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Abstract: To improve the accuracy of detection for heavy metal mercury in fish and reduce the loss of mercury in the sample caused by
improper sample preparation, the fish sample was pretreated by adding a mercury standard solution, and then the effects of acid removal
temperature, digestion temperature, amount of hydrogen peroxide to assist digestion, and concentration of potassium borohydride on the
recovery rate of mercury was investigated in the sample. On this basis, the response surface method was used to optimize the pretreatment
process for fish samples. The results of significance analysis showed that the fitted model for the recovery rate and influencing factors was
significant (p<0.05), with a good correlation (R*=95.33). Based on the verification of the reliability of the fitted model, the highest recovery rate
of mercury was taken as the target for the optimization of sample pretreatment process. The results showed that the recovery rate of mercury in
fish was the highest (98.9%), when the acid removal temperature, digestion temperature, hydrogen peroxide dose, and reducing agent potassium
borohydride concentration were 88 “C, 171 ‘C, 1.2 mL, and 13 g/L, respectively. In summary, the optimized process for pretreating fish samples
has significance for guiding practice.
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Table 1 Digestion temperature

R R C A B C D E

F—HY 80 80 80 80 80

FoHY 120 120 120 120 120

F=HF 140 150 160 170 180
12.2.3  XUE K BhIH i 2o 8 4 @ R (RIS ) 52

R 0.4 g 7oA B T IHARTE S, 20 RS
I EEK BN 6.0+1.0 mL+ 5.0+2.0 mL. 4.0+3.0 mL
TERRB A N AT T AR TH AR P TR R — 2D
80 'C, M AN 120 C, KB AN 1.2.22 T
IR . HRG S, AHE=R, BT
FRAY b X kR SR 2B PR R 2
50 mL AEMHEE . FEAIFE 30 min JEEEELL
PRARIE N 5 g/L MEIARE, FEOmbrEIeR k& &1
k. RIS ARG A S AR S 2.

12.2.4  WHEAERIR BET 5 4 8 R [RIKCR H R

HUH R 0.4 g 7oA B T IHARTE IS, 20 ISR
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Table 2 Factors and levels of optimization experiments

B&
oF X\(AEBRRE/C) X (KAEEE/C)  Xa(RAKBIHMAE/mML) X [RH AT KE/ (gL)]
-1.68 71.6 163.3 12 6.6
-1 75 165 1.5 8
0 80 167.5 2 10
1 85 170 2.5 12
1.68 88.4 171.7 2.8 134
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Fig.1 Effect of acid removal temperature on the recovery of

heavy metal mercury
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Fig.2 Effect of digestion temperature on recovery of heavy

8

metal mercury
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Fig.3 Effect of the amount of hydrogen peroxide assisted
digestion on the recovery of heavy metal mercury
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Fig.4 Effect of potassium borohydride concentration on

recovery of heavy metal mercury
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FR3 MUFRERER
Table 3 Optimized scheme and results

85 X X, X; X4 EALRAYo) s AL RN Yo A8 iR £/%
1 -1 -1 -1 1 91.30+1.0 91.18 -0.13
2 1 -1 -1 1 92.90+1.2 92.76 -0.15
3 -1 1 -1 -1 90.80+0.9 90.68 -0.13
4 1 1 -1 -1 91.40+0.7 91.26 -0.16
5 -1 -1 1 -1 91.70+1.6 91.58 -0.13
6 1 -1 1 -1 92.50+1.1 92.36 -0.15
7 -1 1 1 1 92.00+0.8 91.88 -0.13
8 1 1 1 1 92.60+0.7 92.46 -0.16
9 -1.68 0 0 0 91.20+1.1 91.32 0.14
10 1.68 0 0 0 92.60+1.1 92.79 0.21
11 0 -1.68 0 0 92.30+0.9 92.46 0.17
12 0 1.68 0 0 92.00+0.9 92.16 0.17
13 0 0 -1.68 0 92.40+1.0 92.52 0.13
14 0 0 1.68 0 92.20+1.2 92.33 0.14
15 0 0 0 -1.68 88.10£1.5 88.20 0.11
16 0 0 0 1.68 92.90+0.7 93.05 0.16
17 0 0 0 0 92.40+0.7 92.11 -0.31
18 0 0 0 0 92.00+0.9 92.11 0.12
19 0 0 0 0 92.60+0.5 92.11 -0.53
20 0 0 0 0 91.60+1.2 92.11 0.56
21 0 0 0 0 92.40+1.1 92.11 -0.31

E AP X REMBREE, C: X, REMMEE, C: Xy3REARAKAE, mL: X
252 WEBEMHSAT
x4 ARSI
Table 4 Fitting Significance Analysis

& BWE AT E F14 P14 ik o AWE AT E F14 P14
X1 1 2.596219  15.35781 0.0078 XXy 1 0428171  2.532823 0.1626
X2 1 0.045 0.266197 0.6243 X3 1 0.224936  1.330595 0.2926
X3 1 0.02 0.118311 0.7426 XXy 1 0.040688  0.240687 0.6411
X4 1 11.52002  68.14612 0.0002 X4 1 3.943733  23.32895 0.0029
X 1 0.005246  0.031032 0.866 FAEA 14 1.480408  8.757277 0.0069

XX, 1 0.18 1.064781 0.3419 —RM 4 2.815788  16.65665 0.0021

XiX3 1 0.08 0.473236 0.5172 ZRA 4 1.111121  6.572778 0.0221

XXy 1 0.08 0.473236 0.5172 RER 6 0.836346  4.947361 0.0364
X, 1 0.072501  0.428879 0.5368 % W 2 0.187147  1.169666 0.3981

X5X3 1 4209215  24.8994 0.0025 R? 0.953

Er AP XIREABREE, C; XugREEMEE, C; X3REARAKAE, mL; X, KREMANATKE g/Lo
X 3 S SIe s AT BEE T, AR WIFE AT AL BRI, XA R EE SR H P

HiRNEK 4. + 1 1=0.0069<0.05, P %u5=0.3981>0.05, M2
M o®# 4 7w &, Px;=0.0078<0.05 ; R*=0.9533 7] %01, Fr 13 4% 5 i [R 6 5 9K [l Uig R 2 [

Px4=0.0002<0.05. Kk, jEF B il P A0 3 A 5 B o) AR (1) AR BEME.

BRFE ST RPEICR G B, Fik, {6 B (%) =38.17264+2.197111X,-1.724712X+
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153.251X3-9.338236X4-0.000749X,%-0.012X,X,-0.04X,X5+0.01
X, X,4+0.011144X,2-0.901641X,X5+0.071892X,X4+0.490744X,%-
0.110809X3X4-0.128428X,’ G D
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Fig.5 Response diagram of pretreatment process for heavy
metal mercury in fish
E: BP Y REEME, %; GS REAAREZ, C; XJ
REEMBE, C; SY REARAKAE, mL; HY REMEA
AR E g/L.
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