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Abstract: It is of great importance to control environmental health risks resulting from toxic organic chemicals.
The management and control of toxic organic chemicals were laborious, time consuming and resource intensive due

to their high varieties. “Priority Control Strategy” provides a promising way to screen out toxic chemicals with
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high yield and high environmental health risks. However, the priority chemicals/pollutants screening system built by
the previous research has the disadvantages of incomplete indicators and strong subjectivity. In this study, a new
screening system for the priority control of toxic organic chemicals was developed by combining approximate ideal
solution sequencing technique (TOPSIS), analytic hierarchy process (AHP), and entropy method (Entropy). This
system was used to determine toxic organic chemicals list under priority control in Jiangsu Province. The process of
screening system included: (1) establishment of toxic organic chemicals list in Jiangsu Province; (2) establishment
of a comprehensive risk assessment hierarchy model by selecting 17 evaluation indexes from three aspects of mate-
rial release, material exposure, and hazard potential; (3) calculation of the weight vale of each indicator based on
AHP-Entropy; (4) prioritization of toxic organic chemicals using TOPSIS and determination of toxic organic chem-
ical priority list of Jiangsu Province. Screening results showed that there were 257 toxic organic chemicals in Jiang-
su Province, among which the 13 substances in the top 5% of comprehensive risk score were included in the list of
priority toxic chemical substances in Jiangsu Province, and 11 substances have been included in the list of domestic
and foreign control (with an inclusion rate of 84.6% ). Anthracene, o-toluidine, hexabromocyclododecane, phenyla-
cetaldehyde, formaldehyde, and tetrachloroethylene have been included in the priority control chemicals list in Chi-
na. The results showed that the new screening system for the optimal control of toxic organic chemicals was rea-
sonable, which could help the management department to quickly identify toxic organic chemicals that require re-
gional priority control. The new system set an important foundation for the control of new pollutants.

Keywords: priority control of toxic organic chemicals; entropy; analytic hierarchy process; technique for order

preference by similarity to an ideal solution
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Table 1  Screening methods of priority pollutants at home and abroad

RS W TERR 0 10677 ¥
List Evaluation indicators Screening method
5 FEK RS54 ) A KR TR I T i R R e
e
Priority pollutants of water environment Production volume, detection frequency, monitoring ] )
Expert verification
in the United States method, environmental health hazard
o FEAME AR BT R B EOKT MDA A O e i R R I
WK FFHER a7 e , _ ) o B
o . Persistence, bioaccumulation, endocrine disrupting, Priority setting scheme and expert
Priority pollutants of EU water environment
toxicity, exposure level judgment of monitoring and model
ISR S5 4 RS R AE L RIBIE
Environmental priority pollutants in Canada Risk characterization Expert verification
H AR S5 e i 5 PRIk b B T AR LRI
List of priority pollutants in Japan Environmental residues, exposure potential and toxic effects Expert verification
Yl L e s e i R FAME AW R B LRIBUE
UK priority pollutant list Persistence, bioaccumulation, toxicity Expert verification
EMEEIST Ry w R /PP Az ERRAR I S R RON, -
e
Blacklist of environmental priority Production volume, refractory degradation, monitoring ] .
) ) - ) Expert verification
pollutants in China conditions, toxic effects
A A E KT A R s . . .
' , IKRSFEMAE ) E A AT LRIBIUE
List of toxic and hazardous water ) . o L
o . Water environment occurrence potential, control feasibility Expert verification
pollution in China
PEARAH RGPS R = SRR 7 i BRI LA LRI
List of toxic and harmful air National emission standards, monitoring methods, Expert verification
pollution in China environmental management basis
TE AL TS Y 4 o
) o , PRI AEFE FRITAR T LRIPH
List of priority pollutants in . . . . .
Environmental health hazards and environmental detection Expert verification
Sichuan Province, China
o FE R A R PRI S i Y 44 B . .
) o KE K HE I ATl LRIIE
List of priority pollutants of water . . . . .
Water system, wastewater discharge, key industries Expert verification
environment in Fujian Province, China
o R AR R T S Y 44 A TERERETE A th A5 A I A2 2 B SRRAE AL I FIZE S
List of priority pollutants in surface Health toxicity, detection rate, Hierarchical assignment, weighting,
water of Tianjin, China degradability, bioaccumulation summation and comprehensive calculation
PR 5 — RS AT s e R AL B A A E R HERC G PRR R -
)7y’
List of the first batch of environmental priority Production, usage, imports, emissions, toxicity, N ] )
. . . . . L Expert verification
pollutants in Zhejiang Province, China environmental incidents
HR WAL A K P FROK BRI AL SE TS U ) REEAKE o Ak A SRR A 2 XU A P B XL A
ZRE P
Priority pollutants of surface water Exposure levels, persistence, bioaccumulation, nr

