LTwaY, ZO%SE IUATIHTA VT QRS 5HA45F 3
THADFEEY K, BBREAEOERICLZIFEY 55D
KEFED 7 EKEFBRCLEDELVEROTEED D 5 HEH
EL, BEVHFiBE~bOKEOLEPEIFHEN TV D, TNFTO
EARUEY FHEOLEWERALTIE, EBEFER{LKE (PAHs)
2RYFEY Tz =)V (PCBs) R EBEOYHEZHKIILTNDS
b DAL EN {LEYEEEDOFLERPERE) X 7 OFRIZIZER
PATHTHY, LFEHEOHHEICER LARER TR T
Vi, BVLIFERENSEY FEBICHATAEIEED 94 %% &
O, ERITEREE~NBRT 720, BEI»bHH &Nt E
DEAEDBHE~DELELBREINS,

FIT, AMEOBE (1) BIIO#H IS0 EOFEREARL
&% (SVOCs) LREAMAERBLRWE (POPs) 12 & 215%KRO
LB LB BEOEREY 2 75, (2) B FilE~OLEYEHEH
2 EABAEE~OEEOKRE L L, 2EBREEET -5~
AV AF A (AIQS-DB) # HW/-iBESITERS Ly -4y by
D A EHLELIET, HB0EDNLEDE* DM HOE
HENICHEE L, BARREES~OBEORKEL, HARBEIDHEK
POCEYEFHE L CEETTFHT 2 HED DL, BEFEN
IO ESE L TRENE L, Fombahit LTOREITHSR

PEHEFETLIEITH LV, F2T, EELIRELTWIEIEYF
WOESEREY #2£12, EEL0RLHITORITFINKROFER
BEEML, EIFENOEEERT L

2. EBRFTE

2. 1 FEENGRYBERCRAERS

RFFROWRASTHSYE L, FA4HBEL A AIQS-DB 15
ENTVD U7TYE (Table 1) TH5BW, T/ PAHs, A5FT—)l
48, PCBs, AHEZEREE (OCPs) 2L 120ME* ¥y —4 v M4
O MEME L LT, BRI VTS ) 27 (SIM) LBIRK
BE=%1Y 7 (SRM) THEIEL L.

FEGEAKE G~108) D212 F &8k (11 ~4H)
D2ISEIBD2ETo/z, BRILXFAOMET 22125 LTHE
TFHFEILEVTWEY, BHOXRPERED 95 %% &HH5HY &
Eps, HHOMOZRAETRIBEE L. MO0
15-20km & 5 7= &, ZkEIE Fig. ISR #51-9, BAEIRE
IHREOREZEIMBFLAOZECHE 1-10I2BWT, KE»
LEFEE0.5m KU 5m THRAKLL, HFALZABOKE, pHRY
BESAZEE % Table 2 127§

Table 1 Number of target compounds and detected compounds by chemical type

Compound Number Rainy season Dry season Compound DL,ng/L Number Rainyseason Dry season
Aliphatic compounds 4-10 31 17 7
. . Benzenes 0.03-10 14 1 1
ting of
Chcm“”gsa;‘;“;‘s‘ PEOL 197 48 28 PAHSs 0520 82 2 16
PCBs 0.04-0.08 59 8 4
Other 4-10 8 0 0
Ethers 4-10 11 1 1
Ketones 4-10 6 3 1
Chemicals consisiting of 154 28 17 Phenols 4-10 50 6 5
C,Hand O Phthalates 4-10 11 4 4
Esters 2-6 34 3 0
Other 0.2-40 42 11 6
Aromatic amines 4-10 43 6 4
Quinolines 4-10 3 1 1
Chemicals containng N~ 113 11 10 Nitro compounds 4-10 42 4 5
Nitrosoamines 4 5 0 0
Other 4-10 20 0 0
Chemicals containing S 12 3 2 4-10 12 3 2
Chemicals containing P 8 3 Phosphoric esters 4-10 8 3 3
PPCPs 14 2 3 4 14 2 3
Insecticides 0.04-100 185 11 5
Pesticides 452 21 15 Herbicides 47200 118 3 >
Fungicides 4-400 116 5 4
Other 4-40 33 2 1
Total 947 116 78 Total 947 116 78
DL : detection limit
Table 2 Fundamental water parameters of samples
1 2 3 4 5 3 7 8 9 10
Season Ttem
0.5m 5m 0.5m 5m 0.5m Sm 0.5m 5m 0.5m 5m 0.5m Sm 0.5m 5m 0.5m 5m 0.5m 5m 0.5m Sm
Temperatwe 287 285 277 283 2718 280 290 290 81 91 22 290 292 293 289 288 283 29
Raiy  pH 761 166 10 68 1% 1M 1B Im 1M 8B 169 e 66 16 17 145 I8 1M
Conductiviy 320 258 256 256 255 254 26 253 276 255 2 25 213 254 268 25 257 259 - -
Temperatwe 117 (21 20 122 R4 B0 L2 25 125 6 129 127 B  BO K4S 134 W3 BI 1§ 7
Dy pH 95 18 1% 7% 791 78 792 sm 83 195 8 1% 16 176 1% 181 8% % 15 18
Conductivity 1415 1373 1415 141 983 02 m 910 310 308 0 318 337 k1) 40 406 578 515 3% 455




2. 2 RERU AIQS-DB ORIEFIE

AIQS-DB % v 72 HYHE 54T 0 PIBEHE 5 1k, Restek #132 % Ji
Vi 7z HEFREAAT & SIM A R IS D v T, AIQS-DB & $k iR
EMEMEE L. SRM A $ih B o BEH & 12 BP-MS (Wellington
Laboratories %), Pesticide-Mix1037 (Dr. Ehrenstorfer GmbH #:
#) 2BV, BidE 0.1 ~ 100 ng Ot R E Gl ~F Y Vi
Az AIQS-DB W e (10 pg/mL ~F 9 V@Ed) %A ek
L7zo #BESAT & SIM & &M E OMEE, B Eiio GC-
MS QP2010 % Fv», SRM ifll € |2 13 Thermo Scientific ## ¢ GC-
MS/MS TSQ Quantum XLS # {#f L7ze GC-MS FUF GC-MS/MS
58 4% Table 3 127”7

RAAT & SIM WE, REERSER T 280 551 B o 5047
i (EPA Method 6251 IR L TWAFHh 700 b 7 22V 7 %
274> (DFTPP) 757 4y by — 2 2R+ 5 J7H:C MS
FFa—z v Lize KIZ GC-MS OVERERFMFLHE 0 2 58 L T,
7 TV Y ORI GC-MS O I Lzt B
SIM/Scan 58 L 7z #85EDHT Td AIQS-DB # v CElISE 8 ft L,
SIM M S IE A A ¥ EFEFRA A4 > OTREE M & RFFEE N TR
Ef, PEHEELC X Y ER Lz, GC-MS/MS # V> 72 SRM il 5E

Fig.1 Location of the 10 sampling sites in Yangtze River
Surface water (0. 5m in depth) and bottom water (5m in
depth) were collected at each sampling site

‘Water samples in Huangpu River estuary were collected only
in the dry season

Salinities of points ¥¥ and Y are 30. 93 % and 33. 93 %o , re-
spectively'™

Table 3 GC-MS and GC-MS/MS measurement conditions

Instrument Shimadzu GC-MS QP2010, Thermo Scientific GC-MS/MS TSQ Quantum XLS
Column Agilent DB-5ms, 30 m»0.25 mm i.d.; film 0.25 pm

Temperature

Column 2 min at 40°C, 8°C/min to 310°C(4 min)

Injector 250°C

Transfer line 300°C

Ton source 200°C

Injection method  splitless, 1 min for purge-off time

Carrier gas He

Tonization

method EI

Tuning method  target tuning for US EPA method 625
Scan range 45-600 u/scan

Scan rate 0.3 s/scan

Tuning method, scan range and scan rate are conditions of Shimadzu GC-MS QP2010.
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LRI ORI E L ORI & D B L

2. 3 &k

AR 2B, — IR S A T LT o 2. RIRI,
202 1> AIQS-DB B8k H % EF AL W E L R MENEST
50 ~ 118 % (F¥96 %) OEINERH LN TVE, 75 AHEA
# (GMF-150, Whatman #81), = 48 7 ™ 5 1 2 & SDB-XD
BT aR7 ™ p— K574 A5 (AC, SMAE) 2EEL-E
M4 A7 % 0.6LAKY T (waki #:84) (CHFE L7 38NF 2 —
LAvzmk— N F GMHM) FitlE YrooRyy, TR,
AY /=g 10mL ROFEK 20mL CarF1vamr sy L,

Ak (500mL) 12 1 mol/L KH:POKOH #& 1K & (pH7.0)
%1mL & 10ppm o4 — b 50ul ZFML, BT+ A 212 100
mL/min BLFCaligk U7ze dKEE, 30 505126t 5 2 & TEHE
TR L, NG, T ABHEA S XD, AC B4 12T o7,
HGAHHEARE XD A ERIEENIAT7 VANV EBRELYS
T by 10ml, #hT¥runiyr5mLEwo< WILTH
L. iz, BRBEESHLAFY L 5mL CEE, XDEMIZEL
THEBHBIZA DY/, ACIETE 2 10mL #@ LTl L.
WA & T T, ERAVTH 1ml FTESLPIZEHEL, ~F
v Sml &I ACTAOROEARGERET L) v A GEBRERRE)
THAR L. FE, @EAMTImLLT F Cig#E L, 10 ppm ©
PRIEEHE e 100 ul % #5750 L, GC-MS, GC-MS/MS #lEst# & L7z,

2. 4 FWEEE

AVEFFA Y dy ZBROZYO S~ FERE (o= 3) 3, 52.7
~ 110 % TREFRY L AEDHRIBONL BIETT o h ok
thancWHEE, RAEMMTRICRL8 7T vy 095 BEERFT
77y 7 EORMHEE T, KHEEOBRKEL OB E5E
LNLWEERB L R L, TOEPLT 7Y OFSHEEZELT W
TR L Lo BT S ¥ s R E N, MEHEEIC
B U B BRI O BRI & IR S: & L7z (Table 1), #4K
DF5ECRIZE L72WEE, SRM, SIM, Scan ONETHREZ A L /2,

