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Risks Evaluation in Intensive Pig Farming Areas in China
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Abstract; Information about the concentrations of heavy metals in pig manure from large-scale pig farms
was collected from 21 provinces and cities in China, and information about the concentrations of heavy
metals in pig feeds was collected from 11 provinces and cities. The data were analyzed systematically to
evaluate the total amount of pig manure and heavy metals produced in each province. The period over
which the pig manure could safely be applied to agricultural land was assessed by calculating the total
amount of heavy metals found in the manure produced and the total land available for application in each
province and city. The results indicated that in the 21 provinces and cities, 20 of them had pig manure
samples that were over the recommended concentration limit for Cu, 18 of them were over the limit for
Zn, six of them were over the limit for As, four of them were over the limit for Cd and one of them was
over the limit for Cr. Moreover, in 10 provinces 100% of the pig feed samples were over the national
standard for Cu (13.2 ~49.0 times of the standard) and in one province 75% were over the standard.
On average, for Zn concentrations the pig feeds were 1.3 ~ 9.5 times of the national standard. There
were significant positive correlations for Cu and Zn between pig manures and feeds (p <0.01). The main

limitations to the land application of the pig manure were due to the amounts of Cu, Zn and Cd. For
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example, in Jilin, Liaoning and Shandong Provinces, the concentrations of Cd in soils would exceed the

environmental quality standards for soils after 16, 23 and 91 years, respectively, if the manure was

applied to land in these provinces at the current rate. Additionally, the concentrations of Cu and Zn in

soils in Beijing would exceed the standards in 65 and 51 years, respectively, while in Tianjin the soil

standards for Cu and Zn would be exceeded in 53 and 91 years, respectively. This analysis suggested that

it was important to control the rates of pig manure application in agriculture and reduce the amounts of Cu

and Zn in pig feeds.

Key words: intensive pig farming; pig manure; heavy metals; agricultural utilization risk; safe use

period
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BEIREA (9 1 MUBEAR B HE A7 X HE, R S BR R A &
B SCRR B ), B AS B TERCR BA R HE

PR EARER T FRE F2 TR XA A R o

53
fty 465
H IR ¥

RAEFEIERERL SN B ST AR BT 11 AT
AHEGEDRHRE (L™ % DR D 3 DRk
LekE) AR EE K2,

1 KESATHARLFABEHEEERER
Tab.1 Information of pig manure samples in intensive farming area in China
=2 R AR ][] R B b A =ATE g M E TCR kPS5
1 2012—2013 pa i 4 As . Cd .Cr.Cu.Pb Zn [19]
2 2013 lape) 46 As .Cr.Cu.Pb . Zn [20 -21]
3 2013 bR 69 As.Cd.Cr.Cu Hg Ni.Pb Zn [22 -23]
4 2003—2014 2R 137 As.Cd.Cr.Cu Hg Ni.Pb Zn [22,24 -25]
5 2009 il 10 As.Cd.Cr.Cu Hg Ni Pb Zn [26]
6 2004 IR 17 As.Cd .Cr.Cu.Pb.Zn [27]
7 2007 ioEl4 2 As.Cd.Cu .Hg.Pb Zn [28]
8 2007—2011 i) 59 Cd.Cr.Cu.Zn [29 -30]
9 2008 b} 76 Cd.Cu.Pb Zn [31]
10 2011 g 12 As Cd ,Cr.Cu Hg .Pb Zn [32]
11 2003—2013 I 126 As.Cd .Cr.Cu Hg .Ni Pb Zn [25, 33 -36]
12 2011 fiy 33 As.Cd.Cr.Cu.Zn [37]
13 2008—2013 e 58 As . Cd.Cr,Cu Hg .Pb.Zn [38 -39]
14 2003—2014 WL 287 As.Cd.Cr.Cu.Hg Ni Pb Zn [25, 40 -45]
15 2003 = bk 15 As .Cd ,Cr,Cu Hg Ni Pb Zn [25]
16 2008—2014 B 96 As . Cd.Cr,Cu ,Ni Pb . Zn [46 -48]
17 2004 K 2 As .Cd.Cr.Cu Hg Pb Zn [49]
18 2003—2013 dtar 68 As.Cd.Cr.Cu.Hg Ni .Pb Zn [22,25,50]
19 2012 1t 198 As.Cd.Cr.Cu.Hg Ni .Pb Zn [51]
20 2013 H il 96 Cd.Cr.Cu.Pb.Zn [52]
21 2003 TH 1 As.Cd Cr ,Cu,Hg Ni Pb Zn [25]
x2 KEMIMRBAMEREESRBEESHEB S CuZn As HXE
Tab.2 Information of pig feed and correlation of Cu, Zn and As in pig feed and manures in China
b X FEA KR Cu AR %/ % Zn JBERE/ % As HAR /% SCHRFF 5
Iy 35 100(26.5) 94.3(2.2) ™ [29]
IR 5 100(13.2) ** 100(1.3) ** 33.3(2.4) ** [5]
bage:) 21 100(17.4) ** 60.0(2.3) 77.3(1.6) ™ [20 -21]
LI 6 100(25.2) 60.0(1.8) 12.3(0.6) [34 -35]
Nl 77 100(22.3) ** 100(3.5) ** [31]
H g 103 100(20.6) ™ 100(4.3) ™ [52]
1 % 18 100(20.6) 100(9.5) 100(22.9) [24]
| 4 75(15.4) 0 100(2.6) [19]
Wit 18 100(49.0) ** 100(2.9) 27.8(3.0) [41]
B v 25 100(28.5) ™ 100(2.7) ™ 81.8(10.4) ™ [46]
Jb & 107 95.3(3.2) ™ [53]

