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WERF Study
Goals and Objectives

* Survey occurrence/passage of PPCPs through
soluble phase of WWTP facilities

—3 discrete sampling events (@ 6 facilities

« Compare PPCP passage through activated
sludge plant and MBR pilot process
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Process Descriptions of Participating
Treatment Facilities

.y Primary Secondary |Secondary MLSS
FaC|I|ty Treatment Treatment Aeration (mg/L) 2R (k) Filters Disinfection
1 Polymer Activated Pure 1,300 to O 5 1 5
Ferric Sludge Oxygen 2,600 = e None None
No MLE 1,800 to Granular
2 Chemicals Nit/Denit Diffused Air 2,000 3 = 5 Deep Bed Chlorine
3 No Activated 2,000 to Granular
Chemicals Sludge Diffused Air 3,000 4-6 Deep Bed uv
MLE Granular
No - : 2,500 to
4 Chemicals | NitDenit ~ DiffusedAir 22 7 -20 pezpEzde | Chioi:
NG Nit/Denit
Diffused Air 2,100 - None uv
) Chemicals .and e | 11 -16
Pilot MBR
6 None Exten.ded Surface Air 4,000 20 _ 30 Granular uv
Aeration Deep Bed

Nit/Denit




PPCP Occurrence & Treatment Bins:
Activated Sludge Process
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PPCP Occurrence & Treatment Bins —
Activated Sludge Process

«Caffeine
SRTg,<5 Days -Ibuprofen
*Oxybenzone
*Chloroxylenol
*Methylparaben

*Benzyl salicylate
*3-phenylpropionate
*Butylbenzylphthalate
*Octylmethoxycinnamate




SRT for Oxybenzone (Bin T1)

Oxybenzone
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SRT for Triclosan (Bin T2)

Triclosan

15 20
SRT (days)

M = Actual Removal A = Removal greater than percentage value [ ] = Effluent > Influent




SRT for Galoxolide (Bin T3)

Galoxilide

SRT (days)

M = Actual Removal A = Removal greater than percentage value [ = Effluent > Influent



Longer SRTy, Compounds

SRT >8 Days: BHA
SRT 10 Days: Triclosan
SRT 13 Days: Benzophenone

SRT >13 Days: DEET

SRT > 15 Days: [ Galaxolide
Musk Ketone
. TCEP )




Media Filtration / RO

Plant F Plant D

Chloroxylenol 27 % C_ND >
Methylparaben >97 % C__ND_ >
DEET 26 % C__0.050
Benzophenone -88% < ND
TCEP -17% ND

Galoxilide -18% C_ND >
Musk Ketone 12% C_ND

Oxybenzone 0% ___ND O
Triclosan 15% < ND
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				Classification		Octanol Log P*		MDL (ng/L)

		Methyl-3-Phenylpropionate		Fragrance, Flavoring		2.32		43

		3-Phenylpropionate		Fragrance, Flavoring				10,600

		Ethyl-3-Phenylpropionate		Fragrance, Flavoring		2.73		12

		Chloroxylenol		Anti-microbial		3.27		15

		Methylparaben		Anti-oxidant		1.96		300

		ButylatedHydroxyAnisole		Anti-oxidant		3.5		11

		DEET		Insecticide		2.18		86

		Benzophenone		UV blocker		3.18		43

		TCEP		Fire Retardant		1.44		180

		Octylphenol		Surfactant				4

		Benzyl Salicylate		Sunscreen		4.31		22

		Caffeine		Stimulant		-0.07		53

		Galoxilide		Fragrance				610

		Musk Ketone		Fragrance				34

		Oxybenzone		Suncscreen		3.79		60

		Triclosan		Anti-microbial		4.76		350

		Octylmethoxycinnamate		Sunscreen		2.3		110

		Butylbenzene Phthalate		Plasticizer		4.91		130

		Triphenylphosphate		Fire Retardant		4.59		620

		Ibuprofen		Analgesic		1.07		1,440

		*Hansch, C., Leo, A., and Hoekman, D. (1995) Exploring QSAR, ACS or  www.syrres.com/esc/docsmile.htm





Sampling Info

		Location		Location		Sampling Date		PE		PE Split		PE Blank		SE		SE Split		SE Blank		MBR		MBR Split		MBR Blank		FE		FE Split		FE Blank		ROE		ROE Split		RO Blank

				Abbrev.

