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Abstract A multiresidue analytical method using LC-MS/MS was developed for insecticides perfluorinated
compounds (PFCs), and brominated flame retardants (BFRs) in water samples with the simultaneous SPE
method. The ranges of recoveries were 95.0~117.2% (Insecticides), 19.7~135.0% (PFCs), and 72.5~86.4%
(BFRs) with coefficients of variation of less than 15%. Method detection limit (MDLs) of insecticides, PFCs,
and BFRs were 3.0~3.7ng/L, 0.3~7.1 ng/L, and 5.1~11.7 ng/L, respectively while limit of quantifications (LOQs)
were 9.0~11.0 ng/L (insecticides), 0.9~21.4 ng/L (PFCs), and 15.4~35.0 ng/L. (BFRs). For understanding the
background levels of insecticides, PFCs, and BFRs in the river water, those compounds were monitored in
Geum river main stream, So-ok stream, and Daechung Lake sites (Chu-dong, Mun-ui, and Dam) every month
(March to December) utilizing the developed method. The compounds of the highest detection frequency
were PFOA, PFHxA, PFHpA and dinotefuran (insecticide), whereas BFRs were detected only in March and
December (So-ok and Dam). In conclusion, the trends were not observed on periodical and spatial
characteristics and the background levels were secured for insecticides, PFCs, and BFRs in Geum river basin.
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2001). PFCs= €83t Agtslo] Horlas met *ﬁ”i
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(Tetrabromobisphenol A), PBDEs (Polybromintated diphenyl
ethers)o] ARE-E]3L SlTt.

olg]gh A=A, PFCs, BFRs®] 414 LC-MS/MS (Liquid
chromatography with tandem mass spectrometry)’} =2 A}
$93 Qom, 53] FPCs] BAAOE $2oFRS ©
& B PFCs®] 52+ A8l flate] o857 871, degasser
FU 5SS Bavl 2o e Qe S, L
G5} 797 Aol o e g 33
3}7)% 3k (Ahrens, 201 ] FHANEE A
sl WHe dqAFEY, 35FEH(SPE, Solid phase
extract) 5°] B3 ¥ JO™(Ahrens, 2011; Hao et al.,
2016; Seccia et al., 2005; Lee et al., 2016), ©|E 3}3F=S
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2 un et al., 2009), Ut 2EF]L A olA
neonicotinoidZ] FFS H T FEA7|E o]§3te] B
A5t AF7F A3(Hao et al, 2016), 5L = TFF7F 2
oored T2 T 3589 MFRA=E S LC-MSMS
2 EA3F v} Ath(Valls-Cantenys et al., 2016). T3+ =)
FAIIA PFCsE EYEH S A= A13}3 (Rostkowski, et
al., 2006), A3t 2 329 (Naile et al., 2010, Naile et
al,, 2013), 37 3 9 314274 (Shin et al., 2009), 4tH
7+ 9 2 FEAY(Cho et al., 2009), 957 427 (Son et

Table 1. Target compounds in insecticides, PFCs, and BFRs for water analysis

Insecticides

Dinotefuran, Acetamiprid, Thiacloprid, Triflumuron, Chlorfluazuron, Acetamiprid-d3 (IS)

Perfluorinated compounds
(PFCs)

PFPeA, PFHxA, PFHpA, PFOA, PFNA, PFDA, PFUdA, PFDoA, PFTrDA, PFTeDA, PFHxDA,
PFODA, PFBS, PFHxS, PFOS, PFDS, “*C,PFOA (SS), *C,PFOS (SS), *CsPFOA (IS), *CsPFOS

aS)
Brominated flame retardants 13 13 13
(BFRs) o, B, y-HBCDs, TBBPA, "°C,-a,, y-HBCDs (SS), °C,,-TBBPA (SS), °C,,-B-HBCD (IS)
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Fig. 1. Structure of the insecticides, PFCs, and BFRs. (A) Acetamiprid, (B) Chlorfluazuron, (C) Dinotefuran, (D) Thiacloprid, (E)
Triflumuron, (F) PFCA, (G) PFAS, (H) a-HBCD, (I) B-HBCD, and (J) y-HBCDs.
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al., 2013), 924 A (Kwon et al., 2015)0l|4] o] Fojx o
™, BFRs& RUE P A= HAEA A Gt siA|wr
BFRsY] 7% BHAIE 5 HHE(Kim et al,, 2012; Lee et
al, 2014) 2 Hoj(Lee et al., 2014)°] tjgF A17} ZgPH
u} e}

webA, & AFelM e SFAGNA QS WAl AR
she %A 5% 2 PFCs, BFRsS #4452 (Table 1,
Fig. D& AAs AN FE F LC-MS/MS 717184 2
Al AAEHES St 18l SRR, &5, o
F3oM BUHPES st 2474 & AAGE),
PFCs, BFRs®| 8|35 =5 &Rl a1 th

