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Abstract

In this study it was examined how people are exposed to compounds in hygienic cleaning
products used in the kitchen. The products for which exposure was assessed are dishwashing
liquids, hygienic cleaning napkins, spray cleaners and bleach containing products (abrasive, al
purpose cleaner and bleach). For each product type, exposure was assessed to one example
compound while performing one or two cleaning tasks in the kitchen. The exposure assessments
are performed with the computer application CONSEXPO. The calculated exposures are
compared to the toxicity of the assessed compounds in order to assessrisk. It is concluded that
exposure to didecyl dimethyl anmoniumchloride when using a hygienic cleaning trigger spray
might cause slight dermal irritation. Exposure to the assessed compounds when using the
products for cleaning tasks in the kitchen is not expected to cause adverse health effects, based on
afirst toxicological screening.
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Summary

Recently anumber of hygienic cleaning products have been introduced on the market. These
products are defined as. “ cleaning products meant for the control of multiplication and spread of
micro-organisms”.

In this study it was examined how people are exposed to compounds in hygienic cleaning
products used in the kitchen.

For the selection of hygienic cleaning products used in the kitchen, an inventory of products was
made. Products were selected if the product label stated that they clean hygienic or disinfect, and
if they could be used in the kitchen. The brand products encountered in the inventory belong to
the categories dishwashing liquids, hygienic cleaning napkins, spray cleaners, abrasives, all
purpose cleaners and bleach.

It was examined for which applications the products are used in the kitchen. For each product
type, one or two cleaning tasks were selected for the exposure assessments. This selection was
based on the frequency of product use for the task and on the expected intensity of exposure, in
order to include those tasks for which risks can be expected.

To answer the question if harm is expected it is necessary to understand the composition of the
products. For each product type, one compound was selected for which exposure and risks are
assessed. The selection was based on the hazardous properties of the compound, on the
concentration in the product and on compound characteristics like volatility.

The compounds selected are: glutaraldehyde (for dishwashing liquid), isopropylacohol (for
hygienic cleaning napkins), DDAC (didecyldimethyl ammoniumchloride) (for spray cleaners)
and sodiumhypaochlorite (for the bleach containing products: abrasive, al purpose cleaner and
bleach).

Exposure to the selected compounds as aresult of the use of cleaning products for the selected
tasks, has been assessed with the computer application CONSEXPO 3.0. This application is
especially designed for the assessment of exposure to compounds in consumer products. It offers
the possibility to choose a contact and a specific exposure scenario for each route of exposure
(dermal, inhalation and oral) that is best suitable to the form of the product and to the way in
which a product is used.

Finally the risks of exposure to the compound have been assessed by comparing exposure and
effects. No adverse hedlth effects are expected to occur due to exposure to the selected
compounds for the use of dishwashing liquid, hygienic cleaning napkins and bleach containing
products. However, when comparing toxicity data from literature to the results of the exposure
estimate of hygienic cleaning spray cleaners, it is concluded that when undiluted contact occurs to
aDDAC containing product, slight dermal irritation might occur.
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In Table | the results of the dermal, inhalation and oral exposure and risk assessments are
summarised.

Tablel. Inhaation, oral and dermal exposure and risks

Product type | Selected Compound = Selected Dermal |  Inhaation | Ora
cleaning task Exposure | Risk | Exposure = Risk | Exposure’ = Risk
(mg/cm3)3 (mg/m’) . (mg/day)
Dishwashin Washing u 1.02*10° -- 7.9%10 -- 08 --
iqud | Glutaraldenyde Cleaning hods | oo i 39°10° -
Napkins Isopropylalcohol Working top 50 -- 23*10' - 003  --
Spray cleaners | DDAC Working top 2 +/- 3.2¢10* 2 0032 --
Sink 52-75" --
Hypochloriteion’ ~ Workingtop | 52-75" --
Bleach Floor 4710t 00195 -~
containing Sink 2.8:10%  --
products Hypochlorous acid” | Working top 4510 --
Floor 32¢10™ .-

Exposure is here: mean event concentration

Dermal exposure differs for the three bleach-containing products within this range

--  No adverse effects expected

- Exposureis at same level asthe highest level reported in literature at which no effects are found, however,
possihility of occurrence of effectsis considered to be low

+/-  Possible occurrence of slight derma irritation

? No data on inhaation toxicity available

In agueous sodiumhypochlorite solutions, the compound dissociates in hypochlorite ion and hypochlorous acid.

Hk
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Samenvatting

Delaatste tijd is een aantal hygiénisch reinigende producten op de markt gebracht. Hygienisch
reinigende producten zijn in deze studie gedefinieerd als reinigingsmiddelen met het doel de groel
en verspreiding van micro-organismen tegen te gaan.

In dit onderzoek is bestudeerd hoe mensen blootgesteld zijn aan stoffen in deze producten.

Er is een inventarisatie gemaakt van die hygiénisch reinigende producten die worden gebruikt in
de keuken. Producten zijn meegenomen in de studie as op hun etiket vermeld was dat deze
hygiénisch reinigen of desinfecteren en (mede) bedoeld zijn voor gebruik in de keuken.

De geidentificeerde producten behoren tot de productcategorién: afwasmiddelen, hygiénisch
reinigende doekjes, sprayreinigers, schuurmiddelen, alesreinigers en bleekmiddelen.

Onderzocht is voor welke taken in de keuken deze producten worden gebruikt. Per product
categorie zijn één of twee taken geselecteerd voor de blootstellingsschattingen. De selectieis
gemaakt op basis van de frequentie van gebruik en op basis van de verwachte expositie.

Om de vraag te beantwaoorden of blootstelling tijdens het gebruik van deze producten kan leiden
tot risico’sis het tevens van belang te weten wat de samenstelling is van de producten. Voor ieder
product is de ssmenstelling achterhaald. Vervolgensis per productcategorie één stof geselecteerd
voor de blootstellings- en risicoschattingen. De geselecteerde stoffen zijn glutaraldehyde (voor
afwasmiddel), isopropylacohol (voor hygienisch reinigende doekjes), DDAC
(didecyldimethylammoniumchloride) (voor hygienisch reinigende spray reinigers) en
natriumhypochloriet (voor bleekhoudende middelen: schuurmiddelen, alesreinigers en
bleekmiddelen). Deze selectie van stoffen is gebaseerd op de schadelijke eigenschappen van de
stoffen, de concentratie in het product en op stofeigenschappen zoals de viuchtigheid.

De blootstelling aan de geselecteerde stoffen ten gevolge van het gebruik van de
reinigingsmiddelen voor de geselecteerde taken is geschat met behulp van het computer model
CONSEXPO 3.0. Dit model is speciaal ontwikkeld voor het uitvoeren van
blootstellingsschattingen voor stoffen in consumentenproducten. Voor iedere blootstellingsroute
(dermaal, inhalatoir en oraal) kunnen verschillende scenario’ s worden gekozen die het best
passen bij de vorm van het product en de manier waarop het wordt gebruikt.

Tot dot is het risico van blootstelling aan de geselecteerde stoffen geschat, door de berekende
blootstelling te vergelijken met toxiciteitsgegevens. Op basis van deze vergdijking is
geconcludeerd dat bij het gebruik van afwasmiddel, hygienisch reinigende doekjes en
bleekhoudende middelen geen schadelijke effecten voor de gezondheid verwacht worden ten
gevolge van blootstelling aan de bestudeerde stoffen. Wanneer echter de toxiciteitsgegevens van
DDAC worden vergeleken met de dermale blootstelling via het gebruik van een spraycleaner,
blijkt het mogdlijk dat lichte irriterende effecten op de huid optreden.

In Tabel | (paginalll) zijn de resultaten van de dermale, inhalatoire en orale blootstellings- en
risicoschattingen samengevat.
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1 Introduction

Recently several new ‘ hygienic cleaning’ products have been introduced for domestic use. Thisis
accompanied with many television and magazine advertisements emphasising the hygienic
cleaning capacities or even stating that the product kills 99.9% of the bacteria present in the
household; suggesting disinfection (Hulzen, 1999). hygienic cleaning products are in this study
defined as products meant for the control of multiplication and spread of micro-organismsin the
home environment.

While cleaning, people are potentialy exposed to compounds emerging from cleaning products.
These compounds also contribute to contamination of the indoor environment after cleaning
(Wolkoff et al., 1998). The hygienic cleaning capacities of products raised the question what
compounds would be present, and if exposure can constitute a threat to human health.
Exposure to compounds in cleaning products might lead to considerable levels, because the
product is used repetitively during a person’s entire life span. Besides exposure due to the use of
these cleaning products, additional exposure can occur when the compound is also present in
other products and the environment (Weegels, 1997).

Within the framework of the RIVM-project ' Consumer Risk Assessment’ descriptive models are
developed to assess exposure to compounds in consumer products. Exposure is separated into
contact; dermal, inhalation and oral exposure; and uptake. The models are integrated in the
computer application CONSEXPO 3.0. By joining different models and different routes, the
program copes with consumer product diversity. To anticipate on future questions about exposure
to compounds in consumer products, information relevant for exposure estimates is gathered.

The aim of this study isto collect the information necessary to describe exposure to compounds
in hygienic cleaning products, to assess exposure to compounds in these products and to examine
if exposure to these compounds might lead to adverse health effects when using these products
for cleaning. The scope of this study is limited to products used in the kitchen, where many
cleaning products are used regularly.

The central questions underlying this study are:

* How are consumers exposed to hygienic cleaning products used in the kitchen?
¢ |sthere harm expected for human health?

Exposure estimates for consumers require understanding of consumer habits and practices. These
include the variety of uses, relevant routes of exposure and of use related parameters necessary
for adescription of exposure (e.g. the frequency and duration of product use) and knowledge of
the concentration of the substance in the product (Hakkinen et al., 1991; ECETOC, 1994).



OUTDATED

page 10 of 93 RIVM report 612810 008

In chapter 2 the product category ‘ hygienic cleaning products used in the kitchen’ is defined, and
the products within this category are listed. Chapter 3 discusses the applications and use of the
identified products. Per product tasks are selected for the exposure assessment. In chapter 4 the
composition of the productsis outlined and it is described which compound in each product is
chosen for the exposure assessment. In the chapter on the actual exposure assessments, chapter 5,
exposure is modelled to compounds in the specific cleaning products for one or more tasks in the
kitchen. It is described what models and parameters are used in the assessments. In chapter 6 the
risk assessment, exposure is compared with the toxicity via the dermal, inhalation and oral route
to examine if exposure to the selected compounds might lead to adverse health effects, following
the use of hygienic cleaning products in the kitchen. Finally, a discussion and conclusion is
presented.
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2 Hygienic cleaning products used in the kitchen

2.1 Definition

The scope of this study is limited to the description of the use and exposure assessment for
hygienic cleaning products used in the kitchen. Over the past year several new products are
introduced on the market that clean hygienically or disinfect. Some hygienic cleaning products
appear as disinfectant in their commercial, in fact closing the gap between cleaning and
disinfecting. For usein the kitchen, several classical products exist and a number of new products
have been introduced.

The broad term hygiene refers to the science of the establishment and preservation of health
(Terpstra, 1998; Webster, 1996). The practice of hygiene concentrates especially on manipulating
and controlling the environment for the benefit of human health. It is therefore concerned with
housing, water supplies, personal care and food (Terpstra, 1998). However, when speaking of
hygiene, the meaning is often reduced to the control of micro-organismsin the (home)
environment, by taking action to limit their multiplication and spread (Van den Wijngaard, 1987).

In this study, hygienic cleaning products are defined as ‘ cleaning products meant for the control
of multiplication and spread of micro-organisms'.

Since disinfection refers to the dimination or irreversible inactivation of contaminating micro-
organisms (Terpstra, 1998; Wolkoff et al., 1998), disinfecting cleaning products are in this study
also included as hygienic cleaning products. Disinfecting products in the Netherlands must all be
approved by the ‘ Board for the admission of pesticides’ (CTB) (Vollebregt et al., 1994). For
approval, such products need to be assessed on their effectiveness as well as on their
environmental and human health impacts (Rohde, 1994).

Although most suppliers of the newly developed hygienic cleaning products do not literally state
that these products are meant to decrease the number of micro-organisms, thisis certainly implied
in the advertisements in magazines and commercials on television. Thisis also concluded by
Scholtens (1998), who states that the word micro-organisms is not mentioned in European
campaigns since it would only put off people. However, a spokesman of Procter and Gamble
recognised (after urging by Scholtens) that, among other things, the word hygiene in Dreft extra
hygiene relates to decreasing the number of micro-organisms (Scholtens, 1998).
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2.2 Products

By visiting various supermarkets, an inventory was made of readily available products belonging
to the category of hygienic cleaning products. A product was only included if its label indicated
that it would clean hygienically or would disinfect. Another inclusion criterion was that the label
should somehow indicate the product was either especially, or among other things designed for
use in the kitchen.

The Dutch supermarkets visited are Konmar Superstore (Zoetermeer), Albert Heijn (Bilthoven),
and Bonimarkt (Bilthoven). Thisidentification took place in December 1998. In February 1999, a
new hygienic cleaning dishwashing liquid was introduced which was aso included in the study.
Machine dishwashing liquids are left out of consideration here, because of limited exposure
during use. The brand products identified are listed in Table 1. The products are categorised
according to their function.

Table 1. Hygienic cleaning products used in the kitchen

Product type | Products

Diwatngiqus | DS Extaigire

Napkins Glorix hygienic cleaning napkins
e | Sotxhriere syt iche ot
All purpose cleaner ﬁLa;y(;lelusz in1

Liquid abrasive gi:fa;‘;\(:;l)\;gsive with bleach

e St oot

This overview is quite complete for universal brand products. After visiting some more
supermarkets from December 1998 to February 1999, it was concluded that the above listed
products were available in most supermarkets. The variance in supply between supermarketsis
limited to the specific supermarket brands. Most supermarkets have their own generic brand of
various products such as bleach, abrasive, and dishwashing liquid. Since there are many different
generic brands, and because of the small differences in composition between the various generic
brands within one product category, only universa brand products are included in the study.

The selection of productsin Table 1 gives an overview of hygienic cleaning products used in
Dutch kitchens. In this study, exposure is assessed to compounds present in these products.
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3 Theuseof hygienic cleaning products

Different applications of products can cause different exposure because of the divergent way in
which the product is used for various cleaning tasks. Therefore, applications of products and the
way in which they are used are of importance to exposure assessments. Consider for example
diluted versus undiluted use, or a short use duration versus prolonged.

In this chapter, the following is described for each product type:

- The applications of the product in the kitchen;

- The selection of cleaning tasks for the exposure assessments;

- How products are used for the selected tasks.

The selection of tasksis based on the frequency of use and on the expected intensity of exposure.
For example, exposure to undiluted product is more intense than exposure to diluted product.

3.1 Applicationsand use of dishwashing liquid

Applications
Dishwashing liquid is mainly used for washing up. However, it is also used for awide variety of
other tasks, see Table 2 (Weegels, 1997).

Table 2. Applications of dishwashing liquid

Application Househplds Number Application Households Number
(N=28) Of times (N=28) Of times

Dishes, including kitchen | 28 532 Car windows 2 4

sink and working top

Gas stove 12 64 Trousers 2 2

Dining table 9 21 Oven/microwave 2 2

Kitchen floor 6 22 Exhaust fan/register 2 3

Cage for animals 5 31 Glasses 1 10

Tiles 3 10 Litter bin 1 3

Kitchen cupboards 3 4 Cleaning hands 1 2

Various 1 1

" 28 households reported the tasks for which dishwashing liquid was used

Among these applications, tasks relevant for exposure assessment within the framework of this
study are: doing the dishes and cleaning hands. Doing the dishes is considered relevant because
dishwashing liquid is used in the kitchen most frequently for this task. Cleaning hands with
dishwashing liquid is selected because of exposure to undiluted product. Other tasks are
considered less relevant for exposure either because of low use frequency, low exposure or
irrelevancy for use in the kitchen. Cleaning the kitchen floor was always mentioned subsequently
to doing the dishes. It is concluded that cleaning the kitchen floor means the drying of spillings
with acloth rinsed in dishwater after doing the dishes. Exposure is therefore comparable to
exposure when doing the dishes.
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Use

Doing the dishes

The common procedure for doing the dishes by hand, isto dip (rinsed) articles into adiluted
solution of the dishwashing detergent and to remove the food residues with a brush, sponge or
cloth. The temperature of the soapsuds should be between 40 and 45 °C (Falbe, 1987). Sometimes
items are rinsed under running water or in a separate bowl after cleaning. The reasons for rinsing
can beto prevent streaks, to remove foam or to prevent oral exposure to dishwashing liquid
(Weegels, 1997). Finally the washed items are either left in arack to dry or dried with ateatowel
(Falbe, 1987; Weegels, 1997). Weegels (1997) concludes that most people dry the dishes with a
teatowe (Weegels, 1997).

In Southern European and Southern American countries the practice of dishwashing differs from
the one described above. There, no soapsuds are used when washing up. The liquid is dashed
directly on a moist sponge or cloth or on the dishes, after which they are cleaned under running
water (Falbe, 1987). This procedureis also observed in the Netherlands for 2 out of 28 subjects
(Weegels, 1997).

In this study, exposure is modelled when doing the dishes with soapsuds, as thisis the common
procedure in the Netherlands.

Cleaning hands

Hands can be cleaned with dishwashing liquid in several ways. One can clean one' shandsin a
soapsuds. However, in this study it is assumed that when dishwashing liquid is used for cleaning
hands, it is dashed directly onto the hands. After that, the hands are washed with alittle water.
The latter procedure is selected for the exposure estimate, as it implies contact with undiluted
dishwashing liquid.

3.2 Applications and use of napkins

Glorix hygienic cleaning napkins are solid, wetted cleaning napkins. They are approximately 0.3
mm thick, 19.5x18 cm and slightly elastic in only one direction. The fraction cleaning product in
the napkins is determined by weighting them before and after drying. Thisis described in
Appendix 1. The weight of the napkins when taken from the package is approximately 5.7 g, with
a‘wet fraction’ of 3.4 g.

Applications

According to the use instruction on the label of the product, the napkins can be used in the
kitchen for cleaning al washable surfaces such as the kitchen working-top, tiles, stainless steel
and synthetic material.

The application chosen for the exposure estimate is cleaning the kitchen working top, asthisis
the largest areain the kitchen that is cleaned with these napkins.
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Use

The napkins are ready for use when taken from the package. The product is simply used by
wiping the surface. They are suitable for use once only. After use, it is not necessary to rinse the
surface, and the napkins are thrown away.

3.3 Applicationsand use of spray cleaners

Thetwo identified hygienic cleaning spray cleaners are products in a bottle
and can be applied only by spraying. The term spray cleaner refersto a
product as shown in Figure 1.

Figure 1. Spray cleaner
Applications
The hygienic cleaning spray cleaners are suitable for cleaning all washable surfaces. In Table 3
the applications of these products in the kitchen are listed according to their labels.

Table 3.Applications of hygienic cleaning triggersprays

Application Reference

Kitchen workingtop | Label SanaSept, Glorix
Fridge L abel SanaSept

Sink Label SanaSept
Cutting board Label SanaSept
Microwave L abel SanaSept

Tiles Label Glorix

Stainless steel Label Glorix

Synthetic material Label Glorix

In this study, exposure is assessed when cleaning the kitchen working top. The kitchen working
top isthe largest areain the kitchen cleaned with these products. Asthe productsis used in the
same manner for al purposes, exposure during the performance of other tasks will be
comparable.

Use

According to the use instruction, the spray cleaners should be used in three phases. First, the
product is sprayed onto the surface. It is advised to leave the product on the surface to soak in for
five minutes. Finally, the surface should be rinsed or taken off with awet cloth.

However, it is concluded from literature and from a pilot study performed within the framework
of this study, that products are not always used according to the use instruction. In the pilot, four
out of five subjects did not leave the product to soak in, and three out of five subjects cleaned the
surface with adry in stead of awet cloth. For a description of the pilot study, see Appendix 5.
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3.4 Applications and use of bleach containing products

Bleach, hygienic cleaning abrasive and hygienic cleaning all-purpose cleaner are al bleach

containing products. They are discussed here together for three reasons.

1. All three products have the capacity to bleach stains. Thisimplies usage for the same kind of
tasks;

2. The products are used dike for similar tasks;

3. The concentration bleach in the productsisfor al products specified as a concentration of up
to 5% (see also paragraph 4.5).

Here the applications of the products and the way in which products are used are described.

Applications

The tasks in the kitchen for which the bleach containing products are used, are summarised in
Table4. An ‘X’ indicates that the product is used for that particular task. The numbersin
superscript refer to the reference in which this particular task is mentioned. The tasks placed in
the category ‘ Other’ are either unusual tasks for the particular product, or in the case of all
purpose cleaner, not likely to be done with hygienic cleaning all purpose cleaner.

Table 4. Applications of bleach containing productsin the kitchen

Task Bleach | Abrasive | All purpose cleaner
Kitchenworkingtop|  x 12 x 124 x 124
Kitchen sink x 13 x 4 x*

Floor x3 x

Litter bin x3 x 1

Tiles x* x !
Gasstove x! x!

