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Abstract; A high throughput screening method was applied for screening pollutants in 11 surface water from the
Yangtze River in Chongqing City, and a total of 230 pollutants were identified. Composite scoring method, com-
bined with the statistics of their production and use in Chongqing were used to score and rank the priority chemi-
cals. The results showed that 33 compounds were selected as priorities in the Yangtze River of Chongqing section,
which included pesticides, industry chemicals and personal care products. This study proved that the developed
high throughput analytical method and composite scoring method are able to identify and screen the priority pollu-
tants in the environment at the watershed scale, and provided scientific basis for watershed management.
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1 ##57% (Materials and methods)
1.1 FERLHRAEFIRAE

KR B TR T E KB, KA KL T
TR 3 B VTR S VLA, 11 A SRAE & KIT A 7
AT RAE AL, F KU T IR D ABE W I ST, 58
PIWBTTET S2 ~ S6, tHBEWIE S7, 5% B VLA 2 AW R

FES MR ASE KT S8 AN ACK VLRI T S9, 7]
R SVERY 2 AW R AL 53 518 S10 FiS1L, SR
FER AN 1 FoR  SRAERTE A 2018 4F 6 H (°F
K, FERANWIR A ZE A KT T 0.5 m Ab a3 FIR
KR HRAE 2 L KK, TEAR (B BR324 51 )5,
HIA 50 mL {53540 FFEE AT 400 WL 4 mol-L™" H,SO,,
FE B G TGS [P 905605, EAE 48 h PARHL,
1.2 FEAhHTAL I

2 L KARRE St GF/F JERE(E AR 142 mm, FLI%
0.7 pm)/5 47T EARZEH, HLB /ME43 5 H 10 mL
FEE 10 mL 5 He 1 10 mL M4 /K 17151k,
JKARRESE LA S mL - min™ 937 5 HLB /M, FH 10
mL BZK Wk HLB /ME, BT 1 h J5, H 2
mL RN HLB /HE 3 Wk, F ] 2 mL 5 Je
VEME 3 Wk, B IRV, Z R T, BA T mL HY B
25,4 0.22 wm A LA U RS VA TR /N
H1,-20 CORAF, LHLATHUE 100 pL FE &R T JE H
100 L 50% HH Pt s % 2087 A 25 I, 1 FH WA € 73 -
PUZRAT AT A 1] T 3556 FH 2 R (LC-QTOF/MS) A il
F3ANELH 100 WL A SR TS iMA 100 wL N,O-32
(W R e L) = 90 S WE G (BSTFA), % £ /5 T 60
C /K 60 min, FEMER B NES b A @
J R I AR (GC-MS) Rl
1.3 AUERor T

LC-QTOF/MS J5 ik, Wi AH 2335 4 Agilent 1290
LC, T #6: #% Jy 6545QTOF/MS, ESI J§., 1F 71 2 1
B, SRR FFRE RN 50 ~ 1 000 m/z;
Wi A (E 1 8L AR [A]) 1 A5 mmol - L 2R %%
+0.05% HBE/K W B FHBE; Il i 8 (EAE AR 0.3
mL-min”, 785K 0.4 mL-min™ | 6 B BB FR 40
T AT A S 70% 4445 8 min 5, 7E 16 min
P HT 70% %2 50% , FH7E 18 min PIFEZE 10% FH1545 6
min, G ] 48 min; BT A JEBIAHLL 70% 7
54 min J5,7F 8 min N 70% P& % 50% , FiAE 8 min
PR Z 10% FH54F 4 min, ST TE] 24 min,

GC-MS JrikH S A% A Agilent 7890N, Jii
TERIN 2% K Agilent 5975B, %l EI =t 23N
AL HE N 1 mL-min”, PERER | pL, Rk
FEL,ETUR 70 eV, FHERF .60 CH4+F 2 min, LA S
°C -min” FHEF] 180 °C, f#+F 5 min, A 10 °C - min’'
FHEZ 300 °C {545 10 min, PFFE IR 260 °C |, 5
TR 300 °C, BUi R A A A 48 H
50 ~1 000 m/z, NIST i %% 17 JiAs .
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Fig. 1 A diagram showing the sampling sites in Yangtze River in Chongging City

