Factsheet
Chain of Contamination: The Food Link

Alkylphenols (octylphenol and nonylphenol isomers)
Background
Alkylphenols (APs) are high production volume man–made chemicals, used primarily to manufacture
alkylphenol ethoxylates (APEs). APs and APEs have been in use for over 50 years and are important to a
number of industrial processes, including pulp and paper, textiles, coatings, agricultural pesticides, lube oils
and fuels, metals and plastics (APERC, 2004).
The most commercially important alkylphenols are nonylphenol (NP) and octylphenol (OP). They exist in
different forms, or “isomers”, and are used to make nonylphenol ethoxylates (NPEs) and octylphenol
ethoxylates (OPEs). However, restrictions are now in place in the EU (Directive 2003/53/EC) governing the
marketing and use of NP and NPEs (EU, 2003) (see “Major Uses”). NPEs were used primarily as surfactants in
detergents. NPs are also used to produce resins and plastics and as antioxidants and stabilisers in plastics
(APERC, 2004, ECB 2002). In 1997, prior to the restrictions on the use of NPEs, production and total usage of
NP in the EU was 73,500 tonnes and 78,500 tonnes respectively (ECB, 2002).
OPs are used mainly to make phenolic resins, although following the restrictions on NP/NPEs it has been
suggested that OPEs might be used in place of NPEs in some of their applications (EA, 2005). Approximately
23,000 tonnes of OP (4- tert octylphenol) were consumed in the EU in 2001 (EA, 2005).
Due to their widespread use as surfactants (mostly NPEs), APEs are commonly found in wastewater discharges
and effluents from sewage treatment plants. Breakdown (degradation) of APEs in wastewater treatment plants
or by environmental processes generates the more persistent parent APs such as NP and OP (through the loss of
the ethoxylate chain), as well as other APE metabolites (Ying et al., 2002). The discharge of wastewaters,
sewage effluents and waste from industries using APs or APEs, results in the widespread presence of APs and
APEs in surface waters and the aquatic environment (rivers, estuaries, coastal marine environments) (Cespedes
et al., 2006, Chen et al., 2006, EA, 2005, ECB, 2002, Fenet et al., 2003, Ferguson et al., 2001, Heemken et al.,
2001, Kannan et al., 2001, Petrovic et al., 2002, Ying et al., 2002).
Following input into receiving waters, the more persistent APs tend to accumulate in sediments, particularly
under anaerobic conditions (Ying, 2006, EA 2005, Kannan et al., 2001, Warhurst, 1995). APs can also bind
strongly to soil following application of sewage sludge to agricultural land (ECB, 2002, EA, 2005), although
aerobic degradation is thought to occur, leading to a decrease in the levels in soil over time (ECB, 2002, Staples
et al., 2001, Warhurst, 1995). Another input to the terrestrial environment is through the direct application of
pesticide formulations containing APs such as nonylphenol (ECB, 2002). Waste materials disposed of in
landfill can also contribute APs to leachates (Asakura, et al., 2004). APs have been detected in indoor and
outdoor air (Rudel et al., 2003, Saito et al., 2004, Xie et al., 2006, Ying et al., 2002). In indoor air, a source of
APs is building materials, as APs are used as antioxidants for polymer resins in wall or floor coverings (Saito et
al., 2004).

Alkylphenolic compounds are moderately persistent1 (EA, 2005, Warhurst, 1995), “lipophilic” (they
preferentially bind to fat) and can bioconcentrate2 in aquatic biota (Croce, et al, 2005, ECB, 2002, Guenther et
al., 2002, Sabik et al., 2003). APs and APEs have been detected in fish and invertebrates (e.g. shrimp, lobster,
mussels, oysters, snails) inhabiting polluted waters (Cheng et al., 2006, Ferrera et al., 2001, 2005, Rice et al.,
2003, Schmitz-Afonso et al., 2003, Vethaak et al., 2005, Verslycke et al., 2005, Wenzel et al., 2004). APs can
also accumulate in animals higher up the food chain (e.g. osprey) due to the consumption of contaminated prey
(Schmitz-Afonso et al., 2003).
Despite the potential for human exposure due to their widespread use, information on the occurrence of NPs
and OPs in humans is limited (ECB, 2002). NP and OP can be detected in human blood plasma and serum
(Inoue et al., 2000), and have been detected in maternal and umbilical cord blood serum (WWF & Greenpeace,
2005). Nonylphenol has also been detected in urine (Calafat et al, 2005, Wilson et al., 2006).
Both nonylphenol and octylphenol are acutely toxic to aquatic organisms (ECB, 2002, EA, 2005). The
restrictions (see below) on the uses of NP (and NPEs) are based on the evidence of it’s toxicity to aquatic
organisms (ENDS Report, 2004b). However, concerns regarding the environmental impacts of APE and APs
have focussed on their endocrine disrupting properties.

