
PPCPs in Wasteutater and Biosokds
@ Ned Beecher

Hitting o.Nerve in the News
For the past decade, scientific and public interest has been

growing regarding the presence of trace amounts of pharmaceutical

and personal care products (PPCPs) and other chemicals in the

environment. In March 2008, the Associated Press (AP) published

news stories on the topic, stimulating another round of attention.

The AP stories presented summarized results from studies around

the US and the world, almost all of which related to the presence of

pharmaceuticals in surface waters and aquatic organisms. Impacts,

such as feminization of fish. were emphasized: "It's inescapable," said

Sudeep Chandra, an assistant professor at University of Ner,ada,

Reno, who studies inland waters and aquatic life. 'There's enough

global information now to confirm these contaminants are affecting

organisms and wildlife. "

Farms are among the mnny sources of contaminants.

The issue is this: modern personal care, body and health products,

including dnrgs, contain mgiad synthetic and natural chemicals. In

addition, homes, businesses, industries and farms utilize varying

amounts of other chemicals for cleaning, production, and other

purposes. Moreover. there are recent dramatic technological

advances in the ability to detect and identi$ minute amounts of

chemicals with a developing understanding that some chemicals are

biologically active in very small amounts (i.e., hormone-mimicking

activity or endocrine disruption). As diverse organic chemicals are

being detected in r,arious environmental media - including waste-

water effluent and biosolids - there is growing concern about what

happens to these chemicals as these treated residuals are returned to

the environment.

AP's coverage hit a nerve and may have tipped this environmental

concern into mainstream consciousness. There since have been

follow-on news stories,

op-ed pieces and letters to

the editor.

Drinking water utilities

responded, stressing that

drinking water is safe. For

example, pharmaceuticals

in drinking water are

unlikely to be a human

health issue, given the tiny

amounts being found. To

put this in perspective: if

you drank a gallon of water a day for I44years with 1 part per billion

of, for example, ibuprofen (this is the gpical amount being detected

in drinking water), you would receive a total dose of about 200 mg -

equilalent to one pill over almost two lifetimes.

But questions remain, and the public is expressing concern. In

response, the US Senate Committee on Environment and Public

Worls called on the US Environmental Protection Agency to address

the issue and held a hearing on April 15th (documents from the

hearing are ar,ailable at:. http: / / epw.senate.gov,/public,/index;cfm?

FuseAction=Hearin gs. Hearin g&Hearin g_ID=3064 | a7 4-802a-

23ad-4b51-al0dd4397930.

Reseorrh to Dofe
PPCPs in the environment is a classic ubiquitous environmental

issue in which every person in modern society plays a role. Many of

the chemicals of concern are excreted (e.g., caffeine, ibuprofen,

acetominophen), having passed through the human body. Othen,

such as antimicrobials, are used in soaps, toothpaste, shampoo and

many other products. If PPCPs in wastewater and the environment

prove to be a significant issue, it will take changes by all of us to

address it (such as the possibility of restricting the use of some medi

cines), and there will be impacts that result from those changes (e.g.,

public health repercussions from restricted uses).

The EPA has addressed this issue for some time (see M{or EPA

Meeting highlights, page 25), as has the Water Environment

Federation (\A/EF) in recent years and each has several useful publi-

cations on the topic (available on their websites, and see WEF's
reprint on page l3).

In 2006, offerings included a workshop on Compounds of

Emerging Concern at a WEFTEC conference in Dallas qnd a WEF

webcast. ln 2007, the New England Interstate Water Pollution

Control Commission sponsored a conference on "Pharmaceuticals

and Personal Care Products: State of the Science," in Portland, ME,

and a similar conference was held in Providence, RI.

The research literature on the topic is growing, and will likely gain

additional momentum. Most is still focused on measuring these

contaminants in surface waters and drinking water. The US

Geological Society (USGS) has led such research efforts in the US,

with about 200 reports and papers published on the topic. It was

USGS that initially brought attention to the issue because of the

results of a 1999-2000 survey of PPCP chemicals in streams around

the country.

Research on the fate and impacts of these traces of diverse chemi-

cals in the environment is much more limited; and, the results r,ary.

