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ABSTRACT	
Bacteria,	 heavy	metal	 contamination	of	 commercial	 ngor	 (potash	 solution)	were	
assessed	using	culture,	microscopy	and	biochemical	characterization	for	bacterial	
detection,	identification	and	quantification.	Atomic	absorption	spectrophotometric	
(AAS)	method	was	used	for	the	determination	of	heavy	metals.	Results	of	this	study	
showed	 bacterial	 and	 heavy	metal	 contamination	 of	 commercially	made	 potash	
solutions	(Ngor).	Out	of	the	50	potash	solutions	(Ngor)	purchased	from	the	various	
markets,	32	yielded	significant	bacterial	growths.	The	total	mean	bacterial	counts	
(cfu/ml)	in	the	potash	sample	solution	from	the	various	markets	in	Imo	and	Abia	
state,	 were	 within	 the	 WHO	 permissible	 limits	 for	 water	 bacteria	 count.	 The	
following	heavy	metals	were	determined	from	the	samples;	Lead	(Pb)	Copper	(Cu),	
Cadmium	(Cd),	Aluminium	(Al),	Nickel	(Ni),	Chromium	(Cr),	Mercury	(Hg),	Zinc	(Zn),	
Cobalt	 (Co),	 Iron	 (Fe)	 and	 Manganese	 (Mn).	 Most	 of	 them	 (81.82%)	 had	 mean	
concentration	that	were	higher	and	statistically	significant	when	compared	to	the	
control	(P<0.05).	They	were	above	the	WHO	permissible	limits	except	Copper	(Cu)	
from	Orieugba,	Nkwoegwu	and	Afor-Ogbe	market	and	 lead	(Pb)	 from	Nkwoegwu	
market.	 It	 is	 therefore	 necessary	 that	 clean	 water	 should	 always	 be	 used	 in	
preparation	 of	 food	 by	 both	 vendors	 and	 consumers.	 Agricultural	 practices	 that	
lead	to	increased	levels	of	heavy	metals	in	the	soil	should	be	curtailed.	
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In	Nigeria,	potash	solutions	of	certain	vegetable	matter	or	agricultural	waste	have	been	used	
locally	in	the	production	of	an	instant	emulsion	called	ncha	used	in	preparing	dishes	such	as	
Nkwobi,	 isi-ewu,	kpomo,	ugba,	abacha	and	otong	(Uzodinma	et	al.,	2014).	These	agricultural	



	
	

	
26	

Vol	10,	Issue	6,	December-	2023	British	Journal	of	Healthcare	and	Medical	Research	(BJHMR)	
	

Services	for	Science	and	Education	–	United	Kingdom	

wastes	 such	as	unripe	banana	peels,	unripe	plantain	peels,	maize	 cob	and	palm	 fruit	bunch	
contains	a	good	percentage	of	potash	alkali	especially	for	a	wide	range	of	uses	comparable	to	
the	conventional	and	 inorganic	potash	salt	 locally	called	akanwu	 in	 igbo	or	kawu	 in	Yoruba	
language	 (Olabanji	 et	 al.,	 2012).	 Palm	 fruit	 bunch	 and	 unripe	 plantain	 peels	 are	 not	 only	
regarded	as	cheaper	but	are	also	thought	to	be	safer	than	kawu	or	akanwu,	the	conventional	
potash.	Most	local	women	usually	burn	the	dried	unripe	plantain	peels	or	palm	fruit	bunch	to	
ashes,	soaks	the	ash	in	water	and	sieve	it	before	selling	the	filtrate	as	potash	solution	for	various	
uses,	some	of	which	have	been	earlier	mentioned.	The	sources	of	the	water	used	by	the	local	
processors	in	processing	potash	solution	locally	most	times	followed	anthropogenic	microbial	
and	heavy	metal	contamination	(Okeke	et	al.,	2020).		
	
