ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCE

£

2013

RERFERESISHEHSR RO EH
4 4 & K B U




w % # 3 344 459

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 20134 9 H 15 H

H &

FIFHPUF %20 R REH AR BT = S0 IR T S TR I 25 A3 BB v vveeeeeemmmnereeessnnnnnneessnniiiieee e s
............................................................ g)ﬁ;ﬂ‘& j%xi %Z,Eﬁ)’ﬁlﬂﬁ il , %E,?fé}%\,éﬂ.%,, lUijZH(3339)
FTIR Xt K SCHUR) PM, | FFORHIRER 5 AT ooveveeeeseoene AU RA R BEL B R B R RN (3347)
fm@ﬁtﬁ]ﬂ_lﬂﬂliﬁijimo HONO ., HCHO ., Hzoz XUL'OH E/J)\ﬁk:%:ﬁ:h .................................... X1 9%,5/7‘:\?«% (3352)
TR AR [ e i 2595 e }L%ﬁ}%ﬁ% ........................................................................... A, 4 2, X H(3358)
BT H K TP O 00 5 A BRI - vveveve B, T4, LT, £, B, HEE, KA, A5, B E(3368)
R SR S P TG R oo EB], BERE (&R, S, % E 4K 9 (3374)
IR PRERBE P 25 2 T P 20 BRI BRI R oevvvoeeen oo WA, IR, KAE, HE,NE, RAE, KB(3381)
DU FFR 22 i A 22XV IK S I TRV T -+ v v vvvemeemmmmeeeeeeeeeeeee s e s s e s ﬁngg 3%% 1% Ak 4 (3386)
SR AR R A LR ST PE LG BAIE +ovvvoeeesenssssesssense s bk, B E ) TR, B A(3301)
B P I W S TEA R B TR S T AR RS covverrerrree )jé;})(ﬁa ?ﬂ ;uj,fgﬁ E/I/f%(3398)
KL RSB ITHEIT A ) (0 0 A SR GAARFAE oo BEH AEY, KRR SRR FEE FHS(3405)
ACTLH R USROG L ZREFERIIE - ovveeeeeeeesosseeessnneenns ERE HW, WRE, 27,7 EH(3416)
IS RK K R A @eéwgﬂcﬁ/ﬂ‘:%/ﬁﬁ*ﬁ ............................................................ %ﬁ%’%%§’$%(3423)
JUIETEI i D R SETUBIBRRFIE JOUE G 2ERE Y covessssssoovenneeseess B4 IR IR R, E A A, 2 R (3430)
BAEES S TR A TR ACHITE AN A IS AL HIHE oo erreeeee oo e KR, W (3437
FRE BT IR A T SEMEALTTKAITISE oo R, FEE,ER,HGH I EE(3M45)
WU VE N, 3 ORI DB B A RAERFFY -oveveeeeeeernenienees B, 20,20, %5{9& PR B, #/NTR(3451)
TR AR B KAB ) 25 RN 2 25 B A R b DOM. BECRAERIFSY - AR M3 BWR L, %meﬁ LK, KA, R F B (3458)
H KA IR T2 XA AR R A S IR B IUFEI oeeeeeeeeees %o BRER, R, A A, W, X [E (3467
Y AT S R0 BB EPURP - Fesh X8, ZTH, A FAM, oA, R EF KAWH(3474)
AT SIS A UK R RAR,BEA DEE KR HE R, T KA (3480)
e D N T G DN 8 WA, B BT B R, 1R T4 (3486)