For example, a study by Guy L. Brun et al. (2006: Pharmaceutically

Active Compounds in Atlantic Canadian Sewage Treatment Plant

Effluents and Receiving.Waters, and Potential For Environmental

Effects as Measured by Acute and Chronic Aquatic Toxicity,

Enui,ronmental Tb xicolog U Chemi:ny, 25 ( 8) : 2 1 63-2 1 76), Iooked for 1 2
pharmaceuticals in effluents and receiving waters and conducted

bioassays on four aquatic organisms with "four high-use drugs:

acetaminophen, ibuprofen, naproxen, and salicylic acid (metabolite

of acetyl salicylic acid). Results indicated no negative effects except

for the chronic algal (Selanastrum capricomutum) growth test on

ibuprofen.... Effects of these four compounds on invertebrates and

continued, on page 24
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plants in the receiving environments are unlikely, based on the

concentrations measured." However, numerous studies have found

feminized male fish and other apparent effects of PP'CPs on aquatic

organisms, both in the field and in the laboratory.

Sourre Conlrol tfforfs
For several years, there have been increasing numbers ofprograms

aimed at reducing the release of PPCPs into wastewater and the

environment. The Northeast Recycling Center (NERC) has been a

leader in developing programs to foster proper disposal of used con-

sumer drugs (http://www.nerc.org/topic_areas/unwanted_

medications_collections.html), and Maine has one of the first in the

nation pharmaceutical return programs.

The California Phirmaciss Association and southern Califorrria

sanitation agencies teamed up to create the website www.nodnrgs

downthedrain.org. Their recommendation for unused drug disposal

is to bring them to a hazardous waste collection center, if possible
(however, some drugs - such as strong narcotics - are not accepted at

such centers). The next best option is to put them in a sealed

container in the trash, unreachable by pets and children.

ln 2007, the \Alhite House Office of National Drug Control Policy,

the Department of Health and Human Services, and the EPA issued

new grridelines for disposal of used drugs. It focuses on disguising the

drugs and mixing them with distasteful materials (coffee grounds,

kitty litter), placing them in sealed nondescript containers, and dis-

posing them in household trash. "Flush prescription drugs down the

toilet only if the accompanyrng patient information specifically

instructs it is safe to do so." (See www.whitehousedrugpolicy.gov,/

pda/022007.html)

In March 2007, ttr'e American Pharmacists Association signed an

agreement with the US Fish and Wildlife Ser-vice; starting the
"SMARXT" Disposal campaign, according to Science Naus (4/7/07).

Following the California lead, the program recommends disposal of

unused drugs through hazardous waste collection programs, where

available, with disposal in household solid waste as being the next

best option (they also recommend disguising them).

llluminating PP(Ps in Biosolids
Because biosolicls are a difficult matrix from which to separate

individual chemicals for analysis, research on the presence and fate

of PPCPs and other trace organic chemicals in biosolids is behind

that of research regarding their presence and fate in receiving waters.

But, over the past two years, several publicized papers have begun to

illuminate the picture. Summaries of a few of these recent findings

include:
e In 2006, Rolf Halden and others atJohns Hopkins measured tri-

clocarban, an antibacterial component crf soaps, in biosolids at

concentrations ranging from a few up to 50 or more mg,/kg
(pp-).

. Later in 2006, a paper by Ellen Harrison and others at Cornell

Waste Management Institute reviewed research papers and sets of

data reporting measurements of organic chemicals in biosolids
(available at cwmi.css.cornell.edu). The authors compared the

measured levels with EPA soil screening levels (SSLs) used to deter-

mine whether or not hazardous waste sites require risk assessment

for potential human health impacts. T,hey found reported levels of

several groups of organic chemical contaminants exceeded, in at

least some cases, the SSLs, suggesting that further assessment of

risk may be warranted. Howeveq as the authors admitted, the

presence of the measured chemicals does not necessarily equate to

o

any risk, as dilution of biosolids in the soil and other processes

likely reduce potential impacts, and only limited research has been

done to assess fate and impacts.
.In2007, Chad A. Kinney et al. reported in Enuironmental Science and

