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ПОЛУЧЕНИЕ МЕМБРАН ИЗ ДИАЦЕТАТА ЦЕЛЛЮЛОЗЫ ДЛЯ ТВЕРДОФАЗНОЙ 

ФЛУОРЕСЦЕНЦИИ ПОЛИЦИКЛИЧЕСКИХ АРОМАТИЧЕСКИХ УГЛЕВОДОРОДОВ 

Исследование посвящено разработке состава формовочного раствора для приго-

товления мембран из диацетата целлюлозы (ДАЦ) с целью их последующего применения 

в качестве матриц для твердофазной флуоресценции (ТФФ) полициклических аромати-

ческих углеводородов (ПАУ). Мембраны готовили в стандартных условиях сухим мето-

дом из 1,2 – 8,0 масс.% растворов ДАЦ в ацетоне и смеси ацетон : вода в соотношении 

компонентов от 99 : 1 до 93 : 7. В качестве модельного ПАУ был взят пирен, который 

сорбировали на мембране и определяли его ТФФ-сигнал. Наилучшая сорбция наблюдалась 

на мембранах ДАЦ, приготовленных из раствора состава ацетон : вода (95 : 5 по объему) 

с концентрацией полимера 3,6 масс.%. Полученные мембраны сравнили с коммерческим 

образцом ДАЦ по эффективности сорбции пирена. В диапазоне концентраций пирена в 

сорбате 10
-6

–10
-8

 M ТФФ сигнал был получен только на лабораторном образце. Исследо-

вание энергетических характеристик и морфологии поверхности лабораторной и ком-

мерческой мембран показали, что образцы имеют большие различия в размерах пор и 

ИЗВЕСТИЯ ВЫСШИХ УЧЕБНЫХ ЗАВЕДЕНИЙ.  
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морфологии поверхности. Мембрана ДАЦ, полученная в лаборатории, имеет «кружевную» 

структуру с размером пор 100-500 нм, коммерческая мембрана, менее плотная и более 

проницаемая, имеет поры размером на порядок больше, заполненные небольшими включе-

ниями. Был сделан вывод о том, что для получения флуоресцентного сигнала пирена в фа-

зе сорбента мембрана должна быть мелкопористой, гладкой и непрозрачной. Лаборатор-

ные мембраны ДАЦ также были модифицированы мицеллярными растворами поверх-

ностно-активного вещества ТХ-100. Наибольший ТФФ-сигнал пирена был получен при со-

держании модификатора в формовочном растворе 0,26 масс.%. Такая модификация поз-

волила снизить предел определения пирена методом ТФФ до концентрации 10
-9

 М. Разра-

ботанные матрицы могут применяться для мониторинга ПАУ в водных средах. 

Ключевые слова: диацетат целлюлозы, мембрана, полициклические ароматические углеводо-

роды, твердофазная флуоресценция 
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PREPARATION OF CELLULOSE DIACETATE MEMBRANES FOR SOLID-STATE 

FLUORESCENCE OF POLYCYCLIC AROMATIC HYDROCARBONS 

The investigation is devoted to the development of molding composition for cellulose diac-

etate (CDA) membranes preparation in order to use them as matrices for solid-surface fluores-

cence (SSF) of polycyclic aromatic hydrocarbons (PAH). Membranes were prepared under 

standard conditions by a dry method from CDA solutions with concentrations of 1.2–8.0 wt. % in 

acetone and a mixture of acetone and water (99:1 to 93:7). Pyrene was taken as a model PAH. It 

was adsorbed onto the membranes from water-ethanol solutions and its SSF was recorded. The 

best pyrene sorption and fluorescence was obtained with the CDA membranes made from the ace-

tone-water (95:5 vol.) mixture with a polymer content of 3.6 wt. %. These membranes were com-

pared with commercial filtering hydrophilic CDA membranes by the efficiency of pyrene sorption 

