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More Appropriately Termed
Emerging Substances of Concern

u Not all of these substances e
can accurately be e
described as contaminants
or pollutants

Some of these substances
are feund naturally in eur o

D.M. Smith, University of

surface waters P

Others are natural
suldstances that are
concentrated by
anthrepegenic activities

And still others are man-
made chemicals that do
Not occur In nature




Emerging Substances of Concern

u Glebal Organic Contaminants

u Pharmaceuticals and Personal Care
Products

w ERndoecrine Moedulating Chemicals
uiNanepakticles

ulndustral Chemicals (new: ane
recently/ recegnized)

wiBielegical lVietahelites and IIeXxiIns




Global Organic Contaminants

— Flame Retardants and their impurities

upolybromonated diphenyl ethers (PBDES)
— polybromoenated biphenyls (PBBS)
— polylbremonated dibenzoe-p-diexins (PBDDS)
— polylbremonated dibenzoefurans (PBDES)

ulHexabremocyclodedecanes (IHBCIDs)

— Perflleronated CompounRds

u Perfiterorectane sulifenates (PEOS)
u Periliterectanelc Acid (PEOA)

— Siloxanes




Global Organic Contaminants
u PBDES

— Flame retardants added to
wide variety of household
and consumer products

Are not cevalently bound to
substrate te which they are
applied, so they are easy to

liberate

PEBS, PBIDDS, PBIDES can
Pe fieund as ImpuUrties In
PBIDE lermulations and
created during Iecineration
OF pyrolysis of PBDE
containing materals




PBDESs Properties

(Burnbaum, L. NEERL/US EPA)

u Low Selubility (=< 1 ug/kg)
u Highi Log K, (> 5)

uPersistence
— 1 1./2 Atmoespheric =2 days
—\Water =2 1mos
— Sl sediment =6 mMes

http://mwww.hesiglobal.org/NR/rdonlyres/A41C84C0-B32A-493D-911D-32449D97C814/0/10bPBDEpresentation.pdf




PBDES

wu Tissue burdens (animal and human)
doubling every 2-5 years

u Lewer welght cengeners albsorbed maore
easily,

u Lewer welght congeners moere texic
— PeBIDE=>0OBDE=DBDE

— Higher welght: congeners; can degrade [nto
MOKe teXIC IewWer Welght: COongEeERers

i BAET=5,000: 1

v BME ranged S:i ter 8554 I sharks; and
delphinsHreml EleRrda Study/

http://www.hesiglobal.org/NR/rdonlyres/A41C84C0-B32A-493D-911D-32449D97C814/0/10bPBDEpresentation.pdf
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Median levels of PBDE 47, 99, 153 in
human milk from different countries. —

ngl/g (ppb) lipid.
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2003 (n=39) (n=92) (n=72) (n=7) (n=40) (n=11) 2004
(n=20) (n=2)

http://www.hesiglobal.org/NR/rdonlyres/A41C84C0-B32A-493D-911D-32449D97C814/0/10bPBDEpresentation.pdf




PBDES

u Non-point and point source Issue
u Primary release Is to atmoesphere not water

u Glebal transportation of released PBIDES
and other erganic contaminants (Increasing

Concentrations In pelar bears)
u Appreaching petential effect concentrations

In WI Id Osprey (Henny, €. et al. 2006. PBDE and HBCD!Elamer Retardants, inf Eggs

ol ©Osprey: and Deuble-crested Cormorants: from\Washington and Oregen, 2002-2004. Pester at 2006
AnnuallSETAC meeting,, Mentreal, QC)

w Petential (Currenitly/ Unknewn) effects frem
PEIDIDS and PBIDESS




PBDE Effects

u Kestrel pipping and hatching success
reduced at concentrations =>10ug/g (air
cell injected), but not chickens or ducks

u Chicken liver EROD: activity increased in 1.,
10, and 20ug/g treatments, but not
keStreIS OI’ dUCkS (USGS);, 2006. Comparatie: Fexicity: off Polybreominated

Flame Retardants int Avian Embryoes. Pester at 2006 SETAC Veeting)

u Crustaceans very sensitive te PBDES. 5-
day ECE  asH oW asHZig/ BN erlanyal
developmentinthe pelagic calanold
COPEpPLd; Acartiar tensa

(htupE//vmwwvz. e ditu.dk/publications/iulliext/2005/MR2005-042  pdi)




PBDE Effects

u Adult Mammalian: Toxicity

— Hepatic enzyme induction and toxicity.
u DBDE Is a hepatocarcinoegen (high dose)

