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DETERMINATION OF SURFACTANTS IN ENVIRONMENTAL
SAMPLES. PART lIl. NON-IONIC COMPOUNDS *

OZNACZANIE POZIOMOW ZAWARTO ,SCI SURFAKTANTOW
W PROBKACH SRODOWISKOWYCH. CZ ESC lIl. NIEJONOWE ZWI AZKI

Abstract: Non-ionic surface active agents are a diversemafichemicals which have an uncharged polar head
and a non-polar tail. They have different propertiee to amphiphilic structure of their molecul@smmercial
available non-ionic surfactants consist of the desa spectrum of compounds in comparison with atyyees of
such agents. Typically, non-ionic compounds foupgliaations in households and industry during foatian

of cleaning products, cosmetics, paints, presematbatings, resins, textiles, pulp and paperpfgim products
or pesticides. Their are one of the most commorclass of surfactants which can be potential poltusources
of the different compartment of environment (beeaus they widely application or discharging treated
wastewaters to surface water and sludge in agui@ijt It is important to investigate the behaviemyironmental
fate of non-ionic surfactants and their impact imng organisms (they are toxic and/or can disreipdocrine
functions). To solve such problems should be ag@igpropriated analytical tools. Sample preparattep is one
of the most critical part of analytical proceduiesdetermination of different compounds in enviremtal
matrices. Traditional extraction techniques (LLEor liquid samples; SLE - for solid samples) anmdiand
solvent-consuming. Developments in this field tegu improving isolation efficiency and decreasiaglvent
consumptiondg SPE and SPME - liquid samples or PLE, SFE and MA&lid samples). At final determination
step can be applied spectrophotometric technigongometric titrametration or tensammetry (defeation
total concentration of non-ionic surfactants) orathatographic techniques coupled with appropriatetction
techniques (individual analytes). The literaturéadzoncerning the concentrations of non-ionic ssfats in the
different compartments of the environment can gjeaeral view that various ecosystems are pollutethbse
compounds.

Keywords: non-ionic surfactants, isolation and/or enrichméngl determination, environmental samples

Introduction

Non-ionic surfactants are a diverse group of chalmichat are designed to have
various types of properties. They consist of anhanged polar head (polyether or
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polyhydroxyl units), which is well soluble in wateand a non-polar tail (hydrocarbon),
which is not or not easily dissolved in aqueouaitsmh [1]. Typically, in the polar chain
number of ethoxylates units (EO) is five to tenc@pt dispersant molecules - they have
longer chains). The most commonly used materialpfoduction of non-ionic surfactants
are: fatty alcohols, fatty acids, fatty amines,yglkenoles and esters. The examples of
compounds from group of non-ionic surfactants évergin Figure 1.

Commercial available non-ionic surfactants congiftthe broadest spectrum of
compounds in comparison with other types of surtd&ve agents. For example, fatty acid
ethoxylates are complex mixtures of high amounpdayfethylene glycol and fatty alcohol
ethoxylates as by-products. They may be appliethgdormulation of liquid and powder
detergents in household and industry areas of hawivity. Compounds from the group of
polyhydroxy (polyol)-based ef sucrose esters, sorbitan esters, alkyl glucosides,
polyglycerol esters) have complicated moleculecstme. Some of them can be applied
during composition of food or drugs (sorbitan esterfactants) or as antifoaming agents
(acetylenic glycols) [2, 3].
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Fig. 1. The examples of compounds from group ofiooic surfactants

Non-ionic surface active agents found applicati@s household and industrial
detergents, emulsifiers, wetting and dispersingiesgéNon-ionic compounds can be used in
formulation of cleaning products, cosmetics, paipt®servative coatings, resins, textiles,
pulp and paper, petroleum products or pesticided.[4

To the group of alkylphenol ethoxylates (APEO), ethare widely applied in different
areas, are bellow compounds like nonylphenol (NPE@) octylphenol ethoxylates
(OPEO). Those compounds undergo a quick degradatiomastewater treatment plants
(WWTP) into short-chain alkylphenol ethoxylateskggphenols (AP) - octylphenol (OP)
and nonylphenol (NP)) and carboxylated derivatigggsalkylphenoxyethoxy carboxylates
(APEC)). Non-ionic compounds presents bioaccumaitn aquatic organism and chronic
toxicity to them (Table 1). Moreover, it should wticed that products of APEO
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metabolism are toxic due to their estrogenic prigerand they can influent on biota after
exposure to WWTP effluents as endocrine disruptimgmicals [7].

