Scientific Journal of Riga Technical University
Material Science and Applied Chemistry

2010
\olume 22

Persistant Organic Pollutants and Lesser Known
Problems in the Environment

Indulis StikansBioventa Ltd., Daina KalninaRiga Technical university,
Linda. BusmaneGeology and Meteorology Centre

Abstract: Surface-active compounds are an integral part of
washing agents (powders) and are designed to usedwater. One
of the hazardous chemical classes for environmentnd human
health are persistent organic pollutants (POPSs).Sudtantial
amounts of pyrene are solubilized through the usefdousehold
soaps and washing powders (the pyrene concentratiomaries
from 4.6 -180 times). Surface-active compounds (SAGre very
active even in the low concentration range of 0.005 1%.
Therefore, from a scientific viewpoint, the listed ange of their
concentration in washing agents is so broad (e.g5%; -15%; -
30%) that meaningful results based on the concenttin of these
SAC cannot be obtained in laboratory experiments. &ticular
attention needs to be paid to the development of tianal policies
for the control of surface-active chemicals in polited washing
waters and wastewaters. The first step would be amitiative to
ensure that Latvian regulations and legislation arebacked up
with effective control systems for not only for “suface-active
substances” as a whole, but also specifically foronionic and
cationic substances.
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|. INTRODUCTION

Persistent organic pollutants have a number of iBpec

properties: toxicity, persistence, bioaccumulatimo]atility

and the potential for long-range environmental eéta¥OPs
are very dangerous substances because they haagvarse
impact on human health, leading to various tumars @ancer
formation,
problems [1]. POPs have a tendency to travel indihection
from the equator to cooler climatic areas.Althoaghortion of

This article gives results obtained by focusing the
solubility experiments using household soaps anghing
powders - to better understand the mechanism efdation
between the different surface active substancepwrahe.

Il. MATERIALS AND METHODS

A Chemicals
The PAH used in this study was pyrene, ACROS, 98 %.

B Washing powders and soaps

The choice of samples was random. Persil [P] (cdnte
15% anionic, <5% non-ionic and <5% cationic substa,
Henkel; Ariel [Ar] (content: 5-15% anionic, <5% ndanic
substances), Procter & Gamble, Poland; Laundry $8&p
(content: 72 % anionic substances), Group 1, Aassia.

C Surface tension measurements

The method described by Shaw (Shaw, 2000) was fased
determining surface tension at 20°C with a Traubase
tensiometer (stalagmometer). Surface tension isulzked
using the formula:

o, *N,
Nl

0'1:

where 6; — surface tension of the investigated liquig; —
surface tension of distilled water;; N- droplet count of the

behavior disorders and reproductive thealinvestigated liquid; B — droplet count of the investigated

liquid (certified value from the producer).

the POPs in the atmosphere is produced during alatur D The detecting concentration of pyrene

incomplete combustion, the main source of theseyetfaus
substances is from man-made activities [2]. Duetheir
mobility, POPs present problems in geographic atleatsare
not necessarily the key sources of these pollutants
Climate change has lead to diverse fluctuatiortbénlevels
of POPs in open water bodies. Due to the sorpti@lities of

The concentration of pyrene was detected using a
methodology that we elaborated and validated asritbes! in

[71-
E Pyrene solubilization experiments
Washing powders and soaps were dissolved into 308f m

POPs, these substances accumulate in sediments. Aligtilled water, comprising 0.1% by present weighyrene

technical and/or natural activity that stirs up evatan lead to
the suspension of polluted sediments, which canorbec
soluble in the water column. A number of investigas have
been conducted into the solubilization of POPs unfastants.

Some studies have noted enhanced contaminant @eigirad

rates [3,4] while others report no impact [5].

Through the increase of industrial development thnough
the improvement in the quality of life that peophave
experienced in many countries, the amount of detgésgand
cleaning agents used across the world has incresseell.

was added to each vial in an amount exceedingitity.

The vials were mixed on a platform shaker (PSUS®D200
rom, VEF-BIOSAN, Latvia) at 20C in a thermo heater
(WWT, Germany). The same amount of pyrene was
introduced into each sample and the concentrafipyrene in
each solution was then determined at a numberagfrpssive
time intervals. The solution was filtered throughOd um
inorganic membrane filter (Whatman, UK) mountedaoO-

ml syringe to remove the undissolved pyrene. The
concentration of pyrene in washing powders and soap
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solutions was measured with a UV spectrophoton{éaway

more surface-active compounds on a weight basi® tha

6405 UV/VIS, UK). UV spectra were recorded in tlemge washing powders.

from 210 to 350 nm. Absorbance of the samples weesored
atA=273 nm.

