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Concentration Characteristics and Historical Changes of Heavy Metals in Irrigation Sewage in China

XIN Shu—zhen, LI Hua—fen, SU De—chun®

(College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China)

Abstract ; Sewage irrigation is one of the main factors which could cause contamination of heavy metals in the farmland. In this study, we col—
lected the published data concerning the concentrations of heavy metals in irrigation sewage all over the country from literature databases,
then analyzed all the data and summarized the concentration characteristic of heavy metals and their historical changes in the past 30 years.
The results showed that the mean or median values of Pb, Cr, Zn, Ni concentrations in the irrigation sewage decreased gradually with the age
in the last three decades. The mean concentrations of Hg and As increased firstly and decreased then, however, the mean concentrations of
Cu and Cd decreased at the beginning and increased afterwards. The mean concentrations of the eight heavy metals were all lower than the
standards prescribed in “Standards for irrigation water quality” (GB 5084—2005 )in nearly three decades, but about 10% of heavy metals
concentrations were higher than this standard. About 25% of Hg, Pb, Cd concentrations in 1980—1989 were higher than the standard, 25%
of Hg, Cr, As concentrations in 1990—1999 also higher than the standard and the same as 25% of Cd and As concentrations in 2000—2009.
In summary, Hg, Cd and As should be considered as a priority in pollution source control of heavy metals in irrigation sewage.
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437 LB ES B, X T RE S BUE B R K

% 3 R IME R AR IR BE 73 0 S AL R AR L Y
HFRRE (R 5.2 7 5HA8R),Pb.Cr.Zn G5
R MK EOE RS 737 , BB LA B+ pR i 22 , HoAth
AR R AR bR A2, BT BN 50% A1 Bl i 2H 5k
PP, IR AFSE],1980—1989 4% Hg . Pb,
Cr.As.Cu.Zn.Cd FSEH 8 240514 0.000 80+£0.030 10,
0.089 +1.869.0.028 +0.878 8.0.015 +0.302 9.0.080 +
5.130.0.40+0.938 9.0.006 8+0.110 9 mg-L™, 557K
H 8 M E SR & EWES P AERFA AR HERK
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Table 1 Basic data of irrigation sewage heavy metals concentration in last 30 years

1980—1989 1990—1999 2000—2010

AR i Fl/mg - L™ AL Y0 Fl/mg- L AR YU Fl/mg- L™ AR

Hg 0.000 096 0~0.150 93 0.000 020 0~0.810 70 0.000 001 00~1.00 157

Pb 0.002 00~8.80 387 0.001 00~42.5 171 0.000 050 0~6.86 303

Cr 0.000 300~4.46 409 0.002 00~87.5 133 0.000 880~28.1 181

As 0.001 00~1.70 408 0.001 82~4.80 63 0.000 400~28.5 208

Cu 0.005 00~25.2 358 0.001 00~48.0 170 0.000 100~37.9 184

Zn 0.047 0~2.50 373 0.016 0~90.0 177 0.001 19~90.0 227

cd 0.000 500~0.450 419 0.000 030 0~46.2 106 0.000 006 00~3.45 295

Ni 17 0.000 530~18.6 131 0.002 00~9.73 71

2 1980—1989 £iTETKPESERENZEITHH(1)
Table 2 Analysis data of irrigation sewage heavy metals concentration from 1980 to 1989( I )
R o1 Y o
BLIR igﬂﬁ/;;; _— s gg¥ﬂﬁ”;§; L Rkl L RMime Lt SRR HAR

Hg 0.012 0.027 84 Y ro g 0.001 4 0.029 87 0.150 0.000 096 0 229.89 93
Pb 0.76 1743 MBPOESSME - 0.089 1.869 8.80 0.002 00 230.74 387
Cr 0.31 0.8330 XEEASE 0028 0.878 8 4.46 0.000 300 273.06 409
As 0.092 0.292 6 g 0.018 0.302 1 1.70 0.001 00 316.35 408
Cu 1.1 5.019 g 0.072 5.132 252 0.005 00 447.00 358
Zn 0.81 0.840 1  XHEUERE 0.40 0.938 9 2.50 0.047 0 104.11 373
Cd 0.052 0.103 9 ropait 0.009 2 0.112 4 0.450 0.000 500 201.11 419

Ni —

17
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Table 3 Analysis data of irrigation sewage heavy metals concentration from 1980 to 1989( II )

