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Abstract Thallium is a highly toxic trace element, with strong enrichment ability,and has been listed as a
mandatory test item of fertilizer. In this study, three representative fertilizer samples of water-soluble

fertilizer,compound fertilizer and organic fertilizer were selected to comparing the pretreatment method of
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microwave digestion and electric heating plate digestion. The main interference sources of the inductively
coupled plasma atomic emission spectrum (ICP-AES) method and the inductively coupled plasma mass
spectrometry (ICP-MS) method were analyzed. The determination method of thallium content was
discussed by establishing standard working curve, detection limit, precision and recovery in fertilizer
products. The results showed that microwave digestion method and electric heating plate digestion method
had different advantages and could be selected flexibly according to the actual situation of samples. The
main interference of ICP-AES method was spectral interference. It needed to remove Mn elements during
pre-treatment. The main interference of ICP-MS method was matrix effect. It could be corrected by using
internal standard. The detection limit of the ICP-MS method was lower than the ICP-AES method. The
microwave digestion-ICP-AES method couldn’t remove the spectral interference of the Mn element in the
digestion solution, so it was not suitable to determine the thallium content. There was no significant
difference among microwave digestion-ICP-MS method, electric heating plate digestion-ICP-AES method
and electric heating plate digestion-ICP-MS method. The standard fertilizer quality control samples were
within the specified value range, and the recovery rates were 86.0%—110%. The pretreatment and
determination methods can be selected according to the quantity,composition and property of samples.

Keywords ICP-AES;ICP-MS;fertilizer;thallium;microwave digestion;electric heating plate digestion
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B EE, ST EBE AWML R 5 RHEL
RG0

RO} R A 7 1t A v i S A 2 i o B A ) R A
A EREEEFEE A S % e EERAR
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TR REA (3 E PE A ®)D . MARS 4 H 3l il I H
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A 28 i 38 A RS 7)) W XSR AL T K OF U 0. 1 mg
MR FE R 2 28 F)D
1.3 KHEHER

THCIE T il 3 ME B AR AL IE AR 1 g R B &2
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s A R . B R E B R T A R A T
P A b B R Y AR S TE 10 min Y T 3
190 °C,3-HE 190 CA% 4 20 min, B 5 BUH , 2218
FTTF T A 8 HE S T K oh e o8 25 8 T A R i e
TR 110 °C R R 4 b R . 157 T R WOk 4 &2
WAL 1 mL B BUE 3] 25 mL 5T,
R 28 7KV R T A R R VR R R AR B A O
SUTHRRIR I E R EZI L RS R,

FL AU T 1T 9 i 325 BRI 2.5 g RS R 0. 001 )
FEME] 100 mL BEARH L A 20 mL E K, T #4dk
AR RS2 10 mL B B2 B 50 mL
KEMP., BH 20 mL = 50 mL AT A
3 mL FALER-HIR I RR W B AT A 5 mL
FEFTIHHF I, IR AP 2 min, HESZ. W LEZE
W T /N SO FEH 3 R R A LA IR

T/NGEM WK ZE T A 5 mL iR . 75 HL 4
M B Rz ZERBUNT 1 mL A E S B
F 10 mL RIS SR .
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50,100,300,500 pg/L ¥ K- 1R & br R 51,
23 b E AR 2 7 R AR B R 250 T L E =
VSV A SV VR B FE S N E 3 K BOEAT
REEAE I W NS SO ESRIEE AT S
14,2 HUBGHE G 558 IR g ik

HL R & 55 B AR B ) AR T AR 1 100 W
FEEFARWE 15 L/min A& 0. 98 L/min. %
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Table 1 Digestion status of the fertilizers treated with different pretreatment methods
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Rk R A Ak T AT = U AU A R A
HIGTE B R . DR I A 592 B A A 0 i 7 v el
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Table 2 Results of the different pretreatment methods

PR i PR AR I I Sk

W 7 77 12 O ELAE b e 18 / 2 18 /
(mg * kg™ 1) (mg * kg™ 1)

K% IE RMKO010 1.73 1. 67
ICP-AES ZIRNE R S2 0.98 0. 36
LR KL S4 2. 40 0.91
JK R RMKO10 1.81 1.70
ICP-MS SIRMAL S2 0. 44 0.41
A HLAL R S4 0. 88 0.93

