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Determination of 10 pharmaceuticals and personal care products in
waste water by HPLC-MS/MS
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Abstract: Background, aim, and scope Pharmaceuticals and personal care products (PPCPs) represent a
variety of chemical, widely used by consumers on a daily basis which include prescription and non-prescription
drugs, cosmetics, cleansers, detergents and fragrance produces. PPCPs are considered potentially hazardous
compounds because some are ubiquitous, persistent, and biologically active compounds with recognized
endocrine disrupting functions (Daughton and Ternes, 1999). These compounds have been widely detected in
various environmental matrices throughout the world including rivers (Glen et al, 2003; Tixier et al, 2003; Yu
and Chu, 2009; Zhang et al, 2011; Wu et al, 2014), lakes (Buser and Theobald, 1998; Glen et al, 2003; Tixier
et al, 2003; Blair et al, 2013; Ferguson et al, 2013; Zhu et al, 2013), oceans (Weigel et al, 2002; Del Rosario
et al, 2014), groundwater (Barnes et al, 2008), waste and drinking water (Carmona et al, 2014) and food (Wu
et al, 2012; Baron et al, 2014). Detection methods of PPCP include spectrophotometry, gas chromatography,
liquid chromatography and electrophoresis. The recent advances in analytical instrumentation have allowed the

unequivocal identification and confirmation of the presence of any compound at very low levels using LC-MS’.
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The multiple reaction monitoring (MRM) allows monitoring two transitions between precursor and product
ions. It is possible to quantify and confirm the presence of PPCPs at very low concentration levels. However,
due to the absence of official monitoring protocols, there is an increasing demand of analytical methods that
allow the determination of those compounds in order to obtain more information regarding their behavior and
fate in the environments. Therefore, we proposed here a method for the determination of ten pharmaceuticals
and personal care products, including acetaminophen, naproxen, diclofenac, sulfamethoxazole, sulfadimidine,
triclosan, triclocarban, tetracycline hydrochloride, oxytetracycline and gemfibrozile, in waste water using high
performance liquid chromatography-tandem mass spectrometry. The aim of this work is to develop an efficient
method for determination of various PPCPs in water. Materials and methods Filtered water samples were
extracted using solid-phase extraction cartridges (SPEs) extraction. HLB SPEs (Poly-sery HLB, 6 mL/500 mg,
CNW) were conditioned with 3x5 mL of water. Water samples were allowed to pass through the cartridges at
a flow rate of approximately 5— 10 mL-min . After sample loading, the cartridges were then subsequently
dried for 30 min under full vacuum, and subsequently the ten pharmaceutical compounds were eluted with
10 mL of methanol. The residue was dissolved in 0.5 mL of methanol and transferred into vials for analysis.
The PPCPs were analyzed using liquid chromatography-mass spectrometry (LC-MS) with a Shimadzu 8030
system equipped with an autosampler and Labsolutions manager software. Results Electrospray ionization (ESI)
was used as LC-MS interfaces since it is the most frequently used ionization mode which is a soft ionization
technique, suitable for polar and moderately non-polar compounds. Fragmentor, collision energy, and other
source parameters were optimized by injecting individual standard solutions into mass spectrometer by flow
injection analysis (FIA). After that, two different MRM transitions were selected for each compound: one for
quantification and one for qualification. These ions were monitored under time scheduled MRM conditions. The
analysis was done with electrospray ionization in negative mode (ESI") for TCC, NPX, TCS, DF, GF and in
positive mode (ESI") for the ACT, SMX, SMT, TC, OTC. The initial mobile phase proportion was 20% A and
80% B where A=methanol and B=formic acid:water 1:9999, held for 10 min. A was then increased
linearly to 90% in 25 min. The MRM transitions for different PPCPs are as follows: ACT m/z 151/110;
NPX m/z 229/185; SMX m/z 254/156; SMT m/z 279/186; TCS m/z 287/35; DF m/z 294/250; TCC
m/z 313/60; TC m/z 445/410; OTC m/z 461/426; GF m/z 249/121. Discussion The linearity of the MS-
MS detector was tested with matrix extracts containing PPCPs at concentration between 1 pug-L™" and
250 ug-L™' for ACT, NPX and DF, between 1 pg-L™" and 100 pg-L™ for SMX and SMT, between 2.5 ug-L'
and 100 pug-L™ for TCS and TCC, between 2.5 pg-L ™" and 250 pg-L™' for TC, OTC and GF. The average
recoveries of the target compounds in the spiked pure water samples ranged from 40.8%—104.5% with
the relative standard deviations ranged from 5.0%—25.5% (n=3). The waste water sample collected from
Chanhe River in Xi’an was investigated as a case study. Among the 10 PPCPs, 4 PPCPs were detected
and the concentrations ranged from 1.4 ng-L™' to 15.0 ng-L"'. Conclusions A method using HPLC-
MS/MS has been developed and validated for determination of 10 PPCPs (TCC, NPX, TCS, DF, GF,
ACT, SMX, SMT, TC and OTC) in water. Subsequently, the method was successfully applied to analysis
of the investigated chemicals in water samples collected from Chanhe River in Xi’an. Recommendations
and perspectives The complexity of the biological matrices and the low concentration levels of these
compounds make necessary the use of advanced sample treatment procedures, sample clean-up, to remove
potentially interfering matrix components, as well as the concentration of analytes. Increased attention
would have to be paid to metabolites generated in the organisms and released into the environment as well
as to metabolites generated in the environment itself by biodegradation, photolytic or oxidation reactions.
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waste water
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AP Ty sery HUBFERTE HPLC-MS /) br