Endocrine disrupting effects
There is a large body of evidence on the endocrine (hormone) disrupting properties of alkylphenols. The
oestrogenic properties of APs were demonstrated as early as 1938 (Dodds and Lawson, 1938), and they have
since been shown to be estrogenic (capable of mimicking the action of the female hormone oestrogen, or
“estrogen”), in animal cells (Jobling & Sumpter, 1993, Nimrod & Benson, 1996, Soto et al., 1991, 1995, White
et al, 1994). Recent attention has focussed on the effects on fish and wild fish populations (including roach,
rainbow trout, gudgeon, eel and flounder) of estrogenic chemicals (including alkylphenols) in sewage effluents
discharged into UK rivers and estuaries (Allen et al., 1999, Jobling and Sumpter, 1993, Peters et al., 2001,
Purdom et al., 1994, Simpson et al., 2000, Sumpter, 1995). In some cases, for industries using APE surfactants
(such as the textile industry), APs are suspected of contributing the majority of the estrogenic activity of the
effluent (Sheahan et al., 2002). Estrogenic components of sewage effluents (Rodgers-Gray et al., 2001) have
been implicated in the widespread “feminisation” of male fish observed in rivers and estuaries in the UK and
other parts of Europe (Jobling et al., 1998, Sumpter, 1995, Vethaak et al., 2005). Effects observed in male fish
include the expression of the female egg yolk protein vitellogenin, the presence of intersex characterisitics such
as “ovotestes” (the development of eggs [oocytes] in the testis), feminisation of the reproductive ducts, reduced
sperm production and reduced fertilization success (Allen et al., 1999, Bjerregaard et al., 2006, Jobling et al.,
1998, 2002a,b, Kleinkauf et al., 2004, Peters et al., 2001, Rodgers-Gray et al., 2001, Simpson et al., 2000).
A recent study on the Pacific oyster (Crassostrea gigas) has shown that NP can induce long-term and
transgenerational effects. The study showed that a single 48h exposure of larvae at a key stage in their
development to environmentally relevant concentrations of NP induced long-term, sexual developmental
effects (altered sex ratio towards females and an increase in the incidence of hermaphroditism). Gamete
viability was also affected, resulting in poor embryonic and larval development (up to 100% mortality) of the
subsequent generation.
Research in rodents has also highlighted the potential for estrogenic endocrine disruption in mammals.
Exposure to OP has been shown to reduce the size of testes and accessory sex organs, disrupt sperm production,
increase the incidence of sperm deformities and alter circulating hormone levels in rats (Boockfor et al., 1995,
Herath et al., 2004, Kim et al., 2004, Sharpe et al., 1995).

1

Octylphenol fulfils the UK Government’s Chemicals Stakeholder Forum’s criteria for persistent, bioaccumulative and
toxic (PBT) chemicals, although it is not considered particularly bioaccumulative (EA, 2005)
2
Bioconcentration refers primarily to aquatic species and environments and is the result of uptake and accumulation of
chemical contaminants (at a rate that exceeds metabolism and excretion) by organisms to higher concentrations than that
of the surrounding medium i.e. water.

Experiments with human breast cancer cell lines have shown that OP and NP bind to oestrogen receptors and
can increase cell proliferation (Blom et al., 1998, Soto et al., 1991, White et al., 1994).