3. BRRUEZE

3. 1 HEBROBE

KR B ORAER (BEILEER) oREDE DR
% Table 4 RS WR L7ze kL 22~ 6618 (EH116%&), B
RERIX 11 ~ 44 T8 (B178%8), Fr 142 B LW EIME Shi,
BETI v PO BRETHREBESN - TV I 75 VBT X
FNVEBERWCHREBIEEL, BKHE10.78 ~ 4. 34ug/L (P52 67
ng/L), BAKEAO. 26 ~ 2. 48 ng/L (F391.03pg/L) THo72o &
7o, MOLBETE THREMEORBIIRE LER 2o
Kadokami & 75 AIQS-DB % AW TiT - - HALE 11 W) 0HRAET
¥, 0~819pug/L (HFRE3. 1pg/L), BT 188 FEDILEWH A M
ENTVEY, BILOEMBEEHEREIN (9.6 x 100m?) 2 T
by, PR SNIAEEYEERBICFRIN TV BI0HH 5T,
BHRHIREIZEAOMI EEFEOEBREL NV TH o7,

3. 2 HBHEHEORFE
n-ThNAETINVBIATVERSBEYES, CHERDE,
EMELEY, EERLEY, EMELEY, &Y Ve, EES-
=N 7EG (PPCPs) RUEHED 7THEEICHEL, THE
DEE® 0 & LBHARBED LE L TBOFIGRBEE* Fig. 2
IR Lize RILOEEHFEMEREBELEY, SE2FEey, &



Table 4 Details of detected chemicals in the rainy season

N Detected Minimum Maximum Average Detected Minimum Maximum Average
o Name ; ) ° No. Name " " c
frequency.% _concentration, up/L _concentration, ug/L _ concentration, pofL*** frequency,% _ concentration, pg/l. _ concentration, we/L  concentration, poLe*
1 n-Ci6H34 6 0 0.039 r{0.002) 72 Methyl octanoate 6 0 0.038 (0.002)
2 n-CI18H38 39 o 0.062 0.013 kil Methyl palmitate 2 0 0.177 0.019
3 n-C19H40 39 0 0.041 0.0i0 74 Stearic acid methyl ester 39 0 0.131 0.019
4 n-C20H42 2 0 0.028 0.005 % Benzy! akohot p) 0 0.5718 0.069
5 n-C21H44 28 0 0.022 0.004 76 Ethanol, 2-phenoxy- 0 0 0 0
6 n-C22H46 44 0 0.025 0.005 7 Dibenzofuran 11 0 0.018 1r(0.002)
7 n-C23H48 94 0 0.387 0.042 78 - 35-drten-Butyl4-hydroxybenzaldehyde 22 [ 0.047 0.007
8 n-C24H50 72 0 0.017 0.008 79 Di2-ethyhexyDadipate 0 0 0 0
9 n-C25H52 X 0 0.033 0.010 80 Cholestane™ 6 0 0.603 r(0.0002)
10 n-C26H54 28 0 0.036 0.007 8l Coprostanol* 67 0 0.488 0.107
1 n-C27H56 2 0 0.105 0.023 82 Cholesterol* 78 0 0.765 0.276
12 n-C28H58 o 0 [ [ 83 Cholestanol* 94 0 0.108 0.055
13 n-C20H60 67 0 0.148 0.040 84 Siigmasterol 8 0 037 0.192
14 n-C30H62 28 0 0.016 1(0.004) 85 beta-Sitosterol* 89 0 0.494 0.166
15 n-C31H64 61 0 0.133 0.026 86 Ergosterol* 89 o 0.151 0.067
16 n-C32H66 6 0 0.023 tr(0.001) 87  Campesterol 83 0 0.101 0.045
17 o-C33H6S it 0 0.029 r(0.002) 88 Anilinc 100 0.091 0250 0.165
18 Squalanc 2 0 0.027 (r(0.004) 89 NN-Dimethyhniline 0 0 0 0
19 14-Dichlorobenzene ) 0 0 0 90 2-Chloroaniline 89 ] 0.020 0.007
20 12-Dichlorobenzene 2 0 0.035 0.006 9 2-Anisidine 22 0 0.022 tr(0.004)
21 Biphenyl 6 0 0.086 r{0.005) 92 4-Chloroaniline 6 o 0.065 1(0.004)
22 2,6-Dimethylnaphthalenc 6 0 0.059 1(0.003) 93 24-Dichlorcaniline 6 0 0.018 w(0.001)
23 13-Dimethylnaphthalene 6 0 0.074 r(0.004) 94 24,6-Trichkroaniline 1 0 0.012 r(0.001)
24 14-&23-Dimethylnaphthakene® 6 0 0.031 w{(0.002) 95 34-Dichloroaniline 0 0 0 0
25 Accnaphthylene® 1 0 0.011 0.000 9  Quinoline 17 0 0.022 (0.003)
26 Accnaphthene® 17 0 0.038 0.004 97 Nirobenzene 100 6.146 0.260 0.215
27 Phenanthrene*® 0 0 o ] 98 4-Chloronitrobenzene: 2 0 0.069 0.011
28 Anthracenc* 6 0 0.002 1(0.0001) 99 23-Dichioronitrobenzene 0 0 0
29 2-Methylphenanthrene® 28 [ 0.002 0.0004 100 2-Nitroaniline 100 0.100 0.229 0.163
30 Fluoranthene® s o 0.016 0.005 101 2-Amino-6-nitrotohiene [ o [ 0
31 Pyrenc* 94 0 0.012 0.005 102 4-Niwoaniline 0 0 0 [4
32 Benzo{a)anthracene* 83 o 0.008 0.003 103 2,6-Dichloro~4-nitroaniline 3 o 0.030 r(0.003)
33 Chrysene & Triphenylene® 78 ¢ 0.007 0.002 104 Benzothiazole 17 o 0.164 0.019
34 Benzo{j&b)fluoranthenc* 100 0.0005 0.010 0.004 105 2-(Methylthio)-benzothiazol K [} 0.033 0.015
35 Benzo{K)fuoranthene* 6} 0 0.003 0.001 106 2(3H)-Benzothiazolone 100 0.158 1.394 0.604
36  Benzo(c)pyrenc 56 0 0.034 0.010 107 Tributyl phosphate 17 [ 0.034 0.005
37 Benzo(a)pyrene* 89 0 0.007 0.003 108 Tris(2-chlorocthyl) phosphate 50 [ 0.126 0.038
38 Perykne 100 0.013 0.183 0.100 109 Tris(2-ethyhexyl) phosphate 1l 0 0.011 1r(0.001)
39 Indeno(1,23-cd)pyrenc® 89 0 0.007 0.002 110 L-Menthol t 0 0.066 0.006
40 Dibenzo{ah)anthracene® 39 0 0.001 r(0.0003) 1 Dicthyltoluamide [ 0 ¢ 0
41 Benzo{ghi)perylene*® 89 0 0.007 0.002 12 Caffeine 28 o 0.036 0.006
42 3-Methylphenanthrene* 28 0 0.001 1r(0.0003) 113 Isoprocarb 17 0 0.007 £(0.001)
43 9-Methylphenanthrene® 17 0 0.001 (0.0001) 114 Fenobucarb 2 0 0.013 1r{0.002)
44 PCB #1%* 22 [ 0.0003 tr(0.00003) 15 b-HCH** 50 o 0.0003 0.0001
45 PCB #4&10** 39 0 0.001 0.0001 116 g-HCH** 44 [} 0.0002 10(0.00003)
46 PCB#28** 6 0 0.00004 1r(0.000002) nu7 op'-DDE** 22 0 0.0002 {0.00003)
47 PCB#52** 1 0 0.0001 {0.00001) nsg pp'-DDE** 100 0.0001 0.001 0.0004
48 PCB#II* 0 0 0 0 119 op-DDD** 7 [ 0.0002 0.0001
49 PCB#95** 6 0 0.00005 r(0.000003) 120 op-DDT&pp-DDD** 100 0.000} 0.0003 0.0002
50  PCB#ISS™ 6 0 0.00005 ££(0.000003) 121 pp-DDT** 2 0 0.002 0.0002
51 PCB #156** i 0 0.0001 (0.00001) 122 Chiorpyrifos o 0 0 [
52 PCB#201% 0 0 0 0 123 Chlorfenapyr 6 0 0.030 r(0.002)
53 PCB #2057 17 0 0.0002 r(0.00002) 124 Triazophos 44 o 0.061 0.015
54 PCB#09** 0 0 ) 0 125 Simazine (CAT) 0 [ 0 0
55 Bis(2-chloroisopropyliether 94 0 0.034 0.019 126 Atrazine it 0 0.017 17(0.002)
56 Isophorone 22 0 0.039 1(0.007) 127 Oxabetrinit 6 0 0.055 r(0.003)
51 26-Di-tent-butyb-4-benzoquinone u 0 0122 0.0l 128 Metribuzin Q 0 Q Q
58 Anthraquinone 1 0 0.016 r{0.002) 129 Prometryn 0 0 ¢ o
59 Phenol 6 0 0.738 0.041 130 Ethofumesate 0 0 0 0
60 2,5-Dichioraphenol 7 0 0.025 0.012 131 Metolachlor 6 0 0.005 1r(0.0003)
61 2,6-Dichlorophenot K 0 0.032 0.016 32 Biphenyl u [ 0.015 (0.001)
62 245-Trichlorophenol 6 0 0.005 (0.0003) 133 Hexachlorobenzene** 0 0 [] L]
63 4-MethyF26-di-t-butylphencl 0 0 0 0 134 Ethoxyquin 33 0 0.011 (0.002)
64 4-tert-Octylphenol 6 0 0.008 r{0.0004) 135 Fhutriafol 0 0 0 0
65 Nonylphenol 67 0 0.038 0.017 136 Isoprothiolane 100 0.014 0.059 0.032
66 Bisphenol A [ 0 o 9 137 Trieyclzok [ [ [ 0
67 Dimethyl phthalate 0 0 0 0 138 Propiconazole | u [ 0.037 0.004
68  Dicthyl phthalate 7 0 0.047 0.006 139 Propiconazoic 2 17 0 0.023 ©{0.003)
69 Diisobutyl phthalate 94 0 0.934 0363 140 Paclbutrazol 83 0 0.033 0.014
70 Din-butyl phthalate 33 0 0.238 0.037 141 Fenamiphos [ 0 0 0
7 B'S(Z—clhxh::}_(zl)@nwhlc 50 0 8.273 1334 142 Spirodiclofen 1 0 0.016 w(0.001)
*Using SIM results. ** Using SRM results.

