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JEM R (L) -HLB Pro( ) 5 HLB Pro( L) -BF5 5 M (F) I R EE A XN EEVINATE S, 56
HiE B mRER AR M EREFIIE, 2021 F£11—12 BA 1 LiZBIERERRE
FERMX o RTBU/KEAIAIERK 9 1. B 7K 10 PR RMEK 7 19, 1.0 L A SEIRABKESR
AR EAREIERS 25 ng L BEUIEAIRENESR. £BEEZEEYYLL 15 mLmin™
HERE LI EHEE HLB Pro( L) M7 E M & (F) BREXEBZEEV M, IR G RELE
ARV EEEEEFERNETES, HLB Pro. I7SEMERERZEIVMVMESFIA 10mL &
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TEBR BRI A FIREIER, o LURBNER(E AN, &G T, RASHEEIEREKR
FESER, 10 Feb N-TERERRER D 7E 2~50 ng-L ™ BSERERLZ IR R BT, iR REIY AT 0.9996,
FEMHEA 0.149~0.211 ng-L ™, ME FRA 0.596~0.844 ng-L~'s TE 5.0« 15, 30 ng-L™" MNFRR
BT, 10 7 N-TE RS AR I INAREIURER 88.0%~104.8%, HEITITEMRE 1.22%~4.87% N A%
IR RMAEIREK A 10 # N-TIAEHERS SR TIE, KNSR 2R 10 Fh N-TEAERRTERK. H
[ KFAREKPIIERERRENRH, RASEE 0%~100%, HHRERE ND~27.6 ng-L ™
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Simultaneous determination of 10 N-nitrosamines in drinking water by tandem solid phase ex-
traction-gas chromatography tandem mass spectrometry LI Dengkun®?, CHEN Chunjing’, LIU
Xiangping', ZHANG Yun', NI Haiping', LI Lei* (1. Nanjing Municipal Central for Disease Control
and Prevention Affiliated to Nanjing Medical University, Nanjing, Jiangsu 210003, China;
2. School of Public Health, Nanjing Medical University, Nanjing, Jiangsu 211166, China)

Abstract:

[Background] N-nitrosamines, a group of by-products of drinking water disinfection, have strong
cytotoxicity to mammals. N-nitrosamines in drinking water are at the ng-L™" level, and its accurate
qualitative and quantitative analysis is difficult, so it is necessary to develop a sensitive and accu-
rate method to determine N-nitrosamines in drinking water.

[Objective] To establish a solid phase extraction-gas chromatography tandem mass spectrometry
(GC-MS/MS) method for simultaneous determination of 10 kinds of N-nitrosamines in drinking
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water. To apply the established method to determine the levels of 10 kinds of N-nitrosamines in drinking water in Nanjing, and to understand
the pollution status.

Coconut charcoal solid phase extraction (SPE) cartridge and HLB Pro SPE cartridge were compared for the extraction efficiency
of 10 N-nitrosamines in drinking water. A coconut charcoal SPE cartridge and a HLB Pro SPE cartridge were concatenated using a SPE con-
nector, and then formed two combinations: coconut charcoal (top)-HLB Pro (bottom) and HLB Pro (top)-coconut charcoal (bottom), to
extract the spiked samples, and combined with direct and independent elution ways to obtain the best extraction efficiency. From
November to December 2021, 9 raw water, 10 finished water, and 7 tap water samples were collected from 9 municipal water supply
units in Nanjing with 1 L brown glass sampling bottles. An 1.0 L drinking water sample was added with the isotope internal standard to
prepare a test sample containing an isotope internal standard concentration of 25 ng:L™". The automatic SPE instrument loaded all the
1.0 L drinking water samples to the tandem SPE cartridge of the HLB Pro (top)-coconut charcoal (bottom) at the rate of 15 mL-min". After
extraction, the HLB Pro SPE cartridge and coconut charcoal SPE cartridge were transferred to the solid phase extraction vacuum device
and eluted with 10 mL of dichloromethane respectively, then the dichloromethane eluents were combined, and concentrated to about
1.0 mL by nitrogen blowing after a small amount of the upper aqueous phase was removed. The concentrated solution was detected by
GC-MS/MS and quantified by isotope internal standard method.