and SSF. In the range of pyrene concentrations in sorbate of 10
-6

–10
-8

 M the SSF signal was ob-

served only for the laboratory sample. The surface energy characteristics and the morphology of 

membranes were examined. It was shown that laboratory CDA membranes have the structure of 
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a continuous, ‘‘lacy’’ polymer network with pore sizes within 100–500 nm, the commercial mem-

branes are less dense and more permeable to solution, they have the pores by an order of magni-

tude greater, filled with a set of nodules. It was concluded that in order to get a pyrene fluores-

cence signal in the sorbent phase, a membrane should be finely porous, smooth, and not trans-

parent. Laboratory CDA membranes were also modified by micellar solutions of surfactant TX-

100. The highest SSF signal of pyrene was obtained with the modifier’s content in the forming 

solution of 0.26 wt. %. This modification allowed reducing the limit of pyrene detection by SSF 

down to a concentration of 10
-9

 M. These matrices can be used to monitor the presence of PAH in 

aqueous media. 

Key words: cellulose diacetate, membrane, polycyclic aromatic hydrocarbon, pyrene, solid-surface 

fluorescence 

 

INTRODUCTION 

Cellulose acetates belong to the class of arti-

ficial polymers produced from renewable resources in 

large scale. By their valuable properties and scale of 

applications in various industries, they are second 

only to cellulose and starch [1]. Cellulose acetates are 

traditionally used to produce fibers and filaments, 

films and membranes, filters of various functional 

purposes, plastics, etc. Absorbent materials made of 

cellulose acetates are used in nanofiltration processes 

[2, 3], in estimating the fermentation degree of indus-

trial waste water [4], in separation of high-molecular-

weight carbohydrates from low-molecular-weight 

sugars [5], etc. 

High sorptive capacity of cellulose acetates 

and the possibility to form solid films with a smooth 

surface their from make these materials promising for 

using as matrices in solid-surface fluorescence (SSF). 

This technique combines sorption concentration of a 

substance on a solid matrix followed by its fluores-

cent analysis in the sorbent phase, excluding the step 

of desorption, which provides a significant increase in 

the sensitivity and selectivity of this analysis [6]. 

SSF has been successfully applied for trace 

quantification of organic and inorganic compounds in 

various media [7-9]. Of particular interest is the SSF 

analysis of polycyclic aromatic hydrocarbons (PAH), 

which are carcinogenic and mutagenic toxicants. The 

ability of various PAHs to accumulate in the envi-

ronment causes the need to control their content in 

drinking water, waste water, air, soil, and food [10]. 

As PAHs are found in various media in very small 

quantities, their quantitative analysys is impossible 

without prior concentrating, which makes the SSF 

method promising for the design of test systems for 

environmental monitoring. The possibility of lumi-

nescent PAH analysis in aqueous media using various 

solid-phase matrices has been established for silica 

gel [11], zeolites [12], fiberglass with silica particles 

[13], foamed polyurethane [14], nylon membranes 

[15], and cellulose [16]. 

Earlier we tested cellulose diacetate (CDA) fi-

bers and membranes as matrices for the SSF of pyrene 

taken as a model PAH. Both were shown to be good 

sorbents for pyrene from water-micellar surfactant me-

dia of various types [17, 18]. CDA membranes were 

characterized as the most promising matrices for SSF. 

The aim of this study was to compare com-

mercial CDA membranes with our laboratory samples 

by the efficiency of pyrene sorption and SSF, to op-

timize the composition of the molding mixture for the 

preparation of CDA membranes, and to estimate the 

sensitivity of pyrene detection in an aqueous medium 

by SSF on designed CDA membranes. 

EXPERIMENTAL METHODS 

CDA membranes were made using polymer 

with the following characteristics: a viscosity-average 

molecular weight Mη of 77 kDa, an acetylation degree 

of 55%, and 3% moisture, used to produce acetate 

filaments of textile purposes (Technofilter Ltd., Vla-

dimir, Russian Federation). To prepare membranes, 

CDA solutions with concentrations СCDA = 1.2-8.0 wt. 

