Korean Chem. Eng. Res., 51(6), 645-654 (2013)
http://dx.doi.org/10.9713/kcer.2013.51.6.645

= M
o =

LM B R F2] Seheo] dH o ol g of FollA 7= AUt 2
e 553 S S ohe wde 23k Ft
20043 720 T} SiAkS: A9)E 23 3Rk O] f-- SO e kel wels XH«“ AEeEd Bl 5490 %

713}5HE0] CAS Registry°l] 55

*_"/]_g;]r/Hb‘l—"/ §].747]%7§];_<1|J§EJ,]_X% ;g]_ﬁ,\]/kEiLx_sl—J,}
339-700 Aﬂl?‘i HARA] AER 2511
, 2013 109 9 A A<= 2013 10€

(2013 82 19 < 144 =)

A Study on the Management of Micropollutants in Water System Considering Climate

Change and other Potential Effects

Hojeong Kim', Yongsuk Hong* and Jong Ho Ahn

Division of Water Environment, Korea Environment Institute (KEI), 215 Jinheungno, Eunpyeong-gu, Seoul 122-706, Korea
*Program in Environmental Technology and Policy, Department of Environmental Engineering, Korea University,
2511 Sejong-ro, Sejong City 339-700, Korea
(Received 1 August 2013; Received in revised form 9 October 2013; accepted 14 October 2013)

Q o
B ol - 2] sldheluale) geldgs Yaa, 719us § sl 93 Fi e oa
& 2ei% FlgedRae) Aepide ANt sl Siel i vhe & Qb s 919 e 95w 4
4% tpdo= ke dE el vt AezAbt lf%a AEGITy, Lol Sof Fl - T2 FO| v]FePEAe)
NS ZAPE AT Qlont AL 53} 5157} B glo} AAHR ey A 9 A 99e ot

‘31&9_@@” o] Az} efel = 873 iAol A <] 74% QA Bl APl

71l ofelgol A AT Lk
2137 SOl Ve e el Au] o A7) £ 4SS FF 5 ATk FF 1Tk BE S8
o PEs 4, FRANY $uel Ut FoR UBoaRYSl IR S S P oIk, 3t & Aolge]

sholslie 1ol viRke B ol dlat $ei7k AL 4 ek, TR v % e A} AAFE gee) g
dishA ARyl 424011*1 Vo gEAe) BekE Aashs Hol Btk A\E5 2] viFegue) el
L, B AABE T shiel A6 sy Belel B, BAL) A%, AR 519 Bk, Bt - e B
Xe) Aol <k ol dhek @177} stelslolof 3 2],

Abstract — In this study, the management polices of micropollutants (MPs) were reviewed and the future management strat-
egy was discussed considering climate change and etc. In Korea, the investigation of drinking water has been actively
carried out for the priority contaminants as well as MPs. Recently river and lake waters have been also examined for MPs.
However, the coverage and depth of the investigation is limited. Moreover, climate change is likely to increase air &
water temperature and it will affect the hydrological cycle. Such changes may increase the residual concentrations of MPs in
water system. As water reuse increases, the residual MPs of the recycled water may create public concerns. Thus, in a
viewpoint of the precautionary principle, more stringent management of MPs is recommended for the drinking water and
the body-contact water use. For the surface water, more studies are necessary to understand the ecological risk by MPs.

Key words: Drinking Water, Disinfection by-products, Micropollutants, Pharmaceuticals, Environmental Policy, Water Reuse

= 5] glo.

,01 = 13 711 7

=

Tk wipd 70070] A2 3}sh

zlo]

o} $lalgol & BN FHO o] Folgith. e} vl
el thois 5 AR Al

*To whom correspondence should be addressed.

E-ma11 tingker@kei.re.kr
fo] =52 KAIST %9l wH9] i 7'dalo]

Fasgir,

645

25 A=) A% Z7sla 9low 2], BA7]&e] ke ng/L
G271 QAR B4j0) Fsalde] wet Bl AEEA esk



646 1z

© wjEke] g8kEdo] 2 wiAlellM HE s AlelZt Sk Qlek.
olof| mje} 2] S olX = UkEH] Al %ol (endocrine distupting
chemicals, EDCs), 2]eFz2 2 7[913H2] 4<% (pharmaceuticals and
personal care products, PPCPs) 5 7]& At gl EZE=X] ok
45| AR W SollA 3l HEEY, A9l
w2t A5 E AR ol 2HRSPIE sttt 1 A3 o]ef st v
ZFo MZE LG5l digk A9, FEARARE, 2] -2 7} w2
Al AR I ATH3].

