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Summary 

The concentration of five pyrethroid metabolites in urine can be sensitively and reliably 
determined in one analytical run using the gas chromatographic/mass spectrometric 
method described here. Due to its sensitivity this method is suitable for the detection of 
pyrethroid exposure which occurs in indoor areas as well as in concentrations relevant to 
occupational medicine. 
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After acidification with concentrated sulphuric acid and addition of 2-
phenoxybenzoic acid as an internal standard, the urine sample is then subjected to 
hydrolysis. The mixture is subsequently drawn through a C18-column on which the 
pyrethroid metabolites are enriched (alternatively, the metabolites can also be extracted 
using n-hexane, see Addendum). After elution, the metabolites are converted to their 
derivatives using methanol/sulphuric acid. The determination is carried out by means of 
capillary gas chromatography with mass selective detection (GC/MSD). 

Calibration curves are obtained by analysing pooled urine, to which known amounts 
of the pyrethroid metabolites have been added, and which is processed and analysed in 
the same manner as the samples. The resulting peak areas of the pyrethroid metabolites 
are expressed in relationship to the peak area of the internal standard. 

cis-3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropane-1-carboxylic acid (cis-Cl2CA) 

Within-series imprecision: Standard deviation (rel.) sw = 1.7  or 1.6% 
Prognostic range u  = 3.9 or 3.7% 
at a concentration of 4 or 10 µg cis-Cl2CA per litre urine 
and where n = 10 determinations 

Between-day imprecision: Standard deviation (rel.) s = 7.7% 
Prognostic range u = 17.1% 
at a concentration of 10 µg cis-Cl2CA per litre urine 
and where n = 12 days 

Accuracy:  Recovery rate 83.3 or 86.7% 

Detection limit: 0.2 µg cis-Cl2CA per litre urine 

trans-3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropane-1-carboxylic acid  
(trans-Cl2CA) 

Within-series imprecision: Standard deviation (rel.) sw = 2.7 or 1.6% 
Prognostic range u = 6.2 or 3.7% 
at a concentration of 4 or 10 µg trans-Cl2CA per litre urine 
and where n = 10 determinations 

Between-day imprecision: Standard deviation (rel.) s = 8.7% 
Prognostic range u = 19.3% 
at a concentration of 10 µg trans-Cl2CA per litre urine 
and where n = 12 days 

Accuracy:  Recovery rate 77.5 or 85.1% 

Detection limit:  0.2 µg trans-Cl2CA per litre urine 
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cis-3-(2,2-dibromovinyl)-2,2-dimethylcyclopropane-1-carboxylic acid (Br2CA) 

Within-series imprecision: Standard deviation (rel.) sw = 2.5 or 1.7% 
Prognostic range u  = 5.8 or 3.9% 
at a concentration of 4 or 10 µg Br2CA per litre urine 
and where n = 10 determinations 

Between-day imprecision: Standard deviation (rel.) s = 6.9% 
Prognostic range u = 15.3% 
at a concentration of 10 µg Br2CA per litre urine 
and where n = 12 days 

Accuracy: Recovery rate 82.2 or 88.0% 

Detection limit: 0.1 µg Br2CA per litre urine 

3-Phenoxybenzoic acid (3-PBA) 

Within-series imprecision: Standard deviation (rel.) sw = 1.9 or 1.3% 
Prognostic range u  = 4.4 or 3.1% 
at a concentration of 4 or 10 µg 3-PBA per litre urine 
and where n = 10 determinations 

Between-day imprecision: Standard deviation (rel.) s = 6.2% 
Prognostic range u = 13.8 % 
at a concentration of 10 µg 3-PBA per litre urine 
and where n = 12 days

Accuracy:  Recovery rate 103.1 or 106.8% 

Detection limit: 0.5 µg 3-PBA per litre urine 

4-Fluoro-3-phenoxybenzoic acid (F-PBA) 

Within-series imprecision: Standard deviation (rel.) sw = 1.6 or 1.7% 
Prognostic range u  = 3.7 or 3.9% 
at a concentration of 4 or 10 µg F-PBA per litre urine 
and where n = 10 determinations 

Between-day imprecision: Standard deviation (rel.) s = 6.2% 
Prognostic range u = 13.8 % 
at a concentration of 10 µg F-PBA per litre urine 
and where n = 12 days 

Accuracy: Recovery rate 93.1 or 92.8% 

Detection limit: 0.2 µg F-PBA per litre urine 
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Pyrethroids 

General data 

Appearance Oily to crystalline substances with a weak characteristic 
odour 

Purity Approx. 90–99% 

Use Plant protection, primarily as an insecticide 

Quantity used Approx. 10–20 g/ha compared with several hundred g/ha 
in the case of other insecticides 

Production Germany: Approx. 44 tonnes per year 
Worldwide: Approx. 500 tonnes per year [1] 

Pyrethroids are aliphatic ester compounds derived from pyrethrum. Since 1949 the cy-
clopropane carboxylic acid and alcohol structures of natural pyrethrum have been 
modified in many ways to form the synthetic pyrethroids. In the meantime, type I 
pyrethroids with short-term effects (T(remor) syndrome) are differentiated from type II 
pyrethroids causing longer lasting effects (CS(choreo-athetosis, salivation) syndrome) 
with an -cyano substitution, and a mixture of type I and type II [1].  

