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Content analysis and pollution risk assessment of heavy metal in common fertilizers in typical north vegetable

fields

JIANG Nan, PING Ling—wen, JI Xiao—hui, LI Xian—xu, SONG Pei—pei, ZHU Lu—sheng, WANG Jun"

(College of Resources and Environment, Key Laboratory of Agricultural Environment in Universities of Shandong, Shandong Agricultural
University, Tai’an 271018, China)

Abstract: One of the main sources of heavy metals in farmland is the agricultural inputs, and long—term application of fertilizers with high
level of heavy metals may lead to the accumulation of heavy metals in soil. In order to analyze heavy metals of the representative fertilizers
of vegetable fields in the north of China, 268 representative fertilizer samples were collected from typical north vegetable fields, which are
organic fertilizers, water—soluble fertilizers, microbial fertilizers, bio—organic fertilizers and compound fertilizers. In this study, heavy met-
als such as arsenic, cadmium, lead, chromium, and mercury in fertilizers were analyzed. Detailed observation indicated that five kinds of
heavy metals were detected in almost all fertilizers, and Pb in organic fertilizers was the highest with 28.16 mg-kg™, followed by Cr, As, Cd,

and Hg respectively. Compared with the national fertilizer limit standards, the excessive percentage of Cd was 0.63% in organic fertilizers.
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Among the other four fertilizers, the highest Cd occurred in water—soluble fertilizers and the highest As, Pb, Cr and Hg were found in bio—

organic fertilizers. The excessive percentage of As, Pb and Cd in bio—organic fertilizers were 40%, 20% and 10% respectively. As and Hg

did not exceed the standards. Meanwhile, the level of heavy metal pollution was evaluated by the Nemerow index method. The results indi-

cated that the content of heavy metal in these typical fertilizers was at the clean level, while the comprehensive pollution index of Pb and

Cd reached to 0.62 and 0.53 respectively. Based on these results, more attention should be paid to heavy metals contamination in fertilizers.

Keywords: fertilizer; heavy metal; analysis; evaluation
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I IEIEE N E T Ph.Cd . Cr . Hg F1 As 5 F 43 &8 1Y
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WA REARY G R 20, 8 L oK epvk R 5
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FA) B DR 5 G B fe RABL 5 (C/S:) e R T 42 R 1 1Y 1
FSEREE EE GRS
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S K0P SR FH SPSS 22.0 B4 H K-S £ 56 Fl P—P
T %o 50 A8 0 A1 R B %o 4% B 4 1 L b A T4,
Origin 2017 #E4 7 &

2 HERE5RMH

2.1 BHEMESESENT

A HUIE E 48 1 7 1A SPSS th P-P [l 7 XF
BOEZS 3 A B ws B , B0 45 sl 7 B P U — 54
2k, AT ) R B AT A R EOE 2S00 A0, B S e Bk
it 28 X B AR JE AT AR 2 80K 5 (Kolmogorov —
Smirnov ¥ 55 ) , 15 H P=0.05, #F— - UF 3 A UL i) 5
& 08 T i IR AR EOE S /A= R, 4l A L Ae) -
BIE (GM) 5 LA bR 2 (GSD) e 36 /R S B0 B 1) 4%
T 1 AR B BOK SO ERf . RSB S 06 45 R, 4
il 5 4 B 06 219 B 12 1 95% 1) B IX ), vk
R BR AT i GMXGSD* Fl GM/GSD* 3k 1% , &% T 4
JB TG E A 1 2R e B 0T LA A A P S A LR R
W 4 8 T IR AR L

WG 27 A, AP H As .Cd . Pb.Cr.Hg 5
FhoCER B U YME 3 51 3.96 . 1.44 . 28.16.22.42
0.31 mg- kg™, BT Z 0 F IR 4 8 & B AR
JERRE . Pb I Cr (B JUAR - 24 (843 31 35 3] 1 28.16
mg-kg ' F122.42 mg ke, B 5 FHAB 3 FPICE , He
MK, M0.31 mg-kg'.

i 1A, A LR B Cd A S R AE 1~2 mg - kg

x1 BHPESERERAE (ng-kg')

Table 1 Standard limit value of heavy metal content in fertilizer (mg-kg™)

