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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-14-benzoquinone; Chloroform; Liquid chromatography-tandem
mass spectrometry; Chlorination
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BARONKE THRZBISED REHE & 72 2 RWEMEY D I HYEWOWTERMIEEFEAE (QSTR) #17-
B ) A7 BT A 720102, EEMFIfTHbRATY 72WFFED S, THMs %2 EERCHRE ST v 2 HERIAE R
LV, L, EEEBOWR, EITAMERETE - BE WXy bRAFEEE (LOAEL) 2/NSWETFH ST
FHEREEETLIHSRAERDIER I NS Z L DSHRE WEEE LT, N"aXyVUF ) U3 (HBQs), /NE Y
LhoTEY, B, FUNTAY Y (THMs) 0O saXyyUEE, ~NOZ FYVER - T T 3 NI, FEE
BElE (HAAs) & & —HOHEBRIE R AR ELEEE -N-NOT7IVHE, B F= b0V 7 IVEOSODS
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MG IR TVBEY, 72, T24MIEE V% Er s,
HBQs 2 & 0 AR & 47 ROS 2SHILN O DNA 2 & /8
7 B ARG T 2 2 A E SR TwE Y,

HBQs DKBEA P DEREZILIET 2 7291, ng L7
LRV CEBRERAELITS 2 & AR % EARH &
LC-MS/MS iEZ A EbE - lEFEIEE I T
BN ZoFEFRVT, KRE - HFFOEFNE
ElFoTWnb4EAKGEE 7053 VILBEZITSo TS S
WG OEFT O HRGOERD 16 HBEZRRE LTT
DI BERA Y ik, SFMO HBQs 2l L, 2.6~
Toruu-14-~XrVUx Y (DCBQ), 26~ Y7 OE
~14-Nr V¥ ) v (DBBQ), 26- Y700 -3-AF N
-14- XY V¥ v (DCMBQ), 23,6- MU Z oW —14-
NYVF Y (TCBQ) @ 4H4H M HBQs M & 1
TWwb, DCBQ I 16 HEFE&ToOEAE» 5, DBBQ I
16 3B 11 BB A 5, DCMBQ X 16 3B P 6 308~
5, TCBQ 2% 6 el sl »r ot s . F /o,
WG BH 1X DCBQ A% 4.5 ~ 274.5 ng'L”, DBBQ 2% <0.5
~ 379 ng'L7", DCMBQ %% <0.9 ~ 6.5 ng-L", TCBQ #%
<15~91ng' L THol LI IZHIFMTIIRBEAR
2B 5 HBQs DEBENHE SN TV 555, HERDKE
TlE HBQs \CBI§ 2 RE AT L Twia v,

F T, AHFETIE, HBQsDRTYH, TIT TOM
O FCH D WEHE & REAE S o 72 DCBQ X% H
LT, #HESN T LEFFHE & LC-MS/MS % LA
1o 72 DCBQ DM E 5 iE "I o W THREN 4T - 72
HARBYICIE, DCBQ @ FNNEE & B E R L+ X5
7o, MEHGAEEE & BUERIFEN, BB EoOREHEIC
DVWTHRE L7z TOHEEZHWTEE 12 AT 0EK
RO KB OERERAAEE 1T - 7. FREZ, BEIZIK
BEETHBI SN TV L HEBEAERDO THMs D H B,
‘DCBQ & A#HICIEZR TN v F ro3fFmsihT
WL TRV AIZDWT, DCBQ & D B#: % 1kt
L7z

2. Ak

2.1 BRESLURTER

AL TId Gradient A10Y (Millipore) THRE L 7z 5k
KAEMBOKE LTHA L. FARMF U o (B8
¥edl), 70Uy GRS BXU TRV ry#r
FU A GREESE) SRDEMEETELS, EiLT U E
=7 2 GGREEAEMR) 3B LENS, PYAFILT I
VIZERALETERSHA L, ¥ REELBLIC
LC-MS ) [ EHDEHMETE»HEA L 72,

DCBQ (Fig. D I3 HFEILR THE»SHA L, 025% (viv)
FERMA Y /=N ERACTHEBL, 5HJEICEDE
L7

DCBQ i pH 70 L E o B X U3 &4 T,
AR SN TRBESSMLZ5- e Fexy
W26~ 200 14 RyIE)CEATEY, B
%, DCBQ (& pH 7.0 BT O KB A TR 0 f% 8@ & 4t
IR L e REINR TV AR, —FT,
pH 4.5 il OB 41 T DCBQ X% 5E L 7 IREE % 13
DI ENFREINTVWB W, F, BEMLEGETT, o
FERETH B2V TORFEMZRENIHRE I N TIE
W WA, FEE 025% (viv) &b X HIEmmL
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Witr, DCBQ LI 10 HIMEL Lo /z iR S
TWwa!W, D/, Zhao HOUWEFE" TIL, =¥
REHERE T FTRE 025% (viv) ERB I IICEML
pH2~3IZRRELTB Y, KR TL I EEEIZ L7,
B, SHOMT, 025% (vwv) ¥FEHEMASY ) —ivih
D DCBQWENEL Lo/ IR L 2.

2.2 EURHEER

TR 259 A~ 10 A (EZF) & P26 E2 A (5512,
ZE 2B KRE (A~L) TEABIUZFOHEK
WD RO AREIRE TR L 720 10 BWFTOHKYS (A ~ H,
I, K) TR — 808 A MMH 2T hbh ThB Y,
FoMo 2 @WETOEKE (1, L) TIREEILE -2%
WABMBIZIMAZTH YV ¥ M{EERAEASEHE LT,
Bo L ¥R O AGE RN T ARG 72 B D oK
MEFROKRIRAE I N T VD, AREAITEEKRIBEAE D
WK D SIILL 7225, DB IO LEABIZIOWTIL,
MWDK EBEIEER L OZITIE LS THRILL /2.
FKZB TS AFRICERILL, @ik L TERL 72
BKDEFHEH T A A K (GF/F ; Whatman) T 53#
L7724 L 7ze KK IE DCBQ s & THMS il
FEAZOT TR L 72, DCBQ MIEEH NS, Bty
ARCERIL L, FIRAEHIC 0mg L' &5 X912
U rERML, HWT025% (w) &b X )ICF
EREIL, SRS LTERLL, THMs WEEROEE
BETT ABWBEBICERL, RBEELI, TAaryY
VERS MU AL HC ZIRML, WKL TERL A
BRI IZ%E L, DCBQ IEERIUE 6 B F Tioillar L4,
I, RRL/2E ST, FWE025% (viv) Bl
DCBQ DEEMEEB L/ HOTHH, EEDD, E, H,
I, K, LEKGOBEBB L ULFOLETORPHE, B4
LZHICEVELHNEL (h=2), FHEZERALL, =
DK LSEOFEBMIZIE, DCBQ OREMEDFEL
BINTWE, &k, FEETIE, BOHPOHMBETED
B LUMEZIT-> T BHA5, FEICHT ) Ok WERD L, 1T
R EEHR LT 5, THMs IZIAFZESICHIRG %, b
Wiz L7z (HED A, D HERSOBRF B LULED
A, D, E G, 1, J, KEKBGOEEIHYBELIMEL 0
=2), FHELZRH) . W®INEILEEIH 7oKk
] 57 (R IR SRR 22 e O SABR E DRI A S IR L 72,
2.3 BEWEMGICL B EBIEEINEEE D&
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Fig.1 MRM chromatogram of 2,6-DCBQ and 2.,5-DCBQ in
purified water (MRM: Multiple Reaction Monitoring).
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WIE, Zhao B DL FTIE ITHE - THRIAFHE %47 2
721212, LC-MS/MS 12 X - T DCBQ Dl # 3720
IO FHEOWMHTIT 1000 5 TH D, di BH =
TR BT L BB LA RIOERRINEIC L s TER
BT o TWwWhe I OPEFETIT - 72 3INENEE T
0% L EDEINETH- 72 EFMEIN TS, L
p L, COHlEFEZHAVTRNT 20T, SRR
T X BRI EIEESR AT AP R o2 &
B, UTORITERZRE 1T X 5 iR [
DEALE Wz,

