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Growing food in unconventional systems such as those 
using irrigation with domestic wastewater and the use 
of potentially toxic waste has generated resistance 
from producers and consumers. Here, we evaluate the 
possible physical and biochemical damage to Swiss 
mice fed for 13 weeks with corn produced in soil con-
taining tannery sludge vermicompost and irrigated 
with wastewater from domestic sewage. The corn was 
offered as an additional food to standard rodent chow 
at a daily concentration of 15 g/kg of body mass. The 
results showed no changes in body weight of the ani-
mals during the experimental period. The consump-
tion of grain and weight gain of the animals was 
stable. The total protein, albumin, globulin and alka-
line phosphatase levels did not differ among experi-
mental groups. In addition, macroscopic analysis of 
the liver of the animals showed no sign of injury or 
disorders. Thus, we preliminarily conclude that the 
maize produced in this way is innocuous to animals. 
However, further studies are needed to evaluate other 
variables not measured in the present study which can 
contribute to food security and the nutrition of the 
corn thus produced. 
 
Keywords: Agro-industrial waste, animal models, toxi-
city, wastewater. 
 
INDUSTRIAL processes and human activities generate 
waste that can be harmful to the environment and human 
health1. Such waste is a serious threat to the present qua-
lity of life2 and is typified in the wastes generated from 
processing of bovine leather. 
 While these activities do generate significant profits 
and contribute to the economic and social development of 
a country, they also produce significant amounts of 
waste. This problem is intensified, especially when one 
considers that in many tanning industries waste/effluent 
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Table 1. Experimental groups established in the present study 

Experimental group ID Description 

Control G1 Composed of animals fed only standard rodent chow 

Group corn commerciala G2 Composed of animals fed standard rodent chow supplemented with commercial corn grain (Anchieta®). 
This was the second control group because the corn used here was commercially available.  

Group chemical  
fertilizationb – water 
supplyc 

G3 
Composed of animals fed standard rodent chow supplemented with cornf grains produced by plants grown 

in soil with conventional chemical fertilizer and irrigated with water supply. This group was the third 
control group and used corn grown in the same soil and conditions of corn used for G4 and G5. 

Group chemical  
fertilizationb –  
domestic wastewaterd 

G4 Composed of animals fed standard rodent chow supplemented with cornf produced by plants grown in soil 
with conventional chemical fertilization, but irrigated with wastewater from sewage. 

Tannery sludge  
vermicompost groupe 

G5 
Composed of animals fed standard rodent chow supplemented with grain cornf produced by plants grown 

in soil containing tannery sludge vermicompost mixed with manure (20% of tannery sludge and 80% of 
cattle manure) plus phosphate fertilizer and irrigated with domestic wastewater. 

ID, Identification of the experimental groups. 
aThe conditions for the cultivation of corn and seed variety were not identified in the packaging. 
bThe nitrogen, phosphorus and potassium (NPP) used in the cultivation of corn were calculated based on the nutritional needs of the crop, the nutri-
ent concentrations in the soil (Oxisoil Typical) and yield expectation of 10 Mg per ha according to ref. 22. The NPP sources were urea (CH4N2O), 
superphosphate (P2O5) and potash (K2O), respectively. 
cIrrigation water used in the cultivation of corn offered in this experimental group was from the water supply system Instituto Federal Goiano 
(Urutaí, GO, Brazil) treated in a water treatment plant institution itself. 
dWastewater used for irrigation of corn offered in this experimental group was from a domestic wastewater stabilization pond located on the prem-
ises of Instituto Federal Goiano (Urutaí, GO, Brazil). 
eThe corn kernels were from the treatment with the highest productivity in the study of Malafaia22. 
fCultivar LG 6036 (LG Sementes®). 
 
