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Abstract

Fragrance allergy is a lifelong condition, and the probability of being affected increases with frequent
exposure to fragrance. Currently, fragrance-free laundry detergents are not common in supermarkets. We
used a contingent valuation among Austrian consumers in a within-respondent treatment to estimate how
willingness to pay is influenced by health information. We found that higher income groups have a higher
willingness to pay for fragrance-free detergents. Informing consumers about health impacts substantially
increases this difference. Our simulation shows that lower-income groups benefit from health information

only if low-priced fragrance-free detergents are available on the market.
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1. Introduction

Laundry detergents containing fragrance, deodorants containing aluminum and plastic bottles containing
Bisphenol A are examples of consumer products likely to have negative health impacts. Informing

consumers about health effects will influence the demand and, eventually, the supply of safe products



(Chrysochou and Grunert 2014). In this article, we explore the case of fragrance in laundry detergents and
show which income groups benefit from health information.

Fragrance is used in many consumer products (e.g., laundry, clothes and beauty care), even though it can
cause skin irritation and allergic reactions. Contact allergy to fragrances is quite common; according to a
literature review from 2009, between 1.1% and 2.3% of the general population in Europe is affected
(Thyssen et al. 2009). A test of more than 50,000 Europeans revealed that between 1.7% and 6.9% of the
population reacts allergically to fragrances (Frosch et al. 2015). A long-term study found that from 1985
to 1998, the fragrance allergy of the Danish population doubled from 4.1% to 9.9% (Johansen et al. 2000).
Data specific to fragrance sensitivity in laundry detergents are available from the US. According to a
telephone survey, 10.7% of the general population and 21.2% of respondents with asthma are sensitive to
detergent fragrances (Caress and Steinemann 2009). In contrast to exposure on the skin (including through
airborne material), inhalation of fragrance sensitizers does not represent a health risk with respect to
allergy (Basketter and Kimber 2015).

Due to the complexity of formulations and protections on ingredient disclosure, relatively little is known
about the influence of the composition of fragrance on allergic reaction (Caress and Steinemann 2009).
Additionally, the use of genetically modified enzymes has accelerated the availability of new fragrance
varieties. This increased number of fragrance varieties might increase health issues in the future (Budnik
et al. 2017).

Not surprisingly, contact allergy caused by fragrance materials reduces quality of life substantially
(Heisterberg, Menné, and Johansen 2014). The more frequent the exposure to fragrance, the more likely a
person is to develop an allergy. Based on a sample of 23,824 British patients, Buckley et al. (2003) found
support for the hypothesis that allergy to fragrance results from a combination of repeated exposure and
age-related susceptibility factors. Women are most susceptible in their 60s, whereas men are most

susceptible in their 70s. Once a person has developed an allergy, it is a lifelong condition, and the only



treatment is avoiding contact with fragrance. Reducing exposure to fragrance may be one way of reducing
fragrance allergies in the population.

The effort to implement policies to control the presence of fragrance in laundry detergents has been
limited in both the EU and the US. In the EU, products do not have to reveal individual fragrance
contents; it is enough to mention on the package that ‘perfume’ is included. A list of 26 ingredients known
to cause skin irritation or allergic reactions must be identified by name when used in concentrations of
0.01% or above in ‘rinse-off” products such as detergents (European Commission 2004). The rather strict
EU chemicals law ‘REACH’ is rarely applicable to fragrances since it concerns substances used in
amounts of more than one ton per year per manufacturer (European Commission 2007). In the US, the
safety of consumer products (except for cosmetics) is the responsibility of the Consumer Product Safety
Commission (CPSC). For laundry products, which fall under the responsibility of the CPSC, there is
currently no requirement to disclose fragrances (Bridges 2002; United States Congress 1972).

Regulating fragrance is controversial because many consumers enjoy fragrance: it is bought as an end in
itself in perfumes and used as a product attribute, an agent for promotional efforts and an ambient cue
(Nibbe and Orth 2017). It has also been shown that fragrance can lead to stress relief (Warrenburg 2005).
Regulating fragrance in laundry detergents means regulating the pleasure consumers obtain from the smell
of fresh laundry. Consequently, informing consumers about health risks may be a way of protecting the
susceptible without limiting those who benefit from fragrance in detergents.

The objective of the article is 1) to find out how much consumers are willing to pay for fragrance free
detergents, 2) how much this changes if additional information about health risks is provided and 3) the
welfare effects of different income groups when a fragrance-free detergent is introduced to the market.

We first introduce the economic theory for the WTP for a fragrance-free detergent. Then, we present data
analyzed from a contingent valuation method (CVM) survey and use these data in a numerical simulation.
This allows us to calculate the consumer surplus (i.e., WTP minus price) as described by Lusk and

Marette (2010). To understand the role information plays for each of the income groups, we first



investigated the WTP for fragrance-free laundry detergents based on the current knowledge of
respondents. We then informed respondents about the health effects of fragrance in laundry detergents and
measured how the WTP changed.

To the best of our knowledge, fragrance-free detergents have not been discussed in the economic
literature. One recent study on WTP for green detergents found a significant increase in WTP for
detergents with reduced skin irritation potential among Korean consumers (Jo and Shin 2017). In an
article on eco-labels for detergents, Siwayanan (2015) found that more than 90% of Malaysian consumers
prefer palm oil-based over petrochemical-based detergents. Our article is the first to discuss consumer
surplus of health information in relation to consumer income. We consider how different income groups
benefit depending on the availability in shops. We discuss this issue for Austria, where only two

fragrance-free detergents are available in supermarkets.

