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What Are They?

Pharmaceuticals and Personal Care products (PPCPs)

« They Include any product used in personal healthcare, cosmetics, and
medications, and contain a diverse collection of chemical compounds

ranging from drugs, fragrances, lotions, and including the following but not
limited to...

Personal care products




Introduction
 The pharmaceutical and personal care products (PPCPs) enter into aguatic system

through various pathways?.

Veterinary Drugs Household PPCPs Industrlal and
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Groundwater

Sources and pathways for PPCPs entering groundwater (MAR: managed aquifer recharge)

1 Sui, Q., Cao, X,, Lu, S., Zhao, W., Qiu, Z., & Yu, G. (2015). Occurrence, sources and fate of pharmaceuticals and personal care products in the groundwater: A
review. Emerging Contaminants, 1(1), 14-24. http://dx.doi.org/10.1016/j.emcon.2015.07.001


http://dx.doi.org/10.1016/j.emcon.2015.07.001

Cyclic flow of PPCPs

PPCPs Wastewater
treatment plant

PPCPs

Animal Products

Treated WW & Livestock

Biosolids

Manure




Why so much of concern??

 The combination of diverse group of drugs at ng/L level can have adverse
effect on human embryonic cell growth. *

. Few drugs like metformin acts as an endocrine disruptor at environmental
relevant concentrations and may give rise to intersex fish. 2

« Potential for development of antibiotic resistant bacteria.?

* Rapid decline in population of vultures were observed in India and
Pakistan due to diclofenac p0|son|ng when they feed on carcasses of treated
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FACT : PHARMACEUTICALS PESTRCY
BGUKTIC ECOSMSTEMS.

1 Pomati, F., Castiglioni, S., Zuccato, E., Fanelli, R., Vigetti, D., Rossetti, C., & Calamari, D. (2006). Effects of a complex mixture of therapeutic drugs at environmental levels on human embryonic
cells. Environmental Science & Technology, 40(7), 2442-2447.

2 Niemuth, N. J., & Klaper, R. D. (2015). Emerging wastewater contaminant metformin causes intersex and reduced fecundity in fish. Chemosphere, 135, 38-45. doi:
10.1016/j.chemosphere.2015.03.060

3 Brown, K. D., Kulis, J., Thomson, B., Chapman, T. H., & Mawhinney, D. B. (2006). Occurrence of antibiotics in hospital, residential, and dairy effluent, municipal wastewater, and the Rio Grande in
New Mexico. Science of The Total Environment, 366(2), 772-783. http://dx.doi.org/10.1016/j.scitotenv.2005.10.007

4 GREEN, R. E., NEWTON, I., SHULTZ, S., CUNNINGHAM, A. A., GILBERT, M., PAIN, D. J. and PRAKASH, V. (2004), Diclofenac poisoning as a cause of vulture population declines across the Indian subcontinent. Journal of
Applied Ecology, 41: 793-800. doi:10.1111/j.0021-8901.2004.00954.x

5


http://dx.doi.org/10.1016/j.scitotenv.2005.10.007

Research Background

« The wastewater is considered as the major contributor towards total PPCPs In

aguatic system?.
« The PPCPs have been detected from ng/L to pg/L in surface and wastewater?.

« These PPCPs being incompletely removed by conventional wastewater treatment

plant can impose potential threat to ecosystem?

1 Sui, Q., Cao, X,, Lu, S., Zhao, W., Qiu, Z., & Yu, G. (2015). Occurrence, sources and fate of pharmaceuticals and personal care products in the groundwater: A

review. Emerging Contaminants, 1(1), 14-24. http://dx.doi.org/10.1016/[.emcon.2015.07.001

2 Cizmas, L., Sharma, V. K., Gray, C. M., & McDonald, T. J. (2015). Pharmaceuticals and personal care products in waters: occurrence, toxicity, and risk.
Environmental Chemistry Letters, 13(4), 381-394. 10.1007/s10311-015-0524-4

3 Ebele, A. J., Abou-Elwafa Abdallah, M., & Harrad, S. Pharmaceuticals and personal care products (PPCPs) in the freshwater aquatic environment. Emerging

Contaminants http://dx.doi.org/10.1016/j.emcon.2016.12.004


http://dx.doi.org/10.1016/j.emcon.2015.07.001
http://dx.doi.org/10.1016/j.emcon.2016.12.004

Research Methodology

Selection of PPCPs

Preparation of stock and standard solution of PPCPs

Wastewater sample collection and processing

i

Solid Phase Extraction and Concentration

Analysis on LC-MS/MS




PPCPs selected for the study

Category Pharmaceutical pPK, Log K, Molecular formula | Molecular structure
Acetaminophen 9.38 0.46 CgHgNO, ,©\"/ |
Analgesics/ Anti Diclofenac 4.15 4.51 C14H1,CILNO, ok
inflammatory PN
Naproxen 4.15 3.18 Ci4H1405 L
Ibuprofen 4.91 3.97 C13H150,
Clarithromycin 8.99 3.16 CagHggNO ;5
Roxithromycin 9.20 275 CayH7eNLO, L
Antibiotics
Trimethoprim 7.12 0.91 C14H15N,O4
Sulfamethoxazole 5.70 0.89 C1oHyuN;0:S Peaad
r ST
B blocker and lipid Atenolol 9.60 0.16 C14H22N203 Hacflg e
regulators T i e
J Metoprolol 9.60 1.88 C34Hs6N,04, oo AT MR
Antiepileptic Carbamazepine 13.90 2.45 C,sH,N,O
Psychoactive Caffeine 10.40 -0.07 CgH;oN,O, T




