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Concerning the introduction of a diffuse layer in a passive sampler to organic compounds to limit the 

influence of environmental parameter, in 2011, Bondarenko et al. (2011) proposed the diffusive model like 

DGT passive sampler to sample organic compounds. DGT differs from the other passive samplers by the 

presence of a diffusive layer (hydrogel) that constrains pollutant mass transfer mostly to diffusion within 

this layer. TWAC derivation consequently requires only calibration of the diffusion coefficient of the 

compound within the hydrogel, allowing limiting the influence of environmental conditions. DGT was 

initially developed for inorganic compounds (Davison and Zhang 1994) and DGT device from DGT 

Research® was firstly use to sample organic compounds in water in 2012, with an adaptation called o-DGT 

(Chen et al. 2012). The adaptation of DGT to organic compounds mainly consist in changing the binding 

phase. Since this first adaptation, there is a growing interest for o-DGT (Figure I.1) and adaptation to 

various organic compounds have been proposed (pesticides, pharmaceuticals, hormones, endocrine 

disrupting chemicals and household and personal care products). Currently, 28 research articles and one 

review (on three passive sampler for organic compounds: POCIS, o-DGT and Chemcatcher®) have been 

published. 22/28 articles have been published on o-DGT or DGT-like development (tests on binding 

phases, elution, robustness or analyte conservation). Application of o-DGT on water or soil are the aim of 

5 others articles (and use diffusive coefficient from other studies), a comparison before POCIS and o-DGT 

are performed by one article. 

This review proposes an overview of o-DGT passive sampler since its first adaptation in 2011 to the present 

2018 and discusses its current limitations and future development needed regarding the knowledge 

developed with inorganic compounds. Theory of DGT is presented in a first part, and then all preparation 

procedures and configurations of the sampler are detailed. Finally, the o-DGT robustness and its 

applications are presented in a last part.  

 

 

Figure I .1: Publication history for the adaptation and uses of the o-DGT. 
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Table I .1: Configuration of o-DGT (a: thickness of cast gel sheets, b: final thickness after hydration, c: thickness used for calculation, Diffusive coefficient 
calculated d: with membrane, e: without membrane, f: with diffusion cell, g: with o-DGT devices deploy). 

Diffusive gel Thickness of 
diffusive gel (mm) 

Thickness of diffusive gel 
used for calculation of 

diffusive coefficient (mm) 
Binding gel Concentration   

(% mass:volume) Interest analytes Membranes References 

Agarose 0.5 to 1.75c 0.8e,f Activated charcoal 5 Bisphenols PTFE Zheng et al. (2014) 

Agarose 0.5 to 1.5c 1.0c,e,f Oasis HLB 7 Pharmaceuticals, hormones 
and pesticides No membrane Challis et al. (2016) 

Agarose 0.5 to 2.0c 0.8c,e,f Oasis HLB 20 Household and personal care 
products 

Nucleopore track-
etch Chen et al. (2017) 

Agarose 0.75c 0.75c,e,f,h Oasis HLB 10 Pharmaceuticals and pesticides n.i. Amato et al. (2018) 
Agarose 1.0c n.c. Oasis HLB 7 Pharmaceuticals and pesticides No membrane Challis et al. (2018) 

Agarose 0.35 to 2.0c 0.8c,e,f Oasis HLB 20 Endocrine disrupting 
chemicals 

Nucleopore track-
etch Chen et al. (2018) 

Agarose 0.75a 0.9b,e,f Oasis HLB 8 Pharmaceuticals, hormones 
and pesticides No membrane Stroski et al. (2018) 

Agarose 0.16 to 0.84b n.c. Oasis HLB 7 Pharmaceuticals No membrane 
Buzier et al. (2018 - 

submitted to 
Chemosphere) 

Agarose 0.5 to 1.4c - 0.8b 0.8b,d,f PCM 1 Pharmaceuticals PES Ren et al. (2018) 
Agarose 0.8b 0.8b,e,f XAD-18 20 Sulfamethoxazole PES Chen et al. (2012) 
Agarose 0.5 to 1.3c - 0.8b 0.8b,e,f XAD-18 20 Pharmaceuticals PES Chen et al. (2013) 
Agarose 0.8b n.c. XAD-18 20 Pharmaceuticals PES Chen et al. (2014) 
Agarose 0.14 to 2.14c - 0.8b n.c. XAD-18 20 Pharmaceuticals PES Chen et al. (2015a) 
Agarose 0.8b n.c. XAD-18 20 Pharmaceuticals PES Chen et al. (2015b) 