Pans x! x !

Oven x !
Cupboards xt

Table x!

Doors x 1

Fridge xt

Other x! x!

T Weegels (1997); 2 Consumentenbond, 1998; ® Siderius & Van Haren (1992);

4 Useinstruction of products

The tasks chosen here for the exposure assessment are: cleaning the kitchen working top and the
kitchen sink with undiluted product, and cleaning the floor with diluted all-purpose cleaner.
These tasks were chosen because the products are generally used for these tasks, and to examine
the difference in exposure between diluted and undiluted use.

Use

Bleach

Bleach is used in the household for cleaning (removal or bleaching of stains and odours) and
‘disinfecting’ purposes (AISE, 1997). The product can be used both diluted and undiluted
according to the use instructions. After use the surface should always be rinsed well.
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Abrasive

hygienic cleaning abrasive is liquid abrasive containing a scouring component such as calcium
carbonate besides bleach and surfactants. The product is applied either directly onto the surface to
be cleaned, or on amoaist cloth used for cleaning. According to the use instructions, it is advised
leave the product to soak in for amoment, after which the surface can be cleaned. After use, the
surface needs to be rinsed off well.

All purpose cleaner

All-purpose cleaners are used for cleaning various hard surfaces like windows, mirrors and floors
(Vollebregt et al., 1994). The product can be used both diluted and undiluted. For diluted use
soapsuds is prepared. A sponge, cloth or mop rinsed iniit is used for cleaning. According to the
producer the surfaces are supposed to be clean and residue free after drying without rinsing or
further wiping. For localised stubborn soil deposits, all-purpose cleaners can aso be applied
undiluted. In this case after-wiping or rinsing is necessary (Falbe,1987).

Itis here assumed that although bleach, abrasive, and all-purpose cleaner are three different
products, they are used in the same manner for the selected tasks. When either of these products
is used for cleaning the sink or the kitchen working top they are used undiluted. When all-purpose
cleaner or bleach is used to clean the kitchen floor, it is used diluted.
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4  Product composition

In this chapter on the composition of the selected cleaning products, the following aspects are
outlined:

e Themethod of retrieving information about the composition of the products;

e The composition of the products;

¢ The compounds selected for the exposure assessment and their properties.

4.1 Method of retrieval

Several European directions and recommendations made it possible to retrieve information on the
concentration or concentration range of hazardous substances in the identified products. They
regulate the provision of information on the contents of cleaning products. This legislative
framework is outlined here.

The provision of information on the compounds in cleaning products is regulated by the EC
directive on the classification, packaging and labelling of dangerous preparations (78/631/EEC).
All dangerous preparations (a mixture of one or several substances) must be classified and
labelled before being marketed. Once a preparation has been classified under one or more
categories, labelling follows according to that classification by means of standardised warnings,
safety advice phrases and symbols. Furthermore, all substances classified as toxic, very toxic or
corrosive must be indicated when their content is greater than the concentration limit
(Mosselmans, 1992).

If apreparation is classified as dangerous, the person responsible for placing it on the market
(manufacturer, importer or distributor) is obliged to supply the recipient (an industrial user) with
a safety data sheet (91/155/EEC). One of the 16 obligatory headings is * Composition/information
oningredients’, which should enable the recipient to identify the risks attaching to the substance
or preparation. It is not necessary to give the full composition (EU, 1991). However, all
substances classified as hazardous and present in a concentration exceeding the concentration
range as laid down in article 3 of directive 88/379/EEC need to be indicated together with their
concentration or concentration range (EU, 1991).

Besides, according to an EEC recommendation concerning the labelling of detergents and
cleaning products (89/542/EEC), some compounds added to the product in a concentration of
more than 0.2% should be listed here aswell (Vollebregt et al., 1994; EU, 1989).

To identify the composition and potentially hazardous substances in each of the products listed in
Table 1, the ingredient information on labels was studied and product safety data sheets were
retrieved. The level of detail complied with the EU directionsin al retrieved product safety data
sheets. The sheets of some products were more detailed than obligatory. Genera product
information was added to the product specific information. In the next section, the composition of
the products is described together with the compound chosen for the exposure estimates.
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4.2 Composition of dishwashing Liquid

The primary components of manual dishwashing detergents are anionic surfactants, such aslinear
alkylbenzene sulfonates. Throughout the world, five surfactant groups are utilised as primary
surfactants for dishwashing detergents. These are: linear alkyl benzene sulfonates (LAS), alkane
sulfonates (AS), a-olefin sulfonates (AOS), fatty alcohol sulfates (FAS), and fatty alcohol ether
sulfates (FES). The range of surfactant concentration is very broad; most products contain
between 10% and 40% surfactant. Detergents with a content exceeding 10% comprise auxiliary
components such as hydrotropes to increase the solubility of the surfactants in water and to assure
clear homogenous and storage stable products. Examples of hydrotropes commonly used are
cumene sulfonate, xylene sulfonate and alcohols.

Additional components of dishwashing detergents are dyes, fragrances, and preservatives mostly
in concentrations below 1%. Dyes provide optically more pleasant products. The function of
fragrances is to mask the inherent odour of the raw materials and unpleasant fragrances of food
residues and to produce a pleasant odour for the product itself (Falbe, 1987). Because of the
neutral properties of dishwashing liquid, preservatives are added to protect the product against
micro-organisms (Vollebregt & Van Broekhuizen, 1994). Contamination with micro-organisms
might affect product properties like pH, turbidity, colour, and odour. Dishwashing liquids contain
either single preservatives or combinations. Sometimes, skin protection agents are added to the
detergents to improve skin compatibility. Examples are fatty acid alkanol amides, glycol stearates
and betaines. The cleaning process is affected by various metals; magjor surfactant combinations
perform better in hard water than they do in soft water. The degree of cleaning can be increased
by addition of bivalent cations preferably magnesium salts (Falbe, 1987).

In Table 5 the typical formulation of manual dishwashing liquid is described according to
literature, together with the formulation of the ‘hygienic’ dishwashing products, ‘ Dreft Extra
Hygiene' and * Dubro Citron Extra Hygiene', according to their product safety data sheets.

A compound in the perfume added to Dreft Extra Hygiene, aterpene, is together with sodium
cumene sulphonate responsible for the hygienic cleaning properties of this product (P& G, 1999).
The hygienic cleaning properties of Dubro Extra Hygiene can be ascribed to a combination of
amphoteric surfactant (alkylbetaine), non-ionic surfactants and ‘ other’ unspecified ingredients.
Alkylbetaine is a component that is not added to the ‘regular’ dubro dishwashing liquid (Lever
Fabergé, 1999).
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Table 5. Formulation of dishwashing liquid

General Dreft ExtraHygiene Dubro extrahygiene
formulation”  (P&G, 1998)" (Lever, 1999)”
(Falbe,1987)
(%) (%) (%)
Water Balance 50-55 ?
Non-ionic surfactants 25-30 AEO
0-5 amine oxide
Anionic surfactants }110-40 5-15
Amphoteric surfactants } 0-5 betaines 1-5 akylbetaine
Hydrotropes 0-6 0-5 ethoxylated acohol, 0-5 cumene
sulphonate, 5-10 denaturated ethanol”™", 0-5
polyethylene glycol
Preservatives 0.1 0-5 glutaraldehyde, 5-10 denaturated ethanol
Fragrances 0.1-1 0-5
Dyestuffs 0.1 0-5
Salts
Minor ingredients (skin 0.1 0-5 glucose amide

protection agents, polimers)

pH adjustment

<1 citric acid

" General formulation according to literature

" Product specific formulations according to the product safety data sheets
" Denaturated ethanol can be added both as hydrotrope and as preservative

Glutaraldehyde is the compound chosen for the exposure estimate. 1t was chosen for two reasons:
(a) for its hazardous properties and (b) because it is added to a product that is used regularly.

The compound characteristics of glutaraldehyde relevant for exposure estimates are outlined in

paragraph 4.2.1.

4.2.1 Glutaraldehyde

Glutaraldehyde is a preservative added to hygienic cleaning dishwashing liquid in a concentration
of 0-5% (P& G, 1998; Falbe, 1987). More specificaly, this concentration rangeis specified as
below 0.1% (P& G, 1999).
The compound is reactive and polymerisesin water depending on pH and temperature (NOHSC,
1994; Gorman & Scott, 1980). This property probably led to the widely divergent vapour
pressures reported in literature depending on the mixtures. Pure glutaraldehyde has a vapour
pressure of 17 mm Hg, a 2% agueous solution of 0.0012 mm Hg (Beauchamp et al., 1992;
NIA/MNCI, 1995; HSE, 1997; NOHSC, 1994; Proscitech, 1999; Richardson & Gangioli, 1994).
Anderson (1996) reports that addition of ethanol prevents glutaraldehyde from polymerisation.
Because ethanol is aso added to dishwashing liquid, the vapour pressure used here for the
exposure estimate is 0.0152 mm Hg, the vapour pressure of a 50% agueous solution (HSE, 1997).
Several compound characteristics influence exposure. These characteristics are also needed by
CONSEXPO in order to assess exposure. They are summarised in Table 6.
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Table 6. Compound characteristics of glutaraldehyde

| Reference
Molecular formula | CsHgO»
Cas number 111-30-8
Molar weight 100.13 g/mol
Vapour pressure 0.0152 mm Hg NOHSC (1994); HSE (1997)
Log Koy -0.01 (50% solution) NOHSC (1994)
Water solubility Inal proportions: 1*10° gl NOHSC (1994)

4.3 Composition of napkins

According to the product safety data sheet, hygienic cleaning napkins consist of non-ionic
surfactants (ethoxylated alcohal) for <1%, of isopropylalcohol for 1-5% and of an unspecified
solvent for 1-5% (Lever, 1998).

Based on these dataiit is concluded that isopropylalcohol is the compound responsible for the
hygienic cleaning capacities of the napkins. Thisis also the compound chosen for the exposure
estimates. In paragraph 4.3.1, the properties of isopropylalcohol affecting exposure are described.

4.3.1 |Isopropylalcohol

I sopropylalcohol is a colourless, volatile liquid. Its vapour is heavier than air. The fysico-
chemical properties of isopropylalcohol are described in Table 7.

Table 7. Compound characteristics of isopropylalcohol

Reference
Molecular formula | C3HgO
CAS-number 67-63-0
Molar weight 60.1 g/mol NIA/VNCI (1995)
Log Koy 0.14 WHO (1990a)
Water solubility Infinite WHO (19904)
Vapour pressure 33 mmHg WHO (1990a)

4.4 Composition of spray cleaners

No general formulation for the hygienic cleaning spray cleanersis available. The reason is that
both products belonging to this category are fairly new products. The most important difference
between the two sprays is that SanaSept disinfecting spraycleaner claims to disinfect whereas
glorix hygiene expert kitchen cleaner only states to clean, degrease and to result in hygienic clean
surfaces. The composition of both hygienic cleaning spray cleanersis described in Table 8.
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Table 8. Formulation of hygienic cleaning spray cleaners

Glorix kitchen cleaner SanaSept disinfecting spraycleaner
(Lever Fabergé, 199.) (CTB, 1996)
Non ionic surfactants 5-15%
Amphoteric surfactants 1-5% alkane sulphonate
Cationic surfactant Didecyldimethylammoniumchloride 2%
Polycarboxylates Present

SanaSept contains 2 g/l didecyl dimethyl ammoniumchloride (DDAC). DDAC is compound that
belongs to the category of cationic surfactants (CTB, 1996). This compound is responsible for the
disinfecting properties in the product. The product is approved by the board for the admission of
pesticides. For approval, the product is assessed on its effectiveness as well as on the
environmental and human health impacts (Vollebregt et al., 1994).

DDAC is the compound chosen for the exposure estimates. In the next paragraph, compound
properties of DDAC are described.

4.4.1 Didecyl dimethyl ammoniumchloride

DDAC is aquaternary ammonium compound that is characterised by 2 methyl groups and 2 alkyl
groups (see Figure 2). It is slightly volatile compound that markedly decreases the surface tension
of aqueous solutions. It is a compound that can be used as a disinfectant (Van Hoeven & Van
Leeuwen, 1994). The compound characteristics used in the exposure estimates are listed in Table
0.

cr
Figure 2. Didecyl dimethyl ammoniumchloride

Table 9. Compound characteristics of DDAC

Reference
Bruto formula CyHsCIN
CAS 7173-51-5
Molar weight 362.1 g/mol NIA/VNCI (1995)
Vapour pressure 5.6*10° mm Hg De Jong (1996)
Log Koy 4.66 Epiwin estimate
Water solubility 0.5505 mg/l Epiwin estimate

4.5 Composition of bleach containing products

All purpose cleaner
Hygienic cleaning all purpose cleaner is an al purpose cleaner to which bleach
(sodiumhypochlorite) is added as an extra component. All purpose cleaners consist of water,
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surfactants (anionic and non-ionic), builders and sometimes solvents (e.g. ethanal,
methoxypropanol). Additives added to the products are preservatives, fragrance and dyestuffs.
The function of the anionic surfactantsis to remove dirt, whereas the non-ionic surfactants are
meant to remove grease and to prevent the lather from sagging (Vollebregt,et al., 1994). Soap is
often added to inhibit excessive formation of lather. Builders are meant to increase the activity of
surfactants, by binding metal ions (Smit & Visser, 1987). When solvents are added, their function
isto increase the solubility of surfactants and to make the cleaned surface dry quicker, more shiny
and without streaks (Vollebregt et al., 1994). The general and product specific formulation of all-
purpose cleaner are outlined in Table 10.

Table 10. Formulations of all-purpose cleaners (Falbe, 1987)

Ingredients Falbe (1987) Fabe (1987) Vollebregt Colgate Pamolive Lever Fabergé
et al.(1994) (1995) (1999b)
Non disinfecting | Disinfecting Ajax2in1l Andy plus
(%) (%) (%) (%)
Surfactants *x *x 5-13
Anionic surfactants 1-10 0-10 1-7.5 Soap (<5) <5
Nonionic surfactants 1-10 1-10 0-5 Nonionics (<5)
Organic polymers 0-2 0-2 *
Sequestering agents 1-10 1-10 *x
Alkaline salts / bases 0-10 0-10 *
Abrasives - - *
Solvents 0-10 0-20 0-10
Disinfecting/bleaching agents - 0.1-15 * 1-5 NaOCl <5 NaOCl
Preservatives 0-0.2 - <1
Skin protection additives 0-2 0-2 *x
Viscosity regulators 0-5 0-5 *
PH regulators/buffers 0-2 0-2 *x
Builders (soda) xx *x 1-5 NaOH (0.5-2) Polycarboxylates <5
Hydrotropes 0-10 0-10 *
Dyestuffs/fragrance 0.05-1 0.05-1 <1
Water Balance Balance 75-80

“ not mentioned

Hygienic cleaning abrasive

Liquid abrasives consist of water, surfactants and a scouring agent. The surfactants decrease the
adherence of dirt to the surface and keep the dirt in solution. Calcium carbonate is the scouring
agent present in liquid abrasive. Sodiumhypochlorite (bleach) is added as the hygienic cleaning
component. The general formulation according to literature and the product specific information

according to their product safety data sheets are described in Table 11.
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General formulations Jif Grada
%) (%) (%)

Falbe, Vollebregtet  Lever Fabergé Grada
(1987) al. (1994) (1996) (1998)

Anionic surfactants 0-10 2-35 <5 <5

Soap <5

Nonionic surfactants 0-10 155 <5 <5

Organic polymers 0-5

Sequestering agents 0-10

Alkaline salts / bases 0-10

Abrasives 20-60 30-50 30-50 CaCO,

Solvents 0-5

Disinfecting/bleaching agents - <5 NaOCl <10 NaOCl

Preservatives 0-0.2 <1

Skin protection additives 0-2

Viscosity regulators 0-2

PH regulators/buffers 0-5 <5

Hydrotropes 0-5

Dyestuffs/fragrance 0.05-1 <1 each

Water Balance 40-60

Bleach

Various types of bleach can be identified.

* solutions of sodium hypaochlorite and water only;

« agueous hypochlorite solution to which surfactants are added;

» thick bleaching agents, which have a higher viscosity than others.

Again, the hygienic cleaning properties can be ascribed to sodium hypochlorite.
The genera formulation of household bleach is described in Table 12.

Table 12. Formulation of bleach

General formulation Glorix Lodableek
(Versar, 1989) Lever Fabergé,
(1993)
Water >75%
Amphoteric surfactants ** <1%
Non ionic surfactants *x
Sodiumhypochlorite 5-10% 1-5% <5%
Sodium chloride 0.5-5%
Sodium carbonate 0.5-2%
Sodiumhydroxide <0.5 0.5-1%

Since the hygienic cleaning properties of the bleach containing products can be attributed to
sodiumhypochlorite, this is the compound selected for the exposure estimates. In the next
paragraph, the chemistry of sodiumhypochlorite is described.
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4.5.1 Sodiumhypochlorite

When sodium hypochlorite is dissolved in water, two reactive chlorine species are generated,
hypochlorous acid (HOCI) and hypochlorite ion (OCI) (see equations 1 and 2). The relative
amounts of the active chlorine species depend mainly on the pH and to alesser extent on the
concentration. Chlorine gas (Cl,) can be formed significantly below pH 2 according to equation 3
(De Leer, 1987). Under normal conditions the pH will not drop below pH 2 during cleaning. This
is only achieved when bleach is mixed with acidulous products such as toilet cleaners. To prevent
this from happening, suppliers are obliged to provide hazard warnings on the package not to mix
bleach with other cleaning products (Vollebregt & Van Broekhoven, 1994). Thereforeitis here
concluded that exposure to chlorine gas will not occur frequently.

HOCI is the predominant species between pH 2 and 7.5, whereas OCI" is predominant in the
alkaline region (see Figure 3) (AISE, 1997; Vollebregt, 1998; Racioppi et al., 1994; De Leer,
1987).

NaOC! + H,0 = HOCI + NaOH (1)
HOCI = H" + OCI 2
HOCI + H* + CI = Cl, + H,0 3)

100

a0

Chlorine species (%)

Figure 3. Chlorine species distribution diagram for chlorine species in aqueous medium (De Leer, 1987)

When products containing sodium hypaochlorite are used, exposure to the compound itself will not
occur. Thisis dueto its reactivity in aqueous solutions as described above. Depending on the pH
of the solution, exposure during use will be exposure to HOCI, OCI', or Cl,. The pH of bleach is
10.5, of abrasive 11, and al purpose cleaner has pH 13. At these pHs, the equilibrium has shifted
almost entirely to OCI (see Figure 3). However, after opening a bottle of bleach containing
product, one smells a scent associated with chlorine. When considering that OCI" is highly
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unvolatile and that ions are not associated with a scent, it is concluded that another compound
evaporates from these bleach containing products. At the alkaline pHs of the products (10.5 — 13),
no chlorine gasis formed (see aso Figure 3). Therefore, it is concluded that this scent is caused
by evaporation of small amounts of HOCI, which has a vapour pressure 10° higher than OCI".
Keeping in mind the alkaline pH of the product, it is assumed that maximally 5% of the
sodiumhypochlorite present in the bleach containing products, is present as HOCI.

Based on the above descirbed, dermal and oral exposureisto OCI™ . Inhalation exposure however
is assessed to HOCI. The compound characteristics of OCI” and HOCI are listed in Table 13.

Table 13. Compound characteristics of hypochlorite ion

Parameters Unit | Reference
Molecular formula | OCI HOCI

CAS number 14380-61-1 7790-92-3

Molar weight 51.46 52.46 g/mol

Vapour pressure | 6.6*10Y  1.85*102 mmHg  Epiwin estimate
Log Kow -3.42 -0.87 - Epiwin estimate
Water solubility 1*10° 1*10° mgy/l Epiwin estimate

4.6 Selected tasks and compounds

In chapter 3 it is described for what applications the selected products are used. From these
applications one or several tasks were selected as interesting for the exposure assessments. In
chapter 4, the composition of the products is outlined. Based on the hazardous properties of the
compound, on its concentration in the product and on compound characteristics, compounds were
selected for the assessment.

In table 14, an overview is presented of the compounds and the tasks for which exposure
assessments are performed.

Table 14. Selected compounds and tasks

Product type Selected Compound Selected task(s)
. T Washing up

Dishwashing liquid Glutaradehyde Cleaning hands

Napkins H Isopropylal cohol Cleaning kitchen working top

Spray cleaners H DDAC Cleaning kitchen working top
| Hypochloriteion Cleaning kitchen sink

Bleach containing products | Cleaning kitchen working top
| Hypochlorous acid Cleaning kitchen floor

"DDAC: didecyl dimethyl anmoniumchloride
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S5  EXposure assessment

In this chapter, the exposure assessments to the selected compounds for the selected tasks are
described.

5.1 Introduction

The tool used for the exposure assessments is CONSEXPO. It is especially designed for the
assessment of exposure to consumer products.

