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The status quo of arsenic, chromium, lead, cadmium, mercury and thallium
content in main chemical fertilizer categories in China

DUAN Lu-lu"?, YANG Yi*”, FANG Peng"?, HUANG He-qing”’, ZHU Guo-liang’, SHI Rong'
(I Shanghai Research Institute of Chemical Industry Co., Ltd., Shanghai 200062; 2 Shanghai Research Institute of Chemical Industry
Testing Co., Ltd., Shanghai 200062; 3 National Inspection & Testing Center for Quality of Fertilizer (Shanghai), Shanghai 200062)

Abstract: [ Objectives ] Investigation of the contents of As, Cr, Pb, Cd, Hg and thallium (T1) in different kinds
of chemical fertilizers will provide reference for the safe application of chemical fertilizers, and insurance of the
food safety. [ Methods ] Total 400 samples were taken from 17 kinds of representative fertilizers in 6 categories
including nitrogenous fertilizer, phosphate fertilizer, potassium fertilizer, compound fertilizer, bulk blending
fertilizer and other fertilizer, and the contents of As, Cd, Pb, Cr, Hg and Tl were determined. The safety status of
the fertilizers was evaluated via GB/T 23349—-2020 Determination of arsenic, cadmium, chromium, lead and
mercury contents for fertilizers. The contamination level of heavy metals was calculated using the method of
single factor index and Nemerow pollution index. [ Results ] In 11 fertilizer samples, the heavy metal contents
exceed the standard limit, accounting for 2.75% of total samples. Three in the 6 types of fertilizers were tested
standard-exceeded samples, and phosphate fertilizer, other fertilizers and compound fertilizer ranked the top three
in over-standard rate from high to low. Among the six heavy metals, Cr did not exceed the standard limit in all
kinds of fertilizers. Based on the comprehensive calculation results of single factor pollution index and Nemerow

pollution index, phosphorus fertilizer reached light pollution level, due to the relatively high level of six heavy
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metals, and Hg had the highest single factor pollution index (1.5), indicating that the level of Hg in phosphorus

fertilizer reached the light pollution level. [ Conclusions ] Evaluated with the existing domestic standard GB

38400—2019, all the chemical fertilizer categories, excluding phosphate fertilizer, are low in heavy metal contents

and safe for field application. Inspection is recommended based on the levels of Hg, As and TI in phosphate

fertilizer, compound fertilizer and new-type fertilizers, due to the heavy metal sources in the raw materials.

Key words: fertilizer; heavy metal; limitation standard; single factor pollution index; Nemerow pollution index
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Table 1 Information of tested fertilizers

AL g Ao e K= FEHb (B AYRIX, EEET)
Fertilizer category Fertilizer products Sample number  Place of production (province/autonomous region, municipality)
AL PRE . Ak TRk 35 NZEN . R, B, LT, oM. TP, R SR
Nitrogenous Urea, ammonium chloride, ammonium PONL. BEvg . Holr. . R
fertilizer sulfate Inner Mongolia, Henan, Xinjiang, Liaoning, Yunnan, Jiangxi,
Anhui, Chongqing, Sichuan, Shaanxi, Gansu, Hubei, Jiangsu

B SRR . ESEEREAL 26 LA SO BEPE . UL, M. =M

Phosphate Calcium superphosphate, calcium Jiangsu, Guizhou, Shaanxi, Sichuan, Henna, Yunnan

fertilizer magnesium phosphate

BRAE SALER . BRRRER . WHRRET . BRAREPEEAC 52 WL, dea. HiE. P, EMR LT R, HiE. THE.

Potassium Potassium chloride, potassium sulfate, i, A&k, B

fertilizer potassium nitrate, potassium magnesium Hubei, Beijing, Qinghai, Xinjiang, Jilin, Liaoning, Guangdong,

sulfate Qinghai, Ningxia, Sichuan, Shandong, Heilongjiang

SNkt HANCRE, BER 4. BRRR 203 P 2 I I I [N A < GNTT/ SON91 IN : NR LN

Compound Compound fertilizer, monoammonium S L DI AN 06 N 15 SN 14 S 53

fertilizer phosphate, diammonium phosphate Yunnan, Henan, Hubei, Guangdong, Anhui, Shandong, Guizhou,
Hunan, Jiangxi, Jilin, Sichuan, Hebei, Jiangsu, Fujian, Shanxi,
Xinjiang, Shanghai