Non-ionic surfactant are one of the most common cs@pounds which can be
potential emit to the different compartment of eamment during their application or
through treated wastewaters and sludge. It becomes and more important to investigate
the environmental fate of surfactants. Such resesrquires development of appropriated
analytical tools in order to obtain information absurfactant and their sometimes more
toxic recalcitrant metabolites [8].

Table 1
The toxicity of several compounds from the grouma-ionic surfactants
Analyte Test organism Toxicity Concentration Litera-
parameter [mg/L] ture
NP Daphnia magna 0.19 [9]
NPEO Daphnia magna LCso (48 hY 14
Mysidopsis bahia 1.2-1.9 [10]
Raphidocelis 3)
subcapitata ICs0 (72 1) 6.9 [11]
Physella acuta 4.0-7.4
1) )
AE Artemia salina LCs0 (24 hY 0.58-0.67
Carassius auratus 4 29
Salmo gairdneri ECs0(48 ) 22 [12]

D AE - alcohol ethoxylate

2 LCsp - lethal dose- concentration of substance, which kills 50%haf population after 24, 48 or 72 hours
3)1Csp - inhibitory concentration - causes weakness in a specific process of 50% ofaximum value after 24,
48 or 72 hours

4 ECs - effective concentration- concentration of substance that causes spedtfiogical effect of 50% of its
maximum value after 24, 48 or 72 hours

Sample preparation step

Liquid samples

The liquid-liquid extraction (LLE) is widely used sample preparation step during the
determination of concentration of ionic and nonigorsurface active agents. In this
technique, separation process is based on disaibof analytes between two immiscible
liquid phases - aqueous samples and organic sslvBuie to this conception appropriate
organic solvent (dichloromethane (DCM), ethyl atet§EA)) is added to sample to
isolation non-ionic surfactants [13, 14]. To overeo problem with the formation of
emulsion during the phase separation are applietifap ion-pair reagent (modified
Dragendorff reagent - anionic complex species simbith(l1) and iodides - for non-ionic
[13, 15]). This procedure leads to formation of toghobic ion-pairs and analytes can be
separated from aqueous samples with organic pfdse.liquid-liquid extraction offers
simple isolation of analytes from matrices withase of sophisticated equipment. But on
the other hand, it is time- and solvent- consunpiragcess with use of toxic agents.

Nowadays, the LLE is replacing by solid phase &tima at sample preparation step of
liquid samples. The SPE technique is often apdledhemical isolation of analytes from
complex matrices and purification of received estsaln comparison to LLE technique, the
solid phase extraction allows for reduction of gted isolation time and consumption of
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solvents [16]. Moreover, the sample preparatiop si@n be automated with use of SPE
[17]. Several types of sorbents (graphitized blaekbon, octadecylsilica or polymeric)
were employed for the extraction of non-ionic commpds from environmental samples.
Graphitized carbon black, non-porous sorbent, iedug solid phase extraction of
compounds from the group of alkylphenol ethoxylateghis case, the isolation of analytes
is slower (due to high resistance to the water ¥lthan with polymeric or C18 sorbent and
interferences are co-extracted (non-selective swybf]. The octadecylsilica sorbents
allow for achieve high recoveries for different dfihenol ethoxylates oligomers and low
for nonylphenols and octylephenols [18, 19]. The w§ GCB or Gg sorbents give
possibility to isolation of anionic (LAS, SPC, AE&hd non-ionic (APEO, APEC, NP)
surface active compounds in single extraction [2DThe highly cross-linked PSDB
(polymeric sorbent) was used for simultaneous fewieof APs, short-chain AREOs [23]
and long-chain AR;¢EOs (low recoveries for long-chain compounds) T#e comparison
of octadecylsilica and polymeric sorbents applied ifolation of non-ionic SAA from
liquid samples provide to conclusions that bottbeats have obtained similar recoveries of
analytes, but polymeric sorbent allows for fastatraetion of larger sample volumes
[7,23]. Other hydrophilic  polymeric  sorbents (hgghilic  macroporous
poly(N-vinylpyrrolidone-divinylbenzene) copolymerwere studied for simultaneous
isolation of alkylphenols, short chain alkylpherethoxylates (AR,EQ) and their more
polar metabolites. During experiments were repotiggh recoveries for metabolites of
APEO compounds (NEC - 110%; OFEC - 99%). Lower recoveries were achieved for OP
and OR_EO (~ 80%) and the lowest for NP and NPEO (< 70%2d)].[ This type of
extraction sorbent was also employed to extraatfoalkylphenols, alkylphenol ethoxylates
with more than 5 units of EO groups and their acidietabolites (APEC) from WWTP
effluent and surface waters and it gives higherovedes than previously described
polymeric sorbents [25]. The higher recoveries @fenrange of non-ionic analytes can be
achieved with use of sequential solid phase extna¢SSPE). In this procedures cartridges
with different sorption material are coupled inissrg C;g with ionic strong anion- and
cation-exchange) and solvent used at elution stelpdtive desorption) [26-28].

