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KR\ IR SR % 2 LS, REE 300191)

WE . ASCHEEEERHLIX 5 4 2 T 120 A S XSIEEPUCHES,, S-FrlE A HUAL T Cu, Cd, Pb, Zn F1 As it | JE&S R
DI edeth. SRR, AP ERELSESEZRHBK, BN Zn > Cu>Pb > As > Cd, SAEVICITAARHEFLL, Cd, As,

Pb FEAEREARIRG , 5150 6. 7% | 47.05% F114.28% , ARE TR ESE GFREFUE. GHNET Cd, Zn FEUBRESE LGS
TR, 9l i 37.3% F143.79% (i /340 , TisRHEA Pb, AL G Cu, A As HLBIE . AHUAEH TCLP-Zn -Cu, -
Cd .-Pb Fl-As 8000 41,11, 3.33,0.07, 1.25 F10. 21 mg-kg ™", AHUVEH Zn F1 Pb SEMFECN 6 F15 4>, 3 AGLEW L
BRTHE. AHIEH Zn, Cu, Cd T As Big5 TCLP R BUS & A7 7E B AR (P <0.05). HXS A4 HLIE AR jiti i & 15
t-hm CHERAGIEH UL L S HFRR ., W > KE > L8 = IR = 7195 > b > Jhat.

KEW . ELE; GIAIUE; B, SRR (TCLP) ; SRR

FESES. X71 XEIRIZES, A XEHS . 0250-3301(2018)09-4375-10 DOI: 10. 13227/j. hjkx. 201711152

Characteristics of Heavy Metals in Chicken Manure Orgamc Fertlllzers in the

Huang-Huai-Hai Region and related Environmental Risk Assessment n

LI Fa'?, XU Ying-ming’, WANG Lln LIANG Xue-feng” , SUN Yue-hing"* , JI Yanlng , LUAN Run -yu ’,2 .
(1. College of Resources and Environment, Northeast Agricultural University, Harbin 150()30 “Chinaj;' 2. Key Laboratory of Orlgmal

Env1r0nmental Pollul;ion Brevention and Contro] Mlm@try Of Agrlﬂulture/ Tianjin Key Laborary of *Agro- EnVIronment and Agro= P'roduct

Agro- Envmmmentdl Protection Institute, Mlnlstry of é,gncul-fure Tianjin 300191, @hmd) i J
Abstract: One h\u'ndred ‘and twenty types-of chicken miAnuye organlc fertilizer C,amp],(m% were collected from five provm«*e@ and two cities 4
in the Huang-Huai- Haf region, to investigate heavy metal content, fractionation, and fnvuonmenta"l risk through toxicity characteustlc
ledchmg procedurea Results showed that content of hecw'gf metals in chicken manure rgani¢ fertilizer varied greatly, in the order’ of Zn
> Cu>Pb > As > Cd™' When compared with~ the standard for organlc manure, ratios of Cd, As, and Pb exceeded the standard by
6.7%, 47.05% ~and 14. 289% , respectively. Moreovgr the.eontent of heavy metals varied significantly in different provinces. Cd and
Zn in/organic ménure fertilizers were mainly“Fe and Mn.oxide- T)ound fractions, accounting for 37.3% and 43.79% , respectively.
However, the proportion of residual fractions of Pb, organically-bound fractions of Cu, and exchangeable forms of As were higher.
Contents' of TCLP-Zn ,-Cu,-Cd,-Pb and-As in organic manure were 41. 11, 33.3,0.07, 1.25, and 0. 21 mg-kg ™", respectively. The
number of samples in which Zn and Pb in organic manure exceeded the standard was 6 and 5, respectively, with these mainly obtained
from Hebei and Jiangsu provinces. There was a significant correlation between total content of Zn, Cu, Cd, and As in organic manure
and content of TCLP (P <0.05). Based on an annual manure application rate of chicken manure of 15 t-hm >, safe application of
chicken manure is in the order of Henan > Tianjin > Anhui = Shandong = Jiangsu > Hebei > Beijin.