= -
Aok & TE

AH5A| (acetamiprid; 99.9%, chlorfluazuron; 98.9%, dino-
tefuran; 98.8%, thiacloprid; 99.9%, triflumuron; 99.9%,
acetamiprid-d3; 98.0%)= Sigma-aldrich (USA)IA 3}
3L, PFCs (PFAC-MXB, PFCA 125, PFAS 4%), a-, B-,
y-HBCDs, TBBPAS} Wi 3 tiEifF=E2 “C,PFOS,
BC,PFOA, “C¢PFOS, "“CsPFOA, “Cis:-a-, B-, y-HBCDs,
C,-TBBPA 3532 Wellington Laboratories (Canada)®l]
A 43T} Methanol, water, ethyl acetate= Burdick &
Jackson (USA)ZHE] HPLC 52 TY3152™, ammonium
acetate= LC-MSH& Sigma-aldrich (USA)IA +U31%

- Chu-dong

So-ok sream

Fig. 2. The monitoring sites in Geum river basin.
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th. AR AAE $I8k9] Oasis HLB (200 mg/6 cc,
Waters, Ireland) 7FEZIA| S ARS8 21, PFCs2] 2 2
T2 WAB] flot] 27T 9 EHIEEY ARS 4
shar, Z2] =293 (Polypropylene, PP) 2|2 9] FHE A}
aaTh AR FEe AXEE7](MG-2200, EYELA,
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o ot
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du|ste] B4 A7EA] 5°CollA Baatlar, A A
AF&-3E BRI EE Burdick & Jacksonol|A 3 HPLC
= waterS AR5

NERSEE]
Axz] W 2 A8 5 PFCs, BFRs, 24545 54
of Axg] & & A== et 41 HLB (200 mg/6

cc) 7FEZ A methanol 10 mL, TF4 10mLE =
Ze] @8kt H, AR 500 mLE Jqulﬂ 7HEZA X
dalsitt. ol8 AFPZE ol gsto] TS 8] AAst
37, methanol 10 mL9} ethyl acetate IOmLi §Edto] &

HUpEES S5arh $59S danzsty WrEE

N, lfof

<]
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e
A&

4713t ¥ methanol 1 mLE A& &3t LC-MS/
2 A 3H th(Fig. 3).
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| HLB cartridge condition (methanol 10 mL, D.W 10 mL) |

‘ Sample 500 mL loading ‘

‘ Vacuum dryness ‘

‘ Elution with methanol 10 mL, ethyl acetate 10 mL ‘

‘ Concentration ‘

‘ Reconstitution ‘

| LC-MS/MS analysis |

Fig. 3. Scheme of preparation method for water sample.

s =]
7] $13te] LCH o]&%e] ol&dhe TS Peck FHE W
Alskar, ¥4 A9 ol isolate AH S 2] ‘j} A 5

EAdhe PFCs9 §55 AQAAH. 72 A& 5 PFCs,
BFRs, 2&A2] #2418 Xevo TQ-S with Acquity H class
UHPLC (Waters, Ireland)g AFE-315991, MRM (Multiple
reaction monitoring) 2. =& ©]-8-5t¢ L4813 THTable 2, 3).

lon

T8 ¥ YHASEH
2 A7 AAY F VRS AEs] Slsted
HPLC & water 500 mLell 454 40 ng/L, PFCs 20 ng/L,
BFRs 100 ng/L& H7FH 5, $1¢] A8 HA2] Wil wet
—ir% 2 7171 S AR e 2 AdEFAAE
=3tk AEHAIE A=l flsted HPLC & 5/
500 mLoﬂ PFCs 2 ng/L, BFRs 10 ng/L, 2457 4 ng/L& 3
7Fe 5, 919 Alg A el whet 3 B 771

Table 2. LC-MS/MS operating condition for the analysis of insecticides, PFCs, and BFRs