Heavy	 metal	 contamination	 is	 a	 major	 environmental	 health	 challenge	 and	 is	 potentially	
dangerous	because	of	bioaccumulation	 through	 the	 food	chain	 (Aycicek	et	 al.,	 2008).	Heavy	
metals	are	naturally	occurring	elements	that	comprise	essential	(e.g.,	Cu,	Fe,	Ni,	and	Zn)	and	
nonessential	metals	 (Cd,	 Hg,	 and	 Pb)	 (Dércia	 et	 al.,	 2018).	 Human	 activities	 like	 industrial,	
mining,	and	agricultural	processes	have	led	to	a	widespread	distribution	of	heavy	metals	in	the	
ecosystems,	 posing	 risks	 to	 ecological	 and	 human	 health.	 Owing	 to	 their	 bio	 accumulative	
potential	along	the	food	chain,	high	toxicity,	prevalence,	and	persistence	in	the	environment,	
heavy	metals	have	become	a	major	public	health	concern	(Dércia	et	al.,	2018).	Unlike	organic	
pollutants,	 heavy	metals	 are	 non-biodegradable	 and	 have	 tendency	 to	 accumulate	 in	 living	
beings.	 In	 fact,	most	of	 them	are	known	to	be	potential	carcinogens.	Various	adverse	health	
hazards	are	known	due	to	long	term	and	continuous	exposure	to	heavy	metals.	Since	they	are	
non-degradable	and	tend	to	bio-accumulate,	suitable	methods	need	to	be	established	for	their	
efficient	removal	from	the	environment	(Manavi	et	al.,	2019).	
	

METHODOLOGY	
Study	Area	
The	study	was	carried	out	in	Abia	state	(Umuahia)	and	Imo	state	(Owerri	and	Mbaise),	Nigeria.	
Umuahia	is	the	capital	city	of	Abia	State	in	southeastern	Nigeria.	It	lies	on	latitude	5˚32'N	and	
longitude	7˚29'	along	Umuahia/Ikot-ekpene	road.	It	is	at	an	altitude	of	over	122	m	above	sea	
level.	It	is	located	along	the	rail	road	that	lies	between	Port	Harcourt	to	its	south	and	Enugu	city	
to	 its	 north.	 Umuahia	 has	 a	 population	 of	 359,230	 according	 to	 the	 2006	 Nigerian	 census.	
Umuahia	is	indigenously	Igbo.		
	
Owerri	is	the	capital	of	Imo	state	and	the	Eastern	heartland.	It	is	transversed	by	Port	Harcourt,	
Onitsha,	Aba,	Okigwe	and	Umuahia	high	ways.	Owerri	municipal	is	bounded	on	the	southern	
axis	by	Rivers	State,	on	the	West	by	Owerri	West	Local	Government	Area	of	Imo	State,	on	the	
Northern	axis	by	Owerri	North	Local	Government	Area	of	Imo	State,	on	the	East	by	both	Ikeduru	
Local	 Government	 Area	 and	 Oru-East	 Local	 Government	 Area	 of	 Imo	 State.	 It	 occupies	 a	
geographical	 land	mass	of	58km2.	 It	 lies	within	 latitude	4°45'N	and	7°15'N	and	 longitude	of	
6°50'E.	It	has	a	provisional	census	figure	of	127,213	as	at	2006	census.	The	area	under	study	
has	a	tropical	climate	and	two	main	seasons	namely:	Rainy	and	Dry	season	(City	Population,	
2022).	Mbaise	is	 a	 region	 in	Imo	 State	in	 southeastern	Nigeria.	 In	 the	 heart	 of	Igboland,	 the	
region	includes	several	towns	and	cities.	Mbaise	has	a	population	density	of	over	1,000	people	
per	square	kilometer,	Mbaise	is	West	Africa's	most	densely-populated	area;	its	2006	population	
was	611,204.	
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Research	Design	
This	 is	descriptive	 in	nature.	 It	 is	based	on	 cross	 sectional	 survey	 to	ascertain	 the	bacterial	
profile	and	heavy	metal	presence	in	commercially	sold	potash	solution	(Ngor)	in	Abia	and	Imo	
state.	Some	of	the	potash	solutions	sold	in	the	markets	were	observed	for	their	bacterial	profile	
and	presence	of	heavy	metals	using	standard	 laboratory	techniques.	A	simple	questionnaire	
was	administered	to	the	vendors	in	an	interview	after	the	purchase	of	the	ngor	solution		
	
Study	Population	
A	total	of	50	potash	solutions	were	obtained	from	different	vendors	from	various	markets	in	
Umuahia,	 Owerri	municipal	 and	Mbaise.	 The	 potash	 solutions	 (Ngor)	 from	 various	 sources	
were	 collected	 from	 different	 vendors	 from	 the	 different	 markets	 in	 the	 study	 areas.	 All	
solutions	were	labelled	and	taken	the	laboratory	for	analysis.	
	