Tbchnologl @SUl,) on their study of organic wastewater

contaminants in nine different biosolids products. Fifty-five of the

87 conlaminants for which they tested were detected in at least one

of the biosolids products. Concentrations were mostly in the parts

per billion to tens of parts per million range. But, "the total sum of

all OWCs (organic wastewater contaminants) measured in this

study and detected in a given biosolid approached or exceeded

100 mglkg dry weight." Two particular groups of the tested chem-

icals, nonylphenols and steroids, accounted for the bulk of the

total concentrations measured. This proved a sentinel paper

regarding PPCPs in biosolids.
. Additional research quickly followed the Kinney et al. paper, and

early in 2008, there was considerable publicity about another

USGS paper on PPCPs detected in earthworms from fields fertil-

ized with biosolids or swine manure. Similar numbers of com-

pounds were found in both situations, indicating that PPCPs are

added to the environment via animal manures as well.

Earthworms studied in agricultural fields have been found to contain
organic compounds from household products and manure.

Even as research increases its focus on PPCPs in biosolids, it is

important to remember that there is interest also in the presence,

fate, and impacts of such chemicals of emerging concern in other

matrices and systems. For example, another recent paper in ES€lTby

Christopher H. Swartz et al. measured the levels of nonylphenols and

other organic chemical contaminants in a septic system and neigh-

boring groundwater at Cape Cod, MA. Many of the same compounds

are Present there as well .

It's not surprising that these compounds of emerging concern

come from households and people: detergents, fragrances, surfac-

tants, flame retardants and drugs. In addition, research continues

regarding organic chemicals - including dr-ugs - in animal manures,

which clearly contribute antibiotics and steroids to soils. Thus, the

chemicals of emerging concern that are being examined in biosolids,

some of which are as commonplace and seemingly as innocuous as

caffeine and cholesterol, actually represent a much larger challenge

to our understanding, in that they can find their way into the

environment via numerous pathlvays.

Whot Does This Meon for Biosolids Monagemenl?
PPCPs and similar organic chemicals are now knorm to exist in

many places in the environment. It is certain some are released via

animal manures, individual septic systems, and wastewater treatment

facility discharges oftreated effluent and biosolids. \Arhich sources are
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the most significant is not certain, but the majoritv of research to

date shorvs consistentlv measurable lerals in efTluents and their

receiving rvaters.

Biosolids are applied to soils and. if properlv manased in

accordance with regulations, do not significant\ impact'lvater bod-

ies. PPCPs in the biosolids matrix are likelv not very mobile; if they

were, they would leave the wastewater treatment faciliry- with the

elfluent (this may not always be the case, holvever). As former EPA

scientist A]an Rubin notes, it may actually be best for the enr.iron-

ment if as many PPCPs as possible scparated into the solids rather

than remainirlg'rvith the effluent, where their negative eff'ects have

been clcar' lv measured.

It is likely that manl'organic compounds in land-applied biosolids

are subject to degradation by biosolids treatment processes and,

ultirnatell', the biologicallv active soil-biosolids mix. As Michael

Overcash at North Carolina State Universiry has long pointed out,

"these terrestrial systems have orders of magnitude greater microbial

capability and residence time to achieve decomposition and assimi-

lation compared with aquatic systems" (Overcash, Sims, Sims, and

Niernan, 2005: Beneficial reuse and sustainabiliq,: the fate of organic

compounds in land-applied waste, Journal of Enuironmental Qualiry,
34:1). In addition, r'esearch has found that the toxic and carcinc>

genic effects of some cl'remicals are significant\ less irr the soil enr''i-

ronment as compared to aquatic environrlents. "Excluding plastics

and pol,vmers, there are relatively f'ew organic classes fof chemicals]

that are persistent in terrestrial land application sjvstems. Therefbre,

it is reasonable to assume a specific organic (current and nelv)

chemical rvill decompose in a land treatment system (Overcash

et al . ,  2005)."
"Because of the capacity of land-based systems to buffer the poten-

tial toxic effects of waste-associated organic contaminants and to

contribute to their assimilation into the soil s,vstem, the majoriq, of

studies conclude that they pose little or no risk to the environment

when applied appropriately'," conclude Overcash et al. (2005).

Still, with the understanding of what is nor,v known and not knorvn

about PPCPs in the enr.ironment and biosolids, there are steps that

biosolids management programs may already be taking, or could

take, to reduce possible impacts from PPCPs.

