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96. 7% ~ 112% A ARUEMZE A 1. 8% ~ 6. 1% ; AT AE- AR (O 3/ BTk ik U 22 3 Ak & B ek th 2 A 56 R B KT
0.999 4 H BRI K 0.5 we/L, IR B F N 95. 6% ~ 107% , HIM AR HEIR 24 1. 2% ~ 3. 3%, ARETF 505250 45 1 @
N FHERIR VA 157K ME pH <2 B ORAE SR MR, ST DA (NI IS PR AE 7 d W BB 0H 8. 1% 7. 3% 7. 2%
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Methods for Simultaneous Determination of Acetaldehyde, Acrolein and Acrylonitrile in Water HU Xiao-xuan', LIU
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Abstract; In this article, we compared the employments of the direct injection method and the purge/trap-GC-MSD method of
determining acetaldehyde, acrolein, and acrylonitrile in water.In the meantime, we compared the four different preservatives of
acetaldehyde, acrolein, and acrylonitrile in water.The results showed that the correlation coefficients of the three compounds were
both greater than 0. 997 by using the direct injection method.The detection limit ranged from 0. 02 to 0. 05 mg/L.The recoveries
and relative standard deviations were 96.7% ~ 112% and 1. 8% ~ 6. 1%, respectively. The correlation coefficients of the three
compounds were both greater than 0. 999 by using the purge and trap-GC-MSD method.The detection limits were both 0.5 wg/L.
The recoveries and relative standard deviations were 95. 6% ~107% and 1. 2% ~ 3. 3%.The experimental results showed that the
storage conditions were optimized when the pH of the water sample was adjusted to <2 with hydrochloric acid.Using this storage
condition , the 7-day concentration changes of acetaldehyde,acrolein and acrylonitrile were 8. 1% ,7.3% and 7. 2% ,respectively.
The recoveries and relative standard deviations were 88. 7% ~ 110% and 0.41% ~5.85% of surface water. The recoveries and
relative standard deviations were 86.3% ~ 110% and 0. 70% ~ 5. 65 6% of groundwater. Direct injection method is simple and
requires less sample.However, the detection limit of the direct injection method was two orders of magnitude higher than the purge
and trap-GC-MSD method. With a low detection limit and high recovery,the purge and trap-GC-MSD method can be thus trustable
for the ultra-trace analysis of acetaldehyde ,acrolein, and acrylonitrile in real water samples such as surface water and groundwater.
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R E AP BUR RS L TN G A
2B BEUEY Y, A, X 3 Mk A HEA
FREE 250 KA KA TE 188 Ry 7™ B 152 ) [] A,
S3XF N RR i e 3 . ER (AR T
HEFRUEY (GB 5749—2022) LA K ( b e 7K 34455 o
FRUEY (GB 3838—2002) Hi¥xfix 3 Fhib & ¥
PRAERRERE T IR RLE L Ak, SR TR
S et il fb 2 5 H SRt S I B S A
it | TP BTN st i K T = I L
I, XX 3 Al A P T e W W g e

TR (A 6 AR 7K B oA 5 35 ) (GB/T
5750—2023 ) HELE T AETE AR K FKJE K b 2
T D A TS 11%) 4 o) B 0 o o, 4F 2 o P B e
BE-EFEAE AR L I R B T i
PR B0 S I il B/ S €L 59 ) (HY 806—
2016) FFHLE T % H K bRk WK A TS
IR BT I K H R s T DR M I ) il B A
YES AR A A S R 1 YR AT
WE, Hursed 3 kA P2 mD 07 s
e, B W AR 5 AR B & R, SRR
SRARZ G J7 12, . WA - sk Y
Tizs ASAREIETE S R A - TS
OO HATHERE R ik S b R A
ARAHR B ZIH, WARE SRR, it
ASCXF GB/T 5750—2023 ¢ A= 1% 1R FH 7K A A4S 56
iy A S S AT T A B RN TS, I
ST WA AR - 3/ R B 5E 3 b &9
BT, HeAE T IR i i v E . IR AR SCA %)
PRAFSAFIEAT TARAL EL R, 0 6 1 T S5 L 1 PR AT
Tk,

1 SEIERS
1.1 FEAE 5

Agilent 6890 IS AH (1% XL FID &K IE B
TR 28 | Agilent 7890-5977 #AH €4, - 5 31 Bk
FAA (L E LR RHE A BRA F]) 5 Tekmar A4
SERE SR 461 (32 [E Teledyne Tekmar A F]) .