2. Theoretical framework

2.1 Supply of fragrance-free detergents

The international laundry detergent market is characterized by a limited number of firms, each offering
differentiated laundry detergent products. Among the largest firms worldwide are Procter & Gamble,
Unilever and Henkel (European Union 2011). Their detergents differ by format (liquid or powder),
purpose (washing temperature, color and material of textiles), packaging, fragrance, health and
environment-related characteristics, price and cleanliness of washed laundry.

These characteristics are used for horizontal and vertical product differentiation. Horizontal differentiation
occurs if consumers have heterogeneous preferences for a characteristic (e.g., format or packaging). In this
case, if two products have the same price and differ only in this one characteristic, both products have a
positive demand (Lancaster 1979, chap. 2; Dos Santos Ferreira and Thisse 1996). Vertical differentiation

occurs if consumers have homogenous preferences for a characteristic (e.g., cleanliness of washed



laundry). In this case, if two products have the same price and differ only in this one characteristic, one of
the products is preferred by all consumers.

In the case of detergents, horizontal differentiation occurs regarding packaging, physical state or fragrance
because consumers have heterogeneous preferences with respect to these characteristics. Vertical
differentiation occurs regarding cleanliness because almost all consumers want their laundry to be clean
after washing. Cleanliness of laundry, however, is not observed by consumers (even after using the
detergent, it is not easily assessed). According to economic theory, vertical product differentiation will
still occur in the case of imperfect competition and higher production costs for higher-quality products
(Daughety and Reinganum 2008).

Information about the production costs of detergents is typically not disclosed, but cleanliness at lower
washing temperatures depends on the enzymes used. The production costs of enzymes differ due to
differences in the costs of the growth medium (Joo and Chang 2006). Thus, following the theory of
Daugherty and Reinganum (2008), for unobservable cleanliness, the price can be expected to be used as a
signal for higher-quality products (holding observable characteristics constant).

The decision of a multiproduct firm to offer a fragrance-free detergent is driven by strategic considerations
(Lancaster 1990). Similarly, the supermarket strategically selects which of the available products are
placed on the shelves. Informing consumers about the health effects of fragrance will increase the demand
for fragrance-free products and will eventually result in production and availability in the supermarkets.
With a differentiated product market, there will be an incentive to produce a fragrance-free variant for
many of the differentiated products. Thus, if the average production costs of fragrance-free detergents are
sufficiently small, fragrance-free variants will be offered in all price ranges given sufficient consumer
demand.

Detergents in Austria are available mainly from supermarkets and drugstore chains. These supermarkets
also offer eco-labeled detergents, but none of them is fragrance-free. Among all major shops in Austria,

only one drugstore chain currently offers fragrance-free detergents (in addition to some specialized shops).



In this drugstore chain, there were 61 liquid and 25 powder detergents available in October 2017. One of
the fragrance-free detergents is liquid for colored laundry, and the other is a powder for white laundry.
Figure 1 shows the distribution of the prices per load for colored and white laundry detergents available in
the web-shop of the drugstore chain. The fragrance-free detergents are priced in the middle of the price
ranges. Neither fragrance-free detergent is primarily advertised as fragrance free but rather as detergent for
baby clothes.

We would expect that when information about health effects spreads, more fragrance-free detergents will
become available on the market. In the online appendix, we illustrate the case of aluminum-salt free
deodorants, for which this seems to have occurred.

[Figure 1 about here]

2.2 Demand for fragrance-free detergents

Doing laundry is embedded in a system of common practices, technologies and conventions (Shove 2003).
Selecting a detergent is depending on what is there to launder, the purpose, the knowledge, skills and time
constraints of the consumer doing the laundry, the frequency of washing as well as the available devices
and appliances (Shove 2003). One way of measuring preferences is by measuring the WTP. To define the
WTP, we used a deterministic utility model (Hanemann 1982; Small and Rosen 1981).

In the model, a utility-maximizing consumer buys only one detergent ;j per time period. All detergents are
available only in a fixed quantity, and the price of a fragrance-containing detergent j is noted as p/;. To
define the change in WTP for a fragrance-free detergent, assume a fragrance-free detergent with price p/
is introduced. It is identical to the fragrance-containing detergent j but is fragrance-free. The WTP for a
change from the utility-maximizing detergent j to detergent k is noted as d. If p/;/=p/, then d measures only
the change in fragrance. For details, see the online appendix.

The fragrance-free detergent will be selected if the WTP for the fragrance-free detergent is non-negative
and higher than the price difference between the utility-maximizing, fragrance-free and fragrance-

containing detergents. This condition can be formulated as
6



d=>0 (1
and

d=> p,’:f—pf.

The condition in Equation (1) shows that the choice of a fragrance-free detergent depends on 1) the price
of the currently used detergent, 2) the price of the fragrance-free detergent, and 3) the WTP for the
fragrance-free detergent. Importantly, 1) and 2) are conditional upon the detergents available on the
market.