. . . . . . . Overall rating
environment in Zhangdu Lake, Hubei, China ecological risks and human health risks
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Investigation of chemical substances in Jiangsu
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Hazard identification
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AHP-Entropy weight calculation
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Multi-level model of comprehensive risk assessment
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Exposure: 1. Persistence; 2. Bioaccumulation

Release: 1. Production and usage; 2. Removal rate of sewage plant
Harm: 1. Mutagenicity; 2. Carcinogenicity; 3. Reproductive toxicity; 4. Aquatic
toxicity ; 5. Specific target organ toxicity: Single exposure/repeated exposure;
6. Acute toxicity (oral, transdermal, inhalation), etc.;
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TOPSIS priority ranking
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Screening strategy for priority control of toxic organic chemicals
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Fig. 2 Hierarchical structure model for comprehensive risk assessment of toxic organic chemicals
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Table 2 Graded score table of chemical substance evaluation index
A b GE 2
Evaluation indicators Classification Score
i FEAME(VP) High persistence (VP) 100
FrAME " .
. FEAME(P) Persistence (P) 50
Persistence ‘
To AR € No persistence or uncertainty 1
B4 E FH(vB) High bioaccumulation (vB) 100
AP E TR i i )
. . A& FAPE(B) Bioaccumulation (B) 50
Bioaccumulation . o
To Y E B 2 No bioaccumulation or uncertainty 1
1 100
2AQ) 50
Ho Tk 2B(3) 33
Carcinogenicity 3¢4) 25
ENieS .
Unclassified
1A 100
1B 50
AT B ) N
Reproductive toxicity, mutagenicity
RIFE |
Unclassified
WFL AL T B A ! 100
FRPPER & B TR (— U S ) 2 50
KA M KA MR 3 33
Mammalian acute toxicity (oral, dermal, 4 25
inhalation), characteristic target organ toxicity 5 22
(single exposure, repeated exposure), Ay
. . . .. 1
aquatic acute, aquatic chronic toxicity Unclassified
A= EHEA B 20% Top 20% in production (use) 100
A (fd Y HES TE 20% ~40% The production (use) ranks 20% ~40% 50
A
) APl EEHEA FE 40% ~60% The production (use) ranks 40% ~60% 33
Production, usage
(R HEA 60% ~80% The production (use) ranks 60% ~80% 25
A= (R HEA JG 20% The bottom 20% of production (use) 20
80% <K PR¥E <100% 80% <Removal rate<100% 20
B 60% <ZFRF <80% 60% <Removal rate<80% 25
15K FRT R
40% <EHRFE <60% 40% <Removal rate <60% 33
Removal rate of sewage treatment plant
20% <Z=PRF <40% 20% <Removal rate <40% 50
KBEF <20% Removal rate<20% 100
PR FEIR 1 ~9 BREEIHEAT AHP AU AL, il Pir, .o,
. 11 1m
B, BARTHRAP BRI . A=(2) 10 ?)
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L
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Fig. 3 Classification of toxic organic chemical substances in Jiangsu Province
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Table 3 Judgment matrix and weight at each level

A KR PP (A) .

