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Determination of dichloroacetic acid and trichloroacetic acid in fresh-cut
salads using gas chromatography-mass spectrometry
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Abstract Dichloroacetic acid (DCAA) and trichloroacetic acid (TCAA) in fresh-cut salads available from the market
were determined by gas chromatography-mass spectrometry (GC-MS). The target compounds in 3 g of acidified
homogenates were extracted with 20 mL of methyl #butyl ether (MTBE). The extract was concentrated to 1 mL and
heated for 1 h at 55°C. The analytes were separated using a DB-1701 column and detected with a mass spectrometer. The
method detection limit was approximately 6 pg/kg, and both analytical accuracy and precision were found to be
satisfactory. The linearity of the calibration curves expressed as the coefficients of determination was >0.996. The analysis
of seven samples using the established method showed that the four samples contained considerable amounts of analytes
(25.4-31.2 pg/kg of DCAA and 18.8-46.1 pg/kg of TCAA). These results raised a concern about the impact of fresh-cut

salad consumption on human health.
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ok et AAdF 2 AaFE ARG B B2 5o AF
o 74 F W] "Wid, B2 FE] A7A ¥ AF At
A2l Aksl AWAJEQ] chloritet} chlorate?} #5738 7FsAdo] ATk
(Jung 5, 2017; Kim =, 2017).

ATt daA AaAle 43 AsEs 2] i FxE]
L2 AREE AxEP e F71EES] 92hd wksst

o] 9] YAhAEHHE(disinfection by-products, DBPsyS- A4 3}
= Aoz d#jA 3tkSadiqe} Rodriguez, 2004). 2 FolMx 7t
% &3] A4 == DBPsE chloroforme H]E#3F trihalomethanes
(THMs)®}  dichloroacetic acid (DCAA) % trichloroacetic acid
(TCAA)S H]3#3} haloacetic acids (HAAs)°]th. ©]2i3t 31EEE
S WHO A8l A YATL2(ARC) 2 = SHRFTHUS.
EPAIA Iebdo] oilEe EdE EFEY glon, Be
oM BleE T FE 78S ARt AEEA ArkSadigst
Rodriguez, 2004).

A7t GaA AetAl= aspartic acid, tryptophan, tyrosine?} 7+
2 ofu:Akd) Wkt THMsS st 2o BRIHh
(Bieber®} Trehy, 1983; Tan 5, 1987). Webd A2F 5 THMsS
AHFZRE FE B ol IRAEE Ak 5 fU1E
 wkgated A= ™7 4 Urh(Huang™ Batterman, 2010;
Olmez} Kretzschmar, 2009; Schony, 2010). AA| 2, oJgg]o}olA]
Hag kg AMHe AAFA chloroforme] Fd e
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Ao 122 pgkg, 2213 O 71A] THMsY] 5% §e 34
o 144 pg/kgZlA] AZ = AH(Coroneo 5, 2017).

o], AAHEe] AAFAEHE X3 F HAAsY A4 2
o] &gt A HlwA Hol FHA LUTh ZH A
<1 AAHE] AaFol DCAASH TCAA? 5= 77
24 ngkgZ7HA 71E=]0](Cardador®} Gallego, 2012) Hel A
2FE THMs®YE oluz} HAASE Q2950 Id&S HoFE)
t}. #Zol= static head space-GC-MS WI'H-E AR5} THMs3+
HAAsE Al #4184 WS AQbsle], olet 3t
EE9 #Ald golg AT & IS AlAFSHA TH(Cardador
9} Gallego, 2016).