In contrast to pyrethrum, the synthetic pyrethroids have a more potent and longer ef-
fect in the insect organism, and in some cases their stability in the environment is  
also higher [2]. The metabolites of the pyrethroids exhibit no specific physiological 
effects [3]. 

Whereas their toxicity for warm-blooded animals is distinctly lower, pyrethroids are 
significantly more effective against a broad range of economically important pests than 
organochloro, organophosphate and carbamide insecticides. This has favoured their 
worldwide application in almost all external and internal areas of vector control [4]. 

Pyrethroids are lipophilic and have a low vapour pressure. However, intake is 
primarily by inhalation, generally by way of airborne dust as a vehicle, and to a lesser 
extent by absorption through the skin. No data are currently available on the exposure of 
the general public to pyrethroid residues in food [4, 5]. Butte et al. [6] suggest a 
reference value of 0.7 µg/L (95th percentile) for each of the permethrin metabolites cis- 
and trans-Cl2CA and 3-PBA. Metabolite concentrations of <0.5–277 µg per litre urine 
were observed in the urine of pest controllers who had been working in enclosed areas 
[7, 8]. Depending on the quality of their protective equipment, farm and forestry workers 
exhibited metabolite concentrations as high as approx. 300 µg/L urine [9–11]. 

In general, the absorbed pyrethroids are rapidly detoxified by means of ester hydroly-
sis and hydroxylation and, after conjugation, they are excreted as glucuronides, sulphates 
or acetates primarily via the kidneys, though a part is also eliminated in the faeces. Their 
metabolic conversion takes place in the blood, the liver and other organs including the 
nervous system [1, 12, 13]. The main pathways of pyrethroid metabolism are illustrated 
schematically in Figure 1. 
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235 Pyrethroid metabolites 

The biological half-lives of the various pyrethroids were determined in animal 
studies. They are between 2.5 and 12 hours in blood and plasma, between one and 30 
days in fatty tissue and between 9 and 23 hours in the brain [1]. The concentration-time 
curve of the elimination rate frequently exhibits a biphasic form [12, 14].  

Half-lives of 6.44±0.64 hours were found for the urinary excretion of the metabolites 
cis- and trans-3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropane carboxylic acid and 4- 

 

Fig. 1. Main pathways of the pyrethroid metabolism in the human body (X = C1, Br; R = H, F). 
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fluoro3-phenoxybenzoic acid after administration of an individual oral dose of cyfluthrin 
of 30 µg/kg body weight to volunteers. 94% of the metabolites were excreted renally 
during the first 48 hours after intake [7, 15].  

Similar results were observed for cypermethrin [16]. 

When the toxicity of the pyrethroids is assessed in humans 

1. the dose-dependent effect on the central nervous system must be differentiated from 
2. the local, neuro-excitatory (sensory) effect at potential contact points such as the skin, 

the eyes, the upper respiratory tract, etc. 

Users who are exposed to high levels of pyrethroids not only exhibit characteristic 
neuro-excitatory effects with abnormal facial sensations but also symptoms resembling 
irritation at the sensory peripheral nervous system of the directly exposed skin, the 
mucous membranes of the eyes and respiratory tract, e.g. burning and itchiness of the 
skin, paraesthesiae, formation of blisters, erythema, coughing, irritation of the eyes, etc. 
[9, 12, 13, 17–22]. Symptoms resembling “contact dermatitis”, especially in the face, 
have also been reported [2, 19, 21]. 

The sensory disorders begin a few minutes after contamination and disappear com-
pletely within a maximum period of 24 hours. All acute toxic effects were rapidly re-
versible. 

Indications of chronic or irreversible changes could not be determined, even after 
massive pyrethroid doses [19, 23]. In individual cases, the sensory effects have been 
reported to lead to manifold angst syndromes, even to serious neurosis, including so-
matic complaints [24]. 

Pyrethroids lengthen the duration of opening of the sodium channels in the nerve 
membranes of the central and peripheral nerve system and cause a reversible membrane 
depolarisation. Repeated nerve impulses induce a temporary “repetitive firing” of the 
superficial sensory nerve endings [1, 12, 25–27]. 