		Hyperion		H		8/16/05		x		x		NC		x		NC		x		NA		NA		NA		NA		NA		NA		NA		NA		NA

		Terminal Island		T		9/22/05		x		NC				x		NC				NA		NA		NA		x		NC				x		x

		Escondido		C		9/27/05		x		NC		NC		x		x		x		NA		NA		NA		NC		NC		NC		NA		NA		NA

		Elsinore		L				Raw		NC		NC		x		NC		NC		NA		NA		NA		x		x		x		NA		NA		NA

		North City		N

		Rio Rancho		R

		Hyperion		H

		Terminal Island		T

		Escondido		C

		Elsinore		L

		North City		N

		Rio Rancho		R

		Hyperion		H

		Terminal Island		T

		Escondido		C

		Elsinore		L

		North City		N

		Rio Rancho		R

		NC = Not collected

		NA = Not at facility





PPCP Data

				methyl3phenylpropionate		3phenyl   propionate		ethyl3phenylpropionate		chloro xylenol		methyl  paraben		BHA		DEET		benzo     phenone		TCEP		octyl phenol		benzyl salicylate		caffeine		galoxilide		musk ketone		oxybenzone		triclosan		octylmethoxycinnamate		butylbenzyl phthalate		triphenyl  phosphate		BEHP		Ibuprofen

		MDL(ug/L)		0.043		10.6		0.012		0.015		0.3		0.011		0.086		0.043		0.18		0.004		0.022		0.053		0.61		0.034		0.06		0.35		0.11		0.13		0.62		48		1.44

		H1PE		BDL		129.4		BDL		0.124		0.52		0.014		0.144		0.117		BDL		BDL		0.112		0.23		BDL		BDL		0.46		0.8		0.73		0.25		BDL		BDL		BDL

		H1PES		BDL		129.5		BDL		0.173		0.59		0.073		BDL		0.169		BDL		BDL		0.145		0.33		BDL		BDL		0.61		1.28		1.7		0.47		BDL		BDL		BDL

		H1SE		BDL		BDL		BDL		0.058		BDL		0.014		0.211		BDL		BDL		BDL		0.081		0.26		BDL		0.054		0.19		1.9		BDL		0.12		BDL		BDL		BDL

		H1B		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		0.14		BDL		BDL		0.14		BDL		94.89		BDL

		H1B(New)		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		0.26		BDL		BDL		BDL

		T1PE		BDL		29.5		0.023		BDL		2.17		BDL		BDL		0.239		BDL		BDL		0.63		0.65		0.88		0.064		1.34		3.21		3.08		0.74		BDL		BDL		4.05

		T1SE		BDL		BDL		BDL		BDL		BDL		BDL		0.153		0.075		BDL		BDL		BDL		BDL		1.14		0.059		BDL		BDL		BDL		BDL		BDL		BDL		BDL

		T1FE		BDL		BDL		BDL		0.037		BDL		BDL		0.166		0.085		BDL		BDL		BDL		BDL		1.05		0.06		BDL		BDL		BDL		BDL		BDL		BDL		BDL

		T1ROE		BDL		BDL		BDL		BDL		BDL		BDL		BDL		0.045		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL

		T1ROES		BDL		BDL		BDL		BDL		BDL		0.28		BDL		0.055		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL

		T1B		BDL		BDL		BDL		BDL		BDL		BDL		BDL		0.048		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL

		C1PE		BDL		BDL		0.014		1.58		3.75		0.107		0.554		1.36		BDL		BDL		0.648		1.94		1.35		0.06		1.95		3.45		4.36		1.56		BDL		BDL		7.31

		C1SE		BDL		BDL		BDL		0.159		BDL		0.297		0.245		0.118		BDL		0.044		BDL		BDL		1.45		0.07		0.25		0.61		BDL		BDL		BDL		BDL		BDL

