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Abstract

Parabens are commonly used as preservatives due to anti-bactericidal and anti-fungicidal properties and they are ubiquitously present in personal
care products, pharmaceuticals, food, industrial and domestic commodities. They are suspected of causing endocrine disrupting effects to aquatic
organisms and adverse effects in humans and, thus, it is highly relevant to identify and quantify their sources and transportation pathways in the
urban environment. Here a substance flow analysis (SFA) was performed in order to map and comprehend the substances’ flow on a national
basis. Many household commodities were found to contain parabens; cleaning detergents, slimy toys, and water-based paint. The presence and
concentration of parabens are regulated in cosmetics and food. Use of parabens in pharmaceuticals as excipients is documented in Denmark.
The import of parabens is increasing; although the number of industrial parabens containing commodities is decreasing and manufacturer reports
phase-out of parabens. The vast majority of the paraben containing commodities has a durability of 18-30 months, thus the average lifetime
of the paraben stock is perceived to be limited. The inflow was ca. 154 tonnes via pure chemicals and 7.2-73 tonnes via commodities in 2004.
This corresponds to an average wastewater concentration of 640-900 wg/L, when excluding discharge to solid waste, soil, biodegradation and
metabolism. This is in the same order of magnitudes as can be found in industrial wastewater but higher than that seen in domestic wastewater.

The data needed for the SFA is sparse, dispersed, and difficult to access and associated with a great deal of uncertainty.

© 2007 Published by Elsevier B.V.
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1. Introduction

Cosmetics are used to beautify the human body as well as to
protect the appearance or odour, for example sun-screen lotions
and deodorants. Although the individual xenobiotic organic sub-
stances (XOCs) in the cosmetics often are regarded as safe for
human application little is known about their effects on aquatic
organisms. This is a substantial drawback since a vast major-
ity of the cosmetics are used and removed in a way that they
end up in wastewater, either directly by usage of so called
“rinse-off products” or indirectly by the usage of “leave-on
products” (76/768/EEC) [1]. The primary objective of wastew-
ater treatment plans (WWTPs) is to remove bulk organic matter
and nutrients. Accordingly are the processes generally effective
but not optimal for removing XOCs such as industrial chemi-
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cals, endocrine disrupting chemicals and pharmaceuticals (e.g.,
[2,3]). Hence, they are discharged into receiving water bodies in
low but detectable and potentially harmful levels.

The parabens have been used as antimicrobial preservatives
in cosmetics and pharmaceuticals since 1924 [4]. A review of
the potential impacts on human health due to exposure to methyl
and propyl paraben, proposed an acceptable daily intake (ADI)
of 55 mg/kg/day for methyl paraben and propyl paraben [5,6].
However, parabens are also known to cause skin irritation and
contact dermatitis in a small percentage of the general popu-
lation suffering from paraben allergies [7] and it has afterward
been reported that parabens were found in breast tumours [8].
Recently suspicions have been raised concerning their potential
for causing endocrine disrupting effects in rainbow trout (ethyl,
propyl and butyl parabens) [9-11] and medaka (propyl paraben)
[12]. Though, in an in vivo study, the estrogenic pathway sug-
gested difference in pharmakinetic behaviour of butyl paraben
was determined to be about 100,000 times weaker than estradiol
[13].
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There are various tools for assessing the environmental
impacts caused by and distribution exerted by this kind of XOCs,
including environmental impact assessment (EIA), environmen-
tal risk assessment (ERA), life cycle assessment (LCA), material
flow accounting, material flow analysis (MFA) and substance
flow analysis (SFA). In Europe, ERA has received particular
attention through the technical framework for human and envi-
ronmental risk assessment first published in 1996 and revised in
2003 [14]. SFA and MFA are now receiving more attention as
they have been successfully used in connection with urban water
systems. For example, MFA was used in order to select relevant
endocrine disrupters, which then were elucidated by pathways
of environmental pollution [15]. SFA of nutrients and organic
matter in the wastewater management system [16] were used
to identify stressors on the receiving water. SFA was applied
and aimed at identify the sources to six persistent polar pol-
lutants, e.g., pharmaceuticals and pesticides, and determine the
partial contribution of WWTP compared to the total emissions to
surface water [17]. Afterwards, decision on improved treatment
strategies and/or implementation of upstream source control can
be determined to be most suitable to meet stipulated criteria. SFA
is limited to a single substance or a small group of substances
that simplify the in-depth analysis and enable the extension of
the analysis to describe the exchange of substances between the
lithosphere, biosphere and technosphere [18]. It aims at reduc-
ing or substituting harmful environmental fluxes [19] by tracing
sources, discovering future problems and forming a basis for
regulation. SFA can also be a support tool for data acquisition
resulting in analyses of trends and their causes, and it can con-
tribute to the identification and prediction of the effectiveness of
source control measures or emission barriers in order to generate
a ranking [20,21], hence, making it suitable to connect to LCA
and ERA.

The overall objective of this study is to identify and quantify
the sources and pathways for transporting parabens within the
technosphere/urban environment. The outcome can be used to
identify necessary actions to be taken in order to limit paraben
occurrence and distribution. Subsequently, the following spe-
cific aims are as follows: (i) to perform a substance flow analysis
of parabens for Denmark in year 2004 and (ii) to calculate plau-
sible concentrations in wastewater.

2. Methodology

Substance flow analysis is an analytical tool to map and
comprehend substance (i.e., elements, chemical compounds or
groups of chemical compounds) flow through a given system
in space and time such as a region or a company [18,20]. It is
based on the thermodynamic law of mass conservation, and the
basic principle is that mass is conserved in physical or chemical
processes but transferred into a new compound or compounds
[22]. Hence, the core method is the mass balance of the flow
through a given system. van der Voet et al. [18] cover a general
method for SFA, among others. In addition, in Denmark a spe-
cific paradigm for SFA has been developed for the Danish EPA
[23]. The methodology can be used for identifying and quan-
tifying key sources and sinks to pollution and facilitate linking

between concentrations in the environment with these sources.
It can also be used for identification of accumulation or cessa-
tion of substances as it allows observations of the changes in the
stocks. Raw materials are converted into manufactured chemi-
cals, products, and goods (here called “commodities”) as well
as wastes.

Items included in SFA ([18,23] among others):

e System definition
e Quantification of stock and flows

o Source identification

o Mapping of use patterns

o Import and export

o Waste (solid waste and wastewater) handling
e Evaluation of the results

The geographical boundary for this study is Denmark.
Parabens can enter and exit Denmark via import and export in
form of the pure chemicals or commodities containing parabens,
but domestic production is also possible though known not to
occur. Point sources are industry producing parabens or com-
modities containing parabens, whereas the uses of domestic
commodities are considered as diffuse paraben sources. Dif-
fuse emission is for example the use and subsequent discharge
of “down-the-drain-chemicals”, i.e., cosmetics, personal care
products and household cleaners. Parabens found in commodi-
ties accumulating in the society, which will be referred to as the
stock, whereas the inflow refers to the difference between the
export and the joint value of the import and national production.
Depending on the commodity, some may stay for a long time and
some may be used and then discarded shortly after production,
depending on the lifetime of the commodity. As paraben con-
taining commodities primarily are water-based emulsions the
durability of these is perceived to be short in comparison to,
e.g., building materials. Thus, stock is thought to marginal in
comparison with the inflow, a hypothesis that will be tested.

The parabens may enter the environment via point, diffuse
or accidental sources. The approach applied here will focus
on the part discharge via wastewater, thus entering municipal
WWTPs or on-site wastewater treatment plants, for example
grey wastewater treatment, i.e., domestic wastewater without
faecal contamination (showers, bathtubs, hand-basins, laundry
and kitchen effluents). Inflow and stock data is focused on
amounts (in ton or kg per year) and are based on official statistics
on different levels.

The data is organised into several groups; bulk chemicals,
“down-the-drain-chemicals”, pharmaceuticals, food products
and other domestic and industrial commodities. The groups were
chosen based on how the information was retrieved, the lifetime
in the society and finally in the terms of domestic accessibility.

This study focuses on the stocks and flows of the short chain
esters of para-hydroxy benzoic acid and the acid itself for 8
years (1998-2006), when available. If only limited information
is available it will be focused on the year 2004, see Table 1.

Scientific publications, governmental and non-governmental
reports and online databases were used. Trade organisations,
producers and different experts in the field have been important.
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Table 1

Compounds included in the present study

Compound Chemical name Abbreviation CAS no. E no. ESIS [24]

Methylparaben Methyl p-hydroxybenzoate MP 99-76-3 E 218 LVPC
Sodium methyl p-hydroxybenzoate Na MP 5026-62-0 E 219 LVPC

Ethylparaben Ethyl p-hydroxybenzoate EP 120-47-8 E214 LVPC
Sodium ethyl p-hydroxybenzoate Na EP 35285-68-8 E 215

Propylparaben Propyl p-hydroxybenzoate PP 94-13-3 E 216 LVPC
Sodium propyl p-hydroxybenzoate Na PP 36457-20-2 E 217

Iso-propylparaben Isopropyl p-hydroxybenzoate IPP 4191-73-5

Butylparaben Butyl p-hydroxybenzoate BP 94-26-8

Iso-butylparaben Isobutyl p-hydroxybenzoate IBP 4247-02-3

Benzylparaben Benzyl p-hydroxybenzoate BzP 94-18-8

4-Hydroxy benzoic acid 4HBA 99-96-7 LVPC

LVPC =low volume production chemical: between 10 and 1000 tonnes/year [24].

The calculations depend on the source data available, type of
commodities and available information of uses. When available
two different methods were used and different values could be
calculated and compared.

The quantifications of stock and flows were carried out via
several different approaches:

e Literature review, including a review of Danish and European
legislation regarding parabens and their related products.

e Utilization of statistics (import and export).

e Search in product registers.

e Review of consumer and non-governmental organisational
studies of parabens.

e Contact with industry and trade organizations.

The literature review was performed via the Technical
Knowledge Center of Denmark [25], Cambridge scientific
abstracts, and Web of Science as well as via a general Inter-
net search database (Google; AltaVista). Statistics were based
on Danish, Scandinavian and European statistical databanks,

whereas Danish and European regulations were accessed via
the regulative organisations’ homepages (the legal informa-
tion system of the Danish State; the Official EU Law portal
and the Nordic product register [26-28] and Nordic non-
governmental organisation reports were accessed via their
homepages, respectively. Individual industry and trade organisa-
tions were contacted directly via telephone, mail and email after
identification of their relevance by accessing their homepages.

3. Results
3.1. Use and source identification

3.1.1. Uses
Parabens and their salts are widely used as preservatives for
their bactericidal and fungicidal properties [4,29].

3.1.2. Sources
Parabens can be found in personal care products such as
shampoos, shower gels, skin lotions, and toothpaste as well as

Table 2
Identified paraben sources
Group Source References
Down-the-drain-chemicals Personal care products Cosmetics, dandruff shampoo, tooth paste, sun [1,30-37]
screen agents, self-tanning products
Pet care products Washing and grooming products [38,39]
Pharmaceuticals Pharmaceuticals Oral, vaginal and injection solutions, medical [40-44]
personal care products
Veterinary medicinal products Oral, injection solution and for intra-mammary [40]
use
Food products European origin Meat, candy, snacks and food supplements [45,46]
Non-European origin Soy sauce, seasoning, baked goods, beverages, [4,44,47-50]
cream pastes, artificially sweetened jam and
jelly, syrups
Domestic and industrial commodities Domestic products incl. cleaning agents Cleaning materials, food packaging [51,58]
polyethylene (LDPE) film, household paper,
pleasure gels, products for treatment of sports
injuries and pains, slimy toys and textile dyes
Pesticides Embalming and preservation of animals [54]
Paint, lacquers and varnishes Water-based paint, spray paint, glass and [28,59,60]

porcelain colours
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Table 3

Legislation governing paraben concentrations in food within Denmark [45] and the European Union [62]

Products

Maximum authorized concentration (mg/kg)

Items where the Danish legislation
differ from the European one

300 (E214-219)
300 (E214-219)

Confectionery (excluding chocolate)

Snacks based on cereals, potatoes or
starch, and coated nuts

Liquid dietary food supplements

Surface treatment of dried meat
products

Jelly coatings of meat products and
paté (non-heated, heat prepared)

Also excluding chewing gum
Includes snacks based on starch and processed nuts

2000 (E200, 202-203, E210-213, and/or E214-219)
Surface treatment of dried products q.s. (E214-219)

Excluding traditional Danish liver paste/paté

1000 (E 200, 202-203 and/or E 214-219)

q.s. (quantum satis): no maximum level has been established but the compounds are allowed to be used according to Good Manufacturing Practice in a level sufficient

to achieve the sought effect.

topical pharmaceuticals. They are also applied as food addi-
tives and are present in a wide range of domestic and industrial
commodities (Table 2).

