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Abstract: To establish a rapid method for determination of mercury in grain, Rhodamine type B fluorescent probe was
synthesized and used as the carrier and chromogenic group of the probe system. The original fluorescent probe system was
made into a visible light probe system, where this principle was used in conjunction with extraction assisted by effervescent
tablets to establish a rapid method for the detection of elemental mercury (Hg) in grain. The initial speed of the blast
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reaction was controlled via the use of the bubble tablet blast method and the loss of Hg could be reduced in the course of the

initial blast. After combining with different concentrations of Hg, the probe system make the originally colorless probe

system turn into a rosy red color. The color developing probe system was in the range of 0.5~20 ng/g of Hg content in the

sample at 550 nm, and the shade of color was proportional to the Hg content, whose range in the samples could also be

assessed using a colorimetric card with naked eye. In the present study, the recoveries were 90.98%~102.46%, the precision
RSD was 2.76%~4.76% and the detection limit was 1.0 ng/g. The rapid detection method has the advantages of high
efficiency, accuracy, high sensitivity, specificity and wide applicability. Taken together, it is suitable for bulk screening and

detection of elemental mercury in grains, wheat and other grains and their food products. Also, the method and principle

might provide novel insights for the field of visualization probe rapid detection.
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Fig.1 Schematic diagram of the sample pre-treatment device
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Fig.2 Schematic diagram of the sample pre-treatment device
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Table 1 Results of testing mercury content in rice flour samples, residual samples and solutions
BeRL FESKIEER SRR AIEE R SURRMATRCR SRR AR PIERAIEE R AR S ARG IS R R
T (ng/g) (ng/g) (%) (ng/mL) (ng/mL) (%)
K15 1.29 0.104 92.94 0.00(FAGH) 1.18 99.49
K25 3.33 0.152 95.44 0.00(FAGH) 3.15 99.12
K35 9.84 0.225 97.71 0.00(FAH) 9.39 97.66
22 ORMBYRES, BSOR, BT OR & AN A
Table 2 Results of testing mercury content in rice flour samples, receiving liquid and ionic liquid
e BESRNEE R BEPRARRUG SRR AR BREE  REE RS mLEOR R BRI R SR R
(ng/g) RS SR (ng/mL ) (%) fYEE B B (ng) (ng) (%)
K15 1.29 0.064 4.96 5.90 5.71 96.78
KM 3.33 0.074 222 15.75 15.26 96.89
A W3 9.84 0.077 0.78 46.95 4591 97.78

BT WARXT Hg W B B P, B RE 1R . 254G
2.2 F 2.3 i S gG 45 AT A, BE SR Y He R4 5
RS FR AP RAR L, BAAFEFE R = 90%,, X i
R T ARSI K4 pl iR P AR e M
24 EHRE. BEEWIE

FHAS TN ICP-MS J7 343 5 b BRI = HE
YR P KRR o LA [BDISCR PR 7 ik e P, LA
RSD {HPEM 7 baErE. Mg Ranse 3 i,

R3O OITIEMMER R BORS R E

Table 3 The accuracy and precision of the method

=N -y

b ?fizfg Q\nﬁfé MR RSD IAC:; 'XS [l RSD

i 2‘“ NER ) (o) BIUER o) ()

ng/g) (ng/g) (ng/g)

124 101.64 106 86.89
125 102.46 1.09  89.34

KENT 122020 (1] g0l 476 (s gne 289
115 9426 111 90.98
123 100.82 1.08  88.52
335 9824 329 98.80
326 95.60 331 99.40

ks s 25 25 2 AT
344 100.88 316 94.89
322 9443 311 93.39
1025  101.38 928  91.79
987  97.63 974  96.34

T I
978 96.74 953  94.26
9.56  94.56 942 93.18

FH 2 3 B A, % 7 PR AR R Y [BLRCR A
90.98%~102.46%, ¥ % B RSD TE 2.76%~4.76%, H:
AR BEARE & HH TR RN LR 22K, F3Es R 2
BER, B2 PEAS B e van e B2 ARE O, {HL [RIASE V0 SR ARE S AR
M sk, SCRik [14] TP RVTHIRET e e e T
WRAE S i Hg R [EDBCRAE 82.87%~122.25% Z [H],
FAXTARHEIR2Z (RSD) /T 13.3%. AR S5HAA L
mlfcRFNgS RS e . AT, ICP-MS