Key words: heavy metals; chicken organic manure; fraction; toxicity characteristic leaching procedure (TCLP) ; environmental risk

assessment
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HIE TR R E AL A E S
ZEMRIFE R, BEEIEM S Zn ME RN 15.37 ~
1622.81 mg-kg™', HFE. WP Zn BIR RN
82.86% . 8.57%. Zhang A2 et B RE U A AR L
=AW FEA N Cu, Zn, As, Pb, Cd & &L FI7E
1.53 ~ 487.43, 15.37 ~ 1063.32, 0.55 ~ 10.42,
22.10 A137.99 mg-kg ™", HINAWFEF Cd & &
WS, Nicholson 28 13]XT9%$§#$HJ§E/J\1502%‘
ZEMEREALIAE K MR E A ZE A Zn F Cu
FeaRde, BN E SR & & 5 E SRS
HREEEIFMHKL(P<0.05). BEER S HMEENA
PUIE R FHAEAR Al ™ il b 8 43 s RS
Prives, [R) o o 4 JR 7E T g PR, H& X 2k
PR ANt A B A A R A L B XS 2% e
FHEXGIN, T3 Cu, Zn SRCEEIGIN, i F2EHR
SE AR RN 30 As, Ph, Cr, C
I Zon 5 S S it P 58 i B e

Te B AR & FRAHKIE , 1978 ~ 2010 4E 1
[ RAERILL 5. 4% M H B, Wiah 3] 2020 45K

BECERIING] 16,4 ¢ 2120 S X 0 B
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2 T B HLAE b 8 4 8 o R AF AR 25 4045 1L
H, dmk TCLP 3% PF 478 HLAE v 8 4 JE PR 88 KR,
I B A AT A A DL & e FARRR , B 7E
TRt sl A b B R B i B & 36T W IR AL R RN
PR AR AT Bl RINR St $2 T A 45
JIE 7 5 Y A A5 ERBE 2 R AL BRIS AR

1 #Me5EFZ*

1.1 HEAcRE

XA PR FE i USCEE I B[R] SR 2017 4 4 ~ 6
A, AEERER 120 A4S, Hohdbst 7 4 KB4 A
Mk 26 A~ AR 26 A~ TR 15 AN, BB A L
I5 26 . FEER TR R A UIE, FEREE
SRR R T S G2
1.2 B R A 38 R

BAHUIEEE SO 70°C 18 R HEAS FR 22 4L T 48
h EfEE, B 100 Bifi&H. AVUETESE

45K HNO,-HCIO, (4: 1, 1KFLL) i, BAARHE:
YEABR A B 0.2 ¢ A HUIEEE S FIHZE $, n
A 10 mL FTRAERGE B, O H R IR 2
PTG 2 20 AHUE D E 4B IE SR E
X Tessier ﬁﬁfé*ﬁff[m . A HLAEA S E R
FH TCLP ¥, TCLP 2 M 5 T AR L 200 1, 7R
TR 18 h i pE™ . WA R T E SR

R L EGI A  E R BRE A A2 ( Ultimate
3000-iCAP QC). R bR #EFE & (GSS-1 A1 GBW-
08501) FlIZs AL M iE AT R B A5 i, JuE IeR
YIHE 95% ~105% Tl M.
1.3 Hdab