— paxiil YME/ g/ 5%/ 10%/ 25%/ 50%/ 75%/ 90%/ 95%/  AERREBU

TR AR By mg-L* mg-L* mg-L* mg-L* mg-L* mg-L* mg-L* mg-L* mg-L™? %
Hg 93 PRSI AR 0.000 80  0.030 10  0.000 10  0.00020 0.000 20 0.000 80  0.007 2 0.046 0.067 229.89
Pb 387 XBUESSME 0.089 1.869 0.0030  0.004 0 0.015 0.059 0.45 24 44 230.74
Cr 409 XHEGEASME 0.028 0.878 8 00010 0.0025 0.006 0 0.023 0.070 0.81 1.6 273.06
As 408 il 0.015 0.302 9 0.002 7 0.003 5 0.008 0 0.015 0.033 1.7 0.37 316.35
Cu 358 PRI Ai 0.080 5.130 0.005 9 0.012 0.021 0.080 0.19 0.29 0.79 447.00
Zn 373 XHBUESASAE 040 0.938 9 0.055 0.087 0.14 0.38 1.6 2.0 22 104.11
Cd 419 PRSI AR 0.006 8 0.1109 0.00050 0.0010 0.0020  0.006 8 0.043 0.17 0.37 201.11
Ni 17 —

- EERAEIYET Pb.Cr.Zn RLAEIYE, HAN P AE,

FRMNGET TSR, R B2 AR R R 5
R, RS A Bl He P I 2B S BURER
MITBOER 310, P& & 4505124 0.002 8+0.153 7,
0.060+7.192 mg+-L*,Cr As.Cu.Zn .Cd . Ni KR40
i ,10 4F ¥ {85 4 % R 0.027 +£18.78.0.020 £1.275.,
0.020+7.929.0.28 +18.74..0.002 9+6.228..0.014 +3.727
mg-L7, 20 40 90 FFRIFH IS K P ELSRE S EIE

s A AR HE B K BhniE (3R 8) {HT57K
HEL RS & 90%5-AE (B Zn SN =B, 15
#E 5 K Hg Cr.As 75% 43 o0 Bt 48 1 % A v , T
Pb.Cd.Cu.Zn 75% 53 i fEFFG A< FHREBE K Babnife , &
e EET 3/4 Bi5#ETS K H Pb.Cd.Cu.Zn KFIK
FHEBE K B, 29 1/4 BT53ET5 K Hg Cr As &
AR ; 5 80 40 EE , 1990—1999 4E[a], Pb #l

&4 1990—1999 EiTEBKTEERESENSEITSH(T)

Table 4 Analysis data of irrigation sewage heavy metals concentration from 1990 to 1999( I )

- o 1

TR igwﬁh’;’;; —— s gg’zﬂﬁ’ “;i;r; okl Lt gL SRR BN

Hg 0.050 0.1459  XHEESLSHE - 0.002 8 0.153 7 0.810 0.000 020 0 289.95 70

Pb 1.6 7012 XBGESSHE 0.060 7.192 2.5 0.001 00 427.76 171

Cr 45 18.22 IS5 0.077 3.815 87.5 0.002 00 406.00 133

As 0.47 1.192 RS G 0.032 1.271 4.80 0.001 82 255.88 63

Cu 1.8 7711 RS 5A5 0.039 7.925 48.0 0.001 00 417.86 170

Zn 52 18.07 RS 5A5 0.44 18.69 90.0 0.016 0 350.53 177

Cd 1.0 6.138 WA 0.004 4 6.227 46.2 0.000 030 0 587.57 106

Ni 0.90 3.615 IS5 0.020 3.725 18.6 0.000 530 400.52 131

£ 5 1990—1999 £iTETKPESREIENZEITHH (1)
Table 5 Analysis data of irrigation sewage heavy metals concentration from 1990 to 1999( II )
_ Vgt Wl AR 5%/ 25%/ 50%/ 75%/ 90%/ 95%  AERRRY

