
American Journal of Analytical Chemistry, 2014, 5, 8-16 
Published Online January 2014 (http://www.scirp.org/journal/ajac) 
http://dx.doi.org/10.4236/ajac.2014.51002  

OPEN ACCESS                                                                                       AJAC 

Commercial Laundry Water Characterisation 

J. K. Braga*, M. B. A. Varesche 
Department of Hydraulics and Sanitation, Engineering School of São Carlos, São Paulo University, São Carlos, Brazil 

Email: *jukawanishi@gmail.com, varesche@sc.usp.br 
 

Received November 22, 2013; revised December 24, 2013; accepted January 2, 2014 
 

Copyright © 2014 J. K. Braga, M. B. A. Varesche. This is an open access article distributed under the Creative Commons Attribution 
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 
In accordance of the Creative Commons Attribution License all Copyrights © 2014 are reserved for SCIRP and the owner of the 
intellectual property J. K. Braga, M. B. A. Varesche. All Copyright © 2014 are guarded by law and by SCIRP as a guardian. 

ABSTRACT 
Surfactants are the major active ingredients of laundry detergents. Therefore, special attention should be focused on the 
treatment and disposal of laundry wastewater. The aim of this study was to characterise the wastewater from a commer-
cial laundry over 30 days. Physicochemical analyses were performed, monitoring the content of nitrogen, phosphate, 
heavy metals, linear alkylbenzene sulphonate (LAS), volatile organic acids and alcohols. The pH was approximately 5.6 
and the COD approximately 4800 mg∙L−1. The average concentrations of sulphate, sulphide, N-ammoniacal organic 
nitrogen compounds and heavy metals were below the maximum limit, in accordance with local and national environ- 
mental legislation, and the average total suspended solids was 0.08 g∙L−1. Among the metals analysed, iron was ob- 
served with the highest concentrations (0.037 mg∙L−1 and 0.72 mg∙L−1). Phosphate was detected in 93% of samples 
(94.65 mg∙L−1 average). LAS was detected in all samples (12.24 mg∙L−1 to 1023.7 mg∙L−1). Thirty-three different xeno- 
biotic organic compounds were identified in the laundry wastewater with the qualitative screening. The major groups of 
the compounds were fragrances, preservatives, solvents and some surfactants. Although the characterisation indicated 
low values for many parameters, this does not eliminate the need for specific treatment before its disposal at the sewage 
system. 
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1. Introduction 
Through biological treatment, the regulated pollutants 
can be reduced to an acceptable concentration or con- 
verted into harmless substances. However, even today, 
some wastewater is disposed of in rivers, lakes and 
oceans without proper treatment. Among pollutants, de- 
tergents have been highlighted as an important source of 
industrial, commercial and domestic pollution, especially 
in large urban centres. 

Pollution discharges containing surfactants cause se- 
vere changes to biota because the activities of many aq- 
uatic organisms depend fundamentally on water surface 
tension. Anionic surfactants can bind to peptides, en- 
zymes, and DNA. Binding to proteins and peptides may 
change the folding of the polypeptide chain and the sur- 
face charge of a molecule. This may modify the biologi- 
cal function [1].  

The presence of synthetic compounds from greywater 
in natural waters leads to aesthetic losses caused by foam, 
which can cause toxic effects on ecosystems and changes 
in biodiversity. Greywater is wastewater that contains 
surfactant as its primary component, from baths, show- 
ers, hand wash basins, washing machines, dishwashers 
and kitchen sinks, but excludes input from toilets [2]. 

The composition of greywater varies greatly according 
to its origin (i.e., bathroom, laundry or kitchen greywater) 
and is influenced by different plumbing fixtures (shower, 
dishwasher, kitchen sink etc.). The source not only gen- 
erates different amounts of greywater but also different 
pollutant sources and loads [3]. 

The treatment of laundry water is currently a subject of 
great challenge because intense population growth is not 
accompanied by infrastructure improvements, especially 
in the field of sanitation. Greywater characteristics play 
an important role when they are evaluated for the possi- 
bility of reuse, including the need for treatment. Public *Corresponding author. 
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health aspects, especially the presence of xenobiotic 
organic compounds and heavy metals, must be taken 
into account [4]. 