		C1SES		BDL		BDL		BDL		0.154		BDL		BDL		0.249		0.095		BDL		0.048		BDL		BDL		1.65		0.065		0.26		0.35		BDL		BDL		BDL		BDL		BDL

		C1B		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL		BDL

		L1Raw		0.948		1380		1.395		2.303		12.900		0.140		1.333		4.625		1.180		0.523		3.175		30.850		4.338		0.583		10.750		33.750		67.75		8.998		1.443		482.5		24.445

		L1SE		0.043		10.6		0.012		0.033		9.978		0.011		0.118		0.036		0.592		0.004		0.022		0.053		0.61		0.086		0.2		4.15		0.11		0.326		0.62		68.5		1.44

		L1FE		0.043		10.6		0.012		0.05		0.3		0.011		0.086		0.084		0.526		0.004		0.022		0.053		0.61		0.073		0.197		1.478		0.11		0.451		0.62		39.025		1.44

		L1FES		0.043		10.6		0.012		0.042		0.3		0.011		0.088		0.078		0.511		0.004		0.022		0.053		0.61		0.079		0.192		1.252		0.11		0.357		0.62		67.25		1.44

		L1FEAvg		0.043		10.6		0.012		0.046		0.3		0.011		0.087		0.081		0.5185		0.004		0.022		0.053		0.61		0.076		0.1945		1.365		0.11		0.404		0.62		53.1375		1.44

		L1FEAvg		0.043		10.6		0.0012		0.042		0.3		0.011		0.087		0.081		0.519		0.004		0.022		0.053		0.61		0.076		0.1945		1.365		0.11		0.404		0.62		53.14		1.44

		LB		0.043		10.6		0.012		0.015		0.3		0.011		0.086		0.043		0.18		0.004		0.022		0.053		0.61		0.034		0.06		0.35		0.11		0.141		0.808		947		1.44





PPCP Plots

				methyl3phenylpropionate		3phenylpropionate		ethyl3phenylpropionate		chloro xylenol		methyl  paraben		BHA		DEET		benzophenone		TCEP		octyl phenol		benzyl salicylate		caffeine		galoxilide		musk ketone		oxybenzone		triclosan		octylmethoxycinnamate		butylbenzyl phthalate		triphenyl  phosphate		BEHP		Ibuprofen						chloro xylenol		benzyl salicylate		oxybenzone		triclosan		butylbenzyl phthalate		BHA		galoxilide		musk ketone		DEET		caffeine

		H1PE		0.043		129.4		0.012		0.124		0.52		0.014		0.144		0.117		0.18		0.004		0.112		0.23		0.61		0.034		0.46		0.8		0.73		0.25		0.62		48		1.44						53		28		59		0		52		0				0		0		0

		H1SE		0.043		10.6		0.012		0.058		0.3		0.014		0.211		0.043		0.18		0.004		0.081		0.26		0.61		0.054		0.19		1.9		0.11		0.12		0.62		48		1.44								97		96		89		82				0		8		0		92

		Removal H (%)				92				53		42		0		-47		63						28		-13				-59		59		-138		85		52												90		97		87		82		92		0		0		0		56		97

				methyl3phenylpropionate		3phenylpropionate		ethyl3phenylpropionate		chloro xylenol		methyl  paraben		BHA		DEET		benzophenone		TCEP		octyl phenol		benzyl salicylate		caffeine		galoxilide		musk ketone		oxybenzone		triclosan		octylmethoxycinnamate		butylbenzyl phthalate		triphenyl  phosphate		BEHP		Ibuprofen						99		99		98		88		96		92		86		85		91		100

		T1PE		0.043		29.5		0.023		0.015		2.17		0.011		0.086		0.239		0.18		0.004		0.63		0.65		0.88		0.064		1.34		3.21		3.08		0.74		0.62		48		4.05				log Kow		3.27				3.52		4.66		4.91		3.5		6.26				2.02		-0.16

		T1SE		0.043		10.6		0.012		0.015		0.3		0.011		0.153		0.075		0.18		0.004		0.022		0.053		1.14		0.059		0.06		0.35		0.11		0.13		0.62		48		1.44

