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Abstract

As a typical aromatic amine pollutant with conjugated large m-bonds, aniline is highly carcinogenic
and persistent in aquatic environments. Accurate quantification of aniline in water is fundamental
to environmental analytical chemistry and ecological risk assessment. In this study, gas chromatog-
raphy-mass spectrometry (GC-MS) with internal-standard correction was applied to determine ani-
line in water samples. A mathematical model for error propagation was established covering the
whole quantitative procedure. Uncertainty components originating from parallel sample measure-
ments, liquid-liquid extraction pretreatment, serial dilution of standard solutions, calibration-
curve fitting and instrumental metrological performance were systematically decomposed and
quantified. The combined standard uncertainty was calculated by the root-sum-square method. The
average mass concentration of aniline in matrix-spiked water sample was 3.20 pg/L, and the ex-
panded uncertainty was U = 0.478 pg/L at 95% confidence level (k = 2). Error-tracing results
demonstrate that cumulative deviation caused by multi-step dilution of standard solutions and dis-
persion of least-squares calibration-curve fitting constitute the dominant sources of measurement
uncertainty. This work constructs a standardized uncertainty-evaluation system for aniline deter-
mination in water using GC-MS, and illustrates the error-propagation rule for trace-organic chro-
matographic-mass spectrometric analysis. It provides theoretical support and quantitative refer-
ence for optimizing standard-solution preparation, instrument calibration and pretreatment qual-
ity-control strategies, as well as improving traceability and comparability of quantitative data for
aquatic organic pollutants.
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2. SCIOERSy
2.1. {F{5IR7

AXB%: AL 7890A-5975C SAHERE - BB 208 K-D KRR E; 2 L Bk} A
HHIREL A EIM(1.00 5.0. 10mL); fETESF 25104 50, 100, 250, 500 uL); 1000 mLA Z &, {KIEA
JERE T A8 -

WA SR : &Mk, Bk, HRE. SRR NEISAL KR, S, MR
By, NaOH. H,SO4 N4l HaiE/ S (ZEE >99.999%); 9 =K BE(DFTPP) RS H IR A48
24 (1000 pg/mL);  [FAIAL R B AR AL -ds & 1(2000 pg/mL); [FIAL R AR 1,2- 5 K-dss FE-dio R
A2 (2000 pug/mL).

Bt - R o SMail: 30 260°C, AoEtAE, fEEHRE 1.0 mL/min; FHEREF:
40°CHEIE 1 min, PL 10°C/min F+% 100°C#KF 0.5 min, L 15°C/min F+% 200°C{EE Smin, #J5 30°C/min
F+42280°C; HEFEAEFA 1 uL.

JRHE: M ERED, BT 230°C, HERERE 70eV, LMLk 260°C, DU 150°C; ¥ FFILE
iR 6 min, JEFIXIA] 35~500 u, 4xFAH(Scan) REM I KH HARYIEFIE B 745 & (R e vk,
PR WAL IEE & .

2.2. IKERESHALTE

IKFERETEHIENG GB17378 HI/T91. HI/T164 MIyE: AR DRSNS RAE, Bl AR
pH % 6~8; KFEE RGNS, FFAKFEAIN 80 mg MAEREREAM S 4 CRGAI, RFEE 7d A58 BRIRIT
RHL, ZEHGE 40 d N ENLHT: FERERESFRTF T A, A WG PATRE St 2R i .

WORAEBCRAR: BHL 1000 mL R KFESERE 2 L 20W0R=F, I 30 g NaCl £h#r, NaOH i
pH > 115 MIA 120 pL10 pg/mL R FEFRAERE AT IR BNAR, RG2S IMA 60 mL & H %,
FARG I 10 miny §E 522 Smin, SIFAHAPERGE: AHUHZETCKERERIVEETUK RS 72
K-D iR46% ;s 70°CARBIRAE AR < 10mL, SRS A 0.5 mL; ¥&FEHJSI0 20 pL FA R P ARl
W, —SE TR EARE 1.0 mL, JBAIHERE QBRI
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3.2. T HAEE KRS

