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W E: BRY bt e S g%k (gas chromatography) il T 4§72 (ion chromatography )il 2 4= & 1Kk
KT ZHLR ., =AM, FE WAL FaRLNE — AR . =R LR ITLH T IE A
HE, X RBUE R EH&%%T‘QW’HU#, S e L I 42 o] o TR 5 R R G 7 i £ 4 T F I 71
FRUED A T (8, XTI G5 R T2 00T . R 2 PO A BE AT s AR VR AR K h iR . =&
R T E MEAE AT, SACTEE R B RR A 51R 1.0.5 pg/L, “FIIRETEEN 96.0%~99.1%, FHXHR
WEMR 22 0.66%~2.42%, & T 2 i BR4> 514 10, 20 pug/L, A EIBCRIEE N 97.2%~99.8%, HIXtHR
HEM 224 0.59%~1.90%. XARfEV e (A R IC B &2 7. 8 S EIRAK HBRAR, &5 @ik khiat
PR, 2 AT A A LB, TR SR R 0 VR B 4B
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Comparison on determination of dichloroacetic acid and trichloroacetic acid
in drinking water by gas chromatography and ion chromatography

ZHANG Yuan-Yuan, HAN Xiao-Ou, CHEN Xi, LI Yan-Sheng, CAO Zhong-Bo*

(Liaoning Provincial Center for Disease Control and Prevention, Shengyang 110005, China)

ABSTRACT: Objective To optimize and compare the determination of dichloroacetic acid and trichloroacetic
acid in drinking water by gas chromatography (GC) and ion chromatography (IC). Methods The methods of
determination of dichloroacetic acid and trichloroacetic acid by gas chromatography and ion chromatography
were optimized and improved. The sensitivity, precision, recovery and other indicators were compared. The
standard substance developed by the Chinese center for disease control and prevention of environmental and
health related product safety institute was determined and the results were analyzed statistically. Results Both
methods could be used for qualitative and quantitative analysis of dichloroacetic acid and trichloroacetic acid in
drinking water. The limits of detection of dichloroacetic acid and trichloroacetic acid were 1 pg/L and 0.5 pg/L,
respectively, the average recoveries were 96.0%~99.1%, and the relative standard deviations were
0.66%~2.42% by GC. The limits of detection of dichloroacetic acid and trichloroacetic acid were 10 pg/L and
20 pg/L, respectively, the average recoveries were 97.2%~99.8%, and the relative standard deviations were
0.59%~1.90% by IC. There was no significant difference in the determination results of standard substance.

Conclusion The limit of detection of gas chromatography is lower and the pretreatment methods of ion
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chromatography is simpler. Because the 2 methods have their own advantages and disadvantages, the

appropriate analysis method can be selected according to the actual situation.

KEY WORDS: dichloroacetic acid; trichloroacetic acid; gas chromatography; ion chromatography; drinking water;

method comparison
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& Z PR (dichloroacetic acid, DCAA). =& L&
(trichloroacetic acid, TCAA)JEA: G IR FH/K AR H $00 H 7 3L
bR, BRAKEECEESR T, KPH LS EEH
PRI R, L HA R BOE . SR . B
AR, SN2 iR FRE CERRYFK D bR
HE) MK R M . =AM m UV R
0.05 mg/L F1 0.1 mg/LP', GB/T 5750.10-2006 { 2k &k K
FRUERE I T3k ) S iE T A2k . ARy
T R WU AR AT A SR ik U, K A 4
AT BEZEHL, 7 50 °CHRER-H BEAITAE 120 min, fiT2E 4R
F DB-5 B4 G FHR S, B F A 2546
MW, Wik ER. T S8k, —EIBmEAR, &
PEACTR, AR FERSR IR K A o . —
AR 4 210 % LA A PR R, MERRE R, B
AR Z R 2 AR N AR ik N 2 AR g L &
Jon e 9 90 7 4% 1 v 0 PR 5 (g R 56 B e 2 BT
2018 FLH LU JE HBR ) BT (6 TAE, 20 R FHAH 6l
WA FEREREN —H . —H O, X2 Morikik
TrpuAbFnek i, X R . KRR . RS FRFRE LR,
AR AED) 0L (45 A TGE T2 00T . IR A 5 TSR AR
TEIRHZK 106 TK 4 AT i it T H AR S RE, [l i
BT OiERMA —E iR, RO CEERRKARHER:
B Do

2 MHERE

2.1 HiE‘iE XL (gas chromatography, GC)
2.1.1 MBELRKA

Trace 1300 S AH (L (B ECD Kill#%, 32 E Thermo
23 wl); HWS26 B FEIR K (B —ERHECE RA A);
Lab dancer S25 TR Jié#s (f2E IKA 24 F])o

Z& Z1(1000 pg/mL, SB05-238-2008, AV BFRE
PRI AT, =428 (1000 pg/mL, SB05-239-2008,
b FIAEAR PRI ), 1, 2- AL (97%, KE
ALDRICH 2~ Al); I AR T 260t | BE( i 4t, 321 Fisher
oA, WeBRER (LA, dentib 1)), BRER A AN (PL g,
KR WAk 22U A BR A R, ToKBREREN . T/ B FR 4
Grral, EZERAERFARAR).

