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Heavy Metal Contents, Evaluation and Source
Analysis of Centralized Drinking Water Source
Soils in Yangzhou City

Abstract: In order to obtain the concentrations and distribution of heavy metal elements in
soil of Guazhou water sources, Liaojiagou water sources and Jiangdu Sanjiangying water
sources soil, such as Cd, Pb, Cr, Cu, Zn, Ni, Co, Hg, As and Se were measured. The degree
of heavy metals concentrations were assessed based on single factor indices and Nemero
comprehensive indices methods and potential ecological risk index, and the source of heavy
metal pollution in the soil was analyzed by cluster analysis. The results showed that the
proportion of soils samples exceeding the Grade II of environmental quality standard for
s0il(GB 15618-1995) of Cd was the largest in three water sources were 73% (0.441 mgekg™)
and 47% (0.273 mgekg™!) and 89% (0.407 mgekg™!), respectively, followed by Zn (30%), Pb
(20%) and Cu (18%). And the proportion of soils samples exceeding secondary standards of
Cr and Ni is about 10%. The average contents of Pb, Cr, Cd, Cu, Zn and Se in all water
sources were higher than the background values and exist the surface accumulation of
contamination. The average contents of Ni, Co and As is equal to the environmental
background and presence of sampling points over the environmental background values
because the coefficient of variation is larger. The average content of metal Hg in Jiangdu
Sanjiangying water source is 2 times of Guazhou water source and Liaojiagou water source,
so presence of different pollutant sources compared with the other two water sources. In
this study, the pollution situation of heavy metals in three water sources was evaluated
against references of the Grade [ and II of environmental quality standard for soil
national standard limits and background values of Jiangsu province soil respectively. The
result showed that three water sources exist heavy metal accumulation and reached minor -
moderate pollution levels, in particular, Cd, Pb, Cr, Cu and Zn has been close to or has been
at the level of early warning. Potential ecological risk assessment show that Guazhou and
Sanjiangying Jiangdu water sources potential ecological risk has reached the middle level,
and Liaojiagou water sources in a slightly better level. Source analysis results show that

class I elements of Guazhou water source and Liaojiagou water source including Cd, Se,



Hg, Co and As, the source can be attributed to the coal-fired factor, fertilization factors and
sewage irrigation factors. The features of class II elements (Pb, Ni and Cu) accord with
emission factors, on behalf of the transportation and industrial pollution.It is concluded that
the source of Cr and Zn are pesticide factor and fertilizer factor,respectively ,due to the
correlation between them and any other elements are not significant. Compared with this,
the Ni of Jiangdu Sanjiangying water source belongs to class I, which indicates that the
water source soil Ni and Cd and so on 6 elements have a better associated relationship, and
with Cu and Pb have different sources. This study provides a scientific basis for the risk

management and protection of drinking water sources in the area.

Key words: heavy metal; centralized drinking water source; pollution evaluation; soils
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SERRY], LB RN S E, 3 KIEM R d Cd Pb. Cr. Cu Al Zn
(R R 715 BB B AL T 1.4~2.4 2 [0), BEAKUEH IR E SRR N E IR,
JEHAE Cdv Cu Ml Zn, J& TG J-EI5 5. Kk +3% % Ni. Co. Hg. As
B TS QAR BT 0.9~1.2 VB 2 A (ZITE TR K IR He BRAh) 8 T AR5 4e-
B YRS . BIR Hg M As A Ti5 4, El TSR0, BB ERE G
TR, HRBEGHBPGEIE . AEKIEZ /XA 3SR, BRI K
Hi Cd V5 BAR UK T S AP PIK IR, =YLE VLK Hg V5 043640 (P=1.9) JUIHH &
w AR, 25 O AT AT A, %X He A F RS RS Y. Se 1E AN
YR TRIVEFR TRAEM A REFR TR, BEEEEICT (2 E L35 3R
WHARME) TS BT (100 mgkg!) , # Se A& 5. W T et
BTGt R R, 3 KR 3 PoSr T 2 A4, #E—25 U I O B RS ek
SRR . HHULIRE LI A NS, W 3 KU Pa LT 3 A, Bk
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O R B E G Y A I IR HELE VR SRR, U B SRV K VR e A T IR
A, TN VLB VAR KR 3 S O 2 B R S g