PPC

Ps selected for the study

_ Molecular
Category Pharmaceutical pPK, Log Kqy Molecular structure
formula
Antidiabetic Metformin 12.40 <-0.50 C,H1Ns he” Y Y
N, N-Diethyl-meta- I e
Insect repellent _ 4.75 2.02 C,,H{;NO L
toluamide (DEET)
Herbicide Atrazine 1.60 2.61 CgH,,CINg PP PN
H
. . - N\
Corrosion inhibitor Benzotriazole 8.37 1.44 CgHsN, @l: N
N
Antidepressant Fluoxetine 10.10 4.10 C,7H,5F3;NO XQI _
Fl d Tris (2-chloroethy) 9.10 1.78 C<H,,Cl,O,P ;(
ame retardant : : N
phosphate (TCEP) oo T
Antimicrobial Irgasan 7.90 4.70 C,,H-Cl;0, ﬁj@




Wastewater sample collection and processing

 The samples were collected from a wastewater treatment plant of New Zealand.

 The raw and treated (at all stages) composite wastewater samples were collected

In HDPE bottles pre-rinsed with DI water over 7 days.
 The pH was adjusted to 2.0 for all samples.

 The samples were then put in ice packs and transferred immediately to the lab and

were filtered with 0.7 u GF/F glass fibre filter to eliminate suspended particles.

 The samples were stored at 4 °C prior to solid phase extraction.
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Solid Phase Extraction and Concentration?

Preconditioning of cartridge with methanol and milli Q water

Loading of wastewater sample on cartridge

Washing cartridge with milli Q water

Drying cartridge under vacuum for 30 min

Elution of analytes with 10 mL of methanol

Vacuum concentration down to 1 mL

1 Kosma, C. I., Lambropoulou, D. A., & Albanis, T. A. (2014). Investigation of PPCPs in wastewater treatment plants in Greece: Occurrence, removal and
environmental risk assessment. Science of The Total Environment, 466—-467, 421-438. http://dx.doi.org/10.1016/j.scitotenv.2013.07.044



http://dx.doi.org/10.1016/j.scitotenv.2013.07.044

Matrix recovery

« The PPCP recoveries were calculated by matrix method by spiking the
known concentration of PPCPs in to the wastewater prior to solid phase
extraction.

 The recoveries of caffeine, metformin, naproxen, ibuprofen, trimethoprim
and sulfamethoxazole were corrected by using the internal standards as
surrogates.

S.No. Internal standards PPCPs

2 Sulfamethoxazole 13C! Sulfamethoxazole
3 Trimethoprim d,? Trimethoprim

4 Caffeine 13C,! Caffeine

5 Metformin d2 Metformin

6 Naproxen dj* Naproxen

1Elliott, S.M., and Erickson, M.L., 2014, Pharmaceutical compounds in shallow groundwater in non-agricultural areas of Minnesota—Study design, methods, and data, 2013: U.S. Geological SurveyData
Series 878, 11 p., http://dx.doi. org/10.3133/ds878.

2Trautwein, C., Berset, J.-D., Wolschke, H., & Kimmerer, K. (2014). Occurrence of the antidiabetic drug Metformin and its ultimate transformation product Guanylurea in several compartments of the
aquatic cycle. Environment International, 70, 203-212. http://dx.doi.org/10.1016/j.envint.2014.05.008

SAminot, Y., Fuster, L., Pardon, P., Le Menach, K., & Budzinski, H. (2018). Suspended solids moderate the degradation and sorption of waste water-derived pharmaceuticals in estuarine waters. Science
of The Total Environment, 612, 39-48. http://dx.doi.org/10.1016/j.scitotenv.2017.08.162
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Wastewater Quality Characterization

The wastewater was analysed within 24 hours for general parameters like
° pH

 Alkalinity

e Carbonaceous Biochemical Oxygen Demand (CBOD)

e Chemical Oxygen Demand (COD)

 Dissolved Reactive Phosphorus (DRP)

* Nitrogen (Ammoniacal Nitrogen + Nitrite Nitrogen + Total Kjeldahl Nitrogen+
Total Oxidised Nitrogen)

« Total Phosphorus
o Turbidity
e Suspended solids



Results and Discussion



Matrix Recovery

Matrix Recovery (%)

Pharmaceuticals Influent Primary MBR Bardenpho
Effluent
Trimethoprim 19-28 22 42 40
Sulfamethoxazole 30-70 44 69 72
Roxithromycin 9-17 12 26 20
Carbamazepine 37-56 45 53 53
Metformin 0.1-1 0.1 0.1 0.1
Fluoxetine 14-22 18 33 33
Clarithromycin 7-15 10 25 18
Metoprolol 21-61 19 62 70
TCEP 26-40 34 40 34
Atrazine 35-61 47 66 62
Atenolol 9-15 12 17 23
DEET 25-51 37 63 66
Caffeine 36-68 36 61 48
Benzotriazole 12-26 14 35 36
Diclofenac 40-81 61 93 97
Ibuprofen 47-113 113 48 113
Naproxen >100 >100 >100 >100
Irgasan 65-93 82 72 87
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Average influent PPCPs concentration over a week
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Average influent concentration of wastewater quality parameters
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Removal of Wastewater Quality Parameters
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Sheet1