Major uses
Prior to their restrictions on their use (see below), NPEs were used in industrial detergents, in industrial
processes (e.g. emulsion polymerisation), leather processing, in paints, spermicidal lubricants, pesticide
formulations, hair dyes, cosmetics and personal care products (APERC, 2004, ECB, 2002, Warhurst, 1995).
Recent legislation (EU Directive 2003/53/EC), effective from January 2005, has now banned the most
dispersive uses of NP and it’s ethoxylates (EU 2003, ENDS Report 2004b, DEFRA, 2004, UK CSF, 2005).
Use of NP and it’s ethoxylates are prohibited (with specific exceptions) in industrial and institutional cleaning
systems, domestic cleaning, textiles and leather processing, as an emulsifier in agricultural teat dips, in metal
working, manufacturing of pulp and paper, cosmetics and personal care products and in pesticides and biocides
formulations (EU, 2003). The importance of official legisaltion is highlighted by the results of a study carried
out by the UK Chemicals Stakeholder Forum (UK CSF, 2005) on the the voluntary agreement in place prior to
the EU’s Directive on NP/NPEs. In advance of the Directive coming into force, various manufacturers and
users of APs agreed to stop the manufacture or import of products containing NP/OP/NPE/OPEs. The data
supplied by these companies suggested that this voluntary agreement was successful in reducing the risks from
NP/NPE/OP/OPE in advance of the Directive, as significant reductions in alkylphenol ethoxylate sales were
reported. However, on closer inspection, the figures revealed an increase in sales of NP (by 25%). The use of
NPEs in domestic detergents has been banned in the UK since 1976 (Warhurst, 1995).
OP (4- tert octylphenol) is used mainly to make phenolic resins (98%), with the remainder converted into
ethoxylates to produce surfactants (EA, 2005). It can also be present as an impurity in NP along with other OP
isomers. The phenolic resins are used in rubber processing to make tyres (82%) and in printing inks, electrical
insulation varnishes and in the production of ethoxylated resin for offshore oil recovery (EA, 2005). OPEs are
mainly used in emulsion polymerisation, textile processing, water-based paints, pesticide and veterinary
medicine formulations (EA, 2005).

How do alkylphenols get into the environment and food chain?
Release of sewage effluent containing APs and APEs is the primary input of these compounds into the aquatic
environment and application of sewage sludge to agricultural land contributes a significant amount of
APs/APEs to the terrestrial environment (see above).

How are people exposed to alkylphenols?
Exposure to APs can occur in the workplace if a person uses APs or APEs directly (occupational exposure),
through the use of consumer products containing APs or indirectly through contaminated food or drinking
water.
Information on potential human exposure for OPs is, unfortunately, limited (EA, 2005) and many exposure
routes for NPs may not be applicable now, given the recent restrictions on the use of NPs and NPEs (ENDS
Report, 2004b). The main source of occupational exposure to NPs is reported to be through the use of specialty
paints (ECB, 2002) either through dermal (skin) absorption or inhalation. Exposure to NPs can also occur
through the use of pesticides (which can contain NPs as part of their formulation), via food packaging materials
or through the repeated use of hair dyes containing NPs (ECB, 2002). Other potential sources of past exposure
to APs may have included absorption through the skin (from shampoos, cosmetics and spermicidal lubricants)
(Warhurst, 1999). Inhalation of indoor air has also been suggested as an exposure route, as APs have been
detected in indoor air and dust (Rudel et al., 2003, Saito et al., 2004, Wilson et al., 2006).

Alkylphenols in food
Due to the contamination of the environment and food chain, exposure can occur via food and, to a lesser
extent, contaminated drinking water (ECB, 2002). Alkylphenols have been found in edible fish and shellfish
species, as well supermarket foods (see table 1).

Inputs of APs ands APEs into the aquatic environment can account for their presence in fish and shellfish, and
application of sewage sludge to agricultural land introduces APs and APEs to soils used for growing crops and
grazing livestock. Nonylphenols may also migrate from food contact materials, as they can be used as additives
(stabilisers, antioxidants) in plastic packaging (Greenpeace, 2003, Guenther et al., 2002, ENDS Report, 2004a).
A comprehensive study of German supermarket foods has shown that nonylphenols are ubiquitous in food
(Guenther et al., 2002). The authors suggest numerous different pathways that could be responsible for NPs
finding their way into foods. They suggest the past use of NPEs in surfactants, disinfectants, cleaning agents or
as emulsifiers in pesticide formulations (in food industries and agriculture) can result in the formation (via
degradation) of NPs, which could then accumulate in food. For example, the high concentrations of NPs found
in apples and tomatoes could be attributed to pesticide application, as the lipophilic NPs can accumulate in their
waxy skins.
Food item(s)

Reference(s)

Comments

Lobster, mantis shrimp,
Anchovy, European hake,
red mullet, common sole,
Atlantic mackerel, angler.

Ferrara et al., (2005). Chemosphere,
59(8), pp1145-50.

Turkey/chicken breast
fillets, cheese (brie).

Greenpeace (2003).The determination
of additives in food products.