Long-term administration of pyrethroids in animal studies showed neither accumula-
tion of the substances nor a cumulative effect. Moreover, there was no evidence of re-
productive or embryonic toxicity, nor could a teratogenic or carcinogenic effect be es-
tablished [4, 28, 29]. 

In contrast to the allergic effect on the skin caused by natural pyrethrum, no specific 
dermal or humoral sensitization could be observed when the synthetic pyrethroids were 
handled [2, 3]. 

The toxicity of the pyrethroids is classed as low by the WHO [14]. Nevertheless, their 
health hazard potential to humans is a controversial subject, especially in Germany [30, 
31]. 

In principle, two approaches to biomonitoring are possible: determination of the un-
changed pyrethroids in plasma or the detection of their excreted metabolites in urine, 
especially the cyclopropane carboxylic acids and the phenoxybenzoic acids. The first 
approach offers the advantage that more consideration is taken of the inherent critical 
toxicity of the pyrethroids. On the other hand, the pyrethroid metabolites are superior 
with regard to their diagnostic sensitivity and their analytical detectability.  
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The permanent conference of company doctors in the chemical industry has set an 
empirical value acceptable to occupational medicine (arbeitsmedizinischer Erfahrungs-
wert, AEW) of 10 µg F-PBA per gram creatinine for the internal pyrethroid stress limit 
[46]. 

The AEW value is justified as follows: 
In 1990 Vrjverberg et al. discussed “local superficial doses” of about 5 µg pyrethroid/ 
cm2 skin for type II pyrethroids as the “threshold dose” of the receptor stimulation po-
tential [27]. Such exposure controls are unsuitable in practice. However, the peripheral 
sensory irritations (nasal irritation, trigeminal stimulation, etc.) must be regarded as early 
clinical symptoms of adverse pyrethroid effects. An AEW value for cyfluthrin should 
also be oriented towards the threshold dose of the receptor potential of peripheral nerve 
endings. 

A cyfluthrin study showed that the local threshold doses of the peripheral sensory 
nerve endings are reached at an exposure level of 75 µg cyfluthrin per m3 air. The re-
sponses to the stimulation were generally reversible and after a period without exposure 
(<5 min) they rapidly disappeared [15]. 

Therefore if “inactive” pyrethroid metabolites are found in the urine of pyrethroid 
users without symptoms, it can be assumed that neither the local threshold dose of 5 µg 
of unchanged pyrethroid per cm2 skin nor the air concentration of 75 µg/m3 was 
exceeded during the application. 

The preventive approach takes into account that neither local nor sensory systemic ef-
fects were observed at workplaces contaminated by up to 10 µg/m3 cyfluthrin. An ex-
ternal exposure at this level is equivalent to an urinary excretion of 10 µg F-PBA per 
gram creatinine in the urine sample at the end of the night shift.  

The cyfluthrin concentrations which cause systemic effects are unknown, but they are 
above the threshold dose of the receptor potential of the peripheral nerve endings.  

Urine is used for biomonitoring on account of its ready availability, although the me-
tabolites do not directly indicate the inner stress due to pyrethroid exposure [8]. 

Authors and Examiners: J. Angerer, W. Butte, H.-W. Hoppe, G. Leng, J. Lewalter,  
 R. Heinrich-Ramm, A. Ritter 
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1   General principles 

After acidification with concentrated sulphuric acid and addition of 2-phenoxybenzoic 
acid as an internal standard, the urine sample is then subjected to hydrolysis. The 
mixture is subsequently drawn through a C18-column on which the pyrethroid meta-
bolites are enriched (alternatively, the metabolites can also be extracted using n-hexane, 
see Addendum). After elution, the metabolites are converted to their derivatives using 
methanol/sulphuric acid. The determination is carried out by means of capillary gas 
chromatography with mass selective detection (GC/MSD). 

Calibration curves are obtained by analysing pooled urine, to which known amounts 
of the pyrethroid metabolites have been added, and which is processed and analysed in 
the same manner as the samples. The resulting peak areas of the pyrethroid metabolites 
are expressed in relationship to the peak area of the internal standard. 

2  Equipment, chemicals and solutions  

2.1 Equipment 

Capillary gas chromatograph with split/splitless injector, mass selective detector (MSD) 
and data processing system 

Biomonitoring Methods, Vol. 6.