2.1.2  ARBIRIR B

A3 BIERIR I DCAA . TCAA FRIEW i 4 0.50 mL
FHERA 5 mL FEDRCT ZEEEAY 10 mL RS, H
FERUT Bk e 45, #8257, TR B2 50 pg/mL pRifEh
[B]V o T4 W MERR I EL 2.0 mL DCAA . 1.0 mL TCAA #%
HEH B T HC2EA 5 mL B AT 2B 10 mL 255
MR, AT SR e 2, 750, Bl DCAA WRIEN
10 pg/mL, TCAA ¥R K 5 pg/mL IR A Ar v i F . 43
SIBOR S FRMEM W 10, 25, 50, 100, 200, 400 pL
A 25 mL 4K 50 mL ZO8 T, B Rk B R
DCAA: 4, 10, 20, 40, 80, 160 pg/L, TCAA } 2. 5,
10, 20, 40, 80 pg/L MIARUHER I, FHE S AL FE 5 3k F
TPRERL, AAE . AW LABRIEY) 04 0 RS 9 A ) I 0
AL LU AL AR, DCAA . TCAA MR N BT AR bR, 2]
TAEZ .
2,13 FARFEBUR 69 B bl

1, 2-—JR7k5(1,2-DBP)7.8 uL, AHXIEHE 1.9323 g/,
TATUCEA 27 20 mL HI AT FEEAY 50 mL A&,
PRF%, FHHZORUT ZEmEE S, BOACHR S 300 mg/L AR
B, FBAPAERE 50 pL, TAFCEAZ) 20 mL
SERUCT IR S0 mL 78 R0fh, HiReE, FHH SLRUT Sk
2, BERLHE N 300 ug/L PIFRAEHUH -
2.1.4 &EEN

OREFE: ZHE(R DB-5 B (435 H(30 m*0.32 mm,
0.25 pm); A AR W 1.0 mL/min; HFAE H IR E
200 °C; HEiR: 35 °CH#£4#F 7 min, 5 °C/min FHEZE 80 °C,
30 °C/min FHELZE 250 °C, {5 1 min; #7403 10:1;
K2R EE : 300 °C, BEREIAFHR: 1 uL.
2.1.5 Hswara®

FHEAFR RS WS R I 1.00 mL A7 W) 5 G (G A iR
W, Fs50mLAEEMPRAKEE, WEBHTERE S0
FEBUZ R BRI 1.00 mL F 25 mL A&+ AKE %,
IV W R B IR R B 1250 f% . BRI R A 25 mL
BB, MA2mLIREIRR, #5), A 4 g TTKER
B, 1.0 g TEKBRERMA, $£251. WA 5.0 mL PIARZEBUR,
WHEAEL 3 min, §F1k 5 min, B FJZHW 3.0 mL &
10 mL HL@E P, MUBTE 10%6 8 -F BEHE R 1.0 mL,
fE 50 °CHRIRATA: 90 min. BUH RIS NA 4.00 mL 4
FITRIR S ANVE W, o3, HRAR, #1k 5 min J&, B
LIR2E R GC 4T
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2.2 EFfifi%L(ion chromatography, IC)
LKA

DX-120 B, BFi%{ (" Chromeleon6.8 i T ff

Sl A B SEAG N 2%, 5% [E Thermo 23 7]); MILLI-Q #4li/K &4t

(3£ [H Millipore A H]),

FREMI B S 2 FR2(99.0%, T R BFRH A BRAH);
ZRLFR99.0%, HA TCL 2w, BREREAN . REREN(TE K
afi, REFFE AL AR BRA A
222  ARBEIER B

PRI 0.1 g(REH1 . 0.1 mg)DCAA . TCAA FRiEY)
IR T Ak PR RE R 100 mL, B2 HEE 1000 mg/L AYFR
HERE IR 0 MERIRZEL 0.5 mL DCAA ., 0.3 mL TCAA
Frifefil # i, FLiKERZE 10.0 mL, B DCAA HEH
50 mg/L, TCAA ¥J¥ 79 30 mg/L AR SHhRAEF A . FEEL
2.5 mL RAWMEDEIR T 25.0 mL IR ER, Bk
DCAA ¥ JZ 2 5 mg /L, TCAA #FE N 3 mg/L (IR S AR fifd
W AR 0.5, 1.0, 2.0, 4.0, 5.0 mL {R&HriER
AW 10 mL 28 P2, B CAE MRV DCAA:
0.25. 0.5, 1.0, 2.0, 2.5, 5mg/L, TCAA 4 0.15. 0.3, 0.6,
1.2, 1.5, 3mg/L,

