.881
1.359e+004
100 973.28
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AP FAS occurrence In soil
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