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o OE: RS S TRBEE (1CP-MS) W, 8 I i I T8 AL AS [ S R0 00 0 A 45 14, 4
S T B R AR -1CP-MS U 5E £ Fh L AR BV, Cr. Co. Ni, As. Cd. Hg. TI. Pb 9 F {5 4L o0 F & & ) )y
oo ARFTHEMZEMAR KRB R T 0.9999, JrikA i FRYEE A 0.000500 ~ 0.0293 mgrkg, 4570 MR HILEE N
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AR5 V3 S A SO T A WAL R A, T —
Ffml FH - 22 Fh S BURE AL () B 00 5 9 Fifris G oo R A
W75 o ARSCLIAEEMRE S 3% 00 i oAk, xR
AAFVREE R NERREAR SR T T 4338, X TR A ikl
177 tk, R 1ICP-MS —XillE V. Cr. Co. Ni,
As. Cd, Hg. Tl. Pb 9 Fp# WisYIn R, %k
HOMERR . REUERE.

1 #REFE

11 AR A A

FHLJER 5 45 B IR BT 1% (SUPEC 7000 1CP-
MS, tiMliEBE R ZRARAR ) ; X (PL 303
MEFrf A~ w\) ) 5 G (EXPEC 790s, M dE
PHE R EABRAF ) ;5 2li7KAL (Milli-Q Reference,
Millipore ) ; =5 #FEHL ( DFT-200A, 04 T AR
HUAA FRAF] ),

fiifiz (HNO,) . £hf2 (HCl) . &R (HCO,) |
AR (HF) . &b (H0,) gl
AR B ER (599.999% ), AR &R
(>99.999% ),

JCE FRMEY B (1000 mg/L) (V. Cr. Co. Ni.
As. Cd, Hg. Tl. Pb, Rh. Re. Sc. Ge fl Au) .
P& (1000 mg/l, Li, Co, In, U, Ce, Ba),
W4T A 6 4 8 K B AR ATl e

WU : 2.0 me/L Au 1 2% WSRRA L
1.2 HEIER

APULEREE: FREGEAE 0.2 ¢ CHHHE] 0.001 g)

S
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TRMUH OIETHEMEE T, A S mL HNO;. 0.5 mL
HF. 0.5 mL H,0,, %MK 1 rh i i i e e il he
AT, HARRTARE, BUR MRS, RKKE
HREERS . BT S0 mL 2580, IR,

TCHLIEERE . FREGAHRE 0.2 ¢ (A E] 0.001
g) TRIUFOIENEHE T, A 2 mL 467K 2 mL
Tk, BTHHM 100°CHHE 1 h, FACK TR
. B ZES50mL AEH, WRARH,

TR BRE AR . FRIGAAE 0.2 ¢ CREFIE] 0.001
g) TRWUKOIEWHME T, A3 mL FK, 1 mL
HCI, 2 mL HF, #2082 1 Pl I8 i fe e xR ot
TS THARP SIS, BUB TS, FKCK T
fRRER . BAE SOmL 758, TREISH.

R 1 BRHENRIEREEE

e FHURT ] BEE IR PR ]
M (‘min ) (c) (‘min )
1 5 110 5
2 10 240 20

1.3 ICP-MS & 5k 5S04 &
PL10 pg/L Li, Co, In, U, Ce, Ba X} {5 ¥

WEEAE, ES TR M N E R B EOR RO, IR
LU R TP A [ Bl 420 L P ROBL R £ HE R 3
KT 2.0%, IREVR ICP-MS (a5 S5 S 80 E
W3R 2,
®2 HEEEASEFREMRNSH
e = Bt =
EETARYIE (W) 1600

BB

Tl <. ~-He ( mL/min ) 1.12

BHIR (L/min) 14.0 U S ZR A (v/min) 25

4#Bh A (L/min ) 1.0 EERETE (ms) 10

%463 (L/min) 1.20 KAERE (mm) 2.30

BRI (L/min) 0 i E L (V) -16
2 ER5HMH

2.1 ArrfEfh e AR B

ER2MA AR 5T, & B 128 5
i T S R O T A, 3 S AR
W LR, DL IR A A R 22 19 3 A
KRR, 3 AT, 9 FhoC R W R R
1E 0.000500 ~ 0.0293 mg/kg, ZeMEAH X REGEFE K
0.99997 ~ 1.00000.