025% (viv) FMIZ50ng- L' &% 5 X912 DCBQ %
I L7 DCBQ &M%, #Hik¥ 525 0 FETHE%
EAEL, 025% (viv) XEEEMA Y/ -V THEBL, 10
mL & L7=38 % #4072,

COBEWEESFREMTICLY, BEAL S, 2, 1,
0.1 mL 2 L 72T, N 01 mL 3 28ELL,
025% (viv) ¥EER 0.1 mL 22T, DCBQ DlllsE
AT o 7. ZOMEHE, OB LIT-7 (n=2), X
BO(9%) (F, FIMIERICHE 2115 DCBQ M EE D EHA
il T 2 EMoHE L Lz,

2.4 BEEFRBIEERER IO

Zhao 5 OMIEFTE " TIE, BRI EEE 2 R/
LTS, #HHERRIERIFBOBTHICL - ThE
ENDHELT, TRUNOERFREERERERIRML
Twihv, LAL, R TIT- TR » T,
FEE A T L 2 ARE RO SRR IR RRE T R Z
B, VR4 BRSNS T O PR E R X v,
F 72, IR R OWE & AT O Hed, SR IO TR
BEOBREEZIT-TWwWh, £2C, HHBRTIERRER
DRI DWTIRET Lz, HEERBIEROBREIEE X
CHWLBNLEFAHMBF NI YL LT AINVE VS b
U ACIAT, WAkT vES YL, FYY Ly, FYX
FUTICYDSEBEOWEERET, DT OFIETHE
L7z

AR B E 10 meg L ZFML, o TFr
025% (viv) &5 X HCHFML7. ZOETIC DCBQ
F5ug L&A LIITHIML, 30sec i L A,
DCBQ % LC-MS/MS TEHEHIE L7z, DCBQ DR
Bizxf T 2B EOE &% BEIE (%) & L7

YAz, BRSO RTLHE F & o BN R T o
W RIE R ER O BB OV TR L. 2 2 Tid,
FAINEYEF MY AE YT yERY LV, R
e Lodia & RBICEEM L2 iconT, 2507
T DCBQ DIME % 4T o /2o 7272 L, DCBQ Mk
F50ng Lt & LA, ToOMENE, Ml HICHDEL
Fo57z (n=2), DCBQ DHRIMIEEE X % EME D E
AFENE (%) &L7.

2.5 DCBQ OBlIEHZ

Zhao H5OWEF KRV E#HBEW LS, WETTO
HREMER T, DTOFRTT o7 025% (w) &
B & I FEEE M L AR 300 mL %, Sep-Pak 3
vt b —#— (Waters) % V2T, Oasis HLB /1 —
FY v Y (FEHA] 500 mg s Waters) (2 2 mLemin™ Taill
KLUTEE L. =My JEDSH L 025% (v/
v) FERIMASY =V 10mL BXU025% (viv) ¥
2WmL TIVFA a0 FEHLLE, By
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T, 025% (viv) FHARET S0 mL, 025% (v/v) ¥
KRIBWE A5 7 —WOEAY (50:50 (v/v)) 10mL T
A=)y VERRELLE BEITAOREAMITICL
Y 5min B L7, B, 10mL @ 025% (viv) ¥
WA /= VTEH LA, BETEZ 025% (vv) ¥
BEVRIMA S ) — NV TI10mLICAAT v 7L, RELZ.
BHHEE 3 mL 372325, #0915 1 2I1d DCBQ
FHRMET, BY D20 IRRBENFNE 258X
U5ug L &5 %91 DCBQ %M L7z, & DB
FENFNAOTCOMRT CEBATADOREMHITIZED
05 mL T L7z TOBEHIZ025% (viv) FIEHE
WAEMZ T1lmL & LABICEEZ LC-MS/MS Z v
THIE L7 DCBQ 2 L T nwE#l & DCBQ &
W L7z 2 o &t 3 B E H v BERIEICLY
EEL72o LC-MS/MS DfIELZF% Table 1 IZ7RT . &
HEMLIE, (A) 025% (viv) FEEREWL (B) 025% (v
v) FBBEMA S ) —VEH, BBHD 75574
I Y FDEMHE Zhao 5D FE EBHE LT, DCBQ
OHER AR TH L 25- Y r0a -4 N2V F I v
(2,5-DCBQ) & DCBQ ASELFIZ 45 X 5 1CfEw L
7oo Figl 12, 025% (viv) FEEKBEW TS ug LI
L 7-DCBQ & 25-DCBQ D EBERIEE®E =% ¥ &
(Multiple Reaction Monitoring : MRM) 7 W0~ 77 L%

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

1200 series LC system (Agilent)

Equipment QTRAP 3200(AB Sciex)
Column ACQUITY UPLC BEH CI18 Column,
! 1.7 pm, 2.1 mm X 150 mm (Waters)
Temperature Ambient temperature (22°C)
Injection 30 4l
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) ' .

17.5 ~ 24.5min : 90%
245~ 25 min: 90—20%

25 ~ 35 min: 20%

Flow rate 150 pL -min !

lon source ESI negative

lon source 4500 V

voltage

tse?nu;?ature 300 °C

Gas [ 55 psi

Gas 11 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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T, MS/MS ICBITAFZHF 4 7E—FTIE, [M-H]
LA = —AF VICERET DHEIEL VA, HBQs
DA, M+ H Pk DRETRES R 0722 &A%k
HLEXNTVWE?, AR TLRABOEIMBR LN &
e, M+H 7L H—F—AF L IZREL (176.8),
M+H-HCI-COJ & [M+H-HCI| 2 ZhFhEE
(112.8) LM (1409) o7 ¥ 7 b4 F VIl
L7

2.6 HINEUNERERC L B EINER - B2 TREOEES
K, YUY vEI0me L &b XMLk
Rk, DERSGOEK (FR 2549 AHI) CXHme
DCBQ # N (HRMBRE025% (vv), 8ng'L™), 2.5
R HETAEL, 5 EHRD R L THimENGEEE 1T-
Foo BKIZH T A#MEA M (GF/F Whatman) TAm# L
72IBVCEER TV 7z ENRERIE DCBQ D WANBEE K4
LiEEOE AL Lz,

2.7 ZOMMOBEBEORERE

THMs S o2 1d EARRIEFETEZSE LT,
Agilent 5973 (Agilent) Z VT, ~v FAXR—Z -GC-
MS EIC X Dl Ui PR R IERIBEIINN- YT
FVp-T7xbyVF73Ir (DPD) EE—~T EZY
LHEE (FAS) ZHWAMEERE®ICX V#lE L. TOC
DPENE TOC-V CPH (BEBEWERT) ZHWTIT- 7

