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This literature review focuses on selected reports of water

(2006) reviewed approximately 200 articles published

quality research and management pertaining to emerging

during 2005 on emerging chemicals, their analytical

pollutants, either chemical or biological, for which

methods, and their occurrence and fate in different

discussion of occurrence surveys, fate investigations,

environments.

treatment

spectrometric

methodologies,

biological

effects,

and/or

Richardson
analytical

(2006)

reviewed

procedures

and

mass
related

toxicity/risk assessment appeared in the peer-reviewed

environmental issues concerning emerging contaminants

literature during 2006. Analytical methods for emerging

appearing in the literature during 2004 to early 2006.

chemicals are discussed in a separate review in this issue.

Petrovic and Barcelo (2006) reported on developments in
liquid chromatography-mass spectrometry for the analysis

Topical Reviews

of emerging environmental contaminants.

The journal

Several pertinent critical reviews regarding

Environmental Science and Technology published a special

emerging pollutants were published in 2006. Morley et al.

issue on emerging contaminants (Anonymous, 2006).
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Barcelo and Petrovic (2006) reported on the First
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emerging contaminants, through advanced treatment of
municipal and industrial wastes). The authors discussed
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issues addressed at the workshop regarding analysis and

estrogenic compounds from wastewater treatment were

monitoring at wastewater treatment plants, innovative

presented.

removal technologies, regional priorities, reducing the

chemicals on human health and directions for further

environmental risk from emerging pollutants, and future

investigation were delineated.

research needs.

The potentially adverse impact of these

Manuscripts

Muir and Howard (2006) reviewed recent

related

to

environmental

contamination by pharmaceuticals in Italy were reviewed

screening and categorization studies of chemicals in

by Zuccato et al. (2006).

commerce for the purpose of determining the persistence,

analysis, occurrence, monitoring, modeling, treatment,

bioaccumulation, long-range transport, and toxicity of

control of emissions, and ecotoxicological effects of

potentially new persistent organic pollutants (POPs).

pharmaceuticals in the environment. Brooks et al. (2006)

Persistent and bioaccumulative compounds were identified

reviewed

as concerns depending on their production volume, use

management considerations for streams dominated by

profile, and physical-chemical characteristics. Quantitative

municipal and/or industrial effluent discharges. Specific to

structure property relationship analyses were used to

this topic, they concluded that effluent-dominated streams

estimate the partitioning behavior and recalcitrance of

represented the worst-case scenarios for evaluating and

compounds, and therefore to help determine which

predicting aquatic responses to emerging contaminants.

compounds may have the characteristics of POPs.

The

the

Chiral

Topics discussed included

ecotoxicological,

emerging

hydrological,

organic

pollutants

and

were

authors concluded that such predictions are needed to

reviewed separately by Wong (2006) and Garrison (2006).

determine

Wong

chemicals

that

should

be

measured

in

(2006)

concluded

that

knowledge

regarding

environmental media and to predict environmental fate and

individual stereoisomers of chiral emerging pollutants were

transport.

useful in (1) detecting biologically mediated environmental
A general review on detecting and controlling

reactions, (2) apportioning sources of pollutants, and (3)

endocrine disruptors in sewage effluent from wastewater

gaining insight into the biochemical fate of chiral pollutants

treatment plants was published by Harper and Sinha

in the environment.

(2006). The review focused primarily on publicly owned

enantiomer-specific formulations could decrease pesticide

treatment works (POTWs).

Pretreatment and polishing

use and protect the environment from unintended effects

The relevance of endocrine-

because as many as 25% of all pesticide active ingredients

options were discussed.

