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Abstract Until the middle of the 1990s, no attention was paid to the pollution of the environ-
ment in Czech Republic by synthetic musk fragrances and to the exposure of Czech population
to these xenobiotics. However, in response to increasing information on high levels of synthetic
musks in freshwater ecosystem reported by many industrial countries in the last decade, exten-
sive monitoring study was conducted in Czech Republic in the years 1997–2000. More than 800
samples were collected at 11 sampling sites and examined for the presence of both polycyclic
and nitro musk compounds. Their occurrence in various fish employed as bioindicator of river
pollution as well as investigation of human milk documented omnipresent character of these
widely used synthetic chemicals. High levels of synthetic musks were typically found down-
stream large urban areas. The relative concentrations in almost all analysed fish samples
(perch, bream, chub, barbel and trout) decreased in following order: HHCB>AHTN�MX
≥MK≈AHDI>ATII≈ADBI. Polycyclic musks represented mainly by HHCB and AHTN ac-
counted typically for more than 80% of total musk content; nevertheless, the bioaccumula-
tion phenomena are distinctly species-dependent. Besides fish, application of semipermeable 
membrane device (SPMD) was shown to be a conceivable tool for the integral monitoring of the
presence of musk containing sewage water in aquatic ecosystems. As fish represents a minor
component of the Czech food basket, general occurrence of both groups of synthetic musk
compounds in milk samples collected from 59 nursing mothers documented the significance
of non-dietary routes of human exposure. The levels as well as relative abundance of synthetic
musks varied in a wide range with polycyclic compounds prevailing in most of samples.
Critical assessment of our results together with their comparison with data generated abroad
in similar studies is presented in this chapter.
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1
Introduction

Findings of the occurrence of synthetic musk fragrances in biota from German
rivers reported by several authors [1–3] in the first part of the last decade caused
in 1996 the establishment of a pilot study concerned with the examination of fish
collected from the river Elbe at Hřensko (locality on the Czech-German border)
for the presence of these new contaminants.As anticipated, the ubiquitous char-
acter of synthetic musk compounds was confirmed. Relatively extensive conta-
mination of examined fish samples was documented; both representatives of
polycyclic musk fragrances and nitro musks were found.With regard to the grow-
ing concern about aquatic ecosystem pollution, these compounds have involved
since 1997 with the Czech monitoring program (established by the Ministry of
Environment in 1994). Passive biological monitoring (PBM) approach utilizing
fish for this purpose has been applied.

Musk compounds were also analysed in a set of human milk samples which
were collected within another project focusing on the occurrence of persistent
organic pollutants in this kind of bioindicator. Results obtained within both these
studies are reported and discussed in this chapter.

2
Fish as Bioindicator: Set-up of Monitoring Study

In accordance with the common practice [4] used for the monitoring of persis-
tent organochlorine micro-contaminants in freshwater and marine ecosystems,
fish served as the main bioindicator of river pollution. Within four monitoring
years (1997–2000) over 800 freshwater fish samples were collected using electro
fishing at 11 sampling sites located along river Elbe and its tributaries, the rivers
Moldau and Tichá Orlice in Czech Republic (Fig. 1); a few samples were also col-
lected in the locality Podolí, upstream of Prague (very old specimen or those of
extreme weight within the particular set of fish species were excluded).

Since eel, which has been widely used as a very suitable bioindicator organism
of water pollution [4], did not occur in sufficient quantities in these localities, we
employed several other species representing different categories as regards the
typical feeding habits, wandering behaviour etc. for this purpose. Chub (Leucis-
cus cephalus), bream (Abramis brama), barbel (Barbus barbus) and perch (Perca
fluviatilis) collected from rivers Elbe (Labe) and Moldau (Vltava) represent abun-
dant fish species available in all localities each year. In the river Tichá Orlice, trout
(Salmo trutta) is the only available fish. It should be emphasized that the migra-
tion of fish along the rivers was very restricted because of dams and/or weirs 
surrounding sampling localities. Sampling of fish was carried out regularly in all
localities in the period between July and September by the University of South-
ern Bohemia, Research Institute of Fish Culture and Hydrobiology (Vodňany,
Czech Republic).

Frozen samples (fillets, skin removed) that were delivered to our laboratory
were held at –18 °C until analysis. The sets of examined fish from individual 
rivers are characterized in detail (Tables 1, 2 and 3).

152 J. Hajšlová · L. Šetková
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Table 3 Characteristics of fish samples from river Tichá Orlice examined within monitoring
program

Fish species Characteristics of samples collected during monitoring program in
particular localities (1 – Červená voda, 2 – Králíky, 3 – Lichkov)

1998 1999 2000

1 2 3 1 2 3 1 2 3

Trout

No. of pooled/ 3 3 3 3 3 3 3 3 3
individual samples (13)a (10) (14) (15) (15) (15) (12) (12) (11)

Mean length (mm) 173 224 221 197 267 250 160 208 202

RSD (%) 12 13 12 11 9 8 11 7 10

Mean fat (wt%) 0.6 1.7 1.0 0.8 2.5 0.9 1.8 2.4 2.3

RSD (%) 33 18 59 13 12 22 6 13 9

a In brackets: total number of fish samples composing pool samples.

