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o E: RARBGES S TR (1ICP-MS) M, HETRIATEM 30 min, JRI5TE AR 25500 T MR TE M SR
[ AT AL ER o A AU G . Bh . SR 4. BSOTERMARIECR , #T T — R LT 1CP-MS Wl A HLIE R 2 Fh
SIRITCRG RN IITE . GREW . WA 2T TR E A HUIE 250 R B MR i ( RMH-F001 )
5 I 4 R A RIS RS AR R, ke A AR R 22 KT 6.3% . 5.7%; fER / i AALE
KR - RS, RERLSE A E M, MM ARENR 25N 0.8% ~ 6.8%, AAXMEZEN 1.1% ~ 9.0%, AAXT
2R 22% ~ 18.0%, MARIENCERA 99.4% ~ 102.9%, WilE /i FALE IR R - %8 -1CP-MS ¥ r[/E A ML

HEH 5 33T o 3 J g — T D ) R 12

REIA): MKTHAR POCHRE Eam; AU S—-felilE

AR SHEY T SRR, UUSHE
YIAR b8 I R IRV E F I S S AR G AL
JR R U A LI B A R T A
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TENF & 2800, o HLIE XS S 8 48 1Y Tk
7 80% 2 I, BEALGT 663 AN S HLIEFESY |
LB SRR T I, AR AR R 25%, H
HES B (Cd) . 8 (Ph) ., il (As) HFRIEMN
Bl gty Bl iR L, Bk A I B R A
BUIE, XHEY) & 2 maU s 2 0 H %,
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SORMUE ', APUIETH, L R (Hg) . #Y. 4%
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TR SR PO R A I TIE,  FikbR
HESAS B ET XA HUIEEE S, HAHSCHTAR Ty
RN B —BER TR WS, S RE R AP
PTG — AR LA L s PR o

E ot PO T A AL B 9 XA 2 06 R A M AR ) 485
WIC R s, AR 4 a3k i i A B Ty i R
AIBEMm . TR s A
RIPARD I A A . U 2 | T R AR
HAS M i, oAb b e pos ke 7y 1
S, (A b ) R A PR
EMETT A R T . AT AT LR ER IR / A R
BRI L LA R / i B A - O T R g A
FEL SR 5 A5 B - SO A E AT LA AR . il R
Y. BB, BT SR i g — ik
Tk, A PUIEEE 48 5 Y B 15 5 e it 2
Ak

1 #MREFE

1.1 AR5
AR G A B R B IE A (i Cap-Q,
FERRRMHRBHE A E], 2 ORI (MARS

S

(T




| T T

rhE ISR 2024 (1)

——

6, CEMAF, E£HE); HhoZ—H0 7ol KF
(ME 104E, K% 0.1 mg, 4R - JEFZ A H,
Bt ) s AR PR (HD-350B, HIH S ik
HABRAFE, HE ),

Wl R (65%) . Rk (37% ) . 1A ILE
(30% ), LaRiRFIm [ E 24 A b 220 A R A
A, Rgral; WA (Ar): S2EERAR (>99.999% )
AR (He): mai& < (>99.999% ), K% W br
WEYF [ GBW (E) 081593, 1000 pg/mL, [HFAx
Y G | ZIUUEBER R (GSB 04-1767-
2004, 100 pg/mL, FEZA €O4)E KBTI
At ) BB (Ce, Co, °Li, Mg, Ti, Y,
1 pg /L), LR K LK (FEH: 18 MQ/
em ),

1.2 AUER TR

LB & 45 B IR TS (1CP-MS) : SRR
TEPE RO I & AT A SRR o, iR,
FALYIUE, FHETRGESE (REUE) 5108
W 2ok KAt FE b ZE AL AR W 1.01 L/min,
FALEIE 3 ~ 4°C, B HS M 14.00 L/min, B
FEURFE 8.0 mm, &5 B T4 & 4 A S T % 1550 W,
R 25 HL . =2550.0 V, AR /KA E -0.88 mm,
B E -0.30 mm. BRASFESEHERAE 3 1450, [HIFE
BFE) 0.01 s, HA 3 UK, 4 120 Ik MhKid Rk
FHKED HrH4sit, siffiE s 2R, Sk
i 4.85 mL/min; FEAFEIURTE 50s, whPERTE] 20 s,
1.3 RS SR

