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Pharmaceuticals and Personal Care Products (PPCPs)

S .
-
9. | i__,_ .

Pharmaceutically- Personal Care Household
Active Compounds Products Chemicals

Endocrine-Disrupting Compounds




Presence of PPCPs in our Water Systems

Wastewater — No Treatment

PPCPs

Consumption




Wastewater Treatment
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Not designed to remove PPCPs!

Activated-Sludge Treatment — Laboratory Scale
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Activated-Sludge Treatment — Effluent Concentrations
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Sludge Age — Sludge Retention Rate or SRT (days)
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¢ With increasing SRT the bacterial population becomes
more diversified

¢ Bacteria start to compete for compounds that are more
complex and harder to degrade with increasing SRT

Activated-Sludge Treatment - Effect of SRT

-+ carbamazepine
—=—primidone L
diclofenac

Percent Elimination (%)

) ‘»‘/

SRT (d)




Activated-Sludge Treatment - Effect of SRT
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Critical SRT > 5 days .

Fate and Transport of PPCPs

LNt Activated

Sludge Basin
L

recycled sludge waste sludge

¢ No removal + Volatilization
) Sorption to Sludge Solids + Chlorine Oxidation
¢ Biodegradation

Sorption to Sludge




Sorption to Sludge
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Biotransformation by Activated-Sludge
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Occurrence in Treated Effluent

Advanced Treatment — Planned Indirect Potable Reuse

Receiving Waters




Fate and Transport in Receiving Waters

Munici i
Sowage Discharge

PPCPs in a Receiving Water

Santa Cruz River, Tucson, Arizona
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Drinking Water

Drinking

Water
Treatment




Conventional Drinking Water Treatment

Primidone

o watar
Dirvshed water
= MRL

concontration (ng'l)

Screening Mass Balance Models

“Futuriol”

Activated
Sludge Basin

influent

recycled sludge waste sludge

Indicator Compound for Monitoring

« Ozonation of Treated Wastewater

Good Removal Intermediate Removal Poor

>90% 90-50% 50-25% Removal
<25%

hydroxy aromatic nitro aromatic halogenated
acyl/amino aromatic nitrosamine aliphatic
alkoxy aromatic
nonaromatic alkene
deprotonated amines

alkyl aromati
urated aliphatic




Summary

- Water Reuse uu:,’; i'.D\:>

* Multiple Barrier Treatment

Strategy \
* Byproduct Formation Drinking

Water
Treatment

» Fate from Biosolids

« Indicator Monitoring ’

* Screening Models
« Health Effects Consumption
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Tandem Mass Spectrometry (MS/MS) — quantify ppt levels

Fluoxetine (Prozac)
MW: 309
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Product (44 m/z)

Precursor (310 m/z) Neutral
(From source)

Precursor/product ion transition (310 — 44) — very selective!

Isotope Dilution Strategy

» Add isotopically labeled versions of target compounds
to all samples

« Corrects for extraction losses

« Corrects for matrix effects

Carbamazepine Carbamazepine-d10
Anti-epileptic Non-radioactive isotope label
—Low probability of natural occurrence

M emically similar
- " a—_—— ~
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Activated-Sludge Treatment: Acclimation

Average Feed Conc (ug/L;

—+— Naproxen - SRT 1 d 555

— Ibuprofen - SRT 1 d 550
Phenacetine - SRT 1d

—#- Triclosan - SRT 1 d 475

—=- Sulfamethoxazole - SRT 5d 560

—o- DEET-SRT5d 565
Indolebutyric acid - SRT5d 410

—+— Propylparaben - SRT 5 d

— Phenylphenol - SRT 5 d 115

Effluent Conc. (ug/L)

time (d)

Solids and Nutrient Removal

scqo

SLR =106 ppulst

Aeration Basins (6) SOR =425 gpalst
‘Asrobic. Svi=201 mUig
HAT = 1.2 hours

Activated-Sludge Treatment — Effect of Operational
Parameters/Conditions: SRT, Redox, Temperature
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Sorption to Sludge

