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® Subset of PPCPs Potentially Occurring in the Environment
~ingheJENYitonment:yAgeEntsIo S ubtleIChang e 2 Eee=m————
- 4 r D O bezafibrate 2-[4-[2-(4-chlorobenzoyl) lipid regulating loading of ca. 300 g/day in German POTW (Ternes 1998); POTW?* removal efficiency among highest reported values for
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amino]ethyllphenoxy]-2- agent won|l 83% (Ternes 1998); POTW max. effluent: 4.6 pug/L; max. in surface waters: 3.1 ug/L occurrence in STW effluent and sur-
methylpropanoic acid Influent concentration of 1.2 pg/L in Brazilian STWs (Stumpf et al. 1999) with removal face waters

(6]
: X
MW 361.82 C49H,,CINO, /@/\LN/\/@“C s efficiencies ranging from 27-50%.
H
Cl

*publically owned treatment works

L] LR
3 [b a S e d O n D au ghtO n & Te rn e S , 1 9 9 9 ] bisoprolol 1-[isopropylamino]-3-[iso- betablocker POTW max. effluent: 0.37 pug/L; max. in surface waters: 2.9 ug/L (Hirsch et al.
i ’ propoxyethoxymethylphe- (antihypertensive) 1996) clﬂz D/\o/\/o\( CHa
2 noxy]-2-propanol He /\H/\r\° oHs
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dau htO n Chrlstlan e am all e a OV chlorophene o-benzyl-p-chlorophenol antiseptic POTWs in Germany: chlorophene routinely found in both influents (up to 0.71 ug/L) oM
® L g MW 218.68 C,5H4CIO and effluents (Ternes et al. 1998); removal not as extensive as for biphenylol. /@1/@
cl

clofibric acid 2-(4-chloromethylphe- polar, active metabo- one of first drug/metabolites ever reported in sewage influent/effluent: Missouri STW active metabolite of clofibrate; formed

noxy)-propionic-acid lite of lipid regulators effluent-avg. 2.1 kg/day (Hignite and Azarnoff 1977). Loading of over 50 g/day-in via hydrolysis very soonafter inges-
MW 214.65 C;,H+;ClO5 (clofibrate, etofyllin German POTW-{Ternes-1998); POTW removal efficiency 51% (Ternes-1998); POTW tion; excreted primarily-as-glucuronide
s coon clofibrate, etofibrate) max. effluen: 1.6 pug/lL; max. in surface waters: 0.55 pg/L. Swiss rural/urban lakes: 1-9 (very-little-as the free-acid); presence-in

/@ S ng/L (ppt); North Sea (up to 7.8 ng/L) Buser et al. (1998) POTWs_ indicates hydrolysis of conju-

O . HiC CHy gate (Ternes 1998)

Are th e c u rre nt a p p roa c h es to ri S k ass ess - 17a-ethynyl MW 296.41 C,3H,,0, oral contraceptive up to 7 ng/L in POTW effluent (Routledge et al. 1998) //cu g;i[?:)z:x?:r;?;tiu;p;;;r?g:r:;r;graI
0 :
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' . . = i . estradiol estrogen is 17p-estradiol.
EPA’s research mission in context: primary goal e ment comprehensive? Questions can be raised as to whether