*** Averages are calculated by treating not detected is zero.

MEEDTHE I LIHRIN, EMEMEPYOATO—LE
i, A EBYHEEOILVATFO- L EHEYEROS L P RAFO—

WAL RETHRE SN TWA, ABEROEEIZ X 2 KEFSE
BELTWAEIES, Ia70AF /=L /ILAFO—LHEN05%
BABEDRENDH LEN, Kﬁ%?@:fnx7/»w/:vx

FO— VI DOFITEKERA 0.3, BRI TORXS S — ViR
i (<0.53ng/L) THY, /\mﬂ'w%ﬁﬁi%b:;mﬁ%cw‘&w
:tﬁb#otoﬁgimA%uowfu TR oy

Vip KGR HRAR, BHOTHAEE LTERILIYED
#ﬁméﬂtowwﬁmwu%:;ofﬁﬂﬂmmﬁﬁémmL
KIBETHBELERD SVOCs2 AL S, T=)re= b
NRYEUBFZENEFIL0.006 ~0.081 ng/L (FH0.028 pg/L) RV
0.004 ~ 0.048 ug/L (F3#0.021pg/L) O#HETHB I Tw

50, KRBV TERBOFEBTAO (Fig. 1, #510) 2k
7=y, ZbaxRyEUD2EOFYERE (0 =236) & *

NENO0.27ng/L, 0.11pg/LTH o7z, BRI TRBIC T 2T
B0 O OPFHATFEIND, EHREMEWTIE, 2008 EifTo72
FHRAETHEEETH o2 CGH) -V FT7Va 09, EHF
L7 B 18 HB OFRE TEKIIZTIY0.60ng/L, B
35 0.06 pg/L TR SN, TOYPEIEESAThLOBEER, K
BHOAT 2Ty POEETHE I EPFMLENTVED,

3. 3 HREMERITRYDE

FENGZOB A2 AOHRFICLELR R E B L 012, BEH
TEMEREERRE (OCPs) T REWKEE - FHALTELY,
Bao 5 DMEIC L B & 1950 ~ 1983 FEDFEENTHOANFH 7 oD
yryuoaFxdy (HCH) ¢¥suou¥yyzopbysuoxryy
(DDT) DEREBEENFNANTIRVTOFtTHY, #HADE
BENBRL0%%HEDHTWAD, BELDDTRY I TEE
Bl R UHRIEERATE R & L CREEINTEY, EETAETDDT A
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Table 5 Details of detected chemicals in the dry season
- o Detected P Maxira Averaze Ry Mo Detected M Maverm Average RainylDry*+++
b frequeney s sl srath L Mazrmnl frequency® __cooseriration. pal, concentration, el cancentration, uo/L*** {Maximum)
1 nCIoH34 o 0 ] @ - 72 Methyl octaneare 0 o 0 0 N
2 eCISHIE 0 0 o 0 73 Methyl pabraate ¢ [ 0 9
3 mCI9H40 & o 8005 {06003} T Siearic acd metlpt eser 0 o 0 0
4 o-C20H42 o [ 0 [} i Beraytakeoho! o @ [ 0
5 mC2AHH n 0 0,007 w06 76 Fihancl 2-pheravy. “ 0 w0.003) 1(0.000))
6 nC22H4G6 o i & @ 71 Dixnzofuran 0 0 0 [
7 nCHE ) 0 [ (1) T 35det By hydioybermbichyds [ [ [ 0
8 wCAHS0 ¢ 0 0 9 T Ditcthyberylisdpaic 6 9 0125 07
9 nC25HS2 " o 0613 w00l 80 Chokstane® L] 0 0 []
10 n-C26HS a 1] @ a 8§t Copamtanc? o 0 0 [
1 a-C2THSH o [ 0 9 ¥ Cholesserol® # 0 0357 0.081 2
12 »C28HSE 7 o LIk 0080 £} Chokstano® o 9 0 ¢ .
153 n-C29HE0 b o o [ B Stgrasterd 6 o 0087 (0,003} 67
4 nC30H6 2 o ftee] 0601} 85 bela-Stestertt W 0020 824 0.084 44
15 n-CIIHG! 1 o o o % Ergestend® % o 6.083 0016 pE}
16 n-C32H66 & [ aon H{i.0a1) KT Campestersd® 0 o o 0 .
17 nC3RE o o o 0 B8 Andnc 100 8132 a6 3N 04
18 Squbne 0 o 0 ) 8 NNDimethybndne i [ 0010 (0.001) .
19 14-Dichloroberzenc 3% o o013 10003 W FChlning o 0 [ 0 -
20 1.2-Dichlorabenzene. 0 0 0 0 91 2Ansine 0 0 [ 0 -
2 Biphemt 6 [ 0 0 91 d-Chioranine 0 0 0 0 .
2 26-Dimethyhaphiakne o [ 0 o 9} 24-Dichkorcanoe 0 o 0 P .
23 13-Dimcthyhaphihakne o [ 0 L] 81 246 Trchkroandne 6 o 6012 1r(0.001) Lo
M 1A&2I-Dinethylnaplihakne® o o 1] 0 - 95 3A-Diehioroaning B o 003 1r{0.007) -
25 Acenaphihylkne® " [ o {00003} 38 % Quiclie ] 3 0016 1(0,008) 14
26 Acenaphtbeos® n 0 0.006 0001 61 91 NWarobenzeor o o 0 0 -
27 Phenanthrene® & 0 Qe (60.0002) - 98 A-Chlorontrobenzene 100 0025 oo 0.056 0%
28 Anthracenc* 6 @ G001 w{0.0001) (k3 A 23-Dublsossrobenzens % o [104) 0.010 -
29 2-Methyplenantduenc® 3 @ .00 H(0.0002) p5 100 2Neoaning 1w o0iT 0060 0.036 35
30 Fhuoranthene® ki o 8005 (103 20 108 2Ammobratolobns i l 004 6.005 -
31 Pywene® 1 o D0 w(0.0005) 3 102 4-Naroanden Bl 0 0067 0.016 -
32 Benzoahnthracene® " o 6O 100003 19 10 26-Dichloro-d-percanine 0 0 o 0 -
33 Chrysene & Trphenykne® b o 8,003 {0.0002) 26 104 Bermthivrok: 4 o 004 0.012 34
34 Benzo{jb)Muocanthens® n o 0.005 0001 19 105 2{Methykhoy bervothiazol o o 0 o .
35 Boenzotk)fuoranthens® 1 @ 0091 06001y 24 106 203H)-Benzothiazolone % [ 0159 0.069 (X1
36 Benzole)pyrene 0 o G [ . 107 Trduatyd phasphate n 0 00 0.007 26
31 Benzolalpyrenc® £ 0 0004 oo 6 108 Trisg2-chioroetig) pospluse & ) 0013 0,007 93
38 Perykne n o 003 0.0 st 109 Tris(cthylbexyl) phosplate 1 o 0013 1{0.001) 09
39 Tndeno{}.23-cdipyrenc” i 1] 0.002 w(0.00G2) 29 UG L-Menhol p<l o 0006 1(0.001) 120
40 Dixnzofahjantbacens® 0 0 o o - 111 Diethybobnmik 3 0 0012 1(0.003) -
41 Benzo{ghiperykne® ES) 1 0002 1H0.0003) 2 "2 Caflewe 4 o 0035 0,009 10
4 3Methyphenanthvenc " 0 0001 w{0.001) L6 13 Boprocarh 0 o 0 0 .
43 9Mletiyphenanthsenct ] [ 0 [ . e Fenobucarh 0 ) 0 0 .
44 PCBAI 0 o o 0 15 BHCH" a o 0 0 -
45 PCB #4&10% 0 o o 0 Hé pHCH™ o 0 0 0 -
46 PCB AN 0 o I 0 HT op-DDE** 23 0 00000 1(0.00003) L3
47 PCB S [ o a 0 H§ pp-DOE** 100 0.000 0.001 0.000 Lo
48 PCB TP 1 0 4(0.00002) G00000t) HY ep-DDD* » o 0.0008 1(0.00002) LE
49 PCBHOSH o 0 0 0 120 op-DDT&py-DDL* 7 [ 0.0001 00001 2
50 PCBHISS™ 0 0 0 0 - 121 pgDDT* 9 0 a 0 -
51 PCBRIS6™ 6 Q 0.000} w(0.00001) L2 122 Chbxpyrifos. (2] o 0,068 0.004 -
52 PCBENI* b 0 0006 w{0.000063) 123 Chiorfenapyr o 0 o o -
53 PCB RS o ] 0 0 124 Trizophes o 0 o 0 .
54 PCB O 6 0 0000 10.00001) . 125 Semazme {CAT) b2 0 o1y 0.011 -
55 Bis{2-chirosopropyljether M 0 0068 0029 05 126 Atrazne 10 0013 0.037 0.024 05
56 fsophoronc 0 0 i 0 . 127 Oxabeiind 0 0 0 0 -
57 26-Ditert-butyb-bbenzogumione 0 0 @ [ - 128 Metrbazn 2 o woie 0.002)
58 Anthraquinonc 6 0 ool w(0.001) 12 129 Promemyn 6 0 0.0 1(0.0002)
59 Phenol o 0 o 0 - 130 Ethofumesate 4 0 0017 0.004
6 25-Dichkorophenol 3 0 L @ . 131 Metolachie 0 o 0 0
61 26-Dichiorophenol e o 000 +(0.002) 34 132 Bipheayl 0 o 0 [
62 245-Trchkeophenol B 0 000 w{(0.002) 06 133 Hexacklorcbenzene®® 2 o u{0.00003) 1£0.00001)
63 &Methyk2o-dil-butylphenct il 0 1247 0.100 - 134 Ethoxyquin 0 0 o 0
4 dten-Octyiphenol 0 0 0 [ . 135 Fharafol 2 ¢ 0.01% w0.003) -
65 Nonylpheno! I 0 0007 u{0.000} 52 136 lsoprothiokine 28 Ll 0003 1(0.002) 79
66 Bisphenol A 1t} 0 0.005 {0.001) - 17 Treeychiok 17 0 0032 1{0.005) -
67 Damethyl plilabie 2 0 0018 4{0.002) 138 Fropxonazok | 0 0 o 0
68 Dicthyl phthabsze 0 0 0 L 139 Propiconazok: 2 o 0 o 0
69 Dissoburyl phthalite n o 0. 0,036 140 Pachbuirazol o 0 0 0
0 Dio-buyi phtkabtc " [ 0067 0.007 I Feramiphos LY 0 0016 1H0.00%)
21 Bi(2- b 0 5293 0.2M 142 Sprodelolen 0 0 0 o

*Using SIM results. ** Using SRM results.
%% Averages are calculated by treating not detected is zero.

