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Determination of 5 kinds of volatile disinfection byproducts in drinking water
before and after boiling by headspace-gas chromatography

YANG Jing’, LIU Chao, ZHENG Hong-Ling

(Chuzhou Center for Disease Control and Prevention, Chuzhou 239000, China)

ABSTRACT: Objective To establish a method for determination of the changes of five kinds of volatile disinfection
by-products such as chloroform, carbon tetrachloride, monobromodichloromethane, dibromochloromethane and
tribromomethane in drinking water before and after boiling by headspace gas chromatography. Methods The plant
water, the terminal water, the boiled boiling water, and boil exposure for 1 min of boiled water were taken to
headspace bottle for air balance for 15 min at 70 °C, and the upper gas was injected for gas chromatography analysis,
separated by HP-5 capillary column, detected by electron capture detector, and quantified by external standard
method. Results The 5 kinds of volatile disinfection by-products had good linear relationships at different
concentrations, and the correlation coefficients were 0.9992-0.9996. The standard recoveries were 83.3%-101.8%.
Among them, the detection concentration of chloroform in the four samples was 0.717-44.9 pg/L, carbon
tetrachloride, bromodichloromethane and dibromochloromethane were detected in different degrees, and
tribromomethane was not detected. Conclusion After the tap water with chlorination disinfection of boiling,
volatile disinfection by-product content greatly reduced, in which the content in the boiling water with open lid for

boiling for 1 min is the lowest, so it is recommended that drinking tap water need to be boiled in advance.
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HuifEHFRAKEEN AL FEGALERE. =
ARSI . AR A R A Y, A T AR
KETHEEE A KZ N HILHE B, FALHE 5 (chlorination
disinfection) 2 $5 FH G ml G il 70 4 72k F K I 2 10— Fh o
Peo EALTHFE R TARRRCRE, HEg, k. SiE, &
REBH L 57K A4S ) Fr ks e S s, o S il
2 2R (R i s AR AR IS B 4 1 [
23 5K B PR B TS G ) SO A R AR 5 A AL T B
7~ ¥) (disinfection by-products, DBPS), XJ A\ fdFEFy
RGET R4 i TR KKK R R, KA AL
RN, AR K T R R B RS N, 1 K
HR R AR 2R R B N e A A
HARK — BB 4y 2 & M s A UL = X B B (three
halogenated methane, THMs). F %45 =& H &E(CHCL;), —
B A H BE(CHCLBr) . {5 — S H ¢ (CHCIBry) Fl = {5 Ff
% (CHBr;) 24100,

ORI THMs KA 3w . 808 . SURB/EH, &
TENM N & TSR o ORI 2 2 3N Z M E
BRUBL SR A 7 il A K A B e R 8 A 22 1) S 3
SFEEMN ARG ERK S, AkAKT THMs 55145 &1
Y R, B kA R B 2] — ek Ak
% [ 2 A R 10 2R 2H 2 (WHO)ER SR F K B i 2 R = 4
S HLEAT A BRI . WHO BUE IR R K b =& H e & it AR
it 0.3 mg/LP, EEFFMEENHE 4 F1 THMs 18 EA
#id 0.08 mg/L!', K E GB 5749-2006 { ARG R TIAK A
B ) U e v pa A = U e L DO SRR S TR K
KB FUA I E R T RR M. ZoR =S P E Al
i 0.06 mg/L. MU kxS AL 0.002 mg/L,

KGR AT LA A 20 55, HRGERATT H % R
IRIEAHRIE A KK b I FE SR AL B, 3 3 K A T
36 LA UK I8 SO BRI, R AR AN K o KR K Zead
SALTHBE S TR BRIE AR B W e . BARTRATTH
B AR RS K I BRI i R S e E bR L
T, (SR AN LT B R ) Y & 2P AR, R
AR/ X BRI a5, BAR SRS E S . AN KRR
FEK BB & S KRR, Ref b X N3, 3
FRMFREEE W RIFIE D

AR5 AR 33 1902 vk U2 i Rk & B TR
DA R Hp2 8 1 min J5 5 R RIS R ) 5 ARk
FEMEAAE B w PO fe A0 25, R ae D TH & Rl
AN o

2 MHEREE

2.1 & AFSHR

Agilent7890A AH 4 1A (BC By i SR AG I 55, 38 [
LEER A HD); Agilent 7697A 4 [ ShTHZS BEAL#% (55 [ 4 4
&2 Fl); Chemstation B.04 #F(3E [ 2 HER 28 Fl); HP-5 &
M EREFE (30 mx0.32 mm, 0.25 pum)(3EEZEHEAR A F);
MilliQ 4K (3 E MilliPore A F),

