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■ Introduction

Detergent manufacturers have to be
particularly aware of the environmental
impact resulting from the use of their
products. This is because these product
are discharged into the environment as
part of the intended use. This situation
has been recognized by legislators in
the EU and in 2004, the EU put the so-
called detergent regulation into force
(1). On top of fulfilling the correspond-
ing legal requirements, Henkel as a de-
tergent manufacturer conducts a biologi-
cal approval of raw materials as a manda-
tory internal procedure. In this process,
all new raw materials are screened for
those properties which are relevant for
human and environmental safety con-
cerns prior to admitting them for use in
detergent products. This paper presents a
case study which demonstrates the added
value of a close cooperation between
Henkel and MonoSol, the supplier of a
new raw material, in evaluating a new
raw material for its environmental prop-
erty profile. 

■ Data Collection

The cooperation was triggered by the
decision to qualify a new raw material
(NRM), a material based on poly-vinyl-
alcohol from MonoSol, as a constituent
of a Henkel liquid laundry detergent for-
mulation, in particular unit dose prod-
ucts. In the initial phase of the coopera-
tion, the data requirements were agreed
upon. The Henkel biological approval of
raw material process requires that a set
of aquatic toxicity data and biodegrada-

tion data be made available for the en-
vironmental safety evaluation.

Toxicity data
With this in mind, MonoSol and Henkel
discussed what ecotoxicity data would
be required and meaningful for this ap-
plication. It was agreed that the toxicity

of NRM against algae and Daphnia mag-
na needed to be determined experimen-
tally, using the OECD test protocols 201
(2) and 202 (3), respectively. Sacrificing
vertebrates in fish testing was weighed
against the benefit of gaining addition-
al knowledge. It was determined that fish
testing would be redundant since in many
cases toxicity data for algae and Daph-
nia are also protective for fish.

Biodegradation data
In a similar approach, the generation of
biodegradation data was initiated. Know-
ing that the majority of polymers do not
degrade rapidly in the environment, the
pros and cons of testing for ready biode-
gradability and inherent biodegradabili-
ty were discussed. Finally, it was decid-
ed to perform two tests for inherent
biodegradability. In one test, the standard
OECD 302 test protocol (4, 5) was ap-
plied. In a second test the experiment
duration was extended to 63 days and
the test design was modified to measure
CO2-evolution as an indication of the
conversion of the raw material con-
stituents into their mineral building
blocks (Fig.).

NRM use in Henkel detergent
Third, four scenarios were conceived to
simulate the potential amount of NRM
used in detergent using Henkel sales da-
ta of liquid unit-dose products for Ger-
many. The four scenarios differ in the as-
sumed market share and the correspond-
ing number of washloads in Germany per
year. Scenarios 1, 2, 3, and 4 assume a
market share of 1%, 2%, 3%, and 4%, re-
spectively. The corresponding numbers
of washloads are 30 million, 60 million,
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90 million, and 120 million. In addition,
it is assumed that 1g of NRM copolymer
is used with each washload. Based on
these figures, the amount of raw mate-
rial used in Germany was calculated and
divided by 82 million inhabitants to ob-
tain the per capita consumption in Ger-
many. According to the four scenarios,
the per capita consumption amounts to
1, 2, 3, and 4 mg per capita per day.

■ Data Assessment

Toxicity data
Table 1 displays the acute toxicity data
for algae and Daphnia magna. Toxicity is
expressed as the concentration at which
algal growth is reduced by 50% (EC50)
and as the concentration at which 50%
of the Daphnia are immobilized (IC50).
The respective values are 1.4 mg/L and
3.2 mg/L.

Biodegradation
The Fig. shows the time scale of DOC-
removal (for both biodegradation test
methods) and CO2-release in the biodegra-
dation tests with NRM. The DOC removal
in the standard test is 85% after 29 days.
In addition, the modified test shows that
78% of the carbon contained in the poly-
mer is released as CO2 over a time period
of 63 days. In combination, this indicates
that a significant fraction of NRM is re-
moved from the sewage in the treatment
plant and undergoes biodegradation and
conversion into mineral constituents. 