(T

R3 ARAEHEZRAGHR

JLER iy LR RLL PRUEMN AR (/L) BRI (mg/kg)
Vv 51 0.99999 0/1.0/5.0/10.0/50.0/100.0 0.0293
Cr 52 0.99999 0/1.0/5.0/10.0/50.0/100.0 0.0126
Co 59 0.99999 0/1.0/5.0/10.0/50.0/100.0 0.00115
Ni 60 1.00000 0/1.0/5.0/10.0/50.0/100.0 0.0224
As 75 0.99999 0/1.0/5.0/10.0/50.0/100.0 0.00655
Cd 114 0.99998 0/1.0/5.0/10.0/50.0/100.0 0.000525
Hg 202 1.00000 0/1.0/5.0/10.0/50.0/100.0 0.00123
Tl 205 0.99997 0/1.0/5.0/10.0/50.0/100.0 0.000500
Pb 206 0.99999 0/1.0/5.0/10.0/50.0/100.0/500 0.00210

2.2 JHfRFEAL

M8 GB/T 32741—2016, % MBI/ SEH0EAE N
S RTCHUIEEE . AHUIEEE . 3B, 7 IRHOR
R R TR A 2 A T A . SRR AR E A L
AL, JCHLAERE . B, R i A T Y
FHERFPIEAR, FETH M oE 2 R5ERt [, SRH BN
FAASCR N EEXT - ATUEC R B 5 O TR A T T o

A O S
A HLACENY R T S2 86 So, JH 5 mL R 4 RE
A AT R, RESTE AR A, TSRS LT
B AT o8 R RE R R . A T R UE A 3 A
A, FEJRA 5 mL AR A TE AR IR R L, 3 T
AR . SEEMMEERR, THRr R R
4R,

2.2.1
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x4 AEEBERANEVNERRETENRRIE (mg/kg)

VES HERRENS v Cr Co Ni  As Cd Tl He Ph
1 5 mL HNO,+0.5 mL HF 238 397 553 217 278 0438 0213 0075 205

2 5 mL HNO,+0.5 mL HF+0.5 mL H,0, 239 421 551 221 255 0452 0200 0076 221
3 5 mL HNO,+1.0 mL HF+0.5 mL H,0, 237 407 549 212 286 0461 0202 0075 208
4 5 mL HNO+2.0 mL HF+0.5 mL H,0, 238 438 556 236 285 0465 0205 0077 224
5 5 mL HNO,+0.5 mL HF+0.5 mL H,0,+1 mL HCIO, 239 428 552 228 257 0458 0201 0075 222
6 5 mL HNO,+0.5 mL H,0, 240 585 551 220 257 0431 0182 0072 195

34 18, Jr3 6 76 5 mL RS R B9 Bl VR
T 0.5 mL At AL SRR S EATIE AR, S AL A
VE R BRI T4 B s XEE LY T i RE 1, 45
BTN, BN TS A A ST A R SE A
IR IR R TR, TR 2IERM T 1
AALEMERL XM T ERR S 5EM, HEE
WWEH I JCRE S AR I, FESIE R T A, WL
BN E R UGE TAIER TR R ICE. T
E SR W oy = A B i S il 20 LK N 2N
B, LA R, BN S SR TR R XA LI
BT R MR BUR T, T 5 1E I A R 1Y
AL ERINT mARRIEATI M, SR RN, HA
5 IR AR R AR UE, TR RS RS,
PS5 2 T AR YR AN T o SRR A0 i AR Y CL A
BCIOH", YC10* X878 T T4, SR Soi
T 30

222 IR RS

- HEEHR R R R 2R BT L g SR a3 5 firs .
J728 3 2 GB/T 23349—2020 % JH F KM%, SLhr
TSI R, FARRRIEMRCRIRE , Rk
HARBARNEESERE, RS KRR
K /DB S A T AR LRy, R BN AR RE
b, FERERRT I R TCAE S SR RN, T
HATTRME AR 7% 2, W FKIRREM T
JE VST AR ARSI K K i iE, JR R
T HEEHEG h A KRR, TTRATIMEE TR
FRER iR, TSR AR REMR, S ITRI
FETEMAC. BAETRE oI AERIR, SRR —
REMEIR T d%, i P RERRER RORR (P
LS, HRIVGIANERRG, FAEMENIEIT
REMGRIRL, SotRIIRIUEIE R, AR
D7 1 AT SR B A T A S

x5 AEEBERNSHFERER PR TRNRNE ( mg/kg)
VES VL Vv Cr Co Ni As Cd Tl He Ph
1 3 mL HNO, +1 mL HC1+2 mL HF 220 188 422 123 0.604 0.144 1.24 0.025 9.76
2 3 mL HNO,+1 mL HCI 211 179 412 130 0497 0.104 1.05 0.024 7.93
3 1 mL HNO,+3 mL HCI 203 170 40.1 120 0.199 0.101 0.95 0.024 6.89