**%*Ratio of maximum concentrations of the rainy season to the dry season.
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HENTWD, 2010469 HiZ1E, Tang 512 & o TEILTIREOHE
FELAOOKEEF O OCPs AL &, HCHs KU DDTs @
BERENZTN0.71 ~4.54ng/L (R 5{E2.52ng/L), 0.28 ~
4.85ng/L (59LfE 1.17ng/L) ¢ HME SN TWBHY, KIFETILT
YWE#H 20O OCPs #WE L 724°, FITHHE SN0 Tang b
DRELFE L HCHs R O'DDTs Th o /o L L, EHILORE
R 7s 18 BA o F 1R IS 2k #A Y HCHs 0. 13 ng/L, DDTs
0. 85 ng/L K& U'i§/K#1id2 HCHs A4, DDTs 0.43ng/LT& Y,
Tang & OEE & H_TEL, @OBICET 2 I TICERS AL E
# % b1 5b, HCH i technical 7 L — FO HCHs & ') ¥ F U
TE$ %, Technical 7' L — Fid 4 O BRBATHE SN, ZOHER
1 aHCH :60~70%, SHCH :5~12%, »HCH:10~15% K&
U6HCH: 6 ~10%TH 5%, —H, 7o, »HCH
599 % xHBZ BY, SHCHIZERFEOFR THRILETHY, a &
U y-HCH 13857 C SHCH I Bb T A W el RE S T 59,

ZOFER, FZVCHCH ZMER SN A Z L D WEBBIIBWTKRE
&5 HCH 2, PHCH PEMIZ R B I EPFEL LN L, K
WiFE Tt SHCH (CE3MiR s « Sk 0. 10 ng/L, Bk Rid)
PRLEVEHATHRE SN, HWTpHCH (CFibiEeE « &k
#70.03ng/L, BKE TR Thole SO LIZRITHET,
technical 7L~ FO HCH &) v Fr Ol OERABH 722 & %
RLTW5, :

~%, BEOFEREEI L%\ DDTs OHREHRENHCHs & 9 b
EhrofzZ b, DDTIEHBETS U a RV R URENFEER &
LTEE - FRAMROC TV AR S 278, BiTI2iE, TE,
HEI - BTk B, BBV 7% & HCHs % DDTs #5585 (2 Gy i &
BNk i 5 XRPEE CFET EY, 1978 £ ERK
g, REEIERICEEL, ZTORREKR:EHAEHL L 2
IR LT/ OCPs 7%, THIFIAOE L% $i3 T4 (B &
NTwirEEZLNS,

1965 ~ 1974 FORICHETHEA SN PCBs 12 1 Ht EEhih,
EESHPLI VT Y — L EICER SN TEZ®, 2009 12 Zhang
LIz ko TRILTHSOET (85, BRMRUEE) OmPIAIIK
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Fig. 2 Concentrations and compositions of compounds by chemical type in the rainy and the dry season
Concentration was an average of concentrations of the surface (0. 5 m in depth) and the bottom water (5 m in depth)
n-Alkanes and phthalates were excluded because these compounds were frequently detected in procedure blanks at high concentrations

f O PCBs AL EN, HHEEIZ1.23~16.6ng/LTHBI &
PHESNTVEY, FFETIZEKRIAO- 35 (5F875E), BAE
0-2%% (Bt47E), 2 EDOAET 11 D PCBs 5% & 117> (Table
4RU5), HELOSREER IS REOBREIZEAEI 0~ 0.63
ng/L (F350.16ng/L), &KEI0 ~0.21 ng/L (35 0.02ng/L)
THY, HHEANMLY LEEFENAZLDS, BEIAKALERS
NizeEZ LN

HA T3 POPs DBRFEF LRI R U FHNELILBET 5720, &
EVARVTOE=S ) Y TRESTbIL TS, 2010 EFETD
HCHs, DDTs KU PCBs DS RE#E R, 0.32ng/L, 0.04ng/
LEU0.12ng/LTH o 7o RKIFFETHSN/ZEIT O HCHs &
PCBs i1, BROFHHRBBEL Y SEVDL DO, DDTs iE
BADTHRBBE L ) bEh o7 ZAERET S BILIHT
DDT 2584sE, FHINTWAI LA 2L TWEORd LI
2\,

3. 4 BREPEOREHZED

— A LM E OBFHEEREE L T~ Th I, @I
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6.9 x 104 m®, BAE 2.7 x 10Mm®) ¥, 22T, MEWEOR
EREOESHL T KDz (Table 6)0 FOHEE, HEN%RBEL
THRE SN I5WER, 109 EITEKE /BKEE 0.4 ~2.2
EREGEFFOONL o225, SHEITEKE /BRI LA
3.5~9 3 BABIIERETHY, BRRHEBEDLEKEISE
EThol B2, VVEBMNIA 2-7uozs) &2 3H)
= NRYVF TV G ERARY /BRI ENEN I3 RTS8
RLA-ZERS, FEEOEILLZEHEH EZZONE, 77,
OCPs B U PCBs & £ /KER O FIGHRLIEE A BKE & b L T 2.3
BRUSEED - 720 2012412 Zgheib 12 & o THEMIZ L b 54
BEFEANNIZRAT LA =07 4 — 7 —{FERFIFEIN TN BN,
RAETHR SN ERBOERE L, BREICI)EBIIEILT
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L2 L 631 5 m® /day D FRFEE=IIx LT, EEMEAE L 498
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Y7 D PPCPs M SN Z L H 6, GC TIHBENE L Vi
15D PPCPs b KEICHEH S hTwa L FHE a5,
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RWFFE T, (LW OKAE AT B A BRI 5
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R (PNEC : Predicted No Effect Concentration) " & #i)
i (PEC:Predicted Environmental Concentration) #* fti5 (PEC/
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YEIZDOWTPNEC 2182 Z LA C & /%9, Table 6127 4 WV EE
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THERMEZZOND NIDHENDE 4, TRE LSO 4 H
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Fig.4 Pollution profile

Pollution profile is a graph composed from 25 groups
summed up by concentrations of compounds categorized
by usage or type. Figure above a column is concentration
(ng/L). Figures on the horizontal axis show groups of
categorized by usage or type as follows: 1, insecticides; 2,
herbicides; 3, fungicides; 4, other pesticides; 5, sterols; 6,
antioxidants; 7, fragrances and cosmetics; 8, disinfectants
and insecticidal fumigants; 9, fatty acid methyl esters; 10, fire
retardants; 11, plasticizers; 12, metabolites of detergents; 13,
PPCPs; 14, compounds leached from tires; 15, petroleum;
16, other substances of domestic origin; 17, intermediates
in organic synthesis; 18, intermediates for dye synthesis; 19,
intermediates for pesticides; 20, intermediates for resins; 21,
solvents; 22, PAHs; 23, PCBs and PCNs; 24 explosives; 25,
other substances of industrial origin
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Table 6 Ten compounds having the highest PEC/PNEC values

Average Maximum Ratio of average  Ratio of maximum
No. Compound detected detected PNEC*, pg/L  concentration concentration
concentrationug/L.  concentration, pg/L to PNEC to PNEC
1 Fenobucarb (Rainy) 0.002 0.013 0.003 0.74 4.46
2 4-Chloroaniline (Rainy) 0.004 0.065 0.032 0.11 2.04
3 Aniline (Dry) 0.371 0.645 0.4 0.93 1.61
4 Benzo(a)pyrene (Rainy) 0.003 0.007 0.005 0.51 1.37
5 Biphenyl (Rainy) 0.005 0.086 0.072 0.07 1.20
6 pp-DDT (Rainy) 0.0002 0.002 0.002 0.08 1.15
7 4-Methyl-2,6-di-t-butylphenol (Dry) 0.100 1.347 1.4 0.07 0.96
8  Phenol (Rainy) 0.041 0.738 0.8 0.05 0.92
9 Benzo(a)pyrene (Dry) 0.001 0.004 0.005 0.10 0.85
10 Chlorpyrifos (Dry) 0.004 0.008 0.012 0.34 0.70

*PNEC : Predicted no observed effect concentration

Table 7 PEC/PNEC values in seawater at the point in the East China Sea most affected by water from the Yangtze River

Average concentration

Predicted concentration in the

No. Compound in the Yar;the River, East China Sea, pg/L (PEC*) PNEC**, pg/LL PEC/PNEC
" i
1 Fenobucarb (Rainy) 0.002 0.0002 0.003 0.066
2 4-Chloroaniline (Rainy) 0.004 0.0003 0.032 0.010
3 Aniline (Dry) 0.371 0.0332 0.4 0.083
4 Benzo(a)pyrene (Rainy) 0.003 0.0002 0.005 0.046
5  Biphenyl (Rainy) 0.005 0.0004 0.072 0.006
6 pp-DDT (Ramny) 0.0002 0.00001 0.002 0.007
7 4-Methyl-2,6-di-t-butylphenol (Dry) 0.100 0.0089 1.4 0.006
8  Phenol (Rainy) 0.041 0.0037 0.8 0.005
9  Benzo(a)pyrene (Dry) 0.001 0.00004 0.005 0.009
10 Chlorpyrifos (Dry) 0.004 0.0004 0.012 0.030

* PEC: Predicted environmental concentration in seawater at the point in the East

China Sea most affected by water from the Yangtze River

** PNEC : Predicted no observed effect concentration
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GC/MSEFRAE—4y bZXTU—Z22T2 257 LD

JUME W=, M kA

&M SN AL EIEaEITm L TH Y,
TRPER L, SROMEWE ST A EDET L.

