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

DETERMINATION OF SURFACTANTS IN ENVIRONMENTAL
SAMPLES. PART I. CATIONIC COMPOUNDS

OZNACZANIE SURFAKT,A’NTOW W PROBKACH SRODOWISKOWYCH.
CZESC I. ZWI AZKI KATIONOWE

Abstract: Compounds from the group of cationic surfactants widely applied in household, industrial,
cleaning, disinfectant, cosmetic and pharmaceutipalducts as their specific properties (antimicahbi
emulsifying, anticorrosion, softening). After usationic surfactants are disposed to wastewatatrrent plants
and finally with effluent water to surface watersedo their incomplete degradation. Moreover, tbay freely
circulate in different environmental compartmenteliding living organisms. It becomes indispensatae
recognize in more detail behavior, fate and biaabeffects of cationic surfactants. This analytpablem can
be solved with use sensitive and reliable analyteehniques at sample preparation step and fiegdrchination
step. In recent years, during isolation analyteésnfrenvironmental samples mainly were used liquidit
extraction (LLE) - liquid matrices or solid-liquidxtraction (SLE) - solid matrices. This techniquealves
application of toxic solvents (chloroform), is timmensuming and interferences are co-extracted. Nay& in
scientific centers are carried out research toampthis traditional technique. So far, the follogvitechniques
were applied: solid-phase extraction (SPE) or idification (HF-LPME) - liquid samples; acceleratsdlvent
extraction (ASE) and supercritical fluid extractig8FE) - solid samples. During the determinationtaifl
content of cationic surface active agents in emvitental samples were used a traditional spectropteity
technique and potentiometric titration techniquet Biose techniques are susceptible of interfesenneanalysis
results (anionic and non-ionic compounds). The riatographic technique (liquid chromatography) agaplat
the final determination step gives possibility tetetmine individual cationic surfactants in solvemtracts of
environmental samples. The LC systems coupled mitlss spectrometers are most powerful tools dunich s
analysis.

Keywords: cationic surfactants, isolation and/or enrichméngl determination, environmental samples

Introduction

Surfactants (usually referred to as surface acsivbstances) are specific organic
compounds that contain hydrophilic and hydrophgpsaup in the molecule. An exhibition
of a double affinity (polar - non-polar duality)tigical for amphiphilic substances (Fig. 1).
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The amphiphilicity is a term derives from the Greeérd amphi and it is meanindpoth.
The non-polar hydrophobic part of surfactants mdkes usually are a straight or branched
hydrocarbon or fluorocarbon chain containing frono 88 carbon atoms [1, 2].

MWD

Non-polar group Polar group (ionic or non-ionic)
Lipophobic in aqueous media Lipophilic in aqueousiia
Lipophilic in hydrocarbon media Lipophobic in hydesbon media

Fig. 1. The schematic structure of compounds frieengroup of surfactants [1, 2]

The hydrophilic part of surfactants may be [2]:
- negatively charged -> anionic compounds;
- positively charged -> cationic compounds;
- both positively and negatively charged ->amphoteompounds;
- without formal charge -> non-ionic compounds.

Cationic surface active agents often contain th®gen atoms carrying positive charge
(mainly in an amine or quaternary ammonium growugich are coupled with one or several
long chain of the alkyl type. Quaternary ammoniuompounds (QACs) are one of the
widest applied group of cationic surfactants. Theg organic compounds in which
positively charged nitrogen atom is attached cowubleto four groups (FR,R;RiN™).
Different types of functional groups {R) can be attached: one long chain alkyl group and
the rest are either methyl or benzyl groups [3]riby the last decade dialkyl dimethyl
ammonium saltse§ DTDMAC) used in fabric softeners for household laggtion were
replaced by compounds from the group of alkyl eatemonium salts. They are containing
one or more weak ester linkages in the molecutacttre [4].

In Table 1 are shown examples of compounds frongitbep of cationic surfactants.

