VERSITA DOI: 10.2478/eces-2013-0024 ECOL CHEM ENG S. 2P0@):331-342

Ewa OLKOWSKA', Marek RUMAN, Anna KOWALSKA® andZaneta POLKOWSKA

DETERMINATION OF SURFACTANTS
IN ENVIRONMENTAL SAMPLES.
PART II. ANIONIC COMPOUNDS

OZNACZANIE POZIOMOW ZAWARTO ,S’CI SURFAKTANTOW
W PROBKACH SRODOWISKOWYCH. CZ ESC Il. ZWI AZKI ANIONOWE

Abstract: Surface active agents (SAA) with negative charge of polar group are ndmas anionic compounds.
They are the main constituent of most products ainittg synthetic surfactants. THenear alkylbenzene
sulfonates (LAS), alkyl ethoxysulfates (AES) andalkyl sulfates (AS) are typically applied from this class of
compounds. Those surfactants are ingredients cfdimid detergents and cleaners, laundry detergeags)etic
etc. Moreover they can be applied in the papetjléeand tanning industry as optical brightenelispdrsant,
wetting and suspending agents. They can be substiat the formulation of different products likeedy
pigments, pesticides, exchange resins, plasticemedspharmaceuticals. Anionic surfactants afterarsepassed
into sewage-treatment plants, where they are figrilegraded and adsorbed to sewage sludge (applied
agriculture fields). Finally, the anionic SAA oreih degradation products are discharged into senfeaters and
onto bottom sediments, soils or living organisniserEfore, it is important (widely application, becamulation,
toxicity for living organisms) to investigate thavironmental fate of those class of compounds imenutztails.
This research involves determination the concdotradf anionic surfactants with use appropriatedlyical
techniques in environmental samples The officialthmdology for determination of anionic SAA in ligui
samples is based on the ion-pair reaction of tlesdytes compounds withmethylene blue (MB) and an
extraction with toxic solvent chloroform. Duringolation step of anionic compounds from solid sames
employed Soxhlet and ultrasonic-assisted extradgohniques with use of methanol or mixture of oitrganic
solvents as extraction medium. To overcome disadgas of those traditional techniques were apgtiéowing
techniques at sample preparation step from liquid aolid matrices:solid-phase extraction (SPE) and
solid-phases microextraction (SPME); accelerated solvent extraction (ASE), microwave-assisted extraction
(MAE), supercritical fluid extraction (SFE), respectively. For estimate total conceimadf anionic analytes in
extracts the spectrophotometric technique is usadofficial regulation). For determination concatitin of
individual analytes were applied gas (derivatizatsbep requires) and liquid chromatography mainiywnass
spectrometry technique. The presence of anionitaseiractive agents was confirmed in various ecesyst
(liquid and solid environmental samples).

Keywords: anionic surfactants, isolation and/or enrichménél determination stage, environmental samples
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Introduction

Surfactant is an abbreviation from surface actiyena All compounds from this group
have specific chemical composition of their molesul They consist two parts: one is
soluble in water (hydrophilic, lipophobic) and smedosoluble in non-polar medium
(hydrophobic, lipophilic). Generally, those parte aeferred as the head and as the tail,
respectively. The amphiphilicity term describes ttaet that surfactants contain two
different chemical groups (polar and non-polar) [1]

head tail

Fig. 1. Schematic structure of anionic surfactambéecule

This group of compounds is named due to their tecyl¢o absorb at different types
surfaces and interfaces. Another important propeftyurfactants is that those compounds
in solution have tendencies to form micelles. Téent micelle formation (micellization)
means that surface active agents are adsorbee @ttdrfaces for removing hydrophobic
tails from water to reduce the free energy of ty&tesn. This property allows for applied
surfactants as wetting or foaming agent. Due tsehspecific properties surfactants are
applied in different areas of human activity [2-4].

The main classification of surface active agentsaised on the basis of the charge of
heads: cationic, anionic, non-ionic and zwittertordgompounds. Approximately 65%
(6.5 million Mg per year) of total world producti@merresponds to the compounds classified
as anionic surfactants [5]. For the ionic SAA thimice of ion type plays a role in their
properties. Anionic compounds have such ion likdiwo, potassium, lithium, calcium,
protonated amines as counterions and carboxylalfafes sulfonate and phosphate as polar
group. The Figure 2 shows main compounds from tbamof anionic surfactants [3].

