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Abstract	
The	 aim	 of	 this	 study	 was	 to	 make	 an	 inventory	 of	 the	 open	 dumping	 site	 Jhumjhumpur	 in	
Jessore,	Bangladesh,	in	order	to	investigate	whether	spreading	of	heavy	metals	had	occurred	to	
surrounding	soil	and	groundwater.	The	study	is	based	on	a	thorough	literature	study	as	well	as	
a	field	study,	including	soil	and	groundwater	sampling,	at	the	dumping	site	Jhumjhumpur.	The	
literature	 study	 covers	 the	 current	 waste	 management	 system	 in	 three	 cities	 of	 Bangladesh:	
Dhaka,	Jessore	and	Khulna.	

The	 results	 from	 the	 field	 study	 indicate	 that	 metals	 from	 the	 dumping	 site	 have	 been	
transported	and	spread	to	the	groundwater	 in	connection	to	the	site	and	the	agricultural	 land	
south	of	the	site.	A	more	complete	investigation	is	needed	to	be	able	to	determine	how	big	a	risk	
the	open	dumping	site	is	for	the	surrounding	environment.	Measurements	for	avoiding	further	
contamination	of	the	groundwater	and	the	agricultural	land	should	be	implemented.	

Key	words:	Bangladesh,	waste,	heavy	metals,	groundwater,	soil.	
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Sammanfattning	
Syftet	 med	 den	 här	 studien	 var	 att	 utföra	 en	 inventering	 av	 avfallsdeponin	 Jhumjhumpur	 i	
Jessore,	Bangladesh,	för	att	undersöka	om	spridning	av	tungmetaller	till	angränsande	mark	och	
grundvatten	har	skett.	Som	grund	till	studien	har	en	omfattande	litteraturstudie	utförts	samt	en	
fältstudie	 med	 provtagning	 av	 mark	 och	 grundvatten	 vid	 avfallsdeponin	 Jhumjhumpur.	
Litteraturstudien	 innefattar	 det	 aktuella	 sophanteringssystemet	 i	 tre	 städer	 i	 Bangladesh:	
Dhaka,	Jessore	och	Khulna.		

Resultaten	 indikerar	på	att	metaller	har	 spridits	 från	deponin	 till	 anslutande	grundvatten	och	
jordbruksland	söder	om	deponin.	En	mer	omfattande	undersökning	krävs	 för	att	bedöma	hur	
stor	 risk	 deponin	 utgör	 för	 miljön	 i	 dess	 omgivning.	 Åtgärder	 för	 att	 undvika	 ytterligare	
kontaminering	av	grundvatten	och	jordbruksland	bör	implementeras.	
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1.	Introduction 
Climate	change	and	environmental	contamination	have	become	major	challenges	for	the	world,	
causing	human	migration,	natural	disasters,	human	diseases	and	ecological	damage.	One	of	the	
contributors	 to	 environmental	 pollution	 and	 human	 diseases	 is	 the	 constantly	 increasing	
amounts	 of	 waste	 generated	 in	 the	 world.	 The	 waste	 generation	 is	 in	 general	 lower	 in	
developing	countries	than	in	developed	countries.	The	problem	in	developing	countries	is	that	
the	waste	management	is	insufficient.	
 
Bangladesh	 belongs	 to	 the	 countries	 in	 the	 world	 that	 are	 the	 most	 vulnerable	 to	 natural	
disasters	[1]	(p.	164).	Management	of	waste	has	become	one	of	its	major	problems	due	to	a	high	
urbanisation	 rate,	 flooding,	 environmental	 contamination,	 groundwater	 depletion	 and	 waste	
related	diseases. 
 
The	 population	 of	 160	million	 inhabitants	 on	 an	 area	 of	 130	 km2,	which	 corresponds	 to	 one	
third	of	Sweden’s	area,	makes	Bangladesh	one	of	the	world's	most	densely	populated	countries	
[2].	By	2050	the	population	is	estimated	to	be	around	222	million	[3].	Currently	more	than	half	
of	 the	population	 is	 living	below	the	poverty	 line,	which	corresponds	 to	1.9	USD/day	 [4].	The	
country	 is	 classified	 as	 a	 least-developed	 country	 by	 the	United	Nations,	which	means	 that	 it	
belongs	to	one	of	the	48	poorest	and	weakest	countries	in	the	world	[5].	The	main	issue	for	the	
least-developed	 country	 is	 their	 inability	 to	 rise	 out	 of	 poverty	 without	 the	 targeted	
international	support	they	ought	to	receive	from	the	international	community. 
 
Bangladesh	 is	 a	 low	 lying	 country	 situated	 in	 the	 world’s	 biggest	 delta	 [6].	 The	 climate	 is	
subtropical	with	wide	 seasonal	 variations	 in	 rainfall.	 The	 yearly	 rainfall	 is	 around	 2000	mm,	
with	the	highest	amounts	coming	in	June	to	October	during	the	monsoon	season.	It	is	estimated	
that	the	annual	rainfall	is	increasing	with	6.55	mm/year	resulting	in	an	increase	of	23-29	%	of	
flooded	areas	[1]. 
 
The	urbanisation	is	a	worldwide	phenomenon	with	Asian	cities	being	the	most	rapidly	growing	
in	the	world	today	[1]	(p.99).	The	rapid	urbanisation	rate	in	Bangladesh	has	been	ongoing	since	
the	independence	in	1971	[7].	Half	of	the	population	is	dedicated	to	agriculture-related	labour	
[1],	but	the	availability	of	the	natural	resources	is	affected	by	the	climate	change.	Cheap	labour	
has	resulted	in	an	extended	industrialisation,	giving	job	opportunities	in	the	larger	cities.	This	is	
combination	with	the	climate	change	has	resulted	in	further	migration	from	rural	to	urban	areas	
[6]. 
 
The	 insufficient	waste	management	 is	 a	 serious	 threat	 for	 the	 environment	 as	well	 as	 for	 the	
human	health,	and	is	one	of	the	major	problems	in	developing	countries	today	[8],	[9].	Waste	is	
one	 of	 the	 major	 sources	 for	 environmental	 pollution	 in	 Bangladesh	 [10].	 The	 rapid	 and	
unplanned	 urbanisation	 results	 in	 an	 increased	waste	 production	 in	 the	 cities	 of	 Bangladesh	
[11].	The	waste	contains	sharp	items	and	toxic	chemicals,	which	can	cause	human	diseases	and	
environmental	 degradation.	 Open	 dumping	 of	 waste	 is	 the	 most	 common	 method	 for	 waste	
disposal	in	Bangladesh	[12]. 
 
Dhaka	has	scarce	water	resources.	Today	a	large	amount	of	the	groundwater	goes	directly	into	
the	 industries.	 The	 surface	 water	 is	 polluted	 and	 too	 difficult	 to	 treat	 for	 domestic	 usage.	
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Furthermore,	the	groundwater	is	rapidly	decreasing	due	to	overexploitation.	It	is	suspected	that	
the	 largest	 contributor	 to	 the	 contaminated	 water	 in	 Bangladesh	 is	 domestic	 and	 industrial	
activities,	such	as	waste	disposal	[13]. 

This	project	 aims	 to	highlight	how	 insufficient	waste	management	 can	 affect	 humans	 and	 the	
environment.	This	has	been	performed	through	an	investigation	the	current	waste	management	
system	in	three	cities	Dhaka,	Khulna	and	Jessore	in	Bangladesh.	In	order	to	estimate	the	extent	
of	pollutants	derived	from	solid	waste	a	field	study	was	conducted	in	the	city	called	Jessore.	It	
focused	 on	 heavy	 metal	 pollution	 derived	 from	 waste	 at	 an	 open	 dumping	 site.	 Soil	 and	
groundwater	samples	have	been	collected	and	analysed.	 
 
1.1	Background	 
This	master	 thesis	 is	 sponsored	 by	 the	 Swedish	 International	 Development	 Authority	 (SIDA)	
through	 a	Minor	 Field	 Study	 scholarship.	 The	 project	 is	 conducted	 in	 cooperation	with	Hifab	
International	 AB	 at	 the	 project	 management	 office	 for	 the	 City	 Region	 Development	 Project	
(CRDP)	at	 the	Local	Government	Engineering	Department	 (LGED)	under	 the	Ministry	of	Local	
Government,	 Rural	 Development	 &	 Cooperatives	 (MLGRD&C),	 Dhaka,	 Bangladesh.	 The	 non-
governmental	 organisation	Waste	 Concern	 has	 been	 contracted	 by	 Hifab	 International	 AB	 to	
recommend	 a	 suitable	 option	 for	 solid	waste	management	 (SWM)	 in	 one	 of	 the	 CRDP	 target	
cities	Jessore	Pourashava. 
 
CRDP	 is	 a	 project	 of	 which	 the	 aim	 is	 to	 enhance	 growth	 potential	 and	 improve	 the	
environmental	 sustainability	 of	 the	 target	 city	 regions	 in	 Bangladesh	 through	 effective	 urban	
planning.	The	project	 is	divided	 into	 three	components:	Development	of	Urban	 Infrastructure,	
Improvement	 of	 Urban	 Planning	 and	 Strengthening	 of	 Municipal	 Management	 and	 Capacity.	
Solid	waste	management,	water	 supply	 and	 sanitation	 are	 part	 of	 the	 Development	 of	 Urban	
Infrastructure	 component.	 Hifab	 International	 AB	 provides	 national	 and	 international	
consultants	for	CRDP. 
 
CRDP	has	a	loan	agreement	with	the	Asian	Development	Bank	(120	million	USD).	The	project	is	
co-financed	by	German	Financial	Cooperation	through	KfW	(15.41	million	USD)	and	by	SIDA	(13	
million	USD).	The	executing	agency	is	LGED	under	MLGRD&C. 
 
1.2	Problem	Description 
Poorly	 conducted	 waste	 management	 results	 in	 hazardous	 compounds	 leaching	 out	 in	 the	
environment,	which	leads	to	contaminated	water	and	soils	[8].	This	causes	diseases	among	the	
population	 that	 is	 exposed	 to	 the	 waste	 and	 the	 pollutants	 derived	 from	 it.	 Today	 the	 most	
common	way	of	disposing	waste	in	Bangladesh,	both	household	waste	and	industrial	waste,	is	in	
open	dumping	sites.	Due	to	an	insufficient	waste	management	system	waste	is	also	dumped	in	
the	streets,	clogging	the	drainage	systems	and	contaminating	water	bodies. 

1.3	Objectives	of	the	Study 
• Investigate	whether	 spreading	of	heavy	metals	have	occurred	 from	 the	open	dumping	

site	Jhumjhumpur	in	Jessore,	Bangladesh,	to	surrounding	soil	and	groundwater.	
• Highlight	 how	 humans	 and	 the	 environment	 can	 be	 affected	 by	 insufficient	 waste	

management.	
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1.4	Methodology	of	the	Study 
The	methodology	of	the	study	is	presented	in	Figure	1	below. 
 

	
Figure	1:	Flow	chart	of	the	methodology	of	the	study.		

1.5	Limitations 
The	wide	scope	of	 the	project,	 in	combination	with	 the	 time	 frame	of	 twenty	weeks	 including	
the	eight	week	stay	in	Bangladesh,	have	led	to	a	number	of	limitations.	These	limitations	are	in	
particular	 related	 to	 the	 field	 study	 (Ch.6)	 and	 analysis	 (Ch.7)	 and	will	 be	 presented	 in	 each	
chapter	respectively. 

2.	Solid	Waste	Management	(MSW)	in	Bangladesh 
Municipal	 solid	 waste	 (MSW)	 is	 defined	 in	 this	 report	 as	 trash	 or	 garbage	 generated	 from	
households,	schools	hospitals	and	businesses	[14].	The	high	urbanisation	rate,	 in	combination	
with	the	economic	development	and	increased	consumption	has	resulted	in	a	rapid	increase	of	
MSW	in	Bangladesh	[15].	Megacities	such	as	Dhaka	are	having	tremendous	problems	with	the	
waste	management,	because	of	a	low	collection	capacity	that	does	not	correspond	to	the	waste	
generated.	 Only	 50	 %	 of	 the	 waste	 generated	 is	 collected.	 There	 is	 a	 lack	 of	 legislations,	
regulations	 or	 policies	 regarding	 waste	 management	 on	 a	 national	 level	 in	 Bangladesh.	 The	
frequent	 natural	 disasters,	 limited	 land	 area	 and	 agricultural	 dependency	 are	 all	 factors	 that	
need	to	be	considered	in	the	case	of	waste	management	in	Bangladesh. 
 
The	 volume	 and	 composition	 of	 the	 waste	 change	 with	 time	 and	 season.	 Organic	 waste	
production	 is	 decreasing,	 while	 plastic	 and	 paper	 is	 increasing	 [15].	 Food	 is	 the	 main	
contributor	for	the	seasonal	variation.	During	the	rainy	season,	the	waste	gets	heavier	due	to	a	
larger	moisture	content	and	the	organic	waste	content	increases	due	to	a	larger	consumption	of	
fruits	and	vegetables. 
 
The	 medical	 waste	 generation	 in	 Bangladesh	 corresponds	 to	 1	 %	 of	 the	 MSW	 [16].	 Medical	
waste	is	defined	as	any	solid	or	liquid	waste	generated	from	the	treatment	of	human	beings	in	a	
hospital	or	clinic,	 from	clinical	diagnosis	and	pathological	testing	and	medical	research	[17].	It	
contains	pathological	and	infectious	material,	sharps	and	chemical	waste.	It	may	carry	hepatitis	
B	 and	 HIV	 [16].	 10-25	 %	 of	 the	 medical	 waste	 is	 estimated	 to	 be	 hazardous	 waste	 (Dhaka	
megacity).	Liquid	pharmaceuticals	and	chemical	waste	contains	critical	values	of BOD,	COD	and	
TSS	[18].	It	is	therefore,	harmful	for	the	environment	as	well	as	for	humans.	
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The	 strategy,	 Reduce,	 Reuse,	 Recycle	 (3R)	was	 introduced	 by	 the	 Bangladeshi	 government	 in	
2011	 [11].	 It	 included	prevention	activities	 in	order	 to	achieve	 complete	elimination	of	waste	
disposal	 in	 open	 dumps,	 rivers	 and	 floodplains	 by	 2015	 [19].	 Import	 duties	 on	 waste	
management	plant	equipment	is	reduced	as	well	as	sales	tax	on	compost	[20].	
 
2.1	The	Environmental	and	Human	Health	Impact 
The	uncontrolled	disposal	of	MSW	results	in	spreading	of	pollutants	into	soil	and	water	bodies	
[21].	Since	Bangladesh	is	a	country	paved	with	water	flooding,	contaminants	derived	from	the	
waste	 can	easily	percolate	with	 the	water	 into	 the	 ground	and	 contaminate	 the	 groundwater.	
Uncontrolled	 incineration	 of	 waste	 results	 in	 air	 pollution.	 Greenhouse	 gas	 emissions	 are	
derived	 from	 the	 open	dumping	 sites,	which	 contributes	 to	 the	 bad	 air	 quality	 as	well	 as	 the	
global	warming.	The	people	living	in	Bangladesh	are	exposed	to	these	pollutants	daily.	 
 
According	to	the	World	Health	Organisation	(WHO),	environmental	pollution	give	rise	to	around	
one	 quarter	 of	 the	 diseases	 in	 the	world	 [21].	 The	most	 affected	 are	 the	 people	 living	 in	 the	
developing	countries.	One	common	effect	is	oxidative	stress,	which	is	a	result	of	the	exposure	to	
heavy	metal	pollution	in	air	from	waste	incineration.	It	causes	damage	on	cellular	components	
in	 the	 body	 [21]. People	working	with	 the	waste	 in	 Bangladesh	 are	 the	most	 affected	 by	 the	
insufficient	waste	management.	Both	adults	and	children	pick	waste	from	the	streets	and	at	the	
dumping	sites	without	proper	equipment. 
 
2.2	The	Case	of	Dhaka	 
Dhaka	is	the	capital	of	Bangladesh	and	is	 located	in	the	centre	of	the	Bengal	delta.	The	area	of	
the	 city	 is	 around	 300	m2	 and	with	 around	 15	million	 inhabitants	 Dhaka	 is	 one	 of	 the	most	
population	dense	cities	in	the	world	[22].	The	annual	urbanisation	rate	of	Dhaka	is	estimated	to	
be	4	%	[15].	A	lot	of	industries	are	located	in	the	Dhaka	region,	among	these	textile	and	tannery	
are	two	of	the	largest.	 
 
2.2.1 Quantity and Characteristics of Generated Waste  
The	waste	produced	in	the	area	governed	by	the	Dhaka	City	Corporation	(DCC)	is	estimated	to	
3000-4000	 tons	per	day	 [11].	Only	around	50	%	of	 the	 total	waste	generated	 is	collected	and	
transported	 to	 open	dumping	 sites	 [15].	 This	 area	 corresponds	 to	360	km2	 and	has	7	million	
inhabitants.	 The	 annual	 increase	 of	 solid	 waste	 is	 estimated	 to	 be	 1.2	 %	 [15].	 As	 for	 whole	
Bangladesh,	 organic	 waste	 is	 the	 main	 contributor	 to	 the	 solid	 waste	 production	 and	
corresponds	to	60-75	%	of	the	total	solid	waste	[11].	The	solid	waste	produced	is	characterized	
by	its	high	moisture	content	and	low	calorific	value.	Studies	show	that	the	moisture	content	is	
between	59	%	and	80	%	for	mixed	waste	[15].	Residential	waste	has	a	moisture	content	of	50	%	
whilst	commercial	waste	has	a	content	of	around	54	%.	The	average	energy	content	of	the	waste	
is	 estimated	 to	 be	 2303-3559	 kj/kg	 and	 the	 C:N	 ratio	 for	 residential	 waste	 and	 commercial	
waste	is	16:1	respectively	39:1. 
 
A	consequence	of	rapid	urbanisation	in	Dhaka	is	the	growth	of	the	medical	sector	resulting	in	a	
larger	 utilisation	 of	medical	 products.	 The	medical	 waste	 generation	 has	 therefore	 increased	
[11]. 
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Dhaka	 region,	 together	 with	 Chittagong	 region,	 have	 the	 highest	 concentration	 of	 hazardous	
waste	generating	factories	in	Bangladesh	e.g.	tannery	and	textile	industries	[23].	Poor	technical	
and	financial	resources	together	with	 lack	of	regulatory	control	 for	management	of	hazardous	
waste	results	 in	 industrial	waste	being	disposed	without	 taking	 into	consideration	 the	risks	 it	
carries.	There	is	limited	information	on	types	of	chemical	used	and	hazardous	waste	generated	
from	the	industries	[23]. 
 
2.2.2 Logistics of SWM 
The	DCC	is	responsible	of	supervising	the	waste	generated	in	Dhaka	[11].	90	municipal	wards	
are	 included	 in	 the	administration	area	 from	where	 the	DCC	collects	waste	and	 transfers	 it	 to	
open	dumping	sites.	Almost	half	of	the	waste	is	collected,	which	results	accumulation	of	waste	
on	 the	 streets,	drainage	 systems	and	open	water	bodies.	The	waste	 clogs	 the	drains,	which	 is	
very	problematic,	especially	during	the	annual	monsoon	rain,	and	particularly	in	the	slum	areas	
of	the	city.	The	current	logistics	of	MSW	in	Dhaka	is	depicted	in	Figure	2	below.	
	

	
Figure	2:	Logistics	of	the	current	waste	management	system	in	Dhaka	[11]. 

Gariwallas	 are	 waste	 collectors	 paid	 by	 the	 municipality	 or	 community	 [11],	 see	 Figure	 2.	
Gariwallas	are	hired	by	private	societies	or	welfare	organisations	formed	by	householders	that	
are	willing	 to	 pay	 for	 the	 service.	 The	 Gariwallas	 drive	 cycle-vans.	 They	 collect	 and	 separate	
parts	of	the	household	waste.	Some	fractions	of	the	separated	waste	are	sold	by	the	Gariwallas	
to	 recycle	shops,	 called	Vangaris,	and	 the	rest	 is	 transported	 to	municipal	 collection	points	or	
directly	to	dumping	sites.	By	selling	the	recyclables,	the	Gariwallas	earn	some	additional	money	
to	their	salaries	they	get	for	their	collection	services. 
 