O e . FRELZY 0.15 g RUA HLAEKE S, (3
0.149 mm i ) & TIBHMAE T, A 6 mL fiffR,
A AR, A 1 mL i8R, 1B,
WHEMAHRETF T BB ERE 120C,
R FF 10 ming 25 B BL: 120 ~ 150°C, %5 10
min; =B 150 ~ 185°C, f£FF 40 min, JHf#
SERVB G Z 50 mL A EHHE SR fHesk
S5,

T T . PRELZY 040 o A HLAEKE S (5
0.149 mm fifi ) F 100 mL B #% 1, Jim A 15 ~ 20
mL EK (BB SHBRARIL3I - 1IRE, KE
30min 5 ), @ EREN, HFEIKEET
150 ~ 190° AT 77 L AR I AL 30 min, HUT R4,
R & 50 mL & fE A, WA, B[R AR
i, HTARERE L, FERE S E B AR G0 30 min 5

BIFRmIL, ZEiET, BCRAE, A 2 mL i
fR, WG R 50 mL BEHE B/, fHas A
SEEG

B B 10 mL 22 76 & bR (100 pg/mL) T 100
mlL ZEIH, A 5 mL AiSER, EAFES) (PR
1, 10 pg/mlL ), LUAHR G SRR, 1520
2 (1 pg/mL), FAICE RARUERS M : FEHL 10 mL oK
FRUEE W (1000 pg/mL ) F 100 mL 25 &, 0
A5 mL IR, &S] WIS 2 MBS 20k R
W (0.1 pg/mL ),

RPRECE . 43 F2HL0.00, 0.10, 1.00, 2.00,
5.00, 10.00, 20.00. 50.00 mL J&& HF 1A 2 F 100
ml 25 2 1, R A E0.00, 0.25. 0.50. 1.00,
4.00. 10.00. 20.00. 0.00 mL K br #fEE W T ik
O, SR H SRR R R B R A, 2
W (B, mf, B, #R/5K ) 0.00/0.00.,
1.00/0.25 . 10.00/0.50. 20.00/1.00. 50.00/4.00 .
100.00/10.00. 200.00/20.00. 500.00/0.00 pg/L.

14 it 500

S B K FH Excel 2019 Fi1 SPSS 20.0 ik 47
G0t 4 M. SR H A &K U7 22 43 1 ( Duncan 3%,
P<0.05) XAN[FIANEE T 402 & 125 55 0 T
5307

2 ER5HH

2.1 SyHroCE AR

R P B B 5 B IR TS T R A W R
ZEATERE TCr, PAs, 'MCd. *PHg 1 "Ph 1R R AT
X4
2.2 JEEAGH RN E R

R LA, £ AJCERTEO ~ 500 pg/L i [H
WHA B, A ITE r [HHKT 0.99985,
Hrp P IYAHIC R r 24 0.99999; AR S8
WIESESEYRE—RRE, WX 7 ksras H
FES I, THEA A R, [ DL 4 £y
AR R ER . 5 NY/T 1978—2022 A
b, 3FCRRENHARALEET, 003 e R4
AR E XA G R R IR ECR B ml. Ok
B, PR R T I AR B R 5 1k E R BRI
(0.0021 ~ 0.040 mg/kg ), FUZ IR % ## 30 min
AER A A, YR TH A 30 min A0FE T Y
e s RS (405124 0.10, 0.31 mg/kg ).
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®1 FEKHR, EEMRIBER

T A S appigs, o R Bt
( pe/l) (mg/kg ) (mg/kg )

i A 0 ~ 200 0.99988 0.0030 0.012 y=4213.7x + 3219.9
B 0.0018 0.0072
C 0.024 0.097
D 0.50

fif A 0 ~ 200 0.99989 0.052 0.21 y=1101.2x + 1108.3
B 0.010 0.040
C 0.10 0.41
D 0.50