— Endocrine Modulator
u Thyroid
ul EStregen/anti-andregen
— Developmental and Reproductive effects

u Penta/Octa BDE 99

— Pelayed pulberty, Sex ergan; changes, decreased Sperm
counits

— Neuretoexicity,

u Penta/BIDEA Y, 99 203}, 206
— [DENCITLS IR SERSERY, MOLeK, and coghRitine iURchion

http://epa.gov/waterscience/fish/forum/2005/presentations/Tuesday%620Slides%200920/afternoon/Birmbaum.ppt#275,15,PBDE Toxicity




Pharmaceuticals and Personal
Care Products (PPCPs)

u Basically all prescription and ever-
the-counter drugs

u Diagnostic agents

w Dietary Supplements

I Eragrances, seaps), Conditioners,
SURSCIrEens, COSMENES...

u Caffeine
u Nicotine




PPCPs

u Most diverse “category” of Emerging Substances
off Concern; Many are water seluble;

Most commoen reute into the envirenment IS
throeugh wastewater (municipal and septic
drainage) and land application of sewage: sludge
and manure, and landfillleachate

lje state the ebvieus, the moest commen reute te
RUmansi s thireugh Ingestion; and teplcally/
(@ltheugh the dese IS eften) unintended — danking
Welter, reastmili)

WAV Ereatmenit may, e may/ net Be ehfccive: at
FEmeVIng the compeuRds fifem therefliilent
CEPEnEdInG Upen the treatment and  chemical




PPCPs

u Recelving water concentrations are
typically in the ng/L to low pg/L range

u Common pain relievers are usually the
PPCP found in the highest concentrations

u Seme PPCPs can Induce estrogenic effects

N Biclegicall receptors, NeWweVer most
research te date suggests that such
effects are not likely, at curreni
envirenmenitall concentrations

U HeWever:, most: tesis) iave: Been| onr single
COMPEURGS

i Usually eececur as mixtlres




PPCP/EMC

u USGS study on the fate and effects
off PPCP’s inf a WAWITP discharging into
Boulder Creek, Boulder Creek, CO.

w \Venlafaxine (Effexor), the most
ablRdance anti-cdepressant found

uConcentratiens; varied signikicanibly
Withs i e el day/ anclday: elirweek

wi s 48 sex: ratler in Whlte SUCKer:
pepllatien M Boulder Creek

Schultz and Furlong . Transport and Fate of Antidepressant Pharmaceuticals in Municipal
Wastewater and Receiving Waters. 2006 SETAC Platform Presentation
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Boulder Creek
USGS Work in Boulder Creek, Boulder Creek, CO

B Venlafaxine
B Bupropion
B Citalopram

detected, but not
above the LOQ
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Upstream Effluent Downstream Site Downstream Site
Discharge 1 P

http://www.state.nj.us/dep/wmm/Buxton%20Emerging%20Contaminants%20For%20Posting.pdf




Boulder Creek

USGS Work in Boulder Creek, Boulder Creek, CO

M Paroxetine
1 Norsertraline
m Sertraline

- Norfluoxetine
W Fluoxetine
Paroxetine Metabolite,

Fluvoxamine, and
Duloxetine not detected.

detected, but not
above the LOQ
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Upstream Effluent Downstream Downstream
Discharge Site 1 Site 2

http://www.state.nj.us/dep/wmm/Buxton%20Emerging%20Contaminants%20For%20Posting.pdf




Boulder Creek
USGS Work in Boulder Creek, Boulder Creek, CO

Attenuation of estrogenic activity, 4/19/05

[ Ethinyl estradiol
H Estrone
m 17beta-estradiol
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Upstream Effluent

Preliminary Data

http://www.state.nj.us/dep/wmm/Buxton%20Emerging%20Contaminants%20For%20Posting.pdf




Boulder Creek
USGS Work in Boulder Creek, Boulder Creek, CO

mFemale B Male 0OlIntersex
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http://www.state.nj.us/dep/wmm/Buxton%20Emerging%20Contaminants%20For%20Posting.pdf




Endocrine Modulating Chemicals

u EMCs typically categorized as
— Natural or synthetic hormones
— [ndustriall chemicals
— Pesticides




Endocrine Modulating Chemicals

Modulating Is a better descriptor than Disrupting

wu Natural and synthetic
AGrMGRES

u Surfactants
L Pesticides
w BT

u PCBs

L DIGXIRS




Natural and Synthetic Hormone
EMCs

u Phyteestrogens — produced by many
plants

u Natural hormones

— 1 7ls—estradiol (E2)
—estrone (E1)
— Estriol (E3)