To aggregate the change in consumer surplus as in Lusk and Marette (2010), the consumer surplus for
those who buy the fragrance-free detergent is defined as the difference between the WTP for the
fragrance-free detergent and its price. The change in the consumer’s surplus caused by the availability of
K fragrance-free detergents at prices p”; ..., p/k is the sum of the WTP of all buyers of the fragrance-free

detergents minus the respective price:

AConsumer Surplus = Zlezﬁyzl Zlk(=1 [(plj; +d; — p{;f)ljlk] , 2)

where [; and I; are indicator functions. /; takes the value 1 if for consumer i the detergent j is utility
maximizing among the N fragrance-containing detergents and zero otherwise. [ takes the value 1 if a
fragrance-free detergent is selected (i.e., if the condition in Equation (1) is fulfilled) and zero otherwise.
For those consumers who do not buy fragrance-free detergents (i.e., where I is always zero), the
consumer surplus change from the availability of fragrance-free detergents is zero.

The change in consumer surplus measured in Equation (2) is aggregated over all consumers for one
detergent choice at the fixed quantity. In our case study, we consider how the change in consumer surplus

differs depending on the information given to respondents.



2.3 Health related consumer information

The effect of health related claims has been primarily studied for food products. In a survey of 63
publications Dolgopolova and Teuber (2017) find that the presence of health claims mostly results in an
increased WTP for food. No effect or even a negative effect is found if products are not specifically
promoted as being healthy. The only two studies on the WTP of detergents support a positive WTP for
health related detergent characteristics (Jo and Shin 2017; Siwayanan et al. 2015). In a recent survey
Hartmann et al. (2018) found that food with ‘free-from’ labels (lactose-free, gluten-free, GMO-free, and
palm oil-free food) were considered healthier by consumers. Other studies found that ‘free-from’ labels
also increase the WTP: Disdire, Marette and Millet (2013) found that informing consumers about health
effects of palm oil reduced the WTP significantly for industrial milk rolls in France. In the Colorado,
USA, the WTP increase for ‘GMO-free’ labeled potatoes has been found to be smaller than for ‘locally
grown’ and ‘organic’ labels, but still statistically significant (Loureiro and Hine 2002). The authors also
found that those consumers categorized as ‘upper-class’ have a higher WTP for organic and GMO-free
potatoes. This is in line with findings from other studies that income and higher education have a positive
impact in the WTP for health related claims (Sir6 et al. 2008; Stranieri, Baldi, and Banterle 2010). The
observation that consumers with higher income have a higher WTP for health related product attributes
motivated the following discussion.

Following condition (1), consumers who have a higher utility-maximizing price p/s for their fragrance-
containing detergent and those with a high WTP are more likely to buy fragrance-free detergent. Whether
they actually buy a fragrance-free detergent depends on the products available on the market. The
intention of informing consumers is to inform the ones susceptible to allergic reactions. Which consumer
groups benefit from this additional information also depends on the products available on the market. In
the next paragraphs we consider theoretically which income groups benefit from a new fragrance-free

product on the market. The analysis is later used to simulate welfare effects based on our empirical data.



Consider two types of detergents, high quality (H) with prices p* and p/*# and low quality (L) with prices
p't and p/t. There are also two types of consumers, those who have a positive WTP for fragrance-free
detergent (d”>0) and those who have a negative WTP for fragrance-free detergent (4¥<0). Moreover,
consumers who buy the high-quality detergent do not buy the low-quality detergent and the other way
around (because price is a quality signal of vertically differentiated product attributes). Table 1 provides
an overview.

For the sake of argument, assume that p* < p/* and p/* < p/. In addition, the price of the fragrance-free
detergents is such that &” > (p"* — p’*) and d* > (p/* — p’*), meaning that those consumers who have a
positive WTP for fragrance-free detergent buy it if it is available. Table 1 shows that high-quality
fragrance-free detergent is only bought by consumers who buy high-quality detergents and have a positive
WTP for fragrance-free detergent (consumer type 1). Low-quality fragrance-free detergent is only bought
by consumers who buy low-quality detergents and have a positive WTP for fragrance-free detergent
(consumer type 4).

An information campaign about health effects can increase the WTP for fragrance-free detergents. This
will increase the likelihood that a fragrance-free detergent is available. If an information campaign leads
to the provision of a high-quality fragrance-free detergent, consumer type 1 will benefit. If it leads to the
provision of a low-quality fragrance-free detergent, consumer type 4 will benefit.

If there is a positive correlation between income and the WTP &, as the literature cited above suggests
(Loureiro and Hine 2002; Stranieri, Baldi, and Banterle 2010; Sir6 et al. 2008), then the quality of
fragrance-free detergents available on the market determines which income groups benefit from an
information campaign. High-income groups will benefit if a high-quality fragrance-free detergent is

provided; low-income groups will benefit if a low-quality fragrance-free detergent is provided.

[Table 1 about here]



3. Methodology

3.1 Empirical method

Our survey is designed to reveal how much the respondents would pay if the detergents usually bought
were fragrance-free (i.e., eliciting d when there is only one fragrance-free detergent that is otherwise
identical to the utility-maximizing, fragrance-containing detergent). The applied CVM originates from the
valuation of public goods but has also been applied to value products not yet available on the market and
to health benefits (Dolgopolova and Teuber 2017). Many variants of the CVM have been applied in the
literature (Johnston et al. 2017). One key difference between the CVM variants is the way of asking the
WTP question. According to recent literature, incentive-compatible response formats (such as the ‘single
dichotomous choice’ format) are preferred (Johnston et al. 2017). However, single dichotomous choice
formats (where the respondents only state if they would buy a product at a suggested price) come at the
price of being less informative than directly asking respondents for their maximum WTP. There is a trade-
off between unbiasedness and precision (compared to a similar issue stressed by Deaton and Cartwright
(2016)).