standard Purified and enriched — | Analy sised by

by Poly-sery HLB HPLC-MS/MS

JKF£400 mL
Water 400 mL _
1 mL-min” FFEB3E
Washed with 1 mL-min" methanol
ZR, SEAEF0.5 mLAF
Dried and redissolved
in 0.5 mL methanol
FE 1 sk PPCPs 43475 ik i
Fig.1 Flow chart for determining the PPCPs in water
F1 10 B HEMEA RIS B 2 HPLC-MS/MS S48
Tab.1 Details of the 10 target compounds and operating parameters of HPLC-MS/MS
&) lact)iie s N Vi FHIE B 4T BT
Coumpound CAS Molecular formula Molecular weight Transitions (m/z)  ESI mode

FMERE (ACT) 103-90-2 CH,NO, 151.16 152/110 ESI
ZEE (NPX) 22204-53-1 C,H,,0, 230.26 229/185 ESI”
fisf i B s ( SMIX ) 723-46-6 C,oH;N;0,S 253.27 254/156 ESI
fiski g — W wEnE (SMT ) 57-68-1 C,,H,,N,O,S 278.33 279/186 ESI
=4 (TCS) 3380-34-5 C,,H,Cl1,0, 289.5 287/35 ESI”
WEISHREN (DF ) 15307-79-6 C,,H,,C,NNaO, 318.13 294/250 ESI”
—HRBE (TCC) 101-20-2 C;H,C:N,0 315.58 313/160 ESI”
HIRIUFZE (TC) 64-75-5 C,H,,N,O4HCI 444 .43 445/410 ESI
i+ 4% (0TC) 2058-46-0 C,,H,,N,0,-HCl 496.89 461/426 ESI
AP F (GF) 25812-30-0 CsH,,0;, 250.33 249/121 ESI”

2.2 HPLC-MS/MS ik 447

SR e AR A - BRI B (I HPLC-
ESI-MS/MS 8030 ) X4t il . WshAl A 2k
FHESA, B NE 0.01% RIS AKIFR , Tk
9 0.35 mL-min"', BREEVEMLIF A : 0—10 min,
20% A F180% B; 10—35 min, 90% A F1 10% B,
FEWRL 40°C, #EFEEE 10 uL, 10 # PPCPs b 5419
BT aEE LA 2,

Bii il 1—250 pg- L 6 N AS[RI B AR ER TR,
LL B VRGP v BE R A bR, N RV EE H ARk
G T AR AR, AR A [ A B, 10 F
PPCPs L & Wi TAEMIZ: . AHOC R BRI H B (3
fEfEMELL ) Wk 2, 45K Binfb S WrEm A