UESTreGERI reguiatingr pharmacelicals
— SYRRENC estiegen ethinylestradiel (EE2)




Natural and Synthetic Hormone
EMCs

u Estrogens readily degradable under
aerobic conditions (T,,, 4-10 hours)

u Slew degradation under anaerobic
conditions

u Bothy conjugated and de-conjugated ferms

must: be quanitified

v Conjugatedrestregens (having a
glucureonide: oF sulfiate group attached) are
feormed: asi the Bedy, eliminates estrogens
andl are net estregenically, actie

wliese conjugated estiegens: canl e de-
conjugatedIRNVAVAIPESYSTERIS




Industrial

EMCs

u Phthalates — plasticizers

u Noenylphenoel and alkyp
surfactants, anti-feami
plasticizers or UV stabi

nenol ethoxylates —
ng agents and
IZers In; plastics

u Bisphenoel A — ingredient In lacguers used
to treat cans used for feod geods

PCBs
DIoOXINS

PBEIDES — flame retardanits
2AlaENS) — pPreser/atives; Used in

COSMENECS and antivacteraifieotiPaSIES




Nonylphenols

u Commonly used surfactant in US e.g.,
nonylphenoel ethoexylate

u Banned in Eurepe

u Estrogenic (1/10,000 of EE)

u Persistent In the envirenment

U Bieaccumulate

w Relatively night Log K, (8.6 te 4.8)

L @ceuUr IRl relatively Righ concentrations
(100s 6 Mme/kg dRy Welghit In Sediments)




Nonylphenols

u Prepoesed ERA WOC
— FW CVIC) 2i7.91 ug/IL
— FWW/ CCE 65.9 ug/L
— SWI/CME 6.7 pg/IL
— SWICECE 14 o/t




List of Potential Pestlc:lde EMCs

Acephate

Acetochlor

24-D

24-DB

Alachlor

DoOT

Aldicarb

Delta HCH

Aldrin

Deltamesthrin

Amitrol

Demeton-s-methy

Atrazine

Dialifos

HC

Permethrin

HCH

Phosphamidaon

Heptachlor

Photomirex

laeymil

Picloram

lprodione

Piperonyl butcxide

Lindane

Prochloraz

Linurcn

Benomyl

Diazinon

Beta-HCH

Dichlorwos

Bifenthrin

Dhicofal

Bioallethrin

Dieldrin

Bromaoaenil

Dimethoate

Carband

Diurcn

Carbendazim

Endozsulfan

Carbofuran

Endrin

Chlordans

Etndiazole

Chlordecone

Fenarirmol

Chlorferminphos

Fentin acetats

Cyalothrin

Fenitrathion

Malathion

Mancozel

Maneb

Metam sodium

Methormyl

Methooychlor

Methyl bromide

Metiram

Metribuzin

Mevinphos

Mirex

Mitrofen

Cyanazine

Fenothnn

Oxychlordane

Procymidone

Prometryn
Propanil
Resmethrin
Simazine
24 5T
Tebutryn

Thiram

Toxaphens
Trachmefon

Tracimenal
Trbutyltin
Trnchlorfon

Tnfluralin

Fenoxycark

Parathion ethyl

Cypermethrin

Fervalzrate

Parathion methyl

Fluavinate

Pentachlorophenal

Trpheryltin
Vinclozolin
Zineb

Ziram




EMCs

u EMCs can affect three aspects of
Endoecrine function

— Neural input to the endocrine system

— Hormonal modulation of the nervous
sy stem

— Regulation off hermene: and recepitor
PIGSYRRESIS, SEcretion, and metanelism

Chapman, P. 2006. Editorial: Emerging Substances — Emerging Problems. ET&C 25:6, pp. 1445-1447.




Environmental Effects of EMCs

u Difficult to guantify due to low
concentrations and chemical mixtures

u Can be confounded in fieldl and laboratory.
experimenits by parasites in the test
Subjects that can alter endecring
pathways (daphnids and amphipeds)

w \Widely varying sensitivities amengst:
wildlifer receptoers

u Effects can be reversible

Chapman, P. 2006. Editorial: Emerging Substances — Emerging Problems. ET&C 25:6, pp. 1445-1447.




