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Fig. 6. Comparison of removal ratios of PV (white) and CV (gray) after settling
during the coagulation process at approximately pH 7. Source water, lake water;
coagulant dosage, 2.70 mg-Al/L. Values were determined from one experiment or
are the means of duplicate experiments; error bars indicate the data range.

coagulants vs. FeCls) and coagulation pH (7 vs. 5.5-6.5), were dif-
ferent between our study and that of Mayer et al, which may
explain the differences in the removal ratios between the two stud-
ies. Nevertheless, our findings clearly show that there was no large
difference between the PV and CV removal ratios when aluminum-
based coagulants were used as the coagulant at about pH 7.

The remowval ratios of PV and CV determined by using the PFU and
PCR methods were almost the same during coagulation with AlCl3
and PACI-2.1 ¢; however, when PACI-2.1b was used as the coagulant,
the removal ratios determined by using these two methods differed
slightly (¥ig. ). This result suggests that the PCR method, which
allows for rapid, highly sensitive, and highly specific quantification
of viruses, is an acceptable alternative to the PFU method, which is
time-consuming and labor-intensive, for the evaluation of entero-
virus removal by coagulation with aluminum-based coagulants.
However, if the removal ratios determined by using these two meth-
ods showed a greater difference, cell culture-based infectivity
assays, including the PFU method, would be required to evaluate
the removal of infectious viruses in order to predict the human
health risk. Ryu et al. {28] reported that the removal ratios of AdV,
CV, and EV evaluated by using a cell culture-based infectivity assay
(i.e., the PFU or TCIDso method) and by using the PCR method were
almost identical during coagulation with FeCls, which is in agree-
ment with our result even though the coagulation conditions were
quite different between the two studies.

3.4. Mechanismms of virus removal

Coprecipitation into growing aluminum hydroxide during
charge neutralization and adsorption onto formed aluminum

4 r @

[ Coagulation
PV addition after charge neutralization
3 t B Adsorption ]

(Log ,[Cy/C D)
)

Logarithmic infectious PV removal

AlCl, PACI-2.1b  PACI-2.1¢c

hydroxide flocs are two known mechanisms for removal of naturai
organic matter and As(V) during the coagulation processes with
aluminum-based coagulants {4.5,29]. To investigate whether these
mechanisms contribute to virus removal, and if so, whether differ-
ences exist in the contributions of these mechanisms for virus
removal among AlCls, PACI-2.1b, and PACI-2.1c¢, two types of batch
coagulation experiments were conducted at approximately pH 7
(Fig. 7). Although the removal ratios of infectious PV, as evaluated
by using the PFU method, during coagulation with AlCls, PAC]-2.1b,
and PACI-2.1c were 1.6-10ogyq, 2.7-10g10, and 3.0-log, respectively,
the effectiveness of these coagulants to remove virus decreased to
<0.5-log;g when the PV was added to the beaker after charge

- neutralization (i.e., after rapid mixing) (¥ig. 7a). A similar trend

was observed for the removal ratios of total PV evaluated by using
the PCR method (Fig. 7b). These results indicate that coprecipita-
tion into growing aluminum hydroxide during charge neutraliza-
tion is the main mechanism for virus removal by aluminum-
based coagulants, and that the difference in the charge neutraliza-
tion capabilities of the coagulants, which we could not evaluate
simply by the colloid titration method, probably led to the differ-
ence in virus removal efficiency during coagulation. In contrast,
the removal ratios of infectious PV in the adsorption process were
<0.5-log1o no matter what type of coagulant was used (¥iz. 7a). A
similar trend was observed for the removal ratios of total PV eval-
uated by using the PCR method (¥ig. 7b). Several researchers have
reported that the properties of aluminum floc particles generated
during coagulation differ depending on the distribution of the alu-
minum species in the coagulants {1,11.3031 Our results suggest that
there was no difference in the adsorption of PV onto the preformed
aluminum floc particles produced by AlCls, PACI-2.1b, or PACI-2.1c.
Therefore, virus adsorption on formed aluminum hydroxide flocs is
not the main mechanism for virus removal by aluminum-based
coagulants, although this mechanism made a partial contribution
to virus removal during coagulation.

