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Contents, source and safety status of major heavy metals in
water-soluble fertilizers in China

YAN Xiang, WANG Xu, LI Xiu-ying, YU Zhao-guo
(Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: [ Objectives] In this paper, the contents and sources of toxic heavy metals As, Pb, Cd, Cr and Hg in
water-soluble fertilizers were studied and their maximal limits in fertilizer standards are discussed, aiming to
understand the safety situation of water-soluble fertilizers,reduce environmental risk of heavy metals and ensure the
quality safety of agricultural products. [ Methods] Samples were collected from all the fertilizer products registered
in the National Center for Quality Supervision and Testing of Chemical Fertilizers ( Beijing). Heavy metal contents
were measured using method of agriculture standard NY/T 1978 — 2010 ( Determination of mercury, arsenic,
cadmium, lead and chromium content for fertilizers). The heavy metal source adopted an empirical investigation
method. The data about the contents of heavy metals in raw materials were from openly published documents at
home and abroad. [ Results] The contents of As, Ph, Cd, Cr and Hg in five types of water-soluble fertilizers are all
in the safe levels according to the agricultural standard (NY/T 1110 -2010; Water-soluble fertilizers content limits
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of mercury, arsenic, cadmium, lead and chromium), and are far below the maximal limits. There are some
fertilizer samples in which heavy metal contents exceed the maximal limits, but the proportion is very low and
mainly occurred in As and Cd with exceeding percentage of 3. 50% and 1. 27% separately. The proportion for Pb,
Cr and Hg are all less than 1% . The Cd contents in the samples above the limit is often several to several hundred
times of the up limit, while the contents of As, Pb and Cr are just one to several times higher. The survey results
of 127 samples show that heavy metals mainly come from raw materials, and more than half of the raw materials are
used for phosphate and micronutrients fertilizer production. The heavy metals in water-soluble fertilizers containing
nitrogen, phosphorus and potassium are mainly from phosphate fertilizers including monopotassium phosphate and
monoammonium phosphate, followed by zinc sulfate and other micronutrients fertilizers. In water-soluble fertilizers
containing micronutrients, the heavy metals mainly come from zine sulfate and ferrous sulfate. Most As and Cd in
water-soluble fertilizers containing amino-acids derive from zinc sulfate, ferrous sulfate and amino-acids, And the
heavy metals, especially As, in water-soluble fertilizers containing humic-acids , mainly come from sodium humate,
potassium humate and phosphate fertilizers. The researches at home and aboard all reported the exiremely low heavy
metal contents in nitrogen and potash fertilizers, but relatively high in phosphate and micronutrient fertilizers.
Therefore, nitrogen and potash fertilizers are environmentally safe as raw materials of water-soluble fertilizers,
phosphate and micronutrient fertilizers should be monitored for the heavy metal contents before used as raw materials
of water-soluble fertilizers. Considering the fertilizer standards, the maximal limits of As, Pb, Cd, Cr and Hg are
absent or too broad, lack of pertinence. [ Conclusions] On the whole, the quality of water-soluble fertilizers is
satisfactory, occasionally the contents of As, Pb, Cd, Cr and Hg exceed the up limit in the relative standards in
China. So they are generally safe to farmland. However, attention still should be paid to the As and Cd contents in
water-soluble fertilizers. The fertilizer standardization system should be strengthen the construction for suitable
fertilizer environmental evaluation and fertilizer quality consciousness.

Key words: water-soluble fertilizer; heavy metal ; source; maximal limit; standard
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BB HE L A STRAOIE) TR As | Hg SR
I R R T 266155, Ph, Cd| Cr &8 1l &
R Y B o
1.4 KBBHEEERFRAERZE

T AWK AR AP E <G SRR, A SO <
JE AR 245 ASFE G BEAT T BREA VA AL, AR H )
BRI ANSE S 7 b AT, A A T AR
JEORMHUIN T T 2484 5 7 il B AT GO R 5 . I
A REASL 127 4>,

