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in sewer systems
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ABSTRACT

As the modern society is rapidly developing and people become affluent in materials, many new chemical compounds
in different forms of products (e.g., antibiotics, pesticides, detergents, personal care products and plastic goods) are produced,
used, and disposed of to the environments. Some of them are persistently having a harmful impact on the environment
and mimicking endocrine properties; in general they are present in the environment at low concentrations, so they are
called organic pollutants. These organic micropollutants flow to sewage treatment plants via different routes. In this study,
the generation characteristics, exposure pathways, detection levels, and environmental impacts of organic micropollutants
were critically reviewed. In addition, currently available risk assessment methods and management systems for the compounds
were reviewed. The United States Environmental Protection Agency (US EPA), for example, has monitored organic micropollutants
and set the monitoring and management of some of the compounds as a priority. To effectively manage organic micropollutants
in sewer systems, therefore, we should first monitor organic micropollutants of potential concern and then make a watch
list of specific substances systematically, as described in guidelines on listing water pollutants in industrial wastewater.

pp. 551-566

Key words: Organic micropollutants, Sewer system, Sewage treatment plant, Generation characteristics, Management
system

FHO: HelHA, DiFRII2E, TYEY, SteEAIE, SteAE|AlE

1. A'l E Y& u]A Aol &2 (Endocrine disruptors, EDs) IH=3}
3}E(Perfluorinated compounds, PFCs) 52 Z13H-7
ol amsigel wer AAKSE BB E g sy wgstel AeAE musAL B4 dS
of shspgalo] Aol 128 Fol AUHOE §F  owoic org Htel slo1n S
B Ao® 2Rt Fold g BerE ;%ZSE * :i?j;:;?;j ng o e o
o o 4uf ofF ol=v] W 400 o} F9] Bl oemae zah Sy ockSmder e al.
N sXEHEa = elel=|al UTti(Snyder et al.,
2

] o & Q =715 ]
oLk :roEjoi Jrel S7iein SIHMOE - a05) ojg) el gl SsHELS shalol 5
ot SletE2l = 9| oFE-2l(Pharmaceuticals), . = 5 =
S SfEEd NI b AP $95 SIH AEEVIE ek oled v
ZFO 7] 2RO o 1}FOo - ZASL7 9) A
Received 30 August 2017, revised 26 November 2017, accepted 29 November 2017 o ]E‘?“ _HT A IR Ho]ﬂ_ Moi _110194—
*Corresponding author: Hyunook Kim (E-mail: h_kim@uos.ac.kr) = E]% %'GL} EH&H U]'EEOI ‘/EX] ?f]s—q EE]’F,]-/H 'IQI‘(E 6]‘“/1\‘5

Journal of Korean Society of Water and Wastewater Vol. 31, No. 6, December2017



S

=U-2| SkrEAIE DIFRV ISR

W £ L 22HAPI Cigt olsH

O

Table 1. Status of manufacturer for pharmaceuticals, quasi-drugs, and cosmetics (Unit : EA)

Classification Sum Pharmaceuticals Quasi-drugs Cosmetics
2009 1,835 580 478 777
2010 1,888 593 413 882
2011 2,082 581 533 968
2012 2,172 647 547 978
2013 2,747 684 528 1,535
2014 2,883 612 521 1,750
2015 3,151 586 548 2,017
% Source : MFDS, 2016.
Table 2. Terminology of organic micropollutants
Item Definition Organizations
Micropollutants Pollutants which exist in very small traces in water. European environment agency (EEA)

Emerging pollutants

A substance included in routine
environmental monitoring programs and which may be
candidate for future legislation due to its adverse effects

and/or persistency.

currently not

Network of reference laboratories for
monitoring of emerging environmental
pollutants (NORMAN)

Emerging substances

A substance that has been detected in the environment,
but which is currently not included in routine monitoring
programs and whose fate, behavior, and (eco)toxicological
effects are not well understood.

Contaminants of
emerging concerns

Chemicals are being discovered in water that previously
had not been detected or are being detected at levels that
may be significantly different than expected.

United States Environmental Protection
Agency (US EPA)

Source :

FELR]

Nam and Zoh, 2013.