The	main	concern	of	the	DCC	is	the	transfer	of	waste	from	the	municipal	collection	points	to	the	
nearest	landfills	[11].	The	municipal	dumpsites	for	solid	waste	are	situated	on	low-lying,	flood-
prone	land.	Many	householders	are	responsible	of	the	transportation	of	their	own	waste	to	the	
collection	points.	However,	this	waste	is	often	dumped	in	the	streets,	in	drainage	systems	or	in	
other	water	bodies	due	to	lack	of	infrastructure	and	awareness. 
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Recycling	 of	 waste	 can	 be	 a	 possibility	 to	 earn	 some	 money.	 This	 has	 resulted	 in	 an	
establishment	of	both	formal	industrial	recycling	activities	as	well	as	informal	segregation	and	
waste	 picking	 activities	 [11].	 The	 informal	 sector	 is	 constituted	 of	 poor	 people	 sorting	 and	
selling	 recyclable	 waste.	 It	 is	 estimated	 that	 120,000	 urban	 poor	 people	 are	 involved	 in	 the	
sector.	Both	children	and	adults	collect	waste	 from	collection	points	 in	 the	city	area	and	 from	
the	 final	disposal	site.	This	 informal	sector	does	not	have	access	to	any	equipment	and	collect	
the	waste	using	their	bare	hands. 
 
It	 is	 estimated	 that	 10	 %	 of	 the	 total	 labour	 in	 Dhaka	 work	 in	 the	 recycling	 sector	 [11].	
Feriwallas	are	recyclable	waste	collectors	that	buy	sorted	waste	directly	 from	the	households,	
see	Figure	2.	Tokias	are	waste	pickers	that	separate	waste	at	transfer	points	or	at	the	landfills	in	
order	to	sell	it	and	earn	some	money.	DCC	collectors,	who	are	responsible	of	the	loading	of	the	
waste	 from	 collection	 points	 onto	 trucks	 for	 transportation	 to	 the	 landfills,	 also	 collect	
recyclables	in	order	to	earn	some	extra	money. 
 
The	 recyclable	 waste	 is	 sold	 to	 the	 Vangaris	 who	 in	 turn	 sell	 it	 to	 brokers	 in	 the	 recycling	
industry	 [11].	 The	 brokers	 sell	 the	 waste	 to	 wholesalers	 or	 directly	 to	 recycled	 product	
manufacturers.	There	 is	 a	high	demand	 from	 the	brokers	and	wholesalers,	who	are	willing	 to	
buy	more	recyclables	than	they	already	do. 
 
According	 to	3R,	15	%	of	 the	waste	generated	each	day	 is	 recycled	and	137,000	USD	 is	saved	
through	the	different	recycling	activities	in	Dhaka	[11].	The	recycled	waste	corresponds	to	475	
tons/day.	 The	 informal	 sector	 contributes	with	 8-9	%	 of	 the	 recycled	waste.	 This	 percentage	
corresponds	 to	 436	 tons/day	 of	 the	 total	 solid	 waste	 generation	 in	 Dhaka	 City.	 83	%	 of	 the	
plastics	 and	 65	 %	 of	 the	 paper	 is	 recycled.	 500	 shops	 in	 Dhaka	 are	 engaged	 in	 the	 plastic	
recycling	[15]. 
 
The	medical	waste	is	normally	dumped	into	DCC	bins,	amputated	body	parts	are	dumped	on	the	
streets,	 liquids	 into	 nearest	 drain	 and	 hazardous	 material	 into	 nearest	 garbage	 heap	 [15].	
Despite	efforts	for	properly	handling	the	medical	waste,	the	management	is	far	from	sufficient.	
A	 study	 shows	 that	 infectious	 waste	 is	 separated	 from	 non-infectious	 waste,	 however,	 when	
disposed	 in	 the	DCC	bins	 it	 is	mixed	 again.	 Pharmaceutical	waste	 and	 pressurized	 containers	
were	disposed	with	the	general	waste,	in	the	HCEs	of	the	same	study.	The	two	big	hospitals	in	
Dhaka	 City,	 DMCH	 and	 BMCH,	 disposed	 all	 their	 waste	 into	 DCC	 bins	 without	 separation.	
Cleaners	 recycle	 sharps,	 blood	bags	 and	 test	 tubes	 in	 order	 to	 earn	 extra	money.	 Scavangers,	
poor	women	and	children,	also	collect	medical	waste	in	order	to	sell	it. 
 
2.3	The	Case	of	Jessore	Pourashava	 
Jessore	 Pourashava	 is	 part	 of	 the	 district	 Jessore	 and	 located	 at	 the	 southwestern	 zone	 of	
Bangladesh.	 The	 field	 study	 in	 this	 project	 was	 conducted	 in	 Jessore	 Pourashava.	 Jessore	
Pourashava	has	an	area	of	14.72	m2	and	a	population	of	201	796	(2011)	[19]. 
 
The	most	important	activity	for	the	economy	in	Jessore	is	the	agriculture	[19].	Agricultural	land	
covers	around	15.5	%	of	the	total	area	of	the	Pourashava.	The	industries	that	are	operating	in	
the	area	are	located	outside	the	Pourashava.	The	production	of	jute,	bricks,	cement	and	tobacco	
are	the	dominating	industries	in	the	area.	Around	30	%	of	the	population	live	below	the	poverty	
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line	(1.90	USD	per	day)	[4]	and	the	urbanisation	rate	is	higher	than	the	national	average	with	a	
rate	of	34	%. 
 
2.3.1 Quantity and Characteristics of Generated Waste 
In	2013,	the	daily	waste	generation	in	Jessore	was	39	tons	per	day	and	until	2021	an	increase	to	
54	tons	 is	expected	[19].	The	operating	 industries	have	 their	own	waste	management	system.	
Accordingly,	 the	waste	 generation	 figures	 exclude	 industrial	waste.	 The	 characteristics	 of	 the	
waste	was	provided	by	Waste	Concern	and	is	presented	in	Table	1	in	the	Appendix	[24].	Food	
residues	is	the	largest	contributor	to	the	generated	waste	in	Jessore	with	around	84	%.	Plastic	is	
the	 second	 largest	 contributor	with	 a	 share	of	 5.4	%.	Depending	on	 the	 characteristics	 of	 the	
waste,	 different	 compounds	 can	 be	 derived	 from	 the	 waste	 through	 degradation	 and	 other	
processes.	These	compounds	will	be	discussed	in	Ch.	4.	
	
2.3.2 Logistics of SWM 
The	 Jessore	City	Corporation,	 (JCC)	 is	 responsible	 for	 the	 collection	and	disposal	of	 the	waste	
generated	 in	 Jessore	Pourashava.	The	current	 logistics	of	MSW	is	displayed	 in	Figure	3	below.	
480	cleaners	sweep	and	collect	the	waste	from	the	streets	of	 Jessore	and	dumps	it	 into	one	of	
the	60	concrete	dustbins	of	the	city	[19]. 
 
There	120	open	dumping	spots	located	in	the	city,	see	Figure	3	[19].	The	dustbins	are	emptied	
twice	 a	 day	 and	 the	waste	 is	 transported	 by	 rickshaw-vans	 and	 hand-trolleys	 to	 a	 secondary	
dumping	site	located	in	the	city	centre.	At	this	site,	the	waste	is	segregated	to	a	limited	extent	by	
the	informal	sector.	The	waste	is	then	transported	by	seven	dump-trucks,	18-20	times	per	day,	
for	 final	 disposal	 at	 an	 open	 dumping	 site	 called	 JhumJhumpur	 located	 10	 km	 from	 the	 city	
centre. 

	
Figure	3:	The	current	logistics	of	the	MSW	system	in	Jessore	Pourashava.	

The	low	collection	efficiency	rate	results	in	only	16	tons	being	collected	daily	[19].	20	%	of	the	
collected	waste	is	 inorganic	of	which	50	%	is	recycled	by	the	informal	sector	at	the	secondary	
dumping	point.	This	gives	rise	to	1.6	tons	of	inorganic	waste	reaching	the	Jhumjhumpur	site	per	
day. 
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Around	 550	 kg	 of	 medical	 waste	 is	 generated	 every	 day	 of	 which	 100	 kg	 is	 classified	 as	
hazardous	waste,	150	kg	is	 infectious	and	20	kg	is	needles,	broken	glass	and	blades	[19].	This	
waste	is	handled	by	a	non-government	organisation,	Prejom	Bangladesh.	The	rest	of	the	waste	
is	non-hazardous	waste	and	 this	waste	 is	dumped	 in	 the	open	dumping	 site	 at	 Jhumjhumpur.	
Around	20	%	of	 the	 total	 generated	waste	 is	 never	 collected	which	 adds	 on	 to	 the	unwanted	
odours	and	public	health	risks.	
	

2.4	The	Case	of	Khulna	 
Khulna	is	the	third	largest	city	in	Bangladesh	with	an	area	of	59.57	km2	and	663,342	inhabitants	
[25].	 The	 city	 is	 located	 on	 the	 Rupsha	 River	 in	 the	 south	 west	 side	 south	 of	 Jessore	 in	
Bangladesh.	 Khulna	 is	 an	 important	 hub	 for	 the	 industry.	 The	 port	 hosts	 many	 national	
companies.	The	average	temperature	in	Khulna	is	26.3	℃.	
 
Khulna	 City	 Corporation	 (KCC)	 is	 responsible	 of	 the	 management	 of	 the	 waste	 generated	 in	
Khulna	[22].	This	does	not	include	the	waste	generated	by	the	industries	currently	operating	in	
Khulna.	The	private	 owned	 companies	have	 their	 own	waste	management	 system.	The	waste	
management	system	in	the	city	is	similar	to	Jessore. 
 
The	waste	 is	 either	 collected	 directly	 from	 the	 households	 or	 from	 stations	 in	 the	 street	 and	
transported	to	primary	collection	points	by	three	wheeled	bikes	[22].	This	is	followed	by	further	
transportation	to	secondary	collection	points	and	thereafter	transportation	with	trucks	to	open	
dumping	sites.	Currently,	550	cleaners	and	sweepers	collect	waste,	clean	the	drains	and	sweeps	
the	streets.	36	trucks	in	small	to	medium	size	transport	the	waste	for	final	disposal.	70	%	of	the	
total	500	tons	generated	waste	is	collected.	The	uncollected	waste	is	disposed	mainly	in	drains	
and	canals. 
 
Sorting	of	the	recyclables	is	made	to	some	extent	when	the	cleaners	collects	the	waste	from	the	
households	 [22].	 The	 recyclables	 are	 sold	 to	 shops	 in	 Khulna	 and	 later	 sold	 to	 the	 recycling	
industries	 in	 Dhaka.	 Segregation	 of	 the	 waste	 by	 the	 informal	 sector	 is	 also	 made	 at	 the	
secondary	collection	points	as	well	as	at	the	open	dumping	sites.	During	the	field	visit,	a	woman	
at	one	open	dumping	site	in	Khulna	was	observed	when	washing	syringes	in	a	bucket	of	water	
with	 her	 bare	 hands.	 These	 types	 of	 recycling	 activities	 are	 common	 amongst	 the	 poor	 in	
Bangladesh. 
 
2.5	Discussion	Solid	Waste	Management	in	Bangladesh 
The	insufficient	waste	management	in	Bangladesh	is	a	complex	problem.	In	order	to	understand	
the	complexity,	several	aspects	need	to	be	considered,	including	social,	political,	economic	and	
infrastructural. 
 
A	 major	 problem	 is	 the	 lack	 of	 awareness	 related	 to	 the	 environmental	 and	 health	 issues	
regarding	waste.	The	main	focus	of	the	poor	people	(including	both	informal	and	formal	sector)	
working	 with	 the	 waste	 is	 to	 earn	 money	 in	 order	 to	 make	 a	 living.	 Their	 major	 concern	 is	
therefore	neither	the	environment	nor	the	health	problems.	Bangladesh	suffers	from	economic	
and	social	 inequalities	and	the	class	distinctions	are	evident.	 In	particular	working	with	waste	
collection	 is	considered	as	a	 low	status	 job.	 In	addition,	 the	awareness	and	motivation	among	
the	population	 is	not	strong	enough	to	encourage	a	sustainable	waste	management	system	on	
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household	 levels.	 Education	 is	 one	 important	 factor	 in	 order	 to	 solve	 this	 problem.	However,	
Bangladesh	is	a	developing	country	in	an	early	stage.	Currently,	around	90	%	of	the	children	in	
Bangladesh	 enrol	 primary	 school	 (Grade	1	 to	 5)	 but	 only	 around	55	%	 reaches	 grade	5	 [10].	
Therefore,	 it	 can	 be	 expected	 that	 educational	 activities	 concerning	 the	 environmental	 and	
health	aspects	of	waste	are	not	prioritised. 
 
Another	 problem	 is	 related	 to	 the	 poor	 people	 and	 the	 informal	 sector	 working	 with	 the	
recycling	of	waste.	This	group	of	people	possess	knowledge	concerning	what	type	of	recyclables	
that	 has	 a	 monetary	 value.	 It	 is	 important	 to	 include	 this	 sector	 into	 the	 formal	 waste	
management	activities	 in	order	to	maintain	work	opportunities	 for	the	poor	and	the	recycling	
activities	in	the	cities.	Furthermore,	including	the	informal	sector	would	also	give	the	informal	
workers	a	safe	work	environment. 
 
There	are	no	proper	regulations	or	restrictions	regarding	waste	disposal	in	the	cities	or	within	
the	industries.	This	results	in	heavy	contaminations	derived	from	the	industrial	sites.	There	are	
no	 consequences	 for	 disposal	 of	 the	 waste	 in	 the	 nature,	 which	 results	 in	 no	 incentives	 for	
improvements.	Political	leaders	are	not	willing	to	put	pressure	on	the	leaders	of	the	industries	
out	of	fear	of	losing	votes	from	people	with	power. 
 
The	 strategy	 3R,	 that	was	 introduced	 by	 the	 Bangladeshi	 government	 in	 2011	 [11],	 included	
prevention	activities	in	order	to	achieve	complete	elimination	of	waste	disposal	in	open	dumps,	
rivers	and	floodplains	by	2015	[19].	These	goals	have	not	been	met.	Open	dumps	are	still	today	
the	major	 final	 disposal	 alternative	 used	 in	 Bangladesh	 and	water	 bodies	 are	 highly	 polluted	
with	 waste.	 Realistic	 and	 achievable	 goals	 introduced	 by	 the	 government	 together	 with	
regulations	 and	 incentives	 are	 important	 instruments	 in	 order	 to	 improve	 the	 waste	
management	activities	in	Bangladesh. 
 
Bangladesh	 is	 a	developing	 country	with	high	dependency	on	grants	and	 loans	 from	different	
organisations	 and	 companies	 in	 other	 countries.	 The	 countries	 contributing	 with	 loans	 and	
grants	 are	 developed	 countries	 with	 prerequisites	 that	 differ	 from	 Bangladesh.	 Based	 on	
personal	observations	by	the	authors	and	key	informant	interviews	[26],	[27]it	is	suggested	that	
the	 implementation	 work	 needs	 to	 be	 based	 on	 the	 current	 situation	 in	 Bangladesh.	 It	 is	
therefore	important	to	come	up	with	new	solutions	that	suit	Bangladesh,	and	not	base	them	on	
how	the	waste	is	managed	in	a	country	such	as	Sweden.	It	is	crucial	that	the	local	organisations	
and	 companies	 are	 involved	 in	 the	 implementation	 work	 at	 all	 levels.	 In	 addition,	 the	
infrastructure	 is	 essential	 for	 an	 efficient	 waste	 management.	 The	 current	 infrastructure	 in	
Bangladesh	does	not	possess	the	capacity	for	facilitating	a	sustainable	waste	management. 

3.	Landfills 
Landfills	is	the	preferred	method	for	waste	disposal	in	developing	countries	due	to	its	simplicity	
and	low	costs	[28].	These	landfills	are	often	poorly	managed	and	have	become	a	major	problem	
in	 Bangladesh	 where	 insufficient	 operated	 landfills	 have	 resulted	 in	 both	 social	 and	
environmental	problems. 
 
The	waste	 in	 landfills	undergoes	different	 chemical	 reactions	and	degradation	processes	 [29].	
Through	 these	 reactions	 and	 processes	 both	 inorganic	 and	 organic	 compounds	 and	 volatile	
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gases	are	released	and	transported	downwards	in	soil	and	water.	In	addition,	volatile	gases	are	
transported	upwards	 released	 as	 emissions	 to	 the	 air.	 Poorly	managed	 landfills	 are	 therefore	
subject	to	environmental	contamination	and	possesses	a	threat	for	human	health.	Furthermore,	
emissions	 from	landfills	are	also	highly	dependent	on	the	surrounding	environment	[30]. It	 is	
important	to	understand	these	processes	and	the	transportation	mechanisms	in	order	to	track	
and	map	the	emission	paths.	It	is	also	crucial	when	assessing	the	risk	of	pollutants	derived	from	
waste. 
 
Landfill	 leachate	water	 is	 the	main	contributor	to	the	transportation	of	hazardous	compounds	
from	the	landfill	to	its	surrounding	soil	and	water.	Landfill	leachate	is	the	water	based	solution	
of	compounds	from	the	waste.	It	is	generated	by	excess	rainwater	percolating	through	the	waste	
layers	[31].	The	composition	of	the	leachate	depends	on	the	waste	composition,	waste	age	and	
landfill	technology	used. 
 
Landfills	releases	carbon	dioxide	and	methane	gas	naturally	through	the	degradation	processes	
[28].	In	addition,	uncontrolled	incineration	of	the	waste	at	landfills	is	a	common	phenomenon	in	
developing	countries	such	as	Bangladesh.	This	gives	rise	to	other	hazardous	gas	emissions	such	
as	lead	adsorbed	to	particulate	matter	and	mercurial	compounds	[32]. 
 
In	addition	to	the	environmental	aspects,	landfills	are	very	land	consuming	which	makes	it	hard	
to	find	suitable	areas	for	landfilling	[28].	This	is	very	problematic	in	Bangladesh	due	to	the	high	
population	density	and	the	agricultural	dependency.	Furthermore,	a	landfill	is	not	only	causing	
problems	during	 the	 time	 it	 is	operated.	The	 land	used	will	be	unsuitable	 for	 agricultural	use	
even	if	the	landfill	 is	a	sanitary	landfill.	The	landfill	requires	close	monitoring	and	maintaining	
for	decades	before	the	land	can	be	managed	for	other	purposes. 
 
3.1	Degradation	Processes	in	Landfills 
The	 biological	 degradation	 of	 solid	 wastes	 in	 landfills	 can	 be	 divided	 into	 two	 stages,	 one	
Aerobic	 Degradation	 Stage	 (ADS)	 and	 one	 Anaerobic	 Degradation	 Stage	 (ANDS)	 [33].	 ADS	 is	
divided	into	two	phases	and	ANDS	into	three.	Figure	4	below	shows	the	different	phases	and	the	
gas	production	pattern	throughout	these	phases	in	the	landfill.	In	the	figure,	ADS	corresponds	to	
phase	1	and	2,	whilst	ANDS	corresponds	to	phase	3,	4	and	5. 
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Figure	4:	The	graphs	shows	the	waste	decomposition	phases	and	the	change	of	the	microbial	processes	within	each	phase	
(7).	

In	 the	 ADS	 bacteria	 breaks	 down	 organic	 structures	 into	 soluble	 molecules.	 Cellulose,	
hemicellulose	 and	 proteins	 are	 converted	 into	 sugars	 and	 amino	 acids	 [33].	 The	 high	
biochemical	 oxygen	 demand	 (BOD)	 during	 this	 stage	 contributes	 to	 a	 rapid	 decrease	 of	 the	
already	 low	 concentration	 of	 oxygen.	 Therefore,	 this	 stage	 is	 much	 shorter	 than	 ANDS.	 The	
ANDS	is	further	divided	into	two	new	stages,	the	Anaerobic	Acid	Production	Stage	(AAPS)	and	
the	Methanogenic	Degradation	Stage	(MDS).	In	Figure	4,	AAPS	corresponds	to	phase	3	and	MDS	
to	phase	4	in	the	figure. 
 
In	 the	 transition	 between	 ADS	 and	 ANDS,	 anaerobic	 bacteria	 activity	 rapidly	 increases	 the	
chemical	oxygen	demand	 (COD)	and	Total	Volatile	Acids	 (TVA)	are	produced	 [33].	During	 the	
AAPS	both	COD	and	TVA	reaches	 their	highest	values.	Oxygen	 is	depleted	and	 the	 sugars	and	
amino	acids	produced	during	ADS	are	broken	down	to	organic	acids.	These	acids	are	soluble	in	
water,	which	leads	to	an	accumulation	of	the	acids	in	the	landfill.	In	addition,	the	leachate	pH	is	
decreased.	As	a	result,	the	concentrations	of	inorganic	ions	such	as	Ca,	Cl,	Mg	and	Na,	increase	in	
the	 leachate.	 Adsorbed	 metal	 species	 are	 also	 mobilised	 and	 transported	 with	 the	 leachate	
water	during	the	AAPS. 
 