Sampling	Methods/Sample	Size	of	Determination	
A	simple	random	sampling	technique	was	applied	in	the	selection	of	vendors.	Taro	Yamane’s	
formula	(1967)	was	used	to	obtain	the	sample	size	50	from	the	population.	
	
	
Research	Design	
This	 study	 is	 descriptive	 in	 nature.	 Some	 of	 the	 potash	 solutions	 sold	 in	 the	markets	were	
observed	 for	 their	bacterial	profile	and	presence	of	heavy	metals	using	standard	 laboratory	
techniques.		
	
Sample	Collection	
A	total	of	50	potash	solutions	were	obtained	from	different	vendors	from	various	markets	in	
Umuahia,	Owerri	municipal	and	Mbaise.	All	solutions	were	labelled	and	taken	the	laboratory	
for	analysis.	
	
Ten	(10)	samples	of	the	 locally-made	liquid	potash	made	with	palm	bunch	ash	and	plantain	
peel	were	bought	from	each	of	the	five	local	markets.	Three	markets	in	Umuahia,	Abia	state,	one	
market	 in	Owerri	 and	one	market	 in	Mbaise,	 Imo	 state	namely;	 Isi-gate	Umuahia,	Orieugba	
market	Umuahia,	Nkwoegwu	market	Umuahia,	Douglas	market,	Owerri	and	Afor-Ogbe	market,	
Mbaise.	 Control	 samples	 were	 prepared	 in	 the	 National	 soil	 plants	 and	 water	 laboratory,	
Umudike,	Abia	state.	One	kilogram	(1kg)	of	plantain	peel	and	palm	bunch	were	washed	and	
dried	in	the	sun	for	4	days	and	finally	in	an	electric	oven	at	65oC	for	6	hours.	The	dried	sample	
was	burnt	to	ashes	and	soaked	with	1000	ml	of	distilled	water	for	about	24	hours.	The	samples	
were	 filtered	 and	 stored	 in	 sample	 bottles	 which	were	 used	 in	 the	 analysis	 as	 the	 control	
samples.		
	
Heavy	Metal	Determination	
Atomic	absorption	spectrophotometric	(AAS)	method	was	used	for	the	determination	of	heavy	
metals.	AAS	quantitatively	measures	the	concentrations	of	elements	present	in	a	liquid	sample.	
It	utilises	the	principle	that	elements	in	the	gas	phase	absorb	light	at	very	specific	wavelengths	
which	 gives	 the	 technique	 excellent	 specificity	 and	 detection	 limits.	 The	 sample	may	 be	 an	
aqueous	 or	 organic	 solution;	 indeed,	 it	 may	 even	 be	 solid	 provided	 it	 can	 be	 dissolved	
successfully.	The	liquid	is	drawn	in	to	a	flame	where	it	is	ionised	in	the	gas	phase.	Light	of	a	
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specific	wavelength	appropriate	to	the	element	being	analysed	is	shone	through	the	flame,	the	
absorption	is	proportional	to	the	concentration	of	the	element	(LPD	lab	services,	2021).	
	
Sample	Extraction	by	Multiple	Nutrients	Wet	Digestion	Method		
Ten	millilitres	(10ml)	of	the	samples	were	measured	in	100	ml	Pyrex	beakers,	10ml	of	multiple	
nutrients	 extraction	 reagent	 (H2SO4-Selenium	 salicylic	 acid)	 were	 added	 and	 placed	 on	 a	
digestion	block	set	at	30oC	to	heat	to	dampness.	Five	millilitres	(5ml)	of	concentrated	Perchloric	
acid	 were	 added	 to	 the	 samples	 and	 the	 heating	 increased	 to	 80oC	 until	 samples	 digested	
producing	a	profused	porchlone	white	fumes.	The	samples	were	brought	out	of	the	digestion	
block	and	allowed	to	cool.	They	were	dissolved	in	distilled	water	and	transferred	into	a	100ml	
volumetric	 flask	 and	made	up	 to	 the	mark.	The	digestion	was	used	 in	 the	determination	of	
aforementioned	 heavy	 metals	 using	 the	 USA	 buck	 scientific	 Atomic	 Absorption	
Spectrophotometer	(AAS).	(Novozamnsky	et	al.,	1989,	Modified	by	Nwosu	et	al.,	2010).	
	