2 RS

2.1 KRENRESERIERBIFER
2. 11 JKIERCRHE & Jm & 8 SOl bR R Rl AT kAR

#ENY/T 1110 2010 K F AL ok | il 43, 87 %
PR ZER ) Heg, As, Cd, Pb, Cr (iR & {H 53 %1
A Hg<5 mg/kg, As<10 mg/kg, Cd <10 mg/kg.
Pb<50 mg/kg. Cr<<50 mg/kg, M1 KFE, BEiE
JCEKIENER R Cd LASR,S ok gk & 4R
FREHFTE NY/T 1110 =2010 FruEZER , HiLix
T BR &, DK AR 4 R S A E R4
o Horp He & AR, AR TAIER , As H1 Cr -3
{EHG, W5 T 2.0 mg/kg, Cd *FXI{H 7.2 mg/kg,
(EAR I B R R T R K LR R Cd & ik 20. 4
mg/kg, it Cd FREE, PR FAE 984 e,
97.56% IFE N Cd 7 0 —~ 10 mg/kg JEE 4, X
MNEHEZ i LS, 2 A S DR Cd & dg T
SOABIE T Z A R, Ph SRR, P
11.7 mg/kg,

F1 KBEEH As, Pb, Cd, Cr, Hg & & (mg/kg)
Table 1 As, Pb, Cd, Cr and Hg contents in water-soluble fertilizers

Ak Bk o o . e
Fertilizer Sample No.

K TCEIKENLA} Fertilizer-NPK 973 3.7+8.8 15.2%5.9 3.8x30.0 1.6x5.4 nd
TR TG ZE KA NEEL Fertilizer-micronutrients 984 1.7 +4.9 11.3+£12.0 20.4+249.2 1.8+2.6 nd
A IEFRKIA AR R Fertilizer-amino-acids 969 0.6+2.0 7.4+6.2 4.4+51.3 3.0+4.0 nd
E IR IR K BB Fertilizer-humic-acids 1000 2.2+3.7 10.8 +6.6 1.4 +4.5 3.1+4.1 nd
rhiE TG ZE K AN K} Fertilizer-Ca and Mg 101 0.0£0.2 26.6+5.2 2.2x0.6 1.4+0.6 nd
-4 Average 805 2.2+5.9 11.7+8.6 7.2£88.1 2.3+4.3 nd

7 (Note ) : Fertilizer-NPK—Water-soluble fertilizers containing nitrogen, phosphorus and potassium; Fertilizer-micronutrients—Water-soluble

fertilizers containing micronutrients; Fertilizer-amino-acids—Water-soluble fertilizers containing amino-acids; Fertilizer-humic-acids—Water-soluble

fertilizers containing humic-acids; Fertilizer-Ca and Mg—Water-soluble fertilizers containing calcium and magnesium; nd—ZAG H N of detectable.

FRAEAAATAVFRAE NY/T 1110 -2010, 7Kk
R BMACKE AR, 5 FIEET Ph, Cr I
Hg MEFRARATRINT 1% , 2800 0, As F Cd BARmE
BT HE3 FESE, £7E0 ~2.85% ], KiEILE
IKEHEEH AT EAR AR, O 11, 00% , 4 Jm 2%

B SR e el e 7 A T o e S 7
BIFPE SRR . REITRKIFILE > oo
FKIENEEL > SRR > & IR IS LR
> i geRKIEIEEL; HoE S @ o R M m BRI
& As > Cd >Pb > Cr > Hg(32),

x2 KBREHMESEBRE(%)

Table 2 Proportion of water-soluble fertilizers with heavy metal exceeding the limits