ESRYE, 3 KR LI APE — E R SR RGN, A TR - SRR
YK, JUHSE Cdy Pb. Crv Cu Ml Zn, CEEEELCAETTE K

S5 ZMAKER LR ES RS RER
BRTFIERER (P

K PEH P RIE Px

Cd Pb Cr Cu Zn Ni Co Hg As
NN GB 15618-1995 —Zi#rifE 22 1.8 1.8 24 21 10 - 1.1 12 21
KIT R ’

L8 T3 Sl 34 24 21 38 34 15 11 06 18 3.1

GB 15618-1995 —#kbréfE 1.5 08 08 08 08 0.8 03 03 06 1.2

AVL/KiE  GB15618-1995 —Zikpitt 14 1.8 1.7 24 23 1.0 - 09 1.0 20
B VE K LI LIS S E 21 24 20 38 36 15 10 05 16 3.0
TR GB 15618-1995 —#kr#fE 09 08 08 08 09 0.8 03 03 05 0.8
KIL=VT  GB15618-1995 —ZihsiE 2.0 18 1.6 2.1 22 09 - 19 10 1.9
EILH K oA ES SE 31 25 19 33 34 14 10 1.0 15 29
P GB 15618-1995 —#ktr#t 14 08 07 07 09 07 03 06 05 1.1

TR G Hb

2.3 LIEEBAEASRE TN

DA S0 (UL (R E bR iE) | —ZihrtioN T ESH s, WK 6 Al
LAt AR 3RAT T T /K PR A0 =V VLA /KU (Y B 6 s Hg I SR A AR S
TR R B O LB Gk, M KIS B8 Cd ik B &85 G K-F . IS
R BB B SV B b, AE T He s G5 9, FAt o A7k i COE 21 b S5 Bk T

Ro6 KEMIRPESRETRBEESTRAL

TR YR Hh RH Cd Pb Cr Cu Zn Ni Co Hg  As RI
e/ ME 237 524 274 523 112 318 345 13.87 447  63.00
KT M = PNIE] 108.5 13.66 481 481 333 681 802 5787 1627 273.09
KR HE FIME 66.15 887 3.57 357 210 504 533 4347 1207 158.63
faHERE AR ORI B B B B B % B S
N w/ME 2400 571 270 866 130 3.80 3.53 22.13 680 78.63
AVL/KIE o
B K I PNIE] 61.50 13.14 446 1749 383 626 794 5040 18.00 183.02
- FIME 40.95 886 345 1207 228 490 5.13 3653 10.38 12445
EERE B B OB OB OB B OB B B BM
KT =T /M 36.00 523 1.79 554 149 346 345 2720 6.80 90.96
T— I PNIE] 1245 13.64 457 1479 291 644 8.02 1507 13.22 338.76
-_ FIME 61.05 922 323 1044 216 456 507 77.87 10.07 183.67
EHERE B B OB B B B B % B E
2.4 EERIIRIES RKMBHT
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2.4.1 BEERERIFST
g EvTH, PraRIH h E g R Cd Vs e H. 2 E /KA B 5+

Bep e, IREA W N ER: (1D BT X IIIAE AR AR TS B, PR At
E S8R R A HE S AR AEAT AL 58 R LIS I BL R BN i . P dhoE - 2224, 3
SEAERE VR AR Cd AT Cr,  [RIEA] PR K YR 138 Cd A Cr AR SR it JIE A1
27 (2) ATBEAFAE I Py S K B R ARG A Cd B IndRE el
MG B @ A wE 7, R LF Cd. Cr Cu. Zn M Pb FFH G R & &%
HR 0725271, Il A S 2850 i AT A FH R A R I, R by e T A R LA
M EHEIE A2 Zn AT Cd {5458, (3D ARBLRE LA RHUE 27 26 (1 B g R miik e 97Kk
WSR2 i - SRR AR AT B R R IR Dy, R Cd T3 5L 22 RN A
KM 5