CE TS TR I TR AR (MR B2 1 000
mg/ L VEFIK , G5 S-22134-10X) . NFRL & P9
AR(HRBEN 2 000 mg/L, BHIK, g5 M-524-1S)
(Z[H Accu Standard 2] ) o SZHG /K Y5 Sk 48 4l
JK(R=18 MQ-cm) ,

1.2 oWt 5Irk
1.2.1  BEEFE-SH AL

M 1E S50, DB-FFAP £ 41454 (30 mx
0.32 mmX1 wm) ; FHEFEF . MR 35 CIAEF
10 min, L 5 °C/min F+ & 80 °C, H-LA 20 °C/min
FH28 200 °C; #EFE R FE 200 C 3 2N =LA
LAY 11 AR 6.0 mL/min ; K600 2% 5
300 °C; AT B 30 mL/min, %5 S & 300
mL/min, B R & 30 mL/min,

12,2 WRAHHAE - EIE/ Bk ik

W 4R 2 80 I i 40 mL/min , B (7]
11 min, WA 1 min; T FHEEE 180 °C |, B iR
B 190 °C, i [E] 2 min; #t 4% 78 BE 200 °C, 15} [A]
6 min,

S S 8. DA-624 T 4145 HE (30 mx
0.25 mmx1 pm) , FEARIREE 35 CLREE 2 min, DA
5 C/min 7+ & 120 C, #H LI 10 °C/min S AN
220 °C , PAHF 2 min  FEFE TR 220 C 38R M4l
AL BAWE 1.0 mL/min, 230 3011,

itk S8 A R 280 °C 5 R EI B F
J5, B URIR B 230 °C, - RERE 70 eV ym/z:35~
270 amu ; I FIFER 2 min; FH 7 AN B 4
Hi(SIM) , LR 1,

®1  HIRLAwERs TaME

Tab.1 Target compound selective ion scanning

EWARR BHE/min EEETme EEET ms
R 2.0~7.0 29 44 62 64
P 7.0~9.0 27 56.61.96
P 9.5~11.0 53 52.61.88.96
%S 11.0~15.0 9 70.95 130

1.3 FEACRES AT

F 40 mL VOC FR a3 IR ALK AL KA 7S
T, TG, R R Y pH <2, FHA 3R U 3K
IR IBLL 35 50 4 °C LU B CAAE , B,

2 #R5ite
2.1 RHEINZ Sk R

FHAB SRR L NI N IR IR A pr
WL, 3 ) TE ) S BE S 0.05,0.2,0.5,0.7,
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1.0.1.5.3.0.5.0 mg/L A7 He B A if 22 9 ik
BN 1.0.2.5.5.0.10,25 50,100,200 pg/L HYE
WEERRIE R G, o e BE AR v 3R 90 B 4 AR
AHAE T I | DAV TR R AR AR | o o Ve J3E Sk
AR AR o 2 A BE R v &R 20 T 4 4l
SE AT/ B vk I , DL H AR e B AE 5
P o 8 22 L Ry G A b | 0Tt v B A At AL R 4
iR I

FiBRCABE WD 43 B I s v T AR = 00 )
(HJ 168—2020) H =5 F bR a7y A T4 1 BR 1)
st RSO A AT 0. 06 mg/L
28 FUIAR KA AT I E 7 W, A9 8] 2 8 N I
P I A R R 4351A 0. 02.,0. 02.,0. 05 mg/L,
DE FBR43514 0. 08.0.08.,0.20 mg/L, FHKH
A - O3/ BB 2.5 we/L 8925 H nds
IKFEATINGE 7 IR, LW TG DN I O 114
FR¥9M 0.50 pe/L, M FFR¥HM 2.0 pe/L,

5 SR P At R ARG I 3« T S SR £ 3
O R AR R AT A, LT
PUIRTEE DI A I P 2 1k R AT, (B R 42 - AR £
T/ P e Y R B S B, 5 At 3 Rh AR
AR — A g, 00 -0 o i 1 A T 25 -
AP T A Hh B R T R A RO i vk —
AECE G, T R AR A s/ i v A