J7 12 FIRCGRTE 86.89%~100.30%, 5 25 5 fy 2.80%~
2.89%, ICP-MS J5 1k PSRRI, (AR R IR R R
Ut IR R T AR AR S AR B R R R ZE I HAGEE
12, 235 Heg #UR, T LA RDSCRARAL
2.5 FAKUERIEIE

FZRR 1.2.9 25 BR[FI BRI 20 53 BH - T 8 A
K ZE AN 4 FiR .

R4 TR H R
Table 4 The detection limit of the method

2003 FAYE A AE A OB

0.0021 0.0018 0.0027 0.0022 0.0019
0.0014 0.0015 0.0012 0.0021 0.0016
0.0024 0.0023 0.0014 0.0019 0.0021
0.0020 0.0025 0.0019 0.0017 0.0013
Bt 22 (s ) 0.00049
S 0.00245
FARAG e B RIS (ng/mL) 0.44

22 4 0T 50, 53] 20 AW OSCIEFRMEMZE S N
0.00049, IZEE R, L 5 5 RS 0.00245 A7k
R, WG EE Y A ZR Ay R A FI R I 25 R A
0.44 ng/mL, IZ 45 RIS AR LI RATECH 1, A
JTEEA IR BEIS(E N 0.5 ng/g. FF BRI R & Fi T
TIBRBEATIRAE, S6IESS RN 5 R,

5 KRB USSR

Table 5 Detection limit verification result

FERT S IR (ng/g) KI5 (ng/g)  EICR (%) RSD(%)
0.33 66.00

1S AR i 0.5 0.61 122.00 32.05
0.41 82.00
0.95 95.00

25 AR 1.0 0.90 90.00 7.36
1.04 104.00

22 5 AT AL, AR ROIbR A 0.5 ng/g A,
0 &% 5 8] i % ok 66.00%~122.00%, RSD 1B A
32.05%, NFFERM 7 ik 2isk . MRS S He &2
M 0.5 ng/g I}, %073 G HERMIEF T RE AR, BT LA
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ARITIEACK IS LR BR 0.5 ng/g. MEAMERE
f IR EA 1.0 ng/g B, R4 5 ELICE A 90.00%~
104.00%, RSD 1} 7.36%, it & 77 12 VR A B8 FIOkS
BEHELR . ITLAZOT R BRRRE S 1.0 ng/g. SCRK [11]
HA ) 2R e DR Hg PR A AAs: H R
2R 3 ng/mL, A7) FH R AR S O CIRET RO,
R A RAC L O IR TP N ES . SCRk [14]
e Hg B9 HHBR A 8.33%107° mol/L, B 16 ng/mL,
H FA Tl H D BB B IR AU A 2dAs, il R A3
BERESE =5, T A R 0 et e A PR R B A
2.6 EREHHIEFAXTSCIG LS RAVEZNT

I8 1.2.10 26598, [HAF H ICP-MS Jy ik A =
HERAAGE S, KNSR AN 6 s .

F 6 IR HBIRIO L as

Table 6 Extraction and comparison of effervescent tablets

B Hgr & ICP-MS AJrik A B
F%‘g LIVANIEN iRl ORI L A
(ng/g) (ng/g) (ng/g) 258 (ng/g)
KA 15 1.2240.21 1.08 1.11 0.74
KH2s 3.41+0.32 3.21 3.26 2.54
K¥35S 10.1140.68 9.58 9.77 8.14