Laundry water contains varying levels of suspended 
solids, salts, nutrients, organic matter and pathogens [5] 
that arise from clothes and laundry detergents and fabric 
softener residues.  

Detergents are the most abundant organic chemicals in 
municipal wastewater [6]. As a consequence, this sets up 
a precarious situation with regard to population health 
and environmental conservation. Thus, it is extremely 
important to characterise this wastewater, as well as to 
develop economically viable and efficient technology 
that allows the widespread application of treatment sys- 
tems that are favourable to the improvement of sanitary 
conditions. Due to their widespread use, surfactants are 
often found in municipal wastewater and in receiving 
bodies of water. 

Evaluation of the appropriate treatment method should 
therefore be based on knowledge of a wastewater’s spe- 
cific characteristics. The information available regarding 
greywater characteristics focuses mainly on the content 
of organic matter (COD) and nutrients (N, P, K), while 
knowledge of the content of xenobiotic organic com- 
pounds (XOCs) is limited [7].  

The dominating source of XOCs in greywater is ex- 
pected to be household chemicals, e.g., laundry deter- 
gents, fabric softeners, dish-washing liquids, cleaning de- 
tergents, shampoos, soaps and toothpastes, even though 
some small contribution from sources like softeners from 
leaching pipes cannot be excluded. 

Bathroom greywater screening from a Danish apart- 
ment block recorded the presence of almost 200 such 
XOCs, including surfactants, antioxidants, preservatives, 
fragrances, plasticisers, UV-filters and solvents, a num- 
ber of which were also suspected endocrine disruptors [8]. 

Unfortunately, the current knowledge gaps regarding 
the presence and fate of micropollutants in greywater 
make it difficult to adequately determine the level of risk asso- 
ciated with non-standard water quality parameters, and the 
potential added value of greywater treatment as a micro-pol- 
lutant barrier has effectively remained untested to date [9]. 

The fate of compounds in the treatment system is dic- 
tated by their chemical structure, which greatly influ- 
ences their rate of degradation and removal [10]. A sim- 
ple compound that has a short alkyl chain is liable to be 
easily degraded in a biological treatment system. Hence 
it is necessary to know all the compounds present in the 
wastewater to be treated. 

The aim of this study was to characterise the chemical 
composition and physical properties of commercial laun- 
dry water and to collect information on the presence of 
the XOCs. Because there is insufficient knowledge of 
greywater characteristics, there is an urgent need for 
more of this information to evaluate issues such as the 

chemical risk potential for greywater reuse and its effects 
on receiving water bodies [7-11].  

2. Experimental 
2.1. Laundry Water Collection 
For this study, greywater from a commercial laundry (São 
Carlos, São Paulo, Brazil) was characterised by physi- 
cal-chemical analyses. Water was collected three times a 
week, with a total of 30 samples. The washing machine, 
type of clothing and collection period were all standard- 
ised for this study. Samples (one litre) were always col- 
lected after the first wash of light-coloured clothes with- 
out bleach, prior to the addition of softener. The samples 
were collected in borosilicate glass bottles and transported 
in the dark to the research facilities. 

2.2. Physical-Chemical Analyses 
Analyses were performed immediately after sample col- 
lection at the Laboratory of Biological Processes in the 
School of Engineering of São Carlos/USP Brazil. The 
physical-chemical parameters are listed in Table 1. The 
SPSS 17.0 statistical package was used for Kendall and 
Spearman correlations analysis between COD and LAS 
present in water samples from the commercial laundry. 
The samples were stored in the refrigerator until the ana- 
lyses were finalised. 

Physical-chemical analyses of pH, chemical oxygen 
demand (COD), sulphate, sulphide, heavy metals, total 
Kjeldahl nitrogen series, ammonia, and suspended solids 
were determined according to the Standard Methods for 
the Examination of Water and Wastewater [12], and al- 
kalinity was determined according to [13] and [14]. 

