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Fig.1 Location of sampling stations

I ERARIGFEAR LA 1) JR PP IBJEFH):
0.5% KOH Fl1 2% KBHy; T4 JR5: 1.1% Prdfii
2. 1.1% fmlRA 5.6% HCI; #ii: 5.6% HCI; T
HLJi: 50 mA; 15 260 V; #<: 300 mL/min;
BEl<: 900 mL/min; JR AL S 6 mm. 2)
JRFIRI - n BN : Cd: 228.80 nm; Cr:
357.87 nm; Cu: 324.75nm; Ni: 232.00 nm; Pb:
283.31 nm; Zn: 213.86 nm.

TR R BEE 5% AT RERFRUERE &
GSV-2 HHAT sl s Wk 1.

x1 REZHIEE
Table 1 Data of quality control

F i Samples Cd Cr Cu Pb Zn Ni As Hg
FRIERE i 1 0.33 2.68 6.56 46.97 55.25 1.57 1.11 0.72
FRAERF: i 2 0.33 2.66 6.55 47.81 55.97 1.54 1.15 0.62

FRAEI 1% 86.8 102.8 99.3 100.8 101.1 91.2 90.6 86.8

SPATRERR AR 22/% 0.30~9.00 0.70~530 050~3.70 110~3.20 0.31~580  1.60~8.90  1.20~7.80 0.43~26.00

1.3 ERSHHE

T 43 Mg Cprincipal component analysis,
PCA) RABDHUR A = 845 SR
RSB R, MIRGEESK,
IR IR ARAR I A N AR R, AT LA AR I S ah £k
P A IR BT, B IR PRI A g H L
FHBCR MR e R, SRt AR HERE T ), DA
HIEFAIR R 4518 . K SPSS 16. 0 Ge it 4k
AT ERS 30T, RIEBRAR & AR PR 2 1
225, DMEERS RS T [R5, SR Z 7340

1% (Z Score) WEL 4 JE & E AW AT AEAL, AR
eJE AR, WP 0, ArrEEAs 1. 3
T RBERE AT T A 3 H, R PCA ¥
HEAT E D FHRE . A 3 o0 AR T 2 B 15 2
R, K7 ZWOKIEASTiE %1% (varimax normalized
rotation) X PRl 7 & ai RE B REAT e 4, A3 %A AT
) — 2 e a3 b3y (1)1 5 1) g K 5 e/ AR e K
BB oA TR, e BAEHREAN 1 ooy RAE D
o PP E BRI T, MR E
(IR T3k 0 Bty 0B,
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2.1.1 IR ESA VAL E L BN H
ARV PP E 4 S A (U A BT a1 2
fin. #4J8 Cd. Cr. Cu. Pb. Zn. Ni. As. Hg
FISEIIME Sy 35k 0.21. 45.42. 69.22. 87.40. 274.58.
16.50. 3.21. 0.33 mg/kg. P s A AL KIEE 4%,
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Note: Exceeding rates of Cu, Pb, Zn, Hg are higher than 10%, while the exceeding rates of Cd, Cr, Ni, As are lower than 10%.
B2 HEiLBFRANICT EEERENHLHE
Fig.2 Frequent distribution of heavy metal contents in commercial organic fertilizers of North China

Cu. Pb. Zn. Hg Mt m 1 10% (&l 2a~
Bl o2d) , o, Cu B B H 2 6.00~
367.7 mg/kg, “F-HIME K 69.22 mg/kg, 44 [ 5 #hdf
NEFRUE, BRT 16.7%MFEAEE R4, 50~100 mg/kg
() FE A B 4 B0 38% , I bk ok PR OB
(100 mg/kg) , HAWEEIRXE . Pb )75

i & 2.60~208.3 mg/kg, “FI41H A 87.40 mg/kg.
a1j 2 o 2 20 5 (1 2005 4F o [E 7 s LI Ph
SPY(E N 36.6 mglkg, AT, AEdbHi XA HUE S Pb
(1S4 2 o v [ 7 A LIRS (E T 2.4 15

TiGh, BRT 14.3%IMFEAERSE, 35.7%[MFEAS Pb
iR 2 HAE 100~150 mg/kg 22 [a), 5T bk R AR
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(150 mg/kg) » HAWACHESR AR K, 4dtis
XAHALS Pb FENAGREM. Zn KFEA
274.58 mglkg, 5 EHLAENE (1 2012 4E4x[H Ry
S A MRS B (202.9 mglkg) , S f T x5
I 22U 2 (2005 4F 4 [ B A HLIE S 3
(732.4 mg/kg) -

