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Presentation outlinePresentation outline
•• IntroductionIntroduction-- general comments on protection of water general comments on protection of water 

quality from contaminants carried in fecal fertilizers. quality from contaminants carried in fecal fertilizers. 

•• Pharmaceuticals and hormonal substances:Pharmaceuticals and hormonal substances:
•• State of “big picture”State of “big picture”
•• Evidence of environmental risk?Evidence of environmental risk?

•• Are Are PPCPs/EDCsPPCPs/EDCs in in biosolidsbiosolids??

•• Environmental Environmental behaviourbehaviour of some of some EDCsEDCs and and PPCPsPPCPs
•• Persistence characteristics in soilsPersistence characteristics in soils
•• Transport characteristics from land receiving Transport characteristics from land receiving biosolidsbiosolids

•• General conclusionsGeneral conclusions



Risk from:Risk from:

•• Microorganisms.Microorganisms.
•• EndocrineEndocrine--disrupting chemicals.disrupting chemicals.
•• Pharmaceuticals.Pharmaceuticals.
•• NutrientsNutrients

•• Livestock and poultry wastesLivestock and poultry wastes
•• Human wastes (municipal Human wastes (municipal biosolidsbiosolids.).)



Exposure:Opportunities for managing risk



This is not a BMPThis is not a BMP



‘‘Emerging’ organic contaminantsEmerging’ organic contaminants

•• ExposureExposure
•• Some pharmaceuticallySome pharmaceutically-- or endocrineor endocrine--active substances are now active substances are now 

found in the environment, but at very low concentrations.found in the environment, but at very low concentrations.
•• Some of these substances are not removed during the sewage Some of these substances are not removed during the sewage 

treatment process, and some may/do partition preferentially in treatment process, and some may/do partition preferentially in 
biosolidsbiosolids..

•• ImpactsImpacts
•• The human health significance of these chemicals is unknown.The human health significance of these chemicals is unknown.

•• Reproductive cancers, early onset of puberty.Reproductive cancers, early onset of puberty.
•• There are examples of environmental impacts, There are examples of environmental impacts, egeg. . intersexintersex in fish in fish 

downstream of downstream of STPsSTPs..
•• It is characteristic of (some) It is characteristic of (some) EDCs/PPCPsEDCs/PPCPs that short exposure at that short exposure at 

crucial developmental times, or chronic exposure at very low crucial developmental times, or chronic exposure at very low 
concentrations, may be problematic. concentrations, may be problematic. 

•• Challenges regulatory acute/chronic toxicology tests and Challenges regulatory acute/chronic toxicology tests and 
endpoints.endpoints.

•• Overall, Overall, 
•• the issue of these chemicals as ‘emerging contaminants’ is at a the issue of these chemicals as ‘emerging contaminants’ is at a 

‘definition of problem’ stage.‘definition of problem’ stage.



Is there any evidence that Is there any evidence that 
PPCPsPPCPs or or EDCsEDCs in the in the 
environment are harmful?environment are harmful?



Reproductive abnormalities in Reproductive abnormalities in 
fish exposed to sewage outflowsfish exposed to sewage outflows





Lake 260 Lake 260 -- Estrogen Addition Estrogen Addition 
Dr. Karen Kidd [PNAS]Dr. Karen Kidd [PNAS]Max depth – 14 m

Surface Area – 36 ha

outflow

inflow

Dominant species
Lake trout
White sucker
Fathead minnow
Pearl dace



Study DesignStudy Design

ethynylestradiol additions – 5 ng/L
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EDC/PPCP exposure and impacts: Risk EDC/PPCP exposure and impacts: Risk 
from agricultural use of organic from agricultural use of organic 

materialsmaterials
•• Are Are EDCs/PPCPsEDCs/PPCPs present in materials present in materials 

that are applied to land?that are applied to land?
•• What are their dissipation kinetics and What are their dissipation kinetics and 

pathways?pathways?
•• How is dissipation influenced by key How is dissipation influenced by key 

raterate--controlling parameters?controlling parameters?
•• What are their transport characteristics What are their transport characteristics 

in commercial application context?in commercial application context?



Selected PPCP concentrations (Selected PPCP concentrations (μμg/ Kg OC) g/ Kg OC) 
in in biosolidsbiosolids (range and median; n=9)(range and median; n=9)
Kinney et al. ES&T 40:7207Kinney et al. ES&T 40:7207--7215.7215.

•• CarbamazepineCarbamazepine 5151--1200, 641200, 64
•• DiphenhydramineDiphenhydramine 3232--22000, 34022000, 340
•• FluoxetineFluoxetine 140140--4700, 3704700, 370
•• TriclosanTriclosan 11701170--32900, 1020032900, 10200



Vive la differenceVive la difference

Androgens

Estrogens



Hormonal activity in Hormonal activity in BiosolidsBiosolids
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SummarySummary

•• Are Are EDCs/PPCPsEDCs/PPCPs present in materials that present in materials that 
are applied to land?are applied to land?