With the exception of the year 2000, in which each fish was analysed individ-
ually, pooling of samples was carried out to rationalize the number of analyses.
To avoid the loss of information needed for an assessment of bioaccumulation,
pooling strategy was based on the assumption that the length of fish is typically
proportional to its age (which corresponds to the duration of the residence of fish
in contaminated water). Samples from each locality were sorted into several
groups according to their relative length. This parameter (alike the weight) was
shown to correlate well with the relative age of the specimen within the popula-
tion of collected samples. The lipid content extracted under conditions of ana-
lytical procedure applied for musk analysis was recorded for each analytical sam-
ple. As can be seen from Tables 1, 2 and 3, the among-season variation of both
the mean lengths and lipid contents of fish caught in individual localities was
relatively large, reflecting not only some variance due to the sampling process
itself but also the influence of conditions existing in respective aquatic ecosystem,
in particular sampling year (the later factor significantly determines the form
of resident biota). The highest variability was found in the bream population.
For instance the relative standard deviation (RSD) calculated for lengths of the
whole set of these species collected along the river Elbe through the year 2000 was
25%, for the chub population having approximately the same mean length this
value was about 18%, for examined barbel the RSD of lengths was the lowest
(10%). A perspicuous correlation between the mean length of particular fish
species and their lipid contents even in a single sampling period has not been
found in any of the sampling localities. The highest correlation coefficient (0.8)
was calculated for chub (n=20) and perch (n=18) from Klecany in the sampling
year 2000.

Although fish was used as a main bioindicator of pollution situation at all lo-
calities (as well as fish fillets, some samples of livers were also examined for this
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purpose), samples of sediments were also collected here.Wet material was sieved,
carefully dried and then stored in a refrigerator.

To obtain complementary information on the occurrence of synthetic musks in
aquatic ecosystem and to receive complementary data needed for the assessment
of bioaccumulation/metabolisation processes in fish, passive sampling utilizing
semipermeable membrane devices (SPMDs) was carried out in several localities.

Regarding the target analytes, HHCB and AHTN representing polycyclic musk
fragrances together with two major nitro musks – musk ketone (MK) and musk
xylene (MX) – were determined in all samples throughout the whole monitoring
program. In the last two years, an additional three polycyclic musks with lower
production volumes and usage such as ADBI, AHDI, and ATII were analysed in
fish from all localities.

Multiresidue analytical procedure used for all monitored musks was similar
to that described by Rimkus et al. [5]. It consisted of following steps: (i) Soxhlet
extraction of homogenized fish tissue (anhydrous sodium sulphate was added for
dehydration) by hexane-dichloromethane solvent mixture (1:1, v/v), (ii) removal
of bulk lipids from crude extract by automated gel permeation chromatography
(GPC; Gilson 231XL, France) using Bio-Beads S-X3 gel (Bio-Rad Laboratories,
USA) and cyclohexane-ethyl acetate (1:1, v/v) as a mobile phase, (iii) removal of
residual matrix co-extracts by adsorption chromatography on silica gel mini-
column (elution of analytes by 15% of diethyl ether in hexane, v/v), (iv) identifi-
cation/quantitation of analytes by GC/MS (GC-HP 6890; DB-5MS capillary col-
umn, J&W Scientific, USA; MSD-HP 5973, Agilent Technologies, USA) operated
in EI mode. The performance characteristics of this method (SIM, three charac-
teristic ions monitored) are summarized in Table 4.

For gravimetric determination of lipids, aliquot portion of extract obtained in
step (i) was used.

2.1
Synthetic Musks in Fish Samples from Selected Sites at Czech Rivers

The overview of synthetic musks levels analysed in fish samples throughout the
monitoring program is given in Tables 5, 6 and 7 (results of 461 analyses are

Table 4 Performance characteristics of the GC/MS (SIM) method used for synthetic musk
analysis of fish samples (isotope dilution technique using labeled D3-AHTN and D15-musk 
xylene as internal standards for quantitation)

Analytes Limit of detection RSD (%) Recovery (%) 
(LOD, mg kg–1 lw) (at 10 LOD level, n=6) (at 10 LOD level)