The	 anaerobic	 conditions	 in	 combination	 with	 produced	 organic	 acids	 enhances	 growth	 of	
methanogenic	 bacteria.	 This	 results	 in	 the	 transition	 from	 AAPS	 to	 MDS	 [33],	 see	 Figure	 4.	
Methanogenic	 bacteria	 ferment	 the	 products	 from	ADS.	 The	 fermentation	 generates	methane	
and	carbon	dioxide.	This	process	is	favoured	by	a	neutral	pH.	Due	to	the	acidic	environment,	the	
activity	 is	 low	 in	 the	 early	 stage	of	MDS,	which	 can	be	 seen	 in	Figure	1.	MDS	generally	 starts	
within	a	year	of	waste	disposal	and	during	this	phase,	 landfill	gas	production	reaches	 its	peak	
concentration.	At	 this	 stage	pH	 is	around	7,	which	 results	 in	a	 reduction	of	metal	 species	and	
TVAs	 in	 the	 leachate.	Phase	5	 is	 a	 stabilisation	phase,	 the	 landfill	 gas	production	nearly	 stops	
during	this	phase	and	leachate	constituents	reaches	equilibrium,	see	Figure	4. 
 
3.2	Landfill	Leachate 
Landfill	 leachate	 is	a	source	of	soil,	surface	and	groundwater	pollution.	Landfill	 leachate	 is	the	
water	 based	 solution	 of	 compounds	 from	 the	 waste	 that	 is	 generated	 by	 excess	 rainwater	
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percolating	through	the	waste	layers [31]. The	composition	of	the	leachate	mainly	depends	on	
the	 waste	 composition,	 climate,	 the	 age	 of	 the	 waste	 and	 landfill	 technology [31],	 [33]. The	
waste	composition	gives	rise	to	different	biochemical	reactions.	The	climate	affects	the	leaching	
by	 enhancing	 or	 limiting	 the	 precipitation	 and	 the	 percolation	 through	 the	 landfill	 [29].	 Acid	
rain	 leads	 to	 desorption	 due	 to	 a	 decrease	 in	 pH	 and	 therefore,	 an	 increase	 of	 metal	
precipitation.	The	percolation	will	be	enhanced	by	the	seasonal	heavy	rainfalls	in	Bangladesh.	
 
Landfill	 leachate	 contains	 both	 organic	 and	 inorganic	 compounds,	 such	 as	 xenobiotic	 organic	
compounds	and	heavy	metals	 [30]. The	concentration	of	dissolved	organic	matter	 (DOM)	and	
inorganic	macro	components	is	in	general	very	high.	The	majority	of	the	different	parameters	in	
the	leachate	change	with	the	stabilisation	of	the	landfill	[31]. During	the	AAPS	when	the	pH	is	
low,	higher	concentrations	of	inorganic	species	such	as	Ca,	Mg,	Fe	and	Mn	and	heavy	metals	are	
expected	in	the	leachate	due	to	precipitation. 
 
When	the	pH	increases	together	with	the	BOD	and	COD	ratios	in	the	MDS,	the	concentration	of	
the	 inorganic	 species	 is	 lowered	 due	 to	 adsorption	 of	 them.	 Previous	 studies	 of	 the	 leachate	
composition	during	the	different	stages	of	a	 landfill	have	shown	that	the	majority	of	dissolved	
organic	carbon	(DOC)	during	the	AAPS	consists	of	volatile	fatty	acids	(95	%)	[31].	However,	in	
the	MDS,	 no	 volatile	 acids,	 amines	 or	 alcohols	were	 detected.	 Furthermore,	 32	%	 of	 the	DOC	
consisted	 of	 high	 molecular	 weight	 compounds	 (MW>1000).	 Leachate	 polluted	 groundwater	
observations	 characterized	82	%	of	DOC. The	 composition	 and	volume	of	 the	 leachate	 is	 also	
dependent	on	seasonal	variations. 
 
3.3	Landfill	Gas 
Global	warming	has	become	an	 issue	of	public	 interest	worldwide.	One	debate	concerning	the	
release	of	greenhouse	gases	is	whether	developing	countries	should	have	the	same	constraints	
for	 releasing	 emissions	 as	 the	 developed	 countries.	 Landfills	 are	 a	 great	 source	 of	 gases	 and	
releases	both	carbon	dioxide	and	methane,	in	USA	it	corresponds	to	the	third	largest	source	of	
human	methane	emissions	[34]. 
 
Landfills	are	a	great	source	of	gases	that	could	be	utilised	as	an	energy	source.	This	utilisation	
would	contribute	to	a	better	air	quality	in	the	local	region	and	cover	parts	of	energy	demands.	
Furthermore,	in	Bangladesh	where	there	is	a	lack	of	electricity	generation,	utilisation	of	landfill	
gas	could	be	a	good	opportunity. 
 
3.4	Land	Disposal	Alternatives 
The	utilisation	of	landfills	for	final	waste	disposal	is	common	in	both	developed	and	developing	
countries.	The	general	differences	between	a	landfill	in	a	developed	country	and	in	a	developing	
country	 are	 the	 precautions	 and	 the	measures	made	 in	 order	 to	 prevent	 emissions	 from	 the	
landfills	[35].	In	developed	countries	it	is	more	common	with	engineered	solutions	in	order	to	
minimise	 the	 environmental	 and	 human	 health	 effects.	 The	 type	 of	 landfill	 depends	 on	 the	
managing	and	sanitary	level	of	the	operations	of	the	landfill.	In	this	chapter,	four	general	types	
of	 land	waste	disposal	will	be	described:	open	dumpsite,	 controlled	dump,	engineered	 landfill	
and	sanitary	landfill. 
 



22	
	

Disposal	of	waste	in	open	dumpsites	is	the	cheapest	and	easiest	alternative	for	waste	disposal	
due	 to	 the	 too	 low	technological	 levels,	which	results	 in	 low	operation	and	maintenance	costs	
[27].	 No	 precautions	 regarding	 accumulation	 of	 hazardous	 compounds	 are	 taken	 in	 action	 in	
open	dumpsites.	Therefore,	this	type	of	waste	disposal	has	the	largest	negative	environmental	
and	 human	 health	 impact	 among	 the	 three	 types	 [35].	 Open	 dumpsites	 are	 often	 found	 in	
lowlands	near	traffic	roads	for	easy	access	in	Bangladesh	[27].	One	important	operation	aspect	
for	open	dumping	sites	is	to	maintain	roads	within	the	landfill	 in	order	to	be	able	to	transport	
and	dump	the	waste	over	the	whole	site. 
 
A	controlled	dump,	unlike	open	dumpsites,	is	sited	with	regard	to	the	hydrogeological	features	
of	 the	 area	 in	 order	 to	 prevent	 pollutants	 from	 accumulating	 in	 the	 nature	 and	 avoid	
groundwater	 contamination	 [35].	 Such	 landfill	 has	 both	 leachate	 and	 gas	monitoring	 systems	
and	is	covered	regularly	[27].	There	are	different	alternatives	for	the	covering	of	a	landfill,	one	
method	is	to	cover	it	with	soil,	another	with	old	waste	and	a	third	alternative	is	to	cover	it	with	
polyethene. 
 
An	 engineered	 landfill	 is	 constructed	 in	 order	 to	 prevent	 pollutants	 to	 enter	 the	 soil,	
groundwater	and	the	air	[36].	This	is	done	by	using	natural	barriers	such	as	clay	or	high	density	
polyethene	liners	for	the	base	and	covers	on	top	of	the	landfill. 
 
A	sanitary	landfill	is	the	best	waste	disposal	alternative	among	these	four	in	an	environmental	
and	health	perspective	[28].	Thorough	investigations	are	required	regarding	the	selection	of	the	
site	and	also	for	the	future	closure	of	the	site	[35].	In	order	to	decide	a	site	for	a	sanitary	landfill	
there	are	some	parameters	that	need	to	be	considered.	Table	1	below	depicts	some	criteria	with	
these	parameters. 
  
Table	1:	Parameters	that	need	to	be	fulfilled	when	siting	a	sanitary	landfill	(1).	
Criteria	 Parameter	[m]	
Distance	from	water	bodies	 300	-	500		
Distance	from	well	 500	-	1000	
Distance	from	urban	areas	 500	-	2000		
 
In	addition	to	the	siting	criterion	of	a	sanitary	landfill,	proper	leachate	and	gas	system,	as	well	as	
daily	 compaction	 and	 covering,	 continuous	 monitoring	 and	 record-keeping	 are	 actions	 are	
required	 [35].	 It	 is	difficult	 to	convert	an	open	dumpsite	 to	an	engineered	or	sanitary	 landfill.	
They	 are	 however	 easily	 converted	 back	 to	 open	 dumping	 sites	 in	 Bangladesh,	 due	 to	 high	
operations	and	maintenance	costs.	

4.	Heavy	Metals	Derived	from	Solid	Waste 
 
Heavy	metals	 are	 released	 to	 the	 environment	 from	 both	 natural	 and	 anthropogenic	 sources	
[25].	The	metals	are	found	in	products	such	as	electronics,	batteries,	plastics,	paints	and	textiles.	
Several	 measurements	 have	 been	 implemented	 in	 the	 developed	 countries	 for	 phasing	 out	
heavy	metals.	Chemical	consumption	is	however	increasing	in	the	developing	countries	as	well	
as	 the	utilisation	of	heavy	metals	 in	products.	 Insufficient	waste	management	results	 in	heavy	
metals	 ending	 up	 in	 the	 general	 waste	 streams.	 In	 addition,	 uncontrolled	 landfilling	 and	
incineration	 of	 waste	 contributes	 to	 the	 spreading	 of	 metals.	 The	 knowledge	 concerning	 the	
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behaviour	of	metals	in	waste	that	is	landfilled	suffers	out	of	gaps.	It	is	therefore	uncertain	how	
they	will	 affect	 the	environment	over	 time	 [25].	Furthermore,	 the	heavy	metal	pollution	 from	
the	 uncontrolled	waste	management	 activities	 is	 hard	 to	 quantify.	 The	 investigated	metals	 in	
this	report	are	chromium	(Cr),	cadmium	(Cd),	lead	(Pb),	nickel	(Ni),	copper	(Cu)	and	zinc	(Zn).	
	
Since	 heavy	 metals	 are	 naturally	 present	 in	 the	 environment,	 a	 detected	 concentration	 of	 a	
heavy	metal	is	not	necessarily	an	indication	of	anthropogenic	contamination	[37](p.448).	In	the	
region	 for	 where	 this	 project	 has	 been	 conducted,	 no	 natural	 values	 have	 been	 found	 to	
compare	the	heavy	metal	concentrations	with.	There	is	no	consensus	regarding	a	limit	that	tells	
if	a	soil	is	contaminated	or	not.	However,	a	soil	is	in	general	referred	to	as	contaminated	if	the	
concentration	of	a	certain	element	is	three	times	higher	than	the	recommended	average	value.	
One	 recommended	 limit	 value	 is	 the	 uncontaminated	 (UC)	 soil	 value,	 see	 Table	 23	 in	 the	
Appendix.	The	UC-value	has	been	used	in	order	to	estimate	the	level	heavy	metal	contamination	
in	this	project.	
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4.1	Parameters	to	Consider	when	Assessing	the	Transportation	of	Heavy	Metals	
	
4.1.1 Water Percolation 
Heavy	rainfall	in	combination	with	coarse	textured	soil	is	a	main	contributor	to	the	percolation	
of	 metals	 downwards	 in	 soil	 [38].	 This	 effect	 is	 important	 to	 acknowledge	 in	 Bangladesh,	
especially	considering	the	monsoon	seasons.	
	
Ground	 that	 is	 above	 the	 groundwater	 surface	 is	 unsaturated,	 this	 zone	 is	 referred	 to	 as	 the	
unsaturated	 zone.	 The	 ground	 below	 the	 groundwater	 level	 is	 saturated	 and	 this	 zone	 is	
referred	to	as	the	saturated	zone.	

The	 saturation	 level	 together	 with	 the	 soil	 structure	 affects	 the	 movement	 of	 water	 in	 the	
ground.	The	water	 flow	 in	 an	unsaturated	 and	homogenous	 soil	 is	 vertical.	During	periods	 of	
rainfall	 the	movement	will	 be	 vertically	 downwards	whilst	 during	dry	periods	 the	movement	
can	be	upwards	due	to	capillary	forces	and	uptake	by	plants.	The	rate	of	the	water	percolation	
in	the	unsaturated	zone	is	in	comparison	to	the	saturated	zone	slow.	The	turnover	time	is	in	the	
size	of	months	and	years.	[38]	

The	water	percolation	rate	in	the	saturated	zone	is	dependent	on	the	hydraulic	conductivity	of	
the	ground	and	the	direction	of	the	groundwater	surface	angle	in	accordance	with	Darcy’s	law.	A	
solved	metal	that	reaches	the	saturated	zone	will	be	transported	in	the	same	rate	and	direction	
as	 the	water	 flow	 in	 this	 zone.	 The	 rate	 can	 vary	 between	 a	 few	meters	 per	 year	 or	 several	
hundreds	of	meters	per	day.	[38]	

The	hydraulic	conductivity	is	the	ability	of	the	soil	texture	to	hold	water.	This	is	one	of	the	most	
important	parameters	 considering	percolation	of	 solved	metals	with	water	downwards	 in	 the	
soil	 and	 the	 lateral	 transportation	 of	 the	 groundwater.	 This	 is	 very	 important	 in	 Bangladesh	
since	heavy	rainfalls	are	to	be	expected	during	monsoon	seasons.	The	hydraulic	conductivity	of	
different	soil	types	can	be	seen	in	Table	10	in	the	Appendix.	[38]	

The	reactivity	of	the	soil	is	important	considering	the	mobility	of	the	metal.	If	the	soil	is	reactive	
the	metals	can	be	adsorbed	to	the	surface	of	the	different	soil	and	be	retained.	
	
4.1.2 Retention of Heavy Metals 
Water	percolates	through	the	ground	faster	than	metals.	This	is	due	to	the	ability	of	a	metal	to	
be	retained	by	species	in	the	soil.	Two	important	mechanisms	regarding	the	spreading	of	metals	
to	surface	and	groundwater	are	precipitation	and	adsorption.	[38]	
	
Precipitation	is	mainly	a	case	under	reducing	conditions	and	high	pH	(pH	above	7).	A	reducing	
environment	 enhances	 precipitation	 of	 sulphides	 and	 a	 high	 pH	 enhances	 the	 formation	 of	
oxides/hydroxides	and	carbonates.	[38]	

Adsorption	 occurs	 when	 a	metal	 interacts	 with	 a	 surface	 resulting	 in	 retention	 of	 the	metal.	
There	 are	 different	mechanisms	 involved	 in	 the	 adsorption	 and	 two	 important	 ones	 are	 ion-
exchange	and	surface	complexation.	[38]	
	
Ion-exchange	 occurs	 when	 a	 solved	 cation	 bonds	 electrostatically	 to	 a	 negatively	 charged	
surface.	 Negatively	 charged	 sites	 can	 be	 found	 at	 for	 example	 clay-minerals,	 organic	 matter	
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(OM)	 and	 humic	 material	 (HM).	 The	 cation	 exchange	 capacity	 (CEC)	 measures	 the	 ability	 of	
particles,	e.g.	OM	and	clay	minerals,	to	interact	electrostatically	with	cations.	[38]	

During	acidic	conditions,	hydronium	ions	can	occupy	the	negatively	charged	sites	which	results	
in	higher	 concentrations	of	mobile	metals.	 Clay	 and	OM	are	main	 contributors	 to	 a	high	CEC-
value,	due	to	having	negatively	charged	sites	in	their	structure.	Sandy	soil	on	the	other	hand	has	
a	low	CEC.	[37](p.	432)	

Surface	 complexation	 occurs	 between	 metals	 and	 oxygen	 in	 hydroxyl	 groups	 on	 particle	
surfaces	or	with	carboxyl	groups	 in	HM.	Surface	complexation	is	another	 factor	that	results	 in	
retention	of	metals	in	soil	and	it	is	controlled	by	the	chemical	affinity	between	the	surface	and	
the	metal,	 forming	 covalent	 bonds	 [37]	 (p.	 325).	 This	 type	 of	 adsorption	 is	 stronger	 than	 ion	
exchange,	and	in	many	cases	irreversible.	[38]	

pH	 is	 the	most	 important	 factor	 considering	 adsorption.	 Since	 the	 electrostatic	 forces	 in	 ion-
exchange	 is	highly	dependent	on	a	metals	charge.	Cations	bind	easiest	when	pH	is	high	whilst	
anions	when	pH	is	low.	[38]	

4.1.3 Complexing Agents 
OM	contains	functional	groups	that	can	act	as	ligands	and	form	complexes	with	metals.	The	OM	
can	 either	 be	 dissolved	 in	 water	 or	 suspended	 in	 soil	 and	 sediments	 and	 is	 therefore	 a	
controlling	factor	considering	the	mobility	of	adsorbed	metals. 
 
There	are	mainly	 four	 factors	that	affect	 the	ability	 for	OM	and	metals	 to	 form	complexes:	 the	
properties	 of	 the	metal,	 pH,	 the	 ionic	 strength	 of	 the	 ambient	 solution	 and	 the	 availability	 of	
functional	groups	[37](Ch.	13.3).	pH	affects	the	availability	of	bonding	sites	for	the	metal-ions.	
Low	pH	increases	the	concentration	of	precipitated	metal	 ions,	since	the	competition	between	
H+-ions	and	metal-ions	for	the	sites	is	enhanced.	The	competition	of	available	functional	groups	
is	also	affected	by	the	presence	of	other	cations.	The	concentrations	of	these	ions	affect	the	ionic	
strength	of	 the	bonding	 sites.	Moreover,	 the	 availability	of	 anions	 that	 can	bind	 to	 the	metals	
also	affects	the	ability	of	complexations	with	OM.	Two	important	ligands	in	OM	is	nitrogen	and	
phosphorous	 [37](Ch.	 13.3).	 The	 concentrations	 present	 in	 OM	 of	 these	 two	 species	 have	 a	
significant	effect	on	the	adsorption	of	the	metals. 
 
OM	regulates	the	water	retention	and	flow	in	soil.	It	also	contributes	to	the	soil	structure	since	it	
binds	to	 individual	particles	 [37].	Since	OM	binds	to	heavy	metals,	 it	can	be	a	source	of	heavy	
metal	uptake	in	plants	by	keeping	the	metals	in	the	topsoil.	
	
HM	 is	 the	 OM	 derived	 from	 plant	 residues,	 dead	 plants	 and	 animals.	 HM	 is	 high	 molecular	
weighted	organic	acids	which	contains	carboxyl	groups	(-OOC)	and	other	groups	such	as	-OH,	-
SH	and	NH2.	HM	can	either	enhance	or	decrease	the	mobility	of	metals.	HM	in	soil	mainly	adsorb	
metals	and	immobilise	these	whilst	HM	dissolved	in	water	mobilises	adsorbed	metals	[38].	HM	
is	an	 important	 factor	considering	 the	precipitation	of	metals	 in	water.	 If	 the	concentration	of	
HM	is	high	in	water,	precipitation	of	metals	can	be	reduced	through	adsorption	to	the	HM.	[38]	
	
Cu	 and	 Pb	 have	 large	 stability	 constants	 and	 adsorbs	 to	 HM	 through	 surface	 complexation,	
forming	covalent	bonds,	resulting	in	stable	complexes	[37](p.	285).	
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In	 environments	 of	 neutral	 pH,	 complexation	 with	 HM	 for	 any	 substances	 is	 enhanced.	 This	
material	has	a	tendency	to	form	coatings	on	clay	material	through	specific	covalent	interactions,	
which	affects	the	interaction	with	metals.	The	specific	properties	of	the	metals	will	be	discussed	
in	more	detail	in	the	following	chapters. 
 
Metals	 can	 also	 form	 complexes	 with	 ligands	 from	 anthropogenic	 sources	 [37].	 Ammonia,	
sulphide,	sulphite,	sulphate	and	phosphate	are	all	compounds	present	 in	human	waste.	EDTA,	
NTA	 and	 cyanide	 are	 compounds	 present	 in	 industrial	 processes	 and	 affect	 the	 behaviour	 of	
metals	in	the	environment.	
	
Another	important	factor	considering	the	adsorption	is	the	concentrations	of	competing	ligands	
found	in	the	soil.	For	example,	calcium	and	aluminium	are	two	commonly	occurring	species	in	
soil.	 These	 two	 tend	 to	 bond	 to	 negatively	 charged	 sites	 resulting	 in	 less	 available	 sites	 for	
positively	charged	metals.	[38]	
	
4.1.4 Soil Texture 
Clay	 has	 the	 lowest	 permeability,	 a	 high	 specific	 surface	 area	 and	 negatively	 charged	 sites	
(mainly	 -OH).	 For	 a	 comparison	 between	 different	 soil	 types,	 such	 as	 clay,	 silt	 and	 sand,	 and	
their	hydraulic	conductivity	and	particle	size,	see	Table	10	in	the	Appendix.	