o] 2008 2 FejekEet A o] Harel] mEH,
FollA THMso| BE Al5oA HEHA &
THKFDA, 2008). LA 5t F S0 A4
g =o] &H7t FUhst wEl, THMsSF 22 3
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AT 4 HAAsE monochloroacetic acid (MCAA), monobro-
moacetic acid (MBAA), dibromoacetic acid (DBAA), bromochlo-
roacetic acid (BCAA), DCAA, TCAA, bromodichloroacetic acid
(BDCAA), dibromochloroacetic acid (DBCAA), tribromoacetic
acid (TBAA)E 7+7Ho] 2000 mg/mLe] FE2 AZH Sigma-
Aldrich (St. Louis, MO, USA)AF] ampoule A|&-&, —12]3 Tl
X=EZ (surrogate standard, SS)Z AFE-% 2-bromopropanoic acid
(2-BPA)9} CH,0H2 Honeywell (Charlotte, NC, USA)A}2] A&
AFE3II T Methyl #butyl ether (MTBE), Na,SO, 2 H,SO,
Z}7} Duksan Chemical Co. (Seongnam, Korea), Daejung
Chemical Co. (Siheung, Korea) % Showa (Gyoda, Japan)A}2] |
£S5 A3tk NaClO= Wako Pure Chemical Industries
(Osaka, Japan)2] A|ES AM23I3ITH HAAs BE21S 2,000 mg/L
9] stock solutions MTBEZ 3|43} 15mg/Le] T2 A|=xs}
N, 2-BPAE MTBES &ujE ARR-3l] 20 mg/le] o g ut
Eo] ARgsith.
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=&, MxE| SHst

40mLe] 2] &7]°] 3.0g8 AH= AFE Y3 homogenizer
(SHG-15A, Daihan Scientific Co., Wonju, Korea)S Al&-3fo] &
A8k %, 30 uLe] 2-BPA €93} 03 g°] Na,SO, 2 A718lAct 4
719l 2mLe] 4N H,S0, 843 20mLe] MTBES 371t &,
FI¥7](SR-2DS, Taitec, Koshigaya, Japan)& 30 &<+ FZ315
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. MTBE &< 100mLe] 52 Zgk23d] 271 & 3JA470%s
27](HS-2000, HahnShin S&T, Gimpo, Korea)Z ARE&td 40°C
oA 2-3mLE ¥%3}3L, Pasteur pipetteS AME3t] 15mLe] 9

ARelEoR 7 % A JEAE Iml7HA FEIATH
HAAs®] F5=A3h= US. EPA2003)e] WS 7|%= sl A
AlBtAtE FEdo] EoglE YA 1mLe] 10% H,SO,
in CH;OH &4 71t &, 35 55°C9] F8xdA 11
7F B9t 71dste] z HAAQ methyl ester F-=4S EA3IA T
deom A3 F 3mLe X3} NaS0, 93 06g9]
FHE-S vortex mixer (Maxi-Mix I,

R
g

z
NaHCO,& #7Ish &, o] &S
Barnstead Thermolyne Corp., Dubuque, 1A, USA)Z 30% &%
A&EE §, £1°] MTBE S5 F8te] 2mLe] vialol &%ich.

pil

717184
H O

HAAs9] methyl ester fF=4] #2415 ]3] GC-MS (7890A,
Agilent Technology, Santa Clara, CA, USA; 5975C, Agilent
Technology)E AHE-3IATE EA418 ZAHOZ XLodle= AgilentA}
9] DB-5MS (30 mx0.25 mmx0.25 umyE At 939
27} ©] £ DB-1701 (30 mx0.25 mmx0.25 pm)= HA ko] A}
&3t th(Fig. 1). 1uLe] &4 AIEE Autosampler (CN/7693,
Agilent Technologies)E AH&-3t] GC-MSel| F=YstHom, A=
FYFE R 2400ClI L, £ T HES 200101k &
FEA7]= electron impact (EI) 4] 02 0] 231814 L, selected
ion monitoring (SIM) 4102 Aakslaiint. g 717184 =

AL Table 19 Yebit).
24 4 AE

24 WS AEsl] Qsle] A AEEA e FEEFE A
ZolA FUske] AREEG T AlFolA DCAASH TCAA, F+ 7}
2] HAARM| ZHAEF o] o] F 71A] 3IjtEdl| tisiA vt A& &
25T