Here we have shown that PACI-2.1c, which contains Alsg spe-
cies, removed human enteroviruses, specifically PV and CV, more
efficiently than did the other aluminum-based coagulants tested.
Ye et al. { 12] recently reported that Aly; aggregates, which are pre-
cursors for Alsg species, induced by an aging process promoted

. higher yields and faster production of Alsg species, whereas Aly;

aggregates prepared by increasing the basicity hampered the pro-
duction of Alsg species. In the present study, PACI-2.1¢c was pre-
pared by using the base titration method without any aging
process. Therefore, further optimization of the preparation of PACls
for the effective formation of Alsg species should further improve
virus removal performance during coagulation and lead to the
development of novel aluminum-based coagulants for efficient
virus removal.

4 r (b

Logarithmic total PV removal
(Log,y[Cy/C.D
Y
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AICI,

Fig. 7. Effects of charge neutralization and adsorption on preformed aluminum floc particles on (a) infectious PV removal as evaluated by using the PFU method and on (b)
total PV removal as evaluated by using the PCR method during the coagulation process at approximately pH 7. Source water, lake water; coagulant dosage, 2.70 mg-Al/L.
Values were determined from one experiment or are the means of duplicate experiments; error bars indicate the data range.
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4. Conclusions

We found that differences in the distribution of aluminum

hydrolyte species in the coagulants affected the removal of the:

enteroviruses during the coagulation process: PV and CV removal
ratios were larger with high Al. content PACI (PACI-2.1¢) than with
high Al, content coagulant (AICl; solution) and high Al, content
PACI (PACI-2.1b). Unlike AlCl; or PACI-2.1b, PACI-2.1¢c contains
Alsg species, indicating that Alsg species probably play a major role
in enterovirus removal during the coagulation process. The PV and
CV removal ratios were almost identical during the coagulation
process, regardless of the coagulant type or virus quantification
method used, suggesting that PV and CV behaved similarly during
the coagulation process.

The main mechanism for virus removal during the coagulation
process was coprecipitation into growing aluminum hydroxide
during charge neutralization. Virus adsorption onto formed alu-
minum hydroxide flocs made a limited contribution to virus
removal.
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Analysis and Occurrence of 2,6-Dichloro-1,4-benzoquinone in Drinking Water
by Liquid Chromatography-Tandem Mass Spectrometry

Takahiko NAKAI"?", Koji KOSAKA", Mari ASAMI" and Michihiro AKIBA®

) Area on Water Management, Department of Environmental Health, National Institute of Public Health, 2-3-6 Minami, Wako, Saitama
351-0197, Japan

2) Planning Division, Department of Facilities, Yokohama Waterworks Bureau, 23 Yamasita-cho, Naka-ku, Yokohama 231-0023, Japan

3) National Institute of Public Health, 2-3-6 Minami, Wako, Saitama 351-0197, Japan

Abstract

Halobenzoquinones (HBQs) are one of the groups of disinfection byproducts newly detected in drinking water. In
this study, a method of analyzing 2,6-dichloro-14-benzoquinone (DCBQ), the most ubiquitous HBQ, by solid-phase
extraction followed by liquid chromatography-tandem mass spectrometry was investigated. DCBQ standard addition
was found to be appropriate when it was applied before the evaporation of the solid-phase extraction solution. The
limit of quantitation in this method was 8 ng-L™". The occurrence of DCBQ in drinking water from 12 water purification
plants throughout Japan was investigated in the summer and winter of FY 2013. DCBQ was detected in 21 out of 24
samples and its concentration was in the range of 8-51 ng'L"'. DCBQ was found in drinking water of all but one of
the water purification plants. Thus, it was shown that DCBQ was widely present in drinking water in Japan. From
Spearman's rank-order correlation coefficient, a significant relationship between DCBQ concentration and chloroform
concentration in drinking water was observed.