P A 0 ~ 20 0.99986 0.0049 0.020 y=14068x - 577.5
B 0.00052 0.0021
C 0.0023 0.0093
D 0.20

it A 0 ~ 500 0.99999 0.025 0.10 y=73773x + 91890
B 0.030 0.12
C 0.033 0.13
D 1.00

% A 0 ~ 500 0.99982 0.079 0.31 y=7128.6x + 24410
B 0.13 0.51
C 0.081 0.32
D 1.00

e A IR 30 min A0FE; B OMIBIETNM 2T T C I D O NY/T 1978—2022 J5 9246 HBR 3 n=7,

2.3 BRUEREG ST

K LB A48 B AR BT (O e A ALIE £
JCR AT AT AR MED) B ( RMH-F001 ) 4. fift |
K. B B EE, IERESETRMIE T, L5
T WL AR TR R — Y0 T RN Aot 3 ik
D I A %) T ok BT ) B ¢ 55 1R B 2 i e 24 K
o ARLEXT LA 3 AT EL ) ki T T A,
T2, SIAHEARFES S (E, BIL N/ 30
min L0 FAE A, R TR T ENESEHE
I, HA g 2N 9.1%, 45 Fu% & T
HERES TR AR e . TR T EMIRTS%
(BT BR o WA TH A 22 30 T RGO TR A A R A oA
a AR, B SR, Y. B EWESHHEERZ
W, HrP R I AL B N O R IN A R S S % (R
B /N SR RO T i -1CP-MS I 2
ABH (GBWO7603) ZIEE AL, Ak
TR AR 3 25 AN [R) TR R T it R A R Y B MERA I 2 H
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PROCE Era, A UL GO T A R R A TR
HURE 1850
3FMHMRALIET , FRIETATAE ] 02 B A X
PRUENR 22359/ T 6%, AT 24755 GB 23349—
2020 H X 7R i A SRR 25 R, RRUE M
O T F A BR A A AR T IR 225 e/ (<3.2% ),
SR ARG T3 G e Ak B A v
FESCPATIE A XA 2255 & NY/T 1978—2022
SPATRE SR EE SRR ZE N ER , W TH R 30 min ZbFHF
BERN B LA SR TR A 23 AR B R R A T Y
AR AHZE 08 =5 T NY/T 1978—2022 Zsk, HiAfhZ%L
PIFFE NY/T 1978—2022 P2 . ARSI fife v
M5, WL SR A S e FRAC L, R
NG, BAERIH, Roakisde, HHE T
I%e MARUERE S ES SR UER R E , A HLIE T LI
5 TG A @A I AR, P T A A i T
ff I Re s R T oK s SO A R m A B R T
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M N TR, Al AT HLALAE A T4t e
AbEE, GHIR /i EAC SR R LLER IR /RIS AL AT EASCEREEDR, ISR

F2 3FWHARAETEVERERES (RMH-F001 ) MEEFEITIRE

ARSI, ST SR R

o b WE 15 XA O 2 AHX i 2 AHRT A2 EH
(mg/kg) (%) (%) (%) (mg/kg)
i A 5.31b 49 6.8 13.6 6.26 +0.61
B 5.87a 35 47 9.4
C 5.90a 2.9 42 8.4
fi A 25.1 5.5 73 14.7 25.50 +2.74
B 24.0 3.1 42 8.5
C 25.0 1.9 2.8 5.5
R A 8.80a 3.4 49 9.8 8.58+1.05
B 8.35b 43 5.4 10.8
C 8.49ab 32 3.6 72
[ A 55.8b 3.6 5.4 10.7 61.4+58
B 64.8a 2.8 3.4 6.8
C 63.5a 1.7 22 4.4
ki A 182h 32 3.9 7.8 203+ 18
B 203a 4.4 5.0 9.9
C 201a 1.5 2.0 3.9