3 HERBIUEBE

3.1 MIEHEDIEE

.11 BRESR S EHERIMFIR

Fig. 2 \CEFIR ETITIC X 2RO RER (BHE: o,
5,8 9, 95 99mL) IZK!7% DCBQ D EINZEDER
FORY . A O mL &IF BRI (TS X B MBI IA
WixEekL, ZoRORINEEMAAL—FY v L5
M SEHE T COMPEZRLTWS, DCBQ @il
PERE, MR O mL TIZ 70% L EZR L Tw 43, B
HEE QI F 1 AR AR OEIMIZ > T DCBQ M
BRI IE AR T L, 0.5 mL T CilglE Lok (GBRE
9.5 mL) I ENERLL 58% F TR L7ze 0.1 mL £ T
JEEE L7-Er GRMEE 99 mL) TIZENERIZRE < HD
L, 40% &Y, WHi%EOMINICHE - T DCBQ @Il
NEMMET TIPSRl TOFRAE L
T, DCBQ BAREELZWETH LI Lhb, EHicko
THBEFOERTFWMERELELRD, ThioRticX
PABOTREELEZ SN, # 2T, Zhao 5DME
FEOCITEREEESE 1000 52 LTWBEA, BingE
REL DT EL VI ICRMEHEEL 300 fFICTIF5C
L E L7 F72, Zhao 513 DCBQ OIEMERIN % 22 FEK
EMFITIC & BIERICIT o TWAs, KREFRTIZRER
EMFIC X BAIWENIICITY S e LA Q53R el
WA 0 mL TOENNEELE, #BE TS 8ng L™ @ DCBQ
EIMTOBENEEIZ LN, HEFRCEE o T, HE
FfoEVE LT, DCBQ RIBELLS, Fig. 2 DF %50
ng'LT EEPolIE, Thbbh, DCBQRMBED
BEWHAEIT SN, LAL, SOng L OIRIMBETL,
KEREREFTEOR LYWL A P54 v TREN
BE (70 ~ 120%) Vi LTwiczo, AT,
COFEIIDOWT, 2oL BT,z B,
FEFFELEZ ML T, DCBQ WML H 2 v I3 RE T4
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Fig.2 Change in DCBQ recovery during concentration (n=2).

T DCBQ L, KT 50ng L BIETH - 7=,
3.1.2 HEEIEEIEERRES

5 TR O BEHRBIEF R ER % HV CRERF OFRE
WEEBELZIC, DCBQ i L THIREZ KD
&% Fig. 31087, ok, HEHBRGERREFROR
INC & - CHEMIRRIERMNER L2 & 2 ERE L 72
EEERR IR R EFIE LTF A TRERT MY A T
L-8E, BN 37% L& oo LT, 7A3
VEVIRF P T AR EDFNLYID 4 W RN L7
WAEDEIRERIL, 92 ~97%EBNEEZR Lz, TO#HE
o, SHEOS L, FAHES NI T AU 4Y
B RIERRER E LTHATE L LIRS,
Fig. 3 O HRI1E, FEMEHMEELEE L v DCBQ i
ETOBETH o2z, T 5 DCBQ BEE T,
B b & o — B oREFMFIC B B iR g E
BEROBBIZOWTIHRF Lize 745 Y v 40
o 4o S B, KRBT BT SR
HELTILLAVBNTVAETRAILVE VBT Yo A
LYY VERE L. KEREFM G E LAIIENTE
BroofER, TAINE VBT NI LABLIU T Y V%
L 727K ERIZBIT 2 DCBQ o EIIXER X, FhEh
B%BIUEUBTHY, WFlLd 80% Ll EDE WEII
BREONDZ EPMERAINT, TRAIALECEF Y
T AEFMUZTRERLRE AR R LD, (RE
T, MFOBMPFICHELEIRO LN o7 (p
= 0.143)0 RIS Z G 2 B FAHMET M) 7 i3
TLHEEHTH, TAINVE VEF MY AL T
HERETLHZI LS, RURTIE, EEHREEEREA
LT, FUYYEREERTAIEE L

3.1.3 i L7=BlEEIC L D DCBQ MENE
LEREOBHBREEEIA TR LMEERZHCT,
FEELK, KERE &L UEKSH O DCBQ 7 BT % R E)
L7z AEMEEFEHICOWT, &R, Lo
VOUTAWETE BT KD 5N B, RBEHIWY
THDDCBQIEDWTIE, FD X flildzwvizo,
QSTR 2 L HEE E T B DCBQ D HE5E LOAEL 0.049
mg: (kg-d) 'V EFH VT, BEROKENKEHKEEE D
FMEOEHFEDNE2BEIILC, WE—HBRE
(TDD) %% DCBQ O#EEFFMME L 5HE L2z, SEX%
PITFIRY e RHEEFREE LT 1000 EAEESL X O
2L LT&4 10, LOAEL O D728 10), FH4k
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120 -
100 -

Recovery(%)
3

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 7.4
Na,S-0;: sodiumthiosulfate, NH,Cl: ammonium chloride, .
TMA: trimethylamine). (n=3)
60
O Summer Winter

S

DCBQ(ng" L)

G

e
i

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

LOQ(8ng-L")

.

----- LEEE LY 3 L1

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

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

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

E% 50kg & L7ze T/, HEE LOAELEZ VT3
&, HEEEMEITERE M L,

TDI [ng: (kg-d)™'] = 49 [LOAEL: pg- (kg-d)™] /7
1000] ATESEREL] = 49

e 52 BB g L") = 49 [TDL: ng: (kg+d) ™) x 50 [ F
WMRE  ke] X 02 [ HFSEF 201 H 1AM KB
i L-d'] = 200

g, ZOHEEFFMM AL, FO 105D 1
THD20ng L UTOWRETHS 8ng' L' % DCBQ O
IR EE L ORE 2T o7 MINENSRBEoRREE
Table 2 {2783, DCBQ O ELE D FIGfEI1X, FEFRART
12 91%, KEATIZS4%, BEARTIZSERTHY, 35
FHETOKRKTIORL EOBFBVEINETH 72 T2, M
I IEHEARE (RSD) RS EIRK TIE 5.0%, HGERTIE 82%,
BKTE74% &, ETIO%LTTHo72e 2B, Kl
AKHUIZ I DCBQ %R L & VW iiE T b &1 T BRI R
TIEH 5P DCBQ DO ¥ — 7 St & /- 728, DCBQ
FRIMLULZBELERML TR WIEEOED S B
BHH L 720 COFERPS, R CHRE LREREY
WD L TRBDDCBQZRMETE LI EMNREH
o TOEE, KHIEFERICBTAEETRMEL, BT
FEEED RSD T I0O% LT AR TE TS 8ng' L 2 E
BETEMEFRELL, Zhao 5O EERY TIZ, DCBQ
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DOMHETRMEIZ 1.0ng L', EETEMEIZI ~44ng L
BETH)H, KEOELVENETH 2,