Garrison (2006) postulated that

disrupting compounds as potential contaminants of

are chiral.

drinking water was reviewed by Falconer et al. (2006)

research on two fronts: (1) to investigate the potential for

within the context of contaminated water sources and

target-inactive enantiomers to produce unintended effects

potable reuse of wastewater.

on

Data for the removal of

2193

The author identified the need for future

nontarget species, and (2)

to

determine

Water Environment Research, Volume 79, Number 10—Copyright © 2007 Water Environment Federation

how

environmental conditions affect the relative persistence of

Adenoviruses, emerging human pathogens responsible for

enantiomers.

enteric illnesses and respiratory and eye infections, were

Miller (2006) reviewed concepts in water

reported to occur in rivers, coastal waters, swimming pool

reclamation and reuse projects that require addressing

waters, and finished drinking water supplies, and are

emerging pollutants of concern and the use of advanced

currently listed on the U.S. Environmental Protection

wastewater treatments.

Agency Contaminant Candidate List.

The challenges to water reuse,

The author

including governance, health risks, regulation, and public

concluded that adenoviruses are species-specific and that

perception, were addressed.

adenovirus infection may be caused by consumption of

Critical reviews of important emerging biological

contaminated drinking water or inhalation of aerosolized

pollutants, including campylobacters, adenoviruses, and

droplets in recreational waters. Tissue-culture-based assays

enterohemorrhagic Escherichia coli were published in

and molecular-biology-based assays (nested PCR) were

2006. Campylobacters, a major, and possibly the leading,

reported as the two dominant methods for detecting

cause of bacterial gastroenteritis in humans, and the role of

adenoviruses.

waterfowl, sewage effluents, and agricultural runoff in the

Muniesa et al. (2006) reviewed methods ranging

spread of this disease in the aquatic environment were

from classical culture-based techniques to molecular

reviewed by Abulreesh et al. (2006). Campylobacter, a

approaches

major emerging pathogen, can survive for significant

enterohemorrhagic Escherichia coli (EHEC) O157:H7 and

periods of time in the environment, and may not be

other serotypes potentially transmitted in water and linked

adequately correlated with common fecal indicators.

with severe human illnesses. Although E. coli O157:H7 is

Whether viable, but nonculturable, organisms are infectious

considered to be a foodborne pathogen, water is also an

is unclear. No ideal method exists for detecting

important transmission pathway. EHEC were reported to

campylobacter; molecular methods are promising but

potentially contaminate recreational, drinking, or irrigation

expensive and difficult.

The authors concluded that

waters through feces from humans and other warm-blooded

polymerase chain reaction (PCR) technology, combined

animals. Information about the survival of E. coli O157:H7

with selective enrichment, enhanced the detection of

in the environment is lacking. The authors reported that the

campylobacters in water and feces, while confirmation of

possibility of transfer of genetic material between this

particular species and strains required DNA sequencing.

strain and nonpathogenic strains of E. coli is under

Jiang (2006) published a review of the risk from, and

investigation as a possible public health risk.

detection

of,

adenoviruses

in

the

for

the

detection

and

isolation

of

environment,

Heinemann et al. (2006) reviewed a new, post-

concentrating on the occurrence and health implications of

genomic concept for predicting the potential presence of

human adenoviruses in natural and treated water.

waterborne biological and chemical contaminants. Rather
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than the gemomic-based approach of identifying DNA

decreased use of alkylphenol polyethoxylate surfactants in

sequences, the mobile genome is monitored in a post-

Switzerland.

genomic approach.

The authors defined the mobile

The occurrence of benzotriazole, and two isomers

genome as vectors such as plasmids, transposable elements,

of tolytriazole, was determined in municipal wastewater by

integrons, phages, and the genes they carry that can cause

Weiss et al. (2006). Possible removal technologies were

adaptation of bacteria to a new environment, as illustrated

studied, with ozonation being the most effective.

by antibiotic resistance genes. The use of environmental

Hernando et al. (2006) performed a pilot study

arrays in their research to detect infectious particles in the

survey of influent and effluent wastewaters, rivers, and tap

mobile genome could possibly detect previously unknown

waters from different locations in Europe including Spain,

contaminants. This method could, in the future, be paired

Belgium, Germany, and Slovenia.

with molecular methods to identify specific pathogens.

