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Determination of Emerging Organic Pollutants in Geum River
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The occurrence and concentration of emerging organic pollutants, organophosphorus flame retardants
(OPFRs), benzotriazole UV stabilizers (BUVSs), pharmaceuticals and personal care products (PPCPs) were
investigated using SPE coupled with UHPLC-MS/MS. The method detection limit (MDL) and quantification
limit (MQL) for target compounds (10 OPFRs, 8 BUVSs, 9 PPCPs) was lower than 4.6 ng/L and 15 ng/L,
respectively, while the recovery rate for river water matrix was ranged from 71 to 100%. Among 27 target pol-
lutants, 18 chemicals were successfully quantified with ng/L levels ranged from 0.3 ng/L ~ 36.9 ng/L. Tributyl
phosphate (TnBP; 27.7 ng/L), 2-(2H-benzotrizole-2-yl)-4,6-bis(1-methyl-1-phenylethyl)phenol (UV-234; 1.6
ng/L), and Methyl paraben (MeP; 36.9 ng/L) are the most abundant compound measured at the highest con-
centration for each pollutants group, respectively. Carbamazepine (CBZ) and MeP showed the highest detec-
tion frequency (97%), followed by 77% frequency of triphenyl phosphate (TPhP) and propyl paraben (PrP).
The concentration determined for target organic pollutants are far below a level to trigger an acute toxicity on
aquatic organisms. However, the information on the occurrence and concentration gathered from chemical
monitoring with a reliable analytical technique should be enlarged to expand our knowledge on integrity and

safety of aquatic ecosystem.

Key words: Micropollutants, Organophosporus flame retardants, Benzotriazole UV stabilizers, Pharma-
ceuticals, Personal care products, River watershed, LC-MS/MS
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= #7124 F<37) (organophosphorus flame retard-
ants; OPFRs), MlIZEgo}EA] UV eHYA) (benzotria-
zole UV stabilizer; BUVSs), 2]oFE 2 7Q1988-F
(pharmaceuticals and personal care products; PPCPs)
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A 8= A7 7R A, 7R 5 teks A
EFo AREELAL o], AF] Az B AR HA A
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JoH|Z(PBDE)2] tha|zj 24, PBDES] ARg-o] A
Aoz FAH wef 2 A 9 ARgo] Tk A
o7 dadntd BUVSsE UV 34S F5381= ben-
zotriazole +2° #'E717F B2 SIEE 7152, &
B2F, &AL AFo| AREE ] F2] WA, FehiE
UV ¢E3A] 502 A= vt Benzotriazole =43
o] wro} 1A 77l WA= FFo] A BAT A=
o= EAo] = Aom Yt 8 benzotriazole
Al wHEgol E¢we] fi BEE duA k2
PPCPs= 9oz @A, atAl 5 AZeEEHE
HEA, 2 2] F)eoll AReEE SsEd =, 3
Z02 wjZo] ¥8 Z7153 rt PPCPse= Adslr,
FANEEE, S8R guist, Axm] 384 FEA
5 sk @919l ol = o FYHEnd A
3lrZ HiEE PPCPse 3lrgZx|g|r| oA ehd s}
Al AAEA] Zahar FAZ wiEE o] FAAAEANA W
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FUEE gPdEZ ik ok, B, EElged &
42 Table 11 YeRNST CA, DE CBZ, TCS,
TCC, MeB, EtP, BuB PrPe] T+EZ-S Kanto Che-
micals(Tokyo, Japan); EHDPE, TnBP, TEEdP, TPhP,
TPrE TEHE, TCEE UV-B UV-326, UV-328, UV-329
o] ¥FEZLE Wako Pure Chemicals(Osaka, Japan);
TCP. UV-9, UV-234, UV-320, UV-327 =22
Sigma-Aldrich(St. Louis, Mo, USA); TEP, TPeP 3%
EZ& Tokyo Chemical Industry(Tokyo, Japan)ol A
TFrjste] AME-sIITh WE-EEEE-S TCS-3C,, MeP-
18C,, TPhP-dy;, TnBPdy,& AM&-8IATH. TCS-BC,
MeP-3C¢=  Otsuka Pharmaceutical(Tokyo, Japan),
TPhP-d;s= Tokyo Chemical Industry(Tokyo, Japan),
TnBP-d,;2 Sigma-Aldrich(St. Louis, Mo, USA)el|A]
Tulsie] AMESIGIT HERS, tEE2WE oHEYE
g, I, dRFoMEHC|ESY] Sule dAAZnE
9] AZFEA7I(LC-MS) 555 A8 eH, Wako
Pure Chemicals(Osaka, Japan)ollX] sttt 5574
= Milli-Q system(Millipore, Japan)s £33t 33} =
FTE ol &sISltt. 7t EAOVd=2 9] stock &2 oF
MEUEZY 1 mg/mLBUVSsE 0.1 mg/mL)’} ==
2 2418 & 20°C WA ®BaAal2ict. Working &
& gtock £NE WS 2 SA5k] ZAIBIT 24
g 82 4°C ol Asiaiar vl 4 A £95EE
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Table 1. Physico-chemical properties of target chemicals