FH#e 6 TN, Fie BEANE FH i A 5 BB, A6
285 S G mAEG, SCHR [11] v, Rl FH s & ),
A FH S, H 1 pg/mL ¥R B iR 4R S bR
HERACAE LE, B R IR, A B (22, Ui HH i 3R 48
o A IS %l Bh AL, S P, AN n] 4
e MIMABIEALEET, RN AR, HiEEE TR
B R S R R A SR ARG Rk & A
BEHE, PrLURMZESARAR, HREYIRZEATT DI 5
£y A IHRE . AEE SN FRISEY 60.65%~80.51%.
7 FH 09 5 Bh B B T3, ARG 25 SRS, Y o
KATZ IS F AN E 7= A — AR AR BRI R D
TR PR SN, 12N R BRI, F5 28 1 min A REREEN
FRAEN AR 27, A RSB AE R S SR A
s YA ALER SRR AT, AR T A Ak
RS EE, TE BRI, B S Sl a8 ful=.
B, 2 0 T8 FE 4. HOAR I 25 5 SRy s AR i B
4 90.98%~96.64%, JIT LI 5 i (s FH T LA 240#s
PSRN R, A e S I R i SRS A
JEAR, FEAS S P B DG E T o
2.7 REE—ME

FERE 1.2.11 2658, A B Fh gl Rangk 7 fiR

R 7 I, XA R B T P08 7 iU inbeAe
S AT &% SR [8] A 2R 92.0%~107.5%, RSD 1 3.40%~
7.88% VLN . TEBFiZ A, WULEY 16 P& JE B
FXF Hg PRI &S A=Az 8] 52 . 3207 AN
BWEHMAR BA L—M. 45 ER, e RkE I 717
TEMISAE R IR AR RUR BRI — I SRR
M Hg' 454, IFRAE R AR N . HEETXHZ T A
FEAEB AT ELS . UERHIZ T e SR S A T

 BA AT A —E B
KT TR TIN5k R R

Table 7 The effect of interfering ions on the detection method

THMEFIes: REFIdr FMHE R RSD

K 3
(ng/g) (ng/g) BEAR (ng/g) (%) (%)
[C ARy 1.91 95.5
2.0 [Z ARy 1.85 92.5  3.40

[z eaRh 1.98 99.0

[z ek 2.04 102.0

it 2.11 105.5 4.21

i 1.94 97.0

it 1.84 92.0

50.0 it 1.96 98.0 7.88
i 2.15 107.5

10.0 2.0

2.8 EFRFRA

B 20 HEURAE S, T AS A i 4R 2, Hop
18 1 A BAPERE i & 5/ T 1 ng/g, IAARASG HY o
1 03 KoKFESE Heg &8N 4.3 ng/g, 1 4y B KKEEE M
Hg &M 3.2 ng/g. [HAPIERILES, FEAT 55 min
K 52 % . 3 ICP-MS J7 ikl 5321, FEE 18 13
FES B HAE S S/ N T 1 ng/ge AR KA
Hg &8 4.1 ng/g, [AIREM) ERBFES Heg &&=
3.9 ng/g. 20 HEVR LS [E] B BEFT I Ak, & A
M, FERT 8 ho  IXUdBHAE SEBRAFE S ARSI S 56 rh A 5
FEST 7 R AT AT e SRS 0 E o
3 ZEip

AT 1R AR S AL R B R O BRE &
T He, il Z FHY] B 2 GERET Wb 608 7 AR
fmH Hg & & 7 IS HEN R R 4r, ISRk 5
90.98%~102.46%; Kl 25 R85, RSD% 7£ 2.76%~
4.76% JLIHEI N ; R EAR RS T He fm R
FSR, FEEK RIS F 1.0 ng/g; R, 78 HAD
16 P& @ B FIAAAAE T, SEE IRl 92.0%~
107.5%, RSD TE 3.40%~7.88% 15 [l A, [F1A53 J 46
) YR R RE RIUORS 2% R ORI HLARE s MR BEAE 0.5~
20.0 ng/g JLEIN L R IFLett . [Tz 0y gt
i, Hg FH8 RFALRIRCE, 0T RS IE. s R
PRI 92.94%~97.71%; AR WA 5E B 1 IR I
W Bt 5828 97.66%6~99.49%; BS T AT He 1Y & 4=
ZUFEA 96.78%~97.78%; 20 HEIK S FRAE f K M FEHT
55 min. R B IOESR . SCRPREEL
SRATG, AEXF T 2355, BEANEAMRIRGEFE. P LAHE HE
At A P T AR R
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