BBk} Fertilizer As Ph Cd Cr Hg SE-F4 Average
Fotm TCE KRR} Fertilizer-NPK 11.00 0.00 2.06 0.10 0.00 2.63
M TCE KA Fertilizer-micronutrients 2.85 0.81 2.44 0.10 0.00 1.24
Fr B F KBS ILE} Fertilizer-amino-acids 1.14 0.00 1.24 0.00 0.00 0.47
SRR K B Fertilizer-humic-acids 2.50 0.00 0. 60 0.10 0.00 0.64
TR KIE K} Fertilizer-Ca and Mg 0.00 0.99 0.00 0.00 0.00 0.20
S35 Average 3.50 0.36 1.27 0.06 0.00
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2.1.2 EEJRBAREEAVEE A SO AR 245
AFESE SRR R IAT TSI (£3) ., NE
G @A R F , Cd AR ™, S b vk FR
(<10 mg/kg) JLEIJLT A5, HASLIE F i K,
Forp, S T R KA IR AR RR B B K, Cd P31
ik 810. 7 mg/kg, B ALIE I £ 75 T JLEJLH mg/kg,

fie i Al ik 4953 mg/kgo As, Pb Al Cr b 2 J5 4
T, — MR R EE N 1 2L AR IE R Fh 2
KA Gl o0 B K NS T G o A A AR K
As, Pb, Cd, Cr4 FhiE G JE & & 2wl e, IO

HECE K ERE, e o0 2K ISR A e
74198

®3 BIREEESE (mg/kg)

Table 3 Contents of heavy metals exceeding the limits in water-soluble fertilizers

T [ Ttem JIE K} Fertilizer As Pb Cd Cr Hg
SEWME K EICEKEILE Fertilizer-NPK 22.9(107) — 104.6(20)  156.0(1) —
Average [ TCZ KIENE Fertilizer-micronutrients 24.7(28) 94.6(8)  810.7(24)  310.0(1) —

Er IR K IR R} Fertilizer-amino-acids 16.8(11) — 231.6(12) — —
A AR KK} Fertilizer-humic-acids 18.0(25) — 39.4(6) 58.0(1) —
rhE L ZKIENEAL Fertilizer-Ca and Mg — 53.0(1) — — —
SE-45) Average 22.1 90.0 415.5 174.7 —

BATER KREITTRKFENMAL Fertilizer-NPK 11 ~ 108 — 11 ~742 — —

Variation s Ju 3 /K IEEL Fertilizer-micronutrients 11—~118 59—~150 12 —4953 — —
B F R KBS IL K} Fertilizer-amino-acids 11—36 — 11 —~1124 — —
A TR KK} Fertilizer-humic-acids 11 ~55 — 11 ~87 — —

g IC R IKIE AR Fertilizer-Ca and Mg

7 (Note) : 55 T A FRAE N EE Number in the bracket are the number of samples in which the heavy metal contents exceed the limits.

2.2 KBEBEHPELEFRIE
KRR As . Pb, Cd, Cr 2R H FHAS
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AR RURHR A e B EORTE, It
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WEIR — &P o, OO W IR — Bk . BRIR %k . W
PR R SR Wi R e 4, Ui oG 2% Tt o 8 2 IR P R
R4, AT B SRR AR 55 . 127 AR
FEah T, 24 ASFEEL Y As B Cd Sk HBEIE, b 14
AR B BEIR S, 10 ok A BT, 42 R
HiY As, Pb, Cd, Cr 2k Ao 20 RE, Hdr 26 4
K BBRRREE,8 Aok A R K, Aok B 6 R A
RER A . 11 ADNEES R As, Cd 2k [ T HE R 7=
i, 3 FEM Y As | Cd R B & BEMR . BR DL B UKL
AR5 T A SRR IR TR RS . BREREL . B R AT
Fl— S R, dnda R R, B IR AR R S

R IORHON AR 7 ask AR 4 TS 7™ A% o W] g i B
A i e SR NIV S SO R S T S S
6 S & BB S A K,

HARE RS, AR AR A 32 4~ (295

Gy 22— ) AV AN T HE 7 A JE R AR Y SR
ARSI B 4 B R A AR S, Ak IR A RO A
RSB ORI, TR A 7= 22 2R I B r A TR
o H A AN JRURE G 1R 3, 7 i 5 e DA B
il