These	 properties	 enhance	 the	 adsorption	 of	 metals	 onto	 clay-particles	 in	 soil	 in	 neutral	 to	
alkaline	conditions.	In	acidic	environments	when	the	pH	is	low,	clay	has	less	negatively	charged	
sites	because	hydrogen	 ions	will	occupy	 the	sites	resulting	 in	higher	concentrations	of	mobile	
metals.	

Clay	in	tropical	climates	contains	of	high	amounts	of	hydrous	oxides	of	iron	[39],	during	heavy	
rainfall,	which	 is	 common	 in	 Bangladesh	 in	 particular	 during	 the	monsoon	 season,	 the	 redox	
state	 changes	 to	 more	 reducing	 conditions.	 This	 results	 in	 mobilised	 iron	 and	 so	 also	
mobilisation	of	other	metals	that	often	are	in	complex	with	the	iron-minerals.	

Silt	has	a	permeability	level	between	clay	and	sand.	Silt	is	also	less	reactive	than	clay	but	more	
reactive	 than	 sand.	Metals	 are	 retained	more	 in	 silt	 layers	 than	 in	 sand	 but	 less	 than	 in	 clay	
layers.	However,	when	saturated	with	water,	 silt	 loses	all	 its	structural	 integrity	which	allows	
for	faster	percolation.	

Sand	 has	 the	 highest	 permeability,	 see	 the	 porosity	 of	 sand	 in	 Table	 10	 in	 the	 Appendix.	
Accordingly,	 the	percolation	rate	 is	high.	Sand	 is	not	a	good	adsorbent	of	metals	due	 to	a	 low	
number	 of	 reactive	 site.	 Together	 with	 the	 high	 permeability	 this	 results	 in	 almost	 none	
retention	of	percolating	heavy	metals	and	the	transportation	rate	will	therefore	be	high.	
	
4.1.3 Redox State 
Another	 important	 aspect	when	 considering	 the	 transport	 and	 accumulation	 of	metals	 in	 the	
environment	is	the	redox	state	of	the	pore	water	in	the	soil	[37](Ch.	18).	The	redox	state	is	for	
example	 affected	 when	 well-aerated	 soil	 is	 flooded.	 During	 flooding	 oxygen	 is	 depleted	 as	 a	
result	of	microbial	aerobic	reactions.	This	causes	a	transformation	of	an	oxidising	environment	
into	a	more	reducing	environment.	When	the	oxygen	is	depleted,	sulphate	and	nitrate	are	used	
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as	electron	acceptors.	Oxidation	of	nitrate	and	sulphate	can	form	chemical	toxics.	Below	follows	
the	natural	chemical	reaction	sequence	when	a	soil	area	is	flooded. 
 
O! aq + 2H!O! aq + 2e! ↔ H!O! aq + 2H!O	 pE = 6.3 to 5.8	 (18.12)	

H!O! aq + 2H!O! aq + 2e! ↔ 4H!O  	 	 	 	 (18.13)	

2NO!! aq + 12H!O! aq + 10e! ↔ N! g + 18H!O	 pE = 4.2 to 3.6		 (18.14)	

MnO! s + 4H!O! aq + 2e! ↔ Mn!! aq + 6H!O		 pE = 3.6 to 3.1	 (18.15)	

Fe!O! s + 6H!O! aq + 2e! ↔ 2Fe!! aq + 9H!O		 pE = 1.9 to 1.4		 (18.16)	

SO!!! aq + 8H!O! aq + 8e! ↔ S!! aq + 12H!O		 pE = −0.7 to − 1.4		 (18.17)	

	
Reaction	18.15	and	18.16	results	in	an	increase	of	the	mobility	of	the	metals	that	are	present	as	
+2	ions	[37]	(ch.18).	When	Fe	is	mobilised	as	Fe2+,	other	compounds	such	as	arsenic	(As),	that	is	
often	 in	 complex	with	 Fe	 species,	 is	 released	 into	 the	 environment.	 This	 is	 critical	 in	 Jessore	
since	the	area	is	rich	in	arsenic	and	highly	affected	by	flooding.	This	can	cause	severe	damage	to	
groundwater	supplies. 
 
The	produced	sulphide	ion	in	reaction	18.17,	forms	insoluble	complexes	with	metals	such	as	Zn,	
Cu	 and	 Ni.	 These	 metals	 already	 have	 a	 low	 solubility,	 which	 causes	 a	 further	 decrease	 of	
nutrient	availability	for	plants	and	other	organisms.	However,	it	is	a	positive	effect	if	the	metals	
are	 present	 in	 excessive	 amounts	 since	 their	 toxicity	 increases	 with	 available	 metal	 uptake	
concentrations.	This	phenomenon	is	also	of	high	concern	when	considering	the	case	of	Jessore. 
 
Table	 2	 summarises	 the	 expected	 inorganic	 aqueous	 species	 of	 the	 investigated	 metals	 in	
environments	in	relation	to	pH	and	redox	status. 
 
Table	2:	Inorganic	aqueous	species	in	environments	with	certain	pH	and	redox	status [37](ch.13.3).	
 pH	=	4	 pH	=	7	

Metals		 Oxidising	 Reducing	 Oxidising	 Reducing	
Cr		 HCrO4-	 CrOH2+	 HCrO4-	(VI)	 CrOH2+/Cr(OH)2	(III)	
Cd	 	 	 	 	
Pb	 Pb2+/PbSO4	 Pb2+	 Pb2+/PbOH+/PbCO3+	 Pb2+/PbOH+/PbCO3+	
Ni	 Ni2+/NiSO4	 Ni2+	 Ni2+/NiHCO3+	 Ni2+/NiHCO3+	
Cu	 Cu2+	 Cu2+	 Cu2+/CuOH+/CuHCO3+	 Cu2+/CuOH+/CuHCO3+	
Zn	 Zn2+	 Zn2+	 Zn2+/Zn(OH)2	 Zn2+/Zn(OH)2	
 
4.1.5 Toxicity of Heavy Metals 
The	 speciation	 of	 a	 metal	 is	 important	 for	 the	 toxicity	 of	 a	 metal.	 The	 bioavailability	 differs	
between	different	species	of	a	metal	and	 it	 is	 therefore	 important	to	understand	what	 form	of	
the	metal	that	dominates	in	order	to	understand	the	damage	the	metal	can	cause	[37](ch.18). 
	
The	metal	must	first	be	extracted	from	its	present	environment	and	then	enter	the	organism	in	
order	to	have	a	toxic	effect	on	the	organism.	This	is	possible	if	the	metal	species	can	form	bonds	
with	 cell	walls	 of	 the	 organism.	 The	 ability	 to	 form	 such	metal	 complexes	 depends	 on	which	
form	the	metal	is	present	in.	Therefore,	the	toxicity	of	a	metal	can	not	only	be	related	to	the	total	
concentration	of	 a	metal	 [37](ch.13.3).	The	 cell	wall	 is	 competing	against	other	 ligands	 in	 the	



28	
	

environment	 to	 form	 metal	 complexes.	 The	 ability	 of	 the	 cells	 to	 form	 metal	 complexes	 is	
therefore	dependent	on	the	presence	of	other	ligands	as	well	as	the	concentration	of	free	metal-
ions.	The	un-complexed	metal-ion	is	more	bioavailable.	
 
4.2	Heavy	Metals	and	Biogeochemistry 
4.2.1 Chromium (Cr) 
Chromium	mainly	exists	in	three	different	oxidation	states	[40](p.23).	The	toxicity	of	the	metal	
depends	on	 its	oxidations	state	[41](p.66).	The	 trivalent	 form	(Cr(III))	 is	an	essential	nutrient	
and	 is	naturally	present	 in	 the	 environment.	 Industrial	 processes	 are	 the	main	 sources	of	 the	
hexavalent	form	(Cr(VI))	and	the	metallic	form	(Cr(0)).	The	textile	and	tannery	industry	are	two	
major	contributors,	 in	particular	 in	Bangladesh.	Plastics,	metals,	electronics	and	 fabric	are	 the	
main	 sources	 of	 Cr	 in	 solid	 waste	 [20,	 42].	 Commercial,	 residential	 and	 industrial	 fuel	
combustion	are	the	main	chromium	sources	to	the	atmosphere.	 Incineration	of	sewage	sludge	
and	municipal	residue	are	examples	of	other	smaller	sources. 
 
4.2.1.1 Metal Biogeochemistry 
The	most	stable	form	of	chromium	is	the	trivalent	(Cr(III)),	followed	by	the	hexavalent	(Cr(VI))	
[40](p.23).	 The	metal	 is	 spread	 in	 air,	 water	 and	 soil	 in	 these	 two	 forms	 	 [41](p.66).	 Cr(III)	
forms	 an	 insoluble	 oxide	 or	 complexes	 with	 soil	 constituents	 in	 natural	 soils,	 resulting	 in	
immobile	 species	 of	 the	 element	 [32].	 The	 solubility,	 reactivity	 and	 mobility	 of	 Cr(III)	 is	
therefore	low,	which	makes	the	toxicity	low	for	living	organisms. 
 
When	 the	 only	 present	 complexing	 agents	 are	 H2O	 and	 OH-,	 the	 free	 ion	 Cr(III)	 forms	 hexa-
aquachromium	(Cr(H2O)63+)	and	its	hydrolysis	products	[40](p.24).	When	the	pH	is	between	4-
10,	the	deprotonated	forms	of	hexa-aquachromium,	CrO-H2+(aq),	Cr(OH)2+(aq)	and	Cr(OH)3(aq)	
dominate.	CrO-H2+	(aq)	and	Cr(OH)3	are	the	two	dominating	forms	in	the	environment	of	Cr(III).	
Cr(OH)3	 can	 act	 both	 as	 acid	 and	 base.	 In	 higher	 pH-values	 it	 is	 transformed	 into	 the	 readily	
soluble	tetrahydroxo	complex,	Cr(OH)4-. 
 
Cr(III)	forms	hexacoordinate	octahedral	complexes	with	ligands	such	as	water,	ammonia,	urea,	
and	organic	ligands	containing	oxygen,	nitrogen	or	sulphur	donor	atoms	[40](p.24).	As	long	as	
the	complexation	is	with	smaller	ligands,	the	solubility	of	Cr(III)	increases,	except	with	OH-. 
 
In	 the	 pH-range	 2.7-4.5,	 the	 ionic	 form	 of	 Cr(III)	 adsorbs	 onto	 humic	 acids,	 or	 other	
macromolecules	 and	 becomes	 insoluble,	 immobile	 and	 unreactive	 [40](p.11).	 More	 mobile	
ligands,	 e.g.	 citric	 acid	 and	 fulvic	 acid,	 form	 soluble	 complexes	with	 Cr(III).	 These	 complexes	
enhance	the	oxidation	of	Cr(III)	to	Cr(VI)	in	soil. 
 
In	 alkaline	 and	mildly	 oxidizing	water,	 Cr(III)	 is	 oxidised	 to	 Cr(VI)	 and	 forms	 the	mobile	 and	
toxic	anions	chromate	(CrO42-)	and	dichromate	(Cr2O7)	(5). 
 
In	natural	waters	the	expected	forms	of	Cr(VI)	are	CrO42-,	HCrO4-	and	Cr2O72-	[40](p.25).	These	
ions	are	readily	reduced	to	trivalent	forms	(Cr(III))	by	OM,	inorganic	matter	and	other	electron	
donors.	 In	 soil,	water	 and	 atmospheric	 systems,	 these	 electron	 donors	 are	 often	 present	 to	 a	
high	extent. 
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In	 oxygenated	 aqueous	 solutions	 with	 pH-values	 under	 or	 equal	 to	 6,	 thermodynamic	
calculations	predict	Cr(III)	as	the	most	stable	species	[40](p.25).	Above	pH	7,	Cr(VI)	in	the	form	
of	CrO42-	predominate	under	anoxic	and	suboxic	conditions.	In	oxidising	environment,	Cr	forms	
complexes	 that	 are	 negatively	 charged.	 This	 species	 is	mobile	 since,	 soil	 in	 general	 has	 a	 low	
anion	exchange	capacity.	
 
4.2.1.2 Environmental Impact 
Commercial,	 residential	and	 industrial	 fuel	combustion	are	 the	main	chromium	sources	 to	 the	
atmosphere.	Incineration	of	sewage	sludge	and	municipal	residue	are	examples	of	other	smaller	
sources.	 The	 atmospheric	 chromium	 is	 transferred	 to	 water	 and	 soil	 through	 fallout	 and	
precipitation.	 
 
The	 environmental	 impact	 of	 the	 metal	 depends	 on	 its	 oxidation	 state	 [40](p.23).	 The	
hexavalent	 form	 is	 more	 mobile	 than	 the	 trivalent	 form	 and	 therefore	 more	 likely	 to	 be	
transported	 from	 the	 point	 source	 of	 pollution.	 Cr(VI)	 has	 therefore	 a	 higher	 ability	 to	
contaminate	 groundwater	 and	 other	 water	 bodies.	 Furthermore,	 the	 hexavalent	 form	 of	
chromium	can	cause	reduced	root	growth	and	plant	death	[40](p.29).		Whether	the	trivalent	or	
hexavalent	 form	dominate	 depends	 on	 pH	 and	 pE	 and	 the	 environmental	 impact	 is	 therefore	
highly	dependent	on	the	environmental	conditions.	
 
4.2.1.3 Human Health Impact 
Cr(VI)	 can	 enter	 cells	 through	 membrane	 anionic	 transporters	 [40](p.23).	 The	 Cr(VI)	 is	
metabolically	reduced	to	Cr(III)	in	the	cell.	The	hexavalent	form	of	Cr,	CrO42-,	has	the	same	shape	
and	 charge	 as	 SO42-,	 which	 makes	 transportation	 through	 cell	 membranes	 possible	 with	
sulphate	 transport	proteins	 [32].	 Inside	 the	cells,	Cr(VI)	 is	reduced	to	Cr(III)	and	there	are	no	
transportation	 mechanisms	 for	 Cr(III)	 through	 the	 cell	 membranes.	 Therefore,	 the	 produced	
Cr(III)	will	accumulate	inside	the	cells.	The	reduction	process	results	in	production	of	reactive	
oxygen,	which	can	damage	DNA	[40](p.23).	 
 
Chromium	and	some	chromium	containing	compounds	are	carcinogenic	[41].	It	has	been	shown	
in	a	number	of	studies	that	Cr(VI)	can	increase	the	risk	for	lung	cancer.	High	amounts	of	Cr(VI)	
ingestion	 can	 lead	 to	 stomach	 upset	 and	 ulcers,	 convulsions,	 kidney	 and	 liver	 damage.	 Skin	
exposure	 can	 result	 in	 skin	 ulcers	 and	 inhalation	 can	 cause	 irritation	 to	 the	nose	 resulting	 in	
nosebleeds,	ulcers	and	holes	in	the	nasal	septum.	[41] 
 
4.2.2 Cadmium (Cd) 
Cadmium	is	a	non-essential	metal	[25].	It	is	released	to	the	environment	both	from	natural	and	
anthropogenic	 sources.	 Volcanic	 activity	 and	 weathering	 of	 rocks	 are	 examples	 of	 natural	
sources.	 The	 anthropogenic	 sources	 are	 cadmium	 containing	 products,	 in	 particular	 batteries	
but	also	plastics,	and	combustion	of	fossil	fuels.	Products	containing	cadmium	that	are	disposed	
onto	landfills	are	a	source	for	soil	and	water	pollutions,	in	particular	NiCd	batteries.	Cadmium	is	
also	used	 for	pigment	 in	plastics,	ceramics	and	enamels,	stabilizer	 in	plastic.	The	utilisation	of	
cadmium	 has	 been	 phased	 out	 in	 developed	 countries,	 while	 it	 continues	 in	 the	 developing	
countries.	In	some	cases,	it	has	even	increased,	e.g.	in	plastics	and	paints. 
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4.2.2.1 Metal Biogeochemistry 
Cadmium	 can	 be	 volatilised	 in	 high	 heat	 processes	 [25].	 The	 vapour	 undergoes	 quick	
condensation	into	aerosols	and	enters	the	atmosphere.	The	metal	is	emitted	to	the	atmosphere	
in	particulate	form	and	the	transportation	depends	on	the	aerosol	to	which	it	is	adsorbed.	The	
residence	time	is	short	(days	to	weeks),	resulting	in	shorter	transportations	paths. 
 
The	behaviour	of	cadmium	compounds	in	soil	and	water	depend	on	the	chemistry	of	the	water	
and	 the	 soil	 [25].	 The	 compounds	 can	 be	 relatively	 water	 soluble,	 mobile	 and	 bioavailable.	
Plants	 and	 microorganisms	 in	 the	 soil	 accumulate	 cadmium,	 which	 can	 result	 in	 the	 metal	
entering	the	food	chain. 
 
Cadmium	 forms	 complexes	 with	 oxides,	 sulphides	 and	 carbonates	 [25].	 Elemental	 cadmium,	
cadmium	oxide	 (CdO)	and	 cadmium	sulphide	are	almost	 insoluble	 in	water.	 In	water	metallic	
cadmium	 and	 CdO	 are	 transformed	 to	 bioavailable	 Cd2+.	 Cadmium	 sulphate	 and	 cadmium	
chloride	 are	 rather	 soluble.	The	 complexation	with	 chloride	 increases	with	 increased	 salinity.	
The	cadmium	salts	are	in	general	less	harmful	to	the	environment	than	soluble	Cd2+.	Organisms	
and	 plants	 can	more	 easily	 absorb	 cadmium	 in	 its	 free	 ionic	 form	 (Cd2+)	 since	 it	 is	 solved	 in	
water.	In	acidic	environments,	H+-ions	competes	with	Cd2+	at	the	membrane,	and	the	toxicity	of	
Cd	 is	 therefore	 reduced.	 The	 exposure	 increases	 with	 decreased	 pH,	 but	 the	 ecotoxicology	
decreases.	 The	 pH	 affects	 both	 the	 affinity	 of	 Cd2+	 for	 the	 membrane	 and	 for	 the	 dissolved	
organic	matter. 
 
The	mobility	of	cadmium	in	aquatic	environments	is	enhanced	by	low	pH,	low	water	hardness,	
low	concentrations	of	 total	suspended	solids	(TSS),	high	redox	potential	and	 low	salinity	[25].	
The	pH	controls	 the	behaviour	of	 the	metal	 in	soil.	The	solubility	 is	 increased	with	decreasing	
pH.	When	 the	 pH	 exceeds	 6	 the	metal	 adsorbs	 to	 soil	 colloids,	 organic	matter,	 clay	minerals,	
carbonates	 and	 hydrous	 oxides	 of	 iron	 and	 manganese.	 It	 can	 also	 precipitate	 as	 cadmium	
carbonate,	hydroxide	and	phosphate.	The	mobility	is	however	increased	when	the	metal	forms	
soluble	complexes	with	inorganic	and	organic	ligands,	in	particular	chloride	ions.	The	presence	
of	 chloride	 decreases	 the	 adsorption	 to	 soil	 particles.	 The	 adsorption	 to	 kaolinite	 could	 be	
enhanced	by	the	presence	of	organic	matter	via	the	formation	of	an	adsorbed	organic	layer	on	
the	clay	surface.	The	mobility	and	bioavailability	of	the	metal	is	higher	in	non-calcareous	than	in	
calcareous	soils.	[25] 
 
Zn	 inhibits	 cadmium	uptake	 and	 cadmium	 translocation	 from	 root	 to	 shoots	 of	 plants,	which	
reduces	the	availability	of	cadmium	to	plants	[25].	Cadmium	carbonate	in	neutral	and	alkaline	
soils	limits	the	cadmium	concentrations.	 
 
4.2.2.2 Environmental Impact 
Uncontrolled	incineration	result	in	elevated	releases	of	Cd	to	the	atmosphere.	It	can	also	cause	
large	amounts	of	releases	of	cadmium	attached	to	particulate	matter.	The	presence	of	cadmium	
in	topsoil	in	agricultural	land	is	often	caused	by	the	utilisation	of	phosphate	fertilizers	or	sewage	
sludge	for	soil	amendment	[25]. 
 