Agarose 0.8a - 0.97c 0.97c,f XAD-18 20 Pharmaceuticals Nylon D'Angelo and 
Starnes (2016) 

Agarose 0.8a,c 0.8a,c,e,f XAD-18 20 Illicit drug PES Guo et al. (2017a) 
Agarose 0.25 to 1.25a,c 0.25 to 1.25a,c,d,g XAD-18 20 Hormones PVDF Guo et al. (2017b) 

Agarose 0.35 to 2.0 - 1.0c 1.0c,e,f XAD-18 20 Endocrine disrupting 
chemicals 

Nucleopore track-
etch Chen et al. (2018) 
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Agarose 0.8a - 0.97c n.c. XAD-18 20 Tetracycline Nylon D'Angelo and Martin 
(2018) 

Agarose 0.8a - 0.89c 0.89c,e,f XAD-18 n.i. Pharmaceuticals PES Zhang (2018) 
Agarose 0.8a 0.8a,c,d,g XDA-1 10 Pharmaceuticals PES Xie et al. (2018a) 

Agarose 0.8c 0.8c,e,g XDA-1 10 Endocrine disrupting 
chemicals No membrane Xie et al. (2018b) 

Agarose 1.2c 1.0c,e,h Strata-X 10 
Pesticides, endocrine 

disrupting chemicals and 
others 

No membranei Belles et al. (2017) 

Agarose 0.0 to 2.2c n.c. Strata-X 0.5 to 10 
Pesticides, endocrine 

disrupting chemicals and 
others 

No membranei Belles et al. (2018) 

Nylon 
membrane 0.18c 0.18c,e,f MIP n.c. 4-chlorophenol n.i. Dong et al. (2014) 

Polyacrylamide 0.5a - 0.77b 0.77b,e,f,g Oasis HLB 3 Pesticides No membrane Guibal et al. (2017a) 
Polyacrylamide 0.5a - 0.77b 0.77b,e,f,g Oasis MAX 3 Pesticides No membrane Guibal et al. (2017a) 

Polyacrylamide 0.75a - 0.9b 0.9b,e,f Sepra ZT 7 Pharmaceuticals, hormones 
and pesticides No membrane Stroski et al. (2018) 

Polyacrylamide 0.8c 0.8c,d,f TiO2 10 Herbicides PES Fauvelle et al. (2015) 

Water 10.5 10.5 Activated charcoal n.i. Naphtalene Glass microfiber Bondarenko et al. 
(2011) 

n.i. n.i. n.i. n.i. n.i. Atrazine n.i. Lin et al. (2018) 
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The best performance was obtained by XDA-1 gel and therefore this gel has been chosen. Three binding 

phases (HLB, XAD-18 and Strata-XL-A) were also tested by Chen et al. (2018). The uptake of endocrine 

disrupting chemicals by Strata-XL-A was more slowly than the two other phases. This result was also 

obtained by Chen et al. (2017) for household and personal care products. Therefore, in these two studies 

Chen et al. (2017, 2018), this binding phase was not selected. According to Chen et al. (2018), HLB and 

XAD-18 can be used to sample endocrine disrupting chemicals. For Chen et al. (2017), HLB was the best 

binding phase (compared to XAD-18 and Strata-XL-A) because of accumulate analytes linearly with 

deployment time and agreed with theoretical prediction. Guibal et al. (2017a) had tested two phases (Oasis® 

HLB and Oasis® MAX). Oasis® HLB phase was slightly better than Oasis® MAX when o-DGT were 

deployed in natural waters. Finally, 9 out of 17 were used, validated and are presented Table I.1.  