In our CVM survey, we therefore applied the payment card elicitation format: the respondent is asked to
choose the maximum agreeable price from a range of possible values. The payment card approach has
long been used in CVM applications (Hu et al. 2011; Morawetz and Koemle 2017; Cameron and Huppert
1989; Maynard and Franklin 2003). The main advantage over the single dichotomous choice format is that
the WTP is directly retrieved.

A recent comprehensive meta-analysis finds a hypothetical bias to be pervasive in the revealed preference
methods (Penn and Hu 2018). Comparing different methods, the authors find that payment card based
contingent valuation studies, have a lower hypothetical bias than auctions, there is no significant
difference to choice experiments and only dichotomous choice formats have statistically significant lower
hypothetical bias. Also, private goods have a significantly lower hypothetical bias than public goods. On

the other hand, there are several effective hypothetical bias mitigation techniques (cheap talk, certainty
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follow-up or consequentiality design) which we did not apply. Based on this meta-analysis it is possible
that our elicited values are biased upwards. We discuss our conclusions in the light of potentially over-

estimated WTP in the conclusions.

3.2 Questionnaire design and sampling strategy

We collected data on the preferences of laundry detergent shoppers in Vienna, Austria. We limited the
analysis to liquid laundry detergents because the majority of offered detergents are of this format (70% in
the drugstore described above). We developed a CVM questionnaire and tested the wording and clarity
using focus groups and a pilot study. The interviews were conducted in July and August 2016 in Vienna,
Austria, covering five public squares in various parts of town. To select respondents randomly, every 5%
pedestrian was approached to participate in a short survey on their laundry detergent purchasing behavior.
The self-completion questionnaire was handed over to those who were willing to participate in the survey.
The questionnaire consists of four sections: (1) filter for the target group; (2) awareness of the health
impact of fragrance and attitudes toward fragrance-free products; (3) assessment of willingness to pay for

fragrance-free detergent using payment cards; and (4) assessment of socio-demographic status.

The first section identified for participation only people using liquid detergent who had been living in
Vienna for at least 6 months, those over 18 years of age, and those without asthma. In the second section,
questions about awareness of the impacts of fragrance (including asking for an example of potential health
impacts to confirm knowledge) and attitudes toward fragrance-free products (e.g., whether they had tried
any fragrance-free products) were asked. It also included a question about whether the respondent checked
the ingredients of household products (if yes, they had to mention at least one of them for confirmation).

In the third section, respondents were asked which detergent they usually bought and their WTP for a
fragrance-free detergent of the same type. This included the following steps: first, respondents were asked

to select the most frequently purchased liquid detergent type from a card showing all available detergents

11



on the market. This was followed by a question about the WTP for a fragrance-free laundry detergent
(otherwise identical to their most frequently bought brand). Specifically, the respondents were asked:
‘Which of these prices describe your maximum willingness to pay for 1 Liter fragrance-free detergent for
colored laundry best? All other characteristics are identical to your most frequently purchased detergent
selected before’ (translated from German). The respondent could select from prices between 0 € and 5.5 €
in 0.5 € steps and above 0.5 €. The range of prices was determined by a survey of prices in the shops, in
the focus groups and tested in the pilot study. Next, a card showing the following information from the

webpage of the EU commission (Fernandez 2016) was given to the respondent:

‘The most common problems observed with fragrance ingredients, either through use of a perfume
or a fragranced consumer product, are skin allergies and skin irritations. Many people complain
about intolerance or rashes to perfumes or perfumed products. However, the majority of
complaints commonly described as “skin rash” are believed to be irritant reactions and not skin
allergies. A key difference is that allergic reactions typically occur with a delay of about one day
after using the perfume or cosmetic product, while irritant reactions develop immediately after

)

use.

Respondents were then asked again to state their WTP for a fragrance-free detergent. In the last section of
the questionnaire, the demographic characteristics of the respondents were recorded, including age, sex,

education, income and household size.

3.3 Econometric model

The survey data were analyzed using regression analysis. Based on condition (1), the dependent variables
of interest are the current price paid (p/), the WTP before the health information is provided (d.*9°"¢), the

WTP after health information is provided (d**"), and the WTP after health information minus the WTP
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before health information (d#*" — d?¥°"¢). The vector of each of these four dependent variables, noted as Y,
is measured in €/Liter.

The first set of models is used to calculate the correlation of the explained variable with income groups:

Y=14+Incf+e, 3)
where [ is a vector of ones, Inc is a matrix of dummies for income groups, f is a vector of coefficients,

and e is an error term.

In a second set of models, additional explanatory variables are added:
Y=1+Incp+ Xy+e, “4)

where X is the matrix of additional explanatory variables and y is a vector of the respective coefficients. X
contains the current expenditures for detergents p, (except for the regression where py is the dependent
variable), whether the current detergent carries an eco-label, and respondent-specific characteristics
(gender, age, education, household size, and knowledge about health effects). The error term is noted by e
and, for ceteris paribus interpretation of f, needs to be uncorrelated with income. This does not hold for
the simple ordinary least square Equation (3). For the multiple ordinary least square Equation (4), we
include all relevant variables, at least in the three regressions where the dependent variable is the WTP.
However, we do not have a way of proving exogeneity.