The analysis of nitrate, nitrite, phosphate, fluoride, and 
bromide was performed in an Ion Chromatography 
Dionex model ICS 5000 (Thermo Fisher, Sunnyvale, CA, 
USA). The conditions employed in chromatography were 
as follows: an eluent composed of 4.5 mMNa2CO3/0.8 
mM NaHCO3 with a flow rate of 1.0 mL∙min−1, an ION 
PAC AS23 column, temperature of 30˚C, conductivity 
detector, and an anion self-regenerating suppressor.  

2.3. Chromatographic Analyses 
Volatile organic acids were determined by high-perfor- 
mance liquid chromatography (HPLC) equipped with a 
pump (LC-10ADVP), auto sampler (SIL-20A HT), co- 
lumn oven (CTO-20A) at 43˚C, UV-diode array detector 
(SDP-M10 AVP), refraction index detector (RID-10A), 
system controller (SCL-10AVP) and an Aminex HPX- 
87H column (300 mm, 7.8 mm, BioRad®), the mobile 
phase consisted of H2SO4 (0.01 N) at 0.5 ml∙min−1 [15]. 
Alcohols were determined by Gas Chromatography (GC) 
on a 2010 Shimadzu® equipped with a HP-INNOWAX 
column and flame ionisation detector using hydrogen as  
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Table 1. Physico-chemical parameters of commercial laun- 
dry water. 

 Parameters 
(mg∙L−1) Value 

  Min Max Average Permission 
ranges** 

 pH 3.3 6.8 5.6 ± 0.9 5 - 9 
 Total alkalinity 0 82.1 25.9 ± 20.2 - 
 COD unfiltered 622 4796 1710 ± 968 - 
 COD filtered 415 4474 1471 ± 917 - 
 LAS 12.2 1023.7 163.6 ± 247.9 0.5 
 TSS 10 290 80 ± 60 - 
 FSS 10 270 10 ± 40 - 
 VSS 10 260 70 ± 50 - 
 Sulphate 1.4 102.6 21.1 ± 19.1 1000 
 Sulphide 0.04 0.8 0.2 ± 0.1 1.0 
 Nitrate 1.03 25.7 8.4 ± 6.8 - 
 Nitrite 1.1 3.3 2.1 ± 0.8 - 
 N-ammoniacal 0.3 54.8 7 ± 10.8 20.0 
 NKT* 1.2 136 32.4 ± 26.2 - 
 Phosphate 9.8 279 94.6 ± 75.4 - 
 Ethanol 38.9 384.6 148.6 ± 94.6 - 

V
ol

at
ile

 fa
tty

 a
ci

ds
 

Citric 8.3 307.5 50.9 ± 95.2 - 
Malic 4.6 183.7 34.6 ± 52.7 - 

Succinic 7.4 193.7 63.5 ± 82.9 - 
Latic 11.8 406.7 92.2 ± 103.4 - 

Formic 3.2 172 15.6 ± 35.8 - 
Acetic 7.8 329.2 24.2 ± 61.9 - 

Propionic 10.7 279.7 44.6 ± 65.9 - 
Isobutyric 10.9 287.2 46 ± 67.4 - 

Butyric 10.9 292 121.6 ± 140.6 - 
Isovaleric 11.2 35.2 16.4 ± 7.4 - 

Valeric 10 251 40.5 ± 85.1 - 
Caproic 10.9 273.5 97 ± 122.5 - 

H
ea

vy
 m

et
al

s 

Zinc 0.03 3.59 0.56 ± 0.8 5.0 
Lead <0,01 0,17 0.06 ± 0.05 0.5 

Cadmium <0.0006 0.08 0.02 ± 0.02 0.2 
Nickel <0.008 0.08 0.04 ± 0.02 2.0 

Iron 0.037 0.72 0.22 ± 0.2 15.0 
Manganese <0.003 0.2 0.04 ± 0.05 1.0 

Copper <0.003 0.09 0.03 ± 0.03 1.0 
Chromium <0.005 0.06 0.02 ± 0.01 0.1 - 1.0 

**[22,30,31] and *NKT = nitrogen kjeldahl total. 
 
carrier gas with synthetic air and nitrogen as auxiliary 
gases. 

