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Laundry detergents are chemicals widely used in everyday life, and in numerous industry
branches. In order to perceive the radiological aspect of environmental pollution by
wastewater, the analysis of laundry detergents available on the Serbian market was under-
taken. Laundry detergent samples were measured by means of gamma spectrometry and the
results are presented in this paper. Analysis of the obtained activity concentrations showed
that laundry detergents in Serbia mostly fulfill the international recommendation and re-
quirements regarding the phosphate content. Besides that, the content of the detected
radionuclides in laundry detergent samples indicates the minor radiological risk to the envi-

ronment via wastewaters.
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INTRODUCTION

The increasing pollution of the environment has
been one of the greatest concerns for science and the
general public in the last decades. The extensive use of
fertilizers in agriculture and expansion of the chemical
industry has caused the continuous release of
man-made chemicals into natural ecosystems [1].
Consequently, the atmospheres, bodies of water and
soil, have become polluted by a large variety of toxic
materials. Some of these materials are resistant to
physical, chemical, or biological degradation and
thus, represent a considerable environmental burden.

There are some materials extracted for industrial
use that contain radioactive substances at concentra-
tions which cannot be disregarded. In some cases, in-
dustrial processing can lead to further enhancement of
the concentrations in the product, by-product or in the
waste materials.

Phosphate rock is used as a source of phospho-
rous for fertilizers, for making phosphoric acid and
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gypsum, and also for production of some laundry de-
tergent ingredients. Ores typically contain a
significant amount of uranium, thorium and radium
[2] so, phosphate processing industry, usually as a re-
sult, has products and wastes containing radionuclides
whose concentrations cannot be disregarded [3, 4]. In
general, phosphate ores of sedimentary origin have
higher concentrations of the uranium family nuclides.
Eventually, products of the phosphate ore industry be-
come somewhat enriched in uranium relative to the
ore (up to 150 %), while approximately 80 % of 2*°Ra,
30 % of ?*’Th and 5 % of uranium are left in the
phosphogypsum.

A study published by the UK Ministry of Agri-
culture, Food, and Fisheries [5] showed that the wastes
from detergent manufacturing factory contained sig-
nificant inventories of 2°Ra and thorium isotopes [6].
Similar environmental enhancements of natural decay
series nuclides have been observed quite regularly in
the vicinity of phosphate processing plants. The fertil-
izer and detergent industries are the main sources of
the release of enhanced natural radioactivity in phos-
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phatic wastes. Generally, releases of phosphate pro-
cessing industry are directed mainly to air and water.

Environmental pollution with phosphates

Three main ingredients of laundry detergent, or
washing powder, are builders (50 % by weight, approx-
imately), the surfactant (8 %-18 %), bleaches and other
miscellaneous ingredients (15 %-30 %). Phosphates
(compounds with phosphorus, oxygen and sometimes
hydrogen) are excellent builders [7], which are often
used as either sodium tripolyphosphate (dry detergents)
or sodium/potassium phosphates (liquid detergents)
[8]. Phosphate detergents are generally safe to use with
minimal toxicity problems. The major drawback is that
secondary wastewater treatment removes only a small
percentage of phosphorus from the influent. Thus, a
considerable amount of polyphosphates may be intro-
duced into the streams, rivers, lakes, and estuaries
through wastewater effluent.

By its nature, laundry detergent usage is both
widespread and diffuse, because these types of con-
sumer products are typically used in homes, restau-
rants, hotels, hospitals, efc. and then disposed of in
wastewater. Due to this diffuse distribution in the envi-
ronment, the goal of related studies is to ensure that
side effects to the environment are as low as possible.
This is generally accomplished by limiting the ingredi-
ents volume to quantities that do not pose unaccept-
able risks to the environment [8, 9].

In order to provide a high level of environmental
protection, the European Union introduced regula-
tions to require biodegradability in all detergents in
2004 [5], with the intention to ban phosphates in
household products. The EU took further steps in 2010
to prohibit the use of phosphates and restrict the
amount of phosphorus-containing compounds in all
laundry detergents sold in the European Union.