W Z3H (method  detection limit, MDL)= I ZwlE 130
Al signal/oise (SNy=32.2 Hoixl Zhe] 3ujol] sjdele FE9
HFE AEE 7N o] Ao, 5 2FHA 3145
Foled sttt g8 (limit of quantitation, LOQ)= X4
2ol 105 F8ked F3FATHUS. EPA, 2003). AR AL 309
Pl Sso EFEAS FYst AR, FE W=
AEFaA A lgshe 15 pgkg (BEE 3mL)YE 75 pg/
kg (B2 15 mL)°IAUTE 8= (accuracy) 2 7 H = (precision)
= 27 30 pgkg B 60 pgked] s=o thated z4zt 304 ZA)
3led, HHE-d (repeatability, relative standard deviation) ¥ 3|5&

(recoveryyS -3t LERTE.

NaCl0 &9& 3]A43le] 100 mg/L
89 500 mLE Az3HT 7]
A F Aol TR 1R F
718 BALsE] flate] &
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A AR 7 B acoly masien,
of AT LT 1A WHE Hgatant AN E F
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Fig. 1. Comparison of peak resolutions between DB-5MS (top, 100 ng/kg) and DB-1701 (bottom, 75 pig/kg) columns. Peak resolution was
increased by using the DB-1701 column.

Table 1. Operating conditions of gas chromatograph-mass spectrometer

Parameters Conditions
Column Agilent DB-1701 (30 mx0.25 mm, 0.25 um thickness)
Carrier gas and flow rate He at 1 mL/min
7890AG(5A lent Temperature programmin 35°C hold for 1 min; 4°C/min to 65°C; 2°C/min to 85°C; 20°C/min to 175°C;
( » Asten P Progn g 175°C hold for 5 min; 25°C/min to 260°C; 260°C hold for 15 min
Technology)
Inlet temperature 240°C
Injection mode Split (ratio 20:1)
Ionization mode Electron impact (EI) at 70 eV
Ion source temperature 230°C
Quadrupole operating temperature  150°
MCAA* 59,79, 108
MBAA 59,93, 95
MS DCAA 59,83, 85
(5975}% ?gllf;nt TCAA 59,117,119
Technology . BCAA 59,127,129
Mass to charge (m/z) ratio DBAA 59171, 173
BDCAA 59, 161, 163
DBCAA 59,207,209
TBAA 59,251,253
2-BPA 59,87, 107

*MCAA, monochloroacetic acid; MBAA, monobromoacetic acid; DCAA, dichloroacetic acid; TCAA, trichloroacetic acid; BCAA,
bromochloroacetic acid; DBAA, dibromoacetic acid; BDCAA, bromodichloroacetic acid; DBCAA, dibromochloroacetic acid; TBAA,
tribromoacetic acid; 2-BPA, 2-bromopropanoic acid.

a1 3 o A 2AEQS vwale] AN AR7L FE 22t
IS AR £0.5%, 22]AL A o] A7l £10% ofHell S
HM 2M 2 Column MEY4 =< FJsSthRivier, 2003).

W
=

94 #4& 2F EZ3 155 AlZHretention time, RT) ¥ DB-5MS column2 AR 79 DCAA®) sigsle J3as &
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Table 2. Method detection limits (MDL), limits of quantitation
(LOQ), repeatability (relative standard deviation; RSD), and
recovery for dichloroacetic acid (DCAA) and trichloroacetic
acid (TCAA)

Concentration

Parameter DCAA TCAA
(ng/kg)

MDL (ng/kg) - 5.7 5.5
LOQ (ngkg) - 18 17
. 30 2.1 0.9
RSD (%) 60 1.8 3.3
. 30 92.5 107
Recovery (%) 60 97.6 110

BRAAM T2 ¥} BEHoZ HAX3, 2-BPA FIE H ¥
oA & 22 939 HAHhFig. 1, ¢). DB-1701 column®
2 HASAE 7%, Fig. 1HNIA S o] F Fa 2% W
of Wallsh= Tt glo] ®allsol A FIEHIJL, FHAe =
dw AMmaiFT. MCAA, MBAA, DCAA, TCAA, BCAA,
BDCAA, DBAA, DBCAA 2 TBAA®| thek vlF-g X7k 77}
591, 8.64, 922, 1123, 1242, 14.83, 1501, 1632 2 17.92%0]
Ao, SSE AN 2-BPAS] MFFE A7k 95003t} of2t