3.1.3. Legislation governing use of parabens

The legislation and regulation governing the use of parabens
in personal care products including cosmetics in Denmark are
summarised in the Danish statutory order on cosmetic products
[31]. Parabens permitted in food is described in the list of permit-
ted food additives [45]. Both have been conformed around the
corresponding Directives of the European Union (76/768/EEC;
95/2/EC [1,46]), see Table 3.

The maximum authorized concentrations of parabens in per-
sonal care products are 0.4% (acid) for one ester and 0.8%
(acid) for a mixture of esters [1,31]. The Danish statutory
order permits 4-hydroxy benzoic acid, its salts and esters
but excludes the benzyl ester whereas the European direc-
tive includes the phenyl ester. Although contact has been
made to both the Danish EPA and the European Environ-
mental Agency, it has not been possible to neither confirm
nor dispute that the two regulations refer to the same
compound.

All compounds present in concentrations greater than 1%
should be included in the list of contents in decreasing order of
abundance [31]. Compounds present in concentrations less than
1% should also be included in the list of contents in optional
order. However, impurities and technical excipients, such as
solvents and carriers, are not included. Additionally, the Euro-
pean directive states that “Substances may be used in cosmetic
products in concentrations other than stated in 76/768/EEC if
intended for other specific purposes apparent from the pre-
sentation of the products, e.g., as deodorants in soaps or as
anti-dandruff agents in shampoos” [1].

For the pharmaceuticals; the use of excipients such as sweet-
eners, preservatives and dyes are regulated by the Danish
Statutory order no. 1210 [61] where it states that para-hydroxy
benzoates and their esters (E214-219) should always be reported
on the package leaflet due to the risk of allergic reactions.

Imported food into Denmark must also fulfil the requirements
for food additives [45].

3.2. Mapping of production and use patterns

3.2.1. Production within and import to EU

In terms of production, four parabens are listed as low vol-
ume production chemicals (LVPC) (Table 1), i.e., produced or
imported into the EU with a tonnage >10 tonnes/year but less
than 1000 tonnes/year per producer or importer). Since the other
parabens are reported as neither LVPC nor high volume produc-
tion chemical (HVPC), they are produced or imported with a
tonnage less than 10 tonnes/year. None of companies that pro-
duce or import parabens to Europe are located in Denmark [24].

3.2.2. Consumer related use of products containing
parabens

In Denmark, the Danish Information Centre of Environmen-
tal and Health has a database which compiled tests of cosmetics
and household chemicals from 2003 to 2006 [62]. This study uti-
lizes information available from tests on the following personal
care products: baby bathing products, baby lotions, children’s
cosmetics, combined shampoo and body wash (2-in-1 products),
conditioners, deodorants, hand soaps, make-up, suntan lotions
and wet wipes. The level of detail in tests on these products varies
and their aims were different. Therefore, some studies contain
analyses or evaluations of all parabens while some only focus on
BP and IBP, and hence the high weight of these to compounds in
Table 4. However, since the table contains information on 751
different personal care products, it is regarded as a good reflec-
tion of the presence of parabens in Danish commodities. In total,
272 out of 751 products contained parabens, i.e., 36%, and BP
was present in 13% of the products. Five parabens were found
to be present on the declaration of contents on the investigated
personal care products; MP, EP, PP, BP and IBP as well as the
unspecified “paraben” parameter, i.e., the presence of parabens
has been reported but not specified individually. In general MP
and PP are the most frequently used parabens.

In a similar study of baby products in Sweden, it was found
that six out of 69 products contained butyl paraben, i.e., 9% [65].
No other parabens were included in the study. In a Norwegian
study of baby lotion, baby shampoo and soap, children’s sun
lotion and baby wet wipes, 37 of 117 products, i.e., 32%, were
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Table 4
Percent of investigated Danish personal care products containing parabens (in %)
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MP EP PP BP IBP Parabens Number of products tested
Baby bath [62] 94 11
Baby lotion [62] 27 20 15
Baby wash [62] 17* 6
Baby lotion [63] 33 12
Baby wet wipes [62] 31 13
Children’s cosmetics [62] 212 162 43
Children’s cosmetics [62] 100 20 100 20 20 5
Conditioners [62] 94 02 23
Dandruff shampoo [32] 22 11 22 11 9
Deodorants [62] 3 31
Hand soaps [32] 12 12 12 4 4 4 25
Hand soaps [62] 2 45
Hair styling products [36] 23 8 16 9 4 2 328
Make up [62] 36 254 36
Nipple lotions [62] 202 5
Shampoo and products for men [62] 172 6
Shrovetide and theatrical make-up [64] 61 18 51 16 51
Skin creams and lotions [30] 85 43 70 36 9 67
Sunscreen lotions [62] 34 32

2 Studies with focus on only BP and IBP.

found to contain parabens. The most frequently present parabens
were methyl and propyl parabens, present in 32% and 26% of
the products, whereas BP was present in 11% of the products in
arange from 7% in baby lotions to 19% in baby soaps [66].

In an empirical study of the consumption of household
chemicals at a tenants owners’ society, BO90, in Copenhagen
(Denmark) [67,68], 92 household chemicals and personal care
products were registered to have been used by 30 tenants [67].
Sixteen of these contained parabens, i.e., 17% (Table 5). How-
ever, no cosmetics were included and hence an important source
of parabens is missing, indicating that the number originating
from BO90 is an underestimation of the real number of paraben
containing products. Cosmetics on the other hand frequently
contain parabens as found by Masten [69] whom recorded
parabens in 58% of the cosmetics.

In the USA, the Household products database contains over
6000 consumer brands (non-food and non-pharmaceutical con-
sumer products) [38] and the SkinDeep personal care product
safety guide contains information on over 14,835 products
[70]. The Household product database records parabens to be
present in personal care products and pet care products and
a total of 346 products were found to contain parabens, and
most frequently hair dyes, skin moisturizers as well as eye
and lip make-up. Most products contained two parabens, but
some products were found to contain five and six different
parabens and/or sodium salts [38]. In SkinDeep, parabens were

Table 5
Parabens in personal care and domestic products found in an empirical study

found to be present in Anti-aging, Body Wash/Cleanser, Brow
Liner, Conditioner, Eye Shadow, Facial Cleanser, Facial Mois-
turizer/Treatment, Foundation, Lip Gloss, Liquid Hand Soap,
Makeup Remover, Mascara, Moisturizer, Powder, Shampoo,
and Sunscreen/Tanning Oil. MP were found to be present in
40% of the personal care products, EP 9%, PP 33%, BP 10%
and IBP 10%, respectively [70]. Additionally, besides the five
parabens included in this study SkinDeep also includes infor-
mation of personal care products containing iso-propyl paraben
and three unspecified parabens (para-hydroxybenzoate ester and
parabens). No corresponding Danish databases were found, but
it is assumed that a similar distribution is valid for Denmark.
This is coherent with the commercial preservatives and blends
available in Europe, i.e., MP, EP, PP, BP and IBP as well as their
sodium salts [29].

3.2.3. Pet care products and patterns

In one study of pet care products on the Danish market were
455 products found of which 315 cat/dog products and 140 were
intended for horses [39]. The authors reviewed products sold in
shops, in online stores, veterinary hospitals, pet grooming salons
and in connection with shows and assessed that they had cov-
ered 75% of the products sold in Denmark. They also noted
that the majority of the products lacked lists of content and
thus were only 157 products evaluated for their content. MP
was the most frequently found paraben and IBP were found

Compound Number of products Type of products

Methylparaben 15 Cleaning detergent, conditioner, hand soap, shampoo, shaving foam, shower gel, skin lotion, toothpaste
Ethylparaben 7 Conditioners, hand soap, shampoo, shower gel

Propylparaben 10 Cleaning detergent, conditioner, hand soap, shower gel, skin lotion

Butylparaben 5 Conditioner, hand soap, shaving foam

Isobutylparaben 4

Conditioner, hand soap, shaving foam
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Table 6
Number of products and paraben containing products in the SPC database [40]
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Pharmaceuticals

Veterinary medicinal products

Herbal medicinal products Vitamins and mineral preparations

No. of products 5560 520 142 113

No. of products containing parabens 178 41 7 0
Percentage containing parabens 3.2 7.9 4.9 0
Table 7

Parabens in Danish pharmaceuticals [40]

Use type MP Na MP EP Na EP PP Na PP BP IBP BzP Total no. of pharmaceuticals
Oral 72 5 1 1 58 4 2 78
Rectal 13 1 6 1 14
Eye 1 1
Nose 3 3 3
Dermal 27 1 20 2 31
Shampoo 3 1 3 1 1 3
Injection 28 12 29
Plaster 3 1 3 1 1 3
Vaginal 1 1 1 1 2
Internal 14 6 14
Total no. of parabens 165 8 3 1 112 6 6 1 1 178

to be present in half the products containing BP. In total 24
products did contain parabens (15%). In Denmark, 40% of the
families have pets and there are 546,000 dogs and 646,000 cats in
Denmark [71].

3.2.4. Parabens in pharmaceuticals and veterinary
medicinal products

The Danish Medicine Agency has two tools for pharmaceuti-
cal evaluation, summaries of product characteristics (SPC [40])
and annual statistics (grouped according to active compounds
and to packets [72]) for the years 2000-2004. Statistics of addi-
tives such as the parabens are not included [73] but merely
information regarding their presence. In the SPC database there
is also information regarding veterinary medicinal products, and
herbal medicinal products as well as vitamins and mineral prepa-
rations, see Table 6.

As the use of excipients is regulated [61] and the presence
of parabens should be reported on the package, the found num-
ber of paraben containing products should be the correct value
(Table 7). However, the regulation does not include the vet-
erinary medicinal products and hence, the actual number of
products containing parabens could be larger that what can be
found from the package leaflets (Table 8).

Methyl and propyl parabens are the most frequently used
parabens in pharmaceuticals, present in 93% and 63% of the

Table 8
Parabens in Danish veterinary medicine products [40]

paraben containing pharmaceuticals, respectively. From Table 7
it can also be seen that parabens are primarily used in pharma-
ceuticals intended for oral and dermal use as well as injection
solutions.

Methyl and propyl parabens are the only parabens used in vet-
erinary medicine products. They are used in oral suspensions or
pastes, injection solutions or for intra-mammary use. Similarly,
in a study by the Swedish Medical Products Agency [74] MP
were found to be present in ca. 170 medical products including
ca. 20 veterinary medicine products, thus in the same order of
magnitudes as found in this study.

Among the natural remedies all the seven products were
found to contain MP and four contained PP. Four were oral lig-
uids, one nose spray and two in tablet form. None of the Vitamins
and mineral preparations was reported to contain parabens.

3.2.5. Paraben containing food products and pattern

Only three studies of the use or presence of parabens in
food stuff (candy, meat and fish products) could be found for
Danish conditions. Thus, a questionnaire were sent to 21 rel-
evant Danish trade associations, non-Danish companies with
production facilities or branches in Denmark and major Dan-
ish food producers were contacted in order to confirm general
attitude towards parabens and their use of parabens in food, as
shown in Table 9. Nineteen replied (90%) and only one were

Use type MP Na MP EP Na EP PP Na PP BP IBP BzP Total no. of veterinary medicine products
Oral 13 13 13
Injection 27 15 27
Intra-mammary 1 1 1
Total no. of parabens 41 29 41
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Table 9

Results of the questionnaire among food related trade organisations and producers

Number of associations/producers contacted in this study Meat® Snacks® Candy Food supplements Spices, food additives incl. preservatives
Contacted 8 5 3 3 2

Replied 8 5 3 2 1

No reply 0 0 0 1 1

Using parabens 0 0 0 1 0

% Salami and paté of poultry, pork and beef, dried or heated products.
b Coated nuts and snacks made of wheat, corn, rice or other grains.

found to use parabens in their products, i.e., liquid oral food
supplements.

Based on this rather limited study it is indicated that Danish
producers do not primarily use parabens but sorbates (E200,
2002-203) for food preservation.

For filled chocolates, it was found that 9 out of 101 samples
(8.9%) contained PP but neither MP nor EP was detected in the
same study [75]. All the PP containing filled chocolates were of
Danish origin. Two hundred ninety meats and fish (meat prod-
ucts made of whole pieces or processed meat and sliced pieces
of these products; boiled, roasted, smoked, dried or salted fish
and fish products; fish products, canned and in glass; and fish
products, canned and heat-treated) were investigated for MP, EP
and PP where EP was found in one fish spread [76]. However,

Table 10

parabens are not permitted in fish products according to the Pos-
itive list [45] and in another study of 22 fish products were none
of the parabens detected [77], hence, 1 of 59 tested fish products
contained parabens (1.7%).

