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Ergosterol and 3-hydroxy fatty acids, chemical markers for fungal biomass and the endotoxin of gram-
negative bacteria, respectively, may be useful in studies of health effects of organic dusts, including domestic
house dust. This paper reports a method for the combined determination of ergosterol and 3-hydroxy fatty
acids in a single dust sample and a comparison of these chemical biomarkers determined by gas chromatog-
raphy-mass spectrometry with results from fungal culture and Limulus assay. Analyses of replicate house dust
samples resulted in correlations of 0.91 (ergosterol in six replicates; P < 0.01) and 0.94 (3-hydroxy fatty acids
in nine replicates; P < 0.001). The amounts of ergosterol (range, 2 to 16.5 ng/mg of dust) correlated with those
of total culturable fungi (range, 6 to 1,400 CFU/mg of dust) in 17 samples, (r 5 0.65; P < 0.005). The amounts
of endotoxin (range, 11 to 243 endotoxin units/mg of dust) measured with a modified chromogenic Limulus
assay correlated with those of lipopolysaccharide (LPS) determined from 3-hydroxy fatty acid analysis of 15
samples. The correlation coefficient depended on the chain lengths of 3-hydroxy acids used to compute the LPS
content. The correlation was high (r 5 0.88 6 0.01; P < 0.001) when fatty acid chains of 10 to 14 carbon atoms
were included; the correlation was much lower when hydroxy acids of 16- or 18-carbon chains were included.
In conclusion, the results of the described extraction and analysis procedure for ergosterol and 3-hydroxy fatty
acids are reproducible, and the results can be correlated with fungal culture and endotoxin activity of organic
dust samples.

Various allergic reactions and respiratory symptoms have
been linked to the inhalation of microbe-contaminated air.
Cultural analysis of air or dust samples is the most commonly
used method for exposure assessment. However, it has been
estimated that only 0.1 to 10% of the total number of micro-
organisms in environmental samples are detectable by culture
(32), and it is widely recognized that the stress imposed by
some sampling methods (e.g., filtration) further reduces the
culturability of bacteria. Although fungi are resistant to sam-
pling stress, recoveries are strongly dependent on culture me-
dia, conditions of incubation, and the density of colonies on
each plate. Alternative methods of quantifying microorganisms
present in environmental samples may be appropriate, espe-
cially if health effects do not depend on variability and/or
specific identification of a particular microbial genus or spe-
cies.

Analysis of chemical markers in environmental samples can
provide information about microbiological composition (32).
During recent years, this approach has been used to study
organic dust and has included determination of muramic acid
(4, 5, 13, 23, 35) and diaminopimelic acid (27) for measuring
peptidoglycan and determination of 3-hydroxy fatty acids
(3-OH FAs) (12, 23, 27, 28, 35) and ergosterol (1, 14, 23) for
measuring endotoxin and fungal biomass, respectively. Due to

its high detection selectivity and sensitivity, gas chromatogra-
phy-mass spectrometry (GC-MS) is the preferred method for
this type of analysis.

Endotoxin (lipopolysaccharide [LPS]) is a collective term
designating a characteristic group of constituents of the outer
membranes of gram-negative bacteria. Inhalation of endotoxin
has been correlated with workplace-related illness in both ag-
ricultural (7, 25) and nonagricultural (3, 16, 17) environments.
It is also suspected to play a role in the development of the
“sick building syndrome” (6, 30) and in the severity of com-
munity-acquired asthma (11). Limulus-based bioassays, which
rely on the capacity of endotoxin to activate proteolytic en-
zymes from horseshoe crab amebocytes, are frequently used to
measure endotoxin in environmental samples. These methods
measure bioactivity rather than absolute amounts of LPS, and
results correlate with some human health effects. However,
Limulus methods are susceptible to cross-reactions and inhi-
bition of the enzyme cascade by other environmental contam-
inants. The GC-MS method for analysis of the LPS-character-
istic 3-OH FAs detects LPS with a low likelihood of
interference and also provides some information about the
bacteria that are sources of the LPS, because the relative
distributions of the individual 3-OH FAs differ among species
of gram-negative bacteria (33). However, measurement of
3-OH FAs detects LPS regardless of bioactivity. Various de-
grees of correlation have been found between the results of
3-OH FA analysis and Limulus-based assays for determination
of endotoxin in environmental samples (27, 28, 31).