%A%’ﬂj%{ %(}T\H%ﬂj}:ﬁ E‘E]Eﬁ_)EA/éﬁ %%?‘FUE*%?‘WK%@W*E‘J(E@%% ﬁﬁﬁﬂ .............................................
e X!J%ﬁ'%? )f l’%‘i ,Ej-; ‘E‘%A#é ?fﬁ](3493)
{%%’E%H}éﬁ%@ﬁﬁ“ﬂ@iﬁ}i ;{:/J}B &%@%HL%‘J ................................................ %Xﬁf{,ﬁ?ﬁl i,{% ﬁﬁ£(3502)
S AT (LS U AR R T DS A OB oo WS, TN, KW, EREEHEE(3507)
BULE 1 L4 I8 AT PR T B B RAE - evvvm oo Bz, B Mok, XX EM R, (3513)
UL S PR R AR SR AR - vvere e HWE, DA, PRI, FIRE, A0 255, 0 (3520)
Qﬁﬁ@‘éﬁg&ﬂﬁ@ﬁﬁq: G K TRIE TS« eeeeeermmrmmmmmmmrmenneriretetee e e aeaeeaens EE Y AR EA, EFL(3526)
Tk 2 JH 6ot B4, s 75 e IR R AR N,0 FPEHE R IIIFGY oververree e PR TR W, 5 A 5 (3532)
Fenton 1871 55 CPAM I/ S B 5 JETBACH RAGBEMEGE - ++vvvvvvveoe oo B, 3 A, W, B R, TR (3538)
R A B ITORL TS TR EN I ARE o veveereesseeseesesseese e FEEG E, ok, M (3544)
W%E?ﬁ%ﬁﬁﬁiﬁﬁ%ﬂ@m?ﬂ%ﬁ% ................................................... WA A B KM PP E R B E (3552)
W X R T Cd % B SR B S 8 SR oo X ZF G T, A, A, KA, K (3557)
%ﬁﬂ‘ﬁ*ﬂ%ﬁ%@ f&$% ﬁﬁﬁﬂ .................................................. %ﬂ}f,i;%,—f%,;ﬁf?i(3562)
P B e i B S R A AT TN - TR BER, BRI, ZFWE,ZE LEB(3572)
PAL T 5 X B R T DA 38 R AE B RIS T S - eeeeeeeeeeeemmemeneennns ﬁﬁy\ﬁa’ kK, e T H(3578)
AT BRGNS FIBEAIREIEIIFIT - ererrerrrrr e E/H: /§$h¢ ?ﬁfﬁ?,?ﬁﬁ,%?@(:ﬁfﬁ)
WIHE K SR P O SR T I 5 B RTARARAE vvvvoeesseeesenssenna TR, RE, B R AT, HI5(3595)

BRABTE R BH R A T AR T 0 A SBEGTT M FIIE FJ LA - veveeeeemmmnmmmmmmmerneraeaaaaaessenasanannniannnnaeae
............................................................ T, =28, Bk FNE BERK, FT, . M AR (3601)
i;{gﬁ%ﬂ’“ﬂﬁzqfﬂiﬁﬁﬁ&/ﬂ\:xfﬁﬁ%@E/‘Jﬁ§un .......................................... n+/%$:§g, [ﬂi,g}/ﬁa ——l’/?lgz{;’ fﬂiﬁ\ 34::(3607)

_%Eﬁ};&f[gﬁlﬁglﬂ Methylobactenum rhodesianum H13 E@ﬁ%‘%@m&l}%ﬁg#ﬁ‘ﬁﬁﬁﬁ ................................................
........................................................................ }UJ/%%, %/lﬂﬂﬁé Z/\mﬁﬁl—ﬁﬁ ER$ Fz'f}]:z F’-‘f}%ﬁ (3613)
SRR PRI W) R S AT IR e vvveeeeeemmmneeeeeeenieen hEe BES REX A, LS FWE,0H(3620)
%%%H%K{ﬁﬁﬁ{?étﬁé’%%%ﬁﬁ SO hﬁf@ﬁgﬂ{% ............................................................ ﬁ;ﬂ; E/&ﬁ‘ @5&(3627)
%?%iﬁﬁﬁ?ﬁﬁ?’r’ﬁE‘thﬁ'ifﬁ%‘ﬁ?r?@i)ik[Zélz?ﬁﬁl#&%‘iﬁﬂiﬂkﬁ%ﬁﬁ?ﬁ ---------------------- ER EES KAE,F—(3633)