HHCB (e.g. Galaxolide) 3 7 93
AHTN (e.g. Tonalide) 3 8 85
ADBI (e.g. Celestolide) 1 10 87
AHDI (e.g. Phantolide) 1 9 86
ATII (e.g. Traseolide) 1 11 85
MX (musk xylene) 5 11 82
MK (musk ketone) 5 9 91
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ře
ns

ko

19
97

19
98

19
99

20
00

19
97

19
98

19
99

20
00

19
97

19
98

19
99

20
00

19
97

19
98

19
99

20
00

A
H

D
I

M
ea

n
14

1
20

7
24

2
17

3
15

3
81

R
SD

 (%
)

21
31

21
6

63
17

M
ed

ia
n

15
1

23
6

26
2

17
1

15
6

81

AT
II

M
ea

n
16

1
12

6
28

8
14

8
11

5
37

R
SD

 (%
)

14
42

24
36

83
35

M
ed

ia
n

14
9

12
7

28
7

11
8

98
37



Ta
bl

e 
6

M
us

k 
co

m
po

un
ds

 in
 fi

sh
 fr

om
 r

iv
er

 M
ol

da
u 

(V
lta

va
),

m
on

ito
ri

ng
 d

at
a 

19
98

–2
00

0

Fi
sh

   
   

   
  A

na
ly

te
C

on
te

nt
 o

fa
na

ly
te

 in
 fi

sh
 fr

om
 p

ar
ti

cu
la

r 
lo

ca
lit

ie
s 

(m
g 

kg
–1

 lw
) 

sp
ec

ie
s

H
lu

bo
ká

 n
ad

  V
lta

vo
u

Št
ěc
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Table 7 Musk compounds in fish from river Tichá Orlice, monitoring data 1998–2000

Fish Analyte Content of analyte in fish from particular localities (mg kg–1 lw)
species

Červená Voda Králíky Lichkov

1998 1999 2000 1998 1999 2000 1998 1999 2000

Trout HHCB
Mean 271 586 489 2330 1000 1787 713 1371 1628
RSD (%) 11 63 12 16 34 7 42 61 3
Median 266 343 475 2233 1096 1335 819 876 1606

AHTN
Mean 282 399 333 3125 642 1022 1181 858 614
RSD (%) 14 25 5 9 15 8 41 23 52
Median 286 363 334 3156 702 970 1264 825 793

MX
Mean 187 162 80 1792 224 446 294 226 384
RSD (%) 13 20 3 8 16 9 50 31 65
Median 181 162 79 1740 216 452 349 201 149

MK
Mean 105 111 57 188 112 84 200 149 102
RSD (%) 13 5 2 12 29 11 43 25 18
Median 98 112 58 184 91 78 219 128 89

ADBI
Mean 116 33 55 82 121 37
RSD (%) 16 6 15 5 26 5
Median 106 32 57 81 101 37

AHDI
Mean 140 62 119 111 213 79
RSD (%) 17 3 16 26 14 3
Median 130 63 130 97 201 79

ATII
Mean 67 40 45 50 93 40
RSD (%) 19 3 22 6 33 3
Median 62 40 46 49 74 41

summarized here). As documented throughout this chapter, the pertinence of
information mediated by generated data is dependent on a comprehensive charac-
terization of actual fish samples submitted for analysis as well as on the knowledge
of conditions existing in a particular locality in respective sampling season (water
flow, its temperature etc.).

In agreement with most of similar monitoring studies concerned with occur-
rence of lipophilic persistent chemicals in biota, the content of musks in examined
samples was normalized to the lipid contents. However, the extent of sampling
site contamination was sometimes more cogently illustrated by the expression of
contaminants content in muscle/liver tissue. The total body burden of respective
bioindicator can be better appraised in this way. Moreover, for the risk assessment
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of the dietary intake of hazardous chemicals contained in fish, information on
their concentration in edible portions (fish fillets were examined in this study)
is more relevant. As mentioned earlier, large differences in mean lipid content
were found in population of particular fish species along monitored rivers. The
reason for uneven adiposity of fish is undoubtedly the variable availability of
food; its amount depends on trophic value of the water. The presence of ample
macrozoobenthos is typical for mesotrophic waters. In this context, communal
sewage might be a good source of nitrogen and phosphorus needed for its de-
velopment. As long as the amount of oxygen remains sufficient for biota, the 
presence of abundant food is reflected by the rise of fish fatness in such (conta-
minated) locality. Under these conditions, bioconcentration factors on a wet
weight basis are expected to increase due to a higher lipid content in organisms,
although this does not necessarily result in elevated concentrations of contami-
nants in lipid [6]. In Fig. 2 various expressions of synthetic musk concentrations
in bream obtained from two sampling sites of river Elbe in the years 1997–1999
(unfortunately no bream were available in the sampling year 2000 at these local-
ities) are shown.