Due to requirements of green analytical chemidteye is emphasis on developing and
application sample preparation techniques which earéironmentally friendly [29]. To
isolation of non-ionic analytes from aqueous enwinental samples were used following
techniques:

- dispersive liquid-liquid microextraction (DLLMHE30, 31];
- hollow-fiber liquid phase microextraction (HF-LRNI[32];
- solid-phase microextraction (SPME) [19, 33-37].

In recent years, a novel analytical technique dispe liquid—liquid microextraction
(DLLME) was employed to isolation of non-ionic saefants from liquid samples. In
DLLME technique, analytes (OP, NP, AJEO) were extracted from aqueous sample by
their migration to appropriate extracting solvetiamacterized by low soluble in water
(eg trichloroethylene, chloroform). To samples is atlddso second dispersing solvent
which is soluble in watere§ acetone, methanol). The cloudy solution was sépedrhy
centrifugation and subjected to chromatographitesy$30, 31].

The hollow-fiber membrane-assisted liquid-phaseroaktraction also was applied to
isolation of non-ionic compounds (nhonylphenols, ytgtienols) from environmental
samples. This extraction technique is based ordibeolved analytes into a micrometer
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liquid membrane of 1-octanol, which is held by aqus polypropylene hollow fiber. This
HF-LPME technique gives solution of main difficei occurred during application of
DLLME (automation of sample preparation step, vedibdity of solvent drop to physic
forces) [32].

Two other environmental friendly techniques werekayed for isolation of non-ionic
analytes: solid-phases microextraction and stirsbaptive extraction. The SPME technique
gives possibility to eliminate toxic solvents frasample preparation step because analytes
are directly adsorbed on the fiber surface fromeags solutions. After isolation the SPME
device is transfer to injection port of chromatgdria systems and analytes are desorbed
into stream of mobile phase [33]. Several coatbdré were employed for the isolation of
analytes: Carbowax/template resin (CWAX-TR), Carbpwdivinylbenzene (CWAX-
DVB), polydimethylsiloxane-template resin (PDMS-TR) polydimethylsiloxane-
divinylbenzene (PDMS-DVB), polyacrylate (PA) [334]3 Before analysis of solvent
extracts with gas chromatography non-ionic with hikig molecular weight should be
derivatized with specific agents (trimethylchlotase with BSTFA [33], N-tert-butyl-
dimethylsilyl-N-methyltrifluoroacetamid (MTBSTFA) [35] or with 1%tert-butyl-
dimethylchlorosilane (TBDMCS) [34]). This techniquas used to isolation analytes from
the group of APEO from sewage sludge samples E8]jrt-chain nonylphenols from river
water [36], alkylphenols (Zert-octylphenol, nonylphenol isomers, 4-nonylphenodni tap
and lake water [34], from wastewater [37] and calastter samples [35].

Solid samples

The Soxhlet extraction technique was several tigdied to isolation of non-ionic
surfactants (short-chain nonylophenols, long-ctelkylphenol ethoxylate, nonylphenols,
octylphenols) from solid samples. It is simple agtion technique and does not require
expensive equipment. However, there is a needeofersy large volume of solvents (mainly
50-300 cm of methanol, dihloromethane) and isolation timeoélytes is very long (up to
48 hours) [38-40].

