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ABSTRACT

Micropollutants emerge in surface water through untreated discharge from sewage and wastewater trestment plants
(STPs and WWTPs). Most micropollutants resist the conventiond sysemsin place & water treatment plants (WTPs)
and survive the production of tap water. In paticular, pharmaceuticds and endocrine disruptors (ECDs) are
micropollutants frequently detected in drinking water. In this review, we summarized the distribution of micropollutants
a WTPs and dso scrutinized the effectiveness and mechaniams for their remova a each stage of drinking water
production. Micropollutants demongtrated clear concentrations in the find effluents of WTPs Although chronic
exposure to micropollutants in drinking water has unclear adverse effects on humans, peer reviews have argued that
continuous accumulation in water environments and ingopropriate remova a WTPs has the potentia to eventudly
affect human hedth. Among the available removal mechanisms for micropollutants et WTPs, coagulation done is
unlikely to diminate the pollutants, but ionized compounds can be adsorbed to naturd particles (eg. day and colloidal
particles) and metd sdlts in coagulants. Hydrophobidities of micropollutants are a critica factor in adsorption removal
using activated carbon. Disinfection can reduce contaminants through oxidation by disinfectants (eg. ozone, chlorine
and ultraviolet light), but unidentified toxic byproducts may result from such treetments. Overall, the perdstence of
micropollutants in a trestment system is based on the physico-chemica properties of chemicals and the operating
conditions of the processes involved. Therefore, monitoring of WTPs and effective dimination process sudies for
pharmaceuticals and ECDs are required to control micropollutant contamingtion of drinking water.

Keywords: Micropollutants, pharmaceuticals, endocrine disruptors, water treatment plant, coagulation,
adsorption, chlorination
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Table 1. Definition for the trace pollutants in the internationa organizations

Item Definition Organizations (abbreviation)
Micropollutants Pollutants which exist in very small traces in water. European environmental agency (EEA)*

A substance currently not included in routine environmental Network of reference laboratories for
Emerging pollutants monitoring programs and which may be candidate for future monitoring of emerging environmental
legidation due to its adverse effects and/or persistency.  pollutants (NORMAN)*®

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)toxicologica
effects are not well understood.

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

Emerging substances

Contaminants of
emerging concerns

United states environmental
protection agency (USEPA)®
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Micropollutants Micropollutants
(Human use & industry) (agriculture & livestock)
Excretion, Sludg\
waste (sorption)
Excretion
WWTPs, SWTPs Land fill
Dilution, metabolite, l ,
Biodegradation Leaching

Discharge
\ Surface water |< | Ground water | «— Soil

Biodegradation, Photolysis, \ / Biodegradation  Biodegradation, Photolysis,
Hydrolysis, Adsorption, Hydrolysis, Adsorption,
Volatilization Drinking water source Volatilization

!

WTPs | Coagulation, Filtration, disinfection

Fig. 1. The fate of micropollutant in environment; WWTP= wastewater treatment plant, SWTP= Sewage water treatment
plant, and WTP=water treatment plant?.
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Table 2. The factors governing the behaviors of micropollutants in the environment®

Category Factor Examples of possible mechanisms
Chemical-related properties
Solubility lonic water soluble micropollutants; increased and dispersal/dilution
Volatility Some pesticide and industria ECDs
Sability Many persistent organic halogenated compounds
Partitioning Non-polar micropollutants bind to solids and lipids, partition into soil/sediment

and biota (solid/liquid/gas)

Environmental

Hydrology Water as carrier; reease pulses; leaching; freezing and thawing
Atmosphere Evaporation/precipitation (wet and dry); dusting
Geology Leaching to ground water depending on permesability, depth to saturated zone etc.
pH Affects ionic compounds (e.g. sulfonamides, and phenalics)
Sdinity Osmoregulation; affects also fate of ionic species in coast gradients
Temperature Governs reactions; extremes (cold) increase stress; adapted hormonal functions
Photoperiodicity Marked effects on many hormone cycles (diurnal, lunar, annud)
Humus content Binder, carrier, reaction site etc.
Trangportation/retention
Sorption On humus/mineras; on natura particles, on plants and other biological tissues
Precipitation In sorbing particles or as sdts; dynamic equilibria with resuspension
Complexation With other ligands (e.g. in humus)
Colloid formation With humus, may enhance transport of e.g. heavy metds in soil
g?;’gtsli%?] In surface water, ground water (porous soil)
Diffusion In impermeable soils; dow but may be important overal
Active transport by humans/animals
Transformation
Acid dissolution Of polar micropollutants in particular
Hydroxylation Important for many persistent organic compounds
Chemicd adducts Methylation of metals, sulphurization etc.
Degradation /bictic Depends on molecular structure and environment (pH, nutrients, redox)
Degradation/abiotic Photo-decay in surface water
Polymerization For some ECDs/conditions
Accumulation

Bioaccumulation
Other accumulation

Bio-accumulation in food-chain, in tissues
In sediment and soils
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Table 3. Chemical properties of the target micropollutants®

Analytes
(Acronym
;:Molar formula)

CAS-No.