The pyrene concentration was calculated after hbesel

corrections from a calibration curve (Stikans, 2005

[ll. RESULTS AND DISCUSSIONS

Characteristics and measurements  of

compounds.

Surfactants are substances with both hydrophobid anomplicated systems as washing powder and soaps on

hydrophilic properties. Due to their dual natune;face-active
substances are used as washing agents. Surfaetenthe
principal and essential ingredient in detergentsgufation
(EC) N 648/2004 regulates the manufacture of detgsgin
the European Union (EU). Under this Regulationfasitants
and detergents containing surfactants that meetrttezia for
ultimate aerobic biodegradation as laid down in &nfl may
be placed on the market without further limitatioetating to
biodegradability. According to the Article 11 of igh
Regulation, the producer must indicate on the laifethe
detergent only the group of ingredients (e.g. aiciocationic,
amphoteric or non-ionic surfactants) within a carication
range (e.g.< 5%; -15%; 15-30%; 30%), as specifieAnnex
VII.

The surface tension measurements for 0.1% watedBcpf
Persil (P), Ariel (Ar), and Soap SA are displayad-igure 1.
The
essentially decreased water surface tension. Tl efi@ctive
in the decreasing of surface tension is the soagd&éreasing
of water surface tension in the presence of ingatdd soap
SAAA =72,75 - 28,35 = 44,4 N/m).

According to the surface tension measurements shown
Figure 1, one can conclude that substances in eqy

concentrations possess different surface-activpesties, due
to their varying composition and due to the preseind
various other chemical compounds.
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Fig. 1. Surface tension measurements for 0.1% Wiapeids of the washing
powders Persil, Ariel and Soap SA.

It is evident that with regard to surface activitgs
characterized by surface tension, the investigateps were
more effective than the washing powders. This colid
explained in the simplest way, which is that soapstain
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investigated washing powders and soaps showed

IV. SOLUBILITY EXPERIMENTS

In order to assess the influence of such complicaystems
on the solubility of pyrene, 0.1% surface activdbstances
agua solutions were prepared. The same amounteh@yvas
introduced into each sample and the concentrafigyrene in

surface-actieach solution was then determined at a numberagrpssive

time intervals. Several attempts to assess theeinfle of such

increasing the solubility of pyrene were made.

The solubility of pyrene ¢ at 20C is 0.16 mg/L [8].
During the first two days of the experiment, theréase in the
solubility of pyrene was negligible and there wee major
differences between the employed washing agente Th
greatest differences could be seen on the 30thaftay the
introduction of the pyrene into the aqua solutighable 1).
Substantial amounts of pyrene are solubilized tiinothe use

of household soaps and washing powders (the pyrene

concentration varies from 4.6 -180 times).

TABLE 1.
RESULTS OF THE PYRENE CONTENT ANALYSIS OF ALL SAMPLESFTER 30
DAYS
Name Cl G
Soap - SA 180
Ariel 10,9
Persil 4,6

C - concentration of pyrene in water solution af8ér days,
Co- beginning concentration (solubility of pyrene)

From the table one can see that the solubility yrepe
grew noteworthy in the presence of the soap SAfeRifices
ar\d similarities in the solubility results could eeplained by
e development of different micellar structuressoiutions
and this may increase the apparent aqueous sojuloifi
pyrene. The results from this study indicate thatshing
powders containing different surface- active sutista have a
much smaller effect on pyrene solubility than soaps

The anionic substances in soaps act as a sorlqgdrént
solubility) for pyrene. Both the decrease in swféension and
the increase in solubilisation contribute to theilimted
transfer of hydrophobic pollutants into the aqueg@ihsse.
When interpreting the results, it should be kepnind that an
increase of pyrene solubility through the additioh a
surfactant should not always would be correlatedh wi
bioavailability, for it is possible that microorgams have no
direct access to the PAHSs if they are located @ rificelles
produced by the surfactants (9).