TEHLIE R RS —Fh el DB LR E SR TR,
HZgFRcRm e, 2800IUER 5% T K,
Jiti FH B 22 5 E AR A L0 JE LR R % S 1R
GB/T 23349—2020,

2.3 KW RN B

il g5 7 - PATREEA T O R B A, 25 R n
6 ~ AN, £553 17T F M A AE X R O 25 1
INT5.0%, JrikEAR SRR,

ARSCR AT 3 R AL A TR S i A T b [l fic
SR IR MER . AR 9 ~ 11 AT,
ASCHEST WA HUAERE . A SRR B0 A TCHLAE AR )
fif Xt 10 BT E A Inds mGE F A 85.0% ~ 110%,
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IRBN DR BV, AR BT
2.4 FESREI

HE T AR 24 HEUORE Sl 3 FRUE SR i B
BOR A VUITE, 3R] . eAUEer, kA
A SCHENT T AR T AR S T R, IR RS
I IRk 3 FE YR R 20K ) (GB 38400—
2019), 45RWFE 12 ~ 14, Cr. As. Cd. Hg. TI1 %
FEARTCEA V., Co. Ni FFiEMOTE ML, LM%
F GB 38400—2019 PR EZR, LaREEHAL, H
R -5 19 T &l 1.24 me/ke, FEBREZEL
SREFHIT; AHUIERL -4 1% Pb &5k 66.6 mgkg, CL4
TR LR, AEAERCR R A
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Fo ANEHAEEZEUNLER

A TATRE-1 FATRE-2 PR3 PR VATRESS PP PATRET I MIXHRRfE
JLR AR
(mg/kg) (%)
i 238 239 237 238 239 24.0 23.0 237 14
Cr 39.7 42.1 407 438 428 415 425 419 33
Co 5.53 551 5.49 5.56 552 5.51 5.53 552 04
Ni 21.7 2.1 212 23.6 228 22.0 23.0 223 3.8
As 278 2.55 276 275 2.57 2.57 2.64 2.66 38
Cd 0.438 0.452 0.461 0.465 0.458 0.431 0.429 0.448 34
He 0213 0.200 0.202 0.205 0.201 0.198 0.207 0.204 25
i 0.0746 0.0756 0.0746 0.0766 0.0746 0.0716 0.0724 0.0743 23
Pb 205 22.1 20.8 224 22 21.0 21.8 215 35
Fx7 TERABAFERZEMNIER
I T N N T L I e R = R TR T T
(mg/kg) (%)
v 221 219 21 222 216 216 214 218 1.5
Cr 181 177 177 179 180 179 179 179 0.8
Co 412 411 414 413 39.7 40.1 38.9 405 24
Ni 124 122 122 130 130 130 130 127 32
As 0.543 0.535 0.529 0.496 0.483 0.512 0.497 0.513 44
Cd 0.109 0.121 0.115 0.115 0.112 0.109 0.111 0.113 3.7
He 0.0313 0.0296 0.0321 0.0322 0.0304 0.0283 0.0323 0.0309 5.0
Tl 0.939 0.963 0.955 0.952 1.027 1.003 1.005 0.978 34
Ph 7.12 6.99 7.05 7.05 741 745 7.49 7.22 3.0
#8 ZLHBRAEBZEEMNIER
. FATRE-L FATRE-2 PR3 AT PATRESS PARH6 PATRET T bR
AT (mg/kg ) (%)
v 7.59 747 7.64 7.66 778 776 7.80 7.68 1.6
Cr 15.7 15.6 15.7 15.7 147 14.8 14.9 153 3.1
Co 327 326 3.23 331 3.40 353 336 335 32
Ni 7.19 7.04 7.17 7.13 6.71 6.68 6.76 6.92 32
As 6.17 6.33 6.26 6.28 6.32 6.50 6.37 6.32 1.6
Cd 0.0720 0.0747 0.0750 0.0749 0.0750 0.0691 0.0730 0.0736 32
He 0.0244 0.0234 0.0272 0.0256 0.0252 0.0259 0.0256 0.0255 48
Tl 0.191 0.184 0.176 0.184 0.182 0.180 0.186 0.182 2.1
Ph 274 2.55 2.55 2.53 2.72 2.70 274 2.63 3.7
x9 BAYIEREINEREZE
JLH AJEAH RIIME JbrEicR PIvEY ANEAE PIINIE Jigr i
HFR (mg/kg) (mg/kg) (%) HFR (mg/kg) (mg/kg) (%)
v 282 10.00 96.4 Cd 0.223 1.00 973
Cr 14.1 10.00 102 Hg 0.0418 0.10 85.0
Co 453 10.00 103 Tl 0.317 1.00 937
Ni 9.3 10.00 101 Ph 122 10.00 973
As 1.94 1.00 104
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F 10 TEERAEFIFIARE W ZR =11 THERE IR E KR

