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TR, HBeE, SO

(FEPIK SRR R A FRAF P 400060)

W OE A R - = USRI E SRR 6 A £ 3 i A R T T 7 R 7 ) (DBPs ) 1Y s, OF T
AR AHK H H AR DBPs HMEE K-, PRI AR S5 1, SUBTI0E F A% (A g S G D J 3k, IR X6 H 86 AR R K DR AR i A7 G
W e 10#HBEERE (2, 6- A EEN A/ RE I/ 864> T ) , %6 DB-VRX (384, %F bt 25 mL 31455 5 mL WIS RTAL 5
TR, B B ) 11 min, S EEBHREE S 40 °C & BFABHEE v 190 °C B4R 115 °C  JUEE DY 10 min, K
FATE N 40 mL/min, 7EZ S Mo (SRM) B2 TRl SMRik e i, 45 R 3R W], 2 W LR RG] R 4T, r>0. 996, Jr ik i FR
(LODs) 4 0.051~0. 14 pg/L, &R 0. 25~0. 56 pg/ L, FIFIA [RIR BE AR IR 70. 2% ~ 117. 0% AT FRifEIR 224 2. 45% ~
10.50% , %71k AR R ERVERTE X I | ARHS S e 5F DBPs REHEATA RN o X T 7K 8 R AHEA TSI, A (]9
B LA RGEIREA TR AL SUHBERT, 0 AL BT W AR, 2 ND ~3. 20 pg/L, A B Aar i
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Determination of 9 Nitrogen-Containing DBPs in Drinking Water by Purge and Trap-Gas

Chromatography-Triple Quadrupole Mass Spectrometry
WANG Jie” , GAN Xiaojuan, JIA Haijian
( Chongqing Water Group Water Quality Testing Co. , Lid. , Chongqing 400060, China)

Abstract To establish a method for the determination of six haloacetonitriles and three halogenated nitromethane disinfection by-
products (DBPs) in drinking water by purge and trap triple four stage GC/MS, and to understand the concentration level of target
DBPs in drinking water in this city. Optimize the purge and capture conditions, establish a detection method using gas chromatography-
mass spectrometry, and detect daily drinking water and raw water samples. Select a 10# trap (2, 6—diphenyl phenyl ether/silica gel/
carbon molecular sieve) and a DB-VRX chromatographic column. Compare the pre-treatment sensitivity of a 25 mL purge tube with a
5 mL purge tube. Determine a purge time of 11 minutes, a trap temperature of 40 °C , a trap thermal desorption temperature of 190 °C ,
and a transfer line temperature of 115 °C, The baking time is 10 minutes, and the blowing flow rate is 40 mL/min. Detected in SRM
mode. Quantitative analysis using external standard method. The results showed that the linear range of each substance was good, with
r>0.996. The detection limit of the method (LODs) was 0. 051~0. 14 pg/L, and the quantitative limit was 0.25~0.56 pg/L. The
recovery rates of the two different concentrations were 70. 2% ~ 117. 0%, and the relative standard deviation was 2. 45% ~ 10. 50%.
This method is efficient, sensitive and simple to operate, and can effectively detect DBPs such as halogen acetonitrile and

halonitromethane. The factory water and pipe network water are tested. In different disinfection processes of sodium hypochlorite,
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liquid chlorine and chlorine dioxide, the mass concentration of halogen acetonitrile is different, ND ~ 3.20 pg/L, and haloated

nitromethane is not detected.

