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ABSTRACT: Soil plots polluted with raw palm oil mill effluent (POME) were amended with organic wastes at different 

concentrations of 5 kg, 10 kg and 15 kg per 4m
2 

plot of land. The plots were assessed for physicochemical properties before and 

after amendment over a period of two (2) months. Physicochemical properties analyzed include pH, moisture content, organic 

carbon, total nitrogen, mineral assay, available phosphorus, exchangeable cations and heavy metals. There was a significant 

difference (P < 0.05) in some soil physicochemical properties which were affected by the application of the raw POME by a 

decrease in most values. These parameters included pH (6.9-4.0), Nitrogen (0.08-0.05), Phosphorus (21.40-1.82) and effective 

cation exchange capacity (17.26-7.35) but the values of others improved after the addition of organic wastes. The physicochemical 

properties with a significant difference in increase included pH (4.0-7.0), organic matter (1.59-3.02), organic carbon (0.92-2.32), 

moisture (7.03-11.00) and available phosphorus (1.82-15.61). These values buttress the fact that the addition of organic wastes to 

oil-polluted soil improves soil quality and integrity and ultimately soil fertility for agriculture. 
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INTRODUCTION 
 
The processing of palm oil is carried out in mills where oil 
is extracted from the palm fruits. The global market for 
palm oil has experienced rapid growth in recent decades 
with current production of palm oil estimated at over 81 
million metric tonnes (Murphy et al., 2021). In 2021, the 
palm oil production in Nigeria reached 1.4 million metric 
tonnes (AgroNigeria, 2022). Apart from palm oil and palm 
kernel, the processing of oil palm also produces copious 
amounts of waste commonly referred to as palm oil mill 
effluent (POME). This is because when palm oil is 
processed, what ends up as POME  can be up to 50% of 
the liquid waste (Poku, 2002) and discharged onto soil in 
the environs in a raw state by local mill operators more 
often than not. The properties of POME make  it  a  major  

 
 
 
 
environmental pollution problem in the palm oil industry. 
These properties are a thick, brownish, slurry of water, oil 
and solids including suspended solids of about 2 % (Bek-
Nielsen et al., 1999) and a high amount of biodegradable 
organic matter (Ahmad et al., 2003). Besides the 
presence of lipids and volatile compounds, the 
physicochemical properties of soil have been said to be 
altered by POME, (Okwute and Isu, 2007a), a significant 
change in microbial numbers in POME-polluted soil 
(Okwute and Isu, 2007b; Okwute and Ijah, 2014a; 
Okwute et al., 2017) and a major source of water 
pollution (Osman et al., 2020). Andrews et al. (2021) 
therefore, recommended the use of crop residues and 
other organic wastes as supplements inorganic fertilizers.   
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Figure 1: Map of Dekina LGA of Kogi State Showing the Study Area, Anyigba 
Source: Geologic Information Systems (GIS) Laboratory, (2006). 

 
 
This study assessed the effects of POME on 
physicochemical properties of the soil, amendment of 
such soil using organic wastes and the resultant growth 
of maize plants on polluted and amended soils in the 
field. 
 
 
MATERIALS AND METHODS 
 
Study area 
 
The study area was Anyigba, a known palm oil producing 
town (Figure 1). It is a central lgala town in Dekina Local 
Government in the eastern flank of Kogi State, Nigeria 
with a total land area of about 5,091 km

2
 (Musa, 2009). It 

lies between latitude 8
0
43

i 
North and 9

0
15

i 
South and 

longitude 6
0
06

i 
East and 7

0
54

i 
West (Musa, 2009). The 

large number of palm trees in the area makes palm oil 
production a natural source of income for most families 
and Igala’s most important crop (Agi, 1980). The bulk of 
palm oil produced in Igalaland comes from individual 
homesteads all over the area and the industry is a true 
example of a cottage system of production. The methods 
employed are traditional ones, the equipment is simple, 
and the division of labour and processes are closely 
integrated with the domestic routine of an agricultural 
economy (Agi, 1980). 
 
