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Risk assessment of cadmium and arsenic in phosphate fertilizer

YU Yao,ZHU Li—na, GUO Tian—-liang, HUANG Qing—qing, WANG Qi, CHEN Qing, LI Hua—fen"

(Beijing Key Laboratory of Farmland Soil Pollution Prevention and Remediation, College of Resources and Environmental Sciences, China
Agricultural University, Beijing 100193, China)

Abstract: As an important agricultural method, application of phosphorus fertilizer can lead to certain impacts, because it contains heavy
metal. Published literature was reviewed and phosphorus fertilizer samples were collected in this study, to investigate content of cadmium
and arsenic in the fertilizer in China as well as the annual inputs of the two elements were calculated under different plantation scenarios. A
comparison between fertilizer in China and abroad was also made. The results showed that the mean + standard deviation of Cd content in
phosphate fertilizer was 0.91 + 2.39 mg- kg™ and the median was 0.26 mg - kg™'. Cd content ranged between N.D. and 27.17 mg - kg™ and
95% of the contents were below 3.60 mg - kg™'. While for arsenic content, the mean # standard deviation was 19.83+11.37 mg- kg™ and the
median of As content was 19.57 mg - kg™'. The range was between 0.025~90.10 mg - kg™ and 95% of the As contents were less than 35.63
mg- kg™, According to ecological index of arsenic, cadmium, lead, chromium and mercury for fertilizers GB/T 23349—2009, only 0.6% and
1.9% of the data of Cd and As was above the limits, respectively. Compared to fertilizer in the abroad market, domestic phosphorus fertilizer
contained much less Cd and As. With the plantation of wheat, maize and rice, the annual input of Cd in topsoil was 0.673, 0.824 and 0.693
pg kg -a’l; for As, the input was 17.49, 21.37 and 17.90 pg- kg™ - a™', respectively. Therefore, Cd and content in phosphorus fertilizer in
China was very low, and it barely causes heavy metal risks to the soil environment.

Keywords: phosphorus fertilizer; cadmium; arsenic; accumulation rate; environmental risk
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Figure 1 Frequency distribution of Cd content

in phosphorus fertilizer
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Table 2 Cd contents in phosphorus fertilizer from

different countries(mg-kg™)

[# % Country Cd & 1 Cd content range
W JRHEE~27.17
e 5~41
% ! 0.2~186
i INAR 18~91
I SN 2.1~9.3
Ao Jif2e) 0.80~8.98
[ pg el 0.14~50.92
JH LR 2.78~10.35

HR A S M B 2016 4 (14 4 17 it NE 227 VR Al N 40
SR P T T SR AR R R T
WEAE Y 22 )2 3R A i A R (32 3) , oK R
BAEMEITE ., iR/ E KREEUE £k ,75% 55
D AE I E T3 R AR i A3/ F 0.3 pg
kg 'eal, LSR8 1 31 a YK E ARG & B,
Jite A 44 v A MLAE Féy P Ll A9 2 i - 38 dmatt— 2 R AL
60% 45 HLAE+40% FLAE b #3116 26 122 1 3980 75 i Lb 42t
PRRE CRL B B B 8 82% 5 T 4 it AL IES 1) 2% )2 1 14

F3 FEBEREX THENRELTERE
BIEINIRE (pg-kg'-a™)
Table 3 Annual Cd input into topsoil from phosphorus fertilizer
under different fertilization (pug-kg'+a™)

f:'liiﬁ[ 25% 50% 75% 95% M%xjirtn{liﬁm Niiﬁ
/INZZ Wheat  0.039 0.091 0.237  0.673 3.76 0.224
JKFE Rice  0.047 0.111 0.290 0.824 4.597 0.273
oK Maize  0.040 0.093 0.244  0.693 3.86 0.230

T« 45 R B O AR HERE BN 12 (PO ) 1Y v 32 B4 5 N )
FREIY U LR L RS /N OKFE BRSO 135.,82.5 (XL
ZEF) (139 kg-hm. BFZH20 em, TR ERUE 1.15 g-em™.

Note: The annual input of Cd was calculated according to the recom-
mended phosphorus fertilizer levels by the Ministry of Agriculture, China,
which are 135, 82.5 (double cropping) , and 139 kg - hm™ for wheat, rice
and maize respectively. Topsoil was taken as 20 cm and the volume weight

of soil was considered 1.15 g+cm™.

R 1 AEEETHEFEMESENBIRES B (mg k')

Table 1 The statistical distributions of contents of Cd and As in phosphorus fertilizer on different bases (mg-kg™")

— NP = = ; — Eay—
& Cd JEA(171) SR 0.13 0.26 0.75 3.60 27.17 0.91 2.39 264%
P,0,(151) R 0.66 1.55 4.04 12.12 71.71 4.48 10.33 230%
fifl As JEkL(161) 0.03 12.77 19.57 25.52 35.63 90.10 19.83 11.37 57%
P,0,(148) 1.01 62.61 99.53 153.50 298.02 617.22 121.88 97.10 80%
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x4 FEMEEEX TEEHRE L
FFWNEER (ng-kg'-a)
Table 4 Annual As input into topsoil from phosphorus fertilizer
under different fertilization (pug-kg'+a™)

fi 25% 50% 75% 95% FROR 491

Plant Maximum ~ Mean
/NFZ Wheat  3.67 5.84 9.01  17.49 36.23 7.15
K Rice  4.49 7.4 11.01  21.37 4428 8.74
FkMaize 378 600 926  17.98  37.23 7.35

T« S5 L B AR R AE 1t (P07 H) 1 s A 54l A DR HE A 25
A DU AL B B T /NAZ KA RS 135,82.5 (XU
) .139 kg-hm™, HHZEL20 em, FIEAEHUE 1.15 grem™,

Note: The annual input of As was calculated according to the recom-
mended phosphorus fertilizer levels by the Ministry of Agriculture, China,
which are 135, 82.5 (double cropping) , and 139 kg - hm™ for wheat, rice
and maize respectively. Topsoil was taken as 20 cm and the volume weight

of soil was considered 1.15 g+cm™.
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