2.2. 1 KETCHFEKIFILE  KE o KEEE T E
&R FEOR AR TR LR, REITTEKE
REUR} A B 4 JE R AR LA As O 32, As BR T EER A B
Fif — S . BERR— B EREAR (18 4) LUIAL, >k F R AR
BE L BRIRWER . FNBTIRAE S5 e o N RH(10 4S)
ANHZM(F4)

2.2.2 TG R KR Bl s K AR R R
4 R e 32 Ok [ T R A R B IR I 4%, R A AN
TR EE SR REZ —, WAL R (%
4) LA Y B T K i IR kL 4 8 M A Bk
JEHE L, As, Pb, Cd, Cr ¥fF7Eiidn, 48 £k
F B R A R I Bk, R R B As. Pb. Cd & i
B BRI As, Pb, Cd, Cr &K mE, H
‘BT R RN B4 . B IR A2 3 As I
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2.2.3 el B K I HERE AN 5 T A R K I A
HL R T4 Fh i oo R AR &3 1R 1 A R
AERE, R4 AT, & & R KA IR R As FiT Cd
FEOR ATRIREE . IR S MR LR . &SR
K NERE & R B ARE THAE As b, As [ 2RI
F IS R AR A AR A0 (10 A, WOk IR T W iR
AR RIEIR — 82 (5 1) o Cd FZER A IR A1
BREREE(2 1) .
2.3 ERPMESES=E

MRt T EOR R R 4 R S KT ARG
AT 2 [ A — B N R R A ST A5 0, XK
FEL A 7 v FE A SR P 4 S b AT T T o
231 AESESE AIRR. MR . ik
B | MPREGSE) H As| Pb, Cd, Cr, Hg & & #RHL MK,
— MW ATE 107~ 107" mg/kg Z [i], BRZE 4 )8
A A T AR, B R IR & 2 A NH, fl CO,
SJEURHS B, NH, Fl CO, i 4 J i i (3
5). EABM . T S aE b RS E S
FEATE 107~ 10" mg/kg Z ], SEERE | W%
i PR AT PR 5 LA S [) 0TS ot o B 4 ) o i A
107"~ 107 mg/kg Z [0], W5 TR E, 2R A K. T
S E N E AN, ZE A E 4 8 AR AL R R
I, 1 A K I A A JEURE FL AR 22 4
2.3.2 B ESE &R RN N =Rz
— BRI TR AR 7 SR A R
SRR, BT B A P AR A T S LZ
FULE AL Bl S T T,
Wy AR BRI AL, K 6 nLIEH,
WAt As, Pb, Cd, Cr, Hg il b m, —fE
JLELE me/kg Z (8], B2 & FRE AL (£ 7) ,
KRAZFEMAEYILE E ARG, E = B s
FTHERES | 5 AL AR R — £ S 6 FhERAL T,
As Er R 3, 6 NI 20 me/kg, F i R I AR
G A BE AR S , 35 43. 85 mg/kg; Pb & & ARk
BR,TA/NT 10 mg/kg,2 N T 100 mg/kg, B
3% 242, 1 mg/kg; Cr S EES, 246 )L+ my/ke,
R ik 252. 0 mg/kg; Cd Fil Hg & 53 il #041K, 24K
/NF 1 mg/kg, SENAAE, AN As, Cr, Hg
SRR 2R B Pb & b E AL, I Cd & &
WA T E BRI . TR BRI AR R JERE, T 4 R
IR KL, 5 U B S SOHE A
233N ESE TR WILEHR ST Was
B ORI R, AR A R k. E Ak

WEFEFERH(R 7) R0, BRIE (AL BR . HERET . BiiR
PPEE) th As | Pb, Cd, Cr, Hg S =ABRIL, 240N T
1 mg/kg, A] WLAR AR AL —FE  4E R K AR A T
AL, FEAAS 237l R PR XU
2.3.4 T RIEE I ES R At AKE LR
1 As, Pb, Cd, Cr HitrZ 5o R LB G B
R, EHTA MBI RN A% ES
UL 4 JR AR, W Cd 78 A AR b R E LIRS
WAFETE, I8 5 Zn Pb, Cu Fl Mn 558217, 57—
P —INEET TP 2% & Cd, b, 2 525 45F
W0 AR S AIVE 20T W) REAE AR F AR L, Zn AT LIZE
R R GACESE M i €d™Y L B L — 2 T T
SRR, INGRRREE . TRRRA . BRPRER T Cd 1y
TR, AR B bR ERR K
2.4 HEIRITERGETESERE

