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Heavy Metals Pollution in Topsoil from Dagang Industry Area and Its Ecological

Risk Assessment

ZHANG Qian', CHEN Zong-juan'” ,PENG Chang-sheng’, LI Fa-sheng' ,GU Qing-bao" "

(1. State Key Laboratory of Environmental Criteria and Risk Assessment, Chinese Research Academy of Environmental Sciences,
Beijing 100012, China; 2. College of Geoscience and Surveying Engineering, China University of Mining and Technology ( Beijing) ,
Beijing 100083, China; 3. College of Environmental Science and Engineering, Ocean University of China, Qingdao 266003, China)

Abstract: Based on previous studies and field investigation of Dagang industry area in Tianjin, a total of 128 topsoil samples were
collected, and contents of 10 heavy metals (As, Cd, Cr, Co, Cu, Pb, Ni, V, Zn and Hg) were determined. The geoaccumulation
index and geostatistics were applied to examine the degree of contamination and spatial distribution of heavy metals in topsoil. The
assessment on ecological risk of heavy metals was carried out using Hakanson’s method, and the main resources of the heavy metals
were analyzed as well. It was found that As, Cd and Co had the highest proportions exceeding Tianjin background value, which were
100% , 97.66% and 96. 88% , respectively; the heavy-metal content increased to some extent comparing with that in 2004, and the
pollutions of As and Cd were the worst, and other metals were at moderate pollution level or below. The ecological risks of heavy metals
were different in topsoil with different land use types, the farmland soil in the southwest as well as soils adjacent to the industrial land
were at relatively high potential ecological risk level, and the integrated ecological risk index reached up to 1437.37. Analysis of
correlation and principal component showed that traffic and transportation as well as agricultural activities might be the main resources
of heavy metals in the area, besides, the industrial activities in the region might also affect the accumulation of heavy metals.

Key words :industry area; heavy metals; ecological risk assessment; soil; geoaccumulation index
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Fig. 1  Current land use situation of Dagang Industrial Area
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Table 1~ Detection limits and precision of heavy metals in soils
HER As Cd Cr Co Cu Pbh Ni \ Zn Hg
Kt B/ mg kg ™! 1 0.05 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.05
KRB/ % 7.13 10.2 2.96 2.03 3.93 4.73 3.87 2.37 5.77 1.01
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Table 2 Classification of geoaccumulation index and the pollution degree
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Table 4  Concentration analysis of heavy melals in soil
- =N} He 5 e g e 5L
=R /mgfukg - /mgig - ez St 200;‘:5/?;%1723] 711/1‘:{1%; igl] B R e };"’/{5& e

As 10 ~269 27.59 34.07 1.23 8 9. 60 2.87 100

Cd ND ~3.42 0.52 0.50 0.96 0.1 0.09 5.78 97. 66
Cr 50.9 ~430 79.38 34.85 0.44 80 84.20 0.94 21.09
Co 12.1 ~55.4 19.34 4.15 0.21 16 13. 60 1.42 96. 88
Cu 15.1~44.5 28.74 6.05 0.21 25 28. 80 1.00 45.31
Pb 13.7~71.6 21.43 7.80 0.36 20 21.00 1.02 36.72
Ni 22.4 ~543 38.77 45.09 1.16 35 33.30 1.16 57.03
\ 55.7~123 87. 14 13.03 0.15 — 85.20 1.02 51.56
Zn 53.3~322 95.23 30.28 0.32 85 79.30 1.20 77.34
Hg ND ~0. 15 0.01 0.02 3.76 0.08 0.08 0.08 2.34

2.2 b BREHEEEITEM AR

HE RS X 345 Fh 4 1 b RBEEO T
BEERHNTRS I EE R LK 2. hIE 2
AIHLIZREGEIX & Cd . As Fil Ni (ORES I —E
Bk T BE DL b5 Y KF, L 43 i R 10.86% |
4.66% F10.78% . Cd B75 YAIXT e I, 2R VE &R
FAR LA FH Hb 7 R P &b 83 DL 35 Yook oF
FAE DT ETG YRR As 15 e 5™ 51 a5