" o B (BI) RE®2) f.7% (B3)
Comprehensive risk Wy

Release (B1) Exposure (B2) Harm (B3)

assessment (A)

. Ay =305
B 1 2 12 020 o
Release (B1) - CI=0.026,

RI=0.58,
[=¥~g
# 5 (B2) 12 1 i) 031 CR=0.046<0.58
Exposure (B2)
fEFEB3)
2 2 1 049
Harm (B3)
X 15K R BRER(C3)
BH(BI) AR HE(CL) i (C2)
Wastewater W
Release (Bl1) Production (C1) Usage (C2)
removal rate (C3)
PR (CI =2
if ) 1 12 13 0.16 Aumax =23
Production (C1) CI=0.023,
ffi i (C2) 5 | s 025 RI=0.58,
Usage (C2) ’ CR=0.040<0.58
15K EBRR(C3)
Wastewater removal 3 3 1 0.59
rate (C3)
##(B2) FEAME(C4) AW TE(CS) W
Exposure (B2) Persistence (C4)  Bioaccumulation (C5) ® A 5
max = ;
FEATE(CH) CI=0,
1 1 05
Persistence (C4) RI=0,
- CR=0
AW FE(CS)
1 1 0.5
Bioaccumulation (C5)
16,5 (B3) HE RN (C6) {a RN (CT) W
Harm (B3) Ecological effect (C6) Health effects (C7) . N 5
A ARU(C6) CI=0,
1 12 033
Ecological effect (C6) RI=0,
N CR=0
R FREAL(CT)
2 1 0.67
Health effects (C7)
KA AMEFIEDL) KA R E(D2
H: ARV (C6) ® HTROR)
Acute aquatic Chronic aquatic Wes
Ecological effect (C6)
toxicity (D1) toxicity (D2)
/\ max :2’
kA atEE D)
CI=0,
Acute aquatic 1 12 033

.. RI=0,
toxicity (D1)

CR=0
kA E MR (D2)
Chronic aquatic 2 1 0.67

toxicity (D2)
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g3
Tk A5
A E BEPE
N BomkD3) aEEEE(DY R (DS)
{d FRAUM(CT) ' . o B (D6) (D7)
Carcinogenicity Acute toxicity Mutagenicity . . Wes
Health effects (C7) Specific  Reproductive
(D3) (D4) (D5) -
organ toxicity
toxicity (D6) (D7)
EUEETE(D3)
1 5 1 3 1 028
Carcinogenicity (D3) Ay =0.36;
AEREME(DY) CI=047,
1/5 1 1/5 173 1/5 0.06
Acute toxicity(D4) RI=124,
- CR=0377<1.12
HRAE(DS)
1 5 1 3 1 028
Mutagenicity (D5)
R L& B ERE(D6)
Specific organ toxicity 13 3 13 1 13 0.10
(D6)
A B EEE(DT)
Reproductive  toxicity 1 5 1 3 1 028
(D7)

SR 2R (B At 2 0E2) Ak W A3
DY) B B (E1) 1 (E2) T (E3)

o Acute toxicity: Acute toxicity: Oral Acute toxicity: Whs
Acute toxicity (D4) .
Dermal (El) (E2) Inhalation (E3)
AL £ ED
Acute toxicity: 1 1 1 033 Ay =35
Dermal (E1) Cl=0,
ArEEE . 21 (E2) RI=0,
Acute toxicity: Oral 1 1 1 033 CR=0
(E2)
SETEE . W A(E3)
Acute toxicity: 1 1 1 033
Inhalation (E3)
LR R e PR R X TR
R e MRS B BEE(D6) — WA fil(E4) S 4 (ES)
Specific organ toxicity Specific organ Specific organ Whe
(D6) toxicity: Single toxicity: Repeated
exposure (E4) exposure (E5)
FrtEar B Anax =25
1 fil(E4) CI=0,
. - 1 13 025 RI=0
Specific organ toxicity: =y,
Single exposure (E4) CR=0
Rtk a B
B HeAfib(ES)
3 1 0.75

Specific organ toxicity:

