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ABSTRACT

A testing - inspection is one of the important in the industry, owing to determine the reliability and directivity of testing -
inspection results. Therefore, the quality assurance and quality control (QA/QC) work which performed by personnel not
directly in the inventory compilation - development, in testing - inspection must be thoroughly considered. Some agencies
for environmental test inspection, they sometimes misunderstood that the QA/QC was ended with proficiency testing
performance and on-site assessment by a director. Thus, results were often calculated without QA/QC work by self
manual when conducting test. The objective of this study was to improve reliability of testing and inspection agency
through the QA/QC case study which basically performed to raising reliability of testing and inspection agency. In this
study, it increased reliability of result by verifying calibration curve (IC, ICV, CCV), blank, accuracy (LCS, MS) and
precision as QA/QC performance, while performing investigation of soil contamination in mining areas. This study
suggests that reliability establishing method of test result and management method of analysis process, through the QA/
QC instance of testing agency.
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Table 1. QA/QC parameters for the monitoring of heavy metals
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QA/QC parameters

Analyte A&fg&fjal LOQ®W Calibration Curve Reagent Accuracy Precision
(mghkg)  1c@  1CVO ccve® Blank  1cs®  MS©®  Field?  Lab®
Cd ICP-AES 0.01
Cu ICP-AES 0.02
As ICP-AES 0.06 ithi ithi () (10)
R2>0.98 within within Not 75-125% RPD RSD
Pb ICP-AES 0.03 10% 10% Detected <30% <25%
Zn ICP-AES 0.02
Ni ICP-AES 0.04
. 91 78 4 78
Performed times  Oncelyear 22 22 (Oncefbatch) (Oncetbatch) (Once/SDG™) ' (Oncefbatch)

(1) LOQ: Limit of Quantification

(2) IC: Initial Calibration

(2) ICV: Initial Calibration Verification
(3) CCV: Continuing Calibration Verification
(4) LCS: Laboratory Control Sample
(5) MS: Matrix Spike

(6) SDG: Sample Delivery Group

(7) Field duplicate

(8) Laboratory duplicate

(9) RPD: Relative Percent Difference
(10) RSD: Relative Standard Deviation
(11) SDG: Sample Delivery Group
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3.1.2. ICV(Initial Calibration Verification) 23}
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Table 2. The results of initial calibration

- As Cd Cu Ni Pb Zn Sample No.
R? 0.9999 0.9999 0.9999 0.9998 0.9999 0.9999
#1 . SG-18
Definition J J J J J J
R? 0.9999 0.9998 0.9998 0.9998 0.9997 0.9998
#2 . SG-71S
Definition J J J J J J Phase
R? 0.9999 0.9998 0.9999 0.9998 0.9998 0.9999 I
#3 . SG-1D
Definition J J J J J J
R? 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999
#4 .. SG-37D
Definition J J J J J J
R? 0.9999 0.9999 0.9999 - 0.9998 0.9994
#1 . SG-16JS
Definition J J J - J J
R? 0.9999 0.9999 0.9999 - 0.9999 0.9998
#2 . SG-122JS
Definition J J J - J J
. . . . . Phase
: : : : : : : I
R? 0.9999 0.9998 0.9999 - 0.9999 0.9998
#17 . SG-DD16
Definition J J J - J J
R? 0.9999 0.9998 0.9999 - 0.9999 0.9998
#18 . SG-405JS
Definition J J J - J J
% Data Definition : J (estimated), UJ (not detected-estimated), R (rejected)
Table 3. The results of initial calibration verification
7 B As Cd Cu Ni Pb Zn Sample No.
R? 1.0269 1.0643 1.0279 1.0546 1.0778 1.0233
#1 . SG-1S
Definition J J J J J J
R? 1.0014 1.0483 1.0464 1.0367 1.0631 1.0212
#2 . SG-718
Definition J J J J J J Phase
R? 1.0237 1.0638 1.0445 1.0577 1.0796 1.0347 I
#3 . SG-1D
Definition J J J J J J
R? 1.0272 1.0453 1.0295 1.0426 1.0719 1.0185
#4 . SG-37D
Definition J J J J J J
R? 0.9964 0.9894 1.0102 - 0.9959 1.0271
#1 . SG-16JS
Definition J J J - J J
R? 1.0222 1.0131 1.0094 - 1.0113 1.0257
#2 . SG-122JS
Definition J J J - J J
. . . . . Phase
: : : : : : : I
R? 1.0117 1.0176 1.0061 - 1.0260 1.0253
#17 . SG-DD16
Definition J J J - J J
R? 1.0242 1.0240 0.9947 - 1.0718 1.0000
#18 . SD-D-7-100
Definition J J J - J J

% Data Definition : J (estimated), UJ (not detected-estimated), R (rejected)
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Table 4. The results of continuing calibration verification