Other studies, of non-European origin has shown that
parabens are present in a wide range of food products such
as soy sauce, fish sauce, pickle condiment liquids and jams
as well as beverages [47,49,78,81]. Food imported into Den-
mark must also fulfil the Danish requirements for food additives
[45]. The producer or importer has the responsibility to reassure
that the products imported to, or sold, in Denmark are harmo-
nized to the current legislation. The imported goods are therefore
controlled by the companies’ “self supervision”, where the com-
panies are supervised by the control authorities located at the

SPIN database tonnage and use of parabens in Denmark within industry and commercial businesses

Compound Year Number of preparations Tonnes National use category

MP 2004 82 0.3 Cleaning/washing agents, Cosmetics, General cleaning/washing
2003 113 1.4 agents (floor wash, basic cleaning), Hair care products, Hair
2002 124 1.5 shampoo, Polishing agents, Skin care products, Skin cleaners
2001 122 1.6 (Soap, shower gel, hand cleansing cream), Skin protection
2000 125 L5 materials, Writing ink

EP 2004 31 0.0? Cosmetics, Hair care products, Hair shampoo, Skin care products,
2003 43 0.12 Skin cleaners (Soap, shower gel, hand cleansing cream)
2002 50 0.8
2001 50 0.8
2000 38 0.12

PP 2004 56 0.1* Cleaning/washing agents, Cooling agents for metal processing,
2003 95 a Cosmetics, Cutting fluids (for metal treatment), Hair care products,
2002 112 0.6* Hair shampoo, Polishing agents, Skin care products, Skin cleaners
2001 106 0.6* (Soap, shower gel, hand cleansing cream), Skin protection materials
2000 107 0.6*

BP 2004 27 0.0 Cosmetics, Hair care products, Hair shampoo, Skin care products,
2003 44 0.1 Skin cleaners (Soap, shower gel, hand cleansing cream)
2002 46 0.1
2001 42 0.1
2000 38 0.1

IBP 2003 5 0.0 No record
2002 5 0.0
2001 a a
2000 a a

Na MP 2004 a a Paint, lacquers and varnishes
2003 a a
2002 a a
2001 a a
2000 5 0.0

2 Contains confidential data. If the value is “0.0” it means that the volume is below the limit of accuracy, i.e., 100 kg.
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Table 11
Number of the investigated consumer commodities containing parabens (in %)

MP EP PP BP I-BP Parabens No. of commodities

Artificial blood [85] 100 1
Dyes (textile and pens etc) [52] 8 12
Finger paint [86] 42 5 32 11 19
Food packaging polyethylene [55] -
Hand soap for industrial use [58] 8 2 25
Household cleaners [54,67] 50 50 2
Household cleaners (this study) 12 8
Household cleaners and chemicals [87] 18 39
Kitchen rolls (virgin fibre) [51] 9 18 11
Pleasure gels (incl. erotic massage oils and creams) [56] 36 18 24 18 15 33
Slimy toys [53] 17 17 18
Spray paint [59] 1 142
Treatment of sports injuries and pains [57] 8 3 39
Water-based paint [85] X

regional veterinary and food administration centres [82]. Thus,
the contribution of parabens present in food such as soy sauce
and jam ought to be small, but personal import during tourist
trips and immigrants visits to their native countries cannot be
excluded.

3.2.6. Other domestic products and industrial commodities
3.2.6.1. Industrial and commercial commodities. The Nordic
SPIN database consists of data from all the Nordic countries
(Norway, Sweden, Denmark and Finland). The Danish data
consists of information regarding dangerous products used in
industrial or other commercial businesses. Therefore, products
used only by private persons, including cosmetics and pharma-
ceuticals as well as consumer commodities are not included in
the database [83]. The SPIN database uses net data, equal to data
on exported chemical products subtracted from a total of pro-
duced and imported chemical products [28]. The net paraben
tonnage and corresponding uses for 2000-2004 are shown in
Table 10.

One biocide manufacturer (not named due to a confidentially
agreement) that previously had a paraben containing product on
the market was contacted during this study and it became clear
that he no longer produced any paraben containing products. In
a Danish survey of biocides it was noted that embalming fluids
contained parabens [54].

3.2.6.2. Consumer commodities. A wide range of domestic
Danish products such as household cleaning agents, e.g., win-
dow washing liquids, universal cleaning liquids, and household
paper and food packaging materials have been found to con-
tain parabens (Table 11). MP and PP are the most commonly
used parabens. Five shoe care products were tested for parabens
(cleaning, care and freshener products) but none of them were
found to contain MP, EP, PP or BP [84].

The parabens are the main biocides used for preservation of
cleaning materials in Denmark [54] and the typical concentration
of amixture of parabens is 0.7%. No in-depth studies of parabens
different types of household cleaners could however be found. To
get an idea an examination of the presence of universal cleaners
and washing-up liquids was carried out at three departments at

the Technical University of Denmark. The study was carried
out once in nine different products and it was found that one of
them, thus approximately 11%, contained parabens. A Swedish
handbook on washing-up liquids, cleaning agents and washing
detergents contains 39 product categories within the field and 7,
i.e., 18% were recorded to contain parabens (universal cleaners,
floor polish, “heavy duty cleaner”, washing-up liquids, metal
polish, scrubbing polish, and liquid soap [87]).

In a survey of materials used in live role-playing and sold
in specialised role-playing shops, it was found that the artificial
blood is preserved with MP [85].

The products register SPIN shows that the category “Paint,
lacquers and varnishes” contains parabens but only a limited
number of reports, publications, etc. have been found to confirm
this (glass and porcelain colours, spray paint and textile dye
as well as dye pens). Hence, contact with two manufacturers of
paints, lacquers and varnishes resulted in negative replies as they
do not use parabens in paints or coatings. The Confederation of
Danish Industries [85] reports that their members generally do
not use parabens in water-based paint, lacquers or glue. Only one
of their members replied in a questionnaire that they used raw
materials containing parabens in “low mg/L levels” and thus the
concentration in the final product would be substantially lower,
however a more detailed reply could not be obtained. Similarly,
a manufacturer of indoor paint, hobby paints and finger paint
replied that their paint in average contained 0.27% biocides but
no parabens.

Although the Danish EPA and the Danish Information Cen-
tre for Environment & Health have had focus on hobby paint
for colouring of glass and porcelain etc. as well as modelling
clay, the focus has not been on parabens and thus, no use pattern
could be retrieved. There are more than 39 biocides registered
as preservatives in paints in the Danish national database which
provide the background information to SPIN; PROBAS [89].
The list of preservatives, however, was not available due to con-
fidentiality but for most water-based paints, there is no obligation
to declare the individual components to PROBAS, and thus the
register cannot be used for quantification of the total content
of biocides in paint [54]. However, one out of 142 tested spray
paints contained parabens [59].
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Table 12

Import and export of 4-hydroxybenzoic acid esters and their salts (code 29182930) retrieved from [90]

Annual (tonnes) 1998 1999 2000 2001 2002 2003 2004 2005 2006
Import 8.6 31 32 38 95 119 159 165 216
Export 0.33 0.0 0.0 2.0 33 5.3 44 6.5 0.6
National® 0 0.16 0 0 0 1.0 0 0 b
Inflow 8.3 31 32 36 92 115 154 158 216

 Sales, production, treatment or collection.
b Data from the 4th quarter not available (Feb 2007).

3.3. Quantification of flows

3.3.1. Raw materials

The import and export statistics of external trade, i.e., the
import and export to Denmark as well as the Danish national
production of certain goods is available though the StatBank
[90], the parabens are however grouped into one group consist-
ing of “4-hydroxybenzoic acid and its salts and esters” (code
29182930) according to the Danish customs service [91]. Data
for January 1999 to March 2006 were extracted. The numbers
presented are the net weight i.e., the packing is not included
[92] furthermore, the national production and sales comprises
of produce and solid within Denmark as well as produced and
sold outside Denmark [93]. The commercial business providing
Denmark with the majority of the parabens via import confirms
that only the parabens (MP, EP, PP, BP and IBP) and their sodium
salts are sold to Denmark, hence, the acid (4-hydroxybenzoic
acid) is not included.

Both the import and export of parabens has increased dur-
ing the selected period (1998-2006) though the export is only
3-5% of the annual import (Table 12). The national sales, pro-
duction, treatment or collection is minor in comparison, hence
the inflow substantially exceed the outflow. Parabens in com-
modities, e.g., pharmaceuticals and personal care products do
not contribute to the statistics in Table 12, as they are a part
of the composite commodity, and hence, the actual import and
export of parabens is greater than what can be expected from the
above mentioned numbers. An overview of the flow of parabens
in 2004 can be seen in Fig. 2. Between 2000 and 2006 the sales
of cosmetics and personal care products (in Euros, €) increased
by 31% [94], which partly can explain the increased import
of the pure chemicals as the production volumes has increased
correspondingly.

3.3.2. Personal care products
3.3.2.1. Presence. The regulation limits the use of single
parabens to 0.4% and the sum of all parabens into 0.8% [1].

Table 13
Paraben content in personal care products (percentage of total weight)

Typical usage concentrations suggested by a paraben manu-
facturer are for the individual preservatives 0.1-0.3% and for
preservative blends 0.03-0.8% [29]. One Danish study of 98
skin lotions revealed that the actual paraben content ranged
from 0.024% to 0.511% in the various items (Table 13).
The highest individual concentrations were noted for MP and
PP where MP actually exceeded the regulated limit. Studies
of the content of paraben in toothpastes indicate that these
conform to the stipulated limits for personal care products
(Table 9).

3.3.2.2. Importand export. Import and export as well as Danish
domestic production [90] of arange of potential paraben contain-
ing personal care products, selected from the eVITA database
[91] and based on the sources identified in Table 2 is shown
in Table 14. For the majority of the personal care products, the
import exceeds both the export and the national production. It
can be noted that only hand soap and toothpaste and related prod-
ucts are reported to be produced in Denmark. This is not entirely
true as Danish industry also, e.g., produce topical skin lotions,
etc. but these are sold and distributed within the framework of
the pharmacy organisation and therefore included among the
pharmaceuticals.

The national production refers to “national production, treat-
ment or collection” and as all the parabens present in nationally
produced commodities originate from imported pure chemicals
there is an inherent risk of double bookkeeping of the amounts
of parabens.

Using the data above (import and export statistics) and the
pattern of parabens in personal care products, in which it was
found that 36-40% of the personal care products contained
parabens, as well as the maximum and minimum concentra-
tions permitted and found in skin lotion (0.8 and 0.024%) from
Table 13, the amount of parabens included in the complex matrix
of blended personal care products can be estimated (Table 15).
For more details see Fig. 2.

Commodity type MP EP PP BP IBP Parabens total
Hand cream [95] 0.10 0.08 0.07

Lip gloss for children [53] 2.3

Skin creams and lotions [30] 0.007-0.409 0.005-0.100 0.005-0.206 0.012-0.100 0.002-0.048  0.024-0.511
Toothpaste for children [33] 0.017-0.052
Toothpaste of general use [33] 0.007-0.137
Toothpaste of medicinal use [33] 0.035-0.045
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Table 14
Import and export and national production of personal care products (tonnes per annum) [90]
1999 2000 2001 2002 2003 2004 2005
1 3597 4052 3667 4846 4592 4567 4066
Hand soa E 902 1385 1463 2173 2687 1863 1438
P N 773 640 689 1478 2053 1763 699
IF 3468 3307 2893 4151 3958 4467 3327
1 2779 3512 3123 3170 2845 2128 2532
Skin loti E 2133 1936 2077 2126 1996 1808 1409
n lotion N 0 0 0 0 0 0
IF 646 1576 1046 1044 849 320 1123
I 6344 6819 7388 7805 8006 6288 9329
. E 3501 4244 7454 7147 7334 6999 6760
Hair wash (330510) N 0 0 0 0 0 0
IF 2843 2575 —66 658 672 —711 2569
I 5789 6276 5667 6235 8278 7443 9631
Beauty treatment incl. E 1219 1552 2609 2375 2673 2328 2424
sun lotion N 0 0 0 0 0 0
IF 4570 4724 3058 3860 5605 5115 7207
1 299 358 370 390 519 486 527
Eye make-up E 36 52 67 90 143 142 170
(330410) N 0 0 0 0 0 0 0
IF 263 306 303 300 376 344 357
1 385 474 253 365 383 391 363
. E 27 155 850 1023 1181 968 774
Lip make-up (330420) N 0 0 0 0 0 0 0
IF 358 319 —-597 —658 —798 —577 —411
1 285 224 126 97 127 133 204
Face make- E 33 31 23 41 108 450 420
up N 0 0 0 0 0 0 0
IF 252 193 103 56 19 -317 -216
Oral hyeiene products 1 172 173 325 272 318 352 471
330 6)yg P E 36 103 275 197 291 173 183
IF 116 123 53 —19 -8 —496 —504
1 5751 5706 7369 7770 12387 9598 9151
Toothpaste (3306) E 3771 3894 4905 6518 8484 6051 5403
Toothpaste and related N 162 152 123 98 77 57 10
products IF 2142 1964 2587 1350 3980 3604 3758
I 805 630 688 1124 1761 1875 2647
Hair removal and others, e.g., deodorants and E 614 744 1274 1153 1418 1347 1415
shaving related prod. (3307) N 0 0 0 0 0 0 0
IF 191 —114 —586 -29 343 528 1232
1 4087 6578 7043 7469 9835 11792 9470
. E 893 1044 633 477 637 1332 1707
Hair care products (33059000) N 0 0 0 0 0 0 0
IF 3194 5534 6410 6992 9198 10460 7763
1 589 430 213 322 193 405 478
Hair tonic (33059010) E 8 6 1 1 7 12 20
N 0 0 0 0 0 0 0
IF 581 424 212 321 186 393 458
1 264 213 134 145 188 121 98
Permanent treatment E 5 4 11 3 3 33 50
(330520) N 0 0 0 0 0 0 0
IF 259 209 123 142 185 88 48
1 491 564 525 415 266 272 259
Manicure etc. E 57 116 82 136 64 105 67
(330430) N 0 0 0 0 0 0 0
IF 434 448 443 279 202 167 192