analyzed for the presence of nonsteroidal anti-inflammatory

The samples were

drugs (NSAIDs). Identification of the pharmaceuticals was
Regulation/Legislation

conducted in compliance with EU regulations for organic

The key components of a new European

residues.

regulation, the Registration, Evaluation, and Authorization

The occurrence of 26 pharmaceuticals, belonging

of Chemicals (REACH), were presented by Lahl and

to 11 therapeutic classes, was assessed in six sewage

Hawxwell (2006). REACH is a single piece of legislation

treatment plants (STPs) in Italy by Castiglioni et al. (2006).

designed to replace multiple laws governing the use of

Total removal rates in STPs were mostly lower than 40%.

chemicals in Europe.

The potential implications of the

The authors concluded that ciprofloxacin, ofloxacin,

REACH legislation on emerging pollutants and its impacts

sulfamethoxazole (antibiotics), atenolol (cardiovascular

on European and non-European nations were discussed.

drug),

ibuprofen

(anti-inflammatory),

furosemide,

hydrochlorothiazide (diuretics), ranitidine (gastrointestinal
Occurrence Surveys
Chemical pollutants.

drug), and bezafibrate (lipid regulator) were of greatest
Emerging contaminants

environmental concern because they were the most

including benzotriazoles, alkylphenols and bisphenol A

abundant residual drugs. Pharmaceuticals were categorized

were reported to occur in primary and secondary effluents

into three groups according to their behavior in STPs: one

of municipal wastewater treatment plants and in the Glatt

group with removal rates higher in summer than in winter,

River, Switzerland, by Voutsa et al. (2006).

one group with removal rates similar in summer and winter,

The

concentration of nonylphenol in the Glatt River was

and a third group with no removal.

reported to be drastically lower than levels determined 15
years ago.

The effluents of eight municipal wastewater

The authors attributed the reduction to

treatment plants in Western Europe were analyzed by
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Reemtsma et al. (2006) for the occurrence of 36 polar

Virginia, USA.

pollutants,

industrial

products were found. Arsenate was found in detectable

chemicals, pharmaceuticals, and personal care products.

concentrations. The same compounds detected in water

Half of the compounds were not significantly removed in

were also identified in blood plasma collected from

tertiary wastewater treatment.

smallmouth

comprised

of

household

and

The authors developed a

No antibiotics or antibiotic-degradation

bass,

including

fish

with

intersex

water cycle spreading index (WCSI) that was calculated for

characteristics. The authors concluded that some endocrine

each compound by dividing the effluent concentration of a

disrupting compounds (EDCs) were present at sites where

compound by its relative removal. The concentration of

fish did not exhibit intersex conditions.

polar pollutants in surface water samples was positively

Yamashita et al. (2006) investigated the fate of

correlated with the WCSI.

estrogenic substances in an urban river receiving discharge

Roberts and Thomas (2006) conducted a survey

from wastewater treatment plants (WWTPs). Upstream of

of wastewater effluent and surface waters of the lower river

the WWTPs, the level of estrogenic activity was negligible

Tyne, UK, for the presence of 13 pharmaceuticals. The

while the level was considerably higher after inflows from

occurrence of 11 of the 13 pharmaceuticals in effluent

the WWTPs, and eventually declined in the lower reaches

subjected to tertiary treatment indicated that the compounds

of the river. Estrone and estradiol accounted for 90% or

were removed insufficiently.

more of the estrogenic activity of the river.

Chemical

monitoring

and

occurrence

of

Fono et al. (2006) investigated wastewater-

alkylphenols, alkylphenol ethoxylates, alcohol ethoxylates,

derived contaminants including pharmaceuticals, X-ray

phthalates, and benzothiazoles in sewage treatment plants

contrast media, and ethylenediamine tetraacetate (EDTA)

(STPs) and receiving waters along the Ter River basin in

for use as tracers to probe attenuation mechanisms in the

Spain were reported by Cespedes et al. (2006). Water and

Trinity River, Texas, USA.

particulate matter samples were analyzed. Low amounts of

determined to be the most important mechanism, and

the target compounds were frequently detected in the

phototransformation was found to be of limited importance

samples. The authors concluded that STPs in the region

in this system.