The comparison of sample spike recovery experiments showed that coconut charcoal solid phase extraction (SPE) cartridge and
HLB Pro SPE cartridge presented high complementarity for the extraction efficiency of 10 N-nitrosamines in drinking water. Using HLB
Pro (top)-coconut charcoal (bottom), independent elution, and combined with eluents, the optimal extraction efficiency was obtained.
Under these conditions, by GC MS/MS, the 10 N-nitrosamines showed a good linear relationship within the range of 2-50 ng:L™, the
correlation coefficients were all greater than 0.9996, the method detection limit was 0.149-0.211 ng:L™", and the limit of quantification
was 0.596-0.844 ng:L™". At the spiked concentrations of 5.0, 15, and 30 ng:L™", the average recoveries of the 10 kinds of N-nitrosamines
were 88.0%—-104.8%, and the relative standard deviations were 1.22%—-4.87%. When applying the method to determine the concentrations
of the 10 N-nitrosamines in Nanjing drinking water, the results showed that the 10 N-nitrosamines were positive in different degrees in
raw water, finish water, and terminal water, the detection rates were 0%—100%, and the concentrations were ND-27.6 ng-L’l.

This tandem solid phase extraction-gas chromatography tandem mass spectrometry method can achieve simultaneous
determination of a variety of N-nitrosamines in drinking water with high sensitivity and high throughput.

tandem solid phase extraction; gas chromatography tandem mass spectrometry; drinking water; N-nitrosamines
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E X, X HRXIRAKP Nv-TEAEE = B (N-
nitrosodimethylamine, NDMA) A0 EL{th N-TF 5H BR AU 2
KEUT PR RVIEHIE I, t R A HLR(World Health
Organization, WHO) {TXAB7K7KBA&EN) #7% NDMA
N{EF 100 ng-L™; MEKR (SIRAKREIERE) ME
"R 7k NDMA BREH 40 ng:L™"; EE B 753K M
PAEFMEIRAEKF NDMA FIFREIRSEN 5 ng L
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lamine, NDPA) . N-I i B — 7K f& ( N-nitrosodipheny-
lamine, NDPhA) . N-II fig§ & 0t B% %52 ( N-nitrosopyrroli-
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X 6 i N-ILFERE NN DK RS IERRHIT F s
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= (VERCEYERRMEBBZERMERE,;
(2) BRI &Y MEIME ZEEXM KL 2R B UL B SR,
EE EPA FiE 521 @M E £ 7R IRAK P S N-TF
WHRZRVE B 75 0%, 1Z AR T & Mk ZE BN A TR IR
KA 7 Fh N-TFERREVIS R NTA RS R, R BRIZEEY
IKfRA N-TERERRIRIE SR AT T2 IR B A A5, B 48
KR &I FE M R A RIS K SR AR 1%/ NBILH
3 BEIRERRR™, FREA R — 7 A 1k E A ZE BV
BEEEFINAKPIRMEDHEEE. KAMERAN
ZF N-TIHEREFEERKEE, DEBUKRAPZH N-
THERHRSEFNEINE, FEF A FERAMHER
EIMEZEEBUIMERN &, ARG MEINEZEEU Y%
F. BE. AR RRES BESEHITIRIY, £5S4H
BIEBRBRIERA, BRI NE S EREKA 10
e V-0 i B B9 BB BX B 48 ZX B -SAE 18 B BX R %,
HRARINAENERRTAEEIRAKF 10 # N-
THERRNEE, Y15 7 R ESE IR K N-TFE
FERYI5 24K,

GCMS-TQ8050 NX SAE & 1% EREXFRiB (X ( B2 SHI-
MADZU) , AutoTrace280 [& 8 2% BX (X (% & Thermo
Fisher) , Milli-Q Reference 7K&4lift 2 45 ( & Millipore) ,
G &Y 12 (UEMEENEE (AT R, PE BRI,
TZL-5013 ZE R RS X (FE 7N POXIWAR), Sor-
vall Lynx6000 7= 3R & 0\ #l (32 [E Thermo Fisher), N-
EVAP-24 RX{XCEIZHEE+2 °C, [F Organomation) ,
ML203/02 BB F DR Imt METTLER TOLEDO) , 1700
AFIHFEE (104 25, 50, 100 uL, ¥E1 Hamilton) o