•• Yes, but the concentrations vary widely.Yes, but the concentrations vary widely.
•• BiosolidsBiosolids can be managed to reduce content.can be managed to reduce content.

•• Sex hormone activity can be comparable Sex hormone activity can be comparable 
with some other agricultural “fecal with some other agricultural “fecal 
fertilizers”.fertilizers”.



EDC/PPCP exposure and impacts: Risk EDC/PPCP exposure and impacts: Risk 
from agricultural use of organic from agricultural use of organic 

materialsmaterials
•• Are Are EDCs/PPCPsEDCs/PPCPs present in materials present in materials 

that are applied to land?that are applied to land?
•• What are their dissipation kinetics and What are their dissipation kinetics and 

pathways?pathways?
•• How is dissipation influenced by key How is dissipation influenced by key 

raterate--controlling parameters?controlling parameters?
•• What are their transport characteristics What are their transport characteristics 

in commercial application context?in commercial application context?



Persistence in soilsPersistence in soils

•• TextureTexture
•• TemperatureTemperature
•• MoistureMoisture
•• ConcentrationConcentration
•• Transformation productsTransformation products
•• Carrier effectsCarrier effects



Laboratory elucidation of dissipation Laboratory elucidation of dissipation 
kinetics and pathwayskinetics and pathways



Incubation of soil with Incubation of soil with 1414CC--PPCP in PPCP in 
the fieldthe field
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Naproxen is labile, varies with Naproxen is labile, varies with 
matrixmatrix

Naproxen
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EFFECT OF +/- AERATED BIOSOLIDS ON 14C-DIAZEPAM
                            DEGRADATION IN SOIL
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Mineralization Mineralization 
of [of [1414C]4C]4--NP by NP by 
various soilsvarious soils



Effect of temperature on Effect of temperature on 1414CC--4NP mineralization4NP mineralization



Effect of moisture on Effect of moisture on 1414CC--NP NP 
mineralizationmineralization



SummarySummary

•• DissipationDissipation
•• These chemicals vary widely in their These chemicals vary widely in their 

persistence in soil, need to consider on persistence in soil, need to consider on 
a case by case basis.a case by case basis.
•• Low temperature and Low temperature and redoxredox can limit can limit 

degradation.degradation.



EDC/PPCP exposure and impacts: Risk EDC/PPCP exposure and impacts: Risk 
from agricultural use of organic from agricultural use of organic 

materialsmaterials
•• Are Are EDCs/PPCPsEDCs/PPCPs present in materials present in materials 

that are applied to land?that are applied to land?
•• What are their dissipation kinetics and What are their dissipation kinetics and 

pathways?pathways?
•• How is dissipation influenced by key How is dissipation influenced by key 

raterate--controlling parameters?controlling parameters?
•• What are their transport characteristics What are their transport characteristics 

in commercial application context?in commercial application context?



Transport studies:Transport studies:
(semi)(semi)--commercial commercial 
scale applicationsscale applications
of slurry or of slurry or 
dewatered dewatered biosolidsbiosolids
--tile drainagetile drainage
--runoffrunoff



Classes of agents of interestClasses of agents of interest
•• Substances carried in human wasteSubstances carried in human waste--

municipal municipal biosolidsbiosolids..
•• Pharmaceuticals, fragrances, Pharmaceuticals, fragrances, 

antimicrobials, synthetic hormonal antimicrobials, synthetic hormonal 
substances.substances.



PPCPsPPCPs under investigation in under investigation in 
field studiesfield studies

•• AcetaminophenAcetaminophen AnalgesicAnalgesic
•• NaproxenNaproxen NSAIDNSAID
•• IbuprofenIbuprofen AnalgesicAnalgesic
•• GemfibrozolGemfibrozol lipid regulatorlipid regulator
•• AtenololAtenolol BetaBeta--BlockerBlocker
•• CotinineCotinine Nicotine met. NeutralNicotine met. Neutral
•• CarbamazepineCarbamazepine Anticonvulsant NeutralAnticonvulsant Neutral
•• FluoxetineFluoxetine SRI [SRI [prozacprozac]]
•• SulfapyridineSulfapyridine SulfonamideSulfonamide
•• SulfamethoxazoleSulfamethoxazole Sulfonamide Sulfonamide 
•• TriclosanTriclosan AntibacterialAntibacterial



Transport Transport Characteristics:ManagingCharacteristics:Managing
the applicationthe application





Worm Channels a Common Worm Channels a Common 
MacroporeMacropore

[80 cm depth following
Application of liquid @ surface]



Cracks in Structured Soil are a Cracks in Structured Soil are a 
Common MacroporeCommon Macropore