e A IR 30 min A0FH; B IRIATH MR U T CORRIIE AR n=6; /NS FHEN Duncan KNS5 R, IR B3R Ab B RIA7 A ) 35 22 5
(P<0.05), T,

2.4 BRI
Xt 4 AN A [a] e A HLAE RS 58S 5 AT E il r

x3 ANMRANRERT S MTENSENEEMEITIRE

W 7 Ik, ZER W 3, kA HLAE 2R AL 4
A ST CHEFE-GHAVLE ). S2 (BIEF

b it i A i

A W AEXT AEXT W AR W AEXT
HEUK IR e o KR X o KRR OREXE R AR L AR AR o RERE AR
S WA FRifE = BRE U BRifE N L= A = BRE N
T2 A2 f2s A2 2 A% T2 A2 T2 A2

(mg/ke ) M2z (mg/ w2 (mg/ke ) M2z (mg/ w2 (mg/ w2
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

(%) kg) (%) (%) ke) (%) kg) (%)
S1 A 0.0481b 72 93 185 560 62 7.1 141 0.0110b 104 139 279 145b 2.7 38 75 355¢ 24 29 57
B 0.0707a 2.6 34 6.8 532 34 45 90 0.0127a 10.7 165 329 162a 24 34 6.8 415b 1.5 22 45
C 007052 20 27 54 554 21 26 5.1 0.0130a 60 74 148 159a 19 3.1 63 428a 08 1.1 22
S2 A 0536 11.6 175 350 230a 6.0 7.0 14.0 0.0532 125 176 352 4.11b 53 86 172 283b 140 18.1 36.1
B 0570 52 65 131 199 47 62 125 0.0536 11.3 15.5 31.0 4.35a 8.1 10.7 214 347a 29 42 84
C 0557 14 20 39 2.14b 34 50 10.0 0.0527 3.6 44 838 431la 37 50 100 335a 22 32 65
S3 A 0.107¢ 38 49 98 896 52 59 11.7 0.0326b 37 50 99 233b 41 52 103 558c 23 28 5.6
B 0.138a 2.7 37 175 8.80 22 29 58 0.0343a 4.1 64 128 264a 3.8 57 114 648b 14 22 44
C 0129 1.3 17 34 8.80 18 2.1 43 0.0347a 24 29 58 257a 22 29 59 66.4a 1.1 1.5 3.0
S4 A 0619 8.0 121 243 239a 53 6.1 123 0.109 11.1 15.7 313 7.20b 8.0 99 19.8 225b 14.6 21.0 42.1
B 0.656 36 45 9.1 2.11c 40 53 10.7 0.110 10.1 138 27.6 790a 6.2 89 17.8 27.8a 3.0 44 88
C 0645 09 13 27 225b 29 43 86 0.108 32 39 178 793a 6.8 9.0 18.0 26.8a 23 34 6.7

e on=T,

S
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JE) . S3 (ARSI AL ) . 4 (FEAL
JE )5 AL B, CARIEF 45 0 R A X AR AR 22 53501
23% ~ 14.6%. 14% ~ 113%. 0.8% ~ 6.7%; Ft,
B. CALBRE T4 RE A AR 22 R X AH 22 (AT A
GB 23349—2020. NY/T 1978—2022 HiXF A THRE 4k
IRZERER, A PR RRIAE S (2, S4) .
(S3) SHCOPATINE L5 R 2% 8 TAHSCARIEZR s 74
By, B ORIGEME, 76 P<0.05 KFTF, i
FR AR T 283 T A B TR AR BGOR = TR
LI 30 min AP AOTENE T, 78 P<0.05 /K,
TTH AL EE R TR T AR IR = TR 22
TAEBE, TR I AR A AR A5 T R N2 AR R R
IRZETE 3 PP e N, SRR TS
2.5 sl

Fi FRSCIS J5 A AT AR f BT AL 3, 3 i) 1) e A
FES I AR B 2N 3 A RIF R E 4R
RAWW, AT MR, S5 R0 FR 4, 458
W], ICP-MS 7 XHARE 1 4% 50 R 1~ F 3 IR
99.4% ~ 102.9%, WEWREE S, MbRFICESFS GB/T
27417—2017 1100 Bk