The first proposed was XAD-18 to sample sulfamethoxazole (Chen et al. 2012) and was the binding gel the 

most used, 11/28 studies used it. Following these authors, XAD-18 allowed to sample pharmaceuticals 

(Chen et al. 2012, Chen et al. 2015a, Chen et al. 2014, Chen et al. 2013, Chen et al. 2015b, D'Angelo and 

Martin 2018, D'Angelo and Starnes 2016, Zhang et al. 2018), hormones (Chen et al. 2018, Guo et al. 2017b) 

and illicit drugs (Guo et al. 2017a). The second binding gel the most used was Oasis® HLB to sample 

pharmaceuticals (Amato et al. 2018, Buzier et al. 2018 - submitted to Chemosphere, Challis et al. 2016, 2018, 

Chen et al. 2018), hormones (Challis et al. 2016, Chen et al. 2018, Stroski et al. 2018), pesticides (Amato et 

al. 2018, Challis et al. 2016, 2018, Guibal et al. 2017a, Stroski et al. 2018) and personal care products (Chen 

et al. 2017). This receiving phase was the receiving phase in the most used in passive sampler as Polar 

Organic Chemical Integrative Sampler (POCIS) to sample organic compounds.  

TiO2 was also used for binding gel. This binding phase was already used to sample inorganic compound 

(phosphate) (Panther et al. 2010). TiO2 was tested by Fauvelle et al. (2015) to sample glyphosate herbicide 

and AMPA (metabolite of glyphosate) because glyphosate or AMPA displays a phosphate moieties. 

Concentration of binding phase into binding gel varied from 1 to 20% (wet mass:volume) with an average 

concentration of 13% (Table I.1). Protocols were adapted from Zhang 1995 and Chelex-100 binding gel 

where authors use 2g of resin Chelex-100 in 20 mL of gel solution. The less concentrated was Oasis® HLB 

receiving phase prepared by Guibal et al. (2017a). The effective binding capacity calculated with this 

concentration was sufficient for a long-term deployment (weeks to months). 
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Membranes. 

Membranes play an optional role of protection of the diffusive gel against particles and degradation. 

Whatever the membranes used, pore size was 0.45 µm and the thickness was 0.14 mm (0.17 mm for nylon 

membrane used by D'Angelo and Starnes (2016). 

The choice between different membranes was made by testing adsorption of targeted compounds on 

membranes or assuming the analyte should not interact with the selected membrane.  

A total of 9 types of membranes were tested for o-DGT (list of membranes tested are available in Table 

I.3). Polyethersulfone (PES) membranes are the most popular for sampling polar organic compounds and 

were used in 10 studies. However, for four authors (Challis et al. 2016, Chen et al. 2017, Xie et al. 2018b, 

Zheng et al. 2014), interest compounds (2,4-D, acetochlor, atrazine, bisphenol A, bisphenol B, bisphenol F, 

carbamazepine, chlorpyrifos, clarithromycin, clothianidin, diazinon, diclofenac, enrofloxacin, erythromycin, 

estradiol, estriol, estrone, ethynylestradiol, fenoprofen, fluoxetine, gemfibrozil, ibuprofen, imidacloprid, 

ketoprofen, naproxen, paroxetine, propranolol, roxithromycin, sulfachlorpyridazine, sulfadimethoxane, 

sulfamethoxazole, sulfapyridine and sulfisoxazole) were significant adsorbed (from 10 to 100%) by this 

membrane. 

Other authors choose to use naked o-DGT. This configuration was used by 7 articles and was the second 

most used strategy for o-DGT.  

The other membranes used were PTFE (Zheng et al. 2014), nucleopore track-etch (Chen et al. 2017, 2018), 

PVDF (Guo et al. 2017b) and Nylon (D'Angelo and Martin 2018). Adsorption on membrane was tested by 

authors and, whatever membranes, no significant adsorption (<5%) was observed by these authors. 
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STUDIED COMPOUNDS  

112 compounds have been tested from different action families: pharmaceuticals, hormones, illicit drugs, 

bisphenol, household products, personal care products, endocrine disrupting chemicals and pesticides. 

Pharmaceuticals were the most studied compounds. The list of compounds with their corresponding 

receiving phase is presented in Annexe 1. Compounds investigated displayed a wide range of hydrophobicity 

(-3.43 < LogP < 7.51). Glyphosate (tested in one article) and tetracycline (tested in one article) were the two 

most polar compounds whereas nonylphenol (tested in one article) and salinomycin (tested in two articles) 

were the two more hydrophobic compounds sampled by o-DGT.  

The two most used binding phases are HLB and XAD-18 which have been tested for sampling 59 and 50 

different compounds, respectively. The most studied compound was sulfamethoxazole (11 articles) and 

corresponds to the first compound tested on o-DGT (Chen et al. 2012). Sulfonamide was the 

pharmaceutical family the most deeply studied with 19 compounds. For this pharmaceutical family, four 

receiving phases were used: XAD-18, HLB, XDA-1 and PCM.  

