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Abstract; Large quantities of chemicals were discharged into the aquatic environment due to human activity and rapid development
of economy, which may cause many adverse effects on the aquatic ecosystem and human health. Thus, a systematic approach is
needed to prioritize pollutants for environmental monitoring purposes. A multi-criteria scoring method using 5 criteria, such as oc-
currence, persistence, bioaccumulation, ecotoxic risk,, and human health risk, was developed to identify priority pollutants that re-
quire greater attention. The occurrence attribute was characterized using sub-attributes concentration and detection frequency based
on the measured concentration in field environment. The persistence and bioaccumulation attributes were characterized by biode-

gradability and octanol-water partition coefficient, respectively. The ecotoxic risk attribute was characterized by risk quotients,
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which was calculated based on species sensitivity distribution and assessment factor. The human health risk attribute was character-
ized using sub-attributes incremental lifetime cancer risk and hazard indicator. A priority list of pollutants was developed for Zhang-
du Lake using this multi-criteria scoring method, which included 11 polychlorinated biphenyls, 8 organochlorine pesticides, 6 pol-
yeyelie aromatic hydrocarbons, 4 volatile organic compounds, 4 phthalate esters and 8 metals. In addition, the generalized nature of
the multi-criteria scoring method could be customized for specific geographical locations and establish site-specific priority list. The
priority list will further serve as a basis for selecting candidate pollutants for future site-specific monitoring in surface water.

Keywords ; Priority pollutants; multi-criteria scoring method ; quantitative screening; surface water; Lake Zhangdu
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Fig.2 The concentration and detection frequency of specific pollutants in Lake Zhangdu



THIE LT S I5A755 0385 % 7 3 FOK IR 20 75 42— b 3k 8 340 A 451 97

PR M B RS 12 Fh PCBs w22k T 50% 945 5 4, Hih PCB126 . PCB81 . PCB138 . PCB105 (k5 !
WeRER L8 Flt ANTs ooy =K T 30% B9 5 4, FH P BRPT v B (G vk e A
Syt — A5 YR I T BT R, AR SR S T K R P 3 B AR Y e M R BE K rh [ A T IR
PEATRE HG. BRBEWIK I i 24 B VOCs B9 # Vi JE O 266. 1~ 1241.0 ng/L(870.0 ng/L) , W] & 1% F 1 ¥ 3
(423.0~4207.8 ng/L) (754 K1 S ik R i PAHSs S Ve BE Sy 53.6~ 121.5 ng/L( 4414 :95.6
ng/L) , WA AT A 75 YeF, TS5 0 E T R 1 AR 0 95 Yk SR A HL v I i
TRARF T s P TS 4L OCPs il PCBs (46 i e BE 4> 14 2.6 ~9.7 ng/L(5.9 ng/L) fl 0.3~4.2 ng/L(2.0
ng/L) SGIRBEN T B L AR BT Gk A X T TR B Y A
FPEDE ™ TS HOKOT. BRBEIK PR 6 B USEPA {45 PAEs SUREKGHIVRHE Jy 167~ 1048 ng/L(692 ng/L)
BB BRI SRR 5 YT AR (36 2) . AR b SR K A R o B AR S Y 1 [ P
TA AL FRARTE YK
2 2 WU I 5 A K AR A 28 LTS Yk B KT

Tab.2 Concentrations of persistent organic pollutants in surface water of Lake Zhangdu and other lakes

oMl PAHs/ (ng/L) DDTs/ ( ng/L) HCHs/ (ng/L) PCBs/(ng/L)*  PAEs/(ng/L)"  ZFE 3k
PRUEW]  53.6~121.5(95.6)° 0.3~2.1(1.6) 1.1~5.5(2.5) 0.3~4.2(2.0)  167~1048(692)  AW5%
FERG 5.56~266.1 2.31~33.4 4.4~59.7 — 288~2079(1003) [ 47-48)
THEER  17.33~77.12(67.3)  0.1~2.1(1.3) 1.0~2.6(1.3)  0.50~2.84(1.1) — [49-50]
B 95.6~370.1(170.7) 18.1~28.4(22.2) 14.0~44.0(25.7) - 370~13200(1790)  [51-53]
]| 255~7298(1867) 1.0~84.6(15.5) 0.6~77.7(24.8)  0.9~5.9(3.5)  740~13000(4960) [ 54-55]
HP¥EE 71.3~228.3(132.7) 4.1~20.6(11.3)  3.1~10.6(6.2)  6.5~44.3(10.0) — [56-58]
B — 0.3~5.5(1.6) 0.5~3.3(1.7) 0.2~10.9(4.5) - [49]