S HRUE Reference standard fith As i Cd 5 Ph # Cr 7K Hg
CEPLIER) (NY 525—2012) <15 <3 <50 <150 <2
OREENEEL SR T A B V8 i B e B 8 il 2 ) (NY 1110—2010) <10 <10 <50 <50 <5
CEAMAEYNEED) (NY/T 798—2015) <75 <10 <100 <150 <5
CEYAPUE)(NY 884—2012) <15 <3 <50 <150 <2
CHEVL-TCHLE TR (GB 18877—2009) <50 <10 <150 <500 <5
=2 BHENESERESN
Table 2 Analysis of heavy metal content in organic fertilizers
TR K-St Ta G:(}n{ll:{::i?n{in/ Ceojrl-‘j:jfl{gﬁard VRPEZHY T R E&G%/?S‘EE)E/ L1i%t%$ii§ﬁr(i
Elements  (P{H) Range/mg-kg™ mg-kg deviation GM*GSD*/mg- ke mg-kg™! value/mg-kg™!
As 0.10 1.28~10.99 3.96 1.64 10.69 1.46 15.00
cd 0.20 0.68~4.54 1.44 1.39 2.76 0.75 3.00
Pb 0.20 12.65~48.85 28.16 1.42 48.98 15.56 50.00
Cr 0.20 8.71~63.70 22.42 1.60 57.33 8.77 150.00
Hg 0.08 0.11~1.02 0.31 1.73 0.92 0.10 2.00
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DX ] A o B B g L 80% LA AR i Cd % 2 /NF 2 mg -
ke, DA TAFEA G Cd & KT 3 mg- kg, H4.54
mg-kg'o As F I TE 2~5 mg- kg X ] N B FE 5 B
Z, b BB —2F L b, S 10 mg kg Y
FESRAUA 24>, Fe KA M 10.99 mg-kg ™, A1 FH ZBR
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b ERE B — 2 DL B 5 R AE 45~50 mg - kg X [H]
PNRE S 249 o5 BRE S B0 129% , 16 W8 23 46 & i Ph &
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Figure 1 Histogram of heavy metal content distribution in organic fertilizer samples
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B 0L o ASBIEZE A (4 MEDRHRE b 42355 5 Cr . Cd . Pb .
As HgFHEJEILR . BRI &M E S E A
BOF- (8 AT 0, H 4 A e AR AR A A 38 1 R He
TR g A AT LR > SR O E > K PR RE > S TR AR, Cd
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Hofth 3 Fp R 4w By S B0 AR A MLAE S Sk P e > 2 TR
B> KR PEAE AR . Hg As . Cd A X Hoft 2 Ff 8
& B TR TE AFPIE R & A Ph Cr 9 B4
K AHRI LR 5500 T, J5 & B R A i 5,
Hg 7£ 4 FfIE R & B YL HI 8 0.01~0.64 mg- kg™, i 4=
WA HLRE RS2 P I8 v Ph & S 248 0 90 v ik
40.38 mg-kg ' F1139.67 mg-kg '

WL AR 4 FhE R S R E &R T R AR R
FET N, 6 — 4R o0 R AEAS R R 5
TEESBERK. BRRELL0F 1 MG A A, /N
F 0.1 RN AT, KT 1R R T, =
HZMBER P ELRE, NEFRECEE, R
H K PERE A As AT Cd Ry i AR S HoAx 3l ep

SRR S

23 EEEAEERER

T R IE AR A 7 Rk s 107 A AN ]
FAE T T 4 8O0 R 0 B s o AR N R 2l
AR (R 1), B, ARS8 AS [R]85 ok T3 4
o R AR R LUK IR 4 s B ARG L . R 4 0]
AL, LU TR A ) 268 AT B AL IR FE A vh A 5 4
FEACH I & o AR , AR RN 1.87% . MABNEFSE
KRE YAV ER R, N 40%; GHUIERZ,
4 0.63% ; HA AL RE AR bR . N 4w 7 >
Fo,As HAR R A, N 1.49%; Ph Fl CA IR 2, N
0.75%; Hg .Cr A H B HEFR
2.4 BERFEESEAITEMH
2.4.1 HHEFIREOTN

HRAE 5 FpIE AL b 8 43w oT R M3 5 AR HERR (B
(2= DAF AR B R F15 Ye R 2 (] 2a)  Fe BRT5 YLi T
WraE g (2 5) AT Aa AR A HUIE 0 s e B0
i 40 i, Herp Ph R Cd 9 B0 DR 735 e g B i L 0 il ok
0.81 F110.67 AHATY & T IE K- HUCHAPUIE, =M
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®3 HitIERESRESEN

Table 3 Analysis of heavy metal content in other fertilizers

R

PR SRALEE

JLE FEHERNZE FEAR X bR S R E
Elements Fertilizers  Sample number 1 2ng¢ ofvalues/ Average value/  Medium value/ g 01/ cvion Coefficient of variation
mg-kg mg-kg mg-kg