M 8 AT LA, T E EEREAC ™ 5 R R
AR AT (HG 2321 -92) | B —#% . B2
— % (GB 10205 —2009) . i Bk 5 ( GB 20413 —
2006) FIEEEE B E (GB 20412 —2006 ) #7: it 5t As
Pb, Cd, Cr, Hg 1% A7 BRI 2R (UEIR — 28 (T
MPH) (HG 2321 -92) % As il Pb #ilE T FR &, sk
SEULZ BN i P A R S AR R A R A
KA bR o PRI, R 4 T i 7, 3R BRI ™ 5
WIRRIEATE . LAt WS R il (% 6) , E AR
Hb DR i T A R i 25 R UK WAL Y
IS HEIRES As, Pb Al Cr iR & FHEMX , B HE
X B ILE L5

KEFEZHEITTENERARHEH X As, Pb, Cd
ZHRCERE T PR A, (H PR A 8 I = o B R
i (4 H1) (GB 437 -2009) | el B iR 56 (NY/T
1111 =2006 ) Fne v #ffig 4 ( HG 3277 =2000 ) &
LK EREEA AR ILHE R EE meg/kg, LU
M BRI BE (G5 ) A6, As, Pb Cd BR & 4>
Hh 70 mg/kg. 100 mg/kg F11 30 mg/kg, LT iH i
IKERE R As( <10 mg/kg) . Pb( <50 mg/kg)
Cd( <10 mg/kg) BREEZER o Tl B ERALAR 55 it %
Pb T PR, — 55 M ATA 4% 5 o 4 8 PR i 220K
T A i o R MR AR fE X Cr Fi Hg 55K il 2 BR
i, FREMA A — b fE——E R Rl B AT
B ORAEZSTEPR (GB/T 23349 -2009) , EARXT As
Pb. Cd, Cr, Hg #f4F T FR&E 2R HIXbRHETF A 2
5ot ) P A o T L PR TS R L AR A R ) , B

HAE o
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Table 7 Heavy metal contents in potash fertilizers at home and aboard

= e ,
Fiiiier ﬂ%ﬁue Saffpt?o. As kb td Cr He Re?gr?r(lce
AL Potassium chloride i Hangzhou , T2 Ningbo 6 0.69 0.05 [5]
HAE Potash fertilizer il Liaoning, Tk Jilin, 4 <0.0008 0.05 0.207  [7]
B g 9T, Heilongjiang
LA4L4 Potassium chloride 2 [ 57 BE T M Texas, USA 2 <0.4 0.7 <0.2 <1.05 <0.4 [15]
44 Potassium nitrate S [E 4% New York, USA 1 <1 1.5 <0.1 5.0 <0.01 [17]
TR R ek 5 [E B TTE N Texas, USA 2 <0.6 1.2 0.5 2.75
Sulphate-potassium magnesium <0.4  [15]
*8 RERERIrERELERE(mg/kg)
Table 8 Limits of heavy metals in some fertilizer standards in China
FrfE Standard 25 # Type As Pb Cd Cr Hg
Wil% — S 41 Monopotassium phosphate HG 2321 —92%/ Tl For industrial use 50 50 — — —
A\l F For crops use _ = = = —
R —4% | WL 4k -
Monoammonium phosphate ,diammonium phosphate GB 10205 2009
545 Superphosphate GB 20413 —2006* - - - — —
FERERSAT Calcium-magnesia phosphate GB 20412 —2006' - = = — —
W4 (42 1) Copper sulfate ( For crops use) GB 437 —2009*! 25 125 25 — —
Fb2AAH EK A BRER I 4% Chemical reagent-Tron (1I) M4l Analytical reagent 20 — — —
Sulfate heptahydrate GB/T 664 2011 k%4l Chemical pure 50 — — —
AV %R FR 4% Manganese sulfate for agricultural use —7JK Manganese sulfate monohydrate 20 100 20 — —
NY/T 1111 -2006" 7K Manganese sulfate heptahydrate 20 100 20 — —
AV BRI EE Zine sulfate for agricultural use —7K Zinc sulphate monohydrate 20 20 20 — —
HG 3277 -2000"" % 5 Superior product
—7K Zine sulphate monohydrate, 50 100 30 — —
—Z& 5 Top quality product
T CRCE I
020 2 — =
£7K Zine sulpha'te heptahydrate, S0 50 20 — —
—Z& 5 Top quality product
i a0 00 30—
AR5 BIIB2 Chemical reagent-boric acid J3#r4E Analytical reagent 1 10 — — —
GB/T 628 -20111 {k.2:4f Chemical pure 5 30 — — —
Tl Boric acid for industrial use M4 5 Superior product — 10 — — —
GB/T 538 -2006"" —4 1 Top quality product e
446 5 Qualified product I p——
$H1%%% Ammonium molybdate GB/T 3460 —2007*’ — 5 5 — —
% SRS SR I N L N N S B 50 200 10 500 5

