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ABSTRACT

The general health problems of detergents with emphasis on the weight, hematology and
histopathology were investigated by ingesting 20 mice (about 30 days old) with detergent solutions.
The mice were grouped into five sets, comprising of five mice each. The control group {(group 1)
was given ordinary water while groups 2-5 were given 25, 50, 75 and 100% v/v of the detergent
solutions, respectively as the only sources of water. The mice had access to feed (F.A Feeds, Lagos)
ad libitum in suspended, meshed-bottom cages for about 4 weeks. The Relative Growth Rate
(RGR) in percentage of the control mice was 7.1 while the RGR of the mice exposed to 25, 50, 75
and 100% wviv of the detergent solutions were -33.2, -43.9, -52.5 and -59.3, respectively. A
significant. difference (p<0.05) exists between the mean weight of the control mice and the mean
weights of the mice placed on the different concentrations of the detergent. The hematology
analysis of the exposed mice showed marked reduction in the packed cell volume, hemoglobin, white
blood cells, red blood cells and total protein. Furthermore, the blood of the exposed mice had dose-
dependent hypochromasia, macrocytosis, microcytosis, eosinophilia and arisocytosis. A significant
difference (p<0.05) also exists between the mean blood parameters of the control mice and the mean
blood parameters of the mice exposed to the various concentrations of the detergent. The internal
organs (heart, kidney, liver and reproductive organs) of the exposed mice showed marked
histological changes compared to the control mice and the extent of the injuries increased with the
concentrations of the detergent solutions. The results of the research highlight health hazards of
detergent exposure and underscore the needs for proper handling and disposal of detergents.
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INTRODUCTION

Detergents are materials which aid in the removal of dirt or other foreign matters from
contaminated surfaces. Until the 1940s, soap was the only important detergent in the market but
today, scap is one of the numerous detergent products. According to one ancient Roman legend,
soap derives its name from Mount ‘Sapo’in Italy where animals were sacrificed to appease the gods.
The mixture of the melted animal fats and wood ashes that ran down to the clay scil near Tiber
River at Mount ‘Sapo’ was found to make washing easier than ordinary water for women
inhabiting the area (Ronni, 2004). But another report from a medical decument Papyrus, said that
soap-making dates back to about 1500BC when a combination of animal vegetable oils and alkaline
salt was used to form a soap-like material. However, modern technology has led to the creation of
synthetic detergents that have gradually replaced soaps in the laundry. The first detergent was
used chiefly for hand dish-washing and fine fabric laundering. This was followed by the
development. of multi-purpese laundering detergent introduced in the Umted States of
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America in 1946, Today, detergent market 1s a highly competitive one where different brands
compete with one another to get customers (IKhurana, 2002),

The chemical components of detergents are often called surface-active agents or surfactants
because they act upon surfaces. A common feature of detergents is that they are made up of
comparatively large molecules (Molecular weight over 200 g). One part of the molecules is soluble
in organic material and the other part is soluble in water. Before, synthetic detergents were made
by treating an aromatic or benzene-type compound with sulfuric acid, followed by neutralization
with alkali to convert the product to its sodium salt. These detergents, however, became a public
nuisance because they were neither soluble nor biodegradable. The aromatic compound was later
replaced with a so-called linear alkyl-type compound in the process described above and the
detergent produced was as effective as the former kind in its detergent action and was more
biodegradable and soluble (Redmond, 2011},