S RO RAE, IO FRREN S K E RO

LaL, LFEWESITCHAENE F A

aw h 7574 — RS (GC/MS) TiE, FED /OO RESLETH Y, WEWEEEHRL
Twb, —7, REFEREMOBREZERCTHEBVAREY IR EORMEY A7 LB WRENT WL, FEkeS
TLMETE R, AT, filRoy A7 a< b 7S 70RO (GC-MS) TIEHEMHE % A
F =y R= AEFME AR T HDWNH S = v VA ) =2 v VY AT A BRI LIz, RV AT 2%, T A
Y A [ 37 A 8k 3 A BFSE BT (National Institute of Standards and Technology, NIST) @ Automated Mass
Spectral Deconvolution and Identification System (AMDIS) (ZFHRIRIFHEEE &L v A ARY MV 2l AHRATE
LDOTH5DH., F—FN—AENEEF—&4clB2NET L2 &C, HAEEICHDL ) 2 (RN
FECTFIL, <AZANRT ML ERETHEICRETE 5. BAEOEEWHEIIH 1000 TH 525, BHIY
Haincs, AT TEEPRE R ELHHTIEMTES.

1 Lo

bW R R OIBEWETH D, 100000, 1
DLW A A R CHER 448 b YD EAERE - SR,
FOR - BABIIHMLTYSY. 20k, {LEwE
DEFHRERE, &I ERPEE I & 5 IEER R
FEMAFRICE b MEBEREBRNOBEIRES L
A, Bz, BECIZARBRIEEZOBLIEL,
SELHTHE SN B BNVIERE O B E O — 513 b3y
BTHhHY. MHAKEKTE, WEPEEICIZTIHOD
BEIC XY, LEYEIRERCHRBLZEZEZLATY
59 F7, REYREEOBIE LT, 20124 5 B OFIR
MTONFHFAFLYF P T IOHREHEY. Zhbd
DEM - BRI L BFERE, BEEZRILLTIELINEL
TIEREMTH Y, HELR L TOZREEDHIESHD
BETHA. TOBRERICHE LTRSS HEET S
i, AR ZBOCEYEOBRERZLET L &
ThH5.

ARILFEWEOWNEICE, 27U~ 757 L BESWE
PHAEDELRFEIRDENETHEO—OTH Y, B
RPERGIIEREILOT R IUY 7T 7 4 —EESH

* E-mail : kadokami@kitakyu-u.ac.jp

VAL U LR R E R ERRE THEMER . 8080135 BRIE
AP ERROTED 1-1

‘AR BRREREREE VS —: 8140180 BRAEER
iR X LR 8-19-1

(GC/MS) ERENTWD, GC/MSHUEICBTYE
I B 150E, HEERE RGN TH 2. 2
o Bl kT, FURHIE R OB B o (R
CHRRBERCCYEERET S, /-, ROBLEWED
FMETHE, €44 Y EZ5Y V7 (TIM, AF ¥ »iE) TR
BEWNEL, EEPHEELMAE—IDIAANRY MU
7 AN A EMBEESMIER (National Institute of
Standards and Technology, NIST) 7 &84 5<% X 2
R INF—=FR=ZA TSI T5)—REL, B
WHEEBRLBL L%, EHYEoZER % AE LTRSS
BETAARY PUFRBEOFNE—BTEIEEZH 5T
FET 5. ZORIC GC/MS TOWERIEIZIE, AR
PHRT A0 OBEYENESLETHY, ThiHRHE
T REZEHEEET, WEWERERRL TS,

FIC, BEREFINEST D L R 2 TR0
FABERETTAFENRRESN, SEWEOR ) —=
YIEEE LTERLERTREY™. Lal, 2hso
FHEE, FEOHPHERL-LEHRE - EEF—FR—2
¥ (AIQSDB)? % &%, BEOHEETLAMATE
T AABICZ LV E VI REND L. FORE, Tk
BIZEREY, A2 -V TWEBOIEREG T T
5.

—7, NISTPERTRELTWATAANRS M IVIRE
YV 7 b ® Automated Mass spectral Deconvolution & Identi-
fication System (AMDIS)'id, J¥OHHEA R 7 u< b2
5 7EEBSMET (GC-MS) &4 F VBRI U b7 T A
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GC-MS conditions

: GG-Quadrupole MS (Shimadzu QP-2010 Plus, Agilent 5975C MSD, Thermo Scientific TSQ Quantum GC)
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Table 1
GC-MS
[GCl
Column : J&W DB-5 MS (30 m X 0.25 mm i.d, 0.25 pm film)

Column oven temp.
Injection temp. 1250 C
Injection mode : Splitless, 1 min for purge-off time
Injection volume 1 ul
Carrier gas : He
Carrier gas flow rate
TSQ Quantum GC)
[MS]
Interface temp. :300C
Ion source temp. : Recommended temp of each GC-MS
Ionization method  : EI
Tuning method

Mass range 1 m/z 45 to 600

:40C (2 min)-8 C min~'-310 T (5 min)

140 cm s”', constant linear velocity mode (QP-2010 Plus); 1.2 mL min~', constant flow mode (5975C MSD and

: Target tuning for US EPA method 625 (QP-2010 Plus and 5975C MSD), Auto tuning (TSQ Quantum GC)

(TICC) *MEHMETHY, FI v KYa— b THLN:
TAANRYZ M EAWTEBEEE 2T AARY VRS
HTEL2NEBEL2FLTCVS. T HRERSEE
(PTRI) dF—FN—Z{LTELIEREEAL T 5.

AW TIE, AIQS-DB THA L /- RERHFHFE LN
FREDHH AMDIS L XM AELET, REOTHR GC-MS
TF— 7 R—2ABFWEORFEFE 2R TFRL, <X
ARy PV EHETIERGE RS 2 & EEICEEY
BERAETEANBI—F Y VA2 Y=oV TV AT 0%
MEF L7z

1 *%

2-1 B OE

GC-MS 3 E M A FFMIZHER (CS)” I T 0 1%
AL, 20 3»EBRE, MEHIETLSE, Dr.Ehrenstorfer
POBEALK. FROEREBESTANTT VICER
L, lpgmL ™ ICFRABL 7z,

2-2 K@\ EBIERMS

GC-MS 13 BEEIEFR O GC-MS QP2010 Plus, 7V 1
Yr yuy—8o5975C MSD, U —FE¥ A T ¥
T4 74 v 78O TSQ Quantum GC A L7z, RIFE
R AARYZ M VL, GCHMESRBFRMS T a—=v 7
WEoTEHTHD, WESM% Table 1 IIHE— L
F=F R—=2ABFRURBAEE T 7.

2:3 BBV INIITENTA—E—

AFETHWIEZTAANRY PVBREY 7 MY 2713,
NIST® 7 ) — 7 = 7 AMDIS ver. 2.71'V"Cd %. AMDIS iZ
HEIRDKFD GC-MS HIET — 7 # MR 2EEEZE L
Twb., F7:, TICC LTHEEWEOE - BELR -3
H5ThH, HAOTAARY MK HET ATV EY 2—
Ta vBREED AHESNLETAZIRZ P VERWT

F—H R— 2 REELT.

—f%12, AMDIS THO<T A AT hVRFEICIE, NIST <
ARARY PNF—FR— A& FEHT 525, NIST F— %
N= 2 IR EERESEFEEIN TV EWD, BELRE
WAZEY B ENLETH S, L L, AMDIS Tl —
F—DEER LIz AART PV EPTRIDT T 4 R—
FIATTY—RFERATEIENTEL. ZITHRFET
1Z, AIQSDB @ GC/MS &HTHIR LIz RARY PV
PIRI2 754 RX—= 5475 —IZ8& LT, HHEIZH
boLFEGMEEHECRAETE B PHE L

GC O PIRLIX, # 54 (EITHME), BEREEGRUF Y
YX—HADEREIZ L YENT B2, FRETCIITHRE
ZBRY AIQSDB HESER: & M — D4 (Table 1) ZHRAL
2. LPL, FYUX—FAOFIHEEIIA—-F—ICLhE
B, A—H—IT &2 Table 1 IR LAEBICHREL
2. T, TAARZ PVBMSDF 2 -V IS TRELRD
7o, AIQSDB BEERICHRA L7 70 by 7220
7 A7 4V (DFIPP) #—¥% v b Fa—zrvr%Hw
722 L, F—F vy bV Fa—Z VIR TELRVEB T,
A =R =R TEF - FETHW .

AMDIS DM /N5 A —F — i3, BRAKHE (false nega-
tive) 2¥T &L, B TERBE (false positive) DFEEE
BABRICHIZ 2 L2 BREICHET L. RERR/T A—
% —% Table 2 IR

2.4 F—EN—ZXDOELE

AMDIS D7 A NR—= T4 757) 121, BE, THEH
BRUERM - /S—V F Ly 78S (PPCPs), RUTHAR
T AN AOBHBERREDP SREAOD 5% 1000 WE
DIAART MV (F—=Fv b 54751 =), PINI
(PTRI 54 75V —) RUBERER BERST7IHINT
TANT 7 VEBRE) BHL.
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Table 2 Optimal parameters of AMDIS

Group Item Setting

Minimum match factor 40
Only reverse search ON

Identif. Type of analysis Use RI Calibr. Data + Internal Std
RI window™ “5”+40” X 0.01 RI
Level Infinite
Maximum penalty 100
Component width 7

Decony. Adjacent peak subtraction Two
Resolution High
Sensitivity High
Shape requirements Low

a) Tolerance of retention index (RI).
1000), RI window is 70.