Repeated exposure (ES)
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833
SRR AL
AU s
W A (E3) WA (ZES) (F1) - L
o o Acute toxicity: Acute toxicity: Wi
Acute toxicity: Acute toxicity:
) ) Inhalation Inhalation
Inhalation (E3) Inhalation (gases) (F1) .
(vapours) (F2)  (dusts and mists) (F3)
WA (25) (F1
(Z0ED 1 1 1 033
Acute toxicity: A =33
Inhalation (gases) (F1) CI=0,
ATEEEE, RI=0,
WA (780 (F2) CR=0
1 1 1 033
Acute toxicity: Inhala-
tion (vapours) (F2)
AMEEEE.
WA CKiR) (F3)
Acute toxicity: Inhala- 1 1 1 033

tion (dusts and mists)

(¥3)

T A ey 2N B FRAEE 5 CT 3078 —E01E ; R 7R [R] B0 B (4 B RiAIL— S0Pk 5 CR Fm— Bk L,
Note: A

max

x4 TFMIERNER

Table 4 Evaluation index weight value

means largest eigenvalue; CI means consistency; RI means average random consistency of the same order matrix; CR means consistency ratio.

. . 15K RBRE AEYEBIECS) KA AR
LD . . ESN (&) i ) KA M 1 (D2)
) H =R (CL) R (C2) (C3) ) Bioaccumulation (D1) ] )
Evaluation . Persistence (C4) . Chronic aquatic
Production (Cl1) Usage (C2) Wastewater (CS5) Acute aquatic
index toxicity (D2)
removal rate (C3) toxicity (D1)
W; 0.032 0.05 0.118 0.155 0.155 0.054 0.109
b; 0.0594 0.0605 0.0570 0.0587 0.0585 0.0618 0.0618
K; 0.0320 0.0514 0.1143 0.1547 0.1541 0.0567 0.1145
SRR Rt d B RrR SR B,
RRAEELD BUETED3) F}EADS)  HFHTEMEDT) LBl 2MERM.2NE2)  —RIEMES) REEES)
Evaluation Carcinogenicity Mutagenicity Reproductive  Acute toxicity: Acute toxicity: Oral ~ Specific organ Specific organ
index (D3) (D5) toxicity (D7) Dermal (El) (E2) toxicity: Single  toxicity: Repeated
exposure (E4) exposure (ES)
Ww; 0.091 0.091 0.091 0.006 0.006 0.008 0.025
b; 0.0585 0.0582 0.0590 0.0596 0.0569 0.0590 0.0571
K, 0.0905 0.0900 0.0913 0.0061 0.0058 0.0080 0.0243
WA(ZR) (F1) WA () (F2) WA CBZR) E3)
. - =R = o
PR AR . Acute toxicity:

Acute toxicity:  Acute toxicity:

Evaluation index Inhalation

Inhalation (gases) Inhalation
1) (vapours) (F2) (dusts and mists)
(F3)
w; 0.002 0.002 0.002
b; 0.0580 0.0574 0.0586