% in acetone (analytical grade, 99.75%) and a mixture 

of acetone and water (99:1 to 93:7) were used. Mem-

branes were prepared under standard conditions by a 

dry method. 

CDA membranes were also prepared with ad-

dition of a modifier into the process, namely, the non-

ionic surfactant polyoxyethylene(10)mono-4-

isooctylphenyl ether, TX-100 (ACROS ORGANICS, 

USA). The concentrations of TX-100 in micellar solu-

tions were: 0.23·10
-3

, 1.4·10
-3

, 7.0·10
-2

, 0.14, 0.50 M. 

Commercial filtering hydrophilic CDA mem-

branes manufactured by JSC STC "Vladipor" (Russia) 

were also used.  

Water-ethanolic solutions of pyrene (Fluka, 

Germany) with concentrations of 10
-6

-10
-9

 M were 
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used in experiments. Pyrene stock solution was pre-

pared by dissolving an accurate weight in ethanol and 

stored in a dark place to prevent photochemical de-

struction. Water-ethanolic pyrene solutions for tests 

were made by diluting the stock solution with dis-

tilled water immediately prior to use. 

Surface morphology was examined by scan-

ning electron micrographs (SEM) on a MIRA \\ LMU 

electron scanning microscope (Tescan, Czech Repub-

lic) at a voltage of 8 kV and a conductive current of 

60 pA. A gold layer of 5 nm thickness was sprayed 

onto the samples with a K450X carbon coater device 

(Germany); the spraying current was 20 mA, the 

spraying duration 1 min. The surface potential (ξ, 

mV) of matrices was measured with a surface poten-

tial sensor (Nima KSV, Finland). 

The sorption of pyrene from solution was per-

formed in dynamic mode. To this purpose, the solu-

tions (V = 10 ml) were passed through the membrane 

five times, using a disposable sterile syringe Master 

UNI “PharmLine Limited” (Cornwall Buildings, 

Great Britain). The mass of the sorbents was 

0,05±0,01 g. Then the matrices were dried at room 

temperature until constant weight. The sorption de-

gree (R, %) was calculated as [17]: 

%100
max

maxmax

I

II
R ,

 
where I'max и I''max are the fluorescence intensity of 

pyrene at 394 nm in the source solution and after 

sorption on the membrane, respectively. 

The fluorescence spectra of pyrene in a solu-

tion and an adsorbed state on solid matrices were rec-

orded on a spectrofluorimeter Fluorat-02-Panorama 

(Lumex, Saint-Petersburg, Russia) with a holder for 

solid samples. The fluorescence intensity of pyrene 

(ISSF) was measured within the spectral range of 350-

450 nm, the excitation radiation wavelength being 

320 nm. The spectrum always has two peaks at λ = 374 

and 394 nm. 

RESULTS AND DISCUSSION 

It is known that to produce porous CDA 

membranes by a dry method, a mixture of a volatile 

solvent, typically acetone, with a porogene modifier 

not dissolving the polymer, e.g. water, should be used 

[19]. The significant differences in the boiling tem-

peratures and surface tensions of water and acetone 

and the high incompatibility degree of water with the 

solvated polymeric component lead to water’s slower 

evaporation from the polymeric system, in compari-

son with acetone, whereby pores are formed in the 

film structure. In addition, the main factors determin-

ing the porosity and spatial characteristics of the pores 

in the membranes obtained by dry spinning are the 

polymer concentration in the forming solution and the 

solvent : porogene volume ratio. 

To select CDA membranes with the best abil-

ity to adsorbed pyrene luminescence, a series of sam-

ples was prepared by casting from a polymer solution 

in acetone and water-acetone mixtures with several 

component ratios. Pyrene was adsorbed onto the ma-

trices prepared, and the SSF spectra were recorded. 

