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Development of a Highly Sensitive Method for Analysis of
Carbamazepin, Diclofenac and Bezafibate in Water

by Solid Phase Extraction and LC/MS/MS Methods
Tatsuhiko KAWAMOTO *, Miho YANO and Takao MITSUHASHI

Life Science Division, Public Health Science Research Center, Hyogo Prefectural Institute of
Public Health and Consumer Sciences, 2-1-29, Arata-cho, Hyogo-ku, Kobe 652-0032, Japan

We have established a highly sensitive method for analyzing the concentration of Carbamazepine, Diclofenac and
Bezafibrate in water by solid phase extraction and LC/MS/MS methods. In order to evaluate the analytical method, we
conducted recovery experiments from distilled water, tap water (removed chlorine) and river water samples using a PS-2
and HLB column. The recovery rates were greater than 80 % and the coefficient of variance were under 10 %. The
determination limits by this method were 1 ng/Li for Carbamazepine, 2 ng/Li for Diclofenac, 1ng/L for Bezafibrate,
respectively. Furthermore, we conducted a water —quality test using this method for 30 water samples collected from 15
monitoring points in the Hyogo Prefecture. The results indicated that the concentrations of Carbamazepin, Diclofenac
and Bezafiburate are over a range from N.D. to 268, N.D. to 46 and N.D. to 405 ng/L, respectively. However, the

frequencies of detection of 3 Pharmaceuticals in water sources were a significantly high rate of 20 %.
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Fig.2 Analytical procedures for Carbamazepine, Diclofenac
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Table 1 LC/MS/MS operation conditions

[LC]
HPLC: Acquity UPLC
Column: Acquity UPLC BEH C18 (2.1 x 100mm, 1.7pm)
Column temp.: 40°C
Mobile Phase: A; 0.05% Formic acid B; Methanol
Gradient: Time(min) A(%) B(%)
0 98 2
0.5 98 2
2.0 60 40

10.0 5 95
11.0 98 2
15.0 98 2

Flow rate: 0.2mL/min

Injection volume: 10pL

[MS/MS]

TQD

Tonization ESI(+/),

Capillary voltage: 1.5kV

Cone voltage: 10~50V

Collision energy: 10~50eV

Source temp. 125°C, Desolvation temp: 400°C, Cone gas: 50L/hr
Desolvation gas: 500L/hr

: Lake Water

: River Water

: River-bed Water

: Shallow Well Water
: Deep Well Water

44NC®

8

Fig. 3 Location of sampling points
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Fig.4-1 Effect of cone voltage on the ion intensity for m/z
237.3 (Carbamazepine)
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Fig.4-2 Effect of collision energy on the ion intensity for m/z
237.3—-194.3 (Carbamazepine)
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Fig.4-3 Effect of collision energy on the ion intensity for m/z
237.83—179.2 (Carbamazepine)
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Fig.5-1 Typical LC/MS/MS MRM chromatogram of
Carbamazpine
Carbamazepine: 0.01ng/L
Upper panel: quantify MRM monitor ion;
m/z 237.3—194.3
Lower panel: identify MNM monitor ion;

m/z 237.3—179.2
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Fig.5-2 Typical LC/MS/MS MRM chromatogram of
Diclofenac
Diclofenac: 0.1ng/L
Upper panel: quantify MRM monitor ion;
m/z 296.2—214.3
Lower panel: identify MNM monitor ion;
m/z 296.2—250.3
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Fig.5-3 Typical LC/MS/MS MRM chromatogram of
Bezafibrate
Bezafibrate: 0.01ng/L
Upper panel: quantify MRM monitor ion;
m/z 362.3—139.2
Lower panel: identify MNM monitor ion;
m/z 362.3—316.4

Table 2 Various parameters of Carbamazepine, Diclofenac

and Bezafibrate measurement

PPCPs MS/MS Retention time Regression curve*  Correlation
(m/z) (min) coeff.
Carbamazepine 237.3—194.3 6.47 Y=28725X+161.59 0.9971
Diclofenac 296.2—214.3 9.15 Y=4819.9X+8.5124 0.9998
Bezafibrate 362.3—139.2 7.93 Y=8293.4X+11.076 1.0000

*: Cone. 0.01—10.0 pg/L (4 points: 001, 0.1, 1.0, 10.0 pg/L)

Table 3 Recoveries of Carbamazepine, Diclofenac and

Bezafibrate added to water samples

PPCPs Dist. water Tap water (+VC) Tap water Raw water
Carbamazepine R, % 103.3 83.3 16.0 93.0
CV, % 4.3 8.4 8.0 9.2
Diclofenac R, % 94.4 93.6 36.3 83.5
CV, % N 8.5 5.3 3.7
Bezafibrate R, % 96.1 106.4 85.3 92.6
CV, % 8.8 7.3 3.4 2.1