The aim of this study was to assess the potential
radiation risk that can result from the presence of natu-
rally occurring radioactive materials (originated from
the raw materials that are usually considered as not ra-
dioactive) in laundry detergents available on the Ser-
bian market and widely used as consumer products.

MATERIAL AND METHODS

Thirty one samples of different brands of laundry
detergents were purchased at different stores in Serbia
and were taken to the laboratory for analysis. Countries
of detergent origin were Czech Republic, Croatia,
Moldavia, Romania, and Serbia. The samples were
placed in Marinelli bakers, sealed for six weeks and
measured after reaching the radioactive equilibrium.

All the samples were measured with a coaxial,
high purity germanium (HPGe) semiconductor detec-

tor (AMETEK-ORTEC GEM 30-70, with 37 % rela-
tive efficiency and 1.8 keV resolution for ®°Co at the
1332 keV line) and multichannel analyzer Canberra
Multiport II. Measurements were performed in accor-
dance with international recommendation [10]. The
obtained spectra were recorded and analyzed using
Canberra's Genie 2000 software, net areas of the peaks
were corrected for the background, dead time and co-
incidence summing effects.

All the calculations were performed with the
Mathematica 5.2 software (Wolfram Research, Inc.).
In order to achieve acceptable statistics, the samples
were measured from 65 000 s to 255 000 s. Reliable
and accurate analysis of the recorded spectra requires
good energy and adequate efficiency calibration. A
Marinelli standard (silicone resin matrix —p=0.985 +
+0.01 gem™3, spiked with common mixture of gamma
ray emitters — >*!Am, 19°Cd, ¥°Ce, *’Co, ®Co, 1*'Cs,
1138n, 838r, and #%Y) certified by CMI was used for the
HPGe detector efficiency calibration traceable to the
Czech Metrological Institute [11]. Net peak areas of
0Co and 38Y were corrected for the coincidence sum-
ming effect applying the calculation method of
Debertin and Schétzig [12]. The analytical expression
of obtained efficiency curves was

gze*P(lnE) (1)

where ¢ is the detection efficiency, £ — the energy, and
P(InE) — the polynomial function of the fifth order.
The uncertainty of the efficiency calibration includes
uncertainty of radionuclide activities in the standard,
statistical uncertainty and fitting uncertainty of the ef-
ficiency curve.

RESULTS AND DISCUSSION

The activity concentrations of natural radio-
nuclides *°K and ?°Ra in laundry detergent samples
were determined directly by analyzing full-energy
peaks of their principal energies at 1460.83 keV and
186.21 keV, respectively. The activity of “°K was cor-
rected for the contribution of 2*%Ac (1459.14 keV),
which could not be resolved in the recorded spectra. For
the same reason, the activity of 22°Ra was corrected for
the contribution of 2>3U (185.72 keV) evaluated by
measuring the *>U photopeak at 143.77 keV, and addi-
tionally approved by analyzing activity concentrations
of its descendants 2Bi (609.31 keV, 1120.29 keV, and
1764.49 ke V), as well as 2'4Pb (295.21 keV and 351.92
keV). The activity concentration of 233U was deter-
mined via its descendant 2**"Pa (1001.01 keV and
766.42 keV resolved from photopeak of 2!4Bi at 768.36
keV), and approved by measuring the 2**Th photopeak
at 63.3 keV. Furthermore, the activity concentration of
232Th was determined by using the evaluated activity of
its descendants 228Ac (338.42 keV, 911.16 keV, and
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968.97 keV), 21?Bi (727.25 keV), 212Pb (238.58 keV),
and 2%8T1 (583.19 keV). The specific activity of 2°Pb
was recorded at 46.5 keV (in the range of 2.6 Bqkg ™' to
19 Bgkg™!) but, since the efficiency curve can only be
extrapolated at this energy, which makes uncertainty
very large, the results could not be taken into consider-
ation.