OCH,C00™

Alkyl ether carboxylate

()/\/0\/\0/\/

Alkyl sulfate NSNS 0805
Alkyl ether sulfate e O A0SO

SO;”

Alkylbenzene sulfonate

Alkyl phosphate 0RO
Alkyl ether phosphate A GO~ OPO

Fig. 2. The structure of some anionic surface actigents [3]

The linear alkylbenzene sulfonates (LAS) typicdlwe 10 to 14 carbon units and their
homologues consist of a varying number of positiegé@mers in the alkyl chain. The alkyl
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ethoxysulfates (AES) and alkyl sulfates (AS) aracpt second in the production volume
ranking after LAS. These chemicals are formed bipration from alcohol ethoxylates
(AEs) which are composed of a long-chain fatty htitovith an ether linkage to a chain of
ethoxylated units. Typically, in the alkyl ethoxifstes, the alkyl chain length is from 12 to
18 carbon and the ethylene oxide group has an g&enamber of 1-5 units [5, 6].
Compounds from group of anionic surfactants areegidly used in household
detergents and surface cleaners, shampoos, hamdadising liquids, laundry detergents
and cosmetic care products [5]. Anionic surfactants used as starting materials in the
production of dyes, pigments, catalysts, pesticigeger-soluble and ion exchange resins,
plasticizers, pharmaceuticals. Moreover, they canapplied in the paper, textile and
tanning industry as optical brighteners, dyes, elisant, wetting and suspending agents [7].

Table 1
The toxicity of several anionic surfactants
Structure of surfactant . Toxicity Con_c en- Litera-
Analyt Test organism tration
molecule factor 3 ture
[mg/dm”]
Raphidocelis *ICso 112
subcapitata (72 h) (8]
Physella acuta 9.2-26
H,C *
Sum of LAS [H,c—{cHz—cH—fcn, | -—ch, Artorie siina LCso (24 h) ——2 2
. *ECso 120-307
Helianthuus annuus (21 days) morkg [9]
Ci0 LAS Daphnia magna LCs0 (48 h) 12-17 [10]
S0 - -
Cir LAS 3 Dunaliellasalina | EGso (24 h) 83.15 [11]
ClAS Daphnia magna LCso (48 h) 12 [10]
Raphidocelis *ICso 36
subcapitata (72 h) (8]
Physella acuta *LCso 17-38
Artemia salina (24 h) 36-49
Rn . *ECso
SDS H So,- Daphnia magna (24 h) 29 [12]
Rm ECso
Salmo gairdneri (48 h) 34 [13]
LCs0(24 h) 42 [12]
: ECso
Carassius auratus (48 h) 38 [13]
Raphidocelis
subcapitata ICs0(72 ) 36 (8]
Physella acuta LCso(24 h) 17-38
AES H,C— (CH,m—{OCH,CH,| ;— 0S0- Artemia salina %0 36-49
Skeletonema costatum 0.37
Pseudokirchneriella | ECso(72 h) [14]
; 3.5
subcapitata

*|Csp - inhibitory concentration - causes weakness in a specific process of 508 ofaximum value after 24,
48 or 72 hours

*LCsp - lethal dose- concentration of substance, which kills 50%ha&f population after 24, 48 or 72 hours
*ECs - effective concentration- concentration of substance that causes spdxdlogical effect of 50% of its
maximum value after 24, 48 or 72 hours
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After use surfactants are discharged into domestiodustrial wastewater. Next, they
are discharged via wastewater treatment plants (\R¥YTinto surface waters. Due to
specific properties, anionic compounds (like LAGhde accumulated in aquatic organisms
and interact with their cell membranes, proteind anzymes. It causes the disturbances of
their biological functions, cell lysis or even dedtee toxic parameters of some anionic
compounds in Table 1). Moreover, the decrease riiacel tension properties makes easier
the migration of other toxic pollutants into livimgganisms [15-17].

During biological degradation of linear alkylbeneesulfonates are formed short-chain
sulfophenylcarboxylates (SPC). Determination of those biotransformationodoicts
occurred in liquid or solid environmental samplssimportant because it may indicate
ongoing biodegradation of compounds from the grafupAS [18-21].