		Removal T (%)				64		48				86				-78		69						97		92		-30		8		96		89		96		82						64

				methyl3phenylpropionate		3phenylpropionate		ethyl3phenylpropionate		chloro xylenol		methyl  paraben		BHA		DEET		benzophenone		TCEP		octyl phenol		benzyl salicylate		caffeine		galoxilide		musk ketone		oxybenzone		triclosan		octylmethoxycinnamate		butylbenzyl phthalate		triphenyl  phosphate		BEHP		Ibuprofen

		C1PE		0.043		10.6		0.014		1.58		3.75		0.107		0.554		1.36		0.18		0.004		0.648		1.94		1.35		0.06		1.95		3.45		4.36		1.56		0.62		48		7.31

		C1SE		0.043		10.6		0.012		0.159		0.3		0.297		0.245		0.118		0.18		0.044		0.022		0.053		1.45		0.07		0.25		0.61		0.11		0.13		0.62		48		1.44

		Removal Es (%)						14		90		92		-178		56		91				-1000		97		97		-7		-17		87		82		97		92						80

				methyl3phenylpropionate		3phenylpropionate		ethyl3phenylpropionate		chloro xylenol		methyl  paraben		BHA		DEET		benzophenone		TCEP		octyl phenol		benzyl salicylate		caffeine		galoxilide		musk ketone		oxybenzone		triclosan		octylmethoxycinnamate		butylbenzyl phthalate		triphenyl  phosphate		BEHP		Ibuprofen

		L1PE (Raw)		0.948		1380		1.395		2.303		12.900		0.140		1.333		4.625		1.180		0.523		3.175		30.850		4.338		0.583		10.750		33.750		67.75		8.998		1.443		482.5		24.445

		L1SE		0.043		10.6		0.012		0.033		0.3		0.011		0.118		0.043		0.592		0.004		0.022		0.053		0.61		0.086		0.2		4.15		0.11		0.326		0.62		68.5		1.44

		Removal L (%)		95		99		99		99		98		92		91		99		50		99		99		100		86		85		98		88		100		96		57		86		94

				methyl3phenylpropionate		3phenylpropionate		ethyl3phenylpropionate		chloro xylenol		methyl  paraben		BHA		DEET		benzophenone		TCEP		octyl phenol		benzyl salicylate		caffeine		galoxilide		musk ketone		oxybenzone		triclosan		octylmethoxycinnamate		butylbenzyl phthalate		triphenyl  phosphate		BEHP		Ibuprofen

				methyl3phenylpropionate		3phenylpropionate		ethyl3phenylpropionate		chloro xylenol		methyl  paraben		BHA		DEET		benzophenone		TCEP		octyl phenol		benzyl salicylate		caffeine		galoxilide		musk ketone		oxybenzone		triclosan		octylmethoxycinnamate		butylbenzyl phthalate		triphenyl  phosphate		BEHP		Ibuprofen

		H1PE		0.043		129.4		0.012		0.124		0.52		0.014		0.144		0.117		0.18		0.004		0.112		0.23		0.61		0.034		0.46		0.8		0.73		0.25		0.62		48		1.44

		H1PES				129.5				0.173		0.59		0.073				0.169						0.145		0.33						0.61		1.28		1.7		0.47

		%Difference				-0.1				-33.0		-12.6		-135.6				-36.4						-25.7		-35.7						-28.0		-46.2		-79.8		-61.1

		T1ROE		0.043		10.6		0.012		0.015		0.3		0.011		0.086		0.045		0.18		0.004		0.022		0.053		0.61		0.034		0.06		0.35		0.11		0.13		0.62		48		1.44

		T1ROES		0.043		10.6		0.012		0.015		0.3		0.28		0.086		0.055		0.18		0.004		0.022		0.053		0.61		0.034		0.06		0.35		0.11		0.13		0.62		48		1.44

		% Difference												-184.9				-20.0

		C1SE		0.043		10.6		0.012		0.159		0.3		0.297		0.245		0.118		0.18		0.044		0.022		0.053		1.45		0.07		0.25		0.61		0.11		0.13		0.62		48		1.44