UK ML BR (43 Mrali, [ 2548 AR A\l ) A Ef o5
(1000 pg/mL)¥ B Ik 5t EiH e L= s b, 4
PR, Db, —ROEF . IR b
R,

22 SHEGERHG

PR OB : 250 °C; R IAR IR EE: 300 °C; # A
N, (4lJ#>99.999%); i 1.0 mL/min; 47kl 1:1; FETF+
AR IR K 40 °C, £-FF 5 min, L 10 °C/min T+
% 100 °C, LI 25 °C/min FHEZE 200 °C, %5 6 min,
230 °CJFi217T 5 min, FIZEFTHFE R 21 min..

23 METHERGEH

5175 A 70 °Co i S IR T 80 °C. AL kit
90 °C, FEAAHAEATHTE 15 min, & AT 0.10 min, #F
FERTIE] 0.5 min, #EFE A 1000 uL.

24 tREFERAERBIECH

Ay =S e, —IR A F b, IR A F B
=R B OFRERE R4 1000 pL, POSUALRRAR i 5
500 pL F 100 mL &S, HAEMBS MK ERE
ZIEE, RS FRMERG RS ILIR AR 1000 pL F 100 mL 25 &),
FZZWBEH K E R B 2B, BLRHRAR A kR
SHARE . IR RSP R =R B
100 pg/L . P& ARGk 50 pg/L.

25 HmARESLIE

Fr B ES 2 LA TE 110 °CHERE 2 h IR ANE . REE
JKFERY 100 mL FR A HIEBE RS AEIA 0.3~0.5 g PUdkIi
o rBIRERT K. KRR, FHKFEBAFEAKMAE
T RIS L I K DL 78 B K AR HR RSN 1 min
BYFFK . BURERTHE UK B 3 SR KK 2 2= IR FFBUKEE, %
it 4 FOREEITRBE RIS B AR, ARS8 D2 () A
S, . 2 MK KB R REAH EE R
3% 4 Pk HERGILEL 10 mL F 20 mL TiZSHRA, g8
6 Ur-FATHE, SEBRE AT AR, 8,
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3 HER5HH

3.1 FERZRIZR )

F BRI W AR TR 2 5IEL 2.5, 5.0, 10, 20,
40 mL £ 50 mL e, Aaikesn. =Pk, —8
CAMRE . IR =R R A 5. 10,
20.40.80 pg/L; PUSEALBRIHEEE N 2.5.5.10.20.40 pg/L.
FEAYJEAr I 10 mL ARAER I T s irh, A4 A 3
Tz FERERR R 70 °CEAf 15 min J5 B 2 BEREFEF TS
FHETE ST . DAVREE RS AR, 0 1A R R 9\ A AR 22 il s o
MLk 55 RBEN B R BEVE N, 5 i BT 38 R AP A4k
PERFR, r>0.999, AL IR HREL 3 5045 145
RWE 1,

4 2 M AR TR A AR HE S W T T (B D RT LR
Hh, S RN R M AR A B DL AT, AT DAMERR A T ity
M o HH UG 7 Ay = 480 P 457 (4.249 min) . DU 48 fL 5% (4.880 min).

— R & HE(5.722 min) . IR —&F BE(7.800 min) . =R
FH £%(9.926 min).
32 FAENBEZEEMEWEIE

M 4 37K PR BT A R G 3 SR TR A AR
TR TIIPR LSS . AR EE BRI 6 40 FA TR, TRk
[ Se 3R FIAR X AR v A 22 (relative standard deviation, RSD)., il
FELERILZE 2, R 2 ATLVE W, A TR bR [l
RGBT B 83.3%~101.8%F1 1.5%~7.4%, FHE& N1k
5T HTEER
33 HmINELSER

a4 FOKFER T A MU A sh 10028 SRR
1E 70 °CHY 4 R4 15 ming 42 b3 (055 T 28 20 #r
F A E, LGRS, sk g e A, MR
E. AR AERKE S MR YR AR, E
RN E 3.