KI5 Po P S RGN RAE N 2 15, R (1) BUEX T
AR DX A A i BRI I3 g 52, 27 R AS 3 P 2R BR 90 0 i P 3 S )5 e ot
ko (2) KUSEHAFAETE B BRI ILAE , AFAENLZN . IR RIS R fg. BTk
NB0-3N, - LR Pb AR SR S ASEMVE VIAROR, SRIR B VA S A ke Ja R T K
ANPLRE, IR Po A 9NLEh 4205 Rl bR Bk 7o R o PRI AT DLR /K + 3 Pb AR R
R NP S HEIR K7

KU IE T Zn P BV EEARAE R 2 5 LA b, TR TR AR 2GR E
“TAE PR A MV R ARG G55 . AN Zn AGIE T2 W BER S M E 5L, AR
HEE . ACAREE A A AREEI 2 Zn RN IR

3 7KUEHL LI Cu S EWENE (P22.1) , XAJRE S X7 Lk bt & 97 i
K, HEARIE, & Cu ISR ] S 2 R BOKAR TR Cu & & R =™ AR
SR S UIE A Al o - 98 o B 4 SR (1 DR, 45t Db AT TRBEDCRE 2 2 Cu Cd.
Pb. Hg a1 HBPRR.

R ESFONE N Bt e mia ) ML 3 Se KA E T, N Se 5 Cd. Pb
A Hg S5 & @5 RAF AR R, IR Z RGN R R AT, 3K
P LI Se TR B T B R, FAERGEIRZMER, 1 Se /F RS YL
BRI TTE, SO K KR 58 Cd Pb A Hg 55 5543 8 70 3 1095 G i D53 4 i
B IRPEIN 270 X 5 /KR 38 70 A 2 ORI Se s AT . 534t
Rodriguez Martina %5 N2 R ) J i L5 He & B AT 7RG, IANARIES
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J 7 N He HEU i BRI 2 —, Y5 B ORLTS Je i ke . VL E VLK YR
B He P EARSEE REMBRA UL, bR BRI ZAN, B T RERE T %X
RN A =g S, AL Hg A& 25 R0 7] (1 4 i 53
242 ESBIGRMRBEENRE

K BRI ARt 7K b 1 158 B 4 8 HEAT JZ BT, IRt — AT R AT .
10 Mot R R WE 4 s

FE 0 5 10 15 20 25
Zf,’]( %% | | | | |

Cd 1 a
Se :|
Hg

—
=}

a-}
z Z
B W A AN YO N

a-)
=2
(7 T P R N S - W - TN BN

B 4 k¥ HIRES RN ERENTEE
Ca AR, BESR VAR 5 TR KA TR s b AR =TT BT # K i)

M 4 F AT LA HE, TG BE SR 7A /K R =38 (1 10 Fhoc R AT N2 R R 4
F: B 1K Cd. Se. Hg. Co Fl As; ZE 11254 Pb. Ni Ml Cu; ZEITAIZE IV
NH—JCE Cr M Zn. [ Kk Se RMBS Rt AR R c R, H b Sy
SR Se FERBULLBIRT 70%, ZEREMNNFEZER, HEW T 2505 RIHE R
WINLE S IE R E SR T B NE. 55, &8 Cd 'R MeE, wIHER I
RICRRIEAATEHAMMF R Z 0, Wit Rz, YR E%. KK+, Pb
JUF A AR, PR AR R, FF G PR SRR 2 (R HE T,