		C1SES		0.043		10.6		0.012		0.154		0.3		0.011		0.249		0.095		0.18		0.048		0.022		0.053		1.65		0.065		0.26		0.35		0.11		0.13		0.62		48		1.44

		% Difference								3.2				185.7		-1.6		21.6				-8.7						-12.9		7.4		-3.9		54.2

		L1FE		0.043		10.6		0.012		0.05		0.3		0.011		0.086		0.084		0.526		0.004		0.022		0.053		0.61		0.073		0.197		1.478		0.11		0.451		0.62		39.025		1.44						Plant F		Plant D

		L1FES		0.043		10.6		0.012		0.042		0.3		0.011		0.088		0.078		0.511		0.004		0.022		0.053		0.61		0.079		0.192		1.252		0.11		0.357		0.62		67.25		1.44				Chloroxylenol		-27%		<-147%

		% Difference								17.4						-2.3		7.4		2.9										-7.9		2.6		16.6				23.3				-53.1						Methylparaben		>97%		ND				DEET

																																																DEET		26%		-8%				Benzophenone

		H1B(New)		0.043		10.6		0.012		0.015		0.3		0.011		0.086		0.043		0.18		0.004		0.022		0.053		0.61		0.034		0.06		0.35		0.11		0.26		0.62		48		1.44				Benzophenone		-88%		-12%				Galoxilide

		H1B		0.043		10.6		0.012		0.015		0.3		0.011		0.086		0.043		0.18		0.004		0.022		0.053		0.61		0.034		0.14		0.35		0.11		0.14		0.62		94.89		1.44				TCEP		-17%		-100%				Musk Ketone

		T1B		0.043		10.6		0.012		0.015		0.3		0.011		0.086		0.048		0.18		0.004		0.022		0.053		0.61		0.034		0.06		0.35		0.11		0.13		0.62		48		1.44				Galoxilide		-18%		-51%

		C1B		0.043		10.6		0.012		0.015		0.3		0.011		0.086		0.043		0.18		0.004		0.022		0.053		0.61		0.034		0.06		0.35		0.11		0.13		0.62		48		1.44				Musk Ketone		12%		-2%

		L1B		0.043		10.6		0.012		0.015		0.3		0.011		0.086		0.043		0.18		0.004		0.022		0.053		0.61		0.034		0.06		0.35		0.11		0.141		0.808		947		1.44				Oxybenzone		0%		>68%

																																																Triclosan		15%		-27%

		T1SE		0.043		10.6		0.012		0.015		0.3		0.011		0.153		0.075		0.18		0.004		0.022		0.053		1.14		0.059		0.06		0.35		0.11		0.13		0.62		48		1.44				BBPhthalate		-24%		ND

		T1FE		0.043		10.6		0.012		0.037		0.3		0.011		0.166		0.085		0.18		0.004		0.022		0.053		1.05		0.06		0.06		0.35		0.11		0.13		0.62		48		1.44

		L1SE		0.043		10.6		0.012		0.033		9.978		0.011		0.118		0.043		0.592		0.004		0.022		0.053		0.61		0.086		0.2		4.15		0.11		0.326		0.62		68.5		1.44

		L1FEAvg		0.043		10.6		0.0012		0.042		0.3		0.011		0.087		0.081		0.519		0.004		0.022		0.053		0.61		0.076		0.1945		1.365		0.11		0.404		0.62		53.14		1.44

		TI FE/SE (%)														-8.4967320261		-13.3333333333										7.8947368421		-1.6949152542

		L1 FEAvg/SE(%)								-27.2727272727		96.993385448				26.2711864407		-88.3720930233		12.3310810811										11.6279069767		2.75		67.1084337349				-23.9263803681				22.4233576642

				methyl3phenylpropionate		3phenylpropionate		ethyl3phenylpropionate		chloro xylenol		methyl  paraben		BHA		DEET		benzophenone		TCEP		octyl phenol		benzyl salicylate		caffeine		galoxilide		musk ketone		oxybenzone		triclosan		octylmethoxycinnamate		butylbenzyl phthalate		triphenyl  phosphate		BEHP		Ibuprofen