EEEFRIERESEREERIESILY

ZAEHE AR (eS0T I 75 N T 2 e —— B HHEE REE REE, LRA, X (3641)
&[ﬂiﬂzﬁfz‘[—]yj Li’@,i’%j}? E%Eﬁﬁ&ﬂ@ﬁ .................................................................. ?ﬂ}%ﬁ%,ﬁ]%%(3648)
B U S TFE B BT 0 A ST PRI -ooooeveeoeeeeeess KA, R EIL SRS R F(3654)
JJEJﬁ%LkUEE%l&%%Fi%iAE{G Eﬁn ............................................................ %EE ﬂﬁmu,%iﬁ(3663)
SR OB & B RS AS AU oo SRR T, K ST (3669
SR X TR KRB RO - LNT B, 0 R, 3R BRER, 7N R R 9 (3675)
B D I By N i v ZE ALt A B 2| T e pprep o & IMKE , EH#(3679)
R A R S AL AR TEAS 15 UL 37 M 34 B EE [ 0 I BIFGY - eeeeeeeeeeermmmmmenniiiin e e kA B P H(3684)

MR 224 SRV YL BB T BB ST AN Be L RBIFGY - vvvveeeessrmmrnnrreesemnntiteee s s sttt e e ettt e e st e e e
.................................................................. %%ﬂ,?ﬁﬁ%ﬂ%{ﬁ%,gfﬁﬂ/ﬂ}%,%%%,iﬁm,Marc Peters(3690)
BTV e A P T 4 SR A TS PR TG 2B AL I «+eeeeeererrsm sttt 2L, ¥tk WA (3697)
RN L A OO Tl AT I AR oovvveeeeseesosnossensennns EEA, FHE, SR, 5 A (3704)
FE B DRI 5 5 e L G BRI BT YRRV ovvvveveseees s BT, FAE, 500, F BIE(3700)
58 I A B 0 0 SRR RE T v ooeevenoos 38 R A, R, EMH, AR, RR(3716)
LR T T 4 835 e IR LR RSB IIFTE v v R HE R, T RS (3722)

CFREERF2E) AERR TRT I (3404) (AERZEVIEIT IS 3 (3444)  {5B.(3492, 3551, 3696, 3715)



5 34 545 9 01 7 S S R
ENVIRONMENTAL SCIENCE

Vol. 34 ,No.9
Sep. ,2013

BB R B EE LSS RS AR

e BKNI T R

(1. HEWGERFIFERY S TR, 55 266100; 2. WFFE SAESHUFTIELLRE, F5  266100)
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Study on Pollution Evaluation of Heavy Metal in Surface Soil of the Original Site

of Qingdao North Station

ZHU Lei', JIA Yong-gang'”*, PAN Yu-ying'

(1. College of Environmental Science and Engineering, Ocean University of China, Qingdao 266100, China; 2. Key Laboratory of
Marine Environment & Ecology, Ministry of Education, Qingdao 266100, China)

Abstract: The determination of pollution extent and health risk assessment are the premise of heavy metal contaminated site
remediation. The content of Cu, Cr, Pb, Cd, Zn, Ni in Qingdao North Station was detected, and the correlation of the 6 kinds of
heavy metal content was analyzed. The pollution extent in excess of background values was characterized by anthropogenic influence
multiple,and the pollution of heavy metal in soil was evaluated using geoaccumulation index and a new method which connects
geoaccumulation index with Nemero index. Finally, human health risk assessment was carried out with health risk assessment model for
heavy metal content. The results showed that Qingdao North Station soil were polluted by heavy metals. Six heavy metal pollution levels
were; Cd > Cu >Ni>Pb > Cr>Zn, and Cd had reached the severity pollution level, Cu and Ni followed by, Cr, Pb and Zn were in
minor pollution level. The order of coefficient variation in all heavy metals was: Cd > Ni > Cr >Zn > Pb > Cu. Within the study area
soil heavy metal distribution was different, but overall discrepancy was small. The order of non-cancer hazards of heavy metals in soil
was Cr >Pb > Cu>Ni > Cd >Zn,and the order of carcinogen risks of heavy metals was Ni > Cd. The non-cancer hazard and carcinogen
risks values of metals were both lower than that their threshold values. They were not the direct threats to human health.