3.2 HIEKPDEERE

Fig. 4 |2 12 B HT O ¥KE D RIT O RE KB O DCBQ
DEERREZT T, BERICOWTIESTER T RE R
TdHhotze KEKDERRAENKE, EFTIE 12 8HE
DI B, THRGOBE % 11 3 ED S DCBQ D 1E
TEDSHERR E AL, ZOPRMEHEENL 11 ~ 51 0g L ThH =720
AETIE RBHDI L, GBI THAY 2R 10
#5 DCBQ OHEHELTER S, TOREFMEILS ~
20ng' L Tholeo BFE, LFHET 248 BIzo0T,
BAHIZHRDYELNEZIT-> 222" RSD 1 2 80 % &
E22%UTTHho/z FRD 28 £FN A BIUK
ki)
KREBIOHFFICBITH5AETIE, DCBQ Dkl
JEAS 275 ng L DIBETH o T EWBRE XN T VB
P, SEOKEORAMIIZINI D HENTS - 7
L2rL, RFFZEICL Y, DCBQIZEANDAGEARHIZE <
FELTWLIEXRHELDE TR,
BRELABOMECTCDCBQRER KT AL, /&~
IRG AR v I RREFHETHLT 4 VIT Y > OHFS
JEMLFIRETIX, RTFLDEBLEVI R (p =
0.051) 25, 12¥KBD) LEFOHFFBVHETH -
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o R O WA T H o 7o HHICEAT LN HEFC
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Determination of a N-Nitrosodimethylamine Precursor in Water
Using Ultra-high Performance Liquid Chromatography-Tandem

Mass Spectrometry
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1,1,5,5-Tetramethylcarbohydrazide (TMCH) is the main precursor of N-nitrosodimethylamine upon ozonation in the Yodo
River basin, Japan. This study was performed to develop an analytical method for TMCH using solid-phase extraction
with ultra-high performance liquid chromatography-tandem mass spectrometry. TMCH is hydrophilic and a tertiary
amine derivative, so Oasis® MCX cartridges were used as solid-phase cartridges. The recoveries of TMCH in tap and
river waters as well as secondary effluent from a sewage treatment plant ranged from 75 to 94%. The limit of quantification
of TMCH was 4 ng L-'. The source of TMCH in the Yodo River basin was found to be effluent from one sewage
treatment plant. The concentrations were < 4 ng L' in raw water from water purification plants in regions other than the
Yodo River basin, indicating that TMCH was used specifically in the basin.

Keywords N-Nitrosodimethylamine precursor, 1,1,5,5-tetramethylcarbohydrazide, Yodo River basin, ultra-high
performance liquid chromatography-tandem mass spectrometry
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Introduction

N-Nitrosodimethylamine (NDMA) is one of the nitrosamines, a
group of potentially carcinogens.! The 10-% lifetime excess
cancer risk of NDMA in drinking water was reported to be
7 ng L™'.? The maximum acceptable concentration of NDMA in
drinking water in Canada is 40 ng L'.* The guideline value for
NDMA reported by the World Health Organization is
100 ng L-'.* In Japanese drinking water regulation, NDMA is
an item listed for further study with an index value of
100 ng L-1.°

NDMA is known to be a disinfection byproduct upon
chloramination and ozonation in water.*® Compared to NDMA
formation upon chloramination, reports of NDMA formation
upon ozonation from water at water purification plants (WPPs)
and sewage treatment plants (STPs) have been limited.'®"* In
the case of WPPs in Germany, N,N-dimethylsulfamide (DMS)
was shown to be an NDMA precursor upon ozonation.!® In the
case of the Yodo River basin, Japan, the effluent from one STP
(STP A) was the main source of NDMA precursors upon
ozonation, and 1,1,5,5-tetramethylcarbohydrazide (TMCH) was
the main NDMA precursor.'® The origin of TMCH at STP A
was industrial effluent discharged into the sewage pipes
connected to this plant. TMCH has two N,N-dimethylhydrazino
functional groups, which are functional groups that produce
NDMA during ozonation.'® In addition, two compounds,

*To whom correspondence should be addressed.
E-mail: kosaka@niph.go.jp

4,4’-hexamethylenebis(1,1-dimethylsemicarbazide) (HDMS)
and 1,1,1’,I’-tetramethyl-4,4’-(methylene-di-p-phenylene)
disemicarbazide (TMDS), were also identified as being minor
NDMA precursors upon ozonation in the Yodo River basin,!*!71$
In a previous study,'* TMCH concentrations were investigated
only in primary, secondary, and final effluents of STP A.
However, the results were the first report on the occurrence of
TMCH in water. The NDMA formation yield of TMCH upon
ozonation was around 140%; this was much higher than those of
other reported NDMA precursors, such as DMS, HDMS, and
TMDS.'®"7 Thus, it is important to investigate the occurrence of
TMCH in many types of water in Japan. In that previous
study, TMCH was determined using ultra-high performance
liquid chromatography-tandem mass spectrometry (UHPLC-
MS/MS). As the samples analyzed were the effluents of STP,
the samples were determined without concentrating TMCH and
the limits of quantification (LOQ) of TMCH were 20 or
50 ng L. If the TMCH concentration in environmental water
is determined, the development of a method for concentrating
TMCH as a pretreatment of UHPLC-MS/MS is needed.

In this study, an analytical method for TMCH was developed
using solid-phase extraction with UHPLC-MS/MS to achieve
lower LOQ than that reported previously.!* Using the analytical
method developed here, the presence of TMCH in the Yodo
River basin and other regions in Japan was investigated.
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Experimental
Reagents

Ultrapure water was prepared using a Gradient A10 Ultrapure
Water System (Millipore, Bedford, MA). Methanol (pesticide
residue-polychlorinated biphenyls analysis grade and HPLC
grade), and formic acid (LC-MS grade) were purchased from
Wako Pure Chemical Industries (Osaka, Japan). An ammonium
solution [28.0% (v/v)] was purchased from Kanto Chemical
(Tokyo, Japan). TMCH (>99.5%) was synthesized on
commission by Tokyo Chemical Industry (Tokyo, Japan). The
chemical structure of TMCH is shown in Fig. 1. Other reagents
used were of analytical grade.

Analytical method of TMCH

Glassware (e.g., measuring flask) was used for TMCH
analysis. It was confirmed that TMCH was not absorbed on the
glass under both acidic [1% (v/v) formic acid solution] and
neutral conditions. First, formic acid was added to the sample
to a final concentration of 1% (v/v). In the case of river water
and STP effluent, the acidified samples were filtered with
hydrophilic polytetrafluoroethylene membrane filters (0.45 Lun;
Advantec Tokyo, Tokyo, Japan). Then, 20 mL of the sample
was passed through an Oasis® MCX cartridge (60 mg; Waters,
Milford, MA) at around 1| mL min-'. The cartridge was
preconditioned using 10 mL of methanol and 10 mL of aqueous
1% (v/v) formic acid solution before use. The cartridge was
washed using 5 mL of an aqueous 1% (v/v) formic acid solution
and | mL of methanol after passing the sample. The cartridge
was dried using nitrogen gas for 5 min. Elution was performed
from the dried cartridge with 3 mL of a mixture of an ammonium
solution and methanol (5:95 v/v). The eluate was concentrated
to 0.1 mL at 40°C under a gentle stream of nitrogen gas, and
filled up to 1 mL using ultrapure water. The final solution was
analyzed by UHPLC-MS/MS (Acquity UPLC system and
Acquity TQD tandem mass spectrometer; Waters). The
analytical conditions of UHPLC-MS/MS were mostly the same
as those described previously." The analytical column was a
BEH C18 column (2.1 mm X 150 mm; Waters) and the column
temperature was 30°C. The mobile phase for UHPLC was (A)
ultrapure water and (B) methanol. The flow rate of the mobile
phase was 0.2 mL min-'. The gradient conditions of (B) were
as follows: 5% at O min, increased linearly to 10% until 6 min,
held until 11.5 min, increased linearly to 100% until 12 min,
and held until 15 min. The injection volume was 25 pL. MS/
MS was operated in the positive-ion electrospray ionization
mode. The capillary voltage was 3.0 kV, the collision energy
was 15 'V, the ion source temperature was 140°C, the desolvation
temperature was 400°C, the desolvation gas flow rate was
900 L h~!, and the cone gas flow rate (argon) was 50 L h~'. The
multiple reaction monitoring (MRM) transitions were m/z
147 > 59 (quantification), m/z 147 > 85 (confirmation), and m/z
147 > 102 (confirmation). Standard solutions of TMCH were
prepared in ultrapure water, and the calibration points were 50,
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Fig. 2 Sampling points and TMCH concentrations in the final
effluents of STPs A - E and river waters at F-M in the Yodo River
basin in September, 2014.