Bacterial	Analysis	by	Serial	Dilution	Method		
The	total	bacterial	colony-forming	unit	(TCFU)	was	determined	using	the	serial	dilution	method	
under	aseptic	conditions	as	described	by	Wollum	(1982).	One	millilitre	(1ml)	of	each	sample	
(inoculum)	was	diluted	to	10ml	using	sterile	distilled	water	and	subsequently	1ml	of	the	10ml	
diluent	was	serially	diluted	to	get	the	7th	(10-7)	diluent.	The	diluents	were	streaked	on	prepared	
all-purpose	media	using	sterile	wire	loop.	The	plates	were	incubated	at	37oC	for	24-48hours.	
Preliminary	 identification	was	based	on	colony	characteristics	of	 the	organism	such	as	size,	
shape,	colour,	elevation,	haemolysis	on	blood	agar,	odour	and	changes	in	physical	appearance	
in	media.	The	bacterial	colonies	were	counted	using	colony	counter	and	the	total	coliform	count	
were	calculated.	
	

RESULTS	
Total	 Mean	 Bacterial	 Count	 (cfu/ml)	 of	 Bacteria	 Isolated	 from	 the	 Potash	 Solutions	
(ngor)	Purchased	from	Various	Market.	
The	total	mean	bacterial	count	(cfu/ml)	of	bacteria	isolated	from	the	potash	solutions	(ngor)	
purchased	 from	 various	 market	 were	 as	 follows:	 1.75×10-4	 (Isi-gate	 market),	 8.63×10-3	
(Orieugba	market),	6.97×10-3	(Nkwoegwu	market),	1.15×10-4	(Douglas	market)	and	8.90×10-3	
(Afor-Ogbe	market).	
	
The	Mean	Concentrations	of	the	Heavy	Metals	Present	in	the	Potash	Solutions	Purchased	
in	the	Markets	and	the	p-value	of	their	Comparison	with	Control	Potash	Solution		
The	following	heavy	metals	were	determined	from	the	potash	solutions;	Lead	(Pb)	Copper	(Cu),	
Cadmium	(Cd),	Aluminium	(Al),	Nickel	(Ni),	Chromium	(Cr),	Mercury	(Hg),	Zinc	(Zn),	Cobalt	
(Co),	Iron	(Fe)	and	Manganese	(Mn).	The	mean	concentration	of	each	of	them	extracted	from	
the	potash	solutions	from	the	different	markets	were	compared	with	the	mean	concentrations	
in	 the	 control	 potash	 sample.	 Cadmium	 (Cd),	 Aluminium	 (Al),	 Nickel	 (Ni),	 Chromium	 (Cr),	
Mercury	 (Hg),	 Zinc	 (Zn),	 Cobalt	 (Co),	 Iron	 (Fe)	 and	 Manganese	 (Mn)	 were	 higher	 and	
statistically	significant	when	compared	to	the	control	(P<0.05).	They	were	also	all	above	the	
WHO	permissible	limits	except	Copper	(Cu)	from	Orieugba,	Nkwoegwu	and	Afor-Ogbe	market	
and	lead	(Pb)	from	Nkwoegwu	market.	
	

DISCUSSION	
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In	Africa,	potash	solutions	are	diversely	used	for	both	domestic	and	commercial	purposes.	It	is	
often	used	as	a	tenderizer	in	cooking,	an	ingredient	in	certain	foods	and	medicinal	preparations.	
This	 study	 showed	 that	 out	 of	 the	 50	 potash	 solutions	 (Ngor)	 purchased	 from	 the	 various	
markets,	32	yielded	bacterial	growths.	The	total	mean	bacterial	count	(cfu/ml)	in	the	potash	
sample	 solution	 from	 the	 various	 markets	 were	 1.75×10-4	 (Isi-gate	 market),	 8.63×10-3	
(Orieugba	market),	6.97×10-3	(Nkwoegwu	market),	1.15×10-4	(Douglas	market)	and	8.90×10-3	
(Afor-Ogbe	 market).	 These	 total	 mean	 bacterial	 counts	 (cfu/ml)	 were	 within	 the	 WHO	
permissible	limits	for	water	bacteria	count.	
	