2 filEe AdRoead, ddus(Alkylphenol), 22 2 FE SR EH 3AS AA AAEH AF o]
do|EPhialates), IR Polyeyclic S R71 A AelHA gm FRioon wiey)
aromatic hydrocarbons, PAHs), PBDEs(Polybrominated T 3it) o] uf U n|Ee | ER L AFA o] 7EhY)
diphenyl ethers) 5] S}ghEof ek TA4jo] EobA|aL ol ES S Al AL A dob WZuA Q] Al
9JtHKim et al, 2013). 19904 Zu8l US EPAS] B3]  7|%S walslr|® shAul ook Wl Ayetsls) &%
=(Office of Waten) > LA EAS Yo7l &dEde  (PPCPs)2 oFF &840l A= 714 &2 &
Al7+© ¢ &2l (Contaminants of emerging concern, CECs) = AP g e e o B e R Bl S S A = 2]
2 Agsta A2 o2 Helolal tiAnkley et al, 2] AT F DA vjA= G| it olsiE &
2009). 7] Sf8) Zl sheA e AAe ujer B AT A}
ol AHS I Qi oloFd Bl olorelE, B AR Foke] vEe 1R WA 54 9 wEAw,
F 59 oof=4 B A3}S} A|F(Pharmaceuticals and WA UNA HEAN, Bl mA= FFF M v
Personal Care Products, PPCPsy2 A4tk A=Al @ 714 defAAel disl zs) 2zt g
< Table 13} 2} A A=A 9] 4= 20159 7=
3,151 7flolw, o] F 62 %l st AEAA7 A2, o= =
eV, 7]l 91713k UTHMEDS, 2016) 2 NewEE 2dSC X8 85
olelgt Mg BA L sHgolt BNl vz H)2R7] 2 A-S: Table 26 LpeRd AT} o] ke
A oletE W AAAYE Tl SEskrA AR AER, v)FG7|0FERA AFAELS A=
FEth FEstrAPAER F9E vERVIEE S Ae wEi) 2 n]gg s B ngl B pg/l ©Ho) 9]
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Anti-inflammatory drugs / Painkillers (9)

Antibiotics (13)

Acetylsalicylic acid(Aspirin), Diclofenac,
Ibuprofen, Acetaminophen, Metamizol,
Codeine, IN.D.ometacine, Naproxen,
Phenazone

Lipid lowering agents (4)

Erythromycin, Ofloxacin, Chlortetracycline,
Oxytetracycline, Streptomycin, Flumequine,

Bezafibrate, Gemfibrozil,

Ciprofloxacin, Trimethoprim, Sulfamethoxazole,
Lincomycin, Penicillin, Amoxycillin, Spiramcyin

Steroid hormones (5)

Pharmaceuticals in
environment

Clofibric acid, Fenofivrate

Beta-receptar blockers (7)

17B-estradiol, Estrone, 17a-ethinyl estradiol,

Metoprolol, Propranolol, Nadolol,

Diethylstilbestrol, Diethylsilbestrol acetate

Cancer drugs Cydophosphamide, Tosphamide
Anti-diuretic drug Furosemide
Antiepileptic drug Carbamazepine
Antidepressant Minaserin
Tranquilizing drug Diazepam

Atenolol, Sotalol, Stalol, Betaxolol

Fig. 1. Pharmaceuticals in environment.
% Source : Nikolaou et al., 2007.
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Fig. 2. Sources and release pathways of organic micropollutants in Environment.

% Source : Venkatesan and Halden, 2014.
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Talbe 3. Kinds and effects of endocrine disruptor

Diethylstilbestrol

Classification | ~ Phthalate Alkyl phenol Pesticides Bisphenol-A Dioxine PCBs (DES)