Environmental Effects of EMCs

u Feminization of fish, birds, reptiles has
peen reported at environmentally relevant
concentrations

u Intersex Males, (imales with ova present 1n
thelr testes) ehserved in amphikians and

fish
i Gynandremoerphism in daphids
urAbnermal develeopment: I fiish and BIrds

u Biemarkers; for exposuie do net transiate
IRte guanitiiakle adVerse: effiects

Chapman, P. 2006. Editorial: Emerging Substances — Emerging Problems. ET&C 25:6, pp. 1445-1447.




Human Health Effects of EMCs

u Very little data on human, health
effects from EMCs frem foed or
drinking water

u Studies; shewing reduced: sperm
counts andiincreased cancer
confeunded By, lifie-style’ cheICES

Chapman, P. 2006. Editorial: Emerging Substances — Emerging Problems. ET&C 25:6, pp. 1445-1447.




Nanoparticles

NanoMats

w Eullerenes (a.k.a. buckyhalls)
wNanetukes

v QuUantum doits
uiNanepewders: (Inetall exides)
uiNattir2l particles (.9, SeoL)




Nanoparticles

u Natural and manmade structures In
the 1 te 100 nm size range

w Used! In nanotherapeutic
pharmaceuticals, drug delivery,
COSIMELICS, energy. sterage products,
falrICEs,, lUbBricanits, even gelialls

u Potential use In contaminated site
cleanrup




Nanoparticles

w Toxicity ofi most nanotechnoelogy
products has not been determined

w Poetential mechanisms off aguatic
toxicity, from the particles
themselves are
— RgEstion
— Phaysicall diskruption
— GlliNrRiEten




Gaining Perspective

u Unregulated # Little Risk;

Old Pollutant — New Concern;
VS.

New: Pollutant — Unknown| ISSUES;

PPCRS| are not new poelititants but are newly: identified in waters due
to Impreved analytical technigues.

wiHIghest: Propensity, for Adverse Effects
PBiF — persistent, Biecaccumulative: texicants
u PESSess structural stabiity, (leng 72-life)
vl Dpephilic (sieaccumulatne)
v Cause aclite’ or CRIrenIC teXICIty,




Persistence vs. Pseudo-
Persistence

Resistance to chemical transformation
(detoxification) Is typically used to
evaluate the persistence of

substances;

Continualfrelease: off a sulkstance: e a
media (SUchras aWateraeey)rcan
compeLnds a pPSelde=pEersIStent:
PHESENECES




Re-Assessing Toxicity

u Substances may ‘elicit” texicity.
without being Inherently toxic

ue.g., by acting as vectors to ferry other
toxicants (nanoparticles) or as indirect
stressoers by altering pathegen resistence
(@antipietics);
w Delayed enset toxicity, can mask
epvirenmentalfeffiects;

wReal=Woerdiexposure Includes
additiver andfsynergistic efiects of
multipler siifessers;




Substances of Greatest Concern

wu High Use Endocrine Disruptors

uSome PPCPs;
uAlkylphenols and alkylphenel ethoxylates;
ulHermones/Steroids (feedlot eperations)

u Persistent Bioaccumulative

Compoeunds

uPelypreminated diphenyl ethers anad
asseclaied adulterants;

L@LRErS7722




EPA’s Stated Strategy

Literature Forensics - Assess usage,
environmental exposure and prevalence,
persistence, bioaccumulation and texicity;

Rank substances by risk based on albove
consliderations;

Evaluate measurement methodolegies;
Engage research to fillfgaps in knewledge;

Mieniter highest ranked candidates (or
ececeuUrrence and ecoelegical effects));

DEevelep regulation anditreatmeni
techinelegy as RECESSan/;




EPA Analytical Method
Development

u Method 1614 — High resolution Isotope
Dilution GC/MS for PBDES (2003);

u Collaboration withr ASTM for development
off GC/MS method for nonylphenel and
ethexylates;

ul Draft Method 1694 — LC/MS/MS, for 37
PPEPS:

ul Dralit Method 1698 — GCNS for 21 sterolds
and hormones;

u Draift- VMethed 1699 — High reseluitien
GC/NISTTer 77 pesticidesrand metapolites
andl S ERBICICESS




B/Lalbs Analytical Capability

u Analytical technoelogy for envirenmental
chemical measurements of many ESOC
IS, generally adeguate: (lack high
resoelution GC/MS technelogy);

w Biemarker technigues woeuld need
development;

I Stafifreseureces andimethodoelegical
develepmeni currenitiy/ Inacdeguate to
SUppPEeR: ESOC moeniterng;