 
produced is disposed of in an improper manner or put in 
‘dumps’, landfills or industrial landfills (localized within 
the industrial land). This accumulation and concentration 
of potentially toxic material lead to a high risk of envi-
ronmental contamination3–7.  
 Fixing this problem can be a win-win situation. Indeed, 
there is active research on new ways to dispose and re-
cover waste. Various studies have shown the benefits of 
tannery sludge in different agricultural crops such as sug-
arcane ratoon8, conilon coffee9, beans10, lettuce11,12, soy-
bean13, wheat, lettuce and radish14 and maize3,15–22. 
Concurrently, there are great demands for the use of sew-
age wastewater in agriculture because it can act as a fer-
tilizer and improve yield23. Several studies have shown 
the advantages of water in agriculture because it adds nu-
trients that are beneficial for plant growth23,24–30. 
 Despite the evidence that both the waste produced in 
tanning industries and wastewater can be useful in agri-
culture, there is still resistance from farmers with few 
practical applications23. Part of this resistance is related 
to food and nutrition security linked to food produced in 
soils enriched with waste or potentially contaminated 
with wastewater sewage. These foods could then be risky.  
 Here, we evaluate the possible biochemical and weight 
damage to Swiss mice fed corn produced in soil contain-
ing tannery sludge vermicompost and irrigated with 
household wastewater. 
 We used female Swiss mice (50 days old) from the 
Biotério Central of the Universidade Federal de Goiás 
(Goiânia, GO, Brazil) that were maintained in the 
Biotério of the Laboratory of Biological Research, Instituto 

Federal Goiano (Urutaí, GO, Brazil). The animals were 
subjected to light/dark normal cycle (12/12 h) and kept in 
collective cages with a polycarbonate ventilated shelf 
(Alesco®) under controlled temperature (22–25C). 
 The treatments consisted of grains offered as additional 
food to animals fed a standard rodent chow (Nuvilab 
CR1-Nuvital®), as described in Table 1. All the animals 
of the experimental group received rodent diet ad libitum, 
ensuring appropriate nutrition. Therefore, corn was an 
additional food to the standard diet. The grain was obtained 
from the work of Malafaia22. We used 50 Swiss mice and 
distributed them in five groups (n = 10 per group). 
 Tables 2 and 3 present the chemical and physico-
chemical characteristics of the soil, tannery sludge vermi-
compost and irrigation water used in corn farming. 
 Each day the animals received 15 g/kg body weight of 
corn as mentioned in the literature31–34. The amount of 
grain given to the animal’s weight was measured daily for 
the offering of the selected grain concentration (15 g/kg 
body weight). Corn was kept in sterile containers with no 
processing or treatment. 
 We monitored the animals for 13 weeks. This was reason-
able considering the lack of standard protocols for assess-
ing food security and nutrition from non-conventional 
crops. This period has been used in previous studies  
designed to assess the safety of genetically modified sub-
chronic food testing35. 
 To evaluate possible adverse physical effects from the 
corn, we evaluated body mass (g) with results expressed 
in weekly averages. At the end of the experiment, we re-
ported animal weight gain, grain consumption, as well as 
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serum total protein, globulin, albumin and alkaline phos-
phatase concentrations. 
 Serum total protein concentration was calculated using 
the biuret method utilizing the commercial kit Labtest 
Diagnostic SA®, Cat. 99 (Lagoa Santa, MG, Brazil). For 
assessment of serum albumin concentration, we used the 
bromocresol green method with the commercial kit Lab-
test Diagnostic SA®, Cat. 19 (Lagoa Santa, MG, Brazil). 
From the total protein and albumin concentrations, we 
calculated globulin concentration. For this, we used the 
following equation: globulin = total protein globulin – 
albumin. Alkaline phosphatase measurement was done 
using a method described by Bowers and McComb with 
the commercial kit Labtest Diagnostic SA®, Cat. 79 
(Lagoa Santa, MG, Brazil). For these experiments, the 
animals were fasted for at least 12 h and 2 ml of blood 
was collected via the brachial artery. The blood was 
placed in 5 ml tubes containing anticoagulant. 
 Prior to blood collection, the animals were anesthetized 
with tribromoethanol 2% (1 ml/100 g, i.p.) followed by  
 
 
Table 2. Main characteristics of the initial soil and tannery sludge  
  vermicomposting used in the present study. Urutaí, GO, Brazil, 2014 