B =FolA T} s v]H2.%35 2 (micropollutant)©]
Zol ng/L~ug/L 2 v 2 EAeH= A1 2 9EH
A A Zp/ASRT B W B 7] dErellA] AllE ] 3
H& 7RI Assigie] vge da A A= sekE
dh - o] 83 FA7)ee] R o]l Sof AlEA 28
7] whzel 22954 (emerging pollutant)® =2]7]%
LHEAS 5, B v 5 7€ TV sEEA T vl
o (1) Ao ZrelERIo] glom, (2) ST $lEd
HI7F EZ-EsAL AlgkEo] §lem, 3) WY, olF AR, AE
Al Fol v thE 54 7RITH4]. Eed w1l 54 2 9
4 AEIT F56l] el wiEs8r)E
ol A ekt g9, ol s A ®, HETAE Lkl
A} vk A FASEY 29, s 5
T AL Agel A7} Qlvk= Ae
weba] H|EEe A=l ARE A E 7189
k] o] Faah, Feliake gl
FAYGE =]
AL,

1o ff Al

o

ru

=9

153 @Al 2
i S 5 mledE
Mt she) Afel

gl iR

e

=ife]
o=

b

]

A AR

0

2. 34 -2| 0[ELY

2-1. =l 2 A& L A

2-1-1. TEs e 718418

T A BAE 913 w7 A9 Al e V)
EAE: 47 v @ e 2R 7127415 (2006~2015) 5 2 SIsid 2t
A 2785 TEH 02 AElehs A Ao Z dHYsta
Qo njFFEEA7RA S el MLlE Sulshs As o
A= AABEAL ATHS). 53] Ys7d A H G| -3kl A
AR 7 QA Qi A= viRke] slshEA 7] S8l 3
7F 2 Hefo] fSE sk Aol desit. 1 FA1FQ1 wkke.
FalstetEA o] AN Sl W B falEd Ay
£S5 st 0|5 E4o disl X4 2 uiEs8r1ES vt
T S AAE g Aot HEYE d,
71 5, fEEE AR 5o ARE EdlE vghelslst
FAEES A4l dapE R RUEHS AT AE
71420 Bhd S 1Esle] ETA R Ed
7ol e dEZe] 574 -4o] 7FssleSE 3
L I HAojjsst Algoelois].

F

)

He 2

=
=
o

> oo O oy o> MU
PR DA

o e o
iL’

= o
o

il

2-1-2. $A712Z2A R
47 AR R AR FE A DS Wol 527 dulel] Tt

Korean Chem. Eng. Res., Vol. 51, No. 6, December, 2013

&

o O 1

. 39M . okEs

il

(o]

A71zAPe] 218 Foll sloH, vl e Aede] thet KuEY

hacs

T e, AT 98] 0] SV 2ZARES 7 5
W, TS vk feilEd 24 el st 1552005))

e dame] obaAd Bl B8l H7H2006), TEEEA A
7 SEA AHFAL D oSAIAE AHEH2008)) 5 FAFATPAL
o] FelZ v dEdef gt RUEH 2 sz Hrt A7)
2= TH6-8]. B 71Z2ZARIAS 2007 d5-E] 2015d7F4] 31k
Az FAE) k. 1944 (2007~2009 )l A= AR H)G: 52
oz At FelEdES Adstar aild 37k $J% DBE +
Z3h= o 1o, 2¢H(2010~20129 el = 1544 &
TAT) ufe} A7 E ] fElEEe] st AelzAb T A4
ST}, 394](2013~2015)ellA e Y] f3lEd o] Aesd 9
s F7F AsE Algen o] Rg XA uigt 730
EA AezAs 319 ogoloHo).

TR 712ZAAIA 5 2000 ] F - SHERE] njEe A B2 o] A}
A77F o= 9lom, 53] ol ATelME 48 ARRT
(quality assurance, QA) 2! A =32](quality control, QC)el] th3t A}
o] F 3 THA| 1L Qe v GEAL ARkAQl 2 FEA
H|&] ARAAI A W2 T2 EASE] o], 5412 QA/QC7T F
QM HFETR=s 2 2AF AR Y sli)3) A et shgte]] T

= Ao w yekdr}.