An issue related to exogeneity of the error term is a non-representative sample, which limits inference
about population means and reduces them to sample statistics. If exogeneity holds, however, for ceteris
paribus interpretation of a non-representative sample, we only need to assume that sampling is
independent of the dependent variable conditional on explaining variables (Solon, Haider, and Wooldridge
2015). Given our sampling strategy, we consider this to be the case. However, if exogeneity of the error
term fails, estimated population average effects (i.e., the estimated coefficients) are influenced by a non-
representative sample.

The interval regression model has been suggested as an alternative to the linear regression model

(Cameron and Huppert 1989). It takes into account that in payment card CVM applications, only the
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interval of the maximum WTP is known, not the point value. We applied this model to assess sensitivity.
All calculations were performed using the software R (R Development Core Team 2015), and data and

coding are available from the journal’s webpage.

3.4 Numerical simulation

We ran a numerical simulation based on the data from the CVM survey to illustrate who in the population
of respondents benefits from the availability of one fragrance-free detergent on the market at the price p/.
Our data do not allow us to predict how many consumers will switch to a particular fragrance-free
detergent. This would require cross-price elasticities. Instead, we use a particularity of the detergent
market to make an assumption about consumer behavior: cleanliness of washed clothes cannot be easily
observed. Given vertical product differentiation, consumers can rely on price as a quality signal. This
implies that consumers can consider detergents with equal prices to be of equal quality.

This leads to the following assumption used for the numerical simulation: a consumer 7 currently buying a
fragrance-containing detergent j for price p/; will switch to the one fragrance-free detergent at the price p/
(not necessarily identical in all other attributes) if the following two conditions apply. First, the consumer
will not choose a detergent of lower quality than the currently bought quality. Given that price is the
quality signal, p/ > p/; is required for the fragrance-free detergent to be chosen. Second, consumers will
buy the fragrance-free detergent only if the price is lower than or equal to the maximum price they are
willing to pay (which is the sum of what they currently pay plus the surplus/discount for not containing

fragrance): p/ <p/; + d..

This leads to the following behavioral decision rule: consumer i will prefer a fragrance-free detergent over

the fragrance-containing detergent j if the following condition applies:

p{jSpffSp{j+di. Q)
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4. Results

Our WTP estimates for fragrance-free detergents were based on the CVM survey. In total, the response
rate was 87.97% (139 out of 158 people contacted). However, only 77.70% (122 respondents) of the
questionnaires could be used because some interviews were stopped after the initial filtering questions.

[Table 2 about here]
The population relevant to the survey is the people buying laundry detergent. Because women still
perform the majority of housework, it is likely that the sample share of 57% women is lower than
representative for the population of laundry detergent buyers (see Table 2). Compared to the Vienna
average, the sample over-represents those younger than 40 years of age. More than 47% of respondents
hold a university degree or higher. This is substantially above the 27% Viennese average. One quarter of
the respondents live in one-person households, and 40% live in two-person households. The average net
income of employees in Vienna is 1,762 €/month (Vienna City Administration 2016), which falls in the
second highest income group of our survey. Our sample is most likely not representative of the population
of detergent buyers (and not representative for the population of Vienna).
Table 2 shows that approximately 73% of the sample knows that laundry detergents contain fragrance,
approximately 40% know about the health effects of fragrance, and 52% know about fragrance-free
products (see Table 2). These sample values are likely higher than the population values given the share of
respondents with higher education. Approximately 55% of the respondents never check the ingredients of
products, and approximately 72% have never purchased a fragrance-free product.

[Table 3 about here]
The price per liter (Ltr) of detergent currently paid by respondents is, on average, 3.24 € and ranges
between 1.30 and 5.30 €/Ltr (row (a) in Table 3). When asked for the maximum price for a detergent that
is just like the usually bought detergent but without fragrance (row (b)), the maximum price they are
willing to pay is reduced by 0.51 to 2.70 €/Ltr and ranges between 0 and 6 €/Ltr. Nine respondents (7%)

stated a maximum price of zero for a fragrance-free detergent. The median of the difference between (b)
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and (a) is reduced by 0.50 €/Lit (this is not equal (b)—(a) due to re-sorting). For 67%, there was a negative
WTP for the fragrance-free detergent (not shown in the table). This is encouragingly close to the 72% who
stated that they had never or almost never bought a fragrance-free detergent (Table 2). These figures
suggest that for the majority of respondents, the maximum price they are willing to pay reduces, on
average, if fragrance is removed.
This finding changed after respondents were informed about the health effects of fragrance. The maximum
price for the fragrance-free detergent is only 0.03 €/Ltr lower than the price of the usually bought
detergent, and the median is 0.30 €/Ltr higher. These results suggest that the maximum price increases
with health information but does so differently for different respondents.

[Table 4 about here]
In Table 4, we analyze the correlation of income with the currently paid price, the WTP with and without
information, and the influence of information. The first column shows that the higher the income, the
higher the price paid for the detergent. The difference between the lowest income group (less than
1,501 €/month) and the highest income group (above 4,500 €/month) is 1.06 €/Ltr (40%). The second
column shows that those who earn above 1,501 €/month have a higher WTP for fragrance-free detergents
than do those with lower income (between 0.54 and 0.73 €/Ltr higher). Column 3 reveals that those with
higher income have an even higher WTP than do those with lower income once health information is
given. The difference in the WTP between those with an income below 1,501 €/month and those above
4,501€/month increases to 1.20 €/Ltr. This is confirmed by the last row, which shows that those with
higher income are more susceptible to health information.