< BY

fi5 Cd AR, 78 Tolb H Ho Fn s AR H A 2D & i
DAL T TS LK. Ni b 5 5 YL S5 0 1 R kR
AT T M. & Cr, Co, Pb Al Zn B+ $9EEE
i KR53 Tl G A A 5 s Sr b T v BE V5 Bk
HAESRHETHEEKE. Db RS0
ﬁg%ﬂvﬁ%ﬁiﬁ,iﬁﬁﬁ%& 10 Fi o 4 @ 1 s G
MM EIHKIKN: Cd>As>Co>Zn>Ni>V >
Pb > Cu > Hg > Cr.
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Table 5 Statistical classification of heavy metal 1 geo in topsoil

, H et/ %

L e i oY 1 2 3 4 5 6
As 1.153 0 51.94 36.43 6. 98 2.33 2.33 0
cd 2.062 0 28. 68 10.08 49. 61 6. 98 2.33 1.55
Cr -0.145 78.29 20.93 0 0.78 0 0 0
Co 0. 481 2.33 96. 90 0 0.78 0 0 0
Cu -0.038 53.49 46.51 0 0 0 0 0
Pb -0.028 62.02 34. 88 3.10 0 0 0 0
Ni 0.074 41.86 57.36 0 0 0 0.78 0
v 0.013 47.29 52.71 0 0 0 0 0
Zn 0.216 21.71 74. 42 3.10 0.78 0 0 0
Hg -0. 142 5.43 2.33 0 0 0 0 0

1) 0~6 F5 1, 5M4

TRIE AR S e E AR BOL TN 25 1
FRHEET A Tl X A 3 7 4 J (1) By 5 YL s 7
RSB EE(ED) InFE 6 B, HE 10 Fhf 4
E! B HE TS, RHs Tl X 5 4 Ja o0 3 A XU (B
KRB/ NHERF . Cd > As > Co > Ni > Pb > Cu >
Hg >V > Cr>7Zn. Cd 24506 % ™ =i 4 8 o
2, RFE ST 96. 9% HYRE S AL T EE D B Y5 g
IR, e A T 5 YLK 1 A 39. 8% , HE TS
YeoK () 1AL 7 35. 2% , P HE TG e K 1) AT
7.8%. FHILAT UL Cd XA I + 1 1 4 s W e
ESFEFIGYTTIREC 2 . & As IR HERE S

2.3

A 11, 7% BIRES HA B DL B AR AU, Herh s
15 YLK TR B T YK B RE B LA R 2. 3%
AR SAEFERRE R BES. Ni| Hg 538645
SRFE R A S KB A 2. 3% % He L3RR
RbFrp R XU 25 . 128 > H3ERE S Cr, Co., Cu,
Pb. V. Zn iX 6 F 4@ o R W E A S e FE R E b
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Y fe W ok b

KRBT RS Tl X H S A S fEF LA TR
RI B3 A i 00 LI 3. 128 A 3R AL S 255 4
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Table 6  Evaluation results of potential ecological risk index of heavy metals in soil

RSB
HE)R SZ(RIEN (e FHMH E! <40 40<E' <80 80<E <160 160<E’ <320 Ei=320
i + Bl HE JUHE
As 10. 42 280. 21 28.74 113 9 3 3 0
Cd ND 1 140. 00 172.21 4 18 51 45 10
Cr 1.21 10.21 1. 89 128 0 0 0 0
Co 4.45 20. 37 7.11 128 0 0 0 0
Cu 2.62 7.73 4.99 128 0 0 0 0
Pb 3.26 17.05 5.10 128 0 0 0 0
Ni 3.36 81.53 5.82 127 0 1 0 0
\ 1.31 2.89 2.05 128 0 0 0 0
Zn 0.67 4.06 1.20 128 0 0 0 0
Hg ND 71.43 3.05 125 3 0 0 0

ST AR DXAS ) FH i 2 8 A A 2 XU (3
FEAEFL (WA T) B Ni, Pb Al Cu B 25 25 XU I3
FEFEZE RN, LA TR 4 Ja 1 AU = IR AR B T AR [R] 1)
A 3 PR A | AR S AU iR 35 Cd,
U As 1 Co, W {E e /NFA Zn, Hg . V Fil Cr K
WL Zn 5. BFSYE X EE 4 i@ A 2 XU A 2 A o3 A
AR . R [ A 4 B A AN () b 2 A e g XL
W I E AT S &P, As. Co A1 Ni 78 Tolb i #h
H A IR e T A PR A 2 A 5 i e A A b
Cu, Pb, V Fl Zn b AT ] 02 R A i [] 56 4
JE KRG (E M 7 5 Cd . Cr A1 Hg 764V b P RS2
AU 5 T H AR P A R b ass 7. Bl o Br 45 SR R,
K K Tk X &R 15 Y CAFTE— E RN A
AR, X5 As Fil Cd W45 5 5 g OGTE. BIFFE XA