 Results 
 

  Vermicomposting 
Diversify Ground (Lc20)* 
 

pH (CaCl2) 5.30 8.8 
N (%) 0.11 1.5 
P (Melich – mg dm–3) 5.00 700.0 
K (mg dm–3) 240.00 18,000.0 
Ca (cmolc dm–3) 2.60 14.0 
Mg (cmolc dm–3) 0.80 18.0 
Ca + Mg (cmolc dm–3) 3.40 32.0 
Al (cmolc dm–3) 0.00 0.0 
H + Al (cmolc dm–3) 2.20 0.0 
CTC (cmolc dm–3) 6.20 82.4 
Na (mg dm–3) 8.00 1.000.0 
Cu (mg dm–3) 2.50 5.0 
Fe (mg dm–3) 63.00 244.0 
Mn (mg dm–3) 47.00 68.0 
Zn (mg dm–3) 4.40 36.0 
Organic matter (%) 2.30 29.9 
Sat Al (%) 0.00 0.0 
Sat base (%) 65.00 100.0 
Ca/Mg (%) 3.30 0.8 
Ca/CTC (%) 42.00 17.0 
Mg/CTC (%) 13.00 22.0 
K/CTC (%) 10.00 56.0 
H + Al/CTC (%) 35.00 0.0 
Clay (%) 27.00 – 
Silt (%) 15.00 – 
Sand (%) 58.00 – 
Electrical conductivity (S cm–3) 184.00 1.170,0 
Total organic carbon (%) 1.30 17.3 
Particle density (g cm–3) 2.45 – 
Cr (mg dm–3) <5.00 <5.0 

*Vermicomposting (Lc20): Sludge vermicompost tannery made up of 
20% type liming tannery sludge and 80% cattle manure.  

cervical dislocation. The livers were removed for macro-
scopic analysis of possible changes in them. The livers 
were evaluated for colour as microscopic capsular cutting 
surfaces. We noted the presence or absence of nodulation 
(colour, quantity, size and distribution) or any sign of 
liver damage that could be related to toxicity. 
 Initially, data were subjected to normality test of 
Anderson–Darling, Kolmogorov-Smirnov, Cramér-von 
Mises, Kuiper, Watson and Lilliefors, followed by the 
homogeneity test using Levene variance (ASSISTAT 
software, version 7.7 beta (copy distributed free)). All 
data were normally distributed a 5% probability (P > 0.15). 
Statistical differences were calculated for comparison 
analysis. The body mass data were subjected to analysis 
of variance (ANOVA) for repeated measures ANOVA 
followed by the Duncan test at 5% probability. For data 
on biochemical assessments, we used the simple one-way 
ANOVA followed by Duncan test at 5% probability. 
 The methodology of this study was considered consis-
tent with the ethical principles for animal experimenta-
tion and approved by the Committee on Animal Research 
and Ethics of the Instituto Federal Goiano (GO, Brazil) 
(protocol no. 003/2014). 
 We observed body mass for 13 weeks (Figure 1 a). 
This period was chosen due to lack of standard protocols 
for assessing food security and nutrition from non-
conventional crops. Thus, we based our study on those 
that assessed the toxicity of substances, tea, drinks in  
 
 
Table 3. Physical, chemical and physico-chemical characterization of  
  the irrigation water used in the present study 

Parameters Supply water* Wastewater* 
 

pH at 25C 7.20 6.75 
Turbidity (UNT) 8.00 931.00 
Dissolved Fe (mg l–1) 0.68 1.77 
Total N (mg l–1) 3.00 54.95 
Organic N ND 3.95 
Ammoniacal N (mg l–1) 0.17 43.00 
Nitrate (mg l–1) 0.30 8.00 
Electric conductivity at 25C (s cm–1) 49.10 738.00 
Total P (mg l–1) 0.22 10.29 
Orthophosphate (mg l–1) 0.50 23.60 
BOD (mg l–1) 0.70 733.33 
Total solids (mg l–1) 80.00 1,790.00 
Dissolved Cu (mg l–1) 1.00 1.00 
Zn (mg l–1) 0.03 0.07 
Na (mg l–1) 5.25 83.50 
Dissolved Mn (mg l–1) 1.20 2.20 
Dissolved Mg (mg l–1) 2.43 4.86 
Ca (mg l–1) 4.00 20.04 
S (mg l–1) 2.00 2.66 
K (mg l–1) 1.64 26.00 
TOC (mg l–1) 18.36 46.00 