Comparison of Two Activated Sludges Comparison of Activated and Primary Sludges

[P ———
el T
Stevens-Garmon et al., In Review, Water Research

Sorption QSPRs

« Kd= Koc x foc
« log Koc = alog Kow + b
« Soil-based systems & Sabfc ot al (1995)

© Gerst (1999)

« Neutral Compounds ¢ inhman 3]

Advanced Treatment - Managed Aquifer Recharge

Soil Aquifer Treatment (SAT)

Infiltration
Interface Percolation Basin

Barrier— el

Percolation
Barrier

|
Regional GW
E—
GW Transport &
» Mixing Barrier




Managed Aquifer Recharge

Good Removal Intermediate Removal Poor Removal
(90%) (90-50%) __(50-25%) (<25%)
TCEP!

‘Acet cedrene? Indolebutyric acid® (Carbamazepine’
Atenolof-: Topromide TePp Primidone!
Aonvastatint Isobornyl acetate® Tocep!
Benzophenone! Meprobamate!
Benzyl acetate: Methyl dinydrojasmonate®
Benzyl salicylate® Methyl ionine
Bisphenol A! Methylsalicyate
BHAL Metoprolol
Bucinal’ Musk ketone®
Caffeine Musk xylene®
DEET! Naproken®
Diclofenact NDMA
Nonyiphenol
OTNE®
Propranolol
Propylparabent

Gemfibrozil ‘Tevpmeo\b
Hexyl saliylate! Tonalde®
Hexylcinamaldehyde?  Tricocarban®
Hydrocodone! Triclosan’
buprofer Trimethoprin

Partially nitrified treated wastewater, extensive vadose zone (>100’
subsurface travel time: > 2 weeks
Nitrified/denitrified treated wastewater, shallow vadose zone (<10);
subsurface travel time: > 2 months

Reverse Osmosis

Intermediate

Removal poor

Good Removal @ @G- Remowl
(C90%) S 25%) (<25%)

1A0EMTE Dictiorop  Isobutyparabent j—
Acetaminophen  Dilfenac Ketoprofen Propyparabe
Acetycedrene? Dilantin Mecoprop  Salicyicacid
Simvastatn
hydioxy acid
Nethy! Sutamethoa
inydojasmonate 0k

Atenciol EDTA Meprobamate:
Exytomycin-
Aorvastatin e

Aonvastain
(ohydroxy)
Aonastatn
(p-hydroxy)

Benylacetale®  Fuoxetine Wetoprobl Tocep

enzyl
salylte?
Bisphenol A Gemfbozi  Muskxyene®  Tonalder
Bunab  Henisdijatet  Napoen  Trcocamar
Buylted  Hexycinan-
hydroxyanisok®  adehyde®
Caffeile  Hydiocodone  Norfuoxetine  Trimethoprim
Carbamazepie  Ihuproten ome
Ciprofocacin®  lopromide Phenylphenck

Estiol Methylionine® TeEp

Estone  Mettylsalijlatet  TCPP

Galaxolde Muskketone  Terpineok”

Nonylphenol Tricosan

Isobomyl
DEET oo Prinidone

- Operating conditions: ESPA membrane; 85% recovery; permeate
~ flux: ~12 gfd; pH = 6.5

Nanofiltration

salicylic acid

& bisphenol A

phenacetine

Percent Removal (%)

chloroform
.

acftaminophen

100 200 300 400 500 600 700 800
molecular weight (g/mol)

— S
~ NF-4040 (Dow/Filmtec), 82% recovery and permeate flux of 12 gfd




Activated Carbon Adsorption

GoodRemoval  —__ImemedisteRemovsl g gmoyg
(90%) (90-50%) (<25%)
“Acetyl cedrener ‘Acetaminopherr Giprofosacin’
Benzyl salicyate: Catfeine? Aorasttin (o hydron) Dichlorprop
Bisphenol Ac Cabamazepine’  Atnastatin (phydior) EoTA