2:5 F—AN—ZA DYAEFRRUERYEOEEFIE

2-5-1 FHRPHHEOT —H2~N—IER

(1) GC-MS # Table 1 DMWESMEEE LIz, KEBR
BT ASRA L CWA DFTPP D7 57 A v p Sy —
2T 5 J5HE (US EPA Method 625'%) TMS %9 2 —
=TT h.

(2) ¢S #MEL, n-TNH > QIR L GC-MS D
RERRER L/cth, HHBHWELNET L. WETAAR
7 RNAS, NIST R ETBEDOTAANRT WY VG A4 751 —
WKEBHENTHWATAARY PVER—THAH I L 2R
5. 7B, AMDIS TTICC T — ¥ & HEFH 2 WIHaid,
TICC 7 — % % KRE 74T LS (The Analytical Instrument
Association) DED D MSHEFEF—F 7+ —< v b (cdf
T AN BT S,

(3) AMDISTCS D n-7 VA ¥ (CO9~C33) #FEFEL
PTRI 54 75 ) — ORFEGE 2 HH T 5.

(4) FHREEYWHEDO TICC 2 Fa VK o — Mk, 1R
B e AARY PVEF—FN—ATEHT 5.

2:5:2 F—aANX—AEHBYWEORATEIE

(1) GC-MS % Table 1 DIESMHITHE L, AR & Fik
WCMS#F a—o Vs h, #—49 b Fa—o v IPiT
ERVEETE, A—7 2RSS HETMS 2F 2 —
VT B,

(2) CS #HFEL, n-T I H ¥ OIIHEER L BB LFED
MR MR L T D I LML, BT RER 2
ETA. ¥, AMDIS TTICC ¥— % ¥ EERDO L VEA
X, TICCT— 9% cdf 77 1 MICEHRT 5.

(8) AMDISTCS®D n-7IhA ¥ (C9~C33) ®#FEL,
PTRI 74 75 ) —ORFEEZEHT 5.

(4) MEATHREBO TICC 2 Fa v R 2 — M, R
REEZEH LA -PTRIZA 7T -5 —F v vS5475
V-2 HVTERYELRET 5.

If RI s 1000 and set “20” + (“5” X 0.01 %

Table 3 Differences between predicted and actual

PTRI
Differences Ratio of compounds, %
between predicted QP—QOIO 5975C TSQ
and actual PTRI Plus MSD Quantum GC
0-1.0 68.4 50 74.1
1.1-2.0 20 28.4 12.1
2.1-3.0 8.3 18.3 5.2
3.1-4.0 3.3 3.3 8.6
4.0- 0 0 0

PTRI: programmed temperature retention index.

3 MRLEE

31 {RIFEEOFARE

HERERIE, GCTYWHEEZRET 2:00UEERTH
B, BITARF—TVIREL EOWNELEGCESCEL
45, —7F, Van HFEFE L7 PTRI L, HERESE
NOEIFE DRI ENC IR TIEE IR S W b h
Tw3'?. Bicchi 51d, GCE&HAPTRICS 2 5 BB %
X, AGAA—=F—, WM, T—TORBEME T L
W (BFa~y FE, FHREE) PSRA—% 561 B—
FEBIZBT S PTRIOFHEIZ 23 unit DT EHME L Tw»
B F 7, EEOHIFRIE LI AIQSDB Tid, HEollE
FETHIE L THE LN PTRI 2 7 — & X— 4L L TR
B2 FH L0525, F—HETOEMFRR S FHE
L0EFE3sUTTHEY. KRBT, BED GC&H
FRALTCA—=I—4R%5 3HD GC-MS % FvTR#E
BETHEEZRE L. Z0OEE% Table 3 IR T 25
Fr X —FAOHERMESEL 2BHOBEZH
BATH, F— ¥ RX—ZABHPTRIE & ER PTRIEDEZ
4unit I (REFRHE L T3s D) LawTFRltiEs
RLE BB, 7 LEE, RESPEE, RUFxr)Yvy—
FADOHREELZEMICMLILIZHLL, ZASHBERT
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Fig. 1

Effects of a tuning method on mass spectrum of decafluorotriphenylphosphine (DFTPP)

(A) Mass spectrum measured with a QP-2010 Plus; (B) Mass spectrum measured with a 5975C MSD; (C) Mass

spectrum measured with a TSQ Quantum GC; (D) Mass spectrum registered in NIST database.

Because TSQ

Quantum GC cannot tune it according to US EPA Method 625, mass spectrum of DFTPP obtained quite differs from

that of the NIST database.
are relatively close to that of the NIST database.

F—IN— AL EWDPTRIEOENKEVIGAE, B
#6) 15 T CS ICE T M5 perylene-d;, © PRTI % 5 Rl
LHTaNy FNEEZRDLI LT, ML PTRI OF RIS
TE5.

32 MSFa1—Z2 Y DREADEE

RO LI GCHELRBFEH—TH LT, BLoH
BTHRERMABRICTFHTLI LB TES. L2L,
KA EREDO MS DF 2 — = YV FHEF— ¥ R— A B4 L
BhoTwhiE, MEOIAANRS FVLELR723DE
0, BARUPREETHTRENDH L. AV ZXT LTI,

Other two instruments can tune according to US EPA Method 625, their mass spectra

F—D<ARARZ MNVERDIZD, MSOFa—=rv 7k
£ LT US EPA Method 625 24§53 % DFTPP & — 7 v
FFa—o V7 2HEBALTWAS., 4B AH\Vv72 Shimadzu
QP-2010 Plus & Uf Agilent 5975C MSD TiZ Z D F 2 —=
7% Hv3Z & AT E B D, Thermo Scientific TSQ
Quantum GC T IO F a2 —= VP T&F +—1
Fa—V I ERALED, B5N7-DFTPP O A A
RZ PVENISTOEFNRERL TV (Fig. 1). #0#
B, Fe I RN—ZABEHFITAZAXNRT PV E TSQ Quantum
GC THIE L7z T AANRT PIZEW I U THEBEIME
TL, BICREFKRENELZ. —F, QP-2010 Plus &
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Table 4 Comparison of identification performance between AIQS-DB and the developed target screening system (DS)

Detected number

Number of false negative  Number of false positive

Sample Instrument
AIQS-DB DS AIQS-DB DS AIQS-DB DS
QP-2010 Plus 60 60 0 0 25 20
GC-MS system performance 5975C MSD 60 60 0 0 15 "
check standard ®
TSQ Quantam 58 59 2 1 25 5
QP-2010 Plus 56 53 —_ 3 20 30
Sediment A"
5975C MSD — 51 — 5 — 14
QP-2010 Plus 60 59 — 1 20 18
Sediment B Y )
5975C MSD — 54 —_ 6 e 4

AIQS-DB: automated identification and quantification system with a database.

a) One nanogram cach of 60 compounds was

injected. b) After extracting 10 g of a sample with acetone, an extract was added to water and extracted with CH,Cl,, and then
was separated into three fractions by silica-gel column chromatography; the first fraction (low polar substances) was measured.
Sediment A and B were collected from a pond in a natural park and a mouth of Dokai Bay in Kitakyushu City, respectively.

5795C MSD Tid, M L7z csSic&EEn s 60 WE 24X
TEVADE THEICRE S UEPs, §=5 v b
Fa—Z VP TELRVERTIE, AMDIS D<A XX
MVIEEUE DR EE I T2 LENH L 2 LRI L
7=,

3:3 AMDIS /XT X — Z—DREANDE
RYATHIBWT, FERDZmET 5I01E, AMDIS
DWEHT /35 A — 5 — DRBALABECH B, 22, Fokk
MDEORFE LTI Y — Y ¥ — %28, ZOHMBE
1 mL i RIERAIER (Y R, FHEER -
WA= R, CLATA FR 50 B3E) 2 & R3ERE)
lpgmL ™ iCA2 XML, RMPEEHLECAET
5% AMDIS 85 A — 4 —%HF L. RLAEVER 32
THHAE <, BRRBOREIRD) 255 65Nz AMDIS O
287 A — ¥ —% Table 2 \[Z7R Y. M/NELE %SRS mini-
mum match factor 1&, FRTIRHE OFL Z R/ABICHZ 5
TEREHRLT 40" WCHRELAY. RIEREIIEER
FHUTEDLD, BEVFYYavLd Sy 7 AfEE
5" \ZFRE L7z, component width 1& 7" ##A&E L, CS
D n-T WA RERTIC L > THEIEZ B L7z, adjacent
peak subtraction Z [/ ENDHE /PN EVIzD, "wo” 1T
FE L. sensitivity @ “high” & “very high” D E5E~
DRI S o 7273, shape requirement % resolution &
A%, b LRFNRLUEDEICT 2 ERERSBI TS
PRSI

KL, REBRGBRER (BB VR ARERR 71—
NA—R, ¥LAO FRRZETEE) 24 D7}
Uy s Ak Et SEOWEMBE (1 mL) K& BIRBEH
1ugmL %% X J ML T, Shimadzu QP-2010 Plus T
HEL, HBILL/ AMDIS /85 A — & — T L. £
DR, BIML7-9TMBEOHNIB~9THEERETE

%, captafol 7% &'3%509 B W H THPEE DR T R H T
FRER SNz, ST S DO I DB E T TS
ZEREBOBENRRTHE EEL LN ¥— s e
PN VIGEREE — 7 PIFETH2HER L, TAAX
TEINF—F R= 2 TBFENT VD LS [HEH 2% ]
TAANRT P EFLNEVEAR, TRTOWE KT
TERWITHEMD S 5.