Preparation and demarcation of plot 
 
A randomized complete block design, (RCBD) was 
adopted. The land which was situated in a demarcated 
and secured area in Faculty of Agriculture, Kogi State 
University, Anyigba, Nigeria was flat, non-sloping and well 

drained. It was ploughed, harrowed and mapped out 
using wooden pegs and twine. They were mapped into 5 
main plots (80 m

2
, 80 m

2
, 80 m

2
, 20 m

2
, 20 m

2
). Three 

plots (80 m
2
 each) representing those for cow dung, 

chicken droppings and a mixture of the two organic 
wastes were subdivided into 9 sub-plots, each measuring 
2m by 2m (4m

2
) and a space of free land of 1m by 2m on 

each side of each plot to create adequate gaps (alleys) 
between plots. The remaining two main plots having an 
area of 20 m

2
 each were subdivided into 3 plots of 2m by 

2m with a gap (alley) of 1m by 2m in between plots. The 
two plots served as control 1 (soil alone) and control 2 
(soil + POME). 
 
Palm oil mill effluent (POME) 
 
A composite sample of palm oil mill effluent (POME) was 
collected from a functional oil mill in Anyigba Town, Kogi 
State, Nigeria. The effluent which is usually contained in a 
plastic drum was mixed thoroughly and then transferred 
into clean plastic containersand tightly screwed. It was  
transported to the laboratory in an ice box. Any time the 
POME was not in use, it was stored in a refrigerator at 4

0 

C. 
 
Organic wastes 
 
The organic wastes used were cow dung and chicken 
droppings. The deep litter chicken droppings was 
obtained fresh from a poultry house in Gwagwalada, 
Abuja-Nigeria while the cow dung was collected fresh 
from Gwagwalada-Abuja abattoir, Abuja, (Nigeria) in 
clean unused polythene bags before transportation to the 
laboratory.The wastes were sun-dried for 48 hours, ground  
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and packed in clean polythene bags. The organic wastes 
were kept in a refrigerator at 4

0
C until required.  

 
Determination of physicochemical properties of 
Unpolluted Soil and Organic wastes 
 
The physicochemical properties assessed included 
available phosphorus (Bray and Kurtz, 1945), heavy 
metals, organic carbon and mineral assay (Black, 1965), 
exchangeable cations (Sumner and Miller, 1996), 
moisture content determination and total nitrogen 
(Agbenin,1995) and pH determination by the 
potentiometric method as described by Brady and Weil 
(1999). 
 
Pollution on the field 
 
On each sub-plot of 4m

2
, 12 litres of palm oil mill effluent 

(POME) was applied evenly using a garden watering can. 
This was done on all plots except control 1 (soil alone) 
which was left undisturbed. After the application of 
POME, soil samples were collected using a hand trowel 
and thereafter, at 1month interval for duration of two 
months into properly labeled, clean unused polythene 
bags for analysis. 
 
Bioremediation of polluted soil in the field 
 
After two weeks of pollution, bioremediation was carried 
out. Cow dung was applied to each subplot measuring 
4m

2
 in the following order, 5kg (3 subplots), 10 kg (3 

subplots), and 15kg (3subplots). This was done by 
spreading the organic wastes evenly on each subplot. 
The same treatment was given to another set of 9 
subplots for chicken droppings and the remaining 3 
subplots were for a mixture of the two organic wastes in 
the same order. No organic waste was applied to two 
main plots which served as control 1 (soil alone) and 
control 2 (soil + POME). After application of the wastes, 
adequate mixing of the wastes with the polluted soil using 
a shovel was done. Tilling was repeated once in two 
weeks throughout the period of the field experiment (two  
months). Soil samples were immediately collected after 
the application of the organic wastes and at 1 month and 
2 months. The soil samples were collected using a hand 
trowel into properly labeled, clean unused polythene bags 
for physicochemical analysis. 
 
Statistical analysis 
 
Data generated from the study were analyzed using 
SPSS (Version 19.0) (SPSS, 2010) computer package. 
This was achieved using univariate analysis of variance 
(ANOVA) at the P <0.05 confidence limit to analyze the 
variance in the results obtained from all field studies. 