		Removal H (%)				92				53		42		0		-47		63						28		-13				-59		59		-138		85		52

		Removal T (%)				64		48				86				-78		69						97		92		-30		8		96		89		96		82						64

		Removal C (%)						14		90		92		-178		56		91				-1000		97		97		-7		-17		87		82		97		92						80

		Removal L (%)		95		99		99		99		98		92		91		99		50		99		99		100		86		85		98		88		100		96		57		86		94

				Plant A		Plant B		Plant C		Plant D		Preliminary Bin Assignment

		3-Phenylpropionate		>92		>64				>99		1

		Octylmethoxycinnamate		>85		>96		>97		>100		1

		Ethyl-3-Phenylpropionate				>48		>14		>99		2

		Methylparaben		>42		>86		>92		>98		2

		Benzophenone		>63		69		91		>99		2

		Ibuprofen				>64		>80		>94		2

		Chloroxylenol		53				90		99		3

		Benzyl Salicylate		28		>97		>97		>99		3

		Oxybenzone		59		>96		87		98		3

		Triclosan		0*		>89		82		88		3

		Butylbenzene Phthalate		52		>82		>92		96		3

		ButylatedHydroxyAnisole		0				0*		>92		3

		Galoxilide				0*		0*		>86		3

		Musk Ketone		0*		8		0*		>85		3

		DEET		0*		0*		56		91		3

		Caffeine		0*		>92		>97		>100		3

		Methyl-3-Phenylpropionate								>95		5

		Octylphenol						0*		>99		5

		TCEP								50		5

		Triphenylphosphate								57		5

		Plot of Hyperion Data Below:

		Plot of Terminal Island Data Below:

		Plot of Escondido Data Below:

		Elsinore Data





PPCP Plots
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WQ Data
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Plant Operations Data
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Plant B - Intermediate SRT

C1PE

C1SE

L1PE (Raw)

L1SE



		



L1PE (Raw)

L1SE



		





				BOD		COD		TSS		VSS		TKN		NH3		NO3

		(units)		(mg/L)		(mg/L)		(mg/L)		(mg/L)		(mg/L)		(mg/L)		(mg/L)

		H1PI1(8/16/05)		265		1680		244		170		55.6				0.56

		H1PI1 (8/17/05)		285		NA		298		NA		NA				NA

		H1SE1 (8/16/05)		22		307		25		23.5		40.2				0.83

		H1SE1 (8/17/05)		20		NA		24		NA		NA				NA





				Inf (Q)		RAS (Qw)		WAS (Q-Qw)		Vol (V)		MLSS (X)		VSS Eff (Xe)		VSS RAS (Xr)		MCRT		SRT		SRT		HRT		Lorg(BOD)

		H1																		0				0

		T1																		12.4		13.5

		C1																		5.6		5.3

		L1






WERF Project Conclusions
 SRT dependence demonstrated for PPCPs

SRTg, < 5 days for Bin T1 compounds (10)
5 < SRTgo < 15 days for Bin T2 compounds (2)
SRTg, = 15 days for Bin T3 compounds (6)

 Media filtration shows little evidence of removal while
RO is very effective

 MBR performance equivalent to activated sludge
operated above 10 days



WateReuse Foundation
MBR Study Project Objectives

« Consolidate Global Water Quality Performance Data
* Understand Water Quality Performance Boundaries

‘Understand Operational Impacts on Water Quality
Performance

*Optimize Water Quality and Energy Performance



MBR REMOVAL MECHANISMS

Removal Mechanism

O Biotransformation
B Size exclusion
O Sorption to solids

O Complexation

O Inertialimpaction

O Sorptionto
membrane biofilm

ContaminantType

A = trace inorganics

B = microbial

C = organic micro-constituent
D = nutrients

E = aggregate organics

F = suspendedsolids




Chart1

		Biotransformation

		Size exclusion

		Sorption to solids

		Complexation

		Inertial impaction

		Sorption to membrane biofilm



A

A,B,C

Removal Mechanism

A = trace inorganics
B = microbial
C = organic micro-constituent
D = nutrients
E = aggregate organics
F = suspended solids