Concentration: 40 ng/L, R: recovery, CV: coefficient of variation (n=5) , VC: ascorbic acid
Distilled water: pH; 6.8, SS<0.1 mg/L

Tap water (+VC): pH; 6.8, $9<0.1 mg/L

Tap water: pH; 6.9, SS<0.1 mg/L

Raw water: pH; 7.0, SS<2.5 mg/L



Table 4 Concentration levels of Carbamazepine, Diclofenac and Bezafibrate in various water sources

Carbamazepine

Diclofenac Bezafibrate

Water sources

Conc.(ng/L)" Frequency Conc.(ng/L) Frequency Conc.(ng/L)" Frequency

River water N.D.~268 5/10 N.D.~46 5/10 N.D.~405 6/10
Lake water N.D.~102 1/ 2 N.D.~30 1/2 N.D.~ 21 1/2
River bed water N.D.~ 2 1/ 2 N.D.~ 3 1/ 2 N.D.~ 5 1/2
Shallow well water N.D.~ 2 1/12 N.D.~2 1/12 N.D.~ 3 1/12
Deep well water N.D. 0/ 4 N.D. 0/ 4 N.D. 0/ 4

Total N.D.~268 8/30 N.D.~46 8/30 N.D.~405 9/30

Sampling date: June 23, 2009 & October 20, 2009

*: Determination limit: Carbamazepine; 1ng/L, Diclofenac;

B OEIER & EEfRIOFER A Table 3 127

TN B OEEEROFMIT 83.3~103.3% T
HY ., TEMEEOFIIL 4.3~9.2% ThH-7-. £,
vru7 =y 7 OEIHET 83.5~944%TH Y | K
BMRHUT 8.7~85% Th-7=. EHIZ, W7 475
— FOENTERIT 92.6~106.4%TH v | EEREIT 2.1
~88% Th-oT-. ZDXIZ, MitalTo72TXTD
BRI U 72 3l ORI ERIX 80% LA L & B
TV, Fio, IR 10%A0 & BAF 728
LT

INOORERNG, FEEOY 7V Th B KIEK,
FAKIZER T 2KERDIC L 28F L7 <, EfEn
BETHAIEDRHLNE T, F2, 3 FHEFEMLIT
NS B -dio OWNEIEEME Z W5 Z & T
MroORSEDNED B, WD TR £ CRldE Iz oir
ARETH D Z LML 7o -T2, S BT, AOHrEtt:
LD NP, YruaTdxztryr, P74
77— NOEE FBETZENEN 1, 2, 1ng/lL (SN
=10) Tholz. 7o, IINEIEERRIZ A =3EK
WL S FERMITIES EEN TN L LR LT
W5,

—J5, AGEARHICEIT D 3 FRIESKL O E IR &
LT, 7EEHEFE 0.5mg/L #&H 7 5/KiE/K 500mL (2
3 FEEHK S, 20ng WS L 30 /RIS SH7-ft R, 7%
FRIZANAPE LT 16.0% (n=3), ¥/u7=x
F v 7 T 86.3% & e NI fiR L7= (Table 3). — 7,
ARYT 4T T — ML 85.3% EAENR I ENNGERD BT

INBDRERND, APV BLIRY 7T
=Ty 7 IIAEFUKR D BAGEKICEAT L7258, KiE
K OESE THIIRZ R L, o7 475
— MIRZ T 5 2 & DHEE STz,

2ng/L, Bezafibrate; 1ng/L

2. JKEFUKH ORI

LHIRT O 15 # FOAGEFUKIZ OV T, 3 FlEIKL O
EHEREEITo IR % Table 4 127 4. KEFKT
%, IR B I EESEE 268ng/L, H=RIx
26.7% (8/30) Th-ol=. Yrua7=F v 7 iTkEiEE
& 46ng/L, W= 26.7% (8/30) Th-o7-. Y747
T — MIf AN 405ng/L, B 30.0% (9/30) T
bofe. Fiz, IO ORI EEIXEA T B O
FESL 90D 9 Ll LC, BERfRE UIREE L~y
HY, W LTERAENE LT 2 N g0oT.

— 7, AKPESICIXRH I KSCIEK T < it (50%
PLE) &, RKOERZERCT 2B 5 &
7eote. Flz, HUTKRORFEASLEHFIZB N T HED
W 20, EHA TR L RFRICeE< RS
IR WERE LW B b e o7,

A, 1TEL, AGEFHEFTR L OGBRIFTEHEI A3 — 1R
L0, ERLOE KBTI 5 2B e L
H7RfgE D D Z ENEETH L L EZDND.

