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Fig. 1 Flowchart for screening of technologies for remediation

of polluted site
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Fig. 2 Index system screening of technologies for remediation of polluted sites
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Table 1 Relative importance values of the indices of the system

18 B AH X A 1 B T NE RASTH N
AR Ti%f e HE 2 R . ﬂlﬁﬁ% . %TE% e MAEE  WAEE
Relative Extremely Very Slightly Slightly Very Extremely
Important Equal Unimportant
importance important important important unimportant unimportant  unimportant
HALARE Values of 9 7 5 3 1 1/3 1/5 177 1/9
the indices 8.6.4.2.1/2.1/4 1/6 1/8 43 5|y | 3R AHAR 1 Wt i1y o {8
(DX FE—ZREFEILERT LR PR — /2
N ) T N b Sl N w; = o, Q; o
YD) F) R A R AT T LA, A PR TR B AL =
W 4 19 B — 31 o0 FAOE — A Ak B TR — i) (4) T30 18 A P e RRRAE AR
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n n-1°
GT e 2) A $RAH LAY S 2 — B 4B BR (average ran-
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Table 2 Matrix of average random consistent index

n 1 2 3 4 5 6 7 8 9

RI 0 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45
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Table 3 Types and concentrations of pollutants from a coking plant

Fr AR5 We i Concentrations
Number Excessive pollutants (mg kg™")
1 4 Benzene 1. 06

2 K I (a) B Benz(a) anthracene 188
3 %3 (b) ¢34 Benz[ b] fluoranthene 227
4 231 (a) £ Benzo[ a]Pyenen 148
5 BiJf(1,2,3-cd) ¥ Indeno[ 1,2,3-cd] 08

pyrene
6 — 7 Jf(a,h) & Dibenz[ a,h] anthracene 34
7 i Chrysene 191
8 Ik Carbazole 504
9 %% Naphthalene 624
10 AA Total petroleum hydrocarbon 13 299

2.2 EERRE

R 3 7 1 8 A R0 BRSO O 25 R Y AT
TEE R RN AA WL 5 B i 1 O, [R) I 32 350 H T30
BR 0 5E T R e (248 B2 R 2R 4T 75 4 3 M 9 12
o MR DL A A R e A5 B B R
APHE(T,) A Eid A AL (T,) (R RR E R (T,) |
BEBE(T,) AR (Ts) o
2.3 EBERRKIENHF

TESEAT LR IR AN, L RKER T 0 45 5 AU BEA T
PEM AN, L B A S EOR B & AR AR 2R AT T
gro EEXEARHI 5 A A kB EOR, PRI Bl B
5 ) R ) R SRR R BN 3 4 BT o
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Table 4 Initial decision-making matrix

T, T, T, T, Ts
C, 4 3 7 7 7
G, 6.8 3.6 6.8 7.6 8.4
C, 5 4 6 4 8
Cy 5 5 3 7 8

IR L) 9 53032 3o i o) DR 306 8 B 0 a2 A A
— Ak FSR A MUVE AR R R (32 5) .
RS HEHRFERE

Table 5 Normalized decision-making matrix

T, T, T, T, T,
o 0.305 0.229 0.534 0.534  0.534
C, 0. 445 0.235 0.445 0.497  0.549
C, 0.42 0.336 0.504 0.336  0.587
C, 0.434 0.434 0.26 0.607  0.434

G2 W Mk i B AR AR AL w, =
(0.184,0.289,0.278,0.249) , #z fg 25t (2) vE47 4t
BARRMAURIEE (£ 6)

F6 mMAMEE

Table 6 Weighted normalized decision-making matrix

T, T, T, T, Ts
C, 0. 056 0. 042 0. 098 0.098 0.098
G, 0.129 0.068 0. 129 0. 144 0. 159
(0N 0.117 0.093 0.140 0.093 0.163
C, 0.108 0.108 0. 065 0. 151 0.108

