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Abstract: [Objective)] This research aimed to investigate the pollution characteristics of heavy metals
Cu,Pb,Zn,Cr,Cd,Ni, As and Hg in the surface soil of farmland in sewage irrigation area, which will pro-
vide a reference for the quality evaluation of soil environment and remediation of heavy mental pollution in
sewage irrigated area. [Method] Based on the statistical data of 30 sewage irrigation regions in Northern
China, this article analyzed the heavy mental pollution in sewage irrigation area with statistical analysis
methods, Nemerow index method and geoaccumulation index method. [Result] Contents of tested heavy
metals in the surface soil in sewage irrigation area in Northern China were all lower than the secondary
standards regulated in Soil Environment Standards. However, the average contents of all the heavy metals

except Cr were higher than their national background values. Their variation coefficients were in a decrea-
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sing order of Cd>Hg>Pb>As>7Zn>Cu>Cr>Ni,among which Cu,Cr,and Ni had very small differences
and Cd,Hg,and Pb had large differences. Significant relationships were found between Cu with Zn,Cr,Cd,

As,and Hg, Zn with Ni,Cr with Pb,Ni, As,and Hg,and Cd with As,while extremely significant relation-
ships were found between Pb with Cu,Zn,Ni and Hg.and Hg with Zn,Cd,Ni and As. The Nemerow inde-
xes and geoaccumulation indexes of studied heavy metals were in a decreasing order of Cd>Hg>Cu>As>

Zn>Pb>Ni>Cr. [Conclusion)] Heavy metals Cu,Pb,Zn,Cr,Cd,Ni, As and Hg were accumulated in soil

of Northern China due to human activities.

Key words: soil; sewage irrigation area;heavy mental pollution;correlation coefficient; Nemerow index;

geoaccumulation index
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Fig. 1 Distribution of sewage irrigated areas in Northern China
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Table 1

Grade standards of Nemerow index method

GA TR R

4 Y] v YU AL RE
é'& Complex pollutants (E#*I)X
Grading . Pollution degree
index

1 Py<0.7 %4 Safety
Il 0.7<<Py<1.0 Bk 2% Caution
1 1.0<<PnN=<<2.0 #% ¥ y5 ¢ Mildly polluted
N 2.0<CPN<3.0 H1EE V5 Yt Moderately polluted
\ Px>3.0 i B V5 Y% Heavily polluted

2) Mo BB Bk . Mo BB (L) i
HE AL E K Muller F 20 22 70 AR A T
W9 T 4 A V5 Yo AR P A — Ah o i L AR
mF,

I.,=1b(C./(1.5B)), (4)
K C HREE A | BT R LI & (mg/ke)
B, A i RO R M A (mg/ke) , T 48 o0
FAEY SE R CHRI36 1/ bR 1. 5 h & I 4
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CREEIMESBRRK. DR LEFE.SHESRE S E
YE B KB MEIR R : Zn>Cr>Cu>Ni>Pb>As>
Cd>Hg; H & w78 7 REON KB/ MR Cd>Hg>
Pb>As>7n>Cu>Cr>Ni, H 1 Cd,.Hg.Pb 2 % &
BITE 0. 65 LU L, R UL 3 Fh 4 J@ 7F A A X A7
FEF AR 250 Zn,Cu,Cr Ni 28 5% REAE 0. 39~
0. 26, R W B ATTFEA [F) HE W DX 22 S MEAR X B /0N
F2 WRRREHSTLEEYSRE

Table 2 Grade standards of geoaccumulation index method

! TECES R
ss oy }!ﬂﬁﬁ%@ﬁuﬁ JE
. ! Geoaccumulation N
Grading . Pollution level
index
I Teo<<0 J¢ Non
11 0T, <1 Je- B Non- Moderate
Il 1< <2 1 Moderate
v 21, <3 1 FF-5% Moderate-Strong
\ 3 gy <4 {5 Y Strong
Vi 4<1,,<5 o -1 5% Strong-Extremely
W Teo =5 5% Extremely

S 5 T AR A e o (LR SRR A ) - o

15 YR B ) — T EAR YRS K AR AU 5
(A MR8 AR AE S R ) g AR #E (Cu Pb . Zn,
Cr.Cd.Ni, As fl Hg & 4 % A #8100, 350,
300,350,0.6,60,20 F1 1. 0 mg/kg) #E47XF b 43 #r
GRS ME GBI HEY AT L IEARE &
T hr s 52 R E S JE T R & (Cu.Pb,
Zn.Cr.Cd.Ni. As f1 Hg & &4 W N 22. 6, 26,
74.2,61,0.097,26.9,11. 2 F1 0. 065 mg/kg)" A
P B Crdbh, K 7 M ESR P &8 E S
TeEERE.APELR CdEEST AN 2L
SR HOPYE N SR 5. 75 4% . FEGE TS
#EX H,Cu.Pb.Zn,Cr,Cd,Ni, As, Hg A [d] #2 &
Rt 4 [ R (R 3, ol g i 90 %0 (35 T X
T Hg Al Ni i 2 EE sl T METG
KT R AF BR A3 I A PR TS IX I 2
A [ B ) o A T i g