were effective at removing from water more than 70% of

Biotransformation was

Kinney et al. (2006) reported a survey of organic

the compounds studied.

wastewater contaminants in biosolids, demonstrating that a

Chambers and Leiker (2006) used passive water

large number of trace contaminants were present. Steroids,

sampling devices at eight stream sites to detect the presence

detergent metabolites and fragrances were the compounds

of emerging contaminants, including pesticide, flame-

most frequently detected.

retardant, and personal care product residues in surface

biosolids destined for land application may be an important

The authors concluded that

water in the South Branch Potomac River basin in West
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non-point source of organic wastewater contaminants in the

perfluoroalkylsulfonamides due to the degradation of

environment.

precursors.

Hummel et al. (2006) presented a method for the

The

occurrence

and

solid/aqueous

phase

detection of neutral psychoactive drugs in the environment.

partitioning of three polybrominated diphenyl ether

Several of the compounds investigated were detected in

(PBDE) congeners were reported by Streets et al. (2006).

German sewage and rivers. Only carbamazepine, one of its

The distribution, biotransformation and bioaccumulation

metabolites, and primidone were detected in drinking

factors were measured in fish.

water. Peschka et al. (2006) developed a method for the

The sources and frequency of occurrence of the

measurement of barbiturates. The persistence of historical

complexing agents benzotriazole and tolytriazole were

barbiturate pollution as well as evidence from laboratory

studied by Giger et al. (2006). These compounds were

degradation studies suggests that these compounds are

determined to be water soluble, recalcitrant, and present in

highly recalcitrant. Vanderford and Snyder (2006) reported

high concentrations in the Swiss rivers investigated.

that meprobamate, atrazine, and dilantin were measureable

In a study conducted by Krasner et al. (2006), 28

in finished drinking water using a novel method to correct

previously

for analyte loss during extraction and matrix supression.

identified.

Concentrations of pharmaceuticals were detectable to

discovered and unregulated disinfection byproducts were

0.25 ng/L.

formed at higher levels with alternative disinfectants

High

concentrations

of

1,4-dioxane

and

unknown

disinfection

byproducts

were

They determined that several of the newly-

compared with chlorine.

tetrahydrofuran were measured by Isaacson et al. (2006) at

Waltman et al. (2006) reported the occurrence of

a contaminated site following a solid-phase extraction gas

triclosan in a North Texas, USA, wastewater treatment

chromatography/mass

plant and in the effluent of an experimental constructed

spectrometry

(SPE-GC/MS/MS)

method to determine these compounds in groundwater.

wetland.

Scott et al. (2006) presented an analytical method

Buerge, Poiger, Muller, and Buser (2006) used

for the detection of perfluorocarboxylates in precipitation.

caffeine as a chemical marker to estimate the fraction of

The highest concentration of these compounds was found

sewer overflows in the catchment area of Lake Greifensee,

in urban-influenced sites.

Switzerland.

Schultz et al. (2006) demonstrated that the mass
flows

of

perfluorooctane

sulfonate

(PFOS)

combined sewer overflows was applied subsequently to

and

estimate phosphorus inputs to Greifensee.
Biological Pollutants.

perfluorodecane sulfonate (PFDS) increased throughout
wastewater

treatment

as

did

The concept of caffeine as a marker for

four

The quantification of

human enteric viruses was performed using real-time PCR
by Albinana-Gimenez et al. (2006). Filtration at drinking
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water treatment plants was only partially successful in virus

mefenamic acid, after 5 hours of mixing, was minimal;

removal.

therefore, these drugs are likely to be found dissolved in the
Amoeba infected with Legionella-like organisms

aqueous phase in contaminated systems.

were reported by Berk et al. (2006) to occur in cooling

Joss et al. (2006) examined the biological

towers at 16 times the frequency in the natural

degradation

environment. Cooling towers may be an important "hot

fragrances in batch experiments at typical concentration

spot" for emerging pathogens.

