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Evaluation of uncertainty of determination of trichloroaldehyde in drinking
water by headspace gas chromatography
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ABSTRACT: Objective To evaluate the uncertainty of determination of trichloroaldehyde in drinking water
by headspace gas chromatography. Methods The uncertainty of the measurement results, such as the
preparation of the standard solution, and the repeatability of the sample measurement and the fitting of the
standard curve were analyzed, and the synthetic uncertainty and the extended uncertainty were calculated.
Results When the measurement result of trichloroacetaldehyde in water was 3.27 ug/L, and the inclusion factor
k=2 (confidence level was about 95%), the expansion uncertainty U=0.36 pg/L. Conclusion The most
influential factor of the uncertainty component in the determination of drinking water by headspace-gas
chromatography is the uncertainty introduced by the standard solution preparation, the standard curve fitting
and sample measurement repeatability are next.
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= KW B ¢ (trihalomethanes, THMs) Fl X Z &
(haloaceticacids, HAAs)E XK 13281z e d &b iH
FRIY) . =5 L (trichloroaldehyde, TCA) W& FAEALIH
BRI, SRR OB AR] Y b A L E e E AR
B —Fh . 2007 4ESEhE R AR SRR AEMRME ) (GB
5749-2006)LE K FH/K th =S LB FRME N 0.01 mg/L, 5
TR = X B — RIS AR R B8 AR . B, KK =
TR K FABAR A B G A S A = G I SR B
NIEEE RN, AR B0 XU, AR =
AR E 5 AR, BT, kb =428
BRI 7 32 A - AR BRSO SRR
WA e U T AR )L sk
JeRERIO Bk Mo, A M I A Tk
K = OB RABAERE . PR, LRI
ZHOBERTKUKE ZH BN, KE=HS
P 5 VR PR A il = S e, T 32 0 2 ek i J = S0P o
M, W Z 2208 =R Bk g, H s =h:

Cl,CCH(OH),+NaOH=CHCl;+HCOONa+H,0

Lt S PRI SE 56 2 A ECE R . S e w]
Sk, NPT A SO 5 I E R K T = A G R
FANTR A2 B EA 70 S AT e A B Ay B
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21 UE5EHF

7890B S AH € i 45 - S ith FL 9l AR A I #% (LECD)
7697A Tizs AEHERESS . DB-624 {435 (30 mx0.32 mm,
1.8 pm, [ Agilent A F]); Milli-Q B F/KEAFRGER
Millipore A Fl); 20 mL % 35 PR ZS A S H(GEE Agilent
3 H]); 10,100.1000 pL # i (dL 5% DragonLab 2 r]); 10,
100 mL A RIRCRHETT RBEPIEE A BRA Ao

KE ZRZEFREE (1000 mg/L, 4V R FRE {47
BN ), AL (R al, TRl 25 B Ak 2= ]
FBRAF.
22 (UEEEH

{3 S RGN SHIRLRE : 260 °C; HEREDIREE: 160 °C, F+
IR WIIRIRE 40 'C, L 3 C/min FFE 50 C, HLL
6 ‘C/min JF2 100 C, 45 5 min; fHER, /2N 151,
23 R REIECH

FH 100 puL MRS 100 pL /K& =8 LR IR R
T 10 mL A, AEEFKESZZE, WIRHERR
WeEEH 10 mg/L. T 1000 pL B AR 400 uL Fik
10 mg/L BIARMERS R 100 mL K8, B FARRE
20| FE AR v PR B2 0.04 mg/L, #5 .o

il

533 10 uL BB R A8 43 AIF5HL 0.8 .1.2.2.0.4.0.,10.0,,
20.0 pL FREME T 10 mL A5 GEAIRIE 20.0 pL
i FHVE W FH 10 uL MBS AR ARSI 2 1K), FCiilak 0.8.1.2,
2.0, 4.0, 10.0, 20.0 pg/L ¥ = LR HERSNIE R . %Ht
JE MR FIEA 0.2 mL 2% NaOH WK, i T T 2s ik
BERR, SR BRUE 2R AMm ik UEA TR 22
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(1) BCHIFRAER IR A BRI E

(2) PRSI AL G| AR A E

() RHE/N —F AR LA R P TR
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PRSI 5 35 AR 2 B e, 28 AN 2 38 7 ik 2 [
BRI, A E AR, 15 3 A BN E R

et (€)= Uy (V) + +uly (R) + 2 (S, )
AT () A
ret(V)- B HEFE IS | A M B A 2
e (R)-E S T 42 1 3 A M A S i 2
e (S2)- K /N = TR AT M T AR M 2 A v 5
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33.1  Bed R PIAR R E R T A T A0 AU AR A R A
2R (V)

(1) FRUEI R AR AT RE BE e1(P)

T T 90 B UE A5 H T 25 o AR A A A 8 YRR T 1 e B A
1000 mg/L, k=2, FRUEANHIEE N 0.07 mg/L, WIFRAER TR
BIABIAHEEE u,,(P)=0.07/1000=0.00007