3-4 AAMOREDR

WREOHRC, EERERERBZ X - —DER
HIWHMTHUEL, MEIATLORERELHRD
AIQSDB DM E WK L7z, FO#EE % Table 4 125K
T R R ST v 60 WHEOBATEIET & E Lo
Rid, MSF 2 —= ¥ 7P R7% 5 TSQ Quantum GC 2B
T, F=FRN—=2ABEFARY PVEPETAANRY PR
#4725 72728, trans-nonachlor ® pentachlorophenol D
PEMEL 2D, B TELdP o7, —J, DFIPPDF —
Ty b Fa—o VP TED QBRI TNTOMEEE
HUECHEIIRETE .

KEOREY ¢ e CEEXH ORI EMHRIL, AMDIS T
=7 BEO/NS WPEIT SEUEMET L, AIQSDB
BV THRENICFRAE SNTWEO—ELARE & 2 518
MERLZDOD, AIQSDB LEBRENREHZEREIE LN
Jo. e, FIRLAHEE UL false negative WHE bRE
SNDZEPEIRFTE DA, —7H T false positive HSIEMT
BT LRy, SWMEBEOBBIC L HHEREE BT 5.
SHERA L-FE &M TIL, false positive W E AT — %
N 2B 1000 WED 05~3% THY (Table 4), 5¥7
HEOBBIEHFDRE v, 2, BoBEECHESE
BIZX Y, false positive DIITE TR o T/, ERHE
DIFEMT T, false positive DEIIFEHEIHEET LI T
Fh B vic, Table 2 DEIESLM & HERRR OEE
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Match:
RI-RID) = 0.1
N

nections:
RETENTION =0.8
unceitain pks = 1.8
reverse fogic = 3,1
few peaks =0.0

£ 1 Width = 1-1 &
Models = 20 21063627613 .,

Reverse = 82

Cotrections:
RETENTION =00
uncertain pks = 0.0
reverse logic = 0.0
few peaks = 0.0
puiity =-0.3
high threshold = 0.4
scaing =00

+ | adiecent peaks=0.0

Fig. 2 Identification of substances registered in the private library by using the developed target screening system

(A) 2,4,6-Trinitrotoluene and its metabolites (4-amino-2,6-dinitrotoluene and 2-amino-4,6-dinitrotoluene) were
detected in a groundwater.  One liter of a sample was extracted with CH,Cly, and then the extract was dehydrated
and concentrated to 1 mL. (B) EPN was detected in an welsh onion extract. After extracting 10 g of a sample
with acetonitrile, the extract was cleaned-up with a graphitized carbon/aminopropyl- silanized silica-gel column, and
then concentrated to 1 mL.

PHUEEEICELIBEN AT A= -2 BT HLEND  CETE, F— I R-ABGWEZ FIITRECRAETES
5. CEEBERLL I, BESRENEELETHATY,
PEXY, RYATAIBREICHL TRELRERETF AIATL20HEBAZ Y —= V7 I3HERD AIQSDB & [{
MEFayF)a—a VRBTHOLNATAARZ MY HORERIZREEL, SMEOBRERLFEEL LT
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el

FERE O LA TE %,

35 EHEAOEHA

FKHFERWE EET 2 MOIHE G TAREDAF) %
HWTKY AT 5O EMERE L7z, T REE AL
MO TIRIRL, Y27 0u Xy v =4 i ¢
BB E =5y VAT )= TR L. 08
A Fig. 2 (A) WRTH, bV v 7 20450l FRR
HhoBEo ry = ba by (INT) &2
M L7z, SUEHRIOR B I iEE i & L s hTw
7ERDDH D7, BAETH INT R FORMMIC ko T TF
KATEGENT WAL Z EPIRENT.

FERENE, DS O —FF BRI T8 I iR R
WAEMELCAZ ) == ¥ 7 L7z, WFARRE LD b
REEM %% &P, TICCIKEDE L DY — 2 B2,
BIEEDA Y I FAAL EPN M Eh7 [Fig 2 (B)].
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Since the number and volume of the chemical substances that we use has been increasing
rapidly, effective tools are necessary to examine not only regulated chemicals, but also
unregulated chemicals for evaluating the safety of foods and the environment and to investigate
the causes of environmental pollution accidents. There are two conventional techniques to
identify unknown substances in samples by GC/MS: mass spectra library search and automated
identification and quantification system with a newly developed database (AIQS-DB).
However, there are some restrictions in both techniques: a mass spectra library search needs
standard substances for confident identification, and AIQS-DB needs a specific instrument. In
this study, we investigated a novel target screening system for GC-MS by which every GC-MS
on the market can certainly identify a large number of substances registered in a database
without the use of standards. The developed system is composed of a freeware, “Automated
Mass Spectral Deconvolution and Identification System” provided by National Institute of
Standards and Technology and two private libraries [programed temperature retention indices
(PTRI) and mass spectra]. By using n-alkanes as PTRI, under the same GC condition, the
retention times of the chemicals in samples were exactly predicted with an error for less than 3
s in three different instruments from different GC/MS makers. From accurate predictions of
the retention times and mass spectra, reliable identification was achieved with different
instruments. Although the number of chemicals registered in the database is only 1000, since
substance registration to the private libraries is easy, we can register thousands of substances in
the database for achieving various purposes, such as finding causes of environmental pollution,
evaluating the safety of foods and the environment and finding illicit drugs.

Keywords: GC/MS; AMDIS; identification; standard free; PTRI.
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In spite of the quantities and species of chemicals dramatically increased with rapid economic growth in
China in the last decade, the focus of environmental research was mainly on limited number of priority
pollutants. Therefore, to elucidate environmental pollution by organic micro-pollutants, this work was
conducted as the first systematic survey on the occurrence of 1300 substances in 20 surface water
samples of Tianjin, North China, selected as a representative area of China. The results showed the pres-
ence of 227 chemicals. The most relevant compounds in terms of frequency of detection and median con-
centration were bis(2-ethylhexyl) phthalate (100%; 0.26 ug L"), siduron (100%; 0.20 pg L~"), lidocaine
(100%; 96 ng L~1), antipyrine (100%; 76 ng L™), caffeine (95%; 0.28 pgL~"), cotinine (95%; 020 ugL™),
Principle component analysis phenanthrene (95%; 0.17 pg L"), metformin (90%; 0.61 pgL™"), diethyl phthalate (90%; 0.19 ugL™1),
Organic micro-pollutants quinoxaline-2-carboxylic acid (90%; 0.14 pgL™'), 2-(methylthio)-benzothiazole (85%; 0.11 pgL~") and
PPCPs anthraquinone (85%; 54 ng L~"). Cluster analysis discriminated three highly polluted sites from others
PAHs based on data similarity. Principle component analysis identified four factors, corresponding to industrial
wastewater, domestic discharge, tire production and atmospheric deposition, accounting for 78% of the
total variance in the water monitoring data set. This work provides a wide reconnaissance on broad
spectrum of organic micro-contaminants in surface waters in China, which indicates that the aquatic
environment in China has been polluted by a large number of chemicals.

© 2014 Elsevier Ltd. All rights reserved.
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1. Introduction

Water quality in China has deteriorated in the last decade as a
result of the rapid expansion of industrialization and urbanization.
For example, 100 tons of benzene, aniline, nitrobenzene and other
toxicants were spilled into the Songhua River following a plant
explosion in 2005 (He et al., 2013). In January 2013, more than
39 tons of aniline leaked into rivers in Shanxi province, posing a

* Corresponding author. Tel.: +81 93 695 3739; fax: +81 93 695 3787.
E-mail address: kadokami@kitakyu-u.acip (K. Kadokami).
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0045-6535/© 2014 Elsevier Ltd. All rights reserved.

great threat to the safety of drinking water for downstream
provinces (Areddy, 2013). Tianjin is the fourth largest city in China,
with a population of over 10 million. The city is located on the
north west coast of Bohai Bay, and covers about 11200 km? of land.
As a coastal city, Tianjin suffers from a lack of water resources, and
the wastewater that is discharged into surface waters from major
industries without effective treatment has caused serious pollution
to the aquatic environment. Surface waters passing through Tianjin
also provide important drainage and wastewater discharge
functions for Beijing City and Hebei Province, ultimately entering
into Bohai Bay and pose a significant threat to local ecosystems.
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The presence of xenobiotic compounds especially organic
micro-pollutants, such as pesticides, pharmaceuticals, phthalate
esters and polycyclic aromatic hydrocarbons (PAHs) in aquatic
ecosystems is a major concern worldwide, especially where
drinking water supplies and amenity waters are contaminated
by multiple chemicals for which human health based guideline
values are not available (Kolpin et al., 2002; Zhang et al., 2007).
Although most trace organic micro-pollutants are reported at
low concentrations in the aquatic environment, the components
of complex mixtures raise considerable toxicological concern
since they have largely unknown combinative long-term effects
on aquatic life and human health (Kimmerer, 2009). Also
unknown is how many organic chemicals are used, although
in the European Union, there are more than 100000 registered
chemicals, of which 30000-70000 are in daily use (EINECS,
European Inventory of Existing Chemical Substances) (Loos
et al., 2009). To date, most studies of trace organic chemicals
in the aquatic environment have focused on a limited number
of priority pollutants, because widespread screening for
hundreds of organic chemicals in surface water is technically
and financially challenging. Such screening, however, is urgently
needed to better understand water quality and pollution sources
in water resource limited areas, and to allow for the implemen-
tation of sustainable water use management strategies.

Recent progress in technology has improved the ability to
detect and quantify a large variety of chemicals in environmental
samples, although there are as yet few papers reported (Du et al,,
2013: Hanh et al,, 2013; Kadokami et al., 2009; Loos ef al.,, 2009;
Vryzas et al,, 2009). In that context, Kadokami et al. {2005} devel-
oped a novel, automated screening gas chromatographic-mass
spectrometric (GC-MS) method capable of operating in both
selected ion monitoring (SIM) and total ion monitoring (TIM) in
conjunction with a mass spectral database for simultaneous
identification and quantification of nearly 1000 semi-volatile
organic compounds (SVOCs). This GC-MS method was employed
in this study, along with an analogous method utilizing liquid
chromatography-time of flight mass spectrometry (LC-TOF-MS)
in conjunction accurate mass database to allow for screening of
around 300 compounds.