(Carcinogenesis,

Reproductive harm, Lack of appetite,

. .| Carcinogenesis, digestive system e immu.ne tondity, Immgne nervous disorder,
Effects | Carcinogenesis . o ... | Feminization weight loss, function ) a1
Strong toxicity | abnormalities, unability . . | decline of children’s
o reproductive and | reduction ,
of calcification growthful harm space perception
A=l M= 287], Askee, sHd & eIt &7 HHA AollEde AA A A RS
Fol WO S shel ok ac] B S S A Y] S0l A, o, ol AL AT,
3517 YT GITHDai et al, 2014). O]SA] B F AG E: AAS SR oy BUE Fest gt
o Aok SFEA thor AR FAN AE A (US EPA, 1999, ols} o] Aoz U Aol
HE FY=T, WEeA w9 v 54, Wold 5 A2 Al W 2229 @4, AF, olE, B 7wl
S 6uFsl 4= 9)tK(Nicholson, 2006). FolE do7l= AC&E dHA Utk WEvA oll=
AA B FEO FolHe FWEH Fola k30 A2 AR, AEFAA, viAE, dead) 379
~90 %7t 2WS B3 FHBARA S 34 5 °led A4S B AHRE 1A make) 545 2L
of thoFst oeFEzlo] ZAstHLee et al., 2016). E3 UTHKim, 2012).
ojoFE o] Eul-glete, MESH EAo] AR HH A A L] HZH A Fellg dod 4 qlthal
oA 2R E7] gio] H o g gouw e A oA FAEHE =12 4% S el d”EEd), A
B FF= & 5 AUtk 1909 1o A ojef=ASl SA 9 A=A T2 FeF, volsAl 9 #7194
] & 2 5| YH(Diclofenac) o] k2= o] 48] 7|7} A= SpeEA, 2 5 2 T4 SEE fAER
a4 =29 E3) 05 % oA AT ehZomilla  JOFEA ol Atk ZAEEM E|HWorld Wildiife
et al., 2015). T3t AR sl @A A of| 4] 3O uj Fund, WWF)ol| A 1997 67, b|=roll A 73, 42 &
2y o AERA BAR QA sHHA A4 Fold  AGoA AFE sHekEA, ofokE, AE7HE § 140
Ba7)50] o4 $11e] AA(nterse) S ZHethdA] W 9] =4, A2 EARM 65F9] 28-S HE
Alegol Asl7t ZeE9dctal  Shch(Niemuth  and A Zofled= &7 v o, WiEeA Aol 2
Klaper, 2015; Hicks et al., 2016). AEE S0l AL FHAHL Qlof HEst aﬁ"’* Es
olAH A W EAThE miE fofFEel s A sp7] ofYoh W2yt olRl mERT=Zol
SA7E A T B SlHEde £ ogE A 97 AR o Sy R
So] ofs) AAx 02 g 4 ATk ejopEAo] A =¥ Zo] YUrk(ung and Ma, 2016). £, SLAFE,
Sl M AR ‘EM A 141°ﬂ—t— A F= oY 2E5EE AoHR(Stockholm convention) -5 Zo] w|wf
oo Ao] ZEASI= AOoZ ERFTHTran et al., f71=4o] 34 Fo = wEE= AL AAsh| $gr
2013). %Eqb}a}oﬂxig oA W FEo AHgEYE = Al Fof AAIZE AFEAL Qe whEbA] o] Rk =
2GA, A, NBA, AEA 5 ThEgt ooFEAol A FdFol WotFo] ol A= e & vER7]
40799 oA AZHcka SCHNIER, 2006). =2 digt myEs 9 o #AlS 7HAoF gtk
nFR7IEd 5 WaEelA Aoleds WavAY A
PAR s e AR AL SO S 88 3 qpel siREAMe| ORRYIEH
= WEHA Aoled *“EXﬂ el Soi7F W28 A
(BEA)S] YA 8-S Yalstol Yol ) A= Al & 2Foll ojxl= S
S, A4Sk V1Y, 4% o 5 ARA EE o
Aeo] Aol Slolet AL ek 5= o) sargaw 31 AHNEE X UE3IS MZ(PPCPS)
7 2] 3FH(Kim and Hong, 2013). ®3} v]=r SHEHSH = O]OFE A © 200~1000 Da®] BA}eFS ZH= Hzel B
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Fig. 3. The status of carbamazepine in the Han-river.
% Source : KEITI, 2012.
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Fig. 4. The status of pharmaceuticals in the Han-river.
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Fig. 5. The status of pharmaceuticals in the Nakdong-river.
% Source : Nokdong-river Watershed Management Committee(NWMC), 2011.

Table 4. The status of organic micropollutants at influent and effluent of public sewage treatment works(PSTW) in our and
foreign countries.

Selected St Gl Influent Effluent Removal
compounds (ug/L) (ug/L) (%)
Acetaminophen |Korea, Spain, WB 1.57-56.9 ND-0.03 98.7-100