AH T2 PEAE v 0 B 3 R AR 1, R4 Al 4 3
FEI A A48 T DL I 4R AR, AT 2 5
SIATTR RABEE PR IR 4 Y O v A IRk
FEAE i AR 5 438, 4 7 IR RE T R ek
SRR AR RS/ o 1 vk il 2 vk B S
TEAG ER M G R BR ARG, I T BR B R
& GB 3838—2002( M /K FR5E T An vfi ) ) %ot
MK 3 APk & bR MERR(E 2R 45 R
W2,

K2 LT IR NI e h 2 Bk R

Tab.2 Standard curve and detection limit of acetaldehyde,acrolein and acrylonitrile

EY T BEAR-SAR G ARG/ Bk DRSO ERRE REmE-SE ek
AR REL r 0.999 1 0.999 8 0.999 7 0.999 1

2 [a] 5 )5 y=4.602 70x y=0. 085 378x+0. 018 878 y=1.494x+0. 024 y=0.055 04x-0. 34
LML/ (mg-L71) 0.06~5.0 0.001~0.2 0.01~3.0 0.01~5.0
KPR/ (mg L) 0.02 0.000 5 0.05 0. 005
AR r 0.997 2 0.999 6 0.999 5 0.999 7
[ 5 )5 y=0. 867 463x y=0.006 935x—0. 000 055 y=0. 657x+0. 017 y=0.039 90x+0. 15

PR LML/ (mg-L7") 0.06~5.0 0.001~0.2 y=0. 657x+0. 017 0.01~5.0
KPR/ (mg-L7") 0.05 0.000 5 0.05 0. 005
AR REL 0.999 6 0.999 2 0.999 5 0.999 9

g PIATTRR y=8. 640 T4x y=0.086 188x—0. 001 751 y=2.622x-0. 037 y=0.510 7x+0. 046

PO LY/ (mg- L") 0.06~5.0 0.001~0.2 0.01~3.0 0.01~5.0

B/ (mg-L71) 0.02 0.000 5 0.01 0. 004

2.2 KRR A

FH RSO i vk S i A<M
T/ SR PR 7 00 5 28 AR TR s
ISR KA BRI 22 o 7628 FURE S 43 A
BClary 3 AR R B R B IY S|E DT L N A%
TR AR PR, A BT s Tk B A T
SEATAREE 6 1y, M E A SRR 3, R 3 TRl LA
B, RS A E 3 B B AR LA
YU IAR ESCRIE N 96. 7% ~ 112% , T4 52 1K)
A FRER 22 1. 8% ~6. 1%, WA AE-S M
T/ BUEAINE 3 Fh HARME AP s i3 F
A 95. 6% ~107% AHRHRIEN2E 4 1. 2% ~3. 3%,

ARy 3 S SRk R B D ik TS S H

TR R4 B - ik T e AR T I
AOINBRAEE AR AT LA, PEARAS SRR DL 4, LEAE
AR 4 FhO7REITE B CE Bk B R A
R BRI MOR R H R
PRBRN R, R 22 | TS BERETE AN REXS H Ay itk
AR, AN I & 73 Hr IR f e R A S Bk
At WCHTHRTAR TR MO B RV R T 2 A 1
T 5 A S e ) SRR R SRR A0 S Y L, AR
P ARSI 0 WA il AU
AT F S A PR A B EL IR [ i A A A
NRSAE o B R UM @ S O & 5 K Y
SYERES), BUEX T AR KL S W S E R+
Do, I HEA AR m i REEUE
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Tab.3 Recovery and precision of acetaldehyde,acrolein and acrylonitrile with blank standard