®3 MARRETIENESELSEHT

Table 3 Distribution of heavy metals in top soil of sewage irrigated area

i H Items Cu Pb 7n Cr Cd Ni As Hg
o /(mg - kg™ 1) 16. 5~ 9. 97~ 52.83~ 35. 96~ 0.05~ 6. 27~ 4.53~ 0.04~
Content range 66. 2 109.5 203.52 96. 85 2.23 49. 00 32.34 0.73
BIMi/(mg » kg~!) Average 34.51 27. 80 93. 96 55.95 0.56 33.29 11.35 0.20
h{f/(mg « kg~ ') Median  31.18 25.11 87.34 49. 06 0.27 33.61 9. 40 0.15
Faiy
ok . 0. 36 0. 69 0.39 0. 32 1.33 0.29 0.62 0.88
Variation coefficient
HhR# /% Exceeding rate 82 47 67 35 77 89 33 93

3.2 EEERTZENBEXESH
A5 I3 A S 9F FE AN [ [R5 22 [ A S e 2 1) — ol
Geitorik. HHEE SR IT R B SCE R . U

RE—AARBECRSRE AH R x5
HED b 8 FhE & Jm EAT A SR ST o L A5 OR
L 4,

x4 BERREIEESETREABEXXRZNMES FIFE

Table 4 Probability distribution of correlation between heavy metals in top soil in sewage irrigated area %
. WRE MK WEME  AEME . W% SME  WEME WEME
Ttem L()w‘ True' Slgmhciﬂnt ngh‘ Ttem L()w. True‘ Slgmﬁc{mt ngh.
correlation  correlation correlation correlation correlation correlation correlation correlation
Cu-Pbh(15) 20 13 27 40 Zn-Cd(9) 0 44 33 22
Cu-Zn(14) 0 21 50 29 Zn-Ni(9) 11 22 44 22
Cu-Cr(12) 17 8 42 33 Zn-As(5) 80 0 0 20
Cu-Cd(12) 8 17 42 33 Zn-Hg(5) 40 0 20 40
Cu-Ni(10) 20 40 20 20 Cr-Cd(10) 60 0 30 10
Cu-As(6) 0 0 50 50 Cr-Ni(10) 30 30 40 0
Cu-Hg(6) 0 0 67 33 Cr-As(7) 0 14 57 29
Pb-Zn(14) 14 21 21 43 Cr-Hg(7) 0 14 43 43
Pb-Cr(13) 23 23 46 8 Cd-Ni(9) 11 44 33 11
Pb-Cd(14) 21 43 21 14 Cd-As(8) 25 13 50 13
Pb-Ni(11) 9 27 18 45 Cd-Hg(8) 13 25 25 38
Pb-As(8) 25 38 13 25 Ni-As(6) 33 17 17 33
Pb-Hg(8) 0 25 25 50 Ni-Hg(6) 33 17 17 33
Zn-Cr(11) 45 9 27 18 As-Hg(7) 14 14 29 43

I :Cu-Pb(15) L3k Cu 5 Pb MITL R AYAH K . 15 AR GETHAUREA A B H AL H SR 2 4f

Note: Cu-Pb represents correlation between Cu and Pb. and 15 is number of samples, the same for others.



6 3]

AN A T TS E X T A R I Y AR S T

209

H#FE 44 ,Cug Zn.Cr.Cd.As.Hg, Zn 5§
Ni,Cr 5 Pb.Ni.As.Hg,Cd 5 As £ 2 ZF HH x 1k
R, Pb 5 Cu.Zn.Ni,Hg,Hg 5 Zn.Cd.Ni., As
2 B AH DG M R A KL B Cu . Cr.Pb fil Hg 5
HoAth T R ¥ w2 R ARG R A e, 15 0 X 31
EREIGY N IZEH TEX LIEEN T RAZ NG
5 HE T ¥ K B
3.3 TEEEEFHFEM

AWETE R N M 2 255 8 B0k R it ot 52 R AR 4K
X SE X - 4 Jm 5 e AT I S R LR 5
MK 6,

3.3.1 MMmTLeis hES M. EHERLK
M+ 8 FE &)@y NS S 87K 78 1 A I 9 IX ]
AIRE R ATl As(67 %) >Pb(39%) >Cr(28%) >
Zn(27%)>Cd(20%) > Hg(13%) >Ni(10%) >
Cu(6%) s ¥ 7€ I X [a] (4 M 2R HE )5 i Ni (90 %6) >
Cr(64%)>Pb(39%) > Cu(38%)>7Zn(33%) >
As(22%)>Cd(13%) >Hg(0); 7&7E IV Fl V X [ (1
LR HE T Hg(88%) > Cd(67%) > Cu(57%) >
%5