AR5 NECT I E S E AR R, e KRR S 3 h B Jm B B E R (p <0.01)

1.2 BERRAEBEESRISENKRITN T X
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A48 T A 267 i SR P ] SR 30 AR BT 4 17 1) O T Al
B A T S R R L A R R B (TR 4

B RELLT E )

Q:

NTP

M=0Qw
AP Q— IR FEAE MM SR, T

N— i &, 71 3k, R H 2014—2016 4
e 48 S B o 3 E T
TR

T—i 35 JE 1, S 249 1 37 5 359 199 477

P——7=75 2800 (6 A i R B 1E 2 R
BHAMWT, BB R ARG
YR ke/ (3 -d)

M—E3Eh 4R Bt



513

SR A B E ML IR S ) 26 8 2R 15 YL AL 55 AR T XU, B A 261
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PRE (B 48 FL AR 28 S B DL Y AR A S BR A
B2 WS
L=CM, x10"°/A, (3)
T =[(C,-C,)mx10"°]/(PL) (4)
X C—— M XAEFerP M & 8 & &, mg/kg
M — b X YA 28 i1 ke
A— H XA H T AR, Oy FR [ 2014—2016 4
P T BUE 0 hm?
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P—— R M5 26k A\ Z 80, B 1

L, AR HE A J M XA A 8 0 b 4
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2 EHRE5SMH

2.1 AEETEHEEFECRESEER

A TR S A e T 3 i B R AR
HESO T A 1R, TR S TR R R R R B A
s, M La thal DLE M bR T E A0, %48 i LB
EFR M FE M b Cu P34 5 & 2498 o HCRR & A 1fE
(100 mg/kg) ,J& PR AR ERY 2.25 ~ 111 £, Cu &
HHERETEH 95.2% . Hr, IR 3 Al
Cu 1&g, 58 1107 mg/kg, Ho & KA
WiFE , 5350 1065 857 mg/kg,

B BT SE S Fe i rp Zn P25 & 45 R
] Cu 201, A 18 A4 T 3 Zn V-2 & i i H R
poo
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Fig.1 Heavy metal concentrations and corresponding standard in intensive farming areas in China
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bR fE (400 mg/kg) | Lk 85. 7% ,Horf 54
YFErp Zn 553k F] 4 639 mg/kg, & MR iEARE 11.6
¥, HUGR VLY (2 385 mg/kg) FIIAT R (2 074 mg/kg) , 73
SRR AR UHEN) 6.0 F15.2 4%, PU)i] (283 mg/kg) .
LRL(298 mg/kg) T (397 mg/kg) 3 & Fi 547 3%
B Zn S35 5 5 R I BR AR

