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Uncertainty Evaluation of Measurement Results for the Determination
of HCH in Groundwater Samples by Gas Chromatography

LI Song RAO Zhu
National Research Center for Geoanalysis Beijing 100037 China

Abstract Based on < Evaluation and Expression of Uncertainty in Measurement > the measurement results of HCH
in groundwater samples by gas chromatography GC  were collected and the measurement uncertainty was evaluated.
The sources of uncertainty produced in analysis process were discussed and the sampling volume for HCH extraction

volume fixing for HCH-extracted sample solution sample volume introduced in GC instrument measurement of the
calibration standard solutions and the repetitive measurements of the instrument etc. were considered as the main
sources of the measurement uncertainty. The uncertainty expression parameters and mathematical models for
calculating each parameter were also proposed. And the expanded uncertainty was obtained from synthesize standard
uncertainty multiplied by expanded factor of 2 under the confidence level of 95%.
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Rix® - CL1II 30 m x0.32 mm Fig.2  Uncertainty sources for the determination
0.25 pm 10 of HCH in groundwater
1.3
1L 30 g NaCl 1L 2.1
50 mlL 5 ~10 min IL
250 mL 25 +5.00 mL NG
mL 2 3 B
3 Na, SO, u V, =5.00//3=2.89 mL
20 ~30 min uy V, =u V, /V, x100% =0.29%
35C 5 ~10 mL 2.2
25 mL. K- D 50 mL 3 50.0 25.0 25.0 mL
1.00 mL GC - ECD Vi 50 mL
HCH 1 +0.50 mL
B
7K A B =t i — i B—=GCHl & u Vy, =0.50//3=0.29 mL
RS uV,,
4 f A2 LA g oy Ug Vou = 50.0 Xy3 x100% =1.00%
i T T B i —— 4 Ul = .
1 HCH
Fig.1 Procedure for the determination of HCH «/37
in groundwater sample by gas chromatography 3 1.00%
v
1.4 £0.10 mL
HCH GC - ECD A
uV,, =0.10//3 =0.058 mL
u Vi,
Uy V,, = 50.0 x100% =0.12%
HCH ’
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bAl p n See
1.00 mL K- D
n
+0.02 mL 2> A - a+bp,
=1
S =
B A n-2
u Vy, =0.02//3=0.012 mL A o= Sp s
) ' p= p;/n
u, Vi =u Vy /Vyx100% =1.15% ! =
_ n B _ 2
2'4 See _]_:1 pj p
HCH 50. 0 n 10 p
/mL
ng Po 2
u’rcl psld 2‘00% 25 M‘L po
+
+0.2 pL 20 pL u py )
1.00 mL 1.00 pg/mL
B 2 HCH v
u'V ad =0. 2/ﬁ:0, 12 p,L Table 2  Calculation on the determination results of HCH
U, 1% w =U Vv w /V X 100% =0.58% n gruundwater sample
ok Py o/ 0o . upy /el py /
A Ay ng/ml  ng/mL ng/mL %
a 210234.4 220746.5 34.0  27.0 5843.78 4165.92 0.68  0.020
U Vows =t Vi =1.15% B 86482.7 89974.3 25.1  27.0 3559.61 4167.89 0.77  0.031
y- 10568.5 12057.4 3.45  27.0 6066.02 4166.73 0.79  0.23
5 8873.1 8765.3 3.40  27.0 5670.21 4165.75 0.73  0.21
. 2 2 3
uy dilyy = Juy Vo tu Vo =1.29%
rel std \/ rel std rel std @ Al Az B-
A, A, 5
2.5 250 pL
+1% 200 plL
HCH ¢ PL
1.00 mL B
GC - ECD
1 Uy V sam ZI(X)%
1 HCH v
Table 1  The linear equations of HCH standards w, V . =u, V, =1.15%
§ 5.00 ng/mL 10.0 ng/mL 20.0 ng/mL
et 4 4y 4 45 4y 4y
a- 25310.75 25910.75 46217.4 45891.4 115581.7 120798.6 u, dil =«/“12-el Vo +uil Vo =1.52%
B- 17821.7 18021.7 31536.7 31004.9 69893.9 70010.3
y- 26510.45 27210.45 49225.4 50021.7 117872.2 113280.5 2.6
8- 26891.9  26071.9 45900.8 45134.1 115329.1 121324.6 HCH 10 pL
40.0 ng/mL 60.0 L
HCH e e/ Abpra 1 ul RSD =+1.00%  GC
AI AZ Al AZ
a- 262710.1 258947.9 390761.5 387626.6 A=6759.9p —14540 B
B- 141136.4 148876.5 208283.4 214452.5 A =3579.1p -1529.7 uy Vi =1.00%
y- 258247.0 261032.4 382540.0 379982.7 A=6593.0p — 11418 2.7
8- 256383.1 250346.6 383495.5 388645.2 A =6658.4p — 13823 ’
@ A A, P
ng/mL 8
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A Table 3  Significance test of the effect of extraction procedure
on recovery for the determination of HCH in groundwater sample
$ P Rec
u pr = 7«5 HCH R/% S Ppre. % upp Urel P !
R a- 96.3 5.15 2.97 3.09 0.012
_ — B- 106.0 2.83 1.63 1.54 0.037
Sree =1/R v- 93.8  6.07 3.5 374  0.018
B 6~ 94.4 5.97 3.45 3.65 0.016
_ [1-R] ) R S Prec 10
U pr
l to, =4.30 3
R 1 S e HCH
t Loso B ke
HCH R 3
t 4
Sr
Urel p = \/uirl Vl + uirl V3 + ufcl Psid +u’12'(‘,1 dilsld +uf&‘l Po + uirl dils:\m + u’lz‘cl Vinj +ui*l S PRec
Uyl dilsam 5 HCH
B - Table 5 Analysis report for the determination
of HCH in groundwater sample
0 HCH
a- 34.0 ng/L U=4.0 ng/L k=2
) B- 125 ng/LL U=11 ng/L k=2
— T—
k=2 Uco=hkxu, p y- 3.45ng/L  U=0.46 ng/L k=2
A = g
U, p =Py XUy, p /100% 5- 3.40ng/L  U=0.44 ng/L k=2
4
4 HCH 6
Table 4 Expanded uncertainty for the determination sample 1 JJF 1059—1999 S .
of HCH in groundwater sample 2
HCH Ut P u, p/ ng L' U/ ng L7
o= 5.88% 2.00 4.00 J 2006 25 4 365 -368.
B- 4.29% 5.38%W 10.76 3 M .
v- 6.71% 0.23 0.46 2004 194 227
0~ 6.62% 0.22 0.44 ’
D S 4 M .
5 A 2004.
5
4 J .
2006 24 6 736 -739.
6 .
HCH 5 J. 2006 25 12 54 -57.
7 -
5 J. 200625 6 84 -87.
8
J.
2006 27 10 109 -110.
HCH 0
J . 2004 22 5 568.
10 12
a

2008 27 2 91 -9%4.
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