2.2 ICP-MS ZFMEREMSETEN T
2.2. 1 FEARRON B TR 5 BR

H B B 45 B IR T (TCP-MS) 35 i T 4 —
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AN BRI PE F2 R F TR R EE S Y SRR RN
AR S G v G B AR A B RO HEAT T PEAR B S e R
FERE H R AEAE 4R (In) L%k (B TG 2 o DA [] ¥R B Jin
N5 Vo 1) T T VS AR R 2 A B I e Ak B T A ML
BRI LW T 24 AV S, Hop 1-10 5
21-24 %R F In Bi JTOR M RERRVE I A 0B L I
11-20 SAE A 2 UL W T AL B In Bl JTE MY
A LR B o8 R 2 ICP-MS il % . i 5
SRR L AR 1 s O T TR X E, B
B EEARE S IS BB AT L 1 SRE S A5 5 0m B R AT
100 % )3 —fLAb 3 ,

H1 & 1 A AT, In B 9 o0 2 78 3k R A B
5 (5 5 3 i L In (4 5 560 5 448 5 A 88 240 o0 160060 ~

200% .Bi 2k 130% ~160% , [ L. o] DL b, 78
AL L 45 70 R A6 NERE B T 25 140 5 W] B A 3
Sk W ) B AR KON L 7 B R AR I AT A IE .
P 20 BE 5 0 REFE S R FE TR YO0 R AR S 1R
X Se " Ge ' In Y Bi U A T F AR A N bR 2E AT 0
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Figure 1 Signal intensity of In and Bi in dilute

nitric acid and fertilizer matrix.
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REBHRE S 2H B 22 A B 52 2% o DL I A ) 7
2 AL RR G Bk VH BE VER VER VR AR T
W10 pg/L BAE A B EX R AEHPINA —E &
f) Ca, Fe, Mg, Al, Pb, Mn, Cu, Ni, Co, V, Sh, As,
Hg.Cd.Cr.Zn JT % , % 845 5 B 1Y 224k, 3k 3
JR7R o

H1 3% 3 WAL, DL I 15 Ay oo F X ICP-MS ¥
I ARk e T 2R T I s
2.3 ICP-AES EZMEREMETENFH AW

K LR A B R R T R SOk (ICP-
AES) LM E kB et R, TR EZok A TS T
. oL RILA 3 KL, /55 190.8,276.7,
351.9 nm,3 &5k 190. 8 nm WG T30 & B i
IR B R B 190. 8 nm R4 HT 5 4R .

PP ICP-MS dE MR A7t K . 7E 1.0 pg/L
fedfin A Al Fe,Cu,Ni,Co,V.,Sb,As,Hg.Cd.Cr,
Zn.Mo 4% 500 pg/L,Ca.Mg.Mn JGZE4$ 5 000 pg/L,
F 4% ICP-AES 1l i 26 2 1 (10 6 1% o 2 A2 1, & IR
Mn 23 B 5 $2 FH48 19 0635 58 L Bk Mn 2 4b, Hofih oo
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B0 G 1 o B 10 S ] DL AN TE. T
Mn JEE M M E B RN B HEAE 1.0 pg/L 1Y

A 0.5.10.15.20.25 mg/L 4 Mn,id 5 H%
PR AN R LA 2,

®3 HBEBAEETREFRHGELENTRRENW
Table 3 Interference effects of coexisting elements by ICP-MS

s FHICHE  MAE/(ug s LD FEIEM/ (pg+ LD P THITR AR/ (g LY AEIEMHE/ (g LY

1 Ca 5 000 1.01 8 Co 500 101
2 Fe 500 1.03 9 v 500 0. 96
3 Mg 5 000 0. 98 10 Sb 500 0.97
4 Al 500 0. 99 11 As 500 1.04
5 Ph 500 1.05 12 Hg 500 1.03
6 Mn 5 000 1.03 13 cd 500 0. 99
7 Cu 500 1.05 14 Cr 500 1.02
8 Ni 500 1.01 15 Zn 500 1.08
H P& 2 AT Min 1 55 8K, 4 1 O 3 5 R At