JTAREBMBEATEG I As P EER T
HAth45 117,355 89. 3 mg/kg, S PR EEHRUE(15. 0 mg/kg)
1)5.95 f% . e Ah, 8 H BR & 4w vE B A TR A R R
(33.9 mg/kg) WYL (29.3 mg/kg) 28 (19. 8 mg/kg) .
¥ (17.0 mg/kg) AL AR (16. 3 mg/kg) o Br L&
BHARA As &8ss JE 38 As & Bl IR &
B o 148 T EE i iR 1 33.3%

A AL TR M 25 Cd P Rk 3
59.7 mg/kg, H ¥ J& 3L 7 (18.2 mg/kg) | 1L AR
(9. 44 mg/kg) FIPEPY (4. 06 mg/kg) , 73 5l i BR 4
PRUERT 19.9.6.07 (3. 15 1. 35 %, BR 0 g b, 45
BTG A Cd & i B AR v Y
Lt 4 20. 0% |

HA T RBAL TR 25 Cr P15 IR R

TE— N ARIKF, B b (153 mg/kg) Sb, HoAt 4 17
FEFErp Cr P25 2 5 AL T BR & A5 1 (150 mg/kg) .
BAE MRS I Hg Ni F1 Pb P2y & & 45 K
i FCFR B bR (Hg: 2 mg/kg; Ni: 20 mg/kg; Pb:
50 mg/kg)
2.2 BAMHBEREESEHMEEHE
2014—2016 4F 444 T 4E 24 4% R 5 R 3 A
Hedtt i S K 4@ gk 3 PR , A LLE 1,
SABELESHABEEEEARE -3 (HE
AN T ESE A EZN K, WD E 4
J& G A TS R Fh 2R A R R 2 RO,
PL Cu F1 Zn ), BRIATAG 3L 77 L2 ORI B Ak
FRI G ZE T Co GEHE Zn Sb, HE 17 A2
e Zn BT Cu, 1E21 B, 285
JEFEH As (Cd  Cr Hg Ni #l Pb g & K Z K F| /)
7 & Cr As Ni Pb Cd Hg, IAk, 244 T ] 5% 35
hEG R SR 2ZE N K, LLCd B, IR LT R
MR M 2 h Cd S 4y i Gk B T 102144
288 t, M HEAE TR EIED Cd BELE0. 1 ~
15.7 t,

F3 20142016 EZEATENABEEHE HEZHEEREIEEELE
Tab.3 Number of slaughter pigs, total pig manures and total heavy metal contents during 2014—2016

ER RS VA Ty 58 BEPE SR B R/

i h3k Tt As Cd Cr Cu Hg Ni Pb Zn

g 7332 1955 95.6 6.3 610.0 7429.0 — — 50.6 5533
bipE:] 6159 1 446 17.4 — 78.5 6075.0 — — 58.4 29997
HiNE] 6 067 1424 39.2 15.7 196.0 12 208.0 1.57 136.4 135.0 20998
2R 4863 1084 177.0 102.0 112.0 3815.0 0.87 88.3 39.9 17 064
Wt 4398 1033 129.0 5.2 1580.0 2324.0 2.58 51.6 47.1 4131
%R 3733 876 783.0 4.4 31.6 6706.0 — — 35.1 9 888
e 3547 1278 172.0 4.3 — 6593.0 1.53 — 281.0 5456
Iii] 3464 813 — 10. 6 154.0 9 000. 0 — — 9163
YLPg 3 240 722 — 6.9 — 5671.0 — — 15.7 17 220
LB 3013 672 133.0 3.8 324.0 4627.0 0.27 — 138.0 2001
DN 2974 663 74.0 14.3 256.0 2627.0 0.27 56.2 45.2 5044
i 2767 793 59.6 144.0 35.7 5265.0 — — 20.4 4868
i 1930 430 63.3 5.9 268.0 3044.0 — — 83.0 5143
Wi 1645 367 107.0 3.8 91.1 2490.0 3.00 35.6 41.4 6016
N 1685 483 69.0 288.0 101.0 2424.0 0.39 55.0 15.4 3293
[k v 1208 375 20.5 15.2 115.0 1044.0 0.15 36.5 14.6 1 696
PNE 382 138 46.7 1.6 78.2 1466.0 0.12 — 0.6 2048
Jbat 302 109 13.9 1.2 44.1 555.0 0.29 10.0 7.8 1367
i 230 51 8.7 0.1 5.3 239.0 0.10 5.0 1.8 540

