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Heavy Metals in Environmental Media Around Drinking Water Conservation Area

of Shanghai
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Abstract: The levels of heavy metals in Shanghai drinking water conservation area were determined, and the spatial distributions and main
sources of heavy metals were investigated. Moreover, the ecological risk assessment of heavy metals was conducted. Some conclusions can be
drawn as follows: (DThe average concentrations of Cd» Hg, Pb, Cu, Zn, Ni, Cr and As in road dust were 0.80, 0.23, 148.45, 127.52,
380.57, 63.17, 250.38 and 10.37 mg*kg™" respectively. In terms of the pollution level, the values of soils were relatively lower, with the
mean contents of 0.16(Cd), 0.33(Hg), 30.14(Pb), 30.66(Cu), 103.79(Zn), 24.04(Ni), 65.75(Cr) and 6.31 mg*kg™' (As)
severally; meanwhile the average levels of heavy metals in vegetables were 0.010(Cd), 0.016(Hg), 0.36(Ph), 12.80(Cu), 61.69(Zn),
2.04(Ni), 2.41(Cr) and 0.039 mg*kg ' (As) respectively. (2Semivariogram and multivariate analysis indicated that heavy metals pollution
of soils was induced by anthropogenic activities mostly, and the pollutants produced by traffic were the major source of heavy metals in road
dust. @ The order for heavy metal enrichment coefficients of vegetables was as following: Zn(0.589) > Cu(0.412) > 0.102(Ni) > Cd(0.059)
> Cr(0.061) > Hg(0.056) > Ph(0.012) > As(0.007), and the results indicated that Cd and Zn in vegetables were mainly from the soilss
and the other metals were probably from the pollutants in the atmosphere. @ Sediments in drinking water conservation area were probably
derived from soils around; however; there was no significant relationship between heavy metals contents of them. & The results of ecological
risk assessment of heavy metals showed that heavy metals in soils were in no-warning to warning situation, and warning to light-warning
situation for road dust and vegetables. The fuzzy synthesis judgment for all the environmental media around drinking water conservation area was
warning to light-warmning.
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Fig.1 Sketch map showing the sampling sites in drinking water conservation area
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Table 1 ~ Physicochemical characterization of the samples in drinking water conservation area
WA i ZH P IR/ MI FPNT] P v A 22 A5 R %
pH fH 6.12 4.25 7.71 1.16 18.97
& AHHURE % 2.59 1.35 3.61 0.69 26.66
SEIBRAR /pm 39.29 25.71 61.54 14.44 36.74
<10 pem FIRE B £/ % 34.89 24.9 41.2 5.38 15.41
pH {H 8.20 7.53 9.98 0.70 8.55
S HHUTTE R/ % 2.57 1.12 4.58 0.93 36.05
SEIBRAR fpm 193.13 137.56 242.59 28.56 14.79
< 10 pm UKL 4/ % 10.74 6.16 17.50 3.31 30.85
Gr TIKE) % 83.67 79.65 86.28 2.09 2.50
HHLTUE /% 94.21 93.68 94.76 0.40 0.42

2.2 HIEL U 4 JE S BRFE

¢ 7 U R 30 45 A B A R 4 R R R
2, N AT LUFE Y, 3 FREREE A B, B4 8 Cd. Ph.
Cu~Zn~Ni+ Cr Ml As 7538 B K A2 2 535 B ey, Hg )
AFTHEESEOE, A L& i,
F A JE TR AL T R A B Zn S,
6 PP G B JC 2 A5 bk ) B AR L SR
KRG 1 ~2 MEEEY . NE 7 RO, & &
%I TG ZR AT A B 48 e 2 ) 22 e 0l R N, T A

TE P8 AR R S T IR 2 1) 22 S A 6 R OK e v AR
SR

OO KR LR B L A JE o i s T
-1 SN R [ 5K A 5 AR v ) B
2, N R LU Y, 3% 8 R E 4 8 JG E Y, Pba Cus
Zn.Cd F Hg # It by 8815 S8, 2000 o8 1 5efd
) 1.18+1.07-1.21~1.21 FI 3.26 fi%; [ [ 5K 145 i
sAREA UL, Hg AT Zn 2 Bl T 2 4%, JG LA Hg 5
h B, I —gRE 2 5 2, e T B R —



1800 7N 58

F} 2% 29 &

F2 ENRBENRHPEEEREE/mgkg™!