1.4 I559iR 5
141 53 8ds

XA BRI R TG AR U & 8 A A 53 0 2E 4T LC-
QTOF/MS 15 Y W¥ictie R d 35 Al A LC-QT-
OF/MS AT A Y 231 FPA bR S 1L &9, A0 46
49 P HRTAE AR 2 43 R R Y 35 Bl IL A
254 4 FhE MR 14 Fh g Ah W) 19 Rk
AR T RO T EIERI RS R 20 Fes b EY .
12 Tl R BHAEL R 16 FPABAR — H IR I .8 Fh i 25 M
WMEY L, B AsfE #5147 LC-QTOF/MS #i il , 7¢
Agilent-PCDL 34 H X i 264k & W 1 15 B itE 47 5%
AN KA AR b TS Y B 12

g4 B AR S PR BB KA 1) N s TR 44
LR SCHRGERE, 2R A5 TohR A 1 905 F P TE N 431k
THWAAE Y, it Agilent-PCDL #4457 A X 8
B VIR B A TOARE fh 975 G e 14

A GC-MS #4714 1) 167 FhAT A e i
ALE Y, B4 16 B Z 30588 21 Fh 2 @B (19
FIAHLEAR 2 22 Fh 2 IREROREE, 535,49 Fh H T
FEFARZ 8 FhEp 25 MEV R W o 16 Fh &R R — H g

Fis 12 Flvi 2% BELIA SR AN 4 Fl & 58 & #F LC-QTOF/
MS %5 LRt E i GC-MS R AT HIIA . ¥
PRt i #EFT GC-MS Kl , 76 AMDIS K {4 H X i 2
AR B TS A TS G B I
1.4.2 %R0

X LC-QTOF/MS, 1k ) £ B Bsf 8] HG B
g TR LR i R R A A A i
FEBRIE X T GC-MS, fL & Wi £ B IR A1 ET I 70
eV AnifE IR T SR S  fefb B Wi 4 e
bl I, S HCEOR T 90 Ak S WE A TR A X 42

B AT HT R B S AR 25 VRN R 2 1, R
Fri el B2 FURE SR AR AR IR LAGlOK | Heks:
i R RN, 5 /KR [RIRE A B S V5 ) 28 (IR 2
FHRE i Ak B A P T A R A T AL, R
25 FIRE ORIV 7 45 L RE S 3 T8 B AR5 YL IR

2 %1% 7% (Screening method )

HER B AT b 075 Qe A 2R B 2 R AT RE XS i
A 15 Y PR AT W I R PRI K Vg SR
5 Y ) 4 TR 7 A R0 E DT A2 il A el I A 1
Fenih b, DU AR EE S OGN A TR 24 B R
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2.1 iidkdehs

H AT 52 0 3 K N 40 i T3 9 45 1 2
AU21.(1)2002 4=, 25 [F Our Stolen Future [ ¥} 1Y
CEA P53 W6 T PR AN 15 3 5 G W03 B) ST T
86 iYL, 448 10 R A A HLK LD 57 Fhk
2 4 FhAROR ZH IR IR S , 1 B P 8 A RIS ey
Wi (YR R G5 S i AILER L (2)1998 4F, H AR5 )T
RATIAIE LRI 943 W T 489 EDs S M 11X, If- 78
2000 4R T 67 B IREEEAT N4 W T IR AN A Ak
ST, N T 8 Rk IR e A T KU IE A
(3)1999 4F  HEF 1 SR 3L 4 25 A A (P8R g 4 5 B
A HEFEAN 53 06 T PR8N i A2 P o v ), T
HfL S 29 FPERFC 15 BT 38 AR R 4
FhILAL A 245 39 Fp Tk Ak & 9 ATs Ye i, Heit 125
B, (4)2011 47, & Brb 2 b B A5 4k & A B — bR SIN

(7 37 BRI 40 o) () ) o 4 2., BB e rp 22 Rl LY
G U T I 1 A ) 3 g AR Ry v O ) BT (SVHC) 2%
AR JE 23 S N 2 32 R (5)2015 4F, BX
% G/TBT/N/EU/329 Siliflk T 4 Fhafom I EREY)
JTEA WA T PR e Ah, B (A2 i
WE FEAS FEALFBRHY (1907/2006) 5 5L (175 6 1
Yy B(SVHC) W LN 14 Fh/250 B BA N4 T
Yot (6)3E E EPA & A i) EDSP(N 2 i T4 9 i
BEITRI) 05 16 ¥ B, 50 T A5 R 201 Fhfks
st o (7)BR B O F P9 43 Wb T 0 1 O e 4 il i ., G
HZ 1 S DA — I ARSI AT 5
TR P 5, 2 50 2 AR M 56 2 B H 2L o
FEN 73 WA TN P 5T, 43 A 194 127 Fifr,
DIRIP AR S 11 K a5 3 11 S A E
FPE RO T A A R (ER 1), H R R B
i P BEPERN , FF 45 A A2 B PSR AGE % 7 i
i W AR S E R R —
BUBE AR X PR v, fh 2 i S BRI
B b R R A MK 32 IR AR B R