Obtained results are presented in tab. 1. Reported
specific activities are given with uncertainties (coverage
factor & = 2) that included the statistical uncertainties
and uncertainty of efficiency calibration. Total count
rates in recorded spectra ranged from 0.02 s'kg™! to
2.18 s'kg!. Specific activities were within the ranges
(0.9-20.7) Bgkg™! for “°K, (0.05-8.6) Bgkg™" for ?*Ra,
specific activity concentrations of 238U, 233U, and 23’Th
were up to 43.0 Bgkg™!, 2.2 Bqkg !, and 1.5 Bgkg !, re-

spectively. In all the measured samples, the content of the
artificial radionuclide '*’Cs (661.62 keV) was below
0.04 Bgkg ! (MDA ranged 0.02 Bgkg'-0.09 Bgkg ™).
Considering the country of production, the high-
est content of 22°Ra, 238U, and 2°U was measured in
laundry detergents produced in Serbia, for K the
highest value was measured in the sample produced in
Romania, and for 23Th, the highest value was mea-
sured in the sample produced in Croatia (tab. 2). Anal-
ysis of the obtained results showed that laundry deter-
gents mostly used in Serbia have a low content of
radionuclides but still, considering the quantities used
annually (our estimation ~ 107 kg), this aspect of envi-
ronmental pollution through wastewaters cannot be
neglected. Also, it should be mentioned that in facili-
ties for wastewater treatment, during the technological

Table 1. Specific activity concentrations of loundary detergent samples, available on the Serbian market,

with uncertainties given for coverage factor k=2

Sample Cour.ltriy Of 226Ra 238U ‘ 232—.I~h' ‘ 7]235U 4()K
origin Specific activity [Bqkg ']

MERIX — white rose Serbia <0.1 50£1.0 | 0.14+£0.08 | 0.23+0.10 9.1+£1.0
ARIEL — mountain spring Romania 0.94 £0.12 <3 0.24+0.10 | 0.17£0.10 24404
ARIEL — color & style Romania 0.60 £ 0.08 <2.23 042+0.16 | 0.04+0.02 | 1.25+0.16
Persil gold, business line, cold active | Moldavia 0.05+0.08 | 1.6+04 | 031+0.16 |0.006+0.004| 6.0+0.8
DUEL baby sensitive Serbia 8.6+ 1.0 6+2 1.1£04 0.4+0.2 143+1.8
Persil gold brilliance Serbia 1.6340.2 <2.1 0.13+0.06 | 0.08+0.04 | 59+0.8
BONUX magnolia & spring flowers | Romania 33+04 28+1.0 | 0.11+0.08 <0.2 207 +2.4
Axal, touch of nature Serbia 39+0.6 <5 05+0.2 <0.3 14+2
Deus pure glow Serbia 29+04 26+ 6 12404 13£0.6 82+12
Rubel action fresh Croatia 1.5+1.6 <3 1.5+04 0.1340.10 1.74£0.2
Persil gold active Moldavia 12412 <2 <0.14 <0.11 54406
Rubel total care active fresh Croatia 0.7+0.4 38+1.6 1.0+0.2 0.22+0.26 23+04
ARO Serbia 0.98+0.2 43+6 <0.2 20+04 54+0.6
Fax exotic dream Croatia 1.35£0.16 | 0.37 £0.10 <0.3 0.28£0.14 | 2.02+£0.26
Merix crystal white Serbia 22+03 <4 <0.4 <0.2 6.6+ 1.0
Merix baby soap Serbia 1.06 +0.16 <2 <0.2 <0.11 5.7%£0.6
Tide alpine fresh Romania <1.2 <3 <0.2 0.07 £ 0.04 27+0.4
DEUS infinity sense Serbia 0.5+0.1 40+ 8 1.2+04 22412 92+12
Tide absolute lemon fresh Romania <1 <23 <0.2 0.06 + 0.04 23402
Ariel 3-D actives touch of lemon fresh| Czech Republic <1.4 07+02 <0.3 0.13+0.06 52+0.6
Ariel 3-D actives with flowers Romania <1.2 <2.7 <0.3 <0.15 23+02
Ariel 3-D actives Czech Republic | 13+02 | 48+1.0 | 04+02 | 0.14+£0.06 | 59+06
Ariel Color and style 3-D actives 3 kg | Romania <0.7 62+1.4 0.5+0.2 0.24 £ 0.02 53+0.6
Duel mountain fresh Serbia 1.2+£0.2 39+1.6 04+£0.2 0.16 £ 0.04 103+14
Rubel power fresh Croatia 07401 | 62+14 1.1£02 | 0224006 | 6.1+06
Fax super aktiv Croatia 0.26 +0.04 <1.6 0.5+0.1 <0.1 3.1+04
Faks with aloe vera Croatia 0.16+0.04 | 14+04 <0.3 <0.2 09+0.1
Persil expert Serbia 0.07+0.02 | 28+1.2 | 04+02 <0.2 55+0.8
Persil expert Serbia <0.5 6.0+24 0.7+£04 02+0.2 3.5+0.6
Ariel mounting spring Romania 043+0.04 | 15+04 04+02 0.1£0.1 6.7+1.0
Duel lily of the valley Serbia <0.3 1.7+0.4 03+0.2 <0.2 57408
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Table 2. Minimal and maximal values of specific
activities of naturally occurring radionuclides measured
in detergent samples of different origin*, available on the
Serbian market, with uncertainties given for coverage