WEILW  24.2~54.8(41.3)  0.2~0.6(0.3) 2.3~3.5(3.0) - — [59]

KW 21.8~209.8(52.9) 0.07~11.6(1.3)  0.5~2.4(1.2) — — [60]

a; 7 Fh4E7x 1k PCBs #e 3 22 F1( PCB 28 .52 .101 118 138,153 F1180). b: 6 F USEPA fi45 PAEs ¥ B 2 Fl (4B2K iR —
R ARR W R — R RS PR 5 Tl BRI R TR AP R TR IR AR R LB R) - o §5
5 WL A A 15 e ) (A A T ik A 1
2.2 BRI SE IS LI

R EET ZIARER BT 25 G5 431 233~431 Z I8y T R 1 935 ey (3L 41 ) @ SCh mile
FRIG Y)W BARTE 171~233 Z (a9 W 975 e (3L 37 ) g SO RS54, ¥ 25 B 5 00 78
68~ 171 Z I f IV ~ VIZi5 4y (3L 25 Fh) s SOMARMESe s 4oy, BAR L3R 3. Jovh, =t Je 95 Je Wy LAA%
GEALFE AR BT G4 PCBs A1 OCPs (Lt (5 1 45% ) 24 5, H Oy HMs (20% ) it PAHs (15% ) ; RSG5
Yy LI I 2 K T i T SR B A MR B PR Y VOCs (32% ) \HMs (30% ) #1 PAEs (19% ) 2 35 R 4K
S5 Y LA LRG3 5 BRI ANTs (32% ) Hl VOCs (32% ) (& 3) . [HIkg, ZEBk I WK K , B B4R
SerEdlngE PCBs ,0CPs .HMs £l PAHs, H-Yk & PAEs F1 VOCs.
2.3 FRiE ML E T LT R

HREE T LR E RSB R ERA KRB AT REE RS, FIHAN RS8N
41 Fiss PS5 G Bk R S8 TS J s B, HE4A i 10 A K Yk Ol PCB126 \PCB138 3 4 L4
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AT A VA FEA LIS Y™ (AR BRI MR rp A7 Kt T 0 T W 5 288 fh e i 4 35 R L.
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Tab.3 Screening results for priority pollutants in the water column of Lake Zhangdu

