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ABSTRACT - The official analytical method for the analysis of harmful heavy metals in Meju, distributed in Korea,
employs a strong acid to decompose the organic components. This analysis is time consuming and harmful to the users
and/or the environment. This study aimed to develop a new pre-treatment technology using laser ablation, to rapidly ana-
lyze harmful heavy metals without using strong acids. The results obtained from this method were validated by the
National Institute of Food and Drug Safety Evaluation guideline (NIFDS, 2016). Moreover, a comparison of the two
methods showed that the analytical time for 55 Meju samples was shortened by 96% or more in the new method. The
results showed no significant difference in the recovery ranging from 90—120%. The proposed method proved suitable
for detecting harmful heavy metals in Meju.
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Table 1. Operating conditions for ICP-MS

ICP-MS
RF Power 1,350 W

Nebulizer Gas Flow 1.06 L/min
Auxiliary Gas Flow 1.45 L/min
Plasma Gas Flow 15.0 L/min

Lens Voltage 6.50 V
Ion monitored Pb m/z 208
Cdm/z 111

Table 2. Operating conditions for fs LA-ICP-MS

fs LA-ICP-MS
Mode Line scanning
Spot size 20 pum
Array repetition time 6,128.10 s
Laser repetition rate 100 Hz
Ablation time 14.85s
Pre-ablation time 30s
Velocity 0.25 mm/s
# of shots 26,741
Gas Ar 1.2 L/min
He 1.2 L/min
R.F generator 40 MHz
R.F power 1,300 W
Interface cone 1x107 torr
Ion monitored Pb m/z 208
Cdm/z 111

a7F BUaL 3057 Ao ' W7k F thA] 120°CS] heating
blockell Al Zafi4o] 1 mLe] 2 wW7kx] FFAI A HRE
o] s|Mulsrt HFH 02 200H(%F 20 g7t HEF 33} F
g olgdte] FFHOR 483 v 045um TEE
g3 & {FrATE=eA FEA] 7] (Inductively Coupled
Plasma-Mass Spectrometer, Agilent 7900, Santa clara, CA,
USA)E ©]&3atd 7h=w3t da Ao, 717184 %=
712 Table 13} 2t}

fs LAICP-MSE ©] 8%t JIER, B 24
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0] % femtosecond laser ablation (fs LA, Apply Spectra, Hel-
sinki, Finland)2} 7123 % ICP-MS (Agilent 7900)Z ©]-&-3}]
ZTr=st W A en, 717184 2402 Table 29+ 2t
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Fig. 1. Matrix-matched calibration curves of corresponding to cadmium (A) and lead (B) in Meju.

Table 3. Linearity of harmful heavy metals analyzed by LA-ICP-MS

Standard curve

Coefficient of

Element  gtp|  §TD2  STD3  STD4  STD5S  STD6  getermination Slope and intercept
(mg/kg)  (mgkg)  (mgkg) (mgkg) (mgkg)  (mgkg)
cd 0.010 0.024 0.051 0.104 0.219 0.404 0.9982 y = 10370*x+56.009
Pb 0.013 0.027 0.058 0.118 0.202 0.422 0.9956 y = 17396*x-123.49
Table 4. Validation parameters of the developed fs LA-ICP-MS
Low (STD 2) Medium (STD 4) High (STD 5)

Element Recovery C.V. Recovery C.V. Recovery C.V. LOD LOR

%) %) %) %) %) oy (e meke)

cd 93.1 2.9 91.8 1.0 94.1 0.5 0.0029 0.0089

Pb 108.1 3.1 101.0 4.6 92.1 26 0.0022 0.0066
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132 Hee-Chang Shin et al.

Table 5. Comparison of analysis results by ICP-MS and fs LA-ICP-MS

Sample ICP-MS fs LA-ICP-MS fs LA-ICP-MS/ICP-MS*100
Cd (mg/kg) Pb (mg/kg) Cd (mg/kg) Pb (mg/kg) Cd (%) Pb (%)