R1 FERRERLZ. BXRYE SMEE. BHR

Table 1 Standard curves, correlation coefficients, linear ranges, and limits of detection of the method

A T o4 plT £ MXRRE - e VIRl /(ug/L) G B/ (ug/L)
= Y=171623X+1266 0.9995 5~80 0.1
PO bk Y=1094615X+2384 0.9994 2.5~40 0.02
— P A P b Y=666919X+3130 0.9996 5~80 0.05
TR P Y=409661X+1512 0.9994 5~80 0.05
=R H e Y=103731X+495 0.9992 5~80 0.1
&
4000 = g
= <9
2 3000 = v
g ¥ I 2
= 2000 & /\ Il &
= f\ ﬁ | | cﬁ‘
AL
{ i
. FoN s d X \ . I\
0 2 4 6 8 10
[+ 8] /min
B S Flpa AR bR oA Tt i 4]
Fig. 1 Standard solution chromatogram of 5 kinds of halogenated hydrocarbons
K2 FHAEREEENEYEILLE (n=6)
Table 2 Precisions and recoveries of the method (n=6)
EA ARAE/(ug/L) FRUENI AR/ (ng/L) 2 {8/ (ug/L) [ /% RSD/%
XL 10.7 10 18.4 88.9 2.3
30 36.6 89.9 1.5
60 69.8 98.7 3.1
P S Ak B ND 5 4.25 85.0 3.6
15 12.5 83.3 6.1
30 26.6 88.6 7.4




51 Yo #, S TS SO EIEENNE 5 RE R VT BRI P AR DO K IR IS 5 1R ik 259
&ZR2
# K AR AR/ (pg/L) FRUENN A/ (ng/L) 05 {5/ (ng/L) mIs3/% RSD/%
— IR AN 2.00 10 10.9 90.8 2.0
30 31.0 97.0 5.8
60 62.6 100.9 6.0
TR Wk 0.362 10 10.2 98.4 4.2
30 30.4 100.1 4.6
60 59.1 97.9 7.4
=R ND 10 9.85 98.5 3.5
30 29.6 98.7 2.3
60 61.1 101.8 2.3

#£3 ATREIKHEFSHIZELMHERRIERZE(N=6, X s, pg/L)

Table 3 Content of 5 kinds of volatile halogenated hydrocarbons in different water samples (n=6, X s, pg/L)

K A b Vo SR AR — IRk AR S
K 44.9+3.12 0.162+0.004 6.32+0.540 0.847+0.06 ND
KRR 38.7+0.28 0.0604:0.005 5.04+0.53 0.708+0.06 ND
Tk 10.7+0.91 ND 2.00+0.107 0.362+0.024 ND
FREE#A 1 min 1FFK 0.717+0.035 ND 0.173+0.009 ND ND

E: ND R ARA i, BT R TER.

4 HZ5itie

FE A E IR AR DAARMER A5 32 1 (%) DBPs [a]/#,
WAE T AR E : AR ISR = P e (P b . —
R, ZR—E W R, =R R BT E R, %
BAE ) S LG P 0 S2 I kB S A% B BRAE A LU
ZHAAE 1 = =& F el 0.06 mg/L, —R &
HLEk 0.06 mg/L, —R—FHFHHN 0.1 mg/L, =IRH K
7 0.1 mg/L, PA5E{bhK 0.002 mg/L.

FAEAR S T2 L T K 5 g & v 2 )
PR FRAPLIER . ARG g . Tk, i
W, SZKEERERT BN . LIS LT LA
T KFIRRE K, X5 FEERDT Y & RS TEAK
PRAGE, Hoh =R R . ZHR RS EHE ST
—IR AP B IR R, DL =S R i b
B R ERLSY, OREN— BB, KPR & BB,
FALT TR AR A, BTl =& H B S e =
B FRVGE o 44 R A R R (e R PR K ey X
SRR KT R B, HE R M AR AR s ik S 3K
i, ZWbJa I Rk, BT ARG A TP K AH LA A K
KAEEER &S BRI . A BT
72%, VUSRI B O /N T B AR I R, — R S e

P BEREAR T 60%, — I — B EEREAL T 51%. +F
2 1 min J50TTK RA =&MWk, — R &R,
EORRKAE L, S H BRI R B R BEAR T 98%, —IR
SR LEA L RAR T 97% 0 1 HLIX 2 A~ 85 8l 7= 40 04 e
BB T iARA R . X B0 RH, KK 20 RE A ALK 5
Rl R Pk i AR A SR ) I L3R TR AT T HE B K i AT 1L
L/ — Bt R, BT KA TE K BRI & H 3o
JR, AR AFE W 5 4T ae 35 3 T B Ui L e 4k s
1~2 min X FERBLE LM K AUR TR K, KRR
RAEHER Y& E . AR Gl SRR UL, E
TR RIS, R K IS FE4ERE 1~2 min, FRRTAEE—B
BRI, 2 2B AR T TROR K 4 i o AR Rk B i Ry (e RE T
& iy
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