NDMA. NMEA. NDEA. N-TF f¥ & UK BE (N-ni-
trosopiperidine, NPIP) . NDPhA. N-JI i & 13 itk ( N-ni-
trosomorpholine, NMorPh). NDPA. NDBA. NPYR. N-IF
FEE BT E R ( N-nitrosodibenzylamine, NDBzA) JE & 1%
VA R (100 mg-L, 3= [E o2si), N-TE il B — B R -
ds(NDMA-d;) . N-TLh & — R AZ-d,,(NDPA-d,,) SR & 1T
HEAR(10 mgL™, EE 02 si) , HLB Pro EAEZEE B/ \iE
(BEXZIH-ZZ2IHEZXIERL, 200 mg, 6 mL, FE L&
LK) , W E 4 AR R ME(2 g, 6 mL, 80~120 B,
FE BRI, EEEERVIMEEZRS(RE LERIE),
“REPR(eE, PE EBRIE), PEE(BIEL, &
Merck) , SCAA-113 3% 7K PTFE §t T 78 28 (13 mmx
0.45 um, FE _E/E%RiE) , TKREREFRKE B (EMR-

Lipid 5982-0102, 3£ [F Agilent) , — X 14 BB T & X 5t
g2 mLTE, PELEEE), 9 mm IRBIEN BT
HEEHR(2 mL, RE _ESRIE) , AR 24, A
E EEEZ), ZIE B0\ E (15 mL, &E Corning). 3=
19 P FB 4l 7k 398 Milli-Q Reference 7K 4l R 4 118,
RFE DTSRI E AKIRAE GB/T 6682—2008 I ERI—
RIKHINR

SHEeERBERERGSBREZEE MR,
FHITM AL
&g X B EE Agilent J&W VF-
WAXms 8 3 13 (30 mx0.25 mmx0.25 pm) ; & &7
£ 1.0 mL-min (B4} He > 99.999%) , £ O FRE W
TR 3 mLmin™; AT 1.0 pL, RO TRHE; SNK
=mE 250 °C; BEFARER: 50 °C fRHF 1 min,
10 °C:min™ 7+ & 110 °C, 15 °C:min 7+ E 200 °C, &
f& 50 °C-min™ F+Z 250 °C, {R$F 10 min,
BFZEIR 6 min; FIGERABFEBE
(electron lonization, EI)JR, fEHi 4% B E 250 °C; BF
TR E 230 °C, Bl REBEEEE 70 eV, Z RN EEM(mul-
tiple reaction monitoring, MRM) & =X, 1348 ; &I AR T
&E 150 °C; FIERAFRE 150 °C; RMIEASHNMES:
S48 Ar >99.99%, [E£77: 150 kPao 10 7 N-TFAERZS 2 F4
BURAGRIESHILE 1o

MiKkFE-20 °C 2 REEH 10 M N-TLIHBR S
IR AR KR (100 mg-L™") , NDMA-dg. NDPA-d,, [BI{II XA
ESIREAR(1IOmg ) ETENBERIEEEE
B, DR A EERBER 1.0 mg L 89 10 # N-TE B AR
EATEMES R, LUK 1.0 mg-L" #J NDMA-d,. NDPA-
d,, I ERITRE S HEE Ko

XE1LIZEARNAZHAMRERNIEL O
BEARTE AR, S8 ePA 7% 521k EMIRES
RTZHEHE, DN\ 80~100 mg FRCHRES S0 1E 0 B &5,
2021 5F 11—12 AREMRMX 9 K EHK R
JR7K 9 f3. I 7K 10 93 RIEK 7 19, K7 IR IE
AR, SEELOINNE, 6 °C U TELRE, Rk
SRR ZEEEN. MEo

KA BEEFEBEZ MR
HLB Pro BEIFEZ BV MVE( L) S#F5E 145 & BIARZE B/
H(F) BREX, SREXERZERVIMEMRORA 6 mL —SB ke
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M, 15 mLminT B9 &SR ¥ 5 min, 6 mL BB B2 4 %,
15 mLmin BIE S 5 min, BRI emL BEE X

15 mL Au7kGE L T4, TR TR IR e R R EIAE 2
BUNMERESAA TR U RRIRES.