I=import; E =export; N =national production, treatment or collection; IF =inflow, i.e., import + national production — export.
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Minimum and maximum paraben (tonnes) import, export and national production as a part of the commodity group personal care products

% 2004 1998-2005 cumulative
Max Min Max Min

The annual import of parabens via personal 36 132 4.0 91-143 2.7-4.3
care products 40 147 4.4
The annual export of parabens via personal 36 68 2.0 38-78 1.1-2.3
care products 40 76 2.3
The annual national consumption of parabens 36 52 0.16 2.0-6.1 <0.1-0.18
via personal care products production 40 5.8 0.18
Table 16
Presence of parabens in pet care products in Denmark
Number present MP EP PP BP IBP Total no.
On the list of content 22 12 19 11 6 157
Stated concentration (%)* 0.1-0.2 0.1-0.2 0.1-0.2 0.1-0.2 0.1-0.2
Measured concentration (%)® 0.0062-0.099 0. 0025-0.018 <0.002-0.009 <0.001-0.02 ¢ 12

2 Provided by the producer(s).

b Chemical analyses (GC-MS),

¢ Not analysed.
Table 17
Concentrations of parabens in human pharmaceuticals (in mg/g)

MP EP PP BP Total

Cough syrup (mg/mL) [42] 1.7 1.7
Cream a [97] 0.98-1.00 0.24-0.26 1.22-1.26
Cream b [97] 1.90-1.98 0.19-0.21 2.09-2.19
Cream c [97] 1.92-2.05 0.39-0.41 0.21-0.22 0.45-0.48 2.97-3.16
Lotion a [97] 1.42-1.44 0.18-0.20 1.60-1.64
Solution a [97] 1.65-1.68 1.65-1.68
Ointment a [97] 0.16-0.18 1.41-1.48 1.56-1.66
Bioadhesive gel (%) [98] 0.3 0.3

3.3.3. Pet care products

3.3.3.1. Presence. One Danish study focusing on pet care prod-
ucts (shampoo, conditioners, skin and fur oil, paw and hoof
creams, etc.) was found to compare the declared concentra-
tions of parabens with the actual concentrations measured within
the study. Twelve pet care products were analysed and it was
found that the actual concentrations of parabens were lower than
declared [39] (Table 16).

3.3.3.2. Import and export. The pet care products, i.e., sham-
poo, conditioners and skin creams, etc. intended for domestic
animals but excluding products with medicinal purpose, do not
have a unique commodity code and subsequently no specific
statistics can be extracted from the Danish StatBank [90]. They
are included in the general codes for personal care and groom-
ing, custom code 330790 (“others”), i.e., pre-shave, shaving or
aftershave preparations, personal deodorants, bath preparations,
depilatories and other perfumery, cosmetic or toilet preparations,
not elsewhere specified or included; prepared room deodorizers,
whether or not perfumed or having disinfectant properties not
governed by the other codes under 3307 [96]. Thus, import and
export of pet care commodities are included in Table 14.

3.3.4. Pharmaceuticals and veterinary medicinal products
3.3.4.1. Presence. The SPC does not contain any information
on the concentration of parabens in individual human phar-
maceuticals as this not required by the statutory order [61]
but approximately 2/3 of all the veterinary medicinal product
sheets contain this information. Hence a literature survey of
concentrations in a range of different human pharmaceuticals
was conducted as show in Table 17. Reports on actual con-
centrations (in mg/g or mg/mL) were sparse in the literature
found.

The Danish veterinary medicines were found not only to con-
tain more methyl paraben than propyl paraben based on the
presence in products (Table 8) but also based on the concen-
trations declared for the individual products (Table 18), where

Table 18
Concentration of parabens in veterinary medicinal products [40]

MP PP
In solid form — max (mg/g) 2.6 0.6
In solid form — min (mg/g) 0.8 0.1
In liquid form — max (mg/mL) 1.8 0.5
In liquid form — min (mg/mL) 0.5 0.1
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Table 19
Potential max and min contribution of parabens based on pharmaceuticals
(tonnes)

Table 20
Potential contribution of parabens based on veterinary medicine products (2005)
in tonnes

2000 2001 2002 2003 2004 Paraben type Paraben volume (tonnes)
In solid form — max 0.085 0.098 0.098  0.093 0.098 Number of products 37
In solid form — min 0.035 0.041 0.040  0.038 0.040 MP 0.0994
In liquid form — max 0.858 0.905 0.867  0.838 0.814 PP 0.0092
In liquid form — min 0.234 0.247 0.236  0.228 0.222 Total 0.109
Total max 0.94 1.0 0.96 0.93 0.91
Total min 0.27 0.29 0.28 0.27 0.26

methyl paraben was found in higher concentrations for both solid
and liquid products.

3.3.4.2. Import and export. The import and export of pharma-
ceuticals and veterinary medicines are covered by the custom
code 3000 (Pharmaceutical products) which covers everything
from groups of vaccines, and band aids to protective closes used
in surgery [91]. The official public available information is how-
ever not detailed enough to find information on individual or
specific groups of chemicals. Import and export statistics of
sub-groups (code 3003) “pharmaceutical consisting of two or
more products for therapeutic or prophylactic use” and (code
3004) “mixed or un-mixed for therapeutic or prophylactic use”
for 2004 showed that the total import were 21,100 tonnes and the
export 16,400 tonnes, i.e., a surplus of 4700 tonnes. As there is no
further information how many pharmaceutical preparations this
corresponds to, it is not possible to calculate the paraben import
and export within pharmaceuticals and veterinary medicine.

However, it is possible to use the information in the SPC
database and the declared paraben presence in veterinary
medicines in order to calculate the parabens spread within Den-
mark due to the use of pharmaceuticals and veterinary medicines
(Table 19). It is assumed that the human pharmaceuticals con-
tain the same amount of parabens as the veterinary medicines
as indicated in Tables 17 and 18. The sales statistics retrieved
showed data for only 133 out of the 178 paraben containing
pharmaceuticals as the remaining products had not been sold
during the investigated time period [99]. For 123 an evaluation
based on volume per package needed to be performed.

The amounts of parabens used in pharmaceuticals were cal-
culated according to:

Number of packages sold x amount or volume of

pharmaceutical per package

133
X concentration of parabens X @products

= total amount of parabens D

For 2004, the pharmaceuticals would contribute with
0.26-0.91 tonnes of parabens, primarily in liquid form (Fig. 2).
Danish Institute for Food and Veterinary Research collects
statistics on consumption and sale of veterinary medicine prod-
ucts in Denmark (VetStat). An excerpt from the database for
2005 showed that only 37 of the 41 paraben containing prod-

ucts had been marketed/used in 2005 [100]. The SPC database
included declared concentrations of parabens for 30 out of the
37 veterinary medicine products in the range shown in Table 18.
The remaining 7 products were estimated to contain the highest
range of parabens found, i.e., 2.6 mg/g of MP and 0.6 mg/g of PP.
No data could be obtained for 2004 but the data for 2005 is esti-
mated to be close to what had been used during the prior year
(Table 20). The amounts of parabens in veterinary medicinal
products were calculated according to:

The annual total amount or volume of veterinary medicine
products x declared concentration of parabens

= total amount of parabens 2)

Thus, the total contribution of parabens in veterinary
medicines is estimated to be 0.1 tonne (Fig. 2).

3.3.5. Import and export of food products and additives
3.3.5.1. Presence. Based on the questionnaire to 21 Danish
food producers it is not anticipated that parabens are used fre-
quently. Thus it is estimated that only 2% of the food permitted
to contain parabens actually do so and that the levels used are
the maximal permitted concentrations, see Table 2.

3.3.5.2. Import and export.

3.3.5.2.1. Snacks, nuts and candy. The review of the import
and export of snacks, nuts and candy shows that the import
generally exceeds the export, i.e., there is a net inflow of snacks.
However, Denmark exports potato based snacks; wine gum and
jelly; as well as hard coated, sometimes filled candy hard candy
[90].

Using the amounts of snacks (rice, potato, corn and wheat
based) and candy (excluding chocolate and chewing gum) avail-
able in StatBank in combination with the maximal limit of
300mg/kg as well as the estimation that only 2% contain
parabens, an import of 0.2 tonnes and an export of 0.3 tonnes
for 2004 is yielded (Table 21 and Fig. 2).

Using statistics for filled chocolate (with and without alco-
holic content) [90] in combination with the frequency of paraben

Table 21
Estimated amounts of parabens in snacks, nuts and candy (in tonnes)

1999 2000 2001 2002 2003 2004

Import (2%) 0.2 0.2 0.2 0.2 0.2 0.2
Import (10%) 1.2 1.0 1.1 1.0 1.1 1.2
Export (2%) 0.2 0.2 0.3 0.3 0.3 0.3
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presence of 8.9% (see Section 3.2.5) and the detected concen-
tration range 7.9—180 mg/kg [75] the contribution of parabens
in filled chocolates can be calculated. Based on these fig-
ures <0.1-0.19 tonnes is imported, <0.1-0.13 is exported and
a <0.1-0.18 tonnes is used by domestic industry.

3.3.5.2.2. Meat and fish. Based on statistics of sausages,
dried sausages, processed meat products and products made
from liver [90], the import to Denmark ranged during 2000
to 2005 from 4750 to 17500 tonnes and export ranged from
37100 to 47700 tonnes, thus the export vastly exceeded the
import, especially pork-based food. If assuming that the prod-
ucts contained their maximum allowed amount of parabens
(1000 mg/kg) and that 2% of the products contained parabens,
it corresponds to an import of 0.095-0.74 and an export of
0.35-0.96 kg parabens on an annual basis. However, the Danish
food producers report that they do not use parabens as found in
Table 9; hence the exported amount may be an overestimation.

One fish spread (buckling paté) has been confirmed to contain
95 mg/kg [76]. The Danes consume 11-17 g of fish and fish
products per day, which corresponds to 28,400 tonnes per annum
[101]. Herring and mackerel are the most frequently eaten fishes
but even if we assume that 20% of the whole fish consumption
consists of buckling pate, the paraben contribution would be less
than 10 kg per annum.

3.3.5.2.3. Seasoning. Although seasoning should be
paraben free as described in the legislation, an estimation
of how much parabens that theoretically could be imported
via soy sauce was made as parallel and illicit import cannot
be excluded. In 2004 originated 26% of the soy sauce (code
no. 2103100000) imported to Denmark from countries that
have reported paraben presence in soy sauce [49,78-80], i.e.,
China, Korea and Taiwan. If the imported soy sauce contained
the amounts of paraben reported by Lin and Choong [80]
which ranged from 33.4 to 250 mg/L soy sauce, the import of
parabens via soy sauce could have been in 2004 between 0.010
and 0.077 tonnes. No official institution in Denmark collects
detailed official statistics of other seasonings such as fish sauce
and thus no similar comparison could be made.

3.3.6. Food supplements

According to the StatBank, 6170-7180 tonnes of Vitamins
and mineral preparations (non-pharmaceuticals) in aque-
ous solutions were imported to Denmark in 2004-2005,
2980-3270tonnes were exported and 4850-4960 tonnes pro-
duced nationally [90]. None of the pharmaceutical Vitamins and
mineral preparations was found to contain parabens (Table 6) but
one Danish food supplements producer reported to use parabens
in his products (Table 9), thus the market share of paraben
containing food supplements is estimated to be 2%. The maxi-
mum level of parabens in food supplement is set to 2000 mg/kg
(Table 3) indicating that the food supplement could contribute
with import of 0.3 tonnes, export of 0.1 tonnes and national con-
sumption of 0.2 tonnes of parabens during production (Fig. 2).

3.3.7. Domestic and industrial commodities
The number of industrial and commercial commodities
reported in the SPIN database [28] to contain parabens, as
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Fig. 1. Trends of use of parabens in commodities in Danish industry and com-
mercial business.

seen in Table 10 and Fig. 1 is decreasing with respect to the
parabens included in this study. The cumulative amounts, assum-
ing that <0.1 category comprises of 0.09 tonnes ranges from 0.8
to 3.3 tonnes per annum (Fig. 2).