LAS determination was carried out according to the 
methodology developed and validated by [16]. This me- 
thod employs HPLC (Shimadzu®) with a fluorescence 
detector, a C8 reverse phase column (Supelco) with 
agradient elution using methanol and sodium perchlo- 
rate (0.075 M) at a 0.5 mL∙min−1 flow rate and a tem-
perature of 35˚C. 

The other method selected for characterisation con- 
sisted of a GC-MS screening to identify organic sub- 
stances, with the purpose of identifying the XOCs present. 
Analyses by the headspace of the samples were con- 
ducted by heating to 70˚C for five minutes, and the va- 
pours generated were analysed by GC-MS. For the 
analysis by direct injection, the sample was extracted in 
dichloromethane, concentrated and analysed by GC-MS. 
Equipment: mass spectrometer quadrupole linear Shi- 
madzu QP-5000. 

3. Results and Discussion 
3.1. LAS in Laundry Water 
LAS was observed in all samples, from 12.24 mg∙L−1 to 
1023.7 mg∙L−1 (Table 1 and Figure 1). The lowest value 
detected in this study was similar to that found by others 
authors [17], which registered 4.7 to 15.6 mg∙L−1 for ani- 
onic surfactants and 839 ± 47 mg∙L−1 for COD in grey- 
water used for lettuce irrigation. 

The sales for the US laundry detergent market in 1999 
was $4.7 billion, and the consumption of surfactants 
reached $7.2 million tons in 2002 [18]. 

In this study, the average LAS concentration (163.65 
mg∙L−1) was much higher than that shown by other au- 
thors. In wastewater and soil were found anionic surface- 
tants around 29 mg∙L−1 to 60 mg∙L−1 and 23 ± 4.5 mg∙kg−1, 
respectively [19]. These surfactants may be toxic to the 
organisms present in soil and some plants in these con- 
centrations [6]. 

In characterising greywater for fertirrigation, [20] re- 
corded concentrations between 0.7 mg∙L−1 and 70 mg∙L−1, 
with an average of 16.7 mg∙L−1 for anionic surfactants 
(using the MBAS method). This was generally higher 
than the anionic surfactant concentrations found in raw 
domestic wastewater, which reached 10 mg∙L−1, with an 
average of 5.4 mg∙L−1.  

Greywater of 32 homes was characterised [21]. In this 
case 41.1 ± 12.1 mg∙L−1, 1.7 ± 0.8 mg∙L−1 and 11.3 ± 3.9 
mg∙L−1 of anionic (sodium dodecylbenzene sulphonate),  
 

 
Figure 1. (A) Box-plot of LAS from the 30 samples and (B) 
histogram of LAS in each sample from the commercial 
laundry water. 
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cationic (cetyltrimethyl ammonium bromide) and non- 
ionic (tetrabromophenolphthalein ethyl ester) surfactants, 
were verified, respectively. 

The Brazilian Agency for Sanitary Surveillance (AN- 
VISA) considers n-dodecylbenzene sodium sulphonate 
(commercial LAS) as a standard for detergent biode- 
gradability [22]. The degradation test described by AN- 
VISA [23] involves an aerobic process and anionic sur- 
factant quantification by the methylene blue active sub- 
stance (MBAS) spectrophotometric method. 

However, this method is not specific for LAS, as it 
quantifies anionic surfactants in general and is affected 
by interferents such as humic substances and other sur- 
factants. MBAS will respond to any molecule with an 
anionic center capable of forming a stable ion pair with 
methylene blue and a hydrophobic group to allow the dye 
complex extraction into the chloroform phase [24]. The 
same MBAS response as 10 ppm alkyl sulphate surface- 
tant was obtained for 1040 ppm of nitrate and 17,900 
ppm of NaCl (pH 1.8) [25]. 

Anionic surfactants may be found in the environment 
when raw or partially treated sewage is discharged. LAS 
concentrations in domestic sewage between 3 mg∙L−1 and 
21 mg∙L−1 have been reported [26,27]. In India, the per 
capita detergent consumption was projected to increase by 
more than 4 kg per annum by 2005 [28]. 

