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Uncertainty evaluation of determination of hexavalent chromium in drinking
water by automatic discontinuous chemical analyzer
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ABSTRACT: Objective To evaluate the uncertainty of the determination of hexavalent chromium in drinking
water by automatic discontinuous chemical analyzer. Methods A mathematical model for the determination of
hexavalent chromium in drinking water by auto discrete analyzer was established. The source of uncertainty was
analyzed and evaluated, and the uncertainty of measurement of hexavalent chromium content was obtained. Results
The measurement result of this method was 0.232 mg/L, the coverage factor was k=2 (95% confidence probability),
and the expanded uncertainty was U=0.003 mg/L. Conclusion The uncertainty is mainly caused by standard
solutions, standard solution preparation, standard curve fitting, repeatability measurement and the instrument, and the
main sources are standard solution and standard curve fitting. This study provides theoretical basis for using
automatic discontinuous chemical analyzer determining exavalent chromium in drinking water and uncertainty
evaluation.
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T A PRI T Bl ) (B 0 B I B2 2R A P Sk
ARKAERE IR T FOANHA S BE R/ o ANHf S LB/,
ST B R AN T R, IS LT REEIRT O SR
4 [ 2l 6] WA 27 23 M 3 00 2R 35 AR K v 7S A 8% D ik T
BLRIRCR S . A SR R T RS FE 4R
BT R R . TEE, SN OR A P A R N E S
HA 3 HERE L BT T 42 A sha il 2 A0
S8 A TE R M B i B AR 20, HE AR G Y
AN E BEAIT o DRI AS SCHE ST 1 4 B Sl ] B A2 40 A S
TE AT YRR A A A% B RO T, S AN R B 118 A
HEAT T A RREA,  LASUI A AR 35 AR R 7S A 0 5
TE MRS %

2 MH5EREE

21 MUE5EHF
211 B

Cleverchem 380 4 H #h A Witk 2= AT (FEE De
Chem-Tech 7\ #]); BSA423S BUH T K ({5 E Sartotius
23 H); 0.45 o I8 U8 RE (R T L S 06 1A A B
2D
212 & A

BRAE A UL, ARy ik BT AR 24k 43 4l (1 24
LA IRA R, SCR K AFFE GB/T 6682 HH#E
FEM—Z0K .

TORBRIE RS g, LS S B R B A R
), K ZBE(500 mL, J3Hral, b ok Ak s
FA R FD; BRI, 500 mL, AZEH AR k2
WA RAAD; SO0 %0 R bR fEV W [100 mg/L,
%5 F GBW(E)080257, H &R EL] KR
AN B EERES (45 BY400024, b 55 k6 Rl
HARA ).

TR T HRA W FREL 0.04 ¢ THEERTETHE, InA
20 mL JoK B, NEEAK)E, BEEMA 8 mL iz,
BHFERZE 100 mL. fEFFHREMT, ARG, AREf
FH o Bl A5 YRR ik B o] L VS VR o
22 MBI IEHH

WA 28 di ik, MEAYE R 550 nm, 2 ikt B
37 °C; FEFRVEGEEREE R 400 uL, “IRBRIE WA WO RE
HON 100 pL, 1% 300 s,

23 EWHE
231 & #

KIS EE E TR S T 5 R ek W B i 2B
B AL A, HEAE S iiE k. FEk
550 nm AbI IR GRE, TR SR A AR

232 HETsm

FESZE 0.45 pm (78 B2 A0 B0 0 5 o
233 WX F R

FEOLTUAIS, 2850 5w A e e T s S 8
MIRAE . IR SR GAR IS, AHERE S Y . #%
SR 2 B 15 R G R I — S R < 1.00 mg/L (975
BEARAE LAV SR S TR A A AR L R 6 B, G S AT
WUH | AR M 2 10 T X fe v TR A T T VR A T
BRI WIS HERNZR . FeE S 9 RGP R R, 3
BRI £5 5 . B AT X 8 i 9 B AR S iR B
RIS ME SR . BRERIERE, e ash
UL, R IE G,
24 HEFER

