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The Validation Study of Auto Anlysis Method Combined
with Aqua Regia Digestion for Fluorine of Soil

Kyung-Ho'* + Na In-chul Yun® + Jung-bok Lee'
!Gyeonggido Institute of Health & Environment, >BLTEC Korea Limited

ABSTRACT

KEZE>

The purpose of this research is to check the validation of an auto-analysis method combined with aqua regia digestion
apparatus for improvement of water distillation method used as a fluorine test of soil. Fluorine contents of CaO used in the
pretreatment course of water distillation method were 120 mg/kg ~ 5,064 mg/kg at the blank test, which was exceeded up
to maximum 12.5 times of the soil standard, so it was estimated due to a effect of fluorine existing as impurities of CaO.
The recovery test of the same samples indicated that water distillation method and auto-analysis method were 134.5mg/kg
and 161.7mg/kg respectively, the recovery ratio of the latter was 16.8% higher than the formal. The validation test of two
methods satisfied the standard, but auto analysis method was excellent more than distillation method. Also, auto analysis

method could save a analysis time up to maximum 4.7 times by comparison with water distillation method.
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Fig. 1. A flowchart of Fluorine analysis.
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Fig. 2. Fluorine distillation apparatus.
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DW
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Al soln.
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Fig. 3. A flowchart of the auto-analysis method.
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b) Auto analyzer

Fig. 4. Apparatuses for auto analysis.
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Table 1. QA/QC for Fluorine analysis of soil

Division Calculation Method Criteria
MDL sx3.14 -
LOQ sx 10 -

Precision RSD 30%

Accuracy standard 70~130%

calibration curve R? over 0.98

*MDL : method detection limit
LOQ : limits of quantification
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Table 3. Fluorine effect of CaO

Table 2. Fluorine test methods of domestic and foreign Products Junsei | Sigma | Wako [Daejung
a) Domestic (grade) (EP) (GR) | (GR) (EP)
Medium | Preliminary treatment | Instrumental analysis Content Ef CaO 239 | 890 | 1859 | 10128
Steam & Complexome method (mg/kg)
Water direct distillation Ton electrode method Fluorine conversion
. 119.5 | 445.0 | 929.5 | 5064.0
Soil Furnace + SPANS method Ion concentration (mgkg)
Steam distillation electrode method n 2 2 2 2
b) Foreign
Table 4. Fluorine effect of HC1O,
Medium | Preliminary treatment | Instrumental analysis
Product Junsei Daejung
Water direct distillation | . SPANS meth"tdh d Content of HCIO, (mg/L) 0.80 T
(USA, Japan Steam distillation ompiexome metho . .
’ Ton electrode method Fluorine conversion 40.1 557
Soil ) concentration (mg/kg) ’ ’
(Japan) Leaching treatment Complexone method n 5 5
Soil Furnace + SPANS method CV(%) 473 60.6
(USA) Steam distillation Ion electrode method *CV - coefficient of variation
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Table 6. Analysis result of three methods by same soil
(unit : mg/kg)

Method Auto analysis
Distillation| .~ Leaching Aqua regia
Sample. Distillation tost g (ggestioi

1 113.0 83.75 30.67 146.7
2 127.0 139.25 29.67 160.7
3 192.0 176.25 33.17 160.2
4 136.5 153.25 36.67 169.2
5 104.0 99.25 35.17 171.7
Average 134.5 130.4 33.07 161.7
STDEV 34.49 38.24 2.95 9.80
()Y 25.6% 29.3% 8.9% 6.1%

*STDEYV : standard deviation
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Table 7. MDL & LOQ between two methods (unit : mg/kg)

methods | Distillation Auto-analysis
Table 5. Fluorine of the other factors division ] (n=5) (n=5)

Methods Distillation Auto-analysis Flluorine Conversion concentration 93.5 101

; ; n 5 5
Fluorine .conversmn 105 6.5

concentration (mg/kg) STDEV 7.5 3

n 3 3 MDL 28.1 11.3

CV(%) 174 2.5 LOQ 75 31.5
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Table 10. Contribution factors of uncertainty for Fluorine analysis

f soil
L ZFs QBRI 247 0.0~14mgle 0.1 @ o
- Uncertainty Components Calculation Evaluation
~ = A
20 mg/LE ARSI factor of uncertainty methods method
Balance Cahbr:;;c::tl data B type
Table 8. Precision & Accuracy between two methods um) .
Expertise of ..
— - repetition test A type
methods | Distillation Auto-analysis analyzer
division =5 =5 -
- - =5 =3 Volumetric flask Maximum A type
Flluorine conversion 479 491 allowable error
concentration (mg/kg) Expertise ..