Class Ctlrea rl;lgigls Name Formular ~ Log K,
TEP Triethylphosphate C¢H,50,P 0.8
TPrP Tripropylphosphate C,H,,0,P 1.87
TnBP Tributylphosphate Cy,H,,0,P 4.00
EHDPP 2-Ethylhexyl diphenyl phosphate CyHy,0,.P 5.73
OPFRs TCP Tritolyl phosphate(o,m,p-Tricresyl phosphate) C,H,0,P 511
(10) TEEdP Tetraethyl ethylene diphosphonate C1oH2406P, 0.6
TPeP Tripentyl phosphate CysHs30,P 5.29
TPhP Triphenyl phosphate CgH50,P 4.59
TEHP Tris(2-ethylhexyl)phosphate C,H;50,P 9.49
TCEP Tris(2-chloroethyl)phosphate CoH,504P -
UV-P 2-(2H-5-methylphenyl)benzotrizole Cy5H;1N;0 4.31
UV-9 2-(2H%enzotrizole-2-yl)-4-methyl-6-(2-propenyl)phenol C6H5N30 5.21
UV-234 2-(Z2Hbenzotrizole-2-yl)-4,6-bis(1-methyl-1-phenylethyl)phenol ~ C3,H,oN;0 7.67
BUVSs UV-320 2-(ZH"benzotrizole-2-yl)-4,6-di-tert-butylphenol CyoHysN50 7.21
®) UV-326 2-tert-butyl-6-(5-chloro-2H-benzotrizole-2-yl)-4-methylphenol ~ C,;H;4CIN;0 6.58
Uv-327 2,4-di- tert-butyl-6-(5-chloro- ZH-benzotrizole-2-yl)phenol CyHy,CIN,O 7.81
UV-328 2-(2H%benzotrizole-2-yl)-4,6-di- tert-pentylphenol CyyHygN;0 7.25
UV-329 2-(2Henzotrizole-2-yl)-4-(1,1,3,3,-tetramethylbutyl)phenol CyoHysN3O 6.21
CA Clofibric acid CyoH11C104 2.57
DF Diclofenac CH(CLLNO, 4,51
CBZ Carbamazepine C5HpN,0 2.47
PPCPs EtP Ethyl paraben CoH;004 2.47
) BuP Butyl paraben C1H1404 3.57
PrP Propyl paraben CyoH504 3.04
MeP Methyl paraben CgHg04 1.96
TCS Triclosan C,,H,C150, 4.76
TCC Triclocarban C,3HyCL,N,O 4.9