Consequently, the environmental fate of anionic S¥ their effects (behavior during
wastewater treatment, distribution pathways) amtentration in different type of waters,
soils and sediments were thoroughly investigatdterdfore, monitoring anionic surface
active agents levels in environmental samples gomant for the protection of human
health and the different ecosystems [22].

Sample preparation step

Liquid samples

The liquid-liquid extraction with addition ofnethylene blue active substances
(MBAS, cationic ion-pair reagent) is the most freqtly used sample preparation technique
during the determination of anionic surfactantg (AS) in aqueous samples such as
wastewaters and surface waters [23, 24]. Mainlg)yées are isolated from environmental
matrices with use of toxic chloroform. During LLEorf elimination of emulsion’s
formulation is applied also other ion-pair reagengthylene green (MG) [22] or crystal
violet (CV) [25].

The isolation of anionic surfactants from liquidvennmental samples is usually
carried out by means of solid phase extraction |SFP&e linear alkylbenzene sulfonates
(LAS), sometimes products of their degradation dlohain sulfophenyl carboxylate
compounds - SPC, dialkyltetralinsulfonates - DATS) were isolated from untreated and
treated sewage, river water, sea water and grouedwith use of sorbent different types of
sorbents likegraphitized black carbon (GBC) [26, 27],strong anion exchange resins
(SAX) [28, 29], octyl silica (§) [30], hydroxylated polystyrene divinylbenzene paymer
(Isolute ENV+) [31]. But the octadecyl silica sorbéas been the most widely employed
for extraction of LAS from liquid samples with higacoveries (from 90 to 120%) [27-36].

The sequential solid-phase extraction (SSPE) gives higher recoveries of analytes from
the group of linear alkylbenzene sulfonates thaglsi SPE. In this modification of SPE
technique were applied combinations of fallowingety of sorbents: C18 coupled with SAX
[37] and Isolute ENV+ coupled with SAX [31]. Formuiltaneous isolation of different
compounds from the group of anionic surfactants SLAES, AS) were applied two
sorbents: octadecyl silica [5] and hydroxylatedyptyirene divinylbenzene co-polymer [36].
Moreover, the application of graphitized black eartor octadecyl silica sorbents allows
for simultaneous isolation from environmental sasplof anionic (LAS, AES) and
non-ionic (APEO, NP) surfactants or their degramtaproducts (SPC, APEC) during one
extraction [26, 39, 40].
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The solid-phases microextraction (SPME) is modification of SPE technique, which
allows for elimination of organic solvent from sdmpreparation step. In this analytical
technique analytes were adsorbed directly on thfaci of special fiber. During application
of SPME technique for isolation of anionic surfatta(individual LAS homologues from
seawater and urban wastewater samples) from lispmobles has been tested two different
materials of fiberspolyacrylate (PA) [41] andpolydimethylsiloxane (PDMS) [37]. Then
analytes adsorbed on SPME device were analyzed &@€-8S/MS system without
derivatization [41] or as ion-pairs of LAS with rt@butylammonium hydrogensulfate on
GC-MS system with derivatization in-port [37].

Other organic solvent-free colorimetric techniglieves for screening determination of
anionic surface active agents in aqueous sampléeuti use of complicated laboratory
apparatuses (for in situ analysis). In this techeids applied chromo- and fluorogenic
reaction (discoloration) on sorption element nam&a with cationic dye (methylene blue)
[42, 43]. The modifications of presented procedaredetermination of anionic compounds
involve application of different type of solid metd (eg silica nanoparticles) or type of dye
[44, 45].

Solid samples

During recent decades different analytical techesgbave been used to isolate anionic
surfactants from solid environmental samples (lmtsediments, sewage sludges and soils).
Traditional techniques solid-liquid extraction [4@xtraction in Soxhlet apparatus [5, 28,
47] and ultrasonic extractions [48-50] are requithd use of high amount of organic
solvent. The analytes were extracted with use oé ponethanol or as mixture with other
solvents (acetone, dichloromethane) [5].

The less time- and solvent-consuming new technidze® emerged during the last
years and these have been also employed to eslifilezent compounds from the group of
anionic compounds from solid environmental sample® to requirements of green
analytical chemistry [51]. To group of environmédnfidendly techniques are included:
accelerated solvent extraction (ASE) [52-54], microwave-assisted extraction (MAE) [55,

56] andsupercritical fluid extraction (SFE) [54, 57]. The two first techniques with wfe
solvents (methanol) are assisting by elevated testye and pressure or microwave
radiation. Third one use properties of fluids gpesaritical condition and for isolation of
anionic analytes was applied water.