Inhalation of fungal-source particles is also suspected to
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cause toxic reactions related to structural cell wall components
(b-1-3-D-glucans) and to secondary metabolites (mycotoxins)
(19, 22). Fungi are also well-recognized allergen sources (9).
Cultivation of fungi from environmental samples (the usual
approach to exposure assessment) provides some quantitative
information on culturable fungi and on species identity, but the
method does not detect nonculturable or disrupted spores or
hyphal elements. The specific membrane lipid ergosterol has
been widely used as a chemical marker for the measurement of
fungal biomass in agricultural products and, to a limited extent,
in organic dust samples (1, 14). To the best of our knowledge,
amounts of ergosterol in organic dust have not yet been related
to levels of culturable fungi.

Our studies were designed to (i) develop a method for mea-
suring both endotoxin and ergosterol in the same dust sample,
(ii) compare our GC-MS-based methods for endotoxin and
ergosterol with Limulus analysis and culture, respectively, and
(iii) evaluate the relationship of 3-OH FA chain length and
strain source to endotoxin bioactivity.

MATERIALS AND METHODS

Dust samples. Samples of floor dust were collected from homes by vacuuming
a 2-m2 area of carpeting for 5 min with a Eureka Mighty Mite vacuum cleaner
that had been modified so that dust was trapped in a Soxhlet cellulose extraction
thimble. Each sample was sieved, and the fine-dust fraction (particle diameter,
,400 mm) was weighed and divided into aliquots for analysis. The house dust
samples were obtained from ongoing studies of domestic exposures and asthma
being conducted in the Boston, Mass., area. Some samples came from homes of
Harvard University faculty, staff, and students participating in a study of the
seasonal variation of allergen levels. Other samples came from Boston area
homes whose residents were participating in a prospective study of asthma. In
some cases, more than one sample (e.g., living room and bedroom) from one
home was used. Houses were sampled without respect to their individual char-
acteristics.

Cultivation and identification of fungi in dust. Dust samples were dilution
cultured on dichloran glycerol medium (DG 18; Difco Laboratories, Detroit,
Mich.) (20). Fungal colonies (including yeasts) were counted after 10 days of
incubation at room temperature and classified according to morphological cri-
teria as either yeast-like or filamentous. Data are expressed as CFU per milli-
gram of fine dust.

Reference bacterial preparations. Cultures of gram-negative bacteria with a
known variety of 3-OH FA composition (33) were studied. Escherichia coli
(clinical isolate), Branhamella catarrhalis (clinical isolate), Pseudomonas aerugi-
nosa (ATCC 27853), and Pseudomonas cepacia (CCUG 13226) were cultivated
on Progressive Diagnostics Manufacturers agar (Biodisk AB, Solna, Sweden)
overnight at 37°C. Helicobacter pylori (CCUG 17874) was cultivated under mi-
croaerophilic conditions for 3 days at 37°C on selective blood-containing hematin
agar plates prepared as previously described (26). The bacteria were suspended
in 5 ml of pyrogen-free water, heated at 80°C for 15 min, and centrifuged at 3,000
3 g for 15 min. Each supernatant was passed through a disposable sterile
cellulose acetate filter (0.45-mm pore size; Millipore SA, Molsheim, France),
autoclaved, and analyzed for both 3-OH FAs and Limulus activity as described
below.

Limulus assays. Dust samples (25 mg) were sonicated in 5 ml of 0.05 M
potassium phosphate buffer containing 0.01% triethylamine (pH 7.5). Aliquots
(50 ml) of these samples and of the bacterial extracts (see above) were analyzed
for endotoxin by the kinetic Limulus assay with resistant parallel-line estimation
(KLARE) method described in previous publications (15, 31). Kinetic chromo-
genic Limulus amebocyte lysate (LAL) preparations were obtained from Bio-
Whittaker (Walkersville, Md.) for analysis of dust samples and bacterial extracts.
Additional chromogenic lysate was obtained from Endosafe (Charlestown, S.C.),
and kinetic turbidimetric LAL was obtained from Associates of Cape Cod
(Woods Hole, Mass.) for analysis of the bacterial samples. Reference standard
endotoxin (EC6) came from the United States Pharmacopoeia (Rockville, Md.).
Tests were run in polystyrene microplates which were incubated at 37°C and
monitored at 405 nm for changes in optical density (OD). The maximal rate of
change in OD (Vmax) and the log of the time required to reach a 200-milli-OD
unit (chromogenic) or 20-milli-OD unit (turbidimetric) increase over the initial
OD (on set time) were used as response indicators; these values were analyzed
by resistant parallel-line regression to compute endotoxin potency as previously
described (15).