V &

2

IR HE S O BRI -LC/MS/MS 151 X A5 ED
BAZ IS L OVERERE BT 2 e 24T o 7ok, LATF O
HRENMEOENT-.

L. KHPERGLOBEHHES 7 L8 LT, R ~—FR0D
PS-2 B XOHLB 1 7 A& BN HERE L Tt L7
R, PS2 17 AT 3 FEEKLOKEIDHRA (FW
[EUVE) X4, HLB 75 ANIFEEWTE L2 &
ToT-.

2. bR (RFRDK, BiHEsR L7/KiEKEs KON 1K)



SRR ST AR AT B AP TR R R A FE 1 o & — R FE S

ZRHWT, EELORNMEIGERZITo7-L 25, [
IR 80 % LA & BAFRFERIMG O, £, AH)
¥t 10% A0 & FHREOBWERTH D Z LR
bhZ. SO 0D, EAEAIH-LC/MS/MS
HEITEOREEZIT D Z L7, BRERNTNA]
BETHDL I LI RSNT. RNEZL DI AR~EE Y,
voraZzFy s, W7 47T — hOERE FIRME,
ZnEFhn1, 2, InglL TH Y, WD TIREBEL~LE
TEERETH o T-.

—J, AEKFOHEFR L ORIE (30 /7)) T,
Nw<wPrroraz ot v 7k 60%LL EAiR
L, £ 7 4 7T — NI 15%FRE DS FRRTED 5
H, FKAESERRI BT DR O - T

ARV S KB B BT DWW TG 15
S O ZKEFK FPE SR S O SEREFIA I Il A L 7R,
INNwEBE Y ND.~268ng/l,, 707 =x=} 7
N.D.~46ng/L, ~¥7 177 — b N.D.~405ng/L. ®
RERH TR SN, BRI~ EBE T
26.7%, Y/ 7 )7 T 26.1%, YT 4T T—
T 30.0% & iy < (BH=R 20%2L 1), flise L
TNV R EIR TH D Z L MR STz,

LS#%IE, < OEFEBIZONT, EIREROHHED
BRFE, JAREPH 72 SERERAT S K ONEM 22 i A LB R 1
B DEERIAZAT O 2 L0, AR DL RO T-
WIZEETHDL EEZOND.

#
AREEAEZDIZHIZY , FBPKORIUZ T 1%V
72& F U S AR R i AT AR 7R & ONTAS THET
IKIEF T ORISR  EH T L ET
X R

Daughton, C.G., and Ternes, T.A.: Pharmaceuticals

and Personal Care Products in the Environment:

2)

3)

4)

5)

6)

7)

8)

9)

%15 2010

Agents of Subtle Change?. Environ. Health
Perspect., 107 (suppl.6), 907-938 (1999)

D.W., Furlong, E.T., Meyer, M.T,
Thurman, E.M., Zaugg, S.D., Barber, L.B,

Buxton, H.T.: Pharmaceuticals, Hormones, and

Kolpin,

Other Organic Wastewater Contaminants in U.S.
Streams, 1999-2000, A National Reconnaissance.
Environ. Sci. Technol.,, 36, 1202-1211 (2002)
o, doem, <Pl SO T OKERN G
I IKIBIF K A D JRFE DY K UM HH B EE DAY
Z5T).

J. Health Sci., 45 (6), 401-411 (1999)
TEESC, R, K0S - A E O KEREE T
(ZH1T D N - B RS OFFAE. KEREE 5,
27 (11), 685-691 (2004)

Nakada, N., Komori, K., Suzuki, Y., Konishi, C.,
Houwa, L., Tanaka, H.: Occurrence of 70
pharmaceutical and personal care products in
Tone River basin in Japan. Wat. Sci. Technol., 56
(12), 133-140 (2007)

S PR AR R AR AR T R AR [ ROk K B
FHE, SERGE3H RE (BE11K), PRLTHEIH RE
(F2¢K)

HAK B Wt « FKEREBRITIE2001400K, HA/KE
Wi, pl07-114, p119-120, p247-257, HUit
(2001)

EeE—, VarEE « BB HERER R e 55 Rat
ety [GEAKIREE 31T B AZBEMEE ORIE & il
HENCBET DHF9E) PRSI RHEEE (2007)
DPRHBER, BT, 1EAKASEF, TS
RN v~ N 7T T 4 —— & T NERSTIE
(2 & DEREEKHFPPCPs DT & /KBRS D fETESE
Re. ESCAER, 126, 98-103 (2008)