Recently, other isolation techniques were appliesaaple preparation step, in which
different parameters improve the solubility of dadamples (high temperature and pressure,
application of ultrasounds or microwaves).

Ultrasounds-assisted extraction (UAE) is an altivaatechnique to the traditional
extraction systems. It gives possibility to fastsolation of analytes than in Soxhlet
apparatus and to reduce large volumes of toxicricgsolvents (30-60 cirof mixtures of
acetone, hexane, and dichloromethane) [38].

The accelerated solvent extraction (ASE) is thennitraction technique used for
extraction of non-ionic compounds from solid matscThe ASE offers such advantages as
faster sample preparation, reduction of solventsomiption (15-30 cfhof acetonitrile,
water, methanol, acetone, dichloromethane or theitures) and possibility of automation
isolation stage. The ASE technique allows for @ffit extraction of a wide range of
alkylphenols and alkylphenol ethoxylate oligomersrein complex matrices like sludge [7,
41], soil [41, 42] and bottom sediment [43].

The microwave-assisted extraction (MAE) has becantechnique which is used to
isolation of non-ionic surfactants (NP, OP, NPE@nf environmental particulate samples
such as sediments. The MAE technique has such iraprent as small volume of solvent
(mainly MeOH, DCM/MeOH) and amount of samples, shiime of extraction and
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simultaneously preparation many samples. The hitiali cost of MAE apparatus is
pay-back due to solvent amount saving and sho# tifrisolation analytes [44-46].

Only several times the supercritical fluid extranti(SFE) was used to isolation
compounds from groups of non-ionic surface actiyend (NPEO and their metabolites, OP,
NP) in solid matrices [39]. In mentioned technigie extractants (CQOor water) are
non-toxic, cheap, has ability to dissolve differéyppes of organic compounds and they
could be easily remove from samples. The modificatf extracting medium with low
molecular weight polar compoundseg(MeOH, EtOH, water) resolves problems with low
recoveries during isolation of long-chain APEOs-B0}.

Final determination step

The determination of total concentration of sudiats or their individual levels
requires the use of appropriated analytical tealesgduring analysis of solvent extracts.

In first analytical issue can be solved by spedtatpmetry [51], potentiometric
titrametration (PT) [52, 53] and tensammetry [54], 5

Titrimetric technique can be used only to deternfiigher concentrations of non-ionic
compounds and interfering substances can influerfinal results. The PT technique was
used to analysis levels of total concentration ofh-ionic surface active agents in
wastewater and sea water samples [52, 53].

Tensammetric technique allows for the determinatimfn total concentration of
non-ionic SAA and results are similar to those wide of formation of complex of the
BIAS or CTAS with analytes and spectrophotometrgn3ammetry belongs to the group of
voltammetric techniques, where used changes oflddaper capacity are and it allows for
the determination of non-ionic compounds. More #jweprocedure includes application of
the BIAS separation scheme with the tensammetriasomement. This technique was
applied for analysis of river water samples [54], 55

Spectrophotometric technique is universal for fihelermination of total concentration
of different types of surfactants. This technique hased on the reaction of the
polyoxyethylene chain with metal cations, next tbe-pairs are extracted into organic
solvents and the absorbance of organic layer isunigy. But it should be noticed that with
non-ionic analytes are co-existed cationic andrdaicompounds cause errors during final
analysis [51]. Procedures involve use of this téqm are not environmental friendly and
they should be replaced by other one.