ND, Parameter not analysed. BOD, Biochemical oxygen demand; TOC, 
Total organic carbon. 
*Values shown are the mean of three samples collected during the ex-
perimental period. 
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Figure 1. a, Change in body weight throughout the experiment; b, 
initial and final mass; c, weight gain in Swiss mice fed with corn grain 
produced under different conditions, as an additional food to the stan-
dard rodent diet. In (a) the points on the curve represent the 
means  SEM of the groups at each week of the trial. The body mass 
data were analysed by analysis of variance for repeated measures 
ANOVA followed by the Duncan test at 5% probability. In (b) and (c), 
the bars represent the mean  SEM. We used one way ANOVA at the 
5% probability level. In (b) different lowercase letters indicate statisti-
cal differences between initial and final values of each group with Stu-
dent’s t test at 5% probability. Equal capital letters indicate that there is 
no statistical difference between groups by one-way ANOVA at 5% 
probability while comparing them from the beginning to the end of the 
experiment. In (c) we show one-way ANOVA at 5% probability. G1, 
Control group; G2, Group commercial corn; G3, Chemical fertilizer 
group – water supply; G4, Chemical fertilizer group – wastewater; and 
G5, Tannery sludge vermicompost group (see Table 1 for details). 
n = 10 for G1, G4 and G5 and n = 9 for G2 and G3. Two animals of G2 
and G3 died during the experiment due to unknown causes. 

general or conventionally produced food36–42. These stud-
ies in general have considered that 13 weeks correspond 
to sub-chronic exposure. 
 All groups gained weight at the end of the experiment 
compared to their initial mass (Figure 1 b). This is due to 
the growth and natural development of the animals. There 
was no difference in the amount of weight gained bet-
ween the different groups (Figure 1 c) (F(4,43) = 1.027, 
P = 0.404). These results show that corn consumption did 
not affect mouse growth and development. 
 To our knowledge, there have been no previous studies 
on the effects of corn grown in soil containing vermi-
compost and domestic wastewater on mouse health. 
Júnior et al.43 have shown that weight gain is an early in-
dicator of toxicity. Several studies have reported that 
weight parameters in animal studies can assess the effect 
of substances in the body for medical, food and environ-
mental toxicology44–48. 
 There were no differences between the groups in terms 
of maize consumption (Figure 2) (F(4,45) = 0.597, 
P = 0.668). This was expected because the amount of 
grain supplied depended on the body weight of the ani-
mals. This did not differ during the beginning, middle or 
end of the experimental period. 
 There was no difference between the experimental 
groups for total protein (F(4,43) = 0.487, P = 0.744), albu-
min (F(4,43) = 2.248, P = 0.079), globulin (F(4,43) = 0.784, 
P = 0.541) (Figure 3 a) and the enzyme alkaline phos-
phatase (F(4,40) = 2.780, P = 0.102) (Figure 3 b). These re-
sults show that the additional intake of corn did not 
change these biochemical parameters. 
 These results are similar to recent reports on Swiss 
mice49,50 indicating that corn supplements do not change 
these parameters. It is known, for example, that total  
protein levels provide insight into the health of an organ-
ism51. 
 

 
 
Figure 2. Total consumption of grains during the experimental  
period. The bars represent the mean  SEM of independent experiment. 
We used one-way ANOVA at 5% probability level. G1–G5, same as in 
Figure 1. n = 10 for G1, G4 and G5 and n = 9 for G2 and G3. Two ani-
mals of G2 and G3 died during the experiment due to unknown causes. 
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Figure 3. a, Serum concentrations of total protein, albumin, globulin; b, concentration of the enzyme alkaline phosphatase from Swiss mice fed 
with corn grown under different conditions. The bars represent the mean  SEM of independent experiment. We used one way ANOVA at the 5% 
probability level. G1–G5, same as in Figure 1. n = 10 for G1, G4 and G5 and n = 9 for G2 and G3. Two animals of G2 and G3 died during the 
experiment due to unknown causes. n = 8 for G1 (two alkaline phosphatase outliers have been removed), n = 9 for the G2 and G3 and n = 10 for G4 
and G5 groups. 
 