®1 10 # N-TERERRS 2 MR RAFREETIE SR

Table1 MS/MS parameters for 10 N-nitrosamines and 2 isotope internal standards

o~ R/ iErE/ EEBTFX EME T EMEBFX2
iy J Bftb(m/2) RitEREE/ev Bftb(m/2) RttEREE/ev BfEtb(m/2) HbiERE S eV
NDMA-d; 6.5~8.5 0.1 80.00 > 50.10 8 80.00 > 46.10 18 - -
NDMA 6.5~8.5 0.1 74.00 > 44.10 6 74.00 > 42.10 21 - -
NMEA 6.5~8.5 0.1 88.00>71.10 6 88.00 > 43.10 9 88.00 > 73.10 6
NDEA 6.5~8.5 0.1 102.00 > 85.10 6 102.00 > 44.10 12 102.00 > 56.10 15
NDPA-dy, 8.5~10.5 0.1 144.00 > 126.20 4 126.00 > 78.10 12 - -
NDPA 8.5~10.5 0.1 130.00 > 113.10 6 130.00 > 43.10 15 113.00 > 71.10 9
NDBA 10.5~13.5 0.05 116.00 > 99.10 6 158.00 > 141.20 4 141.00 > 99.10 8
NPIP 10.5~13.5 0.05 114.00 > 84.10 9 114.00 > 55.10 20 114.00 > 97.10 8
NPYR 10.5~13.5 0.1 100.00 > 68.10 8 100.00 > 43.10 9 100.00 > 55.10 9
NMorPh 10.5~13.5 0.1 116.00 > 86.10 6 86.00 > 56.10 12 116.00 > 56.10 12
NDPhA 13.5~18.0 0.1 169.00 > 167.20 24 168.00 > 166.10 28 169.00 > 66.10 24
NDBzA 18.0~21.5 0.1 91.00 > 65.10 15 181.10 > 166.10 12 181.10 > 103.10 16

1.5.2 AR A 50 ul S ERBEEMIER
MESESR 25 uL INE 1.0 L KERFH TSRS, §
ERERMERITRERES 25 ngL™ BIRFNE SR,
2 BoIEHEFERYEBESIRLL 15 mL-min™ B9ERZER
BN RS LR BBRNEMRZERUNME, EH1E
FE T2 B EhEMEZEEYLL 15 mLmin™ BYRERE
W 5 Bx B AR ZE B/ i 10 min, 2BV B G35 &
BRAEARERUNMERZEE 12 IERAERES &, &
RS

1.5.3 EFEZFEEVIE AT HLB Pro BEIAEZEER/ViE., 156
FEMREREZEEVNMEDFIA 10 L ZRFEEES
BERZE ISmLBELOESR, £2EE FTEETRINEM
2~3min, BHREF SR ARBRHFTELRLVE
a7k A8,

1.5.4 SlRRGE ZEBRRARRNIELZE— TR
PR, ERVOREIIZREOERIMNER S L BRK
SKER, RS ERIKERBIFZ A 48 52 SRR R RO TR 48
BtEl, REREZOEMR, BF ZSKRIENHS
INF 40 °C, MPFCEES SR X B 5 823, BUFmmY
mEIEHITE 35 °C £ 4, AT I FE 1K NDMA. NMEA.
NDEA EFE R AN ERBIEZFHIELIRK, BR
AR SRR 0.5 mLmin™ RURRS. Z&
BEERE TR NUERAEWAREE 1.0 mL EHBY
FIERWR, IIAT KRR EE B I R HIE(L
0.2g), 5 & 3~5 min BOWMABREKS, 5EE
DML 100605xg Bi0x 2 min, EEBMAEZFE K

PTFE JE231TIEE 2.0 mL BRI R, FFNE,
1.6 757515 H PR (method detection limit, MDL) BY
EHE

RIE (IR N 9 A EREFIITE AR Z N
(2020) ) %, FRER AT Vo, = iy 1000 X SITE MDL, 4 15
MDL YESINE TR ToA: Vi ns BERAITEITE R
Bt BHERN n-1, BEE 99%ETH t HFRE(E
my); S, n RETMERERE. HP, HEHER
6 B, BISFEE I 99%0T, t BXE 3.143,