B RS AR WA A - 0/ R
&Y bR, SCSEISE, kR EDR/ RSD/ bR, SEPEISE, kR EDR/ RSD/
(mg-L7") (mg-L7") % % (pg-L™h) (pg-L7h) % %
0. 200 0.21 103 6.12 5.00 4.80 96.0 2.19
Vi3 1.00 1.12 112 2.31 30.0 28.7 95.6 2.73
5.00 4.93 98.6 2.78 150 152 101 1.21
0.50 0.49 98. 4 4.15 5.00 5.18 104 1.18
PRI 1.00 1.08 108 2. 60 30.0 30. 4 101 2.73
5.00 4.84 96. 7 3.81 150 148 98.7 1.67
0.20 0.20 100 5.39 5.00 5.37 107 1.70
NG 1.00 1.05 105 3.62 30.0 30. 1 100 3.31
5..00 5.04 101 1.76 150 149 99.0 1.89
Ra  LFE NG NIEHE 7k D BoRs % B Hh s
Tab.4 Comparison of recoveries and precision of acetaldehyde,acrolein and acrylonitrile
B R W S-SR/ Tk Tz S M e ko) WA AR - ik )
Ny JNFRHEE 0.2 mg/L JNFRHSE 5.0 pe/L TR BE 0. 2 mg/T, TR BE 50 pe/L
bR/ % RSD/%  fAREMEH/%  RSD/%  JAREIRCR/%  RSD/%  JNBREICR/%  RSD/%
by 103 6.12 96. 0 2.19 101 3.8 92.1 2.6
P T 98.4 4.15 104 1.18 93.2 2.6 95.1 3.1
i 100 5.39 107 1.70 99.6 3.4 91.6 2.3
2.3 RERAEAIT s 1007
LI DT E TR IR, AN RE , B ¥R, e
PO It HAA B 5 &P DA B SEBRRE i A R § 9|
N NN — s & 90 |
A7 B e i (8] e 2E AR SCiE H E AR gf( 88 |
a2y, o N NN ) ~ 86 ——
T R - O a0/ 5% 3k A sl ot
D7k R 4 BRI (AR A PR G 4 FOR ] ) L NN
WRIE RS FUIBREE G EAT T 7 d 9 5 A ARIRI T © 100 Bt/
\‘\.\A
B3 10 T. I a———
. e N _ 80
PEHL0.7.3. 0 mg/L W EREAT 25 HUKEEINR, s 70f
B B eSO B 5 e 2 7 40 B 5 356 0. 01.,0. 1 g gg
e/ L R EEEAT 25 1K BER A, P 41 4 Bl Thw
%/ AT . SRS AT 30K, il I |
BOPH R AT, ARAE 2 PE5M 1 4 Co e o s Se T
VAL o M2 o N c 100
{RAE 4 C VI U N 25 mg HIR MR (4 C + s
AA) 4 CY I HERER I pH<2(4 °C+HCI) . 0
sy |\ A} LN —]1 2y Y —H- §
4 OC 7@5&%%ﬁﬂﬁ%mﬁ&ﬂmﬁ#mﬁﬁ&ﬁﬁ pH W 85+t
<2(4 C+AA+HCL) , it xf 4 HHSE 4 FhA[E] B s0| .
IRAFJ7H 0.0.5.3.5.7 d MK, XF 4 o 9 W
AR IAT T FEE A — LG, s R iE 05 05 3 5 7
WE 1 E 2 B[] /d
(W N o
J] ) =
Tk SR S A I 1AL AR SR A LGB RRECD) PRI
TRk B B[R] A8 4k

4 CH T, LT d WInbRiE TR 17. 4%,
PIREE R 20. 6% , NI IE A 14. 3% ; (RAF 5% R
4 CY I INBTIR IR PR AF I £ 7 d kg

Fig.1 Concentration of acetaldehyde (a),

acrolein (b) and acrylonitrile (¢) changed over time
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1
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- wo

BRI %

4C+AA+HCI

4C+AA

4C+HC1
12 3

AEH %

a% 4C+HCI 4T +AA+HCI
1 LT 5 2. TN T 5 3. AR I
a 12 0.5 d;b A3 dse BRAFES d;d R FE T d
2 AFBAFFIET SR IR R
WEESE S
Fig.2 Results of changing rates of acetaldehyde,

acrolein and acrylonitrile under different storage conditions

BTN 15, 5% , NI IEE N 68. 1% , DIHGIE A
17. 6% ; TRAFAAE N 4 CHROT HIFRRR A1 pH <

2 AR 1 7 d Wb TR 8. 1%, 17
WRIEN 7.3% , RIEIE R 7. 2% ; RAT 510 4 C
VSRS I BT IR i 2 HL W) B B R R 75 pH <2
BFCHE 7 d WINFRI R BN 16.2% , NI TEE N
22. 2% , NHlE R 20. 3%,

