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Abstract

Background and Objectives : The limitations of chemical analysis in particulate samples for air pollution monitoring
are limited sample amount and detection limits of some critical parameters, such as trace metals with low
concentrations in the nanogram per milliliter level. This research aims to optimized conditions of acid digestion of
particulate matter samples for trace metal determination by using inductively coupled plasma optical emission
spectroscopy (ICP-OES).

Methodology : PM, .samples were collected during the Yi Peng Festival in 2019 with a high-volume air sampler, at
a flow rate of 1000 liters per minute for 24 hours. A total of 7 samples with different concentrations of trace metals
were used for optimization study for 5 methods of acid digestion conditions. Different parameters such as sample
amount, type and amount of acid, heating methods were selected to obtain the best performance. The method
validation was then evaluated for the determination of 11 types of metals, including Ca, Mg, K, Fe, Mn, Zn, Cu, Cr,
Cd, Pb and Ni in PM, . samples by ICP-OES technique.

Main Results : The most suitable digestion method was found to be as follows : degesting 1 piece of PM, . samples
with diameter 4.71 centimeter using a mixture of 16.75% hydrochloric acid and 5.55% nitric acid in a volume of 20
milliliters, heating the samples with a test tube heater at 95 degrees Celsius and adjusting to a final volume of 10
milliliters before the measurement. The validation of the analysis for 11 metals showed that the linearity range was
between 0.001-10 ppm, with the correlation coefficients () ranging from 0.9981 to 0.9998. The limits of detection
(LOD) ranged from 0.015 to 0.154 ppm, and the limits of quantification (LOQ) ranged from 0.031 to 0.323 ppm. The
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accuracy in terms of percentage recovery (%Recovery) ranged from 80-120%. The precision in terms of relative
standard deviation (%RSD) ranged from 2-7%, except for Ca, K, Mg, and Pb.

Conclusions : The optimized conditions of acid digestion can significantly enhance the ability of trace metal
determinations in PM, .samples by ICP-OES. The method of metal analysis presented in this work would be useful
for atmospheric chemistry research, particularly in assessing the sources of pollutants and their health impacts.

Keyword : PM, ., acid digestion, trace metals, method validation, ICP-OES
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Table 1 Acid digestion conditions for method M1-M5

Method Sample Acid for digestion ~ Volume of Heating Duration (hr) Final Ratio of
area (cm?) acid volume sample area and
(ml) (ml) final volume
M1 2.54 Conc. Acid 4 Oven 6 10 0.25:1
HCI : HNO, 3:1
M2 7.62 Mixed Acid 10 Hot plate 0.5 20 0.38: 1
M3 34.86 16.7% HCI : 20 Hot plate 1 20 1.74 :1
M4 17.43 5.55% HNO, 10 Heating block 1 10 1.74:1
M5 17.43 20 Heating block 2 10 1.74 :1
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Table 2 Average concentration of 11 metals in PM, . samples (S1-S7) analyzed by five different methods

Method Concentration (ppm)
Metal M1 M2 M3 M4 M5
Ca 1.56+0.70 2.90£1.01 7.18+1.88 5.44+1.27 7.14+3.56
Mg 0.110+0.100 0.450+0.330 1.14+0.75 0.93+0.61 1.17£0.91
K 1.68+1.23 3.33£3.23 8.49+8.55 7.22+7.42 8.48+8.88
Fe 0.695+0.770 0.848+0.404 2.05+0.80 1.77+0.61 2.52+1.42
Mn 0.021+0.015 0.028+0.013 0.074+0.028 0.049+0.020 0.064+0.037
Zn 0.069+0.037 0.123£0.044 0.259+0.124 0.181+0.092 0.216+0.106
Cu 0.028+0.019 0.043+0.051 0.11040.120 0.074+0.088 0.104+0.133
Cr n.d. 0.009+0.005 0.014+0.004 0.031+0.008 0.049+0.008
Cd 0.002+0.001 n.d. 0.002+0.002 n.d. n.d.
Pb 0.113£0.157 0.187+0.261 0.501+0.655 0.366+0.517 0.432+0.609
Ni n.d. 0.017+0.008 0.009+0.003 0.005+0.001 0.007+0.003
Total 4.28+2.69 7.9415.24 19.84+12.4 16.07+£10.34 20.18+15.56

n.d. = not detected.
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Table 3 Analytical characteristics of 11 metals analysis by ICP-OES with optimum acid digestion method

Metal K(nm) Concentration Linear equation r LOD LOQ %Recovery  %RSD
range (ppm) (ppm) (ppm)

Ca 317.933 0.05-10 y = 683873x + 176925 0.9995 0.092 0.180 110 86.3
Mg 279.533 0.05-5.0 y = 8431096x + 760355 0.9995 0.154 0.222 105 13.0
K 766.491 0.10-10 y = 1778399x - 251711 0.9966 0.097 0.323 104 46.9
Fe 239.563 0.01-5.0 y = 184417x + 7978 0.9999 0.050 0.100 120 5.00
Mn 257.610 0.005-2.5 y = 2143869x + 68851 0.9982 0.038 0.082 103 4.41
Zn 206.200 0.005-1.0 y = 62032x + 2980 0.9981 0.015 0.031 103 7.00
Cu 324.754 0.005-1.0 y = 596703x + 16440 0.9983 0.043 0.088 104 3.88
Cr 267.716 0.001-1.0 y = 502214x + 5152 0.9989 0.030 0.066 80 7.00
Cd 226.502 0.001-1.0 y = 456936x - 291 0.9998 0.021 0.037 98 2.48
Pb 220.353 0.0025-2.5 y =21888x + 755 0.9994 0.022 0.041 105 20.0
Ni 231.604 0.005-1.0 y = 73463x - 526 0.9994 0.068 0.128 102 1.98
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