Cd. Cr. Ni. As [EFRFIZMILT 10% (HiA
hr) (B 2e~E 2h) , Cd (KFE S EEEE 2
0.001~3.4 0 mg/kg, “F-¥J{E4 0.21 mg/kg, Cd 5 Zn
ek, KT 2005 454 [EH 357K (5.64 mglkg)
MY 2012 4 EFEK-PREL (0.6 mglkg) , IX
A R8T A R BUR X A HLIE Hh B 4 Ja Y Sk (1) D
W Cd. Zn #HIF 55, Cdy Cry Niv As FEARLT
1. 50. 20 F1 8 mg/kg HILLAI 4353 5 97.6%- 61.9%-
69%- 95.2%. FJLLEH, X 4 MESER T BAR
MCIREEAR R AL, FEAKIR 5353 A AL A T Fr i FRAE

[ITEE P
2.1.2 IR FBAH VAL E L EABARE L

2 s AR AR = o R S A LI R 4
ARG DL . 2011 AFEARME AT T AHUIEAT W bRk
(NY525-2011) , %f Cd. Cr. Pb. As. Hg [R5
l43 9% 3. 150 50. 15 2 mg/kg. 7E%lbihx
KAL) 42 A PUIEEE SRS, BRARXT Cul Zn,
Ni fEAHOCRE 41, Pb [ bR % ik 80.56%, R
G B ATRAN R o (2 U8 (5] Fog S M N v 35 2 4
JE B & kU, Cd. Cr. Cu. Pb. Zn. Ni. Hg i
Fe PR 43591 4 1.5.100.,100. 15040050 1 1 mg/kg,
WIAE AR B AR (1)1 50, Herf Zny P IR FRZ5
S, YWk 19.44%. 16.67%, Cd bR, A
G JEERR A T, 2005 4, X5 R 5P 4
14 NMEHERAE T 162 ANEHUIEFE S, MR HUE T &
SEMT REMRENT (& 2) , giRKW,
EAHUES P AR ZAA 1.2%, AT AE
e X AHUIE Pb B AR & A EKE I 14 i
[ 7 A HUIER Cd. Ni #Fs™ =, et
AHUE Cd ANEkr, Ni @B RREAL; MAedb XA
HUIEH Cry Cu. Zn. Hg AR 25 2 EZKFA Y.

£2 HAREREHEHREHRESBRIFER

Table 2 Heavy metal exceeding situation of commercial
organic fertilizer in North China

N 54 AR R
HHLE W:j& g Exceeding rate of heavy metal/%
Standar cd cr Cu Pb zn Ni As Hg
bk ﬁf}g&ﬂ 0 - 805 - - 0 0
PR e
AL A 0 8.3313.89 16.67 19.44 2.78 - 11.11
i
P A R R A A
AEURE  ppus 679 93 167 12 191 451 0 105

Ve R SR HE AR 2% T e R A

2.2 HyRERFHEREVEESERRESH
2.2.1 B eeAAET R EEE AT

Pearson AHCPEHTEE A (36 3) KW, KT
R AANFRBERAHLE. TUEH, E&R
Cd-Cr. Cr-Hg. Cd-As [A] & W& IEAK, XAE—E
FERE L 7 UM E S m R . 2 5tk DL AR
A HUEH 2 A5 Dl

*3 FmANEHESESRERE S BHHEXREBUER
Table 3 Matrix of correlation coefficients of heavy metal in
commercial organic fertilizer
Cd Cr Cu Pb Zn Ni As Hg
Cd 1.000
Cr 0.663** 1.000
Cu 0.209 0.421 1.000
Pb 0353 0409 0.166 1.000
Zn 0.196 0091 0.283 -0.112 1.000
Ni 0020 -0.115 0.023 -0.196 0.044 1.000
As 0.580* 0.296 -0.040 0.258 0.092-0.185 1.000
Hg 0.423 0.448* 0.146 0.310 -0.0190.016 0.233 1.000

e <HHOCHE B EKE 0.05; A5 B K 0.01. R
Notes: *shows significantly different at P=0.05; ** shows significantly
different at P=0.01. The same as blow.

2.2.2 BRAAIET EEE N TR AT
KH SPSS Geit-# At twxt B A A HUILKE i i
8 FHILExfm & BT T (PCAY , LIRZ
UL T 25 Y 8 S 2R PEILE 4.
F4 BRANETEESENERS O

Table 4 Principal component analysis of heavy metal in
commercial organic fertilizer

PRI 7284
EaE Factor load
Heavy metal K71 [KF 2 [XF 3
Factor 1 Factor 2 Factor 3
Cd 0.584 0.654 0.226
Cr 0.793 0.210 0.264
Cu 0.499 -0.343 0.675
Pb 0.684 0.080 -0.164
Zn -0.163 0.236 0.856
Ni -0.016 -0.095 0.019
As 0.189 0.872 0.015
Hg 0.698 0.209 -0.116

E: AOECAEET GRERD) ERERHDRTTIRE.