P ] 2 o] A AR RIS (B AR [R) PRA7 250 T 9 0
B AR, O HRTE 4 °C YT IR BT 1 iR
ERAE AT . AR LA TR AT T
W TEWIR DT E W), FE 4 CVRIT IR IR i iR
H R PR R pH <2 MIRAE ST 3 Flik
BYARTERE 2L T 4 CRII IR 551,
BT 4 CH IS BT IR i iR 0 - A7 251
XU I B SR BUIR I R AT BT A AR AR (R i
BT B ANE SR R B N T SN TG 3
PG PR A RV FERR PE AR R (pH <2)
TRAESCRA PR, MIELZ T 4 A7 S0
Pk FEAE A A g/ N Al 3 ik G W dac ke I AR AT
ZMF R 4 CVRIT IR BRI pH <2 MIPRAF 45
o TEZFMT 3FLEY 7 d WAL/ T
10% , B hidE 5 3 Fb S Y ORAE . AT 28
P, Bl e 7 d Z NTEK,

X SEBRAE S 4 C R ROT FHER R Y pH <2
A BRAT T A TR AT J5 T AL AT, K AR 1
TR [ R 35 7E 89% ~ 110% =[], A1 AR [ 4
FH ECAET 3 A S -0 i/ i ik A B Ay
AR 88 B B SRS (R N Tl i % ) LS R T4
IR BE PRt B R %s SR 5 A [R] 7 7 3¢
HRE6 T Ao e B2 AH 3 AH 2 I A AR AE 7 1 %
K HB R IKAE S AT LR, AR SCE e 4 R 5 Sk
25 5L B AR [T 3R 459 R A (AR SR X s o i 2
SR WAL T SCHREE R, X R W, I ACRAE S
SEBRFE S 3 RS AR B T ARG R e Al
(CS T AL IS Kol L SO 2 R
%5,

RS5 LB VR VRIS ASINORAE RS IR AR LA
Tab.5 Comparison of recoveries of acetaldehyde,acrolein and acrylonitrile preservatives added standard
ZS' SCHR(6]
e Hu K WK HFAK R K
=}
InbRHEE/ npRRIEES,  RSD/ mfRBlfR,  RSD/ IERIKEE/ bRk RSD/ bRENEE/  RSD/
(pg'L") % % % % (pg-Lh) % % % %
2R 5.00 104 4.3 97.8 1.5 50.0 97.3 8.9 91.9 8.5
) 50.0 88.7 2.8 89.9 0.7 100.0 97.2 7.5 91.5 7.6
5.00 99.7 3.8 97.1 1.7 50.0 96. 1 9.5 103 8.6
Pk 50.0 91.8 4.9 86.3 3.6 100.0 95.5 8.5 103 8.1
g 5.00 106 1.2 106 1.2 50.0 99.4 3.2 100 1.8
" 50.0 110 0.4 110 0.7 100. 0 99. 1 2.5 101 2.4
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2.4 SEBRAE I

ASCHEBUT HFe7K 3 7K B P AS [a] 7K A4 2t
FTSEBRAE SIS o SRIEUH 4 C¥ 00T HEh R i
T pH<2 [ PR-ATJ7 1 % S B i HEAT AR A7 . X
L4 E RSO (1 1 S W R UM B/
THT PR 1% 43 S BT A L B A T
A LM 3 > SEPRAE i, 25 R IBCF- Y (E . 140
SRR 6.7, WA IELE R AT, HEEEAE-R
AHEE T 75 W 2 b 3R K A B (8] 05 X TR] Dy
90. 9% ~ 96. 0% , FH X b i 22 X [H] 24 1. 10% ~

5. 85% ; M Hiu T K A4 T [T e 3 DX ] 2y 89. 8% ~
102% , FHXTFRUEIR 22 X [8] 4 1. 02% ~5. 68% ., WiH
FHAR SR/ JoT 3 o ) 7 b 2R 7K A4 i s [ i
IX ] A 88. 7% ~ 110% , FHXFHRUEIRZE X (8] 4 0. 41% ~
4.90% ; HL  ZK 44 B [ 4 2R X (6] Ay 86. 3% ~
110% , FHXTFRUEIR 22 X [8] 4 0. 70% ~ 1. 65% , {EAR
IR RS IR IR AR B I T L
1A R AT IAR IS5 B 2 B 17l il J2 b 3K
KM R KA W R 2K, HLR i AR -SOM B/ T
WA AP R B, A R A