 
 
 
 
RESULTS AND DISCUSSION 
 
The addition of POME to soil had a clear effect on the pH 
of the polluted soil as there was a significant difference (P 
< 0.05) between the pH of the unpolluted (UPS) and 
polluted soils (PS) (Okwute and Ijah, 2014b). This is due 
to the fact that raw POME is said to be acidic (Salihu and 
Alam, 2012; Fitri et al., 2022) resulting from the oxidation 
of organic acids, lipids, volatile compounds and water-
soluble compounds ((Mohammad et al., 2021). 
Therefore, the gradual increase in the pH of the soil after 
amendment with the organic wastes in the field over the 
period of 2 months (Tables 1 –3) show that the 
constituents of the organic wastes might have caused the 
increase in pH (Sayara et al., 2020). This is due to 
microorganisms in the organic wastes that degrade 
POME (Okwute and Ijah, 2014a; Okwute et al., 2020). 
POME has been said to have low nitrogen values (less 
than 0.05 % of total nitrogen) (Ma et al., 2001; Osman et 
al., 2020). However, relatively high amounts of nitrogen 
were observed in the chicken droppings (0.31 %) and the 
cow dung (0.15 %) (Okwute and Ijah, 2014b), which 
confirms earlier reports that these compounds are rich in 
nitrogen (Lau and Wu, 1987; Pharm-Phu and Asari, 
2021). Pseudomonas aeruginosa and Bacillus sp. which 
are present in the organic wastes had earlier shown 
ability to utilize palm oil and POME in laboratory 
simulated tests (Okwute and Ijah, 2014b). Cow dung had 
an alkaline pH of 8.64 (Okwute and Ijah, 2014b) and this 
encourages the activity of microorganisms, particularly 
bacteria. It is possible that the cow dung neutralized the 
acidic effect of raw POME in the soil given its alkaline 
nature.  

Chicken droppings have also been said to have a 
buffering effect on the soil (Ijah and Antai, 2003). There 
were also significant differences in the pH values of soil 
treatments across the varying quantities of organic 
wastes added to the polluted soil (PS). Furthermore, 
since microorganisms are known to thrive well at pH 5.0 - 
8.0 with optimum of near neutral (Nester et al., 2009), the 
addition of cow dung and chicken droppings to such soil 
may have stimulated the proliferation of microorganisms. 
The highest pH values recorded from the field soil 
treatments was 6.0. Paul and Clark (1989) reported that 
nutrient availability is at a maximum when soil pH is at 
6.0 to 6.5.  

The high moisture level observed in the polluted soil 
was probably due to the mulching effect of the applied 
POME. However, the soil moisture was greatly enhanced 
with the application of chicken droppings and cow dung 
as the soil moisture was increased from 7.03 to 11.00 % 
for chicken droppings (10kg) after 2 months of 
bioremediation, from 7.03% and 10.99% for cow dung 
(10%) (Table 3) with P < 0.05 significant difference. This 
agrees   with   the  findings  of  Adeleye et al. (2010)  and  
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Table 1: Physicochemical properties of different soil treatments at start of experiment. 
 

  Moist. Org.M Org.C Nit. Avail. P Exchangeable Cations (mg/l) Heavy metals (ppm) 

Soil Treatment   pH (%) (%) (%) (%) mg/kg) Na
+
 K

+
 Ca

++
 Mg

++
 ECEC Cu Pb Fe Zn 

A 5.5 14.94 1.36 0.79 0.04 5.82 1.17 0.98 1.90 1.00 5.05 5.72 1.51 31.73 0.21 
B 5.6 19.05 2.64 1.53 0.08 12.19 1.44 1.70 2.60 1.03 6.77 5.73 1.50 31.73 0.21 
C 4.6 25.00 2.55 1.48 0.07 15.92 1.54 3.24 3.50 1.21 9.49 5.71 1.49 31.71 0.20 
D 5.5 17.44 2.09 1.21 0.06 4.19 1.15 1.68 1.70 0.80 5.33 5.73 1.50 31.73 0.21 
E 5.9 14.61 3.91 2.27 0.11 7.67 1.66 2.32 3.90 1.30 9.18 5.72 1.49 31.70 0.20 
F 5.5 15.48 1.97 1.14 0.06 6.51 1.00 1.70 2.30 0.92 6.33 5.71 1.45 31.68 0.20 
G 5.1 11.95 1.40 0.81 0.04 4.43 1.23 1.16 2.10 1.01 5.50 5.72 1.50 31.71 0.21 
H 6.0 17.44 2.03 1.18 0.06 8.58 1.00 2.88 3.40 1.14 8.42 5.70 1.49 31.70 0.19 
I 5.8 24.05 1.71 0.99 0.05 0.52 1.75 1.80 3.80 1.25 8.60 5.69 1.43 31.67 0.17 
J 4.0 8.60 1.59 0.92 0.06 1.82 0.95 0.58 1.80 0.85 4.18 5.73 1.51 31.74 0.21 
K 6.93 7.03 0.98 0.57 0.08 21.40 0.26 3.50 9.70 3.80 17.26 0.20 0.43 22.03 0.05 
FEPA Limits 6-9 NA NA NA 10.00 NA NA NA 75.00 50.00 NA 1.00 0.05 20.00 1.00 