Key words: Qingdao North Station; soil heavy metal; geoaccumulation index; embedded /., composite index; health risk assessment
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Fig. 1 Distribution of soil sampling points
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Table 1 ~ Exposure parameters of health risk assessment models

REBETNSH MASHE  L#HSEHE 2%l
IR 100 200
ED 30 10
BW 56 16
CF 10 ~6
FI 0.0~1.0
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AT,, 25550
AT, 9125
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Table 2 Values of the model parameters RID and SF

TEEITE RfD/mg- (kg-d) ' SF/(kg+d) -mg~!
Cu 0. 04
Cr 0. 003
Pb 0.003 5
Cd 0. 001 6.3
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Table 3 Descriptive analysis of basic parameters of the soil heavy metals

YE| Cu Cr Pb cd Zn Ni
BRCEIE/ mg kg ™! 120. 33 55.42 62.94 1.62 121.36 37.04
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Table 4  Correlation matrix of heavy metal pollution concentration in soil

Cu Cr Pb Cd Zn Ni
Cu 1 0. 560 0. 191 0. 449 0. 504 0.809 " *
Cr 1 -0.231 0.614 -0.044 0. 568
Pb 1 0.202 0.632" 0. 056
Cd 1 0.388 0.779 " *
Zn 1 0.532
Ni 1
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JETG Y BEIG YRR RS V5 Y M Cd LR

V5 YL N T H 7E SO1 ~ S04 1 SO7 K& ik F] T
FIGYMEE. SR LA, SFEEREREZMNE
HITE SO1 ~ S04 SRAF s Ak, i Cu 15 YYE Flfe ), Cd
V5 YL ™, Cu, Ni IRZ,Cr, Pb, Zn 15 YL5204.
2.3.2 AFEESEIETHA L, T80T A0
e 5,6 e Y 6 FhEE 4 JE 43 B R AT 4
G 7% I8 150 25 T0 F b BT 2R B B KAE FF- Y
B, RAAL SR R E SRR A 1, 564
BRAERIFR 6. bl W, 75 B bk £ Cr,
Pb. Zn f P {HALF 0.5 ~ 1 ZI8], J8 TR B, Ni
() PAEAL T 1 ~2 Z [0, 8 FH TS Cu iy PHE
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Table 5 Muller index evaluation of topsoil heavy metal in Qingdao north station
o Cu Cr Pb Cd Zn Ni
=2 P
Lo S Lo SR L SR Lo S Lo SR Lo SR
S01 2.89 3 0.21 1 0.50 1 3.47 4 0. 66 1 1.6 2
S02 2.47 3 0.37 1 0.50 1 3.65 4 -0.04 0 1.16 2
S03 2.56 3 0.26 1 0. 31 1 3.27 4 0.43 1 1. 14 2
S04 2.63 3 0.71 1 0.38 1 3.54 4 0. 10 1 1. 11 2
S05 2.58 3 -0.25 0 0.76 1 2.82 3 0.72 1 0.94 1
S06 2.31 3 -0.46 0 -0.18 0 1.44 2 -0.87 0 0.09 1
S07 2.83 3 0.85 1 -0.10 0 3.03 4 -0.02 0 1.33 2
S08 2.44 3 -0.03 0 0.59 1 2.47 3 0.02 1 0.57 1
S09 2.45 3 0.14 1 0.39 1 2.86 3 0.36 1 0. 66 1
S10 2.77 3 0.25 1 0.88 1 2.91 3 0.35 1 0.84 1
®6 ARELBHBN I, SAEHARER T2 ~3 Z0 R TSR EERGY; CdRY P>
Table 6 Embedded I,,, composite index 3, iiﬁl T’ 3.32, }% ;J:E:\Zg% 2/%%?%9{% Eﬁ E/‘J j(/J\
and its grading of different heavy metals .
— HEFFJ2& . Cd > Cu > Ni > Pb > Cr > Zn.
i H Cu Cr Pb Cd Zn Ni - o s
2.3.3  RSEIX I R AU PP A
1 2.89 0.85 0. 87 3.65 0.72 1.65 s . . e
HRAE R XU PP B AL R S 455K 3 1Y
1 2.59 0.2 0.4 2.95 0.17 0.95 . . s o ™
P 274 0.62  0.68 3.32  0.52  1.35 SRR, TS LR E 2R Pb, Cu, Zn,
s+ s s sy Cd. Ni, Cr THES AR 5 ILE A AR, I
15 Y _ .
BT Cd. Ni BB, THRER L 7.
x7 ITBEBFRESEERETNTEHIAERR
Table 7 Health hazard of individual person caused by different heavy metals in soil
5iH PN JL#
Pb Cu Zn Cr Ni Cd Pb Cu Zn Cr Ni Cd
HQ 0. 031 0. 005 0. 001 0.032 0.003 0.003 0.073 0.012 0.002 0.075 0. 008 0. 007
HI 0.076 0.178
CancerRisk 1.96 x10 > 6.42x10°° 4.57x10°° 1.50 x10 ~°
M7 TR0 Ml g EMMASILE  17.81 Z .