2 #R

2.1 EREXEMEERNEHRIHRE

2.1.1 EFEEEVNER)EE SEEEREBRRK 1.0L
EMRIN 10 Fh N-TERE PR SR EERR(1.0 mgL™)
15 pL, B EARFRER KR (1.0 mg-L™) 25 uL, T ES
FCHIA PR E A 15 ng- L BUINAREE M, 3241.5.1 &
MEBUNMEEN P BIENEAEEBUNME, #£1.5.2 #%
mER BN IR EBVINAREE, ZENFER S 10 mL ZRBIR
FHE RS, FeliRIE1.5.4" T BRVWOKYE,
AR IR 1.2 (N E M MEZ BT 7T E 14 2%
HLB Pro 8 #4 & 48 Z EUMEXT IR KR 10 Fh N-TLFH
RBVEEECY R, FNSRI8 & T HLB Pro EARZEE/ \ERT
NDMA 5 NMEA RIHA 72 & B RE. NBRAMEE
FRUNEFR BN E A G AL, £88LL NDPA-d,, 1E
NEEFRINHITE S, 5705 M & BB ZBUNEXT
NDMA. NMEA. NDEA. NDPA. NDBA. NPIP. NPYR.
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NMorPh FIFEXT EIERTE 94.5%~103.3%H95EE A, ND-
PhA. NDBzARYHAEXT[BIUNZE 53 519 44.4%. 30.0%; HLB
Pro [E 4B ZXBX/\f£ X+ NDPA. NPIP. NDPhA. NDBzA HJ
FEXS B R TE 82.6%~102.5%2 18], NDEA. NDBA BY4E
X [E| U2 43 31 956.5%. 62.7%, NPYR. NMorPh BYAE XY
BRI 5.7%. 10.9%( & 1), FisSeivss RRAE =
JEMETRANEST SR IR KA 10 7 N-IEREAZBY 2 304R
7 EBRFRIEERIE, X NDPhA. NDBzA FFH4H 73
BYAE RS B R IR E, T HLB Pro /NMETEEFREVRAMEEFE
SEME AR NFEXT NDPhAL. NDBzA ZXEXMBERIRE, B
SRI6 29 58 Bk 7 b [ 4B FE BN FE BN A SER IR AR kR
10 Fh N-TTAE AR,
AT EIRE/%
110
100 | W M M M
90
80
70
60
50
40
30

20
10

D& 7% mHLB Pro

0 L . L L L
NDMA NMEA NDEA NDPA NDBA NPIP NPYRNMorPh NDPhA NDBzA

1 FFHEMEZERVMEXT 10 #F N-TERERZRY
FEUE (15ng-L7Y)
Figure 1 Extraction efficiencies of 10 N-nitrosamines by 2 kinds
of SPE columns (15 ng-L™)

2.1.2 EHEFEEVINER BB R ST RMEEZE
BUNVEFZEBUI RN ER B AME, REBBEEZEEVNMEE
EEEFSEM R HLB Pro EABZEEN/ VT 1T REXEH
&, %5 2.1.178E 5 NER NEMRREREI N
15 ng-L* BYEE SR, L6 10 Fh N-TE AR ARAEXT [l UL ZR Y &8
BEA B RRBR e BRSBTS & ( L) -HLB
Pro( ) BYBRBXAEZEUVINATRAE, KA 20 L ZR B IRE
HEERR. SRYERY, SREXAERT 10 Fh N-TPRERZAIAERT [EIUL
K5 BIRFRE R ERZEBUNMERERE L —E
YHRBMNED S, B 10mL Z S B IR R
BH KRN ERS, NDMA. NMEA. NDEA. NDPA. NDBA.
NPIP. NPYR. NMorPh FYAEXT Bl ERIFE AR, M
NDPhA. NDBzA f #h 40 73 BUME XY Bl K K 3 B fE &
26.8%. 20.4%, EF1ZBIKA G, FIFREKALAESHE
79 HLB Pro( ) -#BFE M & () B A NEE AR EE,
20mL Z KRB REBERTE. R4E8T, NDMAL NMEA,
NDEA. NDPA. NDBA. NPIP. NPYR. NMorPh 8% [2]
WTZRTE 90.8%~107.7%2 18], NDPhA. NDBzA #&F4H 73
BB B ERA 63.9%. 64.6%; HBEXH/NEDE,

ZR1IomL ZRBEMIIER. &F RSN ER,
NDPhA. NDBzA FF4H 73 FUAEXT Bl R D 5 KRR S
Z 88.0%. 101.1%, 10 # N-IFFEBZ AYFE XS B K9 17E
88.0%~101.1% 2 o M H & M AREFERE /5 TRV EL XS
SFRNEK 2, 4R L, A5EF A HLB Pro( L) 47T E M &
(F) BYBBXAEZREY, BBV NVE D BRIDAR, KRS
FHREN AR EEEBIRAKS 10 Fh N-TFEEZ,

R 2 BEEMEZERUVNMENT 10 F N-TEFHRZHIZEENEE
Table 2 Extraction efficiencies of 10 N-nitrosamines by tandem
SPE columns