Table 2 Heavy metal concentrations in the samples in drinking water conservation area/mg*kg ™"

R S8 Cd Hg Pb Cu 7n Ni Cr As
Frimii 0.11~0.25 0.084~1.02 20.22~39.03 21.02~41.94 74.30~149.15 15.31~35.32 36.77~96.93 5.30~8.20
e FHE 0.16 0.33 30.14 30.66 103.79 24.04 65.75 6.31
bRt 7 0.043 0.26 5.85 6.26 21.04 6.29 18.87 0.91
AR R % 27.50 78.41 19.40 20.42 20.27 26.18 28.70 14.40
Frimii 0.51~1.21 0.067~0.77 40.37~279.31 57.30~304.63 192.77~634.60 34.50~135.49 79.14~949.70 6.34~21.81
A FH)ME 0.80 0.23 148.45 127.52 380.57 63.17 250.38 10.37
Pt g 72 0.20 0.22 75.12 75.64 137.18 28.54 233.13 3.67
AR R H % 24.52 96.28 50.61 59.32 36.05 45.17 93.11 35.40
it 0.0033~0.027 0.00061~0.051 0.18~0.89  7.60~17.57 41.92~88.20 ND* ~4.78 ND ~8.92 ND ~0.081
ol P 0.010 0.016 0.36 12.80 61.69 2.04 2.41 0.039
P fhi 22 0.0076 0.014 0.20 3.14 14.42 1.95 2.88 0.022
AR R H % 73.79 89.15 56.51 24.53 23.37 95.78 119.58 55.69
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Fig.2  Heavy metal concentrations of soils and dust in different regions
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Table 3 Theoretical semivariogram models of heavy metals and their corresponding parameters
KB R HEEEITR Biiih7oy it HEIR Ty 22 4it 75 % BT R (Y
Cd Spherical 0.064 3 0 1
Hg Exponential 0.278 0.246 0.530
Pb Exponential 0.0399 0 1
e 11| Cu Spherical 0.0409 0 1
) Zn Spherical 0.039 6 0 1
Ni Spherical 26.285 23.307 0.530
Cr Spherical 351.48 0 1
As Exponential 0 0.029 4 0
Cd Spherical 0.052 0.012 0.817
Hg Circular 0.46 0.15 0.752
Pb Hole Effect 0.350 0.007 78 0.978
B R Cu Spherical 0.294 0 1
Zn Spherical 0.140 0.004 71 0.967
Ni Spherical 0.096 6 0.119 0.447
Cr Spherical 0.188 0.467 0.287
As Circular 0 0.054 6 0
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Fig.3  Plot loadings of heavy metal contents and

physicochemical parameters in soils by factor analysis
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Table 4  Pearson correlative coefficients of heavy metal contents and the physicochemical parameters
A R Cd Hg Pbh Cu Zn Ni Cr As oM pH Pl P
Cd 1 0.234  0.524 0.575" 0.598" 0.339  0.521 0.549 0.162  0.120  0.279 -0.657"
Hg 1 0.159 0.024 0.198 0.356  0.493 -0.234 0.266 -0.181  0.206 -0.341
Pb 1 0.776" * 0.386 0.188  0.183 0.495 -0.194 0.455 0.662° -0.636"
S e Cu 1 0.548 0.352  0.135 0.754**-0.101  0.579* 0.441 -0.604
Zn 1 0.672" 0.540 0.151 0.096 0.239  0.118 -0.431
Ni 1 0.604° 0.014 -0.338 0.041 -0.108 -0.167
Cr 1 -0.181 -0.012 0.027 -0.070 -0.244
As 1 -0.196  0.306  0.301 -0.441
Cd 1 0.515 0.407 0.868" " 0.277 -0.167 0.400 -0.494 0.404 -0.502 -0.232 0.160
Hg 1 0.706" 0.640" 0.177 -0.100 0.617° -0.316 0.401 -0.316 -0.448 0.263
Pb 1 0.637"  0.588 0.320  0.798" " 0.154 0.695° -0.269 -0.089 0.356
A H - Cu 1 0.350 -0.074  0.678" -0.260 0.490 -0.574 -0.388 0.353
Zn 1 0.453  0.279 0.388 0.500 -0.428 -0.089 0.458
Ni 1 0.146 0.797" " 0.639° -0.062  0.364 0.499
Cr 1 0.051 0.405 -0.033 -0.034 0.086
As 1 0.250  0.111  0.393 0.357
Bk 0.848°70.083  0.147 0.546 0.741" 0.054 -0.744 -0.197