		

		Parameters		Influent		Primary effluent				MBR				Bardenpho

		Alk		218.04		237.5		-9		81.7		63		85.8		61

		cBOD		137.57		95		31		2		99		5		96

		COD		417.14		360		14		5		99		52		88

		DRP		3.46		3.75		-8		0.05		99		2.76		20

		Amn		37.55		36.35		3		0.05		100		0.14		100

		TKN		52.79		52.41		1		1.86		96		2.64		95

		TP		5.49		6.01		-9		0.09		98		3.45		37

		TSS		249		126		49		10		96		19		92

		TB		172.42		124		28		0.2		100		12.4		93

		Nitrite		0.005		0.005		0		0.1		-1,900		0.03		-500

		TOXN		0.135		0.01		93		1.67		-1,137		3.34		-2374
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		Parameters		5.2 mm		71.8 mm		123.6 mm		0.2 mm		Average		Primary effluent		Bardenpho		MBR		pe		bar		mbr						Bardenpho

		Alk		188		124		84		145		135.25		110		130.7		65.6		19		3		51				TP

		cBOD5		172		96		84		65		104.25		48		4		<2		54		96		0				DRP

		COD		370		200		360		193		280.75		178		25		12		37		91		96

		Amn		34		17		10		19		20		17.19		0.55		0.02		14		97		100

		TSS		307		169		126		120		180.5		87		9		<1		52		95		0

		TB		152		86		53		69		90		66.6		4.55		0.23		26		95		100

		TKN		45		26		17		28		29		24.24		2.18		0.58		16		92		98

		DRP		2.6		1.5		0.8		1.17		1.5175		1.3		0.38		0.87		14		75		43

		Nitrite		<0.01		<0.01		1		<0.01		1		0.02		0.77		<0.01		98		23		0

		TOXN		0.02		0.01		1.3		0.02		0.3375		0.07		3.78		1.16		79		-1020		-244

		TP		4		2.6		1.5		2		2.525		2.07		0.37		0.86		18		85		66

		pH		7.47		7.19		6.95		7.34		7.2375		7.35		6.65		7.15		-1.5544041451		8.1174438687		1.2089810017

		Alk		-9		19

		cBOD5		31		54

		COD		14		37

		Amn		3		14

		TSS		49		52

		TB		28		26

		TKN		1		17

		DRP		-8		14

		Nitrite		100		98

		TOXN		93		80

		TP		-9		21
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		AC		797.96		955.1		0.17		0.18		-19.6927164269		99.978695674		99.9774424783

		TR		16.37		14		16.8		28		14.4777031155		-2.6267562615		-71.0445937691

		SU		4.29		0.316		0		0.27		92.634032634		100		93.7062937063

		RO		0.14		0.18		0		0		-28.5714285714		100		100

		CA		36.66		21.66		25.27		69.69		40.9165302782		31.0692853246		-90.0981996727

		MT		0.0131		0		0.003		0.001		-15.2671755725		77.0992366412		92.3664122137

		FL		1.45		0.46		0		0.035		68.275862069		100		97.5862068966

		CL		0.45		0		0		0		100		100		100

		MP		148.42		194.26		2.88		7.63		-30.8853254278		98.0595607061		94.8591833985

		TC		21.57		17.99		1.5		3.4		16.5971256375		93.0458970793		84.237366713

		AR		0.423		0		0		0		100		100		100

		AL		8.05		1.39		4.7		4.6		82.7329192547		41.6149068323		42.8571428571

		DT		271.77		163.63		8		17		39.7909997424		97.0563344004		93.7447106009

		CF		2701		2480		22.6		4.4		8.1821547575		99.1632728619		99.8370973713
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		DI		64.48		38		13		181		41.0669975186		79.8387096774		-180.7071960298

		IB		0.003		0.0064		0.000016		0.000014		-113.3333333333		99.4666666667		99.5333333333

		NA		1030		870		48.64		4.77		15.5339805825		95.2776699029		99.5368932039

		IR		13.8		23		7.8		11.5		-66.6666666667		43.4782608696		16.6666666667

		BP		830		819		57.7		168.7		1.3253012048		93.0481927711		79.6746987952
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		Parameters		Monday		Tuesday		Wednesday		Thursday		Average		Primary effluent		Bardenpho		MBR		pe		bar		mbr

		Alk		188.7		124		84.3		144.7		135.425		110		130.7		65.6		19		3		52

		cBOD5		172		96		84		65		104.25		48		4		1		54		96		99

		COD		370		200		360		193		280.75		178		25		12		37		91		96

		DRP		2.62		1.5		0.78		1.17		1.5175		1.3		0.38		0.87		14		75		43

		NH4		33.85		16.88		10.41		18.65		19.9475		17.19		0.55		0.02		14		97		100

		Nitrite		<0.01		<0.01		1.01		<0.01		1.01		0.02		0.77		0.005		98		24		100

		TKN		44.6		26.47		16.82		28.84		29.1825		24.24		2.18		0.58		17		93		98

		TP		4.32		2.59		1.52		2.06		2.6225		2.07		0.37		0.86		21		86		67

		TSS		307		169		126		120		180.5		87		9		0.5		52		95		100

		TB		152		86		52.7		68.9		89.9		66.6		4.55		0.23		26		95		100

		TOXN		0.02		0.01		1.32		0.02		0.3425		0.07		3.78		1.16		80		-1004		-239
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		AC		797.96		460.84				DEET		271.77		42.66

