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} - L —\_Q/ } > &/ k/ P - - } q ) C 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

amino]ethyllphenoxy]-2- agent o cooul 83% (Ternes 1998); POTW max. effluent: 4.6  g/L; max. in surface waters: 3.1  g/L occurrence in STW effluent and sur-
methylpropanoic acid hié Influent concentration of 1.2 g/L in Brazilian STWSs (Stumpf et al. 1999) with removal face waters

o
MW 361.82 C 14H,oCINO, /@/\LN/\/@ ““““““ efficiencies ranging from 27-50%.
Cl

*publically owned treatment works

Christian G. Daughton, Ph.D., Chief, Environmental Chemistry Branch, Environmental Sciences Division T T

= = carbamazepine 5Hdibenz[b,flazepine-5- antiepileptic drug loading of over 100 g/day in German POTW (Ternes 1998); but load in effluent can only 1-2% excreted free (Ternes 1998);
carboxamide - be 114 g/day; POTW removal efficiency 7% (Ternes 1998); POTW max. effluent: 6.3 10,11-epoxy-carbamazepine major
n . y y "y y MW 236.27 C;5H;,N,0O O O g/L; max. in surface waters: 1.1 g/L metabolite; also excreted as glu-
o)\mz curonides
chlorophene 0-benzyl-p-chlorophenol antiseptic POTWs in Germany: chlorophene routinely found in both influents (up to 0.71 g/L) oH
MW 218.68 C,3H;,CIO 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 soon after inges-
MW 214.65 C,yH;;CIO; (clofibrate, etofyllin German POTW (Ternes 1998); POTW removal efficiency 51% (Ternes 1998); POTW tion; excreted primarily as glucuronide
. clofibrate, etofibrate) max. effluen: 1.6  g/L; max. in surface waters: 0.55  g/L. Swiss rural/urban lakes: 1-9 (very little as the free acid); presence in
/@ b ng/L (ppt); North Sea (up to 7.8 ng/L) Buser et al. (1998) POTWs indicates hydrolysis of conju-
HC CH gate (Ternes 1998)

A

A re th e C u rre nt ap p ro aC h e S to rl S k aS S e S S - éztr;tigrnyl MW 296.41 C,oH,,0, oral contraceptive up to 7 ng/L in POTW effluent (Routledge et al. 1998) oH ggtr:]oeg?r/\?;heefgcfsu}Snp?igth ;retﬁzrgiﬂgral
. . . i 0 g estrogen is 17 -estradiol.
ment comprehensive?  Questions can be raised as to whether

EPA's research mission In context: A primary goal

of the U.S. EPA's Office of Research and Development is to identify and e anDroaches (0 environmental fisk sssessments and enidemiological studics e | £ e e e e e [ ey
foster investigation of potential future environmental issues/concerns \ PP vl | P J | poicacds | MIWEEIES CrrtlisfOs e s In oot amone pthocanic bactarar o o @ eadng proposed eause of | compound; strongly sorbs o sol

sufficiently consider the "universe" of toxic substances involved in exposure

bEfO re they become Crltlcal ECOlOglcal OI’ h U man health ISSUES - pO”UtIOn h th th f t | . . t ” t t n . fluoxetine N-methyl-2( p-trifluoro- anti-depressant not yet searched for in environmental samples, but Fluoxetine elicited significant spawn-
. . . . or wnetilner e TOCUS OoNn convenuona N0Ori oliutants Ives a narrow (Prozac) methylphenoxy)-3- (selective serotonin effects on shellfish are dramatic. oL N\CH ing in male mussels at
prevention being preferable to remediation. _ P yp J phenylpropylamine reuptake inhibitor, T " | 107M(ca 150 giL)andin females at
perspectlve ] MW 309.33 C,,H;gF3NO SSRI) : 106 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 9 M