While, compared to samples from Kunětice, increased levels of both musk
groups in tissues of bream from Srnojedy were apparent throughout the entire
monitoring period indicating the closeness of pollution source (urban area Pardu-
bice is located upstream of this sampling site), normalization of musk levels to 
lipid content rather obscured (see data from years 1998 and 1999) the differences
between these two localities as regards the extent of their contamination. Al-
though higher musk levels in locality Srnojedy were also documented by analy-
sis of bottom sediments, corresponding concentrations of musks in lipid might
be levelled due to the “diluting effect” occurring in fattier fish. Rather surpris-
ingly, contamination of bream was very low in both localities close to the city 
Pardubice in the first monitoring year 1997.According to our records, long-term
rains in respective summer season caused unusually high water flows in partic-
ular section of river Elbe what might have caused dilution of wastewater con-
taining musk compounds and, consequently, lowered the extent of their uptake
by fish. Another factors which are probably responsible for apparently low body
burden of musks in bream from Srnojedy in 1997 is their small mean size (re-
spectively age) as well as lower content of lipids compared to fish population col-
lected in subsequent years.

Overall,polycyclic musks HHCB and AHTN were clearly dominating compounds
in all fish samples as shown in a recent survey by Rimkus [7a]. Similar findings
are reported in all studies carried out in Europe. The presence of other com-
pounds of this group (ADBI,AHDI and ATII) could be unequivocally analysed in
our samples too; nevertheless, their levels were lower by at least one order of
magnitude. The nitro musk fragrances MX and MK were also proved ubiquitous
in all monitored aquatic ecosystems. When comparing their typical abundance
with polycyclic musks, the following concentration order was found in most of fish
samples: HHCB>AHTN�MX≥MK≈AHDI>ATII≈ADBI. It is worth noting that,
in contrast to our data, significantly higher residue levels of MK compared to MX
were reported in several German studies [2c, 7b,c, 8] for various freshwater fish,
both from rivers (including river Elbe) and sewage ponds. In their comprehensive
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review on the fate of nitro musks in the aquatic environment, Rimkus et al. [9]
referred to an important role of metabolization pathway in sewage plants re-
sulting in a formation of monoamino metabolites from parent compounds; their
presence was proved in various compartments of aquatic environment [10a,b,
11]. Adsorption in sludge is another factor influencing concentration of synthetic
musks and related compounds in effluents.Although Pow value (3.8) estimated for
4-NH2-MX (main MX metabolite) is by about one order of magnitude lower than
that of parent compound (Pow=4.9), its hydrophobicity is still high enough to 
allow bioaccumulation in fish (NH2-MK, the main metabolite of MK is too polar
in this context).As shown by Rimkus et al. [9], in some fish from the German part
of the river Elbe and mainly in biota from sewage ponds, 4-NH2-MX levels ex-
ceeded its precursor even by one order of magnitude. Consequently, MX/MK 
ratio£1 was determined in fish in spite of lower bioconcentration factor of MK.
Concentration of nitro musks in water has to be considered for the complex as-
sessment of bioconcentration; nevertheless, opposite situation could be expected
due to the higher production rates of MX compared to MK [1a]. However, since
the first findings of nitro musks in the environment and human samples at the
beginning of the 1990s, the industrial production and use of MX has been signi-
ficantly reduced [7c]. Rather distinct nitro musks pattern recognized in fish from
Czech rivers may be a result of differences in technologies employed in sewage
treatment plants; biodegradation processes leading to transformation of MX
might be less extensive than those in the above-mentioned German studies. The
other alternative, i.e. different pattern of use volumes of individual nitro musks
in the Czech Republic compared to other countries, is not probable because prac-
tically the same cosmetic/detergent products are available in both markets. As-
sumption on a lower conversion rate of MX into its amino metabolite in Czech
sewage treatment facilities was confirmed within a pilot study in which sets of
three fish species from Klecany (Moldau, sampling year 2000, characteristics of
examined set of fish is shown in Tables 1, 2 and 3 were analysed not only for MX
and MK but also for their metabolites represented by 2-NH2-MX, 4-NH2 -MX and
2-NH2-MK.Although 4-NH2-MX (no other amino musks above LOD 10 mg kg–1 lw
were detected) exceeded concentration of MX in all samples, the metabolite/
parent compound concentration ratio varied among the fish species: the maximum
value of 2.2 (RSD=10%) was found in perch; in chub it was 1.9 (RSD=12%) and
in bream only 1.6 (RSD=10%). Either differences in bioconcentration mechanism
or in the extent of metabolization of nitro musks in fish may explain these ob-
servations. In any case, in accordance with the lowest content of 4-NH2-MX, the
highest MX/MK ratio was recorded in the later species in locality Klecany – not
only in the year 2000 but also in previous sampling periods.

Generally, high correlation coefficients between concentrations of the main
polycyclic musks (HHCB and AHTN) existing for all examined fish species (typ-
ically r2>0.9) were not surprising because only mixtures of these compounds are
used for fragrance compositions. Regarding nitro musks, less distinct correlation
between MK and MX levels in fish was calculated in some cases. Varying extent
of their biotransformation discussed above might explain this fact.