As AR 87 ND~9.00 2.12 1.00 2.44 1.15
AP 6 0.32~12.76 5.00 3.74 3.75 0.75

YA DL 10 3.53~9.76 5.75 4.68 2.03 0.35

SIRACK 5 0.89~4.55 2.68 2.64 1.33 0.50

cd IR PENE 87 0.20~19.00 1.75 1.00 2.26 1.29
AP 6 0.82~3.78 2.58 241 0.92 0.36

YA DL 10 0.56~3.52 2.00 1.63 0.88 0.44

SRR 5 0.10~0.99 0.69 0.84 0.35 0.51

Ph TR PENE 87 1.00~44.00 11.80 11.00 7.58 0.64
WAL 6 ND~59.09 39.67 39.44 11.26 0.28

YA L 10 25.28~60.87 40.38 43.22 13.08 0.32

SIRNEEL 5 9.50~24.73 17.55 17.99 5.53 0.32

Cr TR PENE 87 0~29.00 10.18 9.00 5.54 0.54
A 6 13.50~59.82 31.15 28.50 13.69 0.44

YA L 10 23.22~68.73 34.35 29.39 13.61 0.40

SRAER} 5 14.04~23.68 18.80 18.74 3.97 0.21

Hg KGN 87 0.01~0.30 0.10 0.10 0.06 0.64
A 6 0.03~0.34 0.17 0.15 0.10 0.59

YA P 10 0.18~0.64 0.35 0.31 0.14 0.42

SRNEE 5 0.02~0.20 0.08 0.05 0.07 0.90
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HE He, ¥4 0.02,
242 AT YIREOTEM L

WP 2b fif 7R, As .Cd \Pb Cr . Hg I Z5675 Y45 5L
{43524 0.30.0.53.,0.62..0.19.,0.14, 7] L7 H fir A3 %k
PaaE KB NT 0.7, W LY. PhINLEATE I8
et , HoOh Cd, B980T 0.7, IR AR A 7= v A7 AE TR AE
JRUISSE A T, oy T P L s AR 2 7 o o e
Ph Al Cd FIFEA .

3 hg

O J A LR Y Ty 5 H P IERE 4 ) 1 5 R A
TS RORBL , AW SBT3 AR — 5 2

S INRE FE T R AT . T BRI R AR ]
AL AL 0.63% BIFE db FATE Cd AR, fe i B i
454 mg-kg'o WHIERM,E MK E R B CdT5 Qi E
B ORI e, Fo A LR 2 3 Cd 5 G
TR 2z —), B SCAERONT R 18 AN T R
i A HUIE SRS T T 48 S g, KB ZE R 2
Cd B bR 34 51 10.3% F120.0% , 734 75 &34k
1.5 mg-ke™", [FIAMIGY 36T A HLUIE AT Cd - 34 5 7 5
A —3, AR P AR VUL As Bbr R HEE S
DL, K 40% , HoAF- 35 AR He A IR R 5, o 5.75
mg - kg™ FoU N A 1A HLAE A Ph i Cd, #8458 24 1)
4 20% F 10% . 5058 S A 1 R 8 A48 T Hh

T4 SHERERESRBIRE

Table 4 The heavy metals exceeding standard rate of five fertilizer samples

AV REAKL R Exceeding standard rate/% Mt
Fertilizers Sample number As cd Ph Cr Hg Aggregate/%
AU 160 0 0.63 0 0 0 0.63
KN 87 0 0 0 0 0 0
AL 10 40.00 10.00 20.00 0 0 40.00
MEMIE 6 0 0 0 0 0 0
SIRNT R 5 0 0 0 0 0 0
A SR 268 1.49 0.75 0.75 0 0 1.87
101 a 00 As ) 081 b
g Odcd £
~F 08 71 E&Ppb _E
Q= Nc ¢z 06
~ g | r Q. é
ﬁg 0.6t O He =
HE =2 04t
oy 04+ K =
5 e 22
o 2 ool
235 02 H % N WL
w2 <
S
0 Z 0
AL EDIE KEHEIE AR IUE SRR As Cd Ph Cr Hg
AEBHFR2E Fertilizer spicies 4 JRICE Heavy metal elements
E2 BRI EEREREFTLRER () MEETEEH(D)
Figure 2 Single factor pollution index(a) and comprehensive pollution index(h) of heavy metals in fertilizer samples
x5 NG EREEEENRAE
Table 5 Evaluation standard of Nemerow pollution index method
LS Up PR 5 YL AR AL 15 YLK AT AR V5 AR
Grade Single factor pollution index Pollution level Comprehensive pollution index Pollution level
I P<1 ik P4<0.7 LR
| 1<P.<2 RRE 0.7<P4<1 B
I 2<P<3 Fh 215G 1<P <2 EESERC
v 3<Pi<5 rhEETS g 2<P4<3 ST
\ Pi>5 G Y P3>3 HiGY
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X AE 0T MLAE B 4 1) 5 s 3R, v Ph A A
T, 7.8%, -1t 20.62 mg-kg ™!, Hg #l Cd
3 LASFE S bR , HOF 3% 753 312 0.35 mg kg™
0.47 mg-ke'o M ELASAIFGE B RERHRE 5, F5 06T 19
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