LC parameters
Column
Mobile phase

Waters BEH, C18, 2.1 x 100 mm, 1.7 pum
A: 2 mM ammonium acetate/Water, B: Methanol

Insecticides PFCs BFRs
Time (min) A (%) B (%) Time(min) A(%) B(%) Time (min) A (%) B (%)

0 95 5 0 60 40 0 95 5
0.5 60 40 2 0 100 2 95 5
2 0 100 4 0 100 5 30 70
4 0 100 5 60 40 8 30 70
5 95 5 9 60 40 13 5 95
9 95 5 15 95

20 95

Column flow 0.3 mL/min

Column oven temp. 40°C
Injection volume

Total run time

5 pL (insecticides and PFCs), 10 uL (BFRs)
9 min (insecticides and PFCs), 20 min (BFRs)

MS parameters

Ionization Electrospray ionization mode
Ionization mode

Nebulizing gas flow 7 bar

Desolvation temperature ~ 400°C

Desolvation gas flow 800 L/hr

Cone gas flow 150 L/hr

Positive mode (insecticides), Negative mode (PFCs, BFRs)
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Table 3. MRM transitions and retention times of insecticides, PFCs, and BFRs

Name T, Precursor ion > Product ion (CE, v)
1 Dinotefuran 2.59 203.16 > 96.96 (-28)
2 Acetamiprid 2.98 223.09 > 55.92 (-28), 125.85 (-36)
3 Thiacloprid 3.06 253.03 > 125.89 (-40), 185.9 (-36)
4 Triflumuron 3.85 359.09 > 138.85 (-58), 155.89 (-52)
5 Chlorfluazuron 4.13 540.03 > 157.89 (-74), 382.69 (-80)
6 Acetamiprid-d3 2.98 226.09 > 58.98 (-14), 126.01 (-22)
7 PFPeA 2.49 262.9>219(10)
8 PFHxA 2.85 312.9>269 (10)
9 PFHpA 3.06 362.9>319 (5)
10 PFOA 3.20 413 >369 (10)
11 PFNA 3.33 463 >419 (11)
12 PFDA 3.41 513 >469 (10)
13 PFUdA 3.49 563>519(11)
14 PFDoA 3.56 613>569 (14)
15 PFTrDA 3.61 663>619 (14)
16 PFTeDA 3.66 713> 669 (15)
17 PFHxDA 3.74 813 >769 (10)
18 PFODA 3.80 913> 869 (10)
19 PFBS 2.57 298.8>79.9 (30), 98.9 (26)
20 PFHxS 3.06 398.8>79.9 (34), 98.9 (36)
21 PFOS 3.32 498.8>79.9 (42),98.9 (38)
22 PFDS 3.48 598.8>79.9 (48), 98.8 (48)
23 m4PFOA 3.20 417>372 (10)
24 m4PFOS 3.32 503 >99 (40)
25 m8PFOA 3.20 421>376 (11)
26 m8PFOS 3.32 507 >99 (40)
27 o, B, y-HBCDs 13.39, 13.80, 13.95 640.5>78.6 (12)
28 TBBPA 10.22 542.7>420 (38),448.2 (34)
29 BC,-a, B, y-HBCDs 13.39, 13.80, 13.95 652.6>81.2 (10)
30 13C,,-TBBPA 10.23 554.7>431.1 (42), 460.3 (34)

e AL, FFEA 314 B 102 Fste] HAES
Al(MDL; Method detection limit) 2 g 33HA|(LOQ; Limit
of quantification)E AF&3ItH(Ministry of Environment,
2011).

4% o
H A 3 pN|

=

s 2 AT elA st 4% Al, PFCs, BFRs&
ZAFsl7] flste] A EAUGEE S SR Aol A
Z WAl o AREEE Al 5% (acetamiprid, chlor-
fluazuron, dinotefuran, thiacloprid, triflumuron), PFOA,
PFOS 5 % 1659 PFCs (12%2] PFCAsS} 4%2] PFASs),
HBCDs 4Alold&A] 3%3 TBBPAS XEFshe 4%9)