Detergents are widely used in both industrial and domestic premises to wash cloths, equipment,
installations, heavy-duty machines and vehicles. They are also useful in pesticide formulations for
agricultural purposes and dispersing of spills at sea (Lightowlers, 2004; Chun and You, 2009).
However, the increasing domestic health hazards and environmental pollution arising from
detergent exposure are reducing the popularity of its usefulness (Ezemonye and Enuneku, 2005).
But most of the health hazards are caused by dearth of information on the toxcity of detergents
which makes people to handle or dispose detergents carelessly. Therefore, a thorough investigation
on the health risks and ecological disorders that may arise from improper handling and disposal of
detergents needs to be done. This has become necessary hecause presently, there is no alternative
to detergent. Worldwide, governments are making concerted efforts to keep environments free of
pollutants through policies, envirenmental conferences and conventions. In Nigeria, Federal
Government is emphasizing the needs for adequate human and environmental protections in any
technological and socio-economie development by strictly asking industrial operators to control the
effects of their wastes (DPR, 1991). But in Nigeria and other countries, only few chemicals have
been ecologically tested for safety despite their alleged environmental and ecological impacts
(Ogundiran ef al., 2010). There is no doubt that detergent exposure posed health risks to man and
other animals but the doubt lies in what it actually does to them and how dangerous it really is
(Kasy Essay, 2007).

Although some researchers have described the effects of detergents on animals and plants, most
of the works were done on the basis of spirometry or radiology, or both. An in-depth analysis of the
effects of detergent exposure on different. organs and systems in human or animal has not been
published. Therefore, the present study was aimed at investigating the toxicity and general health
problems that may arise from detergent exposure.

MATERIALS AND METHODS

Test substance: The detergent used in this study was collected from a dumping ground of a
detergent factory in Ibadan, Nigeria. To avoid contaminations, the detergent was collected the
same day it was dumped. The chemical constituents of the detergent as stated by the
manufacturers include surfactants, sodium sulfate, sodium carbonate, optical brighteners,
phosphate, poly-carboxylates and enzymes.

Animal husbandry: Swiss mice (about 30 days old) of either sex, bred in the animal house
University of Lagos, Nigeria, were used for the research. They were housed in suspended,
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meshed-bottom cages and were left for about seven days to acclimatize under continucus light
(12 h light/darkness) before the commencement of the research. Pelletized feeds from FA Feeds,
Lagos, were given to the mice ad libitum.

Experimentation: Four concentrations (25, 50, 75 and 100% v/v) of the detergent solutions were
prepared. The mice were grouped into five sets of 5 mice each after taken their initial weights. The
control mice were resided in cage 1 and were given ordinary water. The exposed mice in cages 2,
3, 4 and 5 were given 25, 50, 75 and 100% v/v of the detergent scolutions, respectively as the only
sources of water. The experiment commenced in mid-October, 2010, a week after the purchase of
the mice and was allowed to stay for about four weeks. At the end of the 4th week, the final weights
of the mice were taken and their blood and internal crgans (liver, kidney, heart and lung) were
examined in the laboratory.

Calculation of Relative Growth Rate (RGR): The relative growth rates of the mice were
calculated using the formula below:

RGR (%) = WF;Wleoo

Where:

Wz = Final weight
W, = Initial weight
T

Period of exposure

Hematological examination: The mice were sedated with chloroform in the laboratory. Total
death was prevented to allow continuous flow of blood for proper blood collection. Each mouse was
pegged down on a waork bench and held firmly with office pins. Surgical blades were used to cut
through the chest region of the mice in a dorsal-ventral direction. The blood was then collected from
a beating heart using a Na Heparinized capillary tube through capillary action into EDTA bottles.
EDTA serves as anti-coagulant and so alsc the Na heparin in the capillary tube. The blood
parameters (PCV, HB, WBC and RBC) were determined using Sysmex auto- analyzer while the
total protein was determined using VET 360 Veterinary Refractometer (Phoenix series).

Preparation of internal organs for histopathology examinations: The internal organs
(heart, kidney, liver and reproductive organs) of the mice were prepared for histopathology
examinations using the method of Taylor et al. (2003).

Statistical analysis: A database file was created in a personal computer and all statistical
analysis was carried out with the Statistical Package for Social Sciences (SPSS) version 17 for
windows and Microsoft Office Excel 2007, Comparison of data among exposed and control groups
were calculated using Student’s t-test. p<0.05 was considered statistically significant.