 

 Albumin and alkaline phosphatase enzyme are bio-
markers of liver injury52. Albumin is the most abundant 
protein in the plasma and extracellular fluids53, and is one 
of the most frequently used variables to compose prog-
nostic indexes. It is the best single marker of complica-
tions54. Hypoalbuminuria may be correlated to chronic 
liver damage52 as well as kidney damage. 
 Alkaline phosphatase and in particular phosphohy-
drolase is an enzyme found in many tissues with the 
highest concentrations in liver, biliary tract epithelium 
and bone52. Generally, any active liver disease may increase 
the phosphatase values, but drastic increases in enzyme 
levels occur in the case of biliary tract obstruction that 
may be induced by drugs or toxic substances in water or 
food intake. Therefore, this enzyme may be an important 
marker of activity in the plasma membrane and endo-
plasmic reticulum during pharmacological treatments and 
in some pathological conditions. Increases in serum alka-
line phosphatase activity can occur during cholestasis as 
well as intra- and extrahepatically via drugs or hormones 
or by osteoblastic hyperactivity and necrotic processes55. 
Therefore, our data indicate that animals of different groups 
show no obvious biochemical signs of liver toxicity. 
 Macroscopic analysis of the liver of animals showed no 
signs of liver injury. Qualitative analysis revealed that the 
livers of the animals were healthy and normal.  
 Therefore, we can conclude that despite the tannery 
sludge vermicompost and domestic wastewater contain-
ing high concentrations of various elements or increased 
physical and chemical indicators (Tables 2 and 3), they 
caused no biological effects that indicate toxicity in ani-
mals. Although we have not studied the bioavailability of 
the elements in soil and in plants, in particular, probably 
those elements were not in bioavailable forms for maize 
plants, preventing their absorption and, consequently, 
their translocation to the corn grains. 

 Studies in the literature with genetically modified 
(GM) foods point to the concern of the effects – it is not 
fully known – that the introduction of new genes in  
organisms serve as food. Results involving the supply of 
GM laboratory animal diets have been troublesome, as 
discussed by Smith56. 
 Studies have found that the abnormal and damaged 
cells of the small intestine of mice fed with transgenic 
potatoes carriers of bacterial gene that produces insecti-
cidal Bt (Bacillus thuringiensis)57. Stomach intestinal 
epithelial cells from mice fed with potato lectin Galan-
thus nivalis (GNA), which is a type of insecticide58, also 
had increased growth. These results are important be-
cause cell proliferation can be a precursor to cancer. 
 With regard to liver damage, different authors have repor-
ted different types of damage depending on the feed59–62. 
This requires further studies given the complexity of the or-
ganic system and the variety of treatments offered to animals. 
 This preliminary study offers preliminary evidence that 
the consumption of maize produced with tannery sludge 
worm compost and sewage wastewater does not cause 
toxicity relative to controls. Thus, this approach may be 
an important food supply that also reduces agro-industrial 
waste and increases water reuse. 
 However, it is essential to consider that this study is 
not exhaustive and further research is needed to safely as-
sess the risks of corn meal produced under experimental 
conditions of this study. Future work will use different 
concentrations of maize, alone or as a food supplement, 
different feeding periods as well as other animal models 
and strains. 
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Makhana (Euryale ferox salisb.) is a seed produced 
from an aquatic crop, which normally grows in water 
bodies like ponds. In the traditional way of harvesting, 
a worker goes deep into the pond, lies down, holds his 
breath and drags the mud with both hands towards a 
bamboo pole called ‘kaara’, which is later sieved using 
a bamboo screen called ‘ganjaa’. During this opera-
tion mud enters into the ears, eyes, nose and mouth of 
the worker. Also, the workers are affected by skin-
related diseases due to unhygienic working environ-
ment. Therefore, an intervention was made and an 
improved system was developed which consists of a 
floating platform providing support to a 10 l cylinder 
having compressed air, 10 m hose pipe with regulator 
and a mini diving kit having suit with cap, mask and 
content guage. A comparative study was conducted 