Ol
-
r_)&

W
&
=
>
bt

o

o M
X,
2 0
i

o s
M
N

AN
2

2 u2
3
f
ﬁ:m
1)
&

Hoto

= flell Zad AnE gus|
FEC = Xgsol 47149 RUEHEE

off thgh AARYE: S350 TH=
| 717glo] AEH10]. AT 57 m/day ©
opde] FEES WA FHsE FRAKIA
rerse)sh deddrda)E thdes 2
ot 1L AakE el S e vkelelel Barsjor
Aol tialxl= -2k, 24 A5 (Langelier index) 1

S
~
AN

e >

o

[o

N

>
o,
:(|)1=l
g
o
N
N

(IS

o
o
>
ol f
o
I o
1o
)

o U
- o
™ E

>
ot
e
Mo
o2
X

)

J

o

{
e,
o

fF o2 ¥ 32 fo of off
£
Lo

ta

40 o
g

>

RS jF
)|\

il

By o
i
Er
0,
5.
8
(=]
5
%’.
s
=2
=
K
@
il
2
>
o
P
o
jusfy
BN

> o
o
N
rlr
_>‘1_|‘

FRAL ol el AEAdvte] wiRt AT 1E 2% 5
o, TREAE FREY T Y HEF AlEse] w5 13

32 A 715 st 10]. Fgel ] AAkst == Table 1

3} o] % 2770 G5ol el muEj=o] AR, AAF R
N3E EolE BAREI) AE U a9 Z1Ee) v e

Tl A FEE R RUB S A EHTH] e
AR A9 o FE AHsHA Hrt

2-1-4. 57 FEER

AR e
TR EAT ASE fuEE 295 gist
AAEL gtk AU T 55 AL Aate} R - 545
=47 EUZE AP GEAS Ak, e
3k 203 19 tideltt. 20089-S o2 59, 8 1A
2 249 217 B4}, 12719

TAA TR, 31719

Ak, 8|3 AeleFE2R] Enrofloxacine HIE 6712

=
2
9%

il
> ko m oY rm

o
jults
i
i)

= o
o=

i o

o n2

|

2
N

F
1

¢



7IREL 5 A e ued T vgeswde] depld o 647

Table 1. The examination frequency of drinking water surveillance substances [10]

Examination frequency

Categories Substances Guideline (ug/L) Monthly Quarterly Yearly
. . Antimony 20 \%
Hazardous inorganics
Perchlorate 15 v
Vinyl Chloride 2 N
Styrene 20 N
Chloroethane None N
Bromoform 100 N
Chlorophenol 200 N
2,4-Dichlorophenol 150 N
Hazardous organics Pentachlorophenol 9 N
2,4,6-Trichlorophenol 15 N
Di-2(ethylhexyl)phthalate 80 v
Di-2(ethylhexyl)adipate 400 v
Benzo(a)pyrene 0.7 N
Microcystin-LR 1 1-3 times a week
2,4-D 30 N
Alachlor 20 N
Bromate 10 N
Chlorate 700 N
Ethylendibromide 0.4 N
Disinfection by-products Bromochloroacetonitrile None N
Monobromoacetic acid 60 (HAAs") N
Monochloroacetic acid 60 (HAAs") N
Formaldehyde 500 N
Geosmin 0.02 N
Aesthetic compounds 2-MIB(2-Methy! isoborneol) 0.02 N
Corrosion index (LI) - N
Microorganisms Norovirus Not detected N
Total 27 parameters 2 parameters 10 parameters 14 parameters

THAAs (haloacetic acids) refer to the sum of dichloroacetic acid, dibromoacetic acid, trichloroacetic acid, monochloroacetic acid, and monobromoacetic acid.
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Fig. 1. The carbofuran concentration at the selected sites of Nakdong
River basin (Data from [8]).
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Table 2. The Pharmaceutical concentrations at the influent, effluents and nearby river water of the municipal wastewater treatment plant (data from

122])

Mean detected concentration (min.-max.) (ng/L) .