3.2. Physical-Chemical Analyses 
In relation the filtered and unfiltered COD was observed 
622.25 mg∙L−1 to 4795.80 mg∙L−1 and 415.25 mg∙L−1 to 
4473.25 mg∙L−1, respectively (Table 1). No pattern was 
found in relation to the effluent concentration of organic 
matter. In this study the correlation coefficients of Kendall 
(0313, p = 0.05) and Spearman (0465, p = 0.01) were posi- 
tive correlations with COD and LAS. 

Biological methods for domestic greywater treatment 
were studied [29]. The authors found 43.5 ± 6.5 mg∙L−1 of 
anionic surfactant (using the MBAS method) and 827 ± 
204 mg∙L−1 of COD. Both values were below those found 
in this study. 

A wide range of VFAs (volatile fatty acids) was found, 
the most common acids being propionic and isobutyric 
(100% of samples), lactic (96.6%), formic and acetic 
(93%) and malic (73.3%). The least common were cap- 
roic and succinic (16.6%), valeric (26.6%) and citric and 
butyric (33%). 

Lactic acid (13.54 mg∙L−1 to 406.75 mg∙L−1) was quan- 
titatively the most representative, followed by isobutyric 
(10.88 mg∙L−1 to 287.25 mg∙L−1) and propionic (10.66 
mg∙L−1 to 279.75 mg∙L−1), respectively (Table 1). Al- 
though butyric acid was found in only 33.3% of the 
laundry water samples the values were above 200 mg∙L−1 
in 40% of the samples containing this acid. 

Among the alcohols analysed, only ethanol was pre- 

sent in 77% of samples, in which the average value found 
was 148.62 mg∙L−1. 

In this study, the average pH was 5.6, and it ranged 
from 3.3 to 6.8. According to the Brazilian legislation 
[30], the proper pH value for effluent ranges from 5 to 9. 
The average value recorded in this study fits within this 
standard, although some samples had a pH below the 
allowed value (33% of samples). The São Paulo State 
Legislation [31] states that the effluent may be released 
into sanitary sewer system, only when provided with treat- 
ment and with a pH between 5 and 9. Thus, according to 
this legislation, 40% of the samples had an unsatisfactory 
pH. The pH in grey water is directly related to the value 
in the water supply [7]. However, certain chemicals, such 
as fabric softeners, bleach and disinfectant, may contrib- 
ute to the variation of this parameter. 

The total alkalinity (25.9 mg CaCO3∙L−1) was low, as 
seen in Table 1. Alkalinity values were reported ranging 
from 149 mg CaCO3∙L−1 to 198 mg CaCO3∙L−1 in domes- 
tic grey water [32]. Alkalinity is an important parameter 
when attempting to treat grey water from anaerobic di- 
gestion, whereas lowering the pH can harm the microor- 
ganisms responsible for organic matter degradation [7]. 

Low sulphate and sulphide concentrations were de- 
tected; whose average values were 6.21 mg∙L−1 and 0.17 
mg∙L−1, respectively (Table 1). In grey water was re- 
corded 22.9 mg∙L−1, 59.6 mg∙L−1 [32,33] and a maximum 
of 1000 mg∙L−1 of sulphate [31]. For sulphide, [30,31] 
allow effluent release with a maximum of 1.0 mg∙L−1. 
Therefore, both parameters were much lower than al- 
lowed. 

Among the nitrogen compounds, nitrate had the great- 
est contribution (8.37 mg∙L−1), in other words, higher 
than that recorded in the literature [34] found 1.8 to 3.0 
mg∙L−1 of nitrate in a greywater treatment system. The 
value found for ammonia nitrogen was lower than that 
allowed by [30] (20 mg∙L−1) for effluent discharge. This 
standard does not include other nitrogen forms. The total 
nitrogen concentration was close to that measured by 
[35], i.e., 40 mg∙L−1 in water laundry. The total nitrogen 
concentration of the grey wastewater is lower than in 
domestic sewage, 0.6 - 74 and 20 - 80 mg∙L−1, respec- 
tively [36]. Ammonium or nitrates are rarely used as 
counter-ions in personal care products or household che- 
micals [7]. 