Each compound is characterized by a diffusion coefficient. These diffusion coefficients are detailed in 

Annexe 1. Diffusion coefficients are in the same order than diffusion coefficient of metals (i.e. 10-6 cm2 s-

1). For a given compound, difference between diffusion coefficients determined by two different authors 

was lower than a factor 2, except for 4 compounds which  diffusion coefficients varied for a factor slightly 

higher than 2 (factor 2.51, 2.37, 2.59 and 2.47 for chlorpyrifos, ciprofloxacin, clarithromycin and 

enrofloxacin, respectively). For these latter compounds, the larger difference is explained by the use of 

agarose or polyacrylamide diffusive gels (chlorpyrifos), the presence or not of a protective membrane 

(ciprofloxacin, clarithromycin and enrofloxacin), or the use of different methods of determination 

(clarithromycin and enrofloxacin). Diffusion coefficient obtained in polyacrylamide diffusive gel was lower 

than the one in agarose diffusive gel. This difference can be explained by the smaller pore size of 

polyacrylamide gels compared to agarose gels (Scally et al. 2006, Zhang and Davison 1999). The uncertainty 

of diffusive coefficient induces the more part of uncertainty in Cw (uncertainty in Cw is estimated in order 

of 23%) (Belles et al. 2018).  

 

INFLUENCE OF ENVIRONMENTAL FACTORS: pH, I ONIC STRENGTH, DOM AND 

DOC 

The o-DGT robustness was tested by several authors with the study of pH and ionic strength. These 

parameters could influence o-DGT measurement by modifying the analyte speciation and/or the binding 

phase.  

 

pH.  

Depending on pH and its pKa, an organic compound can be neutral or ionic (cationic, anionic or 

zwitterionic). A wide range of pH had been tested by authors (from 3 to 11). The pH studies were performed 

using the ratio CDGT / Cw (where CDGT was the analyte concentration in solution estimated with o-DGT and 

Cw was the analyte concentration directly measured in solution). The ratio CDGT / Cw have to be range 
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(2018b) had tested ionic strength from 0.4 to 0.8 M and had observed no effect on endocrine disrupting 

chemicals sampling.  

In contrast, ionic strength from 0.0001 to 0.1 M had no effect on 4-chlorophenol sampling but for higher 

ionic strength (0.7 M), the ratio CDGT / Cw was upper than 1.2 (Dong et al. 2014).  

Higher inaccuracy with relatively low ionic strength (0.01 to 0.3 M) was observed by only two authors 

(Guibal et al. 2017a, Xie et al. 2018a). For Guibal et al. (2017a), an effect of ionic strength was observed for 

chlorsulfuron with HLB as binding phase and for ioxynil with MAX as binding phase but ratios were always 

higher than 0.7. For Xie et al. (2018a), ionic strength had effect on the sampling of three macrolides 

(erythromycin, clarithromycin and azithromycin) for a low ionic strength (0. 001 M) with a ratio upper than 

1.2. In this same study (Xie et al. 2018a), ratio was lower than 0.8 for 9 compounds (sulfapyridine, 

sulfadiazine, sulfamethoxazole, sulfathiazole, sulfachloropyridine, norfloxacin, ciprofloxacin, thiamphenicol 

and florfenicol). The difference between these pharmaceuticals and the three macrolides can be explained 

by their chemical form. At pH = 8, the 9 antibiotics with low ratio were charged negatively whereas the 3 

macrolides were charged positively.  

To conclude on ionic strength, o-DGT can be used to estimate contamination by organic compounds in 

freshwater (Chen et al. 2012, Chen et al. 2017, Guibal et al. 2017a, Guo et al. 2017a, Zhang et al. 2018, 

Zheng et al. 2014). This passive sampler can be also used to estimate contamination of some antibiotics 

with PCM as binding phase (Ren et al. 2018) or some endocrine disrupting chemicals with XDA-1 as binding 

phase (Xie et al. 2018b) in water with high ionic strength such as seawater. 

 

Dissolved Organic Matter. 