Market basket of foods
from German supermarket
incl: peanut butter, pasta,
sugar, lard, mayonnaise,
milk, tuna, pineapple,
marmalade, liver sausage,
butter, cheese, chocolate,
orange juice, beer, apples,
spinach, quark, chicken,
Potatoes, creme fraiche
infant formula, tomatoes,
bread, coffee
Shellfish (edible molluscs):
clams, mussels, cuttlefish
squid.

Guenther et al., (2002). Environ Sci
Technol., 36(8), pp1676-80.

8 edible marine species (2 crustaceans, 6
fish) from the Adriatic Sea (Italy) analysed for
NP, OP and OPEs, which were found in all
samples, at ng/g (ppb) levels. NP detected at
highest concentrations.
Investigation of migration of NP from food
packaging. NP (in the ppm range) found in
outer layer of food (in contact with
packaging). NPEs also found.
All food samples contained NPs
(concentration range of 0.1-19.4 µg/kg).
Despite the lipophilic properties of NPs, high
levels were found not only in fatty foods such
as butter, lard or liver sausage, but also in
non-fatty food like marmalade, apples and
tomatoes.

Ferrara et al., (2001). Environ Sci
Technol., 35(15), pp3109-12.

Analysis of seafood from the Adriatic Sea
(Italy) for NP, OP, NPE and OPE - detected in
all samples, in the ng/g (ppb) range. NP found
in highest concentrations, OP found at levels
30 times lower than NP. OPE always found at
lowest concentrations. NPE not detected.

Table 1: Alkylphenols in food items – examples from the literature

What health effects are associated with exposure to alkylphenols?
Information on the human health effects of long term, low level exposure to APs is scarce. A recent risk
assessment suggests the mutagenicity and carcinogenicity of NP is low and acute toxic effects of exposure
seem unlikely (ECB, 2002).
However, there is concern over the potential for APs, along with other chemicals, to interfere with hormonally
controlled processes in the body, based on the ubiquity of exposure to APs and their endocrine disrupting
(estrogenic) properties (Harrison et al., 1997, Sharpe & Irvine, 2004). Exposure to endocrine disrupting
chemicals (EDCs), which include alkylphenols, but also phthalates, bisphenol-A, organochlorines and
brominated flame retardants amongst others, is suspected to be playing a role in various human health
problems, many of which are increasing in incidence. These include certain types of cancer (breast, testicular,
prostate), obesity, diabetes, precocious puberty, fertility problems and impacts on neurological development
(Fenton, 2006, Heindel, 2003, Singleton & Khan 2003, Skakkebaek, 2002).
Recent studies have linked exposure to EDCs (including APs) with precocious puberty and ambiguous
genitalia. Precocious puberty in children has been associated with higher serum levels of endocrine disrupting

chemicals compared to normal children, with 4-NP exerting the greatest influence (Lu et al., 2006). Estrogenic
activity of the serum of newborn boys was found to be higher in those with ambiguous genitalia (characterised
by cryptorchidism and hypospadias) suggesting fetal exposure to endocrine disruptors (i.e. maternal exposure
to environmental pollutants during pregnancy) (Paris et al., 2006). The human placenta has also been shown to
be responsive to NP – estrogen receptors capable of binding NP have been identified in placental tissues –
raising concerns regarding maternal exposure to NP during the early stages of pregnancy (Bechi et al., 2006).