Phosphate was detected in 93% of the samples (94.65 
mg∙L−1 average); its strong presence was most likely due 
to the laundry water contents. Grey water contributes, in 
general, to 12.4% of the phosphorus load in a residence 
[37]. Laundry water may have a low phosphorus concen- 
tration due to the presence of phosphorus-free detergents 
[38]. However, when they are present, its main source is 
detergents containing phosphates [7]. In places where the 
use of these detergents is not allowed, the phosphorus in 
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grey water tends to be 70% lower [39]. 
In the present study, the average total suspended solids 

content was 0.08 g∙L−1 (Figure 2). Total suspended sol- 
ids around 0.16 g∙L−1 were found in other works [40] 
when studied the reuse and recycling of greywater. Grey- 
water has a low suspended solids concentration, indicat- 
ing that a large portion of the contaminants is in dis- 
solved form [41]. Although the solids content expected in 
the greywater is lower when compared to conventional 
sewage [37], approximately 32.7% of sewage solids load- 
ing comes from greywater. 

Measures of solids suspended in greywater have been 
reported in the literature in a range of 0.017 g∙L−1 to 0.33 
g∙L−1. The highest values of which originated from laun- 
dries and kitchens [7]. The washing process loosens fab- 
ric fibres, varying in size up from rag fibers visible only 
under the microscope, which contributes to the build-up 
of solids in water cleaners. 

3.3. Metals in the Laundry Water 
Information about the presence of metals in various types 
of greywater from sources such as the bathroom, kitchen 
and laundry is currently limited to a few studies [4,7], 
and the knowledge regarding the removal of metals in 
greywater treatment systems is even more limited. 

All metals analysed were below the maximum permit- 
ted value for effluent discharge according to [30] (Table 
1). In this study, zinc was the most abundant (0.56 
mg∙L−1), followed by iron (0.22 mg∙L−1). Both were de- 
tected in 100% of samples. Nevertheless, the measured 
concentrations were below the maximum allowed, either 
by [30], or by the [31], which is 5 mg∙L−1 and 15 mg∙L−1 
for zinc and iron, respectively. Only relatively low 
amounts of heavy metals in greywater have been re-
ported in the literature. Domestic greywater reuse was 
studied [42]. The authors found 100 mg∙L−1 of zinc. 
Laundry wastewater contains, on average, 0.09 mg∙L−1 to 
0.34 mg∙L−1 zinc [7]. The importance of household deter-  
 

 
Figure 2. Solids suspended in greywater. 

gents, especially soap powder, as a significant source of 
cadmium, copper and zinc in sewage was emphasised [43]. 

3.4. Xenobiotic Organic Compounds in the 
Laundry Water 

As many as 900 XOCs had been identified [7] which are 
commonly used in bathroom and laundry products and 
hence potentially present in greywater. The major groups 
of the compounds were fragrances and flavours, preser- 
vatives, solvents and some surfactants, e.g., non-ionic 
and anionic surfactants (Tables 2 and 3). 

Other groups included softeners and emulsifiers. The 
groups with only a few compounds were bleaches and 
dyes. These groups, however, are of special interest be- 
cause they all contain bioactive compounds. 

According to [44], more than 2500 individual chemi- 
cals are expected to be present in washing machine ef- 
fluent and then in the raw sewage. 

In this study, thirty-three different XOCs were identi- 
fied in the laundry wastewater by qualitative screening. 
Identified substances were grouped into nine substance 
classes based on their application. 

Among the compounds detected in laundry water by  
 
Table 2. Xenobiotic organic compounds found in laundry 
wastewater. 

COMPOUNDS 

Headspace analysis %A Liquid analysis %A 

Butilcicloexil acetate 3.2 Octadecanoic acid 0.61 

Butanol 70.96 Palmitic acid 1.67 

Cis-dimetil ciclohexanol 0.40 Etil citrate 5.88 
Decamethyl  

cyclopentassiloxane 1.50 Cholesterol 1.20 

Dimetil ciclohexanol 0.89 Cicloexeno dimetil etil 0.13 
Dodecametil  

ciclohexassiloxano 0.92 Dimetil pentadecilamina 0.62 

Ethanol 5.49 Diglicidil bisphenol  
A eter 0.40 

Diphenyl eter 0.52 Etil hexil ftalato 4.97 
Octil fenil eter 0.35 Phenoxi ethanol 0.39 
Etil hexanol 2.14 Heptadecanol 1.37 