of

BFRsZ % 25%9] 22 43I th(Table 1, Fig 1).
A Ay 9 Al S gra] flste] dukoR
WEEEHS o]8sk=tl, Hao et al. (2016} neoni-
cotinoidAl &S E4317] $3k¢] acetamiprid-d3, clothia-
nidin-d3, imidacloprid-d4, thiamethoxam-d3g WY¥-%FE
A7 AR3I T Park et al. (2012) PFOS9 PFOAS %
ke 10598 PFCsE A8kl #lste]l  PCPFOSS}
BCPFOAE WHEFEHZ ARSI 2™, Kwon et al.
2015y 105<] PFCsE #4J8l7] $lsted BC,PFOS%:
BC,PFOAS WiEFEAZ AMEalt). Lee et al. (2014)
< HBCDs 3 TBBPARAZ fJsto] WiEEEdE PCp-
y-HBCDE ©]&3}%312H, Lee et al. (2016)2 “Cp,-a-, B-,
y-HBCDsS HEXEFEZZ, d-a, B, y-HBCDsS W%
AR AR webA] 2 AFX = acetamiprid-d3,

Of
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Table 4. Recoveries, MDLs, and LOQs of insecticides, PFCs, and BFRs

Name Recoveries + C.V.(%) MDL (ng/L) LOQ (ng/L)
1 Dinotefuran 95.0+4.1 3.661 10.984
2 Acetamiprid 1172+73 3.292 9.877
3 Thiacloprid 115.7+44 3.217 9.651
4 Triflumuron 101.6 £ 8.4 2.988 8.963
5 Chlorfluazuron 104.8 +14.2 3.442 10.327
6 PFPeA 38.5+9.0 1.131 3.392
7 PFHxA 1089+3.8 7.143 21.429
8 PFHpA 1062 £2.0 0310 0.929
9 PFOA 135.0+3.3 0.576 1.728
10 PFNA 1057+ 1.4 0.875 2.626
11 PFDA 999+53 1.001 3.002
12 PFUdA 757+7.2 0.863 2.589
13 PFDoA 552+7.0 0.768 2.303
14 PFTrDA 56.9+7.7 0.657 1.970
15 PFTeDA 59.0+8.6 0.545 1.636
16 PFHxDA 56.7+£9.2 1.054 3.161
17 PFODA 19.7+12.4 0.880 2.640
18 PFBS 96.5+8.3 0.492 1.475
19 PFHxS 1053 +£1.7 0.723 2.170
20 PFOS 95.1+7.0 1.018 3.054
21 PFDS 67.6+14.6 0.949 2.848
22 a-HBCDs 86.4+92 11.674 35.022
23 -HBCDs 725+3.2 8.008 24.023
24 y-HBCDs 82.3+£9.2 8.639 25918
25 TBBPA 80.9+4.6 5.136 15.407
BCGPFOS, CePFOA, BC,,-p-HBCDS WHRFEZZE A} é 9l 13C,,-8:2 FTUCA, “C,-N-EtFOSAAE 20~120%=
L3199t} FEslojof St Flo] 9)tHMinistry of Environment, 2011).
Hao et al. (2016)2 neonicotinoidl & <F(acetamiprid,
e o Moo dinotefuran, thiaclopridyS =5, A|5l4, A x4 34
B el BHE x & ANES & 43 90~113%=2 Yepdty 2

HPLC water 500 mLol] A=A, PFCs, BFR
7Flal 3lg AlES st H¥w 2 HUEE
St WO 2 Fagl 3lg AR A, Al 3
£2 95.0~117.2%, PFCs= 19.7~135.0%, BFRsE 72.5~
86.4%01%00, FUEZAAL 15% vIvre R yehgr),
PFCse] 7% B-27147}F 117] ©1’4¢] PFUJA~PFODA2)
3ol 19.7~59.0%F Tthh Prout, AtEEH}
7.0~124%% AUE= =4 e BUEY 240] 75
St 202 sl th(Table 4). A7 G EDZHA
H7)Ee] TelF/544 A8 5 FE3RHE(PFCs) A8
H_LC-MS/MS (ES 10374.1); ol 348 APS AA&
WHEEEde 34g= ERlet, “C,-PFHxA, "C»-
PFNA, “C,,-PFHxSE= 60~120%, “C,,-PFDA, “C,,-PFUdA,
BCi-PFDAZ 40~120%°] & Watofof b 7=