Disposal	 of	 cadmium	 containing	 products	 to	 ordinary	 landfills	 occurs	 in	most	 countries	 [25].	
However,	the	heavy	metal	content	in	leachate	is	low	in	comparison	to	the	total	amount	of	heavy	
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metals	 being	 disposed	 of	 in	 landfills.	 Increased	 concentrations	 of	 cadmium	 in	 soil	 result	 in	
increased	 food	 concentrations.	 Crops	 and	 aquatic	 organisms	 can	 take	 up	 cadmium	 from	
contaminated	soil	and	water,	which	then	is	accumulated	in	the	food-chain.	Rice	is	one	corp	that	
can	accumulate	large	amounts	when	grown	on	cadmium-polluted	soil.	[25] 
 
4.2.2.3 Human Health Impact 
Cadmium	is	a	human	carcinogen	and	contaminated	food	is	the	main	source	of	human	exposure	
[25].	Cadmium	has	a	half-life	of	10-35	years	in	the	human	body.	The	metal	can	bio-accumulate	
in	 the	kidney	and	other	organs	 in	 the	human	body	and	exerts	 toxic	effects	on	 the	kidney,	 the	
skeletal	 system	 and	 the	 respiratory	 system.	High	 concentrations	 in	 the	 body	 can	 also	 lead	 to	
disturbance	in	the	calcium	metabolism	and	the	formation	of	kidney	stones.	It	is	also	associated	
with	 chronic	 obstructive	 airway	 diseases.	 Long-term	 occupational	 exposure	 to	 cadmium	 can	
result	in	lung	cancer	and	contribute	to	cancer	of	the	kidney	and	prostate.	[25] 
 
4.2.3 Lead (Pb) 
Pb	 is	 a	 non-essential	 metal	 and	 makes	 up	 0.0013	 %	 of	 the	 Earth’s	 crust.	 The	 main	 natural	
sources	 of	 Pb	 in	 the	 atmosphere	 are	 volcanoes,	 airborne	 soil	 particles,	 sea	 spray,	 biogenic	
material	and	 forest	 fires.	Anthropogenic	sources	are	 in	particular	 fuel	additives,	but	also	non-
ferrous	metal	 production,	 coal	 combustion	 and	 uncontrolled	 incineration	 of	waste	 containing	
lead. 
 
Pb	is	used	in	Pb-acid	batteries	and	paints,	leaded	petrol,	ceramics,	electronics	and	water	pipes	
and	 solder.	 Insufficient	waste	management	 of	 these	 lead-containing	 products	 are	 sources	 for	
human	 environmental	 lead	 exposure.	 Leaded	 fuel	 has	 been	 phased	 out	 in	 most	 developed	
countries,	which	has	resulted	in	a	significant	reduction	of	Pb	emissions.	However,	leaded	fuel	is	
still	utilised	 in	a	 few	parts	of	 the	world,	 in	particular	 in	developing	countries,	 e.g.	Bangladesh	
[25].	 
 
4.2.3.1 Metal Biogeochemistry  
Metallic	Pb,	inorganic	Pb	and	organic	Pb	compounds	are	the	three	chemical	forms	in	which	Pb	
occurs	 [25].	 The	 metal	 can	 exist	 in	 three	 oxidation	 states	 Pb(0),	 Pb(II)	 and	 Pb(IV).	 Pb(IV)	
dominates	in	the	organo-Pb	chemistry	and	Pb(II)	in	the	inorganic.	The	toxicity	of	Pb	in	organo-
Pb	compounds	 is	higher	 than	 the	 toxicity	of	 inorganic	 lead.	The	solubility	of	 lead	 is	 increased	
with	 decreased	 pH.	 Therefore,	 the	 mobility	 of	 the	 metal	 is	 expected	 to	 increase	 in	 acidic	
environments.	 
 
Pb	 forms	 strong	 complexes	 with	 inorganic	 compounds,	 such	 as	 OH-	 and	 CO32-,	 and	 weak	
complexes	with	Cl-	in	fresh	waters	[25].	Pb	is	in	particular	found	as	free	dissolved	lead	ions,	but	
also	in	complexes	with	SO4,	Cl-,	CO3	and	hydroxides	in	acidic	environments.	In	alkaline	water,	Pb	
is	present	in	PbCO3	and	hydroxide	complexes.	Pb	sulphide	and	Pb	oxides	are	poorly	soluble.	 
 
The	 presence	 of	 ligands	 controls	 the	 speciation	 of	 Pb	 in	 water.	 The	 metal	 forms	 strong	
complexes	 with	 humic	 acids	 and	 other	 organic	 matter	 [25].	 The	 stability	 of	 the	 Pb-organic	
matter	complexes	depends	on	the	pH	and	the	hardness	of	the	water.	These	complexes	are	stable	
at	pH	under	3.	The	affinity	of	the	bonds	between	Pb	and	the	complexing	agents	is	increased	with	
increased	pH,	but	decreased	with	increased	water	hardness.	The	adsorption	to	clay	and	mineral	
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surfaces,	 and	 co-precipitation	 and/or	 sorption	by	hydrous	 iron	 and	manganese	 oxides	 is	 also	
increased	with	increased	pH.	Furthermore,	reduced	pH	and	ionic	composition	in	water	results	
in	re-mobilisation	of	Pb,	which	then	can	become	bioavailable	to	aquatic	organisms. 
 
4.2.3.2 Environmental Impact 
Pb	 can	 spread	 into	 the	 hydrosphere,	 atmosphere	 and	 lithosphere.	 In	 the	 atmosphere	 the	
spreading	depends	on	 the	aerosols	on	which	 the	metal	adsorbs	 to	 [25].	The	residence	 time	 in	
the	 atmosphere	 is	 short	 (hours	 to	 weeks),	 resulting	 in	 limited	 transportation	 paths.	 The	
characteristics	of	the	aerosols	affect	the	residence	time	and	transport	of	Pb	in	the	atmosphere.	
In	 the	 atmosphere,	 PbSO4	 and	 PbCO3	 are	 the	 most	 common	 forms.	 In	 the	 hydrosphere	 and	
lithosphere,	the	main	source	of	Pb	contamination	is	the	disposition	of	Pb-containing	waste.	The	
residence	time	of	Pb	of	biological	particles	containing	lead	in	surface	waters	has	been	estimated	
to	be	up	to	two	years.	Sources	of	Pb	in	surface	water	are	the	erosion	of	soil	containing	Pb	and	
the	dumping	of	waste	containing	Pb	products.	 
 
The	mobility	of	Pb	in	soil	depends	on	pH,	content	of	humic	acids	and	amount	of	organic	matter	
[25].	 Pb	 can	 bind	 to	 clays,	 silts,	 iron	 and	 manganese	 oxides,	 as	 well	 as	 OM	 through	 cation	
exchange	or	surface	complexation.	However,	Pb	has	a	high	tendency	to	adsorb	through	surface	
complexation	when	pH	 is	neutral	 to	alkaline.	This	 results	 in	Pb	being	 rather	 immobile	 in	 soil.	
Leaching	 of	 Pb	 to	 groundwater	 is	 therefore	not	 of	 high	 concern.	However,	 it	 can	 occur	water	
pollution	through	the	erosion	of	Pb-containing	soil	particles	to	surface	waters.	Pb	is	in	general	
an	 immobile	 heavy	metal	 due	 its	 tendency	 to	 form	 complexes.	 Therefore,	 the	 environmental	
exposure	is	greatest	near	the	point	source. 
 
4.2.3.3 Human Health Impact 
The	widespread	 utilisation	 of	 Pb	 has	 resulted	 in	 extensive	 environmental	 contamination	 and	
health	problems	 in	many	parts	of	 the	world	 [43].	The	 largest	contribution	 to	 the	daily	human	
intake	of	Pb	is	through	the	ingestion	of	food,	dirt	and	dust.	The	metal	accumulates	in	the	human	
body	 and	 affects	 the	 neurological,	 haematological,	 gastrointestinal,	 cardiovascular	 and	 renal	
systems	 of	 the	 human	 body.	 The	 distribution	 of	 Pb	 goes	 through	 the	 brain,	 liver,	 kidney	 and	
bones.	It	is	stored	and	accumulated	in	teeth	and	bones.	 
 
The	Pb2+-ions	has	the	same	atomic	radius	as	calcium	ions	[32](p.372).	The	Pb	absorbed	through	
the	intestine,	stored	in	the	hydroxyapatite	(Ca5(PO4)3(OH)	in	the	bones,	where	it	substitutes	the	
Ca2+.	 It	 is	 then	transported	through	the	blood	to	 the	blood-forming	and	nerve	tissue.	 It	causes	
impairment	in	growth,	hearing	and	mental	development.	 
 
The	 neurotoxic	 effects	 are	 of	 higher	 concern	 among	 young	 children	 [43].	 Even	 low	
concentrations	 can	 result	 in	 irreversible	 neurological	 damage.	 Children	 have	 higher	 risk	 for	
ingestion	of	contaminated	soil	and	dust	and	are	therefore	more	exposed	to	Pb.	Due	to	their	low	
weight,	 Pb	 is	 of	 even	 higher	 danger	 when	 entered	 the	 body.	 The	 Pb	 exposure	 can	 cause	
attention	 deficit	 disorder	 and	 aggression.	 Among	 pregnant	 women,	 Pb	 exposure	 can	 cause	
miscarriage,	stillbirth,	premature	birth	and	low	birth	weight.	 
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4.2.4 Nickel (Ni) 
Ni	 is	 essential	 for	 plants	 and	 domestic	 animals.	 The	 metal	 is	 used	 in	 electrical	 equipment’s,	
household	appliances,	coins,	catalysts,	pigments	and	batteries	[41](p.66).	Ni	origins	from	rocks	
and	 through	 erosion	 and	 dissolution	 Ni	 can	 enter	 soil.	 Ni	 can	 be	 transported	 through	 the	
spheres	by	for	example	biological	cycles	and	atmospheric	fallout.	Whilst	in	soil,	Ni	can	be	spread	
to	 both	 surface	 and	 groundwater.	 Furthermore,	 antrophogenic	 sources	 can	 such	 as	 industrial	
processes,	waste	disposal	and	incineration	can	also	cause	spreading	in	the	environment. 
 
4.2.4.1 Metal Biogeochemistry 
Ni	can	exist	as	 inorganic	water	soluble	compounds,	 inorganic	water	 insoluble	compounds	and	
organic	water	 soluble	 compounds	 [41](p.66).	The	metal	 adsorbs	 to	 clay	particles	 and	organic	
material	and	is	slightly	mobile	in	soil	[44]. 
 
4.2.4.2 Environmental Impact 
Ni	 containing	 leachate	 from	 dumpsites	 can	 result	 in	 ecotoxicity,	 due	 to	 contamination	 of	
aquifers	 (19).	 Acid	 rain	 enhances	 the	mobility	 of	 the	 metal,	 resulting	 in	 increased	 uptake	 in	
microorganisms,	plants	and	animals.	It	is	absorbed	through	the	plant	roots.	A	critic	toxicity	level	
of	Ni	in	plants	are	concentrations	above	10	mg/kg	dry	weight	[45]. 
 
4.2.4.3 Human Health Impact 
Ni	 carbonyl	 is	 the	 most	 acutely	 toxic	 compound	 of	 the	 metal	 and	 causes	 frontal	 headache,	
vertigo,	 nausea,	 vomiting,	 insomnia,	 irritability	 and	 pulmonary	 symptoms	 [41](p.66).	
Furthermore,	it	can	be	harmful	for	the	live,	kidneys,	adrenal	glands,	spleen	and	brain.	Inhalation	
of	 Ni-dust	 can	 lead	 to	 pulmonary	 changes	 with	 fibrosis.	 Whether	 the	 metal	 is	 essential	 for	
humans	is	still	unknown[44]. 
 
4.2.5 Copper (Cu) 
Cu	 is	an	essential	metal	and	a	nutrient	 for	both	plants	and	animals	 [37].	However,	only	 small	
concentrations	are	required	by	organisms	and	the	metal	is	toxic	if	present	in	excessive	amounts	
(0.2	 µM).	 Furthermore,	 Cu	 is	 also	 considered	 as	 a	 potential	 drinking	water	 contaminant	 [46].	
The	metal	 is	a	trace	element	found	in	the	Earth’s	crust	 in	a	variety	of	rocks	and	minerals.	The	
global	 average	 abundance	 is	 only	 50	 µg/g.	 The	 average	 composition	 in	 soil	 is	 30	µg/g.	 Cu	 is	
derived	 from	 many	 different	 anthropogenic	 activities.	 The	 metal	 enters	 soil	 and	 water	 as	 a	
result	of	mining,	steel	work,	disposal	of	waste	and	application	of	fertilisers.	Cu	is	also	used	for	
the	construction	of	pipes	and	is	present	in	alloys	and	coatings	and	released	through	corrosion. 
 
4.2.5.1 Metal Biogeochemistry  
Cu	can	exist	 in	three	oxidation	states:	Cu(0),	Cu(I)	and	Cu(II)	(20).	Cu(II)	 is	 the	most	common	
form.	Cu	is	a	transition	metal	and	can	therefore	form	complexes	with	a	wide	variety	of	ligands.	
The	most	common	form	is	the	ones	formed	with	N-species.	 
 
The	 bioavailability	 of	 Cu	 depends	 on	 the	 present	 form	 of	 the	metal	 in	 the	 environment.	 The	
bioavailability	is	also	controlled	by	pH,	redox	potential,	soil	and	sediment	type,	water	hardness	
and	 organic	 content	 [47].	 In	 environments	 with	 pH	 less	 than	 6,	 Cu	 is	 mobile	 since	 Cu(II)	
retention	by	clay	and	OM	is	decreased.	 
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Cu	present	in	natural	freshwater	in	equilibrium	with	the	atmosphere	forms	different	complexes	
depending	 on	 pH	 [37](ch.13).	 At	 low	 pH,	 the	 dominating	 forms	 of	 Cu	 are	 aquo	 complexes	
(CuOH+).	The	deprotonated	hydrogen	carbonate	complexes	(CuHCO3+)	dominate.	Increased	pH	
results	in	further	deprotonation	forming	complexes	with	two	carbonate	ions. 
 
Cu	has	a	high	ability	to	 form	stable	complexes	with	OM	in	water	[37](ch.13).	Previous	studies	
have	shown	that	around	98	%	of	the	total	present	Cu	in	water	is	in	complexation	with	OM.	The	
N-content	in	OM	is	expected	to	enhance	the	bonding	of	Cu	to	OM.	The	solubility	of	Cu	in	water	
bodies	 is	 therefore	 enhanced	 by	 dissolved	 HM,	 whilst	 decreased	 with	 suspended	 and	
precipitated	 HM.	 The	most	 common	 Cu-complexes	 found	 in	 the	 lithosphere	 is	 Cu-oxides,	 Cu-
hydroxides	and	Cu-sulphides	e.g.	CuFeS2. 
 
4.2.5.2 Environmental Impact 
Uncontaminated	agricultural	soil	has	an	average	Cu-concentration	of	30	ppm	and	surface	soil	in	
general	2	-250	ppm.	Increased	amounts	are	harmful	for	all	terrestrial	organisms.	The	mobility	
of	the	metal	is	in	general	increased	with	increased	OM-content.	The	complexation	with	OM	also	
leads	to	Cu	being	present	in	deeper	soil	layers.	In	the	absence	of	OM,	it	is	however	accumulated	
in	the	toplayer	of	the	soil.	[44] 
 
4.2.5.3 Human Health Impact 
Copper	contributes	to	 the	production	of	different	enzymes	 in	 the	human	body	[48].	These	are	
important	 for	 a	 number	 of	 body	 functions,	 e.g.	 the	 reparation	 of	 connective	 tissues	 in	 hearts.	
Excessive	amounts	of	the	metal	are	toxic	for	the	human	body	but	rare.	A	daily	intake	above	10	
and	 12	mg	 for	 women	 and	men,	 respectively,	 can	 have	 an	 adverse	 gastrointestinal	 response	
[46].	Excessive	amounts	of	Cu	 in	 the	body	 can	 lead	 to	 liver	damages.	Copper	 can	however	be	
removed	from	the	body	by	either	zinc	or	chelating	agents. 
 
4.2.6 Zinc (Zn) 
Zn	 is	 an	 essential	 metal	 and	 is	 crucial	 for	 humans	 as	 well	 as	 for	 animals,	 plants	 and	
microorganisms.	Mining,	metal	production,	corrosion,	coal	and	fuel	combustion,	waste	disposal,	
incineration	 of	 waste	 and	 fertilisers	 are	 the	 largest	 anthropogenic	 contributors	 of	 Zn	 to	 the	
environment	[49]. 
 
4.2.6.1 Metal Biogeochemistry 
Zn	 is	a	 type	B-metal	and	can	therefore	 form	covalent	bonds	when	complexed	to	other	species	
(20).	 Zn	 has	 a	 rather	 high	 electronegativity	 (1.6)	 and	 forms	 stable	 complexes.	When	 forming	
compounds,	the	metal	is	present	in	oxidation	state	(II).		Non-contaminated	soil	has	a	Zn-content	
between	10-300	ppm	and	is	usually	accumulated	in	the	toplayer	of	the	soil.	The	metal	interacts	
with	organic	ligands	in	neutral	to	basic	environments	[49]. 
 
4.2.6.2 Environmental Impact 
The	toxicity	of	the	metal	is	low.	Zn	derived	from	industrial	and	household	waste	can	however	be	
harmful	for	the	environment	[49].	11	ppm	in	soil	and	81	ppm	in	plant	have	been	shown	to	be	
toxic	for	maize	[50]. 
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4.2.6.3 Human Health Impact 
Negative	impact	on	the	human	health	of	Zn	is	mostly	related	to	Zn-deficiency.	Ingestion	of	large	
doses	can	however	be	harmful	for	the	upper	alimentary	tract.	Furthermore,	an	excessive	intake	
of	the	metal	can	result	copper	deficiency	due	to	the	interferes	with	the	copper	metabolism	[49].	
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5.	MSW	Composting 
A	large	amount	of	the	municipal	waste	generated	today	consists	of	biodegradable	waste	and	is	
therefore	suitable	for	MSW	composting	[51].	MSW	composting	is	a	technique	that	has	potential	
in	contributing	to	the	solution	of	waste	management	problems	[52].	It	is	a	method	that	reduces	
the	waste	volumes	by	converting	the	organic	biodegradable	matter	in	waste	to	a	useful	product.	
In	 addition,	 it	 reduces	 the	 methane	 and	 carbon	 dioxide	 gas	 production	 in	 landfills.	 MSW	
compost	volumes	increase	worldwide	and	it	is	therefore	of	high	interest	for	many	countries	to	
find	sustainable	alternatives	for	the	disposal	or	utilisation	of	the	compost	as	a	product. 
 
There	are	still	several	uncertainties	regarding	the	content	of	MSW	compost,	for	example	heavy	
metals	and	organic	pollutants	content.	The	effect	on	the	environment	and	human	health	through	
the	 different	 applications	 of	 the	 MSW	 compost	 result	 in	 compost	 still	 being	 considered	 and	
disposed	as	waste	in	many	countries	[51]. 
 
Political	 legislations	 and	 social	 acceptance	 are	 important	 factors	when	 considering	 a	 possible	
market	 entrance	 of	MSW	 compost	 for	 agricultural	 and	 horticultural	 applications.	 However,	 it	
has	 the	potential	 to	become	very	beneficial	 in	 the	 areas	of	 remediation	of	 contaminated	 sites	
[51]. 
 
Farmers	in	Bangladesh	use	animal	manure	as	a	cheap	alternative	for	soil	amendment	[52].	The	
issues	with	 animal	manure	 is	 the	 presence	 of	 pathological	 organisms	 and	 the	 environmental	
issues	connected	 to	 the	behaviour	of	 its	chemical	components	 [37].	 In	addition,	depending	on	
the	storage	of	the	manure	before	being	utilised,	nutrients	may	remain	in	a	mineralized	form	if	it	
os	 not	 well	 aerated.	 This	 can	 lead	 to	 nutrient	 leachate	 being	 transported	 into	 ground	 and	
surface	water	when	they	are	released	after	the	growing	season,	when	no	plants	are	available	for	
uptake.	Ammonia	can	also	be	released	while	the	manure	is	stored	resulting	in	the	formation	of	
aerosol	particulate	(ammonium	sulphate).	Such	nitrogen	losses	lead	to	nitrification	(production	
of	nitrite	and	nitrate)	under	aerobic	conditions	and	denitrification	(production	of	nitrous	oxide	
and	dinitrogen	gases)	under	anaerobic	conditions.	Furthermore,	the	salinity	concentration	can	
have	deleterious	effects	on	the	plant	growing. 
 
5.1	Production	of	MSW	Compost 
The	composting	 is	 the	process	 in	which	organic	matter	 is	biologically	degraded	 into	a	humus-
like	product	under	controlled	aerobic	conditions	[51].	The	process	is	an	aerobic	microbiological	
process	 including	aerobic	microorganisms	such	as	bacteria,	actinomycetes	and	fungi	 [37].	The	
aerobic	microorganisms	grow	in	the	organic	waste	and	produce	carbon	dioxide	and	microbial	
biomass.	 The	 organic	 matter	 content	 is	 converted	 into	 more	 stable	 species	 similar	 to	 humic	
material.	 The	 composting	 process	 can	 either	 be	 in	 a	 smaller	 (individual/family)	 or	 industrial	
scale. 
 