[Table 5 about here]
In Table 5, the influence of income is tested conditionally on several other respondents’ characteristics.
For the first column, which has price as a dependent variable, income is no longer significant once it is
conditional on other characteristics. A higher price for the currently bought detergent correlates with

buying eco-labeled detergents, higher education and knowing about the health effects of fragrance. From
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the second column, we see that higher income is (jointly) significant in explaining higher WTP for
fragrance-free detergents. From column 3, we see that the difference between lower-income households
and higher-income households increases with health information; the difference in the WTP of households
in the lowest income group and those in the highest income group is 1.87 €/Ltr.

From column 2 and column 3, we also see that those who already spend more on detergents have, on
average, a lower conditional WTP for fragrance-free detergents. Those who currently buy eco-labeled
detergents have, on average, a higher conditional WTP for fragrance-free detergents. Households with
more members have a lower WTP for fragrance-free detergents.

Column 4 confirms that households with higher income are more susceptible to health information than
lower-income households are. It also shows that the WTP of women increases by 0.29 €/Ltr more than
that of men. Households with more members and those who already know about health effects are less
influenced. Like all other regression results, these results are strictly valid only for the sample; we cannot
test whether correlations of variables in the population are different from correlations in the sample, and
exogeneity cannot be tested. We do not see why correlations between variables in the sample should differ
from those in the population. Finally, Table C.1 in the online appendix shows that the results based on the
interval regression are very similar to those from the linear regression.

To investigate which income groups benefit from the introduction of a fragrance-fee detergent, we run a
simulation. Based on the data collected in the CVM survey and the behavioral assumptions from
Equation (5), we simulated which income groups benefit without and with information at various prices
for one fragrance-free detergent becoming available on the market. In Table 6 and Figure 3, the results for
the situation without health information are shown. We see that the mean welfare gain is, on average,
between 0.04 and 0.08 €/Ltr. For each price level, the mean is based on the change in welfare for those
who buy the fragrance-free detergent at that particular price and those who do not buy it (and therefore do

not have a gain in welfare). Looking at rows 2 through 5 in Table 6, we learn that at different prices,
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different income groups benefit. In particular, the lowest income group does not benefit if fragrance-free
detergents are only offered at prices 4 €/Ltr and above.

[Table 6 about here]
After health information has been provided, the conclusion that the lower-income groups do not benefit
from higher-priced fragrance-free detergents is confirmed. However, benefits for higher-income groups
increase substantially and are up to three times higher (Table 6 middle panel and Figure 3).
Currently in Austria, there is one liquid fragrance-free detergent available in major stores. It costs
2.55 €/Ltr (October 2017). This is 0.95 €/Ltr more than the same brand with fragrance. From Figures 2
and 3, we see that at this price for the fragrance-free detergent, the higher two income groups (green and
blue lines) will benefit more than average, and the lower two income groups (blue and pink lines) will
benefit less than average (black line).

[Figure 2 about here]

[Figure 3 about here]

5. Conclusions

Some consumer goods for daily use contain ingredients suspected of having negative health impacts.
Informing consumers about potential negative health effects will increase demand for products that are
free of controversial ingredients, and supply will eventually increase. Fragrance is one example of a
controversial ingredient found in many consumer goods. For laundry detergents, the number of fragrance-
free variants is still very limited.

A CVM survey among 122 Austrian consumers in Vienna revealed that the average maximum price
respondents are willing to pay for a fragrance-free detergent is 0.51 €/Ltr lower than the current average
price (3.24€/Ltr). The median is 0.50 €/Ltr lower. After respondents were informed about the health
effects of fragrance in detergents, the average maximum price for fragrance-free detergents was only
0.03 €/Ltr below the currently paid price average. The median was 0.30 €/Ltr higher. The surplus

respondents are willing to pay ranges between —4.60 and 2.90 €/Ltr. Thus, holding prices constant but
18



banning fragrance from laundry detergents would generate winners and losers. If no health information is
provided, the average and majority of respondents would be worse off in the case of a fragrance ban. If
health information is provided, the average of respondents would be almost as well off as before, and the
majority of respondents would be better off. Given that the survey is not representative, these average
values are not necessarily valid for the population.

Our empirical results are based on a revealed preference elicitation method which can lead to biased WTP
estimates. Additionally, better educated respondents are over-represented in our data likely leading to an
upward bias in the estimated WTP. Never the less, the core results of our work would also hold if the
actual WTP estimates are lower: without additional information, the average would still be worse off if
fragrances were banned, but there would still be winners and losers (given constant prices). Information
on the health effects of fragrance would still increase the WTP, but probably the average would be lower.
In our theoretical considerations, we derive a condition necessary for a consumer to benefit from a
fragrance-free detergent: the currently paid price py plus the surplus respondents are willing to pay for the
fragrance-free detergent, d, needs to be more than the price of the fragrance-free detergent p/. With our
CVM survey, we tested whether p/ and d are higher for higher-income groups.