Bucina Enomycin-HO" lopromide:
*LogD (pH7) >3  [FAyeeremsim Estiob Mecoprop
« Positively Charged Hytocadone®
Mty diyrojasmonstes
Compounds Metnysalyltes
Hexy! salicylates Naproxen®
Hexylcinnamaldehyde< Phenylphenot!
Propranaoh
Propylparabent Indolebutyric acid
ety onine: Tinethoprine Kewprten
Musk etone: Metoprla
Musk xylene: TCPP
Nonylphenof TDCPPe
Norluoine
omee:
Simiastatn hydrony acid
el
Tonaldes
Triclocarban®
Tiosare

n

Ozonation of Treated Wastewater

Before Ozonation After Ozonation

_‘-‘\ o P m "

Ozonation
Good Removal Intermediate Removal Poor Removal
>90% 90-50% 50-25% <25%
Hydroxy Aromatic: koxy Poly; turated Aliphatic: ~ Nitrosamine:  Halogenated Aliphatic:
\pr pr NDMA2E) Chloroform®ti01
Atorvastatin (o-hydroxy) o Isobornyl acetate TCEPaLs
Atorvastatin (p-hydroxy) Hexylcinnamaldehyde Meprobamates1.:5 Nitro Aromatic:  TCPPa:5
Benzyl salicylate Methyl ionine Alkoxy Aromatic: Methyl dihydrojasmonate  Musk ketone!  TDCPP®
Bisphenol AvisAt2) OTNE Dichlorprop Musk xylene
Butylated hydroxyanisole:  Simyastatn hydrory Gefibroziks
Estriol2 Terpineol Hydrocodones
EstroneabmAbm.s AL Mecoprop
Hou salylte Deprotonated Amire:
Isobutylparaben? Atenolols& Alkyl Aromatic:
Methyl salicylate Caffeine’® Benzophenone:¢0ii5
o . Benzyl acea
Phenyiphenol Diclofenac®34540:9  Bucinal
Propylparaben? EDTAMY DEETe115
Salicyclic acidstio Erytomycin #0134 Dilaninatis
Triclosan®s15A(9) Fluoxeting?115 Galaxolide!
Vanilin Metoprololéi) Ibuprofensbezascr
Norfuoretine e vt
foxacin perational Conditions: secondary/tertiary
AminolAcylamino Aromati - Ofosac ::::::;1 treated wastewater, 03:TOC = 0.6-1 mg/mg, ozone
P exposure CT, = 4-11 mg min/L, pH 7-8, ~20°C, Alkalinity
Atorvastatin Tonalide0s" <300 mgiL s Cac03
Triclocarban=2




Indicator Compound Coupled with Operational Parameter
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Dickenson et al., 2009, Environ. Sci. Technol. 43, 6242-6247

Disinfection Treatment Technologies

¢ UVis not effective

¢ Chloramines are not effective

¢ Chlorine transforms some compounds
¢ Ozone transforms many compounds

Dickenson et al., 2009, Environ. Sci. Technol. 43, 6242-6247
Drewes, Dickenson, et al. 2009. WateReuse Foundation

Chlorine Reactive Compounds




nation and weorld
Pharmaceuticals fouling U.S. drinking
water

A five-month study finds & variety of drugs in water supplies - and growing concern amang

experts.
By JuH Duner, Martla Semdoza aml Justin Britchand

1Print [ Email

A vared daray of ph neludieng Lanly
miood stabilizers snd sex hormones — has bean found in the

drinking-water supphias of at least 41 million Amencans, an Azsociated
Brirsss amvrsligatian st

To be sure_ the iong of thessa ph i are tiny,
rrusasured in i por billion or inlhon, far below the lvels of @ medical
5 insist their water is safe,

s ol 50 many prisscrglion e and ever- e eounlar
medicines like acetaminophen and ibuprofen — in our drinking water is
heightening womes amang scientists of long-lem consequences 10
human heallh

¥  — - - -
Comprehensive Utility Guide for Endocrine Disrupting Chemicals, Pharmaceuticals,
and Personal Care Products in Drinking Water (Water Research Foundation)
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