ASCHL A B AR R 48 AR (3) ~ 30(7) 53 R
MR AP AR (R T) .
R BRETHHFER

Table 7 Preference order of the evaluated techniques

T, T, T, T, T,
d* 0. 082 0.135 0. 094 0.072 0. 043
d° 0.079 0. 043 0. 095 0.128 0. 135
C,” 0. 491 0.242 0.502 0. 64 0.758
fE4 Rank 4 5 3 2 1

2.4 REUAEEARAHE
I 45 R T LA 1,5 &k E B ARS

£ 0.242 ~0.758 Z[i] , B Z LR &5 W HEF 2 Ts
T, T, T, T, Hob, 8O0 BAR 18 2 HOR O P
Br BEBE A A S E AL AE 3 M S PR B AT o AR
b T e B R T AR AE O i M T g 4
B S HR 5 BT A 57 B4 4 A AR AR O A 45 SR B
RS
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#. iz AHP &5 TOPSIS J5 ik #4715 e o 18 2 4%
ARG 1 ) D SR R A fR AL T TS e g g A2 i e
{14 B EI B2 T, R 6 R ik ke AN ) 26 78 52 2% 3 e 17 i 1)
1B 5 A G 8 PR SR B E T R AR A AR SCA R
TR

1) ST T8N 58 B 1 15 Gt 3 A8 52 HOR Tiff 1k
Fabrik &R 8 o & K A K AHP 30 8 T 3 h %
PF EORIE bR (E B R b MR B4R b 4 A T7 i 17 A4
SR R 3R AL

2) ¥HT AHP 5 TOPSIS J5 ik 915 s 4 Hu 1&
SR T e e AT ] T R AR AR TS R i 1B
SER G, KR B9 5 e S BOR AT HER O
R HOR , i 4518 5 S PR LA A o

3) ¥ AHP 5 TOPSIS Jiik ks iz Fl Fi5 9
WAEZ BRI, BE s ik T AHP 7248 5) 5 b iy
FEAR L0 WA, Sk T TOPSIS 34 X 48 b5 AL H
M2, F MR T 15 43 Mo e 52 B B 1 1) Tk
SRR TR Tr 3k nl AR O 3 i P A e A B T AR
HRATBE R BRI A AT A
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SELECTION OF REMEDIATION TECHNIQUES FOR CONTAMINATED
SITES USING AHP AND TOPSIS

Zhang Qian' Jiang Dong'® Gu Qingbao'’ Li Fasheng' Zhou Youya' Hou Hong'
(1 State Key Laboratory of Environmental Criteria and Risk Assessment, Chinese Research Academy of Environmental Sciences, Beijing 100012, China)

(2 School of Chemical and Environmental Engineering, China University of Mining and Technology, Beijing 100083, China)

Abstract As a potential pollution source, contaminated sites are located mostly in densely populated areas like cit-
ies, posing high environmental risks to the public and, what is more, tend to increase in number and area in recent years
with the on-going industrial restructuring in cities of the country, thus arousing more and more concerns from the nation.
Nowadays, in China and other countries of the world, a huge variety of technologies or techniques are available for remed-
ying polluted sites technologies, so it’s of great significance to scientifically screen out technologies, technically applica-
ble, economically feasible and environmentally friendly. Based on analysis of currently available approaches to screening
the technologies for remedying polluted sites, and methods and tools to solve the multi-parameter problem in decision-mak-
ing, an AHP-and-TOPSIS based remediation decision making process was worked and put forth and an index system estab-
lished for the screening. Weights of the indices for the screening were worked out through investigation by experts in this
field using AHP, and then the remediation technologies were collated with TOPSIS. This remediation decision making
process was verified with the actual screening for a case of polluted site in China. AHP and TOPSIS were used in combina-
tion to solve the complicated multi-factor problem in decision making, thus not only overcoming the issue of subjectiveness
of AHP in handling hard-to-quantify indices, but also avoiding the shortcoming of TOPSIS neglecting index weights. It is,
therefore, a good tool for landowners and environmental researchers to screen remediation techniques for polluted sites.

Key words Contaminated site; Selection of remediation techniques; AHP; TOPSIS