Application over tileApplication over tile



Tile sampling pitTile sampling pit



MacroporeMacropore flow to tilesflow to tiles

-Over 90% of flow to tile drains
can result from macropores
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Naproxen output
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Triclosan 
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2.000.5327229NA1.0614663NARhodamine WT

0.031.2147930Y=0.98x (0.97)0.044564Y=0.72x (0.21)Gemfibrozil

0.061.4567844Y=0.99x (0.99)0.0831436Y=0.72x (0.21)Ibuprofen

0.021.0123832Y=0.99x (0.99)0.022889Y=0.72x (0.21)Naproxen

0.062.1665901Y=0.99x (0.99)0.1342594Y=0.80x (0.77)Acetaminophen

1.002.4655617Y=0.91x (0.90)2.4644763Y=0.77x (0.65)Triclosan

0.0315.994144Y=0.99x (0.99)0.42425Y=0.73x (0.62)Sulfamethoxazole

0.352.679484Y=0.97x (0.96)0.925996Y=0.73x (0.37)Cotinine

0.0513.4158539Y=0.95x (0.94)0.78781Y=0.83x (0.84)Atenolol

0.691.3241269Y=0.99x (0.98)0.9167962Y=0.86x (0.73)Carbamazepine
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Runoff potentialRunoff potential

•• Pharmaceuticals [LC/MC/MS, Pharmaceuticals [LC/MC/MS, MicromassMicromass
Quattro LC tripleQuattro LC triple--quadrupolequadrupole MS]MS]

•• MusksMusks
•• PBDEsPBDEs
•• PFOSPFOS
•• HMetalsHMetals
•• BacteriaBacteria
•• PP
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PPCP concentrations PPCP concentrations 
in runoff in runoff 
from plots from plots 
receiving receiving 
dewatereddewatered

--Concentration not Concentration not 
maximal at startmaximal at start
--Slow declineSlow decline
--Ibuprofen behaviour?Ibuprofen behaviour?
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SummarySummary

•• TransportTransport

•• Slurry PPCP kinetics are close to first order.Slurry PPCP kinetics are close to first order.
•• Highest risk at time of applicationHighest risk at time of application

•• Dewatered Dewatered biosolidsbiosolids, highest concentrations after , highest concentrations after 
a lag, slower decline in concentrations.a lag, slower decline in concentrations.

•• Differences in pattern and timing of PPCP Differences in pattern and timing of PPCP 
movement, not clear yet what differences are with movement, not clear yet what differences are with 
respect to mass flux.respect to mass flux.



General ConclusionsGeneral Conclusions
•• The PPCP/EDC composition of The PPCP/EDC composition of biosolidsbiosolids

will vary according to treatment.will vary according to treatment.
•• These chemicals vary in their persistence, These chemicals vary in their persistence, 

need to consider on a case by case basis.need to consider on a case by case basis.
•• Low temperature and Low temperature and redoxredox can limit can limit 

degradation.degradation.
•• Transport characteristics from agricultural Transport characteristics from agricultural 

applications does happen, fluxes and rate applications does happen, fluxes and rate 
control mechanisms remain to be defined.control mechanisms remain to be defined.



Are Are PPCPsPPCPs and and EDCsEDCs in the in the 
environment?environment?



Kolpin et al. Kolpin et al. 
2002 ES&T 2002 ES&T 
36:120236:1202--12111211



Fate of the topical antiseptic Fate of the topical antiseptic triclocarbantriclocarban
during wastewater treatmentduring wastewater treatment

HeudlerHeudler et al. 2006 Environ et al. 2006 Environ SciSci. . TechnolTechnol. 40:3634. 40:3634--36393639



Summary of Pharmaceutical Concentrations 
in Water & Sediment Samples

Compound

Number of 
detections 

in water     
(of 44)

Mean of 
detections 
in water, in 

μg/L 

Number of 
detections in 

sediment    
(of 44) 

Mean of 
detections in 
sediment, in 

μg/kg 

Number of 
detections in 

biosolids    
(of 6) 