JLE AJEAE SIIEIER Nl TLHE BN IILIER TR DR
HFR (mg/kg ) (mg/kg ) (%) HFR (mg/kg) (mg/kg ) (%)

v 220.00 100.00 102 % 269 10.00 110

Cr 99.30 100.00 95.0 Cr 159 10.00 108

Co 41.20 10.00 96.7 Co 0.99 1.00 107

Ni 129.00 100.00 96.5 Ni 5.46 10.00 108

As 0.18 1.00 103 As 3.4 10.00 104

Cd 0.10 1.00 96.5 Cd 0.135 1.00 103

Hg 0.02 1.00 98.6 Hg 1.47 1.00 101

Tl 1.24 1.00 943 Tl 0.411 1.00 109

Ph 6.87 10.00 85.1 Ph 239 1.00 942

F12 BAHEMHPIFTESE (mg/kg)

TR AR v Cr Co Ni As Cd Hg Tl Ph

HHAEE-1 927037 39.1+0.56 213+0.08 40.9=0.12 534+021 1.01 £0.043  0.0512+0.0044  0.665+0.04 24.5+0.23
AHAEE-2  91.7+1.3 44+0.5 153022 333+034 5.14+0.14 1+0.047 0.0557 £0.0024 0599 +0.01 24.8+0.41
HHUEE-3  942+1.85 348+0.62 15.1+0.18 332+0.57 544+0.11 0.994 +0.044 0.227 + 0.007 0.568 +0.01 24.9+0.17
HHLAEE -4  31.9+032 20.6+0.36 5.81+0.04 148+02 271+0.071 191+0.017 0.106 + 0.0185 0.573+0.01  66.6+0.28
HAHALE-S  282+0.11 14.1+0.12 453+0.072 93x0.036 1.94+0.067 0.223+0.011 0.0418+0.0098  0.317+0.01 12.2+0.12
HUUER-6  12.1+£0.74 2.28+0.19 2.99+0.084 6.23+0.16 1.65+0.046 0.265+0.025 0.0731+0.011  0.101 £0.0026 10.1 +0.28
HHEE-7 23.03+0.26 16.5+0.19 5.53+0.0045 15+0.062 224+0.155 0.419=0.0088 0.0746+0.0079 0.224 +0.0047 21.8+0.17
HHALE-8  51.7+0.16 804034  9.9x0.1 239+0.28 227+0.073 0.238+0.023 0.0534+0.0041 0.375+0.011 14.7+0.055
PR R 325 150 100 600 15 3 2 2.5 50
H:n=3, T,

13 TEFAEFFIMTESE ( mg/kg )
TCRAFR v Cr Co Ni As Cd Hg Tl Ph

T HEHBER-1 359 +0.0140.095 £0013 3930029 653 +0.057 0.0465+0.0027 0.0753 £0.0025 0.0629 =0.019 0.00877 +0.000052 0.00594 + 0.0053
THEHBIR 2 263+027 632£092 586012 205+019  42:0049 092200039 0317+0031 03030011 256+038
- R E -3 — 0229+0.0210.0174 +0.0019 0.185 + 0.032 0.00218 + 0.0023 0.0027 = 0.00097 0014 + 0.0042 — 0.0228 + 0013
THHEIR -4 12£014  129£02 14220037 442+0054 4560072 005780011 0.0496+0.0033 0.145+00045 131 £0.0202
FHEHBER -5 220+18 993+099 4122018  129x11  0.179£0014 0100055 002490004  124+0018 6.87 +0.11
TR -6 154+0.14 1460088 224+0014 578+02  552+012 03390015 0.167+0005 0.184+000054 343 +0.049