- As Cd Cu Ni Pb Zn Note
41 Data 1.0259 1.0542 1.0397 1.0503 1.0720 1.0328
Definition J J J J J J
Data 1.0149 1.0413 1.0355 1.0411 1.0621 1.0242
"2 Definition J J J J J J Phase
13 Data 1.0174 1.0383 1.0128 1.0343 1.0664 1.0070 I
Definition J J J J J J
414 Data 0.9957 0.9435 1.0266 1.0364 1.0724 1.0167
Definition J J J J J J
] Data 1.0022 0.9779 1.0153 - 1.0024 1.0263
Definition J J J - J J
0 Data 0.9825 0.9425 1.0090 - 0.9827 1.0068
Definition J J J - J J
. . . Phase
: : : : : : : I
w76 Data 1.0115 1.0111 0.9985 - 1.0206 1.0017
Definition J J J - J J
w77 Data 1.0017 1.0002 0.9744 - 1.0037 0.9844
Definition J J J - J J
% Data unit : mg/L
% Data Definition : J (estimated), UJ (not detected-estimated), R (rejected)
Table 5. The results of reagent blank verification
- As Cd Cu Ni Pb Zn Note
401~ #14 Data N.D N.D" N.D® N.D® N.D" N.D® Phase
Definition uJ ul uJ uJ ul uJ I
401 ~ 64 Da?al. N.D® N.D" N.D® - N.D" N.D® Phase
Definition uJ uJ uJ - uJ uJ I
% Data Definition : J (estimated), UJ (not detected-estimated), R (rejected)
(1) N.D : Not Detected
Table 6. Accuracy verification results by analysis of LCS
T 5 As Cd Cu Ni Pb Zn Note
Conc. 36.321 4.321 72.654 69.819 214.192 606.140
#1 Accuracy (%) 84.08 89.27 89.48 83.12 97.36 107.09
Definition J J J J J J
Conc. 38.508 4742 84.800 - 178.433 640.719 -
#2 Accuracy (%) 89.14 97.97 104.43 - 81.11 113.20
Definition J J J - J J
Conc. 36.282 4.091 67.588 - 213.245 575.258
#3 Accuracy (%) 83.99 84.53 83.24 - 96.93 101.64
Definition J J J - J J
Conc. 41.761 4202 72.945 - 179.882 634.378 -
#4 Accuracy (%) 96.67 86.81 89.83 - 81.76 112.08
Definition J J J - J J
Certificated conc. of 432 48 812 84 220 566 BAM-UlII

CRM used for this study

% Conc. unit : mg/kg
% Data Definition : J (estimated), UJ (not detected-estimated), R (rejected)
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Table 7. Accuracy verification results by analysis of MS
- As Cd Cu Ni Pb Zn Sample No.
C, 33.333 33.333 33.333 33.333 33.333 33.333 -
Cs? (mg/kg) 4.079 0.360 5271 3.221 25.984 41.893
41 ") (mg/kg) 36.059 33.766 43.167 34.763 56.958 74.239 SG-1S
Accuracy (%) 96.38 100.22 111.82 95.10 96.02 98.69
Definition J J J J J J
Cs? (mg/kg) 15.096 1.823 32.068 - 18.837 76.214
"~ Can® (mg/kg) 43.662 27.738 64.673 - 43.741 105.614 SG-1TS
Accuracy (%) 90.16 78.90 98.89 - 83.84 96.41
Definition J J J - J J
Cs? (mg/kg) 23.581 2.260 33.033 - 21.526 68.790
& 50.028 28.863 61.838 - 44433 96.669
# i (mgke) SG-11D
Accuracy (%) 87.90 81.09 93.18 - 81.00 94.66
definition J J J - J J
Cs? (mg/kg) 14.777 0.490 39.465 - 39.186 77.934
Can® (m 43171 27.460 68.560 - 64.833 108.918
#4 am” (mg/kg) SG-DSI-1
Accuracy (%) 89.73 81.19 94.18 - 89.40 97.89
Definition J J J - J J
% Data Definition : J (estimated), UJ (not detected-estimated), R (rejected)
(1) Ca: spiking conc.
(2) Cs: Conc. of sample before spiked
(3) Cam: Conc. of sample after spiked
Table 8. The maximum relative percent difference of field duplicate sample as a function of analyte
T 2 As Cu Zn
Sample No. SG-438ID SG-438ID SG-185ID SG-325JS SG-325JS
Primary data 23.214 3.960 29.932 21.109 54.700
Duplicate data 18.720 2.933 39.561 28.519 64.531
RPD" (%) 21.43 29.79 27.71 29.86 16.49
Definition J J J J J
% Data unit : mg/kg
% Data Definition : J (estimated), UJ (not detected-estimated), R (rejected)
(1) RPD: Relative Percent Difference
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Table 9. The maximum relative standard deviation of laboratory duplicate sample as a function of analyte

T 7 As Cd Cu Ni Pb Zn
Sample No. SG-431JD SG-70JS SG-477JD SG-88S SG-477JD SG-43JD
Primary 12.300 2.054 40.679 18.067 45.523 37.025
Duplicate 17.705 2.346 25.639 19.126 28.081 51.189
RSDV (%) 18.01 6.64 22.68 2.85 23.70 16.06
Definition J J J J J J
Note Phase 11 Phase II Phase 11 Phase 1 Phase 11 Phase 11
% Data unit : mg/kg
% Data Definition : J (estimated), UJ (not detected-estimated), R (rejected)
(1) RSD : Relative Standard Deviation
Table 10. Contaminated status of agricultural soil in studied mine area (MIRECO, 2013)
Surface Subsurface Total
Standard® (GL~0.3 m depth) (0.3 m~0.6 m depth)
No. of parcels ~ Area (m?)  No. of parcels  Area (m®)  No. of parcels  Area (m?)
Concern ~ countermeasure 84ea 116,689 96ea 149,870 113ea 159,580
Countermeasure 43ea 67,722 42ea 52,286 52ea 76,821
Sum 127ea 184,411 138ea 202,156 165ea 236,401

% Criteria for agricultural soil from Soil Environmental Conservation Act of Korea

Fig. 1. The contaminated area within 1 km (0~1 km) downstream
from the mine (MIRECO, 2013).
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Fig. 2. The contaminated area within 2 km (1~2 km) downstream
from the mine (MIRECO, 2013).
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