*OPFRs: organophosphorus flame retardants, BUVSs: benzotriazole UV stabilizers, PPCPs: pharmaceuticals personal

care products
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AlE= @A IME o]83le pH 202 243 5 9
2V =42 AAE el 242 E (GF/E Whatman®,
Brentford, UK)Z #5133 t}. Oasis HLB F&71E8]
(60 mg/cm®, Waters, Tokyo, Japan)S AMg-slslom,
5 mL HEE2Wg, 5 mL HgkE, 5 mL /TS &
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oA 5o} =FE HLB 71EEA9] 1 mL/min $%
2 AR FHAA diY =429 F32 TtEA
AFE Faaiaint. AES vzl 7lEAE 108 53t
APdefelr e A=A 2 tPHEZS 5 mL
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Fig. 1. Map of the sampling sites in the downstream of Geum River watershed.

HehE-(23]), gEEara@s)os FE30th. BAAIES ol BREA 13%0]3l Fol2 FEd
F= A %”H £rE 1 mL/minZ AT F589 Ae 5Eo)lth AR FAYS 10 ul, 8 x5
(e, EE2HE)S JF st & AxAIX 40°C, ¥4 AE tray 2% 10°CE FA810H 8%
< 1 mL WEE=2 &0 x3sioirh 35 918k MS/MS o]2s} 27 x7]F-o]23kelec-
trospray ionization, ESI) W48 A Fol-2(+)

2.4. BAM gy T go]e(-) ®=oA MRM(multiple reaction mo-

FZA|8E UHPLC(UFCLC-XR, Shimadzu Corpo-  nitoring) W8S AME3IITH o] 2 8o Hd
ration, Japan)-MS/MS(Triple Quad 5500 Q-trap,  th&t curtain gas:= Z+2F 30, 10 psi; collision gas 9,
ABScience, Japan)s AMS-3l] 435190 EEl= As- 7 psi; ion spray voltage 5500 V, 4500 V; 2%
centis express C18(2.1x100 mm, 2.7 um; Supelco,  700°C, ion source gas 1> 80, 50 psi; ion source
Bellefonte USA) ZH-S ARSI o] 54t 5= gas 25 70, 60 psi® A3 EAAER ] H=2
ol (+) =M= 0.2 ml/min, 2°]2(-) =X = product/precursor 0] I H-FA|ZEO 2 16197,
= 03 mL/ming FASIIE o532 0.1% Eg4k] MRM Aol= [M-H]+ E+= [M-HJ- ] o]&] 2s)
23 FRTA)S 10 mM EFoMElolEE gt H A3kt FEREA2 Analyst 1.5.1 AB Sciex =
HELEB)S ARSSISITE ol BE 48 9% 7] 23S 83t

ol HI&E (A) 80%, (B) 20%= A28t 2% &
oF §AAZ &, 38A (A) 5% (B) 95%= Z7HAA 3. &3 & st
SE7A 41, 95A (A) 0% (B) 100%2-2 13574
s Sole mEo) o]B4 AL 27] (A) 9%, 3.1. M= 22[(QA/QC) &=t
(B) 10%°2 A&ste] 1 &< FARAZ 5, 284 A tig e AES SlsiA HAEEH,
A) 5% B) 95%= T7MA w7 FA 0T & A, 9 358-S AFsta, AR AAS
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ZASIITH Table 2). WHAZIAS} AFWAE SR
of BE ool vt g EERAS BY
i

T2 A7kt ZHzke] i AlEE A e & 2 s

EFAR 3.145 w3 7S WAEIM, 1082 w3
%k% AFIAZ stk WaAEAe A=
OPFRs(n=10)= 05~4.6 ngLe 1.7~15 ng/L,
BUVSsm=8)= 0.9~2.7 ng/Ls$} 29~13 ngl,
PPCPs(n=9)= 0.6~1.9 ng/L¢} 1.9~11 ng/lLe] 7S
z}z} LPEHH"*B} ARLAL dETEZES 0.01~10
ng/mL FEHLNA Tl FEZ A5 Aaae]
AFC % % BE tidEdel sl 0.99 oo &
2 S YR