Considering the whole set of data obtained for fish used as pollution bioindi-
cator in monitored localities, the worst situation with respect to musk levels was



recognized in the localities of Klecany at Moldau, Srnojedy at Elbe and Králíky
at Tichá Orlice. In all cases the sampling sites were located only a few kilometers
downstream from large urban areas at which production of large volumes of
sewage waters is common. Invariably, the most serious contamination of aquatic
ecosystem was recognized at Klecany located approximately 4 km downstream
of the outlet of one of the biggest Prague municipal sewage treatment plant.
The absolutely highest concentrations (90% percentile, mg g–1 lw) were found
in1998 in barbel: HHCB 12.6, AHTN 13.3, MX 2.3 and MK 0.9. Unfortunately, no
corresponding data for this particular species (typically living in close contact
with bottom sediments) are available in the literature for comparison. Never-
theless, considering the levels of polycyclic musks in bream and perch measured
throughout the monitoring program in Klecany, the extent of their contamina-
tion was approximately two times higher than “the worst case situation” reported
by Eschke et al. [2] in 1995 for the same species collected from the extensively 
polluted river Ruhr.

In accordance with findings reported, e.g. for contamination of various fresh-
water fish caught in several Italian rivers [12] or more recently in the river Elbe
[13], HHCB levels (both, means and medians) always exceeded those of AHTN
in the Czech fish samples. On the other hand, the opposite ratio for these major
polycyclic musks was recorded for instance by Eschke et al. [2d], although HHCB
levels in water samples taken from river Ruhr at the same time period
(1994–1996) reported by the same author [2c,e] were higher compared to AHTN.
It should be emphasized that environmental behaviour of these chemicals is 
influenced by many factors and without the knowledge of the actual pollution sit-
uation in particular compartments (levels of musks in water, suspended particulate
matter and sediments) it is difficult to discuss the reason of this phenomenon.

As a part of critical assessment of the whole set of data generated throughout
the monitoring program, occurrence of temporal trends in concentrations of both
musk groups measured in all localities has been checked. In contrast with some 
reports on increasing tendency of polycyclic musks with concurrent decrease of
nitro musks discussed by Rimkus [9], no statistically significant tendency of this
kind was recognized in Czech rivers for either musks group.As illustrated in Fig. 3,
only small variations of musk levels in specific sampling localities (less and seri-
ously polluted ones were selected) occurred within three monitoring years both in
fish tissues and sediments, in spite of some inter-annual changes in characteristics
of particular matrices.

Differences in lipid contents in case of biota or slight changes in content of or-
ganic carbon in sediments may influence concentration of target pollutants. These
observations may be due to a relatively insignificant fluctuation in composition of
effluents from sewage treatment plants. Limited variation of musk concentrations
in SPMDs deployed in river Elbe [15] as well as in various surface water samples
[16] has been recently reported by other authors.

Another example of three years monitoring data obtained in our project is shown
in Fig. 4 for trout collected at three localities along the small river Tichá Orlice.

As documented here, relatively low levels of musks were consistently measured
in fish from sampling site downstream of the small village Červená Voda (low
lipid contents in local fish were due to a limited availability of food in this “clean”
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Fig. 3 Concentrations (medians) of synthetic musk compounds analysed in chub, bream and
sediments collected in Hřensko (river Elbe) and Klecany (river Moldau) during monitoring
program



locality). On the other hand, samples from Králíky were in all the years distinctly
more contaminated; extremely extensive pollution of trout by polycyclic musks
was recorded in 1998. Interesting to note that, contrary to other years, concentra-
tions of AHTN dominated in 1998 over HHCB. This rather untypical phenomenon
was also observed in this year in the locality downstream of Lichkov. On the other
hand, the levels of nitro musks in trout were at the same time relatively low. The
same musks pattern was found in sediments which were, compared to other sam-
pling sites, relatively extensively contaminated, specifically by polycyclic musks
(probably not only due to high musks inputs but also because of relatively high
content of organic matter which is responsible for binding of lipophilic pollu-
tants). As one month prior to fish sampling local floods occurred at river Tichá
Orlice in the year 1998, increased exposure of fish to mobilized sediments could
have caused this unusual contamination pattern.

2.2
Fish as Biomonitor vs SPMD

Semipermeable membrane sampling device (SPMD) that was originally invented
to study the bioavailability of hydrophobic organic chemicals such as PCBs
and/or organochlorine pesticides to aquatic organisms [17] has nowadays become
a widely used passive sampler finding a large range of applications including mon-
itoring of freshwater pollution. Recently, SPMD has also been shown applicable
in analysis of synthetic musks in polluted rivers and various reservoirs [10a,13,18].
To assess an informative/predictive value of data obtained by analysis of SPMD
and to compare it with analyses of fish commonly used as biomonitor, a pilot

178 J. Hajšlová · L. Šetková

Fig. 4 Concentrations (medians) of synthetic musk compounds in trout from sampling sites
at river Tichá Orlice
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study was conducted within our monitoring program. In Fig. 5 there are shown
concentrations of musks analysed in extracts recovered from the low-density
polyethylene membranes that were deployed for three weeks in the river Moldau,
locality Klecany.