Keywords halogenic nitromethane  halo acetonitriles

nitrogen-containing disinfection by-products ( DBPs)

T AEIH R Y — BRI R R b —A
FEACHAT TR AT, & ATH BRI W I B L B
BERT PR O, X AR fE FETE R, kK
T LG TE B A TR A A KT B e i —
Ky, LRIk | G Rk | 40 M RE I A A G
TR TGS , A RSNG| & R g T = O
FNRE LG T 51 KNl . E BTS2 5k —
ROHEIIAT B2, A=A HEH A M
FogwE el BUE A RK ) LT A T
ISR N, R R A S 8k
AR, B HSE ARG ML AR T2 P L gk
Hbk, R A 21 (WHO ) R R K 7K 5 o Y
(CHEDURR) P R E T A O 20 pey/L MR Z
70 pe/L BYRRMEZE R, HANZE 1993 4FFF 4 5t
B CHEMA B bR, 20 7 BT O &
CIEHIBRMESE N 10 pg/L, 1R CHEBREE N 60
we/ Lo {H2 H T N8 250 B 90 7 = P9 8
HHOCHRERLE , R BT 2020 4F & A (1 F {4
PREXT KK T Z & OGO G A BRI 25K
e S ONE 35 pg/L M AN 10 we/L,
FRAH 3 B o 78 TR K At B A R, — SRR AE 1
pe/L DUR H 3R ol oA 0 FLBR (A A 2ok 5 1
KRB ZE 2 an it b A 25 R e oA A o 1Y) 40
it 75 1 A A 0, AR K A A — o KU

I PO T S0R A 3 o o B A 3 B AR
W= ARSI IE ) R B b 2 B AR A BALEE
P S RN ol A b AR RN, ik 2 AR 1
WA AT i R G AR I 28 R A SR R
A i R AL B SR S T K B g A 1 2 3
5 I AR, BTN K HR K U ARG = A R A
BRSO T s VRO AR BRI A 1 T2 ASOM i
T2 AT 12 AR R O R B R
DA D73k A R A B 240 R T 4 R B A VR AR R
il FH R A LI, P9 a0 N 5 1) B AR RRE i L
BT PR T s AR | R MR R I 1, T A
RAPERAR, AR TAE OB A 3 i, R 2 e 22, 1
WPEA

chromatography-triple quadrupole mass spectrometry

drinking water

pei AR i HBE A IR AR S B % | 2 B K U
A KRB LR MW, pa AU Ak Y e
FEE MR RA () 5K PR ARY Bk B
B FEBRAH WA 2 2075 e w E 7Rk, X
I F AR e RIE AR = . TE/K ) AT I R
I RRA (0 R | H 2R R R R i A 2 BE 1Y
AR AT ORI TR, T 94 2 1) O B0 2% BTIROR
A ALY, X T A HLY W TR T IKR Z
LT SRR R K P A A BT T A
T, Bz RGEVEWT T, A G T A I 58 35, %t
HARK K TP AT R e e = 0P . H
AR A H B vk B KT I AN i B
OXof ARG I 75 VA YRR A IO (3 e RO A IS
BRI AR R BB S, DA B AAN
JRZAL 5 AR D7 ARG E | A 52 R A
ToE e E B, ECE R pAS o &, AN T H
RIS

AW IR FH IR A 41t B — = i D 2 B 3k 12 [
ARSI |9 Sfe oK Hh SR R e | — U L Y e | = Sl
BEGE RN IR ONE RA LN . IR ONE =&
CIE =ZRALH.

1 #HR5F=E
1.1 ESEFA

3 : = PGSR HIX (Thermo Trace1300-
TSQ8000evo ) ; Wk 44 2 ¥ ( 014760/4551-A ) ; 4l 7K
P Milli-Q, 5] . B (a3 al) Prdrimme ()1l 44k
TorHTal) o ARIEY) BT IR A PRI (IRA LN
RIS B RO R LE SR LE) R
EWREEY N 100 peg/mL, I H AccuStandard ; 54 2 i
(4l 4 99.9%) W H Tmstandard ; 58 A 3k B e ( 46
4 95% ) 1) H Toronto Research Chemicals ; & 2 i
(2N 99.0%) W H Tmstandard ; — 58 i 3 H A
(4lJE4 99. 0% ) W H Cansyn Chem,

1.2 KEERE

7E 250 mL A SE A 0.2~0.5 g HLIAm
TR, W At R FEIE K AEAS B A0, 85 B RE AR Lk
(1] S 56 3 A I
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1.3 WREMEEY

