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Uncertainty evaluation for deter mination of lead in pickled vegetables by
atomic absor ption spectrometry

DONG Zhe, LI Meng-Yi, ZHANG Hui-Liang, XIANG Xin-Hua, CAO Jin"

(National Institutes for Food and Drug Control, Beijing 100050, China)

ABSTRACT: Objective To evaluate the uncertainty in determination of lead in pickled vegetables by
atomic absorption spectrometry (AAS). Methods The uncertainty caused by various factors in the whole
process of determination was analyzed, including weighing, solution preparation, microwave digestion, the
apparatus and calibration fitting. Results The synthetic uncertainty in determination of lead in pickled
vegetables was 3.02% and the expanded uncertainty was 6.04%. The content of lead in pickled vegetables was
(2.46+0.15) mg/kg (P=95%, k=2). Conclusion The uncertainty of this method is mainly caused by
microwave digestion, calibration fitting and AAS error.
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C . 3 THEEMNTE
30% 5 5 4 3
g ( Y31 FEHEEHRE
(1000 pg/mL, : 11032,
) " ' .
3.1.1 FAmH| B2 AN R T
Thermo ICE 3500 ( o B GARS E )
); MARS-express ( . ’
CEM ) 302 AR A2 A ) R R
2.2 HRALIEBTIE )
05¢g ;
s 7 mL 1 mL R
| 3.1.3  ARBE W &RFI NG R T
, 125 C ’
25 mL, 4 R , .
3.1.4 AKX G| N6 TR
T 1 HOKHMRIZR 32 ENETHEENIHRITE
Tablel Microwave digestion program , L
gestion prog 321 Mo &AL
(W) (min) (C) (min) 32.1.1
1 800 05:00 120 03:00 0.0001 g,
2 800 06:00 150 02:00 ,
3 800 06:00 180 20:00 +0.0005 g,
g g ne A .
2.3 FrERZRLGE u(m)= 0 ?/(105 =0.000289 g
1.0 mL 1000 pg/mL , 3
100 mL , 0.5 mol/L 0.5000 ( )
; 0.20 mL ' & ’
100 mL , 0.5 mol/L
1, (m) = %—0.0816%
, 0 4 8 12 16 '
20 " 3.2.1.2
Heg ;
(1)
’ 20C ,25mL A +0.03
24 FERUTBEHNHFER mLU . k=3,
pxVxf 0.030
@ pyy = L 25mL) = ——=
(Ph) = 1000 % m u(25mL) \/§ =0.0173 mL
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) 2.1x107%,
2.1x107%, , 3 C ,

2 :t3 OC 2

, , 10 mL © AV=£(2.1x

25 mL 10*x10%x3)=£0.0063 mL, +3 C
, P=0.95,
AV=+£(2.1x10*x25x3)=+0.0158 mL 0.0063 mL
13 C , P:095, Uy =T =0.0032 mL
uy =208 mE 6 6081 mi
1.96

u(d,) = \/u(100 mL)* +u,,% = J0.0173% +0.00322 =
0.0179 mL

u(d,) =\/u(25 mL)? +u,? =+0.01732 +0.00812 =

0.0191 mL u(d,)  0.0179 mL

U,y (dy) = = =0.179%
: V(10 mL) 10 mL
0191 mL
w (d)=— ) _00ImL )0,
V(25mL)  25mL
2 2
3.2.1.3 Uyt (L) =\/urez(205 mL)” +u,,(d,)” =
(1) J0.578%2 +0.179%2 = 0.605%
5 mL : 3.2.1.4
, 5 mL +1.0%!", 2.50
mL, 10 mL . . 100%
: 92.8%~101.7%
0,
u(Vg):2500115}1.04:1443 L ’
3 D 310%
) 3C 5 ml u(rec):—nz NG =1.26%
) u(rec)
AV=£(2.1x10"*x2500%3)=+1.575 uL tyg (rec) = ——==130%
, P=0.95, 05 g
U, :%zo.so ul , 5 mL10 pg/L ,
: 2.2 2
t :
R LG rec=1] _Jo973-1
2 2 t= = =2.138
—14.432 1 0.80% = 14.45 uL u(rec)  0.0126
: 95% , n-1=5(n )
45Ul
u(2.5mL) =L $g0 fe 2.571 t<te,
2500 uL (rec) 1.0 , S
@ ,
20°C ,10mL A +0.03
mL, ) :\/g 9
0.030 Uy (l) = \/urel (m)2 +urel (d)2 +urel (lfﬁ )2 +urel (rec) =
u(10mL) = —— =0.0173 mL

J0.0816%2 +0.076% +0.605%> +1.30%2 = 1.438%
3
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Table2 Resultsof recovery