MFEE MR (L)-HLB

HLB Pro(_t)-17e & M &

Pro(F) &R EXEEEY (F)EREXZEEY
wam B TR 3L R B FH 3T R
FY[elug . EY[Eug o FY[elug o FY[elur .
/% ©OE/% ° &y ° =y 0

NDMA 94.7  2.77 96.0 3.67 95.3 2.30 99.2 1.97
NMEA 105.1  3.00 100.6  4.30 99.6  5.39 97.0 2.37
NDEA 97.6 331 100.1 3.28 92.7 521 95.2 2.47
NDPA 106.0 4.69 98.6 261 103.3 438 93.7 2.99
NDBA 106.6  3.94 96.5 2.49 107.7  3.97 97.4 1.32
NPIP 103.2 475 101.7 5.90 95.6  4.97 100.1 1.22
NPYR 104.5 5.62 106.0  3.99 90.8 4.01 93.6 4.87
NMorPh  101.4  5.38 102.1 425 941 4.80 97.9 2.86
NDPhA 447  3.43 26.8 3.49 63.9 3.57 88.0 1.32
NDBzA 33.3 14.59 204 18.25 646 3.13 101.1 3.03

2.2 FHAEWIE

221 AT REX“1.3 FREE & RECH]”
M 10 Fh N-IEREBE SRR 2. 5. 104 254 50 pL,
NDMA-ds. NDPA-d,, B ZAITEREER 25 uL, B
— SRR ECH AR 2 F ok AR 10 4 N-TEREEREY
FREARE S5 2. 5. 104 25, 50 ng-L ™, BRI &
NITRERED N 25 ng L FEESITERT, 12
“1.2 (VB4 NE, 133 10 F N-TLAEAE Kz 2 Fh[EI
ZWIRE MRM I E B FREEE(E 2). RIE2.1
EREXE M ZE BN R RV E SRIR45L, HLB Pro /NMETE
B BX B9 £ &0 = & (4R NDPA-d,, &2 NDEA. NDPA.
NDBA. NPIP. NDPhA. NDBzA £H43, Ml 7 & M 7/ \iE
£ BB R 20 = 5 R NDMA-dg &2 NDMA. NMEA.
NPYR. NMorPh 853, 1RIBRIREERXTR K FR, NDMA,
NMEA. NPYR. NMorPh %3\ NDMA-d; 79/A%R, NDEA.
NDPA. NDBA. NPIP. NDPhA. NDBzA 2043 L NDPA-d,,
AWE, BEEYEEEFIERRSHNITYEE
BFIEER L R IR, RIA RN RE J9HE LR
SLHIFRER . 10 T N-TREERR R E AR )T
FIEMEXESHIE 3.
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Figure 2 Total ion chromatograms of 10 N-nitrosamines and
2 isotope internal standards (25 ng-L™")

2.2.2 JAMHIE  SEXEK 1.0 L AR 10 7 N-
TSR SATEME SR 2.0 uL, EEHIAL 2.0 ng-L ™ BOAN
FREEGR 71, INNB I R ARES & 25 uL, 3R A&
1.5 HITEE R, 5% 16 T8, HEAKRERA
0.149~0.211 ng-L ™, MFE TR 9 0.596~0.844 ng-L ™ Tl
® 3

223 FEHWENEZE  LUSKRKNEBRKIEARMEK
BE, R E 1.4 REKE 1.0L, DFEMIIN 10 # N-
RS SR AR 5.00 150 30 pL, BN EAIRE
R 25 L, BRI A 5.00 15, 30 ng L BIMNATHE BE
6 19, ¥&75 7% 1.5 HITEEN. K48, M7E, BRAK =
238, TR A KA 10 #0 N-TE A AR 9 MNAR R ER A
88.0%~104.8%, MEXIATEREN 1.22%~4.87%, W3R 4o

&3 10 M N-TEEHBERIZMES IR, 1QHREINE TR

Table 3 Linearity parameters, method detection limits, and lower limits of quantification of 10 N-nitrosamines