Water

solubility  M.W.
(mg/L)

pKa

(PKay/
pKa,)

Log Ko Chemical structure

Pharmaceuticals (9)

Acetaminophen
(ACT
;CeHoNO,)

103-90-2

14000

151.06

9.38

0.46

T

Cdffeine
(CFF
;CsH1NLO5)

58-08-2

21600

194.08

14

- \
7

Carbamazepine
(CBM
;C1sH1N:0)

298-46-4

17.7

236.09

247

} AN
“\/'/NHZ

Diclofenac
(DCF
;CuHuCILNO,)

15307-79-6

237

295.02

415

391

Ibuprofen
(IBU
;Ci3H1505)

15687-27-1

21

206.13

451

364

Naproxen
(NPX
;CuHL0;)

22204-53-1

159

230.09

42

284

Metoprolol
(MTP
;CisHz:NO)

56392-17-7

1000

267.18

9.68

188

Sulfamethoxazole
(SmMz
;C10HuN:0;S)

723-46-6

610

253.05

57

0.68

Sulfamethazine
(SMA
1C2H1NLO:S)

57-68-1

1500

278.08

26
7.7

0.62
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Table 3. Continued

Analytes Water pKa
(Acronym CASNo. solubility M.W. (PKa/ Log Key Chemica structure
;:Molar formula) (mg/L) pKa)
Endocrine disruptors (5)
Cl
N:<
Atrazine HN N
(ATZ 1912-24-9 347 215.09 185 2.67 \ /
;CsH14CINs) N
HN‘\
o] cl
2,4-diclorophenoxy )k/o
acetic acid
(24D 94-75-7 677 219.97 2.73 281 HO
;CsHsCl;05)
cl
OH
Bisphenol-A
(BPA 80-05-7 300 228.12 9.59 34
;CisH1605)
o
4-nonylphenal
(NP 25154-52-3  6.35 220.18 103 4.48 -
;C1sH2,0)
cl
Triclocarban o
(TCB 101-20-2  0.0023 313.98 127 4.2-6 HN
;C13HqClsN;0) /K
Cl N [0}
H
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b H3 v e A Fae olgel A F o, YR BB 55)¢ AT 298
v 428 AN fot. g2 A4S Table 3¢ ol @ B45e &
AStek] S 30 gg aekisin. AwAd
2. ¢ njgey=dsel Sy AeEdEe] EAF2 150-320 Daollll M= A
B A7 lzk Bl NNe] ASHT AXSel @ B flo] vkl Rxaa k. sy 22
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Table 4. Removals of micropollutants in water trestment plants

Target compounds Influent (ng/L) Effluent (ng/L) Removal (%) References
Pharmaceuticals
Acetaminophen 163-260 10.7-22 96+2 [35]
Caffeine 100-190 ND-60 42-99 1
Carbamazepine 191-600 29-140 66-85 [1
4151 6-18 -46-88 [34]
Diclofenac 1112 ND 9 [34]
Ibuprofen 15 ND 9 [10]
Metoprolol 20 ND 99 [11]
Naproxen 0.9-32 ND 9 [34]
Sulfamethoxazole 8000 ND 99 [5]
Sulfamethazine 113 ND 99+1 [35]
Endocrine disrupters
Atrazine 32-870 49-870 -53 [34]
Bisphenol-A 107-360 26-220 38.8-76 [1
6.1-14 25 -78 [34]
Nonylphenol 100-130 93-100 7 [34]
’Fo = MdEoluto] =7 (sulfonamides)®] JAYAE2 £ o] g% FHA= ACT, CFF, TCB 5°] "
(SMZ and SMA)YE2 AR (-SO-NH-)E 7HA 2L AR o8t Ba|7} s Aow dEA Yk
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FodEAe 3 - 25Ao] E F&%5 (sorption 24k (clofibric acidye 165ng/L o142 F=Z H|
potentid)S w2 F25 (log Koy < 25), 7 &3 Ed Belin®] FxEN4 A&3s93L, McLachlan
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T3 ¢ ok eEE SMA (pKes 5.7)9
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Table 5. Removal efficiencies of micropollutants by coagulation