5.1.1 CONSEXPO

The exposure assessments in this study are performed with the computer application CONSEXPO
3.0. CONSEXPO is developed within the framework of the project * Consumer Risk Assessment’.
It consists of amodelling approach based on mathematical contact, exposure and uptake models
(see Figure 4). Contact is defined, which determines how long and how often contact to the
compound is experienced when using the product for the selected task. Based on the form of the
product and the way in which the product is used, suitable exposure scenarios can be selected in
CONSEXPO. For each route of exposure (dermal, inhalation and oral), a number of exposure and
uptake modelsisincluded (Van Veen, 1997). If no suitable scenario was available, a new model
was defined within the framework of this study (i.e. oral exposure via hand-to-mouth contact and
oral exposure viathe intake of residues on washed dishes).

Each exposure scenario depends on several parameters. Besides these scenario specific
parameters, compound characteristics that influence exposure are also necessary for the

Compound characteristics
Molar weight
VP
Kow
Solubility

Inhalation Exposure
«  Evaporation from mixture —>  Inhalation exposure
Paint scenario
Use duration . Spray well mixed model
IJcs)teaLrggLang; Oral Exposure —) Oral exposure
Hand to mouth contact
Residues on washed dishes

Dermal Exposure —) Dermal exposure
Fixed volume

Hygienically Definition of Selection of relevant Parameterisation Exposure
cleaning products contact exposure scenarios assessment

Figure 4. Schematic representation of exposure assessment with CONSEXPO 3.0
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assessment. After filling in all parameters needed, CONSEX PO calculates exposure to the
compound according to the selected scenario. A general overview of the used exposure models
and their parametersisincluded as Appendix 2.

5.1.2 Method

Exposure is determined by means of point values and, if available, by using distributions that
represent variability in the parameter value. The goal of the point estimatesis to generate a
‘reasonable worst-case scenario’ around the 95-99 percentile. To reach this, the 75 or 25
percentile is used for parameters, depending on the effect of the parameter. For room volume and
ventilation rate for example, the 25 percentiles were used, as a smaller room volume and a lower
ventilation rate will lead to increased exposure. For the same reason, for parameters like use
duration and frequency the 75 percentile was used. It was chosen not to use the maximum of the
parameters, as parameters are often related to each other (e.g. frequency and duration of
cleaning). Thiswould lead to unduly conservative and unrealistic exposures (Bremmer & Van
Veen, 1999).

5.2 Glutaraldehydein dishwashing liquid

The selected tasks for the exposure estimates are washing up and cleaning hands (see also
paragraph 3.1.2). As described in paragraph 4.2, exposure is assessed to the preservative
glutaraldehyde, via de the use of dishwashing liquid.

During normal use, people are potentially exposed to compounds in dishwashing liquid via
various routes of exposure:
» dermal exposure occurs when washing up and when cleaning hands;
* inhaation exposure to volatile components of dishwashing liquids can occur during and after
washing up and washing hands,
» ora exposure can occur viathe use of crockery if residues of dishwashing liquid deposit on
these items (Hakkinen, 1993) and via hand-to-mouth contact when using the product.

5.2.1 Contact

Dishwashing

Without contact there is no exposure. Contact to a compound in a consumer product is defined by
the frequency of use, the use duration and total duration. The process of doing the dishes with
hygienic cleaning detergent, will not differ from dishwashing with ‘regular’ detergent. Thisis
also emphasised in advertisements by stating that the hygienic cleaning product degreases and
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cleansjust as good as the regular product. It is furthermore reasonable to assume that all
dishwashing is done with hygienic cleaning dishwashing liquid, as most people only use one type
of dishwashing liquid at the same time.

The parameters that define contact are derived from Weegels (1997). In this study the use of
dishwashing liquid was recorded in diaries by 45 subjectsin 28 households for a period of three
weeks. These 45 subjects reported to have done the dishes 532 times. All were selected for the
determination of the use duration and use frequency. Hereby including the instances in which the
dishes were done plus one or more cleaning tasks like for example cleaning the kitchen working
top.

For the determination of the use frequency all instances of doing the dishes need to be included
(both dishwashing only and dishwashing plus one or more cleaning tasks). The maximum
frequency per person per day is 4 (2 subjects, 3 days), and the minimum frequency is O times per
day (519 instances). The 75-percentile for the frequency of washing up is once aday (Weegels,
1997). A distribution of the frequency of dishwashing is shown in Figure 5a.

519

338

Mumber of times
L
o
(=]
Frequency

TG

10 1
10 3 1] a
JH W2 c o o LT e R cerzy

= d 2 3 4 5 & 0 5 40 15 2 2 3 35 40
Frequency of dishwvashing / day Duration (minutes)

Figure 5a. Frequency of dishwashing per day 5b. Duration of dishwashing per instance

It can be argued that for the determination of the duration of dishwashing, a distinction should be
made between the duration of doing the dishes only and doing the dishes plus one or more
cleaning tasks. The assumption underlying this distinction is that the duration of doing the dishes
and one or more cleaning tasks is longer than when doing the dishes only. To examineif this
assumption is true, the duration of doing the dishes alone and doing the dishes and one or more
cleaning tasks are statistically compared. The difference within a person was in only one out of
ten subjects statistically significant (Student’ s t-test, a=0.05), indicating that overall, thereis no
statistically significant difference between doing the dishes alone and together with one or more
cleaning tasks. Therefore, the duration of all reported instances of doing the dishes only and
doing the dishes plus one or more cleaning tasks were taken together.

The duration of dishwashing varies both within and between subjects, the minimum duration is 1
minute and the maximum duration is 60 minutes. The average duration of doing the dishes per
subject ranges from 1 to 35 minutes, see figure 5b (Weegels, 1997).

In the exposure estimates, both point values and distributions for use duration and frequency are
used. For the point values, the 75 percentile is used of the data derived by Weegels (1997); a
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frequency of once a day and a use duration of 15 minutes. Dermal exposure ends when the
soapsuds are thrown away after dishwashing. It is assumed that after washing up, the subject
remainsin the kitchen for another 15 minutes. Tota duration for inhalation exposure to
glutaraldehyde is therefore 30 minutes.

The frequency distribution (Figure 5b) of duration of dishwashing is also used in the calculation
of inhalation exposure. This distribution consists of the duration of all 529 instances of
dishwashing reported in Weegels' diaries are included (for 3 out of the 532 instances), duration
was not reported.

Cleaning hands

When cleaning hands with dishwashing liquid, it is assumed that people do so for 1 minute. In
Weegels's database cleaning hands with dishwashing liquid was reported twice, and the durations
reported were both 1 minute (Weegels, 1997). The parameters that define contact are summarised
in Table 15.

Table 15. Contact parameters

Scenario Parameters Doing the dishes Cleaning hands | Reference

Contact UseFrequency  (/day) | 1 1 Weegels (1997)
Use duration (min) | 15 1 Weegels (1997)
Total duration  (min) | 15 (30 for inhalation) | 1 Weegels (1997)

5.2.2 Dermal exposure

Doing the dishes

When doing the dishes, dermal exposure to dilute dishwashing liquid takes place. Dermal
exposure is described best with the fixed volume scenario in CONSEXPO 3.0. It describes
exposure to afixed volume of product (the dishwater) that contacts a certain area of the skin. The
scenario assumes that the product is well mixed and gradients inside the product do not occur.
These assumptions are applicable to dishwashing, since the liquid is well mixed before and
during dishwashing.

The parameters needed in this scenario and the values used for the exposure estimate are the
density of dishwashing liquid, the weight fraction of glutaraldehyde in the product, and the factor
with which the product is diluted before use.

Weegels (1997) calculated the concentration of dishwashing liquid in water 24 times in different
households, based on the amount of water and the amount of dishwashing liquid used. The mean
volume of water is91 (sd 4.06, N=25), the 75 percentile is 12 |. The mean amount of dishwashing
liquid used is 7.07 g (sd 5.51, N=27) and the 75 percentileis 12 g. The average concentration was
0.87 g/l (sd 0.62), the 75 percentileis 1.02 g/l (Weegels, 1997).

The density of dishwashing liquid is 1.02 g/cm?®. The weight fraction of glutaraldehyde in
dishwashing liquid is 0-5% (P& G, 1998). More specifically, glutaraldehyde is added in a
concentration of up to 0.1% (P& G, 1999). It is here assumed that the weight fraction equals 0.1%.
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Combining the weight fraction of glutaraldehyde in dishwashing liquid and the concentration,
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Figure 6. Concentration glutaraldehyde in soapsuds

subjects

Cleaning hands
Dermal exposure when cleaning hands is also best described with the fixed volume scenario.
Here, the fixed volume to which oneis exposed is the volume of (undiluted) dishwashing liquid,
the volume used for cleaning hands. According to the product safety data sheet, the density of
dishwashing liquid is 1.02 g/em® (P& G, 1998). The weight fraction of glutaraldehyde in
dishwashing liquid is 0.1% (P& G, 1999). The product is used undiluted for cleaning hands;
therefore the dilution factor is set to 1. The parameters used in the exposure estimates are
summarised in Table 16.

Table 16. Dermal exposure parameters

results in an average concentration of
glutaraldehyde in dishwater of 0.87 mg/kg (sd
0.62), the 75 percentile equals 1.02 mg/kg.
The concentration gluataraldehyde in
dishwashing liquid is 1 g/kg, the dilution
factor is 1000.

The distribution of the concentration of
glutaraldehyde in dishwater is visualised in
Figure 6. The concentration ranges from 0.16
mg/kg to 2.72 mg/kg.

Parameters Washing | Cleaning | Reference
dishes hands
Fixed Volume Density of product (g/em?®) 1.02 1.02 | P&G (1998)
Scenario 1000 1000 | P&G (1999); Weegds (1997)

Dilution factor

Weight fraction in product ~ (mg/kg)

1000" 1| “Weegels (1997)

Results dermal exposure
The point estimate based on the above-described parameters, leads to a dermal exposure
concentration for dishwashing averaged over the event of 15 minutes of 1.02*10° mg/cm?®. When
cleaning hands dermal exposure equals 1.02 mg/cm® (see also Table 17).

Table 17. Dermal exposure to glutaraldehyde calculated with CONSEXPO

Washing Cleaning

Dishes hands

Mean event concentration (mg/cm’) 1.02*10° 1.02
Y ear average concentration  (mg/cn) 1.075¢10°{ 7.17*102




OUTDATED

page 32 of 93 RIVM report 612810 008

5.2.3 Inhalation exposure

Inhalation exposure to glutaraldehyde while doing the dishes takes place when this compound
evaporates from the dishwater. After throwing away the soapsuds, inhalation exposure continues
to the evaporated compound present in the room.

While cleaning hands people are exposed to the compound when the compound evaporates from
the undiluted product.

Inhalation exposure can be described with the evaporation from mixture model. This scenario
describes exposure to a compound evaporating from a mixture of other compounds. The
evaporation rate is driven by the vapour pressure. It is assumed that the product is a binary
mixture consisting of the chemical of interest and an averaged chemical, replacing al other
chemicals. It is further more assumed that evaporation hardly influencestheinitial concentration
of the compound in the product. Since glutaraldehyde is only slightly volatile in an agueous
solution, this scenario can be used.

The scenario is based on the following parameters. release area, temperature, room volume,
effective ventilation rate, weight fraction and the molecular weight of the solvent.

Inhalation exposure during dishwashing is modelled for the user of the product, and therefore
averaged over a‘personal volume' of 5 m® (the volume around the user’ s body), in a kitchen with
avolume of 15m°. This distinction between a user and a non-user is made to model the difference
in exposure, resulting from the distinctive distance to the source. The effective ventilation rateis
37.5 m¥hr. These kitchen characteristics are defaults for Dutch kitchens (Bremmer & Van Veen,
1999). Therelease areaused is the 75 percentile of the surface of 18 sinks (see Appendix 3). The
temperature is for dishwashing the temperature of the soapsuds, 45°C (Falbe, 1987). The weight
fraction in the product is 0.1% (P& G, 1999). The dilution factor is 1000. The product is water
based, therefore its molecular weight is used as the molecular weight of the matrix.

Inhalation exposure during dishwashing is estimated based on point estimates (75 percentile) and
based on the distributions for parameters.

For cleaning hands, the release area equals 930 cm?, the surface area of the back and the palm of
both hands (Bremmer & Van Veen, 1999). The temperature is the default temperature in Dutch
houses, 20°C (Van Veen, 1997). The room volume and ventilation rate are default values as
identified by Bremmer and van Veen (1999). The weight fraction of glutaraldehyde product is
0.1% (P& G, 1999). The parameters used in the exposure estimate can be found in Table 18.

Table 18. Inhalation exposure parameters

Parameters Washing Cleaning | Reference
dishes hands

Evaporation Release area (cm?) 1452.5 930 Appendix 3

from mixture Temperature (°C) 45 20" “Falbe (1987), VanVeen (1997)
Room volume (m°) 15 15 Bremmer & Van Veen (1999)
Effective ventilation rate (m°fhr) 375 37.5 Bremmer & Van Veen (1999)
Weight fraction (ma/kq) 1000 1000 P& G (1999)
Dilution factor - 1000 1 Weegels (1997)
Molecular weight matrix (9/mol) 18 18 Molecular weight water
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Results inhalation exposure

In Table 19, the results of the CONSEX PO assessment of inhalation exposure, based upon the
above-described parameters, can be found. Inhalation exposure to glutaraldehyde averaged over
the total duration of washing up (30 minutes), is 7.9% 10" mg/m®. The average inhalation exposure
when cleaning handsis 3.87* 10°°> mg/m”.

Table 19. Inhalation exposure to glutaral dehyde cal cul ated with CONSEXPO

Washing . Cleaning
dishes hands

Mean event concentration (mg/m® | 7.9¢*107 3.87*10°

Y ear average concentration (mg/m®) | 1.67*10°  2.72*10°

In Figure 7, inhalation exposure is plotted against time. During the first 15 minutes, exposure
increases. At t=15, the soapsuds is thrown away. Hereafter, exposure decreases as a result of
ventilation.

Inhalatory exposure (ma/m3)
1.5208 T

1.2e08 1
a.0e07 1
007 1
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o o 1z 18 24 a0

tirne (minutes)

Figure 7. Inhalation exposure during dishwashing

For dishwashing, the variability in various parameters is expressed in the results by means of a
Monte Carlo analysis. At random, 10,000 tries are done from the input distributions, resulting in a
frequency distribution of exposure. The distributions entered are for:
e useduration: the duration of each of 529 instances reported in the diaries (Weegdls, 1997);
e weight fraction x dilution: as described in
dermal exposure (see Figure 6); T
* release area variation in release area of 18
sinks (see appendix 3).
The resulting distribution of exposure is shown
in Figure 8. Inhalation exposure during use
ranges from 2.3*10" to 2.5*10° mg/m°. From
thisfigure it can be concluded that even in the —l_ll
“high’ exposure range, inhalation exposure to
glutaraldehyde during dishwashing is still low.
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Figure 8. Frequency distribution of inhalation exposure
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5.2.4 Oral exposure

Oral exposure to components of dishwashing liquid such as glutaraldehyde can occur via two
routes of exposure. During dishwashing via hand-to-mouth contact, and after dishwashing via
residues that remain on washed items such as dishes and glassware. Oral exposure due to hand to
mouth contact when cleaning the hands is considered negligible due to the low use duration.

Hand to mouth contact while doing the dishes

It is assumed that oral exposure during hand-to-mouth contact takes place by taking in 5 times the
amount of glutaraldehyde attached to 1 square centimetre of the hand (a fingertip), when washing
up for aduration of 15 minutes, once a day.

To examine the amount of water attached to a square centimetre of the hand, a pilot study was
done. It was examined how much water would attach to the hand if it was immersed wrist deep in
water. This study is described in more detail in Appendix 4. The amount of water attached to the
surface of the female hand was 2.9 g, the amount attached to the male hand equals 4.2 g (75
percentile). The default surface area of the hand is for women 430 cm?and 490 cm? for men
(Bremmer & Van Veen, 1999). The amount of glutaraldehyde on one square centimeter of the
hand is 6.9*10°° mg for women and 8.7*10° for men (see Table 20).

Table 20. The amount of glutaral dehyde attaching to 1 cm? of the hand during doing the dishes

Water attached tohand . Surface area of hand Wi Glutaral dehyde/cm2
(mg) (cm?)’ (mg/cm?)
Female 2.9%10° 430 1.02*10° 6.9¥10°
Male 4.2%10° 490 1.02*10° 8.7%10°

"Reference: Bremmer & Van Veen (1999)

When taking in the amount attached to 1 square centimetre of the hand 5 times, oral exposureis
3.5*10™ mg/day based on the data of the female hand, and 4.4* 10> mg/day based on male hand
data.

Dishes and glassware

Only littleinformation is available of residuals of dishwashing liquid on washed dinnerware.
Hakkinen (1993) mentions this as a potential route of exposure. However, no quantitative
information is available in literature on the amount of detergent remaining on washed dishes.
Hakkinen (1999) reportsin a personal communication, that in areport by Kerstholt and Van der
Heide on ‘ Quantitative determination of anionics residues on dishes' it is stated that the anionics
residue on porcelain dishes ranges from 1 to 8 mg/m®. This quantity depends on the detergent
concentration, the washing-up temperature and whether or not the dishes are dried. The residue
amount goes up as the detergent concentrations in the dishwater go up and as the dishwater
temperature goes up. When crockery is not dried, more detergent is left behind on it (Hakkinen,
1999).

When considering that the weight fraction of anionics in dishwashing liquid is higher than the
amount glutaraldehyde (15-30% vs. 0.1%), it is concluded that the remainders of glutaraldehyde
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on washed crockery are at least afactor 10 lower than 1-8 mg/m? maximally 0.1-0.8 mg/m?.
It is here assumed that the amount of glutaraldehyde residing on 1 m? crockery is taken in per
day. Which resultsin oral exposure to 0.8 mg/day.

Results oral exposure
Tota oral exposure to glutaraldehyde resulting from hand to mouth contact and from residues on
crockery is 0.8 mg/day.
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5.3 Isopropylalcohol in napkins

The active ingredient in hygienic cleaning napkinsisisopropylalcohal. In paragraph 3.2, the task
selected for the exposure assessment is cleaning the kitchen working top. The compound to which
exposure is assessed is isopropylacohol (see aso paragraph 4.3).

When using napkins to clean a surface people are exposed via the dermal route. I1sopropylacohol
is avolatile compound and therefore there is also exposure viainhalation. Potentially, oral
exposure can occur by hand-to-mouth contact.

5.3.1 Contact

No information is available in literature on the use of the product, because the product is newly
introduced on the market, and no other cleaning product in the form of napkins exists. It is here
assumed that the napkins are used once a day for a period of 3 minutes for cleaning the kitchen
working-top. Thisis based on the duration of cleaning the kitchen working top with other
products as reported in diaries (Weegels, 1997). For dishwashing liquid, the following durations
arefound 1, 2, 3 and 5 minutes. For cleaning with al purpose cleaner durations of 4, 5, 5 and 6
minutes were found. The reported duration of cleaning the kitchen working top with abrasiveis 5
and 2 minutes. After use of the napkinsit is not necessary to rinse the surface, therefore the
duration is considered to be less than that of cleaning with all-purpose cleaner of abrasive.

The duration of dermal exposure is thus 3 minutes. After use of the product, the napkin is thrown
away and dermal exposure will end. For inhalation exposure, it is assumed that after disposing the
napkins, the person remains in the kitchen for another 7 minutes. Total duration for inhalation
exposureis therefore 10 minutes of which the use duration is 3 minutes. The parameters that
define contact are summarised in Table 21.

Table 21. Contact parameters

Parameters Cleaning kitchen Reference
working top
Contact UseFrequency (/day) |1 Estimate
Definition Use duration (min) 3 Estimate
Tota duration  (min) 3 (10 for inhalation) | Estimate
Start (min) 0 Estimate

5.3.2 Dermal exposure

The scenario best suitable for the description of dermal exposure to hygienic cleaning napkinsin
CONSEXPO 3.0 isthe fixed volume scenario. It describes exposure to a certain amount of
product that contacts a certain area of the skin. The scenario assumes that the product is well
mixed and that gradients inside the product do not occur. Moreover it is assumed in this scenario
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that the concentration the subject is exposed to, does not change during contact. |sopropylalcohol
is avolatile compound. The assumption that the concentration throughout contact equals the
initial concentration leads to a worst-case estimate. Since there is no dermal exposure scenario
that does take into account the change in concentration, the fixed volume scenario was used.

The parameters necessary for the exposure assessment are: density of the product, the weight
fraction of isopropylacohal in the hygienic cleaning napkins, and the dilution factor. They are
summarised in Table 22. It is assumed that the product is water based, thus the density of the
liquid phase of the product is assumed to be 1 kg/l. The weight fraction of isopropylacohal in the
napkinsis, according to the product safety data sheet, 1-5% (Lever, 1998). It is here assumed that
the percentage equals 5%.

As mentioned before, the product is ready for use when taken from the box. Therefore, the
dilution factor equals 1.