Hwang et al. (2006)

levels using activated sludge originating from nutrient-

investigated the viable but nonculturable state of Legionella

eliminating municipal wastewater treatment plants and

pneumophila under drinking water conditions.

derived a classification scheme to characterize into

Sano et al. (2006) reported a study of the year-

different

of

25

classes

pharmaceuticals,

the

biological

hormones,

degradation

and

of

round fate of noroviruses conducted examining nucleotide

micropollutants, such as pharmaceuticals, musk fragrances

substitutions from viruses found in environmental samples.

and estrogens, during wastewater treatment.

They

concluded that state-of-the-art biological treatment schemes
Fate Investigations

for municipal wastewater are not efficient in degrading

Hydrophobic and electrostatic interactions were

pharmaceuticals.

Furthermore, because they determined

shown by Higgins and Luthy (2006) to be important in the

that dilution of wastewater is expected to reduce the degree

sorption of perfluorinated surfactants onto sediments.

of biological removal, they proposed that wastewater

Longer perfluorocarbon chain length increased sorption, as

segregation and treatment at the source are more favorable

did the presence of a sulfonate moiety compared to a

for

carboxylate analog.

centralized end-of-pipe treatment.

Perfluorooctyl sulfonamide acids

sorbed more strongly than PFOS.

elimination

of

persistent

micropollutants

than

Yoon et al. (2006) investigated the removal of 52

Jones et al. (2006) conducted a preliminary study

EDC and pharmaceutical and personal care products

to ascertain the binding behavior of five drugs to activated

(PPCPs) by nanofiltration (NF) and ultrafiltration (UF)

sludge and river sediment in a laboratory scale-activated

membranes using a dead-end stirred-cell filtration system.

sludge plant.

The pharmaceuticals tested included

A general separation trend due to hydrophobic adsorption

ibuprofen, paracetamol, salbutamol, propranolol HCl, and

was observed. The results showed that the NF membrane

mefenamic acid. All of the compounds partitioned more

retained many EDC/PPCPs due to both hydrophobic

readily to the sludge than the sediment, being postulated by

adsorption and size exclusion, while the UF membrane

the authors to result from the higher organic carbon content

retained hydrophobic EDC/PPCPs due primarily to

of the sludge.

hydrophobic adsorption.

The authors determined that the net

absorption of the selected drugs, with the exception of
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To determine the fate of a tetracycline antibiotic

Waldemer and Tratnyek (2006) measured the

in soils and sediments, the reaction rates with manganese

kinetics of oxidation by permanganate for 24 contaminants,

dioxide (MnO2) were investigated in the laboratory by

including emerging pollutants. Second order degradation

Rubert and Pedersen (2006). Rates were found to vary

rate constants were not previously available for many of the

with pH, tetracycline structure, and the time scale of the

compounds tested.

reaction, that is, the rate of reaction of oxytetracycline

permanganate oxidizes contaminants, such as addition to

decreased with time. Werner et al. (2006) demonstrated

double bonds, abstraction of hydrogen or hydride, and

that the concentration of Ca2+ and Mg2+ in aqueous

electron transfer, were discussed.

environments

affects

the

phototransformation

of

Chen

and

Competing mechanisms by which

Valentine

(2006)

modeled

the

tetracycline because tetracycline-cation complexes exhibit

formation of N-nitrosodimethylamine (NDMA) over a wide

different molar absorptivities from each other and from the

range of experimental conditions. Predicted and measured

parent compound. Additionally, pH was determined to be

monochloramine concentrations were found to be similar.

important, with phototransformation rates increasing with

The oxidation of natural organic matter (NOM) was

increasing pH.

determined to be the rate-limiting step in NDMA

The kinetics and mechanism of the reaction of

formation. Davie et al. (2006) investigated the destruction

carbadox with hypochlorous acid (HOCl) were investigated

of NDMA with palladium, copper-enhanced palladium, and

by Shah et al. (2006). The authors concluded that, because

nickel catalysts, finding that the resulting half-life was

chlorination leaves the N-oxide groups intact, it is likely

measured in hours. Other catalysts were also tested but

that the reaction does not diminish the antimicrobial

were not as efficient. The authors concluded that these

qualities of the daughter product.