In Fig. 5 there are also shown data obtained for several fish species collected
here at the end of SPMD sampling period. As can be seen, under conditions ap-
plied in our experiments, the concentration range of polycyclic musks accumu-
lated in a “virtual fish” represented by SPMD corresponded approximately to
chub; on the other hand, as regards relative abundance of synthetic musks, the
best similarity was recorded for bream. However, the levels of nitro musks deter-
mined in triolein isolated from semipermeable membrane bag were distinctly 
lower than those found in any of the fish species studied; the accumulation was
low specifically for MK (MX/MK ratio was significantly higher in this kind of pas-
sive sampler than in fish). Very similar observations were obtained in other lo-
calities. Considering the physico-chemical properties of particular compounds,

Fig. 5 Concentrations (medians) of synthetic musk compounds in perch, chub, bream and bar-
bel, in comparison with those in SPMD (river Moldau, locality Klecany, sampling year 2000)



this phenomenon might be attributed to a lower lipophilicity of this class of
musks (Pow of MK and MX=4.2 and 4.9, respectively) [19] compared to polycyclic
fragrances (e.g. Pow of HHCB and AHTN=5.9 and 5.8, respectively) [7a]. In any
case, it should be noted that musk patterns (relative abundance of individual
compounds) in fish do not generally correlate with their physico-chemical prop-
erties. Significantly lower bioconcentration (uptake of chemical by absorption
from water only) and bioaccumulation (combination of bioconcentration and
food uptake) than expected on the basis of theory were invariably measured for
polycyclic musks in several studies [7a, 16–20]. This discrepancy might be at-
tributed to a strong metabolism taking place in these aquatic biota [10a, 13, 16].
For more details see the chapter of Biselli et al. in this monograph.

Regarding the SPMD uptake that corresponds to three weeks sampling period
applied in our experiments, we assume it can be classified as a linear, integra-
tive type of sampling, i.e. equilibrium was not approached. This assumption is
in line with a recent study [8] reporting generally higher enrichment of poly-
cyclic musk compounds in SPMDs after seven weeks of their deployment in the
pond of a municipal sewage treatment plant compared to several fish species 
living here. Also the relative accumulation of MX and MK was higher as the 
result of significantly longer exposure period of SPMDs compared to our study.
It should be noted that the plateau levels of AHTN and HHCB were rapidly 
reached (3–7 days of exposure) in bioconcentration tests employing bluegill
sunfish [20]. However, as regards our study, it is rather difficult for us to speculate
on the status of exposure phase of fish at the time of its catching because of dif-
ferent exposure conditions and wide inter-species variation as regards intake/
excretion rates.

Simultaneously with synthetic musks, priority lipophilic contaminants such as
PCBs and related persistent chlorinated aromatic compounds were determined
in all examined samples. As illustrated in Fig. 6, the relative abundance of indi-
vidual compounds composing the later group of pollutants as well as their 
analytical concentrations in trioleine after 21 days of SPMD deployment were
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Fig. 6 Concentrations (medians) of PCBs in perch, chub, bream, and barbel in comparison
with SPMD (river Moldau, locality Klecany, sampling year 2000)
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mainly lower than those determined in fish. Poor agreement of the data for these
chemicals obtained by this passive sampler and biomonitoring organism in spite
of similar Pow values to those of synthetic musks is mainly due to biomagnifica-
tion occurring in fish in case of PCBs (this phenomenon obviously does not take
place for musks). In any case, significantly longer deployment of SPMDs to attain
equilibrium for PCBs would be needed.

2.3
Species-Dependent Pollution of Fish by Synthetic Musks

Remarkable differences in measured bioconcentration factors (BCFs) for individ-
ual musks among various fish species highlighted by several authors [7a, 8, 9, 21]
have also been well documented in our study.As already shown in the foregoing
Figures (see Figs. 3 and 5) and confirmed in Fig. 7, generally, the most extensive
bioconcentration of musk compounds occurred in bream and/or in barbel while
the lowest total musks levels were perpetually found in chub despite typically
higher mean levels of lipid in this fish compared to those determined in other
species.