Axel 2 /11RAEE ol 83
S AvA

Kwon et al. (2015)2 10%5:¢] PFCse] 3|82 =A% 4
3}, 62.2~106.4%= UEFSESH, Dufkova et al. (2012)= 8
%9] PFCAS SPEE A3l GC-MSZ H4151992 uf
VHe] A7FsEoAMel BFgo] 53~111%= p_j_é}@u}
Lee et al. (2016)> 2 F a-, B-, y-HBCDs9| 3|4&
S8R Blwe A3 ethyl acetatedl| A 71 =4 Ur
ERko, dichloromethane a-, -, v-HBCDs®| A2 =
A YeRgthal Btk 22]3L Ichihara et al. (2014)=
HF A8 F a-, B-, y-, 8-, e-HBCDsY] 38°] 101,
105, 99.7, 82.1, 105%2}3. Biske] B AA7e] Agks} $A}
skt

HEEH

AEe o
QoA 3
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HPLC water 500 mLol| 254, PFCs, BFRs 5893 3
7Fstal TH wHEA i) WHAESAI(MDL) 2 A w5l
(LOQ)E AF=31th(Ministry of Environment, 2011). L
A3}, AFA ] WHAESAE 3.0~3.7ng/LOIA3L, PFCs
o] WIAZIAE 0.3~7.1ng/L, BFRse] WaAEIA =
5.1~11.7 ng/Lel oM, o]5¢] BFAl= 72+ 9.0~11.0
ng/L, 0.9~21.4 ng/L, 15.4~35.0 ng/Lo|ATH Table 4).

Hao et al. 2016y H=%&, A3k, X 3E514 neonico-
tinoidA|l & F(acetamiprid, dinotefuran, thiacloprid)®] ¥
AZIAE 223 A3, 0.7-44ngLetaL &fo] B A}
A 222 JERNITE Son et al. (2013)2 on-line SPE
AAE o|g3dle] 1159 PFCsE AAY 3 A3 WA=
= 1.1~5.0 ng/L, BFSHAI= 3.6~15.9 ng/Letal Hrs}
RO, Naile et al. (2010)2 1252] PFCsS 413 A3}
FAN RO WAAZSEA 7} 022 ng/LetaL &1}, Ichihara
et al. (2014)= -, B-, y-HBCDs9] S/N (signalZ} noise) H]
7F 10 o’ddd wje] A=A (LOQ)Y7t ZHt 10 peelgtal 1
&3, Zhou et al. (2010)% S/N H]7} 10 o144 & 75
a-, -, v-HBCDs®] #H 5 A7FHAI7E 1.2, 1.2, 3.0 pg/mL
2 AT s =

tlo

o

i3S % FZRAUM H25tEE, HESHHAM ¥
#4EN 5 BE

BAER, AT T P 2 A5, sy 3AH
G5, 2o, HeholA 4 13] 243 EAURS A%
TEE ngLE v$ @ 502 FGA U 9%
= "H)g ol ek T, EAUPHIE 5 BFRsY] A9
28709 3, 129 AlE ek A He] 39 AlBA T 4
Z5o] 375419 BFRs?| LAEE m$ @& Zlo= 3t
= A

ATAE AT A ofuel, |, 31F, Q0] Al 5

=2
geofst ZEo AREEE dinotefurane] 7 Bol AZEES
A, 88 o]Fe =2 HIEZ AZEHUh(ZInsecticides;
0~80.2 ng/L, Fig. 4, Supplementary data). 22532 57|
2 7% 58 ¥olee Bg-go o 24 899 dinotefuran
o] 80.2ng/LE 7MY w2 FEE AEHUeH, s AH
S A7 AAEE 109 o]Fo A 2 FER AF
He S I H BUEY 243E AR, o
A E X7 82%F9] woF A S s A
butachlor, oxadiazon, alachlor, iprobenfos®] #| A 2 Akt
A7t AZ = JTHMamun et al., 2009).

PFOA % PFOS 5 16%9] PFCs ®UE® ZA3}(ZPFCs;
0.6~31.3 ng/L, Fig. 4, Supplementary data), PFOA, PFHxA,
PHHpA” I 2 A25% 21, PFDA~PFDOA % PFDS+
A AR 2APIZFEt AEEA U EF7eF 3 3
AA7re] PFCs A% & 2 A3 FARIEOY, 453

=dRe & &M, d=siEE BEsHEN el 2LEE 167
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Fig. 4. Sum of concentrations for PFCs, BFRs, and insecticides
in Geum river main stream (A), So-ok stream (B), and
Daechung lake sites {Chu-dong (C),Mun-ui (D), and dam (E)}
from March to December.