Table 22. Dermal exposure parameters

Parameters Cleaning kitchen = Reference
working top
Fixed Volume Density of product (ka/l) |1 Estimate
Scenario Weight fraction (%) 5 Lever (1998)
Dilution factor - 1 Product label

Results Dermal Exposure

In Table 23, the results of the calculation of dermal exposure are outlined. The concentration
isoproplylalcohol to which a user is exposed equals 50 mg/cm®. In real, the mean event
concentration islower than 50 mg/cm® due to evaporation of the compound during use.

Table 23. Dermal exposure to isopropylalcohol calculated with CONSEXPO

Exposure

Mean event concentration (mg/em®) | 50

Y ear average concentration  (mg/cm®) | 10.54

5.3.3 Inhalation exposure

In CONSEXPO 3.0, there are two scenarios suitable for the assessment of inhalation exposure
during cleaning: the evaporation from mixture and paint scenario. The striking difference
between both models is that the first assumes that the concentration of the compound of interest
in the original product is not influenced by evaporation, whereas the paint scenario does take a
decrease in concentration due to evaporation into account.

A quick scan of the suitability of the evaporation from mixture model was done. The derivation
of the amount of cleaning product in the napkinsis described in Appendix 1, and equals 3.42 g.
The small amount isopropyl alcohol present in the napkins (5%*3.42 = 0.171 g), and the
volatility of isopropylalchol (33 mm Hg) result in a maximum possible concentration of 11.4
mg/m® that can be reached in aroom of 15m?® without ventilation. The evaporation from mixture
scenario leads to a concentration of 795 mg/m® in aroom of 15m°. These results indicate that the
evaporation from mixture scenario is unsuitable for calculation of inhalation exposure in this
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situation. Therefore, the paint scenario was used.

Inhalation exposure can be calculated for both a user and a non-user. For the non-user exposure is
averaged over the whole room volume. For the user, exposure is averaged over apersona air
volume of 5m® around his or her body. This distinction is made in order to take into account the
different distance to the source between a user and a non-user. The user is exposed closer to the
source, therefore the user will experience a more intense exposure before the compound has
spread over the entire room.

Based on the floor plan of two kitchens of 5.9 m?, the release area of the kitchen working top was
determined. It equals 17148 cm®. The determination of the release areas is described in Appendix
3. The amount of product is determined by weighting five napkins when taken directly from the
package and again after overnight drying in the stove at atemperature of 100°C (see Appendix 1).
The 75" percentile was used. The weight fraction of isopropylalcohoal is 1-5% according to the
product safety data sheet. Here, aweight fraction of 5% was used in the exposure estimate. Itis
assumed that the liquid phase is water based, and that density of the wet fraction of the product
equals 1 kg/l. When cleaning, there is only one layer. Therefore the fraction of the upper layer is
set t0 99.99%. Because there is only one layer, the layer exchange rate does not influence
exposure. The room volume and the effective ventilation rates are default values for Dutch
kitchens, 15m°® and 37.5m*/hour as determined by Bremmer & Van Veen (1999). The default
temperature in Dutch homesis 293 K (Van Veen, 1997). Asit is assumed that the wet fraction of
the product is water based, the molecular weight of the matrix equals 18 g/mol. The parameters
needed for the calculation of inhalation exposure are summarised in Table 24.

Table 24. Inhalation exposure parameters

Parameters Cleaning | Reference
Contact Use Freguency (/day) 1 Estimate
Definition Use duration (min) 3 Estimate
Total duration (min) 10 Estimate
Start (min) 0
Paint scenario Release area (cm?) 17148 Estimate
Product amount (@ 3.42 Weighted”
Weight fraction (%) 5 SDS
Density product (kg/h 1 Etimate
Layer exchange rate (/minute) 3
Fraction to upper layer (%) 99.99 Estimate
Room volume () 15 Bremmer & Van Veen (1999)
Effective ventilation (m°/hr) 375 Bremmer & Van Veen (1999)
Temperature (K) 293 Van Veen (1997)
Molecular weight solvent (g/mol) 18 Estimate

Estimate described in appendix 3: release areas
2Estimate described in appendix 1: anount used of napkins
®Does not influence exposure assessment since there is only one layer.

Results Inhalation exposure

Inhalation exposure calculated with CONSEXPO 3.0 for a user based on the above-described
parameters, results in inhalation exposure to isopropylalcohol of 23.3 mg/m?® averaged over the
total duration of 10 minutes (see Table 25).
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Table 25. Inhalation exposure to isopropyla cohol cal culated with CONSEXPO

Exposure
Mean event concentration (non-user)  (mg/nt) 7.860
Mean event concentration (user) (mg/m) 2.33*10"
Y ear average concentration (mg/m®) | 5523102
Y ear average concentration (user) (mg/m°) | 1.639*10*

In Figure 9 exposure for the user is plotted against halaory axpaeura (st
time. During the first 3 minutes the concentration in
the room increases due to evaporation. At t=3
minutes, the napkin is disposed of, and the
concentration in the room decreases as aresult of
ventilation.

28

Figure 9. Inhalation exposure to isopropylal cohol
when cleaning the kitchen working top

5.3.4 Oral Exposure

A potential route of oral exposure is exposure via hand to mouth contact, when people are using
the product to clean and when they touch their lips. It is assumed that during cleaning the kitchen
working top (duration 3 minutes), the user is orally exposed to the amount attached to 1 cm? of
the hand 3 times.

It was thus studied how much product will stick to the hand palm. When firmly touching the
napkin, as one would do when using the product to clean, 0.044 g remains on the surface area of
the hand palm (sd 0.004, N=5). The weight fraction isopropylalcohol in the product is 5%. This
indicates that the maximum amount isopropylalcohol on the entire hand palm equals 2.2 mg. The
default surface area for the back and palm of both female hands equals 860 cm? (Bremmer & Van
Veen, 1999). The surface area of the palm of the hand is approximately 1/4™ or 215 cm?.

The amount isopropy! alcohol per sguare centimetre is thus 0.01 mg. During the cleaning event,
an amount of 0.03 mg is taken up orally. However, it should be taken into account that
isopropylalchohal is avolatile compound. Thisimplies that due to vaporisation the actual amount
taken in is smaller than 0.03 mg.
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5.4 DDAC in spray cleaners

In this paragraph, exposure to DDAC, (the compound selected in paragraph 4.4) is assessed. This
isthe ingredient found in the disinfecting spray cleaner. The task selected for the assessment in
paragraph 3.3 is cleaning the kitchen working top.

Exposure to compounds in hygienic cleaning spray cleaners can occur via various routes of
exposure. The product is applied by spraying. During spraying, inhalation exposure can take
place when droplets of the product are inhaled or when the compound of interest evaporates from
the droplets. When leaving the product to soak in, and during cleaning, inhalation exposure
occurs as aresult of evaporation from the product sprayed on the kitchen working top. Dermal
contact can take place when wiping the surface, to remove the product. Potentialy, oral exposure
can occur via hand-to-mouth contact.

The various phases (spraying, leaving on and cleaning) are addressed separately in the exposure
estimate, because of the difference in contact and use in these phases.

The use of hygienic cleaning trigger sprays or products that are used likewise is not described in
literature. The parameters that define contact are use frequency, total duration and use duration.
To gain some more insight into the use of these products, a small-scale pilot study was done. The
methods and results of this pilot are described in Appendix 5.

5.4.1 Contact

In the pilot study, the use of these products was studied in atest situation. Therefore, it was
impossible to derive the use frequency from these data. It is assumed that the kitchen working top
is cleaned once a day with the DDAC containing trigger spray.

Use duration was extrapolated linearly from the pilot. The assumption underlying this
extrapolation is that the duration of the phases spraying and rinsing/cleaning is directly related to
the size of the cleaned area. The phase of leaving the product to soak is naturally independent of
the size of the areato be cleaned.

The size used here for the kitchen working top is 17148 cm? (see appendix 3). The area cleaned in
the pilot was 60x60cm. The size of the kitchen working top is 4.76 times larger the area cleaned
in the pilot. The 75 percentile of the duration of the spraying and rinsing/cleaning phase (5
respectively 17 seconds) are therefore multiplied with the factor 4.76.

Table 26. Contact during spraying, leaving on and rinsing/cleaning

Parameters Spraying Leavingon Rinsing/cleaning | Reference
(phase 1) (phase 2) (phase 3)
Contact Use frequency 1/day 1/ day 1/day Estimate
Use duration 24 sec 5min 81 sec Appendix 5




OUTDATED

RIVM report 612810 008 page 41 of 93

5.4.2 Dermal exposure

Dermal exposure occurs when wiping or cleaning the surface with a cloth after the product was
left to soak in for awhile. The duration of this phaseis 81 seconds. The fixed volume scenario is
best suitable for a description of dermal exposure to DDAC with CONSEXPO. It describes
exposure to a certain amount of product with a constant concentration. The parameters for the
exposure assessment are summarised in Table 27. The density of the product is measured and
equals 1 glem®. The dilution factor is set to 1, because the product is used undiluted.

Table 27. Dermal exposure parameters

Parameters Reference
Fixed volume Density of product  (g/cm®) | 1 Estimate
scenario Weight fraction (g/kg) 2 Label SanaSept

Dilution factor 1 Undiluted use

Results

In Table 28, the results of the dermal exposure assessment to DDAC are described. Exposure to
undiluted product resultsin adermal exposure of 2 mg/cm® averaged over 81 seconds. It is
expected that most people will use awet cloth for cleaning the surface area and therefore will be
exposed to lower concentrations DDAC. However, since it was observed in the pilot (see
Appendix 5) that 2 out of 5 people used adry cloth for cleaning and 1 out of 5 kitchen paper,
contact to undiluted product when cleaning the surface is possible.

Table 28. Derma exposure to DDAC cal culated with CONSEXPO

Exposure
Mean event concentration  (mg/cm®) 2
Y ear average concentration  (mg/cm®) 1.895*10°

5.4.3 Inhalation exposure

The scenarios used for modelling inhalation exposure to DDAC when using atrigger spray differ
among the various use phases. For spraying, the first phase, the model best applicable is the spray
well mixed moddl. The spray cloud model would theoretically fit exposure best. The assumption
that the user has his nosein the cloud however, overestimates inhalation exposure extremely. In
real, a user uses the product approximately an arm-length away from his face. Due to this
assumption, the spray well mixed scenario models inhalation exposure better, although it assumes
that the airborne fraction of the product immediately fills the room (non-user scenario) or the
personal volume (user scenario). In case of the user scenario, the volume of air over which
exposure is calculated exposed is 5m?, the volume around the body. To approximate the cloud,
the user scenario was used. Inhalation exposure during the leaving on phase and the
rinsing/cleaning phase is best described with the evaporation from mixture scenario. This
scenario describes exposure to a compound that evaporates from a mixture of other compounds.
Here, the assumption that evaporation of the compound does not decrease the concentration in the
products is appropriate since DDAC is only slightly volatile.
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Spraying

The parameters needed for the exposure estimate with the spraying well-mixed model are listed in
Table 29 together with the chosen values. The generation rate is the 75 percentile of the
generation rates for SanaSept as deduced from the amount used and the duration of spraying as
found in the pilot study (see Appendix 5). The airborne fraction is low, since the product is
sprayed close to the surface (10 cm). The airborne fraction is set to 10%. It is difficult to estimate
the droplet size. Here, the droplet size for alarge droplet (20 pm) was used (Matoba, 1998).

Table 29. Inhaation exposure parameters during spraying

Parameters Reference
Contact Use frequency (/day) 1 Estimate
Definition Use duration (sec) 24 Pilot
Tota duration (sec) 405 Pilot (three phases together)
Start (sec) 0
Spraying Well Mixed | Generation rate (mg/min) | 964 75" percentile of Pilot
Model Density of the formulation  (kg/l) 1 Density of water
Weight fraction (a/kg) 2 CTB (1996)
Airborne fraction - 0.1 Estimate
Effective ventilation (m¥hr) 375 Bremmer& Van Veen (1999)
Room volume (md) 15 Bremmer& Van Veen (1999)
Droplet size (um) 20 Matoba (1998)
Release height (cm) 10 Pilot

Results inhalation exposure during spraying

Inhalation exposure during spraying is calculated with CONSEX PO based on the above described
parameters. It is averaged over the event, 3.157*10™ (see Table 30).

The airborne fraction and droplet size are uncertain parameters. To examine the effect of these
parameters on inhalation exposure, sensitivity analyses were done. The analysis for the airborne
fraction indicates that a fraction of 70% resultsin an increased exposure with afactor 7 (2.21* 107
mg/m°) compared to 10%. In the sensitivity analysis performed to study the effect of droplet size
on inhalation exposure, it was found that a difference in droplet size ranging from 5 (size of a
small droplet according to Matoba (1998)) to 40 um, results in a difference in exposure of 4.5%10°
® mg/m?® to practically zero.

Table 30. Inhalation exposure to DDAC during spraying cal culated with CONSEXPO

| Exposure

Mean event concentration user (mg/m® | 3.157*10*

Leaving on & cleaning

Inhalation exposure during leaving on and rinsing/cleaning (phases 2 and 3) occurs when the
compound of interest evaporates from the product spayed on the surface. The duration of contact
is here 5 minutes and 81 seconds.

The parameters and the values used to describe exposure according to this exposure scenario are
listed in Table 31. Exposure starts after the spraying phase, after 24 seconds. The release areafor
the kitchen working top is 17148 cm?, for a description of the determination of this release area
see appendix 3.

The default room temperature is 293K (Van Veen, 1997). The room volume and the effective
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ventilation rate are the default values for Dutch kitchens (Bremmer & Van Veen, 1999).
Assuming the product is water based, the molar weight of the matrix is set to 18 g/moal. Inhalation
exposureis 1.87* 10°® mg/m?® averaged over the two phases (leaving on and cleaning).

Table 31. Inhalation exposure parameters during leaving on & cleaning

Parameters | Reference
Contact Use frequency (/day) 1 Estimate
Use duration (sec) 381 Pilot
Totd duration (sec) 405 Pilot
Start (sec) 24 End of phase 1
Evaporation Release area (cm?) 17148 | Appendix 3
From mixture Temperature (K) 293 Default Van Veen (1997)
Room volume (m%) 15 Default Bremmer& Van Veen (1999)
Effective ventilationrate  (m°/hr) | 37.5 Default Bremmer& Van Veen (1999)
Weight fraction (g/ka) 2 Label SanaSept
Molar weight solvent (g/mol) | 18 Molar weight water

Results inhalation exposure during leaving on and cleaning
Inhalation exposure during leaving on and cleaning is 1.876* 10° mg/m® averaged over the
duration of these phases, see Table 32.

Table 32. Inhaation exposure to DDAC during leaving on and cleaning ca culated with CONSEXPO

Exposure
Mean event concentration  (mg/m°) 1.876*10°

Results total inhalation exposure

In Figure 10a and b, the inhalation exposure is plotted against time. In Figure 10a exposure
during spraying is plotted against time. The first 24 seconds (during spraying) inhalation exposure
increases. After 24 seconds the droplets deposit on the surface, decreasing exposure. In Figure
10b, inhalation exposure is plotted during the second and the third phase, while leaving the
product to soak in and when cleaning the surface.

Inhalatory exposure (maima)
50203 T Inhalatory exposure (mgfma)
25208 T

4.0e03 1
28e08 T

3.0e-03
21e08 1

20203 14008 T
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Figure 10a Inhalation exposure during phase 1 (spraying) 10b. Inhalation exposure during phase 2 and 3
(leaving on and cleaning).

Tota inhaation exposure can be calculated by adding both inhalation exposures. Thisresultsin a
mean event concentration of 3.18*10™ mg/m? (see Table 33).
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Table 33. Tota inhalation exposure to DDAC when cleaning the kitchen working top

Inhalation exposure | Inhalation exposure | Mean event concentration

1 (mg/m) 2& 3 (mg/m°) (mg/m°)

Inhalation exposure 3.16*10* 1.87*10° 3.18*10*

5.4.4 Oral exposure

During the event of cleaning the kitchen working top, people are orally exposed via hand-to-
mouth contact when they are cleaning the surface (phase 3). The duration of cleaning is 81
seconds. It is assumed that during these 81 seconds people will take in the amount attached to a
square centimeter of the skin 2 times.

The amount of water attached to a hand (palm and back together) is for men 8.5 mg/cm? and for
women 6.7 mg/cm? (see Appendix 4). The weight fraction DDAC in hygienic cleaning sprays is
2*107 (or 2 g/l). Thisimplies that the amount DDAC on a square centimetre of the hand equals
0.016 mg for men and 0.013 mg for women. When this amount is taken in 2 times during this
phase, oral exposure for men equals 0.032 mg/instance and for women 0.026 mg/instance.
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5.5 Sodiumhypochloritein bleach containing products

The bleach containing products that belong to the category hygienic cleaning products used in the
kitchen are bleach, bleach containing abrasive and all-purpose cleaner. All of these products
contain sodiumhypochlite (bleach) in a concentration up to 5% (specified on the product safety
data sheet as 1-5% or <5%). They are discussed here together because in this study exposure is
assessed to the hypochloriteion (dermal and oral exposure) and hypochlorous acid (inhalation
exposure). Both are products when sodiumhypochlorite is dissolved in water (see also paragraph
45.1).

In the product, amost all sodiumhypochlorite will be present as hypochlorite ion because of the
alkaline pH of the products (10.5 — 13). It is assumed that dermal exposure principally occursto
hypochlorite ion (OCI"). Because oral exposure only occurs due to hand-to-mouth contact, and is
thus related to dermal exposure, oral exposureis also assessed to OCI'. OCl"is hardly volatile
sinceitisanion, but as ascent is smelled when opening abottle of bleach containing product, it
is concluded that the compound evaporating from the product is hypochlorous acid (HOCI).
Therefore, inhalation exposure is assessed to HOCI. Due to the alkaline pH of the products, this
compound is only present in a small percentage of the total concentration of sodiumhypochlorite;
itis here assumed as 5% (see also paragraph 4.5.1).

In paragraph 3.4 it is described that the tasks selected for the exposure assessments are cleaning
the kitchen working top and sink with undiluted product and cleaning the kitchen floor with
diluted product.

5.5.1 Exposure when cleaning the sink and the kitchen working top

5.5.1.1 Contact

Freguency of cleaning the kitchen working top and sink

From the diaries in Weegels's study, it is concluded that bleach is not used very regularly in the
kitchen. In the three week period, the product
was used three times by two subjects (Weegels, e
1997).

In Figure 11, afrequency distribution is
presented of how many times aweek people
reported to clean their kitchen working-top.
Most people (73.6%) clean their kitchen
working-top 7 times aweek or more
(Consumentenbond, 1998). In Table 34 itis
described how often people use ableach Freguency (imesiwveek)
containing product to clean their kitchen
working top (Consumentenbond, 1998). Figure 11. Frequency of cleaning the working top

Mumber of people (%)

. [

1z - 5k T &0 =15 =20 z-E0 F-dE
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Table 34. Frequency of cleaning the kitchen working top with bleach containing products

Number of people | % subjects Freguency of cleaning the kitchen working top
that reportsto use | that reports to Lessthan Onceaweek = Morethanonce
product use product | onceaweek aweek
Abrasive 127 of 652 20% 6.9% 9% 4.1%
Bleach 120 of 706" 17% 9% 6.5% 1.5%
All purpose cleaner 36 of 629" 5.5% 2% 2.5% 1%
Total 283 42.5% 17.9% 18% 6.6%

“number of subjects that reported to use the product of total number of subjects that answered the question

From figure 11 and Table 34 the following is concluded. Most people clean their kitchen working
top 7 times aweek or more. Approximately 43% uses a bleach containing product for cleaning
the kitchen working top. Of these people, approximately 50% (18% of the total number of
subjects that answer the question) reports to use the product once aweek.

The main property, the bleaching of stains and the association with hygienic cleaning of the
bleach containing products are very much alike. It is therefore expected that if people use one of
these products, they will not use the other two for the same task. It is here assumed that people
clean the sink and the kitchen working-top equally frequent with bleach containing products. If
people clean their kitchen working-top with a bleach-containing product, they will clean their
sink subsequently.

The use frequency of using a bleach containing product to clean the kitchen working top and sink,
selected for the exposure assessment is once a week, based on the displayed information.

Use duration

Only littleinformation is available on the duration of cleaning the kitchen working top and sink
with bleach containing products. The following use durations are reported in diaries. The duration
of cleaning the kitchen working top with bleach is reported twice, with a duration of 8 (both
kitchen working top and sink) and 10 minutes (kitchen working top). The duration of cleaning the
kitchen sink was derived from the durations reported for abrasive; in one instance 1 minute, four
instances 3 minutes and 2 instances 5 minutes (Weegels, 1997).

The available information is not sufficient to determine with certainty how long it takes people to
clean their kitchen working-top with bleach containing products. However, it is assumed that the
duration of cleaning asink is 5 minutes. The duration for cleaning the kitchen working top is
expected to belonger, (duetoits larger surface area) it is assumed that it takes 10 minutes.