To receive information about environmental fateoffi-ionic surfactants it is necessary
to develop and applied different analytical techeis for the determination of these
substances in different matrices at trace levelte das chromatography (GC) coupled to
mass spectrometry (GC-MS) is powerful tool for gapian, qualitative and quantity
analysis of different types organic compounds, h@weit is limited by their volatility (only
to NP, OP, and AREO). The determination of concentration of longicthAPEO
compounds requires the use of derivatization stefhé analytical procedures. Also flame
ionization detection (FID) coupled with GC systeandie applied for determination of
levels of individual non-ionic compounds [16, 33}:36

The liquid chromatography (LC) is the most powertuhd universal analytical
technique for analysis of solvent extrac@hiromatographic separation of compounds from
the group of APEOs and their metabolites in a sirgglalysis presents several difficulties
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(complexities of commercially-available technicabgucts, broad range of polarities that
APEOSs - more lipophilic APs and more hydrophilidschain oligomers) [16]. The LC
technique is suitable to determination of low-vititgt compounds with large molecules
mass and derivatization step of analytes is noessary. Specific types of stationary and
mobile phases allow for the simultaneous separatibtroad range compounds from
non-ionic group (NP, OP, OPEO) [7, 57] and evemmfrimnic groups with better peak
shapes and resolution of non-ionic oligomers [J2le liquid chromatography for analysis
of non-ionic compounds can be coupled with difféereypes of detectors: fluorescence
(FLD) [58], ultra-violet (UV) [59, 60], mass speainetry (MS) [61] or their combination
(MS-MS, UV-FLD, UV-MS [25, 62]). The facilities dfC-MS can be successfully applied
for determination different types of the homologuasd oligomers of alkylphenol
ethoxylates and their metabolites [63]. The MS-M$edtor can be used to identification of
non-ionics analytes (due to their mass spectra agontharacteristic fragments that
constitute additional confirmation) and usually \pdes higher selectivity at quantitative
determination step [64]. For ionization of non-i@inalytes were applied two techniques:
atmospheric pressure chemical ionization (APCI) @& electrospray ionization ESI (has
demonstrated higher sensitivity) [17, 63]. The tiferation and quantitative analysis of
non-ionic SAA was performed with the ion trap magsadrupole and triple-quadrupole
mass spectrometers [64-67].

The concentration of non-ionic surfactants in environmental samples

The most studies were focused on determination ertrations of limited analytes
from the group of APE, mainly in effluents and ughts wastewaters [68]. Typically, the
low molecular weight ethoxymers like nonylphenolmoethoxylate (NFEEO), nonylphenol
diethoxylate (NBEO), carboxylated derivatives nonylphenoxyacetiad a®NP,EC), and
nonylphenoxyethoxyacetic acid (BEC) were determined during analysis. Also were
interested occurrences of NP and OP compoundd$fereatit type of samples [7]. In Table 2
are given concentration of non-ionic surfactantdiqoid samples and in Table 3 in solid
samples. The total concentration of compounds fileengroup of NPEO in surface water
samples (sea water) was range 0.94igint. Effluent and influent wastewaters contain
nonylphenol ethoxylate (NREO) in range 26.8ug/dn? and 3.52-756 pg/dnt,
respectively. In turn, such samples contain obtigtml ethoxylate (OREO) in
range 1.55ug/dn? and 0.21-6.45.g/dnT, respectively. The carboxylated derivatives of
NPEO and OPEO were occurred in wastewater sampleange from 1.5-16.@g/dnt
(effluent stream) and 81.5pg/dn? (influent stream). Compounds like NP
(<LOD - 200 ng/dm) and OP (<LOQ - 37.6 ng/djnwere establish in liquid samples. The
total concentration of compounds from the groupNBEEO in sediment samples was range
from 260 to 270Qug/kg and in soil treated with sludge from 92 to 32gkg. The total
concentration of compounds from the group of OPEQ@adiment samples in soil treated
with sludge was range from 87 to 36@/kg. In sediment and in soil samples was
confirmed occurrence of ASE compounds (respectively4-266 pg/kg and
<LOD - 152ug/kg. The NP (<LOD - 110@g/kg) and OP (0.2-238g/kg) analytes were
also found in solid samples.
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Table 2

The analytical procedures used during determinaifaron-ionic surfactants and their levels in lidjui
environmental samples

