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Selection A Water Bath-Based Digestion System Combined with Cold Vapor Atomic
Fluorescence Spectrometry to Determine Total Mercury in Plants
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Abstract; Choosing a simple, fast and reliable wet digestion method is the key to determine the total mercury in plants. In
this study, GSB-11 (citrus leaf) and NIST-1515 (apple leaf) were used as standard materials, and the recovery rates of
their total mercury were compared with five water-bath acid digestion methods with and without the BrCl, NH,OH - HCl
treatment. The results showed that the optimization procedure is as follows, the plant samples were digested with inverse
aqua regia ( HC1:HNO, volume ratio 1:3) in a 95 °C water bath for 3 h, and no BrCl and NH,OH - HCIl were added after
the digestion. The advantages of this method are as follows: 1. It can digest a large number of samples, e. g. 100 samples
at a time. 2. The operation process is simple and quick, without adding BrCl, NH,OH - HCl, and standing digestion so-
lution. 3. The measurement results are accurate, with the total mercury recovery rates being from 99. 6% to 101. 5%, and
the mercury recovery rate for the mercury-spiked standard substance being 98. 1%. In summary, the inverse aqua regia
water bath digestion is an efficient, simple, accurate and reliable method for the determination of total plant mercury,
which meets the analysis requirements of low mercury content plant samples.
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TR ) A BREA 1) £ W A2 2ok T 55 e N RRE i R ( 2=
FME,2019) , WL AEY) R B AR S RGP ORIER
AR I T B AR & AR (R4, 2006) . PRI
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GSB-11) 3 [F [E 2 br 1 5 2 AR B 5% B 19 372 2R 1A
HERE S (NISTSRMIS15) |, 8RS % (EH 435 0 (0. 15+
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AL, FEREPE 1 h S, A T KA Y
(QNH,OH-HCl ¥4 (250 g/L) : FRHEL 25 ¢ NH,OH -
HCI(AR) HI =R £ 8 F KB iR 5 45 % 100 mL;
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XFH (3 1), 435k HNO, (#1) \HNO, #i1 H,S0,
REW (#2,KF L 4 1) A RMAF LAY HCL F1
HNO, IR G (#3~#5) . F5 0 i 7 26 PR AR Y bn
HERE AT 10 ASPATHE, b 5 00 FATRELE AR TH
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Table 1 Acid systems for wet digestion of plants

#1 HNO;(AR) 5
#2 HNO,( AR) +H,S0,( GR) (ATt 4:1) 5
#3 HCI(AR) +HNO,( AR) (/KR 3:1) 5
#4 HCI(AR) +HNO,( AR) (KR 1:1) 5
#5 HCI(AR) +HNO,( AR) (AL 1.3) 5

1.3.2 #&ot FERESTTRENT . O,
10%HNO; W ; QiR S, 3% (m/ V) SnCl, W ;
QIR F2E A MO TSR TAES %, 3807 X
SR THT AR SRR E] R 19 s, JER BN 3 s, U E R
300 V, G E N 400 mL/min, 4T B A 30
mA, R AN 1000 mL/min, JR T8 & E N
10 mm; @FRifE M2, ARPEAE T EOR & I E 0.0,
0.1.0.3.0.6.1.0.1.5.3.0 ng/mL # J& 5K 5 1 I
T, 5 I £k BT U5 7 B2 R .y = 5473. 7x - 36. 545,
R*=0. 9997 (& LY NEES IR B Ry ng/mL,x
KPR ) ; @5 R R EE A A E . RAEHAKE
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NH,OH - HCl IR & A ik, X AT BB BrCl I
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Table 2 Determination results of total mercury content in plant standard samples