ZRret sl AlFe] ¥FEES 7H2F 10 ng/Le}
100 ng/w FEE 715 3 pHE 208 243l A

g_g} xo) ]. qu%ﬂ =1 __,_A—];Gx]__ 7{24 quo o Z/\]_
sl A 5(2015)¢] A Aol mEH, Oasis HLB

FE A U A f1e9Ed By 177

WA 5]
=252 4 H 7)&1’4- pH
2~39] AMYZANN T 35S YeRIEEY o)
phenolﬁ] BUVSs¢} & PPCPs(e.g., Clofibric acid)
5 ionizable F713}gHE2] 7-5-, AWdz0MM A714 5
””EH (neutral species)® A 71sAd0] =71 w2l
FrEA| FAoR e FHE Ueille HoR
JetE )
xRN TR 35E& 2443 OPFRs=
89+ 4.5(TEP)~106+13.4(TPeP), BUVSs= 76+4.1(UV-
326)~113 £7.1(UV-328), PPCPs—= 74+3.0(TCS)~
117£5.7(PrP)Z YeEPstth(Table 2). OPFRs= U2 T
4 E4xt) HLB 7FEZR9| B} #4535 i]" 52 L]—
ERASATE. ook 9 7Rl HEES EEE B
71 WS HxE JEiiEd], ol= PPCP 7474—4 =
2)3lst2 54 (e.g, hydrophobicity, pKa 3t 5)°1 “Jth

Table 2. Average recoveries in ultrapure water and river water spiked with 10 ng/L and 100 ng/L, method detection limit
(MDL), quantification limit (MQL) for target chemicals

Target . . Recovery =+ RSI? (%)
Class chemicals Linearity () MDL (ngL) MQL (ng/L) ~ Ultrapure water River water
(10 ng/L) (100 ng/L)
TEP 0.9997 4.6 15 89 + 45 90 + 6.7
TPrP 0.9982 3.9 13 93 + 84 + 49
TnBP 0.9993 1.2 41 101 + 1.4 100 = 0.2
EHDPP 0.9969 0.5 1.7 95 + 4.0 8 + 16
OPFRs TCP 0.9985 0.9 31 93 + 3.1 91 + 62
10) TEEdP 0.9975 0.6 1.9 97 + 33 95 + 24
TPeP 0.9997 1.9 6.2 106 + 134 95 + 26
TPhP 0.9993 1.1 3.6 106 = 9.8 88 + 14
TEHP 0.9999 1.6 5.3 104 = 85 93 + 1.3
TCEP 0.9992 4.5 15 92 + 2.7 91 £ 34
UV-P 0.9990 2.7 9 89 + 1.1 93 + 4.7
Uv-9 0.9999 1.8 6 94 + 6.8 87 + 6.9
Uv-234 0.9981 0.9 2.9 93 + 5.0 100 + 6.5
BUVSs UV-320 0.9999 1.1 3.8 89 + 85 100 = 3.9
® UV-326 0.9999 3.7 13 76 + 4.1 88 + 23
Uv-327 0.9999 2.1 7 84 + 42 98 + 3.7
UV-328 0.9995 1.7 5.7 113 + 7.1 100 £ 7.1
UV-329 0.9999 1.0 3.3 97 + 71 91 + 26
CA 0.9989 1.9 6.3 75 + 15 79 + 23
DF 0.9970 1.7 5.7 79 + 4.0 71 = 7.9
CBZ 0.9956 0.6 1.9 83 + 23 72 + 95
EtP 0.9996 1.0 3.2 108 £ 35 90 + 24
PP();:)PS BuP 0.9993 34 11 81 + 54 81 + 26
PrP 0.9986 13 4.4 117 + 5.7 93 + 29
MeP 0.9998 1.6 5.5 115 + 0.7 94 + 36
TCS 0.9999 1.1 3.7 74 + 3.0 87 + 42
TCC 0.9974 0.9 2.8 95 + 5.0 83 + 3.1
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o=z Yo Welo] Bxsia ql7] wEog FolEth
A7 74~117%2 HYE Yepldh HLB 7F
ERE AN SFTe 38 4 43 OPFRs7t
7V =S A E Yepe Zloz Bl Hdnt s
I AlBol tigt 38 ks B4 o iAo 9%
S 2AFel] 8l Faslelt). shdaE 2EEE 100
ngLE #H7lsle 3488 A3 skl e
Al 24 d3de yEE] flsle 93 = gk
< vl go® wlFa 388 AREnh sl
3|82 OPFRs:= 84+4.9(TPrP)~100+0.2(TnBP),
BUVSsE= 87+6.9(UV-9)~100+6.5(UV-234), PPCPs:=
71+ 79(DF)~94+3.6(MeP)2] ¥ 9= vFelutch. OPFRs
o} PPCPs9] 3582 sl dujgez v v
ERdt. BUVSs ek A8 3582 946%= 91.9%
£ U= S5/ AR 38R 2 35488 Y
ERfSIT). ok w5 zfolof] o FEke] vt Fask
B2 593 A e A7E Jeliertel o
3 ATe FHoR dost B T T3 5t
HE7E e 550 SRFEY 358 7o) Hale v
Al JERstTE.