ARSI KR ] Excel 2016 K SPSS 19. 0 #E47

i3+, 22 E{d ] Excel 2016 H1 Origin 8. 0 %k {4,

2 #ER5iTie

2.1 WAL TSR & R
FE B E TR M DX XS A WA P o 4 }EQEE’J‘%J
s AEBL T | X HEA P Zn ﬁ%ﬂﬁﬂﬁﬁﬁm
0 ~250., 250 ~500.+500 ~ 750 , 750 ~ 1 000, 1,000/~
2 000l >2 000 *ig - ke ~"|fi B it £ 53 N 37, 60,
13 1,6 Al VST Znygfr VGBI E 88. 50 ~ 20341257
, Bk 406.59 mg-kg™, AF R R B
77.34% ;1 ,J(ﬂé‘i’?"a‘l‘flﬁ 250 ~ 500 mg-kg" Wﬁé
ABURZ , ki B 51.26% . WA HUE Cu &
B A AR IS 10 ~ 50, 50 ~ 100, 100 ~ 150, 150
~250 . 250 ~350 F1 >350 mg-kg ' HIFE S ESS K
61.51.4. 1.1 F114. Cu&HEILHEALE25.73 ~
353.25 mg -kg™', (M 58.00 mg-kg ™', AR RE
65.98% , Cu FrEyLEI7E 0 ~ 100 mg-kg ™' AUFEAREL
1 94.1%. X%Z’fﬁHLHEEF' Cd & 517 AR DL A2 < 0
~0.5.0.5~1.1~1.5,1.5~2,2~3Fl>3
mg-keg " HIRES BB 52,30, 8, 16, 5 Fll 8 4.
AHLAEH Cd S EIEEIFE0.22 ~13. 88 mg-kg ™',
fHHM 1. 14 mg kg™, 2B 5 240 153. 88% , T EiulH
FEO ~1 mg-kg ™ BIREAELY 68. 9% . A FEA P
TR IR A 0 ~20, 20 ~30, 30 ~40 ., 40
~60 ., 60 ~80 F1 >80 mg-kg ™" YKL S B 5M 56 .
23 .18, 8., 11 FI 3 4~ AHLAEH Pb & &5 HI7E
0.34 ~93.35 mg-kg ™', ¥MEH K 27.1 mg-kg ™", AR
F28076.35% . AGFAHF As 28 oAk ol
£:0~5.5~10,10~15, 15 ~20, 20 ~30 Hl >30
mg-ke T IIRERR BN 3. 4. 56, 47 8 A 1 A,
FHLAEF As FEJEEITE 0. 826 ~30.4 mg-kg ™', 15

mg-kg ™'
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M 14. 88 mg-kg ™', 27 A% 28. 66% , &L
£ 0 ~20 mg-kg ' AREAEL 1 92. 4% . Cu, Zn, Pb,
Cd, As X 5 PG REXGIAHLIE P F 72 F 58K,
FIH Zn>Cu>Pb >As >Cd, X S5ENIIEG &I
FERFFEAE AR 222 0 FE AR T T e 4 I 7
BESER, FEEHTFARTCESRXEEHA
], RLEFEAR. HWRh oo E & B,
SHEHKEESEITE AR R E W CHE R
ﬁl\[6,31,32].

AR TG IEAVIEE LR & B fE—E i 2
S(E V). mdeE AP Zn & fem (754, 81
mg-kg '), HUCHM R (455.72 mg-kg '), %R
BEAK, UM 319.21 mg-kg™'. FEAN[RE T AL
JE Cu B9 & 22 58/, LA Cu & &K
(304.56 mg-kg™'). dbRTTT Cd & & & &k 3. 14

3000 |
';7!‘ 2000 |
2
i
&
~NO1000 F
Ll B =
0 N : : o 1 ¥ #
dexne R e WTRE iR Ly iR
15
E:
_‘tg_- 10 "
4o
S
5k
5 ~.—] X éﬂ == o e
dews RKilr adE R R il i
30 "
EE .
= - ==
2 10 —
0k " i3

denc REE R e

Fig. 1

(1ES S S )

mg-kg ™, KT AL IR A & m BRI K 0. 46
mg-kg ' F10. 4 mg-kg™'. JLHANHIL Pb &R
43514 40. 09 mg-kg ™' 1 43.79 mg-kg™', KH: Ph
SRR 3.03 mg-kg . AHXAHLILH As &
ZEF N I7 220 MR, WAL AA A HUIE Zn BYHRE
IR, L8 o227 E (P <0.05), TR
At HP A IX. Zn VB2 22 S AN i A& b IX A LA
T Cu, As W22 5B/ AERTTTAHLIE Cd S
A 2SR E, BRICT AL Al X 2
SPEARE,; REEMA VUL Pb & 54k, Wt
IR E SR, Wb S5, 104K, L8
FTIR2E R 2, ML S54baT | WAl &
3. FIRES S I Z XGRS IR A By &
RS ZE A H T 2476 Wang 257 A AR E
SRS SEEPESE SR EEAAE(P <0.05).

450

300 +
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= h
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" e N
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Heavy metal content in organic chicken manure fertilizer in different provinces
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A2 e U AR =48 R TR SRR MR Y 37 49 3
OB, R E AR SR 2 R, A FE R 5
RS EA . £ REP Bk, AL
HIX B BIMEPES)E Zn, Cu il Cd &8 55
FAJE i BN MR (P <0.01), 1 Pb,
As BB EMELR (P <0.05), HAINH FEE
&JBICE N Zn ., Cu.
SAEPUIEAT AR (NY525-2011) #H L, B
M X XS 2 A HLAL P Cd, Pb. As BARR S R
6.7% . 14.28% F47.05% (F2 1). £HIX.Cd i#
bR At (28. 6% ) 14 (11.5% ) > RE (6. 7% )
>UR(6.6%) >t (3.8% ). Pb Hbx NIt 5T
(42.86% ) > i dt (38.5% ) > W (20% ) > LI %
(0.38% ). As AR NLHE(86% ) > TLIH(61.5% )
>IZR(42.3% ) >4 (38.5% ) > L 5T (28.6% )
> REE(25% ) > TR (20% ). 5 (AR5 98 5 Y