Dissolved Organic Matter (DOM) can had two type of effects. First, DOM can cause competition over 

analyte for sorption to the binding phase and secondly, reactions between DOM and analytes can alter 

analyte diffusion (Davison et al. 2015, Guo et al. 2017b). These three effects can alter analyte uptake by o-

DGT samplers. Indeed, a slight alteration (the ratio CDGT / Cw was 0.6) of triclosan sampling was observed 

(Chen et al. 2017) for DOM concentration higher than 2 mgDOM L-1. This hydrophobic compounds bind 

to DOM making diffusion trough diffusive gel more difficult. Dong et al. (2014) similarly observed alteration 

of 4-chlorophenol sampling for DOM concentration ranging from 9.8 to 36.5 mgC L-1. Conversely, 

sampling of several compounds (hormones and household and personal care chemicals)  was found 

unaltered with DOM concentrations ranging from 0 to 20 (Chen et al. 2017, 2018) or 31 mg L-1 (Guo et al. 

2017b). 

It is likely that sampling alteration caused by DOM is compound dependent but also DOM dependent. 

Until more work is done to investigate DOM effect, interpretation of o-DGT derived concentration should 

be made with caution when DOM is significantly present. 

 

APPLICATION & FIELD DEPLOYMENT  

Field deployments were tested in different environmental matrix. The first application was made in a river 

in United-Kingdom (Chen et al. 2012) to estimate contamination of sulfamethoxazole. Deployment of o-
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Isopropylphényl-uréa (IPPU) Métabolite 56046-17-4 99,0 Dr. Ehrenstorfer GmbH 1,87 
Isoproturon Herbicide 34123-59-6 99,0 Dr. Ehrenstorfer GmbH 2,57 

Linuron Herbicide 330-55-2 99,5 Dr. Ehrenstorfer GmbH 2,68 
Métazachlore Herbicide 67129-08-2 98,5 Dr. Ehrenstorfer GmbH 2,98 

Méthomyl Insecticide 16752-77-5 99,5 Dr. Ehrenstorfer GmbH 0,72 
Métolachlore Herbicide 51218-45-2 98,0 Dr. Ehrenstorfer GmbH 3,45 
Métoxuron Herbicide 19937-59-8 99,5 Dr. Ehrenstorfer GmbH 1,77 
Norflurazon Herbicide 27314-13-2 94,0 Dr. Ehrenstorfer GmbH 2,42 

Norflurazon-desméthyl Métabolite 23576-24-1 99,0 Dr. Ehrenstorfer GmbH 1,98 
Pirimicarbe Insecticide 23103-98-2 98,7 Dr. Ehrenstorfer GmbH 1,80 
Simazine Herbicide 122-34-9 98,0 Dr. Ehrenstorfer GmbH 1,78 

Tébuconazole Fongicide 107534-96-3 98,5 Dr. Ehrenstorfer GmbH 3,69 
Terbuthylazine Herbicide 5915-41-3 98,5 Dr. Ehrenstorfer GmbH 2,48 
Thiodicarbe Insecticide 59669-26-0 99,0 Dr. Ehrenstorfer GmbH 2,03 

 
 

Tableau II .5 : Liste des pesticides ioniques étudiés (1Pesticide Properties DataBase : 
http://sitem.herts.ac.uk/aeru/ppdb). 

Pesticide Usage N°CAS Pureté (%) Fournisseur LogP1 pKa1 

Bentazone Herbicide 25057-89-0 99,0 Dr. Ehrenstorfer GmbH -0,46 3,51 
Chlorsulfuron Herbicide 64902-72-3 97,0 Dr. Ehrenstorfer GmbH -0,99 3,40 

Ioxynil Herbicide 1689-83-4 99,0 Dr. Ehrenstorfer GmbH 2,20 4,10 
Mécoprop Herbicide 7085-19-0 98,7 Dr. Ehrenstorfer GmbH -0,19 3,11 
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Sulfamérazine Antibiotique 127-79-7 99,8 HPC Standards GmbH 0,52 
Sulfaméthoxazole Antibiotique 723-46-6 99,9 Sigma-Aldrich 0,79 

Sulfaméthoxypyridazine Antibiotique 80-35-3 99,0 Dr. Ehrenstorfer 

GmbH 

0,47 
Terbutaline Anti-asthme 23031-25-6 99,0 Dr. Ehrenstorfer 

GmbH 

0,44 

Thioridazine Psychotrope 50-52-2 98,0 

European Directorate 
for the Quality of 

Medicines & 
healthCare 

5,47 

Triclabendazole Anti-parasitaire 68786-66-3 99,8 Sigma-Aldrich 5,88 
Triméthoprime Antibiotique 738-70-5 99,5 Sigma-Aldrich 1,28 

 
 

Tableau II .8 : Liste des étalons internes utilisés pour l'analyse des composés pharmaceutiques et 
de leurs caractéristiques (*Etalon interne MA3 : étalon interne utilisé pour la méthode analytique n°3). 