H i 139 43 — 0.5 6.0 218.0 — — 3.0 1996
TR 96 30 0.4 0.3 2.2 17.8 0.02 2.7 1.2 118

TE < oh T PR AR B 0 S K, SO A R B D 2013—2015 AR 3 R ; — 2R B MG B, T L

2.3 BERARKEERFRESRE
KA T &AWL 2R ARR,

PARIL, JE 2 H As Cr Hg Ni I Pb 119 % A XF + 4
i) - 398 15 B A FH AR PR Y £ 2

T AF R

kN

IS
) WY
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PR A 7 Cd\Cu Al Zn, W0SRMEFEH Cd | —H
PREFLEBUA K (BRIEHE HI K P45 2014—2016 4R 44
PR R R BR DR A B R ) AR R L
Herh Cd 5 HEAE 16 a 4 Al 38 0 B A ofE
LT 23 a, INARA 91 a. B Cd 4h, s 2&h Cu A
Zn 1A% AL 2 ) S TE R DA R, DA BURIER
o, % S A € 65 .53 a, JUHTHIR AR I 4 1

Cu 57505 20 R 3 4 39 — 20 B A o T S i A
3551 .91 a, R M 3 Zn & 5 0K 4 0 o 1
TR AR ME, A, A A A H L Cu
S R T R AR E R B R AE 112 ~ 740 a Z
B CTEBRAN) WA A H 458 Zn WO A
WAL 109 ~ 746 a J5 #4490 % R
HE LB BTG AT BRI o

R4 BERERNERRBIZEE¢BBRNERGE

Tab.4 Time scale needed to increase heavy metal content in soils from current level to maximum permissible

limit in different regions in China a

WK AR

As Cd Cr Cu Hg Ni Pb Zn
| 2236 1320 4416 206 — — 21 589 658
] g 16 383 — 57 340 437 — — 34177 209
bilEe] 2199 414 13 153 119 2352 10 002 7486 148
% 1532 91 30 220 505 8 209 21291 34 391 277
illa 1105 998 1337 553 1579 22 500 20972 746
IR 155 981 51676 135 — — 13 688 224
L 745 1 646 — 238 3459 — 4181 632
Il — 242 10 702 112 — — — 266
LPg — 635 — 180 — — 38984 134
G 1702 1898 8487 354 20453 — 7943 1933
YL 2393 402 8 456 524 754 23 090 21077 658
LT 1813 23 38 450 147 — — 27 763 370
e A 1149 341 3681 135 — — 2476 169
WL 810 806 13 006 267 574 17 059 10 952 240
A 2226 16 19 460 438 8722 18292 42 449 660
[ vy 4271 230 11761 740 17 687 19 164 39439 1 046
K 243 250 1615 53 1901 — 103 830 91
Jb 347 142 1405 65 377 3334 3279 51
¥ 1031 2390 20272 251 1499 11542 25 870 257
H — 802 27582 457 — — 24 955 109
THE 66 164 2987 181 690 12 684 33900 67 311 148 812 4 681