In	 order	 to	 degrade	 the	 organic	 waste	 into	 compost,	 separation	 from	 the	 non-degradable	
municipal	waste	 is	 required.	This	 can	 either	be	performed	at	household	 level	 or	 at	 the	waste	
management	 plant	 by	 the	 utilisation	 of	 technologies	 such	 as	mechanical	 biological	 treatment	
[51]. 
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There	 are	 certain	 requirements	 for	 compost	 produced	 on	 an	 industrial	 level	 concerning	 the	
general	 content	 and	 more	 specific	 parameters	 such	 as	 the	 C:N	 ratio	 of	 the	 compost	 [37].	
Parameters	that	should	be	considered	 in	order	to	 fulfil	 the	requirements	are	the	temperature,	
aeration	and	moisture	content	during	the	degrading	process.	The	temperature	should	reach	50-
60	℃	 and	 be	 kept	 for	 several	 hours	 in	 order	 to	 destroy	 pathogenic	 organisms.	 Aeration	 is	
necessary	since	the	process	requires	oxygen	in	order	to	degrade	the	waste.	However,	too	much	
aeration	can	result	 in	a	 temperature	decrease,	which	would	affect	 the	pathogenic	content	and	
the	rate	of	the	reactions. 
 
The	most	critical	factor	of	the	process	is	to	achieve	an	ideal	C:N	ratio	in	the	end	product	[37].	An	
optimum	C:N	ratio	is	around	30.	A	ratio	that	is	too	large	indicates	a	low	nitrogen	content,	which	
results	in	incomplete	decomposition	and	immature	compost.	Such	compost	will	contain	acetic,	
propionic	and	n-butyric	acids,	which	are	phytotoxic.	Continued	decomposition	of	the	immature	
compost	will	 take	 place	when	 it	 is	 added	 to	 the	 soil,	which	 requires	 nitrogen.	 This	 results	 in	
nitrogen	being	unavailable	 for	 plants.	 A	 too	 small	 ratio	 results	 in	 ammonia	 using	 oxygen	 and	
undergoing	nitrification,	a	biological	oxidation	reaction	in	which	nitrate	produced.	This	together	
with	a	large	OC	content	can	result	in	reducing	(low	pE)	and	acid	conditions. 
 
Another	 factor	of	high	concern	 is	 the	metal	 content.	Many	metals	add	a	valuable	 factor	 to	 the	
compost,	however	a	too	high	concentration	can	result	in	toxicity. 
 
Several	 steps	 in	 the	 compost	 process	 involve	 removal	 of	 pollutants.	 During	 the	 initial	
thermophilic	phase	volatile	compounds	are	removed	whilst	more	labile	compounds	are	broken	
down	 by	 bacteria	 and	 actinomycetes.	 For	 removal	 of	 persistent	 organic	 pollutants,	 the	 final	
maturation	 step	 with	 mesophilic	 fungi	 is	 efficient.	 Furthermore,	 the	 bioavailability	 of	 these	
compounds	 is	 decreased	 when	 bound	 to	 hydrophobic	 organic	 residues	 in	 the	 composting	
process	[51]. 
 
Studies	 have	 shown	 that	 the	 biological	 contaminants	 Salmonella	 and	 E.	 coli	 (Droffner	 and	
Brinton	 1995)	 survives	 more	 than	 five	 days	 in	 a	 mixed	 compost	 with	 55	℃.	 Therefore,	 it	 is	
recommended	 to	 exceed	 that	 temperature	 for	 a	 period	 of	 at	 least	 two	 weeks	 to	 ensure	 that	
pathogens	are	removed	[51]. 
 
Market	waste	will	 be	 the	 only	 type	 of	 organic	waste	 used	 for	 compost	 production	during	 the	
first	two	years	of	operation	in	Jessore	[53].	The	market	waste	does	only	consist	of	food	residues	
and	does	therefore	not	need	to	be	separated.	 		After	two	years	of	operation	organic	household	
waste	will	be	added	to	the	compost	production.	The	separation	of	the	organic	household	waste	
will	take	place	on	a	household	level. 
 
The	 compost	 production	 process	 will	 be	 performed	 in	 boxes	 made	 of	 perforated	 walls	 and	
bottom	will	be	utilised	 for	 the	 compost	production,	 in	order	 to	maintain	 the	material	 aerated	
[54].	A	 layer	of	20	cm	sorted	organic	waste	 is	put	 into	 the	compost	every	day	until	 it	 is	 filled	
after	 5-7	 days.	 The	 operating	 temperature	 of	 60	℃	 is	 reached	 after	 a	 few	 days.	 The	waste	 is	
degraded	in	the	boxes	for	around	50	days.	The	final	compost	is	then	stored	in	maturing	box	for	
another	15	days	before	it	is	put	in	bags	and	sold. 
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5.2	MSW	Compost	Properties	
The	domestic	waste	 content	 can	 vary	 considerably	 from	one	day	 to	 another	 [37].	 The	 source	
and	 nature	 of	 the	waste,	 the	 composting	 facility	 design,	 composting	 procedure	 and	 length	 of	
maturation	 are	 all	 parameters	 that	 affect	 the	 quality	 of	 the	 MSW	 compost	 [37].	 Due	 to	 the	
varying	 quality	 of	 the	 MSW	 compost	 there	 are	 several	 uncertainties	 regarding	 the	 possible	
utilisations	of	the	product	[51]. 
 
Heavy	metals	are	one	of	the	major	concerns	regarding	composting	of	MSW.	Compost	standards	
related	 to	 heavy	metal	 content	 are	 presented	 for	 Bangladesh	 and	 the	 UK	 in	 Table	 22	 in	 the	
Appendix.	 Since	 these	 do	 not	 degrade,	 the	 heavy	 metals	 concentration	 increases	 when	 the	
organic	 waste	 volume	 decreases	 in	 the	 composting	 process.	 Poorly	 conducted	 recycling	 and	
segregation	of	MSW	can	result	in	significant	concentrations	of	heavy	metals	in	the	composting	
process.	Applications	of	MSW	compost	 to	soil	have	shown	an	 increase	of	 the	heavy	metals	Ni,	
Pb,	 Zn	 and	 Cu	 in	 both	 soil	 and	 plants.	 However,	 utilisation	 of	MSW	 compost	 has	 also	 shown	
reduced	bioavailability	of	metals	due	to	the	complexation	and	sorption	with	organic	matter	 in	
the	compost.	The	metal	content	in	the	compost	is	not	always	an	issue.	In	particular	Cu	and	Zn	
are	 important	nutrients	 in	environments	with	high	pH	and	addition	of	metal-containing	MSW	
compost	could	therefore	have	a	positive	effect.	[51] 
 
The	organic	pollutants	 in	 the	MSW	compost,	 in	particular	polynuclear	aromatic	hydrocarbons	
and	 polychlorinated	 biphenyls	 have	mutagenic	 and	 carcinogenic	 effects	 on	 humans	 [51].	 The	
compounds	can	be	very	persistent	in	the	environment.	They	can	be	found	in	both	kitchen	waste	
and	organic	household	waste	because	of	 the	co-disposal	with	 inorganic	wastes	such	as	plastic	
and	 electrical	 waste.	 No	 international	 standards	 concerning	 the	 concentration	 of	 organic	
pollutants	exist	for	MSW-derived	compost.	Endocrine	disruptive	chemicals	is	another	concern,	
of	which	industrial	and	agricultural	activities	are	the	main	sources.	However,	this	is	an	area	that	
requires	more	research.	[51] 
 
In	a	study	conducted	in	India,	compost	derived	from	rural	MSW	were	compared	with	compost	
derived	from	urban	MSW.	The	study	showed	that	the	major	nutrient	concentration	of	P	and	N	
were	 lower	 in	 the	 urban	 MSW	 compost.	 The	 heavy	 metal	 content	 in	 compost	 is	 higher	 in	
compost	 from	 larger	 cities	 (population>1	 million),	 compared	 to	 compost	 from	 smaller	 cities	
(population<1	million).	Furthermore,	the	study	showed	that	the	OM	and	heavy	metal	content	is	
lowered	when	the	compost	is	prepared	from	source	separated	wastes.	Partial	segregation	at	the	
site	of	composting	of	the	mixed	waste	did	not	improve	the	quality	of	the	compost	significantly	in	
terms	 of	 fertilising	 parameters	 and	 heavy	 metal	 content.	 However,	 the	 average	 heavy	 metal	
content	is	lower	in	the	waste	from	Indian	cities,	compared	to	samples	taken	in	the	USA	and	in	
European	countries.	None	of	the	compost	in	the	conducted	study	is	recommended	for	utilisation	
of	 food	 crop	 production.	 Pathogens	 are	 usually	 destroyed	 as	 their	 thermal	 death	 point	 is	
reached	when	the	temperature	raises	during	the	composting	period.	[55] 
 
5.3	MSW	Compost	Applications 
There	 are	 several	 different	 applications	 for	 MSW	 compost,	 for	 example	 the	 compost	 can	 be	
landfilled	or	used	as	landfill	cover	[37].	When	utilising	the	composted	organic	waste	instead	of	
untreated	waste	for	landfilling,	a	volume	reduction	of	60	%	can	be	achieved.	However,	this	does	
not	solve	the	problem	of	landfilling	related	to	lack	of	space.	Furthermore,	landfilling	of	compost	
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does	not	give	any	monetary	value.	Investigation	of	other	alternatives	for	MSW	compost	disposal	
are	therefore	an	area	of	interest. 
 
Due	to	the	high	nutrient	and	OM	content	in	MSW	compost,	one	preferred	area	of	application	is	
agriculture	 [51].	 Studies	 have	 also	 shown	 that	 MSW	 compost	 reduces	 erosion	 losses	 and	
improves	the	structural	stability	of	the	soil.	These	properties	are	suitable	for	the	soil	conditions	
in	Bangladesh,	since	it	is	a	country	with	extremely	low	OM	and	nutrient	content	in	soil	[3].	The	
water	holding	capacity	has	been	found	to	increase	through	the	application	of	MSW	compost	to	
agricultural	soil	[51].	 
 
Another	 area	 of	 application	 is	 horticulture.	 The	 main	 challenge	 here	 is	 to	 make	 the	 MSW	
compost	 competitive	 in	 a	well-established	market	 for	 the	 higher	 quality	 green	waste-derived	
composts.	 The	 potential	 of	 physical	 contamination	 results	 in	 the	 unlikeliness	 for	 using	MSW	
compost	for	root	crops	and	salads.	[51] 
 
MSW	 compost	 have	 the	 capability	 of	 immobilising	 organic	 pollutants	 to	 some	 extent.	 In	
addition,	 it	 has	 the	 capacity	 of	 preventing	 heavy	metal	 transportation	 to	 ground	 and	 surface	
water	 through	 the	 immobilisation	of	 the	metals	 in	 the	compost.	Therefore,	MSW	compost	 is	a	
suitable	and	cost-effective	alternative	for	remediation	of	contaminated	soils.	[51] 
 
5.4	Discussion	MSW	Composting 
The	compost	can	enhance	the	plant	growth	by	providing	plant-available	nutrients	such	as	P	and	
N.	However,	if	the	levels	of	nutrients	are	too	high,	it	can	affect	the	plant	growth	negatively	due	
to	the	formation	of	NH4+	during	oxidation	of	nitrogen	or	by	inducing	osmotic	stress.	Surplus	of	
nutrients	such	as	Ca2+	may	on	the	other	hand	inhibit	the	uptake	by	plants	of	heavy	metals.	[51] 
 
Studies	 have	 shown	 compost	 derived	 from	 waste	 in	 smaller	 cities	 is	 of	 better	 quality	 [55].	
Therefore,	 it	 is	assumed	that	 the	production	of	good-quality	compost	derived	 from	waste	 in	a	
city	like	Jessore	comes	with	less	complication	than	in	a	city	like	Dhaka. 
 
The	marketing	of	compost	 is	another	challenge.	People	working	with	agriculture	want	to	earn	
money	and	rely	more	on	synthetically	produced	fertilizers	when	it	comes	to	nutrition	[27]. 
 
Another	problem	is	the	logistics	regarding	the	transportation	of	the	produced	MSW	compost	in	
the	cities	to	where	it	is	used	for	agricultural	purposes	[55].	Compost	plants	should	be	situated	
near	the	collection	area,	near	a	 landfill	site	or	near	agricultural	 land	[37].	The	problem	is	 that	
the	 largest	 volumes	 of	 domestic	 waste	 are	 generated	 in	 the	 urban	 areas	 and	 the	market	 for	
compost	 is	 in	 the	 rural	 areas.	 After	 the	 composting	 process	 is	 finished,	 the	 volume	 has	
decreased	 to	 60	%	 of	 the	 raw	waste	 used	 in	 the	 process.	 In	 addition,	 it	 is	 more	 hygienic	 to	
transport	 the	 compost	 product	 than	 the	 raw	material.	 Therefore,	 it	 is	 recommended	 that	 the	
compost	plant	is	located	near	the	source	of	the	raw	material.	
 
Political	legislations	and	social	acceptance	are	important	factors	when	considering	the	possible	
entrance	 to	 the	market	 for	MSW	compost	 for	 agricultural	 and	horticultural	use	 [51].	 Farmers	
rely	 on	 credit	 from	 the	 fertilizer	 suppliers,	 which	 makes	 them	 choose	 synthetic	 fertilizers	
instead	of	compost	[37].	During	the	first	years	of	using	compost,	farmers	need	to	invest	heavily	
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in	order	to	raise	the	quality	of	the	soil.	When	it	comes	to	cost	reduction,	farmers	in	Bangladesh	
prefer	 the	 utilisation	 of	 animal	 manure.	 In	 addition,	 they	 doubt	 the	 quality	 and	 safety	 of	
products	derived	from	waste.	An	important	factor	is	however	the	pathogen	content	and	the	risk	
for	nutrient	leachate	in	animal	manure,	which	could	be	avoided	when	using	correctly	produced	
MSW	compost.	These	types	of	aspects	need	to	be	considered	when	choosing	between	different	
soil	amendments. 
 
There	are	fewer	complications	when	using	MSW	compost	for	remediation	of	contaminated	sites.	
For	this	purpose,	it	has	the	potential	to	become	beneficial	[51]. 
 
The	best	way	for	achieving	pure	waste	streams	is	through	household	separation	of	waste.	Public	
motivation	 and	 the	 implementation	 of	 a	 separation	 system	 of	 MSW	 in	 household	 is	 another	
challenge	 in	 Bangladesh.	 Without	 a	 high	 level	 of	 environmental	 motivation	 or	 economic	
incentives	it	is	difficult	to	achieve	a	proper	waste	separation	at	a	household	level	[37]. 
 
Segregation	 of	 waste	 is	 performed	 manually	 in	 Bangladesh.	 MSW	 composting	 requires	
increased	segregation	and	gives	employment	and	income	opportunities	for	the	poor	[37]. 

6.	Field	Study 
 
6.1	Objectives	of	the	Field	Study 
The	field	study	had	three	main	objectives: 

• Observe	 and	 gather	 information	 regarding	 previous	 and	 ongoing	 activities	 at	 the	
dumping	site	Jhumjhumpur	in	Jessore. 

• Make	 an	 inventory	 of	 the	 site	 in	 order	 to	 predict	 transportation	 paths	 of	 pollutants	
derived	from	the	disposed	waste. 

• Conduct	 sampling	 in	 the	 produced	 compost,	 surrounding	 soil,	 groundwater	 and	 other	
water	bodies	at	the	site	in	order	to	analyse	the	samples	with	focus	on	heavy	metals,	N,	P,	
BOD	and	COD. 

 

6.2	Environmental	Setting	of	the	Investigation	Area	in	Jessore 
The	 land	 waste	 disposal	 site	 in	 Jessore	 is	 an	 open	 dumping	 site.	 The	 open	 dumping	 site	 is	
located	in	Jhumjhumpur	10	km	from	the	city	center	and	has	an	area	of	about	56	500	m2	[56].	An	
overview	of	the	site	is	depicted	in	Figure	22	in	the	Appendix.	The	site	has	been	in	operation	for	
more	than	30	years,	however,	the	area	has	been	used	for	waste	disposal	for	more	than	hundred	
years	[26].	The	north	part	of	the	dumping	site	is	in	connection	to	a	busy	road.	At	the	dumping	
site	there	is	one	medical	waste	facility,	one	pilot	biogas	plant,	one	compost	facility	and	a	number	
of	 sewage	 storage	ponds.	The	medical	waste	 facility	was	not	operated	properly	which	will	be	
discussed	 in	 the	 following	 chapter.	 The	 sewage	 storage	 ponds	 did	 not	 seem	 to	 function	well,	
however	this	has	not	been	studied	further	in	this	project.	The	compost	facility	can	handle	three	
tons	 of	 waste	 per	 day.	 The	 waste	 is	 composted	 manually	 and	 the	 product	 is	 only	 used	 for	
experimental	 purposes	 awaiting	 certificates	 for	utilising	 it	 for	 agricultural	 purposes	 [57].	 The	
pilot	 biogas	 plant	 is	 situated	 in	 the	 same	 facility	 as	 where	 the	 compost	 is	 produced.	 Earlier	
sampling	 and	 analysis	made	 by	 Bijoy	 Soil	 Investigator	 [58]	 in	 2015	 have	 shown	 that	 the	 soil	
profile	mainly	 consists	 of	 sand	 and	 silt,	 and	 clay	 to	 a	 smaller	 extent.	 The	main	 rock	 types	 in	
Bangladesh	are	sandstone,	siltstone,	shale	and	claystone.	These	rocks	mainly	consist	of	quartz,	
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plagoclase,	K-feldspar,	biotite,	muscovite,	kaolinite	and	illite.	Silicate	and	alumina	are	the	main	
constituents	in	these	rocks.	Silicate	is	an	anion	that	is	common	in	sand	and	will	therefore	affect	
the	adsorption	of	heavy	metals.	However,	as	aforementioned,	sand	is	relatively	inert	and	is	not	a	
good	adsorbent.	 In	 Jessore	the	soil	 is	mainly	consisting	of	calcareous	dark	grey	floodplain	and	
calcareous	brown	floodplain,	see	Figure	23	in	the	Appendix.	The	tropical	climate	in	Bangladesh	
contributes	to	rapid	decomposition	of	OM	resulting	in	a	low	OM	content	of	less	than	1.5	%.	The	
OM	status,	 the	drainage	ability	and	general	 soil	 texture	 in	 Jessore	are	presented	 in	Figure	24,	
Figure	25	and	Figure	26	respectively	in	the	Appendix.	The	soil	is	slightly	alkaline	in	reaction	and	
the	 fertility	 level	 is	 low,	 see	Figure	27	 in	 the	Appendix	 [3].	Furthermore,	 the	 soil	 in	 Jessore	 is	
also	suffering	from	zinc	deficiency,	see	Figure	28	in	the	Appendix.	The	site	is	poorly	drained	and	
therefore	subject	to	seasonal	flooding.	However,	there	are	no	lakes	or	streams	situated	near	the	
landfill.	The	topsoil	layer	at	the	site,	down	to	a	depth	of	4.5	meters,	constitutes	of	a	mix	between	
sand,	silt	and	clay.	The	main	compartments	are	sand	and	silt.	The	soil	profiles	at	the	site	will	be	
discussed	 in	more	 detail	 in	 chapter	 Sampling	 and	Expected	 Findings.	 The	 properties	 of	 these	
three	species	will	affect	the	transportation	of	heavy	metals	at	the	site	as	discussed	in	chapter	4.1	
Parameters	to	Consider	when	Assessing	the	Transportation	of	Heavy	Metals.	The	groundwater	
layer	 at	 the	 site	 is	 found	 at	 3.4	m	 depth	 during	 the	 dry	 season	 and	 at	 2	m	 depth	 during	 the	
monsoon	season	below	the	ground	surface	and	the	aquifer	providing	drinking	water	is	found	at	
around	50	m	depth	[19].	The	site	area	is	flat	and	the	topography	is	slightly	decreasing	from	the	
north	to	the	south. 
 
The	 largest	amounts	of	rainfall	are	expected	during	the	period	 June-October	[3,	26].	For	more	
specific	 rainfall	 data	 see	 Figure	 5	 below.	 According	 to	 previous	 reports	 regarding	 the	
investigation	area	and	people	at	JCC,	the	area	does	not	suffer	from	flooding	any	time	of	the	year	
[26].	However,	 the	site	was	observed	flooded	during	the	period	October	to	December	 in	2015	
[53]. 
 