Pyrethroid metabolites 240 

Gas chromatographic column: 
Length 60 m, inner diameter 0.25 mm, stationary phase 5% phenylmethyl polysiloxane, 
film thickness 0.25 µm (e.g. from Chrompack) 

5  µL Syringe for gas chromatography, preferably an autosampler 

Workstation for vacuum extraction (e.g. from Baker) 

6  mL C18-separation column (e.g. from Baker) 

25 mL crimp top vials with PTFE-coated stoppers and crimping tongs 

250 µL Microvial insert 

Drying cupboard 

Water bath 

2 mL Autosampler vial 

Centrifuge 

10, 20, 50 and 100 mL Volumetric flasks 

Microlitre pipettes, adjustable between 10 and 100 µL, and between 200 and 1000 µL 
(e.g. from Eppendorf) 

Millilitre pipette, adjustable between 1 and 10 mL (e.g. from Eppendorf) 

22 mL Threaded vial with teflon-coated seal and screw cap 

2.2 Chemicals 

cis-3-(2,2-Dichlorovinyl)-2,2-dimethylcyclopropane-1-carboxylic acid  
(cis-Cl2CA, 99.8%) 1 

cis-3-(2,2-Dichlorovinyl)-2,2-dimethylcyclopropane-1-carboxylic acid methyl ester  
(cis-Cl2CA-Me, 98.9%) 1 

trans-3-(2,2-Dichlorovinyl)-2,2-dirnethylcyclopropane-1-carboxylic acid  
(trans-Cl2CA, 99.8%) 1 

trans-3-(2,2-Dichlorovinyl)-2,2-dimethylcyclopropane-1-carboxylic acid methyl ester 
(trans-Cl2CA-Me, 97.5%) 1  

4-Fluoro-3-phenoxybenzoic acid (F-PBA 99.9%) 1 

                                                           
1 BAYER AG kindly supplied the substances. 
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cis-3-(2,2-Dibromovinyl)-2,2-dimethylcyclopropane-1-carboxylic acid (Br2CA, 98.8%) 2 

3-Phenoxybenzoic acid (3-PBA, 99%: e.g. from Acros Chimica) 

2-Phenoxybenzoic acid (2-PBA, 98%: e.g. from Acros Chimica) 

98% Sulphuric acid for trace analysis (e.g. from Merck) 

95–97% Sulphuric acid for trace analysis (e.g. from Merck) 

n-Hexane for trace analysis (e.g. from Merck) 

Methanol for trace analysis (e.g. from Merck) 

Acetone for trace analysis (e.g. from Merck) 

Toluene for trace analysis (e.g. from Merck) 

Ethyl acetate for trace analysis (e.g. from Merck) 

Ultrapure water (equivalent to ASTM type 1) or double distilled water 

Helium for gas chromatography 

2.3  Solutions 

Solution of the internal standard: 
Approx. 50 mg 2-PBA are weighed exactly in a 50 mL volumetric flask. Then the flask 
is filled to its nominal volume with methanol (1 g/L). 1 mL of this solution is pipetted 
into a 100 mL volumetric flask which is subsequently filled to its nominal volume with 
ultrapure water (10 mg/L). 

This solution can be stored in the refrigerator at 4°C for about 4 weeks. 

2.4  Calibration standards 

Starting solutions: 
About 50 mg cis-Cl2CA, trans-Cl2CA, F-PBA, Br2CA and 3-PBA are each weighed in 
individual 50 mL volumetric flasks. The volumetric flasks are subsequently filled to 
their nominal value with acetone (1 g/L). 

                                                           
2 HOECHST AG kindly supplied the substance. 
These substances can be bought in the form of methanolic standard solutions, e.g. from Ehrenstorfer. 
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Stock solution 1: 
100 µL of each of the starting solutions are pipetted into a 20 mL volumetric flask. 
The flask is then filled to its nominal volume with methanol (5 mg/L). 

Stock solution 2: 
1 mL of stock solution 1 is pipetted into a 10 mL volumetric flask. The flask is then 
filled to its nominal volume with methanol (0.5 mg/L). 

The starting solutions and the stock solutions can be kept in the refrigerator at 4°C for at 
least 8 weeks. 

Calibration standards containing between 1.0 and 200 µg of the individual pyrethroid 
metabolites per litre are prepared from stock solutions 1 and 2 by means of dilution with 
pooled urine. The following pipetting scheme shows the preparation procedure: 

Table 1. Pipetting scheme for the preparation of the calibration standards. 

Volume of the stock solution [µL]  Designation  
of the  
calibration 
standard 

Stock solution 1 Stock solution 2  
Final volume  
of the  
calibration  
standard  
[mL] 

Concentration 
of the 
calibration 
standard 
[µg/L] 

1  – 100  50   1.0 
2  – 200  50   2.0 
3  100 –  50  10 
4  250 –  50  25 
5  500 –  50  50 
6 1000 –  50 100 
7 1500 –  50 150 
8 2000 –  50 200 

The calibration standards can be stored in the deep-freezer at –18 °C for at least 6 
months. 

