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HF ey, VA LR —KAE A i s AR AT R B, R B Thermo Acclaim PA 11 \j‘fﬁ‘ik TSN B ,lﬁ,li—‘
AR 7 A 25 (DAD) #E AT/ . 77 k6948 IR (LOD) 4 0.025 pg/L. & Z 4 0.07 wg/L, NDMA
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Online Solid Phase Extraction Coupled With High Performance Liquid
Chromatography for Rapid Determination of N-nitrosodimethylamine in Water
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Abstract: Rapid and accurate quantitative determination of N-nitrosodimethylamine (NDMA) in
water has always been a difficult problem concerned by researchers at home and abroad. A method for
rapid determination of NDMA in water was developed based on online solid phase extraction coupled with
high performance liquid chromatography (online SPE-HPLC). After the water samples were enriched
online by Hypersil GOLD aQ solid phase extraction column, the flow direction of the pipeline was
changed through a six-way valve switch, acetonitrile and water were used as the mobile phase for elution
of NDMA, and the components were separated by Thermo Acclaim PA I column and detected by diode
array detector (DAD). The limit of detection (LOD) of this method was 0.025 pg/L, and the limit of
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quantification (LOQ) was 0.07 wg/L. NDMA had good linearity in the range of 0.09-20 pg/L (R*=0.999 7),
the recoveries of NDMA were 95.28%—114.93%, and the relative standard deviation was less than 9.72%.
The method only consumed 2.5 mL sample volumes and could automatically realize solid phase
extraction, elution and analysis of samples in 10 min. The method does not require complex manual
pretreatment process, and it is simple, quick and cost-effective, and can achieve rapid and accurate

detection of NDMA concentration in water samples, which can meet the requirements of drinking water
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standards for NDMA detection in China.
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AR, AR HH K 4 A Tn) 8 H 25 300, X6
TR 7K A2 SR 28 0 A B A& K ) “ LK 1 3, DA
FE bR R JE R, — 85 % Th i X AR LK & A T ™ F [ A
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HEAT B, B L TR U N R A R BRI A NDMA
Frifefit (d6—-NDMA ) LARFAR Tl ich B 10 462K | &
R BB R, AR Y, AN R B R 4
TR BEAh, AR E T R T R RO A
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1.2 FREBRRAEF
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2 [ A IBORE FEAT 2 IR 4R 5 2~4 min, 738 R U462
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Fig.1 Schematic diagram of six-way valve switching

during online SPE—elution process
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Wi THEE O PR AR A . 15
L [ AR A Iy, BB 17 A i o ) [T A A /N e
R L PRR X NDMA 1) I B a8 R e e, Il o
B o R, BBSE I P o [ AR A2 BRU NV AR 5 TG
EEE A, BABGS B A A — iRk

T NDMA EAT AR s p Al P, P55 i & 1Y
TE 2 T3] AR 2 HORE S 1 37 76 2 [ A A U NDMA 5 2%
AR AR

R 3K BN A TR 2 [T A A BRORCR AR5 221
f# F Acclaim PA I (3. 0 mmx30 mm, 3 pwm) . Retain
CX (3.0 mmx20 mm) , TurboFlow MCX-2(1. 0 mmXx
50 mm) . MAbPac Sex=10 (4 mmX150 mm, 5 ;Lm) .
hypercarb (3. 0 mmx20 mm) , TurboFlow MCX-2(1.0
mmX50 mm) {ERTEL FEARAC IO  (H LA E @54
WA [ 53, LTI A & SEVE A . Hypersil GOLD
HILIC # (4. 6 mmXx150 mm, 3 pm) %f NDMA A {4 &
B, (E 2% o) 137 458 v HL 2 A R J5 H AR A7)
ARG