RESULTS
Table 1 showed that the chemical constituents of Bonux detergents had adverse effects on the
weights of the mice. For example, the mean weight change of the control mice was 1.9 g while the
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mean weights change of the mice that were placed on 25, 50, 756 and 100% v/v solutions of the
detergent were -9.3,-12.5, -14.7 and -18.6 g, respectively. Also, the relative growth rate of the
control mice in percentage was 7.1 while the relative growth rates of the mice exposed to 25, 50, 75
and 100% v/v of the detergent solutions were -33.2, -43.9, -52.5 and -59.3, respectively.

The results of the hematology examinations of the exposed mice showed marked reduction in
the blood parameters. The mean PCV change of the control mice was 0.2% whereas the mean PCV
lost by the mice placed on 25, 50, 756 and 100% v/v of the detergent solutions were -8.0, -11.9, -17.0
and -21.4%, respectively (Table 2). From table 3, the mean change in the HB of the control mice
was 0.1 g dL.7! while the mean HB change of the mice exposed to 25, 50, 75 and 100% v/v of the
detergent solutions were -2.4, -3.8, -6.5 and -9.1 g dL.™!, respectively. Furthermore, the control mice
showed mean WBC increase of 34 mm?, whereas the mice treated with 25, 50, 75 and 100% v/v of
the detergent solutions showed mean WBC increases of 151, 186, 262 and 548 mm?®, respectively
(Table 4). From Table 5, the mean RBC change was 0.1x10% while the mean RBC lost by the mice
exposed to 25, 50, 756 and 100% v/v of the detergent solutions were -0.5, -0.8, -1.4 and -2.7x10",
respectively. And finally, the mean total protein change of the control mice at the end of the
exposure was 0.08 g dL.™! while the mean total protein lost by the mice placed on 25, 50, 75 and
100% v/v of the detergent solutions were 0.7, 1.2, 2.6 and 3.2 g dL}, respectively (Table 8).
Generally, the mice placed on 25 and 50% viv of the detergent scolutions showed slight microeytosis,
macrocytosis, eosinophilia and ariscytosis while the mice placed on 76 and 100% viv of the detergent,
solutions showed chronic conditions of the above diseases.

The results of the histopathology analysis of the internal organs of the exposed mice showed
marked histological changes. The heart showed cell swelling, interstitial edema and loss of cellular
outline, hyalinization of tissues and atrophy of cells in 25, 50, 75 and 100% v/v of the detergent
solutions, respectively. The kidney had cortical necrosis and tubular atrophy in the 25, 50 and
75% vwviv of the detergent solutions and severe necrosis in the 100% w/v of the solution. The liver

Tahble 1: Effects of the detergent solutions on the weights of the mice

Detergent Minimum Maximum 0 Day mean 4th week mean Mean weight  Relative

solutions welght weight welght weight change growth rate p-values
Ordinary water (control) 27.8 323 28.8+0.78° 30.65+1.18° 1.9 71 0.022*%
25% 18.5 29.6 28.7+0.812 19.40+0.89° -9.3 -33.2 <(0.0001%
50% 14.1 29.6 28.6+0.722 16.30+1.38° -12.3 -43.9 <(0.0001%
TH% 13.1 20.8 28.8+0.932 14.10+£0.73° -14.7 -52.5 <=0.0001*
100% 11.1 205 28.6+£0.872 12.00+£0.66° -16.6 -59.3 <=0.0001*

Data were expressed as Meant+SD: When *p<0.05: Significant from control and when **p=>0.05: Not significant from control Mean values

in the same row with different superscripts were significantly different at p<0.05

Tahle 2: Effects of the detergent solutions on the PCV (%) of the mice

Detergent Minimum Masd mum Mean PCV Mean PCV at

solutions PCV PCV at 0 day 4th week Mean PCV change p-values
Ordinary water (control) 36.8 38.4 37.5£0.578 37.80+£1.192 0.3 0.4520%*
25% 28.5 38.3 37.9+£0.387 20.90+1.20° -8.0 <0.0001*
50% 25.2 38.4 37.9+0.43° 26.00+0.61° -11.9 <0.0001%
TH% 19.6 39.3 38.1+0.882 21.10£1.06° -17.0 <0.0001*
100% 15.8 39.1 38.1+0.852 16.70+0.59° -21.4 <0.0001%