' 1 1 1 fluoro- large class; ntibioti As one of only many cl f pharmaceuticals, antibiotics in general have been rase inhibitors (needed for DNA
AN s 1AV (OHTIS @ MEYEAmen enitd) DO ISt i Ity 2 v th hes to envi tal visk ts and epidemiological studi B sstad 1l oranc n o sl s ar sy s | Spleaton; ot iy 3 e
fOStel' investigation Of pOtential future enVil'OIlmental iSSllES/COIlCCl'IlS \ € approac €S 10 environmental ris assessments an epl €mio Oglca stuaies boxylic acids MW 331.35 C;;H;5FN304 PhPCEs.Their u.biquitous occurrerlllcein 'fhe;)envir.onment is a leading proposed cause of compound; strongly sorbs to soil
° ° ° ° ° ° the rise In resistance among pathogenic bacteria.
" . : : Cxy sufficiently consider the "universe' of toxic substances involved in exposure
befOl’e they beCOIne Cl‘ltlcal ECOloglcal or hllmall health ISSUCS — pOllllthll 3 . " R . " . fluoxetine N-methyl-2(p-trifluoro- anti-depressant not yet searched for in environmental samples, but Fluoxetine elicited significant spawn-
o , , o or Whethel‘ the f()cus on conventlonal prlorlty pOllutants glves a narrow (Prozac) methylphenoxy)73— (selective_serotconin effects on shellfish are dramatic. oW N\% ing in male mussels at
prevention being preferable to remediation. phenylpropylamine reuptake inhibitor, » ol f | 107 M (ca. 150 pg/L) and in females at
perspective. MW 309.33 C17H18F3NO SSRl) : 10-6 M (Fong 1998).
fluvoxamine 5-methoxy-4 -(trifluromethyl)- anti-depressant not yet searched for in environmental samples, but Fluvoxamine elicited significant
(Luvox) valero-phenone-(E)-O-(2- (selective serotonin effects on shellfish are dramatic. spawning in male mussels at 10° M

The future for research on PPCPs in the procslenon | ot P L
& spawning inducer ever identified for
environment: The nearly unknown ramifications of PPCPs in the

bivalves (Fong 1998).

s . musk ambrette 2,6-dinitro-3-methoxy-4-tert- the first of two major Synthetic musks first began to be-identified in-environmental samples-almost 20-years the nitro musks-are being phased out
° — (a nitro musk) butyl toluen cl f synthetic .Yamagishi I. (1983) performed the first comprehensive monitoring effort, iden- f use in man f the world.
BACKGROUND y O environment (occurrence, fate, transport, effects) warrants a more precau e e e G e e e e e e
~ tionary view on their environmental disposition. Environmental scientists e e T e 5
- . e o.e R . . . . . o o o o o nitro mu ,4,6-trinitr nzen rances for cosmetics from 25 to 36 ng/L (musk xylene) and from 140 to 410 ng/L (musk ketone).
The Issue . Ecosystem change 1S brought about by human activities prlmarlly via three routes — habitat dlsruptlon/fragmenta- , need to focus more attention on this concern. An effort similar to that which 2 nitro musid ﬁﬂé\l/v62tg7_2t70?:?2|-|:;5Ne306 and persc())nalocaret Concentrations of musk xylene in fish muscle wore in the tens of pp;[JC,,WhiIe those for =Y
Ew o . o o o o products. musk ketone were less than 10 pg/kg, with highest values in fish downstream of :
0 0 0 . 0 . o . . - - mu n -tert-butvl-3.5-dim -2 6- S . In contrast, for ish, ncentrations ran wer, between 1 and b. musk xylen
tion, alteration of community structure, and chemical pollution. The scope of the former two is highly delineated compared with the EFFECTS : was invested in elucidating the environmental transformation and fate of per musk keone [ - tertbuty5-dimethy1 2.5 S G50 ST, BN e T [T, Ui L5 e
2 o 3 101 3 3 " 3 " )) urred in all samples, whether upstream or downstream of STWSs, and ranged from
" latter. During the last three decades, the impact of chemical pollution has focused almost exclusively on the conventional "priority sistent pesticides and industrial "toxics" (often referred to as POPs or PBTs) MW 29.31 CagHgN2Os T 25 1g7 those-of mask Ketome wera-gereratly i e same ramae. ot i aretinet

may need tO be made fOl’ PPCPS. sk moskens 4.6-dinitro-1.1.3,3,5.pen. contrast,-were not-detectable-in-upstream-samples:

tamethylindane

pollutants''. This group of chemicals, however, is only one piece of the larger puzzle. A class of potential pollutants receiving very lit-
tle attention includes pharmaceuticals and active ingredients in personal care products (PPCPs), which are continually introduced to
the environment via a number of routes. While their immediate biological actions on non-target species (esp. in aquatic habitats) may