Determination of 3-OH FA GC-MS response factors. The response factors of
the GC-MS to methyl ester-trimethylsilyl (TMS) derivatives of 3-OH-C10:0,
3-OH-C12:0, 3-OH-C14:0, 3-OH-C16:0, and 3-OH-C18:0 were studied as follows.
Methyl esters of these acids (i.e., a mixture of the esters, purchased from Laro-
dan Lipids AB, Malmö, Sweden) were converted to TMS derivatives (12); the

internal standard (deuterated 3-OH-C14:0, 10 ng/ml) was esterified and TMS
derivatized separately. The derivatized methyl ester mixture (1 ng/ml) was diluted
in several steps (in duplicate), and 50 ng of the internal standard derivative was
added to each dilution. To obtain calibration graphs, 0- to 1,000-pg aliquots (1
ml) of the dilutions of the derivatized mixture were injected into the GC-MS, and
the amount of each of the acids in the injected aliquots was plotted against the
ratio between the areas of the derivatized acids and the areas of the internal
standard; the ion m/z 175 (m/z 178 for the derivative of the internal standard) was
monitored as previously described (12).

Dust extraction and GC-MS analysis. Fine-dust samples (11 to 59 mg) were
heated at 80°C for 90 min in 3 ml of 10% methanolic KOH. After cooling,
dehydrocholesterol (500 ng) was added as an internal standard. Next, 1 ml of
water was added and the samples were extracted twice with 2 ml of hexane. The
hexane phases were used for analysis of ergosterol, and the aqueous phases were
used for analysis of 3-OH FAs.

For analysis of ergosterol, the hexane phases were pooled, dried under a
stream of nitrogen, dissolved in 1 ml of dichloromethane-hexane (1:1, vol/vol),
and applied to a disposable silica gel column (100 mg of Si/ml; Analytichem,
Harbour City, Calif.) that had been preconditioned with 1 ml of ether and 1 ml
of dichloromethane-hexane. The column was washed with two 1-ml portions of
dichloromethane-hexane before elution of sterols and other polar lipids with two
1-ml portions of diethyl ether. After evaporation of the solvent, TMS derivatives
were formed and analyzed as previously described (1).

For analysis of 3-OH FAs, the aqueous phases were acidified to pH 1 to 2 with
4 M HCl and then partially evaporated under a stream of nitrogen and freeze-
dried. The dried preparations were heated in 4 M methanolic HCl for 18 h at
100°C. After cooling, 500 ng of the internal standard (deuterated 3-OH-C14:0
methyl ester) was added. The preparations were extracted with hexane, dried,
dissolved in 1 ml of dichloromethane-hexane (1:1, vol/vol), and applied to a silica
gel column (100 mg of Si/ml; Varian, Harbour City, Calif.) that had been
preconditioned with 1 ml each of diethyl ether and dichloromethane-hexane. The
column was then washed twice with 1 ml of dichloromethane-hexane and then
twice with 1 ml of diethyl ether. The eluates were dried under a stream of
nitrogen, and 3-OH FAs were analyzed as methyl ester-TMS derivatives as
previously described (12). LPS was quantitated by using the calibration graphs
for the individual 3-OH FAs (chain lengths of 10 to 18 carbon atoms) and
assuming that 4 mol of 3-OH FAs corresponded to 1 mol of LPS (33) and that
the average molecular mass of environmental LPS was 8,000 Da (unpublished
results). The reproducibility of the GC-MS assay was examined by comparing the
amounts of 3-OH FAs found in nine replicate dust samples, as well as those in
seven equal volumes of a hydrolysate of a separate dust sample (10.5 mg, from
a home vacuum cleaner).

To determine the efficiency of the TMS derivatization of the 3-OH FA methyl
esters, a separate house dust sample (approximately 20 mg) was heated in 4 M
methanolic hydrogen chloride overnight at 100°C (12), and the resulting hydro-
lysate was centrifuged and divided into two equal parts. The internal standard
was added, and the two samples were extracted with hexane, evaporated to
dryness, and TMS derivatized (12) at 80°C for 20 and 30 min, respectively.
Aliquots (1 ml) of the preparations (each 1,000 ml) were analyzed immediately
after the derivatization and after 1, 3, 6, 24, and 48 h of storage at room
temperature.