VAT 108 4B, HERR 50 5 mL, M SARAE
fe 2 2R, R B R O 40 °C, RO E] R
11 min  FATEE BIF A58 REFIRLE R 190 °C, i A 15t [1]
1. 5 min, fEHIZRIREE R 115 €, HEEEE]2H 10 min,
W& 40 mL/min,
1.4 SHEEE-RLEE

O REFE RS A DB-VRX 60 mx0.25 mmXx0. 25
wm; FERE R E S 170 °C, 4 e ke, 20 L R
10 : 1, (3R 1. 2 mL/min ; B IR AR 2% 1R
(GEIRIE R 35 CAR-FF 5 min, VL 8 C/min F+ &
100 CA%4F 4 min, FELL 20 °C/min & 200 °C {44%F
9 min) ST B TR (EI PR, 25 T IRIEE 4 280 C,
BTN 70 eV fEHZRIRE HJ 250 °C ) s HHiE[ £
SN Wi (SRM) #E3X ],9 Fi s R dE R P 1 s P
FEH B TR 1 s,

F 1 Bintb GOk B AR R 5 R R E M B
Tab.1 Retention Time and MS Parameters of

Target Compounds
TRERWTIR], R AT EPEE T X AR

DA min (m/z) (m/z) eV
AN 13. 66 75>40. 1 75>48 15, 8
=R 14.32 108>47 108>73 20, 25
RN 15.09 T4>47 82547 15, 25
— S 3 e 15.68 49>49 51>51 0,0
TR e 16.75 82.9>48 82.9>47 52,55
WONE 17.37 119>40.1  121>40.1 10, 10
RALNE 18.97 74>47 154.9>74 15, 8
= e 18.62 118.9>84  116.9>82 28, 30
TN 21.58 120>92.9  199>117.9 25,8

2 KRGS FHELE
2.1 RIEEHMmK

WA AR A5 AR ST 28 F 108 2B, i T
AR 45 BENS B v sk s A 4 21 i 2 A 1 A T
FEH e, XF T O#S R BRI 104 A2 B A 3 SERLR
A FR 0 7 8 2 0 1O 8 BH X LA | 0 I (40 4k
SEROCR IR, AR A AT B[], X6 BE T A AT s [
F91.0.1.5.2.0.2.5 min & H br 8w 57 {8, 57 Hr i
()4 1. 0 min B0 7 B ALG, TR AL 2. 0 min J5 W4 21
HRIL , T LIRS B TR R 1.5 min B4
i, XTHT 25 mL EE M 5 mL KEHE &Y
R AL, 25 mL WA 45 S R 8 i e A g 119 R A

— 200 —

AR AE I A WA A AR Y TR o BB A s T I ) Bk
IR A e A LA R 2 | B 25 M X 06 v A
HOMFEH 25 mL R4,

SABETEIERE 1250 AR LB R FHR
150,170,200 ,220 °C, 7% & 23 % H br iRk
ANGEA U B A B I e 25 0 i, A SR B 5
SR E IR FHR T 170 C
2.2 FREHZKLT

A3 U 2 (500 mg/L) 50 pL IR 20 (5 000
mg/L)5 pL IIAZEAR D a HEER 5 mL 55, B
SR E (2 500 mg/L) 10 L HILAEE A /b i
B 5 mL 25, — S 2 H 8 (100 000 mg/L) 5e
100 L A 10 mL 2 A5 3 5t HY s 500 09 25 i
TERFES], NI 25 wL A AT D R R 5
mL R, B G TR AR (RN . = LW .
TROE OGS L) 40 wL A%
A Y 5 mL 25 B H 55 o A8 ) VR S i
R R A O TR O, s T
FEYIR 5 mg/L, K CIE RIS (AN ZH N
SERREEEE A O RO ) BRI Y R
10 mg/L, — G R FE A Be | — G0N 56 F Be i iR 1
K5 mg/L, I FH T FH 26 KRR R R B 2R 81 S LM
TRZ N5 (0.25.0.50.1.00,2.00.4.00.8.00,10.00
pe/L), MELHE =AW . &, RO,
AT 5E(0.5.1.0.2.0,4.0.8.0.16.0.20.0
pe/L) . — U EE o | — Ui 2 Y 4 (0. 25.,0. 50,
1.00.2.00.4.00.8.00.10.00 wg/L). 9 Ff & &M
BRI PI SRM AL gk an i 1 iR,