Effects on aquatic (non-target) species
can range from acute to subtle:

Winkler et al. (1998) measured musks in 31 particulate matter and water samples from
thre Elbe River (Germany). In all particulate matter samples were found musk ketone
(4-22 ng/g), Galaxolidefi (148-736 ng/g), and Tonalidefi (194-770 ng/g); Celestolidefi
was found in 23 of the particulate matter samples (4-43 ng/g). The values for the three
most prevalent musks were within the same magnitude as that for 15 PAHs, and
exceeded those for 14 common polychlorinated organic pollutants (only HCB and p,p -

musk tibetene 1-tert-butyl-2,6-dinitro-3,4,5-
trimethylbenzene
MW 266.30 C;3H;gN,0,

’ seem imperceptible, they nonetheless could lead to adverse impacts — as a result of subtle effects (from low, ppb-ppt concentrations, While the vast majority of PPCPs have poorly understood modes of PSS — P — e e O R R P o T AW D A O e T PO
| ng-ng/L) whose continual expression over long periods of time could lead to cumulative, insidious changes that would otherwise be action in humans, their actions/ramifications on non-target biota are practically unknown. L e e — e U S B e e e e ey
; 0 " " o E f PPCP l d k t l- -t f d ff t t- l.f h- h t musk) MW 258.40 C;gH,60 polycyclicmusks.
I= attl‘lbuted tO Ilatlll‘al Change Ol‘ adaptatlon. Ven SO, a eW S are a rea y IlOWIl O e lCl pl‘O Olln e eC S On aqlla lC 1 e (W lC CannO Wldelyfufsed lnawfe DraiiCi _etal. (151&_98& exam:nedé‘rcleshml/g;e;_fishdi_r; Itally_/dar;_d ident_i:;ied _t;/_vc:jof flive tlargeted
" ° ° ° ° ° onalidefi _acetvl- -hexa- array or rragrances ior musks in most fish samples; Galaxolidefi and Tonalidefi were identified at levels rang-
: escape their continual, life-cycle exposure) at very low concentrations. For example, SSRI antidepres- AN ettt cosmetics and prsonal | Ing fom s than 4 noig pb] o105 gl n ish muscle Lssuo.Esik e . see
1 - - - = b= - - - - - 3 -10 (rzupsokl)ycyclic MW-244.38 Cr7H540 S PR iniLS:f;ttirlisZeraor}n;r:;ri.and pelrcﬁr:‘rlolr?w th:F?zl(ﬁrl R(iav:a’r ?C?Sr:nzr:;/)a;t avgrizeoc;oﬁ-l He e T
. PPCPs comprise a diverse array of pollutants manufactured in large quantities: sants such as Prozac can induce reproductive behavior in certain shellfish at 1077 M. cntroons angng o255 g b W v . (1095 ente e XL
o 0 0 o o o (ADBI) tertbutylindane ng/L, 75, and 3.2, respectively); they also found the nitro-musks (tibetene, ambrette, )
PPCPs are used in large amounts throughout the world — quantities of many are on par with agrochemicals (measured in tons — . . i . i (& polyeyclic MW 24438 C. H,,0 moskene, ketone, and xylenel at ng/L concentrations (0.04 ngrL, <0.03, 0.08, 8.3, and Galoxolide
e . h f [ . h ketol f h icals is addi . he 1 f Perhaps a major concern is not necessarily acute effects to non-target species (effects which are amenable musk) 0.62, respectively).
Sometlmes t Ousands 0 tOIlS). ntrOdHCtlon tO t ¢ mar etp ace oI new p armaceutlca SIS a lng exponentla y tO t € arge array 0 C C 0 C C e reduced 1-tert-butyl-3,5-dimethyl-2- transformation products Gatermann et al. (1998) identified in sewage influent/effluent and in Elbe River The amino musks show greater toxicity
o o o o o 0 o o o 0 o o o tO mOnltOl‘lng once they are llndel'StOOd), but l'ather, the manlfeStathn Of lmperceptlble effeCtS that can (aminated) amino-4,6-dinitrobenzene of nitro musks, resulting (Germany) musk xylene and musk ketone together with their amino derivatives: 4- than the parent nitro musks.
&_ Chemlcal ClaSSeS, eaCh Wlth dlStlllCt IIlOdeS Of blOChemlcal acthIl (mally Of Wthh are pOOl‘ly lllldel‘StOOd, espeCIally 1n Wlldlle). Whlle . o , musk xylene . from microbial reduc- and 2-amino-musk xylenes and 2-amino musk ketone. Sewage influent: musk xylene Behecti et al. 1998 tested the acute toxi-
o o o o o . 5 ; ;5 c accumUIate over tlme tO yleld tru1y prOfOund Changes that seecm tO arise from nOWhere. These Subtle effects derivatives 1—tgrt—butyl—l?,5_—d|methyl—4— tion of the nitro groups. and musk ketone at 150 and 550 ng/L, repectively; in the effluent, concentrations 10 city of four reduced analogs of musk
~ the individual concentrations of particular drugs may be low in the aquatic environment, the combined concentrations of numerous : .. o b and 6 ngL, respectively. Amino derivatives not detectable in influent, but concentra- | xylene on Daphnia magna. The p-amino-
- . R can masquerade as seemingly normal deviation. BRI D e i e e e
drugs sharing a common mode of action could be significant. laming-Snitrobenzens ’ ' averaging 0.25 giL (0:25 ppb).