®1 ERIERXFLERE

Table 1  Priority chemicals list at home and abroad
HE K9 HZFK A Fhk - Z(LiEa
States Number Name Edition Types Issue unit

KA Se i G e B 4 A
PriorityPollutants in Water

EPIE RIS

1

2
Inventory of Hazardous Chemicals
3 R IR PG R (b H SR
T Key Environmental Management Hazardous Chemicals
China . AT AR IR TAE PR E GB5749—2006
Standards forDrinking Water Quality
s H AR BRI A R AL A 4
Catalogue of Toxic Chemicals Strictly Restricted in China
. AR IR TR bR iE GB3838—2002
Environmental Quality Standards for Surface Water
; 5 L e il 15 e 4 B
Priority Pollutants List
%I .
; 2 K FH K #5358 75 YL IR R B
United 8 . . o
Contaminant Candidate for Drinking Water
States B
. CERCLA [HZ L5615 Je i 5
CERCLANational Priority List
R B PR IR AT e il A T A B 4%
Rl 10
EnvironmentalPriority Hazardous List
European .
. R b K W
Union 11

Surface Water MonitoringList

o FE PR S

1989 68
China National Environmental Monitoring Centre
EPE e g eSS
2015 2828
State Administration of Work Safety
F ] A A BT
2014 84
Ministry of Ecology and Environment of China
AR
2006 o .
Ministry of Health of China
A A PR
2018 38
Ministry of Ecology and Environment of China
2002 FE Z IR R
State Environmental Protection Administration of China
5 [ BREE PRI 5
2014 129
United States Environmental Protection Agency
S E IO E
2015 100 . . .
United States Environmental Protection Agency
K ERIE S
2015 275
United States Environmental Protection Agency
L @REE A
2011 48
Council of the European Union
W 2 Bl ox
2015 10

European Commission
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IR R BE R A AR 3 B R A L i e R
PRI FH T8 b, B F 0 18 00 56 2 75 5 90 1 b
HERY  Ab2 S K A8 7 1 e B ] fb 2 i 43 26
FIFRZEHLIEY (GB30000—2013) 22 41 7l #E 4731 51
2R 1 ~5 £, 285 1 FRoRE ™, 229 5 Fom
AT, A E B N A vk 45 B F(BCF),,
RIS ML RE P 7E A4 P o e B S5 /K R WL e
LR, 07 IE 2E BEK AT BE R UK, ) S5 A E B AT
FERIEIE R R ] R AR M & B
2.2 JEPRRAEANPT53

RHZEA VR BB S ATk bRtk FH 2
PEECR AR R A TR (3 2), T AUOC TR A
T AR BB ph 2 i ) R RSB R R A, fk 2
At AR AR R A (B IN AR A5, fe ) %ot s 4 ik 47
Ik 07 1 15 1) 370 3o T S TRV Y T

ZAVEFMERT AT .

St =SSyt S TS TS 1)

3 R 513t (Results and discussion)
3.1 13

TR A LG 230 Fli5 el , #5 Bk 25 (R
WA R BRER) AT (B R BHAR R 3 9
RG] Gk Wk AR A TR Ak Ak
TR O A FRY WU A SR 22 7
FafR) B A BUAAR B REED 251 2
AR AN PP 3 A (SR AR | 28 R B
) B SR IR R R 2R
HAF 26 T, A2 25 AT R AR T ]