BRI BIRNE 18 RKEE, b, feg. B . =R

Bulk blending  Bulk blending fertilizer Tianjin, Hebei, Fujian, Shanghai, Henan, Yunnan

fertilizer

HoAth e HEEACEL . SRR, FRE ALK 66 VR TR IR, YOO, Wb, IR, R BB U7

Other IR R oM. B BRI

fertilizer Value-added fertilizer, controlled-release Henan, Guangdong, Hunan, Jiangxi, Hebei, Shandong, Shanghai,

fertilizer, stable fertilizer, water soluble
fertilizer

Anhui, Liaoning, Yunnan, Chongqing, Heilongjiang
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Table 2 Assessment level of heavy metal pollution

SRR BTG YR 5L 15K
Grade Single factor pollution index Pollution level

Nemerow comprehensive pollution index

TSR
Pollution level

W B i 55 Je i L

| P<I % 7% Non-pollution

I 1<P<2 12359¢ Slight polluted

I 2<P<3 5 Y% Medium polluted
\Y 3<P<5 H{5Y% Heavy polluted

\Y% P>5 JZEE {5 4% Serious polluted

P,<0.7 44 Safety |

0.7<P,<1 R Alert level 1T
1<P,<2 52759 Slight polluted Tl
2<P\<3 175 4% Medium polluted IV
P>5 {544 Heavy polluted V
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Table 3 Heavy metal contents in different fertilizers

JLE Element ALAE & Fh Fertilizer type JUFEI{E Range  FH{H Average " Z{f Medium value #5125 SD AR RE CV
As =1 Nitrogenous fertilizer 0.1~2 0.36 0.30 0.31 0.88
WAL Phosphate fertilizer 0.3~62 19.01 15.50 15.91 0.84
HAC Potassium fertilizer 0.22~4.28 0.63 0.30 0.82 1.29
B4k Compound fertilizer 0.3~72 11.34 9.00 9.85 0.87
BIRAE Bulk blending fertilizer 0.29~26 8.64 5.59 8.18 0.95
HABACEL Others 0.3~37 3.20 0.74 6.00 1.87
Cd ZUIE Nitrogenous fertilizer 0.04~0.06 0.04 0.04 0.004 0.09
MR Phosphate fertilizer 0.04~110 5.49 0.35 21.40 3.90
HPHE Potassium fertilizer 0.04~0.35 0.05 0.04 0.04 0.91
524 AR Compound fertilizer 0.04~7 0.31 0.04 0.69 223
BIRNEEL Bulk blending fertilizer 0.04~1 0.30 0.04 0.23 1.74
HAWACEL Others 0.028~1 0.12 0.05 0.15 1.32
Pb =1 Nitrogenous fertilizer 0.4~4 0.50 0.40 0.61 1.21
WAL Phosphate fertilizer 0.4~323 50.58 15.50 70.57 1.40
HAC Potassium fertilizer 0.4~7.13 0.79 0.40 1.08 1.36
24k Compound fertilizer 0.29~195 5.40 0.40 16.77 3.11
BIRALEL Bulk blending fertilizer 0.37~33 4.11 0.40 9.14 222
HABACEL Others 0.27~67 3.49 0.40 10.99 3.15
Cr ZUIE Nitrogenous fertilizer 0.07~8 0.55 0.07 1.56 2.81
TR Phosphate fertilizer 0.07~212 67.77 51.00 59.58 0.88
HPE Potassium fertilizer 0.4~48.69 8.15 5.35 8.97 1.10
524 B Compound fertilizer 0.07~46 18.97 14.00 17.16 0.90
BIRNEAL Bulk blending fertilizer 3~24 12.34 10.28 6.18 0.50
HABAEAL Others 0.07~68 7.40 2.00 12.28 1.66
Hg A Nitrogenous fertilizer 0.01~0.08 0.07 0.08 0.03 0.41
WAL Phosphate fertilizer 0.08~53 7.66 1.50 13.26 1.73
HAC Potassium fertilizer 0.01~0.1 0.06 0.08 0.03 0.49
24 Mk Compound fertilizer 0.01~3 0.32 0.08 0.43 6.19
BIRAE Bulk blending fertilizer 0.02~1 0.18 0.08 0.22 1.26
HABACEL Others 0.028~0.32 0.08 0.08 0.03 0.37
Tl ZUIE Nitrogenous fertilizer 0.03~0.8 0.08 0.03 0.18 2.18
TR Phosphate fertilizer 0.03~1.6 0.30 0.03 0.48 1.59
HPHE Potassium fertilizer 0.03~1.2 0.13 0.03 0.29 2.24
524 B Compound fertilizer 0.03~88 0.82 0.90 6.19 7.58
BIRNEAL Bulk blending fertilizer 0.03~1.41 0.27 0.12 0.35 131
HABAEK} Others 0.024~13.7 0.33 0.03 1.69 5.15