Table 20 JeRA nfe} o] 7P vk v HAESHA
& zh= E2& EHDPPE YeltoH, 71 &2 W
#2387 = TEP4.6 ngL)Z YePdTh OPFRsY Whi
AESHA7) Hlwd Yo E2E YehQlth. BUVSsE
0.9~3.7 ng/Le] WY A& x5 Yepidler,
PPCPs= 0.6~3.4 ng/Le] W lellM W HETHAE o
ERY AT

==

N g\

3.2. 22 A W njee€ER DL EY A}

27+ 8% 74 | OPFRs= TPrP TCP TPeP$}
BUVSs& UV-P UV-9, UV-327, PPCPs&= CA, TCS,
TCCt A olsl= AE=HAL, ol& ALt v
A EFLE AEI olde] FrE AEEUL AEH
290 Hagt HYE Table 301 YERHITH Ha 5
% 4K Al ND= 0002 #8319tk =] OPFRs -
5% < A3 TnBPS} TCEPE zHzb 489 E/d,
627 /02 ALY o) B HE: Wee
22} 43%9} 67%2 JNH o2 T& A YIEE e
o} TnBPe} TCEPY| B+ HE v=v 27.7AEW
?l: ND~232) ng/Le} 14.1(HEHS): ND~44) ng/L=
e} &2 w3 =4 HAE=Ack TnBPS} TCEPS] H
= A3 skl digk B A+43 #(TnBPE 20
~110 ng/L, TCEP= 13~130 ng/L)s} SAKH &

oE

s A - EE

£ Yehiioh® TnBP9} TCEP 2o th& OPFRs
TPhP 63(3=W9]: ND~18) ng/L, TEHP 52(3
%9 9. ND~62) ng/L, TEEdP 4.6(7Z%$]: ND~
26) ng/L, TEP 33(%1&%$]: ND~18) ngL, EHDPP
13(x1=H9]: ND~20) ngL® AZEAt}. 24 sk
3 W OPFRs AEWIEE HL 20%%E HM
7% B=2 Yepdth 7F =2 1E W=E Yelie
24 TPhPZE 77%) HITE BHYow Ad 5L
6.3 ng/LZ eIt H|E 313 Fol| vz E4)
SIAIYE, TPhPE= offF Aol 2= EAlsh= 5 A
AFshs oMisE 4
AA W SAGLFS YD & Utk TCEP67%)2}
TEEdP(63%)7} Bl =2 ASVEE Yepfdct
TnBPE 5% A} 23} 489 /39 2 YeRi)
O}, AbgEo] e TCEP627 E/)Rt A 5%
%ol 5Hf o)A = A YERth