		TR		16.37		0.97				Acetaminophen		797.96		460.84

		SU		4.29		2.26				Caffeine		2701		468

		RO		0.14		0				Naproxen		1030		266

		CA		36.66		10.23				Bisphenol-A		830		290

		MT		0.0131		0.0037				Metprolol		148.42		37.28

		FL		1.45		0.33				Carbamazepine		36.66		10.23

		CL		0.45		0				TCEP		21.57		2.53

		MP		148.42		37.28				Benzotriazole		15.66		4.39

		TC		21.57		2.53				Diclofenac		64.48		16

		AR		0.423		0				Irgasan		13.8		1.68

		AL		8.05		1.73				Trimethoprim		16.37		0.97

		DT		271.77		42.66				Atenolol		8.05		1.73

		CF		2701		468				Sulfamethoxazole		4.29		2.26

		BE		15.66		4.39				Roxithromycin		0.14		0

		DI		64.48		16				Fluoxetine		1.45		0.33

		IB		0.003		0.0019				Clarithromycin		0.45		0

		NA		1030		266				Atrazine		0.423		0

		IR		13.8		1.68				Ibuprofen		0.003		0.0019

		BP		830		290				Metformin		0.0131		0.0037
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		Parameters		Influent		Primary effluent				MBR				Bardenpho

		Alk		218.04		237.5		-9		81.7		63		85.8		61

		cBOD		137.57		95		31		2		99		5		96

		COD		417.14		360		14		5		99		52		88

		DRP		3.46		3.75		-8		0.05		99		2.76		20

		Amn		37.55		36.35		3		0.05		100		0.14		100

		TKN		52.79		52.41		1		1.86		96		2.64		95

		TP		5.49		6.01		-9		0.09		98		3.45		37

		TSS		249		126		49		10		96		19		92

		TB		172.42		124		28		0.2		100		12.4		93

		Nitrite		0.005		0.005		0		0.1		-1,900		0.03		-500

		TOXN		0.135		0.01		93		1.67		-1,137		3.34		-2374





Sheet1

		



MBR effluent

Bardenpho effluent

Wastewater quality parameters

% Removal



Sheet5

		



MBR effluent

Bardenpho effluent

Wastewater quality parameters

% Removal



Sheet2

		Parameters		5.2 mm		71.8 mm		123.6 mm		0.2 mm		Average		Primary effluent		Bardenpho		MBR		pe		bar		mbr						Bardenpho

		Alk		188		124		84		145		135.25		110		130.7		65.6		19		3		51				TP

		cBOD5		172		96		84		65		104.25		48		4		<2		54		96		0				DRP

		COD		370		200		360		193		280.75		178		25		12		37		91		96

		Amn		34		17		10		19		20		17.19		0.55		0.02		14		97		100

		TSS		307		169		126		120		180.5		87		9		<1		52		95		0

		TB		152		86		53		69		90		66.6		4.55		0.23		26		95		100

		TKN		45		26		17		28		29		24.24		2.18		0.58		16		92		98

		DRP		2.6		1.5		0.8		1.17		1.5175		1.3		0.38		0.87		14		75		43

		Nitrite		<0.01		<0.01		1		<0.01		1		0.02		0.77		<0.01		98		23		0

		TOXN		0.02		0.01		1.3		0.02		0.3375		0.07		3.78		1.16		79		-1020		-244

		TP		4		2.6		1.5		2		2.525		2.07		0.37		0.86		18		85		66

		pH		7.47		7.19		6.95		7.34		7.2375		7.35		6.65		7.15		-1.5544041451		8.1174438687		1.2089810017