TR R St mg-L* mg-L* mg-L* mg-L* mg-L* mg-L* mg-L* mg-L* %
Hg 70 MEGESLSAE 00028 01537  0.000020 0.000030 0.00035 00046  0.041 0.09 0.31 289.95
Pb 171 MFESSME 0.060 7.192 00036 00038  0.010 0.042 0.21 1.2 1.9 427.76
Cr 133 TSyl 0.027 18.78 0.010 0.014 0.027 0.33 22 9.9 406.00
As 63 IRAS S35 0.020 1275 00020 00028 00057  0.020 0.080 2.7 4.0 255.88
Cu 170 IRAS S35 0.020 7929  0.0020 00020 00073  0.020 0.13 22 4.3 417.86
Zn 177 IRASSM G 0.28 18.74 0.038 0.12 0.28 1.3 8.5 14.5 350.53
Cd 106 R4 00029 6228  0.00025 0.00030 0.00081 00029 0011 0.50 3.0 587.57
Ni 131 RS S 0.014 3727 00020 00032 00077 0014 0.023 0.28 7.5 400.52

- ESREEEIES He Pb UM, B AfE.
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Cd 188 T AR, T Cr.As IS YR BH L,
FE 80 R4 3/4 19I5 K Cr As REARE] 90 4F
RORT 14 Barighn, Bl 90 SRk EER
TSRO EARGEARAE R, JUH Cr 1 As PIFPE
&I b LB b

# 6.3 75 2000—2010 {55 KHEL R
BRI AR A BRI AR TR 5 R R
WK, G LR B, Pb.Zn Cd 3 FEEGEATIHEL

PR M BUIE 25070, 10 a P E 34 8 0.049+
1.378.0.20+12.69..0.007 3+0.646 1 mg-L", Hg.Cr.As.
Cu.Ni 55 R f 243 70 ,2000—2010 4F ¥ 3916 53 51 K
0.000 14 £0.224 3.0.009 1+4.256.0.012 +5.275.0.031 +
6.716.0.006 5+2.002 mg- L,

ML EBFERTLIEH, I 10 a IR E SRS K
HE SRS 2N ES A E WSR-S TR E &
WK AR UE(FE 8), B LAF H , 3T 10 a 5H#ET5K

3} 6 20002010 FiFHEFTKHESREENRITHM(])
Table 6 Analysis data of irrigation sewage heavy metals concentration from 2000 to 2010( I )

N -l A
FoR ifﬂﬁl";; _— j;g%ﬁ’ “;;;% Bokfiifmg 1 BoMimgl? RER% AR
Hg 0.066 02142 i 0.000 21 0.224 2 1.00 0.000 001 00 325.02 157
Pb 0.51 1297  XEUESSM 0.049 1.378 6.86 0.000 050 0 253.70 303
Cr 0.80 4.181 TRA i 0.017 4255 28.1 0.000 880 524.76 181
As 16 5.021 RS 0.032 5.269 28.5 0.000 400 31041 208
Cu 2.0 6.414 RS 0.047 6.711 37.9 0.000 100 319.62 184
Zn 3.8 1217 MEESS 0.20 12.69 90.0 0.001 19 321.77 227
cd 0.20 06156 XIPUEASM 00073 0.646 1 3.45 0.000 006 00 304.89 295
Ni 0.68 1.883 TRA i 0.019 1.998 9.73 0.002 00 278.40 71
7 20002010 £S5 ETKPEEBESENSITHH(L)
Table 7 Analysis data of irrigation sewage heavy metals concentration from 2000 to 2010( II )
_ i Wl ke 5%/ 10%/ 25%/ 50%  75%  90%  95% AESZEEU
TE AR St mg-L* mg-L* mg-L* mg-L* mg-L* mg-L?' mg-L? mgL? mg-L? %
Hg 157 R4 000014 02243 0.000001 0 0.000 0020 0.000 0050 0.000 14 0.0011 0092 054 32502
Pb 303 XHBUEASE 0.049 1.378  0.000 98 0.004 0 0.014 0.045 0.4 15 4.1 253.70
Cr 181 RA&A 00091 4256 0.001 6 0.002 0 00040 00091 0052 024 058 52476
As 208 IRAS M 0.012 5.275 0.001 6 0.001 9 0.003 1 0012  0.12 3.0 8.1 310.41
Cu 184 TR 0.031 6.716 0.001 1 0.002 0 00049 0031 0.9 4.1 152 319.62
Zn 227 XBUESSME 020 12.69 0.006 0 0.011 0.024 0.13 1.5 10.6 25.4 321.77
cd 205  XHBEAAME 00073 06461  0.00010  0.000 10 0.0020 00060 0.040 040 1.6 304.89
Ni 71 A4S 00065  2.002 0.002 1 0.003 0 0.0034  0.0065 0.032 26 33 278.40