Table 1
The examples of compounds from the group of catisnifactants [5]
Quatern_ary Esters of quaternary ammonium Derivatives of Derivatives of
ammonium compounds (EQAC) pyridine imidazolines
compounds (QAC P
R1R:R3RsN"X (RCO-0O-CHCHy)>-N*-Ri1R; [NCsHs] R1-C=N-(CH)>-N*-R;
R1 ? R NG
|+ H,C_,, CHy CHY0—C—R B [
R2—N—R4 N H,C—0—S0;3 Ny « ]
| HO—H,C—H,C CHy CHy O—C—R ‘ N+
R3 0 Z R1”

This class of compounds is dissociated in aqueoligi@n into amphiphilic cations
and mainly the halogen type anions. The amphipkiiiactures of surfactants cause their
special properties like ability to concentrationsatfaces, reduction of the surface tension
or formation of micelles. Therefore, they can bplagl in various areas of human activity.
Cationic surfactants have gained importance beaafus bacteriostatic properties. For that
reason they are applied as disinfectants and atitiseagents in different products
(cosmetics, medicine, laundry detergents).
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Table 2
The effect of several cationic surfactants to défe organisms
Toxic parameter
Class of |Acronym of . ECso of « |Litera-
analytes | analytes Structure of moleculg Test organisms ECoyLDsg [nLqD/E|f | ture
[mg/dm?] 9/kg
Selenastrum capricornutum| 0.19 (96 h)
Microcystisaeruginosa | 0.12 (96 h) [8]
C12 ATMAC Navicula pelliculosa | 0.20 (96 h)
Rat 250-300 [9]
Gammarus sp. 0.1 (48 h)
Drugesia sp. 0.68 (48 h) [10]
Alkyl C16 ATMAC Dero sp. 0.22 (48 h)
trimethyl Rat 410 [11]
ammonium CH- Rat 1000 [9]
i [Cris ATMAC <
chloride |18 —_rr e Mouse 633 | [12]
c 1 Dunaliella sp. 0.38 (24 h) [13]
ATIl\/IG;:EZ CH; Chlorella pyrenidosa 0.28 (96 h)
Rat >500 [9]
c Daphnia magna 1.2-5.8
12-22 -
Planorbis corneus 0.73-23 [14]
ATMAC Idus melanotus 0.36-8.6
Alkyl Selenastrum capricornutum| 0.09 (96 h) (8]
;rrrllnit:i)lljlm Cs ATMAB Microcystis aeruginosa | 0.03 (96 h)
bromide Rat 1000 [11]
Dunaliella sp. 18 (24 h) [13]
Chlorella pyrenidosa 6 (24 h)
Senastrum capricornutum| 0.06 (96 h) (8]
Dialkyl |V Microcystis aeruginosa | 0.05 (96 h)
dimethyl Ci6-18)2 R—N—R | CI ) 0.16-1.06 (4§
ammoniu | DADMAC L Daphnia magna h) [15.16]
salts - > . Chironomus riparius 9.02 (96 h)
R=two alkyl chains Lymnaes stagnalis 18 (96 h) [17]
Lepomis macrochirus 0.62 (96 h) [15]
Gasterosteus aculeatus 4.5 (96 h) [17]
Clz . . LC()Z 3.5
ADMBAC Leuciscus idus melanotus LCios 8.0 [14]
Alkyl Ci214 Dunaliella sp. 1.8 (24 h) [13]
dimethyl ADCI\/IBAC |CH Chlorella pyrenidosa 0.67 (96 h)
12-18 _ 3
benzyl |\ JSEN - @CH: %R X Rat 525 (Oral)
ammonium CHs [12]
salts 3 Mouse 150-340
Cis18 (Oral)
ADMBAC 1420
Rat (Dermal) (18]
o Selenastrum
gmc?r?itj% DEEDMAC Qo i G 0~CR capricornnutum 2.9 (96) [19]
salts HO~RC- Ry CHy CHy 0~ (R Daphnia magna 14.8 (24 h)
DEQ ’ Daphnia magna 7.7 (48 h) [20]

"ECso (h) - effective concentration (concentration o tiexic substance that causes specific biologitfateof
50% of its maximum value after 24, 48 or 72 hours
"LDso (h) - lethal dose (concentration of the toxic sabse, which kills 50% of the population after defi

hours)




72 Ewa Olkowska, Marek Ruman, Anna Kowalska dasheta Polkowska

Cationic compounds from the group of surfactantgehzigh adsorptivity to different
types of surfaces and they might be applied asidaofteners, antistatic agents, corrosion
inhibitors or flotation agents [6, 7].

After use, compounds from the group of surfactants their degradation products are
discarded to wastewater-treatment plants (WWTPsnelimes surfactants are discarded
directly to surface waters and they might be dispérinto different environmental
compartments. In wastewater-treatment plants theycampletely or partially removed by
a combination of different processesy (sorption, biodegradation). But some surfactants
have a low biodegradability or their biodegradatfmoducts are more toxic than initial
compounds. Examples of toxic effect on living origars are given in Table 2.