Mean of 
detections in 
biosolids, in 

μg/kg 

Metformin 3 0.1119 N/A N/A N/A N/A
Cotinine 36 0.0332 15 0.51 5 21.04
Salbutamol 4 0.0282 0 0.00 1 29.68
Cimetidine 6 0.1122 15 2.45 3 44.98
Acetaminophen 16 0.0630 11 0.27 6 122.42
Ranitidine 4 0.1218 N/A N/A N/A N/A
1,7-dimethylxanthine 7 0.7501 1 0.09 6 1333.34
Trimethoprim 10 0.1110 12 1.22 2 11.81
Diltiazem 9 0.0265 19 1.60 3 23.92
Fluoxetine 2 0.0019 28 1.84 6 37.38
Ibuprofen 0 N/A N/A N/A N/A N/A
Gemfibrozil 0 N/A 10 20.35 6 235.16
Paroxetine metabolite 0 N/A N/A N/A N/A N/A
Caffeine 24 0.4238 13 10.87 6 242.39
Sulfamethoxazole 16 0.1609 3 1.08 1 162.25
Dehydronifedipine 16 0.0088 28 1.79 3 16.75
Codeine 15 0.0700 3 0.70 3 10.12
Thiabendazole 1 0.0072 19 4.86 5 6.55
Diphenhydramine 12 0.0598 30 15.58 6 164.75
Erythromycin 0 N/A 16 5.87 2 5.00
Carbamazapine 26 0.0576 32 4.16 6 20.89
Miconazole 0 N/A 10 2.99 6 198.98
Warfarin 0 N/A 6 0.69 6 31.87
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Hormone Activities: Manures and Municipal Biosolids



Identity of estrogenic substances in municipal Identity of estrogenic substances in municipal 
biosolidsbiosolids
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Rapid movement to tile
at time of application.

Periodic movement to
tile with subsequent rain
events.

Turbidity, ammonium
and bacteria
[not shown here]
indicate macropore
flow.



Effects of Effects of PPCPsPPCPs on zooplankton on zooplankton 
communitiescommunities

•• Laird, BD, et al. Laird, BD, et al. ChemosChemos. 69:949. 69:949--954. 2007954. 2007

•• Mixture of Mixture of SSRIsSSRIs fluoxetinefluoxetine, , sertralinesertraline, , 
fluvoxaminefluvoxamine, 0, 0--100 100 ug/lug/l..

•• 12,000l outdoor microcosms aquatic ecosystems, 12,000l outdoor microcosms aquatic ecosystems, 
natural assemblage of microbiology, natural assemblage of microbiology, phytophyto-- and and 
zooplankton, 3 fish species.zooplankton, 3 fish species.

•• Abundance and species richness of rotifers, Abundance and species richness of rotifers, 
cladoceranscladocerans, copepods. Acute (4d) and chronic , copepods. Acute (4d) and chronic 
(35d) exposures.(35d) exposures.

•• Based on hazard and PEC [STP effluent], Based on hazard and PEC [STP effluent], 
conclude no risk from this mixture.conclude no risk from this mixture.



Effects of Effects of PPCPsPPCPs on benthic on benthic 
invertebratesinvertebrates

•• DussaultDussault EB, et al. ET&C 27:425EB, et al. ET&C 27:425--432. 2008432. 2008

•• AtorvastatinAtorvastatin, CBZ, TCS, EE2, CBZ, TCS, EE2
•• midge midge ChironomusChironomus tentanstentans and the and the 

freshwater amphipod freshwater amphipod HyalellaHyalella aztecaazteca; ; 
exposure10d exposure10d 
•• Based on acute Based on acute toxtox data and measured data and measured 

environmental [ ]s, conclude no risk environmental [ ]s, conclude no risk 
from ATO and EE2, but TCS and CBZ from ATO and EE2, but TCS and CBZ 
may have, and merit further may have, and merit further 
investigation.investigation.



Oriental WhiteOriental White--Backed VulturesBacked Vultures
((Gyps Gyps bengalensisbengalensis))

•• >95% drop in populations in India, >95% drop in populations in India, 
Pakistan and Nepal since early ’90s. Pakistan and Nepal since early ’90s. 
Was very abundant, now Was very abundant, now 
endangered.endangered.

•• Mortality associated with renal Mortality associated with renal 
failure.failure.

•• Carrion feeder, especially the Carrion feeder, especially the 
remains of domestic livestockremains of domestic livestock-- cattle.cattle.

•• Nature  2004 427:630Nature  2004 427:630--633633



DiclofenacDiclofenac residues in medicated residues in medicated 
livestock at faultlivestock at fault

•• DiclofenacDiclofenac widely used widely used 
•• as vet drugas vet drug-- analgesic, antianalgesic, anti--inflammatory. inflammatory. 

Over the counter, Over the counter, hoovedhooved livestock [cattle, livestock [cattle, 
buffalo, goat]buffalo, goat]

•• NonNon--steroidal antisteroidal anti--inflammatory drug inflammatory drug 
(NSAID) (NSAID) 

•• Residues [~<Residues [~<ppmppm] in carrion poisoning ] in carrion poisoning 
vultures.vultures.

•• Recovery program consistsRecovery program consists
of withdrawing the drugof withdrawing the drug



In VitroIn Vitro Estrogen Receptor Binding Estrogen Receptor Binding 
Assays:Assays:
2. Human Ovarian Carcinoma Cell Line (BG-1)
• recombinant estrogen-responsive cell line stably transfected

with an estrogen responsive luciferase reporter plasmid 

ligand

nucleus

expression 
of native

hER

induction of
luciferase

ERE luciferase
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