FK 6 F ICP-AES 32 9 22 4% 19 1 8 e i o, il
%ﬁﬁ?ﬁﬁ&iﬁn%ﬁwﬁmD?ﬁﬁwﬂw@):é@ﬁ?ﬁﬁlﬂ*ﬂr

i S2 HAMUILEHEE & S4 tf Mn & 6 & B, HL R
*}iﬁﬂtmﬁﬁ’q’: T 20 WAL - R L S T P R G AR L
J5 S ZEBOR T Mn E 5 CART 1 pg/ml, 1 508 9 i
AL A T B Mn B4 51 0. 07 %o 0. 16 %,
XA BT R e R R R e T ICP-
AES 00 7€ 4 70 2 I, 78 A Ak 31 75 2 i mT LR HT
Al B~ FH R S T T R R AT S AR I, — T T
AT DA 5 B SR A R A, o — O T IT DA RO R &
Mn 1948 » DA T R4 46 00 445 SR 1) HEAf 2
2.4 FRAETIE#Z

Y n R AnE T/E R 511 A ICP-AES il ICP-MS
{0, Ho ICP-AES (e AR R E 2 (pg/L)F
BEICR MOS8 A v, W TAE 4, 15 5) 0~
500 pe/L b TAEMZRLE r AR y=1.9922+
3. 8 R MEAHC R K 0. 999 85 1ICP-MS it 5% A [F] i
W c(pg/ID T BEIT R MNR TR A5 U E
fl N AR B IE 45 B 0~200. 0 pg/L ¥l Bl N R
WETAER &Lt i f=2.11X10 *c—0.0274,
LRVERE S BB 0,999 4, 5 Bh 7 vk E B AR AE T
Vi 28 A0 56 2B KT 0. 999, #1512 5 A Y
2.5 kK HERA LS

EFRFEMNRESEFET . EENES A 11
U TR bR ME DR 22 5 DL 3 A A v 25 VR S B6 T 3 1946
R, ICP-AES 36 19 J7 ik k th BR 5 0. 02 mg/L;
ICP-MS ¥ J7 3 K 3 BR Ry 0. 03 pg/L, P9 AH L
8, ICP-MS 35 1 K6 Hh BR AR
2.6 FEBEENLL

F T T f - 1ICP- AES 32530

FE L Mn LR
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250 /
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Figure 2 Effects of the interfering Mn element

concentration on the spectral intensity.

) 48 B B AE 6 ™ A OGS TP X A I 4 SR 1 AR
BRI 25, PR R 3 S T X 2R I R & B Y
W 5E . ASEES R T HA = 07 B E T R Y
A REPPORE 6 4 AT AR R 25 2R 3k 4
[JiANe

I 4 )R, 6 A TEARHAE it SR FH BCIBE I A wis Ak 28
3, ICP-MS i 2 » B o J53 45 B iy RMKO10 ()57 ¥ {E
4 1. 81 mg/ kg, 5445 2 {H (1. 78+0. 18) mg/kg 1Y
SR AR SRR AE IR 22 (RSDyn="6)7E 2. 4% ~8. 6% ; 5%
JH HR PG i T T i AL B 7 20, TICP-AES 35l 5E .
s o R i RMKO10 (5346 4 1. 67 mg/kg, £
HAEEH (1. 78 0. 18) mg/kg MY B3R o AH X 4 1 fh
2 (RSD.n=6)7E 4. 8% ~10. 4% 5 5 JFF H AR i 11 74
fEFTAERE Ty X ICP-MS 00 2 , A v B 5 4 i RMKO10
PPESAME A 170 mg/ ke A5G 82 (E (1. 7840. 18) mg/kg
FO SR A X R D 22 (RSD, n=6) 7E 5. 3% ~8. 9%,
H 3 B 780 5 ) — o v g 5 1 1 45 R34 K R
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fift-1ICP-MS 3 i a1 it 2 86. 026 ~ 108 %0 5 HL #A 4R
WL 1Y fif-ICP-AES 35 (1 [l % 86,026 ~94. 0%
HL PR B 1T 9 A -TCP-MS 35 1 [ i 3 0y 94. 096 ~
110 %, = Fp 75 35 1 ISR I 75 & 0K