Personal communication with a Danish personal care prod-
ucts manufacturer and a Danish pharmaceutical company
revealed that they when carrying out reformulation of their
products exchange parabens for other preservatives. Similarly,
one personal care products manufacturer will develop paraben-
free baby products due to demand in the Danish society, but
reformulation of existing products for adults have not been
considered.

3.3.8. Other domestic products and industrial products

Water-based paints for indoor and outdoor purposes, and
paint for dying for leather and textiles as well as glass and
porcelain colours, were estimated to contain 0.27% parabens
corresponding to the biocide level reported by a major paint
manufacturer, see above. Some dyes, for example textile dye
and dye pens were found to contain higher concentrations of
parabens (0.6%) [52] but since it was not possible to distin-
guish between the different commodities in the custom service
information all are treated under the same umbrella. Paraben
containing paint is estimated to have a 2% market share and in
combination with retail statistics of water-based paint (Table 22)
from the StatBank in 2007 [90] it yields an import of 1 tonne,
export of 1.3 tonnes and internal consumption of 3.1 tonnes of
paraben for 2004.

150-170 tonnes of spray paint are used in Denmark on an
annual basis. In a study to the Danish EPA only one out of 142
tested spray paints contained parabens and the concentration
in this paint was <0.1% [59], hence the annual contribution of
parabens on the Danish market is <1.2 kg.

Sticky toys, modelling clay/clay dough, finger paint avail-
able via Danish statistics are not the public recorded in such
detail that it is possible to extract information on these specific
commodities [90]. But a Swiss study has shown that almost
half of the finger paints contain parabens [86]. Modelling clay
and finger paint are not recommended to children of 3 years
or younger and it perceived that these activities cease at the
age of 10, thus in the ages of 4-9 years, there were 0.42 mil-
lion children in 2004. It is estimated that if 50% of the children
use 400 g of finger paint, 600 g of modelling clay and 50 g of
sticky toys per year, 50% with a content of 0.27% of parabens,
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Fig. 2. Overview of the flow of parabens in the Danish society for the year 2004 (in tonnes).

these commodities would contribute with ca 0.3 tonnes in the
Danish society (Fig. 2). The estimate is based on the input
from two day-care centres and six parents with small (<10 year)
children.

No studies or statistic of parabens in packing materials could
be found. The use of industrial soap and its contribution to the
parabens in the society are covered by SPIN, see Table 10.

National statistics of import and export of various household
cleaners are gathered under one commodity code whereas the
national production is available in a more detailed manor; hence,
the data may not refer to identical commodities. If the household
cleaners in average contained 0.7% a mixture of parabens [54]
or 0.2% of a single paraben the input would in 2004 had been
9-33 tonnes import, 26-92 tonnes in export and 9-32 tonnes in
national production. The frequency of paraben presence in clean-
ing commodities is estimated to be 11%, as shown in Table 11.
This it however connected to high uncertainty as the calculations
have been supported with much less data then for example the
personal care products.

With an interview with role-playing retailers, it became clear
that about 500 units of artificial blood were used in Denmark in
2005 and the product safety sheets listed the MP concentration
to be 0.2% [88]. The size of the blood containers as indicated in
the report [88] is small, <1 L, thus role-playing contributes with
less than 1 kg of parabens.

Tissues used in Europe, e.g., kitchen rolls are predominantly
used of virgin fibre [102] and each European is using 13 kg per
year. If this also applied to Danes and the fact that 2 out of
11 virgin fibres contain parabens (Table 17) is used, it would
indicate that every Dane used 2.36kg of paraben containing
tissue or 12,800 tonnes for the whole of Denmark. Vingaard et
al. observed both MP and PP in virgin fibre kitchen rolls [51].
The highest levels confirmed were for PP 2.9 and 3.1 mg/kg,
respectively. It corresponds to 37—40 kg parabens used in tissue
on an annual basis, Fig. 2.

Neither for pleasure gels nor products for treatment of sports
injuries and pains are there designated commodity codes avail-
able, thus, it is not possible to attain any statistic for their import,

Table 22
Import and export and national production of water-based paint (tonnes per annum) and calculated paraben contribution
1999 2000 2001 2002 2003 2004 2005 2006
1 14677 (0.8) 14183 (0.8) 14678 (0.8) 14791 (0.8) 15879 (0.9) 19332(1.0) 27737(1.5) 35638(1.5)
Water-based paint E 16625 (0.9) 19815(1.1) 17827 (1.0) 18518(1.0) 20858 (1.1) 24973(1.3) 28304(1.5) 36109(1.9)
N 52849 (2.9) 58941(3.2) 59180(3.2) 54856 (3.0) 53230(2.9) 56555(3.1) 52007 (2.8) 52333(2.8)
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Table 23

Comparison between actual and theoretical consumption of personal care product (in g/person/week) [67] and unpublished data from the same study

Product type Actual consumption Theoretical consumption (average 1999-2005)
Hair conditioner 3.0 12-39%

Hair styling products 0.6

Deodorant 0.5 11-26%*

Shaving foam 0.4

Shower gel 2.1

Hand soaps 8.2 10-16

Oral hygiene products 4.4 5-14

Shampoo 11.8 0***-10

Skin care products 25 1-6

*Hair tonic and hair care, **Beauty treatment incl. sun lotion, ***Negative inflow.

export, national production or general use [56,57]. Other uses
such as in biocidal products and embalming fluids has been
reported with the typical level of 0.7% [54] more information has
not been possible to obtain due to the confidentiality of industrial
products [89].

All the information collated within this study is presented
in Fig. 2 which represents the sources and flow of parabens.
The majority of the data has been available for the year 2004,
thus this year has been selected to represent the substance flow
analysis of parabens in Denmark.

3.4. Accumulation in society

Personal care products and cosmetics are required to be
labelled with the year and month for minimum durability. How-
ever, if the durability is more than 30 months, it shall be indicated
how long the product can be used after opening without any
harm to the consumer shown with a symbol of an open container
(76/768/EEC; [1]). In this study, it was found that the use of 12
months for minimum durability and an indication of 12 months
keeping qualities as opened are the most frequently use for
rinse-off and leave-on products available on the Danish market.
Similarly, pharmaceuticals are provided with expiration dates
labelled on the containers. These range from a few days to a few
years depending on the pharmaceutical, but the paraben contain-
ing liquid solutions generally seem to have a shorter shelf-life
than pharmaceuticals in tablet form. The Danish statutory order
1308 [103] regulates the labelling of minimum durability or ulti-
mate “best before” for various food products. They are classified
into three categories: <3, 3—18 and >18 months depending on
the level of preservation. Thus, even if the food is preserved
with parabens it has a relative short time period set a side for
consumption. In general, the down-the-drain chemicals, phar-
maceuticals and food are not commodities stored in households
during long time periods or subjected to long-term accumulation
in society and thus, the stock is not so relevant in comparison
with the inflow.

Similarly, children’s modelling clay, sticky toys and fin-
ger paint have limited life-times whereas paint, for example
indoor wall paint, may have a life time of 10-20 years. In all,
the stock of parabens in the society perceived to be renewed
every couple of years; hence, no significant accumulation is
expected.

3.5. Comparisons and calibrations of the results

In order to validate the substance flow analysis, the outcome
was compared with other studies, methods and approaches.
Additionally, the flow to different waste fractions was calculated.

3.5.1. Personal care products

The annual balance of import, export and domestic produc-
tion of personal care products (theoretical consumption; TC)cp)
can be compared with the actual consumption found in a tenants
owners’ society in Copenhagen (BO90) [67,68].

The theoretical consumption was calculated as:

TCorr — (import + national production — export) 3)
Fer = No. of Danes x weeks/year

Note that the Danish domestic production contains items both
sold on the domestic market as well as items exported [93]. How-
ever, there is no data supporting the calculation of the separate
amounts due to trade secrets, hence it is an estimate.

As can be seen in Table 23, the actual and the theoretical
consumption of personal care product were found to be in the
same order of magnitude. For all products were the commod-
ity types not perfectly matched; for example, statistics for oral
hygiene products and toothpaste were merged into one category
and were found to be marginally larger that found in BO90.
“Beauty treatment incl. sun lotion” also includes shaving prod-
ucts and deodorants thus a broad range of products (Table 14),
more varied than found to have been used at BO90 and hence
that theoretical consumption is larger that the actually seen con-
sumption. Cosmetics were not included in the BO90 study so
no such comparison could be made.

3.5.2. Pharmaceuticals and veterinary medicinal products

Here, it is assumed that all parabens in pharmaceuticals are
transported to wastewater treatment plants and that all parabens
in veterinary medicinal products are discharged directly to soil.
Itis an overestimation since, the Danish pharmacies are required
to collect unused pharmaceuticals (2004/27/EC [104]), though
detailed statistics are not available (based on type of or individ-
ual pharmaceuticals), which subsequently is sent for destruction
via incineration. There may also be contribution from pharma-
ceuticals bought outside Denmark, e.g., during vacations which
are not registered in the Danish system.
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It has been found that in humans and dogs who digested
parabens that they primarily excreted them via urine, either
as the paraben itself (MP 83%, EP 50-95%, PP 50-95% and
BP 40% [105] or as the acid of hydrolysis, 4-hydroxybenzoic
acid. Thus, the pharmaceuticals excreted via urine contribute
with 105-865 kg to wastewater and veterinary medicines with
44-104 kg primarily to soil and solid waste.

3.5.3. Dietary habits in the Danish population

The Danes eat 4 (adults) to 9 (children) grams of snacks per
day on average [101] which yields a consumption of 8500 tonnes
per annum. Correspondingly the inflow of snacks extracted from
the StatBank [90] for 2004 is 10,200 tonnes, thus in total a
discrepancy between the numbers of 1700 tonnes or 20%. Unfor-
tunately, due to the lack on information of what kind of foods
that was included in the reported food groups. No similar com-
parison could be made for any of the other potentially paraben
containing foods.

3.5.4. Solid waste handling in Denmark

In Denmark garden waste, paper, glass, bulky wastes, elec-
tronic waste are collected and reused whereas hazardous waste
are collected and secured. The new action plans for solid waste
are related to the European framework waste legislation aim-
ing at waste minimization and recovery. Many municipalities
have during the last couple of years started of to collect plastic
containers in recycling collection points along side, e.g., glass
bottles. However, in general are personal care products packing
and wrappings discarded into the remnant waste that is pri-
marily incinerated. A minor questionnaire among the staff (35
staff members) at the Institute of Environment and Resources
revealed that people usually throw away packing with residues
of personal care products and household cleaners still inside
the containers, i.e., they are not washed and dried before waste
disposal. This was supported by the findings by Riber and Chris-
tensen [107] that non-rigid plastic, plastic bottles and clear class
contained 10-14% of water/moisture whereas tissue paper con-
tained 47% of water/moisture.

According to the Danish StatBank [90] the annual domestic
production of waste was in 2000, 1.7 million tonnes. We use
the fact that 36-40% of the bottles, containers etc may have
originally contained paraben preserved products (from Section
3.2.2) and assume that as much as 1% of the original product was
remnant in the containers. Furthermore, it is assumed that all the
commodities had contained the maximal level of one paraben of
0.4%. This yields a load of 3.4 tonnes of parabens to solid waste
(Fig. 2).

3.5.5. Measured and plausible presence in wastewater

As most of the personal care products are rinse-off prod-
ucts, i.e., applied to the body, hair etc and then washed off, the
paraben content will primarily be washed down the drain with the
wastewater. Cosmetics applied onto the skin such as skin lotions
may, however, result in dermal uptake and it has been found that
0.3% of BP was excreted in urine after application of a topical
cream [106]. This is confirmed by an exposure index relying
on volumes of chemicals and commodities, their closeness to

Table 24
Paraben balance overview

Minimum (tonnes) Maximum (tonnes)

Import
Pure chemicals 159 159
Commodities 15 185
National use 15 46
Export
Pure chemicals 4.4 4.4
Commodities 30 171
Estimated discharge® 8.1 13
Inflow
Pure chemicals 154 154
Commodities 7.2 73

2 To solid waste, soil, urine and greywater.

selected exposure targets and inherent properties, parabens are
estimated to end up in the wastewater treatment plant in high
numbers. MP and Na MP as “6”, EP and PP as “5”, BP, IBP and
4HBA as “4” on a scale from 1 to 7, where 7 corresponds to the
highest exposure [113].

The average number of inhabitants in Denmark in 2004 was
5,401,320 people and the domestic use of water 250 million
cubic meters [90], hence a daily consumption of 127 L/person.
A survey of water use in Danish household yielded an estima-
tion of that 74% of the water used in households’ generated
grey wastewater and 37% originated from personal hygiene in
bathrooms [108]. Parabens have been measured in two different
bathroom derived grey wastewaters in Copenhagen. The collated
concentrations of the parabens and 4-para-hydroxyl benzoic
acid, if available, range from 4.2 to 22.2 pg/L [67,112]. Thus,
it could be expected that 0.8-2.6 tonnes of parabens entered
the wastewater stream on an annual basis via bathroom grey
wastewater (e.g., wastewater without toilets; Fig. 2). In untreated
wastewaters collated paraben concentrations between 0.4 and
4.4 wg/L have been observed [109] whereas in hospital sewer
the concentrations ranged from below the limit of detection to
2.7 wg/L [110].