		Alk		-9		19

		cBOD5		31		54

		COD		14		37

		Amn		3		14

		TSS		49		52

		TB		28		26

		TKN		1		17

		DRP		-8		14

		Nitrite		100		98

		TOXN		93		80

		TP		-9		21
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		16600

		729.28								30.9		16

		396.42								505		460

		73.41								200		145

		657.85								9.3		0								13000

		6507.8								705		755								1240		104405.2

		59.21								2750		4000								455

		70.5								25		40

		6350				96027.63				4		4								730

		199.85								480.5		411								20,000

		25.95								153.5		105.5								68

		1870.57								14.9		8.8				7076.7		7489.3

		979.28								1047		441								117.2

		38161.6								60		24								340

		930.71								58.6		22								26

		169.6								630		755								2109

		17746								320		255								815

		4399.6								24		3.5								50650

		100								29		13.5								1390

										30		30								210

																				7800

																				5310

																				145





		AC		797.96		955.1		0.17		0.18		-19.6927164269		99.978695674		99.9774424783

		TR		16.37		14		16.8		28		14.4777031155		-2.6267562615		-71.0445937691

		SU		4.29		0.316		0		0.27		92.634032634		100		93.7062937063

		RO		0.14		0.18		0		0		-28.5714285714		100		100

		CA		36.66		21.66		25.27		69.69		40.9165302782		31.0692853246		-90.0981996727

		MT		0.0131		0		0.003		0.001		-15.2671755725		77.0992366412		92.3664122137

		FL		1.45		0.46		0		0.035		68.275862069		100		97.5862068966

		CL		0.45		0		0		0		100		100		100

		MP		148.42		194.26		2.88		7.63		-30.8853254278		98.0595607061		94.8591833985

		TC		21.57		17.99		1.5		3.4		16.5971256375		93.0458970793		84.237366713

		AR		0.423		0		0		0		100		100		100

		AL		8.05		1.39		4.7		4.6		82.7329192547		41.6149068323		42.8571428571

		DT		271.77		163.63		8		17		39.7909997424		97.0563344004		93.7447106009

		CF		2701		2480		22.6		4.4		8.1821547575		99.1632728619		99.8370973713

		BE		15.66		7.2		1.8		13.46		54.0229885057		88.5057471264		14.0485312899

		DI		64.48		38		13		181		41.0669975186		79.8387096774		-180.7071960298

		IB		0.003		0.0064		0.000016		0.000014		-113.3333333333		99.4666666667		99.5333333333

		NA		1030		870		48.64		4.77		15.5339805825		95.2776699029		99.5368932039

		IR		13.8		23		7.8		11.5		-66.6666666667		43.4782608696		16.6666666667

		BP		830		819		57.7		168.7		1.3253012048		93.0481927711		79.6746987952

				5962.5091				210.863016		514.636014
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		16,600

		729

		396						13,000						31		16

		73						1,240						505		460

		658						455						200		145				7078		7491

		6,508												9		0

		59		96,029				730		104,405				705		755
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		Parameters		Monday		Tuesday		Wednesday		Thursday		Average		Primary effluent		Bardenpho		MBR		pe		bar		mbr

		Alk		188.7		124		84.3		144.7		135.425		110		130.7		65.6		19		3		52

		cBOD5		172		96		84		65		104.25		48		4		1		54		96		99

		COD		370		200		360		193		280.75		178		25		12		37		91		96

		DRP		2.62		1.5		0.78		1.17		1.5175		1.3		0.38		0.87		14		75		43

		NH4		33.85		16.88		10.41		18.65		19.9475		17.19		0.55		0.02		14		97		100

		Nitrite		<0.01		<0.01		1.01		<0.01		1.01		0.02		0.77		0.005		98		24		100

		TKN		44.6		26.47		16.82		28.84		29.1825		24.24		2.18		0.58		17		93		98

		TP		4.32		2.59		1.52		2.06		2.6225		2.07		0.37		0.86		21		86		67

		TSS		307		169		126		120		180.5		87		9		0.5		52		95		100

		TB		152		86		52.7		68.9		89.9		66.6		4.55		0.23		26		95		100

		TOXN		0.02		0.01		1.32		0.02		0.3425		0.07		3.78		1.16		80		-1004		-239
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		AC		797.96		460.84				DEET		271.77		42.66

		TR		16.37		0.97				Acetaminophen		797.96		460.84

		SU		4.29		2.26				Caffeine		2701		468

		RO		0.14		0				Naproxen		1030		266

		CA		36.66		10.23				Bisphenol-A		830		290

		MT		0.0131		0.0037				Metprolol		148.42		37.28

		FL		1.45		0.33				Carbamazepine		36.66		10.23

		CL		0.45		0				TCEP		21.57		2.53

		MP		148.42		37.28				Benzotriazole		15.66		4.39

		TC		21.57		2.53				Diclofenac		64.48		16

		AR		0.423		0				Irgasan		13.8		1.68

		AL		8.05		1.73				Trimethoprim		16.37		0.97

		DT		271.77		42.66				Atenolol		8.05		1.73

		CF		2701		468				Sulfamethoxazole		4.29		2.26

		BE		15.66		4.39				Roxithromycin		0.14		0

		DI		64.48		16				Fluoxetine		1.45		0.33

		IB		0.003		0.0019				Clarithromycin		0.45		0

		NA		1030		266				Atrazine		0.423		0

		IR		13.8		1.68				Ibuprofen		0.003		0.0019

		BP		830		290				Metformin		0.0131		0.0037
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B THE UNIYVERSITY OF
(o) AUCKLAND

Conclusion

ENGINEERING

All of the monitored PPCPs were detected in influent and more than 80% were traced in effluent
by LC-MS/MS.

The total influent load of PPCPs in a week was found to be around 89 ppb where as the total

effluent load was around 11 ppb.
Acetaminophen and caffeine were the most frequently detected compounds in the influent.
The wastewater treatment facility was unable to remove most of the PPCPs efficiently.

The removal efficiency was high for acetaminophen, caffeine and ibuprofen while it was

significantly low for trimethoprim, benzotriazole and TCEP.