Values are means of three replicates + standard error 
A=Cow dung 5 kg, B=Cow dung 10 kg, C=Cow dung 15 kg, D=Chicken droppings 5kg, E=Chicken droppings 10 kg, F=Chicken droppings 15kg, G=Cow 
dung + Chicken droppings 5kg, H=Cow dung + Chicken droppings 10 kg, I=Cow dung + Chicken droppings 15kg, J=Polluted soil and K=Unpolluted soil, 
ECEC=Effective cation exchange capacity, Moist.= Moisture, Org. M=Organic matter, Org. C.= Organic Carbon, Nit.= Nitrogen, Avail. P=Available 
phosphorus FEPA=Federal Environmental Protection Agency, NA=Not Applicable or not stipulated 

 
 
Haque et al. (2021) that the application of organic wastes 
increases soil moisture content. Similarly, Khaleel et al. 
(1981) and Haque et al. (2021) reported that soil water 
retention capacity due to application of animal manure 
could cause structural improvement in soil; that is, 
increase in porosity and the amount of porosity involved 
in soil water storage.  

In addition, the improvement of soil moisture by chicken 
droppings may be due to the colloidal and hydrophobic 
nature of the chicken droppings (Mbah and Mbagwu, 
2006; Mau et al., 2018). 

There were significant differences (P < 0.05) in the soil 
treatments on the field when compared to each other. 
This may have been due to the different concentrations of 
organic wastes used in the study. Treatment of the 
polluted soil with the chicken droppings and cow dung 
whose organic matter (76.22 % and 33.72 % 
respectively) and organic carbon (44.08% and 19.50% 
respectively) (Table 1) were originally high greatly 
improved the soil organic matter, organic carbon, texture 
and structure for field bioremediation (Tables 2 and 3). 

This may have been due to the intermittent mixing of 
the soil for proper aeration and porosity.  Organic matter 
is known to improve the physical properties of soil (Aluko 
and Oyeleke, 2005; Lal, 2011). Organic matter content is 
said to affect soil fertility by increasing the availability of 
plant nutrients, improving the soil structure and water 
holding capacity, and acts as an accumulation phase for 
toxic, heavy metals in the soil environment (Farooqi et al., 
2020).  

Besides, organic matter changes soil physical and 
chemical properties and releases nutrients for a longer 
period of time (Asawalam and Onwudike, 2011). Only 
cow dung at 15 kg and chicken droppings at 10 kg 
organic matter/carbon values were significant at 0.05 % 
significance level when compared to those of the polluted 
soil over the period of the bioremediation (0-2 months). 

The nitrogen values when compared across the time of 
bioremediation (0-2 months) were not significant (P > 

0.05) in the field (Tables 1 –3). This could be due to the 
low nitrogen content of the POME (0.03 %) (Table 1). 
The application of these organic wastes to polluted soil 
did not lead to a significant increase in nitrogen values for 
all the soil treatments in the field experiments. This may 
be due to soil erosion and leaching in the field or 
denitrification (Narendar et al., 2017; Bashagaluke et al., 
2018).  The increase in nitrogen to almost original 
unpolluted soil levels by chicken droppings has been 
recorded by Okafor et al. (2016) and Orprapa et al. 
(2022). However, in this study, nitrogen levels marginally 
rose to above the original unpolluted soil levels after 
bioremediation with the organic wastes but was not 
significant statistically. The rise in the values of available 
phosphorus in the field was significant for chicken 
droppings + cow dung (10kg) in the first month of 
bioremediation (Table 2) and chicken droppings (15kg) 
(Table 3). This finding seems to agree with the reports of 
Egobueze et al. (2019) and Lanno et al. (2021) that 
organic wastes and compost soil increase available 
phosphorus in oil polluted soils. It may be the same with 
POME polluted soil.  