How can exposure to alkylphenols be reduced?
Reducing exposure to alkylphenols is best achieved by regulation of their use (see above) as many inputs of OP
and NP into the environment will arise from diffuse sources.
As there are currently no restrictions on the use of APs/APEs in pesticide formulations, choosing organic food
is a way to avoid the consumption of these compounds.
References
Allen Y, Matthiessen P, Scott AP, Haworth S, Feist S, Thain JE. (1999). The extent of oestrogenic contamination in the UK
estuarine and marine environments--further surveys of flounder. Sci Total Environ., 233(1-3), pp5-20.
APERC (APE Research Council) (2004). Product information. http://www.aperc.org/productinfo.htm
Asakura H, Matsuto T, Tanaka N. (2004). Behavior of endocrine-disrupting chemicals in leachate from MSW landfill sites in Japan.
Waste Management, 24(6), pp613-22.
Bechi N, Ietta F, Romagnoli R, Focardi S, Corsi I, Buffi C, Paulesu L. (2006). Estrogen-like response to p-nonylphenol in human
first trimester placenta and BeWo choriocarcinoma cells. Toxicol Sci., 93(1), pp75-81.
Bjerregaard LB, Korsgaard B, Bjerregaard P. (2006). Intersex in wild roach (Rutilus rutilus) from Danish sewage effluent-receiving
streams. Ecotoxicol Environ Saf. 64(3), pp321-8
Blom A, Ekman E, Johannisson A, Norrgren L, Pesonen M. (1998). Effects of xenoestrogenic environmental pollutants on the
proliferation of a human breast cancer cell line (MCF-7). Arch Environ Contam Toxicol., 34(3), pp306-10.
Boockfor FR, Bl ake CA (1997). Chronic administration of 4-tert-octylphenol to adult male rats causes shrinkage of the testes and
male accessory sex organs, disrupts spermatogenesis, and increases the incidence of sperm deformities. Biol Reprod., 57(2),
pp267-77.
Calafat AM, Kuklenyik Z, Reidy JA, Caudill SP, Ekong J, Needham LL. (2005). Urinary concentrations of bisphenol A and 4nonylphenol in a human reference population. Environ Health Perspect., 113(4), pp391-5.
Cespedes R, Lacorte S, Ginebreda A, Barcelo D. (2006). Chemical monitoring and occurrence of alkylphenols, alkylphenol
ethoxylates, alcohol ethoxylates, phthalates and benzothiazoles in sewage treatment plants and receiving waters along the Ter
River basin (Catalonia, N. E. Spain). Anal Bioanal Chem., 385(6), pp992-1000.
Chen B, Duan JC, Mai BX, Luo XJ, Yang QS, Sheng GY, Fu JM. (2006). Distribution of alkylphenols in the Pearl River Delta and
adjacent northern South China Sea, China. Chemosphere, 63(4), pp652-61.
Cheng CY, Liu LL, Ding WH. (2006). Occurrence and seasonal variation of alkylphenols in marine organisms from the coast of
Taiwan. Chemosphere (in press).
Croce V, De Angelis S, Patrolecco L, Polesello S, Valsecchi S. (2005). Uptake and accumulation of sediment-associated 4nonylphenol in a benthic invertebrate (Lumbriculus variegatus, freshwater oligochaete). Environ Toxicol Chem., 24(5), pp1165-71.
Department for Environment, Food and Rural Affairs (DEFRA) (2004). Explanatory memorandum to statutory instruments - The
Controls on Nonylphenol and Nonylphenol Ethoxylate Regulations 2004, SI 2004 No. 2004/1816
Dodds, E. C. and Lawson, W. (1938). Molecular structure in relation to oestrogenic activity. Compounds without a phenanthrene
nucleus. Proc. Royal Soc. Lon. B., 125, pp222-232.
ENDS Report (2004a). Endocrine disruptors found in food packaging. ENDS Report 348, January 2004, pp 28-29
ENDS Report (2004b). EU restrictions on nonyl phenols transposed. ENDS Report 354, July 2004, p47
Environment Agency UK (EA) (2005). Environmental Risk Evaluation Report: 4-tert-Octylphenol, April 2005. Published by:
Environment Agency, Rio House, Waterside Drive, Aztec West, Almondsbury, Bristol, BS32 4UD www.environment-agency.gov.uk