R e/ Z e AR T ARV W FR S0 A5 20 IR
EHA TG, HEA I R Y=aX+h,
K a—FriE g sl 2,

b——FR I AR .
U(Cqer) 5 Uifig) o | Ua(fip)
[T+ P+ I+
Uc(C): Coysr fio fio
C
[Ul(m)]2+[uz(m)]2+[@]2
m m A

2 u(ee ) —HRER S | AR E B, mg/L;

Uy (Fro)——RE B A YU T8 A A A 25 5 | A AT
ﬁig, mL;

Up(F0)——REFRHEfE A7 80 B A T 5 1 A B AS
B 5E BE, mL;

uy(m)——HrEHZAS 5 A BB E JE, mg/L;

Up(m)——FF 5 B A2 PRI 5] A BB E B2, mg/L;
U(A)——IUER B ARSI E JE S

3 HZRED

3.1 THAEERIES

P A 7 s R B A AR R b, HOR 8 0 B B R TR
U LA 7 18 P
301 ARRIEIRFIAG R ZE uce )

312 KRR RBRHEZAFEMERTII NG T HEE
u;(fyo)

BWE T A BRI EE uy (Vi) BT AR
B up(Vipo) (BB WE 2. REAL., AaH
).

3.1.3  BAT ARG AR 2 AT AL RGN A R
Uy(f10)

BBAE TN ARIATEE upi(Vs) . ARG A BRI E
BE Unp(Vso) (TSRS 228 . IREEAR b . BRainz).
3.1.4  ARfE R IEFINE R HEE uy(m)

TERE A A5, B ™A% e BECHI SR A B8V A o SR
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gl TAEMZ, B FTREFEAMMZE ST, a Fl b ATRES B4R
ew N AR L, RS X R AT SR A R o T L
a bR T SRR IR TR, £ RN HEEHENEm,
3.1.5 AT LM E TN AL uy(m)

WEEE S AT, WEARBEAG . BIEA
TR R AR BRI B M
3.1.6 LB I RHZE UA)

I EATEE uw(A). SR ERLRZETIAR
AHEE Ua(A)o

4 NMETHEESENTRE
4.1 REBRSIANNTHEE

r HEVE VA P P B T R 2 A ST B B 7S M % BT
WBATEYI R, 975 GBW(E)080257, #RifEE N 100 mg/L,

AT AN BE R 0.8%(k=2)o [Klith, ELAHXT A E B H
Urer(Cer")=0.008/2=0.004 ,

4.2 tRERREHISINNTAHREE
421 HAREE AT ZAF A LRG| NG TR
FH 10 mL A B EMEFHFI 100 mg/L W70 855
HEVRIE 10 mL 2 100 mL A A=A, FKFBREZIEL,
BEASH S 10 mg/L IS8R 45 W
42.1.1 10 mL BE 5| AR E B
10 mL BB T il Ar v i 5 TR AN o B
FH 2 AE: —REBRZE AT EE, AEARTFRE
H£0.020 mL, FEHEINAI% (k=3 ), Fik, HirfER
B AE 3 0.020/ /3 =0.0115 mL; S E AS L HE e i) Ay
ENE, BAERSR R EE 23 °C, KRB K R BN
2.1x107°C, $EI SN k=3 T, BIARHEE N
10x3x2.1x107%=0.0063 mL. P& W5

U (V;)=v0.01152+0.0063> = 0.0131 mL ;

Uret1(Vig) =0.0131/10=0.0013 .