After appropriated processes in wastewater-treatimplants the effluents in which can
occurred different types of surfactants or theigrddation products, are discharged into
surface waters [21, 22pue to their widespread use and freely migrationvben phases
surfactants (and degradation products) have be&srtdd at various concentrations in
different part of environment. The occurrence offaee active agents was confirmed in
atmospheric precipitation and deposits, surfaceemsatsediments, soils, living organisms.
Moreover, because of positive charge of the catisorfactants they are sorbed strongly to
the negatively charged solid surfaces of sludgi, sediments, metals, plastics and cells
membranes [23, 24]. It is become necessary to gtatet behavior, fate and biological
effects of these surfactants in the environmert2@§

For several reasons, it is complicated to detetgntify and quantify the levels of
surfactants once they reach environment. It shpalg attention at collection and storage
stage of environmental samples. They must be reptative of the environmental
compartment from which they were taken and the etermomposition of the samples does
not change during storage.

The determination of compounds from the group affastiants in environmental
samples causes problems mainly because of:

- the complex matrix composition of sample;

- the low levels of individual surfactants;

- the diverse structures of surfactants molecules;
- the amphiphilic properties of surfactants [5].

The mentioned difficulties might be eliminating lapplication of suitable isolation
and/or enrichment techniques at the sample preparatep. Nowadays, the analytical
techniques for the determination of levels of sttdats in environmental samples have
been continuously improved with regard to selegtjdensitivity and reproducibility [6].

Sample preparation step
Liquid samples

During determination of cationic surfactants inuiid| environmental samples is used
the traditional technique liquid-liquid extractigbLE) at the sample preparation step. This
technique requires use of organic solvent - chtwrafand reagents to form hydrophobic
ion pairs €g disulphine blue dyes (DiSB), patent blue V, brofmamol blue, LAS [5, 27]).
Organic solvent allows for transfer ion pair of geat-cationic surfactants from water to
chloroform. It has been considered that this typeextraction technique is the most
effective for isolation of cationic compounds framueous samples [28].
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However, the LLE technique requires time-consumilgan-up step and involves the
use of chloroform (toxic agent for living organigm®8ecause of this, the traditional
extraction has to be replaced by other techniq@edy several times the solid-phase
extraction (SPE) technique was applied during mam of extracts from liquid
environmental samples during analysis of catiod@ $29-31]. The cationic analytes are
adsorbed on the prepared surface of sorbent:

- octadecyl-bonded silica [28],
- SDS hemimicelles-alumina [30],
- modified polystyrene-divinylbenzene phase [29, 31

Sometimes during isolation of analytes from vergnptex matrixes interferences might
be remove from sorbent with use appropriated stdvémainly acetonitrile, water 40).
The cationic analytes are eluted for sorbent with mixture of non-organic and organic
solvents (acetonitrile, methanol, acetic acid, watemmonium formate buffer) [27].

Researchers in scientific centers are developimg exdraction techniques which give
possibility to reduce or eliminate use of toxicvasit during preparation of extracts. So far,
the hollow-fiber membrane-assisted liquid-phase roagtraction [32] or screening
colorimetric method (chromo- and fluorogenic praesswith use of S2 sorption element
and patent blue dye) [33, 34] were investigatetsalaition step of cationic analytes from
environmental samples.

Solid samples

For several years, concentrations of cationic stafds in solid samples have been
determined using a traditional solid-liquid extiant(SLE) or Soxhlet extraction (isolation
takes 5-18 hours). In these techniques was uselic aniethanol for isolation of analytes
from sewage sludge, soil, and sediment samplest Bidxacts after clean-up step were
analyzed [27, 35-38].

Alternatively, the ultrasound-assisted extractidi\E), accelerated solvent extraction
(ASE) and supercritical fluid extraction (SFE) weised for isolation of cationic surfactants
(benzalkonium chlorides, ditallowdimethylammoniutiazides) from solid environmental
samples. Such techniques allow for reduction thepa preparation time and the quantities
of solvents required in the traditional solventragtion [39, 40].