(8 (ng) (ng) (ng) (%) (%)
1 0.5589 0.1079 0.1575 0.05 99.3
2 0.5597 0.1080 0.1544 0.05 92.8
3 0.5069 0.0978 0.1458 0.05 95.9 973
4 0.5585 0.1078 0.1568 0.05 98.0 SD=3.1%
5 0.5075 0.0979 0.1459 0.05 96.0
6 0.5756 0.1111 0.1620 0.05 101.7
322 ARBEARR R AR AT N R R AV=£(2.1x10x100%3)=+0.063 mL
3.2.2.1 , P=0.95,
. L
(GBWO8619) = 203 ME 0301 mL
s 1000 pg/mL, 1.96
(K=2) 2 pg/mL, u(c)=1 pg/mL,
_ 2 2 _ 2 2 _
Ba(©)= lpg/mL o, uag)_.JuaOOHﬂJ +u,,2 =~/0.05772 +0.0321
1000 pg / mL 0.0660 mL
3222 :
d .
: u(dy) = u(d,) :00660mL=0.0660%
(1) V(100 mL) 100 mL
1 mL s
[t
,» 1 mL +1.0%, ) Uy (L) = \/urel ( mL)2 +u,,(d, )2 =
' 578% +0.066%> =0.5829
1000 1L x1.0% J0.578%2 +0.066% %
u(Vgg) = ———=———=5.77 uL :
s 1
+3°C , 1 mL (1 5 L
L AV=%(2.1x10*x1000x3)=%0.63 pL; 00 n >
+
=09, , 200 pL 1.5%,
0.63 uL ’ '
Uy =——""=0.32 uL
2196 3 u(Vigy) = 20BLXL% s yp
NE)
+3°C 200 pL
u(ImL) =Ju(Vg, > +1,,> =v5.77% 40327 =5.78 uL :
AV=£(2.1x10*x200%3)=+0.13 uL
%ﬂ(hﬂL)zlooo IJ=0578%) , P=0.95,
g uy =23 6 066 L
2) t4 196 . I
20°C , 100 mL A +0.10
mL, . K=13,
(200 uL) = \Ju(Vysy) +u,” =
0.10 JA15pL)? +(0.066 uL)> = 1.33 pL
u(100 mL) = ——=0.0577 mL
NE) .
+3°C , 100mL 1.33ul
U, (200 L) = ——2E= =0,665%

200 uL
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2
2) u,(3) =2 ~0.0174=1.74%
100 mL A ,
, a(ds)=0.0660% 3.2.4  FESHRK I NG TR
3

, 244 239 2.54mgke,

U, (24 ) ==~0.665%2 +0.0660%2 =0.668% SR
rel \“ ¥ —
@ =2.46 mg/kg

Upel (2) = \/urel (C)2 tiy (17]% )2 t U (27]?;% )2 =

J0.1%2 +0.582%> +0.668%> =0.892%

o s S(w) =
323 AR &AM TR (@)
2 3 b
’ ; (@) = Sj‘i’) —0.044
> n
n 2 p—
lvi—(a+bx)] u,., (4) =29 _| 79,
Sp =\ . =0.00276 @
" 3 3.3 HEXRERNHEENER
c=11.5675 pg/L ,
. 4
- 2
c—Xx
S(c)=S—R l+—+ ( ) =0.2013
7 —\2
c ("’f ‘C) Uset () = \1.438%2 +0.892%2 +1.74%> +1.79%>
, (n=18); =3.02%
p: (P=3); :
z: (c=10 pg/L); U( @)= U, @)=2.46%3.02%=0.074 mg/kg
,2 :
X (x=11.5675 pg/L); =2,
ci . U=kxU (@w)=2%0.074=0.15 mg/kg
b:
opry=(2.46+0.15) mg/kg (k=2, 1 95%)
#* 3 FOERRREMRAE y URBXITEL
Table3 Concentration of lead standard solution, the absorbancey; and relative calculation data
Vi yi—(atbx;)
(ng/L) (a+bx;)
1 2 3 1 2 3
0 0.002 0.002 0.004 0.00620 -0.00420 -0.00420 -0.00220
4 0.045 0.045 0.044 0.04072 0.00428 0.00428 0.00328
8 0.075 0.076 0.076 0.07524 -0.00024 0.00076 0.00076
12 0.112 0.111 0.108 0.10976 0.00224 0.00124 -0.00176
16 0.144 0.146 0.140 0.14428 -0.00028 0.00172 —0.00428

20 0.178 0.178 0.178 0.17880 —-0.00080 —-0.00080 —0.00080
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Table4 Theuncertainty values

(%) (%)
0.082
0.076 1.438
0.605
1.30
0.100
0.582 0.892
0.668
/ 1.74 1.74
/ 1.79 1.79
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