100, 200, 500, and 1000 ng L.

Recovery test of TMCH

Recovery tests of TMCH in water matrices were performed
using tap water [total organic carbon (TOC), 0.9 mg C L; pH
7.7], river water I (TOC, 1.4 mg C L-'; pH 7.4), river water II
(TOC, 1.7 mg C LY; pH 7.4), and secondary effiuent of STP B
(TOC, 29 mg CLY; pH 6.5). Residual chlorine in the tap
water was quenched by adding a small amount of a 200 mM
(32 g LY sodium thiosulfate solution (Wako Pure Chemical
Industries) (final concentration: 160 mg L. The number of
replicates for individual water matrices was five.

Occurrence of TMCH

Brown glass bottles were used for sample containers. To
investigate the occurrence of TMCH in the Yodo River basin, six
samples of final effluents of five STPs (STPs A - E) and eight
river water samples (F - M) were collected in September, 2014
(Fig. 2). In the case of STP B, two effluents were collected
(STPs B-1 and B-2). Ozonation is applied at STPs C and E, and
samples of water before ozonation were also collected from
these STPs. The sampling points of J and K were the same
bridge (Torikai-Ohashi Bridge), but on the right and left banks,
respectively. Similarly, the sampling points of L and M were
the right and left banks of Hirakata-Ohashi Bridge, respectively.
The final effluent of STP A was collected again in December,
2014. Moreover, raw waters of 26 WPPs at 21 prefectures
throughout Japan were collected in November to December,
2014. All of the raw water samples were surface water and the
main drinking water sources in the regions.

Results and Discussion
Recovery of TMCH in water matrices

Linearity of the TMCH calibration curve was observed from
50 to 1000 ng L' (R*>0.99) (Fig. 3). The relative standard
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deviations (RSDs) of replicate analyses (n = 5) at 50, 100, 200,
500, and 1000 ng L' of TMCH were 7.2, 4.1, 42, 2.5, and
2.5%, respectively. The mean signal-to-noise ratio of 50 ng L-!
of TMCH of the replicate analyses was 21. TMCH is a highly
hydrophilic compound. For example, the predicted logarithm of
the octanol-water partition coefficient of TMCH using the US
EPA’s EPISuite™ is —1.73.! The predicted logarithm of the
distribution coefficient of TMCH at pH 7.4 using the Advanced
Chemistry Development, Inc. Percepta Platform is -0.80.Y
Thus, solid-phase cartridges for the concentration of hydrophobic
compounds (e.g., C18 cartridges) were inappropriate. On the
other hand, TMCH is a tertiary amine derivative (e, a
compound with N,N-dimethylhydrazino functional groups).
Thus, Oasis® MCX cartridges filling mixed-mode (reversed
phase/strong  cation-exchange)  water-wettable  polymeric
sorbents were used for solid-phase extraction.® Table 1 gives
the results of recovery tests of TMCH in tap and river waters
and secondary effluent (spiked TMCH concentration, 4 ng L-!;
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Fig. 3 Calibration curve of TMCH using UHPLC-MS/MS.
Table 1 Recovery of TMCH in water matrix®®
Matrix Recovery, % RSD, %
Tap water 94 4.3
River water [ 75 8.4
River water I 84 11
Secondary effluent of STP B 82 9.4

a. Spiked TMCH concentration was 4 ng L.
b. The number of replicates was five.
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n =5). TMCH was not found in the four water samples without
spiking. The mean recoveries of TMCH in the four water
samples were 94% (4.3%), 75% (8.4%), 84% (11%), and 82%
(9.4%), respectively. The values in parentheses are the RSDs.
It is described that RSDs required for organic compounds of
standard and complementary items in Japanese drinking water
regulation are £ 20% at LOQ.2'*? Also, according to the
guideline for validation of drinking water examination method,*
the goal value of the recovery test is in the range of 70 -~ 120%.
Since the RSDs and recovery values of TMCH in Table | were
<20% and 70 - 120%, respectively, the LOQ of TMCH was set
at 4 ng L\

Occurrence of TMCH in the Yodo River basin and other regions
in Japan

The TMCH concentrations in river waters and final effluents
of STPs in the Yodo River basin were investigated in September,
2014 (Fig. 2 and Table 2). The TMCH concentration in the
final effluent of STP A was 820 ng L-!. On the other hand, the
TMCH level was < 4 ng L' in the final effluents and water
before ozonation of other STPs. TMCH concentrations in the
river water upstream of STP A (ie, F-1) were < 4 ng L-!
(Fig. 2). However, in the river water downstream of STP A,
TMCH was found on the right bank (7 ng L' for J and
8.8 ng L for L) and was < 4 ng L' on the left bank (K and M).
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Fig. 4 MRM chromatograms of TMCH of river water at L using
UHPLC-MS/MS,

Table 2 TMCH concentrations in final effluents of STPs A - E and river waters at F - M in the Yodo River basin in September 2014

Sample TMCH concentration/ng L-! Sample TMCH concentration/ng L-!

Final effluent of STP A 8§20 River water at G <4
Final effluent of STP B-1 <4 River water at H <4
Final effluent of STP B-2 <4 River water at [ <4
Final effluent of STP C <4 River water at J 7

Final effluent of STP D <4 River water at K <4
Final effluent of STP E <4 River water at L 8.8
River water at F <4 River water at M <4
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Figure 4 shows MRM chromatograms of TMCH for L. The
right bank is easily affected by the effluent from STP A. The
results showed that the source of TMCH in the Yodo River basin
was STP A. It is notable that at STP A TMCH was originally
contained in the influent.'