It isfurther more expected that after cleaning with bleach, the sink and the working top are rinsed
with water (also considering the capacity of bleach to cause stains in clothes); indicating that
exposure ends at this moment in time. Thisimplies equal use and total duration. The parameters
that define contact are summarised in Table 35.
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Table 35. Contact parameters

Parameters Sink Kitchen Reference
working top
Contact Frequency (/week) 1 1 Consumentenbond (1998)
Definition  Useduration  (min) 5 10 Estimate, Weegels (1997)
Total duration | (min) 5 10 Estimate, Weegels (1997)

5.5.1.2 Dermal Exposure

Abrasive is aways used undiluted with alittle water (use instructions). All-purpose cleaner and
bleach can be used both undiluted and diluted according to the packages. It is person specific and
it depends on the task, whether people use the product diluted or not. It is here assumed that the
kitchen working-top and the sink are cleaned with undiluted product. If the product is used
undiluted, dermal exposure to OCI" occurs mainly viathe cloth or sponge that is used to clean the
surface.

The scenario in CONSEXPO 3.0 best fit to model dermal exposure is the fixed volume model. It
describes exposure to afixed volume of product that contacts a certain area of the skin. The
scenario assumes that the product is well mixed and that gradients inside the product do not
occur.

The density of the products differs among the various products, therefore for each product dermal
exposure was determined separately. The weight fraction for al productsis 5% and the products
are used undiluted for this task, which implies a dilution factor of 1.

Table 36. Dermal exposure parameters

Parameters Bleach | Abrasive @ All purpose cleaner | Reference
Fixed . a b c 3_ever (1993), "Grada (1998),
volume Density of product  (kg/l) | 1.1 15 1.04 “Colgate Pamolive (1995)
scenario . . 4_ever (1993), "Grada (1998),
0, a b C
Weight fraction (%) 5 5 5 “Colgate Palmolive (1995)
Dilution factor - 1 1 1 Undiluted use

Results dermal exposure

Dermal exposure to the hypochlorite ion when using a bleach containing product for cleaning the
kitchen working top or the kitchen sink ranges from 52 mg/cm? (for all purpose cleaner) to 75
mg/m? (for abrasive). The differing density of the products causes the difference in exposure.
These results can be found in Table 37.

Table 37. Dermal exposure to hypochlorite ion calculated with CONSEXPO 3.0

Bleach Abrasive | All purpose cleaner
Mean event concentration  (mg/cm®) | 55 75 52
Y ear average concentration (mg/cm®) | 2.761¥10%  3.765¢102  2.61*10°

sink”

Y ear average concentration (mg/cm®) | 5.521*10%  7.529*10%  5.22*10°
kitchen working top”

"Difference in year average concentration is caused by differing use duration
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5.5.1.3 Inhalation exposure

Inhalation exposure when using sodiumhypochlorite bleaches occurs to hypochlorous acid. It can
be assessed by means of the evaporation from mixture scenario in CONSEXPO. This scenario
describes inhalation exposure to acompound that evaporates from a product. The most important
assumption in this scenario is that the concentration in the product does not decrease during use.
Because hypochlorous acid is hardly volatile, this assumption is justified. The parameters needed
to describe exposure are release area, temperature, room volume, the effective ventilation rate and
the molecular weight of the matrix. The release areas for the kitchen sink and the kitchen working
top are described in appendix 3. They equal 3900 and 17148 cm? respectively. The default value
for room temperature is 20°C (Van Veen, 1997). The room volume and the effective ventilation
rate are 15 m°® and 37.5 m*/hr, the default values for Dutch kitchens (Bremmer & VanVeen,
1999). The weight fraction of HOCI in bleach containing products is assumed to be 0.05 of the
total weight fraction of 0.05 sodiumhypochlorite in the product. The weight fraction of HOCI is
thus 0.025. The products are water based, therefore, the molecular weight of the matrix is set to
that of water, 18 g/mol. The parameters are listed in Table 38.

The parameters that differ for cleaning the kitchen sink and the working top are the contact
parameter, use duration; and the evaporation from mixture scenario parameter, release area.

Table 38. Inhaation exposure parameters

Parameter Sink Workingtop Reference

Evaporation Release area (cm?) 39005 |17148° Appendix 3

frommixture Temperature (K) 293 293 Van Veen (1997)
Room volume (md) 15 15 Bremmer & Van Veen (1999)
Effective ventilation rate (m’hr) 375 375 Bremmer & Van Veen (1999)
Weight fraction (fraction) | 25*10°  2.5¢10° Estimate
Molecular weight of the solvent  (g/mol) 18 18 Molecular weight water

Results inhalation exposure

In Table 39, the results of the inhalation exposure assessment are described. Inhalation exposure
to hypochlorous acid based on the evaporation from mixture scenario and the above described
parameters equals 2.79* 10™ mg/m® when cleaning the kitchen sink and 4.55*10™ mg/m® when
cleaning the kitchen working top.

Tabel 39 Inhalation exposure to hypochlorous acid cal culated with CONSEXPO

Sink Working top

Mean event concentration  (mg/m°) | 2.785¢10"  4,55¢10%2

Y ear average exposure (mg/m®) | 1.398*10% | 457107
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5.5.2 Exposureto bleach when cleaning the kitchen floor

Dermal and inhalation exposure are relevant routes when cleaning the kitchen floor. A potential
route of exposure is exposure due to hand-to-mouth contact.

Dermal and oral exposure to hypochlorite ion is assessed when cleaning the kitchen floor with
diluted bleach containing all purpose cleaner. Inhalation exposure is assessed to hypochlorous
acid.

5.5.2.1 Contact

The frequency of cleaning the kitchen floor is again, difficult to derive from literature. Itis
assumed that if people clean the kitchen floor with all-purpose cleaner, they do so once aweek.
The duration of cleaning the kitchen floor is difficult to derive from the data gathered by Weegels
(1997). Often people either clean more floors subsequently or clean other things in the kitchen as
well (Weegels, 1997). Nevertheless, in the diaries four people have reported to clean the kitchen
floor. The durations reported are 10, 12, 17 and 55 minutes. In the exposure estimate, a use
duration of 15 minutesis used. The duration of 55 minutesis expected to be an exceptiona case.

Table 40. Contact parameters

Parameters Kitchen | Reference
floor
Contact Frequency (/week) |1 Estimate
Definition  Useduration (min) 15 Weegels (1997)
Total duration (min) 15 Weegels (1997)

5.5.2.2 Dermal exposure

Dermal contact occurs during cleaning the kitchen floor with a cloth, when rinsing the cloth in a
bucket of water, and when using the cloth to wipe the floor. The concentration to which oneis
exposed in both phasesis the same.

The scenario used for the assessment of dermal exposure when cleaning the kitchen floor isthe
fixed volume scenario. The density of all purpose cleaner is 1.04 g/l (Colgate Palmolive, 1995).
The weight fraction of the hypochloriteion in diluted al purpose cleaner is determined by
multiplying the average concentration (N=20) of al purpose cleaner in water as determined by
Weegels (1997) and the weight fraction from the safety data sheet (5%). The average
concentration is9.1 g/l. The weight fraction in undiluted product is 5%. This results in aweight
fraction in diluted product of 455 mg/kg (9.1* 1000* 0.05 mg/l). On the package of Ajax Gel 2in
litisrecommended to add 35 ml (one cap) in 2| water. Thisresultsin aweight fraction 2 times
higher than observed, 910 mg/kg hypochlorite ion in the soapsuds (35* 1.04* 1000* 0.05/2 mg/l).
Since the data provided by Weegels (1997) are based on observations, these data are used for the
assessment. The dilution factor is expressed in the concentration and can therefore be set to 1.

Table 41. Dermal exposure parameters

Parameters Cleaning the Reference
kitchen floor
Fixed Density (kg/l) 1.04 Colgate Pamolive (1995)
volume Weight fraction  (mg/kg) | 455 Weegels (1997)
Dilution factor - 1 Undiluted use
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Results dermal exposure
The mean event dermal exposure concentration to hypochlorite ion when cleaning the kitchen
floor, calculated with the CONSEX PO fixed volume scenario equals 4.732* 10 mg/cm®.

Table 42. Dermal exposure to hypochlorite ion calcul ated with CONSEXPO

| Exposure

Mean event concentration  (mg/cm®) | 4.732*107

Y ear average concentration  (mg/em®) | 7.126¥10*

5.5.2.3 Inhalation Exposure

Inhalation exposure to hypochlorous acid is best described with the evaporation from mixture
model. The release area of the floor is 4.16 m? (see appendix 3, release area kitchen floor
(standard kitchen)). The room volume and effective ventilation rates are the defaults provided by
Bremmer & Van Veen (1999). The weight fraction is based on the concentration of the soapsuds
used for cleaning (Weegels, 1997) and on the assumption that 5% of the concentration
sodiumhypochlorite in all-purpose cleaner (5%) is present as hypochlorous acid resulting in a
weight fraction of 22.25 mg/kg (concentration all purpose cleaner in water is 9.1 g/l). The
molecular weight of the matrix is the molecular weight of water.

Table 43. Inhaation exposure to hypochlorous acid

Parameter | Reference

Evaporation from | Release area (m?) 416 Appendix 3

Mixture Temperature (K) 293 Van Veen, 1997
Room volume (m?) 15 Bremmer & Van Veen (1997)
Effective ventilation rate (m¥hr) | 375 Bremmer & Van Veen (1999)
Weight fraction (mg/kg) | 22.25  Weegels (1997)
Molecular weight of the solvent  (g/mol) | 18 Molar weight water

Results inhalation exposure
The mean event inhalation exposure concentration to hypochlorous acid when cleaning the
kitchen floor is 3.15*10™ mg/m®. See also Table 44.

Table 44. Inhalation exposure to hypochlorous acid cal culated with CONSEXPO

| Exposure
Mean event concentration  (mg/m®) | 3.150*10%
Y ear average exposure (mg/m®) | 4.743*10%

5.5.2.4 Oral exposure

Oral exposure is expected to occur via hand-to-mouth contact only. It is assumed that during the
cleaning event of 15 minutes, the amount of hypochlorite ion attached to 1 cm? istaken in 5
times.

Oral exposure via hand-to-mouth contact while cleaning the floor with diluted all-purpose cleaner
is comparable to oral exposure to glutaraldehyde in dishwashing liquid viathis route. The main
difference is that the weight fraction of hypochloriteion in al purpose-cleaner is afactor 450
higher than glutaraldehyde in dishwater (4.6*10vs. 1.02*10° (w/w)). The amount of water
attaching to a hand is 6.7 mg/cm? (female hand) and 8.5 mg/cm? (male hand) (see Appendix 4).
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Thisresultsin 3.1*10° mg hypochloriteion on a square centimeter of the female hand and
3.9%10° of the male hand.

If these amounts are taken in 5 times during cleaning the kitchen floor, this resultsin oral
exposure to hypochlorite ion of 0.0155 mg for women and 0.0195 mg for men.

5.6 Summary of results

In this paragraph the results of the exposure estimates described in this chapter are summarised. A
description of the models used for the exposure assessments and the source and status of the
parameters can be found in the previous paragraphs.

In Table 45 exposure to glutaraldehyde when doing the dishes with a soapsuds of dishwashing
liquid and water and when cleaning hands with undiluted dishwashing liquid is summarised.

Table 45. Exposure to glutara dehyde in dishwashing liquid when doing the dishes and cleaning hands

| Doing the dishes Cleaning hands
Mean event concentration  (mg/cm®) 1.02*10° 1.02
Dermal exposure -
P Y ear average concentration  (mg/cm?) 1.08*10° 7.17*10°
- Mean event concentration  (mg/m°) 7.90*107 3.87*10°
Inhalation exposure
P Y ear average concentration  (mg/nr) 1.67%10° 2.72*10°
Oral exposure Mean event concentration (mg/day) 0.8 -

In Table 46 exposure to isopropylalcohol when cleaning the kitchen working top with hygienic
cleaning napkins can be found.

Table 46. Exposure to isopropylalcohol when cleaning the kitchen working top

| Cleaning the kitchen working top
Mean event concentration (mg/lcm®) 50
Dermal -
erma’ exposure Y ear average concentration  (mg/cm”) 10.54
. Mean event concentration  (mg/m°) 2.33*10"
Inhalation exposure -
! P Y ear average concentration  (mg/m°) 1.64*10*
Oral exposure Mean event concentration (mg/day) 0.03

In Table 47, exposure to DDAC resulting from the use of hygienic cleaning spray cleaner when
cleaning the kitchen working top is summarised.

Table 47. Exposure to DDAC when cleaning the kitchen working top

| Cleaning the kitchen working top

Mean event concentration (mg/lem®) 2
Dermal -
ermal exposure Y ear average concentration  (mg/cm’) 1.90%10°
- Mean event concentration  (mg/m°) 3.18*10*
Inhalation exposure -
P Y ear average concentration  (mg/n°) 1.51*10°
Oral exposure Mean event concentration (mg/day) 0.032 (3) / 0.026 ()
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In Table 48, the results of the exposure assessments for bleach containing products are described.
Dermal and oral exposure have been assessed to OCI', inhalation exposure to HOCI.

Table 48. Exposure to hypochloriteion and hypochlorous acid when cleaning the sink, the kitchen working top and the

floor.
Cleaning Cleaning Cleaning
sink kitchen kitchen floor
working with dilute all
top purpose cleaner
W55 Wss 4.73*10*
Mean event concentration ~ (mg/cm®) @75 @75
Dermal exposure ®52 ®52
to OCI W276+10° W552¢10° 7.13*10*
Year average concentration  (mg/em®) | @3.77*102 @ 753¢1072
®261*10% @522¢10?
Inhalation Mean event concentration  (mg/m°) 2.79%108  455¢10% 3.15¢10™
exposureto HOCl Y ear average concentration  (mg/m°) 14010  457%10"° 4.73*10Y
82‘;’7 exposureto Mean event concentration (mg/day) 0019(9)
/0.016 (Q)

% Dermal exposure to OCI” in bleach
@ Dermal exposure to OCI” in abrasive
® Dermal exposure to OCI" al purpose cleaner
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6 Risk assessment

In this chapter, a comparison is made between exposure to the assessed compounds as a result
from the use of cleaning products in the kitchen, and adverse health effects associated with these
compounds, based on afirst toxicological screening. This comparison yields the risk on adverse
health effects due to hygienic cleaning products used in the kitchen. The toxicology of the
selected compounds is discussed per route of exposure.

6.1 Glutaraldehydein dishwashing liquid

In this paragraph the results of the exposure assessment are combined with literature on the
toxicity of glutaraldehyde to identify risks.

6.1.1 Toxicology of glutaraldehyde

Dermal exposure

Sinirritation

Several animal skin irritation tests indicate that glutaraldehyde solutions are irritating to the skin.
Aqueous solutions of 45% and 50% are corrosive to the skin of rabbits. Irritation effects were till
observed with a 2% solution aqueous solution. No effects were observed with 1% solution
(NOHSC, 1994). In astudy by Myers et al. (1994) the irritancy of 2% buffered solution was
found to be similar to the effect of the unbuffered solution. No effects were observed with a 1%
solution (HSE, 1997).

In humans, a 2% glutaraldehyde solution used in health care industry for disinfection purposes,
was also found to be slightly irritant to the skin (Gorman & Scott, 1980). Glutaraldehydeis
irritant to human skin in concentrations of 2-10%. A solution of 0.5% was found not to be irritant
(HSE, 1997).

Skin sensitisation

A guinea pig sensitisation maximisation test showed that both a 2% agueous solution and a 2%
alkalinised solution of glutaraldehyde are skin sensitisers. Based on the incidence and the severity
of reactions, it is concluded that the aqueous solution was a stronger sensitiser than the alkalinised
solution (NOHSC, 1994). Again, these results from animal assays are also observed in humans. In
literature several cases are described of people developing allergic skin reactions after contacting
glutaraldehyde solutions. Exposure to a 2% solution resulted in a development of allergic contact
dermatitis; patch testing with 0.5% and 1% gave positive results (NOHSC, 1994). In experimental
studies with human volunteers, 7 out of 30 induced with 5% glutaraldehyde became sensitised.
Induction treatment of 10 applications over 3.5 weeks using 0.5 g of 0.1% solution, followed after
two weeks without treatment by a challenge patch with 0.5% glutaraldehyde, did not cause
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sensitisation (HSE, 1997). In Australia glutaraldehyde is classified as a dermal sensitiser in
concentrations > 1% (NOHSC, 1994). In conclusion, there is sufficient evidence that
glutaraldehydeis a skin sentisiser in humans.

Repeated dermal exposure

Glutaraldehyde showed no significant treatment related systemic toxicity in rats at the highest
dose tested (75 mg/kg/day), it is therefore concluded that the NOAEL for systemic effectsis >75
mg/kg/day. However, gross and microscopic changes in the skin were observed at the lowest dose
(25 mg/kg/day), so a NOAEL for local toxicity could not beidentified (HSE, 1997).

I nhalation Exposure

Respiratory irritation

From acute inhalation studies it can be concluded that glutaraldehyde is arespiratory irritant in
test animals at concentrations from 8.18 mg/m°. Another study showed that the breathing rate of
mice was significantly reduced at all tested vapour concentrations (6.71-150.1 mg/m®), no level of
tolerance being achieved (NOHSC, 1994).

Respiratory irritation was also reported in human case reportsin the literature. Irritation of nose
and throat was experienced in hospital workers in Sweden exposed to concentrations lower than
0.818 mg/m® (NOHSC, 1994).

Respiratory sensitisation

A number of case reports are published in literature which have indicated that glutaraldehyde may
be arespiratory sensitiser. In the absence of adequate case reporting or an identified immune
mechanism, NOHSC (1994) concludes that it is difficult to say definitively that glutaraldehydeis
arespiratory sensitiser (NOHSC, 1994). The English HSE concludes, however, that there exists a
fair body of evidence, including groups of cases supported by positive bronchia challenge tests
and data from surveys, that indicates that glutaraldehyde has the potentia to cause occupational
asthma. No no-effect level could be determined from the data available. In English legislation, a
new 8-hour TWA (Time Weighted Average)has come into forcein April 1999 of 0.02 ppm
(0.082 mg/m®) and a 15-minute STEL (Short Term Exposure Limit) of 0.05 ppm (0.2045 mg/m®)
that must never be exceeded (BOHS, 1999).

Repeated inhalation exposure

The predominant effect of repeated inhalation exposure to glutaraldehyde is irritation of the upper
respiratory tract. In a 13-week study a NOAEL of 0.511 mg/m?® was apparent for rats, in female
mice however, some evidence of an inflammatory response was obtained at 0.256 mg/m>. At
concentrations up to and including 2.05 mg/m?®, effectsin rats and male mice were generally
minimal in severity and/or occurred only in asmall proportion of animals (HSE, 1997).

In epidemiologica studies with exposed and non-exposed hospital staff/nurses, no association
was found between inhaation exposure and reprotoxicity (Beauchamp et al., 1992; HSE, 1997).
Therefore, HSE concludes that it does not appear that glutaraldehyde causes reproductive toxicity
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in humans (HSE, 1997). An epidemiologica study in which the mortality and cancer incidencein
186 men involved in glutaraldehyde production was examined, did not provide any evidence that
gluataraldehyde caused cancer or increased mortality in the workforce (HSE, 1997).

Oral exposure

Repeated oral exposure

Littleinformation is available on toxicity following oral administration of glutaraldehyde. In
studiesin rats involving estimated doses of glutaraldehyde of 100-120 mg/kg/day in drinking
water for 13 weeks, no findings of toxicologica significance were found (HSE, 1997).

A recent ora study provided no convincing evidence for any carcinogenic action in rats following
administration of glutaraldehyde in drinking water for up to two years, at levels that caused
irritation in the stomach (HSE, 1997).

Genotoxicity tests

In vitro, glutaraldehydeis a direct acting mutagen in bacterial and mammalian cells. In vivo, the
results of four tests using several distant target tissues were negative. There are difficultiesin
interpreting the results obtained in standard tests which require transport of reactive substances to
adistant target site. Given the ability of glutaraldehyde to react directly with macromolecules, the
potential to act at the site of contact is of concern. However, HSE concludes that the clearly
negative results of recent, good-quality bone marrow cytogenetics and peripheral blood
micronucleus tests, together with those of the liver UDS (unscheduled DNA synthesis) assay,
provide reassurrance that the genotoxic effects shown by glutaraldehyde in vitro are unlikely to
be expressed in vivo.

No human data are available concerning genotoxicity (HSE, 1997).

6.1.2 Risk assessment

From the toxicological description it is concluded that the adverse effects caused by
glutaraldehyde are irritant and sensitising in nature. These effects are caused by direct contact of
glutaraldehyde solutions with tissue. It is therefore possible to compare mean event exposure
concentrations with the effect levels.

Dermal Exposure

Dermal exposure during dishwashing and during the cleaning of hands with dishwashing liquid is
compared with the levels at which no adverse effects are found in Table 49. Thislevel isfor skin
irritation is 5 mg/cm? (or 0.5%) and for dermal sensitisation 1 mg/cm? (0.1%).