223 &L

985 743 #3541 Dionex Ionpac AS23(4 mmx250 mm);
B8 F A4 AG23(4 mmx50 mm); $7]#s ASRSII-Ultra
300, 4 mm; WPBEH: Na,CO4/NaHCO5 3.5 mmol/L/1.0 mmol/L,
Pk 1.0 mL/min; FEFEIAFR 500 pl; FEIE 26 °C; HL A
WA T R A it o
224 HSETaE

HEFIFZIL 1.00 mL FRIEY) FTE (HAE AT 100 mL it
KBS, BRSO 100 f5FRE . E3%E EHLINRE

2.2.1

100 ¢

R I%
R I%

firk ik )EreC

Bl 1

Fig.1

3 HREHR

T3 AR B Rt L
A48 €3k 0 B AL

(1) A= B 52
ARSI 2 % T AT A Y A0 18] ot B Ak 18 A SO I
Wel, Z5HULIE 1o BT 2EEGR] F AU T FEmkih il 55.2 °C,
MK B R, B SERCT R S, H, fiidk
IREEVERE 30, 40, 50 °C, fiiZEmFIEESE 30, 60, 90,
120 min, Z5REW, DCAA fiiEIREETE 30 °C. Aj4At(a]
30 min BT RCREENS A F 80%LA I, Bl 25 i B RN [ B
K, AR ARG A RN, 7E 50 °C. 90 min Bk F] 95%LA
F. TCAA RPAIREELE 30 °C, AiARHE] 30 min AT AR
KRy 30% 204y, A TR EE AN R) A 38 n, A7 A RCR R IE T,
1£ 50 °C., 90 min BHEH] 95%LL E. XEHR T =8 L8]H T
T 3AAET, BERGER, SEP ST LA OR S
IR T3Z2 B, B ARIE R, Fribifislg, ot
o e N B i) 5 = 58 2 BRI A S 0 5E B o R AR S 36 %
BEATAEIR S 50 °C, ATAEIN 90 min, TEAFEMAATAERY
FHHHR T, FENTERTE], =58 TR,

Q)RM gL

AR BGEWITRFEIR 330 35, 40, 50, 60 °C, 41
SILLTHEEZ 5 °C/min F1 10 °C/min Z £ 4H 43 1943 25
WMOR, SRR, AR 1,2-DBP WG T4, WiaiE
BEB R, FHEE S, Rl 2 43 H i b, e 06 ] i
[EHE#S/N, AfR 1,2-DBP FIFHEARESE 20, HEE
&, SN 1,2-DBP B RIEH, EEERARE .
I, ASZIGVERRI IR 35 °C, L5 °C/min BYFHRE %,
MTIIE DCAA . TCAA., WNFR 1,2-DBP FI T4 aEME I
FIRER B, T, GikEILE 2.

3.1
3.1.1

60

30 60
T et il /min

90

AR IR EEFIATAE AR X DCAA . TCAA T A RUR I 1 (n=6)
Influence of derivative temperature and time on derivative efficiency of DCAA and TCAA(n=6)
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fist ] /min
TE:a: FRUEVIRCM G b E AR IR GRS
K12 DCAA. TCAA BREFANE (R i 0 AR @R
Fig.2 Gas chromatogram of DCAA, TCAA standard solution and fixed value sample

3.1.2 BT Gk

AR T NayCOy/NaHCO; iR AFE ke, i
X ARRIMR Y Na,COy/NaHCO, Ik %55, & LAk ik
JE Y Na,CO4/NaHCO;, % DCAA il TCAA {3 83 sf ] ZE -
W T Hi e, B W FE B NayCO3/NaHCO;, X} DCAA i
TCAA {455, {5 DCAA. TCAA HKHHE T
YA NS, Bk, RELBEPEHREB N 3.5
mmol/L/ 1.0 mmol/L Na,CO3/NaHCO;, iZ#kJE¥ DCAA .
TCAA KAKTHIEF TR EHERLF, A8E>1S5 H
FE AL R I T 0, A T L FRAE 20 min N 5E K.
R, ANSZERVEFEAE 40, 26, 15 °CCHERAMF T, BEHIR
X} DCAA 1l TCAA 53 B3R . 45551, £ 26 °C
BF, AT RIS S0 BCAT e TR, 48 1m0 119 40 8 R AR A ) % B )
6] #eHEIZ R SR T 000, DCAA . TCAA FRifE o &]
FE EAE T E LA 3.
32 ZMeESRLIR