The occurrence of TMCH in raw water of 26 WPPs throughout
Japan was investigated in November and December, 2014. The
TMCH concentrations in all of the raw waters were < 4 ng L.
One of the 26 WPPs was located downstream of STP A of the
Yodo River and the intake point of raw water was the right bank
of the river, but the TMCH concentration was also < 4 ng L.
In addition, the final effluent of STP A was collected again in
December, 2014, and the TMCH concentration was < 4 ng L-'.
It was reported that the TMCH concentrations in the final
effluent of STP A in January and February 2014 were 70 and
86 ng L, respectively.* TMCH is an NDMA precursor on
ozonation.* At WPPs whose raw waters are affected by the
effluent of STP A, the NDMA concentrations in water after
ozonation were > 90 ng L' until April 2011, but subsequently
decreased."* This indicated that the amounts of TMCH discharge
through the effluent of STP A decreased, although the TMCH
concentrations in September, 2014 were higher than those in
January and February, 2014. In a previous study,'’” the
occurrence of HDMS and TMDS, minor NDMA precursors
found in the Yodo River basin, was investigated in river water
throughout Japan. They were frequently detected in the Yodo
River basin, but were also detected in other regions (e.g., the
Tone River basin). This tendency was different from that of
TMCH. Thus, TMCH was specifically found in water affected
by the effluent of STP A in the Yodo River basin.

Conclusions

An analytical method for TMCH in water using solid-phase
extraction, followed by UHPLC-MS/MS, was developed. The
LOQ of TMCH was 4 ng L. The source of TMCH in the Yodo
River basin was effluent from STP A, although TMCH was
originally contained in the influent. TMCH was not found in
raw water of WPPs whose raw water samples are the main water
systems other than the Yodo River basin.
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1. IFLE®HIC

FEAFEEC LA E, AEORRKRHEEADL 1990
D 2000 HFABE E— 27 I D%EL LT3, 2010
EELITHERE L, 0B3EE 22 FALEHEINT
W5 ) EEOENST-RREKOERLE LT, HUR -
T8, WPHRT, AREFETTVE N —F, rx
BA~DBOLEL, AEIEEEIMT> TV HERRET
ITEREBIZEN D T EMBEW P BV L EDOBED
LAE BRI LTV AKEERELH S 9.

INVFROFERYEE LT, 8E/ 07 ITHHH
YyrmI Iy (NCh) Y2 B35 3> (NHCR) , %
7o, Novoua7iRa Iy, Hras I Epmbhn
TWVWA. NCLiZT re=7 (NHs) R—H0OESEHEAE
{kA&4 [Nitrogenous Organic Compounds (NOC) 1 o>z
R E OIS TAERT S ¥, KEACREKOEFRL

IORRBIIR L, 7=/ — i kER

advanced water purification process, chlorination, chlorinous odor, ozonation,

BAKF D NChiBE & BRRME & OBfR % RI-H T
1, W BRENIRRD bR e D L SN T
Wa A U, BRRSREICH A ERHEEMEOR
EX3FELZHEE, NChOEFESIELEL, FHTH
19% T 7= 10,

NH; OFBHESE & ORIGIT £ D NCh OAERKITE L »»
LHOLNTEY, OB OVWTHHEIN TS
9, —F, BEOFES, X REBETRENEVE
FERER WENn- o LG, EE, BEKOKEKSE
R Uk, X 0{ERRE CERAEE LR TORSE
LTI D X H /e oi- 30 NCh DAEBEEIZ SV VT
I, CR) JEMER¢ [Activated Cabon (AC) ] ZLER, 4
SABULBORBEDHE X T 5 M,

—F, AV (0 LEBOMEEFNIDLVD, T
AFD Os LEHIHR T NCh AmKHE [Formation Potential (-
FP) | 2Bk ehmo -l E G S 9. 8ok
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@ NH: BEIHERTE <, T2 NChElE Tho &
Ez Bz KEBMES EDEMEMET T 5L4FThHo
i, OB ACHEET Y N OREIEREIHE
<, NCLFP HiZ L A LB Lo le B Z 2T,
NCFP &1, BRE L7-EROES M TRk R R
B LD NCbOERETHD. = OBFFETIE NCLFP
FBUL 20°C TITHHR TR Y, NCLFP MEKBEDOFESY
TG P fals, NChOARIIAEAET
TH LML, ZORBOEREL pH OB~
BERENIGR T ENBEEINTNASD,

L Z AT, NIBBRENR UHEES, NCLFP i, NHOH
OB TAKERKEDOF I/ N E otz 7 L SRE
INTWE B &2, N7 Uy (NOC &£ LTD
NCk BB ME) ® NChFP ik, HROKXLHEKY

(Natural organic matter (NOM) ] 233LfF L3S ITET
LiZ ¢ ShTWA B ZhoHFgRE, #5w
B, BLEERY) NCHFP ICEE2 B LIS oL %
ALTWADR, Ok )8 b BBRLTWD
DR TH B,

R oBFFE O TiE, NCHFP 238 KIE3 Oy
R bhipdo e, XEEEHOREEFEETH
X, O3 QI L - CHIFEBYMOBENETHZ &
T NCLFP ~DREEBOBRENEDLLIHFEELHY 5 5.
NCh BiTERS/EIZBI L CiL, NHs it O3 B TORIGHEDR
V3 D NOC DS, O EIZ X > THREL, NCh
AERERISERT AR L H 5.

5T, TEBERAEAG CUF, EROEEE) I
BEL T, NChOERMETT554L LT, HER
REZETSEDIZ L, pH 2 LR SEDIZERHON
Tnd W) Uinl, EROKEGERZEEL-HS
12, FOBREHRIG DD OVTORIIID .

AHFFETIE, OJACKREEZEA LTV A Kz o
T, BEERKT Ot A TONCEFPOEBI OB 1T -
7. Tk E, HEBOEIZ XL ANCEHFP~DEENR 2N
£ 91T, OVACQMELIBIZHEFRNE 21T > TV BH7KE
BRI L L. Ein, ETFVHE RV, NCLFP~E
B JETIFEEYOBEIZ OV TEREITI & &
HiZ,
B SRIBEECpH & U o T FE LR St DONCL-FP~
B OWTHLRA L.

2. EEHE
(1) REF L UVREBH

BISHEOTIRUTIY, GradietAl0 (S URT) THEIL
7-AEMK R BV, REEHESRER T N 2K (U

OERIC & BANCE-FP~DE BT D CEf L 7=

0 TW) 1L, BREENOAFELE. AU =—JIIRKR
¥ [Suwannee River (SR) NOM] & R=—7 R
B [PonyLakeFulivicAcid (PLFA) ] i1, EREHEMES
SHh LA L. NCHZEFKIL, 5 mMb ABSSEIR
(pH6) ZiRE (B0C) L, HELEMNLHELT T
U AKBREREEFER ST Y U ABEKREL 315
molmol & 7225 K SITINE D 2 & TIERR L7-9. FEHRK
HERRB Z LT U, R ONCRE XN M-
PIFNp T =P T I Y [ NN-Dimetylp
phenylenediamine (DPD) ] L #E—7 V F = ¥ LFIER
[Ferrous Ammonium Sulfate (FAS) ] % BV \-38EHEDT
RlE L.