[a=sy R BB 8]/min RAT4 LRIEEE/ (ng L) MBI R PR/ (ng-L) TTE TR/ (ngL™)
NDMA 6.809 NDMA-d, 2~50 ¥=4.0743x107°X-1.8531x10 0.9996 0.151 0.603
NMEA 7.400 NDMA-d, 2~50 ¥=4.1901x107X-1.5792x10™° 0.9997 0.149 0.596
NDEA 7.757 NDPA-dy, 2~50 ¥=0.1009X-9.3511x10™ 0.9999 0.182 0.729
NDPA 9.282 NDPA-d,, 2~50 ¥=5.9102x107°X-2.6110x10" 0.9998 0.149 0.597
NDBA 10.984 NDPA-dy, 2~50 ¥=0.112 2X-4.5559x10™ 0.9999 0.170 0.679
NPIP 11.230 NDPA-dy, 2~50 ¥=8.762 7x107°X-2.727 4x10™ 0.9999 0.211 0.844
NPYR 11.527 NDMA-dj 2~50 ¥=8.5107x10°X-4.8725x10" 0.9996 0.192 0.768
NmorPh 11.913 NDMA-dj 2~50 ¥=3.3488x107°X-1.3189x10™ 0.9996 0.176 0.703
NDPhA 16.014 NDPA-dy, 2~50 ¥=0.648 6X-5.4468x10™ 0.9999 0.164 0.657
NDBzA 18.915 NDPA-dy, 2~50 ¥=0.4453X-0.1163 0.9998 0.188 0.752

R4 RAKH 10 fh N-TERERR ISR R R SHEEE (n=6)
Table 4 Average recoveries and precision of 10 N-nitrosamines in drinking water (n=6)
R BakE — H0#75.0 ng-L™* ‘ PN#R15 ng-L* : H0#R30 ng-L™*
wE (gl ;MUE%?{E/ TIEMCEE%  RsD/% ;UJIJEEFiiJTE/ TIEUCE % RSD/% ;NUEEF%JTE/ THERE%  RSD/%
(ng:L™) (ng:L™) (ng:L™)
NDMA 7.57 12.3 95.3 2.71 225 99.2 1.97 36.8 97.4 1.95
NMEA 0.901 6.14 104.8 1.82 15.5 97.0 2.37 322 104.4 2.80
NDEA 0.846 5.90 101.0 2.42 15.1 95.2 2.47 28.9 93.6 2.73
NDPA 3.90 8.84 98.7 2.70 18.0 93.7 2.99 335 98.5 3.05
NDBA 4.64 9.57 98.6 2.76 19.3 97.4 1.32 34.9 100.9 3.19
NPIP ND 5.13 94.2 2.98 15.0 97.3 1.22 29.7 97.7 2.82
NPYR 2.03 7.03 100.0 3.30 16.1 93.6 4.87 31.9 99.5 3.06
NMorPh 1.24 6.48 104.7 2.71 15.9 97.9 2.86 32.0 102.7 3.51
NDPhA 0.818 5.78 99.3 1.90 14.0 88.0 1.32 28.8 93.4 3.32
NDBzA 1.11 6.09 99.7 3.53 16.3 101.1 3.03 31.3 100.7 452

[ZE IND: EFNETR, L 1/2 WETRNBESINTFHESRITITE. ®RE 3 IBRHEF.

23 HmNE

ERBERMZRNITESERER 25 uL EXEHN
1.0 L KEER, HFE D ROHIFEME 25 ng L™ B EN
MREYRENE, £ BohEIMEZEE IR 1.5.1 BIEZEEU)
IR 5 B EL HLB Pro( L) - 5B MR () SREX

EIFEZEBUE, $#21.5.2 1 REEE A B L 15 mL'min™
HRZRRFNE RS L5 E BERNEMRFEERNE,
ZEY5ERLfE HLB Pro BEIMEZEBVVME S5 E M & E1E
ZEVIMES S A 10 mL ZREBDZESRRE 15 mL
BLOER, EH_SFREERRHFTELRVERSR
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KA, $21.5.4 SRR IRGE" P BRAVURYE, RIERIZ
“1.2 B NE, MELRZRER 10 4 N-IFAERRTEIR

K 7K KRB RERERNR Y, SHAS
# 0%~100%, 10 HFRERE ND~27.6 ng.L, & 5,

&S5 [FK. HITKFKREKF 10 Fh N-TERERREVIE SR

Table 5 Determination of 10 N-nitrosamines in raw water, finished water and tap water

7K (n=9) H 7k (n=10) KK (n=7)
KEM  RERERE  FORERE .. 2 RERERE  TORERE .. 0 OHRERE  FHRERE ..

