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ABSTRACT

Based on the literature study for the determination of perchlorate in soil we chose the ion chromatography as a
measurement method and decided to use 70 mM KOH as an eluent to avoid the interference derived from the co-elution
of pyrophosphate (P,O;*), tripolyphosphate (P30;,>"). Also we proposed to use air dried soil through 0.15 mm sieve and
distilled water as an extractant. Under the these basic concepts, we carried out the experiments to set up the detail
procedure like solid to liquid ratio (S/L ratio), extraction time, device for extraction and indicating factors for quality
control (e.g. precision, accuracy, MDL, LOQ). In case of time and device for extraction, 5 hours of mechanical shaking or
1 hour of centrifugation showed better precision and accuracy than that of sonication for 1 hour According to these results,
we proposed the extraction method combining 5 hours of mechanical shaking with 1 hour of centrifugation. From the
aspect of S/L ratio, the ratio of 1/2 or 1/3 showed resonable precision and accuracy. In case of the ratio of 1/2, there would
be some problems in the separation process when the proportion of fine particle is high. Therefore, we proposed the
extraction ratio of solid to liquid as 1/3 instead of 1/2. With the consideration of cost effectiveness and soil salinity, we
proposed the use of cartridge for removing the interfering anions like chloride, sulfate and carbonate in specific sample
such as saline soil.
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Table 1. Information of used ion chromatograph

Ion chromatograph Details
Model Thermo Dionex ICS-5000
Column AS 19
Supressor ASRS Ultra 11, 4 mm
Detector Conductivity detector
Eluent 70 mmol/L. of KOH
method 331, US EPA method 6860 3 =tuj9] 8t
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8.004

ps
7.004 Column Dionex lonPac AG19, 4 x 50 mm/
Dionex IonPac AS19, 4 x 250 mm
Eluent: 70 mM KOH
6.004 Temperature: 30°C
Flow Rate 1.0 mL/min
Inj. Volume 1000 pL
5.004 Detection: Suppressed conductivity
Dionex ASRS ULTRA, 4 mm,
300 mA, gas-assisted
4.004 external water mode
Sample Prep:  Filter extract
Peaks 1. Perchlorate 200 pg/L
3.004
2.00
1.004
0.004
min
o 03' r T T T T T T T 1
0.0 25 5.0 75 100 125 15.0 17.5 20.0

Fig. 1. Conditions and chromatogram of ion chromatography to determine the concentration of Perchlorate.
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Table 2. Efficiency of extraction methods according to three types of devices

Extraction method Centrifuge Mechanical shaker Sonication
S1 1.74 1.69 1.39
S2 1.76 1.68 1.40
Measured value (mg/kg)
S3 1.70 1.72 1.38
S4 1.68 1.70 1.35
Mean (mg/kg) 1.72 1.70 1.38
Standard deviation (mg/kg) 0.03 0.01 0.02
Nominal concentration of perchlorate in matrix spiked sample (mg/kg) 2 2 2
Precision (%) 1.84 0.87 1.36
Accuracy (%) 86 85 69
Table 3. Efficiency of extraction methods according to soil to water ratio
Soil to water ratio 1:2 1:3 1:5 1:10
S1 2.00 1.82 1.34 ND
Measured value (mg/kg) S2 2.02 1.78 1.45 ND
S3 2.00 1.80 1.45 ND
S4 2.00 1.81 1.41 ND
Mean (mg/kg) 2.00 1.80 1.41 -
Standard deviation (mg/kg) 0.00 0.01 0.01 -
Nominal concentration of perchlorate in matrix spiked sample (mg/kg) 2 2 2 2
Precision (%) 0.43 0.82 3.18 -
Accuracy (%) 100.25 90.13 70.63 -

(*ND: not detected)
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Table 4. The indicating factors for the quality control to determine perchlorate contents in soil

Nominal concentration of perchlorate

(mgke) Sample 0.40 1.00 2.00

S1 0.46 1.02 1.61

S2 0.46 1.05 1.64

S3 0.47 1.07 1.64

S4 0.59 0.97 1.84

Measured value (mg/kg) S5 0.63 0.95 1.93
S6 0.63 0.96 1.93

S7 0.43 0.96 227

S8 0.46 0.99 2.19

S9 0.49 0.97 2.24

Mean (mg/kg) - 0.51 0.99 1.92
Standard deviation (mg/kg) - 0.08 0.04 0.26
Method detection limit (MDL) - 0.24 0.13 0.77
Limit of quantitation (LOQ) - 0.81 0.44 2.64
Precision (%) - 15.81 443 13.74
Accuracy (%) - 128.58 99.32 95.99
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