1-tert-butyl-3,5-dimethyl-
2,4,6-tri-aminobenzene

Gross within-class differences with respect to aquatic effects possibly makes the approach of assessing eco

- - - - [ naproxen e.d., Naprosyn; analgesic/anti- loading of over 50 g/day in German POTW (Ternes 1998); POTW removal efficiency on,
Sewag e a n d SOI Id WaSte a re th e p rl m a ry So u rces Of P P C PS I n th e e nVI ro n m e nt n risk on a class_by_class baSiS untenable. For example, some SSRIS are extremely pOteIlt While Othel'S have (err)(;f)-i(OGrlzzzt(t\igxy-Z-naphthyl)— inflammatory 66% (Ternes 1998); POTW manx. effluent: 0.52 ug/L; max. in surface waters: 0.39 pg/L COOH

MW 230.26 C,4H;,05

These bioactive compounds are continually introduced to the environment (primarily via surface and ground waters) from human almost no effect.

and animal use. This occurs largely through sewage treatment works (STWs) and wet-weather runoff — directly by washing (via dis- SRR s R i SR A o o v A I« TSRS e T
o o o o o . o o o o - — -3S-((3,4 —methylent_ed_ioxy—ph reuptake inhibitor, SSRI) 5 [ O> spawning behavior in molluscs
charge of externally applied PPCPs) and indirectly by excretion of unmetabolized parent compounds; bioactive metabolites (includ Subtle effects le adlng to environmental change? Imperceptible, subtle S <

F

ing reconvertible conjugates) are also excreted. Disposal via municipal refuse serves as another route of introduction to the environ-

— 1 1 1 1 1 ._ ro enazone ,2-di ro-1,5-dime -4-(iso-| analgesic rinsted ) Tandfill leachates: 0.3-4.0 m irec eneath and declining depend-
ment. While aspirin and caffeine have long been known to occur in sewage, only since the 1980’s have other PPCPs been identified in etfects (.fr()n.1 0¥, pr B e Of,bmaCtlYe PPCPs) whose contlnu.al cXpression over l"“g pert L %;%jvzgg-grlfﬁfézé:-g-°“e o A SISt ecp P e i ot esae e L LA C 10\ open? o @
ods of time in certain non-target (esp. aquatic) species could lead to cumulative, insidious, adverse impacts SR j%

surface and ground waters — even drinking water. The low concentrations of individual PPCPs (possibly exceeding the catabolic
enzyme affinities of sewage microbiota), coupled with their metabolic ""novelty" to microorganisms, leads to incomplete removal from
STWs. In general, removal efficiencies from STWs tend to average about 60% for PPCPs, but span the spectrum from complete to

that would otherwise be attributed to '""natural' change/adaptation. Antineoplastics and SSRIs are just
two of many drug classes that harbor the ability to etfect long-term effects.