BUm MR RE SAE EWERE AT ARMERE Za it

SRR DRI CASS gl KPS 4 BWERE R BT 5
1 PCBs PCB126 57465288 1 64.8 100.0 100.0 66.7  100.0 4315 I
2 PCBs PCB138 35065282  — 64.8 100.0 100.0 66.7 667 3982 I
3 0CPs HE LA 1024573  — 482 1000 66.7 100.0  66.7 381.5 I
4  PCBs PCBI180 35065293  — 482 100.0 1000 667  66.7 381.5 I
5  0CPs pLp - 72548 — 64.8 1000 667 667 667 3648 [
6 PAHs I (a) B 50328 I 648 667 667 1000  66.7 364.8 |
7  PCBs PCB105 32598144  — 544 1000 667 667 667 3544 1
8  PCBs PCB118 31508006  — 544 100.0 100.0 29.6  66.7 3507 I
9  PCBs PCB169 32774166 1 53 100.0 100.0 29.6  100.0 3349 [
10 PAHs ® 129000 M 1000 667 667 667 296 3296 |
11 PCBs PCBS1 70362504 1 64.8 100.0 667  29.6 667 3278 1
12 OCPs p,p’ - 50293 M-A 544 1000 100.0  29.6 206 3137 1
13 PAEs AREZWR—(2-23)Cl 117817 T-B 100.0 88  100.0  29.6  66.7 305.1 I
14 PCBs PCB123 65510443 1 53 100.0 100.0 29.6  66.7 301.6 I
15  0OCPs WA 309002 M-A 377  100.0 66.7  29.6  66.7 300.7 T
16  PCBs PCB156 38380084 [ 1.7 1000 1000 29.6  66.7 298.0 I
17 PAEs AR 3 C Mg 84617 — 1000 296 667 667  29.6 2926 I
18 VOCs NAT 87683 I 64.8 100.0 667  29.6  29.6 290.7 1
19  HMs i 7440428  —  100.0 8.8 8.8 100.0  66.7 2842 I
20 HMs | 7440393  —  100.0 8.8 8.8 100.0  66.7 2842 1
21 OCPs ~-EF 5103742  1-B 544 100.0 667  29.6  29.6 2803 1
22 0OCPs - ST 5103719  T-B 544 100.0 667  29.6  29.6 2803 1
23 HMs = 7440666  —  100.0 1.7 8.8 100.0  66.7 277.2 1
24  PAHs E8 85018 m 83.3 667 667 296 296 2759 1
25 VOCs 1,2,3-=40% 87616 — 83.3 667 296 296 667 2759 1
26  HMs L 7439921 T-B 648  29.6 8.8 66.7  100.0 269.9 I
27 PCBs PCB77 32598133 | 53 100.0 667 296 667 2682 I
28 PAEs AR g 84753 — 1000 1.7 66.7 667 296 2647 1
29  PAHs W 120127 I 544 667 667  66.7 8.8 2632 1
30 PAEs AP T HERA-4-F -2 E 146509 66.7 29.6 667 667  29.6 2593 1
31 PAHs D 206440 m 648 667 667 296 296 2574 1
32 OCPs - TT 959988 — 50.9  100.0 29.6  66.7 8.8 2559 1
33 VOCs 1,2,4-=8K% 120821 — 1000 667 296  29.6  29.6 2556 I
34 OCPs S AVAVAN 58899 I-B 648 100.0 296 296 296 2537 1
35  HMs i 7440382 I 64.8 8.8 8.8 66.7  100.0 249.0 I
36  HMs £ 7439987  — 64.8 8.8 8.8 100.0  66.7 249.0 1
37  PCBs PCB28 7012375  — 192 667 667  29.6  66.7 248.8 1
38 PAHs HEIE(b) P 205992  [I-B 377  66.7  66.7 66.7 8.8 2465 I
39  HMs G 7440484 T-B 544 8.8 8.8 100.0  66.7 238.6 1
40 VOCs TR 135988 — 100.0 8.8 66.7 29.6 29.6 2347 1
41  HMs i 7439965 ~ — 83.3 8.8 8.8 66.7 667 2342 1
42 HMs L] 7429905 I 83.3 8.8 8.8 100.0  29.6 230.5 TI
43 HMs B 7439896  — 83.3 8.8 8.8 100.0  29.6 230.5 1I
44  PAEs ABA R T g 84742 — 100.0 1.7 66.7 29.6 29.6 2277 1l
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23