Isobornil formate 1.18 Hexadecanol 1.80 
Limonene 1.82 Isobutil phtalato 0.22 

Linalool 3.04 Metil metóxi etil  
octadecanamina 3.15 

Mercaptomethane 2.04 Nonylphenol ethoxilado 8.85 
Octametil  

ciclotetrassiloxano 0.47 Terpineol 0.16 

Metil sulfite 0.6 Tetrametil butil  
phenoxi ethoxilado 3.48 

Terpineol 0.93   
Tetradecene 0.37   

% A = area percentage, which indicates the normalised relative distribution 
of the compounds in the sample. 
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Table 3. Classes of compounds found in water and laundry. 

Surfactant Solvent 
Nonylphenol ethoxilate Acetate of butyl cicloexyl 

Tetramethyl butyl phenoxy 
ethoxilate Butanol 

Surfactant production Cis-dimethyl cyclohexanol 
Cis-dimethyl ciclohexanol Dimethyl cyclohexanol 

Dimethyl ciclohexanol Ethanol 
Diphenyl ether Limonene 

Tetradecene Methyl sulfite 
Palmitic acid Softener and plasticiser 

Diglycidyl bisphenol A eter Ethyl hexanol 
Decamethyl cyclopentassiloxane Ethyl hexil phthalate 

Dodecamethyl cyclohexassiloxane Isobutyl phthalate 
Octametil ciclotetrassiloxano Emulsifier 

Pesticide/Repellent Octadecanoic acid 

Limonene Dimethyl ethyl 
cycloexene 

Mercaptomethane Heptadecanol 
Diluent Dimethyl pentadecylamine 

Ether of diglycidyl bisphenol A Miscellaneous 
Fragrance Butyl cyclohexyl acetate 
Limonene Ether octyl phenil 
Linalool Isobornil formate 

Methyl sulfite Ethyl citrate 

Terpineol Methyl metox ethyl  
octadecanamina 

Hexadecanol  

Preservative and antioxidant  

Phenoxy ethanol  

 
headspace analysis, the solvents butanol (70.9%) and eth- 
anol (5.5%) were the most common, followed by the fra- 
grance linalool (3.0%). 

Between the compounds found in laundry water by 
direct injection analysis were citrate acetate (5.9%), 
ethyl hexyl phthalate (5.0%) and nonylphenol ethoxylate 
(4.7%). 

Both nonyl and tetramethyl butyl phenoxy ethoxylate 
were present in the laundry water. The group of alkyl 
phenols include several compounds that have come into 
focus because nonylphenol is an endocrine disrupter, i.e., 
a male and female reproductive toxicant [45]. Nonyl- 
phenol is used as a cleaning agent, softener and stabiliser 
but also as an intermediate in industrial processes [08]. 
The octylphenols and nonylphenols are frequently pre- 
sent in imported textiles, which then act as emission 
sources of those compounds [46,47]. Nonylphenol eth- 
oxylate in greywater have been detected [8,48]. 

Emulsifiers are used to prevent the separation of fats 
and water in a chemical product into two layers and are 
typically characterised by a polar and a non-polar moiety, 

long-chain fatty acids and their corresponding alcohols 
[8]. They were found to be present at relatively high lev- 
els, and include compounds such as hexadecanol and 
heptadecanol. 

Three softeners and plasticisers were found, ethylhex- 
anol and the phthalates ethylhexyl phthalate and isobutyl 
phthalate. Phthalate is a synthetic compound commonly 
used as a plasticiser to impart flexibility, workability, and 
durability to polymers such as polyvinyl chloride. Addi- 
tionally, this compound is used in a wide variety of pro- 
ducts such as paints, adhesives, inks and cosmetics [49, 
50]. Di(2-ethylhexyl) phthalate (DEHP) is widely used as 
a plasticiser and may be sourced partly from PVC 
plumbing fixtures. Other household sources may be link- 
ed to its use in cosmetics, perfumes, lacquers, paints, 
pesticides, and printing inks for paper, plastics and tex- 
tiles [51]. 