Isolation Final Concentration of
Analytes Type of sample technique determination analvtes Literature
q technigue Y
?\Iupnégf Sea water 0.9-1.2ug/dn? [21]
NPo4EO Wa(fﬁtﬁ"é’ﬁ:er - LC-MS-MS 21.6ug/dn?
NPo4EO W?:ftli‘{e"ﬁ:er - 3.19-158ug/dn?
NP,EO n.g.- 67 ng/dm
NP,EO 12-48 ng/dm
NPsEO River water LC-MS 9-59 ng/dmi
NP,EO 12-52 ng/dm
NPsEO 14-21 ng/dm
Wastewater -
NP;.1EO offluent 5.22pg/dn? 7]
Wastewater -
NP.1EO ?rfﬂ‘a‘g’ﬁter 0.334-474ug/dn?
Wastewater -
NPo.1¢EO ae‘?:ﬂ‘fj‘g’ﬁter 26.8pg/dn?
Wastewater -
NPy EO o water SPE 3.52-726ug/dn?
Wastewater - -MS-
ORy.sEO i LC-MS-MS 1.58ug/dn?
Wastewater -
ORy.EO ?rfﬂ‘a‘g’ﬁter 0.21-6.45ug/dn?
OP.EO n.q. (<9) ng/dr
OPEO n.g. (<8) ng/dm
OPREOQ River water n.g. (<11) ng/drh [23]
OPEO n.g. (<14) ng/dr
OREO n.qg. (<12) ng/drh
S:qum Sea water LC-MS n.d. [21]
Tap water LC-MS-MS 0.g/dn? [69]
NP GC-MS-MS n.d.- 4.4 ng/din [70]
River water LC-MS-MS 140-200 ng/drh [23]
op GC-MS-MS 37.6 ng/drh [70]
n.g. [23]
APEC
Wastewater -
%’,?ES; ~filLent 1.5-16.8ug/dn?
APlEC LLE 71
Wastewater -
“g';ll'é(é)* influent LC-MS-MS 8L 5ug/dn?
NP.EC W?r?]fli‘g’ﬁ:er - 182-478ug/dn?
NP,EC SPE 0.1 pg/dn? [69]
OPEC Tap water n.d. (0.01ug/dn?)
OPREC n.d. (0.01ug/dnT)




Determination of surfactants in environmental saspPart lll. Non-ionic compounds

457

Table 3

The analytical procedures used during determinaifaron-ionic surfactants and their levels in solid

environmental samples

Isolation Final . Concentration .
Analytes Type of sample - determination Literature
technique - of analytes
technigue
Sediment 260-2700ug/kg [21]
Sum of NPE Soil treated with sewage ASE LC-MS 92-329ug/kg [41]
Sum of
NP,EO and Sediment MAE GC-MS n.g.- 1.5 mg/kg [46]
NP,EO
Sum of OPEQ Soil treated with sewage ASE LC-MS 87-369Kkg [41]
NPEO 2.6 ug/kg
NP,EO 2.9ug/kg
NP;EO 2.8ug/kg
NP,EO 0.9ug/kg
NPsEO 1.1ug/kg
NPsEO 0.3ug/kg
NP,EO 0.5ug/kg
NPEO 0.5ug/kg
NP,EO 0.5ug/kg
NP1 gEO 0.4 ug/kg
NP;,EO 0.4 ug/kg
NP ,EO Particular matter in 0.3pg/kg
OP,EO sewage sample SLE LC-MS-MS 0.2 ug/kg [16]
OREO 0.3ug/kg
OREO 0.4 ug/kg
OREO 0.2 ug/kg
OREO 32.8ug/kg
OREO 18.8ug/kg
OREO 12.3ug/kg
OREO 10.7ug/kg
OREO 16.2ug/kg
OP;oEO 11.3ug/kg
OP:EO 8.1ug/kg
OP,EO 4.7 pglkg
NPEC Sludge 7 nglkg (71]
NP,EC ASE LC-MS 20 ug/kg
Sum of AEO Sea sediment 114-2666ug/kg [21]
Sum of AEO | Saoil treated with sludge n.d.-152ug/kg [41]
. GC-MS 0.14-1.1 mg/kg [46]
Sediment MAE GC-MS-MS n.d-1iglkg [70]
Soil treated with sewage ASE LC-MS 142-5a9kg [41]
NP Particular matter in
sewage sample SLE LC-MS-MS 0.8u9/9 [16]
ASE 190pg/kg [71]
Sludge UAE LC-MS 172-601ug/kg [22]
River sediment MAE GC-MS-MS 4.7-31,8)/kg [70]
op Soil treated with sewage ASE LC-MS 105-288kg [41]
Particular matter in SLE LC-MS-MS 0.2u9/g [16]
sewage sample
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Summary

Compounds from the group of non-ionic surfactames @mong the most prevalent
anthropogenic pollutants with the potential to eritéo the different ecosystems. The
application of APEO in different field of human @&y is very broad: cleaning products,
cosmetics, plastics, paints, textiles, resins, gbetim refining, pesticides and metal
processing.