The lowest phosphorus level was observed in the 
polluted soil on the field even after two months of 
pollution. This indicates that unless the soil is amended, 
the phosphorus in the soil will not support meaningful 
agricultural growth and biodegradation process. There 
was also an increase in cation values in the field 
observations. This was however, more significant at 15 
kg in the field. Increase in cations’ values on application 
of POME to soil and organic wastes to soil have been 
reported by Baskaran et al. (2009).  The general 
decrease in the values of heavy metals in the amended 
soil in the field shows a direct effect of nutrients in the 
chicken droppings and cow dung. This observation was 
also reported by Wyszkowski and Kordala, (2022) where 
the addition of organic wastes to oil-polluted soils 
significantly (P < 0.05) led to the reduction in the levels of 
zinc, lead, chromium and nickel. In addition, it was  
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Table 2: Physicochemical properties of different soil treatments at one month of bioremediation. 
 

  Moist. Org.M Org.C Nit Avail. P Exchangeable Cations (mg/l) Heavy metals (ppm) 

Soil Treatment pH (%) (%) (%) (%) ( mg/kg) Na
+
 K

+
 Ca

++
 Mg

++ 
ECEC Cu Pb Fe Zn 

A 6.2 12.79 1.93 1.12 0.06 9.24 1.34 2.01 3.05 1.48 7.88 5.32 1.33 31.45 0.21 
B 6.3 8.05 1.93 1.12 0.06 10.90 1.20 3.02 3.49 1.62 9.33 5.01 1.21 31.24 0.21 
C 6.4 6.59 2.81 1.63 0.08 11.36 1.24 3.40 2.25 1.04 7.93 3.57 0.87 30.98 0.20 
D 6.1 24.36 2.29 1.33 0.07 12.96 1.07 1.87 4.01 1.92 8.87 4.78 0.95 31.36 0.20 
E 6.0 12.20 1.52 0.88 0.04 8.78 1.14 1.79 3.40 1.77 8.10 3.34 0.76 31.12 0.18 
F 6.3 7.95 2.23 1.29 0.07 14.76 1.22 1.92 3.00 1.52 7.66 2.45 0.54 29.89 0.16 
G 6.0 12.99 1.70 0.99 0.05 7.45 1.11 1.68 2.55 1.23 6.57 4.25 0.36 30.56 0.19 
H 6.1 9.20 2.40 1.39 0.07 17.51 1.21 2.48 3.89 1.81 9.39 3.56 0.22 30.03 0.17 
I 6.1 8.05 2.78 1.62 0.08 16.91 1.22 2.39 4.55 2.01 10.17 2.78 0.15 28.18 0.14 
J 4.5 10.47 1.47 0.85 0.04 1.64 0.98 1.50 3.45 1.74 7.67 5.73 1.51 31.74 0.21 
K 6.93 7.03 0.98 0.57 0.08 21.40 0.26 3.50 9.70 3.80 17.26 0.20 0.43 22.03 0.05 
FEPA Limits 6-9 NA NA NA 10.00 NA NA NA 75.00 50.00 NA 1.00 0.05 20.00 1.00 

Values are means of three replicates + standard error 
A=Cow dung 5kg, B=Cow dung 10 kg, C=Cow dung 15kg, D=Chicken droppings 5kg, E=Chicken droppings 10 kg, F=Chicken droppings 15kg, G=Cow 
dung + Chicken droppings 5kg, H=Cow dung + Chicken droppings 10 kg, I=Cow dung + Chicken droppings 15kg, J=Polluted soil and K=Unpolluted soil, 
ECEC=Effective cation exchange capacity, Moist.= Moisture, Org. M=Organic matter, Org. C.= Organic Carbon, Nit.= Nitrogen, Avail. P=Available 
phosphorus FEPA=Federal Environmental Protection Agency, NA=Not Applicable or not stipulated 

 
 

Table 3: Physicochemical properties of different soil treatments at two months of bioremediation. 
 