Meju 1 0.125 0.108 0.121 0.106 96.8 98.1
Meju 2 0.084 0.112 0.080 0.107 952 95.5
Meju 3 0.108 0.098 0.112 0.094 103.7 95.9
Meju 4 0.092 0.064 0.097 0.072 105.4 112.5
Meju 5 0.106 0.084 0.109 0.087 102.8 103.6
Meju 6 0.054 0.047 0.053 0.045 98.1 95.7
Meju 7 0.142 0.051 0.138 0.050 972 98.0
Meju 8 0.116 0.154 0.122 0.147 105.2 95.5
Meju 9 0.138 0.065 0.135 0.067 97.8 103.1
Meju 10 0.114 0.098 0.111 0.099 97.4 101.0
Meju 11 0.094 0.046 0.096 0.049 102.1 106.5
Meju 12 0.076 0.062 0.082 0.072 107.9 116.1
Meju 13 0.105 0.064 0.118 0.063 112.4 98.4
Meju 14 0.092 0.038 0.095 0.041 103.3 107.9
Meju 15 0.065 0.037 0.069 0.039 106.2 105.4
Meju 16 0.073 0.020 0.070 0.023 95.9 115.0
Meju 17 0.168 0.069 0.164 0.072 97.6 104.3
Meju 18 0.142 0.092 0.148 0.093 104.2 101.1
Meju 19 0.121 0.081 0.112 0.084 92.6 103.7
Meju 20 0.189 0.119 0.214 0.132 1132 110.9
Meju 21 0.124 0.024 0.125 0.028 100.8 116.7
Meju 22 0.092 0.046 0.099 0.046 107.6 100.0
Meju 23 0.108 0.092 0.107 0.094 99.1 102.2
Meju 24 0.105 0.077 0.118 0.081 1124 1052
Meju 25 0.038 0.018 0.045 0.021 118.4 116.7
Meju 26 0.159 0.040 0.156 0.046 98.1 115.0
Meju 27 0.129 0.130 0.126 0.128 97.7 98.5
Meju 28 0.159 0.117 0.164 0.112 103.1 95.7
Meju 29 0.162 0.151 0.175 0.152 108.0 100.7
Meju 30 0.082 0.045 0.080 0.052 97.6 115.6
Meju 31 0.075 0.059 0.089 0.069 118.7 116.9
Meju 32 0.091 0.072 0.088 0.081 96.7 112.5
Meju 33 0.128 0.042 0.128 0.048 100.0 1143
Meju 34 0.058 0.024 0.063 0.028 108.6 116.7
Meju 35 0.148 0.044 0.142 0.048 95.9 109.1
Meju 36 0.098 0.059 0.099 0.063 101.0 106.8
Meju 37 0.038 0.027 0.045 0.031 118.4 114.8
Meju 38 0.051 0.032 0.058 0.036 113.7 112.5
Meju 39 0.110 0.110 0.112 0.110 101.8 100.0
Meju 40 0.178 0.042 0.184 0.049 103.4 116.7
Meju 41 0.108 0.068 0.114 0.065 105.6 95.6
Meju 42 0.049 0.071 0.048 0.069 98.0 97.2
Meju 43 0.081 0.108 0.089 0.098 109.9 90.7
Meju 44 0.069 0.057 0.078 0.055 113.0 96.5
Meju 45 0.180 0.018 0.184 0.021 102.2 116.7

Meju 46 0.031 0.024 0.030 0.026 96.8 108.3
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Table 5. (Continued) Comparison of analysis results by ICP-MS and fs LA-ICP-MS

Sample ICP-MS fs LA-ICP-MS fs LA-ICP-MS/ICP-MS*100
Cd (mg/kg) Pb (mg/kg) Cd (mg/kg) Pb (mg/kg) Cd (%) Pb (%)
Meju 47 0.155 0.167 0.162 0.182 104.5 109.0
Meju 48 0.189 0.134 0.177 0.131 93.7 97.8
Meju 49 0.129 0.047 0.133 0.052 103.1 110.6
Meju 50 0.035 0.023 0.041 0.022 117.1 95.7
Meju 51 0.051 0.027 0.049 0.027 96.1 100.0
Meju 52 0.095 0.091 0.091 0.088 95.8 96.7
Meju 53 0.044 0.099 0.048 0.096 109.1 97.0
Meju 54 0.098 0.044 0.101 0.049 103.1 111.4
Meju 55 0.148 0.135 0.161 0.132 108.8 97.8
meantSD 0.105+0.042 0.070+0.039 0.108+0.043 0.072+0.038 - -
range 0.031-0.189 0.018-0.167 0.030-0.214 0.021-0.182 92.6-118.7 90.7-116.9
A B
020 y = 0.9974x +0.0031 - 0.20 yr; g::;zx + 00042 >
g 015 r=0.9884 “-I- " 0.15 - o
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Fig. 2. Correlation coefticient of the ICP-MS results and fs LA-ICP-MS results for cadmium (A) and lead (B) in meju.
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Fig. 3. Schematic diagram of the analysis procedure: (A) the steps of the analysis by using ICP-MS, (B) the steps of the analysis by using

fs LA-ICP-MS.
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