The membrane formed from the CDA solu-

tion in acetone was found to give a weaker pyrene 

fluorescence signal as compared to that prepared from 

the mixture of acetone and water. Addition of more 

than 5 vol. % of water into the system reduces the 

solubility of the polymer, while that of less than 5 vol. % 

makes the membrane sample more transparent, which 

hinders to get a high-quality pyrene fluorescence sig-

nal. Introduction of 5 vol. % of water to the solution 

leads to a decrease in its viscosity, an increase in the 

number of microgel particles of the dispersed phase of 

the polymer system, and increased membrane perme-

ability and porosity. Thus, the optimal acetone : water 

ratio is 95:5 vol. 

Further, an optimum CDA concentration in the 

forming solution was selected. Air-dry polymer pow-

der was introduced into a water-acetone (95:5 vol.) 

mixture in amounts from 1.2 to 8.0 wt. %. Pyrene was 

adsorbed onto the membranes and its SSF was rec-

orded. To compare the sorption capacities of our ma-

trices, the pyrene extraction degrees (R, %) were es-

timated. Experimental results are presented in Table 

1, which shows that the best pyrene sorption and fluo-

rescence is obtained with the CDA membrane made 

from the acetone-water mixture with a polymer con-

tent of 3.6 wt. %. We used these matrices in further 

studies. 
 

Table 1 

Pyrene sorption degree (R, %) and SSF intensity (ISSF) 

on the CDA membranes prepared from acetone-water 

(95:5 vol.) mixtures with several polymer concentrations 

Таблица 1. Степень извлечения пирена (R, %) из 

водно-этанольной среды и интенсивность ТФФ пи-

рена (ISFF) на ДАЦ мембранах, полученных из сме-

си ацетон-вода (95:5 об. %) с различной концентра-

цией полимера 

СCDA, wt. % R, % ISSF, a.u. 

1.2 28 ± 2 41 ± 5 

3.6 84 ± 1 122 ± 5 

5.9 63 ± 2 93 ± 6 

8.0 24 ± 1 35 ± 4 
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It was interesting to compare our matrix with 

commercial CDA membranes used in industry to fil-

ter aqueous media and biological fluids. Pyrene was 

adsorbed on both samples from water-ethanol solu-

tions with concentrations of 10
-6

-10
-8

 M.  

An SSF signal was only observed for the CDA 

membrane obtained in the laboratory (Fig. 1). The 

commercial sample of the CDA membrane gave no 

SSF signal in this range of fluorophore concentrations. 

In order to clear up such differences we ex-

amined surface energy characteristics and the mor-

phology of the membranes. The surface potential (ξ) 

of both laboratory and commercial membranes was 

negative: -32.0±2.0 and -18.6±2.0 mV, respectively. 

The surface potential of the laboratory sample is al-

most twice higher by the absolute value. 
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Fig. 1. Fluorescence spectra of pyrene (10-7 M) adsorbed on the 

laboratory (1) and commercially CDA membrane (2), and that of 

the laboratory CDA membrane alone (3) 

Рис. 1. Спектры флуоресценции пирена (10-7 М), сорбирован-

ного на лабораторной (1) и коммерческой (2) ДАЦ мембра-

нах, спектры флуоресценции лабораторной мембраны ДАЦ 

(3) 

 

The SEM data show that our laboratory CDA 

membranes have the structure of a continuous, ‘‘lacy’’ 

polymer network with pore sizes within 100-500 nm 

(Fig. 2a). The modal pore diameter was d = 0.12± 

±0.03 µm, the porosity P = 0.2±0.1 rel. units.  

The commercial CDA sample also had a po-

rous structure, but the pores were by an order of mag-

nitude greater: d = 1.8±0.5 μm, P = 0.6±0.1 rel. units. 