Keywords: Disinfection byproduct; 2,6-Dichloro-1,4-benzoquinone; Chloroform; Liquid chromatography-tandem
mass spectrometry; Chlorination
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BEERINL, KIS L THER LA, THMs MIEBDBA,
BT T ABFEICHERL, BIUAELIL, TA2LYE
YEEF MU AL HC ML, @RS L TER L.
RIS L, DCBQIEFRIEZ 6 B F TIlzillsE L 7=,
SR, MLk, FM025% (viv) BEAF O
DCBQ NHEMAEB L 72720 THb, EFDOD, E H,
I, K, LEKBOEBBIULAEDOLETOBEL, B
HHICERYVELHNEL (h=2), FHHEZHEA L. =
DY K UFIEOBEIMEIZ, DCBQ DR EMEDEEY
EENTWVES, 2B, REFETIE, Bor0RBTEY
BLMEZIT > TW5BD, FICH) oz EY I, §:T
BB AR L Tva b, THMs ZBFZEEICHa58, BbIiC
Wazl7 (HFEDA, D, HEASOENB I ULFED
A, D, E G, 1, J, KEZKBGORENIHVELWEL (n
=2), FHEZRA) . RIMNENEEICE 22K E R
FEI N7 R R R R S R O BRERE DR 2 S IR L 726
2.3 BEWEAMTICLBEBEEINKREFH O

1000

000 L 2,6-DCBQ
g 300 - L
700 b
g600 o
£ 500 3
*_é 400 + 2,5-DCBQ

300 | ~

200 F

100 F _fv

0 ” .

13 14 15 16
Time (min)

Fig.1 MRM chromatogram of 2,6-DCBQ and 2,5-DCBQ in
purified water (MRM: Multiple Reaction Monitoring).
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LC-MS/MSIEIC & B KA 026-F 7 0 a-14- v V& ) v OELERE & gt

LNL, Zhao S DPIE FHEHE Ve THAHME 21T -
7207, LC-MS/MS J£12 & o T DCBQ Dl 5E & A 720
SO EOWERIERIL 1000 5 TH Y, T, AH, &8
FEWREMTICL BN L -RIEERMEICL > TEE
FIToT0b, ZOWEFHETIT» 38 MEE T
80% LA LD EIIETHhH o2 EHWMEENTWS Y, L
L, CoOEEFEERAGCRETAFT, BEREN
IS X B ENEERCEINEINR AT A EES RSN &
25, DT OFNTEREREMITIC & 5 HHMRO RIS
OEALE MRz,

025% (viv) FMRIC50ng L' &2 5 X912 DCBQ %
I L7 DCBQEW %, BT 225 DFETHER
AR L, 025% (viv) FEERIMA Y — N THEHEL, 10
mL & L7-308 % #45 L 72,

COBEHTEEREMITICKY, BEEIE S, 2, 1,
0.1 mL [ZifhE U 7-BRBEC, #NFN 0.1 mL $ 28 L,
025% (v/v) FEEEW 0.1 mL 212 T, DCBQ DillE
BT oo TOBEIE, BYELIToA (n=2), MY
(%) I, FHiREFICHE 215 DCBQIRIEDRHRA
a2 e fliofa s Ui,

2.4 BEEEREIERGEFI O

Zhao & MDRIGE 7 0TI, BUBMR RO FER 2 N
LTu %75, #BHRZIEZIIFMOBIIIZEL » ThE
ENBLLT, ZTRUSNOERBERBREIANLRML
TWwizw, L L, R TIT» 2FHRBRICB VT,
FEE AN LGB R iR R RE LA L S
A, SN 4 EEITAR N AT D B EEER W R AR s Tz,
F 72, HHRUERPOWEZIT D e, AR
BEEOBRELZIT->TWE, FIT, BEHREIEEREH
DFEEI OO TIRET L. EEREIEROBREIEE X
CHWLNLFAMMERF UYL ETFTAINVE VBT b
U AMAT, b7 =L, FYT Y, PR
FLT 0 SEHEOWE ZES, DT OFIETHRE
L7

AIEKICEWEZ 10 mg L 2L, Hiv TRy
025% (vv) &b XHITHIML. EDEIWIT DCBQ
S5l AR DX HITHEML, 30sec H LB,
DCBQ % LC-MS/MS THEIFEHZE L7z, DCBQ DFHMMMAE
Eixt sl Eng &% IR (%) & L7,

Wiz, EMEHHEEORLEZ &8 RINERRBETO
W IR MR FRER OEEII DV TIRET LA, 2 2T,
FAINEVEEF YT AETY Y URRY B, BT

CHLZ L o¥iE & R HEA L2 BREC o w T, 25 0F
£ T DCBQ DM E F 1T » 7o 7=72 L, DCBQ iRINHMIE
50 ng'L" & L. CORENI, WesHICHDEL
o7z (n=2)s DCBQ ORNIBEIIK T 5 W EHEDE
EEEUE (%) & L.