The future for research on PPCPs In the ey cume s | otke nnbior TN | o sy s 7w
. Fe 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
@ C environment (occurrence, fate, transport, effects) warrants a more precau- EIHOMIS0 ) W 26627 CotiN,05 | muske the o Cying musk xylene and muSK ketone i freshwater fish, marine shelfsh, fver water, 7ruse nmany parts offhe world
\/ tionary view on their environmental disposition. Environmental scientists sk ootene | ey a.5dimety Awide artay of e | found in 80%6 of the 74 samples analyzed. Concentiaons i STW effuents range e
The Issue: Ecosystem change is brought about by human activities primarily via three routes — habitat disruption/fragmenta- need to focus more attention on this concern. An effort similar to that which EAIOMUE | AW o0727 G0, deptfl”” :im:f{t%w‘“”h}imk;wy'm’fglﬁi qufﬂi’;;4t1°u}g’f‘mff:pgbtwwhjt?nf for fgi
tion, alteration of community structure, and chemical pollution. The scope of the former two is highly delineated compared withe was Investe_d_ln e|UCId§tlng the envw_onmental transformation and fate of per- muskletone | Liert-buyl3 s-dmethy 2.6 - "3k, presumably because of ther lower fpid contente, In iver water, musk rylene musk xylene
latter. During the last three decades, the impact of chemical pollution has focused almost exclusively on the conventionaldity sistent pesticides and industrial "toxics” (often referred to as POPs or PBTs) MW 29431 Caqttus2Os ' 6 23 nglL, those of musk Keton were generally i the Same range, but i drsinct

contrast, were not detectable in upstream samples.

may need to be made for PPCPs. musk moskene | 4.6-ciiro-1,1.3,3.5-pen-

tamethylindane
MW 278.31 C,H;gN,0O,

pollutants". This group of chemicals, however, is only one piece of the larger puzzle. A class of potential pollutants recejwery lit- Effects on aqua’[ic (nQn-target) Species
tle attention includes pharmaceuticals and active ingredients in personal care products (PPCPs), which are continually introdddo

Winkler et al. (1998) measured musks in 31 particulate matter and water samples from
the Elbe River (Germany). In all particulate matter samples were found musk ketone