	
Figure	5:	Average	rainfall	per	month	in	Jessore	[3,	26].	

The	 average	 temperatures,	 rainfall	 and	 relative	 humidity	 is	 displayed	 in	 Table	 11	 in	 the	
Appendix.	The	annual	total	rainfall	is	1640	mm	and	the	annual	average	humidity	is	57.3	%.	The	
highest	 temperatures	 are	 detected	 in	 April	 and	 May.	 During	 these	 months	 the	 temperature	
ranges	between	from	28	to	41℃. 
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6.3	General	Observations	During	the	Field	Study 
Several	 important	 observations	 were	 made	 during	 the	 inventory	 of	 the	 site.	 Uncontrolled	
incineration	of	waste	at	the	dumping	site	was	observed	at	different	locations.	In	Figure	6	below,	
waste	 is	 incinerated	next	 to	 the	busy	 road	and	 in	 connection	 to	 the	pilot	biogas	and	 compost	
facility	in	the	north	part	of	the	site.	The	smoke	had	a	heavy	smell	of	burnt	plastic	and	coal.	The	
smoke	spread	 towards	 the	other	side	of	 the	 road	where	people	were	working	and	walking.	 It	
also	 spread	 into	 the	pilot	 biogas	 and	 compost	 facility.	High	 trees	were	 growing	 alongside	 the	
road	between	the	road	and	the	landfill.	Parts	of	the	dumping	site	were	also	vegetated	with	high	
trees,	 palms	 and	 banana	 trees.	 In	 connection	 to	 the	 south	 part,	 people	 lived	 and	 cultivated	
onions	and	maize.	The	picture	to	the	right	in	Figure	6	below	is	taken	from	the	agricultural	land	
and	shows	the	connection	between	the	households	and	the	site.	The	households	were	situated	
on	a	higher	ground	level,	around	a	couple	of	meters	above	the	site.	However,	waste	was	spread	
towards	 the	 households	 and	 a	 contaminated	 pond	 was	 found	 next	 to	 the	 households.	 The	
agricultural	land	was	situated	around	40	m	from	the	south	part	of	the	site.	
	

	
Figure	6:	Smoke	from	incinerated	waste	is	depicted	to	the	left.	Households	in	connection	to	the	dumping	site	are	depicted	
to	the	right.	

Both	adults	and	children	collected	waste	from	the	site.	The	collectors	had	no	proper	equipment	
and	some	of	 them	were	barefoot.	A	woman	 that	 is	 collecting	waste	 from	a	 truck	at	 the	 site	 is	
shown	in	the	picture	to	the	left	in	Figure	7.	A	girl	that	is	walking	around	in	the	dumping	site	in	
sandals	and	a	small	dress,	 in	which	she	puts	waste	she	is	collecting,	 is	shown	in	the	picture	to	
the	right. 
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Figure	7:	A	woman	that	is	collecting	waste	from	a	truck	at	the	site	is	shown	in	the	picture	to	the	left.	A	girl	that	is	
walking	around	in	the	dumping	site	is	shown	to	the	right.	

Dead	 dogs	 and	 other	 animals	 were	 found	 at	 the	 dumping	 site,	 living	 dogs	 and	 cows	 were	
walking	around	in	the	garbage,	see	Figure	8.	The	blue	coloured	waste	is	labels	from	PET-bottles,	
which	 indicates	 that	 the	 bottles	 are	 collected	 for	 recycling	 by	 the	 informal	 sector	 at	 the	 site,	
while	the	labels	are	left	as	waste. 

	
Figure	8:	A	dog	running	around	in	the	waste	at	the	facility	is	depicted	to	the	left.	A	cow	walking	in	the	waste	is	depicted	
to	the	right.	

At	 the	medical	 waste	 facility,	 waste	 was	 sorted	 and	 stored	 in	 open	 bins	made	 of	 bricks	 and	
plastic	buckets,	see	Figure	9.	Waste	such	as	syringes,	peripheral	venous	catheters,	intravenous	
tubes	and	other	hospital	equipment	was	observed,	see	the	picture	to	the	right	in	Figure	9.	
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Figure	9:	Medical	waste	stored	in	open	bins	made	of	bricks	and	plastic	buckets.	

Light	bulbs	were	also	sorted	and	stored	at	the	facility,	see	the	picture	to	the	left	in	Figure	10.	A	
large	amount	of	mosquitos	surrounded	the	waste.	Uncontrolled	incineration	of	the	waste	stored	
in	the	bins	made	of	bricks	had	been	performed.	The	people	working	at	the	facility	had	no	proper	
equipment	 as	 can	 be	 seen	 the	 picture	 to	 the	 right	 in	 Figure	 10,	 a	 woman	 and	 a	 child	 were	
walking	 around	next	 to	where	 the	medical	waste	 and	 light	 bulbs	were	 thrown.	Anyone	 could	
walk	in	and	out	from	the	facility.	Both	animals	and	people	had	easy	access	to	the	waste. 

	
Figure	10:	To	the	left,	light	bulbs.	To	the	right,	a	woman	and	a	child	working	at	the	facility.	

The	 facility	where	 the	pilot	biogas	plant	and	compost	were	situated	had	a	cement	 floor	and	a	
roof	 but	 no	 walls	 so	 animals	 and	 birds	 had	 easy	 access	 to	 the	 compost,	 see	 Figure	 11.	 The	
compost	 process	 was	 manually	 conducted	 by	 employees	 at	 the	 plant,	 working	 with	 limited	
equipment.	
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Figure	11:	Parts	of	the	compost	facility	and	employees	working	at	the	site.	A	dog	resting	in	the	compost.		

6.4	Previous	Investigations	of	the	Dumping	Site 
Previous	 analysis	 on	 BOD,	 COD	 and	 pH	 in	 leachate	 water,	 pond	 water,	 surface	 water	 and	
groundwater	 is	presented	 in	Table	12	 in	 the	Appendix.	No	earlier	 investigations	of	 the	heavy	
metal	concentrations	in	water	and	soil	have	been	conducted	at	the	dumping	site.	

6.5	Sampling	and	Expected	Findings 
Since	the	site	has	a	long	history	of	waste	dumping	activities,	the	site	itself	and	the	surrounding	
areas	will	most	probably	be	contaminated.	The	choice	of	metals	to	be	investigated	is	based	on	
the	toxicity	of	the	metals	and	the	disposed	waste	at	the	site.	
	
Pb,	 Cd,	Hg	 and	Cr	 can	 be	 derived	 from	both	plastic	 products	 and	 electronic	waste.	 Electronic	
waste	is	also	a	source	of	As	and	Ni.	Furthermore,	Bangladesh	is	a	country	that	suffers	from	high	
natural	concentrations	of	As	in	the	groundwater.	Pb	may	be	detected	in	higher	amounts	due	to	
the	 location	 of	 the	 dumping	 site	 next	 to	 the	 busy	 road	 and	 the	 utilisation	 of	 leaded	 fuel	 in	
Bangladesh.	
	
The	 uncontrolled	 incineration	 at	 the	 site	 can	 result	 in	 spreading	 of	 particulate	 matter	 with	
adsorbed	metals.	These	can	be	spread	long	distances. 
 
The	heavy	metals	that	will	be	investigated	in	this	study	are	Pb,	Ni,	Zn,	Cd	and	Cr.	Hg	and	As	will	
not	 be	 investigated	 in	 this	 study	 due	 to	 limited	 equipment	 in	 the	 laboratory	 used	 for	 the	
analysis.	 Specific	 findings	 and	 expected	 spreading	 is	 presented	 and	 discussed	 in	 the	 chapter	
Sampling	Spots. 
 
High	rainfalls	during	the	monsoon	season	enhance	the	percolation	of	heavy	metals	downward	
through	 the	 soil	 to	 the	 groundwater.	 The	 concentrations	 of	 the	 metals	 in	 the	 toplayer	 are	
therefore	 expected	 to	 be	 higher	 during	 the	 dry	 season	 than	 during	 the	 monsoon	 season.	 In	
addition,	flooding	caused	by	the	monsoon	can	result	in	an	increase	of	the	spreading	of	the	heavy	
metals	with	the	high	amounts	of	leachate	water.	The	direction	of	the	water	flow	is	expected	to	
move	 from	 north	 to	 south	 in	 accordance	 with	 the	 topography	 at	 the	 site.	 The	 metals	 are	
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therefore	expected	to	be	 transported	 in	 the	same	direction.	Therefore,	metal	contamination	 is	
also	expected	in	the	south	parts	outside	the	site.	
 
Seasonal	 variations	 is	 another	 aspect	 that	 need	 to	 be	 considered	 since	 it	 affects	 the	 redox-
conditions	 in	 the	soil.	Since	 the	samples	were	collected	during	 the	dry	season,	more	oxidising	
conditions	and	a	pH	around	7	are	expected	in	the	toplayer	and	down	to	the	groundwater	level.	
In	 the	 saturated	 zone,	 more	 reducing	 conditions	 are	 expected.	 However,	 when	 the	 site	 is	
flooded,	 more	 reducing	 conditions	 are	 found	 even	 at	 the	 toplayer.	 The	 spreading	 of	 heavy	
metals	is	highly	dependent	on	the	redox	status	in	the	soil	and	will	therefore	differ	with	season. 
 
6.5.1 Cr 
Cr	 is	 highly	 affected	 by	 the	 redox-status	 as	 discussed	 in	 chapter	 4.1.1.	 Due	 to	 the	 expected	
oxidising	conditions	and	a	pH	around	7,	Cr(VI)	is	the	expected	form	of	Cr	in	the	toplayer	of	the	
soil.	As	can	be	seen	in	Equilibria	Diagram	1	in	the	Appendix,	chromate	is	the	dominating	species.	
This	form	of	Cr	is	very	mobile	in	soil.	
	
During	the	monsoon	season,	Cr	will	be	retained	to	a	further	extent	due	to	the	reduction	of	Cr(VI)	
to	Cr(III).	This	leads	to	less	toxicity	for	organisms	since	the	metal	is	less	bioavailable.	However,	
based	on	the	environmental	conditions	and	the	biogeochemistry	of	Cr,	the	metal	will	be	mobile	
independently	 of	 its	 oxidation	 state	 when	 water	 is	 present	 due	 to	 the	 formation	 of	 aquo	
complexes	and	its	tendency	to	adsorb	to	HM	which	can	be	solved	in	water.	
	
Since	the	soil	in	Jessore	is	rich	in	carbonates	there	are	other	aspects	that	need	to	be	considered.	
Due	to	the	presence	of	carbonates,	there	will	be	an	increase	of	the	pH	in	the	water	pores.	The	
higher	pH	will	push	the	equilibrium	towards	the	oxidation	of	Cr(III)	to	Cr(VI)	and	the	metal	will	
than	again	be	mobile.	Cr	is	expected	to	contaminate	the	groundwater	at	the	site. 
 
Pb,	Ni,	Cu	and	Zn	are	on	the	other	hand	not	affected	by	the	change	in	the	redox-status	when	the	
pH	is	around	seven	since	it	does	not	affect	the	oxidation	state.	The	metal	ions	stay	as	+2-ions	in	
both	reducing	and	oxidising	conditions	when	pH	is	rather	neutral	which	is	the	case	at	the	site. 
 
6.5.2 Cd 
In	 contrast	 to	 Cr,	 Cd	 is	 likely	 to	 be	 less	mobile	 in	 the	 topsoil	 layer	 due	 to	 the	more	 oxidising	
environment	and	the	biogeochemistry	of	Cd,	see	Chapter	4.1.2.1.	Cd	will	be	present	in	oxidation	
state	2,	see	Equilibria	Diagram	2	in	the	Appendix,	and	most	likely	adsorbed	to	soil	particles,	OM	
and	HM.	Cd	is	not	expected	to	be	soluble	in	water	in	this	state.	
	
During	 more	 reducing	 conditions,	 Cd	 stays	 rather	 immobilised	 due	 to	 complexations	 with	
minerals	such	as	Fe-oxides.	Cd	could	be	transported	if	adsorbed	to	dissolved	HM.	However,	this	
is	not	expected	to	have	any	significant	effect	due	to	the	ability	of	Cd	to	be	retained	in	the	topsoil	
layer.	Cd	is	therefore	not	expected	to	be	transported	downwards	in	the	soil	and	contaminate	the	
groundwater.	 It	 is	 however	 expected	 to	 be	 spread	 in	 the	 atmosphere	 to	 the	 soils	 from	 point	
sources	where	incineration	of	waste	takes	place. 
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6.5.3 Pb 
Pb	is	also	less	mobile	than	Cr	in	the	specific	soil	environment	of	the	site,	but	will	be	transported	
with	the	incineration	smoke	or	eroded	soil.	It	is	important	to	notice	that	high	levels	of	Pb	at	the	
site	can	be	a	result	from	the	road	traffic	at	the	north	border.	Based	on	previous	studies	of	soil	
next	to	trafficated	roads,	concentrations	of	Pb	ranging	from	0.1-6	ppm	can	be	expected	due	to	
the	traffic	[59].	
	
In	the	topsoil	layer,	Pb	will	have	oxidation	state	2	and	can	either	be	adsorbed	in	the	soil	where	it	
tends	 to	 adsorb	 strongly	 through	 surface	 complexation.	 Pb	 is	 in	 its	 precipitated	 form	 when	
water	 is	 present,	 see	 Equilibria	 Diagram	 3	 in	 the	 Appendix.	 Pb	 is	 only	 found	 as	 free	 Pb-ions	
during	acidic	conditions.	
	
6.5.4 Ni 
Ni	is	in	its	ionic	form	at	more	oxidising	conditions	and	around	pH	7,	see	Equilibria	Diagram	4	in	
the	Appendix,	and	is	therefore	bioavailable	in	this	environment.	Due	to	the	biogeochemistry	of	
Ni,	the	metal	is	expected	to	be	mobile	and	is	therefore	a	potential	groundwater	pollutant. 
 
6.5.5. Cu 
Cu	is	a	metal	that	is	less	mobile	in	this	type	of	environment	due	to	its	high	tendency	to	adsorb	to	
OM	in	soil.	As	aforementioned,	OM	can	be	dissolved	in	water,	which	can	result	in	more	mobile	
Cu	 in	 the	 form	 of	 colloids.	 Cu	 is	 however	 expected	 to	 be	 less	 mobile	 due	 the	 formation	 of	
complexes	with	carbonate	at	this	pH	range.	At	lower	pH,	Cu	will	form	higher	concentrations	of	
aquo	complexes,	see	Equilibria	Diagram	5	in	the	Appendix.	Cu	is	therefore	expected	to	be	found	
in	the	soil	samples	but	not	in	the	groundwater. 
 
6.5.6 Zn 
Zn	is	either	in	the	free	ionic	form	or	in	soluble	water	complexes,	see	Equilibria	Diagram	6	in	the	
Appendix.	Due	to	its	high	electronegativity,	Zn	tend	to	form	strong	complexes	such	as	Zn-oxides	
and	is	therefore	expected	to	be	adsorbed	in	the	toplayer	of	the	soil	during	these	conditions.	Due	
to	fractions	of	hydrous	oxides	of	iron	in	clay	Zn	adsorbs	through	covalent	bonds. 
 
6.5.7 Sampling Procedure 
All	 samples	 were	 collected	 between	 10:30	 and	 12:30	 1	 March	 2016.	 The	 temperature	 was	
around	31	°C,	 the	weather	was	cloudy	with	sunny	 intervals	and	 the	humidity	 level	was	48	%.	
The	 weather	 was	 similar	 previous	 day	 to	 the	 sampling.	 The	 samples	 were	 collected	 in	 PET	
bottles,	which	were	filled	up	in	order	to	decrease	the	risk	of	oxidation	of	the	compounds	in	the	
samples.	Directly	after	the	sample	was	collected,	the	bottles	were	covered	with	alumina	foil	to	
prevent	sunlight	radiation	to	induce	reactions.	The	soil	samples	were	collected	in	the	toplayer	of	
the	soil.	For	more	detailed	information	regarding	the	samples	see	

Table	13	in	the	Appendix.	

6.5.8 Sampling Spots  
A	map	with	the	 locations	of	the	sampling	spots	 is	displayed	in	Figure	22	in	the	Appendix.	The	
sampling	spots	were	chosen	based	on	the	background	study	and	the	observations	made	during	
the	field	study.	The	environmental	setting,	the	activities	at	the	site	as	well	as	the	environmental	
conditions	allowing	for	sample	collection	played	an	important	role	for	the	number	and	location	
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of	the	sampling	spots.	Three	soil	samples,	one	compost	sample	and	one	sample	from	the	faecal	
sludge	were	collected.	Three	groundwater	samples	and	two	water	samples,	faecal	sludge	pond	
and	a	pond,	were	also	collected.	Since	the	field	study	was	conducted	during	the	dry	season,	no	
runoff	or	leachate	water	was	found. 
 
6.5.8.1 Soil Samples  
Soil	Sample	1	(SS1) 
SS1	was	collected	in	the	topsoil	layer	where	the	faecal	sludge	is	disposed	in	the	north	west	part	
of	 the	dumping	 site,	 see	 Figure	22	 in	 the	Appendix.	 The	 surrounding	 and	 the	disposed	 faecal	
sludge	can	be	seen	in	Figure	12.	No	solid	waste	could	be	seen	where	the	sample	was	taken,	but	
during	the	monsoon	season	the	ponds	are	flooded	and	metals	can	therefore	be	spread	from	the	
site.	 Moreover,	 since	 the	 sampling	 spot	 is	 located	 next	 to	 the	 road,	 exhaust	 gases	 containing	
traces	of	Pb	adsorbed	 to	particles	are	expected	 to	 contaminate	 the	 sludge.	Based	on	previous	
studies	 of	 soil	 next	 to	 trafficated	 roads,	 concentrations	 of	 Pb	 ranging	 from	 0.1-6	 ppm	 can	 be	
expected	due	to	the	traffic	[59].	Due	to	the	high	organic	content	in	the	sludge	and	the	expected	
behaviour	of	Pb,	the	metal	will	be	adsorbed	in	the	top	layer.	Concentrations	of	Cd	and	nutrients	
such	as	Cu	are	normally	found	in	faecal	sludge.	Since	faecal	sludge	is	anaerobic	the	levels	of	BOD	
and	DO	should	be	high	respectively	low	resulting	in	more	reducing	conditions.	
	

	
Figure	 12:	 The	 surrounding	area	where	 sample	 SS1	was	 collected	 is	 shown	 to	 the	 left	 in	 the	 figure.	 The	 faecal	 sludge	 is	
shown	to	the	right.	 

The	 groundwater	 level	 in	 this	 area	 is	 between	 2.1	 and	 2.7	 meters	 depending	 on	 seasonal	
variations.	The	 soil	 profile	down	 to	10	m	depth	mainly	 consists	 of	 sand	and	 silt,	 only	 a	 small	
percentage	(4-6	%)	is	clay	[58].	At	deeper	levels,	the	soil	mainly	consists	of	sand.	See	Figure	32	
in	the	Appendix	for	an	overview	of	the	soil	profile	in	this	area.	There	is	no	clear	clay	layer	in	this	
area	retaining	water	percolation	of	heavy	metals	downwards	in	the	soil.	Retention	of	metals	in	
the	first	sand/silt	is	limited	due	to	the	high	hydraulic	permeability,	low	number	of	reactive	sites	
and	 low	 CEC.	 When	 reaching	 the	 saturated	 sand	 the	 transportation	 rate	 downwards	 and	
vertically	 south	 will	 be	 increased.	 Cd,	 Pb	 and	 Cu	 are	 expected	 to	 be	 immobilised	 in	 this	
environment	and	accumulated	in	the	topsoil	layer.	
 
Soil	Sample	2	(SS2) 
SS2	was	collected	in	an	onion	field	located	42	meters	south	west	of	the	site,	see	Figure	22	in	the	
Appendix.		The	spot	where	the	sample	was	collected	together	with	the	onion	field	are	depicted	
in	Figure	13.	This	spot	was	chosen	because	it	is	suspected	that	pollutants	from	the	dumping	site	
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are	spread	to	the	agricultural	land.	An	embankment	with	a	height	of	around	2	m	separates	the	
agricultural	land	from	the	dumping	site,	see	Figure	14	to	the	left.	This	embankment	protects	the	
agricultural	land	to	some	extent.	The	embankment	is	too	low	for	protection	from	the	spreading	
of	 leachate	 water	 when	 the	 site	 is	 flooded	 and	 transportation	 through	 or	 below	 the	
embankment	 is	 not	 hindered.	 Pb	 and	 Cd	 are	 expected	 due	 to	 the	 transportation	 with	
incineration	 smoke	 and	 eroded	 soil	 during	 flooding.	 All	 nutrients	 are	 expected	 in	 higher	
amounts	due	to	the	usage	of	soil	amendments.	Cr	and	Cd	are	both	metals	that	are	expected	in	
soil	where	chemical	fertilisers	are	used.	The	type	of	fertilisers	used	are	unknown. 
 