15 FEak B 70% |, Sk E B 25

11 A Jt 3l e T 6z o 1) 95 2 W0 80 R 100 ~ 152
Flr, A 59 ATE 11 AW A K, 7546 50 Fhre 7
~ 10 AN Wi by 4G DL B 109 Fhik G2 T
FE WA L5 gy, R s e
48% . 11 A-Judsl W7 D AS: H 119 2 205 e 2R A0 Sy
245(1& 2), v RESR IS T ISP e () A b iomoll 1) i
U =R G A BT o W R TR NRESE 7 R BT 7/
[ A A5 — 28 UL I Al A = (o FH = i, o — S i
s AN AN LS B R A T B EE 22 MR R T
MNTHE ARG, FAME 55 Fi5dre 3 AL
W T (S1,S8 Il S10) A K H i 7 HAth 8 AT vire i 1
AR PR T RERIE T EH KB Rk, Hds 17
H124 Fhy5 gL o5 BAE 2 AN 1 A5 Py Wi b 1
HRG o A S H VS G ) 75% , T LT
AN T TETASE B R 5 G A AE 25 57 S T BE R
R R 14 DX 8 75 G s R TICITTOR |
3.2 E KTk b A e 0 R

PGt ,2016 -5 BT A 7= F A4 a4l
116 K, ¥ K nyfbeg i dt 54 Hod ik TR fE
T AR AL T 7= o B A 2R G2 4% & i
TEPEFR ST A AL R A, o A AR el AL
i 89% . ARHE 2017 4F H PSR BE Ge i B, 0
VEARAF I3 Hh 8 AL A = (8 F Al , 5 B A 25 v (]
R 253 11 A s =S O &SR A
P HOH R IR BT R I AR R
Fes W E AR SRR, BT R A R
HLETE 2016 AL~ MRA W Rk &b, g3t
BRAFAM A 7= ol ) fl 2 63 Fifr

x2 BATKEERESE
Table 2 Assignment of the evaluation factors

i e e bR 4 Scores
Screening assignments 0 1 2 3
oz R T TET AR £
0~2 3~5 6~8 9~11
Number of detected sections f
AT A
75 No J& Yes

Production and use A
R A i T R B B
Frequency of priority chemicals list B
IKIRBEREE C
Aquatic toxicity C
AR D

Bioaccumulation D

HAth Others

BCF <2 000
K,, =3

HEUTEL Frequency

2501 3 Type 3 2851 2 Type 2 250 1 Type 1
BCF>2 000
KQW<3

V" R TSI BCE Fm L MR A T, K, R iE B KA R R A

Note: “-”mean no assignment; BCF stands for bioconcentration factor; K, stands for octanol-water partition coefficient.
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Fig. 2 Distribution map of detected pollutants in the Yangtze River
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Fig. 3 Distribution map of industrial wastewater discharged enterprises and sewage treatment plants
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X 116 ZAHT,59 Z AR ) Tl B2 K HEA TS
IRALEE T Ah B 5 HE ARS8, 26 ZE Ak i Tolk
IR G AL B 5 HEA BRI 3k, 3 SEHE TS Ais b R 43
TERIT PR, LA B A B4 IDAK
VLU SO s A HETS k)2 A (B 3), A
AT 3R TS YW Y 522 gk A HoK R ™ &
2 B X LA Y5 7K Ab BT HETS A S T A
3.3 PR LR TS Y i et

AR U B A DG ¥ Y O O T R, DA B
TG Y e T X AR T DG A N T
Vg s s Ye ), RIS 1 230 Fhig
FETS Y, LA B Al A 7= (1 63 Ak it e, 43
BT 36 FlORT 12 R A9 H B0 N 40 Wb T P i 2
HOBREEAN 4 R A, 15 R0 44 Pl &
1) B A 6 T 5 e ) OV (R 3) . XD U U
B SR AR AT IRY , 275 % B AL A Wi
SRS H A [ER] PN A B DG T A il B AR
TR AWK R BE 3 P A AR W 5 B | SR FH PR3 fin A
T2 ARG Y B T U =4 LB,
AT R 33 Rk &9 A0 B8R A5 06 TS
Y,

ARG TR Y Y G BE SRR | TR B |
A e S5 2ot Tk 2 TR L T I — MR | O R A
UG, AR = A M2 R e T
Wi A4 7 8 AN LA L, 32 B X L 75 Ye ok [ T i )
FRTRT RS G , DA SCAR BT AR AR 7= R TR AR 24t
I T A R TR B3 50 it FH 25 oG . A g
B A 36 V5 KR I PR BT R 2 B A R 2
KGR, T A TR A8 0 e 5 S 28 A SR 1 ) — > T B4y
ASRIE L HIE 2 R P

5 TP A =6 SR G Y B DG T TS Y ) AR 4
AR HRBEZE(PAES) 1 2 ME 3R (PEs) W 361 T
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