The	 following	 heavy	 metals	 were	 determined	 from	 the	 samples;	 Lead	 (Pb)	 Copper	 (Cu),	
Cadmium	(Cd),	Aluminium	(Al),	Nickel	(Ni),	Chromium	(Cr),	Mercury	(Hg),	Zinc	(Zn),	Cobalt	
(Co),	Iron	(Fe)	and	Manganese	(Mn).	The	mean	concentration	of	each	of	them	extracted	from	
the	potash	solutions	from	the	different	markets	were	compared	with	the	mean	concentrations	
in	the	control	potash	sample.	Most	of	them	showed	significant	statistical	differences	(P<0.05)	
and	were	above	the	WHO	permissible	limits	except	Copper	(Cu)	from	Orieugba,	Nkwoegwu	and	
Afor-Ogbe	market	and	lead	(Pb)	from	Nkwoegwu	market.	There	was	no	WHO-based	guideline	
value	proposed/recommended	 for	Zinc	 (Zn),	 Iron	 (Fe)	and	Aluminium	(Al),	however,	heavy	
metal	contamination	is	a	major	environmental	health	challenge	and	is	potentially	dangerous	
because	 of	 bioaccumulation	 through	 the	 food	 chain	 (Aycicek	 et	 al.,	 2008).	 Anthropogenic	
sources	 of	 heavy	metal	 contamination	 include	 agricultural	 activities	 (such	 as	 pesticide	 and	
herbicide	 application,	 contaminated	 irrigation	 water,	 fertilizer	 application)	 waste	 disposal,	
mining,	 traffic	 emissions,	metallurgy,	 cigarette	 smoking,	 aerosol	 gas,	 sewage	 discharge	 and	
smelting	(Merian	et	al.,	2004).	Accumulation	of	heavy	metals	in	agricultural	soil	through	traffic	
emissions	may	 result	 in	 soil	 contamination	 and	 elevated	heavy	metal	 uptake	 by	 crops;	 this	
affects	food	quality	and	safety	(Garcia	and	Millan,	1998).	
	
Among	 the	 five	sites	 (markets)	 in	 this	study,	only	 Isi-gate	market	 in	Abia	state	and	Douglas	
market	 in	Imo	showed	higher	 levels	of	all	 the	heavy	metals	assessed	when	compared	to	the	
control	values	and	they	were	all	statistically	significant.	Interestingly,	both	markets	had	lower	
total	mean	bacterial	counts	(cfu/ml)	of	1.75×10-4	and	1.15×10-4	respectively.	Syed	et	al.,	(2021)	
opine	 that	heavy	 metals	disrupt	 many	 biochemical	 and	 physiological	 activities	 in	bacteria,	
including	growth,	 development,	 enzyme	 and	 hormone	 production.	 Thomas	 and	 Benov	
(2018),	investigated	 the	 mechanistic	 behavior	 of	 Cd	 on	Escherichia	 coli	after	 heavy	 metal	
exposure.	 They	 reported	 that	 higher	 concentrations	 of	 Cd	 damage	 the	 DNA,	 denature	 the	
protein,	and	inhibit	the	process	of	cell	division	and	transcription	in	bacterial	cells.	The	lower	
total	mean	bacterial	counts	(cfu/ml)	observed	in	Douglas	and	Isi-gate	market	are	because	of	
the	inhibitory	effects	of	the	higher	heavy	metal	levels	in	the	ngor	solution.	The	significantly	high	
heavy	metals	in	these	markets’	ngor	solution	could	be	as	a	result	of	heavy	metal	contamination	
of	soil	and	water	in	these	urban	areas	from	industrial	activities.	
	

CONCLUSION	
The	results	of	this	study	showed	that	there	were	bacterial	and	heavy	metal	contamination	of	
commercially	made	potash	solutions	(Ngor).	The	bacterial	load	was	below	WHO	permissible	
limits.	There	was	presence	of	heavy	metals	above	WHO	permissible	limits.	There	is	possible	
link	between	heavy	metal	presence	and	bacterial	load	in	ngor	solution.	
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