Composé 
pharmaceutique deutéré Usage* N°CAS Pureté (%) Fournisseur 

Caféine-c3 Etalon interne M3 78072-66-9 98,0 Cambridge Isotope Laboratoires 
Carbamazépine-d10 Etalon interne M3 132183-78-9 99,0 HPC Standards GmbH 

Diclofénac-d4 Etalon interne M3 153466-65-0 98,0 
99,0 

Dr. Ehrenstorfer GmbH 
HPC Standards GmbH 

Flunixine-d3 Etalon interne M3 1015856-60-6 99,2 
99,7 Dr. Ehrenstorfer GmbH 

Propanolol-d7 Etalon interne M3 1613439-56-7 99,9 HPC Standards GmbH 

Salbutamol-d3 Etalon interne M3 1219798-60-3 98,0 
97,6 Dr. Ehrenstorfer GmbH 

Salbutamol-d9 Etalon interne M3 1781417-68-2 99,1 HPC Standards GmbH 

Sulfaméthoxazole-d4 Etalon interne M3 1020719-86-1 
98,5 
97,9 

Dr. Ehrenstorfer GmbH 

Triclabendazole-d3 Etalon interne M3 1353867-93-2 99,3 HPC Standards GmbH 
Triméthoprime-d3 Etalon interne M3 1189923-38-3 98,5 Dr. Ehrenstorfer GmbH 
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Élution des composés organiques. 

Cette étape est identique pour les échantillonneurs passifs de type POCIS HLB, pour les prélèvements 

ponctuels et pour les cartouches de référence. Un tube en verre (permettant de récupérer l'éluât) est placé 

sur le module d'extraction Visiprep (chapitres III.B, IV.B et V) ou sur le module d'extraction automatisé 

Gilson (chapitres III.C et IV.C). Le protocole est détaillé sur la Figure II.8 pour les composés polaires et 

moyennement polaires (pesticides neutres et composés pharmaceutiques) et sur la Figure II.9 pour les 

pesticides ioniques. Les solvants utilisés sont des solvants de qualité LC-MS. 

 

Figure II .8 : Élution  des composés organiques polaires (*l'évaporation se fait à 35°C pendant 40 
min). 

 

 

Figure II .9 : Élution  des composés organiques ioniques à partir des POCIS MAX (*l'évaporation se 
fait à 35°C pendant 60 min). 
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Figure II .12 : Protocole de fabrication de gels diffusifs en polyacrylamide (*le persulfate 
d'ammonium est une solution à 10% (m:v) préparée le jour même). 

 

 

 
Figure II .13 : Protocole de fabrication de gels récepteurs à base de polyacrylamide (*30 et 65 µL de 
persulfate d'ammonium et 7,5 et 25 µL de TEMED respectivement pour le gel en Oasis® HLB ou Oasis® 

MAX). 

 

Le protocole de fabrication des gels diffusifs et des gels récepteurs à base d'agarose sont respectivement 

présentés dans les Figure II.14 et Figure II.15. Les gels diffusifs ont été coulés dans des plaques avec des 

écarteurs de 0,25; 0,50; 0,75 et 1,00 mm (chapitre III.C) et les gels récepteurs ont été coulés dans des plaques 

avec des écarteurs de 0,50 mm. Lors du coulage de ces derniers, les plaques sont maintenues 

horizontalement pour avoir une décantation des particules d'Oasis® HLB. 
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Figure II .14 : Protocole de fabrication de gels diffusifs à base d'agarose (*les plaques en verres sont 
préalablement chauffées à 80°C durant 15 min). 

 

 

Figure II .15 : Protocole de fabrication de gels récepteurs à base d'agarose (*les plaques en verres 
sont préalablement chauffées à 80°C durant 15 min). 

 

Découpe des disques. 

Après hydratation des différents gels, des disques de 2 cm de diamètre sont découpées à l'aide d'un emporte-

pièce. Les disques sont ensuite conservés jusqu'à utilisation dans une solution de nitrate de sodium à 0,01M 

à 4°C. 

 

  
























































































































































































































































































































































































































































































































