Diclofenac EU-wide, Greece, Korea, Sweden, Switzerland, UK, WB | <0.001-94.2 | <0.001-0.69 | <0-81.4
Ibuprofen China, EU-wide, Korea, Sweden, UK, US, WB <0.004-603 ND-55 72-100
Naproxen Greece, Korea, Spain, Sweden, UK, WB <0.002-52.9 | <0.002-5.09 | 43.3-98.6
Sulfamethoxazole |EU-wide, France, Korea, Spain, Sweden, Switzerland, UK, WB | <0.003-0.98 | <0.003-1.15 4-88.9
Trimethoprim China, EU- wide, Korea, Spain, UK 0.06-6.80 <0.01-3.05 <0-81.6
Nonylphenol China, France, Germany, Greece, Italy, Spain, US, WB | <0.03-101.6 | <0.03-7.8 21.7-99
Octylphenol China, France, Germany, Italy, Spain, UK, US <0.2-8.7 0.004-1.3 <0-96.7
Bisphenol A China, France, Greece, US, WB <0.013-2.14 | <0.03-1.10 | 62.5-99.6
DBP Austria, China ND-11.8 ND-4.13 73.6-75.5
DEHP Austria, China, US 0.003-70.0 0.0001-54.0 25-97
% Source : Luo et al., 2014 revised again.

WollAl w2 A7t Fdagh Fofolth

A4 IF—E] AaL k]| Al o] F
3t HedeAlo] vla A7 DR = o] 9laL, sk
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AT ABS 7= 2oz HeltkFig. 5, NWMC,
2011). olof thgt LA Q1 A EH ofo] @ Zufo]
Z(Iopromide) 2] 7-¢- H57 3HFollAl 0.5 ng/mL7HA]

AZE 9 tHLee et al, 2012)
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5o olob Aol Eohs AL elujgh

lo rfr
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Table 5. Concentration and removal of phthalate in Marne-Aval sewage treatment work in France

Concentration Removal efficiency
Substances
Influent Effluent (%)
BBP (ug/L) 1.12 0.30 73
DEHP (ug/L) 22.46 5.02 78
DEP (ng/L) 7.71 0.78 90
DMP (ug/L) 0.82 ND 90
DnB (ug/L) 1.00 0.15 86
DnOP (ug/L) 0.10 ND 79
Suspended matter (mg/L) 579 33 94
% Source : Dargnat et al., 2009.
B @A 7kl 2A AL EIRIE, A, S, 7} tf=Folal, DnOP7} w|wkel A& T o|ES
o5, A7IEAA 9 AdE H7HE FEA AR Sh= AIAI9F wrlo] lchk(Dargnat et al., 2009). 1o
wof gtk Wb, AR fYE 7hHsAde] 2 3 AuE TR SR gAY A9k o] -yt
FEdolch. HAA Ldlol=o] AL 19759 SEA AN Age ZEkYel=t 4
L80OYE EofA] 20069 43009 £o2 24 bk 3 givha mobElth whebd, §F sheA A o] o
RIL, PVC Al2gom F2 ARRE= Hoddd = e BUE Y AMS ol ZEHolEe dis| A=A
=g o] E(DEHP) 7| 25 % A %= 2}A] 3} th(Peijnenburg ol A& oHE FQlst:= Ao] Fesich

and Struijs, 2006).
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= Bl B A A > Flg A g > ke Lo t}. ol17ty}t AEof st & dH= 35HE(Nonylpheonl,
Z UEY T} PFASs= AFA wl&E AAIA Y sH= LC50 = 0.1 mg/L)®] =/do] 27] wzol F-2vhehint
SR A = H4AHZAAL > sheAEAd £02 oYz} s ol A= Az SpgtEef et el 2

uehgth dAdes sleAeAde gYuE sl 240 AVIEAL v 1 FAEulE sEo)] kb
U] PECAsE #2422 9oes w4, obws =2 WanAd 9= vixle wed 2-8of izt o
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o] F2: 89 Al IS AR A E]EHs dk4H] (http://www.kfsri.or.kr/02_infor/ infor 01 02.asp?idx=23).
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oF PRASS 3 SRRAIA Y RS e dgeae PO SIRATA A A Haw el el

A8 YR A e ARt el o S B A & S o
A gelZ= 1T} 2200 o]/ko LHITHNIER, 2010b). 12 E];EE oy ;J:i; ];—O.AIHL H‘llu 11;1];
= o] A 3 ~ OT o = U B8 5
L, o]& I=ltEe A9 A gAd g s AL Ol WA A} EEHE A Eol S, A,
7HARA wiEE AR S sheA Al e wulf, CD, S8 9 £22 70 Y, shaax], Zapa

= o = - o 5 y = o114 ) T =
Tiﬁj j;;i%q H};—.;_j} ;%;: iﬁiiimif% gl 1% So| QItKFig. 7, Im and Loffler, 2016).
== N ok el é.&’olycychc Aromatic hydrocarbons,