Final determination step

At final determination step different techniquesreveised for determination of total
amount of anionic surfactants or individual compaairirhe total content of anionic surface
active compounds in environmental samples was migted with three techniques:
spectrophotometry [22-25], potentiometric titrametration (PT) [58] andtensammetry [59].

The spectrophotometric determinations of anionidastants are relied on measuring
of absorbance of ion-pairs with analytes occurmedappropriated solvent extracts. This
technique allows for quick and simple determinat@dnSAAs concentration with use of
uncomplicated apparatuses, so it is applied inmewtnvironmental analysis. On the other
hand, the spectrophotometric technique causes gtioduof very toxic wastes (contain
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chloroform - extracts contain of cationic analytasy is not selective only for compounds
from the group of anionic surfactants [51, 60].

Second technique used for determination of totaicentration of anionic surface
active agent is named as the potentiometric titteatien. First researches in this field were
beginning about 40 years ago [61-65]. Several tygesensitive potentiometric electrodes
were investigated during measuring total conterdrdbnic surfactants in wastewater [64,
66-68].

The last technique allows for determination of aitocompounds in liquid
environmental samples is tensammetry. During aisalye changes of the double layer
differential capacity are measured. Those changesaused by the adsorption of surface
active agents on the electrode’s surface. So fa, tensammetry was applied during
determination of anionic analytes in river watempées [59].

The information about total concentration of SAAdifferent environmental samples
gives only basic information about pollution of tharious ecosystems. Next, it should be
determined concentration of individual compoundsrirmixtures with following steps:
separation, qualitatively and quantitatively detieation [60].

These problems are solved during analysis of solvertracts with use
chromatographic (gas and liquid chromatography)redated (capillary electrophoresis)
techniques. The gas chromatography is limited tatife analytes and because of it anionic
surfactants have to be derivatizated with speaifients (additional stage during preparation
of samples). This technique coupled with mass speetry allows for separation of
homologues and isomers of anionic compouegdifear alkylbenzene sulfonates). But GC
technique was applied only several times for amalgé individual anionic analytes in
environmental samples [28, 52].

The most universal technique used during analysigxtracts from environmental
samples for determination of concentration of snglirfactants from all classesliquid
chromatography (LC). The liquid chromatographer coupled with flescence detector
(HPLC-UV) offers an easier way to separation, degacand quantification of linear
alkylbenzene sulfonates [55, 56, 69]. The lack afheomophore group of analyteeg(
AES) makes it impossible to determine them by meain$lPLC-UV technique. This
problem was resolved as a result of the developrokthe different types of ionization
interfaces €lectrospray - ESI, atmospheric pressure chemical ionization - APCI) in liquid
chromatography - mass spectrometry. Tiegative ionization (NI) mode is employed for
detection for all anionic SAAs. Nowadays, the LC-M&s become the powerful tool for
surfactant analysis in environmental samples dueitdopossibility of identification
homologues and ethoxymers and of the simultaneeigsmdining surfactants from different
classes (anionic and non-ionic compounds) withoflliénce of the interferences on results
[5, 70].

The concentration of anionic surfactants in environmental samples

Anionic compounds are one of the most importanfastaints, which are used in
different areas of human activity (cosmetics, dgat, laundry agents etc.). Analysis of
different types of environmental samples confirnmturrence of compounds from the
group of anionic surface active agents in differecsystems. Mainly, in liquid and solid
samples, were determined total concentrations iohananalytes [49, 50, 71] or individual
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linear alkylbenzene sulfonates [28, 55, 72]. Thanefew papers about determination also

(beyond LAS) individual AES and AS in solid matisd®, 48, 57, 73].