sulfanoamides large class antibiotics Grinsted (DEN) landfill leachates: 0.04-6.47 mg/L directly beneath and declining
depending on depth and distance along plume (Holm et al. 1995)

M'
k
. triclosan 2,4,4 -trichloro-2-hydroxy- antiseptic 0.05-0.15 pg/L in water (Okumura and Nishikawa 1996). Antibacterial widely used for 30 /
o o o o o 5. O ; . diphenyl ether years in a vast array of consumer products. lts usage as a preservative and disinfec-
nonexistent. Introduction of many PPCPs to individual STWs is in the range of multiple pounds (or Kilograms) per day. MW 289.55 tant continues to grow, for example, incorporated at <1% in Colgates Total tooth-
C4,H,C450, paste. Triclosan s use in commercial products span footwear (in hosiery and insoles of

shoes called odor-eaters ), hospital handsoap, acne creams (e.g., Clearasil), and

Synergistic and potentiated effects could be profound —

H- ‘ rather recently as a slow release product called Microban. which s incorporated in a Z ij @
." U blqu itous, pe rsistent, and bioaccumulative: Many PPCPs and their metabolites are ubiquitous and "Chemosensitizers": A non-specific excretory system called "multixenobiotic trans- o+ R e °' d
‘ display persistence in, and bioaccumulation (e.g., musk fragrances) from, surface waters on par with that of the widely recognized porters' comprises cell proteins that facilitate the active export of potentially toxic substances (prima- OH
organochlorine pollutants (e.g., DDT, PCBs). Concentrations in natural surface waters (including oceans) generally range from ppb rily those of moderate lipophilicity) from inside cells. Perhaps the toxicological significance of these non-
E (ng/L) to ppt (ng/L). Some PPCPs are extremely persistent and introduced to the environment in very high quantities (e.g., X-ray specific transporters is in maintaining a "first line of defense" from exposure to multiple xenobiotics RPEFEFRPENCES
i contrast media). in aquatic species. This "extrusion pump" protein system facilitates the removal (and prevents the Behechti, A.; Schramm, K.-W.; Attar, A.; Niederfellner, J.; Kettrup, A. "Acute aquatic toxicities of four musk xylene derivatives on Daphnia magna," Water Res., 1998, 32(5), 1704-1707.
entrance Of) many tOXiC S“bStanceS from aquatic Ol‘ganisms. Unfortunately’ these transporters Bu;}e;,h il;}li 91\;[;1?21‘: 11\281?1,9 ;heobald, N. "Occurrence of the pharmaceutical drug clofibric acid and the herbicide mecoprop in various Swiss lakes and in the North Sea," Environ. Sci.

Daughton, C.G.; Ternes, T.A. "Pharmaceuticals and personal care products in the environment: Agents of subtle change?'" Environ. Health Perspect. 1999, 107(suppl 6), 907-938 [available:
http://www.epa.gov/esd/chemistry/pharma/index.htm].

Draisci, R.; Marchiafava, C.; Ferretti, E.; Palleschi, L.; Catellani, G.; Anastasio, A. ""Evaluation of musk contamination of freshwater fish in Italy by accelerated solvent extraction and gas
chromatography with mass spectrometric detection," J. Chromatogr. A 1998, 814, 187-197.