PR R J O =R AN .
— G b | S S e IR O L SR S
Pt AN . IR,

2.3 LODs 5l TR

PECA & VR FE L] 7 ASPATRE L EALIGE | 58
BUE R TR Y LODs, JF X LODs i#47
B PRPEAINT AR BT W A3 B 7 2 b o 1
ARGNY (HJ 168—2020) " —fgE kK /04 50%
(R A AT RE AR BE AE 3 ~ 5 53153 9 LODs, [l
/0 90% B A BT AR R BEAE 1~ 10 5T F 3 H 1
LODs , AR ZTF 109% B BT 0B i R B AS g R
it 20 5T LODs,, #5772 LA EAF RN R T
WIZE LODs BYVRFE LA, 75 W B I U VR BE |
TN, Fe 2l LODs FIil A2 FBRAnEE 2 fros .
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= 30% oK R ;
20% WA — H _ H REZIE .
o0 R TR
IO/O H;Z?III.BS L?I Ilﬂli?_y 13.01 IEJAI k 13‘99 IIA:GD L ilfﬁ%‘;ﬁﬁ L 1 K IPGS IB,IP l | | L 2!,K L H
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9 Fh & AR SRM AL (A

SRM Mode Chromatograms of Nine N-DBPs

R2 LODs MZE T BRI AL

Tab.2 Determination Test Data of LODs and Lower Limits

1
Fig. 1

Wby SWMZM WMWY OWZN/ WHZE/ WL *f‘éf/% :f‘;;/% j‘f‘fﬁ%
T (pel”)  (mgel7)  (pegl”)  (pgl™)  (mgel”)  (pel) (el (pgel ) (pgel ™)
0.25 0.50 0.50 0.25 0.50 0.50 0.20 0.20 0.20
1 0. 304 0. 464 0.521 0.283 0.393 0.376 0.217 0. 184 0.174
2 0.274 0. 466 0. 489 0.276 0. 36 0.311 0. 175 0.251 0.220
3 0.336 0.413 0. 563 0.335 0.414 0.395 0.217 0.221 0.185
4 0.26 0.343 0. 456 0.261 0. 337 0. 334 0.215 0.218 0.179
5 0.323 0. 425 0.559 0.297 0. 416 0. 421 0. 181 0.247 0.175
6 0.259 0.378 0. 455 0.255 0. 326 0.318 0.21 0.215 0.177
7 0. 309 0. 425 0.52 0.29 0.385 0. 368 0. 234 0.203 0. 189
FHE 0.295 0.416 0. 509 0. 285 0.376 0. 360 0.207 0.220 0.186
Pt A 2 0. 031 0. 044 0. 044 0. 027 0. 036 0.041 0.021 0.023 0.016
LODs 0.10 0.14 0.14 0.08 0.11 0.13 0. 067 0. 072 0. 051
T 5E T FR 0.39 0.56 0.56 0.33 0.45 0.52 0. 30 0. 30 0.25
TE: TN 3. 143,
2.4 EWMESRZE CNE 3 Tl AR BE F 2 TSR R 70. 2% ~ 117. 0%,

SR 6 AN K AR MR Y pd 2
ARAEFE P e b A T IRNBCR R IR (n=6) ,6 Fh X
F3 HEAMEEE TAEMLR MR IR SR

Tab.3 Linear Ranges, Linear Equations, Correlation Coefficients(r), Average Recoveries and RSDs

BTN 2.45% ~10.50% (% 3) .