2) OJACRE T O+ R = E 1+ BENCLFPOSE)

2010 42 6~12 BiZ, OJAC B2 &irERK 7 ut
ZHRBALTND 2 7KE (A, BifkiE) OFRKET
BAEHEER L, NCo-FP OEBHC OV TRE L7z, NCh
ERITERNEORE LT 5720, AC NE%kIHER
RBEAT > TV DEKEEBE LT

BE L7 A, BEKEOTEAKIY, BELBILEEX

(LK) , Ok, AC BKThH-o7-. B kg
i, BRI HIRE R T TV D),
HEABERBR L. £-11Z, FkO pH, £H#RE

[Total Organic Carbon (TOC) ] , NHGiBEEA =

NCLFP BRERIZ 7NV S RA NV TEN LA T A=
BTITAIERNTTo (RBAEE 120 ml) .
NCLFP Gxfthid, KBRERF BT B {HERIAERY-FP
BROGKMESE L LD, EROBEORGHEIL 24 h,
24 higOFFBEFIRET 10402 mg CWL, pHiZpH 7 (6
mM Y ABSEER) , ABIL 200C & L7-.
#BE T, EREED 11, RE-ORINIAV V=R
SRR N Y 7 SRR OFREEFRIRE L T ORINE
NOEREARZEMHL, ZOMEE 24 h HOFHEESE
BEE L DENLRDT-. Fi-, FHEOFIETY ABEE
® 6mM) ZRWEREIE T T2 & Lz, NCeFP
i, MBERBELTT 700 NChBEDELESEL
fo. 7727 ONChIRE 20 ug CUL B Tho T

D ABSEEIR OER 2L 75 7 L L
DFY, DABSESORIE, N7 AFREORE, B
3T 5 N %D NCLEBEE Db D NChAERDRFE
T A0 THD. 5L, BhkTIz NChATER

1 A, BEKBRKOKE

N . TOC NH;
wAEOBRA B oo (meND)

6 75 1.8 007

12 75 16 0.04

B 7 76 1.5 04
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MYEDTEE L TOEESIE, NCFP OE LB/ N &
%, —7F, NChITHEHRMBIZ L > TERT B0, T
BAIZY ABSBEREZTINL, 24 h BB LSS TR
NCLITAER LAV, LT, ZORETIT R L
D AR ESED NCh & FHli3 5 Z & N TE AR
W, AT T 2 iRV ieh o,

2B, Q~ODEREED, 3L A LOBETHER
A OFEKRO NChIBEN 2 BIRIEL, FEHEE
A L. FxHESEEIE < OBET 0T, R
BIARRE 20%U T Thote, £7-, 10 BEOFERSM
TIRRLZ ACHEERRRE T, ZORBREO
NCL-FP ORSHEHERZEL, 2 SR RE 37~15%0%E
BT, 7Y 2450 35%, 8% Thol. ERfmEHE
R, ERFERORPITT ——¢ LTRLE.

(BINCLFPIZEH &K ITT HEFEEBYEDTE

ED XY etiE B ZEOF#S NCh AR
BT A5, NCLFP I8 A2 LIFs, RF
B2 NCLEIEME CTH Y, @ORIEERL OLET

OFUSHEAMMEV NH 2 VTR E{To 7. NIBBREL
0.1mgNL & L7, NH;DL-DEE, NH:IBEEH<002 mg
NL THoTh NCERIBRHE & L CHETS 0. —F,

> NCL RIEFDE LG EBMDTFET 256, NCh
HIEE & L TRELY B LIFT NIL BEIIHRAIC L
S>TRieD, FlziE, FUKPONH:IEE 0.1 mg NL 2L
LOEE, LT NH: AE7 NChaEEE Tho7=2
ENFEINTWA Y,

HEEEE LT, | D NOM (SRNOM) & 10 %
OESULEE (7= /=N, LIS =), TH)L
B, REEW, FNVLTATE R, XE, EEE vav
B, JNa—R, =& )N RAVE B&1) . fE5
LR, NOM ORI & F DB/ 27T
W, HBHVE NOM O O EBARME LTabhT
WEBEMNOIETE L. NOM OIS 2B oE »

COOH COOH

OH
i HO\O/OH ©/COOH ©
Zz/~N LINLI—N DELER ZRER

CHcooH OO

COOH
ai

HC=0 HCOOH
RVLTLTEF ¥R (i

OH

Q
HO CH3CH,0H
H&/OH

OH

Fha—A TH/—1

B-1 aras @EHIEFERED ofis

ELTIR, FEERLEEHO IS, O T & ORISR
BT ) AEKEBE A OWE (T, Y
N ) =N, BUSHEAME NV R VR BB

(ZE 0B, REFEE) Hatge L F7-, ¥E 7
N L BL UTH, FNENS VTR, F )
Rt e Lz, NOM O O 8WBAERY) DTHAHT VT &
FE IR VR BOFNE, FRFNHRLLT L
Fe R, BLUXE, BE =2 vBiaRe L.

HFEHRER, EPRBOTERAKTIHEETE DB
BLLT, ImgCLERELE. LaL, BERHEmE

(B BVNIEREAL) BB, 1mg CL L0 {EVEEX
b5, Fir, —EHOWHEIT 3 mg CL TH3ERE1T-
fo. ZO&E, WHRIFEEME LT, NOM HHRL
TWAEL AR OMEDO T 5L, HHFERENTEICE
NWie7 = ) —NEKEBELYFFOWE ERBIVUERY
BH) LSO TINEE, BEER, s/NVa—X, =)
—NE, O MVBARBOFN G, EJRD VR EBO
R & U CEHES RE L=

NH; DHDEAIT OV T NCL-FP A HIE L=, NCh-
FP id, (Q&FHEORLETRDE (7L, V) ABRSEE
TR SmM) |

51z, NH; (045mgNL) {27 =/ —/ QmgCL)
PHEIFLLWEA LT HB8I0 oW T, SERUBEOE
ROBELZRILE. EFLLT, 2% [Toal
Nitogen (IN) ], FEBEEA A (NOs™) , HHREERA A

(NO,™) % Uiz, ERNFEMT, NCLFP LRIU
Ffd Uiz, NH: idbBEESR &OEONICRIET 52 &
), FUSEEEA 24 h T, HREESEA 10602 mg CHLZ&TE
TB L RERLBEC LT A%, HELEERD
REAKF O N BEORIEI THhR o208, HFL
FREITIE NH 3B TE L TV B X B,

(@) NC-FPIZE K IFT OMNEBNEE

NCL HISRE & BN TEIET D RET G408
1TV, FORI%D NCLFP ZRIE L, HEBOFEIO
WCRRES L7, NCL RIBR#PE L, ()& [ERIZ NHs (0.1
mgNL) &L, pHIZ7 6 mM b ABSEEMR & L
NHs{% pH 28 7 Ti3, OB TIZE A PRI LAV
D Oy B L B EE OBERUIC L 2R BY R,
Rrllinn, REEEDY, QERER HREB
TUEREBHE) ¥BEEX, SRNOM, 7= /—/, 7
ANEREERE LT Wb 1mgCL) .

£/, PLFA (0.1 mgNL) % O33R L7280 NCh-
FPIZR XIET B OV THRHF L [pH7 S mM b
ABSERE) | . PLFA X, EROEFENIMEO NOM
WHEE L TREL (BRERFZOERM - 012 ww)
NCL BiEFE Ch o722 L NBEESHTWS D, PLFA
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O O3 AT L DRENY, NChEIERSE & 2 28ty

B e HIFRE L I LT T ML OBER OB HHDE S
NIfERE2D.

O MMEDERGL, LEHRTH 72, O BERIT.

POX-20 (B-EH) Ao (B siggsR) . 2
BT 1L, Oy BB S mgl, H AHEE 250 mimin, 7K
BiL 20°C & Lz, O3 & ORISR BV E SR LT
REAAEE L, ORI, BF GEBEL LT~
02 mg/L BELRLLIREML LEZ. 20k, OO
YGALBERINE 2~10 min (O3 AR : 25~125 mgll) &
HMBARIZL > TR T, FTO®, BE O BHEET S
X5 1 hEE®E L. OAEREROKITONT, Q)&
FHEDOZ4C NC-FP 23l L= (F=75 L, b ABSSE
HRIREELL SmM) .