. — (4-22 ng/g), Galaxolideb (148-736 ng/g), and T onalideP (194-770 ng/g); Celestolidepb
. . . .. . . . . . . . - musk tibetene 1- tert-butyl-2,6-dinitro-3,4,5- was found in 23 of the particulate matter samples (4-43 ng/g). The values for the three
the environment via a number of routes. While their immediate biological actions on non-target species (esp. in aquatic halsitahay can range from acute to subtle: smeiyibenisne mostf%regilheii?JQ%EJeW'nﬁi;tlhé;fametrﬁégni?ué‘éZS?Q??EMSS'IPAHHLS,B;%;:p
. . . . . . . ’ 13''18'72+4 exceeae ose for common polycnlorinated organic pollutants (only an P -
seem imperceptible, they nonetheless could lead to adverse impacts — as a result of subtle effects (from low, ppb-ppt cortiens, While the vast majority of PPCPs have poorly understood modes of e ] DD wersof sl corcentration). Ao found i al the 31 walersamples wers musk
Llg-ng/L) whose continual expression over long periods of time could lead to cumulative, insidious changes that would otherbese action in humans, their actions/ramifications on non-target biota are practically unknown. Gpoyeycic | cydopenta o zbenopyran | muske the e faher values excecded those for all the polychlori
attributed to "natural" change or adaptation. Even so, a few PPCPs are already known to elicit profound effects on aquatic life (which cannot e D Fal® Widay useamawide | Draiscieta. (1998) examined freshwate fih in aly and identiid two offve targetec
. . . . . Tonalideb 7-acetyl-1,1,3,4,4,6-hexa- array offragrancesfor musks in most fish samples; Galax olldeblan_dTonahdebl were identified at levels rang-
escape their continual, life-cycle exposure) at very low concentrations. For example, SSRI antidepres- it el cosmetcs and parsonal | ng o les than 419 (35 t0 105 g n fh muscl tssue, Esike etal (see
(a polycyclic MW 244.38 C17H24O care proaucts. ! erscn- un_ ermanno et al. laentire alax QI ep, | onalidepP, an elestoliae o CH,
- - - B . = = - - - - musk) in the fgtty tissue of bream and perch from the Ruhr River (Germany) at average con- He o
PPCPs comprise a diverse array of pollutants manufactured in large quantities: sants such as Prozac can induce reproductive behavior in certain shellfish ar £ov. comiors ey o 36 4ot o) Wt oot 00
. .= . . . 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 — guantities of many are on par with agrochemicals (measured in tons — TS &L T COEel 15 [0 (et cellrs Eeeis () Mol Eee! Srets (BiEas T 6 Ea el @ p%icycuc MW 24438 C 0 g?gzkene, kett_onle,)ané’xy.ene?at ol concentations (0.04 nglL, <0.03, 6,08, 8.3, and Galoxolide
5 c c c 0 5 - mus .62, respectively).
sometimes thousands of tons). Introduction to the marketplace of new pharmaceuticals is adding exponentially to the large aroy S amaj y . r9et Sp . —— . — . — . -
tO mOnltOrlng OnCe they are understood) bUt rather the manlfestatlon O.I: ImperCeptlble eﬂ:eCtS that Can redu_ced 1t¢rt butyl 35 dimethyl-2 tranfs,formatlon produpts Gatermann et al. (1998) identified in sewage mfluent/(_efﬂuen_t and. in Elbg Rliver‘ The amino musks_ show greater toxicity
chemical classes, each with distinct modes of biochemical action (many of which are poorly understood, especially in wildNé&)ile sccumulate over time o vield trulv profound chanaes that seem to arise from nowhere. These subtle effects muscyiene [ T | o mbronal e | and 2.aminmusksyienes an 2-ami sk keone. Sewage Wient muskofene | Behec ol 1968 s h acte o
. . . . . . . . . . ) S derivatives -tert-butyl-o,5-dimetnyl-2- 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 nume®u 9 Yl | y P ' deviat J amino-2 6dinrobenzene o 3223?%?é‘?ffupfn‘i‘s‘vir'ir?a?i;l?w"?Jiﬁiiéi%-”S.‘a?neyffi‘iﬂik‘ZLTJES?R’O*);‘;/E’“Z?;}‘;%O Eiyzﬁ?ffé]m%iﬂﬁ'&‘ii"h?ﬁ?e%}?iE};”‘él“”"‘
drugs sharing a common mode of action could be significant. SEUHMESELISIC IS ER SIS LA AL L@ AL 10 %.ﬁf:ejffb}%:{%:24 musk xylene (34 ng/L), and 2-amino musk ketone (250 ng/L). | iy of th fou,with ECS0 vlues
. - . . - . . 2,4,6- ri—amin'obenzene
S d I.d h " f PPCP " h " . GrOSS WIthIn_CIaSS dlfferences Wlth respeCt to aquatlc effeCtS pOSSIny makes the approaCh Of asseSSIng eC(, naproxen e.g. Ntaprosyn' analgesic/anti- loading of over 50 g/day in German POTW (Ternes 1998); POTW removal efficiency
ewage an SO I WaSte are t e prlmary Sources O S In t e enVIronment. ”Sk on a Class_by_class baS|S untenable For example’ some SSRIS are extremely potent Whlle Others have I(Ow%si-o(gi—én:é?doxy—znaphthyl)- inflammatory 66% (Ternes 1998); POTW max. effluent: 0.52  g/L; max. in surface waters: 0.39  g/L COOH
These bioactive compounds are continually introduced to the environment (primarily via surface and ground waters) from human almost no effect. IR B
and animal use. This occurs largely through sewage treatment works (STWs) and wet-weather runoff — directly by washing (via-dis paroretne Crvans ar-(4 fuoropheny) | (sslectve sertorin on heltan are cramate, e P et O S amine. paroxetine does ot el
0 = = = 0 0 0 = = . . -35-((3,4 -methylenedioxy-ph reuptake inhibitor, : spawning behavior in molluscs
charge of externally applied PPCPs) and indirectly by excretion of unmetabolized parent compounds; bioactive metabolites (imclu Subtle effects |eadmg to environmental Changefp Imperceptible, subtle 354(3.4 methylencuiony-p ptake inhibitor, SSRI) 4 L, pavining b
. . . . . - . . . . . y MW 329.37 CgH,,FNO,
Ing reconvertible conjugates) are also excreted. Disposal via municipal refuse serves as another route of introduction to tharen- oot (f | h-nD0f trat £ hioactive PPCP H iinual . | . . —— — —
ment. While aspirin and caffeine have long been known to occur in sewage, only since the 1980’s have other PPCPs been ideimifie effects (from low, ppb-ppt concentrations of bioactive S) whose continual expression over long peri- o o) 2 pnentpyrazoiaone | ing on depth and cstance along plume (Holm et . 1995) o
surface and ground waters — even drinking water. The low concentrations of individual PPCPs (possibly exceeding the catabolic 0ds of time In certain non-target (esp. aquatic) species could lead to cumulative, insidious, adverse Impacts -
0 onc 5 5 .. . . - - 5 - 5 h W I h rW| rl "n r |" h n | n An |n | | n RI r . t sulfanoamides arge class antibiotics Srinste andfill leachates: 0.04-6.47 m irec eneath and declinin
enzyme affinities of sewage microbiota), coupled with their metabolic "novelty" to microorganisms, leads to incomplete remo¥am iwit ofonliegnOt d?u (S:; gseeztthgtlaeaﬂggr thaetualaolilitc ti Sf?é i?i)pr:att(()erm efﬁ‘e(?t(s);p astics and SSRIs are Jus enoamees[eee e depending on depth and distance along plume (Hom et al 108%)
STWs. In general, removal efficiencies from STWs tend to average about 60% for PPCPs, but span the spectrum from complete to y drug y J ' wiclosan 2,44 -trichloro-2-hydroxy- antiseptic 0.05:015 glL in water (Okumura and Nishikawa 1996). Antibacterial widely used for 30
5 c 5 5 o 5 o - 5 diphenyl ether years in a vast array of consumer products. Its 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 <19 in Colgates T otal tooth
d d ff I d b f d C;5H,C130, paste. Triclosan s use in commercial products span footwear (in hosiery and insoles of
Synergistic and potentiated efrects could be profound — s cle, vt sl ancon oo e . st i
. . . . . . ] ] i i " .. n, o . ] ] wide variety o):‘ plastic products (frrc))m children s toys to kitéhen utensils, SFL)JCh as cutting
Ubiquitous, persistent, and bioaccumulative: Many PPCPs and their metabolites are ubiquitous and Chemosensitizers": A non-specific excretory system called "multixenobiotic trans- boarcs).