L | AR R TR R
<150

- 180-360
100 360-720

B3 XBIVXIHSEEEBEELESNESHRE
Fig. 3 Distribution of potential ecological risk index of heavy

metals in soil of Dagang Industrial Area
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Table 7 Comparison of potential ecological risk index in different land use types
£
FH H 7 - RI
As Cd Cr Co Cu Pb Ni \ Zn Hg
Tl 31. 68 180. 38 1.83 7.19 4.96 5.10 6.54 2.05 1.22 2.13 237.17
JEAE 24.17 132.79 1.88 7.09 5.44 5.81 5.44 2.09 1.25 3.11 182.18
Al 27.87 184. 55 1.94 6.96 4.74 4.69 5.14 2.00 1.15 4.19 240. 42

AR B AR H B AR A XA AR Y
BT BRI R it KLk RUBS: A A T Y By iR
2.4 LEEELSRNSEIEHT

AR, MO 3 A B E L A B R E
LEWTEP N R Z W F Bz —, & ou R [H) W E A
5, GEBIAATTH B A — R R A R R kg RO
KA X 10 Fh i 48 O AHOCOC R 8 T3R8 8, 45 R R
AT G B A I [ A AE — E A OCHE. Cu 5 2%k
SIRVIBEIN TEAFAH KL ER; As, Cd il Cr 2
BEIEMK; Co, Cu, Ni, V Fl Zn & B FIFMX,
Pb. Cu Fl Zn HABIFHIIEM LR, As, Cd Fl Cr
FESTELRN MG Y, B IS TR AT RE A K=
A EILE (As, Cr, Pb, Cd 1 Cu) 7 4 H BT I

B P B P SIS A Cd ., Ph IEERE
AT SH AR 0 it A 0t B8 ) R RIASE A ] 2 S 3 - e rh it
KE 4 @ 1B AFE B R Facchinelli 2% A4, Co.,
Ni S5 5 REAA G, IS ZAH G PR R i JL A 42
JE TR M HE S, Cu, Zn A1 Ph 785 ALK
RNy B G B W e 3 O SR ==& =T B TR RN
R FEB TN ZETE B R R A8 3 A A DR 3
A4, L A A AR T DX RN Tl X s 72

FE IS4 AT R 40 ) - 8 v 45 ol B 4 i 1) ok
JECY . KX RZ IR E SR A F R e R R
W, 10 P 4 J& Al AT 4 > 328050 ot 82. 247 % 1Y
5L, BUEXTHT 4 A E B3T3 gk Al DS 24t
FE XTI A R AR AR (5 B PRIE L3R 9.

*8 REITBEEBHHEXXRY (n=128)

Table 8 Correlative coefficients of heavy metals in topsoils(n =128)

As Cd Cr Co Cu Pb Ni \Y Zn Hg

As 1

Cd 0.651" " 1

Cr 0.401* " 0.381"" 1

Co 0.138 0. 144 0.318" " 1

Cu 0.190" 0.238" " 0.349 "~ 0.659" " 1

Pb 0. 063 0.211° 0.226" 0.321"" 0.623** 1

Ni 0. 142 0. 149 0.289 " " 0.849 " " 0.602" " 0.472** 1

\Y 0. 104 0. 148 0.313** 0.751" " 0.778** 0.387"" 0.594" " 1

Zn 0. 107 0.275" " 0.347" " 0.464" " 0.662"" 0.817"* 0.581"" 0.526 " * 1

Hg 0. 003 0. 087 0. 079 0.334"" 0.184" 0.313" " 0.420" " 0. 136 0.234" " 1
1) % FIRAE 0.01 /K- (RN FRFEHIE; 2) * FRTE 0.05 AKCF (XU | & EHE