4.2.1.2 100 mL &5 AR E E

il 100 mL 5 S5 HUIC il b v it 4 T AN B
KH 3 AT —RATZES | ARRERHEE, A%
FVFIRIE H+0.10 mL, #HE) M % B k=), FHit, 3
FRUEARHAE BE R 0.10/4/3 =0.0577 mL; & 2% i 70 i
TR 2 2 FE AR S PERRHE R 224 0.030 mL; —JEIRE
AT ABIAHRE Y 100x3x2.1x10=0.063 mL, =
WA A5

U (Vi0)=/0.057720.0302 +0.063% = 0.0905 mL

Uret12(Vigo) = 0.0905 / 100 = 0.0009 .
422 ARG RGBT EARE IR I T
Al 5 mLA #BREWMBIOZMESAT 5 mL =

50 mLA AR, FK R Z 2 E L, AWK E R
1.00 mg/L (7S B Arit TAREH
4221 5mLBRESIANATERE

Al 4.2.1.1 759k, @ 5 mL B0 e il br v TAE R
AW EEFERA 2 A —RRFZIE AR E S,
AR AR RE0.015 mL, A% Ek=3),
I, HCRRUER A E BE R 0.015/~/3 =0.0087 mL; RS
AL AN 2 B 5%3%2.1x107%=0.0032 mL. M4
AT

Uy (V5)=1/0.0087%+0.00322 = 0.0093 mL ;

Urg21(V5) =0.0093 / 5=0.0019 .

4222 50 mL RG] ABAHHE

[ 4.2.1.2 7k, 7] 50 mL 258 HA AR ME TAER
M E ROk A 3 AN Ta: — R AR ZI B 5 A b
RHE R, A8 RVFIR2E N£0.05 mL, FH 50010 % &
(k=+3), Bk, HARMEARSER R 0.05/43 =0.0289 mL;
TR A T R IR 0 2 B A B A E O 22 R
0.020 mL; =& AT AR EE R 50x3x2.1x
10-4=0.0315 mL, It =204 A5

Uy (V)= 0.02892+0.0202 + 0.0315% =0.0472 mL

Uret.20(Vsg) = 0.0472 / 50 = 0.0009 .,

43 tRERMZUESIANNTHREE

Fie B SEEG vk MAN AR T RE, Cleverchem 380 4 H 3h1[H]
Wi Ak 2443 AT B BB EE 0,000, 0.005. 0.010.
0.020. 0.050, 0.100. 0.200. 0.500 mg/L BN ERHRAER
W, FrSEERINGR 1 R, RER L IFRA N SR
5 OR N B WO Ot B LA A R & b e Oy R
Y=0.6024X+0.0057, HHZEAIAHSE R EL 17=0.9998. MLk I &
B n=24, X =(0.000+0.005+0.010+0.020+0.050+0.100+
0.200+0.500)/8=0.111 mg/L.,

R/ 1 AMIBERERZE

Table 1 Hexavalent chromium standard curve

ZS WO Y
AP HSE X/ (mg/L)
2 3
0.000 0.00240 0.00238 0.00243
0.005 0.00942 0.00947 0.00952
0.010 0.01244 0.01248 0.01253
0.020 0.01845 0.01851 0.01856
0.050 0.03643 0.03646 0.03651
0.100 0.06644 0.06647 0.06652
0.200 0.12633 0.12637 0.12642
0.500 0.30656 0.30661 0.30666

A58 T AN E T A 5t 4 AR IR AG AR B AT BRAS A K
JR S B RS RE L [958 BY400024, ¥R E H(0.231+
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0.010) mg/L]10 %,

Fan I T E VN E B p=10, AR SR T2 M(E
Om=0.232 mg/L, [1A=0.14846 Il:

bowE o & oM o #® &R b M 2% A

\/an[vi ~(b+ax;)]’
SR: i=1

— =0.0014 mg/L >
broE B2 B R RN WO E R
— —\2
-X
ul(m)zi l+l+n(m7)=o.ooo9mg/L?
a,p n —\2
Z(Xi_x)
i=1
L7 11 = S R 7/ 7 N 1 I = 0 Sl B
Upg; (M) = W _ 60039 -