LS it B 20 FHE T EX
o SRS T FU A RIS EE T pangr siotein 0 fo1el B9 A 4w
ofs) 2gEe & 4 ok

a 2 s, AFoAe w7l §7171, F71 54 24,
7 BN TshE, AR, T o whatof o
AT PAHs= 2|8 Y 7H5HA] 82 sAEl

A 95(Alkylphenol)> B|o|2/d AU A= ARE-E] AE thrjed W Egeyel oz ZExjdich
= YEuEE oS4 0| E(Alkylphenol Polyethoxylate, PAHs= W|E8]7] Ao Eo| A vro} 7psE2 g 2}
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¥ Source : Im and Loffler, 2016.
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] -‘ELEM AAA T

o e WA Sl Q7] et
E21¢] Group | SHO=2 4
= AE xﬂ.r—l—]r"*‘)ﬂ/ﬂ E}"o?, d25 B9l ol =&
Zo] QJti(Shin and Kim, 2014).

A= A7 Fiol debA ¥hEAeE HrHAl=
ERE SR dAAl = AR stekdom AgtE o
o Axzgo] Ago g y)ye] AEEr) M7
A= LRt Aoyt 34, A, sk w8 AR
o] s o R RE A AATH ol FEHh E|HED
t#d o8| 2(PBDEs)= W3Fd ate] Afojof 4ha A}
£ 7= PCBs(Polychlorinated biphenyls)?} Lot G122 &
Zh= A7 dAAelh o]t AdEe PBDFS-OJ ==
24 theftt BE3 vt g Ao f-85H
2231t} PBDEs= A|<&/do] Zdshal A = @"é, 783t
=4, 3H*é% Zb= o' defA Qirk o] gtk PBDEs
= &7, 55, Aol HEEAL e B g X5 PBDEs
9 i—f??—"— A7rsl7] $1gt mEH AA 71&9] o]

A8} cH(Santos et al., 2016).
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4.1 siie| DiZR7I22 Pty 714

nFi71E49] 918l B7hgHel= US EPAC] A
AREEAL Sle WSR-S BUEY 9 B E 9t
oA Tt AEZR A% (Prioritizing contaminants for
monitoring and management) ®'H, QSARs(Quantitative
structure activity relationships) B (OECD, 1992; OECD,
2007), 91314 Z|4=3KRisk quotient) B(US EPA, 1998)
o] Qith. WA wFgR7|=d HUHY 2 #eE A
A BeddEd Ao sl A EH, vl
71E4 o] fJafiidol 7)1 xste] Adste] S-S 4
A 5F= = (Risk-based screening and prioritization tools,
http://actor.epa.gov/dashboard) S %|-&3}o] A} TAE
2o tislf W& 9t A= E 24 sk=t 483t
t} =, ==3-XH|(Exposure:Activity ratio, EAR)S =%
sfo] Tl 247} Baw vlEkfr| BN SHesls
3 2 gk
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R R — : <L * 001<=EAR<01| 2 % 2 = o &
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i Mewaﬂn EAR Per Site Lk Site
Fig. 8. Analysis for “Exposure : activity ratios (EAR)".
% Source : Villeneuve, 2016.
Table 6. Predictive results for organic micropollutants using QSAR model (Example case)
QSAR Modeling result
ECOSAR v1.00 lmg -
No. Compound Structure Classes Found Water Sol. | HENRYs | LogKoa | Fish |Daphnia | Algae | Log Kow
(mgl) | (atm-m’mole) | (octanol/air) (LCs) | (LCso) | (ECso) | (octanol/water)
ke Phenols
1 Acetaminophen Amides 140E+04 | 6.42E-13 1085 | 3,399 | 1,591 | 337 0.27
. Phenol Amines
2 | Acetylsalicylic acid “*nf\g Esters-acid 4,600 1.30E-09 841 757 | 393 118 113
Imides
. a " Substituted Un
3 Caffeine st M5 o 1eE+04 | 35811 899 | 5432 2508 | 507 0.16
- Imidazoles
Amides
Aliphatic Amines-acid
i} Phenols-acid
4 Cefadroxil ,\&W Benzyl Amines-acid 1,110 2.88E-21 18.85 15,975 | 7,172 1,319 -0.08
’ Amides -acid
Phenol Amines -acid
Aliphatic Amines-acid
5 Cephradine ¥)f JS/O Amides -acid 2.13E+04 7.55E-16 1.39E+01 | 5,995 @ 2,853 640 0.41
’ Vinyl/Allyl Amines-acid

% Source : NIER, 2009.