Data were expressed as Meant+SD: When *p<0.05: Significant from control and when **p=>0.05: Not significant from control Mean values

in the same row with different superscripts were significantly different at p<0.05
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Table 3: Effects of the detergent solutions on the HB (g dL.™Y) of the mice

Detergent Mean HB Mean HB at

solution Minimum HB  Maximum HB at 0 day 4th week Mean HB change p-values
Ordinary water (control) 12.5 13.2 12.8+0.26% 12.90+0.22° 0.1 0.6151%%
25% 9.9 13.3 12.8+0.412 10.40+£0.83° -2.4 0.0002%
50% 9.1 13.4 13.0+0.317 9.18+0.23° -3.8 <0.0001*
TH% 6.0 13.2 12.8+0.312 6.50+0.45° -6.3 <0.0001*
100% 4.0 13.6 13.2+0.37° 4.10+0.31° 9.1 <0.0001*

Data were expressed as MeantS; When *p<0.05: Significant from control and when **p>0.05: Not significant from control Mean values

in the same row with different superscripts were significantly different at p<0.05

Table 4: Effects of the detergent solutions on the WBC of the mice

Detergent Minimum Maximum Mean WBC Mean WBC at Mean WBC

solution WBC WBC at 0 day 4th week change p-values
Ordinary water (control) 3.850 4.600 4.140+£2307 417442727 34 0.8367**
25% 4.210 4. 750 4.152+317° 4.303+285° 151 0.4845%*
50% 4.100 4.890 4.044+4342 4.230+£4707 186 0.8231**
T5% 3.600 4.630 4.100+366% 4.362+2427 262 0.2795%%
100% 3.840 5.220 4.358+2507 4.906+£3007 548 0.0081%

Data were expressed as Mean+ SD: When *p<0.05: Significant from control and when **p=>0.05: Not significant from control Mean values

in the same row with different superscripts were significantly different at p<0.05

Tahble 5: Effects of the detergent solutions of the RBC of the mice

Detergent Minimum Masd mum Mean RBC Mean RBC at Mean RBC

solution RBC RBC at 0 day 4th week change p-values
Ordinary water (control) 4.8 6.1 5.40+0.672 5.48+0.52° -0.1 0.8223*%*
25% 4.1 6.1 5.26+0.65% 4.86+0.712 -0.5 0.1528**
50% 4.1 6.3 5.38+0.66% 4.58+0.6507 -0.8 0.03313*
TH% 3.2 6.0 5.34+ 0.562 3.90+0.59° -1.4 0.0020%
100% 2.5 6.3 5.60+0.627 2.90+0.29° -2.7 <0.0001*

Data were expressed as MeantSD: When *p<0.05: Significant from control and When **p>0.05: Not significant from control Mean values

in the same row with different superscripts were significantly different at p<0.05

Table 6: Effects of the detergent solution on the total protein of the mice

Detergent Minimum Maximum Mean total protein = Mean total protein Mean total

solution total protein total protein at 0 day at 4th week protein change p-values
Ordinary water (control) 6.5 7.0 £.86210.237 6.94+0.11° 0.08 0.5061%%
25% 6.0 7.2 6.82+0.31° 6.08+0.20° 0.70 =0.0001*
50% 5.0 7.3 6.90+0.20° 5.70£0.50 1.20 0.0002*
T5% 3.9 7.1 6.90+0.30° 4.30+0.40° 2.60 =0.0001*
100% 3.1 7.2 6.90+0.20° 3.70£0.50 3.20 <0.0001*

Data were expressed as Meant+SD: When *p<0.05: Significant from control and when **p=>0.05: Not significant from control Mean values

in the same row with different superscripts were significantly different at p<0.05

suffered cellular edema in the 25% v/v, partial necrosis in the 50 and 75% v/v sclutions and partial
hepatic necrosis in the 100% v/v solution. The lungs of the exposed mice showed interstitial edema
in the 25% v/v solution, tissue edema in the 50% v/v solution and severe necrosis and cellular
atrophy in the 75 and 100% v/v solutions. The reproductive organs (ovary and testis) of the exposed
mice showed fat deposits and degenerations. No significant findings were observed in the internal
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organs of the control. Generally, the exposed mice showed eye problems, tumors on the body,
sluggishness and high mortality rate compared to the control.