2.5 Preparation of the C18-column 

Prior to use, the C18-columns are each conditioned in a vacuum station with 3 mL ethyl 
acetate, 3 mL n-hexane, 6 mL methanol and finally with 9 mL ultrapure water in that 
order. The column thus prepared must still be moist when the urine is introduced into it. 

3 Specimen collection and sample preparation 

Urine samples are collected in plastic bottles at the end of a working shift. The first urine 
excreted in the morning should be used for analytical investigations in the field of 
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environmental medicine. The urine samples are acidified with acetic acid (1 mL glacial 
acetic acid per 100 mL urine) and, if they cannot be immediately processed, they are 
stored in the deep-freezer at -18°C until they can be further processed. For processing 
the samples are thawed in a water bath at 40 °C and subsequently brought to room 
temperature. Before an aliquot is taken the samples are thoroughly shaken. For the 
analytical investigation 10 mL of the urine sample are pipetted into a 25 mL crimp top 
vial (alternatively 22 mL threaded vials can be used), then 200 µL of the internal 
standard solution and 2 mL of 95–97% sulphuric acid are added. The vial is sealed with 
a crimp cap and the mixture is heated in a drying cupboard at 90 °C for one hour. After 
the sample has cooled the crimp top vial is opened. The hydrolyzed urine sample is 
drawn by a slight vacuum through the columns prepared as described in Section 2.5. The 
columns are then washed with 6 mL water and sucked dry for about 5–10 min under the 
vacuum created by a rotary pump. It must be ensured that there are no longer any drops 
of water on the end of the columns.  

The columns are subsequently eluted with 3 mL methanol. A 25 mL crimp top vial, 
into which 1 mL of 98% sulphuric acid has been previously filled, serves as a recipient 
vessel (caution: strong generation of heat!). The columns are sucked dry once again. The 
eluate is heated in the water bath for 1 hour at 75 °C to ensure complete derivatization. 
After cooling to room temperature, 2 mL n-hexane and 3 mL saturated sodium chloride 
solution are then added and the vial is sealed with a crimp top. The vial is shaken 
mechanically for 10 min and subsequently centrifuged for 5 min at 3000 rpm. 
Approximately 1.7 mL of the hexane phase is drawn out of the open crimp top vial and 
transferred to a 2 mL autosampler vial, into which 100 µL toluene is added as a keeper 
for the volatile esters of the pyrethroids. The solution is subsequently evaporated to 
about 100 µL in a stream of nitrogen. 

A reagent blank is included in each analytical series. In this case ultrapure water is 
subjected to the sample processing described above instead of urine. Instead of a crimp 
top vial a 22 mL threaded vial can be used. 

4 Operational parameters for gas chromatography  
and mass spectrometry 

Capillary column: Material: Quartz glass (fused silica) 
Stationary phase:  5% phenylmethyl polysiloxane 
Length:  60 m 
Inner diameter: 0.25 mm 
Film thickness:  0.25 µm 

Temperatures: Column: 1 min at 90 °C; then increase 6°C/min 
to 150 °C; 7 min isothermal; then 
increase 10 °C per min to 200 °C;  
12 min isothermal; then increase 
20°C/min to 270 °C; 10 min at the 
final temperature 

 Injector: 250 °C 
Biomonitoring Methods, Vol. 6.



Pyrethroid metabolites 244 

Carrier gas: Helium with a precolumn pressure of 21 psi 

Splitless time: 2 min 

Detector: Quadrupole MSD (EI mode) 

MSD Transfer line: 300 °C 

Electron-impact 
ionization: 70 eV 

Electron multiplier: 1400 V  (+600 rel.) 

Mode: SIM 

Dwell time/mass: 100 ms 

Sample volume: 1 µL 

5 Analytical determination 

In order to carry out the gas chromatographic analysis, 1 µL of each of the prepared 
samples is injected into the gas chromatograph. 

The analytical determination is carried out with a mass selective detector (MSD) in 
the SIM (selected ion monitoring) mode. The following conditions were selected on the 
MSD for the determination of the methyl esters of pyrethroid metabolites: 

Table 2. Conditions for the determination of the methyl esters of the  
pyrethroid metabolites with the aid of the MSD. 

Methyl esters of the analytes Retention time  
 
[min] 

Detected 
mass 
[m/e] 

cis-Cl2CA 18.6 222  
187  
163 

trans-Cl2CA 18.9 222  
187  
163 

Br2CA 24.9 312 
253  
231 

F-PBA 33.2 246  
215 

3-PBA 34.1 228  
197 

2-PBA (internal standard) 32.1 228  
197 
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The given retention times serve only as an orientation. The user of this method must 
optimize the adjustments on the instrument used. 