TR TR (R 4) £W, B3 AN
AT DUBRE M R 1) 64.3%,  Fe s A% g it i sk A
SHEAEGER . B MTIEk RN 34.7%, Cr.
Pb. Hg 7E 45— 32 2 b HoA 55 i B30T o Al
Ak SR B, Cry Pb. Hg &8585 %
TAPRRAN I AR o 1 26 4 Ja B R N 217 ATLAE J5Uke)
BEIEMES, PAENAHIERE . 54, BT
Cr-Hg & @Mt (P<<0.05) , K Hg 76 A HL
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JErR TR e b2 HH R Cr MIT B PTG R, i
W SEHNIEP ESE Cr BRI Bi54s, H
[FREAEAE S — o B R mdinr . Itk nfAh
= Pby = Hg GRRAS IRl e A 2 H AT A R
A AL A 4 1 BRI & B T B I DR R
4 16.6%, Cd. As 7L i 2 th BA K m 8T,
9k 0.654. 0.872, H As &85 Cd 2B & IE
M5 (P<<0.05) . Cd. As &5 I F Rk ) 27,
Fy—J7T, Cd MRS TCHUAE b e 1 4
JEDE, PRIk, A T B T B RS I R AR
A, BnT g2 A LR AR = g I IR i 7E T o i3k
5[40, b X fER Cd A As 1T BIEEUE,
439k 0.024. 0.647 mg/kg, Wl ThRuUEME, WA
HUIEYS G ormRise Ak, Kok, nlBEesE — E ke 14 N
WA I AE A - 5 EAMALG, HF EE A PR E
<o R 1Y B R RIUAE S v e DT80 i o 2
TAHBUEATIEARE, % Cd FIFR S35k 0 3 mg/kg,
A T ] 5 AHE AEARUE TR 2 6% o In 2 A HUIEAE P2 1 72
o 5 BT AE TR A3 AN AN B ik B M 57 43 b vE 2
I {5, AR 22 H 5 A A AE A2 7= A HLIE s i — g
PR, DA mEgEsy, i S8 PUIE - E 4R
TR G KRG o i R — ) 3L (P AR A AE T RO i e
BUBEAR DG BR S b, 0 A MU A = i 72 K™ i R4
PRGSO, A e i R AU RN o 28 =
TR TTER %k 13.0%, Cu. Zn {EE&S 3
HIEEAT 4> W4 0.675. 0.856, Cu. Zn ZEFilHinE
TR 4L T R, K 5 AL
L, b AR Cuy Zn A R T bR vE
B, FAR™EMNGRING, KWHKAE T A5
Cu. 1 Zn faERAS NI Al FH 2 A UL E 4 8 1
BURYE . AT LA Y, GRS I 7
SR WG Rhe e E s =g I S ) SRS RN
W G JE S R AR OCHE AT 4 AR (R 6D, BR
Ni fl As #F, HRELSEAAGIES G EYS
TRDRE AR ) R R B ARG, XK E T ARk
TRF R A HUIE 4 s 1 TR . K
BT S R T LR, oAb s or 45 T DA RE AR
1 35.7%, UL A AU AR e AR A
AR Y o Kl 45 702 B A AUAE AR 7= s B
T Joe, H O ORG 45 30 = SO0 U B L 2 R
B A B2, R, Xk R S
Ry L WS 1 N U2 ([ T T oy R e <
HUIE B4 e (K ok 2 — o BRIt 2 4, S5HaP0E4:
PR R A R IR N 2 (R R TS
ey DA 35 vh T 4 10 A TS 18 2OV e 2 S i T
dn A HUAE A 3R 4 g () 5 1, SR, H TR B A A K
g, TS

F5 LIMXAMPEECEIEFER
Table 5 Heavy metal contents of animal feed in North China

Heavy content Star)dgrd Variation standard
metal /(mg-kg™) deviation  coefficient/% I(mg-kg™)
Cd 0.024 0.026 105 0.5
Cr 13.89 20.097 145 10
Cu 87.027 106.636 123 35
Pb 6.317 7.773 123 5
Zn 297.902 544.302 183 150
Ni 2.997 3.005 100

As 0.647 1.774 274

Hg 0.012 0.022 184

*6 MmANRSEANTESRERAXMESH

Table 6 Correlation of heavy metal between feed and organic

fertilizer
55 R DA 23 #
E ) Correlation between feed and organic fertilizer

Heavy metal r P

Cd 0.560* 0.042

Cr 0.614* 0.02

Cu 0.709** 0

Pb 0.798** 0

Zn 0.777** 0

Ni 0.036 0.871

As 0.214 0.139

Hg 0.537* 0.022

3 &

bR = S H R A A UIE TR 42 JE Cd. Cr
Cu. Pb. Zn. Ni. As. Hg [FEIME %1k 0.21.
45.42.69.22.87.40.274.58.16.50. 3.21.0.33 mg/kg.
Fo B A HUREAT M AR E, Pb [ bR R
80.56%, JABAEE R Fa R E 5 AHE AR E, K
BB bR, Horb CulPb. Zn. Hg WA F & T 10%,
Cr. Ni FHEFRZALT 10%, Cd ANikr.