&

el
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Cu WHE T TALFIZRGENL TR, BTl I 2Roe /AR T @M Toli5 %%, Zn, Cr Ml
FABATAT 70 28 ARG ER AN 635, I HBA TR S G R - b S5 R8P 1 YRR AIE, 4
T Zn TR ORI R HZ Cr TR RIFE N HAEFE > L HAR R 2 . 5K 3-2a MHLL,
3-2b 5 Ni B A% [ 3%, BN Hg. Se. Cd. Co. As M1 Ni, B =VLETLHAKIE M
TR TR AR R R, NiATIIZETER (Pb A1 Cu) B AR HRIE.
2.4.3 XS HHT

T 3 By A3 R AR b - 58 B 4 S R A EAT D SRR F AT . 10 Fh 4 8 LA
H 3 ATy I 3 AN TR IATSH Z4EE (WK 5~7) . BN E R
SANE E, ESJEA BB, BT Gk R A AL o

SRR E: 3% 1 Pb AT Co MIEUEARIT YR T F2 5oy 1 2 R /2 Pb
F Co BTG G RIFAR UL T B AT SRIFEECARLT, 7] BRI T WIRHLR SHE R
TRy 2 HEFRIR Se M5 YRR . Fpisr 3 HHEZERIR He (1225 4 k8.

BEGVKIEI: Fr 1 R )2 Cd 1 Hg V5 4kVE, Al RERIE TG
IKEWE B AR IE T Cd BRAR L AN LA MU B 4577 A2 1) 46 8 DUk AR
PR, F 1) 2 H Po Al Zn RIEECAAHIT, AT RERIE T PRI 2 <R A HIF>
FETRIER 2 E o 3 it As FIHAD G 3R R IEANA .

TLHES KR : F o 1 As g & m, U F R 1 FERIR As 5 4k
PR ERSY 2 Cd B B, YB3 2 EEEROR Cd 5 ok, £ 3

NI R R, WO ) 3 BRI Ni (175 4k

B 5 KIEMTIRESRETERABRE GRIDIMAKTERD
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®7 BESRERTRE ERBAE KILRMAKER#)

T H FRI 1 B0 %) F g3
cd -0.161 0.526 0.208
Pb 0.524 -0.072 -0.33
Cr 0.162 0.039 0.013
Cu 0.208 -0.159 0.118
Zn 0.144 -0.162 -0.023
Ni -0.171 -0.151 -0.138
Co 0.5 -0.244 0.003
Hg -0.129 -0.107 0.949
As 0.011 0.224 0.021
Se -0.226 0.7 -0.218

FEAEAE 5.132 1.421 0.846
TIHRER/ % 51.321 14.21 8.459
RIT TR R/ % 51.321 65.531 73.991
1.0 T::::;:':r\,_\ =
B 6 /KIEH HIBESBE FHRMANAE (BEREKIER
K8 ESBERTEZE FNBITE (BEXIE/KIEH)

T H FER 1 B0 % ) F g3
cd 0.31 0.056 0.07
Pb -0.123 0.492 -0.132
Cr -0.038 -0.072 0.009
Cu 0.446 -0.255 0.133
Zn -0.125 0.411 0.06
Ni -0.005 0.056 -0.119
Co -0.006 0.076 -0.093
Hg 0.371 -0.061 -0.347
As -0.008 -0.066 0.864

13 W

i

~



Se 0.357 0.07
FFAEAE 1.504 1.32
TIERER/ % 15.042 13.203
R TTER %/ % 44 838 58.041
10T
0.8
0.6
Hlf 0;4
&
S 02

B 7 KEHREESRETRABAE (ZILELHKIR)
RI ESRAERNTRE FNBHE (ZILETLAKIRHD

T H FH 1 FH 2 FHg 3
cd -0.145 0.72 -0.068
Pb -0.077 0.294 -0.027
Cr 0.102 0.23 -0.092
Cu 0.293 -0.043 0.055
Zn 0.339 0.075 -0.204
Ni -0.238 0.021 0.663
Co 0.132 -0.187 0.503
Hg -0.159 -0.244 0.121
As 0.551 -0.346 0.049
Se -0.01 -0.008 0.065
FEIEE 4.709 1.777 1.052
DTk E/ % 47.095 17.77 10.521
R TTERE/ % 47.095 64.864 75.385