Considering the whole data set obtained for polycyclic musks (including the
minor compounds of this group) in the most abundant fish species, both the
mean concentrations and median values were statistically higher in bream and/or
barbel than in chub and/or perch regardless of the expression of results (either
on wet weight or lipid weight). Regarding nitro musks, this trend was not so dis-
tinct. In any case, although differences in contamination of monitored localities
existed, in all of them the relative amount of polycyclic musks was always higher

Fig. 7 Total concentrations of synthetic musk compounds (sum of examined analytes) in sev-
eral fish species collected in sampling sites at river Moldau and mean values of lipid content
(sampling year 2000)



in bream ranging between 90–95%; in chub their contribution to the total musks
content was lower, in the range 75–86%.

Figure 8 illustrates typical patterns of analytes representing both groups of
musks in fish from river Elbe, locality Hřensko.

In agreement with literature data [7a], the pattern of musks in muscle and liver
of particular species were practically identical, the differences in analysed levels
of musks were caused only by differing content of lipids in examined tissues.
However, distinctive dissimilarities in relative abundance of HHCB and AHTN
obviously due to the differences in the metabolization rate were recorded.While
in chub the ratio of these dominating polycyclic musk compounds varied in a rel-
atively narrow range typically slightly exceeding the value 1, in bream HHCB was
clearly prevailing over AHTN, the ratio of major polycyclic musks ranged from
approximately 1.5 up to almost 4. Considering the principles of pure biocon-
centration mechanism [6] (which is theoretically simulated by SPMD sampling
discussed above) as well as taking into account the data generated in presented
study it might be speculated that less extensive metabolization of polycyclic
musks, specifically of HHCB, occurs in bream, or vice versa a faster metabolism
of AHTN. Our observations are in agreement with another study [21] concerned
also with the examination of several fish species for musk levels: HHCB seems to
be more prone to biotransformation compared to AHTN.
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Fig. 8 Concentrations (medians) of synthetic musk compounds in muscle and liver of chub,
barbel and bream (river Elbe, locality Hřensko, sampling year 2000)

chub barbel

bream
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3
Human Milk as Bioindicator: Set-Up of a Pilot Study

Human milk and adipose tissue is a widely employed bioindicator of the actual
body burden of liphophilic and persistent compounds.While studies of a long-term
exposure to organochlorine contaminants as well as studies of time-related trends
in environmental contamination have already been conducted for several decades,
the occurrence of musk compounds in these matrices were reported as late as at the
beginning of the 1990s [22, 23a,b]. Regarding human exposure to synthetic musks,
dietary intake seems to be negligible in this context, since meaningful contamina-
tion of food was found only in aquatic organisms (specifically freshwater fish) and
not in other food of terrestrial animal origin. The main route of musks uptake is
probably via dermal absorption due to frequent and intense dermal contact with
fragrances contained in cosmetics and washed textiles [5, 23b, 25].

Before the pilot study presented here, no data were available in the Czech 
Republic for the assessment of human exposure by musks. In order to receive at
least partial information, 59 milk samples were collected from nursing mothers
(living but not necessarily born in Prague) by the Gynaecological Clinic which
belongs to Medical Faculty, the Charles University, Prague. The manual sampling
(milk expressed from the breast into a clean container) was conducted in accor-
dance with WHO guidelines. Using a detailed questionnaire, relevant information
on biological parameters such as age, dietary habits (specifically consumption of
freshwater/marine fish), use of perfumed cosmetics, frequency of contacts with
detergents, etc. were collated. Regarding the analytical procedure, isolation of
analytes from milk samples was carried out according to AOAC procedure de-
scribed in European norm 528 [26]. Isolated lipids (their content in milk ranged
from 1.5 to 4.2 wt%) containing target analytes were processed in the same way
as described above for fish samples. The limit of detection (LOD) was estimated
at 10 mg kg–1 lw for all the analytes.

3.1
Synthetic Musks in Human Milk Samples Collected in Prague

In Table 8 the obtained results are summarized; for comparison, data from sev-
eral similar German studies are listed too.

In all the Czech samples, concentrations of HHCB exceeded LOD; AHTN, MX
and MK were determined in 90, 92 and 32% of samples, respectively. Although,
based both on mean and median values, the concentration order HHCB>AHTN>
MX>MK was found in the milk set, great differences existed among examined
samples (Fig. 9); the distribution of analytes was not a Gaussian one.