Steps for Biosolids Munogemenl:
r  Support  pol l r t r i , rn preret t t ion and other sot l rce c()nlrol  programs

that promote disposal of PPCPs by' means other than wastewater.
o Tieating wastewater and biosolids with a r,ariety of biological (and

other, e.g., aeration) treatments is likel,v to reduce the levels of

PPCPs in effluent and biosoiids. Maximize the potential for

biological degradation through prolonging detention times (SRIs

of >10 to 15 da1's or more) and using various digestion methods

(aerobic and,/or anaerobic at various temperatures), composting,

and/or storage/curing.
. Nlanaging biosolids end use to prevent mnoff or leaching to

surface or ground raters $i11 retain PPCPs in the soil-biosolids

matrix where further degradation or bound-residue formation is

likeiy to occur (include tilling just prior to or during liquid

application).
. At least one study has shorvn that sunlight can play a significant

role in degrading particular chemicals; thus, exposure to sunlight

prior to incorporation of biosolids may be beneficial. Howeler,

ultimate incorporation enhances degradation and reduces other

ootential risks.

Moior EPtr Meeting Spollights Medirines in Environmenl
The EPA held a major meeting 0n Pharmaceuticals in the

Environment in August 2005.
At the meeting, EPAs Christian Daughton noted that pharmaceuti-

cals are "n0t truly emerging p0llutants; it is the understanding 0f the
significance 0f their occurrence in the envir0nment that is beginning to
develop. This significance is due to the fact that many 0f these
chemicals - ihe pharmaceuticals and antibiotics especially - are
designed to be highly biologically active."

The meeting summary states:
"Many participants expressed the perspective that the information to

date does not indicate an impact to human health. Clear evidence that
PPCPs are in the environment and, in some cases, may be ubiquitous,
c0upled with findings 0f repr0ductive effects t0 aquatic life, indicate a
need for further research.''

"Additional research is needed 0n the fate and effects 0f pharma-
ceuticals and their transformation pr0ducts at levels detected in the
environment. lt was proposed that the federal government assist in
targeting future research e{forts toward areas 0f greatest risk by
developing a priority list of PPCPs that occur and most likely are to
have human health or ecological effects. lt also was suggested that
existing detection methods be validated and additi0nal meth0d
development research be conducted (i.e., methods that can detect
multiple PPCPs in different media types, such as sediments and water,
including sample preparation and c0ncentration approaches)."

"There is much interesi and activity in proper drug disposal so that
unused pharmaceuticals do not enter ihe solid waste or wastewater
streams. Unused pharmaceuticals are those that currently are disp0sed
0f because they are past their expirati0n date or no longer needed."

"lt was observed that federal involvement from many agencies
might be needed to facilitate these efforis. Those federal agencies that
could become involved include: EPA, the Centers for Disease Control
and Prevention (CDC), the Drug Enforcement Administration (DEA), the
US Food and Drug Administration (FDA), the National Institute of
Environmental Health Sciences, the National 0ceanic and Atm0spheric
Administration (N0AA), the US Geological Survey (USGS), and the US
Depadment of Agriculture (USDA).

"lt also was recognized that there is a large stakeholder c0mmunity
that could contribute to these efforts. Among these are the healthcare
c0mmunity, medical societies, the medical insurance industry, the
veterinary professi0n, pharmaceutical manufacturers, pharmacies,
approved pharmaceutical'reverse distributors,' state and local govern-
ments, and wastewater treatment plant (WWTP) operat0rs."

Daughton's paper noted that, "there are many ramifications t0 the
presence of PPCPs in the environment: (1) Exposure t0 non-target
organisms could be signiircant. (2) Continual input via treated sewage
allows' PPCPs to be persistent despite shorl half-lives. (3) Aquatic
0rganisms can suffer continual exposure. (4) The potential exists for
subtle effects (e.9., neurobehavi0ral change) at even ppb levels
(pg/l. or micr0grams per liter). (5) The potential exists for inhibition of
aquatic defensive mechanisms (e.9., efflux pumps). (6) There is a great
challenge in identifying the many unknowns associated with effects
from simultane0us exp0sure to low-levels 0f mult ip le chemical
stressors over long periods 0f time. (7) The potential for additive
(i.e., cumulative) and interactive (i.e., synergistic) effects from multiple
exposure exists. Additionally, ihe toxicity of cOmplex envir0nmental
mixtures p0ses majOr unanswered questions."

continued on page 27
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continued from. page 25

Biosolids when applied to sofu, as on this farmland, if properly managed in
accordance with regulations, do not significantly impact water bodies.