The pores of the commercial sample were filled with 

a set of nodules with diameters within 350-500 nm. In 

general, the commercial membrane was less dense 

and more permeable to solution than that obtained in 

the laboratory. 

 

 
a 

 
b 

Fig. 2. SEM images of the surface morphological structure of the 

laboratory samples (a) and commercial CDA membrane (b),  

D (1–4) is the pore diameter 

Рис. 2. СЭМ-фотографии поверхности образцов лаборатор-

ной (a) и коммерческой (b) мембран ДАЦ,  

D (1–4) – диаметр пор 

 

Apparently, the ability of pyrene to fluoresce 

in the sorbent phase depends on the surface morphol-

ogy of the membrane, which should be finely porous, 

smooth, and not transparent. 

It has been shown previously that pyrene 

sorption onto polysaccharide matrices is improved by 

adding a surfactant into the sorbate, in particular TX-

100 [17, 18]. In this regard, we studied the effect of 

this surfactant with various concentrations when add-

ed directly to the polymeric matrix during its prepara-

tion on the sorption capacity of CDA membranes. The 

modified membranes were used as matrices for py-

rene SSF, the pyrene concentration in the sorbate be-

ing 10
-6

 M. The diagram (Fig. 3) shows that the abil-

ity of pyrene to sorption and SSF on CDA membranes 

depends on the surfactant content therein. The highest 

fluorescence signal of pyrene in the sorbent phase was 

obtained with the modifier’s content in the forming 

solution of 0.26 wt. %, and the fluorescence intensity 

decreased sharply with further increase of the TX-100 

concentration in the matrix. 
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Fig. 3. Dependence of pyrene SSF on the TX-100 content (wt. %) 

in the CDA membranes with the pyrene concentration in the sorb-

ate of 10-6 M 

Рис. 3. Зависимость ТФФ пирена от содержания ТХ-100 

(масс. %) в мембранах ДАЦ при концентрации пирена в сор-

бате 10-6 М 

 

Thus, the use of TX-100 as a CDA film modi-

fier allows obtaining a higher pyrene SSF signal. 

To estimate the SSF pyrene analysis sensitivity, 

sorption of the substance was held from its 10
-6
-10

-9
 M 

water-ethanol solutions onto our laboratory CDA 

membranes, including those modified with the surfac-

tant, i.e. containing 0.26 wt. % of TX-100, and the 

SSF spectra of pyrene on the matrices were recorded. 

Table 2 contains the values of the pyrene SSF 

intensity for the CDA matrices, from which it follows 

that such modification of the CDA membrane using 

the surfactant TX-100 allows one to extend the limit 

of pyrene detection by SSF down to a concentration 

of 10
-9

 M and to increase the fluorescence signal in-

tensity. 

 
Table 2 

SSF intensities of pyrene adsorbed on CDA matrices 

from water-ethanol media with several concentrations 

of the substance 

Таблица 2. Значения интенсивности ТФФ пирена, 

сорбированного на матрицы ДАЦ из водно-этаноль-

ных сред с различной концентрацией вещества 

Pyrene concentra-

tion in the sorbate, 

М 

ISSF of pyrene (λ = 394 nm), a.u.  

CDA membrane Modified CDA 

membrane 

10
-6 

 122±5 269±7 

10
-7

 38±3 101±5 

10
-8

 5±1 44±3 

10
-9

 – 21±3 

 

Thus, we have developed a molding composi-

tion to prepare CDA membranes for the purpose of 

their use as matrices for solid-phase fluorescence of 

pyrene. These matrices can be used to monitor the 

presence of PAH in aqueous media. 

CONCLUSIONS 

The ability of CDA membranes to adsorb 

PAH and to exhibit their SSF signals was found to de-

pend on the composition of the forming solution. The 

maximum pyrene fluorescence signal in the adsorbed 

state was obtained on the membranes prepared by dry 

spinning from a water-acetone mixture (95:5 vol.) with 

a polymer content of 3.6 wt. %. 