2.5 DCBQ ®BEIEHE

Zhao SOWMEF KV E2BEICL2HS, FiEZTTO
WEREBREZT, DTOFETITo7 025% (viv) &
BB X T FEERML 2288 300 mL %, Sep-Pak I
vl P —%— (Waters) % VT, Oasis HLB 7 —
Y v ¥ (A 500 mg Waters) (2 2 mL min™ CJ#
KL THEFE L =T Uy VD ENLDH025% (v/
v) FEBEMA Y /=L 10mL BL025% (viv) ¥EE
WmL TIVF4TazrZLidnz@ELL, Ky
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T, 025% (viv) FEEAREWE S0 mL, 025% (viv) F#
RBHE A5 7 — VDAY (50:50 (viv)) 10mL T
A=ty VEERE LK ERETAOREMITICK
Y 5min82ME U 7ze B, 10mL ®025% (viv) ¥
WA Z ) —IVTCEHB L. BT 025% (viv) ¥
BARMA Y ) —LTIOmLICAAT v 7L, BRELM.
BHEZE 3 mL 323 D4 F, #0955 1212 DCBQ
EHRMET, BOYD22ICEBRRBENE425B &
5 pg' L' &% 5E9CDCBQ #RML 70 S DB
FENEFNAOCOMBT CEETZADOREFIFICLD

WEMAZCTImL & L2RICER %2 LC-MS/MS % »
THIE L7, DCBQ M L TWwiz Wi & DCBQ %
WLz 2 P03 B2 Hv BRI XY
E& L7720 LC-MS/MS DMIESA;% Table 1 II7R T, &
T, (A) 025% (viv) FEEARET, (B) 025% (v
v) ¥EERMAY = NVEHwW, BEHO 5 74
IV PO Zhao HOFEWEBEITL T, DCBQ
OWERBAERTH B 25~ 70 T ~4- RV F ) v
(2,5-DCBQ) & DCBQ A8 BLIFIZ4Hi$ 2 & 5 ikt L
720 Figd 12, 025% (viv) FERKEW TS5 pg LIS
ML/ DCBQ L 25-DCBQDOEERISE=F 1) v
(Multiple Reaction Monitoring : MRM) 7 0<% b 75 L%

Table 1 LC-MS/MS conditions for DCBQ analysis.

1200 series LC system (Agilent)

Equipment QTRAP 3200(AB Sciex)
Column ACQUITY UPLC BEH C18 Column,
1.7 pm, 2.1 mm X 150 mm (Waters)
Temperature Ambient temperature (22°C)
Injection 30 uL
volume
(A) 0.25 % Formic acid
Mobile phase (B) Methanol with 0.25 % formic acid
0 ~ 1 min: 20%
I ~9 min: 20—60%
9 ~ 17 min: 60—80%
Gradient of

mobile phase 17 ~ 17.5min: 80—90%
®B) -

[7.5 ~ 24.5min: 90%

245 ~ 25 min: 90—20%

25 ~ 35 min: 20%

Flow rate 150 pL +min !
Ion source ESI negative
lon source 4500 V
voltage

Source FUT
temperature 300 °C

Gas1 55 psi

Gas I1 50 psi

Curtain gas 30 psi

Analysis mode Multiple Reaction Monitoring

(MRM)
Quantification : 176.8/112.8
Confirmation @ 176.8/140.9
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Tt e MSMS IZBITA AT F 4 77— FTIE, M-HI
ETUA——AF VIR ET HYENEL DY, HBQs
DY E, M+ H P D EE CRREDTE o 72 L 2%
EE3NTWE?, AMBECTLEBOERLERSN/A-Z &
25, IM+H 2 7L —H%—1F VIZB&EL (1768),
IM+H-HCI-COl & [M+H-HCI) 2 FhFhE&H
(112.8) L WERA (1409) o7a ¥ 7 b A+ VICERE
L7