I s DR G S L

B KRR 155 BUESS AR KSR 154 9
45 PCBs PCB153 35065271  — 1.7 100.0  66.7 29.6 20.6 2277 1l
46 PAEs PR R T R 85687 il 54.4 8.8 66.7 66.7 20.6 2261 I
47  PAHs jii 218019 [-B 544 667  66.7 29.6 1.7 2191 10
48  VOCs FTH 104518 — 83.3 8.8 66.7 29.6 20.6 218.0 1I
49  OCPs [(EAVAVAY 319857 M-B 482 1000 29.6 8.8 206 2162 1
50 HMs L 7440622  — 64.8 8.8 8.8 66.7 66.7 2157 1
51  HMs B 7440020 I1I-B  64.8 8.8 8.8 66.7 66.7 2157 1
52 HMs B 7440360  — 64.8 8.8 8.8 66.7 66.7 2157 1l
53 OCPs Sk G5 R 53494705  — 5.3 100.0  66.7 8.8 29.6 2103 10
54  HMs ik 7440326  — 54.4 8.8 8.8 66.7 66.7 2053 I
55  HMs s 7440473 | 54.4 8.8 8.8 66.7 66.7 2053 I
56 VOCs BT 98066 — 83.3  29.6 29.6 29.6 20.6 201.9 1I
57  VOCs 1,4-—50% 106467 T-B 833 296  29.6 29.6 20.6 2019 I
58  HMs fi 7440439 | 50.9 8.8 8.8 66.7 66.7 201.8 I
59  VOCs 1,1,2,2-M95 2. %% 79345 I-B 648 667 29.6 8.8 20.6  199.5 I
60 OCPs S AVAVAN 319868 [[-B 29.6 100.0 29.6 8.8 206 1977 1
61 PAEs AR iR — 5 T g 84695 — 100.0 8.8 29.6 29.6 29.6 197.7 1
62 PAEs BB B R KR 84628 — 100.0 8.8 29.6 29.6 29.6 197.7 1I
63 VOCs 2K 108883 m 100.0 8.8 29.6 29.6 20.6 197.7 1l
64 VOCs NALE S 103651 — 100.0 8.8 29.6 29.6 206 1977 1
65 VOCs Y S R 106434 — 100.0  29.6  29.6 8.8 20.6 1977 1
66 PAEs AR R iR 131180 — 66.7 1.7 66.7 29.6 29.6 1943 I
67 HMs i 7440224  — 1.7 8.8 8.8 100.0  66.7 186.0 I
68 PAEs  AFEZIWIR T AL 117839 — 83.3 8.8 29.6 29.6 206 181.0 I
69 VOCs R 108861 — 83.3  29.6  29.6 8.8 20.6 181.0 I
70  VOCs 2-F R 95498 — 83.3  29.6 29.6 8.8 20.6 181.0 I
71 VOCs 1,2,4-=H% 95636 — 83.3  29.6 29.6 8.8 20.6 181.0 I
72 VOCs 1,3,5-=Hi% 108678 — 83.3  29.6 29.6 8.8 20.6 181.0 I
73 PAHs #HIf(a) B 56553 I-B 88 66.7  66.7 29.6 8.8 1805 I
74  HMs il 7440508 — 64.8 8.8 8.8 66.7 20.6 178.7 1l
75 PAEs ARE_MEBW-2-ZAILLHE 605549 — 100.0 8.8 29.6 8.8 206 176.8 I
76  VOCs X 106423 il 100.0 8.8 29.6 8.8 20.6 176.8 I
77  HMs ki 7440280  — 1.7 29.6 8.8 66.7 66.7 173.5 1I
78 OCPs B-wi St 33213659  — 5.3 100.0  29.6 29.6 8.8 1733 I
79  ANTs RN 85721331  — 544  66.7 8.8 29.6 8.8 1683 IV
80 PAHs 2 91203 I-B 648 296 29.6 8.8 206 1625 N
81 PAHs % 86737 m 64.8 8.8 29.6 29.6 206 1625 N
82  VOCs 1,2-9R-3-5 N 4% 96128 I-B 648 296 29.6 8.8 206 1625 N
83  VOCs Vg% 100414  [I-B 83.3 8.8 29.6 8.8 206 1602
84 VOCs A — 95476 il 83.3 8.8 29.6 8.8 206 1602
85  VOCs K 100425 — 83.3 8.8 29.6 8.8 20.6 1602 N
86 PAEs AR2E iR — 2 T 84662 — 100.0 8.8 29.6 8.8 8.8 156.0 IV
87 HMs xR 7439976 il 1.7 8.8 8.8 66.7 66.7 152.6 I
88  OCPs TP R R 1031078 — 5.3 100.0  29.6 8.8 8.8 1524 I
89  VOCs 1,3- 2508 541731 m 83.3  29.6  29.6 8.8 0.0 1514 IV
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94 PAEs B2 WP iR — P g 131113 — 100.0 8.8 8.8 8.8 88 1351 IV
95  VOCs Xt ST R 99876 — 83.3 8.8 29.6 8.8 0.0 1305 IV
96 HMs ) 7440315 — 34.2 8.8 8.8 66.7 88 1272 N
97 VOCs SR 98828 — 64.8 8.8 29.6 8.8 8.8 1208 V
98  ANTs PR 2 70458967  — 19.2  66.7 1.7 29.6 1.7 1190 V
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101  ANTs i i () R 4 o e 1220833 — 342 29.6 8.8 1.7 1.7 76.1 VI
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Fig.3 Contribution of each pollutant class to each ranking group for Lake Zhangdu
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Tab.4 Comparison of prioritization results of Lake Zhangdu with other literature studies