In some of the milk samples the opposite concentration order within the par-
ticular group of synthetic musks was determined – either AHTN slightly ex-
ceeding HHCB (in 25% of cases) or MK was higher than MX (in three cases). The
ratio of sum of polycyclic musks/sum of nitro musks ranged from 1 to 20. These
facts clearly document a great diversity of exposure routes of individual donators.
As regards the overall extent of breast milk contamination, distinctly higher 
levels of polycyclic musks were found in Czech samples when compared with
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Table 8 Concentrations of synthetic musks (mg kg–1 lw) in human milk samples from Czech
Republic, Prague; comparison with data obtained in German studies (references in square
parentheses)

Parameter Origin of study, HHCB AHTN MX MK
Number 
of samples

Minimum Czech Rep. 13 <10 <10 <10
[22], na=391 nab nab 10 <10
[23b], na=23 nab nab 40 10
[5], n=5 16 11 10 5
[27], n=55 na na 10 ndc

Maximum Czech Rep. 720 565 156 93
[22], n=391 na na 1220 240
[23b], n=23 na na 190 90
[5], n=5 108 58 30 15
[27], n=55 na na 253 103

Median Czech Rep. 149 67 42 30
[22], n=391 na na 70 30
[27], n=55 na na 40 10

Mean Czech Rep. 214 112 53 39
[22], n=391 na na 100 40
[27], n=55 na na 41 10

Standard Czech Rep. 175 (82) 114 (101) 37 (70) 24 (61)
deviation 
(RSD %)
90% Czech Rep. 509 304 106 77
percentile [22], n=391 na na 210 80

a n  = number of samples.
b na = not analysed.
c nd = not detected.

data reported by Rimkus et al. [5]. On the other hand our results were more com-
parable to those (not shown in Table 8) reported by Eschke [24] in another study
for two milk samples. In any case, very limited set of data available at present does
not allow any general conclusions.

Contrary to polycyclic musks, relatively numerous studies have been con-
cerned with the occurrence of nitro musks in this bioindicator [22, 23a,b, 27].
Levels of nitro musks determined in Czech samples corresponded or were slightly
lower than values reported by German authors (Table 8), the MX/MK ratio seems
to be rather lower (relative abundance of MX higher) in our samples (however,
it is worth noting that maximum levels of MX reported in extensive study carried
out nine years ago in Southern Bavaria [22] were higher by almost one order of
magnitude). Whether continual drop in levels of nitro musks in Czech human
milk occurs (the decrease of PCBs and other persistent contaminants was un-
equivocally documented one of our recent studies) in accordance with downward
trend described in Germany within the period 1993–1996 [28] will reveal a fol-
low-up study planned for the year 2003.
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Fig. 9 Frequency distribution of synthetic musk compounds in 59 milk samples from Czech
Republic (maximum value for HHCB [720 mg kg–1 lw] not shown here)

It should be noted, that statistical examination of all available information
failed to prove any correlation between the musks levels and personal data of
mothers obtained by the questionnaire. Due to generally low consumption of
freshwater/marine fish (only 17% of responding mothers used to eat it each
week), it might be speculated that dermal exposure is dominating way of syn-
thetic musk intake in examined population. As declared by many other authors
concerned with this issue, more research is obviously needed in this field to take
effective measurements aimed at minimizing of human contamination.

4
Conclusions

Polycyclic musks as well as nitro musks were shown to be ubiquitous contami-
nants of aquatic ecosystems in Czech Republic. Both sediments and fish collected
at monitored sampling sites of river Elbe and its tributaries Moldau and Tichá
Orlice contained the same representatives of polycyclic fragrances and nitro
musks as reported in other European studies. In accordance with them, the 
former group of musks was distinctly dominating, the maximum concentra-
tions in fish (sampled from river Moldau downstream of Prague) were as high 
as 104 mg kg–1 lw (the highest levels of MX were 103 mg kg–1 lw). The relative abun-



dance of particular synthetic musks were matrix-dependent, while in fish the
typical concentration order of major musks was HHCB>AHTN�MX>MK; in
sediments the typical pattern was AHTN>HHCB�MX=MK. In any case, signif-
icant correlation (r2>0.8) between the contamination of sediments and content
of musks in fish collected at particular locality was proved.With respect to a very
similar pattern of synthetic musks in respective fish species regardless of the 
extent of particular locality pollution, it seems there are not distinct differences
either in sewage treatment technology or the sources of waste contamination 
(the use of scented products).

Although any of the examined fish species may be employed as a relevant
bioindicator of the presence of sewage waters in respective aquatic ecosystem, the
best suited fish for this purpose seems to be bream because of its highest bio-
concentration potential. This phenomenon might be attributed to low intensity
of musk metabolization compared to other fish species involved in the study. As
regards the sampling of fish for monitoring of musks, its age/size is not impor-
tant since only bioconcentration mechanism is responsible for the uptake of these
water pollutants.

An alternative sampling technique represented by SPMD was shown to be very
well suited for monitoring of polycyclic musks (the levels in this “virtual fish”
correspond to lipophilicity of particular substances dissolved in water). Lower
sensitivity of nitro musks detection, specifically of MK, has to be taken into ac-
count due to its higher polarity.

Results obtained by analysis of breast milk samples showed extensive exposure
of some donators by these synthetic fragrance compounds. However, no general-
ization with respect to the route of exposure could be drawn on the basis of col-
lated information. A follow-up study focussing on clarification of this issue will
be initiated.
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