Statistical analysis. Based on graphical analysis, the distribution of data for
ergosterol and culturable fungi in the dust samples was approximately log nor-
mal. Therefore, these data were log transformed for computation of Pearson
correlation coefficients (34). The distribution of data for the endotoxin and LPS
data was approximately normal, and these data were analyzed on the arithmetric
scale. Reproducibility of the assays was determined by computing the appropri-
ate Pearson correlation coefficient and by computing the coefficient of variation
for replicate analyses of a single dust sample.

RESULTS

Ergosterol and fungi. One aliquot of each of 11 dust samples
and two duplicate aliquots of each of 10 dust samples were
analyzed, resulting in a total of 31 separate GC-MS analyses
for ergosterol and 21 for which ergosterol and fungal levels can
be compared. Ergosterol in 4 of the 31 analyzed preparations
could not be accurately determined due to interference from
an unknown, partly coeluting substance. The correlation be-
tween the amounts of ergosterol in the remaining six replicate
samples, with a chromatographically well-resolved peak of er-
gosterol in both aliquots, was 0.91 (P , 0.01). The amounts of
ergosterol in the 17 dust samples with valid measurements
ranged from 2 to 16.5 ng/mg of dust, with a geometric mean
(GM) of 5.1 and a geometric standard deviation of 1.7.

Levels of total culturable fungi in these 17 dust samples
ranged from approximately 6 to 1,400 (GM, 77) CFU/mg of
fine dust, including 4 to 530 (GM, 49) CFU of filamentous
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fungi and 0 to 1,360 (GM, 15) CFU of yeasts per mg of dust
(Table 1). A correlation coefficient of 0.65 (P , 0.005) between
the levels of ergosterol (nanograms per milligram of dust) and
total culturable fungi (CFU per milligram) was found when
natural-log-transformed data were used (Fig. 1); separate com-
putation of correlation coefficients between levels of ergosterol
and yeasts and between levels of ergosterol and filamentous
fungi resulted in values of 0.25 and 0.57, respectively.

3-OH fatty acids. The dose-response graphs for the individ-
ual 3-OH FA methyl ester-TMS derivatives were linear over
the studied range, and the slope did not differ significantly
between the individual acids. The correlation between the nine
replicate dust samples was 0.94 (P , 0.001). In the assay
reproducibility experiment, in which seven portions of a hy-
drolysate of a single dust sample were compared, the coeffi-
cient of variation for LPS was 5.3%. In the same sample, the
relative amounts (mole percentages; average for the seven

analyses) of the different 3-OH FAs were 13.1% (3-OH-C10:0),
13.9% (3-OH-C12:0), 19.6% (3-OH-C14:0), 28.2% (3-OH-C16:
0), and 25.2% (3-OH-C18:0). No trace of 3-OH FAs was found
in any of the hexane phases of nine studied dust hydrolysates.

The TMS derivatization (at 80°C) was complete after 6 h of
storage at room temperature regardless of whether the methyl
ester preparations had been heated for 20 or 30 min. The yields
of the derivative obtained from the preparations heated for 20
and 30 min were, respectively, 71 and 82.8% immediately after
cooling to room temperature, 90 and 93% after storage for 1 h,
and 98 and 99% after 3 h of storage.

Endotoxin and 3-OH FAs in dust and bacteria. Endotoxin in
15 dust samples was measured by the Limulus assay (KLARE
method). The amounts of endotoxin in the samples varied
between 11 and 243 endotoxin units (EU)/mg of dust. The
amounts of LPS in these samples as calculated from 3-OH FA
analysis (mean values for replicate aliquots) varied between 59
and 1,399 ng/mg of dust when all of the studied 3-OH FAs
(ranging from 10 to 18 carbon atoms) were considered.