According to the exposure assessment described in the previous chapter, dermal exposure during
washing up is 1.02* 10°® mg/cm®. Since exposureis afactor of 5* 10% lower than the level without
effects, no adverse effects are expected.

When cleaning hands with undiluted dishwashing liquid, exposure does not exceed the level at
which no irritation effects are found (0.5%). But exposure is at the same level as the highest
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reported level at which no sensitisation effects are found in humans. Based on these data, a
sensitisation reaction could be possible. However, in Australia, glutaraldehyde is classified as
sensitising in concentrations >1%, alevel based on animal testing and human evidencein
literature (NOHSC, 1994). Taking this into consideration together with the fact that the
concentration in dishwashing liquid (concentration of up to 0.1%) is based on a guideline for
cosmetics since no such directions are set for detergents (P& G, 1999) it is not expected that a
sensitisation reaction isinduced at this level of exposure.

The NOAEL for systemic effects after repeated dermal exposure is >75 mg/kg/day. This
exposure level will not be reached as aresult of using dishwashing liquid for the here described
tasks.

Table 49. Derma exposure compared with dermal effects
Level without L evel without NOAEL systemic

dermal irritation derma effects
sensitisation Repeated dermal
exposure
5 mg/cm® 1 mg/cm® 75 mg/kg/day
. . 1.02*10°
Dermal Dishwashing mg/cm®
Exposure . 1.02
Cleaning hands mg/cm?

- - no adverse effects expected, - occurrence of adverse effects?

Inhalation expaosure

In Table 50 inhalation exposure and the 8-hour TWA are compared. The fact that the 8-hour
TWA isby far not exceeded also indicates that no irritation or sensitisation effects will occur due
to the use of dishwashing liquid.

Table 50. Inhalation exposure compared with the 8-hour TWA

8-hour TWA
0.082 mg/m®
Inhalation Dishwashing 7rr?g’;/}r(1)37
SXposure Cleaning hands 3?179;;.1(3)5

-- no adverse effects expected

Oral exposure

In animal tests a dose of 120 mg/kg/day did not cause any significant health effects. Oral
exposure to dishwashing liquid can be caused by hand-to-mouth contact and by oral intake of
residuals on washed dishes and glassware. Oral exposure viathese two routesis estimated in
paragraph 5.1.4 as 0.8 mg/day. It istherefore not expected that any adverse effects will be caused
by oral exposure.



OUTDATED

RIVM report 612810 008 page 57 of 93

6.1.3 Conclusion

It is concluded that exposure to glutaraldehyde via the use of dishwashing liquid will probably
not lead to adverse health effects. However, when contacting undiluted dishwashing liquid,
dermal exposure is slightly higher than the level at which no sensitisation effectsin humans are
observed. Based on these data it is difficult to definitively exclude the occurrence of sensitisation
effects. When considering that exposure levels of 0.1% are accepted in cosmetics and that
concentrations > 1% are classified as sensitising, it is not expected that exposure to
glutaraldehyde via the use of dishwashing liquid will cause sensitisation effects.

6.2 |sopropylalcohol in napkins

In this paragraph, the toxicology of this compound will be discussed for the dermal, inhalation
and oral route of exposure. Hereafter, the results of the exposure assessments are compared with
thistoxicological information to assess the risk on adverse health effects following exposure due
to the use of this hygienic cleaning product.

6.2.1 Toxicology of isopropylalcohol

Dermal exposure

Irritation

No irritation was found after application of undiluted isopropylalcohol to the clipped or abraded
skin of rabbits and guinea pigs (Gezondheidsraad, 1994). When testing irritation effects of
undiluted product in men, Haddock and Wilkin (1982) found no reaction on the nonhydrated
forearm. After immersion of the forearm skin in tepid water for ten minutes, however they did
find notable erythemain eight out of ten subjects, probably due to increased cutaneous
permeability following hydration (Gezondheidsraad, 1994, WHO, 1990a). No irritation was
found after application of 0.5 ml undiluted isopropylalcohol on the skin of the back
(Gezondheidsraad, 1994).

Sensitisation

No animal experiments are available concerning skin sensitisation. In man, several cases of
contact dermatitis from using commercially available cleaning swabs containing isopropylalcohol
have been reported. In one of eight subjects showing contact dermatitis after contact with these
swabs, patch testing confirmed that isopropylalcohol was the causative agent. In the other
subjects, patch testing revealed that another agent caused the effect (Gezondheidsraad, 1994;
WHO, 19904a). The mechanism of alcohol hypersensitivity however is not clear (WHO, 1990a).



OUTDATED

page 58 of 93 RIVM report 612810 008

I nhalation exposure

Irritation

In rats that were exposed to 500 mg/m? isopropylalcohol, irritant effects on the respiratory system
were found such as thinning of the alveolar walls, perivascular infiltration, pneunomia and
bronchitis (WHO, 1990a). With respect to irritative effects in rats after repeated exposure (6
hours aday, 5 days aweek for 14 weeks, aNOAEL of 250 mg/m?® can be derived
(Gezondheidsraad, 1994).

In another study, ten healthy men were exposed to isopropylalcohol vapour at concentrations of
490, 980 or 1970 mg/m® for 3 to 5 minutes. The volunteers judged irritation to be ‘mild’ at 980
mg/m® and not severe at 1970 mg/m®. The subjects themselves judged exposure to 490 mg/m? to
be satisfactory for their own 8-hour occupational exposures. The validity of this study is doubtful
however, because of the subjective criteria used, the lack of control exposures and the
unreliability of exposure levels (WHO, 1990a).

Acute single exposure

The toxicity following acute or single exposure is low. No effects were seen in rats exposed for
six hours to concentrations up to 1925 mg/m®. At the next higher dose tested in another
experiment, 3750 mg/m®, small transient behavioural effects were observed in male rats only.
Exposure to higher levels resulted in more, more severe and longer lasting nervous-system related
effects. Exposure of 37500 mg/m® was lethal. At concentrations of 10000 mg/m?® and higher
histopathological changes were noted in liver, lungs and spleen (Gezondheidsraad, 1994).

Repeated inhalation exposure

For isopropylalchol aNOAEL can be derived from inhalation studies in which rats and mice were
exposed 6 hours, 5 days per week for 14 weeks. The NOAEL for systemic effectsin both rats and
mice is 3750 mg/m?® (Gezondheidsraad, 1994).

Inhalation exposure of pregnant rats to isopropylalcohol provided a LOAEL of 18327 mg/m® and
aNOAEL of 9001 mg/m? for maternal toxicity. In the same study, 9001 mg/m® was a LOAEL for
developmental toxicity with no demonstration of a NOAEL (WHO, 1990a).

Occupational exposure limit

The Dutch Expert Committee on Occupational Standards recommends a health-based
occupational exposure limit of 650 mg/m?® as an 8-hour time weighted average concentration
based on the above described study that in rats a concentration of 1925 mg/m® no adverse effects
are observed (Gezondheidsraad, 1994).

Oral exposure

No appropriate animal data are available for a determination of a dose response relationship on
oral intake and effects, and for the determination of a NOAEL (Gezondheidsraad, 1994). In a
study in which 8 healthy men drank a daily dose of 2.6 or 6.4 mg isopropylalcohol per kg body
weight in diluted syrup for 6 weeks, no adverse effects were observed. Investigations included
heamatology, blood chemistry, urinalysis and ophthalmoscopy (WHO, 1990a).
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Genotoxiciy and car cinogenicity

Based on (@) the mainly negative results in vivo gene mutation tests in bacteria and in mammalian
cells, and (b) on the lack of induction of sister chromatid exchangesin vitro and (c) of
micronuclei in mouse bone marrow in vivo (the latter outweighing the positive results of a
doubtful rat bone marrow assay), the committee concludes that isopropylalchohol is not
mutagenic or genotoxic (Gezondheidsraad, 1994).

The data available are inadequate to assess the carcinogenicity of isopropylalcohol in animals.
There are no data to assess the carcinogenicity of isopropylachol itself in humans (WHO, 1990a).

6.2.2 Risk assessment

Dermal Exposure

Dermal exposure due to the use of hygienic cleaning napkins for cleaning the kitchen working top
is 50 mg/cm®. No dermal sensitisation is observed in either human or animal studies. In hydrated
skin however, dermal irritation of the forearm was observed as aresult of exposure to undiluted
isopropylalcohal.

It isimaginable that the product is used after the skin isimmersed in water, for example after
dishwashing. However, it is not expected exposure to a 5% solution of isopropylalcohol will

cause these sameirritating effects as the undiluted solution. Thereforeit is concluded that no
adverse effects will occur resulting from dermal exposure to isopropylalcohol.

Inhalation exposure

Inhalation exposure resulting from the use of hygienic cleaning napkins is 7.86 mg/m® averaged
over the room volume of 15m? (non-user scenario), and 23.3 mg/m? (user scenario) averaged over
apersona volume of 5m?®. This exposure concentration is far below the health based occupational
exposure limit of 650 mg/m? (8-hour TWA). Considering this standard, it is not be expected that
adverse health effects occur following the use of hygienic cleaning napkins.

Oral exposure

In ahuman assay in which toxicity was studied after daily ingestion of 2.6 to 6.4 mg/kg bw, no
adverse effects are found. Oral exposure to isopropylalcohal is limited to ingestion via hand-to-
mouth contact. Oral exposure is assessed in paragraph 5.2.4 as 0.03 mg/day. When comparing
these data, no adverse effects due to oral exposure are expected.

6.2.3 Conclusion

In conclusion it is not expected that adverse effects will occur due to the use of hygienic cleaning
napkins in the kitchen.
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6.3 DDAC in spray cleaners

The toxicology of DDAC is compared with exposure to DDAC viathe use of hygienic cleaning
spray cleaners. Only limited information on the toxicology of DDAC is availablein literature.
The available toxicity data are summarised.

6.3.1 Toxicology of DDAC

Dermal exposure

Dermal irritation

Severeirritation was observed in animals after a 24-hour dermal exposure to concentrations of
56% DDAC (Van Hoeven &Van Leeuwen, 1994). Severe irritation was aso observed in rabbits
after application of 55.7% aqueous solution of DDAC under cover to the intact and abraded skin
of rabbits for 72 hours (BIBRA, 1990). Moderate irritation was found after exposure to 5 and
0.5% DDAC. Noirritation occurred with 0.1%, 0.05% and 0.005%. Application of 0.1% (0.5ml)
caused slight irritation when applied 2-5 daily for 6 hours. A piece of woollen fabric impregnated
with 0.25% DDAC did not cause skin irritation in humans during 48-hour exposure (Van Hoeven
& Van Leeuwen, 1994).

In al13-week dermal study, no signs of systemic toxicity were observed up to adose level of 12
mg/kg b.w. (equivalent to a concentration of 0.6%). Skin irritation was observed in most animals
of the high dose group (0.6% concentration) and in some animals of the mid dose group. The
lowest dose in this study (0.1% wi/w) is considered as level without irritation effects to the skin.
A study with human volunteers, did not show skin irritation in 49 out of 50 subjects after
exposure to 0.05% up to 0.5% DDAC, and in the remaining subject slight irritation at
concentrations of 0.25% and 0.5% (Van Hoeven & Van Leeuwen, 1994).

Dermal sensitisation

An epicutaneous maximisation test with DDAC had negative results. This indicates that DDAC
has no sensitising properties (Van Hoeven & Van Leeuwen, 1994). Further more, there are no
relevant data identified on sensitisation or intolerance (BIBRA, 1990).

Reproductive toxicity

No relevant data on DDAC are identified. Single doses of 50 or 200 mg/kg bw of the structurally
related compound dicetyldimethylammonium chloride administered by subcutaneous injection to
pregnant mice demonstrated a weak ability to induce foetal malformations. Another structurally
related compound distearyl(C18)dimethylammonium chloride applied to the skin of rats on days
6-15 of pregnancy at doses of around 120 mg/kg bw/day did not induce foetal malformations or
foetal deaths (BIBRA, 1990).

Inhalation exposure
No information is available in literature on the toxicity after inhalation exposure of DDAC.
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Oral exposure

Quaternary ammonium compounds (quats) have serious irritating properties. The most important
target organ for orally taken up quats, is the gastro-intestinal tract. Effects range from decreased
food consumption and growth, loss of moaist, to serious damage to the gastro-intestina tract (De
Jong, 1996).

In an oral study carried out with dietary levels of up to 3000 mg a.i./kg feed, no abnormalities
were observed at 1000 mg/kg feed. A DWE in mg/ kg b.w. cannot be established because the
dose that did not cause effectsin the rats that received 1000 mg/kg feed was about the same as the
dose that killed the rats that received 3000 mg/kg feed (because of the severely decreased food
consumption in the latter group). Therefore and because of the observed effects, the toxic action
of the test substance during repeated dosing is considered to be mainly local (mucosal irritation
and bacteriotoxicity in the gastro-intestinal tract) and concentration controlled rather than
systemic and dose (per kg b.w.) controlled.

Another oral 90-day study in rats was carried out with dietary levels of 10 up to 1000 mg a.i./kg
feed. At 1000 mg/kg feed decreased water consumption and severely increased caecum weight
was observed; with 400 mg/kg feed no effects were observed.

In 1994, the National Institute for Public Health and the Environment (RIVM) has determined
ADI’s (Acceptable Daily Intake) for the category of quaternary ammonium compounds without
benzyl group among others consisting of DDAC. The ADI for this category is 0.04 mg/kg bw/day
or 0.8 mg/kg feed. These vaues are based on NOAELSs that resulted from semi-chronic research
by rats. These NOAEL' s are divided by afactor 20. The safety factor that was used for the
derivation of the ADI was 500. This factor should correct for uncertainty from semi-chronic to

NOEL Dase (mgfilghwi) ADI

1 400 mgfke fed = Wmeille b) e D04 melke bt ay)

2400 mefky feed | e ‘

Conversion factor: Extrapolation factor:
Food — Dose zemi-chronic— chronic 5
inter species wariation 10
intra species variabon 10

0.8 mgikg food

Figure 12. Derivation of the ADI from the NOEL for DDAC

chronic research) Since the effects caused by quats seem to be concentration related rather than
dose related, the ADI was also expressed in amount per weight feed (see Figure 12 ) (De Jong,
1996).

M utagenicity (in vitro)

The following mutagenicity studies have been carried out; Ames/Salmonellatest (5 strains), and
tests on chromosome aberrations and forward mutations (hypoxantine guanine phosphoribolyl
transferase (HGPRT)) in Chinese hamster ovary cellsin vitro. These tests have shown negative
results, both in the absence and presence of metabolic activation. An in vivo test on chromosome
aberrationsin rats was also negative (Van Hoeven & Van Leeuwen, 1994).
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6.3.2 Risk Assessment

Dermal Exposure

Dermal exposure to undiluted product corresponds with exposure to 2 mg/cm®, or 0.2%. Ina
study with human volunteers, 1 subject out of 50 experienced dight erythema at a concentration
of 0.25% and 0.5%. In an animal assay, application of 0.1% (0.5 ml for 6 hours) caused slight
irritation when applied 2-5 daily. These data suggest that contact with undiluted product
containing 0.2% DDAC might lead to slight erythema in sensitive humans.

I nhalation Exposure

Inhalation exposure to DDAC during the use of a hygienic cleaning trigger spray is 3.18*10™
mg/m®. Due to the absence of inhalation toxicity in literature, no conclusion can be drawn on
inhalation toxicity.

Oral toxicity

Oral exposure to DDAC will only occur due to hand-to-mouth contact. Since dermal contact to
the compound is limited due to the use of a cloth when cleaning a surface, oral exposure via
hand-to-mouth contact will occur only minimally. Oral exposure for men is estimated in
paragraph 5.3.4as 0.032 mg/day and as 0.026 mg/day for women.

The ADI for oral toxicity as established by the RIVM is 0.04 mg/kg bw/ day, which implies an
acceptable daily intake for an adult of 70 kg of 2.8 mg/day. When comparing exposure and the
ADI, no adverse effects are expected.

6.3.3 Conclusion

In conclusion it is expected that the only adverse health effect that might occur due to the use of
DDAC containing hygienic cleaning trigger spray, is dight dermal irritation. Due to the lack of
toxicity datafollowing inhalation exposure, it isimpossible to predict the occurrence of adverse
health effects. When considering the dermal and oral irritating properties of the compound, it
might be possible that the compound causes irritation effects on the respiratory tract as well.

6.4 Sodiumhypochloritein bleach containing products

6.4.1 Toxicology of sodiumhypochlorite bleaches

Exposure was assessed to the hypochlorite ion (OCI") and hypochlorous acid present in
sodiumhypochlorite bleaches. Since no information was available on the hypochlorite ion, and
hypochlorous acid, the toxicology of bleach (sodiumhypochlorite solutions) is described. Bleach
containing products all have an alkaline pH (10.5-13), at which the equilibrium shifts towards
OCI" (see equation 2). It is therefore possible to compare the toxicity caused by
sodiumhypochlorite bleaches with exposure to OCI". OCI" is hardly volatile, which indicates that
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although the equilibrium has shifted almost entirely to OCI", inhalation exposure will occur to
HOCI which is 10° times more volatile than OCI".

NaOCl + H,0 = HOCI + NaOH )
HOCl = H' +OCI )

Dermal exposure

Sinirritation

The potential of NaOCI solutions to irritate the skin may be due to the presence of the reactive
species hypochloriteions (OCI"), hypochlorous acid (HOCI) or sodium hydroxide (NaOH). A
study performed by Hostynek et al. (1990) showed increased skin irritation when the equilibrium
of ahypochlorite solution was shifted towards HOCI by decreasing the alkalinity of the solution.
Furthermore, it was shown that theirritation effect of NaOCI solutions depends on the cumulative
effect resulting from equilibrium between OCI', HOCI and NaOH (Racioppi et al, 1994).

Skin irritation tests in rabbits and guinea pigs indicated that undiluted solutions (5.5%NaOCl)
have a moderate skin irritation potential and that diluted solutions (0.6% NaOCl) are slightly or
not irritating. In human skin tests with 5.25% NaOCI (pH 10.7) and 4-6% NaOCI under occluded
patches resulted in severe respectively moderate effects. Uncovered exposure to 0.25-4% NaOCl
produced no skin reaction (Racioppi et al, 1994).

Nixon et al., (1975) reported that undiluted bleach containing 5.25% NaOCI (pH10.7) was
severely irritating to human intact skin after 4 hour exposure under occluded patch conditions. A
disinfectant containing 4-6% NaOCI| produced moderately irritating effects under occluded patch.
Uncovered applications of 0.25-4% NaOCI produced no skin reaction. In 15 of 69 dermatitis
patients patch tested with 2% NaOCI (48 hr covered contact) weak to moderate irritation was
found (Racioppi et al, 1994).

Skin sensitisation

Sodium hypochlorite solutions do not induce contact sensitisation (Racioppi et al., 1994; AISE,
1997). However, there have been rare reports of alleged allergic contact sensitisation. These
cases do not provide evidence of sensitisation since they were either:

e in multi-sensitised individuals,

e or dueto non-immunologic contact urticaria,

* ornodirect link could be established.

Given the widespread use of sodiumhypochlorite, it can be concluded that the likelihood of
alergic contact dermatitis is negligible. This is supported by unpublished Procter and Gamble
data from predictive sensitisation tests conducted in human volunteers as well asin guinea pigs,
where no sensitisation was found (Racioppi et al.,1994).

Inhalation exposure
Inhalation exposure to sodiumhypochlorite bleach is not reported because no harmful gases are
released by bleach solutions in appreciable amounts under normal use conditions. Inhalation
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toxicity is generally the result of erroneous mixing of bleach with ammoniaor acids.

When bleach is mixed with ammonia, chloramine compounds (mainly mono chloramine (NH,Cl)
are formed. Adverse effectsin the lungs are caused by the formation of HOCI and active oxygen
when chloramine compounds contact the moist mucous membranes of the lung. Cases of serous
toxic pneumonitis have been reported.

Mixing bleach with acids can cause the release of Cl, gas when the pH drops below 2. In most
described cases the amounts of chlorine are too minute to be of any health concern. However, in
rare cases, chlorine release caused repiratory irritation ranging in severity from slight discomfort
to tracheobronchitis or acute respiratory distress depending on amounts inhaled, duration of
exposure and closed room settings. Symptoms are coughing, irritaton of eyes, nose and throat and
nausea (Racioppi et al., 1994).

Oral exposure

Acute oral exposure

After ingestion of sodium hypochlorite, this compound interacts with the acidic environment of
the stomach, producing hypochlorous acid. This can lead to irritation of the mucous membranes
and skin, but does not cause stricture formation (Klaassen, 1996). Non-human acute toxicity
studies showed that commercial hypochlorite bleaches have alow order of toxicity (LDsg values
were greater than 2000 mg/kg bw).

In (adult) humans the lethal dose of NaOCI was reported to be about 200 ml 3-6% containing
NaOCI solution. However, there are reports of patients surviving swallowing NaOCI solutions up
to 1 litre (5.25% solution) and about 500 ml of a 10% NaOCI solution (Racioppi et al., 1994).
Overall, the acute oral toxicity of hypochlorite bleaches in humansis described as ‘ dightly toxic’
and ‘not very toxic’ (Racioppi et al, 1994; Klaassen, 1996).