The underlined masses were used for the quantitative evaluation. 

If the measured values are above the linear range of the calibration curve, the urine 
samples are diluted and processed anew. A quality control sample and a reagent blank 
are included in each analytical series. 

Figure 2 shows a total ion gas chromatogram of the methylated pyrethroid metabo-
lites. 

Figure 3 illustrates a GC-MS-SIM gas chromatogram of the methyl esters of cis-
Cl2CA and trans-Cl2CA, and the mass spectra of each compound. 

Figure 4 shows the chromatograms of a processed urine sample of a person who had 
been exposed to permethrin. 

6  Calibration 

Pooled urine of people who were not exposed to pyrethroids was used to plot a cali-
bration curve. The calibration standards (Section 2.4) are processed in the same manner 
as the urine samples (Section 3) and analyzed by gas chromatography/mass spectrometry 
in accordance with Section 4 and 5. Calibration curves are obtained by plotting the 
quotients of the peak areas of the individual pyrethroid metabolites and that of the 
internal standard as a function of the concentrations used. It is unnecessary to plot a 
complete calibration curve for every analytical series. It is sufficient to analyse one 
calibration standard for every analytical series. The ratio of the value obtained for this 
standard and the value obtained for the equivalent standard in the complete calibration 
curve is calculated. Using this quotient, each of the results read off the calibration curve 
is adjusted for each series. A new calibration curve should be plotted if the analytical 
conditions change or if systematic deviations are observed in the quality control results. 

The calibration curve is linear between the detection limit and 200 µg of the pyre-
throid metabolites per litre urine. 

7  Calculation of the analytical result 

The resulting peak areas of the pyrethroid metabolites are divided by the peak area of the 
internal standard. The quotients thus obtained are used to read off the equivalent 
concentrations of the pyrethroid metabolites in µg per litre urine from the relevant ca-
libration curve. The results are adjusted as described in Section 6. Possible dilution of 
the urine must be corrected by appropriate multiplication. If a reagent blank value is 
detected, it must be subtracted. 

Biomonitoring Methods, Vol. 6.



Pyrethroid metabolites 246 

8  Standardization and quality control 

Quality control of the analytical results is carried out as stipulated in the guidelines of 
the Bundesärztekammer (German Medical Association) [32, 33] and in the special 
preliminary remarks in Volume 1 of this series. A urine sample containing a constant 
concentration of the pyrethroid metabolites is analysed in order to determine the preci-
sion of the method. As material for quality control is not commercially available, it must 
be prepared in the laboratory. For this purpose, urine is spiked with a defined quantity of 
the pyrethroid metabolites. A six-month supply of this control material is prepared, 
divided into aliquots in pierceable ampoules and stored in the deep-freezer. The 
concentration of this control material should lie in the middle of the most frequently 
occurring concentration range. The theoretical value and the tolerance range for this 
quality control material is determined in the course of a pre-analytical period (one 
analysis of the control material on 20 different days) [32, 34].  

External quality control can be achieved by participating in round-robin experiments. 
The round-robin experiments carried out in the fields of occupational and 
environmental-toxicological medicine in Germany include in their external quality 
assurance programme the analysis of the pyrethroid metabolites cis-Cl2CA, trans-Cl2CA, 
Br2CA and 3-PBA in urine in the concentration range of interest to environmental 
medicine [35, 36]. 

9  Reliability of the method  

9.1 Precision 

Pooled urine from persons who had not been exposed to the pyrethroids was spiked with 
defined amounts of the pyrethroid metabolites in order to determine the precision in the 
series. Urine solutions were obtained containing the pyrethroid metabolites at 
concentrations of 4 and 10 µg per litre. Determination of these urine samples ten times 
resulted in relative standard deviations between 1.3 and 2.7%, equivalent to prognostic 
ranges between 3.1 and 6.2% (cf. Tab. 3). 

The individual urine samples of people who had not been exposed to the pyrethroids 
were spiked with different concentrations of pyrethroid metabolites to test the influence 
of the urine matrix on the analytical results. Concentrations between 8.3 and 11.5 µg per 
litre were found. These samples were processed and analyzed in one analytical run. The 
relative standard deviations were between 1.2 and 6.3% (cf. Tab. 4). 

In addition, the precision from day to day was determined (Tab. 5). Pooled urine from 
persons who had not been exposed to pyrethroids was spiked with a defined quantity of 
pyrethroid metabolites for this purpose. This resulted in urine solutions containing the 
pyrethroid metabolites at a mean concentration of 10 µg per litre. These urine solutions 
were processed and analyzed on 12 different days. This resulted in relative standard 
deviations between 6.2 and 8.7%, equivalent to prognostic ranges between 13.8  
and 19.3%. 
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Table 3. Precision in the series for the determination of the pyre- 
throid metabolites. 