Substances # of detected # of detected . # of detected Detection
Influent (n=10) Effluent (n=10) nearby river water (n=24) limit (ng/L)

Acetaminophen 26.910 (15.40-50.00) 9 N.D. - 0.137 1 0.0001
Sulfathiazole 0.031 1 N.D. - 0.494 (0.01-1.88) 4 0.0002
Sulfamethazine N.D. - N.D. 0.296 1 0.00002
Carbadox N.D. - N.D. - N.D. - 0.0001
Sulfamethoxazole 1.025 (0.32-2.02) 9 0.496 (0.15-0.82) 8 0.086 (0.04-0.17) 5 0.002
Lincomycin 0.263 (0.09-0.56) 10 0.214 (0.01-0.51) 9 0.061 (0.002-0.25) 8 0.00009
Trimethoprim 0.043 (0.03-0.06) 6 0.040 (0.008-0.07) 6 0.010 (0.008-0.01) 2 0.0006
Chlortetracycline 0.527 (0.04-1.78) 5 0.184 (0.03-0.41) 5 0.823 (0.02-5.40) 9 0.0002
Oxytetracycline N.D. - N.D. - N.D. - 0.0004
Enrofloxacin N.D. - N.D. - 0.048 (0.03-0.08) 3 0.0002
Ciprofloxacin 0.013 1 0.085 (0.001-0.24) 3 0.001 1 0.0001
Erythromycin-H,O 0.178 (0.07-0.34) 10 0.090 (0.04-0.21) 9 0.028 (0.025-0.033) 7 0.0004
Tyrosine N.D. - N.D. - N.D. - 0.0005
Diclofenac Sodium 0.019 1 0.050 (0.030-0.079) 5 N.D. - 0.002
Naproxen 1.096 (0.33-3.31) 7 0.114 (0.01-0.39) 5 0.030 (0.01-0.07) 6 0.0002
Ibuprofen 0.767 (0.18-1.25) 3 0.075 1 N.D. - 0.002
Talniflumate N.D. - N.D. - N.D. - 0.005
Mefenamic acid 0.212 (0.002-0.99) 8 0.264 (0.05-0.64) 9 0.026 (0.01-0.07) 8 0.0009
Cefadroxil N.D. - 0.093 1 N.D. - 0.005
Amoxicillin N.D. - N.D. - N.D. - 0.006
Ampicillin N.D. - N.D. - N.D. - 0.001
gfg;‘lﬂ;n G :zzﬂ;n ¢ N.D. - N.D. - N.D. - 0.007
Neomycin 1.380 1 7.830 1 0.94 1 0.00008
Acetylsalicylic acid 5.113 (0.09-12.69) 10 0.116 (0.035-0.22) 7 0.079 (0.029-0.269) 21 0.0005
Cefatrizine N.D. - N.D. - N.D. - 0.08
Cefaclor N.D. - N.D. - N.D. - 0.01
Cefradine 0.102 (0.08-0.12) 3 N.D. - N.D. - 0.005
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=93tk 20129 At 2ARFE127]) SollM = dEstsetE

(Perfluorinated compounds, PFC) %<1 Perfluorooctanesulfonate
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Perfluorohexanoic acid (PFHxA, 0.50~9.60 ng/L), Perfluorooctanoic
acid (PFOA, 1.00~20.02 ng/Ly’} “ARE o) ’d2] AlRoll HEFIITH?23].

Table 32> 127]] gollA Fahs A 487 A =2 v
oHEAd AEFANE Holett AR SolMe S5EEd
Antimony (0.03~0.95 ug/Ly’} tlFF-2-2] A 5ollx] HEE ] om it
77k AEeA HAREEAQ] Geosmin (3.01~19.82 ng/L)] HEE
Stk AR YEY $H 3T £ 1 1-Dichloropropanone (0.16~0.26