Comparison of our laboratory CDA mem-

brane with a commercial sample has shown that such 

commercial membranes are not effective matrices for 

PAH SSF. The tested membranes revealed differences 

in the quantity and sizes of pores, surface morphology 

and surface potential. To get a pyrene fluorescence 

signal in the sorbent phase, the membrane should be 

finely porous, smooth, and not transparent. 

Our CDA membrane was modified by a surfac-

tant: adding TX-100 with a concentration of 0.26 wt.% 

into the forming solution reduced the limit of pyrene 

detection by SSF down to a concentration of 10
-9

 M 

and increased the intensity of the fluorescence signal. 

Acknowledgement 
The results of this work were obtained in the 

framework of the State Task no. 4.1299.2014/K of the 

Russian Ministry of Education and Science. 

R E F E R E N C E S  

Л И Т Е Р А Т У Р А  

1. Fischer S., Thümmler K., Volkert B., Hettrich K., Schmidt 

I., Fischer K. Properties and applications of cellulose ace-

tate. Macromol. Symp. 2008. N 262. P. 89−96. DOI: 

10.1002/masy.200850210. 

2. Zhanga S., Wang K. Y., Chunga T.-Sh., Chenc H., Jeanc 

Y.C., Amyd G. Well-constructed cellulose acetate mem-

branes for forward osmosis: Minimized internal concentra-

tion polarization with an ultra-thin selective layer. J. Mem-

brane Sci. 2010. V. 360. N 1–2. P. 522–535. DOI: 10.1016/j. 

memsci.2010.05.056. 

3. Hea Y., Lia G.-M., Wanga H., Jianga Zh.-W., Zhaoa J.-

F., Suc H.-X., Huangc Q.-Y. Experimental study on the re-

jection of salt and dye with cellulose acetate nanofiltration 

membrane. J. Taiwan Inst. Chem. Eng. 2009. V. 40. N 3.  

P. 289–295. DOI: 10.1016/j.jtice.2008.08.008. 

4. Verma N., Singh A.K. Development of biological oxygen 

demand biosensor for monitoring the fermentation industry 

effluent. ISRN Biotechnol. 2013. V. 2013 Article ID 236062. 

6 p. DOI: 10.5402/2013/236062. 

5. Rusli H., Gandasasmita S., Amran M.B., Gandasasmita 

S., Amran M.B. Cellulose acetate-silica fume membrane: 

characterization and application for separation of starch and 

maltose. Iran. Polym. J. 2013. V. 22. N 5. P. 335–340. DOI: 

10.1007/s13726-013-0132-8. 

6. Hurtubise R.J. Solid-matrix luminescence analysis: photo-

physics, physicochemical interactions and applications. Anal. 

Chim. Acta. 1997. V. 351. N 1–3. P. 1–22. DOI: 10.1016/ 

S0003-2670(97)00358-9.  

7. Torre M., Sґanchez-Hernґandez M., Vera S., San An-

drґes M.P. Improvement in retinol analysis by fluorescence 



Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2016. V. 59. N 12 

 

86   Изв. вузов. Химия и хим. технология. 2016. Т. 59. Вып. 12 

 

 

and solid phase extraction (SPE) in micellar medium. J. Flu-

orescence. 2008. V. 18. N 2. P. 487–497. DOI: 10.1007/s10895- 

007-0290-1. 

8. Talio M.C., Alesso M., Acosta M., Acosta M.G., Luconi 

M.O., Fernґandez L.P. Caffeine monitoring in biological 

fluids by solid surface fluorescence using membranes modi-

fied with nanotubes. Clin. Chim. Acta. 2013. V. 425. P. 42–

47.  DOI: 10.1016/j.cca.2013.07.008. 

9. Parashchenko I.I., Smirnova T.D., Shtykov S.N., Ko-

chubei V.I., Zhukova N.N. Doxycycline-sensitized solid-

phase fluorescence of europium on silica in the presence of 

surfactants. J. Anal. Chem. 2013. V. 68. N 2. P. 112–116. 