e sem 0l et R TR YRR T TR GB3838—

Ay URARS SORI o0 4y Q014 sy (2013 4F)  (20134F)  (20204F) (2005 4F) 2002

1 PCB126 1 vV vV vV vV — — vV
2 PCB138 - vV vV vV VvV — — vV
3 PCB180 — Vv vV vV vV — — vV
4 PCB105 — Vv Vv Vv Vv — — Vv
5 PCB118 - VvV Vv VvV VvV — — vV
6 PCB169 1 v vV vV VvV — - Y
7 PCB81 | % vV VvV Vv — - vV
8 PCB123 I vV Vv VvV vV — — Vv
9 PCB156 | vV vV vV vV — — vV
10 PCB77 1 Vv vV VvV vV — - 2
11 PCB28 — Y vV vV vV vV - vV
12 HHEEHA - — Vv VvV vV — - Vv
13 p,p'-iETH - vV 2 vV VvV vV — —
14 p,p'-iWGTH I-A 2 vV % VvV vV - vV
15 LA I-A - vV Vv Vv vV — —
16yt I-B - vV - vV - - —
17 oSt I-B - 2 — vV vV — —
18 ot — - vV Vv — — - —
19 AN I-B vV Vv - Vv VvV VvV VvV
20 FIf(a) it I v 2 vV vV VvV Vv vV
21 i | — vV — — — vV -
22 E[3 m — vV — - - Vv —
23 p=y i - Vv Y vV - Vv —
24 P I v Vv vV vV - VvV —
25 FIF(b)TEHE  1-B Vv VvV Vv vV — vV —
26 DEHP I-B — Vv vV — — vV vV
27 DCHP - - — - — — — —
28 DHP - — - - — — — —
29 DMPP - — - - — — — —
30 NET M I - vV vV Vv Vv vV Vv
31 1,2,3- =405 - — — — — vV vV
32 1,2,4-Z6% - - v - - - Vv Vv
33 T — — - — - - vV
34 ] - - - - - - - v
35 #l - - - - - - - v
36 & - - vV - - - - vV
37 B I-B v vV VvV — vV — Vv
38 i I Vv Vv - - Vv - Vv
39 # - - - - - - - vV
40 4k I-B — — — — vV — vV
41 i - - - - - — — Vv
St 22 19 31 22 23 11 12 27
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DHP F1 DMPP) 1 4 Fft VOCs (ARG T 05 . 1,2,3- =508 1,2, 4- =GR T 28) RYBIAFKIE A I
T Y b, FEOLCTS R A4 B A 1991 AEA GE LUK i oK SR, BE A A 2 2 U g PRUR i, PREE s
Yy RIS B AR B 25 P T BRI AR A, ST E iDL ST e 44 B O AN AR e T [ AT 9 75 e Bl 42 5
SR T ELANTR] DS 25 Sl S R 22 R JRe e 3 22 S S 800 X pl 2t 2B 7 TR 22 53 LR, RS IRl 3t
BRI IRTS Gefimn A IR S B 25 R GU MR S5 D RE RIAE A7 AE R Z2 5. I L, 76 4 Ja T AR S 1 He i i
IFFEIS , N7 Y B BRI Sk B2 2 5 e b A 2 XU, AR A A et R XU 45 2 5 < PR b i L ) 0 S8 95
ez 5. AN, BEA AR 3 AT R B AN T T 8 2o 0 ) 2347 R e AR A ) 23 A BR R P Al i B T K
PR AEAR B0 AT 7 T4 T A V5 Y SRR 2, BT S A R TR S TS e i B S LA
PAGRIF K AR A RIS R A de 28 F AR 00 56 15 S 7K BB, DA TT Sy 3t 3R K B85 15 e W 4 42 B IR AL
T7 i SCE AR AR