. GB 38400—2019 {HERIAFA EYFAMREER ) & ERE: As<50 mg/kg, Cd<10 mg/kg, Pb<<200 mg/kg, Cr<500 mg/kg,
Hg<5 mg/kg, TI<2.5 mg/kg,

Note: The limitation of heavy metal contents in GB 38400—2019 Limitation of heavy metals in fertilizers: As<50 mg/kg, Cd<10 mg/kg,
Pb<<200 mg/kg, Cr<500 mg/kg, Hg<5 mg/kg, TI<2.5 mg/kg. SD—Standard deviation; CV—Coefficient of variation.
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Fig. 3 The distribution of individual metal content in potassium fertilizers
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Table 4 The heavy metals exceeding standard rate of different fertilizers
N BEAEL #BHRF Exceeding standard rate (%) Bt (%)
Fertilizer type Number of sample As Cd Pb Cr Hg Tl Aggregate

%I Nitrogenous fertilizer 35 0 0 0 0 0 0 0
il Phosphate fertilizer 26 4 4 4 0 27 0 26.92
AL Potassium fertilizer 52 0 0 0 0 0 0 0

& ANk Compound fertilizer 203 1 0 0 0 0 1 0.97
BIRNEL Bulk blending fertilizer 18 0 0 0 0 0 0 0
HABALAL Others 66 0 0 0 0 0 2 1.52
AT Total 400 0.75 0.25 0.25 0 1.75 1.00 2.75
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Fig. 7 Single factor pollution index of heavy metal in different fertilizers
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Table 5 Limitation requirements of heavy metals in China’s fertilizer product standards
PRIEZAFR Standard name As Cd Pb Cr Hg Tl
GB/T 2440—2017 JR % GB/T 2440—2017 Urea N/A N/A N/A N/A N/A N/A
GB/T 2946—2018 S0 4L#¢28 GB/T 2946—2018 Ammonium chloride <50 <10 <200 <500 <5 N/A
GB/T 535—2020 ERHK AT FR B4 <10 <10 <50 <50 <5 <25
GB/T 535—2020 Fertilizer grade ammonium sulphate
GB/T 20413—2017 1 #2452 GB/T 20413—2017 Single superphosphate <50 <10 <200 <500 <5 N/A
GB/T 20412—202 1 E5EE i IEC0 <50 <10 <200 <500 <5 <25
GB/T 20412—2021 Fused calcium magnesium phosphate fertilizer
GB/T 37918—2019 Bk S Ak40 N/A N/A N/A N/A N/A N/A
GB/T 37918—2019 Fertilizer grade potassium chloride
GB/T 20406—2017 4\ I B4R N/A N/A N/A N/A N/A N/A
GB/T 20406—2017 Potassium sulfate agricultural use
GB/T 20937—2018 R EEAREY <50 <10 <200 <500 <5 N/A
GB/T 20937—2018 Potassium magnesium sulphate fertilizer
GB/T 10205—2009 il —% . Bk — 8% N/A N/A N/A N/A N/A N/A
GB/T 10205—2009 Monoammonium phosphate and diammonium phosphate
GB/T 15063—2020 &4 AL GB/T 15063—2020 Compound fertilizer <50 <10 <200 <500 <5 <25
GB/T 21633—2020 $BIRNEEH (BBAE)33) <50 <10 <200 <500 <5 <25
GB/T 21633—2020 Bulk blending fertilizer
GB/T 23348—2009 ZZ ALK GB/T 23348—2009 Slow release fertilizer N/A N/A N/A N/A N/A N/A
GB/T 34763—2017 IREEZEREALAL N/A N/A N/A N/A N/A N/A
GB/T 34763—2017 Urea aldehyde slow release fertilizer
GB/T 35113—2017 a2 VEALKEE GB/T 35113—2017 Stabilized fertilizer N/A N/A N/A N/A N/A N/A
HG/T 4215—2011 B0k HG/T 4215—2011 Controlled-release fertilizer N/A N/A N/A N/A N/A N/A
NY/T 1107—2020 K& ICE KR <10 <10 <50 <50 <5 N/A
NY/T 1107—2020 Water-soluble macronutrient fertilizers
NY /T 2266—2012 i yu K Ak <10 <10 <50 <50 <5 N/A
NY/T 2266—2012 Water-soluble fertilizers containing calcium and magnesium
NY /T 1428—2010 ff iy K Ak <10 <10 <50 <50 <5 N/A

NY/T 1428—2010 Water-soluble fertilizers containing micronutrients

E: NA—8 TR,

Note: N/A—No limitation.
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