F 4 EREIYEGE

JL HERME e WERE mieR SER IR
ES (pg) (peg) (pg) (%) (%)
i 14.5 5.0 18.8 96.6 99.4
10.0 25.1 102.5
20.0 342 99.2
fif 11.7 5.0 17.9 107.3 102.9
10.0 223 102.9
20.0 31.2 98.5
K 2.22 1.0 33 103.1 100.9
2.0 4.1 97.4
3.0 53 102.1
H 435 20.0 64.5 101.6 102.3
50.0 96.2 102.9
80.0 126.5 102.5
% 52.6 20.0 74.6 102.7 101.4
50.0 101.4 98.8
80.0 136.2 102.7

3 &g

ABISE HEEE 1 LA DA AT UIE HE <5 e G 00 iy ik
BT, SRR T - B S A B T A
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T RV T i — PR BRI 46 B8 TR I 1 2
ATFMEAVIEHRE, ., R, 8. Brea, 2
DRSS AE, KRR O AR AR L Sl
DA S, BERAUESE, KRR, Maas
FOE MEAE, A HLIEAR AR & b 45 oo R A5 SR A
SR MER 22 N 1.5% ~ 3.2%, 45 FImEsEA%; 44
ANFIZEBIATHUAE 7 YOFATRE IR 45 SR A X A 1 T
#Z 0 0.8% ~ 6.8%, HXMRZEN1.1% ~ 9.0%, H
XAHZE R 2.2% ~ 18.0%, ~“V-A7HE i (19 AH X i 22 11
AH % AH 22 ¥ 45 4 GB 23349—2020 2 NY/T 1978—
2022 MO PATRE S A SRR 22 MR T T R A
A 1CP-MS ¥ ] A 5 2 HLAE b 35 & K F 0.097
mg/kg 4G, 0.41 mg/kg BYAF . 0.0093 mgkg 7K
0.13 mg/kg HIHSFN 0.32 me/kg IR, %70 E &
PGS T AT HLACKRHE P OCT Lk 5 s R 2RI
{0, B A WA LR AR 7 | i 1
HESENSEEE, HAYUICER R
BEH RO, RIS hA HLIER R . . SR, A
BAETTR NG — RS2

SE k-
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Determination of cadmium, arsenic, mercury, lead and chromium in organic fertilizer by microwave digestion
combined with inductively coupled plasma mass spectrometry

GUAN Di, CHEN Shan, TIAN Fa-xiang, JI Xiong-hui, LONG Shi-ping, WU Jia-mei ( Hunan Academy of Agriculture
Sciences/ Ministry of Agriculture Key Laboratory of Agriculture Environment in Middle Reach Plain of Yangtze River/ Key
Lab of Prevention, Control and Remediation of Soil Heavy Metal Pollution in Hunan Province, Changsha Hunan 410125 )
Abstract: Inductively couple plasma mass spectrometry ( ICP-MS ) was used to compare the extraction effects of wet
digestion for 30 min, wet digestion to near-dry and microwave digestion on cadmium, arsenic, mercury, lead and chromium
from organic fertilizers, and a method for the determination of multiple heavy metal elements from organic fertilizers for the
unified measurement by ICP-MS was established. The results indicated that after the wet digestion to near-dry digestion and
microwave digestion, the method quantification and standard value deviation of five heavy metals content in standard material
for multielement composition analysis of organic fertilizer ( RMH-FO01 ) from standard value were less than 6.3% and 5.7%,
respectively, and the estimated values were in line with the standard value range. The stability of data under the treatment of
microwave digestion with nitric acid-hydrogen peroxide system was the best, the relative standard deviation was 0.8%—6.8%,
the relative deviation was 1.1%-9.0%, relative difference values was 2.2%-18.0% and the standard addition recoveries
was 99.4%-102.9%. The microwave digestion combined with ICP-MS could be used as a conventional method for the unified
measurement of five heavy metals in organic manure.

Key words: wet digestion; microwave digestion; heavy metal; organic fertilizer; unified detection
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