44 HREEMVNESINNTIHEE
M43 s, RS RNT, TR bR MER2ZE R
smy= |—— (m-Fn)2=0.0018 mg/L .
p-1 5
FE G2 MW E B A B AR E S B OE R
Uy (m) = S(m) _ 0006 mg/L .
\/B 5

B ah TS PRI RE 1A B A X AR E A B E R R

c

Urg.2 (M) = 2 _ 0026 )

3

45 UEESINHTREE ud)
451 ENERHZE

ARHEFFEAHFH Cleverchem 380 4> H hlulWrik2#20Hr4%,
FH RS AETIE A5 AT A5 S AN 2 R 0.5%, k=2, #3457 53 10,
FEAAXHAREASTGE FE N Uper,1(A)=0.005/2=0.0025
452 B FAELRLEFNINGRHZE

24 Cleverchem 380 4 Wi {k2: 40 Hr (R L —A~
KA BECFRE, HoRMEA N 0.00001A, % k=-3 14,
W AR HE A 22 FE R 2 Up(A)=0.00001/~/3 =5.77x10°°, FHiAf]
XEBFIEAN E FE A - Uret 2(A)=Up(A)/ T A=3.89%107,

5 ARTHEE

AHRE R BRI 2.

A PR AN E L
[U(CCr6+)]2+[ul(f10)]2+[u2(f10)]2+
UC(C) _ CCr6+ flO flO —00072 .
C s
[M]er[Uz(m)]er[@]z
m m A

Ug(C)=Cx Ue(©) _ 0.232x0.0072=00017 mglL .
c

6 IRAHBEE

BT k=2(95%E[EHE%), WY A EE N:
U =kxug(C)=2x0.0017 =0.003 mg/L

R2 THEESE—RR

Table 2 List of uncertainty components

e OREERE R AN 5 B UR e AH PREARRERE AR

1 u(ce™) AU EEAR L T | A AN 2 B 100 mg/L 0.4 mg/L 0.004
ui(fio) T T VS VRO o T ME A8 5 VR 5 | A RN o 0.0016
2 uii(Vio) 10 mL B 5 AASH & B 10 mL 0.0131 mL 0.0013
U2(Vioo) 100 mL 25 | A B A E B 100 mL 0.0905 mL 0.0009
Us(fro) o At 25 VRO R B U T AR S I A AN 22 0.0021
3 Upi(Vs) SmL B 51 ABIAN & 5mL 0.0093 mL 0.0019
Upa(Vso) 50mL 28w G A BRI E 50 mL 0.0472 mL 0.0009
4 u;(m) FruE 285 51 A AT & 0.232 mg/L 0.0009 mg/L 0.0039
5 Uy (M) e S PRI 5 | A AT 0.232 mg/L 0.0006 mg/L 0.0026
u(A) INESTIWNGSE N i ibed: 0.0025
6 ui(A) SN B AN R B 0.14846 0.0004 0.0025

Uy(A) XA AR IR 225 AT E B 0.14846 5.77x10° 3.89x10°
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AN RE JEE 9 2 R AT ARV . AR RO . ARt
M2t . RN TR E FI{CE: o Horb, ARV BRIAR
T i ZR AU R IR 4 RN R B 1 2R, At A
7 B A B MR RO /0 o DRLH 0 o R v AR IR o
A A T A E BE A T I, DRAEDI B SR AR P . A
HET WU M IE MR TE W S, A% 1 IR E A5 PHOR AT,
IR I 78 7342 Sl DL RAIE R 5 o 5 I w3 v v
LA AU L I RE YRR, T st AR B 5 o Jo G B2 L] o
PR R IR EE, (R A 1) S5 ok B2 o el e 1) R
T, DL/ ARAE i 4 SR AN 5 JEE . ASBIESE O 42 A Sl ]
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