K; 0.0020 0.0020 0.0020
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Table 5 List of priority controlled toxic organic chemicals in Jiangsu Province
i ) [ Y A B O L :
He# CAS P A K (G , , BEE RO
. List comparison between .
Rank CAS No. Chemical Score Toxic effects
home and abroad
P B 2 A BORARE 200 1B A SR . 2
S 1B R M YRR 2 1 4
S EREE(R B Hefih) : 28000 15K A B T
e INERAL e B J&h 3
WALk . o o iy
1 75-21-8 . 768 List of Canadian Priority Sub- P; Carcinogenicity: 2A; Mutagenicity: Category 1B;
Ethylene oxide . . .
stances Reproductive toxicity: Category 1B; Specific target
organ toxicity (single exposure): Category 1; Spe-
cific target organ toxicity (repeated exposure): Cat-
egory 1; Aquatic acute toxicity: Category 3
AR 2 0 2 5 (5 )
(R 3 38 7K 1 00 2 25 \ .
R g 3 KRG 50 1k
DRIE SN fry AR N . . N
e o A PETEYE 0 15 R 0 B R E (— U i) . 28
Yy A 903
. ]
B Priority Control of Chemicals ) - ) .
2 120-12-7 750 ) vP; B; Carcinogenicity: 3; Aquatic acute toxicity:
Anthracene (Second Batch) in China, Clean . . .
) Category 1; Aquatic chronic toxicity: Category 1;
Water Act -List of Substances of ] o
o ) ~ Specific target organ toxicity (one exposure): Cate-
Priority Control in USA, EU List 3
o
of Substances of High Concern, o
etc.
P B ABE T S0 2 AR L B T (— R IR
RREDRKHEZRAE SR 5 i e fid) 000 1 e B B P (S S i) - 500 1
3 2921.88.2 AL 698 The EU Water Framework Priori- P; B; Reproductive toxicity: Category 2; Specific
Chlorpyrifos ' tizes Pollution Control Invento- target organ toxicity (single exposure): Category 1;
ries Specific target organ toxicity (repeated exposure):
Category 1
sy . P B KA MR 0 15 K AR St 26
A R B 55 S T B ) S i . .
VANGIE-S2N1I0) = =0 . i 1
4 556-67-2 90  EU List of Substances of High
Octamethylcyclotetrasiloxane c P; B; Aquatic chronic toxicity: Category 1; Aquatic
oncern
acute toxicity: Category 1
EURETE 2 A BORE 2 H 1B AR ST 285
2 RE AR B B (— U ) 285 1 BT A
== P
. . 2201
R OB . . .
5 75-87-6 . 665 / Carcinogenicity: 2A; Mutagenicity: Category 1B;
Trichloroacetaldehyde . o )
Reproductive toxicity: Category 2; Specific target
organ toxicity (single exposure): Category 1; Acute
inhalation toxicity: Category 1
EUREME 1 KA SRR 2R 1 K AR R
bl (L s e TR 1 E LA B R (— U ) S 15
IERBIC A ECE M) Ll b e et
VRN N e BE k) 22
- (1) TR v DG T B o v o ) o ) »
SR g L ) Carcinogenicity: 1; Aquatic acute toxicity: Category
6 95-53-4 643  Priority Control of Chemicals

o-toluidine

(Second Batch) in China, EU List

of Substances of High Concern

1; Aquatic chronic toxicity: Category 1; Targeted
organ toxicity (primary exposure): Category 1; Spe-
cific target organ toxicity (repeated exposure): Cat-

egory 1
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)
= P AN B X
H4  cas® feopih 4, 5y RIS A
List comparison between
Rank CAS No. Chemical Score Toxic effects
home and abroad
PLoetEh A bl 47 R GE—tt) P BURBIE 2B BORAEE 24 LAk . 25 Fr 2
CPIE) BB AREZR L Se 15 A Bt (— Ui fi) . 2R 15 #5E $a B bk
Peyf o R EUR RSB T5 0 (A HER ) 30 1K A 2 RE . 200 35 K2R
Wy B MR 25 1
; 67-66-3 = P 638 Priority Control of Chemicals P; Carcinogenicity: 2B; Mutagenicity: 2A; Repro-
e Trichloromethane ’ (First Batch) in China, EU Water ductive toxicity: 2; Organ-specific toxicity (single

NIk
8 3194-55-6 63.1
Hexabromocyclododecane

i

ES

Benzene

9 71-43-2 625

L
Acetaldehyde

10 75-07-0

g
Formaldehyde

11 50-00-0

Framework Priority Control Pol-
lution Inventory, U.S. Water En-
vironment  Priority  Pollutants

List, etc.

PesetzEilfe 24 W 4 5% (3 —4ib)
(P | BRSO BE )
B PR R EE A Y T

Priority Control
(Second Batch) in China, EU List

of Chemicals

of Substances of High Concern,
substances controlled by the

Stockholm Convention

st 24 & 4 5 (3 — i)
() AR HEBR A S i i
Ly ip | 28 K BB S T
/RS

Priority Control
(Second Batch) in China, EU

Water Framework Priority Con-

of Chemicals

trol Pollution Inventory, U. S.
Water Environment Priority Pol-

lutants List, etc.