techniques were more cost-effective than currently existing

Sharma et al. (2006) studied the kinetics,

NDMA-remediation techniques.

stoechiometry, and end products of the reaction of

The pH dependence of the mobility of antimony

sulfonamide antimicrobials and [FeO4]2- to determine a

sorbed to goethite was investigated by Leuz et al. (2006).

plausible mechanism for the reaction. [FeO4]2- was found

Sb(III) remained sorbed after 35 days below pH 7, but 30%

to be a good reactant to convert sulfonamides to less toxic

of adsorbed Sb(III) was released at pH 9.9. Speciation of

daughter compounds.

Sb and As in natural soil-water systems was determined by

Tungudomwongsa et al. (2006) investigated the

Mitsunobu et al. (2006) using HPLC-ICP-MS and XAFS.

rates and photooxidation products of pharmaceuticals in

As(V) was reduced to As(III) in reducing conditions,

UV-irradiated titanium dioxide suspensions. For ibuprofen,

increasing the concentration of dissolved arsenic in the

the authors determined that preadsorption on titanium

water. Sb(V) is stable under reducing conditions, so it

dioxide was an essential step in the oxidation process.

remained insoluble.
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exhibited some reactivity with hydroxyl radicals, with half-

Treatment Methodologies

lives of 44 days and 144 days, respectively, in irradiated

Buffle (2006) investigated ozone decomposition
of

emerging

contaminants

in

drinking

water

lake water.

and

Transformations of diethylstilbestrol (DES)

Membrane processes, key elements of advanced

and bisphenol A (BPA) in conventional chlorination and

wastewater reclamation and reuse schemes, were discussed

electrochemically treated solutions were examined by

by Melin et al. (2006). Membrane bioreactors (MBRs), a

Korshin et al. (2006). Low molecular weight, chlorinated,

combination of activated sludge treatment and membrane

aromatic, organic species, indicative of the breakdown of

filtration, and their impact on the control of emerging

DES and BPA, were generated. The authors concluded that

pollutants, were presented in the context of a full-scale

these compounds may be stable in conditions typical for

MBR plant treating municipal wastewater in Belgium.

drinking water treatment and distribution.

Rittman (2006) described a membrane biofilm reactor

wastewater.

Levine et al. (2006) investigated persistence of

(MBfR). The partnership of membranes and biofilms was

125 micropollutants through a pure-oxygen activated

demonstrated to reduce emerging contaminants in water.

sludge nitrification and denitrification wastewater treatment

Direct contact membrane distillation was found by

facility. Fifty-five compounds were detected in the

Cartinella et al. (2006) to almost completely remove

untreated wastewater, and 27 compounds were detected in

estrone and 17-beta estradiol from a waste stream. Forward

the disinfected effluent. The persistent compounds included

osmosis showed 77% rejection of estrogens in deionized

surfactants, fire-retardant chemicals, pesticides, fragrance

water and 95% rejection in water containing surfactants.
Zuehlke et al. (2006) compared the long-term

compounds, hormones, and one pharmaceutical.
removal

Batt et al. (2006) demonstrated that both

performance

of

trace

organics

between

iopromide and trimethoprim showed negligible removal in

conventional and membrane activated sludge processes.

conventional activated sludge treatment. With nitrifying

The conventional WWTP removed, on average, more than

activated sludge, removal increased to 60% and 50%,

90% of the natural steroids estrone and estradiol and

respectively. Laboratory-scale experiments confirmed the

approximately

80%

results.

Approximately

99%

of
of

synthetic
estradiol

ethinylestradiol.
and

estrone

and

The attenuation rates of cyclophosphamide and

approximately 95% of ethinylestradiol were eliminated by

ifosfamide in surface waters were measured in laboratory

the MBR process. Tang et al. (2006) demonstrated that

incubations by Buerge, Buser, Poiger, and Muller (2006).