(ng:l?) (ng:L7) (ng:L7) (ng:Ll?) (ng:L7) (ng:L”)
NDMA 7.75~27.6 17.1 9/9 0.812~21.9 9.30 10/10 5.24~9.19 6.98 7/7
NMEA 1.66~7.95 4.28 9/9 1.81~5.54 3.89 10/10 0.689~2.09 1.13 7/7
NDEA ND~3.20 0.909 4/9 ND~2.69 111 8/10 ND~2.14 1.22 6/7
NDPA ND~4.26 2.34 8/9 1.87~3.42 2.60 10/10 1.93~3.90 2.57 7/7
NDBA 1.86~13.7 6.29 9/9 3.15~9.69 5.86 10/10 1.38~9.75 4.01 7/7
NPIP ND~1.17 0.576 2/9 ND~5.69 117 4/10 ND~1.58 0.883 4/7
NPYR ND~18.8 5.90 6/9 1.40~9.96 5.65 10/10 ND~8.45 3.12 6/7
NMorPh ND~5.36 3.08 8/9 ND~3.55 1.92 9/10 ND~3.80 1.55 6/7
NDPhA ND~2.83 1.28 8/9 ND~3.32 1.14 8/10 ND~0.908 0.481 2/7
NDBzA ND~11.4 2.98 6/9 ND~2.76 132 7/10 ND~4.06 1.33 4/7
2it 30.0~67.1 44.7 == 16.3~52.7 34.0 = 15.7~36.3 233 —

[ £ I ND: {RFE TR, LA 1/2 WE T RABESINFHES TR, RE 3 IBRERT.

AR 575 5 14 7k [E AR ZE B R K AR R N-TE B AR 2R
EEMEIERMIFEL, HLB Pro EFEZEEY/\E 2N
RATZH R AR, A<HH 551853 FiSE 30X Lt A
FEME K HLB Pro I [E] 48 25 B/ A SR IR A 7K
H 10 Fh N-TEREBRBIZE BN, FISEI0AR 7, M
BEIFRZEEVNEST 10 fh N-TPASRRAB D EENRER A
BRIFHEHME, 5552 HLB Pro /NMEREIRAMEBFES
MR /\EST NDPhA. NDBzA ZEEVIERER B AI55 o
ETF I, KRR RABREEZEEVNMEEZ AT
EMER HLB Pro BB B/ ME 1T BB BX ZE BN IR A 7K
FR 10 Fh N-TERE AR, FISCIOE o RAMEFE MR ( L)-
HLB Pro( ) B9 EREX /5 TN 1TEEY, &R B R KA L+
BEE S AN EEEY, TIC R EZR AR RIRILE,
5 5 5 M 7 0 1 Ak [ AE FE BN B ZE B R AR B,
NDPhA. NDBzA Ff£H 73 BUAE XS UL R EF A EE1S ZIBA
BENE, T2RE KT HLB Pro /MEXTEFE 14 &
INE BV B MY BE, REREZ NDPhAL NDBzA
HEKEB D BERNEE, 15 KM SIS M w1
KL LGSR, #IAEEA HLB Pro( L) -5 E MR (TF)
B ERBX 5 T 1T Z BY, X R A B Z 7 BT NDPhA.
NDBzA FFHZH 5 BUAEXT BN EE TRHERE, #HME
FRIRIT SRR SRR S H R 48N ZE BT, NDPhA. NDBzA
BYARXT [E] Y K IRIR FHE 88.0%. 101.1%, 10 F N-TF
b B4R 53 BIAE XS B UL ZRIITE 88.0%~101.1%HISEEIA,
2R b, A5 A HLB Pro( ) -5 E 4 & () BREX[E]
MZEES . AR, AR SHRENER, &5

SHEEIE R FRIE NI AR IRA K 10 F N-TF
B R MIRE B9 SR BX EAE ZE BN - S AR B 1S SR BE B X

IS INARE UL S IR A R E AR R E, 52
WERBRAEERMES. BEML, e TRE—
WFE M R E AR B M RE R B YSS , ER T4
SEIRRKRZMRE N-TRERRRNE. N A2 AT/
RHIEARRK. B KFREAKS 10 F N-TREEE
BERTON, ERERZKES 10 7 N-TEEEERY
BREREMKRYE, RERADKRERERE/NTF
WHO 78I NOMA JENME, (BRR 2 N-TE A AR XS
TR REAY AR R R,

4R b, AR BV B EIEEE-SIE B IE B EL
BRIESERENS LI A4 SE IR 7k 7 N-TE RS AR S R 8.
SEEMENE,

SE Xk
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