PR R 325 150 100 600 15 3 2 2.5 50
x4 THEMFIOFHITESE ( mg/kg)
TLE 4R Vv Cr Co Ni As Cd Hg Tl Ph

TEHLALE-1 32302 0.488 +0.046 0.0239 + 0.00250.253 = 0.0077 0.232 + 0.011 0.0113 = 0.00095 0.0102 + 0.0036 0.00146 + 0.00041 0.0274 + 0.0033
TCHLAEE-2  59+021 52+0.056 0.176+0.006 1.89+0.027 0.156+0.02 0416=0.019 0.0174+0.0019 0.00656 + 0.00043 1.82 +0.019
TEHLAEEI-3  6.45 032 0.136 + 0.0021 0.0049 + 0.0016 0.038 + 0.027 0.188 + 0.026 0.0081 = 0.0043 0.00209 + 0.0013 — 0.0601 + 0.002
TEHLAEE-4  636+0.12 1.91+0.06 335+0.83 193+029 0.202+0.02 1.71+0.089 0.00546 +0.00058 0.378 £0.009  0.125 +0.0077
TEHLAEE-5 71701 4110042 324+004 209=0.066 120022 1.64+0.036 0.0163+0.0056 0.0262+0.0018 0.311+0.011
TAHUER-6 549+45 65456 347+0.26 16.6 + 1.6 121+1.0  0934+0.064 0.0317+0.0019  0.378 + 0.009 115+83
TAHUIER-7 589+093 21.9+0.53 5.19+0.11 18.6+021 149+0.035 1.14+0.064 0.0119+£0.0022 0.262+0.017  0.953+0.011
TAUEE-8 269+1.1 159+049 0990015 546+028 34+0.12 0.135+0.015 1.47 £ 0.073 0.411 +0.05 2.39 £ 0.088
TAUEE-9 9.13+0.19 1£0.059 16.4 +0.29 9.66+023 0169+0.02 0285+0.011 0.0208 +£0.0088  0.299 +0.0035 0.0907 + 0.0085
TAUER-10 453 £0.16 1.37+£0.017 11+0.17 142+04 555+0.11 0.297+0.012 0.0101 £0.0039  0.0495 +0.0025 0.262 +0.012
PR 2R 325 500 100 600 50 10 5 2.5 200
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Determination of 9 kinds of metal elements in fertilizers by super microwave digestion and ICP-MS

SUN Yuan-jie', CHEN Qing’, XIAO Xiang-nv" *, LI Ying', LIJian', YU Xiao-feng', ZHANG Li-na” * [ 1. Hangzhou
Puyu Technology Development Company Limited. Hangzhou Zhejiang 310052; 2. Hangzhou Puju Medical Technology
Company Limited. Hangzhou Zhejiang 310052; 3. Major Platform Center, Institute of Crop Sciences, Chinese Academy
of Agricultural Sciences, Beijing 100081; 4. Scientific Instruments and Equipment Verification and Evaluation Center of
China Instruments and Apparatus Society ( Bioscience Station ) , Beijing 100089 |

Abstract: A method for the determination of nine pollutant elements, namely V, Cr, Co, Ni, As, Cd, Hg, Tl and
Pb in various types of fertilizers was established by using inductively coupled plasma mass spectrometry ( ICP-MS ), super
microwave digestion and optimization of the digestion conditions for different types of fertilizers. The linear correlation
coefficients of this method were all greater than 0.9999, and the limits of detection of the method were in the range of
0.000500-0.0293 mg/kg. The recoveries of the spiked elements were 85.0%-110%, and the method is sensitive and accurate,
which can realize the accurate determination of the multiple elements in different types of fertilizer samples.

Key words: inorganic fertilizer; organic fertilizer; soil conditioner; super microwave digestion; inductively coupled plasma

mass specerometry; metal elements
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