x4 EBRERPESENNESE

Table 4 Methods for determination of thallium content in fertilizer samples

A 5 0 £ T K M AR R L A2 TR IERE A AT HLAE
Hhsk = AR FRAE Y N7 i XoF G0 T A 3k R L AR
I 190 A W R AL B O B R AT T X, & B
P A R AR B i AR 4 B sh Ak, BT A ST B R R
b B 5 503 A T K U AT R AN R 43 45 b R B A 1k
2O 5 T H AR 1T T A T 3R 4 ) R L AT LA
FH T 143 AR 52 2% (%) 2 TR REURE AN ML AE ) B4 i Ak 2L
PERR BN G A B TR R T R 58 (ICP-AES) %
I EEL SRR 4 25 B TR B (TICP-MS) 32 Xk 714 Mt ¥4 v 4
SEEAT T E M AT, L ER T ICP-AES ik il

Iy ik R i 5 WEfH/ (mg « kg™ 1) P/ (mg « kg™ ') RSD/%
RMKO010 1.78 1. 82 1. 81 1.74 1.87 1. 81 1.81 2.4
S 0. 29 0. 24 0. 26 0. 31 0.27 0. 28 0.27 8.6
B R-ICP-MS S2 0.41 0. 47 0. 46 0. 42 0. 45 0. 44 0. 44 5.3
S3 0.77 0. 74 0. 74 0.73 0. 81 0.79 0.76 4.3
sS4 0. 85 0.91 0.87 0. 81 0.93 0.93 0.88 5.5
S5 0.33 0. 35 0.37 0. 32 0. 36 0. 39 0. 35 7.3
RMK010 1.58 1.70 1.59 1.75 1.77 1. 64 1. 67 4.8
S1 0. 25 0. 24 0. 26 0. 31 0. 24 0. 28 0. 26 10. 4
& Hi B i - ICP-AES S2 0.33 0.41 0. 36 0.38 0.38 0.32 0. 36 9.3
S3 0.67 0.75 0. 64 0.73 0.71 0.75 0.71 6.3
S4 0. 89 1.05 0. 81 0.95 0.97 0. 81 0.91 10. 4
S5 0. 40 0. 37 0. 42 0. 34 0. 38 0.36 0. 38 7.6
RMKO010 1. 68 1.76 1.77 1. 60 1.59 1. 80 1.70 5.3
S 0. 26 0. 24 0. 26 0. 23 0. 28 0. 29 0. 26 8.8
S2 0.43 0. 37 0. 40 0.38 0.47 0.42 0.41 8.9
R AR B T - ICP-MS i °
S3 0. 69 0. 65 0. 74 0.72 0.75 0.75 0.72 5. 6
S4 0. 99 0. 90 0.87 0. 86 0.97 0. 99 0.93 6.5
S5 0. 40 0. 35 0. 40 0. 44 0. 38 0.41 0. 40 7.6
£S5 =FFHERMERE K ZE
Table 5 Recoveries of three methods
. BOCHE A/ (mg - kg 1) o
s P A i fH b b 5 90 P
L gﬁ;iﬁ? o 0.5 i .0
ICP-MS
ALK S5 0.35 0. 89 108
L B 0 7}:11[@%*}81 0. 26 0.71 90. 0
ICP-AES IR ARk S3 0.71 0.5 1. 14 86.0
HHLEE S5 0.38 0. 85 94. 0
wnwwenn AUERST T g
ICP-MS
A HLAE KL S5 0. 40 0.87 94. 0
3 & ICP-MS ¥ 09 T HL R U8 5 ik K 4 BR A % B2 L i A

Ml R gk B 48 L g R ICP-AES kT4 £ %k
B TG540 Mn & 5 80 0 T 88 1 B9 E
SR LR K s i ICP-MS sk T3 £ 2ok A FIRR
B I AR ON  — 28 B 43 5 4% 1 AT AR L 23 X A
DAE 5 47 B S B8 0 AR, W 20 130040 ~
200 % , R BN A AR HEAT RS IE o F T I IO
fi#-1ICP-AES ¥k TG4 I bR I M v () Min 40, IR
ANIE A T IE R S e R W . T BRI T
ICP-MS., Hy A il 11 7F fi#-1CP-AES Fi 1, #4 A b
T fR-1ICP-MS = F Jy 1% (09 45 %5 B2 L I A7 (81 0 52 T W
25 5 T T AR A R A . SRR E AT L
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