Y IARaE ) A H, BV L XA ML Zn | Cu,
Cd BB AR R k3] 17.8% . 1.7% F1 2.5%.
Horpr b RS, dbat, REFILZR Zn MFRR S
WIEKE] 42.3% . 20% . 28.5% . 25% 1 15. 4% ; Cu
BRI IR e, N 3. 8% , Hofth 2 iy Wil 441K
Cd BARRMETAILH(28.5% ) . LA (11.5% ) |
TE(6.67% ) . 1L (3.8% ) MIE#(3.8% ). 5
A ] i S N 5 4 4 T B AR A B, B IX
XEEAAHACH Zn, Cu FIl Cd F bR, HFRERI )
H36% . 5.9% F124.36% . FHHLIEH Zn HIrR1E
BLA AL (69.2% ) > W B (46.7%) > 11 %
(38.5% ) > AL 5 (28.5% ) > KH:(25%) > LI
(19.2% ) ; Cu W ARALA LR (11.5% ) . Wt
(3.8% )F(IIZR 3.8% ) ; Cd HARF & Wt
(50% ), Hk AL (42.8% ) . 114 (34.6% )
TR (20% ), LREAR, N 0.67%. .~

1 TEMEBHEGHIBESBEFER #7 |
Table 1  Percentage of organic chicken manure fertilizer samples exceeding heavy metal limits in different sites = S =
bt wy L TR A% /=
Zn Cu I ¥ Cd | Pb g ogrAs ]
= — = 42.86 <28 07 &
5 < S — ] ¥ 0 0 =5, U
- N i ) o = — [ F_.3.8“‘ Y s 385 )
O3 ¢ N2 2011) i~ A T A T e
: ! Wl T — ' 115 o 0.38 42.3
' B = sy W 0 Pugs ¥,
- o ) — —\ % 0 0 61.57
o T | s ¢ ) T 6.7 | 14.28 47.05
Fl md ke = f la L~ — 3 " 50 15
. & & It — 0 28.5 0 0
Kt 25 0 0 0 0
Tk 42.3 0 3.8 0 0
e PV TR 15 e ot e 20 0 6.67 0 0
7R 15.4 0 11.5 0 0
LB 0 0 3.8 0 0
LI 0 3.8 0 0 0
I 17.8 1.7 2.5 0 0
FRUEN/mg kg ™! 500 250 5 300 75
dent 28.5 0 42.8 0 —
PNE 25 0 0 0 —
bl 69.2 3.8 50 0 —
I TN 303 T B R il 46.7 0 20 0 -
W7 38.5 3.8 34.6 0 —
LY 0 0 0.67 0 —
T 19.2 11.5 0 0 —
pig|idi 36 5.9 24.36 0 —
FrUfE{E/mg-kg ™! 400 100 1.5 150 —

2.2 AHUEAESGEIESRAE
HA R IR I PR AR ME S R
Kk, EEREARIE SR NI R A TG R,

TEARKARSE FoE T E 4 mT R =17
P 2 Ffr s BT Ml X L R AN [R] 4 T RS 2 AT HILAE vh
SIRAREE AT, b aiEd 2 £ MBS
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2% RESD oM FeMnOX [/////) CARB EXCH
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Fig. 2 Distribution of heavy metals in organic chicken manure fertilizer
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P B FEMERE, BB 6 IS A (FR
2), Hr Zn B BRSO A MLAE = H A A4,
Ph & H AR A PLUIBTT IR & 4 4, Wb 1
A LA AR AFAE Zn . Ph & B AR R,
Gy IR 23% 3. 8% . TLINEAFAE Pb & wilibs,
PR 15. 4% , HAhAE 1A HLIE Az 25 PR 45 AU 458
i, SR, ASFEAHAES RN AR, ELE
TLRESWA —E W25, TLIRE I Ph IR