factor k=2

Countrv of oriei Serbia Romania ‘ Croatia

ottty of origin Specific activity [Bgkg ]

2y Min 1.7+£0.4 1.5+£04 0.37+0.1
Max 43+6 62+1.4 62+14

26p, Min 0.07£0.2 | 043£0.04 | 0.16 £0.04
Max 8.6+1.0 33+04 1.5+1.6

25y Min | 0.08+0.04 | 0.04 +0.02 <0.1
Max 22+12 0.24+0.02 | 0.28+£0.14

22y Min | 0.13+0.06 | 0.11 £0.08 <0.3
Max 12404 0.5+0.2 1.5+04

oy Min 35+0.6 1.25+0.16 0.9+0.2
Max 143+1.8 20.7+24 6.1+0.6

"Since there were only two samples from Moldavia and also, from
Czech Republic, it was insignificant to show min-max values for
those samples

processes involved in water purification, precipitation
and accumulation, some radioactivity can occur, al-
though the content of radionuclides is not expected to
be high.

In order to acquire an indication of the value of
doses that are due to the content of radionuclides in the
samples of laundry detergents, radium equivalent ac-
tivity (Rag, [Bgkg']) and the external hazard index
(H,, [Bqkg']) were calculated based on the obtained
results. Calculated values of these indicators are pre-
sented in tab. 3.

The radium equivalent activity (Ra,) is used to
assess the hazards associated with materials that con-
tain 2*°Ra, #2Th, and *°K. The definition of Ra, is
based on the assumption that 370 Bgkg ! of >*°Ra pro-
duce the same gamma dose rate as 259 Bgkg ! of 22>Th
or4810 Bgkg ! of K. Thus, Ra,, besides the specific
activity of Ra, includes also the specific activities of
Th and K.

The external radiation hazard index (H.,) is used
to estimate the external radiation hazard due to the
emitted gamma radiation.

Radium equivalent activity (Ra,,) and external
radiation hazard index (H,,) were calculated accord-
ing to the following equations

Ra,, =A(Ra)+1.434(Th)+0.0774(K) (2)
H - A(Ra) = A(Th)  A(K)
370 259 4810

3)

Table 3. Ranges and average values of calculated radium
equivalent (Ra,) and external hazard index (H.) for
laundry detergent samples available on the Serbian
market

Minimum Maximum Average
Rag [Bgkg '] 0.7 11.3 2.5
Hg, [Bakg™] 0.002 0.03 0.007

where 4(Ra) [Bgkg '] is the specific activity of **°Ra,
A(Th) [Bqkg '] — the specific activity of **Th, and
A(K) [Bakg '] — the specific activity of ’K.