V. SITUATION WITH SURFACTANTS INLATVIA

Data from the Central Statistical Bureau of Lat{kagure
2). show that the amount of packaged detergentssaags
imported into the country has steadily increasdtk ihcrease
has been even higher for nonionic substances.Anes&ed
increase is also evident for cationic surfactam®stablishing
how the pollution of water with surface-active dalbses is
being controlled and regulated in Latvia, the studihors
established that the country’s legislative enactmeaquire
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Latvia’s environment control institutions to assessrely the
presence of “surface active substances” in wastrwiat
contains washing agents. In the opinion of the ystagthors,
the broad and general nature of the term “surfatiee
substances” means that in practice, the uncontrgit#lution
of water with nonionic and cationic substances tede place
with impunity, for their concentration in waterrist regulated
by Latvian legislation. In To date, laboratory expents

100x108

have not permitted the study authors to determine t

influence of nonionic surfactants, for the partarulegislative
situation regarding washing agents (the weight qreege
ranges of the published ingredients may be kepfidemtial)

prevents a full evaluation of the risks that afeemay arise)
when nonionic surface-active substances,

solubility of persistent organic pollutants.
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Fig. 2 Imported anionic substances, cationic substamoesonic substances and packed detergents faintleeperiod 2000-2007.

Surface-active compounds are very active even enldiv

concentration range of 0.005 %-1%. Therefore, fram

scientific viewpoint, the listed range of their centration in
washing agents is so broad (e.g. <5%; 5-15%; 153Dt
meaningful results based on the concentration es¢hSAS
cannot be obtained in laboratory experiments. icRdar

attention needs to be paid to the development ¢ibmel

policies for the control of surface-active chemscal polluted
washing waters and wastewaters. The first step dvbal an
initiative to ensure that Latvian regulations aedislation are
backed up with effective control systems for notyofor

“surface-active substances” as a whole, but alszifpally

for anionic, nonionic and cationic substances. Gloieve this
goal, there is a need for continued and improvestaech,
monitoring, investigation, and analysis
knowledge regarding the effect of washing powdeat soaps
on persistent organic pollutants.

V. CONCLUSIONS

Laboratory experiments revealed that substantiabiens
of pyrene are solubilized using household soapsveashing
powders. Environmental conditions and water charéstics
vary for each site and further research is requited
understand fully the mechanism responsible for igtenst
chemicals solubility duty so complex system as soapd
washing powders.
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Indulis Stikans, Daina Kalnipa, Linda BuSmane. Notuigie organiskie piedrnotaji un mazak zinamas to vide raditas problemas.
Ir visparzinams fakts, ka notagie organiskie piesnotaji ir Joti mohili, parvietojas lielos alumos un sorgjas gan uz augsnes]dam, gan uz
sedimentiem. Sie savienojumi solubdfizs virsmas akvo savienojumu litbatng. Darka patits, K ikdierd lietojamo daidu mazgSanas
IidzeKu parstavju (ziepju un pulveru) kitbatnetidens §idumos ietekra poliaronatisko savienojumagrstvja - pircna &idibu.
Virsmas akivie savienojumi ir pamatkomponents maganasidzeliem (pulveriem un zieggm ), kas pared#i izmantoSanaiidens §idumos.
leverojami pirena daudzumi tiek solubiléti saimnieg@bas ziepju un Jas pulveru izmantoSanas reatit(pirena koncentcijas pieaugums ir
robezs no 4.61dz 181 reizm). Virsmas akvie savienojumi uada lielu virsmas aktiviti pat pie maZm koncentiicijam (diapazons no
0,005 fdz 1 %). B ka mazgiSanasidzelos uzadito virsmas akivo savienojumu koncengijas irloti dazdas (piem., <5%; 5-15%; 15-30%),
tad balstoties uzish virsmas alk¥o savienojumu koncentijam, nav iespjams iedit zinatniski korektus rezuitus laboratorijas apstlos.
Dazdu mazgSanasibdzelu izmantoSanas apjoms, sagkar Latvijas Statistikaszpvaldes datiem, ar katru gaduitiski pieaug, sevig
pieaug nejonogno un katjonakvo virsmas akvo savienojumu daudzums.lavelta ipaSa uzmaba nacioalo straggiju izstradei virsmas
aktivo vielu kontrolei un ierobezoSanai giagtos mazgSanasidenos un notedenos. Ka pirmais solis tiek ierosits nodroSiat Latvijas
likumdoSanu un normatos aktus ar efektam kontroles sismam, ne tikai kopjo virsmas alkivo savienojumu noteikSanai, bet apecifiski
nejono@najiem un katjonaktajiem virsmas aktajiem savienojumiem.