- N BrCl, M 5E B/ (mg/kg) Y H AT i B i
s TH AR . — — — — —
NH,OH - HCl 471 A7 2 473 A7 4 V47 5 #/(mg/kg) W2/ %
#1 + 0.16 0.17 0.11 0. 10 0.11 0. 13+0. 031 87.2+20. 8
#1 - 0. 09 0.07 0. 06 0.04 0. 06 0. 06+0. 015 41.6£10.2
9} + 0.12 0.12 0.12 0.12 0.11 0. 12+0. 003 79.2+2. 1
# - 0.08 0. 06 0. 09 0. 06 0. 08 0.07+0. 011 49.3+7.2
#3 + 0.13 0. 15 0.15 0.14 0.15 0. 14+0. 005 95.8+3.2
GBIl #3 - 0.14 — 0.12 0.13 0.12 0. 13+0. 008 87.0+5.3
#4 + 0. 09 0.11 0.12 0.12 0.09 0.11+0.013 70.5+8.7
#4 - 0.14 0.13 0. 14 0.17 0.12 0. 14+0. 016 94.5+10.5
#5 + 0.12 0.12 0.12 0.13 0.13 0. 12+0. 006 83.0+4.0
#5 - 0. 14 0.13 0.18 0.15 — 0.15+0.018 99. 6+12.3
#1 + 0. 0256 0. 0279 — 0.0512 0.0470  0.0379+0.011 87.7+26.2
#1 - 0. 0305 0. 0094 0. 0200 0.0127 0.0071  0.0160+0. 008 36.9+19. 6
#® + — 0. 0388 0. 0397 0. 0298 0.0349  0.0358+0. 004 82.9+9.1
#2 - — 0. 0375 0.0158 0. 0208 0.0201  0.0235+0. 008 54.5+19. 1
NISTI515 #3 + 0. 0449 0. 0358 0. 0392 0. 0446 — 0. 0411+0. 004 95.2+8. 8
#3 - 0. 0433 — 0. 0474 0. 0449 0.0494  0.0463+0. 002 107. 1£5. 4
#4 + 0.0196 0.0223 0. 0202 0.0182 0.0198  0.0200+0. 001 46.3+3.0
#4 - 0. 0325 0.0318 0. 0261 0.0334 0.0319  0.0312:0. 003 72.1£6.0
#5 + 0. 0236 0.0243 0. 0552 0. 0354 0.0210  0.0319+0. 013 73.8+29.2
#5 - — 0. 0504 0. 0396 0. 0359 0.0495  0.0439+0. 006 101.5+14.5
L+ FRARFETEMI PN BrCl NH, OH - HCL, “ =" F/RE MM A BrCLNH,O0H - HCl, FFl;“—" R S HH,
=3 FREBERNAFNZAERKREE
Table 3 Total mercury content of reagent blanks in different digestion systems
TH A 2 BrCl NH,OH - HCI R/ (me/kg) HH 1% diH 2/%
HNO;(AR) + 0. 05 27.2 56. 4
HNO;(AR) - 0.01 16.9 44.3
HNO;(AR) +H,S0,(GR) (&L 4:1) + 0.03 17.8 41.7
HNO;( AR) +H,S0,( GR) (AR 4:1) - 0.02 18.4 41.4
HNO,;( AR) +H,S0,( AR) ({&FLLL 4:1) + 0.13 — —
HNO;(AR) +H,S0,(AR) (ML 4:1) - 0. 06 — —
HCI( AR) +HNO;( AR) (/KFHEE 3:1) + 0.15 51.1 78.5
HCI(AR) +HNO,(AR) (I 3:1) - 0.13 49. 4 73. 4
HCI( T 2821, 3840) +HNO, (AAFHEE 3:1) - 0. 04 — —
HCI( AR) +HNO;( AR) (/KFHEE 1:1) + 0.13 55.4 86. 8
HCI(AR) +HNO,( AR) (/KRR 1:1) - 0.13 48.3 81.0
HCI(AR) +HNO,;(AR) (1L 1:3) + 0.09 42.2 74.0
HCI(AR) +HNO,( AR) ({&FILL 1:3) - 0. 07 32.2 61.8

W e 1 BRI A A3 1 5 B GSB-11 FRAE BRI 2 (8 (CRINBRIRH

ZA) B HAE, & 2 BRI A P15 B NIST-1515 Ak B R 2

MU CRATBRIATNZS 1) (9 P, — S A0 55 O30 19 3 O R 5 B
AR, R HNO, WL SN, 23874 HNO,  95.5% ~108. 7% 91. 8% ~ 100. 3% (3 4) , F4mbx