(2) BRI AP E B

10 pL B R F U W R RS VFR 22 H+0.3 pL,
MR SCER[17], $HETE M % 1 (k = V/3), 10 uL BH#5I
AR BURHAE BE . w(Vy)=0.3/3/3=0.173 pL, BRRCHIAR
MR TR 10 pL BB A8 5 1 AR AR BURE G BR AT 2
F: uea(VD=u(V1)/10=0.173/10=0.0173,

100 pL R A5 A9 UE5 Ut BB R VP25 +1.5 pL,
N 100 pL B AR 51 A MARBURIH 2 BN u(Vy)=1.5/
V3=0.866 pL, R 100 pL B W51 AR AT bR A i
FEBE N ue(Va)=u(V2)/100=0.866/100=0.00866 .
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1000 pL B #5 ATE 5 1 W de K 28R 25 10 pL,
M 1000 pL B & 51 A MR BUR 8 5 B R s w(V3)=10/
V3=5.77 uL, B 1000 pL BEWER5 1A A AR X bR A i
TEBER: ue(V3)=u(V3)/1000=5.77/1000=0.00577,

(3) HEMBI AR E B

10 mL A AR B R A VR 22 8+0.04 mL, $#4
WA (k =+/3), 10 mL A %25 8BS AR FURH
SEBEH u(V4)=0.04/v/3=0.0231 mL, B 10 mL A L7525
A BIR AR REATNE BE R w,e(Vs) =0.0231/10=0.00231,

1000 mL A A BN B R VFIR2E 25 H+0.4 mL,
N 1000 mL A RAEBMTIAMAERBURNHAE BN u(Vs)
=0.4/v/3=0.231 mL, EJ) 1000 mL A K25 85| ARIRFAH
X BRI E R w,0(Vs) =0.231/1000=0.00023 1,

gi b, FERIIBREME RS D, 10 uL B AR
7 ¥k, 100 A1 1000 uL BAFSHH 1 &, 10 mL A1
1000 mL ZEIEAMA 1 k. FE, WS AW AHXARE
ANHE AR/, AT ZWEATE . P, b v 22 40 i il o A2 o
SRR A oA B 2 3

2 2 2 2
u V)_\/urel(P) +”re1(Vl) +urel(V2) +urel(V3) +
rel - 2
urel(V4)2+ure1(VS)
_Jommm2+7ﬂunn2+omw%2+am5w2+

0.00231% +0.0002312
=0.0470
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Table 1 Determination results of TCA

W5 YL 1 2 3 4 5 6

JREWEE/(ug/L)  3.04 324 325 325 344 340

RS 6 Y SE A9V BT e I ¢=3.27 pg/L, MR

R = [T () SR L

£ 5=0.0502 pg/L, WAL & T2 P 51 A BIAR AN o B

333 RARDZREMSARE TG K THEFIIAY
A8 3 AR R (S,

SR T2 SR T K rh = A O, bRiE RS
B HAHE A 0.8, 1.2, 2.0, 4.0, 10.0, 20.0 pg/L, 4%
FANREE /3 BN E 3 1K, S5 W3 2.

KN RS R TR LR, 15 =& W
RPERIH T A=bCi+a, a=101.85, b=303.56, M X R %
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Table 2 Determination results of standard curve

Z 5 RYNNWE RO mIERA RO SRR R g R

/(ng/L) Ay A, As
1 0.8 241.56 252.71 251.02
2 1.2 439.13 447.26 463.85
3 2.0 698.49 711.25 707.75
4 4.0 1402.31 1420.22 1408.37
5 10.0 3199.64 3237.63 3184.93
6 20.0 6087.93 6265.44 6019.83

r=0.9995 . p A i i 2 SR i ok J3E A9 AN 2 T2 D0

—\2
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Zf’_ (Ai_bci)2 o . e
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p IR E UK n SR o 2 AL R ) B o
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Table 3 Calculation results of parameters

S8 p n ¢ Sr (¢, — ) Z(ci -0)?
i=1
4k 10 18 633 74.13 424 281.41
mwfl 1 424
u(S.)= —+—+ =0.101 ug/L;
(5e) 303.56 V10 18 281.41 He
u(S.) 0.101
urel(SC)=—6=W=0'0309 o

34 ARINETHEE
IR 45 N ff 8 B8 43 a B AR S, DDA 5 =l 2
TE SE TG R VAN R
et (C) = (V) + 3 (R) + 2 (S.)
—J0.0470? + 0.00632 + 0.03092 =0.0566;
u. (C)=c-uy (C)=3.27x0.0566=0.18 pg/L .
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RV AS B0 A2 JEE T 4 £, A 00 5 5 X ) LRl
{H T RE LAY — 043, 7EHLILRl HAR & A, H
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U=k-u,(C)=2x0.18=0.36 pg/L .
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ABIF TR FH T 23 - SR B T R0 E K = A, D
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