A grab sample taken from the effluent from a Swedish
cosmetics factory was found to contain 190 wg/L of EP and
560 pg/L of PP [111], no similar investigation has been done
in Denmark but it is assumed that similar facilities are present
in Denmark. The mentioned cosmetics factory estimates that
the maximum discharge of parabens are 2.4-3.4% of their total
paraben use on an annual basis due to cleaning of produc-
tion equipment and spills. Within a Danish perspective, this
would correspond to 3.7-5.4 tonnes of point source emissions
to wastewater if 2.4-3.4% of the imported pure chemicals are
discharged in the described manor (Fig. 2).

The inflow of pure chemical was 154 tonnes whereas the
inflow via commodities was 7.2—73 tonnes, Table 24. If this load
of parabens is dispersed evenly by the total volume of water con-
sumed in 2004 (250 million m3, see above), it yields wastewater
concentrations of 640-900 wg/L. This is higher than actually
noted in domestic wastewater but in the same order of magni-
tude as seen in industrial wastewater. It should be kept in mind
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that it is an overestimation as not all the parabens used may
enter the wastewater system and a significant part taken up by
ingestion or dermal uptake will be metabolised and excreted as
metabolites and degradation products. Hence, the estimations
based on the substance flow analysis are feasible.

3.5.6. Uncertainty analysis

Here, it was found that single data, such as grab samples and
statistics from one source, is common which limit the use of sta-
tistical evaluations or stochastic modelling. Moreover, reliability
of data has come into question as faulty list of declaration, both
with respect to the present substances as well as with respect to
their content, has been observed for different skin creams and
pet care products [30,39]. For skin creams, 22% were labelled
incorrectly and too many, or too few, parabens were found by
the chemical analyses compared with what was reported by the
producer [30]. The presence of the acid of hydrolysis, 4BHA
has only been noted in a few studies to be present in skin lotions
[30], grey wastewater [67] and finger paint [85]. IPP has only
been found in hair styling products [36] and several studies
have been focusing on BP and IBP and neglecting information
regarding the other parabens, hence biasing the material. This
highlights the obstacles associated with collecting and evalu-
ating information for SFA. In most cases, substances’ presence
in commodities, as percentage of the total volume, is unknown,
or confidential, and thus can only be estimated from a few mea-
surements or the limit values stipulated by the legislation. The
observed consumer consumption patterns and the mapped use
data may not be representative for the general public, so it cannot
be disregarded that the outcome may have been quite different if
more data had been available. Furthermore, statistical data not
available for individual commodities or detailed groups of com-
modities, such as modelling clay and finger paint, due to the lack
of custom commodity codes, which has severely hampered this
study and has resulted in increased uncertainty as estimations
based on larger pooled data had to be made. Assumptions made
by the authors where no information could be retrieved also add
to the overall level of uncertainty. Additionally, there may also
be sources to parabens which have remained unknown to the
authors.

4. Conclusions

Parabens are present in widely differing commodities such
personal care products, pharmaceuticals, food as well as indus-
trial and domestic commodities.

The import of parabens in Denmark is increasing, although
the number of industrial commodities which contain parabens
is decreasing and manufacturer reports phase-out of parabens in
selected commodities. The commodity type contributing to the
major inflow of parabens are the personal care products.

The average lifetime of the paraben stock is perceived to be
limited to a few years since the vast majority of the paraben
containing commodities are labelled with “best before” dates or
maximum durability.

Data needed for the SFA is sparse, scattered and difficult
to access, as statistics are not available in sufficient details or

should be handled confidentially. Thus, the study is associated
with a great deal of uncertainty.

The calculated wastewater concentrations are in the same
order of magnitudes as seen in industrial wastewaters but higher
than that seen in domestic wastewater, indicating that the fraction
of parabens entering the wastewater system may be overes-
timated. But also that metabolism and degradation are not
sufficiently known.

Acknowledgements

The results presented in this publication have been obtained
within the framework of DAN-ED: Endocrine disrupters
in food and environment: exposure routes and impact on
humans founded by the Danish Research Agency. Partners
are Nationwide Network: Copenhagen University Hospital
(Rigshospitalet), Danish Food and Veterinary Research, Dan-
ish Institute of Agricultural Sciences, Technical University of
Denmark, Panum Institute, The Danish Cancer Society, Univer-
sity of Aarhus, and Scan Research A/S. The authors would also
like to acknowledge the Technical University of Denmark for
partial funding.

References

[1] European Commission, Council Directive of 27 July 1976 on the approx-
imation of the laws of the Member States relating to cosmetic products
(76/768/EEC) Consolidated version 2005-09-13.

[2] M. Clara, B. Strenn, O. Gans, E. Martinez, N. Kreuzinger, H. Kroiss,
Removal of selected pharmaceuticals, fragrances and endocrine disrupt-
ing compounds in a membrane bioreactor and conventional wastewater
treatment plants, Water Res. 39 (2005) 4797-4807.

[3] C. Vogelsang, M. Grung, T.G. Jantsch, K.E. Tollefsen, H. Liltved, Occur-
rence and removal of selected organic micropollutants at mechanical,
chemical and advanced wastewater treatment plants in Norway, Water
Res. 40 (2006) 3559-3570.

[4] Van Nostrand’s Encyclopedia of Chemistry, fifth ed., John Wiley & Sons,
Inc., 2005.

[5] M.G. Soni, G.A. Burdock, S.A. Taylor, N.A. Greenberg, Safety assess-
ment of propyl paraben: a review of the published literature, Food Chem.
Toxicol. 39 (2001) 513-532.

[6] M.G. Soni, S.L. Taylor, N.A. Greenberg, G.A. Burdock, Evaluation of
the health aspects of methyl paraben: a review of the published literature,
Food Chem. Toxicol. 40 (2002) 1335-1373.

[7] J.E. Nagel, J.T. Fuscaldo, P. Fireman, Paraben allergy, JAMA 237 (1977)
1594-1595.

[8] P.D. Darbre, A. Aljarrah, W.R. Miller, N.G. Coldham, M.J. Sauer, G.S.
Pope, Concentrations of parabens in human breast tumours, J. Appl.
Toxicol. 24 (2004) 5-13.

[9] B. Alslev, B. Korsgaard, P. Bjerregaard, Estrogenicity of butylparaben in
rainbow trout Oncorhynchus mykiss exposed via food and water, Aquat.
Toxicol. 72 (2005) 295-304.

[10] P. Bjerregaard, D.N. Andersen, K.L. Pedersen, S.N. Pedersen, B. Kors-
gaard, Estrogenic effect of propylparaben (propyl hydroxy benzoate) in
rainbow trout Oncorhynchus mykiss after exposure via food and water,
Comput. Biochem. Physiol. 136C (2003) 309-317.

[11] K.L. Pedersen, S.N. Pedersen, L.B. Christiansen, B. Korsgaard, P. Bjerre-
gaard, The preservatives ethyl-, propyl- and butylparaben are oestrogenic
in an in vivo fish assay, Pharmacol. Toxicol. 86 (2000) 110-113.

[12] M. Inui, T. Adachi, S. Takenaka, H. Inui, M. Nakazawa, M. Uedaa, H.
Watanabe, C. Mori, T. Iguchi, K. Miyatake, Effect of UV screens and
preservatives on vitellogenin and choriogenin production in male medaka
(Oryzias latipes), Toxicology 194 (2003) 43-50.



E. Eriksson et al. / Journal of Hazardous Materials 156 (2008) 240-259 257

[13] E.J. Routledge, J. Parker, J. Odum, J. Ashby, J.P. Sumpter, Some alkyl
hydroxy benzoate preservatives (parabens) are estrogenic, Toxicol. Appl.
Pharmacol. 153 (1998) 12-19.

[14] European Commission, Technical Guidance Document in support of
Commission Directive 93/67/EEC on Risk Assessment for new notified
substances, Commission Regulation (EC) No 1488/94 on Risk Assess-
ment for existing substances and Directive 98/8/EC of the European
Parliament and of the Council concerning the placing of biocidal products
on the market (2nd ed.), 2003.

[15] W. Bursch, M. Fiirhacker, M. Gemeiner, B. Grillitsch, A. Jungbauer,
N. Kreuzinger, E. Moestl, S. Scharf, E. Schmid, S. Skutan, I. Walter,
Endocrine disrupters in the aquatic environment: the Austrian approach
— ARCEM, Water Sci. Technol. 50 (2004) 293-300.

[16] L. Benedetti, G. Dirckx, D. Bixio, C. Thoeye, P.A. Vanrolleghem, Sub-
stance flow analysis of the wastewater collection and treatment system,
Urban Water J. 3 (2006) 33-42.

[17] E. van der Voet, I. Nikolic, G. Huppes, R. Kleijn, Integrated systems anal-
ysis of persistent polar pollutants in the water cycle, Water Sci. Technol.
50 (2004) 243-251.

[18] E. van der Voet, R. Kleijn, L. van Oers, R. Heijungs, R. Huele, P. Mulder,
Substance flow though economy and environment of a region, Environ.
Sci. Pollut. Res. 2 (1995) 89-96.

[19] R. Kleijn, E. van der Voet, Material flow accounting, NTVA 4th Seminar
on Industrial Ecology, 14-15 June 2001. Accessed via the Internet by:
http://www.indecol.ntnu.no/indecolwebnew/events/conferences/ntva/
4th_ntva/kleijn_paper.doc (2007-07-10).

[20] H.A. Udo de Haes, E. van der Voet, R. Kleijn, Substance flow anal-
ysis (SFA), an analytical tool for integrated chain management, in: S.
Bringezu, M. Fischer-Kowalski, R. Kleijn, V. Palm (Eds.), Regional
and National Material Flow Accounting: From Paradigm to Practice
of Sustainability. Proceedings for the ConAccount workshop, Lei-
den, The Netherlands, 21-23 January, 1997, pp. 3242, Available on
http://www.conaccount.net/ (2006-04-05).

[21] OECD, Special session on material flow accounting. OECD Work-
ing group on environmental information and outlooks. Paris, 24
October 2000. Accessed via the Internet by http://www.oecd.org/
dataoecd/2/20/4425421.pdf.

[22] R.Kleijn, IN=OUT The trivial central paradigm of MFA? J. Indust. Ecol.
3 (2000) 8-10.

[23] C. Lassen, E. Hansen, Paradigm for substance flow analyses. Guide to
SFAs carried out for the Danish EPA. Environmental Project 577 (2000),
available on http://www2.mst.dk/Udgiv/publications/2000/87-7944-327-
3/html/default_eng.htm (2006-12-10).

[24] ESIS, European chemical Substances Information System, version 5.00
(2007), available on http://ecb.jrc.it/esis/ (2007-02-09).

[25] Technical Knowledge Center of Denmark, accessed via the Internet
(http://www.dtv.dk/English.aspx) repeatedly during 2006 and 2007.

[26] The Danish Civil Affairs Agency, Legal Information — the official
on-line legal information system of the Danish State, available on
http://www.retsinfo.dk/ (2007) (2007-01-09) (in Danish).

[27] The European Union Official Law portal (EUR-lex), available via
http://eur-lex.europa.eu/en/index.htm (2006) (2006-10-25).

[28] The Nordic Council of Ministers, the Substances in preparations in
Nordic countries (SPIN)-database, 2006, accessed via the Internet at
http://spin2000.net (2006-09-09).

[29] Clariant Functional Chemicals Division, Personal Care Preservatives
Your Choice for Product Safety (2007), accessed via the Internet
by:  http://www.safewing.de/fun/internet.nsf/04fa7deb65dc84f9c1256
a6200552¢c10/a47ef729f0ad2abtc1256ee0004dfde2?OpenDocument
(2007-07-09).

[30] S.C. Rastogi, G.H. Jensen, M.R. Petersen, .M. Worsge, Preservatives
in skin creams Analytical chemical control of chemical substances and
chemical preparations, NERI Technical Reports 297 (1999), available via
http://www.dmu.dk/.

[31] Danish Civil Affairs Agency, Danish Statutory Order 422 of 2006
(04/05/2006) Bekendtggrelse om kosmetiske produkter (Statutory order
on cosmetic products), accessible via the Internet http://www.retsinfo.dk
(in Danish).

[32] C. Ankj®rgaard, Survey of chemical substances in dandruff shampoo.
Survey of Chemical Substances in Consumer Products, Danish EPA 53
(2005).

[33] H. Ishida, Levels of preservatives in toothpastes and possibility of their
intake during brushing of teeth, J. Food Hyg. Soc. Jpn. 37 (1996) 234-239
(in Japanese).

[34] J.Li,J.X. Kang, D.N. Wu, Determination of 4 antiseptics and 6 sunscreen
agents in cosmetic products by reversed-phase high performance liquid
chromatography, Chin. J. Chromatogr. 18 (2000) 462—464 (in Chinese).