R9 REITESESERNER
Table 9  Component matrixes of heavy metals in topsoils
T P B (CERY) P 3- g e (el E080))
F1 F2 F3 F4 F1 F2 F3 F4

w(As) 0.303 0. 828 -0.092 0.129 0. 055 -0. 056 0. 892 0.011
w(Cd) 0.387 0.772 0. 146 0.102 -0.016 0.182 0. 859 0. 080
w(Cr) 0. 508 0.482 -0.117 -0.059 0.320 0. 155 0.614 -0.063
w(Co) 0.813 -0.201 -0.440 0.173 0.918 0. 093 0. 106 0.248
w(Cu) 0. 861 -0.088 -0.057 -0.260 0. 700 0. 546 0.171 -0.055
w(Pb) 0.709 -0.135 0.612 -0.177 0. 180 0. 926 0.072 0. 181
w(Ni) 0. 824 -0.215 -0.179 0.255 0. 765 0. 261 0. 099 0. 400
w(V) 0.789 -0.170 -0.370 -0.220 0. 863 0.273 0. 082 -0. 104
w(7Zn) 0. 806 -0.081 0.416 -0.237 0. 361 0. 851 0.152 0.083
w(Hg) 0. 390 -0.212 0.276 0. 805 0. 141 0. 147 0.012 0.938
FFIEE 4.508 1.707 1.033 0.976 2.951 2.112 1. 996 1. 166
TR/ % 45. 080 17.070 10. 334 9.763 29. 507 21.121 19. 960 11.659
ST % 45. 080 62. 150 72.484 82.247 29. 507 50. 628 70. 588 82.247
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X A AR AR B AR U 4 A BT T 00
(R 9), 45 ER, I+ 1(F1) th 58w 12 Co,
Cu, Ni, V| Pb, Zn; ¥ 2(F2) hafifmpE4
JE&H As | Cd; - 3(F3) FIA T 4 (F4) P g iim
(45350 J& Pb 1 Hg. 45587, [F] P 7 8] () 45 Fif
HEBRIEE Z: 20, T B K4 FEF
HATHE AR 515 8], Co, V., Ni, Cu 7E F1 IR
A E R 1A e, Pb . Zn F1 Cu 76 F2 h A5
K F-afi, As. Cd I Cr 7€ F3 F1 B AT 8% 117
fif ,Hg Ay F4 By F 2 fap  HIELPAESHS Ni. 5
FREERCHS Tl DX 35 5 4 i 1 s SR AR 55T (11 3)
XTREAATOT 0, F1L AL I JLAP E 4 )8 (Co, Cu, Ni
FV) FEEAEAR L 5 Tl X R A X405
A FH L AR A AR T ROz, R EE S
5 5efE 2 10 A1 AR B AR E AU D T, AR
AR H SR PR i B . F A BB ST A R
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SRR ALY DR ARDRE Tl s v EER R T
PR RRHIR B RS T P SCHETCAE A A A Ak 511
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Herh 3 FhE 4 JE 0 B AR S U SR L (HAE
7% X b REFE B 43 A B b ] & S 5 R A
%) JE R AN Tolk 3 Ph ., Cu AT Zn ROV E & T
JEA FHH. 38T R Y Ph B S5 R L
FARFRA M, IRl @i KA DIk A 13877
Zn T FH T 06 B A TR S R R AR
Z5RERMMBEHR A%, Cu FEFEF ARG
B W AE RIS YIR TS Zn A1 Ph —[FfE A
YT A E I YL IR bR T R Y A
ZimE X 3 M e RN ORI, ERBX LR
R N R RIS % AWK R 2L
SR — 2 A T B 1k 2 4 R it — 2 B
FHLOF3 AUA0 As ., Cd A1 Cr ZEARO) X 85 Y45y
# 7R T X R AA 54, B =3 A E. X3
P e 4 a5 0L Al AR P s R S P B 25 (H
As) | IEEL(E Cr Fl As) | HBJRE (3% Cd) &7 fh .
AW RY, A HEWE . KUK R 3h S
WSS T RE = 42 Cd Y54 . Cr AR IR TR
G, HHE . IR T, H Cr I8 A0 HE G H 20 E
M IERUK IR BT G, A W50 R B R X

FAAECRER I | PRI Tl 3% 8 7 A 1 75 s st
DURE S HE B ] RE S ECRM L Cr iS5, £
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