This research highlights need for advanced oxidation processes to improve the overall removal

efficiency of the PPCPs from wastewater.
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Chromatograms of Carbamazepine

Segments15
1312805 a2 1 Segment#15 Segment#14
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Concentration of PPCPs (Influent + Effluent)

Compound Median Influent Primary MBR Bardenpho
Concentration Effluent
(ng/L) (ng/L) (ng/L) (ng/L)
Acetaminophen 16,884 + 3637.92 13,200 36.50 14.80
Trimethoprim 729.28 + 141.46 1240 505 460
Sulfamethoxazole 396.42 + 107.89 455 200 145
Roxithromycin 20.20 + 4 8.40 9.30 Not detected
Carbamazepine 659.29 + 37.02 730 705.50 755
Metformin 6,079.30 + 3992 20,000 2,750 4000
Fluoxetine 59.21 + 8.39 68 25.50 40.5
Clarithromycin 70.50 + 63.50 Not detected 4 Not detected
Metoprolol 6,394.30 + 768.87 11,725 4,805 4110
TCEP 199.92 + 57.88 340 153.50 105.5
Atrazine 12.90 + 7.43 26 14.90 8.80
Atenolol 1,870.57 + 190 2109 1,047 441
DEET 979.28 + 297.99 815 60.5 24
Caffeine 38,927 + 4646.59 50,650 58.6 22
Benzotriazole 930.71 + 146.16 1,390 630 755
Diclofenac 150.43 + 20.97 210 320 225
Ibuprofen 9,264.29 + 2030.61 7,800 24 3.5
Naproxen 5,000.7 + 497.67 5,310 29 13.5
Irgasan 86.28 + 17.68 145 30.50 33.50
Total 88714.58 116221.40 | 11408.80 11157.10
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Solid Phase Extraction (SPE) set up

SPE tubing

Wastewater sample  Vacuum Manifold SPE Cartridge



* The reverse phase amide HPLC column (10 cm x 2.1 mm) was used to separate analytes.

LC Parameters

Positive Electrospray Mobile Phase
lonization (ESI) mode
A B

Time (min) | Gradient 0.1% Acetonitrile

Formic with 0.1%

acid Formic

0.01 5% B acid
3.0 20% B
4.0 45% B
6.1 65% B
7.0 100% B
7.45 5% B
10.0 Stop

Negative Electrospray Mobile Phase
lonization (ESI) mode

A B
Time (min) | Gradient Milli Q 90%

water Acetonitrile
+ +
0)

0.01 20% B 5 mM 5 mM
4.5 96% B Ammonium | Ammonium
50 100% B acetate acetate
6.4 20% B
8.0 Stop
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MS Acquisition Detalls

PPCPs Molecular | Precursor Product ion Collision | Quantifier Retention ESI
weights ion Energy | to qualifier time polarity
Quantifier | Qualifier | Quantifier, ratio
ion ion Qualifier

Acetaminophen 151.16 151.85 110.10 65.10 -17,-23 42.85 3.607 +
Trimethoprim 290.32 291.10 230.10 123.10 -23,-24 87.12 4.153 +
Sulfamethoxazole| 253.28 253.90 156 92.10 -16,-28 89.25 5.581 +
Roxithromycin 837.04 837.40 158.15 679.4 -36,-23 52.19 5.443 +
Carbamazepine 236.27 237.15 194.10 179.10 -19,-35 16.48 5.959 +
Metformin 129.16 130.25 71.10 60.05 -22,-15 96.97 0.508 +
Fluoxetine 309.3 309.95 44.15 148.10 -13,-9 9.82 5.466 +
Clarithromycin 747.95 748.40 158.10 590.40 -28,-20 29.61 5.410 +
Metoprolol 267.36 268 116.10 74.10 -20,-23 77.40 4.611 +
TCEP 285.48 287.10 224.85 125 -12,-17 95.02 6.235 +
Atrazine 215.68 216.25 174.10 104 -17,-29 32.36 6.60 +
Atenolol 266.33 267.10 145 190.1 -15,-20 85.72 1.275 +
DEET 191.27 192.10 119 91.10 -18,-31 67.94 6.473 +
Caffeine 194.19 195.10 138.10 110 -19,-23 27.70 4.374 +
Benzotriazole 119.12 120.25 65.15 39.05 -22,-37 32.14 5.157 +
Diclofenac 296.14 294 250.15 214.1 12,22 3.42 3.125 -
Ibuprofen 206.29 205.10 161.30 10 NA 3.423 -
Naproxen 230.26 229.05 185.25 170 9,16 96.89 2.379 -
Irgasan 289.54 286.90 35.05 37 10,10 36.36 6.329 -
Bisphenol A 228.29 226.90 212.20 133.0 19,24 20.72 4.585 -
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MS Chromatograms of PPCPs

==== Shimadzu LabSolutions Data Repo
BamplelD  : Acetaminophen_ppm Acquared V22016 71232 FM

==== Shimadzu LabSolutions Data Report ====

Sample ID - Afrazine_{PPM  Acquired 102172016 7-12:32 PM
<Chromatograme Data Filename  : Atrazine_1PPM
W <Chromatogram=
- Tict)a@3 (1] Segment#15
17,865,172 /\ TICH+)@15 (1)
173,563 TET 585 10+ )@ (1
L /\ T 25 13200 )@ 18 (1)
7,735 TS AT T g (1)
/\ 716825 /\ 6 25 TR D5 1@ T8 (1)
e o B T 1)
% B0 L3 = 12,014,212 /\ 276,25 174100+ )@ 15 (1)
[ ! I 1 ! . ! o rrprrrrrerrprrrryrrrrrrrryprrrrrrrr TrrrJ|rrrrjf|rrr | rrrr|rrittT
o — - = — - — — _— 6525 B850 6575 6600 6625 6850 6675 6700 6725 6750 6775
]