Standard deviation [%]  Prognostic range [%] Substance 

4 µg/L 10 µg/L  4µg/L 10µg/L 

cis-Cl2CA 1.7 1.6  3.9 3.7 
trans-Cl2CA 2.7 1.6  6.2 3.7 
Br2CA 2.5 1.7  5.8 3.9 
3-PBA 1.9 1.3  4.4 3.1 
F-PBA 1.6 1.7  3.7 3.9 

Table 4. Precision in the series for seven spiked indi- 
vidual urine samples. 

Substance Standard 
deviation 
[%] 

Prognostic 
range 
[%] 

cis-Cl2CA 6.3 15.4 
trans-Cl2CA 5.2 12.7 
Br2CA 5.7 13.9 
3-PBA 1.2  2.9 
F-PBA 1.8  4.4 

Table 5. Precision from day to day for the determina- 
tion of the pyrethroid metabolites. 

Substance Standard 
deviation 
[%] 

Prognostic 
range 
[%] 

cis-Cl2CA 7.7 17.1 
trans-Cl2CA 8.7 19.3 
Br2CA 6.9 15.3 
3-PBA 6.2 13.8 
F-PBA 6.2 13.8 

9.2 Accuracy 

Recovery experiments were carried out to test the accuracy of the method. Urine samples 
from people who had not been exposed to pyrethroids were spiked with two different 
defined amounts of the pyrethroid metabolites. This resulted in urine solutions contain- 
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Table 6. Recovery rates for the determination  
of the pyrethroid metabolites. 

Substance Recovery rate [%] 

 10 µg/L 60 µg/L 

cis-Cl2CA  83.3  86.7 
trans-Cl2CA  77.5  85.1 
Br2CA  82.2  88.0 
F-PBA  93.1  92.8 
3-PBA 103.1 106.8 

ing pyrethroid metabolites at concentrations of 10 and 60 µg per litre. Each of these so-
lutions was subsequently processed and analyzed three times in accordance with Section 
3. Mean recovery rates between 77.5 and 106.8% were found (cf. Tab. 6). 

In addition, the losses due to sample processing during the analysis of cis- and trans-
Cl2CA were determined. For this purpose, two solutions with concentrations of 4 and 10 
µg per litre of the appropriate methyl ester in n-hexane were prepared and analyzed 
twice by means of gas chromatography without further processing. The analytical results 
were compared with those for the urine samples containing the same cis-and trans-
Cl2CA concentrations and which were also each subject to the same processing twice. 
No significant losses could be ascertained under these conditions. 

9.3 Detection limit 

Under the conditions for sample preparation and gas chromatographic determination 
described here, the detection limit was between 0.1 and 0.5 µg of the individual pyre-
throid metabolites per litre urine (Tab. 7). As no reagent blank value was measured the 
detection limit was calculated as three times the signal/background ratio. 

Table 7. Detection limits obtained for the  
determination of the pyrethroid metabolites. 

Metabolites Detection limits 
[µg/L] 

cis-Cl2CA 0.2 
trans-Cl2CA 0.2 
Br2CA 0.1 
F-PBA 0.2 
3-PBA 0.5 
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9.4 Sources of error 

When 3-phenoxybenzoic acid is quantitatively evaluated, an interfering background 
occasionally occurs which does not exceed three times the signal-noise ratio in most 
cases. It has not been definitively clarified whether this background originates from the 
analyte or from other substances, as only an ion trace can be recorded in this analytical 
range. A possible, very slight excretion of 3-PBA in the normal population could 
originate from the food chain. 

Matrix effects play only a minor role in the determination of 3-PBA and F-PBA. 
These effects are more obvious in the assay of the cyclopropane carboxylic acids. This 
can be mainly attributed to the fact that the internal standard 2-PBA differs more 
strongly from the cyclopropane carboxylic acids in its chemical behaviour than from 3-
PBA and F-PBA. 

The use of a second internal standard, such as a halogenated cyclopropane carboxylic 
acid could be helpful. 