display persistence in, and bioaccumulation (e.g., musk fragrances) from, surface waters on par with that of the widely recagdi porters" comprises cell proteins that facilitate the active export of potentially toxic substances (prima-

organochlorine pollutants (e.g., DDT, PCBs). Concentrations in natural surface waters (including oceans) generally range fropbp rily those of moderate lipophilicity) from inside cells. Perhaps the toxicological significance of these non-

(ug/L) to ppt (ng/L). Some PPCPs are extremely persistent and introduced to the environment in very high quantities (e.g., X-ra specific transporters is in maintaining a "“first line of defense" from exposure to multiple xenobiotics

contrast media)' in aquatiC SpeCieS' ThIS "EXtrUSiOn pump" prOtein SyStem faCiIitateS 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.

Buser, H-R.; Mdller, M.D.; Theobald, N. "Occurrence of the pharmaceutical drug clofibric acid and the herbicide mecoprop in véous Swiss lakes and in the North Sea,Environ. Sci.
Technol.1998,32,188-192.

Daughton, C.G.; Ternes, T.A. "Pharmaceuticals and personal care products in the environment: Agents of subtle chang&tviron. Health Perspect1999 10 suppl 6), 907-938 [available:
http://www.epa.gov/esd/chemistry/pharma/index.htm].