Contaminant Type

A,B,C,
D,E, F

B

B

C,D,E

Removal Mechanism

16.6666666667

16.6666666667

16.6666666667

16.6666666667

16.6666666667

16.6666666667



Mechanism of Removal (2)

		

				Water Quality Contaminant Category		MBR Removal Mechanisms		Possible Factors which can Impact MBR Effluent Water Quality		Other Key Findings from Literature Review

				Organic microconstituents		1) biotransformation                           2) sorption to solids/size exclusion		SRT, sludge characteristics, high MLSS, pH, temperature, specific compound characteristics.		Removal efficiency compound specific. Information was obtained via reconnaissance publication review on observed removal rates for 23 compounds.

				Inorganic microconstituents		1) sorption to solids/size exclusion    2) complexation to polymeric type organics such as humic acids		SRT, high MLSS, pH, ORP, temperature, species of metal, metal speciation, membrane fouling, % inert biomass in reactor.		MBR is expected to have higher removal rates of particle associated and dissolved metals than conventional activated sludge process. Less clear is the expected removal rate improvement for organic ligand complexes.

				Microbial		1) sorption to solids/size exclusion                   2) inertial impaction                            3) membrane attached biofilm		membrane integrity, membrane pore size,  membrane pore size distribution (virus), cake layer formation, backwashing, aeration rate, permeate flux, EPS production.		Literature shows differences in reported removal efficiencies for native and seeded coliphage. Higher removal observed for native coliphage is associated with particle association.
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												Contanminant Category		Removal Mechanism

										2		Nitrogen		Biotransformation		16.6666666667

										2		Phosphorus		Size exclusion		16.6666666667

												Aggregate Organics		Sorption to solids		16.6666666667

										2		Inorganic Microconstituents		Complexation		16.6666666667

										2		Microbial		Inertial impaction		16.6666666667

										2		Organic Microconstituents		Sorption to membrane biofilm		16.6666666667
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Contaminant A

Contaminant A,B,C

Removal Mechanism

A = inorganic micro-constituent
B = microbial
C = organic micro-constituent
D = nutrients
E = aggregate organics

Contaminant Type oval Mechanism

Contaminant A,B,C,D,E

Contaminant B

Contaminant B

Contaminant 
C,D,E

Removal Mechanism



Mechanism of Removal

		

				Water Quality Contaminant Category		Mechanism for Removal		Possible Factors which can Impact MBR Efluent Water Quality

				Suspended Solids		size exclusion		membrane integrity

				Microbial		1) size exclusion                           2) adsorption to solids                     3) inactivation		membrane integrity; membrane pore size / pore size distribution (virus)\; cake layer formation; backwashing; aeration rate

				Aggregate Organics (COD, BOD)		1) biodegradation                           2) size exlusion of BAP's		SRT, DO, Change in Influent concentration, cake layer formation

				Nutrients

				ammonia		1) biodegradation		SRT, DO, temperature, change on influent concentration

				nitrate / nitrite		1) biodegradation		SRT, DO carry over to anoxic, recirculation rate, TKN/BOD ratio, temperature

				organic nitrogen		1) biodegradation                           2) size exlusion of BAP's		SRT, DO, temperature

				phosporus		1) biodegradation                           2) physicochemical precipitation / size exclusion		temperature, chemical addition, pH, change in influent concentration

				Metals		1) sorption to solids/size exclusion		SRT, high MLSS, pH, temperature

				Trace Organics		1) biodegradation                           2) sorption to solids/size exclusion    3) compound specific		SRT, high MLSS, pH, temperature, specific compound characteristics






PROJECT APPROACH

Model

Visualization
(various scenarios)




Modeling Approach

 Mechanistic Principles - Merging of 2 Models:
— Rittmann & McCarty 2001 Activated Sludge Model

— Laspidou & Rittmann’s 2002 Unified Model for
active biomass, inert biomass, EPS, and SMP

* Incorporation of Organic Micropollutant Fate Model
— Lee, Rittmann, Shi, and McAvoy (1998) Fate Model