MEAEEOE XURS B2 HQ B/ T 1, S iy AR B0 KRS 48
BOHL /N T 1R R IEA A 3l il . AE80E
W ST 5 A A R IXURS: EL /N, (L X 22 5 A A
GV 1 R £ 7, SOV A A AR ft R A T U R/
J9:Cr>Pb>Cu>Ni>Cd>Zn; Ni Fl1 Cd fEEK
B Risk PI7E50E XS B (E 10 ° ~ 10 YE R LN, &
B Ni F1 Cd 1 38500 JRURS: B3I, XoF AR 23 3 Bl ™ B
P JLEIRAE S Z 38| L EE &R S ENE
M, 6 FPOTER TR R R TN, JL# 32 5]
{14 it o 115 5 IXURS & BN 1Y) 2 A5 A2 A

3 i

(DF IR X N Cu, Cr, Pb, Cd, Zn,
Ni & B T HF S TAEST M, b Cr,
Pb., Zn 1548 4% Ni, Cu. Cd 754k ™, His
FRAEEC BIAE 0.6 ~3.7. 6.41 ~10.12, 3.06 ~

(2) AL, 6 FhEE 4 )8 & A S R B AE
BRES, MRS AR SRR . Cd > Ni > Cr > Zn
>Pb > Cu, J Wk THF5E X 1 Cd 407 2 7 &
K, 52 N R sl i 2

(3) WF5EIX B 4 15 e b it R AR B0k - 3
Y, 4 Jm 15 Qe Y FIAE SO1 ~ S04 RE A NS, Cu
SYe ) TSP N Cd V5 e A T, Cu, Ni K
2 ,Cr, Pb. Zn 554

(4) LR A 1., 255 48 B0 B BTN AR 7
W AFSE X PN 4 JE TS YRR AN TR, R A SRR
H.:Cd>Cu>Ni>Pb>Cr>Zn, ' Cd JE FTHEIT
P Ni, Cu JB FHEGRERIGY,Cr, Pb, ZnJET
BRG5Ye.

(5) 3 A AR B i R XURS DT 3R PH - 1 4
A 30 AU R/ INA /N T S0 KU 4 1, B0 XU
Ni F1 Cd I T 3500 AU B {8, %oF A AR 233 i)™
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