10 Discussion of the method 

This capillary gas chromatographic analytical method with mass selective detection is 
based on a method described by Angerer and Ritter [47]. It permits the simultaneous 
determination of five pyrethroid metabolites in urine. Using this method the pyrethroid 
exposure can be ascertained, even in the concentration range relevant to environmental 
medicine. Liquid-solid extraction is used for sample preparation. It can be replaced by a 
liquid-liquid extraction without detracting from the quality (see Addendum). In all the 
previously published analytical methods, the urine samples were subjected to hydrolysis 
because of the conjugate formation of the pyrethroid metabolites. This was normally 
carried out with sulphuric acid at 100 °C under reflux conditions for 1 to 2.5 hours [37–
42]. One of the authors of the method was able to prove that no appreciable analyte 
losses of the free pyrethroid metabolites occurred despite the oxidizing properties of 
sulphuric acid. Based on urine samples of persons who had been exposed to pyrethroids, 
he was also able to show that a hydrolysis temperature of 90 °C for 1 hour was sufficient 
to ensure complete cleavage of the conjugates. Kühn et al. [43] confirm these results. On 
the other hand, higher temperatures and longer periods of hydrolysis have an adverse 
effect on the recovery. 

In two further analytical procedures described in the literature, enzymes were em-
ployed to achieve a mild cleavage of the conjugates at low temperatures [44, 45]. 
However, in the experience of one of the authors of the present method, losses of the 
analytes resulted under the conditions for enzymatic hydrolysis. The enzyme possibly 
attacks the pyrethroid metabolites. 

Methanol is used as the elution agent in the method described here. The use of metha-
nol as an eluent offers the advantage that, in contrast to other elution agents, it does not 
have to be removed before the derivatization step, but can directly function as a reactant 
for the esterification. Thus the sample processing is shortened and the practicability of 
the method is enhanced. This is especially important if the method is to be used in 
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routine analysis. Moreover, carcinogenic derivatizing agents (e.g. diazomethane, methyl 
iodide, etc.) need not be used for this type of derivatization with sulphuric 
acid/methanol. 

The use of a mass selective detector permits detection of pyrethroid exposure at levels 
which can be caused by contamination in enclosed spaces. In addition, the mass selective 
detector ensures a high degree of specificity. 

A calibration curve which extends to a concentration of 50 µg/L is sufficient to deter-
mine exposure to pyrethroids which occurs in indoor areas. 
Instruments used: 

Gas chromatograph HP 5890A, mass selective detector HP 5970B with Pascal work-
station and autosampler HP 7673A from Hewlett-Packard. 

11 Addendum: Alternative method of sample preparation 

A modified operating procedure was developed as an alternative to the method described 
above. In this case, a liquid-liquid extraction of the pyrethroid metabolites was 
performed instead of a solid phase extraction. The following changes in the sample 
preparation were made: 

5 mL urine are acidified with 1 mL conc. hydrochloric acid in a 22 mL threaded vial 
with a teflon-coated seal and a screw cap, 100 µL of the internal standard are added and 
the mixture is heated in the sealed vessel for 60 min at 90 °C in the drying cupboard. 
After cooling the urine sample to room temperature, 4 mL n-hexane are added, the 
mixture is vigorously shaken (mechanical shaker) for 5 min and then centrifuged at 3500 
rpm. The n-hexane phase is drawn up as completely as possible and transferred to a 10 
mL glass vial with a screw cap. This extraction step is repeated once more. The 
combined n-hexane phases are evaporated in a vacuum centrifuge to about 1–2 mL, and 
then carefully evaporated to dryness under a stream of nitrogen. The residue is taken up 
in 3 mL freshly prepared methanolic sulphuric acid (90 mL ice-cold methanol are 
carefully added to 10 mL conc. sulphuric acid), and the mixture is heated for 1 hour at 
75 °C. After cooling to room temperature, 3 mL of saturated sodium chloride and 2 mL 
n-hexane are added to the mixture. Then this mixture is shaken for 3 min, centrifuged at 
3500 rpm and 1.5 mL of the n-hexane phase is transferred to a 2 mL autosampler vial. 
After the addition of 100 µL toluene as a keeper, the solution is evaporated to about 100 
µL in a stream of nitrogen. The residue is transferred to a 250 µl microvial insert. 2 µL 
of this solution is injected into the gas chromatograph. 

The results obtained using this modified procedure are comparable to those achieved 
by the previously described method. 
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Fig. 2. Total ion gas chromatogram of the methylated pyrethroid metabolites in urine (5 mg/L): (1) cis-Cl2CA, 
(2) trans C12CA, (3) Br2CA, (4) F-PBA and (5) 3-PBA. 

 
Fig. 3. GC-MS-SIM gas chromatogram of the methyl ester of cis-Cl2CA and trans C12CA as well as the mass 
spectrum of trans-Cl2CA. 
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Fig. 4. Processed urine sample of a person who had been exposed to permethrin. (A) above: cis-Cl2CA  
(82.4 µg/L) and trans-Cl2CA (87.3 µg/L); (B) above: 3-PBA (33.0 µg/L). (A) and (B) below: processed urine 
sample of a person who was not exposed to permethrin. 
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