MS chromatogram of Acetaminophen

MS chromatogram of Atrazine
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==== Shimadzu LabSolutions Data Report ====

Sample ID : Benzotriazole_1ppm Acquired 1212016 T-12:32 PM
Data Filename : Benzotriazole™ {ppm

=Chromatogram:=
EnET

Segments
3,380,430 TIC+)@T (1)

B43E18 120 25530 05(+)@7 (1)

181557 T = th 15T (1]

Baz254 I =00 100 )@ (1]

L e e LA B e e B R e e e e e s s e e e e e e e B L B N B s e e e e
5.025 5050 5075  5.100 5125 5150 5173 5200 5225 i B U
min

MS chromatogram of Benzotriazole

==== Shimadzu LabSolutions Data Report ====

Sample ID : Caffeine_1ippm  Acquired ANZA2M6 T-12:32 PM
Da‘tapFilenm : Caffeine”1ppm
=Chromatogram=
ent#h
70,601 TIC+ @S (1]

107,363 T85.10>110.000+)@5 (1)

BO243 T 123 5 @5 )

T 1
425

723,280 A T 138 T0@5 (1)
T T T Iq-l?’ul T T I4I|M‘I T T |4.|4u| T T |4-|45I T

MS chromatogram of Caffeine
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=== Shimadzu LabSolutions Data Report ====

==== Shimadzu LabSolutions Data Report ====

Sample ID 1 ired 1N2112016 T-12:32 PM
prlename [E:rbamazepl&e Ppm Acqui

<Chromatogram=

Segment#12

12,502,048 /\ TIC{+)@1Z (1]

10,024,200 J\ 2T A5=104 10(+ @12 (1)

1.177.536 /\ T AT @2 1)

108, BEa /\ 23T 15165 15(+ @12 (1)

[302 557 /\ pkrR L LR LT TR
LENLINLIN LA |||| L LI BLINL LI N SNLISLE I |

5.825 E.BEO 5 B?E 5 EIEI] 5 9?5 S.IZIZE 6050 8075

min

MS chromatogram of Carbamazepine

Sample ID Clarithromygin_1 uired ANZ21/2016 T-12:32 PM

Da‘tapFllenalm [:Iarrﬂlmrrryﬁn "I|:Ip|1':|l11'I1 Acq

<Chromatogram=

Segment#E

[21.836,405 /\ TIC{+W@E (1)

13,001,107 /\ T4 40158 100+ e (1]

BEGTATE /\ TAEA TTE TS I@e (1)

010,754 /\ T4E 40558, 200+ )@E (1]

320,008 /\ T JUCh00 00+ hme (1]
LA T T T rrrp1rrrrrrrrr T
5.305 5.375 5400 5425 5.4 5475 5.500 5.525

MS chromatogram of Clarithromycin
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==== Shimadzu LabSolutions Data Report ==== ==== Shimadzu LabSolutions Data Report ====

Sample ID : DEET_1PPM PAcquired 102112016 7-12:32 PM
Data Filename ‘DEETIFFM Sample ID : Fluoxetine_1ppm Acquired 10/2412046 7-12:32 PM
=Chromatogram= Data Filename : Fluoxetine”1 ppm
— =Chromatogram=
%.uzama TIC{+pE 14 (1) Segment#d
14,668,372 TIC+)@e (1)
02 1001 10{+ME 14 (1)
13,115,522 300.85=44 15+ )@0 (1]

21,111,023 A
G708 / L ToZ 0= T10.00@ 14 (1)

B.876.401 02072 10+ W18 (1)
J\ 572,803 300 05148 10 @0 (1}
8,625 260 /\ 102 T065. T0+E 14 (1)
— o —eul————
40 8.45 8.50 ]

L L L L L
55 B.60 6.85 6.70 T 11

6.30 £.35 B =
min 25

L LI B
FEE) 5ATS
min

MS chromatogram of DEET MS chromatogram of Fluoxetine



==== Shimadzu LabSolutions Data Report ====

Sample ID Ihu ofen_1 Acquired 10/2212046 1:36:52 PM
Data Filename p'ufen_‘lm
ﬂChmmatogramh

ent#d
04,607 TIC-H@3 (1]
04 607 B AT=T81 30 (1)
T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | I_.TI_

375 380 k11 300 305 4.00 4 05 4.10 415

i

MS chromatogram of Ibuprofen

Shimadzu LabSolutions Data Report

Sample ID :Irgasan_1ppm Acquired 102272046 1:36:52 PM
Da'tapFllename :Irgasan_1ppm
=Chromatogram=
Segment#s
R23.047 J\ TICH@s (1)
.20 /\ TR BT aEs 1]
63,253 /\ ZMW
147 567 /\ T30 00 5 051 (1)
T 1 "
630 6.50 6.55

MS chromatogram of Irgasan
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==== Shimadzu LabSolutions Data Report ====