B Ok B Y A R e R 50k
fRIEFA LG, PPCPs 1bG W i 2 P i 1 LA Rkt B
PItE A BV N, % E) H ATk E K IR 5 PPCPs
T A WA IR BE ACRE G H A o e P 3 & ng - L
) pg L oK, A Jrik T sg b 2058 ok
FERRS I

DA glizK oA T, i 3 A, A
(R N2 1 SE IR ARIE SE 30 A vEAf 1 . B 400 mL
EnaliKEE, E A 500 pL YR B 25 pg LAY
PPCPs JRARA AN 200 uL PNARIEH, HRIRE 1 FT
PR UREXTRE S RS T R AL BRI g AT . 45 SR
4l K S AR DGR SRy 40.8% —104.5%, A
SIFRUER 22 5.0%—25.5% (n=3) .
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ACT m/z 152/110 NPX miz 229/185
5 10 15 20 25 30 35 5 0 15 20 25 30 35
1 SMT m/z 279/186 TCS mlz 287/35 J

5 10 15 20 25 30 35 5 0 15 20 25 30 35
TC miz 445/410 GF m/z 249/121

5 10 15 20 25 30 35 5 o 15 20 25 30 35

JLOTC milz 461/426 TCC miz 313/160 JL

5 0 15 20 25 30 35 5 0 15 20 25 30 35

k SMX miz 254/156 DF miz 294/250 A

5 0 15 20 25 30 35 5 0 15 2 25 30 35

A 16) Time/min i) Time/min

2 10 Fh PPCPs YR T (i
Fig.2 Total ion chromatograms of the 10 PPCPs

2 10 i PPCPs (LA WMERME IR IE 7 /R . FHOC BB A PR
Tab.2 Regression equations, correlation coefficients (+°) and method detection limits of the 10 PPCPs
& mYEpxi FHICFREL E2q N D5 A R
Coumpound Regression equation P Linear range/(ug-L™") MDL/(ug'L™")
FMAESE (ACT) y=241391x—152568 0.999 1—250 0.20
A (NPX) y=19995x+21867 0.993 1—250 0.50
fifJlie FR s (SMIX ) vy =154991x—-72857 0.994 1—100 0.01
R I mEnE (SMT)  y=436490x+121320 0.990 1—100 0.01
=44 (TCS) y=12734x-17251 0.998 2.5—100 1.25
WASF % (DF) y=217247x+560471 0.999 1—250 0.01
=4 FR¥E (TCC) »=262001x-313821 0.999 2.5—100 0.20
HRMUAER (TC) ¥y =6357.9x+291209 0.990 2.5—250 0.20
R+ %5 F (0TC) y=4953.1x+185900 0.991 2.5—250 0.20
#AEZ T (GF) y=183378x—198447 0.998 25—250 0.50

2.3

MS/MS 43#r, Z5RFEH . 10 F PPCPs #£ 5 rh

K BRIKIE ST

REEVGLE T IXHRIZAK, SREEMS ) 2015 4F
10 Ao # BRI 1 Frzs AR EA T4 il AL B HPLC-

4t

N

¥ % 4 Fh PPCPs, 43 %Il & ACT (1.4 ng-L") ,

NPX (1.4 ng-'L"), TCC (4.8 ng-L") LIMXGF
(15.0ng-L") , HAlh 6 Fh PPCPs A< A6 5 5 & e

JEAR T AR IR
3 it

S5 SCRRIIE DL S S8 3 S 45 2R, AR S



430 HIERFRIE 244 7%

37 T F) H HPLC-MS/MS 43 #1 7K £ w1 10 F R i
PPCPs fb- 5 Wikl 43 M, IFRIRZ I % va
B K AEVEFT T PPCPs AL & W e 40 H . H
TFIHIE T PPCPs (b AR R B 2, KB ED
(R JOT 2 T, WA it i Ak B DA R AR A I
AR T E 2Pk, SR E e S
JT 4 PPCPs A& 41 09[R EAG I 4304 . PR, A )5
Bt — DA RTAE B S50, N T 22800 ) PPCPs
EE R BT 7, JFiE— 2 nss e i B i
PR S A5 KU 7 T (AR o

SE 3k

EOFFL B OfE, B, . 2014 [E R K IR
25 ) A A A B B BT 5T E e (). AR IR L 59
(9): 743-751. [Wang D, Sui Q, Zhao W T, et al. 2014.
Pharmaceutical and personal care products in the surface
water of China: A review [J]. Chinese Science Bulletin,
59(9): 743-751.]