Final determination step

During the determination of total content of catto8AA in appropriated extracts was
applied a universal spectrophotometry techniqués Tdthnique is based on the formation
of ion associates (of cationic analytes with argoioins-pair reagents), isolation them to
organic solvent (LLE with use of chloroform) andasaring of the absorbance of organic
phase (after phase separation). The spectrophatpteehnique is typically use for routine
environmental analysis. But application of mentibriechnique is coupled with two main
problems: possibility of determination only totalncentration of cationic analytes and the
influence of interferences on results (anionic aad-ionic surfactants) [6, 27].

A potentiometric titration technique (PT) with i@elective detector was applied for
determination of cationic surfactants. This techrigis based on the changes in
electromotive force of solution in measuring cdteathe addition of the titrant. During
measurement are used ion-selective electrodesfionation of endpoint of titration, which
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are made with different materials (polyvinyl chitgi membranes, carbon paste electrodes,
coated wire, coated graphite electrodes) [41]. difeculties with production of electrodes
(manual) and their durability, reproducibility arstability of signal, the possibility of
determination only total concentration of surfatsahigh values of LODs and the influence
of interference on results are disadvantage relat#dPT technique [27].

The flow injection analysis (FIA) was applied fonet determination of cationic
compounds from the group of surfactants (dodeay#ithylammonium bromide - DTAB,
tetradecyltrimethyl-ammonium bromide - TTAB, cetitiethylammonium bromide -
CTAB) in the environmental samples. This technigubased on the enhancement of color
intensity of the complex formed between analytes Ba(111)-SCN [42].

Mentioned analytical difficulties might be solvetithe final determination stage with
the chromatographic techniques. Nowadays, the mostmonly use technique during
analysis of individual cationic surfactants in it extracts of environmental samples is
liquid chromatography (LC). Typically, this techoi is coupled with four types of
detectors: ultra-violet (UV) [43], conductometri€d) [44, 45], fluorescence (FL) [28],
mass spectrometry (MS) [30, 31] or tandem massispretry (MS-MS) [28, 29].

The concentration of cationic surfactants in environmental samples

So far, in various research centers are condudtelies consist mainly on analysis of
anionic and nonionic surface-active agents. Howetrare is limited information on the
levels of cationic analytes, which are widely usednany areas of human life (such as
antistatic agents, preservatives, disinfectantel]l thus they are emitted into different
ecosystems.

Table 3
The analytical procedures used for determinatiocatibnic surfactants and their levels in environtaksamples

Isolation Final determination Concentration of .
Analytes | Type of sample . . Literature
technigue technigue analytes
Solid samples
River sediment Sohxlet n.d. - 3.6 mg/kg
QAC Sewage sludge |  extraction HPLC-MS-MS 22-103 mg/kg [40]
880-1140 mg/kg
Marine sediment SLE HPLC-UV or
DTDMAC or or 30.3-42.3 mg/kg [28]
Sewage sludge ASE HPLC-FL 3300 mg/kg
or 3290 mg/kg
Liguid samples
Sum of
cationic Sea water LLE Spectrophotometr) > 3gldnt [46]
analytes
BAC 0.014-0.63ug/dn?
DDAC’ Wastewater LLE HPLC-MS-MS n.d. - 0.83ug/dn? [47]
ATAC’ n.d. - 1.1pg/dn?
BAC River water SPE HPLC-MS-MS 1.2-36.6/dn? [29]
DTAB Wastewater - 3-5 mg/din
CTAB Pond water - FIA 1.6-3.5 mg/dm [42]
CPC Ground water - 0.5-1.3 mg/drh

"DDAC - Dialkyl Dimethyl Ammonium Chloride
"ATAC - Alkyl Trimethyl Ammonium Chloride
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The analytical techniques used for determinationcationic surfactants and their
concentrations in solid and liquid environmentahpbes are presented in Table 3. In the
sediment samples (from river and sea) and sewaglgesicontent of cationic surfactants
were determined from the values below the detectlioit up to 42.3 mg/kg, 22 to
3300 mg/kg, respectively. In wastewater samplestdtal concentration of cationic surface
active agents was determined from 3 to 5 md/dmd for individual analytes from 0.12
to 3.5pg/dn?. In groundwater samples and surface water sanfptesd water) the total
concentration of compounds from the group of cétisurfactants has been determined
from 0.5 to 1.3 mg/dfhand 1.6-3.5 mg/dinrespectively.

Summary

Cationic surface active agents play an importal& i@ many areas of human activity
as ingredients of detergents, personal care preddabric softeners, emulsifiers or
biocides. Due to their commonly application, specénd toxic properties, it is a crucial
analytical problem to monitor their presence, bévawand fate in various parts of
environment.