ng/L), 1,1,1-Trichloropropanone (0.15 pg/L), Dichloroacetaldehyde
(0.54~3.60 pg/L), Bromochloroacetic acid (0.97~2.14 pg/L), 2,3-Dimethyl-
2-butanol (0.05 ug/L) 5°] HEZHA L F 487 A5 T 1-47]] 0]5}<]
Azl wt AEFH ST At ZAFHE FolAE PFPA (1.25~8.23
ng/L), PFHXA (0.51~6.30 ng/L), PFOA (1.08~17.10 ng/L) 5-2] PFCs2}
$2H5(0.02~0.33 pg/L)e] Rk o] Az oA AEETH23].
Bromoform, Bromochloroacetonitrile, Formaldehyde, Chlorate, Bromate,
Dichloroacetaldehyde, Bromochloroacetic acid 5= YR} g2
TEEolA T E8k=T, ol o5 4o Alshbellx A=
FAREe7] e o R whdkent. o] g Ayl Hi= EolMs A%
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=421 Geosming A8 LRI} 42| FE7} vtot AT
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Q9] ZAlellA Wel7FsAdo] Sl bromate?] 7390l AEFEY]
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Table 3. The concentrations of drinking water surveillance substances in the produced tap water (40 sites) (Data from [23])

Categories Groups Substances # of detected samples (n=160) Detected level
VOCs! Bromoform 3 0.73-1.46 pg/L
DBPs? Bromochloroacetonitrile 112 0.17-1.54 pg/L
ACS> 2,4-D 1 35.11 ng/LL
Geosmin 31 3.06-9.18 ng/LL
Odorant
Surveillance substances 2-MIB 2 9941046 ng/L
Miscellaneous formaldehyde 78 6.09-34.64 ng/L.
Metals Antimony 154 0.03-4.80 pg/L
Chlorate 112 0.22-1335.41 pg/L
Inorganics Bromate 18 0.53-4.87 pg/L
Perchlorate 2 2.47-11.81 pg/L
Chloropicrin 86 0.16-5.07 pg/L
DBPS 1,1-Dichloropropanone 143 0.17-5.12 pg/LL
Surveillance candidate 1,1,1-Trichloropropanone 125 0.09-4.30 pg/L
substances Dichloroacetaldehyde 152 0.22-13.54 pg/L
HAAs* Bromochloroacetic acid 157 0.34-9.59 pg/LL
Miscellaneous 2,3-Dimethyl-2-butanol 1 0.05 ng/L
PFHxS® 5 1.50-5.90 ng/L.
PFOS’ 94 0.40-37.40 ng/L
PFPA® 130 1.10-8.51 ng/L
New target substances PFCs® PFHxA’ 117 0.50-9.60 ng/L.
PFHpA!? 74 0.33-13.40 ng/L
PFOA!! 94 1.00-20.02 ng/L
PFNA"? 64 0.40-6.50 ng/L
Metals Uranium 27 0.01-0.41 pg/L

Wolatile organic compounds
“Disinfection by-products
3Agricultural chemicals
*Haloacetic acids

SPerfluorinated Compounds
SPerfluorohexanesulfonic acid
"Perfluorooctanesulfonate
8perfluoropentanoic acid
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“Perfluorohexanoic acid
1%perfluoroheptanoic acid
perfluorooctanoic acid
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Table 4. The concentrations of drinking water surveillance substances in the raw river or lake water (12 sites) (Data from [23])

Categories Groups! Substances? # of detected samples (n=48) Detected level
DBPs Bromochloroacetonitrile 1 0.16 pg/L
Odorant Geosmin 22 3.01-19.82 ng/L
. Miscellaneous formaldehyde 11 6.20-9.04 pg/L
Surveillance substances .
Metals Antimony 43 0.03-0.95 pg/L
Inorganics Chlorate 15 0.41-12.61 pg/L
Bromate 2 0.59-0.65 pg/LL
1,1-Dichloropropanone 3 0.16-0.26 pg/L
DBPs 1,1,1-Trichloropropanone 1 0.15 ng/L
Surveillance candidate substances Dichloroacetaldehyde 4 0.54-3.60 pg/L
HAAs Bromochloroacetic acid 2 0.97-2.14 pg/LL
Miscellaneous 2,3-Dimethyl-2-butanol 1 0.05 pg/LL
PFHxS 4 1.50-2.30 ng/L
PFCs
PFCs PFOS 21 0.50-9.80 ng/L.
PFCs PFPA 40 1.25-8.23 ng/L.
New target substances PFCs PFHxA 40 0.51-6.30 ng/L
PFCs PFHpA 20 0.31-4.40 ng/L
EEE: PFOA 26 1.08-17.10 ng/L
PFNA 17 0.60-5.90 ng/L.
Metals Uranium 29 0.02-0.33 pg/L

L2Refer to the footnote of Table 2 for the full name of each abbreviation.
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