Table 5

Zn(40%) >Pb (22%) > As (11%) > Cr (7%) >
Ni(0) ., ZEA TR 25 R R .8 Fp & 4 J&@ Xf ¥4 M X 1
BT AN R AR B s gy, Horp P Cr N GA 3) 17 I 2%
P, CuZn As K8 T IV %brifE . Cd . Hg 58] TV
PArE, TSHEX S MELIR MWL A BEHIT N
Cd>Hg>Cu>As>Zn>Pb>Ni>Cr,
3.3.2 MR RARIGH WK 6 AIHL IR A HE
+ Cu.Pb.Zn.Cr.Ni,As 6 FiHE 4 J& 0 Ho it ZFHT8
Bge 11 2 NS i R X Ui T5 X+
BESRULGYMPEG YRR, AT ME R
W], Cu,Cd . Hg 1y Hh 57 R BOGAF) T G 4
BIBR S T5 HE X ) EE S ey TS X 8 FhE 4
Ja& i Hh it 2 FHE B Y O Cd > Hg > Cu™> As™>
Zn>Pb>Ni>Cr,

M bid 2 Bk RN 45 R T LA 1, 8 Fh
& )& TE WG X G Y AR BE R R, Fod L Cu, Cd i
Hg {54t 5, B KM C S8 E AR T
RAETGHE X AR H L ] AR, AR ARG 5 R
PR AR TR F A B C RS AE L,

SERRARETEECESEANEBTESHEHENER

Nemerow indexes of heavy metals in top soil in sewage irrigated area

A 2 25 5 4 O A S R R oA / 6

G SR GEEO

IID:‘I H Probability distribution of Nemerow index Comprehensive
tems 1 I ik v V assessment (Index)
Cu(16) 0 6 38 44 13 V(2.34)
Pb(18) 33 6 39 11 11 1M1, 58)
Zn(15) 0 27 33 27 13 V2. 14)
Cr(14) 7 21 64 7 0 (1. 30)
Cd(15) 0 20 13 0 67 V (16.78)
Ni(10) 10 0 90 0 0 1. 56)
As(9) 11 56 22 0 11 V(2.16)
Hg(8) 0 13 0 63 25 V(8.19

E:Cu(16) F7R Cu LR MGETHAHE XECK 16, HABIT H & R 2. T RF,

Note:Cu shows the element Cu,and 16 means the number of irrigation area,the same for others. The same for Table 6.

*®6
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Table 6 Geoaccumulation indexes of heavy metals in top soil in sewage irrigated area

5T SR AR A 25 55 LR 9 A% 2 00 A/ 0

AWM UEEO

I?Enﬁn Probability distribution of geoaccumulation index Comprehensive
) 1 I Ik v V W I assessment (Index)
Cu(18) 56 44 0 0 0 0 0 I €0.03)
Pb(20) 85 15 0 0 0 0 0 I (—0.58)
Zn(15) 67 33 0 0 0 0 0 [ (—0.28
Cr(14) 100 0 0 0 0 0 0 1 (—=0.7D)
Cd(18) 39 11 28 0 22 0 0 I (1. 94)
Ni(10) 90 10 0 0 0 0 0 I (—0.64)
As(9) 89 11 0 0 0 0 0 I (—=0.24)
Hg(1D) 27 36 18 18 0 0 0 I (1. 04)
4 4t E B R /MRIK K : Zn=>Cr=>Cu>Ni=>Pb>As>
A (=]

WHE L5 R OF 58 X M 3k L0 8 Fh i & Jm 3%

Cd>Hg, 8 BV HL 42 )& 19722 5 R BN K E /MK
Cd>Hg>Pb>As>Zn>Cu>>Cr>Ni, H Cu,
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Cr . Ni 5 4 J& 76 A [6] 3 0 X 22 5 o A X 4/, Cd
Hg .Pb AR FEEERKESR ., @50
P v XT L A3 AT 8 o 4 i oK 3k € 4 3 R B T A
VN —Fhr e AR REENBEL 2L HE LR
JCEE S E . Hd Cd 8 b i b ™ 5 HOF B (E A
U FAEM 5. 75 i[5 B AR 90 %0 (1935 T X £
B¢ Hg FI Ni & @ ¥ . HAeETR B
KM EM,.Cu 5 Zn . Cr.Cd.As . Hg,Zn 5 Ni,
Cr 55 Pb.Ni,As.Hg.Cd 55 As 5 8 3 Hl 56 194 K
b K.Pb Y5 Cu.Zn . Ni,Hg,Hg 5 Zn.Cd.Ni.As
e A G A R LB K, & W] Cu, Cr Pb Al Hg
W AT R SANG YA . WD LR AR
Bk A T RIS BOE PR S R R L8 P E 4
JEAETSWE XA B AR R E 5 4, BH LD Cu, Cd M
Heg 5 hF. HHEX S HELBMNHED 418
Born i o 2R AR B )y — 2y Cd> Hg > Cu>
As>Zn>Pb>Ni>Cr,

BIF 51X 355 70 JRE T8k SoF e TH A 338 149 5% i B A g ol 4
HRPE IR Sk . 3 B R 5 T XK A A 2
KB N AE G AR TG Y WU . U I e
HME M E 4 R U R AE TS UE X R BT b i R
A, HE— 25N B 4 TR TS Y ) e R B R
FRAE K G X 1k 7K 5 Wi ) T 5
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