Table 2

The analytical procedures used during determinaif@mionic surfactants and their levels in liquid
environmental samples

Isolation F|nal . Concentration of .
Analytes Type of sample - determination Literature
technique - analytes
technique
Wastewater SPE LC-MS-MS 307-1920 pg/drh [34]
Sum of Tap water 1 pg/dni
anionic Lake water 0.01 pmol/dm [50]
River water LLE Spectrophotometry 13-50 pg/dm [74]
Sea water 0.11-0.21 umolr%dﬁ\ [49]
Wastewater - influerjt 2.4-6.8 mg/d
Wastewater - effluerjt LC-FL 4.2-40 ug/drﬁFh [75]
< Sea water 10.7-17.4 mg/d [39]
Sum of LASI—r or water 0.24-3955 pg/dih
Wastewater - influerjt SPE 2.4-4.0 mg/dm [48]
Wastewater - effluent LC-MS 0.25-34 pg/dm
C10LAS 9.3-19.9 pg/drh
CuLAS . 8.9-26.6 pg/drh
CLLAS River water 4512 pgldrd [5]
Ci13LAS 2.4-5.9 pg/dm
Sum of AES Sea water n.d.-0.1 ug/drh [39]
River water 0.01-200 pg/drh
Sum of -
AS/AES Wastewater - influent 0.77-5.32 mg/ drh [48]
Wastewater - effluent 10.8-67 pg/drh
C1,AES SPE LC-MS 2.7-7.4 ngldm
Ci:AES n.g.
C1AES River water 1.8-4.4 ng/dm [5]
CisAES n.d.
Ci16AES n.d-n.q

The analytical procedures allowed for determinatimin concentration of anionic

surface agents in solid and liquid environmentedas are showed in Tables 2 and 3.

Table 3
The analytical procedures used during determinaifamionic surfactants and their levels in solidieonmental
samples
Isolation |Final determination| Concentration of .
Analytes Type of sample - . Literature
technique technique analytes
Su_m (.)f Soil SLE Spectrophotometr 0.33 pmolfim [50]
anionic
Sea sediment ASE LC-MS 0.29-1.9 mg/kg [39]
. Soxhlet
Sum of LAS Lake sediment extraction 0.19-2.4 mg/kg
Soxhlet GC-MS [28]
River sediment N 0.23-0.72 mg/kg
extraction
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Isolation |Final determination| Concentration of .
Analytes Type of sample . . Literature
technique technique analytes
River sediment ASE LC-MS 0.026-0.068 mg/kg [5]
Sewage sludge
(digested) UAE 907 mg/kg
Sewage sludge LC-FL [55]
C10LAS (compost) UAE 89 mg/kg
Sludge UAE 78-210 mg/kg [40]
. Soxhlet
Soil extraction LC-MS 0.05-18 mg/kg [47]
River sediment ASE 0.13-0.23 mg/kg [5]
Sew_age sludge 3147 mglkg
(digested)
Sewage sludge UAE LC-FL [55]
C1iLAS (compost) 527 mg/kg
Sewage sludge LC-MS 763-2850 mg/kg [40]
. Soxhlet
Soil extraction 0.95-15 mg/kg [47]
River sediment ASE LC-MS 0.17-0.36 mg/k [5]
Sew_age sludge 4207 mglkg
(digested)
Sewage sludge UAE LC-FL [55]
C12LAS (compost) 887 mg/kg
Sewage sludge LC-MS 671-4130 mg/kg [40]
. Soxhlet
Soil extraction 0.71-14 mg/kg [47]
River sediment ASE LC-MS 0.216-0.339 mg/kg [5]
Sew_age sludge 3602 mg/kg
(digested)
Sewage sludge UAE LC-FL [55]
Ci3LAS (compost) 876 mg/kg
Sewage sludge 547-4240 mg/kg [40]
. Soxhlet
Soil extraction 0.7-10 mg/kg [47]
C14LAS Sewage sludge UAE n.d.-182 mg/kg [40]
Sum of AES Sediment LC-MS 0.043-0.164 mg/kg [39]
C1oAES 0.030-0.196 mg/k
Ci:AES ASE 0.052-0.105 mg/kg
C1:AES River sediment 0.085-0.225 mg/k [5]
CisAES n.d.-n.q. mg/kg
Ci16AES n.g.-0.01 mg/kg
Summary

Anionic surface active agents are a class o conmg®wumhich find the largest
application if different fields of human activityhe environmental fate of anionic SAA and
concentration in surface waters, soils or bottordirsents is investigated in details.
Therefore, monitoring the occurrence of anionidatants in different types of samples is
important for the protection of quality of enviroant and living organisms. At sample
preparation step and final determination step vegmglied different analytical techniques
(eg LLE, SPE, ASE, MAE, spectrophotometry, GC-MS, LGM Those tools allow for
increase of degree of knowledge about pollutioniowsr ecosystems. Generally, in