2 o gYelal, =2 F=EY 23.8ng/L)E HE HAUTH
Cho et al. (2009 =72 200693 2007A%5<H43])
PFOAS} PFOS #4743 09~13.8nglLE HAEHUoH,
PFOA”7} PFOS®} fHARHAY 2 52 AEHATA 2
F3kTh B3 Kwon et al. (2015) 34t FA1914 10
%] PFCs XYE Y A7} PFOA, PFOS, PFHxS7} & 7
Z59)2H, Senthilkumar et al. (2007)& 652] PFCsZS &
28 A3} F2 PFOAST PFOS7I ZAEEH ATt HAsI3iTh
webr] 2 Ao A = PFOASH PFOS7E 2 HEE Y &
AN F2 AFETa gzl e A7 Ao} fAket
73S UeEill= A& gR18IItH(Ahrens 2011).

TBBPA % HBCDs®] BEshdadA] E443, &7, 5%
o] A= ZAPIZHERE BEgHA miRto|glom, &
S3He 393 129(ZBFRs; 6.6~7.5ng/L)oll, @k 4L 3
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Y (IBFRs; 2.0 ng/L)el5t AE= o] 2705A1] BEEsida
Al 0 AL wHg Ao = = 9 th(Fig. 4, Supplementary
data). B3, 22394 TBBPA, HBCD7} 2% A5
ek, Wk 2 FolME TBBPAY AEHUth. FWolMe
SFAFAIEA HBCD 59 BEEshdAAE E4¢ A+
A7t RAEa QA ko) A EolA] TBBPAS &
28 A3} B7ZE0] 2 (Han and Kong, 2015), 2743, 1|
A, 78 ES E3E A ZoA HBCDs7} 0.34~4.32 ng/
g-dwZ AZFATHKim et al., 2012).

by B Az e £EAE F PFCs, BFRs, 454
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Supplementary 1. Concentrations of PFCs, BFRs, and insecticides for Geum river main stream

Main stream Mar Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Dinotefuran 11.021 15914
Acetamiprid 7.370
Thiacloprid
Triflumuron
Chlorfluazuron

Sum 11.021  23.284

21.142
2231

23.373

21.084
2.107

23.191

31.253

31.253

49.963

49.963

61.629

61.629

51.152

51.152

33.792
1.689

35.481

26.845

26.845

PFPeA
PFHXA 2559  1.893
PFHpA
PFOA 8280  8.016
PFNA
PFDA
PFUJA
PFDoA
PFTtDA
PFTeDA
PFHXDA
PFODA
PFBS
PFHxS
PFOS
PFDS
Sum 10.839  9.909

1.827
1.422
7.933

1.144

12.326

2.019
1.312
8.547

11.878

4.666
2.270
1.672
9.650

18.258

2.751
1.453
1.365
8.440

14.009

1.108

1.595

2.703

0.57

0.57

1.06

1.06

1.174

1.174

TBBPA
a-HBCDs
B-HBCDs
v-HBCDs
Sum 0 0
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Supplementary 2. Concentrations of PFCs, BFRs, and insecticides for So-ok stream

So-ok Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Dinotefuran 16.222 9.873 17.161 24805 35743  80.168 49432 32301 16310 13.281
Acetamiprid 3.291 3.346 5.206 2.738 15915
Thiacloprid
Triflumuron
Chlorfluazuron

Sum 19.513 9.873 20.507  30.011 35743 80.168 52.170 32301  32.225  13.281
PFPeA 2.465
PFHxA 4.73 3.185 5.158 7.538 4265 3.871 2.475 2.67 3.212 2.673
PFHpA 1.428 2.367 1.735 2.718 1.432
PFOA 10.385 9.255 10.742 11.34 7.390 11.519 3.619 2.728 2.513 2.561
PFNA 1.133 1.254 1.157 1.99 1.631
PFDA
PFUdA
PFDoA
PFTrDA
PFTeDA
PFHxDA
PFODA
PFBS 1.445 1.235 2.372 1.430 1.157 1.100 1.376 1.555
PFHxS 2.157 1.664 2.338 3.573 3.147 3.543 1.572 2.197 2.485 2.923
PFOS 1.603 1.195 1.804 2.693 2.648 3.365 1.577 1.382 1.96
PFDS