[35] L. Matysova, R. Hajkova, J. §icha, P. Solich, Determination of methyl-
paraben, propylparaben, triamcinolone acetonide and its degradation
productin a topical cream by RP-HPLC, Anal. Bioanal. Chem. 376 (2003)
440-443.

[36] P.B. Poulsen, A.A. Jensen, L. Hoffmann, Kortleegning af kemiske stoffer
i hérstylingsprodukter (Mapping of chemical substances in hairstyling
products). Survey of Chemical Substances in Consumer Products, Danish
EPA 18 (2002) (in Danish).

[37] L. Hoglund, B.B. Mogensen, R. Bossi, M. Glasius, Vurdering af DHA i
selvbrunende produkter der sprayes i kabiner (Assessment of DHA in self-
tanning products applied in spray booths). Survey of chemical substances
in consumer products, Danish EPA 72 (2006) (in Danish).

[38] The Household Products Database, Provided by the National
Library of Medicine, based on the Consumer Product Information
Database (2005 by DeLima Associates, updated 2006, available on
http://householdproducts.nlm.nih.gov/index.htm (2006-04-12).

[39] D. Nylén, P. Borling, H. Sgrensen, Kortlegning af kemiske stoffer i dyr-
plejeprodukter (Mapping of chemical substances in pet care products),
Survey of chemical substances in consumer products, Danish EPA 44
(2004) (in Danish).

[40] Danish Medicines Agency, Summaries of Product Characteristics
(SPC), available on http://www.produktresume.dk (in Danish), accessed
April-May 2006.

[41] M.S. Ali, R.S. Chaudhary, M.A. Takieddin, Simultaneous determination
of metronidazole benzoate, methylparaben, and propylparaben by high-
performance liquid chromatography, Drug Dev. Indust. Pharm. 25 (1999)
1143-1147.

[42] M.X. Kokoletsi, S. Kafkala, M. Tsiaganis, A novel gradient HPLC method
for simultaneous determination of ranitidine, methylparaben and propy-
Iparaben in oral liquid pharmaceutical formulation, J. Pharm. Biomed.
Anal. 38 (2005) 763-767.

[43] D. Orlovic, D. Radulovic, Z. Vujic, Determination of S-carboxymethyl-
L-cysteine, methylparaben and their degradation products in syrup
preparations, Chromatographia 60 (2004) 329-333.

[44] US Food and Drug Administration, CFSAN/Office of Food Addi-
tive Safety March 2006, Food additive status list, available via
http://www.cfsan.fda.gov/~dms/opa-appa.html.

[45] The Danish Veterinary and Food Administration, The Positive
list of 2005 containing a register of permitted food additives,
available on the Internet via: http://www.foedevarestyrelsen.dk/

http://www.foedevarestyrelsen.dk/FDir/Publications/2005100/Rapport.htm.

[46] European Commission, European Parliament and Council Directive No.
95/2/EC of 20 February 1995 on food additives other than colours and
sweeteners (1995).

[47] S. Sakamoto, K. Sato, T. Maitani, T. Yamada, Analysis of components in
natural food additive “grapefruit seed” by HPLC and LC/MS, Bull. Natl.
Inst. Hyg. Sci. 114 (1996) 38—42 (in Japanese).

[48] B. Saad, M.F. Bari, M.I. Saleh, K. Ahmad, M.K.M. Talib, Simultaneous
determination of preservatives (benzoic acid, sorbic acid, methylparaben
and propylparaben) in foodstuffs using high-performance liquid chro-
matography, J. Chromatogr. A 1073 (2005) 393-397.

[49] Hee-yun Kim, Young-Ja Lee, Ki-Hyoung Hong, Sang-Chui Ha, Myung-
Su Ahn, Jae-Sun Jo, Kil-Saeng Kim, Intake of food additives in foods by
total diet, Korean J. Food Sci. Technol. 30 (1998) 767774 (in Korean).

[50] The PAN Pesticides Database, version 7.3, detailed information
on the short-chain parabens, updated March 2007, available via
http://www.pesticideinfo.org.

[51] A.M. Vinggaard, W. Korner, K.H. Lund, U. Bolz, J.H. Petersen, Identifi-
cation and quantification of estrogenic compounds in recycled and virgin


http://www.indecol.ntnu.no/indecolwebnew/events/conferences/ntva/4th_ntva/kleijn_paper.doc
http://www.indecol.ntnu.no/indecolwebnew/events/conferences/ntva/4th_ntva/kleijn_paper.doc
http://www.conaccount.net/
http://www.oecd.org/dataoecd/2/20/4425421.pdf
http://www.oecd.org/dataoecd/2/20/4425421.pdf
http://www2.mst.dk/Udgiv/publications/2000/87-7944-327-3/html/default_eng.htm
http://ecb.jrc.it/esis/
http://www.dtv.dk/English.aspx
http://www.retsinfo.dk/
http://eur-lex.europa.eu/en/index.htm
http://spin2000.net/
http://www.safewing.de/fun/internet.nsf/04fa7deb65dc84f9c1256a6200552c10/a47ef729f0ad2abfc1256ee0004dfde2%3FOpenDocument
http://www.safewing.de/fun/internet.nsf/04fa7deb65dc84f9c1256a6200552c10/a47ef729f0ad2abfc1256ee0004dfde2%3FOpenDocument
http://www.dmu.dk/
http://www.retsinfo.dk/
http://householdproducts.nlm.nih.gov/index.htm
http://www.produktresume.dk/
http://www.cfsan.fda.gov/~dms/opa-appa.html
http://www.foedevarestyrelsen.dk/
http://www.foedevarestyrelsen.dk/FDir/Publications/2005100/Rapport.htm
http://www.pesticideinfo.org/

258 E. Eriksson et al. / Journal of Hazardous Materials 156 (2008) 240-259

paper for household use as determined by an in vitro yeast estrogen screen
and chemical analysis, Chem. Res. Toxicol. 13 (2000) 1214-1222.

[52] K. Egmose, J. Pors, Kortlegning af kemiske stoffer i tekstilfarver (Map-
ping of chemical substances in textile dyes) Survey of chemical substances
in consumer products, Danish EPA 58 (2005) (in Danish).

[53] N. Svendsen, S.F. Pedersen, N. Bernth, E. Pedersen, O.C. Hansen,
Kortlegning og afgivelse af kemiske stoffer i ”slimet“legetgj (Mapping
and release of chemical substances from slimy toys) Survey of chemical
substances in consumer products, Danish EPA 67 (2006) (in Danish).

[54] C. Lassen, S.H. Mikkelsen, S. Skaarup, J. Kjglholt, P.J. Nielsen, D. Ras-
mussen, L. Samsoe-Petersen, Inventory of biocides used in Denmark,
Environmental Project, Danish EPA 585 (2001).

[55] J.Dobias, K. Chudackova, M. Voldrich, M. Marek, Properties of polyethy-
lene films with incorporated benzoic anhydride and/or ethyl and propyl
esters of 4-hydroxybenzoic acid and their suitability for food packaging,
Food Addit. Contam. 17 (2000) 1047-1053.

[56] K. Tgnning, P.L. Hansen, K. Pommer, B. Malmgren-Hansen, Survey and
health assessment of chemical substances in pleasure gels. Survey of
chemical substances in consumer products, Danish EPA 76 (2006).

[57] PL. Hansen, K. Tgnning, K. Pommer, B. Malmgren, O.C. Hansen, M.
Poulsen, Kortlegning og sundhedsmassig vurdering af produkter til brug
ved gmhed og skader efter sport m.m (Mapping and health assessment of
products intended for treatment of sports injuries etc.) Survey of chemical
substances in consumer products, Danish EPA 79 (2006) (in Danish).

[58] J. Rud Larsen, T.T. Andersen, D. Rasmusen, Kortl&gning og sundheds-
og miljgmessig vurdering af handsebe (Mapping and health and envi-
ronmental assessment of hand soap) Survey of chemical substances in
consumer products, Danish EPA 79 (2006) (in Danish).

[59] E.P.A. Danish, Kortlegning og eksponering af kemiske stoffer i spray-
maling (Mapping and exposure to chemical substances in spray paint)
Survey of chemical substances in consumer products, Danish EPA 45
(2004) (in Danish).

[60] S.H. Mikkelsen, S. Havelund, A.S. Mogensen, F. Stuer-Lauridsen,
Kortlegning og vurdering af kemiske stoffer i porcel@®nsfarver (Map-
ping and assessment of chemical substances in porcelain paint) Survey
of chemical substances in consumer products, Danish EPA 59 (2005) (in
Danish).

[61] Danish Civil Affairs Agency, Danish Statutory order 1210. Bek-
endtggrelse om merkning m.m. af legemidler (Statutory order on
labelling etc of pharmaceuticals) (2005), available on http://www.retsinfo.
dk/ (in Danish).

[62] Information centre for environment and health, Database of
cosmetics and household chemical tests (2006), available on
http://www.miljoeogsundhed.dk (in Danish).

[63] Danish consumers’ advisory council. Tenk; Test af Babylotion- og creme
(Think; Test of baby lotion and créme) (in Danish) Published 2006-10-06
on http://www.taenk.dk.

[64] G.I. Petersen, T.T. Andersen, J. Rud Larsen, K.H. Cohr, P. Borling, A.K.
Nielsen, Kortlegning af kemiske stoffer i fastelavns- og teatersminke
(Mapping of chemical substances in Shrovetide and theatrical make-
up), Survey of chemical substances in consumer products, Danish EPA 5
(2002) (in Danish).

[65] Svenska Naturskyddsforeningen Barnet, hdlsan och miljon - En
undersokning av innehéllet i barn- och babyvardsprodukter (The child,
the health and the environment — an investigation of the chemical content
in children’s’ and baby products) (2004), available on http://www.snf.se
(in Swedish).

[66] Grgnnhverdag, Tema: Kosmetikk og personlig pleie (Theme: Cosmetics
and personal hygiene) (2006) Available on http://www.gronnhverdag.no/
tema.php?tema_id=1 (in Norwegian).

[67] E. Eriksson, K. Auffarth, A.M. Eilersen, M. Henze, A. Ledin, Household
chemicals and personal care products as sources for xenobiotic organic
compounds in grey wastewater, Water SA 29 (2003) 135-146.

[68] A. Ledin, K. Auffarth, E. Eriksson, M. Smith, A.M. Eilersen, P.S.
Mikkelsen, A. Dalsgaard, M. Henze, Udvikling af metode til karak-
terisering af grat spildevand (Development of a methodology for
characterisation of grey wastewater) Jkologisk byfornyelse og spilde-
vandsrensning, Danish EPA 58 (2006) (in Danish).

[69] S.A. Masten, Butylparaben [CAS No. 94-26-8] Review of Toxicological
Literature National Toxicology Program (NTP) National Institute of Envi-
ronmental Health Sciences (NIEHS) National Institutes of Health U.S
Department of Health and Human Services Contract No. NO1-ES-35515
(2005).

[70] EWG, SkinDeep database (2007), retrieved from http://www.ewg.org/
reports/skindeep2 (2007-04-04).

[71] Statistics Denmark, 40 pct. af familierne holder kaledyr (40 percent
of the families keep pets). News from Statistics Denmark 499 (2000)
(in Danish), available on http://www.dst.dk/Statistik/Nyt/emneopdelt/
nytsingle.aspx ?countid=2009&ci=true&pti=1 (2006-09-06).

[72] Danish Medicines Agency, Annual statistics 2006, available on
http://www.medstat.dk (in Danish) April-May 2006.

[73] M. Salout, Personal communication, Danish Medicines Agency, 2006
(2006-05-09).

[74] Swedish Medical Products Agency, Miljopaverkan fran likemedel samt
kosmetiska och hygieniska produkter (Environmental effects exerted by
pharmaceutical and personal care products), August 2004, available on
http://www.lakemedelsverket.se (in Swedish).

[75] LK. Larsen, N. Fabricius, Overvagning og kontrol af tilsetningsstoffer
Undersggelse af konserveringsstoffer is@r parabener i dessertchoko-
lade/fyldt chokolade (Monitoring and control of food additives:
Investigation of preservatives especially parabens (p-hydroxybenzoates)
in chocolates/filled chocolates), The Danish Veterinary and Food Admin-
istration (DVFA) FgdevareRapport 2006:02 (2006), retrieved from http://
www.foedevarestyrelsen.dk/FDir/Publications/2006002/Rapport.pdf (in
Danish).

[76] A. Kjglby, N. Fabricius, LK. Larsen, Overvagning af tilsetningsstoffer
— Undersggelse af relevante konserveringsstoffer, farvestoffer og smags-
forstaerker i kgd- og fiskepalaegsvarer (Monitoring of additives: A survey
of relevant preservatives, colouring agents and flavouring additives in
lunch meat and fish products), The Danish Veterinary and Food Admin-
istration (DVFA) FgdevareRapport 2006:08 (2006), retrieved from
http://www.foedevarestyrelsen.dk/FDir/Publications/2006008/Rapport.
htm (in Danish).