Wy E B ARG LB EIERAE, M EATEZ u, (p) 7709 5 NS EAM KIS &

[ 2 2 2 2
urel (p) - '\/urell + urelZ + urel} + ure/4 + urelS

e B2 O AT 5 T e A AT B AT 5
Uyt KBERTICBECREIUKRE . 2600, W4, 52403 AR bR A 2
Uyt SRR OF A P R0 12 28 1A PRV ) 31 AR AR AT 5
Uyt REHE AR AL TR0 2 3 AR R AW 52
st GC-MS A8 T 3 A BRI A 2
4. ETRAEETEERWITEE
4.1. HRNEEEUFHEE u,,,

HI A R ARAS: U AR bR SRR s R, AR E R MR E S R IR 1,

Table 1. Results of six replicate determinations of aniline-spiked water samples
= 1. KERMARKHE 6 REATNELER

MS-4.0 pg/L 1 2 3 4 5 6 ¥IHE ng/L S RSD%
p.(ug/mi) 276 3.04  3.09 3.52 3.36 3.44
Vo (ml) 1.0
V,(L) 1 320 0289 0.090
D 1
Py (ug/L) 276 3.04  3.09 3.52 3.36 3.44

6 AT EIIE p=3.20ug /L, HIRIMEAMERZE S =0.289ug /L, AL S -FAT ISR E N 2
R, B PERREATE
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4.2. BILEBESETRHEE u,,,

B AL FER 22 F Bk T 1000 mL B EBUKFE. 1.0 mL BREMZEIUEE S 18R SIERKRIAZR L
=
1) 1000 mL S H R RV +5mL, =Mk =~/6 , HIEIUHN AHE BE: el b 7
KEE, SRRER R

2) WA S 1.0mLA HEBMEEMH 7K, SNEERERRE;

3) HTAbERFTA A R SEERUA R & HAA B AT A B S AT EE u,, -

43. FREBRREFITHREE u, 5
o NE R R ER, BENRTIE: A BEEMEREE. WMETERSBBREE. WnEL
WAL FIERAFIEE . LW =R E W AR R 2.
43.1. REBRARATMEECHN T, k=16)
A GO 2 154 e
10 mL ZE8): MPE=20.020 mL, u(V,,)=0.00816mL , u,,(V,,)=8.16x10";

(
5mL A&jf: MPE=+0.020mL, u(V;)=0.00816mL , u,, (V;)=1.63x10";
I mL A&f: MPE=+0.010mL, u(¥;)=0.00408mL , u,,(V;)=4.08x10"

432. WEEHEBRIHERGSH, k=13)
AN RIS S 25 3 K 0 VF R 22 SORH R AN 7 2
10 uL: MPE+0.15puL, u,, =8.16x107;
50 uL: MPE +0.50 pL, u,, =5.78x107;
100 pL: MPE £ 1.00 uL, u,, =5.77x107;
250 uL: MPE £ 1.70 pL, u,, =3.92x107;
500 uL: MPE +3.00 uL, u,, =3.46x107

433, FEPEREETREE(ESSH, k=2)
IR £ (1000 pg/mL): UEHF A E U =+ 50 mg/L;
Ff-ds B AMI(2000 pg/mL): U=+ 101 mg/L;
1,2- & #-dy WFR(2000 pg/mL): U =+ 60 mg/L;
BN BAREAE B uy., =U/k 5 50V SARKE AN 52 BE S5 A o

4.3.4. REEESINTHBEE u, (V)
SRS IR XA 20+ 2°C, R REARUEIK 2 E01.37x10°°C, BRI AT 20E, 15505

-3
AT xa _ 2x1.37x10 000158

urel (VT)_ \/g \/g

43.5. FRERBSENTREE
MY 2 TR RG] A v R B T A S 2 o 22 {25 R S R S 8, A i, (V) ~ u,, (V) 5

Sy

rel
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BN BOE (H IR ZE SIRSERN, 5 B FRAERCH S AT ABE L u,,,; -
4.4. REMSMETHEE u,,.4