Aspiration of bleach in the lungs following ingestion has been reported as the cause of two
fatalities, after accidental exposure to large volumes of hypochlortie bleach solutions. In dogs,
ingestion of 5 ml 5.25% NaOCI bleach caused a prompt emetic effect. Thisfairly strong emetic
response thought to reduce the risk of adverse effects deriving from the systemic absorption of
ingredients (Racioppi et al., 1994).

Theclinical consequences of ingestion are acidosis due to excess of sodium and chlorine
concentration in the blood after ingestion of 500 ml 10% NaOCI, with recovery in 5 days. Severe
irritation of the oesophageal mucosa was observed in one case of 26 children that had ingested
bleach. In some of the other 25 patients minor transient irritation effects were observed. In
conclusion, effects of accidental ingestion of domestic sodium hypochlorite bleaches are not
expected to lead to severe or permanent damage of the gastro-intestinal tract, while recovery is
rapid and without any permanent health consequences (Racioppi et al,1994).

Chronic oral exposure

Carcinogenicity

Sodium hypochlorite was tested for carcinogenicity in atwo-year study in male and female mice
and rats by oral administration of drinking water, and in limited studies in female mice by skin
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application. Sodium hypochlorite was aso tested for promating effects in female Sencar mice
following initiation with 7,12-dimethylbez(a)antracene and in female mice following initiation
with nitroquinoline 1-oxide.

Sodiumhypochlortie administered in drinkingwater did not increase the proportion of tumoursin
rats and mice. Sodiumhypochlorite applied to the skin did not produce skin tumours and no skin
promoting effect was observed in the study with 7,12-dimethylbenz(a)antrracene, whereas some
effect was seen in the study with 4-nitroguinoline-1-oxide.

Drinking-water containing 100 mg/l chlorine was tested for carcinogenicity in a multigeneration
study in male and female BDI|I rats. No increase in the incidence of tumours was seen in treated
animals relative to controls through six generations (WHO, 1990b).

There are no human carcinogenicity data available. Sodiumhypochlorite induced genotoxic
effectsin bacteria. In single studies, chromosomal aberrations were observed in cultured
mammalian cells, whereas sister chromatid exchange but no chromosomal aberration was seen in
cultured human cells. In asingle study, micronuclei were induced in newt larvae. In mice, no
induction of micronuclei, aneuploidy or chromosomal aberrations was observed in bone marrow,
but abnormal sperm morphology was seen after administration of sodium hypochlorite (WHO,
1990b).

Based on the above described data, the |ARC concluded that there is inadequate evidence for the
carcinogenicity of hypochlorite salts in experimental animals. No data were available from
studies in humans on the carcinogenicity of hypochlorite salts. Therefore, hypochlorite salts are
not classifiable as to their carcinogenicity to humans (WHO, 1990b).

6.4.2 Risk assessment

Dermal exposure

When bleach is used undiluted, dermal exposure to bleach containing products ranges from 52
mg/cm? (bleach) to 75 (abrasive) mg/cm?, depending on the density of the product. Exposure to
hypochlorite ion during diluted use equals 0.47 mg/cm?. In human skin tests, the only irritation
effects reported are due to exposure under occluded patch conditions. When using a bleach
solution, contact will be uncovered. Since uncovered applications of sodiumhypochlorite
solutions did not induce skin irritation, it is not expected that the use of diluted or undiluted
bleach will cause an irritant reaction. In literature there is no substantial evidence that
sodiumhypochlorite solutions can cause a sensitising reaction, therefore, no sensitisation is
expected.

I nhalation exposure

Inhalation exposure to sodiumhypochlorite solutions is not expected to occur, since bleach
dissociates in hypochlorite salts, and these salts are not volatile. When looking at the inhalation
exposure to hypochlorous acid thisis also concluded. Inhalation exposure to this compound is
assessed as 3.2* 10 mg/m® when using diluted sodiumhypochlorite solution to clean the kitchen



OUTDATED

page 66 of 93 RIVM report 612810 008

floor and 4.5* 10 mg/m® when cleaning the kitchen working top with undiluted
sodiumhypochlorite solution. It is therefore not expected that inhalation effects will occur.

Oral exposure

The ord exposure following from hand to mouth contact is assessed in paragraph 5.4.2.4 as
0.0155 mg hypochlorite ion for women and 0.0195 mg for men. When considering the fact that
the acute toxicity of sodiumhypochlorite solutionsis not very toxic, it is unlikely that adverse
effects will occur as aresult from ingestion of sodiumhypochlorite bleach due to hand-to-mouth
contact.

6.4.3 Conclusion

Based on the above displayed information it is concluded that no adverse health effects are
expected as aresult from exposure to agqueous sodium hypochlorite when it is used for cleaning.
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7 Discussion and conclusions

The used methods and the results of this study are discussed in paragraph 7.1. The conclusions
are outlined in paragraph 7.2.

7.1 Discussion

In this study exposure and risk are assessed of one selected compound per product type during the
performance of one or two tasks in the kitchen. Thisimplies that the conclusion that besides
dermal irritation no harm is expected following the use of the studied products, is limited to harm
caused by exposure to the selected compounds when completing the selected tasks in the kitchen.

When the compounds were selected for the assessment, no in-depth investigation was performed
into the question whether these compounds were the most hazardous ones present in the product.
Therefore, the possibility cannot be ruled out that thereis another compound or a combination of
compounds present in a product that does have the potential to cause adverse effects.

It would have been interesting to include surfactants. However, it was only possible to retrieve
what type of surfactant was present in the product. The actual compound itself was impossible to
retrieve, as suppliers will not reveal the exact composition of the product. For exposure
assessments it is necessary to know the structure of the compound and its characteristics.
Therefore surfactants could not be included in this study.

When products are used differently (in a different manner or for different tasks) from what is
described in this study, exposure might lead to another exposure level.

Furthermore, it should be kept in mind that hygienic cleaning products used in the kitchen could
be used in other areas of the house as well, like in the toilet and the bathroom. Due to this
extended use, prolonged use duration and increased use frequency can lead to higher exposure
levels.

Besides exposure to the compound following the use of hygienic cleaning products, people can be
exposed to the compound via other sources as well. Most compounds present in the selected
cleaning products can also be part of other cleaning products, and even of completely different
products such as cosmetics. Background concentrations in food and the environment can also
contribute to exposure. However, when considering the nature of the potential effects of the
compounds (mostly irritation), and the fact that most exposure levels are far below the
toxicological no observed effect levels and the limit values, it is not expected that addition of
background exposure to the assessed exposure resulting from the use of cleaning products, will
lead to other conclusions.
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Most parameters needed in the exposure assessments are derived from literature. Weegels (1997)
did a study in which 45 people in 28 households reported the use of several cleaning products for
aperiod of three weeks. She also observed 28 people while they did the dishes (Weegels, 1997).
Weegels (1998) compared the results of consumer product use of questionnaires, diaries and
frequency counters. She concludes that the results of diaries seem to present more reliable data
than those of questionnaires (Weegels, 1998). The data gathered by Weegels (1997) by means of
diaries are the most reliable data available on the use of cleaning products in Dutch households.
Other data presented in literature are gathered by means of questionnaires and do not provide
information on use duration, only on product use and amount used (Smit & Visser, 1987), or are
based on questionnaires in American households (USEPA, 1987). American households are not
completely comparable to Dutch household due to differencesin cleaning habits and different
measurements of the kitchen. Therefore, Weegels' data were often used in this study. If no
information on product use was available, pilot studies were done in order to retrieve data on use.

The goal of the exposure assessments performed in this study isto assess risk. Therefore, the
assumptions are such that they would lead to a ‘ reasonable worst-case scenario’. It was found that
information on the concentration of a compound in a product is often provided as arange. If a
range was provided, the high-end was used for the exposure assessment. The actual concentration
of the compound in the product could be lower.

For the other input parameters 75 percentiles were used. Because of relations between
parameters, multiplication of the 75 percentiles will lead to an estimate of exposure in the range
of the 95-99 percentile (Bremmer & Van Veen, 1999). The multiplication of two 75 percentiles
resultsin a 93.75 percentile of the result. The calculations in the modelsin CONSEXPO are
based on multiplications of more than two parameters for which 75 percentiles are used as input.
Depending on the exact formula and the number of multiplied parameters; the results of exposure
estimates are in the range of the 95-99 percentile.

The use of consumer products is characterised by variability. Variability in parameterslike use
duration, use frequency, the amount of product used, the use of diluted versus undiluted product
al influence exposure, implying differences in exposure levels between people.

By means of Monte Carlo analysisit is possible to express variability in parameters in the resullts.
Thisis accomplished by entering distributionsin stead of point values for the input parameters.
From these input distributions, 10.000 samples are taken. These samples are at random combined
with samples taken from the other input distributions, resulting in a distribution of exposure
(Thompson, et al., 1992; Washburn, et al., 1998). Such analyses provide vauable additional
information on exposure following the use of cleaning products, asit gives an indication of the
influence of variability on the results of the exposure assessments. It results in a range of
exposures that occur within the population (Burmaster & Lehr, 1991).

If the point estimates are compared to the distribution of exposure, it becomes clear how the point
estimate relates to other possible occurring exposures. However, in order to perform Monte Carlo
analysis, sufficient information on the input parameters needs to be available for the formulation
of an input distribution.
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For exposure to dishwashing liquid, it was possible to perform a Monte Carlo analysis for
inhalation exposure based on distributions for release area, use duration and weight fraction of
glutaraldehyde in dishwater. From this analysisit is concluded that the point estimate of exposure
is approximately within the range of the 95-99 percentile within the distribution. At the highest
exposure leve of the resulting distribution, no adverse effects are expected. For the other
exposure assessments, it was not possible to perform Monte Carlo analysis, because of
insufficient data for the provision of input distributions.

Only for bleach containing products is was possible to compare the calculated risk with data from
the literature. In literature it is aso concluded that during normal use conditions, no adverse
effects are expected to occur (Racioppy et al., 1994; AISE, 1997). Furthermore, no comparable
studies are reported in literature. In one study exposure was assessed to a compound DGBE
(diethylene glucol mono buthyl ether) in ahard surface cleaner (Gibson, et al., 1991). However,
since compound characteristics determine for alarge part exposure and risks it is not possible to
compare Gibson’' s exposure levels to any of the exposures calculated in this study.

Dishwashing liquid

For dishwashing liquid, exposure was assessed to glutaraldehyde during dishwashing and when
cleaning hands.

In this assessment, it was found that the concentration of the compound in the product is often
provided as arange. This can lead to inappropriate conclusions. On the product safety data sheet
it was stated that glutaraldehyde was present in a concentration of ‘0-5%' . In a concentration of
above 2% however, this substance is known to have sensitising properties on the skin, leading to
alergic contact dermatitis (HSE, 1997; NOHSC, 1994). After contacting the supplier of the
product, it was revealed that the product contains maximally 0.1% glutaraldehyde. In absence of
legislation for cleaning products, they applied a recommendation for cosmetics to dishwashing
liquid (P& G, 1999).

The vapour pressure of glutaraldehyde depends on the matrix in which the compound is present
(pH, concentration, temperature, other compounds), ranging from 17 mm Hg (pure
glutaraldehyde) to 0.0012 mm Hg (2% glutaraldehyde). This is caused by the property of
glutaraldehyde to polymerise in agueous solutions. Although the compound is present in
dishwashing liquid in a concentration of up to 0.1%, it isin this assessment assumed that this
compound has a vapour pressure of 0.0152 mm Hg (50% aqueous solution). The reason is that
ethanol is present in dishwashing liquid which prevents glutaraldehyde from polymerisation.
Additionally, glutaraldehyde is added to dishwashing liquid as a preservative. It is not expected
that the compound in this solution is volatile since dishwashing liquid is used for arelatively long
time period.

The exposure assessment leads to the finding that dermal exposure to undiluted dishwashing
liquid when cleaning hands is slightly higher (1.02 mg/cm?) than the level at which in a human
experimental skin sensitisation test, no sensitisation was observed (1 mg/cm?). In case reportsit is
described that 2% (20 mg/cm?) solutions resulted in a development of allergic contact dermatitis.
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Based on these data and on the fact that in Australia glutaraldehyde is classified as a sensitiser in
concentrations of > 1% (10 mg/cm?®), it is not expected that a sensitisation reaction will occur
(NHOSC, 1994). However, it is considered that additional information on the sensitising
capacities of glutaraldehyde (in humans) in concentrations between 0.1 and 2% would be
valuable.

Based on the exposure assessments and afirst screening of toxicity no adverse effects are
expected to occur as aresult of the use of hygienic cleaning dishwashing liquid.

Hygienic cleaning napkins

Exposure was assessed to isopropylacohol when cleaning the kitchen working top with hygienic
cleaning napkins.

No information was available on the use of hygienic cleaning napkins. Therefore, contact
parameters are deduced from those of cleaning the kitchen working top with other detergents. The
used scenario for dermal exposure, does not take a decrease in evaporation of the compound from
the matrix into account. This has led to an overestimate of dermal exposure to isopropylacohol,
because it evaporates easily from the product. Based on this assessment no adverse effects are
expected to occur, thereforeit is not expected that adverse effects following dermal exposure are
experienced.

Exposure viathe inhalation and oral route to isopropylalcohol following the use of hygienic
cleaning napkins is neither expected to cause adverse effects on human health.

Hygienic cleaning spray cleaners

Exposure to and risks of DDAC were assessed resulting from the use of hygienic cleaning spray
cleaners for cleaning the kitchen working top.

On the use of spray cleaners no information was available besides the use instructions. Therefore,
apilot study was performed to retrieve information on use (e.g. use duration, amount of product
used and the way in which a product is used). In this pilot five subjects were used, al in the age
between 23 — 36, and working. None of them had ever used the product before. This study was
done under test conditions, which may have changed the way in which people performed the
cleaning task. In this pilat, it was found that the product was not used according to the use
instruction. This can be explained with the fact that only one of five subjects read the product
label. Thisisin consistency with Kovacs et al. (1997) who found that very few subjects read the
product labels.

This pilot study provided data on which areasonable estimate of product use could be based. The
ideal situation to study the cleaning behaviour of peopleisto observe people at homethat often
use the product. However, within the framework of this study this was not feasible.

In CONSEXPO two spray models are available; the spray cloud and the spray well mixed model.
Neither of these models perfectly describes exposure to DDAC when using a spray cleaner for
cleaning the kitchen working top. The assumption in the spray cloud model that the user has his
nose in the cloud overestimates the inhalation of droplets during spraying extremely, since the
product is used approximately an arm-length away from the face. Therefore, the spray well mixed
model was used.
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Only limited information was available of dermal and oral toxicity of DDAC, and none at al for
inhalation toxicity. Based on the available exposure and toxicological information we think that
exposure to undiluted product could lead to slight dermal irritation in sensitive humans. Other

adverse effects following the use of a hygienic cleaning spray cleaner are not expected to occur.

Bleach containing products

For bleach (sodiumhypochlorite) containing products, exposure was assessed to the compounds
HOCI viathe inhalation route and to OCI viathe dermal and ora route of exposure following the
cleaning of the kitchen working top and the kitchen sink. Additionally, exposure was assessed to
diluted bleach containing all purpose cleaner.

In aqueous sodiumhypochlorite solutions, three reactive chlorine species can be present; HOCI,
OCI" and Cl;, (see equation 1 -3).

NaOC + H,0 = HOCI + NaOH L
HOCI = H* +0OCI @)
HOCI + H" + ClI" = Cl, + H,0O 3

Chlorine gas (Cl,) isonly formed below pH 4. The pH of the products ranges from 10.5 to 13. It
is therefore concluded that no chlorine gas will be present during normal use of these products. At
the mentioned pH of the products almost all sodiumhypochlorite will be present as OCI'.
However, when opening a bottle of chlorine bleach, one smells a scent associated with chlorine.
Sinceionslike OCI" are hardly volatile and not associated with a scent, and since chlorine gasis
formed only below pH 4, it is concluded that the scent is caused by HOCI. HOCI is afactor 10°
more volatile than OCI". Therefore, dermal and oral exposure are assessed for OCI” and inhalation
exposure for HOCI.

Again, no adverse effects are expected to occur from the use of bleach containing products for
cleaning in the kitchen.

7.2 Conclusions

The aim of this study was:

¢ toidentify the products belonging to the category hygienic products used in the kitchen;

¢ to examine what compounds are present in these products;

e to examine how people are exposed to compounds in these products during the performance
of cleaning tasks in the kitchen;

¢ whether exposure would lead to health risks.

In this study, a complete overview is provided of hygienic cleaning products available in Dutch

supermarkets. The composition of the products was retrieved. Based on the exposure estimates

for the selected compounds and the selected tasks, it is concluded that the use of aDDAC

containing spray cleaner could lead to slight dermal irritation if undiluted product is contacted.

For the other assessed compounds no adverse effects are expected to occur following the use of

the products for cleaning purposes in the kitchen.
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At this moment a number of new hygienic cleaning products are introduced within the assessed
product categories (e.g. aspray cleaner and new all purpose cleaners). Based on the information
gathered in this study it is now possible to assess exposure to compounds in these new products
relatively easily.
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Appendix 1 Thewet fraction of hygienic cleaning
napkins

For the determination of the amount of cleaning product in hygienic cleaning napkins, five
napkins were weighted. First when taken from the box. The napkins were dried overnight in a
stove at a temperature of 100°C. The dry napkins were weighted again. From the differencein
weight, the wet fraction in the napkins was determined.

Table 1.1. Weight of hygienic cleaning napkins

Weight before Weight after ‘Wet' fraction
drying drying
) ) )
1 5711 2.292 3.419
2 5.508 2.240 3.268
3 5.760 2.310 3.450
4 5.552 2231 3.321
5 5711 2297 3414
av 5.648 2274 3.370
sd 0.111 0.036 0.077
75 percentile 5.711 2.297 3.419

The average weight of the napkins when taken from the packageis 5.6 g (sd 0.11). The average
weight of the (dry) napkin itself is 2.27 g (sd 0.036). From thistest it is concluded that the
average wet fraction of hygienic cleaning napkins equals 3.37 g. In this study, the 75 percentile
was used for the calculations, 3.4 g.
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Appendix 2 General overview of used CONSEXPO 3.0
models

The general modd framework proposed by Van Veen (1996) isimplemented in the computer
application CONSEXPO 3.0. Thisisthe tool used in this study to perform exposure assessments.
Within the model framework, exposure is separated into contact, exposure and uptake.

Contact defines how long and how often the product is contacted.

Exposure is defined as the concentration of a chemical compound in air, water or some product at
the outside of the body (Van Veen, 1996). In CONSEXPO, exposure can be assessed per route of
exposure; viathe dermal, inhalation and oral route. Per route of exposure various scenarios are
developed. The scenario best suitable to product use can be selected in the computer application.
After filling in the parameters needed for the assessment (both contact and exposure parameters),
exposureis calculated for the relevant routes by means of the selected scenarios (Bremmer & Van
Veen, 1999).

CONSEXPO is still under development. New models are developed in order to cope with the
whole range of consumer products, and some of the models are being adapted in order to describe
exposure better.

2.1 Contact

Without contact there is no exposure. Thisimplies that for all exposure assessments contact needs
to be defined. The parameters that define contact are:

* contact frequency;

e tota duration;

e useduration.
Total duration is the total duration of contact, whereas duration of useis the actual duration of

using the product. These parameters differ when the user is still present in the same areawhere
the product was used after actual use, and when thereis still compound present for exposure.

2.2 Exposure models

At this moment, CONSEXPO 3.0 consists of 9 different scenarios to describe inhalation
exposure, 6 scenarios for the description of dermal exposure and 5 for oral exposure. Here, the
scenarios applicable to hygienic cleaning products will be described briefly.

2.2.1 Dermal Exposure
The dermal exposure scenario applicable to the use of al hygienic cleaning products is the fixed
volume scenario.

Fixed Volume

The fixed volume scenario describes dermal exposure from a fixed volume of product that
contacts acertain area of the skin. The fixed volume scenario can either be used for a small
volume that is for example spilled on the skin, or for alarge volume like dishwater. The scenario
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assumes that the product is well mixed and gradients inside the product do not occur. Exposureis
calculated by means of the following formulaand parameters.

VD
E = dermal exposure (mg/cm?®) A, = amount of product (mg) D =dilution factor (-)
W; = weight fraction (fraction) V= volume of product (cm?)

The volume and the amount of product determine the density of product.

2.2.2 Inhalation exposure

Inhalation exposure occurs when a compound evaporates from a cleaning product during use or
when inhaling small droplets of the cleaning product itself when a product is sprayed.

The scenarios available in CONSEXPO 3.0 that can be used for modelling inhalation exposure to
compounds when cleaning are: the evaporation from mixture scenario, the painting scenario, the
spray well mixed model and the spray cloud model.