A A EHS 98 column©E DB-1701S Helskict.
Seuste] BRI ANR/E S HAAS thgh B4 el

o
oS 2

Ae Weskd f=AE DB-1 DB-5 AIE2] column®Z
gt & AFEA7|MS) £ HAEEZZZE7](electron capture
detector, ECD)Z HE3I=E =0 UTHMOE, 2012a; MOE,
2012b). ¥HAo| W= EPACIAME DB-5.625 column®] AME-S A%
Slal QITHU.S. EPA, 2003). ©] 7oA tid oo HeE
o] ohd AAFolnZ ¢ B2 IFEE] B4 AR EAs)
o WalE & ¢ 7] Wi, ozt FESC Uigt HIAER
RE gAE 22 93 column® 2 DB-1701% ARS8t

=M g AS

Table 201 &4 e FaAddl] g 75 235 Yepdoh
DCAAS} TCAA®] tist MDLS ZHz}b 5.7 ugkest 5.5 ngkgel S
ot 30 ugkg 2 60 pgkeel gk REEJ(RSD, %) 0.9-3.3%2
U m)$- Swsiglon, IS Yehd 3]4E% 92.5-110%
2 g5 Holdrh A ot il v FEe MA(15-

Aburdance]
14004
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L

15

75 ug/kg)°l
3 =% 0.9
b 4
2012).

o] WHL tetrabutylammonium hydrogen sulfate (TBA-HSO,)E&
ion-pairing agent® A&} dimethyl sulfates methylating agent
2 A3t F=A8k3E E headspace-GC-MSE H23+ HlW]
(Olmez&} Kretzschmar, 2009; Schony, 2010)°l thdF MDLS! 0.1-
1.0 ugkeell B3l =& HolUth T o] HES AFE ¥ S5
FE 38 37h AE712 ECDE AHE 55 B3l Mg 4 3
o

|

et HEEA el AHAS (e DCAASE TCAAS o)
96 o’do =, w9 g5k A4S vEPATHFig. 3).
el faAdo] ASEJTHUS. EPA, 2003; KFDA,

LS
Rolth. RSDE ekl HHEAo] glopii, o] Al wol

A BE HAAs tate] 243 A3} Fig. 2014
st 7] DCAASH TCAAS] 3127} AZHdch webd] A8 &

F9 AnTe] W= AT 74 Aol o
& Fol7t YA, PP} AALE RE AFS] G5
219 wak ohe Ee 2y

E= 7P =2 "ol EHlA
o

7t thre® ko, SR W ErEE AN AFd 2F
Ho] At 7k A|Ze et JEE Table 39 A|EE=Z AQak

A9, Aele FAHE 2 74 HES e

AFolr F5EI e AEE B4 43, 71 A8 F
whe] ANE(57.1%)P014 FZFSALOQ) °1’d2Z DCAASH TCAA
7} A2 HAKTable 3). DCAAE 25.4-74.6 ngkg (B 463 pg/
kg)el £FEo 2, I8 TCAAE 18.8-46.1 ugkg (35.4 pgke)2l
=AU o83 FE BEXE AHQeA A
AN2F0=22) F 23%2] AEM DCAASH TCAAZL z+Hzt A
22 pgkget 24 pgkg AEE Aol H]8}H(Cardador®t Gallego,
2012), A& Y& FE HolA ZF & Houh

PN
SO

3T

et 2ol A M

o] ATE T3l AlTelM 5 T AAH] AAF T DCAA
9} TCAAS] F%& Hud &2 AL & F Atk uehA A
T AHAE B o] F R =EHe 42 Hrisia S8 3
7He AASIATE F seEel digt Ha F=Ql 46.3 pgkedt
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Fig. 2. Formation of dichloroacetic acid (DCAA) and trichloroacetic acid (TCAA) in fresh-cut vegetables following disinfection with

NaClO (100 mg/L CL,) for S min.
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Fig. 3. Calibration curves for determination of dichloroacetic acid (DCAA; left) and trichloroaceetic acid (TCAA; right).