European Chemicals Bureau (ECB) (2002). 4-nonylphenol (branched) and nonylphenol (CAS Nos: 84852-15-3 and 25154-52-3
EINECS Nos: 284-325-5 and 246-672-0), Summary Risk Assessment Report, 2002, United Kingdom.
http://ecb.jrc.it/DOCUMENTS/Existing-Chemicals/RISK_ASSESSMENT/SUMMARY/4-nonylphenol_nonylphenolsum017.pdf
European Union (EU) (2003). DIRECTIVE 2003/53/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 18 June
2003 amending for the 26th time Council Directive 76/769/EEC relating to restrictions on the marketing and use of certain
dangerous substances and preparations (nonylphenol, nonylphenol ethoxylate and cement) http://europa.eu.int/eurlex/pri/en/oj/dat/2003/l_178/l_17820030717en00240027.pdf
Fenet H, Gomez E, Pillon A, Rosain D, Nicolas JC, Casellas C, Balaguer P. (2003). Estrogenic activity in water and sediments of a
French river: contribution of alkylphenols. Arch Environ Contam Toxicol., 44(1), pp1-6.
Fenton SE (2006). Endocrine-disrupting compounds and mammary gland development: early exposure and later life
consequences. Endocrinology, 147(6 Suppl), ppS18-24.
Ferguson PL, Iden CR, Brownawell BJ.(2001). Distribution and fate of neutral alkylphenol ethoxylate metabolites in a sewageimpacted urban estuary. Environ Sci Technol., 35(12), pp2428-35.
Ferrara F, Fabietti F, Delise M, Funari E. (2005). Alkylphenols and alkylphenol ethoxylates contamination of crustaceans and fishes
from the Adriatic Sea (Italy). Chemosphere, 59(8), pp1145-50.
Ferrara F, Fabietti F, Delise M, Bocca AP, Funari E. (2001). Alkylphenolic compounds in edible molluscs of the Adriatic Sea (Italy).
Environ Sci Technol., 35(15), pp3109-12.
Greenpeace (2003). The determination of additives in food products.
http://www.greenpeace.org.uk/MultimediaFiles/Live/FullReport/6120.pdf
Guenther K, Heinke V, Thiele B, Kleist E, Prast H, Raecker T. (2002). Endocrine disrupting nonylphenols are ubiquitous in food.
Environ Sci Technol., 36(8), pp1676-80.
Harrison PT, Holmes P, Humfrey CD. (1997). Reproductive health in humans and wildlife: are adverse trends associated with
environmental chemical exposure? Sci Total Environ., 205(2-3), pp97-106.
Heemken OP, Reincke H, Stachel B, Theobald N. (2001). The occurrence of xenoestrogens in the Elbe River and the North Sea.
Chemosphere, 45(3), pp245-59.
Heindel JJ. (2003). Endocrine disruptors and the obesity epidemic. Toxicol Sci., 76(2), pp247-9.
Herath CB, Jin W, Watanabe G, Arai K, Suzuki AK, Taya K. (2004). Adverse effects of environmental toxicants, octylphenol and
bisphenol A, on male reproductive functions in pubertal rats. Endocrine, 25(2), pp163-72.
Inoue K, Yoshimura Y, Makino T, Nakazawa H. (2000). Determination of 4-nonylphenol and 4-octylphenol in human blood samples
by high-performance liquid chromatography with multi-electrode electrochemical coulometric-array detection. Analyst, 125(11),
pp1959-61.
Jobling, S. and Sumpter, J. P. (1993). Detergent components in sewage effluent are weakly estrogenic to fish - An in-vitro study
using rainbow-trout (Oncorhynchus mykiss) hepatocytes. Aquatic Toxicology, 27(3-4), pp361-372.
Jobling S, Beresford N, Nolan M, Rodgers-Gray T, Brighty GC, Sumpter JP, Tyler CR. (2002a). Altered sexual maturation and
gamete production in wild roach (Rutilus rutilus) living in rivers that receive treated sewage effluents. Biol Reprod., 66(2), pp27281.
Jobling S, Coey S, Whitmore JG, Kime DE, Van Look KJ, McAllister BG, Beresford N, Henshaw AC, Brighty G, Tyler CR, Sumpter
JP. (2002b). Wild intersex roach (Rutilus rutilus) have reduced fertility. Biol Reprod., 67(2), pp515-24.
Jobling, S., Nolan, M., Tyler, C. R., Brighty, G., Sumpter, J. P. (1998). Widespread sexual disruption in wild fish. Environ. Sci.
Technol. 32(17), pp2498-2506.
Kannan K, Kober JL, Kang YS, Masunaga S, Nakanishi J, Ostaszewski A, Giesy JP. (2001). Polychlorinated naphthalenes,
biphenyls, dibenzo-p-dioxins, and dibenzofurans as well as polycyclic aromatic hydrocarbons and alkylphenols in sediment from
the Detroit and Rouge Rivers, Michigan, USA. Environ Toxicol Chem., 20(9), pp1878-89.
Kim SK, Lee HJ, Yang H, Kim HS, Yoon YD. (2004). Prepubertal exposure to 4-tert-octylphenol induces apoptosis of testicular
germ cells in adult rat. Arch Androl., 50(6), pp427-41.
Kleinkauf A, Scott AP, Stewart C, Simpson MG, Leah RT. (2004). Abnormally elevated VTG concentrations in flounder (Platichthys
flesus) from the Mersey estuary (UK) - a continuing problem. Ecotoxicol Environ Saf., 58(3), pp356-64.
Lu JP, Zheng LX, Cai DP. (2006). Study on the level of environmental endocrine disruptors in serum of precocious puberty
patients. Zhonghua Yu Fang Yi Xue Za Zhi, 40(2), pp88-92. [Article in Chinese]