3R 1 WA, 2 P AR B R B RAF 2k
PERZR, MIXERBIIRT 0.9995, 5 AL /T ER
DL 3 FE(E e T E A PR, SIS E R R R 508 1,
0.5 pg/L, BF a0 10, 20 pg/L <SAHE

T H S T gt BRAS, B8 i L SO Bk 2
PRI 98 -
33 [EWRREZRE

28 KRR RIIAR, BEAT 3 AN EE K28 ks 52
5, MAMREEACEI T 6 AT, BOF- 353 BE Al
R, ARG . WIS, 45IRMER 2 wIA, KM EE
B9S2 BESCRIE B 96.0%~99.1.%,  AH St A5 i f 2% 4
0.66%~2.42% - B F {0 3% % 19 ¥ I gk K [ ol
97.2%~99.8%, FAXTHRUENG2E A 0.59%~1.90% .
34 FREVIREERNNE

KA RS AR IS | BT v B T
s i U PR 5T 5 e B S 7= i 4 4 T B ) X A vE D) JB 00 7
SEMEIE, ME 6 R, F ¢t MBgi4r#r, %2 FMomike
ME AR, BRE 3. % a=5% B EHKF,
SAME fntn2 B, A ¢ S04 ST S 2R, 10.05,
10)=2.23, BIH tpcan=0.69, trcaa=0.56, HI/NT 2.23, i
K 2 ROy g E KEEHF Y DCAA . TCAA ANTFETE B 1k
25, HA BRI —E0rE . bR 5 e B e 45 R 35918
5 5 FIL[E e E S50 2 A0 AR BRI ZE /T 5%
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a b
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Fig. 3 Ion chromatogram of DCAA, TCAA standard solution and fixed value sample
F1 SHEEZINETEEENE DCAA. TCAA KT {EhgMEH R
Table 1 Linearity parameters and detection limits of DCAA, TCAA
HirMEEY ML/ (ng/L) AT LB 1(0) H: PR/ (ng/L)
DCAA 4~160 Y=1.9881X 0.9998 1
GC
TCAA 2~80 Y=43714 X 0.9999 0.5
DCAA 250~5000 Y=3.871X-0.687 0.9999 10
IC
TCAA 150~3000 Y=2.191X-0.067 0.9998 20
%2 SHEEENETEEENE DCAA. TCAA BB R FIIEEE (1=6)
Table 2 Recoveries and relative standard deviations of DCAA and TCAA (n=6)
SRR g BTl
AN
ST by Wl WloRes WEE WERRE W RlRRG WSS
/(ng/L) /(png/L) n=0) RSD(%, n=6) /(mg/L) /(mg/L) n=0) RSD(%, n=6)
10 9.72 97.2 2.42 0.5 0.486 97.2 1.72
DCAA 40 38.93 97.3 0.98 2.0 1.964 98.2 0.98
100 99.05 99.1 0.66 5.0 4.970 99.4 0.59
5 4.80 96.0 1.90 0.3 0.292 97.3 1.90
TCAA 20 19.39 96.9 1.69 1.2 1.182 98.5 1.69

50 49.54 99.1 0.97 3.0 2.994 99.8 0.97
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Table 3 determination results of standard substance fixed value

samples
DCAA /é.'\ﬁ/(mg/L) TCAA /E\f'ﬁ/(mg/L)
e
GC (X)) ICHW,) GCHEWX)  IC (M)
1 51.6 51.7 24.7 24.9
2 51.2 51.3 24.8 24.2
3 51.3 51.4 24.8 24.2
4 51.4 51.8 24.5 25.0
5 51.5 51.8 25.0 24.9
6 52.0 51.7 24.6 24.2
FIME 51.5 51.6 24.7. 24.6
Nr o - Z(Xl'—X1)2+Z(X2'—X2)2
EHFRUEMZE S: S = L L Spcaa=0.25
(m =D+ -1)
STCAA=0~31
X -X
t. ZZM nli tDCAA=0~69 tTCAA=0~56
S ny+ny
4 & B

ARTOR SR @G | 8 @RI E A T T K T g

DCAA. TCAA HATHGHFAL, FFMBOT X, ik
FH PGy 4 R b A T Tk i AT o A (A
H R, A IS BEKFERIE, BT, HiE A%
WA 2K RE ARG o B (0 i T WAL B PR, AT LA AR,
G T A A AR AR R TR AE T, T FLH S
TRV I TE, K% B, Y/KAE T4 H DCAA WER
F 10 pg/L, TCAA KT 20 pg/L I8 (a8 B B3,
L5 TR, 2 RO A L, FESEER AR T TR S
BT
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