DOI: 10.1134/S1061934813020123. 

10. Plaza−Bolanos P., Frenicha A.G., Vidal J.L.M. Polycyclic 

aromatic hydrocarbons in food and beverages. Analytical 

methods and trends. J. Chromatogr. A. 2010. N 1217.  

P. 6303–6326. DOI: 10.1016/j.chroma.2010.07.079. 

11. Saitoh T., Itoh H., Hiraide M. Admicelle-enhanced syn-

chronous fluorescence spectrometry for the selective determi-

nation of polycyclic aromatic hydrocarbons in water. Talanta. 

2009. N 79. P. 177−182. DOI: 10.1016/j.talanta.2009.03.022. 

12. Wilson W.B., Costa A.A., Wang H., Campiglia A.D., Dias 

J.A., Dias S.C.L. Pre-concentration of water samples with 

BEA zeolite for direct determination of polycyclic aromatic 

hydrocarbons with laser-excited time-resolved Shpol’skii 

spectroscopy. Microchem. J. 2013. N 110, P. 246−255. 

DOI: 10.1016/j.microc.2013.04.001. 

13. Bernier G., Lamotte M. Field monitoring of PAHs in river 

water by direct fluorimetry on C18 solid sorbent. Rapid 

Chemical and Biological Techniques for Water Monitoring. 

Quevauviller P, Greenwood R. (Eds). UK: Wiley. 2009.  

P. 275−280. DOI: 10.1002/9780470745427.ch4c. 

14. Dmitrienko S.G., Gurariy E.Y., Nosov R.E., Zolotov Y.A. 

Solid-phase extraction of polycyclic aromatic hydrocarbons 

from aqueous samples using polyurethane foams in connec-

tion with solid-matrix spectrofluorimetry. Anal. Lett. 2001. 

V. 34. N 3. P. 425–438. DOI: 10.1081/AL-100102584. 

15. Vásquez V., Báez Contreras M. E., Fuentes Pérez E., 

Bravo M. Determination of heavy polycyclic aromatic hy-

drocarbons of concern in edible oils via excitation-emission 

fluorescence spectroscopy on nylon membranes coupled to 

unfolded partial least-squares/residual bilinearisation. Anal 

Bioanal Chem. 2013. N 405. P. 7497−7507. DOI: 10.1007/ 

s00216-013-7201-x. 

16. Dyachuk O.A., Gubina T.I., Melnikov G.V. Adsorption 

preconcentration in the luminescence determination of poly-

cyclic aromatic hydrocarbons. J. Anal. Chem. 2009. V. 64.  

N 1. P. 7–11. DOI: 10.1134/S106193480901002X. 

17. Rogacheva S.M., Shipovskaya A.B., Strashko A.V., Gu-

bina T.I., Volkova E.V., Melnikov A.G. Polysaccharide fi-

bers as matrices for solid-surface fluorescence. Int. J. Polym. 

Sci. 2014. V. 2014. P. 1–9.  DOI: 10.1155/2014/183413. 

18. Shipovskaya A.B., Gubina T.I., Strashko A.V., Malinkina 

O.N. Cellulose diacetate films as a solid-phase matrix for 

fluorescence analysis of pyrene traces in aqueous media. 

Cellulose. 2015. V.22. N 2. P. 1321 – 1332. DOI: 10.1007/ 

s10570-015-0572-8. 

19. Kesting R.Е. Synthetic polymeric membranes. Wiley-

Interscience Public.; 2nd Edition. 1985. 368 p. DOI: 10.1007/ 

978-94-009-4390-2_7. 

 

 

Поступила в редакцию 25.08.2016 

Принята к опубликованию 27.10.2016 

 

Received 25.08.2016 

Accepted 27.10.2016 