H
(Risk quotient, RQ)E 0|-8-5l= o]
5 71e st selras Ak okl
31814 A% (Behavior) S 717ths 7HAS
3 itk ol 71¥HLe G- E<l(Hazard identification)
7} ¢34 H7KRisk assessment) H-2] 0. &2 ALE- 753
ARA AR FEA FE ) 53] g3tk

WA QSARs WHe f71Bdel #4H HAHolut
e |5t Fgska ITHOECD, 1996). 105
AA7E Qe sherede] SAUR WEHTL glod,
o]l 1-5 % Awnt g4 HEst kol glck
ujFR712 A e ukle] glolA olug Bel,
spf, ARl B4 wlore vhg Fagh HAolch
AR oop el o) QSAR UL F3f AEE B
glokoly B4 S84 AEE e Aol
o At ofel ok Zrk(Table 6).
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AHE 9l ARQ)E T & EECE LCs0o.=
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AoEl fElEst B2 Ao AT £ rh
Peterson(2006)2- 3[4 X4~
oo B4 HEHOR sk

Estimated Environmental Concentration (EEC)
Toxicity Test Effect Level (LCy,)

= Risk Quotient

4.2 S| skrxiz|Aldel A Oi=F7ISEo| st
22 |x|A

=, Y 2 YR nEFRT| B0 3EsdeR
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B sl A dS 2l oA B E el okt
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stal o] FA| AgE E-o| sl AR, e, Al
EE 59 A% "Hoke =35t Maruya et al., 2014).
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Fig. 10. Plan of monitoring and management measures for
organic micropollutants.
% Source : Maruya et al., 2014.
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CECs
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DEHP
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DES
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DnOP
EAR
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EDs
EEA
EEC
HCA
hERG
LCso
Log Koa

Log Kow :
NORMAN :

OECD

PAHs
PBDEs
PC

: Exposure :

: Ammonia monooxygenase
: Alkylphenol polyethoxylate
: Benzyl butyl phthalate

: Bisphenol A

: Contaminants of emerging concern
: Chemical oxygen demand
: Diethylhexyl phthalate

: Diethyl phthalate

: Diethylstilbestrol

: Dimethyl phthalate

: Di-n-butyl phthalate

: Di-n-Octyl phthalate

activity ratios

. Half maximal effective concentration
: Endocrine disruptors

: European Environment Agency

: Estimated environmental concentration
: 4-hydroxycumyl alcohol

: Human ether-a-go-go-related gene

: Half lethal concentration

: Octanol-air partition coefficients

Octanol-water partition coefficients
Network of reference laboratories for

monitoring of emerging environmental pollutants

: Organization for Economic Co-operation and

Development

: Polycyclic aromatic hydrocarbons
: Polybrominated diphenyl ethers

: Polycarbonate
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PCBs : Polychlorinated biphenyls Phthalate removal throughout wastewater treatment plant:
PCPs : Personal care products case study of Marne Aval station (France), Science of
PEC : Predicted environmental concentration the total environment, 407(4),.pp. .1235'1244'.
PFAS . perfluoroalkyl sulfonate Daughton, C.G. (2007). Pharmaceuticals in the .enV1r0nme.3nt:
. . Sources and their management, Comprehensive Analytical
PFCA : perfluorocarboxylic acid .
) Chemistry, 50, pp. 1-58.
PFCs + Perfluorinated compounds Ebele, A.J., Abdallah, M.A., Harrad, S. (2017). Pharmaceuticals
PFOA + Perfluorooctanoic acid and personal care products (PPCPs) in the freshwater
PFOS : Perfluorooctanesulfonic acid aquatic environment, Emerging Contaminants, 3(1), pp.
POPs : Persistent organic pollutants 1-16.
PPCPs - Pharmaceuticals and personal care products Greenpeace East Asia (2015). Report for the status of PFC
PSTW  : Public sewage treatment works . pollution in local environment.
QSARs  : Quantitative structure activity relationships Hicks, K.A., Fuzzen, ML., McCann, EX., Arlos, MJ, Bragg,
. . L.M.,, Kleywegt, S., Servos, M.R. (2017). Reduction of
ROS : Reactive oxygen species . . . Lo .
) ] intersex in a wild fish population in response to major
RQ : Risk quotient municipal wastewater treatment plant upgrades,
TTEL : Toxicity test effect level Environmental Science and Technology, 51(3), pp.
US EPA : United States Environmental Protection Agency 1811-1819.

WTP : Wastewater treatment plant
WWF : World Wildlife Fund
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