. ApplFtg biosolids according to the agronomic rate (as required

by the EPA's Part 503 biosolids rule and state rules) makes

nitrogen (or in some si,tu.ations, phosphorus) the constituent that

limits the amount of Yrosolids applied. In most situations, this

means that PPCPs and any other trace pollutants are unlikely to be

applied at levels higher than the assimilative capacity of the soil
(the capacity of the soil to degrade and assimilate the contami-

nants within a reasonably short period of time).
o Allowing as much time as practicable between biosolids

applications allows for maximum degradation and assimilation of

PPCPs and other trace compounds and the least potential for any

long-term disruption of the soil ecosystem.

None of these practices are new - they have been developed to

help reduce potential risks from other trace pollutants in biosolids,

such as other organic chemical compounds, pathogens, and trace

elements (metals). Following these suggestions just happens to also

help reduce potential risks from PPCPs in biosolids that are, as yet,

not as well understood.

Where to from Here?
Studying the fate and transport of every slrrthetic chemical found

in biosolids would be cost prohibitive. Thus, research has focused,

and should continue to focus, on representative, likely worst-case

chemicals. The EPA and others have focused on those chemicals that

are most persistent, such as dioxins and PCBs; of highest likely

concentration, such as some of the constituents of personal care

products (e.g., nonylphenol); and,/or that are most biologically

active, such as human and synthetic hormones. These chemicals are

properly considered to present worst-case scenarios as biosolids are

recycled to soils. The EPAs extensive review and multi-pathway risk

assessment of the fate of dioxins.and PCBs resulted in a frnding that

they do not warrant regulation with regard to their trace levels in

biosolids. It is reasonable to predict that the same outcome is likely

for most PPCPs. The EPA's Office of Water is conducting measure-

ments of particular chemicals in biosolids to begin the process of

assessing the risk they may present.

Tticlocarban (TCC), an antimicrobial that has been researched by

Rolf Halden atJohns Hopkins, may be a good candidate tq join the

ranks of sentinel, woi.st-case-scenario chemicals. Based on rough

calculations - confirmed by Halden's findings - TCC could be in

many biosolids in the 10 to 100 mglkg range. After tilling into farm

soils and the resulting dilution, it would be in the range of tenths of

an mg,/kg concentration. Such concentrations are not significant for

most chemicals, but given is designed antimicrobial properties, srtch

concentrations might possibly have impact. Assuming no degrada-

tion of TCC by soil organisms (an unlikely assumption), applpng

biosolids for 10 consecutive years would build the incremental TCC

concentration in the receiving soil to 3 pp-.

But all this is speculation: the actual fate of TCC in the

biosolids/soil matrix is not known. Likely, there is some degradation.

And the vast competition from a wide variety of microorganisms in

soils could provide significant control on any potential development

of antimicrobial resistance.

A with other synthetic chemicals that have, at times, been the foci

of concern in biosolids, TCC may be of public health and environ-

mental concern - but it may or may not be because of the fact that

trace amounts are land applied in biosolids. Thke, for example, the

last significant persistent chemical that gained media attention for its

presence in biosolids: polybrominated diphenyl ethers (PBDEs).

These flame retardant chemicals were highlighted several years ago

when Robert Hale, at the College of William and Mary found them

in biosolids in single parts per million concentrations and also in fish.

Other researchers have found PBDEs in human breast milk. But

connections between biosolids recycling and the levels in organisms

have never been documented. What has been documented are other

sources of far greater human exposure, such as significant levels of

PDBEs in house dust.

Biosolids are a mirror of human activity, but human exposures in

regard to aspects of their activities - including diverse synthetic chem-

icals - are almost always much greater in scenarios other than

biosolids recycling. Still PPCPs in biosolids warrant further examina-

tion - and thev will likelv be scrutinized for manv vears to come.

Ned. Beecher is exccutiae director of thc North East Biosolids and Residuak
Association (NEBRA/untw.nebiosokds. org).
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