2.6 FIMNEURERERIC L 2EINEK - EE TFEREDES
MUK, U vE I0mg L &b XnimmL A4k
WK, DERYEOEK (FK254F 9 AHRM) CFEs
DCBQ %Rt (F&iERE1025% (viv), 8ng-L™), 25
WORTHETRIEL, 5 HE#EY &L THmEN L 75
Too BIKIE A9 AHEA M (GF/F ; Whatman) T538 L
BRI RV 2, ENERLE DCBQ O ESHNE T3
HHEMOEIE L L7z,

2.7 FOMOEBEEOATEAE

THMs D 2t id ERKRBEFETZSHIZLT,
Agilent 5973 (Agilent) % H\WT, ~v FAN—2Z -GC-
MS 2 X D lsE Urze BRI IR ML IE NN- T
FINop- 7z =LY T Iy (DPD) LE—~T7 VB
LTRER (FAS) % RV 7ziliEiE iz L D #lE Lz, TOC
DWEIE TOCV CPH (BEZERT) 2HWTIT- 7.

3. MRBEUEERE

3.1 BIEHEDKRE
3. 1.1 BMEfEER EERNMFIE
Fig. 2 ICEER XTI L BIBMO R GEmE: o,
5,8 9, 95, 99mL) IZ2EBIT5 DCBQ ?EITZ D% %
FRT . WML 0 mL &SRR E A & BT
MAEFWKL, ZOROEESEIEMI - v IITds
Wi S BHEECONPEELZRL TWAS, DCBQ M
ULERIE, BHER O mL THE 70% 2L AR L Twizas, i
MHEOWEIM> TV REEEOHIMIZME > TDCBQ D E
LT AIRT L, 05 mL T Tl L 228 (HE -
9.5 mL) IZMEIRERE 58% F THA L7zs 0.1 mL £ T
HEE LM GEMEER C 99 mL) TIXENEE K& RD
L, 40% & 70, JEHHAEEOHINCAE - T DCBQ M
NBWET T LIPS Eol, TOFRKEL
T, DCBQ IARZEELWHTH DI Lhd, HBHilcLo
THEBRFOEFEYHRELEL 2D, Fh otz k
LOBOTEEEDE L 5N £ 2T, Zhao 5DHEIE
RO TR ERE 10008 LTWB 2, RiFEEE
FEL B TERWE ) ICRMEEREL 300 FCTIFa 2
L& L7 F72, Zhao 513 DCBQ DIZE#E RN A BB FEIR
EFHFIC X BIERHRICIT o TWizds, REFRTIIEER
EMITIC X BBEHHICITI L ELAQS SR, B
ML 0 mL TOMMXERIE, #B9 5 8ng- L @ DCBQ
I CTOBIRFEIZENR, EFEWEES o Tz, RET
M oEVE LT, DCBQ MIMEESS, Fig. 2 DJ5A%50
ng'Lt & o/ &, Thibb, DCBQEIMRE®D
EWHREITSNRA, LAL, 50ng L OFWIMBETY,
HGEAEIREF EOZ UMM A 1 N9 4 Y TRENL
BE (70 ~ 120%) i/ LT wizos, KEIG T,
ZOHEIIDWT, EoEHEFIIITbedro. 1B,
RFFFELAR A LT, DCBQ WM H 5 v I FLREFIAT
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Recovery(Y)

() i 1 1 ] 1 1 1 1 1
01 2 3 4 5 6 7 8 910
Volumetric reduction by
concentration (mL)

Fig.2 Change in DCBQ recovery during concentration (11=2).