Persistence in the environment
Various regulations have established per-
sistence criteria. REACh (Registration,
Evaluation, Authorisation and Restriction
of Chemicals) is one example of such a
regulation (6) and classifies persistent
substances as those that display a half-
life of 60 days or more in aquatic envi-
ronments. As evident from Table 1, more
than 60% of the raw material is degrad-
ed within 60 days. Hence it can be con-
cluded that NRM is not persistent and
does not accumulate in aquatic environ-
ments. In addition, the biodegradation
results qualify the raw material as ‘in-
herently biodegradable’. Following the
EU technical guidance document for the
risk assessment of chemicals, it is there-

fore assumed that biodegradation in the
sewage treatment plant removes 41% of
NRM (7).

Environmental risk assessment
The per capita consumption of NRM ac-
cording to the four scenarios is outlined
in Table 1. For the purpose of the envi-
ronmental risk assessment, the common-
ly used unit town set of assumptions for
the assessment of wide dispersive uses of

substances (7) is employed. This scenario
assumes that a town of 10,000 inhabi-
tants discharges 2,000 m3 of sewage
(containing the raw material) to a
sewage treatment plant, which in turn
discharges the treated sewage into a riv-
er with a flow rate of 20,000 m3/day. Tak-
ing biodegradation in the sewage treat-
ment plant into account (see above),
the predicted environmental concentra-
tions of NRM in the hypothetical river
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Parameter Value Method followed

Toxicity to algae ErC50: 1.4 mg/L OECD Test Guideline 201
(Selenastrum (OECD, 2011)
capricornutum)

Toxicity to crustaceans IC50: 3.2 mg/L OECD 202 (OECD, 2004)
(Daphnia magna)

Predicted no effect PNEC: 0.0032 mg/L EU TGD (EU, 2003)
concentration

Biodegradability 85% DOC removal OECD 302 B - 
in 29 days (OECD, 1992)

Biodegradability 78% CO2 evolution Modified OECD 302 
in 63 days B - (OECD, 1992)

Per capita  Scenario 1: 1 mg/capita/day Henkel sales volume is
consumption Scenario 2: 2 mg/capita/day divided by Henkel market

Scenario 3: 3 mg/capita/day share for liquid deter-
Scenario 4: 4 mg/capita/day gents to obtain per capita

consumption.

Fig. Time course of TOC removal in a standard OECD 302 (open triangles) and of CO2-
evolution in a modfied OECD 302 biodegradation assay for inherent biodegradabili-
ty

Table 1 Parameters collected for the ecological evaluation of pH NRM
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for the four scenarios are detailed in
Table 2. The values range between 0.3
and 1.2 µg/L.
In the risk assessment, this value is com-
pared with the so-called ‘Predicted No
Effect Concentration’ (PNEC). It is ob-
tained by dividing the lower of the
two toxicity data values from Table 1
(i.e. 1.4 mg/L for the ErC50 for the algae)
by three safety factors. Each safety fac-
tor has the value of 10. They are used to
extrapolate from acute to chronic ef-
fects, to account for the variation be-
tween species, and to account for varia-
tion within species. The resulting PNEC
value is 1.4 µg/L.
Table 2 also displays the values of the
risk characterization ratio. This ratio rep-
resents the quotient of the PEC divided
by PNEC. For all scenarios, this value is
below 1, indicating that PEC does not
exceed the estimated threshold value
(PNEC). This indicates that adverse ef-
fects of NRM on aquatic organisms are
not expected for any of the four scenar-
ios.

■ Conclusions

This case study is an example of a scien-
tific cooperation for an extended envi-
ronmental safety assessment between a
raw material supplier and a detergent
manufacturer. The mutual identification
and prioritisation of the scientific data
which is needed to fulfill Henkel’s data
requirements were the starting point for
the studies issued. Both companies co-

sponsored the program and monitored
the studies on the environmental impact
jointly and shared the resulting data
openly, thereby increasing the efficiency
for both partners.
Finally, both companies benefited from
the outcome of the biological investiga-
tions. MonoSol received more scientific
evidence that the raw material has a fa-
vorable environmental profile. Henkel
can use the information to demonstrate
the thorough evaluation of the environ-
mental impact of its detergent formula-
tions. In fact, the data allows Henkel to
market this particular type of liquid de-
tergent with the claim of a minimized
environmental impact.
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■

Scenario Predicted environmental. Risk characterization
concentration (PEC in mg/L) ratio (RCR)

1 0.3×10-3 0.21

2 0.6×10-3 0.41

3 0.9×10-3 0.62

4 1.2×10-3 0.82

Table 2 Results of the environmental exposure and risk assessment for the four
scenarios