We found that in our sample, higher-income respondents buy detergents with higher prices p. This
correlation disappears after controlling for education, knowledge about health effects of fragrance and
whether eco-labeled detergents are usually purchased. We consequently cannot claim that higher income
is causal for buying detergents with higher prices. However, our results also show that the surplus
respondents are willing to pay, d, is positively correlated with income. This relationship is robust to
conditioning on other household characteristics. We also found that respondents with higher income are
more susceptible to health information (i.e., their WTP increases by more). Because we controlled for
relevant variables, we suspect that these correlations hold not only for the sample but also for the

population of detergent buyers.
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Which consumers benefit from health information depends not only on the currently paid price p’ and the
willingness to pay d but also on the availability of fragrance-free detergents. We simulated the consumer
surplus using the CVM data and a behavioral decision rule. We simulated consumer surplus by income
group for the case of only a single fragrance-free detergent on the market. We found that lower-income
groups benefit only if a fragrance-free detergent with a low price is available. This also holds after
informing respondents about health effects. The consumer surplus increases up to three times for the
highest income class after health information is provided. We conclude that if the higher WTP for
fragrance-free detergents of high-income groups results in only expensive, safe products being offered,
then the benefits of health information go to those with higher income.

Our analysis is based on a one-time detergent choice. When aggregating the consumer surplus over time,
those who wash their laundry more frequently might benefit more from fragrance-free detergents. Thus, if
laundry detergents have an income elasticity above one, then higher income groups benefit even more
within a year than in a one-time detergent choice. In this case, our results need to be interpreted with lower
limits.

There is currently one fragrance-free liquid detergent available in Austria. Its price lies in the middle of
the price range. Our simulation suggests that the availability of this product changes the consumer surplus
of the two lower income groups of our respondents below average and the consumer surplus of the two
upper income groups above average. A systematic description of the availability and prices of fragrance-
free detergents in the years to come could shed light on the question of which price ranges the fragrance-
free detergents will be provided. Another relevant extension would be to test whether our empirical results
also hold for other samples. We suspect that consumers elsewhere, at least in other high-income countries,
would have similar preferences.

Oure empirical analysis reveals that preferences for fragrance in detergents are heterogeneous, at least for
the sample from Vienna. Banning fragrance would generate winners and losers. Informing consumers

makes no one worse off, but some would benefit more: due to being more amenable to health information,
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higher-income groups benefit more. Information targeted to susceptible low-income groups could be used

for a more balanced effect. This is likely to also foster the supply of low-priced, safe products.
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Tables:

WTP for
Current f Buy fragrance-free
. ragrance-free
price detergent:
detergent
If market price: p™" If market price: p™-
Consumer Yes, because No, because fragrance-
type 1 P dr>0 HopHy < dP free is L.
Consumer No, because No, because
type 2 p't dV<0 fragrance-free is H (pi-pf) > d¥
Consumer No, because No, because
type 3 P d"<0 (p"-p't) > dV fragrance-free is L.
Consumer No, because Yes, because
type 4 Pt d’>0 fragrance-free is H. (P't-pt) < d”

Notes: p/*! stands for the price of a high quality (/) fragrance (f) containing detergent. The superscript ffis
for ‘fragrance free’ and the superscript L for low quality. d” stands for a positive WTP while " stands for
a negative WTP.

Table 1: Schematic table showing which consumer types buy which fragrance-free detergent.
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Gender Male Female

Sample 43% 57%
Vienna 49% 51%

Age group 18-24 25-40 41-60 61+
Sample 11% 58% 24% 7%
Vienna 9% 26% 28% 20%

<High High Uni- >Uni-

Education . ;
school  school versity versity
Sample 12% 40% 45% 2%
Vienna 55% 18% 27% --
Household size (persons) 1 2 3 4 >4
Sample 25% 40% 12% 16% 7%
Vienna 44% 29% 13% 9% 5%
<1500 1501- 3001- >4501 noreply
Income of respondent (€/month) 3000 4500
Sample 27% 25% 16% 29% 4%
Respondent knows
detergents contain fragrance No Yes
Sample 27% 73%
health effects of fragrance No Yes
Sample 60% 40%
about fragrance-free products No Yes
Sample 48% 52%
Check ingredients of products Never Almost Some- Often Always
never times
Sample 30% 25% 25% 14% 5%
Bought fragrance-free products Never Almost Some- Often Always
(including other than detergents) never times
Sample 56% 16% 20% 7% 1%

Table 2: Household characteristics, knowledge and attitudes of 122 respondents and for Vienna in 2017.
Source for data from Vienna: Statistik Austria (Statistik Austria 2018).
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Mean Median St. Dev. Min Max
Current price paid (a) 3.24 3.30 1.19 130 5.30
Maximum price for fragrance-free detergent
before information (b) 2.73 2.50 1.50 0.00 6.00
after information (c) 3.20 3.50 1.62 0.00 6.00
(b)-(a): difference without health information -0.51  -0.50 1.14 -4.60 2.00
(c)-(a): difference with health information -0.03 0.30 1.22 -4.60 2.90
(c)-(b): effect of health information 0.47 0.50 0.59 0.00 3.00

Table 3: Distribution of current price paid and stated WTP of 122 respondents.
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Dependent Current price WTP without WTP with WTP with info. —

variable information information WTP without info.
Coef St. Err Coef  St. Err Coef St. Err Coef St. Err

Intercept 2.61 (0.19) ** -0.99  (0.21) ** -0.78 (0.22) ** 0.21 (0.06) **

Income (€/month)

1501-3000 0.64 (0.29) ** 0.54 (0.27) * 0.89 (0.27) ** 0.35 (0.12) **

3001-4500 0.67 (0.33) ** 0.73 (0.39) * 0.97 (0.42) ** 0.24 (0.11) **

> 4501 1.06 (0.27) ** 0.73  (0.28) ** 1.20 (0.29) ** 0.47 (0.15) **

no reply 1.37 (0.50) ** 0.71 (0.36) * 0.70 (0.32) ** -0.01 (0.15)

No. of obs. 122 122 122 122

R? 0.13 0.07 0.15 0.11

Note: WTP is the willingness to pay for a change from the currently used detergent to fragrance-free detergent

Table 4: Linear regression results showing correlation between income and dependent variables.
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Dep. Variable Current price WTP without WTP with WTP with info. —
information information WTP without info.