AT LA A RE 5 5 TSR HCL 98 A il i,
I 8 0 LLREAR R O 75 5% 5 SR AT H,S0, T A fh
I g ORI R S F B, A et 1,80,
2.3 i EROKEIE R R R IR E WK 5

I >R JH 36 3 7K K 3 8 % )5 9 GSB-11, NIST-
1515 Fte s AN [R1 W BE A6 B2 (4 HgCl, BRif, 531
WSEBLE 5 AT, 1 BRAE S 20 A 20 BRI 7 b )=

B

L A EL

RE 18 3] GSB-11 NIST-1515 [[] it % Fy

[l 3% ok 98. 1%, & BH 33 1 7K 7K 1 1 it 1% 1
BEW
3 Wik

LA B T il B T R 2R IR R IR
O PRE R T R RCR DL EORYE R RIS, A
WEFEH 5 FlAS [F] 7K U AR R i fidf 125 0 AR i
JE A A BrCl,NH,OH - HCl &b Bf g A | (0] i R 45



WYE A B A 2022,41(1)

R4 ERAEYRBIRINER B 2
Table 4 Recovery rate of spiked mercury in

standard materials

p— PR T E W E{E S
/(mg/kg)  /(mg/kg)  /(mg/kg)
0.15 0.1 0.25 95.5
GSB-11 0.15 0.2 0.34 9.8
0.15 0.3 0.48 108. 7
0. 0432 0.1 0. 1350 91.8
NIST-1515 0. 0432 0.2 0. 2340 95. 4
0. 0432 0.3 0. 3440 100. 3

I ARFERHE R 2 B E B, HNO, |
HNO,-H,S0, ¥ W fift J5 A A BrCl,NH,O0H - HCI
b B DGR B A KT 55% , T SO R AR, IRt
WK HNO, 75 HNO,-H,SO0, 1M f@ A Prke i,
THA IS UM BrCl F8 43 A IR & FORIE RS,
FEIA NH,OH - HCI ZBRFIA M BrCl, A REIR 1G4
SR RIS AT 5, SR FH K 8 K T A
WOREAL, T T A BrCl NH,OH - HCI, X iy 8 it
B K 3K B AR SR 0 AR e ), (H
TR I AR AR 25 R B AR e, i 2 IR
R AR SR S ma AR, DR AR A S HE 7R
3T K ARV T A =8 R -2 66 i 1 I A R
Tk, SRR IR O A A L (E
Thit, 20165 B F RS 2020) , H HOHR 4 5 SR FH =
FAMRVE 45, 25 A B 5 F R, — T[] B 3
Ff TLA A 5 B8 T i — R P (SR T U A 18 A4
FE & A 5% R FH B 045 KV 8 i 1) O 2, vl [
A2 100 ABE A, BES B R 1 fif A 5 i B
i, 1% 5B SE (2006) HNO, 7K ¥ 1 it -5 J5L 1
NG 1 I 22 R4 B 5K Jr T M L B T B, T
BT A BT VR AC BrCl A1 NH,OH - HCL IR M o
AL & A KR BrCl W T R RICE 24 h JR s
/b NH,OH - HCl 2Bl 245 i RS540 ; R e
TR T SR S A A T R
TCFFEC AN BrCl NH,OH - HCI ¥ 9% LA b #5051
FEW, TR 29 26 h, BEAM, NSEBRER i BRI 2
W 5 bRk SR E | TR R & |8 w1
GSB-11 (0. 15 mg/kg) , i J& oKk % & BAK Y NIST-
1515(0. 0432 mg/kg) , AHIFFEHEFE 7 1200 5 AE )
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R PIBCR AR 90% LA b, 5 8R4 55 (2006 ) il 58 45
SR U R R ET, AT R A OR S
YRR BT EER

4 Hib

W E KK T A =12 SR o A AR S R
A T A RE A, — U R 2 100 A5 TR A 7 (8 P gl
W/ T RBCER AN BrCl NH,OH - HC1 DL K B 1 f#
VA A R I 2 R, R R R 99. 6% ~
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