N g g Uv) of analyzer repetition test A type
STDE(mg/kg) 38 11 Environmental | Calibration data B type
Precision(%o) 7.9 2.0 condition sheet p
A % 95.8 98.4 i

curacy(%) calibration curve fegression A type
analysis
Table 9. Calibration curve between two methods  (unit : mg/L) u(Cy) Preparation (?f Certificate B type
Standard valud standard solution
0.1 0.2 0.5 1 1420 R? . ..
methods Drift by standard | repetition test A type
distillation | 0.106 0.190 0.520 1.050 1.358 0.999 repetition test of ..
f;
Auto analysis | 0.102 0.190 0497 1.016 1993 0.999 U(frep) pretreatment | [oPetition test | A type
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Table 11. Uncertainty assessment result by distillation and auto analysis method (Confidence Level : about 95%, k = 2)

Uncertainty factor Measurement value Components of uncertainty Distillation method Auto analysis
0.001 Synthesis uncertainty 0.09% 0.16%
UM) .kg Balance 0.01% 0.02%
Expertise of analyzer 0.08% 0.16%
Synthesis uncertainty 0.74% 1.41%
uw) 0.005 Volumetric flask 0.17% 0.33%
L Expertise of analyzer 0.06% 0.11%
Environmental condition 0.72% 1.37%
Synthesis uncertainty 31.54% 54.67%
U 0.251 Calibration curve 8.40% 29.44%
? mg/L Preparation of standard solution 23.86% 45.65%
Drift by standard 18.84% 6.20%
U(feep) mg/L Repetition test of pretreatment 67.64% 43.76%
C mg/kg 125.48 166.94
Synthesis uncertainty % 12.66 6.21
Extension uncertain i 2918 12.70
v mg/kg 36.62 21.20
g 4= Iy t=27] wiolth 5 2345 Ry Table 12. Coefficient comparison of distillation & auto analysis
23ty Hxls ZaWa AFEREAwo] zhzb 29.18%9¢ a) Requirement time for Analysis
12.7%% Jebstet] ol $9 21 $dAIE 3o 2 divisi methods Distillation Auto analysis
I _ ivision
U SREel 49 At E a8 @ 4 9 — —— ——
Ho} $23 AL 771EAHe] BE3x gho] SR Removal of organics 16 6 hr
W) 230 Woke Aol ojde v A T AFW Distillation 4hr .
BT 89170 Mk ARSI Wi As da) g Resent preparaton 021 03t
- - _ nstrumental analysis .
O =W =Xyl nlE=x BIle AY4 0,
& TN FESAH vESY BT 247 67.7% No of samples 8 8

o} 31.5%%1H AswAHe] E3eH= 747 43.8%/2.3
=19.0%} 54.7%/2.3 =23.8%0) aZ=o] ZFHel Hls)
36809t 1.30]9] B3 gho] Yths Ag & 5 9tk o]
22X A el TF

2 etE .

AN Y HIE, 48]
git}. o] B} AFE Table 129
UERH AT 3 BALQA7S 87 7Few &
FHF AFsEAo] k2t 247 heb 7.5 heS 2 330 A

{
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b) Real time for handl

ing operation.

. methods Distillation Auto analysis
division
Total 42 hr 1.9 hr
Sampling 0.3 hr 0.2 hr
Preparation time 0.4 hr 0.2 hr
Preteatment 3hr 0.5 hr
Instrumental analysis 0.5 hr 1.0 hr
No of samples 8 8
¢) the other factors
methods T .
. Distillation Auto analysis
division
Testable number 16 ea 40 ea
Handling time per 52.5hr 11.3 hr
100samples (6.6day) (1.4day)
d) Cost
s methods Distillation Auto analysis
division

A sort of apparatus

Cost(won)

Muffle furnace
Distillation apparatus
Spectrophotometer

50million

Trace metal
digestion system
Auto analyzer
120million
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