[77] B. Schmidt, I.K. Larsen, N. Fabricius, Farvestoffer og konserveringsstof-
fer i kaviar og fiske-postej/paté (Colouring agents and preservatives in
fish eggs and fish-pie/paté) The Danish Veterinary and Food Adminis-
tration (DVFA) FgdevareRapport 2006:17 (2006), retrieved from http://
www.foedevarestyrelsen.dk/FDir/Publications/2006017/Rapport1.asp
(in Danish).

[78] H.J.Lin,M.L. Wang, C.W. Chen, B.S. Hwang, M.H. Lee, Y.M. Choong, A
gas chromatographic method for determination of nictotinamide, paraben
esters and caffeine in commercial health drinks, tonic drinks and cold
formulas, J. Food Drug Anal. 8 (2000) 180-186.

[79] A. Myint, Q. Zhang, L. Liu, H. Cui, Flow injection-chemiluminescence
determination of paraben preservative in food safety, Anal. Chim. Acta
517 (2004) 119-124.

[80] H.S. Lin, Y.M. Choong, A simple method for the simultaneous deter-
mination of various preservatives in liquid foods, J. Food Drug Anal. 7
(1999) 291-304.

[81] L. Werum, P. Reiche, R.E. Majors, E.L. Johnson, The application of selec-
tive detection in the HPLC analysis of foodstuffs, Am Chem. Soc. 77
(1979) 3 (Abstracts of Papers).

[82] B. Jensen, Personal communication with Birte Jensen at Ministeriet for
Familie- og Forbrugeranliggender, Fgdevarestyrelsen, Kontor for dyrev-
elferd, kvalitet og markedsfgring, Mgrkhgj Bygade 19, DK-2860 Sgborg,
2006.

[83] Arbejsdtilsynet, Information of registration of compounds and materials
to the product register (2006) (in Danish) http://www.at.dk/sw11050.asp.

[84] B. Engelund, H. Sgrensen, Mapping and health assessment of chemi-
cal substances in shoe care products, Survey of Chemical Substances in
Consumer Products, Danish EPA 52 (2005).

[85] A.H. Dahl, Personal communication with Anette Harbo Dahl at the
Confederation of Danish Industries (DI), HC. Andersens Boulevard 18,
DK-1787 Copenhagen, 2007.

[86] Federal Office of Public Health (Basel), Finger paints/preservatives, pri-
mary aromatic amines, bittering agents, colourants and declaration, Kant,


http://www.retsinfo.dk/
http://www.retsinfo.dk/
http://www.miljoeogsundhed.dk/
http://www.taenk.dk/
http://www.snf.se/
http://www.gronnhverdag.no/tema.php%3Ftema_id=1
http://www.gronnhverdag.no/tema.php%3Ftema_id=1
http://www.ewg.org/reports/skindeep2
http://www.ewg.org/reports/skindeep2
http://www.dst.dk/Statistik/Nyt/emneopdelt/nytsingle.aspx%3Fcountid=2009%26ci=true%26pti=1
http://www.dst.dk/Statistik/Nyt/emneopdelt/nytsingle.aspx%3Fcountid=2009%26ci=true%26pti=1
http://www.medstat.dk/
http://www.lakemedelsverket.se/
http://www.foedevarestyrelsen.dk/FDir/Publications/2006002/Rapport.pdf
http://www.foedevarestyrelsen.dk/FDir/Publications/2006002/Rapport.pdf
http://www.foedevarestyrelsen.dk/FDir/Publications/2006008/Rapport.htm
http://www.foedevarestyrelsen.dk/FDir/Publications/2006008/Rapport.htm
http://www.foedevarestyrelsen.dk/FDir/Publications/2006017/Rapport1.asp
http://www.foedevarestyrelsen.dk/FDir/Publications/2006017/Rapport1.asp
http://www.at.dk/sw11050.asp

E. Eriksson et al. / Journal of Hazardous Materials 156 (2008) 240-259 259

Laboratorium BS, available on the Internet via http://www.kantonslabor-
bs.ch/files/berichte/Report0602.pdf.

[87] H. Johansson, E. Zimerson, E. Tox-info handboken. 8: Diskmedel,
rengoringsmedel och tvittmedel (Tox-info handbook; No 8: Dish-
washing, cleaning agents and laundry detergents), ToxInfo, Lund,
91-88889-02-5 (1996) (in Swedish).

[88] K. Vogt-Nielsen, P. Hagedorn-Rasmussen, Kortlegning af produkter og
materialer til live rollespil (Mapping of products and materials for live
role-play) Survey of chemical substances in consumer products, Danish
EPA 85 (2007) (in Danish).

[89] Danish Working Environment Authority, PROBAS, 2006, available on
http://www.at.dk (2006-08-12).

[90] Statistics Denmark, Excerpts from Statbank Denmark, 2006, available on
http://www.statistikbanken.dk (continuously from May 2006 to January
2007).

[91] Danish customs service, eVITA database, 2006, available on
http://www.skat.dk/ (in Danish) April-May 2006.

[92] E. Liljedahl, Personal communication, Danish Statistics, Sejrggade 11,
DK-2100 Copenhagen (2006-05-02).

[93] K.H. Duer, Personal communication, Danish Statistics, Sejrggade 11,
DK-2100 Copenhagen (2007-02-08).

[94] The Association of Danish Cosmetics, Toiletries, Soap and Detergent
Industries (SPT), Det danske marked for kosmetik og personlig pleje
(The Danish market for cosmetics and personal care) (2007), retrieved
from http://www.spt.dk/index.asp?pagelD=489 (in Danish).

[95] A. DeRossi, C. Desiderion, Fast capillary electrochromatographic anal-
ysis of parabens and 4-hydroxy benzoic acid in drugs and cosmetics,
Electrophoresis 23 (2002) 3410-3417.

[96] B. Karlsson, Personal communication Swedish customs (Tullverket) +46
(0)771 520 520, 2006.

[97] J.K. Lokhnauth, N.H. Snow, Determination of parabens in pharmaceutical
formulations by solid-phase microextractionion mobility spectrometry,
Anal. Chem. 77 (2005) 5938-5946.

[98] P. Perez-Lozano, E. Garcia-Montoya, A. Orriols, M. Minarro, J.R. Tico,
J.M. Sune-Negre, A new validated method for the simultaneous determi-
nation of benzocaine, propylparaben and benzyl alcohol in a bioadhesive
gel by HPLC, J. Pharmaceut. Biomed. Anal. 39 (2005) 920-927.

[99] H. Klarskov Madsen, Personal communication, Danish Medicines
Agency, Axel Heides Gade 1, DK-2300 Copenhagen (2006).

[100] V.E. Jensen, Personal communication, Danish Institute for Food and Vet-
erinary Research, via http://www.dfvf.dk/,(2006).

[101] S. Fagt, J. Matthiessen, E. Trolle, N. Lyhne, T. Christensen,
H.J. Hinsch, H. Hartkopp, A. Biltoft-Jensen, A. Mgller, A.S.
Daae, 2. Danskernes kostvaner 2000-2001Udviklingen i danskernes
kost -forbrug, indkgb og vaner (Dietary habits in the Danish
population 2000-2001. Trends in dietary habits — consumption, pur-
chases and habits.) The Danish Veterinary and Food Administration

(DVFA), FgdevareRapport 2002:10 (2002), retrieved from http://
www.foedevarestyrelsen.dk/FDir/Publications/2002010/Rapport.pdf (in
Danish).

[102] WWE, Forests: Tissue giants get mixed scores for forest-friendly
practices, 2006, available on the Internet via http://www.panda.org/
about_wwf/what_we_do/forests/index.cfm?uNewsID=82120.

[103] Danish Civil Affairs Agency, Bekendtggrelse om markning m.v. af
fgdevarer (Statutory order 1308 on labelling of food products) (2005),
available on http://www.retsinfo.dk/ (in Danish).

[104] European Commission, Directive 2004/27/EC of the European Parliament
and of the Council of 31 March 2004 amending Directive 2001/83/EC on
the Community code relating to medicinal products for human use.

[105] Hazardous Substances Data Bank (HSDB®), Information regard-
ing the short-chain parabens. Available on the Internet via http:/
toxnet.nlm.nih.gov/, 2006.

[106] A.M. Andersson, Human dermal uptake of phthalates and parabens (oral
presentation) during 4th Copenhagen Workshop on Endocrine Disrupters
Endocrine disrupters and consumer products: possible effects on human
populations, Copenhagen, Denmark, May 28-31, 2007.

[107] C.Riber, T.H. Christensen, Maling af tungmetaller i dansk dagrenovation
og smat breendbart (Measurements of heavy metals in collected refuse and
small burnable items), Environmental project, Danish EPA 1085 (2006).

[108] A.M.Hansen, M. Kjellerup, Vandbesparende foranstaltninger (Water sav-
ing measures), Teknisk Forlag, Copenhagen, 1994 (in Danish).

[109] H.B. Lee, T.E. Peart, M.L.. Svoboda, Determination of endocrine-
disrupting phenols, acidic pharmaceuticals, and personal-care products
in sewage by solid-phase extraction and gas chromatography—mass spec-
trometry, J. Chromatogr. A 1094 (2005) 122-129.

[110] P. Canosa, I. Rodriguez, E. Rubi, M.H. Bollai, R. Cela, Optimisation of a
solid-phase microextraction method for the determination of parabens in
water samples at the low ng per litre level, J. Chromatogr. A 1124 (2006)
3-10.

[111] M. Ramberger, A. Woldegiorgis, L. Kaj, J. Andersson, A. Palm Cousins,
D. Dusan, Y. Ekheden, E. Brorstrom-Lundén, Results from the Swedish
screening 2005, Sub-report 2 biocides, Swedish Environmental Research
Institute, retrieved from http://www.ivl.se/rapporter/pdf/B1700.pdf
(2006).

[112] E.Eriksson, X. Yan, M. Lundsbye, T.S. Madsen, H.R. Andersen, A. Ledin,
Variation in grey wastewater quality reused for toilet flushing, in: Pro-
ceedings of the 6th Conference on wastewater reclamation and reuse for
sustainability, Antwerp, Belgium, October 9-12, 2007.

[113] S. Fischer, A. Almkvist, E. Karlsson, M. Akerblom M. Slutrap-
port fran projektet: Framtagande av produktregisterbaserat Exponer-
ingsIndex (Final report: Development of a product register based
exposure index), Kemikalieinspektionen (2005) (in Swedish), avail-
able on: http://www.naturvardsverket.se/dokument/mo/modok/export/
exponeringsindex.pdf and its appendices.


http://www.kantonslabor-bs.ch/files/berichte/Report0602.pdf
http://www.at.dk/
http://www.statistikbanken.dk/
http://www.skat.dk/
http://www.spt.dk/index.asp%3FpageID=489
http://www.dfvf.dk/
http://www.foedevarestyrelsen.dk/FDir/Publications/2002010/Rapport.pdf
http://www.foedevarestyrelsen.dk/FDir/Publications/2002010/Rapport.pdf
http://www.panda.org/about_wwf/what_we_do/forests/index.cfm%3FuNewsID=82120
http://www.panda.org/about_wwf/what_we_do/forests/index.cfm%3FuNewsID=82120
http://www.retsinfo.dk/
http://toxnet.nlm.nih.gov/
http://toxnet.nlm.nih.gov/
http://www.ivl.se/rapporter/pdf/B1700.pdf
http://www.naturvardsverket.se/dokument/mo/modok/export/exponeringsindex.pdf
http://www.naturvardsverket.se/dokument/mo/modok/export/exponeringsindex.pdf

	Substance flow analysis of parabens in Denmark complemented with a survey of presence and frequency in various commodities
	Introduction
	Methodology
	Results
	Use and source identification
	Uses
	Sources
	Legislation governing use of parabens

	Mapping of production and use patterns
	Production within and import to EU
	Consumer related use of products containing parabens
	Pet care products and patterns
	Parabens in pharmaceuticals and veterinary medicinal products
	Paraben containing food products and pattern
	Other domestic products and industrial commodities
	Industrial and commercial commodities
	Consumer commodities


	Quantification of flows
	Raw materials
	Personal care products
	Presence
	Import and export

	Pet care products
	Presence
	Import and export

	Pharmaceuticals and veterinary medicinal products
	Presence
	Import and export

	Import and export of food products and additives
	Presence
	Import and export
	Snacks, nuts and candy
	Meat and fish
	Seasoning


	Food supplements
	Domestic and industrial commodities
	Other domestic products and industrial products

	Accumulation in society
	Comparisons and calibrations of the results
	Personal care products
	Pharmaceuticals and veterinary medicinal products
	Dietary habits in the Danish population
	Solid waste handling in Denmark
	Measured and plausible presence in wastewater
	Uncertainty analysis


	Conclusions
	Acknowledgements
	References