In all grey wastewater samples analysed by [8], nine 
softeners and plasticisers were found; the phthalates, bis- 
(2-ethylhexyl)-, dibutyl-, diethyl-, dimethyl and mono 
ethylhexyl phthalate, dominate this group. Two other pla- 
sticisers similar in structure to di-(ethylhexyl) phthalate 
(DEHP) were identified as well: di-(ethylhexyl) adipate 
(diester of hexanedioic acid) and di-(ethylhexyl) sebacate 
(diester of decanedioic acid). 

Cholesterol was the only sterol found in the laundry 
water, and it has previously been detected in greywater 
[2,8]. 

Three terpene compounds were found in the laundry 
water, limonene, linalool and terpineol. Terpenes play an 
important role as fragrances in perfumery and detergents, 
as constituents of flavours for spicing foods, as medi- 
cines for the treatment of numerous diseases including 
tumours [52], in the pharmaceutical industry as an anti- 
fungal [53], and as an antiseptic [54]. 

Certain terpenes have been found to have some insec- 
ticidal activity. Alpha terpineol, menthol linalool and 
limonene have all been reported to possess insecticidal 
activity [55]. More than 40 fragrances and flavours were 
observed [8] in grey wastewater samples from Copenha- 
gen, Denmark: citronellol, coumarin, eucalyptol, hexyl 
cinnamic aldehyde and menthol. This group is present as 
perfume additives in personal care products or as fla- 
vours in toothpaste. 

Limonene, isoprenil-4-methyl-1-cyclohexene, is a mo- 
nocyclic monoterpene that is present in more than 300 
plants, mainly citrus fruits. There are various applications 
for limonene: as a solvent for resins, in rubber, in paints, 
as a dispersing agent for oil, as well as for use in the 
chemical synthesis of menthol [56]. Limonene has been 
used in household and industrial cleaning products [55]. 
The inhibitory effect of limonene was verified on various 
microorganisms [57]. A microencapsulation of limonene 
for textile application was verificed in other study [58]. 
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Linalool is a monoterpene compound reported to be a 
major component of essential oils, in various aromatic spe- 
cies. Terpineol is a monoterpene with a pleasant odour 
and is found in a wide variety of essential oils with wide 
industrial applications [55]. 

Diglycidyl bisphenol A ether is used as a diluent for 
resins, as a textile treatment agent and as a stabiliser for 
chlorinated organic compounds. Bisphenol A is also used 
in the production of polycarbonate and can be leached 
from such materials if any excess monomer is present in 
the polymer matrix [59]. 

Table 3 lists all compounds present in the laundry and 
the classes into which they are subdivided. The current 
intense use of materials and substances causes diffuse 
source emissions that lead to the uncontrolled spreading 
of xenobiotic compounds to nature. The presence of 
these hazardous substances in the wastewater system 
raises increasing concerns, especially in view of the 
negative effects to the water and soil ecosystems as well 
as for the potential risks to human health. 

4. Conclusions 
From this study, it can be concluded that there is an ur- 
gent need for more information about the characteristics 
of laundry wastewater. The commercial laundry water 
studied had no consistent characteristics, and the content 
of study parameters varied from sample to sample. How- 
ever, the vast majority of these parameters were lower 
than recommended by Federal and State Legislation, 
which does not minimise the environmental and public 
health impact. However, this does not eliminate the need 
for special treatment before the disposal of laundry 
wastewater in the sewage system because studies on the 
characteristics of laundry water and its potential effects 
are scarce yet. 

Laundries have been found to be important sources in 
the diffuse spreading of many environmentally hazardous 
substances to wastewater. An inventory of laundry water 
chemicals revealed 33 xenobiotic organic compounds, 
including solvents, fragrances and auxiliary compounds to 
cleaning agent production, preservatives, insect repellents, 
antioxidants and others. This study also stresses the need 
for a thorough characterisation of grey wastewater and an 
evaluation of the possible sources of pollutants in grey 
wastewater, before reuse, to be able to establish the proper 
treatment method. 
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