Table 3. Ingredient contents and concentrations of dichloroacetic acid (DCAA) and trichloroacetic acid (TCAA) in retail packaged

ready-to-eat salads

Brand Manufacturing place Contents (%, v/v) DCAA (pg/kg) TCAA (ng/kg)

Gwacheon-si, Bok choy (15), cabbage lettuce (25), chicory (20), paprika (15), "

A Gyeonggi-do radicchio (10), romaine (15) <LOQ <LOQ

Eumseong-gun, . Lo .

B Chungcheongbuk-do Cabbage lettuce (30), chicory (30), radicchio (20), Swiss chard (20) 254 43.7

C Ansan-si, Cabbage lettuce (30), cherry tomato (10), chicory (25), 544 46.1
Gyeonggi-do red mustard (15), Swiss chard (20) ’ ’

Changnyeong-gun, Cabbage lettuce (25), cherry tomato (10), chicory (25), romaine (20),

D Gyeongsangnam-do Swiss chard (20) <LOQ <LOQ

E Anseong-si, Cabbage lettuce (20), carrot (5), chicory (20), red cabbage (20), 312 188
Gyeonggi-do romaine (15), Swiss chard (20) ’ ’
Chilgok-gun, . . «

F Gyeongsangbuk-do Cabbage lettuce (40), cherry tomato (10), chicory (30), romaine (20) <MDL <MDL

G Pyeongtaek-si, Cabbage lettuce (30), chicory (30), paprika (5), red cabbage (5), 74.1 329

Gyeonggi-do romaine (30)

*LOQ, limit of quantitation; MDL, method detection limit.

slope factor (CSF)= Ztz} 5.0x107 (mg/kg-day)'3} 7.0x1072 (mg/
kg-day)'©|Z(U.S. EPA, 2018a; 2018b), HAY(82d) 5 204 %€
63 B =EEW, 1d F 2432 29]), g Holl 50 g A
3 Ag 7HEl =& AlUE|E Atk R g YA A
% (chronic daily intake, CDI}> Th&9] 2102 el 4 glo
o, o|2XE ALK CDR= 2+t 1.86x10° mg/kg-day2} 1.42x107°
mg/kg-day©]| AT},

CDI=(CxIRxEFxED)(BWxLT)

7)ol A,

C: concentration (DCAA Z TCAAo] thsl
2 0.0353 mg/kg)

IR: intake rate (0.05 kg/day)

EF: exposure frequency (24 day/year)

Z+7} 0.0463 mg/kg

ED: exposure duration (63 year)
BW: body weight (62.8 kg)
LT: lifetime (82 year)

o]|ZXE] DCAAS} TCAA Z+z+e] Zpakel9ls) = (excess life-
time cancer risk, ELCR)= CDI®} CSFE +3l 2+ 9.31x107°
9} 9.94x10°= G EAL, E o 38 AdN=10°) ol
wreba] AMdEe] AAaFo AdFH wel HEEHE DCAA #
TCAA] Wt =E2 A3 3 WS HT Tkt F50]
ol ATh

2 ZoJokz ek A oA 2008 %] AT FALIME BE Al
AR F AlFEIA THMso| HEHA] FUTHKFDA, 2008).
22N FH 2 Bo] AMHEL] a9} FHo| FUHE| mel,
AL ZgollA] A7t Aol E 4 Qo] oo digk diF xgt
< g Za7) S AoE AZMEL AAR o] AFE
AgA e el A o]Qol| i, A §7] BT ¥kl
AR AFE, AR FRte AL ¢
THMs# HAAs ©]2o= A F =
DBPsl| tal]l w%= EXE Ffefslal, oj#gh 2Fe] HAE
E3EEE UY/de] DBPsY ZHRHS

Asjop g Zolr,
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