PFOS was well-removed from semiconductor wastewater

Each of the compounds was poorly removed in activated

by reverse osmosis membranes.
Siedlecka and Stepnowski (2006) studied the

sludge treatment, and their dark half-lives in surface waters
were determined to be 10-20 years.

degradation of oily wastewater by hydrogen peroxide with

The chemicals
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and without UV irradiation. They concluded that the

times greater in the presence of the bio-cake on the MF

advanced oxidation system (UV/H2O2) resulted in high

(>90 removal) than a MF only (40% removal).

organic contaminant degradation rates, but a time increase
Biological Effects

in UV exposure did not have a significant impact.
On-site wastewater treatment systems, such as
tank-based

treatment,

biofilter-based

treatment,

Antibiotic resistance genes were found by Pruden

and

et al. (2006) in relatively decreasing concentrations in the

wetland-based treatment from a variety of residential and

following environments:

commercial sources, were examined by Conn et al. (2006)

ditch water, and urban/agriculturally impacted river

for

sediments. The genes were also determined to be present

their

ability

contaminants.

to

remove

Sorption,

organic

wastewater

biotransformation,

and

dairy lagoon water, irrigation

in drinking water and recycled wastewater.

volatilization were important removal mechanisms. The

Banks et al. (2006) studied the effect of biosolids

removal of organic contaminants was determined to vary.

application on soil quality and ecotoxicity. Based on their

Certain contaminants, such as EDTA and cleaning

observations and results, they concluded that current

products, were being loaded in large amounts to dispersal

regulations for application of biosolids to soils are

units.

providing adequate ecosystem protection. Schwab et al.
Yifru and Nzengung (2006) demonstrated that

(2006) studied chemical lability as a measure of

black willow and hybrid poplar both uptake NDMA from

contaminant bioaccessability for metals in biosolids applied

solution. The NDMA was partially phytovolatilized and

onto soil. Chemical extractions detected slight increases in

partly assimilated.

labile metal concentrations for many of the treated soils,

The adsorption of a cyanobacterial toxin,

particularly those receiving long-term applications of five

microcystin-LF, on powdered activated carbon after

years or more. Significantly higher metal concentrations

microfiltration, was investigated by Lee and Walker

were observed in the soils that had been exposed to

(2006). The presence of natural organic matter reduced its

biosolids before the U.S. Environmental Protection Agency

removal, probably due to competition for adsorption sites.

(Washington, D.C.) 503 Rule (U.S. EPA, 2004) was

Chang et al. (2006) evaluated oestrone and 17 -

implemented.

oestradiol removal in activated batch cultures and bioToxicity/Risk Assessment

caked MF and UF membranes. In 21 hours and 10 hours
respectively, 17 -oestradiol and oestrone were completely

Corsi et al. (2006) investigated aircraft deicer and

removed in activated sludge batch cultures. In the bio-cake

anti-icer formulations, the formulas for which are

membrane experiments, 17 -oestradiol removal was two

proprietary. The toxicity of known ingredients was studied
with four organisms, and the results indicated that part of
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the toxicity of the formula was due to unidentified

induction as an estrogenic response), of estrone, estradiol,

additives.

ethinyl estradiol, and nonylphenol, individually, throughout
Isidori et al. (2006) assessed the ecotoxicity of

an entire river catchment. The authors also demonstrated

furosemide, a potent diuretic agent, and its photoproduct in

that the effect of environmentally realistic mixtures of the

the aquatic environment. Bioassays were performed on

compounds could be predicted.

bacteria, algae, rotifers and microcrustaceans to assess

The estrogen receptor (ER)-binding affinities of

acute and chronic toxicity, while the SOS Chromotest and

50 high production volume (HPV) chemicals were

the Ames test were utilized to detect the genotoxic potential

evaluated by Laws et al. (2006) using the rat uterine

of the investigated compounds.

cytosolic (RUC) ER-competitive binding assay.