During last years, several techniques have beetiedpfor the trace analysis of
cationic surface active agents in environmentalpdasn At sample preparation step analytes
were isolated mainly with use of liquid-liquid exttion (liquid samples) or solid-liquid
extraction (solid samples). To reduce disadvantaafethose techniques (use of toxic
solvents, time-consuming, necessity of high volwamples) during preparation of extracts
are studied such solution techniques like solidsphaxtraction and membrane-assisted
liquid-phase microextraction or accelerated solvertraction, respectively. At final
determination step for estimate total concentratbrcationic surfactants in appropriated
extracts was applied a universal spectrophotomtetitinique. Individual analytes were
determined with use of liquid chromatography codpleith different detection systems
(MS, MS-MS, FL, UV).

The cationic surfactants or their degradation petglican be emitted into different
ecosystems. The presence of these substances wisned in solid (bottom sediment,
sewage sludge) and liquid (wastewater, sea waver, water, ground water) environmental
samples. But in literature were presented only sorf@mation about occurrence of this
class of compounds. The research in this field gigssibility to better understand the
human health risks associated with the group ébeit surfactants.
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OZNACZANIE SURFAKTANTOW W PROBKACH SRODOWISKOWYCH
CZESC |. ZWI AZKI KATIONOWE

Politechnika Gdaska

Abstrakt: Zwiazki z grupy kationowych surfaktantéw ze wadhl na swoje wikxiwosci (bakteriobdjcze,
grzybobdjcze, emulgage, antykorozyjne, zrgkczapce) @ szeroko wykorzystywane w gospodarstwach
domowych oraz przendle jako srodki myjace, dezynfekujce i produkty farmaceutyczne. Po zastosowaniu
w réznych dziedzinach dziataldo czlowieka kationowe surfaktanty kierowane do oczyszczaliéciekow,

a nasgpnie do woéd powierzchniowych wraz z oczyszezamody (ze wzgédu na ich niecatkowit degradagj).
Ponadto, mog one swobodnie migrowapomigdzy r&nymi elementamisrodowiska, w tym wzywych
organizmach. Zatem istotne staje ppznawanie w sposéb bardziej szczegétowy zach@yémsu oraz efektow
wzgledem organizmoéweywych zwigzkdw z grupy kationowych surfaktantéw. To zagadi@emnalityczne mie
by¢ rozwigzane z uycie czutych i selektywnych technik analitycznych etapie przygotowania prébek do analizy
oraz na etapie oznaczaniankowego. W cigu ostatnich lat na etapie izolacji analitow z @idkrodowiskowych
wykorzystywane byly gtéwnie techniki ekstrakcji wktadzie ciecz-ciecz (LLE) - ciekte prébki lub ciato
stale-ciecz (SLE) - state probki. Ta technika ohggn zastosowanie toksycznych rozpuszczalnikéw
(chloroformu), jest czasochtonna oraz substancieszkadzage g wspotekstrahowane. Obecnie w wielu
osrodkach naukowychasprowadzone badania mag na celu zagpienie tych tradycyjnych technik. Jak eldt
wykorzystywano naspujace techniki analityczne: ekstrakcja do fazy stalSPE) hdz jej modyfikacja
(HF-LPME) - ciekle probki; przyspieszona ekstrak@a pomog rozpuszczalnika (ASE) lub ekstrakcja za
pomog rozpuszczalnika w stanie nadkrytycznym (SFE) fegtadbki. W celu oznaczenia sumarycznej zawaito
surfaktantow w prdbkach srodowiskowych byly najegciej wykorzystywane tradycyjne techniki:
spektrofotometrii oraz miareczkowania potencjontnego. Jednak stosowanie tych technikzevise z ich
podatndcig na obecn& substancji przeszkadzaych (anionowych i niejonowych zgakdw). Zastosowanie na
etapie oznaczania koowego techniki chromatograficznej (chromatografiéczowej) umdliwia oznaczanie
pojedynczych kationowych srodkdw powierzchniowo czynnych w ekstraktach rozgaalnikowych
przygotowanych z prébekrodowiskowych. Chromatografia cieczowa w quzieniu ze spektromefrimas jest
obecnie jednym z najbardziej uniwersalnych pdzzanalitycznych wykorzystywanych podczas tegatgipaliz.

Stowa kluczowe:kationowe surfaktanty, izolacja i/lub wzbogacani&ap oznaczania koowego, probki
srodowiskowe