Mueller, G. C. and Kim, U.-H. 1978. Displacement of estradiol from estrogen receptors by simple alkyl phenols. Endocrinology,
102, pp1429-1435.
Nice, HE., Morritt, D., Crane, M., Thorndyke, M. (2003). Long-term and transgenerational effects of nonylphenol exposure at a key
stage in the development of Crassostrea gigas. Possible endocrine disruption? Mar Ecol Prog Ser., 256, pp293–300.
Nimrod AC, Benson WH. (1996). Environmental estrogenic effects of alkylphenol ethoxylates. Crit Rev Toxicol., 26(3), pp335-64.
Paris F, Jeandel C, Servant N, Sultan C. (2006). Increased serum estrogenic bioactivity in three male newborns with ambiguous
genitalia: a potential consequence of prenatal exposure to environmental endocrine disruptors. Environ Res., 100(1), pp39-43.
Peters LD, Doyotte A, Mitchelmore CL, McEvoy J, Livingstone DR. (2001). Seasonal variation and estradiol-dependent elevation of
Thames estuary eel Anguilla anguilla plasma vitellogenin levels and comparisons with other United Kingdom estuaries. Sci Total
Environ., 279(1-3), pp137-50.
Petrovic M, Sole M, Lopez de Alda MJ, Barcelo D. (2002). Endocrine disruptors in sewage treatment plants, receiving river waters,
and sediments: integration of chemical analysis and biological effects on feral carp. Environ Toxicol Chem., 21(10), pp2146-56.
Purdom, C. E., Hardiman, P. A., Bye, V. J., Eno, N. C., Tyler, C. R. and Sumpter, J. P. (1994). Estrogenic effects of effluents from
sewage treatment works. Chem. Ecol.,8, pp275-285.
Rice CP, Schmitz-Afonso I, Loyo-Rosales JE, Link E, Thoma R, Fay L, Altfater D, Camp MJ. (2003). Alkylphenol and alkylphenolethoxylates in carp, water, and sediment from the Cuyahoga River, Ohio. Environ Sci Technol., 37(17), pp3747-54.
Rodgers-Gray TP, Jobling S, Kelly C, Morris S, Brighty G, Waldock MJ, Sumpter JP, Tyler CR. (2001). Exposure of juvenile roach
(Rutilus rutilus) to treated sewage effluent induces dose-dependent and persistent disruption in gonadal duct development. Environ
Sci Technol., 35(3), pp462-70.
Rudel RA, Camann DE, Spengler JD, Korn LR, Brody JG. (2003). Phthalates, alkylphenols, pesticides, polybrominated diphenyl
ethers, and other endocrine-disrupting compounds in indoor air and dust. Environ Sci Technol., 37(20), pp4543-53.
Sabik H, Gagne F, Blaise C, Marcogliese DJ, Jeannot R. (2003). Occurrence of alkylphenol polyethoxylates in the St. Lawrence
River and their bioconcentration by mussels (Elliptio complanata). Chemosphere, 51(5), pp349-56.
Saito I, Onuki A, Seto H. (2004). Indoor air pollution by alkylphenols in Tokyo. Indoor Air., 14(5), pp325-32.
Schmitz-Afonso I, Loyo-Rosales JE, de la Paz Aviles M, Rattner BA, Rice CP. (2003). Determination of alkylphenol and
alkylphenolethoxylates in biota by liquid chromatography with detection by tandem mass spectrometry and fluorescence
spectroscopy. J Chromatogr A., 1010(1), pp25-35.
Sharpe RM, Irvine DS. (2004). How strong is the evidence of a link between environmental chemicals and adverse effects on
human reproductive health? British Medical Journal, 328(7437), pp447-51.
Sharpe RM, Fisher JS, Millar MM, Jobling S, Sumpter JP. (1995). Gestational and lactational exposure of rats to xenoestrogens
results in reduced testicular size and sperm production. Environ Health Perspect., 103(12), pp1136-43.
Sheahan DA, Brighty GC, Daniel M, Kirby SJ, Hurst MR, Kennedy J, Morris S, Routledge EJ, Sumpter JP, Waldock MJ. (2002).
Estrogenic activity measured in a sewage treatment works treating industrial inputs containing high concentrations of alkylphenolic
compounds - a case study. Environ Toxicol Chem., 21(3), pp507-14.
Simpson MG, Parry M, Kleinkauf A, Swarbreck D, Walker P, Leah RT. (2000). Pathology of the liver, kidney and gonad of flounder
(Platichthys flesus) from a UK estuary impacted by endocrine disrupting chemicals. Mar Environ Res., 50(1-5), pp283-7.
Singleton DW, Khan SA. (2003). Xenoestrogen exposure and mechanisms of endocrine disruption. Front Biosci., 8, pp110-8.
Skakkebaek NE (2002). Endocrine disrupters and testicular dysgenesis syndrome. Horm Res. 57 (Suppl 2), pp43.
Soto, A. M., Sonnenschein, C., Chung, K. L., Fernandez, M. F., Olea, N. and Serrano, F. O. (1995). The E-SCREEN assay as a
tool to identify estrogens: An update on estrogenic environmental pollutants. Environmental Health Perspectives, 103(Suppl.
7),pp113-122.
Soto, A. M., Justicia, H., Wray, J. W. and Sonnenschein, C. (1991). p-Nonylphenol, an estrogenic xenobiotic released from
'modified' polystyrene. Environmental Health Perspectives, 92,pp167-173.
Staples CA, Naylor CG, Williams JB, Gledhill WE.(2001). Ultimate biodegradation of alkylphenol ethoxylate surfactants and their
biodegradation intermediates. Environ Toxicol Chem., 20(11), pp2450-5.
Sumpter JP. (1995). Feminized responses in fish to environmental estrogens. Toxicol Lett., 82-83, pp737-42.