==== Shimadzu LabSolutions Data Report ====

Sample ID : Roxithromycin_1ppm uired 12172016 T-12:32 PM
DatapFlle-nalm : Roxithromipein_1ppm Aeq
=Chromatogram=

ent#10

e, 817,708 /\ TG @10 (1]

12,170,803 /\ B37.40>156.15(+)@10 (1}

N A= TTE T+ )10 (1]

j.585. 428 /\

Bar 40-670.40(+)@10 (1)

[7.033.012 /\

Sample ID Metformin_1 Acquired ARG T-12:32 FM
Data Filename “Metormen 1%
=Chromatogram=
Segmeni#
12377104 /\ TIC -+ {1}
[E.852 206 /\ 130 25571 100+ W@ (1)
730,248 /\ T30 2500 050 )@ (1)
| R /\ WG 1T
1 T 1 T | T T T T | T T T T | T 1 1 1 | 1 1 T T | T T T T | T T T T | T T T T | T T T 1 | T 1 T T
k]
min

MS chromatogram of Metformin

BT SO T+ 0 (1)

3,018,480 /\

T LI N B T T T T T ] T T T T ] — 1 1 1 17 rr I5r rT.r.571ma r 1T 1]
5.375 5400 5.425 5.450 5475 5500 5.525

MS chromatogram of Roxithromycin
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==== Shimadzu LabSolutions Data Report ====

Sample ID : Sulfamethoxazole_1ppm Acquired 1WAR20ME TAZ2:32 PM
Data Filename : Sulfamethoxazole_{ppm
=<Chromatogram=
Segment# i
10,851,037 TIC(+m11 (1)
3,242,063 253 0082 10+ @11 (1)
R08.775 T TS DO @ 1T 17}
2 205,870 253 00>108.10(+ )11 (1)
2 204,963 Pl LR ST E Y
T T I T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T
5475 5.500 5.525 5.650 5575 5 600 5E25 5.650 5675 .
min

MS chromatogram

of Sulfamethoxazole

==== Shimadzu LabSolutions Data Report ====

Sample ID - TCEP_1PPM Acquirad 10/2172046 T-12:32 PM
Data Filename : TCEF_1PPM
<Chromatogram=
Segment#13
251,607 /\ TIC+ @13 (1)
I, 240 A 2B5. 10222 850+ )@13 (1)
8510 A IO 125 00+ 12 (1]
| T A BT 0234 B5(+ @13 (1)
700 A ZBT G 00 W 13 (1)
p————— T
6.15 620 8.25 8.30 6.35

MS chromatogram of TCEP
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==== Shimadzu LabSolutions Data Report ====

Sample D “Trimethoprim_1 ppm uired
DatapFile-nalm :Trime‘m%m__i Ppm Aeq
=Chromatogram=

1212016 T-12:32 PM

Segmenizid
755,320 /\

TIC[+ )4 (1)

TE21,018 A

20110123100+ @4 (1)

Shimadzu LabSolutions Data Report ====

o /\

201.10-261. 100+ h@ (1)

| FCRED /\

20T a0 T (1]

o /\

U1 T2 h, TOL+ s (1]

1.173.064

ZO1.10=110. 100+ )@ (1)

T T
4025 4050 4075 4100 4125 4150

T
4175

4 250 4275
min

MS chromatogram of Trimethoprim

Sample ID : roxen_ippm Acquired HMITI2016 6:48:09 PM

Da'tapFilename :I«E‘;mn ppm

=Chromatogram:=

Segment#?

322,130 TIC{-)m2 (1)
103.250 220 05=180_10(-)@2 (1)
103,424 O 05=170.05- 02 (1)
111,448 jeie2 I SER Ll R N

45

MS chromatogram of Naproxen



==== Shimadzu LabSolutions Data Report ====

Sample ID : Diclofenac_1ppm Acquired
Da‘tapFilenalm : Diclofenac_ 1ppm
=Chromatogram=

HIT2016 6:48:09 PM

=i

TIC{-)m3 (1)

| RN

294.00>250.15(-)@3 (1]

TR 0218 150 a3 (1]

Ban

TR 0017830003 )

==== Shimadzu LabSolutions Data Report ====

Sample ID : Bisphenol A_1PPM Acquired 12212016 1:36:52 PM
Data Filename : Bisphenol AZ1PPM
=Chromatogram=
il5im
2702 TIC-) (1)
e
il 227.00=133.00(- )4 (1)

313 il R R R AT TR

0,080 J\
T T T T T I T T Ijlk I Inl T T I
275 200 325 350

||-'|1|||||||||||||| LI N B B |
AT5 4,00 425 4.50 4.75

MS chromatogram of Diclofenac

MS chromatogram of Bisphenol A
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==== Shimadzu LabSolutions Data Report ====

Sample ID = 1_Atenolol Acquired HMRTI2016 2:09:33 PM
Data Filename > 1”Atenolol led
=Chromatogram:=
Segment#
215,038 TIC+ @1 (1)
00 242 EE?.IDHDD.ID{H@I (1)
115,705 267 10145 D0+ ) T (1)
I T T T | T T T T I TT T T | T T T T I T T T T | T T TT I T T T T | T T T I T T T T | T T T
0.5 110 1.5 20 25 30 s 4.0 4.5 50 ]
i

MS chromatogram of Atenolol
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