A direct comparison of results from the KLARE (EU per
milligram) and GC-MS (nanograms of LPS per milligram)
assays of the dust samples, including all of the measured 3-OH
FAs, resulted in a correlation coefficient of 0.59 (P , 0.05).
When individual 3-OH FAs were used to compute amounts of
LPS (nanograms) in the sample, the correlation coefficients
were 0.89 (3-OH-C10:0), 0.90 (3-OH-C12:0), 0.77 (3-OH-C14:0),
0.49 (3-OH-C16:0), and 0.30 (3-OH-C18:0). A correlation coef-
ficient of 0.88 6 0.01 (P , 0.001) was obtained when any of the
10- to 14-carbon 3-OH FAs were combined (Fig. 2); markedly
lower coefficients were computed when either 3-OH-C16:0 or
3-OH-C18:0 was included in the calculations.

The potency of the dust samples (EU per nanogram of LPS,
with all 3-OH FAs measured) was also related to relative
amounts of individual 3-OH FAs in the dust samples. This
calculation resulted in correlation coefficients of 0.47 (3-OH-
C10:0), 0.59 (3-OH-C12:0), 0.80 (3-OH-C14:0), 20.25 (3-OH-
C16:0), and 20.74 (3-OH-C18:0). The best correlations were
obtained when the sum of 3-OH-C10:0, 3-OH-C12:0, and 3-OH-
C14:0 (r 5 0.84; P , 0.001) was used or when only 3-OH-C12:0

TABLE 1. Fungi found in samples used for ergosterol analysis (n 5 17)

Fungal taxon
CFU/g of dust Frequency

observed
(no. of samples)Median Minimum Maximum

Alternaria 1,600 0 21,869 12
Aspergillus (other) 0 0 478,203 8
Aspergillus state of Eurotium spp. 0 0 7,290 8
Aspergillus niger 0 0 9,524 6
Aspergillus ochraceus 0 0 2,381 3
Aspergillus versicolor 389 0 21,875 9
Aureobasidium 9,063 0 105,769 14
Cladosporium 1,800 0 98,413 12
Coelomycetes 0 0 10,526 5
Epicoccum 0 0 3,125 1
Fusarium 0 0 400 1
Paecilomyces 0 0 9,091 1
Penicillium 3,491 0 28,571 14
Ulocladium 0 0 0 0
Wallemia 0 0 39,623 4
Yeast 9,615 0 1,363,636 13
Zygomycetes 0 0 5,263 3
Nonsporulating 5,263 0 150,000 15
Unknown 0 0 12,500 8

Total 81,579 9,737 1,386,364 17

FIG. 1. Amounts of ergosterol versus level of culturable fungi in 17 house
dust samples.
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and 3-OH-C14:0 (r 5 0.80; P , 0.001) or all acids except
3-OH-C18:0 (r 5 0.78; P , 0.001) were analyzed.

The supernatants of suspensions of the reference bacteria
exhibited various potencies (per microgram of LPS) in the
Limulus assay (Table 2). The P. cepacia supernatant was the
most potent, followed by P. aeruginosa, E. coli, and B. catarrha-
lis, all with roughly similar potencies. H. pylori had a very low
potency, i.e., 105 times lower than that of P. cepacia. In general,
the three LALs (A, B, and C) used in the assay produced the
same rank order of potencies among the bacterial species.
However, the values obtained with lysate A were 10- to 100-
fold lower than the values noted with lysates B and C; this was
true for all species except P. cepacia. The LAL preparations
were designed to be used in water rather than in the buffer that
we used. Therefore, to determine whether the buffer was in-
terfering with lysate A, we retested the E. coli supernatant with
LAL A after dilution of the supernatant in water. The reaction

rates in response to the E. coli supernatant remained very low.
However, when assayed in water, the dose-response curve for
the supernatant was not parallel with the standard curve (EC6
diluted in water); hence, potency could not be determined.

DISCUSSION

The sample analysis approach reported here provides an
extraction procedure that allows measurement of both ergos-
terol and 3-OH FAs in a single dust sample. Ergosterol has
previously been widely used as a measure of fungal biomass in
the food-agriculture industry. In the early stages of develop-
ment of the assay, comparisons between levels of ergosterol
(usually measured by high-performance liquid chromatogra-
phy) and culturable fungi were made (2, 24). It has been shown
that the amounts of ergosterol in fungi may vary considerably
according to species and culture conditions (18, 24). However,
our studies demonstrate, for the first time, a relationship be-
tween levels of ergosterol in settled house dust and levels of
culturable fungi (r 5 0.65; P , 0.005). Future studies are
needed to determine whether nonspecific measures of fungal
biomass, such as ergosterol, are useful predictors of health
outcomes in the indoor environment.