D % AHICREAE 0.01 BEFR AP L, « MR EAE 0.05 BEFACY L2, BiSEAR s i SeA LAH I 5 < & A S R 28, oM A L

i, PLY IR, P2 AW EPERT RIS B < 10 pm), T

ML 4 07 LUE W B 3 AN 32 0o ol DL RE AR
K 72.34% , T8 % KR FE A JE CdsPbs CusZn F As
¥IfE Pl BRI — & M IE BT, O R EPFAR
P, AT Y5 YL ST B KR T P Zn. Cu 55 554 R
LU I B NP TR A (R 4), XL
4 J8 TC B AR B K AR P AR AR — 8 A O, 1 B IX
WO G JE TC AT 2 AN TS B A7 G ARAL Y E ke
A LAHEWT PC1 SR T AT 38 V5 3 0 N ARAE 2 — K]
Tk As RIS I IE B, 507 220 B (i 45 3
AR5, Rt JOR B b BRAL 2247 5 sk — 25
WL AE PC2 b, Cr AT Ni R WL H B o 1 1 2 fir , 2
TCEBERYITE, KR KA TP AR AR B
FIAHOCHE (3R 4), el b HfE BT — 25 70 >k U5 1 AR A
(). GEil 3 #r 4l R, SE3E T X CGRATE Tk X
TEH FUIN X R BIAT 48 9% 5 AR I X 3 i A 2 vh
Cr A1 Ni [R5 5 B I8 v T3 X, ey e 4R BT pe2 AR
T TNl ys G i i A AN T 4 s 1 sk, AR IX —
By b CdsZn S50 MR I — & 1 1E g, KW
by Gext AT — @ Tk ./ PC3 I, He
FUE HLT R I W = 10 IR 8T, 2% O 10T
FE, HET PC3 35 EARER 4 XUAL ORI N
iR 4 T KA E S8 O LS U A G
IINT S 3R WY B K A P IR R 4 T R T A A
TSI AN, 5 BRACPE O A T

i ooy T 4 R N R R

0.059(Cd)+0.056( Hg)+0.012(Ph)+0.412( Cu)+0.589
(Zn)~0.102(Ni)~0.061(Cr)F1 0.007CAs), A LLF H
B! LI CusZn 1 E AR, 5 As (1) 4
AL, HIEMBERESE SR CRWE 4, W LUE
L B ed 1 Zn 5 R8P 10 B AT AE A S
IEARDG, BIER e B4 Jm & R bE L3 & 3 oKim
W38 0, et AR R s Cd M Zn 2R TR R
Xof R G R . O KRB TUER I, B
Fe 8 E A 2 Pk, — 2l I AR R Wl 1 g
(0 e s R i L L R R AR A e B
Tl b R 4 B0, A HERT RS B ¢d A1 Zn
Gh, e E4E R R EEH T K53 .
2.4 SIS TUE S BTSN R AR S AR
2.4.1 LHERIK AN T4 JE X K IR 1) R
R A8 T G R B VLK IR (1 5
Wiy, AHE SR D R AL T A R 50 B By VAR
B PR FI & 8 & AT T 20 b AR TR
WK 5), LRI YUY Y R4 54 1 5 TR AH 5%
PR, CAT 53R B VA3 IR AR b A P R T AR 4 v 7 4
J& 1R o3 A LA W e Y, DR g A el (1 A
ABLE I BV VL UOAR W0 1 U A O J N
5 EM, TEMER KD ESESTIRYES
JE 7 AH OCHEAS W 2, 1 AT B8 K Y B A — AN TR
MR I RG AT 5%, REEA T A 4 1F 1 2 70 &
Gz (R AR AT RN R B2 L3S e 1 B N ¥ G4 B K



73 B g 7 T b e R AR Rz T BV SR I R 1803

PRIAIT A 25 30 A2 56 e 7K PR 355 7 4 Jag 5 o 43 A
MU A5 oAk R SN T i A A RS T

JLE SRR, UM BB HE K Pby Cu T
5 XK i AR B

x5 BRMRNREMAYESRSERNZEXES T

Table 5 Correlation analysis on heavy metal concentrations and particle sizes of different samples
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Fig.5 Ecological risk assessment of heavy metals in different samples in drinking water conservation area
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