Compounds Removal (%) Coagulants type Coagulant dose (mg/L) pH References
Pharmaceuticals
Acetaminophen 60 FeCl, 20-45 4555 [1]
Ceffeine 0-38 Alx(SO,); 25-78 6.8 [12, 42]
Carbamazepine 30 Aly(SO,); — 7485 [11]
Diclofenac 877 Fe,(SO,); 94 4549 [3, 43]
Aly(SO
> 65 Ao 50 — [44]
70 PACI* 200 — [45]
Naproxen 12 FeCl,; 25 7985 [46]
Ibuprofen 50 Fe,(SO,); 140 45 [3]
Metoprolol <30 Alx(SOy)3 — 7.4-85 [11]
Sulfamethoxazole 0-33 FeCl, 2045 4555 [46]
Endocrine disruptors
Atrazine 0-36 Aly(SO,); 6.3 6.8 [12]
Bisphenol-A <20 Aly(SOy);, FeCl3 — — [47]
Nonylphenol <20 Aly(SO,); FeCl; — — [47]
Triclocarban <40 Aly(SOy);, FeCl3 — — [47]

*PACI: polyaluminum chloride
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Table 6. Removal efficiencies of micropollutants by coagulation

Reference researches

(experiment type) Operation concentrations Compounds Removd (%)
Acetaminophen 70-78
100 ng/L; [Ti 4h; [pH] =77 Cafteine oo
=100 ng/L; [Time] =4 h; =77, :
ATt ol o G Dicifee: gd
[Sample] = river water aproxen
Sulfamethoxazole 30-37
Atrazine 55-57
Acetaminophen > 99
Caffeine 3
100-200 ng/L; [Ti 7.6mi H] =7.7 Atrazne 10
= ng/L; [Time] = 7.6 min; =77, .
(S;)Igas;g'AQ) Eiﬂsorbent] = 1, g/ 50[ mg/l_] as PAC; or] gima::pl ne 22
[Sample] =river water
Ibuprofen 16
Naproxen 6.3.
Sulfamethoxazole 83.8
Vuetd [Co =500 ng/L; [Time] = 12 days; [pH] =7.5-7.9, Carbamazepine > 90
(Lab scdle) [Adsorben_t] ;13—16 mg/L as GACH, Naproxen > 90
[Sample] =river water Nonylphenol > 90
Acetaminophen 58
Caffeine 713
[Cal = 200-700ng/L; [Time] = 3 weeks; Atrazine 53
Rossner et a.% [pH] =7.5-7.9; Carbamazepine 69.9
(Lab scale) [Adsorbent] =1 mg/L as GAC; Diclofenac 255
[Sample] = river water Ibuprofen 233
Naproxen 46.6
Sulfamethoxazole 271

* PAC: Powdered activated carbon tGAC: Granular activated carbon

Ak el tigk 25420 Aol AAE 2 & (chlorination) A2l dolM F2 AR5
S8l e FHA 2 FHELG] FeAeel 2 EAQ e eFolu ALA(UV) A 3
A% =2 t 7Rl B B A= Bk vlg e g3 SdellA et Ay
o] Fasltt. olzjgt SHoA M EHES B4 of Wl zZidsint® oy Efjdedw
of 2A% 2 - 254 B3 ddE FERTIAA (trihalomethanes), &2 oAt (hdoacetic acids),
o] AARES] A= ol2Fd FAA A ol F& 2o EYEY (haoacetonitrilies) 53 22 =
3 AFS BolFe Adeolzyt & 4 Stk g AL ke A Al F BAEeRE
BRI QAL o]2] gk £5HAEE A AF e

3. &% (disinfection) g e so] Ao A3 AF7E A& glrk S
BeAEAEe U048 AHE «dwsbr] flske] AT AgaHet vue] A F2el
HaAE], Ao 2AL 0EAT Tl A AEF ogk Adshikgo g e dEAe] Ba7t hsdith o
e X ol JleEe Wddel AAd o FRAS Lapy A f{7] siHEAe] 743
9% 2] AAE VFERATED o] Tl = P ] AAREE S 2h=th0 o & S0 2 ke ¢
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Table 7. Byproducts of micropollutants by chlorination

Compounds Byproducts Reference
o OH o O
Acetaminophen )KN /( j » )]\N/ * ° ¢ [64]
A N-acetyl-p-benzoquinoneimine 1,4-benzoquinone