BUVSs= OPFRst} PPCPsHU} H|wA o w3t
A% = 7S YERAtK(Table 3). th BUVSsE
- AESH oletE UEREH, ole 4% AMEE
- g A oA vl = AALS UE
= Aoz oAHTL® BUVSs 5 Atidoz =7

)

N e

i

AZg EFLS UV-2349} UV-3202 HF = 3o
1.6(A=HY: ND~7) ngLet 1.5(HE=HY: ND~21)

ngL2 Ueptorn, A% WiwEs 247} 33%9} 13%= U}
eIt AEE E29S ¥ OPFRsEt W& 7
ENEE I F Ao AF 2HE ERIE & Y=
BUVSs= UV-328 0.8(&W<]: ND~9) ngL, UV-
326 0.7(AZ9W$): ND~21) ng/L, UV-320 0.3(ND~
5) ng/Le] H+t FE #S YA 7% HE Wl
5 UelllE UV-3202 34 5 A4, AE53A,
2 =40 i B dEME YA 2 AR-S F
AekaL Uk g, UV-2340] 33%= 78 =& A&
S Uepiglen, UV-329(13%) > UV-328(10%)
> UV-320(7%) > UV-326(3%)] =02 JJepsich,
PPCPs= Yl U’} =4 5 o/l 2] A&,
M ES AE T e UEE 82 MePE ¥
I+ 369(HZH9): ND~108) ng/Le] B¥ 2 Jehle
), CBZ 155(A&H$): ND~32) ng/L, PrP 11.0(3A%&
W9]: ND~68) ng/L, BuP 24(AZ&¥$): ND~33) ng/
L, EtP 1.3(#=391: ND~7) ng/L, DF 1.0(H=HS:
ND~10) ngLZ AZEHAULh HwE E& HEFEE
YelllE CBZ= 3 - #lAe] spAelMe] AlA g0l
10% v9ro = w9 2 3 & ARAES H2 o=



345EH -UHPLC-MS/MSE: ©}85+ w7 <A1 W

179

Table 3. Concentration of OPFRs, BUVSs, PPCPs (average and range, ng/L) in the downstream of Geum River watershed

Class Target chemicals Average (Min~Max) Detection Frequency (%)

TEP 3.3(ND~18) 20

TPrP ND 0

TnBP 27.7(IND~232) 43

EHDPP 1.3(ND~20) 20

OPFRs TCP ND 0
10) TEEdP 4.6(ND~26) 63
TPeP ND 0

TPhP 6.3(ND~18) 77

TEHP 5.2(ND~62) 30

TCEP 14.1(ND~44) 67

UV-P ND 0

UVvV-9 ND 0

UV-234 1.6(ND~7) 33

BUVSs UV-320 0.3(ND~5) 7
®) UV-326 0.7(0ND~21) 3
UV-327 ND 0
UV-328 0.8(ND~9) 10

UV-329 1.5(ND~21) 13

CA ND 0
DF 1.0(ND~10) 10
CBZ 15.5(ND~32) 97
EtP 1.3(ND~7) 27

szg)PS BuP 2.4(ND~33) 13
PrP 11.0(0ND~68) 77
MeP 36.9(ND~108) 97

TCS ND 0

TCC ND 0

*ND=not detected (below the method detection limit), ND was expressed as a zero value.
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Fig. 2. Total concentrations of OPFRs (a), BUVSs (b), PPCPs (c) at ten sites in the downstream of Geum River. (Main
river sites: St. 1, 3, 5, 6, 7, 8, 10; tributary: St. 2, 4, 9). Note. Total concentrations were expressed as an average
value of three months for target chemicals (three OPFRs, four BUVSs and three PPCPs were omitted as they not

detected in this study).
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