This widespread use of surfactants coupled with #peecific characteristics
(bioaccumulation in living organism, chronic toxici ability to mimic natural hormones
and disrupt endocrine functions) of that type ofmpounds provide necessity of
investigation of their environmental occurrence, [73].

Analysis of compounds from the group of surfactatsheir degradation products in
environmental matrices is very complex and appatpranalytical techniques should be
applied at sample preparation step and during aépar detection and quantification stages
[67, 68]. A lot of research has been done on therg®gnation of non-ionic surface active
agents and products of their metabolism in the ticjaad terrestrial ecosystems.
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OZNACZANIE POZIOMOW ZAWARTO SCI SURFAKTANTOW
W PROBKACH SRODOWISKOWYCH. CZ ESC lIl. NIEJONOWE ZWI AZKI

! politechnika Gdaska
2 UniwersytetSlaski, Sosnowiec
3Instytut Badawczy L&nictwa, Raszyn

Abstrakt: Niejonowe surfaktanty stanowieréznicowary grupe zwigzkéw chemicznych, ktére w swojej budowie
zawieraj pozbawior tadunku polarg ,gtowe” i niepolarny ,ogon”. Tego typu zwkki powierzchniowo czynne
ze wzgkdu na amfifilovg struktue posiadaj réznorodne witéciwosci. Komercyjnie dosipne produkty zawsze
zawieraj szerokie spektrum zwzkéw o niejonowym charakterze. Niejonowe zzki znalazly zastosowanie
gtébwnie w gospodarstwach domowych oraz w przéenyprzy wytwarzaniu produktéw czyszexch,
widkienniczych, celulozowych i papierniczych, kosph@w, farb, powlok konserwagych, zywic, produktow
naftowych i pestycydéw. Jest to jedna z ngjciej wykorzystywanych klas surfaktantéw, ktére maganowé
potencjalnezrodio zanieczyszczeniaadych elementévirodowiska (ze wzghu na ich szerokie zastosowanie lub
kierowanie oczyszczonychsciekbw do wod powierzchniowych i stosowania osadéezynnych
w rolnictwie). Istotne staje sibadanie losusrodowiskowego substancji powierzchniowo czynnychzorch
wplywu wzgkdem organizméweywych (ze wzgidu na dziatanie toksyczne i zdokitodo wplywu na funkcje
endokrynologiczne). Te zagadnienia mo@y¢ rozwiazywane przez stosowanie odpowiednich gdzi
analitycznych. Etap przygotowania probek do analjggt jednym z najwaniejszych etapéw procedur
analitycznych. Tradycyjne techniki ekstrakcji (LLElla prébek ciektych; SLE - dla probek statychilua sie
czasochtonnixia oraz uywaniem duych ilosci rozpuszczalnikéw. Rozwéj w tym zakresie doproriadio
poprawy efektywnéci izolacji analitbw oraz zmniejszenia wymaganydbjetéci rozpuszczalnikéw (np. SPE
i SPME - prébki ciekle lub PLE, SFE i MAE - prébkiate). Na etapie oznaczaniankowego mog by¢
wykorzystane: technika spektrofotometryczna, techmiareczkowania potencjometrycznego lub tensanemet
(do okrdlania sumarycznego ¢senie niejonowych zwizkéw powierzchniowoczynnych) oraz techniki
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chromatograficzne (do olkdlania pozioméw stzenie pojedynczych analitéw). Analiza danych litaratvych
dotyczicych stzen surfaktantow w rénych elementachsrodowiska pozwala na stwierdzenige r&ne
ekosystemygzanieczyszczone przez zwki o charakterze niejonowym.

Stowa kluczowe:niejonowe surfaktanty, izolacja i/lub wzbogacaniEap oznaczania koowego, probki
srodowiskowe