8 P& Jm i A2 Bl A o A T DAAR R 3 ANk
2%, A LASRRE AR 64.3%, A] BE2r ALK E Pb.
i Hg kRS I, BEArEsn, & Cus &
Zn ARG, LoTERZE 08 34.7%.
16.6%. 13.0%. [FUt, sEmAedbAR ™ 5 i A
BRI 4 J SR 5 1) 32 LR 25 0 /=y P i1 Hg Tl kkas
TG o (RIS, Ak b o 4 5 1 I e 5 R
B PAESE T R 3 BRI A

(& % x WK
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Analysis of heavy metal contents and source tracing in organic
fertilizer from livestock manure in North China

Wang Fei*?3, Zhao Lixin**, Shen Yujun®**, Meng Haibo'*, Xiang Xin**, Cheng Hongsheng**, Luo Yu*

(1. Chinese Academy of Agricultural Engineering, Beijing 100125, China; 2. Rural Energy & Environment Agency, Ministry of
Agriculture, Beijing 100125, China; 3. Northwest A&F University, Yangling 712100, China; 4. Key Laboratory of Energy
Resource Utilization From Agriculture Residue, Ministry of Agriculture, Beijing 100125, China)

Abstract: At present, commercial organic fertilizer in China generally exists a problem that heavy metal content
exceeds standard limitation. In this study, we took the main field for agricultural products in North China as the
research scope. In order to get the situation of heavy metal pollution of commercial organic fertilizer in North
China, we investigated and analyzed the commercial organic fertilizer samplings. By using method of principal
component analysis, we present a preliminary discussion of the heavy metal sources. We are also clear about an
important factor affecting the heavy metal contamination of organic fertilizer products in North China. The results
showed that the average content of heavy metal Cd, Cr, Cu, Pb, Zn, Ni, As, Hg in commercial organic fertilizer
used by agricultural products producing area in North China were 0.21. 45.42. 69.22. 87.40. 274.58. 16.50.
3.21, 0.33 mg/kg. According to the China's organic fertilizer industry standard, the content of Pb exceeded the rate
of up to 80.56%, the rest of the heavy metal content is not ovenproof. However, according to the German rotten
compost standards, most of the heavy metal content exceeds standard limitation, the content of Cr, Cu, Pb, Zn, Ni,
Hg exceeds the rate of 8.33%, 13.89%, 16.67%, 19.44%, 2.78% and 11.11% respectively, yet the content of Cd is
not ovenproof. The results of principal component analysis showed that the contribution rates of the first three
principal components were 34.7%, 16.6%, 13.0%, which can explain 64.3% of total variables and reflected most
of the original data information. Combining with the characteristics of raw materials of commercial organic
fertilizer and process analysis, we find that the major source of heavy metal pollution in commercial organic
fertilizer in the agricultural regions of North China can be feed additives with high content of Pb, Hg, additives
with phosphate fertilizer, and feed additives with high content of Cu, Zn. Meanwhile, the average content of heavy
metal Cd, Cr, Cu, Pb, Zn, Ni, As, Hg in farm feed used by agricultural products producing area in North China
were 0.02, 13.89, 87.027, 6.32, 297.90, 23.00, 0.65, 0.01mg kg™. Furthermore, correlation analysis of heavy metal
content in the feed and organic fertilizer results showed that, the contents of most of heavy metal in the fertilizer
had significant positive correlation with their contents in the feed except Ni and As. This determination results
confirmed the above view of the main sources of heavy metals. However, from the result of principal component
analysis, other components can still explain 35.7% of the total variable, which indicated that there were other
sources of heavy metals in organic fertilizer. Binder is a necessary add material in commercial organic fertilizer
production which conclude attapulgite, bentonite, and phosphogypsum. Studies have shown that the common
binder contained higher heavy metal. Therefore, binder may be one of the sources of heavy metal in organic
fertilizer. In addition, the environmental factors such as atmospheric dust fall and traffic pollution related to the
organic fertilizer production process and the background values of heavy metals in the soil may affect the heavy
metal contents of organic fertilizer, which needs to be further studied.

Key words: fertilizers, heavy metals, principal component analysis, organic fertilizer
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