Barnes K K, Kolpin D W, Furlong E T, et al. 2008. A national
reconnaissance of pharmaceuticals and other organic
wastewater contaminants in the United States— [
Groundwater [J]. Science of the Total Environment,
402(2/3): 192-200.

Baron P A, Love D C, Nachman K E. 2014. Pharmaceuticals
and personal care products in chicken meat and other food
animal products: A market-basket pilot study [J]. Science
of the Total Environment, 490: 296 —300.

Blair B D, Crago J P, Hedman C J, et al. 2013. Pharmaceuticals
and personal care products found in the Great Lakes
above concentrations of environmental concern [J].
Chemosphere, 93: 2116—2123.

Buser H R, Theobald M D. 1998. Occurrence of the
pharmaceutical drug clofibric acid and the herbicide
mecoprop in various Swiss lakes and in the North Sea [J].
Environmental Science and Technology, 32(1): 188 —192.

Carmona E, Andreu V, Pico Y. 2014. Occurrence of acidic
pharmaceuticals and personal care products in Turia River
Basin: From waste to drinking water [J]. Science of the
Total Environment, 484: 53 —63.

Daughton C G, Ternes T A. 1999. Pharmaceuticals and personal
care products in the environment: agents of subtle change? [J].
Environmental Health Perspectives, 107: 907—938.

Del Rosario K L, Mitra S, Humphrey C, et al. 2014. Detection

of pharmaceuticals and other personal care products in

groundwater beneath and adjacent to onsite wastewater
treatment systems in a coastal plain shallow aquifer [J].
Science of the Total Environment, 487: 216—223.

Ferguson P J, Bernot M J, Doll J C, et al. 2013. Detection of
pharmaceuticals and personal care products (PPCPs) in
near-shore habitats of southern Lake Michigan [J]. Science
of the Total Environment, 458: 187—196.

Glen R B, Helge R, Deborah A G, et al. 2003. Pharmaceuticals
and personal care products (PPCPs) in surface and treated
waters of Louisiana, USA and Ontario, Canada [J].
Science of the Total Environment, 311(1/2/3): 135—139.

Tixier C, Singer H P, Oellers S, et al. 2003. Occurrence and fate
of carbamazepine, clofibric acid, diclofenac, ibuprofen,
ketoprofenand naproxen in surface waters [J]. Environmental
Science and Technology, 37(6): 1061—1068.

Weigel S, Kuhlmann J, Huhnerfuss H. 2002. Drugs and
personal care products as ubiquitous pollutants: occurrence
and distribution of clofibric acid, caffeine and DEET
in the North Sea [J]. Science of the Total Environment,
295(1/2/3):131—141.

Wu C X, Huang X L, Witter J D, et al. 2014. Occurrence of
pharmaceuticals and personal care products and associated
environmental risks in the central and lower Yangtze
River, China [J]. Ecotoxicology and Environmental Safety,
106: 19-26.

Wu X Q, Conkle J L, Gan J. 2012. Multi-residue determination of
pharmaceutical and personal care products in vegetables [J].
Journal of Chromatography A, 1254: 78 —86.

Yang J F, Ying G G, Zhao J L, et al. 2011. Spatial and seasonal
distribution of selected antibiotics in surface waters of the
Pearl Rivers, China [J]. Journal of Environmental Science
and Health Part B: Pesticides Food Contaminants and
Agricultural Wastes, 46: 272 —280.

Yu C P, Chu K H. 2009. Occurrence of pharmaceuticals and personal
care products along the West Prong Little Pigeon River in east
Tennessee, USA [J]. Chemosphere, 75: 1281—1286.

Zhang D D, Lin L F, Luo Z X, et al. 2011. Occurrence of
selected antibiotics in Jiulongjiang River in various
seasons, South China [J]. Journal of Environmental
Monitoring, 13: 1953 —1960.

Zhu S C, Chen H, Li J N. 2013. Sources, distribution and
potential risks of pharmaceuticals and personal care
products in Qingshan Lake basin, Eastern China [J].
Ecotoxicology and Environmental Safety, 96: 154—159.