Their approach to risk

True

characterization was to calculate the ratio of the measured

competitive inhibition was observed in 17 of the 50

environmental concentration (MEC) to the predicted no

chemicals tested. An additional 18 of the 50 chemicals

effect concentration (PNEC), i.e., MEC/PNEC.

Results

were classified as nonbinders. The authors postulated that

from this study demonstrated that both acute and chronic

the data will be useful for the U.S. Environmental

exposure to furosemide and its byproduct does not cause a

Protection

toxic risk at the order of magnitude of effective

Program.

concentrations found.

Agency’s

Endocrine

Disruptor

Screening

The ability of emerging putative pollutants to

Sinclair et al. (2006) calculated the risk

bind and activate in vitro two vertebrate receptors, the ER

associated with pesticide metabolites and ranked them

and the arylhydrocarbon receptor (AhR) that are related to

using exposure and effects estimates.

The toxicity of

adverse biological effects from pollution, was evaluated by

metabolites was presumed to be less than or equal to the

Noguerol et al. (2006). The compounds tested were shown

parent compound.

to interact with one or both receptors.

Fossi et al. (2006) cultured fibroblasts of cetacean

Pomati et al. (2006) investigated the effects of 13

species and evaluated target proteins to investigate

drugs, including atenolol, bezafibrate, carbamazepine,

toxicological

cyclophosphamide,

susceptibility

to

endocrine

disrupting

ciprofloxacin,

furosemide,

emerging contaminants such as organochlorines and

hydrochlorothiazide, ibuprofen, lincomycin, ofloxacin,

polybrominated diphenyl ethers (PBDEs). They examined

ranitidine, salbutamol, and sulfamethoxazole, on human

the target proteins CYP1A and CYP2B as potential new

embryonic cells (HEK293). The drugs were tested at levels

biomarkers for endocrine disrupting chemicals (EDCs).

representing mixtures of these compounds and the low

Sumpter et al. (2006) used the GREAT-ER

concentration (ng/L) profiles detected in the environment.

hydrological model to predict the concentrations, and,

The authors determined that the mixture of pharmaceuticals

subsequently estrogenic effects, on fish (using vitellogenin

inhibited cell proliferation at environmentally relevant
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exposure

levels

by

affecting

cell

physiology

treatment.

and

morphology.

Examples of pharmaceuticals and PPCPs,

steroids, and hormones were presented as proof of the

The genotoxicity of C60 fullerenes prepared in

concept.

ethanol, then dispersed in water, and fullerenes prepared in

Arp et al. (2006) modeled the vapor pressure,

water was investigated with human lymphocytes by

Kow, and Kaw of the behavior of highly fluorinated

Dhawan et al. (2006).

compounds using poly-parameter free energy relationships.

The aqueous-prepared solution

exhibited higher genotoxicity at similar concentrations

The

compared to the ethanol-prepared suspension. Templeton

partitioning within one order of magnitude of experimental

et al. (2006) investigated the toxicity of single-walled

values, while EPA SUITE and ClogP performed more

carbon nanotubes and a fluorescent fraction of nanocarbon

inaccurately.

synthetic byproduct toward copopod crustaceans.

SPARC

and

COSMOtherm

models

predicted

The

Pharmaceutical beta-blockers were screened by

former did not have an apparent effect, but the latter

Escher et al. (2006) with respect to their toxicity and

exhibited toxicity at sub mg/L concentrations.

showed no effects on energy transduction or estrogenic

Masago et al. (2006) conducted a statistical study

activity, but some phytogenic toxicity toward algae was

of the risk from the disease burden associated with

observed. Toxic effects were shown to be additive, and

contracting norovirus from tap water. The risk of infection

QSAR models indicated that metabolites of these

was higher than the acceptable level outlined by the U.S.

compounds were either equally toxic or less toxic than the

EPA (10-4 infections/person/year) but lower than the

parent compounds.

acceptable disability-adjusted life-years (DALYs) outlined
by

the

World

Health

Organization

(WHO)

(10-6
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