entrance of) many toxic substances from aquatic organisms. Unfortunately, these transporters
Pollutant classes range from endocrine disru ptors, antibiotics, antidepressants can be inhibited — by substances loosely referred to as "chemosensitizers". An example Is vera-
h | k f h : pamll (a CardiaC drug B CalCium ion inﬂUX |nh|b|t0r), WhICh at IJ'M Concentrations (and IOwer) 7 : ’ — “ \:11\\\ Draisci, R.; Marchiafaya, C.; Ferretti, E.; P.alleschi,.L.; f:atellani, G.; Anastasio, A. "Evaluation of musk contamination of feshwater fish in Italy by accelerated solvent extraction and gas
e to Synt etIC mus rag rances i and many Ot erS greatly increases the tOXiCity Of a number Of drugs (Or Other XenObiOtiCS) fOr many aquatiC Organ' = _ TN ST n ‘ Fozgr,og.]st?greabprzymvﬂtszg2;;8\/?1?%?:;r?élrijc;gdetﬁ]cﬂ)?,c’CJOIncc:;gL?gﬁ;%%r'o'?ﬁ?:{i\?eliérloigrﬁr?zéuptake ool Bl 198,104 143,14
o / 7 = = \: —_— D) & ’

Representative CIaSSGS Of PPCPS that may occur in Surface WaterS that receive STW efﬂuentS inCIUde SynthetiC eStrogenS fram or ismS. Because the tOXicantS CannOt be read”y removed from the exposed Organism, exposure tlme Gaztggg_aznzanli??.; Hiahnerfuss, H.; Rimkus, G.; Attar, A.; Kettrup, A. "Occurrence of musk xylene and musk ketone metabolites in thaquatic environment,"” Chemosphere1998,36(11),

contraceptives (which can feminize fish) ... fluoroquinolone antibiotics (possibly leading to unnecessary development of wicksesp IS thereby lengthened by intracellular accumulation. Little is known about which xenobiotics can rhanite, 3{’;izfggffk[?-gj-e"rzfugsLé”ghf{:tgggfbg'iﬁeﬁ,gifu“rjggggf;‘;a;icsﬁgéifgg;agﬁ;hcaﬁ';fgfeﬁi?cgygfggggfcagfn ggﬂnstj‘;i?g'g;cjgnfm?gfdﬁmggfeenqtg}gelajﬂﬁﬁg;ﬁg;jﬁ“z-

bacterial resistance) ... antidepressant selective serotonin-reuptake inhibitors (SSRIs) such as Prozac (which can disruptaexu act as "chemosensitizers" in the aquatic environment, or their frequency of occurrence in the g Denmark),"” Environ. Sci. Technol 1995, 29(5), 1415-1420. |

b . . . . . . . . e g - ) S Mersch-Sundermanno, V.; Kevekordeso, S.; Jentero, C. "Lack of Mutagenicity of Polycyclic Musk Fragrances Balmonella typhimurium, Toxicol. in Vitro, 1998,12(4), 389-393.
ehavior in shellfish at very low ConCentratlonS) ... and nitro musk fragranCeS (tOX|C and they accumulate in fin and Shellflhthds) environment. Okumura, T.; Nishikawa, Y. "Gas chromatography--mass spectrometry determination of triclosans in water, sediment and fish sanesl via methylation with diazomethane,"Analytica

Chimica Acta,1996,3253), 175-184.

Routledge, E.J.; Sheahan, D.; Desbrow, C.; Brighty, G.C.; Waldock, M.; Sumpter, J.P. "Identification of estrogenic chemicals 8TW effluent. 2. In vivo responses in trout and roach,"
Environ. Sci. Technol1998, 32, 1559-1565.

x Stumpf, M.; Ternes, T.A.; Wilken, R.-D.; Rodrigues, S.V.; Baumann, W. "Polar drug residues in sewage and natural waters in tiséate of Rio de Janeiro, Brazil,"Sci. Total Environ.,1999,

— to name only a few of the representatives from numerous classes.
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A _— A e ‘ D () other organic contaminants," Chemospherel 998,37(6), 1139-1156.
A S ‘ f Yamagishi, T.; Miyazaki, T.; Horii, S.; Akiyama, K. "Synthetic musk residues in biota and water from Tama River and Tokyo Bay Japan)," Arch. Environ. Contam. Toxicol1983,12, 83-89.

views and opinions of Dr. Christian Daughton, and as such, they should not be construed
as necessarily reflecting those of the U.S. Environmental Protection Agency. )N