DISCUSSION

The reduction in the growth rates of the exposed mice supports the findings of Esenowo and
Ugwumba (2010) who reported that sub-lethal concentrations of a detergent in an aquarium tank
reduce the weights of catfish (Claris garieninu) exposed. Rejeki ef al. (2006), also cbserved that
chronic concentrations of detergent LAS retarded the growth of the sea bass larvae exposed
significantly. However, the result contradicts Faremi and Oloyede (2010) who did not observed any
significant growth reduction in albino rats exposed to detergent. The growth reduction observed
in this study might have resulted from detoxification (Ojo and Oso, 2009), poor physiological
conditions of the exposed mice which led to loss of appetite, sluggishness and high metabolic
demand (Ogunbileje and Akinosun, 2011). Sodium silicate, a major component of detergents, has
also been fingered in gastro-intestinal irritation leading te nausea, vomiting, diarrhea, severe
digestive tract burns and weight loss in exposed animal (Warne and Schifko, 1999),

The marked reducticon in the bleod parameters (PCV, HB, WBC, RBC and Total Protein) of the
exposed mice compared to the control mice confirms the earlier report of Wadaan and Mubarak
{2009) who reported blood parameters reduction in rabbit exposed to Sodium Dodecyl Sulfate
{surfactant). The toxic effect of the anionic detergent (surfactant) has also been reported by
Dehelean et al. (2004), to cause reduction in bleod parameters and weight loss. The reduction in
the blood parameters was as a result of destruction of the cells of the mice by the surfactant and
traces amount of heavy metals found in detergents (Abulude ef al., 2007). Riaz ef al. (2009)
reported that blood and skin of an animal may be adversely affected by soaps and detergents used
as anti-bacteria and insecticides because they do so by killing the cells of the germs and insects. The
increase (although insignificant) in the White Blood Cells (WBC) of the exposed mice was as a
result of immune response of the mice to the toxiec components of the detergent solutions.

The fact that the heart, lung, kidney, liver and reproductive organs of the exposed mice showed
marked histopathological changes confirms that the detergent sclutions are pathogenic to mice. The
histopathology changes were as a result of cytotoxic agents (Ayandiran et al., 2009) in the
detergent solutions which caused multi-organ injuries. This result supports the findings of
Gholami et al. (2010) and Ogundiran ef al. (2009, 2010) who reported that ingestion of detergent
solutions can cause multi-organ damage leading to nervous system discorders, respiratory illness,
birth defects, cancer and even death. Furthermore, the result 1s in line with Akanji ef al. (1993) and
Uaboi-Egbenni et al. (2009) hoth reported patheological damage in animal and plant exposed to
detergent, respectively. However, this study did not found such diseases like cancer and asthma
which have been suspected by some researchers (Kassem, 2010), probably due to short duration
of the study. The sluggishness, low fecundity and high mortality rate observed in the exposed mice
were direct consequences of the impaired health and poor physiological conditions of the mice.

The observed diseases call for careful handling and disposal of detergent. Alternatively, lipases
such as microbial lipase can be introduced in to detergent during production to reduce the mass of
toxic materials found in detergents (Hasan et al.,, 2010).

CONCLUSION

The results of the research have shown that the detergent is toxic to the mice exposed. It is
presumed that all other animals including man will suffer similar fate if exposed to the detergent
solutions. Ordinarily, a matured man will not ingest detergent except by accident but children
especially toddlers who are not conscious of their actions are the endangered population. Therefore,
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extra care should be taken to monitor the activities of our toddlers and they should not. be left alone.
Detergents should be kept out of the reach of children and spilled detergent should be packed
immediately. Finally, it is hoped that the results of this investigation will enlighten pecple on health
risks posed by detergent exposure.
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