T DCBQ ##FE, KT 50ng L BIETH - 720
3.1.2 BEEEFRERIESRREE

5 FESR O MEHETR IR R IR FEH % VW COREKR P DTRE
WHEEBRE LRI, DCBQ # i L CTEUNEZ R /-
ER% Fig. 310" T 2B, {SUEHBRGERREROR
IS & » THEMFREIEEIEL L2 2L 1.
MR RIEEREHR E LCFARREES MU A2
L7z856, MUXED 37% L&D o DI LT, 7AT
VEVEBF F) T AR EDERDAD 4R ERNL
WEORIERIE, 92~ 97%EEWHEEZRLT, ZOKR
wh, SWEDH L, FAWES U T AL 4 E
PRI R R E LT TE B LN X,
Fig. 3 08, EEMHEE2LIEE LA v DCBQIR
ETOBRETH 72729, HINT %5 DCBQ EEE TIF,
B4 b B o /o —EOWEFIEIC BT 5 tEHRRIER
BEHI DTV TRET Lz FF 5T -1 w7 4L
No 4R DD B, KRERMIC BT Bl NS R
HELTILHVLNTWBETRAINVE VT MU A
LTV YEEE LT, KEKENSRE LRMNEIRE
BROBER, 7AINVE I M) TLBIUTTY S %
WL 2kERICE TS DCBQ @ ENIEE, FhFh
5UBLUBUBTHY, WIFND 80%LLLEDE EIT
BHPBOLNDE I EAERENIZ, TAINE VEEF Y
VAERML ISR RECEERE R LA, (RE
T, MEOMMPBICHEZEZFIRBOLNL o7
=0.143), WRITHEEE 52 2F 3BT U Y 238
AT D TAINVE VS N7 SIS FERICRTT
WEETEIEMS, FIZETI, BEHREIEEREA
ELT, FUYTrERERATAZILE L

3.1.3 WEILLSAIERICK 5 DCBQ MEINE
LRORHERETBETIZ TR LAMEEEZHVT,
Rk, KEKRB X CBEKD O DCBQ o [EILE & #i5)
L7ze AHBHEE FICDWT, HRETE, Ko
VIOLDTHWETEZZ ko b, RBHYWH
TdH5HDCBQIEDOWTIE, F0XI) Zfliidhwnid,
QSTR 7» HHETE E LT v % DCBQ D # % LOAEL 0.049
mg: (kg'd) "V EAVT, BROAKENREEEEE D
FMiECEE FE2Y 2B ICLT, WME—RENE
(TDI) #* & DCBQ D EFFMiME % 515 L 7. BIEX 2
UTICRYT . AMEREE LT 1000 (EEEL X HE
HzEE LTE4 10, LOAEL O H D726 10), PigEk
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120
100 -
80
&
g 60 -
3
g 40 -
Table 2 Recovery and RSD of DCBQ.
20 -
Recovery RSD
0- (%) (%)
Purified water 91 5.0
Tap water 84 8.2
Fig.3 Effect of quenching reagent for residual chlorine on
recovery of DCBQ in tap water (n=2) (SA: sodium ascorbate, Raw water 86 74
Na,S,0;: sodiumthiosulfate, NH,Cl: ammonium chloride, —
TMA: rimethylamine). (7=5)
60
O Summer Winter

50

40

30

DCBQ(ng* L")

20

10% of estimated target
value* (20ng- L)

LOQ(8ng- L™

Fig.4 Concentration of DCBQ in drinking water at 12 WTPs in sunimer and winter season (D, E, H, I, K, L in summer and all samples in

winter: n=2, others: n=1).

* LOAEL used for calculation of target value was estimeted from QSTR.

E% 50kg & L7ze T/, #EE LOAELEZHVTWw5
b, HEFMEIEDRE ML L.