(5) NCEFPIZB LIFTHEERBIERRE, pHORE

NCh ARICi, EERBES pH SBENHDZ &
DEIGIN TS, Zih 2 OOEEFRTFD NCLFP ~0
BB OV TRNEITo . REBRTFUSOERNES
Hir@) EREERE Lz, —F, BEBRTFICEEL/ER
BT R - TV A2, NCEFP I, e LSt
BITH NCLAEREE LTEY, LuEWMELRSLE
I IR TIRARRWE Y, FFETE, WThoBed
NCL-FP LFESZ & & L.

BRAEE 4hR) OFEERBEOREYRDE
2, 6, 12BD A ACEABLU 7, 11ADB
BAE AC EKERRE L, HEHEREET 01~
02, 0.540.1, 10202 mg CHLIZE(L&R Tz, pH OFEY
RA84, 11 HO B ¥#AKE AC KA #EHE L, pH
16, 7, $TRILSHT-

6) EHZE
NCh BE I~y NAX—2AH Ry o< 75 7 ERSy
Wik (6890N5975C ; 7oLy b7y s u—) CRIE
Liz B, NIUE#EZ L12- N ovaxf g (o7
Vo7 A Y 7387 b —) BHWE EETR
fEiL 15 pg ChL Th o7, O;RER PG620HA (FERE
¥) T, B O BEIRA VIR BV ET
HIE L7 D, HHPEEEAL, DPD & FAS I LATEE
HBETHIE L 2. TOC #EEN: TOC 3 (TOCV CPH ; B
BEVERT) T, TN B TN 3 (TNM-1 ; BERUYE
N THRIELZ. NOTBLU NOSBEZA A7 o~
hZ 7 (DX500 ; XA AFRT R) T, NH:IBERA
K7 = J—VEDTRIE L.

3. WRBIUER

(1) OJACRREE 7O+ R|=H 1T HNCLFPOAE)

E-2i2, OVACHEZ L EERK 0 AIZBITS
NCL-FPOEBIZRT. 6, 128 DAWHKYE, 78 OBHEK
BDIRAKE L CACLEKFONCE-FPiE, T EFh3o~
8933 L UR1~30 pg CLLOMFTH 7. NBBEE, %
HEN0.04~0.0735 LUK 002~004 mg NLOHHE TH -
7. TONLBREGEORS, NHANCHRIBESHE & L
THETDOINE I DL, MEBKIZL-TERDLERD
na.

100 0.10
(a) 0 NCI,-FP
80 ® NH, 1 0.08
~ [
= 2
o 60 1008 Z
2 E
a z
% 40 T {004 Z
o
z BB RE
20 G 002
0 . L . 4 000
BX KEK  O,BEK  ACREK
100 0.10
(b) @ NCly-FP
80 | @ NH, 1 0.08
3 -
o 60 0.06 3
g). [+,
= £
& £
% 40 004
3]
z
20 0.02
Gl ERE] O [EEE] Kem
0 EEEES BN CESTEE] MR CEEIEEE MV 3o ot B PO
R®K ERAK O,8BEK  ACREK
100 0.10
(c) aNCl,-FP
80 |} ONH; 4 0.08
% 60 10063
2 E
a ©
&40 0.04 T
5]
z
20 0.02
Gt kel io2|  |<non
N & n L L Pty

oL o ‘o . 0.00
Ek  RBK  BEK  OJnEk ACHEK

B2 BERKS ORI ANCEFPOES [ (@) 6HBE
W (b) 12HDARKE, () 7TADBEKE] (RIiEw
R, 24 h; 24 hMEOFEEESS, 1.0402 mg CW/L ; pH 7 ;
20°0)
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ABFF TIIK S ONCHB B LRIE L izhr o 7223,
OVACHLER R A L TV B BIDEAIE T, ACHIEKS
ONHREEIF0~0.05 mg N, K- PONCHEEIX16~110
pg CULOFEEH TH o7 (EIXE L OmARD 25
i2) B, ACHEKF ONEEREEDL< 002 mg NLOFET
i, Bk ONCHREEIX16~4940 pg CULOFEBHTH -
7o, T OBED L AR TSRO R R
Y, HET DI L IIREETHD A, HKRONCHEE
& ACHVERK ONCLFPOfEE, NHRE b &R i,
FABZ R - Tiinipn e E 2 bk,

12AD A #AEL 7HO BHEKBOES, NCLWFPIT
HEBOKTIET L, OAEKTIEMLE. LrL, £
DHD AC WL - T, NCLFP (3ihBok & RIFRE D>,
FRUTCE TETT3ERABERD Sz BA58%1T
2 TWA B #KE T, TREOK L 7 Ai87K D NCL-FP i
FRENMETH-T=. —FH, 6 RO A BKEDHES,
NCLFP MBI RR -7, bbb, FEAICH IR
KTIEETFEML, ONEKTIEHE W EDL LRI
Too =L, ACHEKTCIMET Ui, 7, NCLFP D
BT NCL BB O— o ThH D NH; DEBN & 13—
Lighotz,

INHDRERND, OB X 5T NCLFP OERZ)
B TE D, B Lo TEMT 2880 Hh5 2
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BOREBL LT, —H0O NC, iBRDECHREYE &
WHEERY) 13t ofERE LT AL ELLRD. L
7B 5T, ORI Lo T NCL-FP 2sghi4 A8k n—
& LT, NCLEEREREOEM, &5V NI
T XD NCLFP BT OREORBD BN EIND. (2),
BBV, ZHHDORREHIC OV TR ZED D,

(2) NCbFP 2B K IZT HFEHRMEORE
B-31Z, NH; (01 mg NL) @ NCLFPIZE LiF3tE
AR (1 mg CL) DREEBEZTRT. NCLFPIL, NH:D
HCHE 310 pg CL Th-oledy, & on03FaimTE
ETTIEF L. SRNOM, 7= /—\, LY )
—NBHFE LB ENEE ChoT. 7/, LY
N )= U RERR 7 NOM DR D—>Th B,
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RALLFLTFER 2T
o
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T ) MKBEAETAYE L LGREL. L
NoT, 7=/ —NEIE NC-FP #ET X 2WERET
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EFFECTS OF OZONATION ON TRICHLORAMINE FORMATION POTENTIAL

Koji KOSAKA, Keisuke FUKUDA, Reina NAKAMURA, Naoya KOBASHIGAWA,
Mari ASAMI, Shinya ECHIGO and Michihiro AKIBA

Trichloramine is one of the major chlorinous odor compounds in drinking water. Trichloramine
formation potential upon chlorination increased after ozonation at actual water purification processes. The
formation potential, however, decreased after following activated carbon process. Thus, the levels of the
trichloramine formation potential after activated carbon process was similar to or lower than that before
ozonation. It was considered that one of the reasons of the increase of trichloramine formation potential
after ozonation was the change of the chemical structures of natural organic matter in the process water
by ozonation, and the amounts of reaction sites which affected trichloramine formation potential was
decreased. It was also condiered that phenolic groups were important reaction sites for this reaction.
Trichloramine formation potential upon chiorinataion decreased when free chlorine concentration

decreased and pH of the sample increased at 8.
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