FEEEMRH] S s L bRUE 251 0.504 1.00. 2.00- 3.00 5.00 pg/mL, ¥ JE s s N & F AL R AR
PRAIRIE 1.60 pg/mL), GC-MS KA BE WL 2,

Table 2. Concentrations and instrument response values for the aniline calibration curve

2. RERRGEMZIRE S ERNNE

NG x, /ng-mL™! 0.50 1.00 2.00 3.00 5.00

AXFRMA R y, 464084.21 1024614.47 2103375.38 2769765.76 4932397.93

BN T IREIHTRE:  y=973277x+20310, ZRMEMIERE R =0.9978 .

th 2R RARAEN 2 s (1) =1.32%x10° s ARdE RV T-HREZ X = 2.30pg/mL 5 WREZETTM S, =0.813 .

RN B ZR A A 52 BEAR A, TR IR B 3.20 pg/L &b il 2R 0L A B AEAN A 52 5 e, = 0.1529 5 it iAH
X AR AN 5 5 -

4.5. GC-MS X BHETAEE u,, 5
HEHR BB 4 U BLRIEE 15, WU AT Uy, =15, BRET k=2, Kb
S

015 60034

is ==
5. BRI ETTREE ST RTIHEE
5.1. BAREXIFERTHER

For BAEIRAL, SR T AR A BUS AR AN 5 FE -
5.2. BRARETHEE

FE it R T30 2 W BE p = 3.20pg/L -
u,(p)=pxu,,(p)=320x0.0747 = 0.239ug/L

u

53. I RATEE
B EHRL 95%, GEH T k=2:
U=kxu, (p) =2x%0.239=0.478ug/L

IR RS N 25 R 7R A
(3.20£0.478)ug /L, k=2 .
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6. HRS1TR
6.1. ENHEE ST ETE S

TR A RH b v A B 2 T 40

1) BHEHIZAU S u,,, = 0.048 « FRAEFERIECH u,,,, KT TR ZEKIR

2) GC-MS [ # TR RE u,,, = 0.0234 A B TRk s

3) FEPATIE R u,, =3.67x107 DUkkE /), BEBVRRAREL - AR E BAR RTAT I R I

i A ADN iR 25 O e R R Btk RV ZMEAHOC R B R = 0.9978 AKRikF| 0.999 L b, IR A%
M 7 5 R BE K s AR BV TR R 2RI T 2 D Bk, ZIREEMER . RN S Bl R
HARZE, A BRI 4 AR B A7 18 2 (B I 22

6.2. M BATA LSRG

B0 S AN 52 FER SR th St T 5«

1) PRAEVEBIR R DR, SRATRIAR A R B A T s IR HE BRI 16 1)
0 SRANH E FE S /N UEAREI I 42 SL 00 S IR BE I ENTE R = 1C AN, FRARVA UK 1R 22 5

2) KR ZR AR, HEIARIE 2 R B 7 R iR RIREES R, BRI E R MRHE A 2~3 I
BOrsym AR, SETHERMEIL ARSI, PRIEAR X SR8 R > 0.999;

3) AR AR GC-MS W A 1, 45 UCRE il 73 AT SAAT DFTPP S e, R IR A HERE A4
CIEFDIRES, BRI AS 5

4) ATALEECAL: SRS R B & B BUKFE, BB HERS B K-D IR AR
HEZKHY s BV TR R R AR AR e 22

6.3. FiRERAMRAA

AW IV 2 FE 5E 4 UL AT HI 822-2017 E bR 77 ¥, ANHf 72 FE 95 70 78 5 MK EER 238 F L4
BESHRAE, YEERAIN HEGT R EMR K. HUR KL VR K o 2 i R R R AT YR GC-MS N bRk
W, ATONEE =05 K SR E6 5 VAL UE . PRSI A R . AT KRS DE AN B R AR A AN B R VT A
B

SE
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