TDI [ng* (kg'd) 1 = 49 [LOAEL: ug- (kg'd) R
1000] ASHEFERE ] = 49

£ 5 EFM{E [ng L™} = 49 [TDL ng- (kg-d)™'] % 50 [ F
WRE kel X 02 [F5F] 7211 H 1 A7z ) KER
it L-d7] = 200

AFFETIR, ZOHEFEMEEC, 201050 1
THD 0ng' L' UTORETH B 8ng L' % DCBQ P
WIEEE L TR 2T o 72 MERRBOKES
Table 2 1277 $, DCBQ @ EINFRDOFHMHE 1L, HHEAKT
1291%, KEKTIE8%, FEAKTIZZRTHY, 31
FETOKTBOBUNLEDHCEINETH - 70 F/z,
FHEHE R E (RSD) IZFEEUK T 5.0%, KEKTIE 82%.,
BAKTIET74%E, ETI0%LUTTHo7e B, ARiHE
KA I DCBQ % @l L % W& ¢ b 8 i T RRAH ki
TIEdH 50 DCBQ D ¥ — 7 M & iz 7%, DCBQ
FWM LA LHML T WG ED S EINEEE:
BHL e TORERPS, KPR THRE LREFES
WD ZETKRKFODCBQEHETELZ Z LA REN
Fro L E. REEFERICBT AERETRMEE, BT
¥EBED RSD T OB THHERTE TS 8ng L &
BTRR{EE #E LA Zhao 5 DHPEFEY TIE, DCBQ
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O TRMEIX 10ng L7, TETREIZ3 ~44ng L
BETHY, FPAOELVENETH -7,

3.2 KEKPOEERE

Fig. 4 12 12 73T O B K3 0 ZR A 0 KB A DCBQ
DFEERRERT . BHAKICOWTIIETEE T RIEERG
THot, KEKROEBREOKE, EFTIT 1288
DB, THEREGOREZEL 1 k55 DCBQ 0 7F
EDHER SN, T OB 11 ~ Sl ng L THo7s

AFTERBEEOI L, GBIUTHREER L 105

£ 5H DCBQ OFEEMNFER SN, ZTOREHMMAILS ~
20ng L' THolze BE, LT 24 8EHIo0T,
BL5HICERVELWELIT - 2 RSD 1 2 B % b
E20%DTTholz (BB 28H  £FDABIUK
HARE)

REB LA FFITBITHMATIE, DCBQ D ig kil
JEAS275 ng L DIBETH -7 EAMEE T8
A, SEORHBROBRMIZENEL Y BENETH - 72,
LA L, RBEICL Y, DCBQ IZEMIDIKERFIZE L
FELTWBIEFHEL ol

BERCAFORETDCBQREZ BT L L, />
NRSIA M)y 7 RREFETHAIAVTY Vv OHE
JEALFRE T, LTFLIBFELIVALL o7 (=
0.051) 25, 2BKFDOILEFBOFIFBVHETH -
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TR E O WK T o 7oe HFIZEAT LD EFIC
FUEFIZ IO RIS Nz DH 3 EkY (A, D, K#
S Do tre A HIKBFOBE, FKO TOC jLEEIE 33
mg-C- L™ C, L KEICHRTE» /228 (FH 12
mg-C-L™"), DB LU K#FEKRGFNFE, FEAKDTOC
FiZENEN 091 BLU 088 mg C/Lmg-C- L' THY,
D E AR TRE REIL LD o 72

AGEKF D DCBQ MEDM—, EETRIERETH -
T T#ER¥NE, F Vv N EERAMEFEAL TV, %
B, RCH Vv I EERAIE AL TW S Lok
TiE, 10~ 3ng' L EEWHTIZSH % H DD DCBQ @
GRS Sz, THRBFDENE LT, LEKET
OB RMIERTOKPEE SN TWDE I LR, FV
VIEAEPIERGOEAFRE LT T REL B, -
T2 EBTLR, CAPEELTVATREFEZ 5
Nize 4, DCBQAEMBED A V¥ /G RLIE TS
HORMENLETHL EEL LN,

12 #e Ak 5RARR O KHARF O THMs MEEZ E Lz &
A, BHFEBIUELFEOWTRLETERTRMLE
THY, TNEFNE~38B X4 ~39 ng- L™ DN
FFACTdH o 7o THMs DERBSEZR A E, Moo
RN ADEEDED BT - A, FEASR L HKIER
HEDOKERTIZRFER THMs OIS I E 2 » 72,
KIS TIIMET L e 2o 7245, S0 X ) HRKERIZDW
Tk, §%, REROHBQs DFEDINETH L LEZ
SY (A