Targeted 1300 compounds are chemicals regulated by environ-
mental protection laws and foods protection laws, and compounds
that have been reported to be frequently detected in the aquatic
environment and marker substances of pollution sources. Since
we used the AIQS-DB (Kadokami et al,, 2005), which can determine
targets without the use of standard substances, we measured
nearly 1000 substances by GC-MS. On the other hand, the number
of substances measured by LC-TOF-MS is 300 because there is no
AIQS-DB for LC-TOF-MS, we should use conventional measure-
ment method for determination of the targets: preparing
calibration curves before sample analysis, which restricts the
number of substances measured simultaneously.

Monitoring programs for thousands of organic micro-pollutants
inevitably generate complicated data matrix associated with a
large number of parameters. Multivariate statistical techniques
such as cluster analysis (CA) and principal component analysis
(PCA) offer an attractive approach to interpret the datasets and
refine the inventory information.

The aims of this study were to use the GC-MS and LC-TOF-
MS methods to provide a more extensive picture of trace
organic chemical contamination than might otherwise be
obtainable using more conventional analytical chemistry, and
in doing so to confirm the usefulness and effectiveness of the
newly developed comprehensive analytical methods. The results
obtained in this study provide valuable information to refine
pollutants inventories and develop appropriate strategies for
water sources management.

2. Materials and methods
2.1. Sample collection

A total of 20 sampling sites were selected, including locations in
three watersheds (Jiyun River, Hai River and Duliu River) and two
sewage canals (Fig. 1); these sites were chosen to represent the
dominant surface water quality in Tianjin. Sites J1-]6 were located
in the Jiyun River watershed; site J6 (Luann River) is the primary
drinking water supply for Tianjin inhabitants. Eleven sites
(H1-H11) were along Hai River watershed, the largest catchment
in the northern China. Site D1 was in the Duliu River. Stations S1
and S2 were on the north and south sewage canals, respectively.
Samples were taken from surface waters no deeper than 1.0 m
depth using amber glass bottles in December 2013. All sampling
vessels were pre-cleaned with acetone, purified water, and water
from the point of collection. After collection, samples were
kept in the dark and cooled with icepacks during transport to a
laboratory where the water samples were stored at 4 °C for a
maximum of 48 h until treatment.

2.2. Solid-phase extraction

Samples were prepared for measurement of both 949 SVOCs
(Table S1) by GC-MS and 81 persistent organic pollutants (POPs,
Table S2) by GC-MS/MS following the same method from Jinya
et al. (2013). In short, surface water samples (1 L), spiked with
surrogate standards (Table S3) were passed through a stack of mul-
tiple SPE disks (in ascending order, a glass membrane fiber disk
(GMF 150, 47 mm, Whatman, Maidstone, UK), a styrene-divinyl-
benzene disk (Empore™ SDB-XD, 47 mm, 3 M Co., St. Paul, MN,
USA), and an activated carbon disk (Empore™ AC, 47 mm, 3 M
Co., St. Paul, MN, USA), after which the disks were subjected to
vacuum for 30 min to remove water. The GMF and XD disks were
eluted sequentially with acetone and dichloromethane, whereas
the AC disk was eluted with only acetone. Both eluates were mixed
and concentrated to 1 mL, then reconstituted to 5 mL with hexane.
The final volume was reduced to 0.4 mL under a gentle stream of
nitrogen, and mixed internal standards (Tabie S1) were added prior
to instrumental analysis.

Samples were prepared for measurement of 303 polar and/or
non-volatile organic chemicals (NVOCs, Table S4) by filtration of sur-
face water (1 L) through a 47 mm glass microfiber filter GF/C (What-
man, Maidstone, UK) after adding surrogate standards (Table S3).
The suspended solid (SS) was subjected to sonication extraction
with methanol twice. The filtrate was passed through a PS 2
Sep-Pak cartridge and an AC 2 Sep-Pak cartridge (Waters Associates,
Milford, MA, USA) at a flow rate of 10 mL min~". The cartridges were
eluted with methanol and dichloromethane. After combining the
eluates and the extract from SS extraction, the mixture was
concentrated to 50 pL under a gentle stream of nitrogen. Mixed
internal standards (Table S4) were added and reconstituted to
1 mL with purified water prior to LC-TOF-MS analysis.

2.3. Chemical analysis

Monitoring of 949 SVOCs (Table S1) was performed with a
GC-MS (Shimadzu, QP-2100 Plus, Kyoto, Japan) in both selected
ion monitoring (SIM) and total ion monitoring (TIM). Target SVOCs
information and GC-MS conditions were described in Tables S1
and S5, respectively. Total ion current chromatograms obtained
by a GC-MS were treated with a novel Automated Identification
and Quantification System with a GC-MS database (AIQS-DB) in
order to identify and quantify of 949 SVOCs (Kadokami et al.,
2005). GC retention times, calibration curves and standard mass
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Fig. 1. Map of surface waters monitoring locations in Tianjin Municipality.

spectra of the 949 SVOCs were registered in the database, and the
retention times of registered chemicals in actual samples were pre-
dicted from the retention times of n-alkanes (C9-C33) measured
before sample analysis. Differences between predicted and actual
retention times were less than 3s, an accuracy that is nearly
identical to that obtained by analysis of standard substances. The
prepared samples were analyzed for 81 compounds including
organochlorine pesticides and PCBs with a GC-MS/MS (TSQ Quan-
tum XLS, Thermo Fisher Scientific, Yokohama, Japan) in selected
reaction monitoring (SRM) mode. The details of compounds and
instrument conditions were listed in Tables S2 and S6, respectively.
The 303 NVOCs (Table S4) were measured with a LC-TOF-MS
(Agilent 1200 HPLC Systems equipped with an Agilent 6220 TOF
mass spectrometer, Tokyo, Japan). The LC-TOF-MS conditions were
shown in Table S7.

2.4. Quality control

All data were subjected to strict quality control procedures.
Much attention was paid to reduce contamination throughout all
the procedures. All the solvents were pesticide analysis grade
and the sampling bottles with teflon caps were pre-washed with
acetone and hexane prior to use. The milli-Q water was washed
by hexane. The plastic materials were avoided through sample
pretreatment and all glass wares were cleaned by acetone, hexane
and water, then fried in 300 °C for 4 h. The lowest quantification
limits of each chemical for GC-MS, GC-MS/MS, and LC-TOF-MS
were calculated by dividing the lowest amounts on individual
calibration curve by sample volume, which were 5-1000ngL™",
0.1-1.0ng L~! and 4-200 ng L™, respectively. Surrogate standards
were spiked into all samples prior extraction to check recovery and
matrix effects. For GC-MS/MS and GC-MS, average of recovery
rates for 10 surrogates, which represented the same spectrum of
physico-chemical characteristics as the chemicals in the analytical
screen, including non-polar to polar chemicals, ranged from 67% to
135% (Table $3), while for LC-TOF-MS the average of recovery rates
for 3 surrogate standards ranged from 64% to 85% (Table 53). The
recoveries were not used to correct the concentrations of the
detected compounds. Reagent blanks and procedure blanks were
run in every 5 samples to check for cross-contamination and inter-
ference. The results of reagent and procedure blank were shown in
Table S8. Although we tried precautions to avoid contamination,
less than 6% of screened chemicals were still detected at concen-
trations higher than instrumental quantification limits in blank
samples during GC-MS analysis. If the concentration of a target
compound in a sample was 2 times higher than that in the blank,

the reported concentration in the sample was obtained by subtrac-
tion of blank concentration, otherwise it was not detected.

2.5. Statistical analyses

The statistical analysis was performed using Microsoft Excel
2010 (Microsoft Japan, Tokyo, Japan) and IBM SPSS Statistics Ver.
20 (IBM Japan, Tokyo, Japan).

3. Results and discussion
3.1. Overall occurrence.of organic micro-pollutants

A total of 227 compounds were detected (Table $9), including
sterols, antioxidants, pharmaceuticals and personal care products
(PPCPs), PAHs, organophosphate ester flame retardants, plasticiz-
ers, and pesticides as well as other industrial chemicals in concen-
trations ranging from nanograms to micrograms per liter. The
number of substances detected in the twenty surface waters ranged
from 50 to 105. The total concentrations in south sewage canal (S1,
195 pg L) and north sewage canal (S2, 141 pug L™") were several
times higher than those observed in river samples from the Jiyun
River, Hai River and Duliu River (which ranged from 7.7 pg L™! to
82 ngL~'). The lowest total residue concentration was found at
H6 (7.7 ug L), followed by J3 and H10 with a total concentration
of 10 pg L™" and 11 pg L7, respectively. Ubiquitous residues with
median concentration were cholesterol (2770 ng L"), p-sitosterol
(1210 ng L"), bis(2-ethylhexyl) phthalate (DEHP) (259 ng L™'), sid-
uron (198 ng L™1), coprostanone (126 ng L1, lidocaine (96 ng L™1),
antipyrine (76ngL~'), hexachlorobenzene (2.1nglL™') and
p.p’-DDD (0.70 ngL™"); the number of chemicals detected only
once was 70.

3.2. Sterols

Cholesterol was observed in every sample. Cholesterol is an
important membrane component of animal cells, and is present
in the feces of herbivores, omnivores and carnivores. It is therefore
not diagnostic for any particular animal group. Coprostanol, how-
ever, is formed from cholesterol when animal tissues pass through
an omnivores/carnivore's digestive system, and the presence of
coprostanol and epicoprostanol are considered diagnostic for
human fecal contamination. In that context, the elevated levels of
coprostanol were perhaps not unsurprisingly observed in samples
from the south sewage canal (S1 5.3 pg L~T), north sewage canal
(S2, 4.9 pg L"), although similar levels were observed at sites H3