Determination of surfactants in environmental saspPart Il. Anionic compounds 33¢

environmental samples was determined total coraorr of anionic analytes or individual
compounds from the group of linear alkylbenzenésaltes.
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OZNACZANIE POZIOMOW ZAWARTO ,S,CI SURFAKTANTOW
W PROBKACH SRODOWISKOWYCH - CZ ESC Il. ANIONOWE ZWI AZKI

! politechnika Gdaska
2UniwersytetSlaski
3Instytut Badawczy Lanictwa

Abstrakt: Zwiazki powierzchniowo czynne (SAA) o ujemnym fadunkelginej czséci czsteczek okrdane g
jako anionowe surfaktanty. Ich wieliko produkcji jest najwysza wiréd syntetycznych zwekéw. Z tej grupy
analitéw g zazwyczaj stosowane liniowe alkilobenzen sulfopiéltAS), alkilo etoksysiarczany (AES) oraz alkilo
siarczany (AS). Tego typu surfaktanty sktadnikami detergentéw i produktéw czyspmzrch wywanych
w gospodarstwach domowychfodkach piogcych, kosmetykach. gSone wykorzystywane w przesig
papierniczym, tekstylnym i garbarskim jako optyczneybielacze, srodki rozpraszajce, zwikajace

i rozpraszajce. Co wgcej, 1 one uywane przy wytwarzaniu barwnikéw, pestycyd@ywic jonowymiennych,
plastyfikatoréw oraz farmaceutykéw. Anionowe sutfaky wraz zeiciekami trafiaj do oczyszczalniciekéw,
gdzie § poddawane degradacji oraz dochodzi do zjawiskarpdg w osadzie czynnym (wykorzystywanym
w rolnictwie). Ostatecznie, zwiki z grupy anionowych SAA lub produkty ich degrejias emitowane do waéd
powierzchniowych, a naginie do osadéw dennych, glebyaiakumulowane przez organizmywe. Std istotne
staje st poznawanie w sposob bardziej szczegétowy fosdowiskowego tej klasy zazkoéw (ze wzgddu na ich
szerokie wykorzystywanie, podatitona zjawisko bioakumulacji oraz toksyczob wzglkdem organizméw
zywych). Tego rodzaju badania obejmuokreslanie pozioméw zawarkei surfaktantéw w rgnego typu prébkach
z wyciem odpowiednich nagdzi analitycznych. Oficjalne metodyki analitycznetytzce okrélania zawartéci
anionowych zwizkéw w cieklych prébkachsrodowiskowych s oparte na reakcji tworzenia par jonowych
z bkkitem metylenowym (MB), a naginie ekstrakcji do toksycznego rozpuszczalnika rafilomu. Na etapie
izolacji anionowych analitéw ze statych probek etmane g techniki ekstrakcji za pomacrozpuszczalnika
w aparacie Soxhleta lub ekstrakcji wspomaganej nfalaltradzwickowymi (z wyciem jako medium
ekstrakcyjnego metanolu lub mieszaniny z innymiprteszczalnikami). By wyeliminowawady tego typu
tradycyjnych technik, na etapie przygotowania pkote analizy stosowane ®dpowiednio: ekstrakcja do fazy
statej (SPE) oraz mikroekstrakcja do fazy staldfNIE) - probki ciekle; przyspieszona ekstrakcja panpa
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rozpuszczalnika (ASE), ekstrakcja za pomeozpuszczalnika wspomagana promieniowaniem miloafam
(MAE) lub ekstrakcja za pomacpltynu w stanie nadkrytycznym (SFE). W celu dleria sumarycznej
zawartdci anionowych analitbw w ekstraktach stosowana jesthnika spektrofotometrii (wedtug
obowigzujagcych regulacji prawnych). Okdienie pozioméw sten indywidualnych analitéw odbywaese reguty

z wyciem chromatografii gazowej (konieczny etap detyeacji analitow) bBdz cieczowej w peajczeniu ze
spektrometyy mas. Obecni@ anionowych zwjzkéw powierzchniowo czynnych zostata potwierdzona
w réznorodnych ekosystemach (ciektych i statych probkactowiskowych).

Stowa kluczowe:anionowe surfaktanty, izolacja i/lub wzbogacan&ap oznaczania koowego, probki
srodowiskowe