F6 LI IR PTHIHL 4K SRR b T e B 9

Tab.6 Recovery and precision of acetaldehyde,acrolein and acrylonitrile surface water samples

5 ok ST S ERAATS L EEEE SoigiarS
N ARIRME/ — - — _
R0y DMRKEL PRI OnfRecE,  RSD/ O WRRIKEE/ P mbRcE, RsD/
(mg-L7")  (mg-L™") % % (pg'l™)  (pegl™) % %o
ZE ND 0. 500 0. 460 91.9 5.67 5.00 5.18 104 4.25
ND 3.00 2.74 91.4 1.18 50.0 44.3 88.7 2.84
s ND 0. 500 0. 458 91.6 5.85 5.00 4.99 99.7 3.75
ND 3.00 2.88 96.0 4.97 50.0 45.9 91.8 4.90
ik ND 0. 500 0. 475 94.9 1.24 5.00 5.31 106 1.18
" ND 3.00 2.73 90.9 1. 10 50.0 54.8 110 0.41
RT  OFE NIREE TIENE LT K SEBRRE S IbR Rl Bk 25 B
Tab.7 Recovery rate and precision of acetaldehyde,acrolein and acrylonitrile groundwater samples
BRI RS WA Bk
N AJRAH/ S — ~ - " ~
ledwn oy DRRIE PREY OnpRENGE, RSD/ BRKIE/ P/ BREIMCE,  RSD/
(mg-L7')  (mg-L™") % % (L™ (pgL™h) % %
Zi ND 0. 500 0. 468 93.6 4.27 5.00 4.89 97.8 1.51
ND 3.00 2.70 89.8 2.00 50.0 45.0 89.9 0.73
it ND 0. 500 0.510 102 3.30 5.00 4.86 97. 1 1.65
nre ND 3.00 2.91 97. 1 5.65 50.0 43. 1 86.3 3.57
A ND 0. 500 0. 469 93.8 5.58 5.00 5.29 106 1.19
o ND 3.00 2.75 91.5 1.02 50.0 54.8 110 0.70
3 i JEAR , ANTE S IR R BEAE S 1 20 A, R AR

BRSO TR I E T A H R A
0.02 mg/L KN 0.05 mg/L NH 5 A 0.02
me/ L, AL A i/ B3 ik O 1 DI I
VIR I A6 BRI 0.5 pe/L, PR ITEEI & 2
T | VR T | DN S A A A R R G R B KT
0. 995, ilhr ISR n] 35 5] 95% ~ 115% , &
S FRIAFG A 9 i 26 YR T 10%

A LA T R 4 - g/ B 1, B
HERE A (0 15 02 T 75 T4 TR B, IR A I AR IR
WP A AR 5 R 2O B KR
SEOTHTRE S s MR AR A B AR AR 2 O
SN SAR BT F i A T sem , ELZ O vk R A

AT / SB35 AR B A% AR 38 v, 447 9 FH 4%
K AR B AR o i R SRS %
HiF K R KK 2 DS DA A ) PR
il Ve B A, DR abb e 4l - €0 3%/ T 1 9 T 3
AT S PR KRR IR B AT, RS A
T/ R A SRR AT DL A AT A
AR H e B 4 R -SOM 5 VR 10 FID S A
T VR e 4, BRI ik A IR B[R], (H
FH AT/ RS v AN 25 52 B KR b R G sl Ty ik
S| EE A NN T = M ek U 2
TEARAT 25 A5 9 XoF B S 50 v dad 7 6 182 0 1
pH <2 MORAE T L MISCR AT, 7 d N 3 A BTy
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[ R [ LU A X 6] R 7. 2% ~ 8. 1% , BB R34 3
FAE AP ERATE . T8 MRS 1 R 7K AR B A
SR TR RAF AR BRI [T
RIXAIEITE 85% ~ 110% 0 FEl A, AR AR v e 22 )
INF 6. 0%, 50T 2 SEBRAE i I TR L
PR AR LG 5, WA A O s/ s vk
ST AR 2B b A, B A AR R A
MAHT
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