Pollutant classes range from endocrine disru ptors, antibiotics, antidepressants can be inhibited — by substances loosely referred to as "chemosensitizers'. An example is vera-

pamil (a cardiac drug — calcium ion influx inhibitor), which at uM concentrations (and lower)

... tO Synthetic musk frag rances ... and many others: greatly increases the toxicity of a number of drugs (or other xenobiotics) for many aquatic organ-

i o Fong, P.P. ""Zebra mussel spawning is induced in low concentrations of putative serotonin reuptake inhibitors," Biol. Bull. 1998, 194, 143-149.
Representative Classes Of PPCPS that may occur in Surface waters that receive STW effluents iﬂCl“de synthetic eStrogenS fl‘()m Oral isms. Because the tOXicantS cannot be l‘eadily removed fr()m the exposed Organism, exposure time ﬂ Gaztgglsn_;I;Z;R.; Hiihnerfuss, H.; Rimkus, G.; Attar, A.; Kettrup, A. "Occurrence of musk xylene and musk ketone metabolites in the aquatic environment," Chemosphere, 1998, 36(11),
contraceptives (which can feminize fish) ... fluoroquinolone antibiotics (possibly leading to unnecessary development of widespread is thereby lengthened by intracellular accumulation. Little is known about which xenobiotics can Hignite, C-; Azarnoff, D.L. "Drugs and drug metabolites as environmental contaminants: chlorophenxoyisobutyrate and salicylic acid in sewage water effluent,” Life Sci. 1977, 20, 337-342.
: . 2 X . . . . . .. . . . . . o Q\\‘ Holm, J. V.; Rugge, K.; Bjerg, P. L.; Christensen, T. H. ""Occurrence and distribution of pharmaceutical organic compounds in the groundwater downgradient of a landfill (Grindsted,
bacterial resistance) ... antidepressant selective serotonin-reuptake inhibitors (SSRIs) such as Prozac (which can disrupt sexual act as ""chemosensitizers' in the aquatic environment, or their frequency of occurrence in the \ ‘\\\\\\ 523 Denmark)," Environ. Sci. Technol. 1995, 29(5), 1415-1420.
p 3 4 . R . o o . \NEE Mersch-Sundermanno, V.; Kevekordeso, S.; Jentero, C. '"Lack of Mutagenicity of Polycyclic Musk Fragrances in Salmonella typhimurium," Toxicol. in Vitro, 1998, 12(4), 389-393.
behavior in shellfish at vVery low concentratlonS) ... and nitro musk fl'agl'ances (tOXlC and they accumulate in fin and shellfish llpldS) environment. I &= : ' Oz Okumura, T.; Nishikawa, Y. "Gas chromatography--mass spectrometry determination of triclosans in water, sediment and fish samples via methylation with diazomethane," Analytica
. Ny = ) ; ) — Chimica Acta, 1996, 325(3), 175-184.
N - . tO name Only a feW Of the representatlves from numerous CIasseS° - Q : - S . ‘ = \ , Routledge, E.J.; Sheahan, D.; Desbrow, C.; Brighty, G.C.; Waldock, M.; Sumpter, J.P. "Identification of estrogenic chemicals in STW effluent. 2. In vivo responses in trout and roach,"

Environ. Sci. Technol. 1998, 32, 1559-1565.

LT Stumpf, M.; Ternes, T.A.; Wilken, R.-D.; Rodrigues, S.V.; Baumann, W. ""Polar drug residues in sewage and natural waters in the state of Rio de Janeiro, Brazil," Sci. Total Environ., 1999,
NN S S\ S 225(1), 135-141.
’MW’“WMUWW//// \ : \ A \ Ternes, T.A. "Occurrence of drugs in German sewage treatment plants and rivers," Water Res., 1998, 32(11), 3245-3260.
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PLEASE NOTE: The materials presented represent the personal and professional
views and opinions of Dr. Christian Daughton, and as such, they should not be construed
= - -.-_1-—--—..“__ as necessarily reflecting those of the U.S. Environmental Protection Agency. \

. ‘
= l,/ Ternes, T.A.; Stumpf, M.; Schuppert, B; Haberer, K. '"Simultaneous Determination of antiseptics and acidic drugs in sewage and river," Vom Wasser 1998, 90, 295-309.
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