  Moist. Org.M Org.C Nit Avail. P Exchangeable Cations (mg/l) Heavy metals (ppm) 

 pH (%) (%) (%) (%) ( mg/kg) Na
+
 K

+
 Ca

++
 Mg

++ 
ECEC Cu Pb Fe Zn 

A 7.0 6.40 2.36 2.05 1.01 8.14 0.89 2.81 3.34 0.96 8.00 4.01 0.80 28.45 0.17 
B 7.8 10.99 3.28 2.32 1.03 8.65 1.07 2.70 3.46 1.29 8.52 3.34 0.65 27.67 0.14 
C 7.7 8.70 2.99 2.16 1.05 10.15 1.15 3.36 3.86 1.40 9.77 2.05 0.47 19.83 0.11 
D 7.6 6.38 2.70 1.99 1.08 7.56 0.98 1.92 4.22 1.62 8.74 2.43 0.69 19.90 0.08 
E 7.6 11.00 2.83 2.06 1.05 9.98 1.08 2.23 4.04 1.49 8.84 1.32 0.49 17.45 0.05 
F 7.0 6.40 2.91 2.11 1.07 15.61 1.11 3.11 4.18 1.63 10.03 0.75 0.33 15.78 0.03 
G 7.2 8.70 2.76 2.02 1.05 7.49 1.07 2.05 3.38 1.24 7.74 3.68 0.28 25.47 0.15 
H 7.5 8.60 2.83 2.06 1.09 12.04 0.79 3.20 4.11 1.55 9.65 3.23 0.20 20.01 0.13 
I 6.8 8.40 3.02 2.17 1.15 10.83 1.01 2.10 3.64 1.72 8.47 2.45 0.15 18.67 0.10 
J 7.0 8.90 2.39 1.81 0.04 2.35 0.96 1.55 3.46 1.38 7.35 5.73 1.51 31.74 0.21 
K 8.4 7.03 1.98 0.57 0.08 21.40 0.26 3.50 9.70 3.80 17.26 0.20 0.43 22.03 0.05 
FEPA Limits 6-9 NA NA 10.00 NA NA NA NA 75.00 50.00 NA 1.00 0.05 20.00 1.00 

 
Values are means of three replicates + standard error 
A=Cow dung 5kg, B=Cow dung 10 kg, C=Cow dung 15kg, D=Chicken droppings 5kg, E=Chicken droppings 10 kg, F=Chicken droppings 15kg, 
G=Cow dung + Chicken droppings 5kg, H=Cow dung + Chicken droppings 10 kg, I=Cow dung + Chicken droppings 15kg, J=Polluted soil and 
K=Unpolluted soil, ECEC=Effective cation exchange capacity, Org. M=Organic matter, Org. C.= Organic Carbon, Nit.= nitrogen, Avail. =Available 
phosphorus FEPA=Federal Environmental Protection Agency, NA=Not Applicable or not stipulated. 

 
 
reported by Chokor and Augustine (2017) and Irfan et al., 
(2021) that the addition of organic waste material 
corresponded to a reduction in levels of metals uptake by 
maize plants. The reductions were associated with the 
capacity of the amendments to immobilize metals in the 
soil; that is, the transformation of the metals in the 
potentially available pools into forms in which they are 
less bioavailable.  

 
Conclusion 
 
Application of chicken droppings (15 kg per 4m

2
 plot of 

land) and cow dung (15 kg per 4m
2
 plot of land) in the 

field caused significant improvements in the 
physicochemical properties of POME polluted soil after 2 
months of bioremediation. The physicochemical 
properties that improved with the amendments and the 
reduction in acidity of the soil and increase in organic 
matter enriched the soil for agriculture. Also, the 
reduction in heavy metals with the application of the 
organic wastes helped in the bioremediation of the palm 

oil mill effluent oil-polluted soil. Therefore, the application 
of organic wastes after pollution of soil by palm oil mill 
effluent and indeed, other oils does improve the quality of 
the polluted soil and its bioremediation.  
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