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The German Environmental Survey (GerES) is a
nationwide population study which has repeatedly
been carried out in Germany since the mid-1980s [1].
The first survey for adults (GerES 1) was carried out in
1985/1986 (West Germany) followed by GerES lla in
1990/91 (West Germany) and GerES Ilb in 1991/92
(East Germany). In GerES Il children were included to
some extent [2, 3]. In 1998, the third GerES for adults
was conducted in both parts of Germany (GerES Ill,
[4]). The 2003/2006 survey (GerES 1V) focussed
exclusively on children [5]. It was preceded by a one-
year pilot study (2001 to 2002) to collect information
on parameters influencing the response rate and to
test the different instruments intended to be used for
the main study. All GerESs were conducted in coope-
ration with a respective German Health Survey.
GerES |V for example was conducted in cooperation
with the National Health Interview and Examination
Survey for Children and Adolescents (KiGGS) carried
out by the Robert Koch Institute, Berlin [6].

The main goals of GerES are to analyse and
document the extent, distribution and determinants of
exposure to environmental pollutants of the general
German population. Three main instruments of inves-
tigation were comprised in GerES: human biomoni-
toring, monitoring of the domestic environment,
collecting data on exposure factors via questionnaires
as well as the measurement of noise and detection of
hearing impairments. Monitoring the domestic envi-
ronment is vital to detect indoor exposure pathways
and to quantify their contribution to overall exposure.

Materials and methods

GerES is a cross-sectional study. In GerES IV
1,790 children aged 3 to 14 years were selected at
random from the representative KiGGS sample. The
domestic environment of about 600 randomly selec-
ted children was monitored, inter alia, by analysing
Volatile Organic Compounds (VOC) in indoor air and
different pollutants in indoor dust [1, 5]. For the GerES
IV Pilot Study which was carried out between March
2001 and March 2002, 550 children aged 0 to 17 years
were selected via municipal inhabitant registers or
schools in 4 sampling locations (two districts in the
city of Berlin and two in rural areas in other federal
states [7]).
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In GerES IV the VOC were usually determined in
the children’s bedroom. Samplers were placed in an
appropriate place and remained there for approxima-
tely one week. Non-polar VOC were determined by
using 3M OVM-3500 samplers. Polar and high-boiling
VOC were measured in addition to non-polar VOC by
a tube type sampler (Perkin EImer). SKC UMEx 100
badge type samplers were used for formaldehyde and
other carbonyls [8]. Analysis of the Perkin Elmer sam-
plers and determination of the specific uptake rates
were performed at Ergo-Research in Hamburg, a
laboratory that holds accreditation for these analyses.
The analyses of the UMEx 100 and the OVM 3500
samplers as well as additional quality control measu-
rements were carried out in the laboratories of the
Federal Environment Agency. Sampling and analyses
of VOC in GerES | (1985/86) were described by
Seifert et al. [9]. Sampling and analytical methods
used in the two surveys are comparable.

To collect household dust, the vacuum cleaner
bags as found in the home at the time of the visit were
used. After collection in the home each vacuum clea-
ner bag was placed in a plastic bag for transportation.
In the laboratory the content of the bag was sieved
(63 um fraction) and filled in glass jars. All materials
used were checked for relevant blanks. To determine
phthalates the dust samples were extracted with
toluene and measured with GC/MS or HPLC/MS [10].

The analytical procedure to determine the meta-
bolites of phthalates like MnBP, MBzP, MEHP, 50H-
MEHP and 50xo-MEHP in morning urine was descri-
bed elsewhere [11, 12].

All statistical calculations were performed using
SPSS 14.0 for MS Windows. Concerning VOC values
below LOQ were set to 2/3 LOQ for data treatment
according to Hallez and Derouane [13]. Concerning
dust, values below LOQ were set to LOQ/2.

Results and discussion

According to questionnaire data from GerES IV
children aged 3 to 14 years on average spent bet-
ween 20 and 21 hours daily in indoor environments,
most of the time at home. Thus a clean environment
at home is very important for the children’s health. In
the following some selected results of GerES concer-
ning indoor exposure are presented to make these
results accessible to the scientific community on short
call.

In Figure 1 some of the VOC concentrations
measured in indoor air in GerES IV are compared
with the concentrations quantified in the former
GerES | which was conducted in 1985/86 [9]. The
geometric mean concentrations of aromatic com-
pounds like benzene and toluene have decreased
from 6.2 pg/m3 to 1.9 pg/m3 and from 50.7 ug/m3 to
13.6 ng/m3, respectively. The same applies for alkanes,
here shown for n-decane, and for chlorobenzenes,
here shown for 1,4-dichlorobenzene.