- ESREEES Pb.Zn,Cd A JUATFIE, KA B,
& 8 2000—2010 5 FKPESER ISR

Table 8 Heavy metals concentration characteristic of irrigation sewage from 2000 to 2010

2000—2010 FE4:J& & &/mg-L*

GB 5084—2005 4% HEBEK bzt /mg - L

s 5095 NESINME  T5% A TSPAMERAAEE 0% ME 0% EEAMER  WBXEA  KE FME ik
Hg 0.000 14 0.001 1 11 0.092 92 Bk <0.001

Pb 0.049 0.14 0.7 15 75 % <02

Cr 0.009 1 0.052 052 0.24 24 O <0.1

As 0.012 0.12 24~12~24 3.0 60~30~60 pEt <005 <01 <005
Cu 0.031 0.19 0.38~0.19 4.1 8.2~4.1 4 <05 <1

Zn 0.20 1.5 0.75 10.6 53 B <2

cd 0.007 3 0.040 4 0.40 40 w <0.01

Ni 0.006 5 0.032 — 2.6 — — — —

EEEREE S0%ESIIET Pb.Zn Cd A JLAPFE, Hh HArE
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Hg.Pb.Cr.Zn.Cu & & 75% 5 (i AE 564 H R K
i, Horh Hg A TERBIRIASR , 29 04 H /K B AR
#E(GB 5084—2005) ) 1.1 £%, Cu A% 4, AHRUERY
0.38 £ ;Cd F1 As & & 75%53 SAERENR , 53 3 A FK
JEREMEARIERY 1.2~2.4 £5F0 4 £, LA 2 =& 3/4 1Y
V5 HET5 K H Hg Pb.Cr.Zn,Cu A 4% H #EBE K bR
e, T LAN AT R . 50 20 a AHLL, 75 #ET5K
H Hg & RS 2GRS, T Cd 1 As @AnaE—E
BAERE S, HESER Bis L ESRER
IR R R SEVE TR Cd 1 As Vs 4L R B, Sl
[FB TSR K P M ES BN S &,
22 RESESKIESESEFRTUBE

M 30 a kB E IS EE KT ESE &R FHESE
H A B ARG (B 1) AT LA B, Hg As |1 10 4F
EHEE R E TR T RS He As 7EREBETS 7K
B2 A B O 20 4R 80 4E X4 0.000 80.0.015
mg-L7 _FFF] 90 4EAL 4 0.002 8.0.020 mg-L*, F2BH
X BB [E] V57K Hg As BIT5 Yenfil, SRJ5 T K2
2000—2010 4Ef4 0.000 14.0.012 mg-L™', 8] Hg.As
BRESIRER, K5 RE2—EBENER, A5
HETSK As T RAAE 1/4 f8 504k H oK BT BEAR
#E, Pb.Cr.Zn Ni 7EHEBEIE/K o B & BN R B4 TR
1, UL 4 M ES RIS 5 RS EE NI

045

SR — € BT e 72 W48 | RS &= - Cu Cd TERETRTS
KFPHEREENEIETRE EANBE,Cu &
&M 0.080 mg-L™* TRz 0.020 mg-L7, TREIEEL
B RJE EFHE 0.031 mg- L7, BAR Cu YR frig
A3 e AN R, B B B A AR K R
P, RN E 2R E SR ;Cd M 0.006 8 mg-L* T
F%21 0.002 9 mg- L™, 4R 5 FH-3E N % 0.007 3 mg- L™, 3
TnE R K, YIS TS K P Cd IS IE A
#, W, ERKESLIERI PN EEMN CdHlAs A
F R X mAESREA T EP B, FEHE
TG A B 4 B AT5 5L

3 itig

AR SRR e 2 P B, — B
B, ESH R & R L 2 RE> ™,
R TP E SR RRB—E R A -1
MRS ARE, MR, T s SR
FIMBEVE TS et FOK AT K, BRSO, &
AT B I L R R R e AR A S
R, R ISR R T, 5K B R
KRG RN Z —P i H 5K P E SR
HEREAICNER,

AHPTESCREHR RIS S5 R R, 15T K P
&R B EE T AR & B E AR HREBEK SRR
EEE B, 56 AR S LB TS B TS K AP e R ™

0.40 [11980—1989
E11990—1999
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Figure 1 Average concentration changes of heavy metals in the past three decades
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