THMs @9 5, DCBQ & HBRICHE TN T s
UAMTIE N TV AR W O TRV LDV T, DCBQ &
DOEEM T HET L. Fig. 512, JKEKF D DCBQ Mk
OOV LARELEDEREZRT. DCBQIRENE
Do -BED I EKIBRBEOKEARDN D B, 2 KEAKIT
s FRVLABEL B, B IREHIsousk
W AEERERD ST S VTR NY v I BRETH D
A2 Y7 = v ORI HBIAREE Vv T O BE Iz oW
THMLAEZ s, BLliEERED R (p =036, p
= 0.0052),

IR E T, HEMINC X B THMs OHTERME 2D
TIREHEOMEI 2 ENTWBED, HBQs DRIERYZ IS
DWTIET = =V PRI~V F N TR
b ERIIREXNTWEDATH S, THMs [T
W2 EHERERY O —2THEHLELLNSLAH, HBQs
B SIEBRERIST AR EETH L0, MEDER
Bt # i oN5, T/, WMHEOWBEWHOE
KT A TORFMED 2 LT EMENDH 5, Fig. 50
FUUE, 2 0 IRV A PEEASE VKA, DCBQ ke
LEWVEAICH D 2R L TIEWVED, L7k
EVDLH BT EHD, DCBQ DIEIEREPL S L
T, 7UuRVADEN R EOBREFRATE 51250 T
i3, FRUSO HBQs D&Y, 85 MRAEBLIZL
PULETHDLEEZ LN

R cE H L7 DCBQ D HEEFFHEME (200 ng-L™) &
KREATO DCBQIRE # IE Lz & = A, 2R
i % #58 5 BOKE KT 2 Ao 7o A8, HEEER MO 10%
NDETH 5 20ng L ZBET 5 EB2 3B D - 720
DCBQ D ER{M{E X, QSTR IZ & 2HESE LOAEL # w72
WEETH B0, KEKTOBREEDLKIZSER

72
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Fig.5 Relationship between concentration of DCBQ and chloroform.

JETH DA%, 2003 4 0 JFLA R 28 40 i 43 2k {FH BRET AR B
SOBERYTIE, BK GREK) ZBWT, FMED
0% B2 THREENE, TEBBRENIENNE
WIHE (72720, HERERYESMMIZKRL) AkE
HREEEBEHOEGFDO—DE L TWABI LT #E2 5L,
DCBQ IZ2WT, X DIREWVWEBHAELTHI &R, #
ORI TEOMRAE /L Z ENUETH S L
#E BNhi,

4 FEH

(1) EWRFAEZRERE LTIV E2HY, E
FEJH R D BERIR & Y1 X B RS o R B B CREME R
AT S Mk T E A L, EMAEHE L LC-MS/MS
THlHEHLE/DCBQ DWMEHFEEZMIL L. DF
HEIC X B, HEEOR, KA, JBAKF o DCBQ o [T
32T 80%LE, RSDIFZ 10% LT T, T TRAiILS
ng' L' THot,

(2) FR2SFFENDEFLATIILE REHOG
TR AR D KB AKNZ DV T DCBQ DIBISE % 4T o 75 B,
EETIIDCBQIZ 28D 5 b 11 B o KRERIZT
FEL, FOEBEHEE 11 ~51ng L Thotze LT
EREEDI L I0RBOKERIZEREL, FOREHE
PiE8 ~20ng' L THotoe 1HAKEZHRLETON
KRR DK A D H DCBQ DAETEITFEFR 2 M, [N
DIRBEKFIZ DCBQ LA FFEL TV B Z & ATHI & 4
Dl oW A

(3) KEAXKPFODCBQEEL o RLVABRELD
MWL, T AN P RBRETHAALT I LD
IEALAHBI R E A WCEMli L A& 25, WO IZHE
HEAFRD Bz,

E i
AR O—#E, EEFSMHE RGBS [kl
WBITARE) A 7FMB L UOEHIINYT a0
(H25- fiifs - —#% -007) | (BFZefbse® @ b ke
HEEZEHE) 12X fThhi. RERIUZHAY, HiE
HEEEZOERICTHHEN A L2 L THELE

T 5,
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