SREE A AR SR A I, R
15 U6 G Y AR R R IS A A BRI ) 15

WU VT v o Bt — 2D AF ST
x2 FHHRPESRERHREBHRY
Table 2 Excessive quantities of leaching concentrations

of heavy metals in organic chicken manure fertilizer

A Zn Cu cd Pb As
EARE A 6 0 0 5
[ PrAmAE(E/ mg - kg ™! 100 100 1 5 5

TCLP S E S JE S &5 Tessier LHEHE 4
VBB BRI A 4 5 IR R 205 4 75 4 A7 1 Wb 35 W
(P<0.05), Zn, Cu, Cd 1 As WIHIHE R B B
J9.0.415 ., 0.569 ,/0.503 , 0.57. AISad A A HEHR
SR AR bR, AT bk A A,
Tmﬂﬁﬁm%%T%mﬁimyﬁmﬂ iﬁa
EEEM%ﬁF%ﬁ%Tvmﬁ%%TEAEm&
HETCLR, 1 Tessier HHLHLA i s
Ewim%%;ap ﬁ%&ﬁﬂ%¢%ﬁiiﬁ

FRCHEMIE R AR S, 5 A XI5 LR 45 R M
//f\;/Jg [38, 41]

TCLP 5 R Z A X R UL 3, LK Zn
Cu, Cd il As BETE 4 )@ B 38 TCLP (Ut re
I, T Ph AEXTAL TR E H AT KRR . @it A
KM LB Zn | Cu, Cd Al As S5 TCLP $2H
BIEAEBEF KNE (P <0.05) , P WIAEME A HLIE

I 24 e S TS
P EELA WA , U Ph (AR R, L

&ﬁ%mgm#M%ﬂﬁﬁﬁmmma@
2.4 RS AR 139 b T 4 R B
AV E S BIRER S, WK KR
FIRS AN SR MR E RIS . S
BEMEAAN G T 4% T 4 JB {8, # 5L A A 4 15
t~hm “2 AR A T 4R B AR L B g
RV AR R 4 AR B0 0 (K 3) T GB
15618-1995 ( 4 HEFREE 12t b i) i — SR AR St
{ELAE S 24 7 By 4 8 4 B 4R GB 15618-
2%%1%%%%;%@W#ﬁ>75%%%ﬁ@
TEN T & b (H 25 %éﬁ%fﬁﬂ%$5ﬁ
4w oA, %ﬁmw%wtmﬂw%mﬁ@@
%éﬁﬁﬂ%ﬁﬁﬁmﬁm %ﬂﬁﬂﬁmma{
KT 55 4. dk 41 a, 7FI% 63 a, []J;ZF’é 59:}.
a. ﬁ@éwéﬁ&ﬂﬁu.l% ﬁﬁ?ﬂ%
LA Bt P u&m&%mmﬁﬂﬁw%mn&
N B fINEE A

*3 i'%ﬁﬁff)lﬂl‘iﬂ:ti%iﬁﬁfﬁﬁ)\s

Table 3 Annual amounts of heavy metal input to soil-applied chicken manure

WiH Hb X Zn Cu cd Pb As
dtnt 4894.5 684 41.7 601.35 210.3
KHE 5149. 35 926.25 6.9 45.45 208. 8
b 11322.15 861.75 21 656. 85 230. 25

A At/ g+ hm =2 ] 6835.8 755. 1 14.7 414. 105 182.7
ITE/R 5819.25 934. 65 19. 8 360. 75 211.43
TR 4788.15 797. 4 18.6 373.65 224.55
Hw 4568.4 1105.95 6 206. 55 242.25
dbat 2.13 0.3 0.02 0.26 0.09
KH 2.24 0.4 0.003 0.02 0.09
k. 4.9 0.38 0. 009 0.29 0.1

ARSI/ /mg - kg ™! VIR 2.97 0.33 0. 006 0.18 0.08
7R 2.53 0.41 0. 008 0.16 0.09
TR 2.08 0.35 0. 008 0.16 0.1
Hw 1.99 0.48 0. 002 0.09 0.1

3 g

(1) W X XS F LA Zn, Cu, Pb, As

flcd HFEESER, ARETAVIEE SR & &
WA —E W22 5. SHEFrEM L, AHLIEF
Cd. Pb Fl As #AFFERS & O AR R,
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