Hypersil GOLD aQ (4. 6 mmx100 mm, 3 wm) &
WPk C18 54T, 3& A M PE AL & W iy O/ B8 Fn gy
B9, 7E 100% K Ji s AH AR FRE X NDMA A 5058
MR B, ik I R R BE AR PR 4F , AR 52 R H
Hypersil GOLD aQ (4. 6 mmx100 mm, 3 ;Lm)’f/l?ﬂfl
TELE A A B . BT NDMA 43+ B it/ APk
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D, NDMA W6 755 Bt 2 A 2 (R 15 RIS n , A [ 5
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Fig.2 Influence of injected sample volumes on the peak
height of NDMA (n=7)
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RO AR, PRSI NDMA B 5 W (20
pe/L) B E LE 3. il 3 frs , 4R LG 1K
R 5/95 BT R AE R I shAH , NDMA f i 1 {8 5 =
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Sy bl R I B A
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Fig.3 Influence of different elution solvents on the peak
height of NDMA (20 jvg/L)
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WL ZE X NDMA Kl i 52 i o 4528 o, 2 fil
0. 1%.0. 2% .0. 3% W R /K WA R /K AH B, %06 11
Wi 7 {1 I S 3, EL NDMA X R f) €0 3% 06 24 4 B T
Hi RIS s 4 5 0. 1.0. 2.1 mol/L R Bk (4 7K 7%
WAE R KA RS, TP 2 ) H NDMA T2 % A 15
IR . FET DL RS IR B A R T 2tk
VER AT SR KA TS AR , ISR B A f o
2.3 ZRMENTRLSE Bl R AR H R

¥ NDMA #r #E & 56 B B 0. 09.0.1.0.2.0.5.
0.8.1.5.20 pg/L BIFRHER I, ARG i S 05 12
HEATINE o LA NDMA (¥ BE A R AR b (x, /L), U6
A AR (y, mAU)Zs il bR th e, 753 [l )3 7 72
y=4.902 2x +0. 281 8(R?>=0.999 7) .

B — TE WS AU NDMA F — 25 3% 2 B I E 0 E
Z U, S 5 ML (S/N) 55T 3 1), 15 2 A J5 75 NDMA
A H PR (LOD) 24 0. 025 we/L; 2415 M 1 %5 T 10
i, 15380 PR (LOQ) 4 0. 07 pg/L.
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AR 5 B 2% SPE-HPLC M) & K N— T 35 = ¥ Jie

%39k FH2H

£1 NDMA hn#R Bl R R AR X474 IR 2=
Tab.1 Recovery rates and RSDs of NDMA
FER | ki ﬁMEi/ Ymu{%ii/ [l #/% | RSD/%
(pg-L) | (pg-L™)
0.1 0.095 9528 | 6.66
0.2 0.20 97.98 | 847
| 05 0.55 11048 | 4.75
BAK | KA 1 111 11052 | 3.26
5 5.13 102.52 | 281
20 19.89 99.43 | 1.14
0.1 0.11 11493 | 733
0.2 0.22 10845 | 9.72
‘ . 0.5 0.48 96.49 | 538
e L 1.08 108.42 | 3.46
5 4.95 98.95 | 0.91
20 19.84 9920 | 1.31
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SR A AR AT BB K SE 5, 43 e T R4 (1
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Fig.4 Detection results comparison of NDMA formation

from different precursors during ozonation by two methods

Hi 1 4 77 Bl NDMA B 7R 7 S5 5 A% /9 R 44
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SPE /IEE BG4k, BIAE Sl A AR R RO A T
FIFE A P E A RORR TR A ARSI 20 A R
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3 &

SR FH T 28 181 AH 2 3~ 12 55000 R 00 s DRk )
K HNDMA , Hh 76 28 [ A A6 B R S B AR XA i
TCIFE , K FE T IN 4 o 0 G 78 2= i, R
T RESIRI AS RI AT IAF 0. 07 pe/L AY E HEFR , i
JE TR E B BRIIAE L O K TR BR v e
NDMA BREAGIN B R o KRR I i g s BT f
FEOTAT  BRAE TR PREE AR TS b, s iR T iR G s 2k
WO B FE AR R FERT R REIN A A 2K
L1 i O e S ) R e R (R R A R 5 N E
VERBENLEE 25, AR T S50 N 03 1% £t B XU , BE 175
BT FRES KA NDMA 5 Wl i 75K
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