Early comparisons of endotoxin measurements by Limulus
tests and LPS content by GC-MS were focused on detecting
false-positive reactions of the bioassay with clinical samples
(10). More recently, attention has focused on possible under-
estimation of endotoxin exposure from organic dusts by Limu-
lus assays (21, 27, 28). The level of agreement between endo-
toxin and LPS measurements has varied and may be affected by
collection and extraction methods, especially when air samples
collected on filter media are analyzed (27, 28, 31). The types of
3-OH FAs in the LPS may also play an important role in
determining the extent of correlation between bioactivity and
total LPS mass. The only previous finding of highly correlated
Limulus bioactivity and LPS measurements for air samples was
in an environment where the majority of the LPS was derived
from a limited number of species containing almost exclusively
3-OH-C10:0 and 3-OH-C12:0 (31).

In this study, we found a wide distribution of 3-OH FA chain

FIG. 2. Amounts of endotoxin versus LPS. The endotoxin values were ob-
tained by Limulus analysis, and the LPS values were calculated from the levels of
3-OH-C10:0, 3-OH-C12:0, and 3-OH-C14:0 found in 15 house dust samples.

TABLE 2. Endotoxin potencies of bacterial supernatants determined in three LAL preparations compared with LPS content and
characterization of the supernatants determined from 3-OH FA analysis

Sample
Mol% of 3-OH fatty acids with chains with the following no. of carbons:

LAL
EU/mg of LPS

10 12 14 16 18 Onset Vmax

P. cepacia 0.2 34.8 65.0 A 2,930 2,040
B 3,130 4,320
C 4,740 2,450

P. aeruginosa 22.4 76.4 1.2 A 64.9 34.4
B 822 885
C 1,260 904

B. catarrhalis 12.2 74.8 13.0 A 28.7 17.9
B 46.6 495
C 540 347

E. coli 0.9 98.4 0.7 A 3.39 2.16
B 416 272
C 367 113

H. pylori 1.0 2.3 46.2 50.5 A 0.002 0.003
B 0.043 0.033
C 0.182 0.471
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lengths in house dust. We also found that the correlation
between results of the Limulus test and 3-OH FA analysis
varied considerably when different 3-OH FAs were taken into
account. In general, if 3-OH-C18:0 and, to some extent, 3-OH-
C16:0, were excluded from the calculations, the resulting cor-
relation coefficient exceeded 0.8, i.e., was much higher than has
been noted in some previous studies (27, 28). This observation,
that certain 3-OH FAs were not associated with biologically
active LPS, was buttressed by our experiments with bacterial
supernatants. The potencies of the supernatants of the five
bacteria (per microgram of LPS) in the Limulus assays varied,
and the supernatant where 3-OH-C18:0 dominated (H. pylori)
showed extremely low potency. Previous experiments with
chemically synthesized variants of lipid A (29) have shown that
the potency may vary considerably, with chemical composition.
In our study we found a correlation between Limulus activity
and the chain lengths of the 3-OH FAs in the dust samples.
Given that differences in bioactivity between LPSs from differ-
ent bacteria have been found in inhalation studies (8), this
finding suggests that future studies measuring 3-OH FAs as
markers of endotoxin in environmental samples should not rely
on LPS estimates based on all 3-OH FAs.

The main advantage of using MS for characterization of
microorganisms in organic dust is the well-proven high inter-
and intralaboratory reproducibilities of this analytical method.
In the present investigation we found that the MS detector
responded in essentially the same way to the methyl-TMS
derivatives of the different 3-OH FAs. Thus, although the
amounts of the 3-OH FAs were determined by using the cal-
ibration graphs, direct comparison of peak areas is also appli-
cable: a difference in LPS levels of less than 1.5% between the
two methods was noted when analyzing the house dust samples
(data not shown). The main disadvantage is the relatively low
sensitivity and possibility of detecting inactive compounds, as
compared with the Limulus assay. However, our data suggest
that biological activity can be predicted based on the types of
3-OH FAs, so that GC-MS methods may be useful in predict-
ing endotoxin-related health effects. Studies are now in
progress to test new markers, as well as to improve the ana-
lytical selectivity by using tandem MS (23) and to extend the
investigations focused on the relation between chemical mark-
ers, bioactivity, and health effects (35).
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