HNupymue Crukanc, Jaiina Kannbinsg, Jlunga Bymmane. Croiikue oprannyeckue 3arpsi3HATe 1M U MMH BbI3BAHHbIC MeHee H3BECTHbIC
npod.ieMbl B OKpYsKaloleii cpefe.

OOIIen3BEeCTHBIM SBISIETCS (AKT, YTO II0JMAPOMATUYECKHE COCAMHEHUS B OKPY)KAIOIIEH cpele OYeHb MOOWIIBHBI M IIE€PEMELIAIOTCA Ha
GoJbIIE PACCTOSHHSA, COPOMPYIOTCS Ha TMOBEPXHOCTH IMOYBBI M Ha CEIUMEHTaX. DTH COEAMHEHMs COMIOOM3UPYIOTCS B MPHCYTCTBHM
MOBEPXHOCTHO-aKTUBHBIXBEIECTB. B paboTe HMcCienoBaHo BIMSHHE OTACIBHBIX MOIOIIMX CPEACTB (IIOPOIUKOB M MBUI) Ha PacTBOPHMOCTb
IIPEJCTaBUTENs OIMaPOMATUUECKOIO COEAUHEHUS NUPEHA B Boje. II0BEpXHOCTHO aKTHUBHBIC BELIECTBA SIBISIOTCS OCHOBHBIM KOMIIOHEHTOM
MOIOLIUX peAcTB (IIOPOIIKOB) HCIONB3YyeMBbIX B BOJHBIX pPAcTBOpax. 3HauUTENbHbIE OOEMBbI MHPEHA COMOOWIM3HUPYIOTCS B pE3yJbTare
HCIOJIb30BAHMS O3SUCTBEHHBIX MBUI U CTHUPAJbHBIX HOPOIIKOB (IIOBBIMICHHE KOHIEHTpauuu mnupeHa B 4.6 — 181pas). Jlaxe mpu HHU3KHX
KOHIICHTpALMsAX MOBEpXHOCTHO akTuBHBIC BemiectBa 0.005 — 1 %moBepxHocTHO akTHBHBIC BemiectBa (ITAB) mpoOSBISIOT BBICOKYIO
AKTUBHOCTB. [10 5TOMY, C HAy4YHOM TOYKH 3pCHHs, YIUTHIBasK IMPOKHIA THAIa30H 3asBICHHbBIX KOHUeHTparuii [IAB B Moromux cpeacrax (Ha
npumep, <5%; 5-15%; 15-30%)pcHOBBIBasiCh Ha 3TH KOHIECHTpaluu [IAB HeT BO3MOKHOCTH MOJYYHTH IOJHOLEHHBIC JI0OOPATOPHBIC
naHHbIe.O0beM HCHONb30BaHUS OTIEIBHBIX MOIOIIUX CPEACTB B COOTBETCTBHM C JAHHBIMU CTaTHYECKOTO YIIPABICHUS JTaTBUHCKOM
pecnyOnuKy, CyIIEeCTBEHHO BO3PACTaeT C KaXIbIM TOJOM, OCOOEHHO KOIMYECTBO HEMOHOTEHHBIX M KATHOHHBIX MOBEPXHOCTHO-AKTHBHBIX
BemecTB. Oco0oe BHUMaHHE HEOOXOIUMO YAENUTH pa3paboTKe TOCyaapCTBEHHON MOIUTHKE KOHTpois [IAB B 3arps3HEHHBIX IPOMBIBOYHBIX
BOJIaX U CTOYHBIX BoJax. Kak ImepBbIif mar MoXeT IMOCITyXUTh HHUIMATHBA 00ECIIeUeHHUS 3aKOHOJaTIIECTBA M HOPMAaTUBHON 0a3sl JlaTBuiickoit
PecrryOnmukn MHCTPYMEHTOM CHCTEM e(EeKTUBHOBO KOHTPOJISI COJIEp)KaHUSI HE TOJBKO OOMNX IOBEPXHOCTHO-aKTHBHBIX BEIIECTB, HO U
OTJICJIbHO HEHOHOI'CHHBIX U KATUOHHBIX IIOBEPXHOCTHO-AKTUBHBIX BEILIECTB
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