3 4k

(1) 3 /KL h S8 & B M EON B, AN RT3 . /KRt
#h Cd. Pb. Cr. Cu. Zn fll Se FHI& &It FREE1 544, Ni. Co fl As ¥4 A
A AT Sl . VLB TLAOK I 38 () Heg A77E AN R T 53 2 P /K 5 i 1 5 Y
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IRV o

(2) RA—ZAREMATEA S A, 3 K O 32 2175 Yesl h SRR 5 Y, 5L
PARAEES R, B S 7K 0 A T8 v IR, T I AN = VL8 VLA /K I b+ 38 8
CAZER TS Y. ARRIUL, 3 /KU IR AL TR R - R SRR R S Yok, ok
Cd. Pb. Cr. Cu 1 Zn DR AL T T K. & & i@ EMERAIF N : Cd > Zn >
Pb>Cu>Cr> Ni>Hg>Co>As>Seo

(3) RAVEEASEEF T HEES BTN K AN =Y T8 VT HK IR 1) B 48 He
P BRI 7 A Y5 Y R B A B PSS YK, IO K P 1 8 42 Cd ik B 2%
YRR ek BB BRI RS, A TR0 95, ol py ab K s 2k
B &5 4K

(4) BJZERFESN, KPR 10 BocRaT 8 4 2 T FonERIEHKA
TG AR RS RESR AN R TR AN IYLR S HBUA R T,
R T2 TAVi5 G TTRITTERMIVES AN Cry Zn AT H AR AR 76 F A 5K
PEESAN B2, HEWTHORIE 70 70 R ZR <HiIE R 3= A A R &= .

(5) it ERr AR EILLN 50 MK : 357 1+ Pb F Co HIEAE
FAE BT T RS 1 E B R Pb Al Co Y5 Yyt ik B 7 & AT Sk U5 A
I, ATRERIE T AU S HE. R M4 2 o Se MERmTE A, BB K 2
FEFRIR Se 5 5kIE . F R 3 He HEfar &, U ERNr 3 F 250K He
(P BEE YRR . BESAKIE L : s 1 Cd A Hg MEUE AT e = ko 1 32
B RE)SE Cd A Hg BT3GR, AT ReRIR T 15 K ERE Bt AR ) Cd 2R
P BRHILRE B BT B 45 7 A 1) B <5 Ja ook SRR R gy 2 1 Pb AT Zn K
VRECNAHIE, PIRERIR T BRIER 2, RN LMALH R T 3 As 13
TR, UL As AT B MORIEAR F . TTHS KR L: TR 1 As IER T i
m PR 1 F 2RI As Mg 3k F8s7 2 Cd i &= i mr, U3k
4y 2 FEERIR Cd BG4k . F R 3 1 Ni B8 & emr, WBHE R0 3 FEFR
Ni 75 ek
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AR TAFRAE LA SRE M RAFE TR L FE ARV T 52k . &
S IM A ERNPAR SRS WU T R E . FAREOR S A SRR BOREE 22 7 i S At
TBOKITES, R SCHE T TARMAIT EFe T [, JRGeft 1 REF BT se ok F. fEi8
3] i) R I AR AR 2 o B 2R SRATT U, A R Wi 5 8 28 0 R R AT A AT 52 FE 3G
LIRS B0 — BN H A E S (w8 sk =) B ok iy 28 45 TR 3L,
K4S, SMbAgiR b AT A2 Ll

TRl BRI R, A R BNz A 18 FEIMAETI K52
R AT IAT G F B R AIRAL, $RTT T BRHEA AR IAR, Ak,
i AR AR S AR 3, R A & A 52 5t

“HR AR GEHR, AR Z AT AR LB 3 HE e, AE UG A% 2
HBATEEINRIAE T RE, BAEEHT . O B OO S SR RATIN AT

WEREEERNIAITK, 2O R !
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