Sum 20.32 15299  23.838 31.137 19.124 27446 15.194 9.172 10.968  14.137
TBBPA 2214 2717
o-HBCDs 2.177
B-HBCDs 2.060 2.545
y-HBCDs 2.311 0.038

Sum 6.585 0 0 0 0 0 0 0 0 7477
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Supplementary 3. Concentrations of PFCs, BFRs, and insecticides for Chu-dong

Chu-dong Mar Apr May Jun Jul Aug Sep

Oct

Nov

Dec

Dinotefuran 4.905 4.469 9.014 14390  21.612
Acetamiprid 2.066 2.679
Thiacloprid
Triflumuron 1.578
Chlorfluazuron
Sum 4.905 4.469 1.578 2.066 11.693 14.39 21.612

22.382

22.382

28.797

1.929

30.726

31.678

31.678

PFPeA 6.953 7.861 7.273
PFHxA 2.808 1.742 1.315 1.456 1.57 1.219
PFHpA 1.127 1.087 2.173 2.751 1.477
PFOA 9.105 7.944 8.587 8.573 7.956 9.426 2.018
PFNA
PFDA
PFUdA
PFDoA
PFTrDA
PFTeDA
PFHxDA
PFODA
PFBS
PFHxS 1.180  1.207917
PFOS 1.25 1.054 1.158 0.996
PFDS
Sum 14.29 10.866 12.164 12.274  17.082  22.604  11.987

13.622
1.422
1.563
2.675

19.282

6.103
1.065
1.017
2.348

10.533

5.988
1.161
1.126
1.906

1.136

11.317

TBBPA
a-HBCDs
B-HBCDs
y-HBCDs
Sum 0 0 0 0 0 0 0
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Supplementary 4. Concentrations of PFCs, BFRs, and insecticides for Mun-ui

Mun-ui Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Dinotefuran 13.056 11911 10.665 9.357 16259  17.719 10984 14913  32.137  29.798
Acetamiprid 5.75 5.929 2279 4.051 8.645 16.455

Thiacloprid 2.071

Triflumuron

Chlorfluazuron

Sum 18.806 0 10.665 11.428 18.538 21.770  19.629 31.368  32.137  29.798
PFPeA 6.590 4461 5.192 9.423 6.329 5.786
PFHxA 3.383 2.001 1.368 1.266 1.744 1.468 1.374 1.194
PFHpA 1.035 1.620 2.387 1.955 1.774 1.083
PFOA 9.673 7.83 8.317 8.091 8.192 9.128 2.369 2.342 2237 2.072
PFNA
PFDA
PFUdA
PFDoA
PFTrDA
PFTeDA
PFHxDA
PFODA
PFBS
PFHxS 1.045 0.980
PFOS 1.084
PFDS

Sum 13.056 11911  10.665 9.357 16.259  17.719 10.984 14.913 8.566 11.219
TBBPA
a-HBCDs
B-HBCDs
y-HBCDs

Sum 0 0 0 0 0 0 0 0 0 0
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Supplementary 5. Concentrations of PFCs, BFRs, and insecticides for Dam

Dam Mar Apr May Jun Jul Aug Sep

Oct

Nov

Dec

Dinotefuran 6.068 4274 3.965 5.517 14.030
Acetamiprid 2.152
Thiacloprid
Triflumuron
Chlorfluazuron
Sum 6.068 4.274 0 2.152 3.965 5.517 14.030

26.802

26.802

31.724
1.816

33.540

29.985

29.985

PFPeA 5.836 4.715 5.153
PFHxA 2.800 1.937 1.238 1.454 1.669 1.655
PFHpA 1.973 2250 1.758
PFOA 8.979 8.383 8.183 8.74 7.345 9.060 2.203
PFNA
PFDA
PFUdA
PFDoA
PFTrDA
PFTeDA
PFHxDA
PFODA
PFBS
PFHxS 1.084 1.031
PFOS
PFDS
Sum 11.779 11404 10452 10.194 15154 17.694 10.768

9.693
1.289
1.835
2.53

15.347

4.758

22

6.958

5.223
1.21
1.118
2.056

9.607

TBBPA 2.042
a-HBCDs
B-HBCDs
y-HBCDs
Sum 2.042 0 0 0 0 0 0




	대청호와 금강유역 중 살충제, 과불화합물, 브롬화난연제의 모니터링
	Abstract
	서론
	재료 및 방법
	결과 및 고찰
	Literature Cited
	요약