* Inclusion of Autotrophs for Cyclic Nitrification and
Facultative Heterotrophs for Denitrification (not yet)



NOMENCLATURE OF COMPONENTS

* S = substrate (COD)

« X, = active biomass

* X = residual inert biomass

 BAPg = small biomass-associated products
 BAP, = large biomass-associated products
 EPS = extracellular polymeric substances
 UAP = utilization-associated products



ACTIVATED SLUDGE BIOMASS
FRACTIONS

UAP
BAP,

Ssoluble




MBR MODEL INPUTS and OUTPUTS

O, Input l = O, Output
Influent Effluent
Q,
S Ssoluble
) o . UAP
Xres BAPS
O,

WAS | Q,, S, X,, X..,
EPS, UAP, BAP,, BAP,

\

V, SRT, Q, = Key Operating Parameters




Impact of SRT on MLVSS
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MICROPOLLUTANT FATE EQUATIONS

» Steady-state mass balance
Advection In = Advection Out-Volatilization-Sorption-Biodegradation

* Volatilization at the water surface and bubble
aeration

» Sorption assumes equilibrium conditions
» Biodegradation assumes first-order in C and Xa



MODEL SCENARIO INPUTS

Biodegradation Rate Micro-
: . constituent
Sorption Coefficient > SN

Henry's Constant

BAP Fraction

DO MBR Design
Influent Flow rate Parameters
SRT, MLSS, Volume, HRT

Influent
Water Quality

Influent Substrate COD
Influent Micro-constituent >




Biodegradation Controlling Variable
for Many Organic Micropollutants

Volatilization

SRT Blodegradatio

MLSS




MODELING FOUR PHARMACEUTICALS

K, Kp
(L/gSS-d) (L/kgSS)
* Diclofenac (NSAID) 0.1 16
* Clofibric Acid (hyperlipidemia) 0.165 S
 Naproxen ((NSAID) 0.6 13

Ibuprofen (NSAID) 15.5 7



LOW K, and LOW K,

Waste

Flow
1%

Literature Findings:

0 -35 % Removal

(Two papers cited 50 %
removal at SRT > 50 days)

Effluent
Flow
93%

Diclofenac
15-day SRT
20,000 mg/L MLSS



SLIGHTLY HIGHER K,

Literature Findings: Clofibric Acid

54 - 88 % Removal 15-day SRT
20,000 mg/L MLSS

Waste Flow
1%

Effluent Flow
87%



STILL HIGHER K,

Literature Findings: Naproxen

69 -99 % Removal 15-day SRT
20,000 mg/L MLSS

legradati
33%

Effluent
Flow
67%



SIGNIFICANT K,

Literature Findings: 1I:l;pro;e£_r
- 0 Effluent -day
88 -100 % Removal o 20,000 me/L MLSS
7%

Biodegradation
93%




BIN CATEGORIZATION of
MICROPOLLUTANTS from LITERATURE

Low Removal | Moderate Removal | High Removal
(<20%) (> 80%)
Atrazine Atenolol Androstenedione
EDTA lopromide Caffeine

TCEP Clofibric Acid Estradiol

TCPP Gemfibrozil Estriol
Carbamezapine | Sulfamethoxazole Acetominophen
Diclofenac DEET Nonylphenol

Ethinylestradiol Benzfibrate
Naproxen Ibuprofen




BIN CATEGORIZATION of
MICROPOLLUTANTS from MODELING

Low Removal Moderate Removal High Removal
Kb < 05 L/gss'day Kb ~ 1 L/gss'day Kb> 25 L/gSS'day
OR OR

Ky <4 L/gss Kp > 40 L/ggg




RELEVANT CONCLUSIONS

MBR micropollutant removal mainly biological
rather than membrane barrier

Heterotroph model predicts approximately 50%
reduction for K, value of 1 L.g¢! d!

Literature values may be higher than model
predictions because of presence of autotrophs

Biodegradation enhanced at higher MLVSS, but only
up to SRT of ~ 20 days when Xa predominates



THANK YOU
joan.oppenheimer(@stantec.com
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