From tab. 3 it can be seen that the Ra,, values for
the detergent samples are very low and that none of
them exceeds the suggested maximal admissible value
0f370 Bgkg . Also, all the obtained values for /., are
much lower than unity.

CONCLUDING REMARKS

The aim of this paper is to bring attention to the
possible radiological pollution of the environment
caused by ingredients from laundry detergents and
other household products. Such products are typically
manufactured in large quantities, used by many peo-
ple, and disposed of, after usage, into the environment
via the sewer. The vast majority of this waste stream is
treated via wastewater treatment plants.

Concern for the environment, in some countries,
has resulted in the existence of strict legislation which
is referred to wastewater treatment and whose applica-
tion is leading to a significantly reduced entry of
chemical substances in the surface waters and so, has
become an intrinsic part of exposure and risk assess-
ment of household chemicals [13].

The experimentally obtained activity concentra-
tions showed that laundry detergents used in Serbia
represent a minor radiological risk to the environment
via wastewaters. It would be interesting to compare
our results with investigations from other European
countries unfortunately, the authors could not find any
data on radionuclide content of detergents produced
and sold in Europe.

Results given in this paper could be of great im-
portance in terms of providing input data into mathe-
matical models used in theoretical calculations and
predictions related to the presence of radionuclides in
the aquatic environment, their distribution and con-
centrations, as well as their applicability to predict the
transfer of radioactivity in the environment. The ob-
tained results can also be useful in assessing radiation
risk in the working environment in chemical indus-
tries, and also in the evaluation of accumulation of ra-
dioactivity in sewage wastewater treatment facilities.
In addition, the observations presented in this paper
emphasize the radiological aspect of environmental
pollution by wastewater, which has been mainly ne-
glected in research related to the subject.
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CAIPXAJ PAIMOHYK/INIA Y JETEPIIEHTUMA 3A IIPAIBE BEIIA
KOMEPIMJAJTHO OOCTYIIHUM HA CPIICKOM TPXHUITY U IMPOLEHA
PAINOJONMKE OITACHOCTH IO KMBOTHY CPEIMHY

JleTeprieHTH 3a BElll Cy XeMUKaJHje KOje Ce IMUPOKO KOPUCTE Y CBAKOTHEBHOM KHBOTY Kao 1 Y
OpojHuM rpaHaMa uHAycTpuje. [la 6u ce cariegao paguosIolIK acHeKT 3arabema sKUBOTHE CPEANHE Off
OTHAHUX BOJA, IPEAy3eTa je aHaImu3a AeTeplieHaTa 3a Belll JOCTYIHUX Ha CPICKOM TPXKHIITY. Y 30pIu
JeTeplIeHTa MEPEHN Cy raMacleKTPOMETPHUjCKN W Pe3yJITaTH Cy NMpHUKa3aHW y OBOM pafy. AHaim3a
KOHI[eHTpanyje JoOUjeHNX aKTUBHOCTH PAflMOHYKIIMIA IMOKa3aia je Ja BehuHa feTeplieHaTa 3a mpambe
py6ma KoMepuujanHo gocTynHux y CpOuju ucnywmaBa MebyHapopHe IMpemnopyke U 3aXTeBe Y Be3H ca
cajpxajeM gocdarta, Tako fa cajipKaj IeTeKTOBAHUX PAJMOHYKIN/A Y Y30pLMMa ieTeplieHaTa 3a pyosbe
IPECTaBIba MaJM PAUOIIONIKY PU3UK O KUBOTHY CPEANHY MPEKO OTHATHHUX BOJIA.

Kmwyune peuu: oeitiepyenini 3a tiparve pyosma, 2amaciieKiipometipuja, uHOeKkc paoujayuoHoz pusuKa,

paoujym exsusaseHill UHOEKC