UK Chemicals Stakeholder Forum (CSF) (2005). Executive Summary for the update on the Voluntary Agreement on Nonylphenol,
Octylphenol and their Ethoxylates. 21st meeting, CSF/05/31, 12th July 2005.
van Aerle R, Nolan TM, Jobling S, Christiansen LB, S umpter JP, Tyler CR. (2001). Sexual disruption in a second species of wild
cyprinid fish (the gudgeon, Gobio gobio) in United Kingdom freshwaters. Environ Toxicol Chem., 20(12), pp2841-7.
Verslycke TA, Vethaak AD, Arijs K, Janssen CR. (2005). Flame retardants, surfactants and organotins in sediment and mysid
shrimp of the Scheldt estuary (The Netherlands). Environ Pollut., 136(1), pp19-31.
Vethaak AD, Lahr J, Schrap SM, Belfroid AC, Rijs GB, Gerritsen A, de Boer J, Bulder AS, Grinwis GC, Kuiper RV, Legler J, Murk
TA, Peijnenburg W, Verhaar HJ, de Voogt P. (2005). An integrated assessment of estrogenic contamination and biological effects
in the aquatic environment of The Netherlands. Chemosphere, 59(4), pp511-24.
Warhurst, A. M. (1995). An environmental assessment of alkylphenol ethoxylates and alkylphenols. Friends of the Earth, London,
UK.
Warhurst, A. M (1999). Introduction to Hormone Disrupting Chemicals - Alkylphenolic compounds.
http://website.lineone.net/%7Emwarhurst/index.html
Wenzel A, Bohmer W, Muller J, Rudel H, Schroter-Kermani C. (2004). Retrospective monitoring of alkylphenols and alkylphenol
monoethoxylates in aquatic biota from 1985 to 2001: results from the German Environmental Specimen Bank. Environ Sci
Technol., 38(6), pp1654-61.
White, R., Jobling, S., Hoare, S. A., Sumpter, J. P. and Parker, M. G. (1994). Environmentally persistent alkylphenolic compounds
are estrogenic. Endocrinology, 135(1), pp175-182.
Wilson NK, Chuang JC, Morgan MK, Lordo RA, Sheldon LS. (2006). An observational study of the potential exposures of
preschool children to pentachlorophenol, bisphenol-A, and nonylphenol at home and daycare. Environmental Research (in press).
WWF and Greenpeace (2005). A Present for Life- Hazardous chemicals in umbilical cord blood. www.greenpeace.org/chemicals;
www.panda.org/campaign/detox
Xie Z, Lakaschus S, Ebinghaus R, Caba A, Ruck W. (2006). Atmospheric concentrations and air-sea exchanges of nonylphenol,
tertiary octylphenol and nonylphenol monoethoxylate in the North Sea. Environ Pollut., 142(1), pp170-80.
Ying GG. (2006). Fate, behavior and effects of surfactants and their degradation products in the environment. Environ Int., 32(3),
pp417-31.
Ying GG, Williams B, Kookana R. (2002). Environmental fate of alkylphenols and alkylphenol ethoxylates - a review. Environ Int.,
28(3), pp215-26.