It has to be mentioned that in GerES | the measu-
rement of the VOC took place in the living rooms of
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Figure 1.

Time trend of selected VOC in indoor air in German homes.
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Figure 2.

Benzene in indoor air of smokers and non-smokers
in German homes (percentages exceeding 5 ug/ms).

adults, regardless if children were present in the house-
hold or not. In GerES IV the samplers were generally
placed in the bedroom of the child. Schneider et al.
found lower VOC concentrations (except for benzene)
in adult’s bedrooms than in living rooms or kitchens [14].
However, the time trends shown in the examples are
very clear and unlikely to be confounded substantially by
the difference in sampling place.

The reason for the decreasing concentration of
benzene is the reduction of aromatic hydrocarbons in
urban air due to the introduction of automobile cata-
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lytic converters in the last two decades and the reduc-
tion of the benzene content of gasoline. The decrease of
toluene concentration can be ascribed to the ongoing
reduction of toluene containing solvents in building
and household products. However, high concentra-
tions can still be observed. Since a limit value for ben-
zene in indoor air is not available the future EU
outdoor air threshold value of 5 ng/m3 might be appro-
priate to assess the results of GerES IV. Figure 2 shows
that in homes with one or more smokers 16% of the
measured benzene values exceed this value compa-
red to 8% in homes with no smoker. Questionnaire
data from GerES revealed that still around 50% of the
children lived in households with at least one smoker.

N-decane (Figure 1), like other n-alkanes is a
component of cleaning products, oil, wax and paints.
1,4-dichlorobenzene is a biocide used for example in
mothballs. High concentrations of -pinene can be
expected if new wooden furniture is present in a home [9].
It might also be possible that wooden “natural” or
“organic” products which became fashionable in
Germany in recent years are sources of pinenes.
2-Ethyl-1-hexanol is a breakdown product of the
phthalate plasticizer DEHP.

Exposure from the indoor environment at home
might not only occur from indoor air but also from
house dust. Therefore in all GerES conducted so far
the examination of house dust was included.
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Table 1.
Phthalates in house dust (mg/kg, 63 um-fraction, [10]).
Phthalate P50 P95
BBzP 13 180.0
DnBP 29 180.0
DEHP 480 1,700

Note: Results from GerES Pilot Study (N = 278), P50 = median,
P95 = 95th percentile.

Table 2.
Correlations between phthalates in house dust
and phthalate metabolites in urine of children.

MBzP MnBP MEHP | 50H-MEHP | 50x0-MEHP
in urine in urine in urine in urine in urine

BBzP | 0.11
DnBP | - | 023* | -
DEHP | - 0.06 | 000 | 0.00

Note: Results from GerES Pilot Study (N = 254), *: p < 0.001,
Spearman rank correlation.

In Table 1 the results for some of the phthalates
analysed in the GerES IV Pilot Study are shown:
BBzP (butylbenzylphthalate), DnBP (Di-n-butylphtha-
late) and DEHP (diethylhexylphthalate, [10]). DEHP
was present in high concentrations with a 95th per-
centile of 1,700 mg/kg. BBzP and DnBP both showed
a 95th percentile of 180 mg/kg. In the GerES IV Pilot
Study the metabolites of these phthalates had been
analysed in the urine of the participating children [7,
12]. It was an inviting task to correlate the concentra-
tions measured in house dust with the concentrations
of the phthalate metabolites measured in urine.

The results are shown in Table 2. There was a
significant correlation (p < 0.001) between DnBP in
house dust and the DnBP metabolite MnBP (mono-
butylphthalate) concentration in urine. Compared to
BBzP and DEHP, DnBP has a higher vapour pressure
which might cause a higher mobility of DnBP in the
indoor environment and a corresponding transfer to
humans.

Conclusion

The German Environmental Survey (GerES) is a
worldwide unique example for successful exposure
assessment of the general population using a combi-
nation of human biomonitoring and monitoring of the
indoor environment at home in a large scale cross-
sectional study. A detailed description of results on the
VOC analysis in GerES IV will be published soon [15].
Analyses of phthalates in house dust and their meta-
bolites in urine in GerES IV will substantiate the
results presented.
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