It is possible to make a distinction between inhalation exposure of the user and exposure of a
non-user. The user is the person that is actually handling the product. The non-user is not
handling the product, but is present in the room where the product is used. A user is assumed to
contact the compound in avolume of 5m? around the body. The non-user experiences the whole
room volume as the volume in which the compound is present. This distinction is made to take
into account that the user is exposed closer to the source, and will experience a more intense
exposure before the compound spreads over the entire room volume.

Evaporation from mixture

This scenario defines a situation where compounds evaporate from the product. The evaporation
rate is driven by vapour pressure of the compound. It is assumed that evaporation does not
influence theinitial concentration of the compound in the product. The room is ventilated with
clean ambient air, and therefore the concentration of the compound will reach equilibrium. The
scenario is derived from Jayock (1994), combined with Raoult’ s law. It assumes that the product
is abinary mixture consisting of the chemical of interest and an averaged chemical, replacing the
other chemicals (the matrix).

The parameters needed by this scenario are

* release areq;

e temperature;

* room volume,

» effective ventilation rate;

* molecular weight of the matrix (Van Veen, 1997).

This scenario is applicable for the determination of inhalation exposure if the amount of
compound in aproduct is not influenced by evaporation; as would be the case if the compound
takes in alarge weight fraction and the compound does not evaporate easily. If the concentration
significantly decreases due to evaporation, the paint scenario should be used.
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Paint Scenario

Like the evaporation from mixture scenario, the paint scenario predicts exposure to compounds
evaporating from amixture applied to a surface. The painting scenario models a finite amount of
compound in the mixture, in contrast to the * Evaporation from mixture scenario’. Thisimplies
that evaporation stops when the compound has disappeared from the mixture.

The paint scenario assumes that the paint applied to a surface is divided into two layers. The
upper layer exchanges the compound with air, the lower one acts as a store (see Figure 2.1 for a
schematic representation).

The parameters used in the model are the following: Roarm

o releasearea, —
Ventilation

e product amount,

e weight fraction,

¢ density of the product,

* layer exchangerate, Evaporation

« fraction to upper layer, P@ o

e room volume, kel

« effective ventilation, Figure 2.1. Schematic representation of
* room temperature the paint scenario

¢ molecular weight of the matrix (Van Veen, 1997).

This scenario is applicable for a cleaning product in which a volatile compound is present, and if
the volatility influences the weight fraction of the compound in the product.

Spray Cloud model

For products that are applied by spraying, the spray cloud model can be used for a description of

inhalation exposure. The model represents a cloud of aerosol droplets that is released at a certain

height and deposits according to droplet size. Ventilation is assumed not to remove any droplets

and the compound does not evaporate from the droplets. It is furthermore assumed that the user

has his nose in the cloud, until the cloud has deposited completely. The hon-user does not

experience the cloud until it reaches half the room size (see Figure 2.2 for a schematic

representation of the spray cloud model).

The parameters needed for the assessment of

exposure with this scenario are:

« the generation rate (amount of product Cloud of droplets
sprayed per unit of time); Fadius

e thedensity of the formulation;

« theweight fraction;

* theairbornefraction;

¢ theroom volume;

e droplet size;

* release height; Figure 2.2. Schematic representation of spray cloud

» radius of the cloud. model

Height
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Spray well mixed model

The spray well mixed model assumes that a spray generates droplets that are homogeneously
mixed in the room volume or for the user in the personal volume. Droplets are removed from the
room by deposition and ventilation.

It models inhalation exposure resulting from inhalation of the droplets. It does not (yet) take into
account inhalation of compound evaporated from the droplets. Therefore, it should be used only
when the chemical has low vapour pressure. The model is applicable to products that are applied
by spraying, for a product that is used indoors, in aroom that is assumed to be well mixed by
ventilation (see Figure 2.3 for a schematic representation).

The parameters on which this model depends are:

e generation rate of the product (the amount of product
sprayed per time unit during use duration);
the weight fraction;

e thefraction of the droplets that becomes airborne;

¢ theventilation rate of the room;

e room volume;

e droplet size;

¢ release height.

Figure 2.3. Schematic representation of the spray well mixed model

2.2.3 Oral exposure
Oral exposure during cleaning can occur via hand-to-mouth contact. In CONSEXPO, a hand-to-
mouth contact scenario is available.

Hand — mouth contact

The scenario quantifies oral exposure originating from dermal exposure on the hands and
subsequent hand-mouth contact. The parameters needed for exposure calculation with this model
are concentration and ingestion rate.

However, in the exposure assessments this scenario could not be used due to difficultiesin
predicting the ingestion rate. Therefore within the framework of this study an extra scenario was
defined. In this scenario it is assumed that the amount of cleaning product attached to one square
centimetre (afingertip) of the hand isingested several times. The number of timesis assumed to
depend on the use duration. When the product is used for alonger time-period, it is expected that
the user touches his lips with his fingertips more often, than when a product is used for a short
period of time.
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2.3 Compound characteristics

For the calculation of exposure, some compound characteristics are of importance. Volatility of
the compound is for example important for the calculation of inhalation exposure with the
evaporation from mixture. The compound characteristics needed by CONSEXPO are;

e Molar weight

* Vapour pressure

*  LogKow

e Water solubility
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Appendix 3 Release areas

In this appendix it is described how values for release areas are determined. First the derivation of
realease areafor the kitchen sink is described and secondly those of the kitchen working top and
floor.

3.1 Kitchen sink

In this study two different release areas for the kitchen sink are used. When doing the dishes, the
release area equals the surface of the sink. When cleaning the sink itself however, the release area
consists of all five sides of the sink (Seefigure 3.1aand b).

a b

Figure 3.1 a. Release area for dishwashing;
b. Release areafor cleaning the kitchen sink

For a determination of the measurements of sinks the pricdlist of * De Franke Huisselectie’ was
used. In this pricelist, the measurements of 18 sinks were described. In table 3.1 the average
release areas are described together with the standard deviation and the percentile distribution.

Table 3.1. Distribution of release areas for dishwashing and cleaning the kitchen sink

Release areafor Release are for

dishwashing cleaning

(cm?) (cm?)

Average 1434 3868
Sd 57 108
25" percentile 1400 3800
50" percentile 1428 3860
75" percentile 1453 3901
100™ percentile 1523 4035

3.2 Kitchen working top and kitchen floor

Itisimpossible to consider the areataken in by the kitchen floor and the kitchen working top as
independent of eachother and independent of the room volume. In the exposure estimates the
default as established by Bremmer & Van Veen (1999) was used for the room volume. This
implies that for the determination of the kitchen floor and working top this room volume of 15m®
should be taken into account, since the size and volume of aroom are related. The default surface
area of the kitchen floor is 6 m? (Bremmer & Van Veen, 1999).
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The release area when cleaning the floor is smaller than the surface area of the kitchen, because
part of the floor istaken in by kitchen cupboards. Usually, these cupboards cover the floor under
the kitchen working top. The kitchen working top and the floor are thus related to eachother.

To determine the release areas for the kitchen floor and the kitchen working top, two floor plans
of akitchen of 5.9 m* were used. Thefirst floor plan is that of the standard kitchen for ahousing
project. The second floor plan isthe kitchen that was placed in stead of the standard kitchen. The
standard kitchen is considered minimal. It consists of three lower kitchen cupboards, a gasstove
and afridge. The kitchen that was placed was more luxureous, and consists of alarger kitchen
working top and a built in fridge and gasstove (figure 3.2a and 3.2b for the floor plans)

'< 360 cm >
| o ol
Fridge @ Gasgtove
O O
A 165cm
v
« PA
O O
Gas stove
Fridge O O <>
B 1650m

Figure 3.2. Floor plan of kitchen (5.9m?)

From the floor plans, the following release areas are derived. The release areas in the standard
kitchen of 6 m? are based on floorplan A, the release areas of the luxureous kitchen are based on
floorplan B.
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Standard kitchen (A):

Kitchen working top
Kitchen sink (75" perc. See above)
Release ar ea kitchen working top

M easurements kitchen
Kitchen working top
Fridge

Gas stove

Release ar ea kitchen floor

L uxureouskitchen (B):

Kitchen working top

Kitchen sink

Release ar ea kitchen working top
"Gas stoveis not counted

M easurements kitchen
Kitchen furbishment™
Release area kitchen floor

M easurements (cm)
210 x 60

M easurements (cm)
360 x 165
210 x 60
56 x 49
56 x 55

M easurements (cm)
360 x 165

“Kitchen working top including fridge, and gasstove

Surface area (cm?)
12 600
1452

11148

Surface area (cm?)
60 000

12 600

2744

3080

41576

Surface area (cm?)

18 600
1452

17148

Surface area (cm?)
60 000
27 600
32400
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Appendix 4 The amount of water attachingto a hand

As part of the determination of the relevancy of exposure to hand-to-mouth contact, it was tested
how much water would attach to a hand after immersing the hand wrist-deep in water. To do so a
beaker of one liter was filled with water and placed on a balance. One hand was immersed in the
water and taken out without shaking the water off. The weight before dipping the hand into the
water and after were measured. This was repeated five times for 1 male and 1 female hand. The
results are displayed in table 4.1. The amount attaching to the male hand is significantly higher
(a=0.05) than the amount attaching to the female hand. This can be explained by the larger
surface area of the male hand.

Table 4.1. The amount of water attached to a hand

Water Water
attached to attached to
male hand female hand

(9 (9
1 3.236 3.075
2 4,158 2575
3 4,185 2.897
4 4.115 2570
5 4,088 2.397
av 3.956 2.703
sd 0.40 0.28
75" 4158 2.897

The amount of water attaching to a square centimeter of the hand

The default surface area of both hands together, hand palm and back of both hands together, is
980 cm? for men and 860 cm? for women (470 cm? for 1 male hand, 430 cm? for 1 female hand).
The amount of water attaching to one square centimetre of the hand can be calculated based on
the 75 percentile value of the amount attached to the hand and the surface area of the hand.

Table 4.2. The anount of water on 1 cm? of the hand

Water attached to Default surface area Amount of water
hand™ of the hand” (mg/cm?)
(mg) (cm’)
Female 2.897+10° 430 6.737
Male 4.158*10° 490 8.486

;Source: Bremmer & Van Veen, 1999
75 percentile (seetable 4.1)

The amount of water attached to 1 cm? of the male hand and the female hand differ significantly.
Differences in the skin like smoothness and dryness of the skin can cause this. The skin of the
tested female hand was smoother and less dry than the skin of the male hand.
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Appendix 5 The use of hygienic cleaning spray cleaners

5.1 Introduction

Two reasonably new hygienic cleaning products in the form of trigger sprays are available in the
supermarkets, ‘ Glorix hygiene expert keukenreiniger’ (Glorix hygiene expert kitchen cleaner),
and ‘ SanaSept desinfecterende sprayreiniger’ (SanaSept disinfecting spray cleaner). Since there
are no use and exposure data available, a small-scale pilot study was done to gain some more
insight in the use of these products, as needed for the exposure assessment of these products.
Specific parameters that needed to be retrieved are use duration and the generation rate of the
product (the amount sprayed per time unit). The central question was the following:

How are the products Glorix hygiene expert kitchen cleaner and SanaSept disinfecting spray
cleaner used for cleaning an area of 60x60 cm of the kitchen working top?

5.2 Materialsand Methods

Subjects

A number of five volunteers of the * Laboratory of Exposure Assessment and Environmental
Epidemiology’ have participated in this pilot study.

e Subject 1: female, 23 years

e Subject 2: male, 36 years

e Subject 3: female, 30 years

e Subject 4: male, 33 years

e Subject 5: female, 36 years

Task
The subjects were all asked to pretend that the marked area on the table was the area on their
kitchen working top where they had prepared chicken. They want to hygienic clean the areg; first
with SanaSept disinfecting spraycleaner, secondly with Glorix hygiene expert kitchen cleaner.
The areato be cleaned was 60x60 cm and was marked with tape.
The items that were available for completing the task are listed below. It is specifically mentioned
that they could use al items including the tap with running hot and cold water.

*  Small bucket

*  Tap with hot and cold water

*  Kitchen paper

* New cotton cloths

* 1 bottle of SanaSept hygienic cleaning spraycleaner

» 1 bottle of Glorix hygiene expert kitchen cleaner
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Observations
Two people observed the subjects while performing the cleaning task. One observer registered the
duration of the stages of the cleaning process (spraying, leaving on, cleaning / rinsing). The
second observer measured the amounts used by weighing the amount of product in the bottle
before and after use. Secondly, she registered how the subjects used the products. Attention was
paid to how the stages were performed in general and more specificaly to:

1. reading of instructions for use;

2. product use including: items used for the task, rinsing of cloth, washing of hands after

completing cleaning task;
3. the amount of product used and the number of times of triggering.

5.3 Results

According to the use instruction, SanaSept should be used by spraying the product onto the
surface. Hereafter, the product should be left on the surface to soak in for 5 minutes. After these
five minutes, the product should be rinsed or taken off with a clean wet cloth.

The useinstruction of Glorix hygienic cleaning kitchen cleaner is very much alike that of
SanaSept. A difference isthat a distinction is made between cleaning alarger and a smaller
surface. For cleaning a smaller surface, the product can be sprayed directly onto a damp cloth and
the surface or item can be taken off with this cloth. Another difference is that no exact
recommendation for duration of the phase of leaving on to soak in is given (leave on for ‘a
while').

Reading the useinstruction

Although none of the subjects used the product before, only subject 1 read the instructions before
use. This could also be noticed when observing the cleaning tasks. One other subject, subject 3
looked at the instructions, but in the completion of the task, this could not be noticed. A third
person, subject no 4, did look at the front label, but did not read the instructions on the back of the
bottle.

Product use

All subjects but one sprayed both products directly onto the surface to be cleaned. Subject 1,
sprayed SanaSept directly onto the surface, Glorix however she sprayed directly onto the cloth
with which the surface was cleaned. Only one subject, subject 1, left SanaSept on the surface to
soak in for awhile. Hereby she mentioned that in areal situation she would probably leave the
product to soak in longer, for approximately 5 minutes.

When cleaning the area after spraying, only 2 out of 5 subjects rinsed the cloth with water severa
times when taking off. Of the other 3, 2 cleaned the areawith a clean dry cloth, and 1 with
kitchen paper. The use instructions of both products indicate that the surface should be rinsed or
cleaned after use with adamp cloth. Only one of the persons washed his hands afterwards.
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Amount of product used & number of timestriggering

The amount of product used by each subject can be found in Table 5.1. The average amount used
is$3.86 g (sd 1.04) for SanaSept and 2.84 for Glorix (sd 0.67). Thereis no statistical difference
between the amount Glorix and SanaSept used to clean the surface (Students t-test; p 0.06). All
subjects sprayed SanaSept directly onto the surface. All subjects but one (subject number 1)
sprayed Glorix onto the surface until most was covered with the product. It is noticed that all
subjects but subject 1 use less Glorix than SanaSept (see Figure 5.1). Subject 1 is aso the only
subject that used Glorix by spraying the product directly onto the cloth in stead of spraying it onto
the surface.

Table 5.1. Amount of product used; number of times of triggering; amount per trigger.

Amount SanaSept = Amount Glorix
used (g) used (g) Amount used of hygienically cleaning triggersprays
1 2.395 255 6
2 4.048 3.615 5]
3 3.247 1.993 -
4 4,776 3419 H P
5 4.815 2.635 % :
av 3.8562 2.8424 <29
sd 1.037828 0.666965 1

Figure 5.1. The amount of SanaSept and Glorix used for
the cleaning task
Duration of phases
The duration of the phases (spraying, leaving on, rinsing) as well as the total duration of the task
is described in table 5.2.

Table5.2. Duration of phases

Phase 1 Phase 2 Phase 3 Total duration
Spraying Leave on Rinsing / taking off
(s ©) ©) ©)
SanaSept  Glorix | SanaSept | Glorix  SanaSept  Glorix SanaSept | Glorix

Subject 1 5 5 33 X 14 11 52 16
Subject 2 3 2 X X 7 7 10 9
Subject 3 5 2 X X 17 15 22 17
Subject 4 5 4 X X 15 14 20 18
Subject 5 5 6 9 1 26 94 40 101
AV 46 3.8 21 15.8 28.2 28.8 32.2
SD 0.89 1.789 16.97 6.83 36.91 16.88 38.62
Use ? ? 300s ? ? ?
instructions (5min) | ‘awhile
X Not left on the surface to soak in
* While completing task: mentions that when using product for real, subject would leave the product on for

approximately 5 minutes, according to the use instructions
? Use instructions do not specify duration of phase

Generation rate
One of the parameters needed for an exposure estimate with CONSEXPO is the generation rate
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(mg/min) of the formulation. The generation rate can be determined from the duration of thefirst
phase spraying, and the amount of product used (see Table 5.3).

Table 5.3. Generation rate SanaSept & Glorix

| | 1 2 3 4 5| Average = Sd
Amount used (mg) 2395 4048 3247 4776 4815 | 3856.2 1037.8
SanaSept Duration of spraying (s) 5 3 5 5 5| 46 0.89
Generation rate (mg/s) 479 13493 649.4 955.2 963 | 879.19 334.21
Amount used (mg) 2550 3615 1993 3419 2635 | 28424 666.97
Glorix Duration of spraying () 5 2 2 4 6| 38 1.789
Generation rate (mg/s) 510  1807.5 996.5 854.75  439.17 | 921.58 547.05

5.4 Discussion

The best method to study the way in which people use cleaning products is to observe people that
use the product regularly in their home environment several times. However within the scope of
the underlying study this was not feasible.

The fact that none of the subjects used the product before and the fact that four out of five
subjects did not read the use instructions lead to the finding that these four subjects did not use
the product according to the use instruction. The people that did not use the product before are
expected to use the product in the same manner as they use adifferent product that is used in the
same way like Glassex, although that product is used for differing purposes.

For the spraying phase thisis not expected to lead to a differing way in which the product is used.
For the leaving on and rinsing/cleaning phase this might have led to bias. hygienic cleaning
products are supposed to be left on a surface to soak in for awhile in order to reduce the number
of micro-organisms, and surfaces are advised to be rinsed or cleaned with awet cloth. Itis
expected that if people buy the product they do so to clean hygienic and therefore will more often
read the use instruction.

The fact that the surface was not really stained in the test, and the subjects were asked to pretend
that it was the area of the kitchen working top where they had prepared chicken, might have led
to adiffering manner of cleaning than they would have done when the area was really dirty.
However, when observing the subjects during the cleaning task, they did so thoroughly and it is
not expected that the task would have been done in an entirely different way at home.

Another possible source of biasisthat the subjects were observed by two people. This might have
led to differing product use because of socially desirable behaviour.

For the exposure assessment it is chosen to linearly extrapolate the use duration of and the
amount used during the phase of spraying to cleaning the kitchen working top. For the leaving on
phase, the use instruction of SanaSept was used to determine the use duration, with a
recommended duration of the phase of 5 minutes. The cleaning and rinsing phase is also linearly
extrapolated from the pilot. It isin the extrapolations assumed that the duration of these phases
and the amount used is directly related to the size of the areathat is cleaned.




OUTDATED

RIVM report 612810 008

page 93 of 93

Appendix 6 Mailing list

1
2-6
7-11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46-49
50
51
52
53-73
74-84

Directeur-Generaal Volksgezondheid
Directie Gezondheidsbeleid

Inspectie Gezondheidsbescherming

ir. P.C. Bragt, Inspectie W&V, VWS

dr. H. Roelfzema, Directie GZB, VWS

mr. JA.M. Whyte, Directie GZB, VWS
Voorzitter Gezondheidsraad

Depot Nederlandse Publikaties en Nederlandse Bibliografie
Directie RIVM

dr. H.J. Albering, Universiteit Maastricht, GRA-T
dr. W. ten Berge, DSM, Heerlen

dr. H. E. Falke, CTB, Wageningen

dr. K. Gutschmid, IPCS, Geneva

dr. G. Heinemeyer, BgVV, Berlijn

dr. J. van Hemmen, TNO, Zeist

prof. dr. J.C.S. Kleinjans, Universiteit Maastricht, GRA-T
dr. C. Lally, Procter and Gamble, Strombeek-Bever
dr. R. Luijk, Consumentenbond, Den Haag
dr. C. D. Money, Esso

dr. G. Moore, Keml, Solna

dr. A. Phillips, HSE, Bootle

mw. W.M. Blom, CSR

ing. H.J. Bremmer, LBM

dr. ir. JG.M. van Engelen, CSR

drs. P.H. van der Hoeven, CSR

dr.ir. E. Lebret, LBM

dr. W.H. Kénemann, CSR

ir. JJ.G. Kliest, IEM

dr. J. Meulenbelt, NVIC

dr.ir. G. de Mik, S3/4

dr. A. Opperhuizen, LEO

dr.ir. M.N. Pieters, CSR

dr. M.T.M. van Raaij, CSR

dhr. G.M. Steentjes, LBM

drs. E.H.F.M. Straetmans, CSR

drs. T.G. Vermeire, CSR

drs. I. de Vries, NVIC

Auteurs

SBD/Voorlichting & Public Relations
Bureau Rapporten registratie

Bibliotheek RIVM

Bureau Rapportenbeheer

Reserve exemplaren