4 &g

AWML T —Fh ZIRIRLEE VP15, B TEARYE V5 Je Wy PRI SC e 1L, 2305 25 JB AL~ il B A PE AN
Ay SRR A5 T AR LA B A 2 KRS A At B 2 e XU, S5 25 ME 240, SR B A I3 07 0%, 6 T 5
PIZEG A 03 i AR HE R X 2K BRI P A I8 e 5 e WA T 07 2, 9 1 T Bk B K A L S8 35 e i
LUz

D) AR R ZIARGE A EINE L5658 T 15 W IR B 88 K-F Fe Atk A9 BRUE R
SRR XS 5 D PEU R bR, R 2/3 SRR M , LAV B R0 M 3Rk 3R 85 i D SE 15 ).

2) AWFFEA A 0 A8 bR B P AT S bz P Tk W K A DR S 3 B Wi SRR S, T DA 3
KPR T 26 151 BlRRAE 5 G W0t 4 B rp O A 1 41 SR SE TS Gy, EEA4E 11 Ff PCBs 8 Bl OCPs .6 Fif
PAHs 8 fift HMs 4 Flt PAEs 1 4 Flt VOCs , AT Ay I 1 it K 775 G W AV P S (1L i 45 .

3) S TN Al AR BT 15 AR DA R] , He T A SR 10 2248 bR EE5 140k ml A 57 DA sl o B A O S 35
ey o, WA T L OR P K A A W A0 I A R DA e 26 LA (K9 418 56 75 S W K TR T , AT o b 2 /K R
SRS Qe P KR BRAR By 2 SRR AR A

5 Bftx
B2 1 WAL TR (DOL: 10.18307/2022.0109).
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TR ik AL B

EZigin

ARG B A [ g

AHARY
(OCPs)

A2 — W R R
(PAEs)

2S5
(PAHs)
HRHUAEY
(VOCs)
WE#E

(ANTs)

SRR
(HMs)

(1) B2 LKA GE/F Jiiad i, AT 4 mol/L i
s pH 2 5~7, 1A 100 ng ) PAHs N #5
(JE-d10, FE-d10., Zj-d12., J6-d12) Fl 10 ng 1y
OCPs FI PCBs P b ( U4 18] — /P 4) 5 (2) C18
ANEEEARZEI; (3) 20 mL — S B AT BRI 5
(4) BB 5 mL IE O ot E 2% B 46, Bt J5 AR
WHEAZE 0.5 mL 0.

(1) F 40 mL (FE RS MA 25 mg MIHLIR M
s (2) RAETEKFEF A 0.5 mL () 6 mol/L
ERFRVE W, RIEI PN G U 7 B 11 A
(1)E 2 L/KHEH GE/F it g, BinA 0.4 g
Na, EDTA, # 95 pH % 3, il A 100 ng P #%;
(2) HLB/ME [ AHZE B ; (3) 10 mL HY B 347 8
B, Ve A MAREARZE 0.5 mL £50.
(1) B 15 mL K#EF GF/F it g

(2) Ak (IR 7k =1:1) , s 45 el

(1) A A & 3% {X ( Agilent
7890A)
(2) KIEE FACKE I 25 (FID)

(1) 5 A £ 3% AL ( Agilent
7890A)

(2)®Ni p-ECD #0025

(1) S A 5 1% AL ( Agilent
7890A)

(2)®Ni p-ECD Kl 2%

(1) 73 250 AR 5 7% 43 ( Agilent
1200)

(2) Z A M AN 2% (DAD)
RIS EA I #% (FLD )

(1) ARG — g A
(Thermo DSQ)

(1) 7 i 280 W AH 0 1% — o 1% —
RSB AL ( Waters X-TQD)

(1) BB A5 55 B8 IR BT
(Agilent 7700x)

(1)0.04~0.60 ng/L
(2)67% ~113%

(1)0.01~0.43 ng/L
(2)78% ~110%

(1)5.3~31.2 ng/LL
(2)71% ~112%

(1)0.09~3.01 ng/L
(2)72% ~105%

(1)1.0~22.0 ng/L
(2)76% ~107%

(1)0.01~1.51 ng/L
(2)38% ~180%

(1)0.005~5.0 wg/L