oy ARIEGIH TR HIRA RO, b/t IR et
(pg-L7) iR K V&S o B
AN 0.25~10 y=432 400x 0.998 0 100.0% ~114.0% 4. 66% 94. 0% ~108% 4.52%
=HLNE 0.5~20 y=1783 000x 0.999 6 84.1%~91. 9% 4.20% 77.7% ~90. 9% 5.75%
R 0.5~20 y=468 100x 0.999 7 91.9%~97. 3% 2.45%  82.9%~100.0% 5.72%
RN 0.25~10 y=143 100x 0.997 0 89. 2% ~96. 4% 2.45%  94.9%~113.0% 6.61%
AN 0.5~20 y=145 700x 0.997 0 77. 6% ~88. 8% 5.95% 70. 7% ~718. 4% 7.07%
TN 0.5~20 y=28 360x 0.996 0 93. 0% ~110% 9.78% 70.2% ~717. 6% 9. 54%
— G BE e 0.25~8 y=32270x 0.990 0 87.5%~117% 10.30%  79.0%~107. 0% 10. 50%
A e 0.25~8 y=26 470x+21 930 0.994 0 92. 0% ~ 108% 8.91%  100.0%~117.0%  5.61%
=AU T 0.5~16 y=633 500x 0.9950 87.0% ~110% 8.69% 94. 0% ~105. 0% 5. 04%
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2.5 JKEEK

KT EXT T XN 45 N MK AT 10
AN JFEIK TR B G o 2 UCRFERI R T
JKANE WK RIS 20 A NG B MK
) SRM #x @i an il 2 fros . 25 Gk s Fn 45
AR HTERE B, 2K R FH R SR 4 T A
WS R AL R s A S i i R 2
FNRA LN , BRI an gk 4 foos, ) K
BRKE A CHER R 65. 0% , IA LM TE

100% —RLIE
90%
80%
70%
60%
50%
40% K
30%

AR

J K EE WK R 43. 2% , HA 7 AN LRI &
RIHEERI =BT R . 76K P R D
BRI UEBJEOK RO AN L Y R
WITZBIA, BRAFH) 7K & N
HND~3.20 pe/L, I RE LG E A ND~ 1. 62
pe/L . “RONEE TR NG Rk AR T AR T A
HARIIRE . —SA OB E N 20 pe/L. iR &
G B R 70 /L, A A T BRAE S0 D A
o, HLAARRE 25 R 5 PR,

WAL

1882
A A | LA Lw_xs L L | [ A= S8

20%
10% l =8O
0 1!56 I%UB E??I 1272 I‘B.lE N A1

115 120 125 13.0 135 14.0 145 150 155 160 165 17.0 17.5 18.0 185 19.0 19.5 20.0 205 21.0 21.5

L& B4 15} 8] /min

2 ERKH 9 R RIHRERD P SRM B @5
Fig.2 SRM Mode Chromatograms of Nine N-DBPs in Pipeline Water

F 4 ARNEREIEOKT B K MK A L HE R
RALEE#
Tab.4 Content of Dichloroacetonitrile and Bromochloroace-
tonitrile in Finished Water and Pipeline Water of
Different Disinfection Method in WTPs

HEEH TRZIE/ (pg LY MEZE/ (pe L)
R ND~3.20 ND~1.62

ZHEAE ND~0. 80 ND

Fz5 K ERIKREAKS O FhEEIERERE =Y

ARG 235 5
Tab.5 Test Results of Nine N-DBPs in Factory Water,
Pipeline Water and Raw Water

Hor K ERK (pg- L") A (pg-L7)
v ND ND
=R NG ND ND
RN ND~3.20 ND
RN ND ND
WAL ND~1. 62 ND
TR ND ND

— S FE T e ND ND

U R e ND ND

ZAM R ND ND
3 g

ARSCHESE T WA 4R — = DU GURTUB kX
K6 iR LA 3 A A 2 R e A I 5 12
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BEEN 2.45% ~ 10. 50% , %7 EAE R = A L
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XTI X 2 Rk T KA R K R E K
T R A R AR i R e A D & B, LK R G T
BRI, AFEKTRAAFEE TZ, & 2 H
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Hox 7 FEEER = Y SRR R . KT R AHIREA
PR B B AN R ST B, BRI
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