Acetaminophen

Diclofenac Qﬁh%:g_g Q wo»kdi'%:g [65]
Cl Cl 1 o /C‘

Diclofenac Cl-diclofenac Cl-diclofenac-CO
C O
Naproxen O [65]
(¢}
Naproxen C-naproxen
ci NH,
NH,
%j} N\
Sulfamethoxazole o » o, » ”GO [66]
. P o'\ S,
NH NH N-chloro-p-benzoquinoneimine
= —
Sulfamethoxazole Cl-sulfamethoxazole

z

kTS TS
Sulfamethazine Q\° > Q ° [67]

H N
Sulfamethazine Cl-Sulfamethazine
OH
(] Cl
OH
Cl
‘ O o
O o
. Ccl
BlsphenoI-A Bisphenol-A 2,6-dichloro-4-(2-(3,5-dichloro-4-hydroxyphenyl)propan-2-yl)phenol [68]

Cl
Cl
[¢] o * H04<:§70H
Cl Cl

2,6-dichlorocyclohexa-2,5-diene-1,4-dione 2,6-dichlorocyclohexa-2,5-diene-1,4-diol

CHy A CoHhe Cl
Nonylphenol Q <j( \;:( on [69]

Nonylphenol ’ ]\hndﬂuo-mylﬂ*ﬂnl’ chh]oro—nonylphenol Trichloro- nonylpheno]
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Table 8. Remova mechanisms of O,;, UV, UV/Cl,, and UV/O; process for micropollutants removals

Processes References
Ozonation (Os)
H.O H*+OH
O;+0OH" HO,+0,
Oy+HO, §’OH + §'0,+0, [70]
Contaminants + §”OH Contaminants-H + H,O
Contaminants-H + §OH End products
UV radiation (UV)
H,O+UV-C §H + §’OH
Contaminants + §"OH Contaminants-H + H,0O [71]
Contaminants-H + §OH End products
UV radiation-chlorination (UV/Cl,)
Cl,+H,0 HOCI + HCI
HOCI + UV-C §0OH + §'Cl
Contaminants + §”OH Contaminants-H + H,O (72
Contaminants-H + §OH End products
Contaminants + §Cl Contaminants-H + HCI
Contaminants—H + §"Cl End products
UV radiation-ozonation (UV/Os)
O5+UV-C+H0 O,+8"2HO
Contaminants + §"OH Contaminants-H + H,O [70]
Contaminants—H + §”OH End products

(phenol) L= WA
= Fsh 4

=
=
(benzene)t 2 WS & 72

242 A #7] o9
thest zo
Cl, + H,O & HOCl + HCl (8)

E
ol
o

Contaminants + HOC| — Byproducts (9)

AuHoE YRR ePEATe FFAy
7 2534 ool 3,
s

=
E3}0] 4|77} o] Fojxic}. uj
9} 7o) QP EA] ABlE £
ol myHom ﬂ#‘ﬂé 242 ohich, et
H HET AYE & )

GEQs WRe A ATRS +oE
AIZIAL o] 2 Qlete] A 3 ] mlFed B4

Aol @ ste] AEidos ATE

;g
)

http://www.kseh.org/

2 AFES AFA R AP AT B
YUEHHS Fdste] nHFodEde] 4% FHS 5
& AAE Basiith vFed B4 AlA 43
AFE o oA Choi 5L BPA, NP 52 5 mg/
LY d4& HEE Falo] 99%ely e AAE &
A9 Wedterhoff 522 x| EUlollA 3.8 mg/
Lo PaFUL B3t ACT (>90%), CFF (>50%),
CBM (>90%), IBU (>70%), NPX (>90%) =]z]s}
Ak, 2y BUER Aol o] AA| A5
oAl H4xe]7k SMZ, ACT, CFF, MTP, IBU
5ol 20% Vo R AHejEs Aso] Hiso] &
gt A AL o] FARA] R ESS o]e} T Eo]
02 A7ES vFHEZ] daAEA FAt
%Eo ﬁl/\g_o_ H_T’_?S‘]—od\i]- (dee 7)

‘,4 FET% EH H/\}E_,] bﬂ—Ag g\o] 1/}.1«6]]%‘]
ﬂl%&%“j Aol a7ARI AA7Y 7hsstes HA s}
shetl 2 HRE T JoH, 2F(0,) A, A
A (UV radidion) A, & 1}9 14 (Cl/UV) 24,
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