DSt A 27 i 44 % (3R —4tt)
CHE)

Priority Control
(First Batch) in China

of Chemicals

LSt fl 27 i 44 % (3R —4tt)
(P E)

Priority Control
(First Batch) in China

of Chemicals

contact): Category 1; Specific target organ toxicity
(repeated exposure): Category 1; Aquatic acute tox-
icity: Category 3; Aquatic chronic toxicity: Catego-
ry 1

P;B; 5w 2
P; B; Reproductive toxicity: 2

P Btk 1 BRI 2 A K AE B REE 28
2 K AEAR PEREE S0 2

P; Carcinogenicity: 1; Mutagenicity: 2A; Aquatic a-
cute toxicity: Category 2; Aquatic chronic toxicity:

Category 2

BOEE 1 AR LR B (— U ) 2650 1
FRAE S E R (R ) 26 1
Carcinogenicity: 1; Specific target organ toxicity
(single exposure): Category 1; Specific target organ
toxicity (repeated exposure): Category 1

BOEE 1 B AR 20 2 E A B B (—
YCH ) 20 1 e AR BRI (R S ) . 26
ALK A BT 2 2

Carcinogenicity: 1; Mutagenicity: Category 2; Tar-
geted organ toxicity (primary exposure): Category
1; Specific target organ toxicity (repeated expo-
sure): Category 1; Aquatic acute toxicity: Category
2
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)
. ] A1 B X IR B0 \
He4 CAS % fhoe RS (G , , BEE RO
List comparison between
Rank CAS No. Chemical Score Toxic effects
home and abroad
P B 4558 SR B 1 R (— U M) 26001 15Kk A
PO AR IO 1 KA 2 1
12 117-08-8 Tetrachlorophthalic 606 / P; B; Specific target organ toxicity (single expo-
anhydride sure): Category 1; Aquatic acute toxicity: Category
1; Aquatic chronic toxicity: Category 1
RAET RIS G 2 S G —it)  vPoKAE SRR 280 15 K A Mg 1 . 2 )
P BERAREZR P S T 1 B0k 24 2 0 a8 B 2 M (— U i) . 26591
Py R EUR BT R RS RaS Ba e R A ) . 2800 15 2R TR
Wy B P20 2
PUSR 0 Priority Control of Chemicals vP; Aquatic acute toxicity: Category 1; Aquatic
13 127-18-4 60.3 v d v sy d

Tetrachloroethylene

Framework Priority Control Pol-
lution Inventory, U.S. Water En-
vironment Priority Pollutant In-

ventory, etc.

(First Batch) in China, EU Water

chronic toxicity: Category 1; Carcinogenicity: 2A;
Targeted organ toxicity (primary exposure): Cate-
gory 1; Specific target organ toxicity (repeated ex-
posure): Category 1; Reproductive toxicity: Catego-
ry 2

Y A HI A E MR B AR 84.6%
Horp B AR R SSTRI T Tk R O PR
PUSE 2 TN AFR PG e d il fh 2 i I 20 B4 2
SARBZIPN) N1t 7 I i S B S 7N U 2R e Ak
N BR R e O 1 B W) B L5 AR 2 A A BRR B
IKHEZRAL Ao 45 il 15 e vd i, A R W AHF 5
MI%E 1Y) TOPSIS-AHP-Entropy 4% /A 8 %% Ui 1 7 &
HEEENTEEAIAY R, B — 2l &H
P

AWFFEARIE A LA 2= 5 i A = i P B
o AR M BRI B GE T E A WAL R R,
Bl J5 25 G e B 17 AR B B IS 30 1 S8, 1
LR A KU PEAl 2 R S5 RIS F TOPSIS-
AHP-Entropy $iAR , ¥ & S8 E 155 M F A L
2 A e BT, HE ST T L Se i # F A LA
SEY R AR R IR UL A R 5 A Vb
YOS ST, Z5 R R T a0 AR R
FEM 13 PR F AL E Y, 1 F e
AT e A & R e ) B iE 55
FE A B R A R R A R A
PR IR R 0 ST, A BT R TP 1R
DX IR B A WL AW T, ST s Y G B 2
HEILA, R AT A ARUAAAE SR EZ A
B H AN A A 18 RAEE EOK B,

RS ARG A R AE e % . I, 5 2E
BIFSE I B A I INRE T A BIL A= 0 o A A SR A
e NE S [

BIWEEE x4 (1979—), 5, +, EH A TR, £ &
R F QAT a5 B A
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