Ecological index of arsenic,cadmium,lead, chromium and

mercury for fertilizers GB/T 23349 —2009




14

I, 2 FREDK IR G 5 RIS Z Bk 17

A AN Rl B o FU T LA Y 3 AR b v
PRZRIEATER , W0 AR o B 5 J o i o el
A R BT A S8z, S BOILRH™ b R
A AABL, F I Al A JURER W PR Y E G
AN LT B JORE , sl I S AR I o o
BEAACAL o vl T2 7 2R BRI, Al A 4G
J& ERRE ST, I HANSNEA B AR AL R AR , X
L B KR RS B A 7 aod 7 B AR AR G i
PEEVA AR . P, XTI LR R B, 250
FER AR A 7= DL S5 b A S JEURL, ThT EL 2 A0 5 JsURk
HE G A e

3 4igSiie

T BEAT K AL RE K SR, 7E Al Az 77 bR H]
SR, A A s il K AE A b i T 5
DRBEAC ™ i PR 2 E ARG TE

KRR P A T o i AR, A NY/
T 1110 -2010 PR ZOR, SR LR 4. o0 Kis
NER R S R A —E AR B, R TAE As
A Cd L EE bR R AN ol WK LR T 2
T AT IR R , R S AR, AR 2
VERIE G o (AR CEK LR P G R
SR, R Cd e Ry, Ik R A KA
ELR TR AR T AAA ) 3 R fe T, JE
it 4 B B AR, 5 R R S TR

KRR B E s 2 2k A T A IR, TR
B L Hrp—E DL ok A BEIE MBI TR LR,
HAOK AZIEIR | AR Z FATRL, 0B o &
LA K ALRA = i R B R G . IR BT
NER PR HEA TR, BRSO IE A o B e SR AT T PR
e, (HFRE(EELTEZ , i HE A A S — i aE R
VERRRE , In_Lad A — 8/ b A= 7= BN B A6 7 i A
T30 AR Xt A = ISR AN HEA T A 1) S 4 ), 7
A AT T RE N BUEE G Ja A , DL e A5 JORLE ) 46
BN o RTINS ISOR SAS AR 1 DR 2 O e 3
FEE B SEBRI BRI AR AR 2, Sk L 2l A
B E SRS I E AR E IR AR R, B
PR Brobm o, (2 e R RS AR ™ il B R e e

TERWoE UL TR R, XK BT it
AR ATRERS 8 L K AW 7 A R A T 2
ST, XA PRI 15 YA T S W, B 1A FH
ERITH . B, G BV K IR b G JE X AR
FITPRIE A ™ i S A 82 0, o) 58 AE e v o < s BR
BRI R 0 TP A S BRI L PR BRA ™ o
wEERENER,
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