Coef St. Err Coef St. Err Coef. St. Err Coef. St. Err

Intercept 1.35 (0.41) ** -0.27 (0.39) -0.02 (0.46) 0.25 (0.23)

Current price (€/Ltr) -0.49 (0.11) ** -0.39 (0.12) ** 0.10 (0.06)

Usually buy ecolabel 044 (0.26) * 1.18 (0.27) ** 0.96 (0.28) ** -0.22  (0.17)

Female 0.05 (0.22) 0.14 (0.20) 0.43 (0.21) ** 0.29 (0.16) *

Age (years):

25-40 0.52 (0.32) 0.12 (0.30) 0.01 (0.36) -0.11  (0.17)

41-60 0.52 (0.36) 0.30 (0.35) 0.08 (0.40) -0.22  (0.20)

>61 0.78 (0.49) -0.19 (0.62) -0.33  (0.65) -0.13  (0.23)

Education:

High school 0.52 (0.32) 0.35 (0.29) 0.26 (0.32) -0.09 (0.18)

University 1.12 (0.36) ** 0.53 (0.37) 0.14 (0.39) -0.39  (0.25)

> University 2.15 (0.81) ** 0.96 (0.67) 0.63 (0.55) -0.32  (0.37)

Household

2 persons -0.13  (0.28) -0.33  (0.30) -0.53 (0.28) * -0.21  (0.19)

3 persons 0.42 (0.36) -0.24 (0.40) -0.51 (0.42) -0.27 (0.21)

4 persons 0.08 (0.34) -0.44 (0.33) -0.91 (0.33) ** -0.47 (0.24) *

> 4 persons -0.03 (0.62) -1.05 (0.56) ** -1.39 (0.60) ** -0.34 (0.29)

Income (€/month)

1501-3000 0.44 (0.30) 0.77 (0.29) ** 1.21 (0.29) ** 0.44 (0.15) **

3001-4500 -0.18 (0.36) 0.68 (0.47) 1.37 (0.48) ** 0.68 (0.25) **

>4501 0.33 (0.37) 0.99 (0.39) ** 1.87 (0.40) ** 0.89 (0.29) **

no reply 0.68 (0.48) 1.17 (0.48) ** 1.43 (0.53) ** 0.26 (0.26)

Know health effects 0.76 (0.22) ** 0.37 (0.23) 0.04 (0.22) -0.33  (0.13) **

No. of obs. 122 122 122 122

R? 0.37 0.42 0.44 0.26

Note: WTP is the willingness to pay for a change from the currently used detergent to fragrance-free

Table 5: Linear regression results for conditional estimates of the influence of income.
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Mean consumer Without information With health information Obs

welfare per detergent
bought given only one
detergent on the

market P2 P pl=4 pI=S pi=6 pl=2 pl=3 pl=4 pl=s pi=6
All incomes 0.06 0.07 008 0.07 0.04 0.12 0.13 022 0.15 0.07 122
<1500 €/month 0.09 0.02 0.00 0.00 0.00 0.12 0.02 0.00 0.01 0.00 33

1501-2900 €/month 0.00 0.06 0.16 0.09 0.00 0.05 0.07 0.18 0.17 0.02 30
3001-4500 €/month 0.12  0.10 0.08 0.12 0.07 022 020 039 020 0.14 19
> 4500 €/month 0.07 0.11 0.09 0.11 0.09 0.12 028 042 025 0.13 35

Table 6: Numerical simulation based on CVM data and behavioral decision rule assumptions. p is the
price of the fragrance-free detergent offered on the market.
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Figures:
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Fig. 1: Prices of detergents in Euros per washing load in a leading central European drugstore in October
2017.
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Before health information

All income groups

income <1500 €/month
income 1501-3000 €/month
income 3001-4500 €/month
income >4501 €/month

02 03 04 05

0.0 0.1

Fat lines are moving average values of five dotted line values calculated at 0.1€ price steps

Mean welfare change per person in €
when buying 1 Ltr detergent

-0.1

0 1 2 3 4 5 6

given 1 fragrance-free detergent is on the market

Price of the 1 fragrance-free detergent on the market in €/Ltr

Fig. 2: Mean welfare change per liter of detergent for respondents by income group before health
information was provided as a consequence of one fragrance-free detergent being offered on the market.

After health information

All income groups

income <1500 €/month
income 1501-3000 €/month
income 3001-4500 €/month
income >4501 €/month

02 03 04 05

0.0 0.1

Fat lines are moving average values of five dotted line values calculated at 0.1€ price steps

Mean welfare change per person in €
when buying 1 Ltr detergent

-0.1
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given 1 fragrance-free detergent is on the market

Price of the 1 fragrance-free detergent on the market in €/Ltr

Fig. 3: Mean welfare change per liter of detergent for respondents by income group after health
information was provided as a consequence of one fragrance-free detergent being offered on the market.
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