3 it —E AP, X EEIE N Cd M Zn Oy [ o

WAL R F , R E RS ST
& )RR TR L, CuZn As Cd 2 E, H Cu Al Zn
bR B ™ T, LR As 3R RN TE RS SR A AR
wh, S T B B RO HE R A A DR R AR AR R iR
W CuZn Fl As SRR T, BUAR (R I SR 45 1)
AR AR HE) R B RLE T Cu Zn F1 As [
i R ESE bR AR P i AR v AR Cu Zn B As IR
TG B AR (3R 2) X U0 2 B R A
KT A SR IR AR AT AR T
SEERDRHAN IR 0 WA B . S5 A, b T R e R e
Cu.Zn #1 As 9 I HR IR, FERHE Cu Zn
L As g AFEEE T G RDEHRURE 2E v Cu Zn Fil As 11
FHRPEW U] — s (3R 2) o ISk, JE 38 Cd A

FOMEBRAMIRL, 3 % PR LR 5 i o &
R BB T S Zn WS R A ek R A —
SE Cd, e 530 Cd FERE S P IR S

T SR e MR AL F2 0 5 B AR E AT R R, 5O
TR S 4 o T G R B B, BN 2 R B 2E
BT ENRE, BFLER BT E A
JEAEE R, H AR X EEPREE S REER
BER 3 — 5 T2 PR Ay s 0 v e R T AR A T PR
AR B A G VR R O A AR AR R 2R R T R ek
PR A g AR A B Cu Zn SR ICER Y
— MR IX 22 5 33 Cu Zn SFH TR M
WINKEAN R BT 8, A sE R W, &0 RS HL X 1Y
Cu Zn HHI/KF-M 8@ FREBBE " ERE
ENUN R AR G BN B 3k B el o o i}
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b LR AR LR — B B4 B

36 P R A T AR B IR T A R
JR, LA O T A8 K B4 s E BRBE XU o A% SR 92 45
S T 5 2 4 T o R o M P AR R A 2
R T Cd Cu fl Zn, X 5 2R g 45 % g i
FELE R — B AL RN FEW, Cd, Cu Zn 2
BRI 75 b 3T LD AR b N R SR A A A A
RITAERM FEITLE . R, 8L PR, %4 T
o4 FH 4398 1 7 4 J S B A T RE O T AR B ST 45
e 2 A o AR FR AT BE SR, X R TR AR AL
T AR AR R W R A & FR A 1
SR R AU 35 K A 45y
AESRE. EWEK SR REdE By ES
JB EARMERE I F AW R E SRR, &
£ 4B T 4 R 0 AR B e, 0 T 4 S PR R
R AT REA BT S, 1E K S0t T 2R 4 U b 0 2%
WK 25 T 4R TS e U

AR SRS 2 5 A o AR BR B 49 L B AR TE A B
SER B A5 R B B BF 5T 45 R O &0 52 K i
A S U T S B0 R 4 R & il B R
g0l Ry R W AL S ) 16 a 1
St A A% 2, R HEP Cu & BEEOH T & L R
J R T bR, Cd i e [ 5 b R TR =
FRUE T IE BB K Cd S R T K T
FERRUET L A, N B i G P 2 R
B b Cd g R N0 AE A8 ) -
ZEt T 15 a FE ARG b Zn i B R
SRR i bR T o AT 7 S S A 2
TEOLT , 3 Cu A Cd 5 58 5 [ 5% 4 3R 5 R
BB M AR BR D S BR T A G AR R . MO B
U — S BE 5 W, AF VI VY 21 3 b v 4 4 AF
B3 B 1 225 g% 26, 1 3EP Cu Zn [Cr F1 As

R R B TR bR HE Y IR 23 0 R
21.6.66.5.43.8 14.2 a, i K FAM T F i 5
4 1]

IR AN TR 3t X B0 5 it A e R G
o R SRR I AR R B R,
SRS HEBR I ACTTREE AN K B8 45 05 30 A R Y
A RE R A [ — i X [R) — SR R K E A
BRI R R Tt A AL B L R R A AR TR
A B AR TR 4 R AR A2 B R SRR R ORI
8 2 R (H R G A R, Kt 52
BT RIE IR E R E S m IR E H 4
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