	
Figure	13:	The	spot	where	SS2	was	collected	is	depicted	to	the	left	in	the	figure	and	parts	of	the	onion	field	can	be	seen	to	
the	right.	 

The	surrounding	soil	profile	at	the	site	north	of	the	agricultural	land	can	be	seen	in	Figure	30	in	
the	 Appendix.	 	 A	 silt/clay	 layer	 is	 found	 between	 the	 surface	 and	 a	 depth	 of	 4	m.	 This	 layer	
consists	 of	 silt	 (60-63	 %)	 and	 clay	 (29-34	 %)	 and	 the	 groundwater	 level	 is	 at	 0.9	 m	 depth	
[58].	 	The	 clay	 layer	 will	 contribute	 to	 the	 retention	 of	 heavy	 metal	 transportation	 to	 the	
groundwater	as	a	result	of	its	low	hydraulic	permeability.	Due	to	the	biogeochemistry	of	Pb	and	
Cd,	 these	 two	 are	 not	 expected	 to	 possess	 a	 threat	 for	 the	 groundwater.	 They	 are	 however	
expected	to	be	found	adsorbed	to	the	topsoil	layer. 
 
Soil	Sample	3	(SS3) 
SS3	was	collected	in	connection	to	the	south	west	border	of	the	site,	around	42	meters	north	of	
the	 onion	 field,	 see	 Figure	 22	 in	 the	Appendix.	 The	 spot	 is	 located	 in	 a	 lowland,	 between	 the	
dumping	site	and	the	embankment.	The	environmental	setting	and	the	sample	spot	can	be	seen	
in	Figure	14. 
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Figure	14:	The	embankment	separating	the	dumping	site	from	the	agricultural	land	can	be	seen	to	the	left	in	the	figure.	The	
spot	where	SS3	was	collected	is	depicted	to	the	right. 

The	soil	profile	in	this	area	is	depicted	in	Figure	30	in	the	Appendix.	The	groundwater	level	is	at	
0.9	m	depth	at	the	collection	point	and	a	groundwater	aquifer	is	located	at	53	m	depth.	As	can	
be	seen	in	Figure	N	a	4	m	thick	silt/clay	layer,	mainly	consisting	of	silt	(60-63	%)	and	clay	(29-
34	%),	is	found	right	under	SS3	[58].	This	layer	reduces	the	downward	percolation	of	water	and	
metals.	 This	 does	 also	 increase	 the	 flooding	 in	 the	 area,	 which	 can	 result	 in	 water	 surface	
transport	to	the	east.	The	water	percolation	rate	 is	 increased	further	east.	The	silt/sand	layer,	
located	 at	 around	 14	 m	 depth	 in	 this	 spot,	 results	 in	 a	 limited	 retention	 of	 the	 metals.	
Considering	the	soil	profile	and	the	environmental	setting	in	this	spot,	there	is	a	possibility	that	
the	soil	has	been	eroded	during	the	monsoon	season	resulting	in	lower	concentrations	of	heavy	
metals	than	would	be	expected	at	the	site.	
 
Soil	Sample	4	(SS4) 
SS4	was	collected	in	connection	to	the	medical	waste	facility	in	the	southeast	part	of	the	site,	see	
Figure	22	in	the	Appendix.	The	medical	waste	facility	and	the	sample	spot	can	be	seen	in	Figure	
15.	 The	 spot	 of	 the	 sample	 is	 not	 in	 direct	 contact	 with	 the	 waste	 disposed	 at	 the	 plant.	
However,	 since	 the	medical	waste	 is	 incinerated	 it	 is	expected	 that	particles	will	be	spread	 to	
the	surrounding	soil.	Furthermore,	the	spot	is	located	about	10	m	from	the	dumping	site,	as	can	
be	seen	to	the	right	in	Figure	15.	
	

	
Figure	15:	The	spot	where	SS4	was	collected	is	depicted	to	the	right	in	the	figure.	The	dumping	site	can	be	seen	to	the	right.	
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The	soil	profile	in	this	area	is	depicted	in	Figure	30	in	the	Appendix.	As	can	be	seen	in	the	figure,	
down	to	a	2	m	depth	the	soil	mainly	consists	of	a	sand/silt	layer,	sand	(60	%),	silt	(34	%)	and	a	
small	amount	of	clay	(6	%).	 In	this	area	the	groundwater	 level	 is	 found	at	2.1	m	depth	and	an	
aquifer	at	79	m	[58].	The	groundwater	is	expected	to	move	from	west	to	east	since	the	depth	of	
the	 groundwater	 level	 is	 increasing	 in	 that	direction.	 From	2	m	down	 to	 around	4,	 the	 soil	 is	
consisting	of	a	silt/clay	layer,	63	%	silt	and	29	%	clay,	resulting	in	limited	protection	from	metal	
transport	 to	 the	 aquifer.	 However,	 moving	 east,	 the	 silt/clay	 layer	 is	 decreased	 while	 the	
sand/silt	layer	is	increased.	This	results	in	metals	more	easily	being	transported	downwards. 
 
6.5.8.2 Groundwater Samples 
The	groundwater	level	in	the	area	of	the	dumping	site	is	varying	between	0.9	m	and	2	m	depth	
and	the	groundwater	aquifer	is	found	in	between	50	and	80	m	depth	[58].	At	the	site	there	are	a	
number	of	tube	wells	connected	to	aquifers.	Due	to	the	environmental	setting	in	the	area	there	
is	 a	 risk	 that	 the	 groundwater	 has	 been	 polluted	 with	 heavy	metals	 derived	 from	 the	 waste	
dumped	at	the	site.	It	is	therefore	of	highest	interest	to	analyse	samples	from	the	tube	wells	in	
this	area. 
 
Groundwater	Sample	1	(GWS1) 
GWS1	 was	 collected	 from	 a	 tube	 well	 located	 in	 the	 north	 part	 next	 to	 the	 busy	 road,	 in	
connection	to	the	pilot	biogas	and	compost	facility,	see	Figure	22	in	the	Appendix.	The	depth	of	
the	 tube	well	 is	60	m	[26].	There	 is	no	waste	dumped	at	 this	particular	spot	and	 the	pump	 is	
located	on	a	cement	floor	as	well	as	the	pilot	biogas	and	compost	facility,	see	Figure	16.	Waste	is	
however	dumped	in	the	vicinity	of	the	pump	and	the	facility. 
 

	
Figure	16:	The	tube	well	from	where	GWS1	was	collected.	Behind	the	tube	well,	the	biogas	and	compost	facility	can	be	
seen.	 

The	soil	profile	in	this	area	is	depicted	in	Figure	32	in	the	Appendix.	The	groundwater	level	in	
this	area	is	at	2.1	m	depth	[58].	The	soil	components	are	mainly	sand	(64-67	%)	and	silt	(27-32	
%)	down	to	10	m	depth.	Only	4-6	%	clay	is	found	down	to	a	depth	of	4	m.	Since	there	is	no	clear	
clay	 layer	 protecting	 the	 groundwater,	 transportation	 of	 both	 Cr	 and	 Ni	 due	 to	 their	
biogeochemistry	is	likely.	The	silt	does	however	retain	the	metals	to	some	extent.	
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Groundwater	Sample	2	(GWS2)	
GWS2	was	collected	from	a	tube	well	at	a	depth	of	79	m	[26]	in	connection	to	the	medical	waste	
facility	 in	 the	southeast	part	of	 the	site,	next	 to	where	SS4	was	collected,	 see	Figure	22	 in	 the	
Appendix.	The	tube	well	can	be	seen	in	Figure	17.	 
 

	
Figure	17:	The	tube	well	from	where	GWS2	was	collected.	

The	soil	profile	is	depicted	in	Figure	32	in	the	Appendix.	For	detailed	description	of	the	profile	
see	section	Soil	Sample	4	(SS4).	At	this	specific	spot,	the	retention	of	mobile	metals	is	expected	
to	be	limited	due	to	the	silt/clay	layer.	However,	the	groundwater	located	at	GWS1	is	assumed	
to	be	in	contact	with	the	groundwater	at	GWS2,	see	Figure	31	in	the	Appendix.	The	water	flow	
is,	as	previously	mentioned,	moving	from	north	to	the	south.	This	movement	of	the	water	flow	
can	 also	 be	 based	 on	 the	 fact	 that	 the	 aquifer	 to	 GWS2	 is	 located	 deeper	 than	 the	 aquifer	 to	
GWS1.	This	leads	to	a	possible	heavy	metal	transportation	from	GWS1	to	GWS2.	Cr	and	Ni	are	
therefore	also	expected	to	be	found	in	this	sample.		 
 
Groundwater	Sample	3	(GWS3) 
GWS3	was	collected	from	a	tube	well	situated	in	connection	to	the	households	at	the	southwest	
border	of	the	site,	see	Figure	22	in	the	Appendix.	The	depth	of	the	tube	well	is	53	m	[26]	and	it	is	
assumed	that	this	water	is	used	as	drinking	water	as	well	as	irrigation	water.	The	tube	well	can	
be	seen	in	Figure	18. 
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Figure	18:	The	tube	well	from	where	GWS3	was	collected.	

The	soil	profile	can	be	seen	in	Figure	30	in	the	Appendix.	The	profile	is	described	in	more	detail	
in	section	Soil	Sample	3	(SS3).	Due	to	the	high	amounts	of	silt	and	clay	in	this	area,	heavy	metal	
transportation	 is	assumed	to	be	 limited.	 In	addition,	 this	spot	 is	not	expected	 to	be	 in	contact	
with	GWS1	and	GWS2,	see	Figure	22	in	the	Appendix.	However,	heavy	metals	can	be	detected	as	
a	result	of	transportation	of	heavy	metals	in	the	groundwater	north	to	south.	This	conclusion	is	
based	 on	 the	 assumption	 that	 the	 groundwater	 in	 the	 north	 part	 is	 in	 contact	 with	 the	
groundwater	of	this	location.	Cr	and	Ni	are	the	expected	metals	in	that	case. 
 
6.5.8.3 Compost Sample 
Compost	Sample	1	(CS1) 
CS1	was	collected	in	the	compost	within	the	pilot	biogas	and	compost	facility	in	the	north	part	
of	 the	site	next	 to	 the	road,	 see	Figure	22	 in	 the	Appendix.	Since	 the	compost	 is	derived	 from	
MSW,	a	high	nutrient	content	 is	expected.	The	facility	 is	open,	without	walls,	whereas	exhaust	
gases	from	the	traffic	on	the	road	and	smoke	from	the	incinerated	waste	might	contaminate	the	
compost	with	Pb.		Since	the	waste	separation	is	performed	manually,	waste	such	as	electronics	
is	likely	to	end	up	in	the	raw	material	of	the	composting	process.	Therefore,	metals	such	as	Pb,	
Cd	and	Cr	are	expected	to	be	found. 
 
6.5.8.4 Water Samples 
Water	Sample	1	(WS1) 
WS1	was	collected	 in	 the	 faecal	sludge	pond	 in	 the	north	part	of	 the	dumping	site	next	 to	 the	
busy	road,	see	Figure	22	in	the	Appendix.	The	improperly	managed	sewage	ponds	give	rise	to	
growth	 of	 algae	 and	 other	 vegetation,	 which	 might	 result	 in	 eutrophication	 and	 oxygen	
depletion.	Low	concentrations	of	dissolved	oxygen	are	therefore	expected,	which	will	contribute	
to	 a	more	 reducing	 environment.	 The	 faecal	 sludge	 pond	 can	 be	 seen	 in	 Figure	 19.	 Since	 the	
sample	contains	 faecal	sludge,	a	higher	nutrient	content	 is	also	expected.	Furthermore,	plastic	
waste	 was	 observed	 in	 the	 pond	 and	when	 the	 site	 is	 flooded	 the	 ponds	 are	 expected	 to	 be	
contaminated	with	more	waste. 
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Figure	19:	The	faecal	sludge	pond	where	WS1	was	collected.		

The	soil	profile	 is	depicted	 in	Figure	32	and	explained	 in	more	detail	 in	section	Soil	Sample	1	
(SS1).	No	clear	clay	layer	has	been	found	in	this	area	and	heavy	metal	percolation	can	therefore	
be	a	problem	 in	 this	area.	 It	 is	assumed	that	heavy	metals	such	as	Pb	and	Cd	are	adsorbed	 to	
organic	particulate	matter	in	the	water	of	the	pond.	In	particular,	higher	concentrations	of	Pb	is	
expected,	 due	 to	 exhaust	 gases	 from	 the	 traffic	 on	 the	 road	 and	 smoke	 from	 the	 incinerated	
waste. 
 
Water	Sample	2	(WS2) 
WS2	was	collected	in	a	pond	next	to	a	couple	of	households	at	the	south	border	of	the	dumping	
site,	next	to	sampling	spot	GWS3,	see	Figure	22	in	the	Appendix.	As	can	be	seen	in	Figure	20,	the	
water	 is	muddy	and	both	 food	 residues	and	plastic	 are	present.	The	waste	 contaminating	 the	
pond	 is	assumed	to	be	a	consequence	of	 the	 flooding.	Heavy	metals	such	as	Cd,	Cr	and	Pb	are	
expected	in	the	sample.	Increased	nutrients	concentrations	are	expected	due	to	the	agricultural	
land	in	the	vicinity	and	low	concentrations	of	dissolved	oxygen	due	to	high	amounts	of	organic	
matter.	
 

	
Figure	20:	The	pond	where	WS2	was	collected.		

The	soil	profile	in	this	area	is	depicted	in	Figure	30	and	explained	in	more	detail	in	the	section	
Soil	Sample	3	(SS3).	
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6.5.9 Limitations  
People	working	 at	 the	 site	 and	at	 JCC	performed	 the	 collection	of	 the	 samples.	Due	 to	 lack	of	
proper	equipment,	the	soil	samples	were	collected	with	a	small	spade	and	both	soil	and	water	
samples	were	stored	in	PET-bottles	previously	used	for	purified	drinking	water.	

7.	Analysis	
 
7.1	Parameters	for	Assessing	Water	Quality 
 
7.1.1 Biological Oxygen Demand (BOD) and Chemical Oxygen Demand (COD)  
BOD,	COD	and	total	organic	carbon	(TOC)	are	parameters	used	to	measure	the	organic	matter	
content	in	water	and	effluents	[37].	BOD	is	a	measure	of	the	total	oxygen	depletion	in	water	due	
to	oxidation	of	organic	matter	through	biological	activities.	Therefore	an	important	parameter	
regarding	 the	 water	 quality.	 The	 oxygen	 depletion	 is	 a	 result	 of	 both	 organic	 and	 inorganic	
species	 reacting	with	 dissolved	 oxygen.	 During	 the	 degradation,	 carbon	 dioxide	 and	water	 is	
formed.	High	values	of	BOD	mean	high	concentrations	of	oxidisable	materials.	Therefore,	high	
BOD	values	leads	to	an	anaerobic	environment,	which	in	turn	causes	stress	on	larger	organisms	
and	higher	life	forms	such	as	fish.	BOD	is	used	in	order	to	assess	the	natural	water	quality	and	to	
investigate	the	anoxic	conditions	waste	can	cause	when	introduced	into	the	environment.	When	
the	 oxygen	 is	 depleted	 other	 reducing	 agents	 will	 take	 part	 in	 the	 degradation	 of	 oxidisable	
species	[37].	Oxidation	with	nitrate	and	sulphate	can	form	chemical	toxics.	Water	quality	based	
on	values	of	BOD	is	displayed	in	Table	3	below.	Water	can	have	much	greater	BOD	values	than	
the	maximum	total	dissolved	oxygen	concentration	(8	mg/l). 
 
Table	3:	Water	quality	based	on	values	of	BOD	(miljökemiboken).	
Water	Quality BOD	[mg/l] 
Very	Clean <	1 
Fairly	Clean 1-3 
Doubtful	Purity 3-5 
Contaminated >	5 
  
COD	 measures	 the	 concentration	 of	 substances	 that	 can	 be	 oxidised	 by	 a	 strong	 chemical	
oxidant,	 such	 as	 potassium	 dichromate.	 High	 concentrations	 of	 COD	 are	 normally	 a	 result	 of	
oxidised	 particulate	 and	 dissolved	 organic	 matter.	 Therefore,	 the	 organic	 matter	 is	 often	
simplified	to	CH2O.	The	reaction	is	stated	below.		 
 

3 CH!O + 2Cr!O!!! + 16H!O! aq → 3CO! + 27H!O + 4Cr!! 
 
Due	to	the	harsh	conditions	during	COD	analysis,	resistant	compounds	are	oxidised	in	a	higher	
extent	which	normally	gives	higher	values	of	COD	than	BOD.	Total	organic	carbon	 is	normally	
measured	through	combustion	of	the	sample. 
 
7.1.2 DO 
Dissolved	oxygen	 (DO)	 is	a	measure	of	 free	oxygen	 (O2)	dissolved	 in	water	or	other	effluents.	
Since,	 living	 organisms	 in	 water	 bodies	 are	 highly	 influenced	 by	 the	 level	 of	 DO,	 it	 is	 an	
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important	 parameter	when	 evaluating	 the	 quality	 of	 water	 or	 other	 effluents.	 Amount	 of	 DO	
needed	varies	among	different	organisms,	some	values	are	displayed	in	Table	4. 
 
Table	4:	Amount	of	DO	needed	for	worms	respectively	fishes.		
Organism DO	[mg/l] 
Worms 1-6 
Fish 4-15 
 
In	 order	 for	 bacteria	 and	 other	 microbes	 to	 degrade	 OM,	 DO	 is	 required.	 This	 process	 is	
important	for	the	recycling	of	nutrients.	 

7.1.3 Total Solids (TS) and Total Suspended Solids (TSS)  
Total	 solids	 (TS)	 is	 a	 parameter	 that	 measures	 all	 the	 solids	 in	 water	 and	 effluents,	 both	
suspended,	 colloidal	 and	dissolved	 solids	 [60]. Factors	 that contribute	 to	TS	 are	 soil	 erosion,	
organics	and	industrial	waste.	High	concentrations	of	TS	contribute	to	higher	temperatures	and	
limits	 the	 photosynthesis.	 This	 is	 harmful	 for	 living	 organisms.	 Self-purification	 is	 a	
phenomenon	 that	 occurs	 in	 water	 bodies.	 Small	 amounts	 of	 animals	 and	 vegetative	 waste	 is	
oxidised	 to	 form	 organic	 and	 inorganic	 compounds	 through	 aerobic	microbial	 reactions	 [37].	
During	 this	process	 carbon	dioxide	 is	 formed	which	 is	used	during	 the	photosynthesis	where	
oxygen	is	produced	and	returned	to	the	water.	This	cycle	is	disturbed	if	the	values	of	BOD	and	
total	suspended	solids	(TSS)	are	too	high.	High	BOD	gives	anaerobic	conditions,	which	inhibits	
the	oxidation	in	the	self-purification	process,	and	high	TSS,	which	inhibits	the	photosynthesis. 

7.1.4 Total Phosphorous (TP) 
P	 is	 an	 important	 nutrient	 for	 both	 microorganisms	 and	 plants	 [37](Ch.	 14.3).	 High	
concentrations	 can	 lead	 to	 eutrophication,	 which	 results	 in	 oxygen	 depletion	 and	 increased	
amounts	 of	 carbon	 dioxide	 in	 the	 atmosphere.	 Furthermore,	 it	 causes	 a	 stagnation	 of	 the	
photosynthesis,	which	gives	an	increase	of	carbon	dioxide	releases.	Orthophosphate	(H3PO4)	is	
the	dominating	form	of	P(V)	in	water.	The	most	common	phosphorus	aqueous	species	in	acidic	
environments	 is	 H2PO4-.	 In	 environments	 with	 pH	 above	 7	 the	 deprotonated	 form	 HPO42-	
dominates.	The	concentration	of	 iron	and	aluminium	controls	 the	solubility	of	H2PO4-	 in	acidic	
solutions,	whilst	calcium	controls	the	solubility	of	HPO42-	in	alkaline	conditions.	In	soil,	P	is	most	
commonly	 immobile	 when	 associated	 with	 aluminium	 and	 iron	 hydroxides.	 However,	 in	
complexes	with	calcium	species,	P	is	insoluble. 

7.1.5 Total Nitrogen (TN) 
Nitrogen	 is	 an	 essential	 nutrient	 for	 living	 organisms	 and	 plants	 in	 both	 the	 aquatic	 and	 the	
terrestrial	 environment	 [37](ch.15.3).	 It	 is	 also	 an	 important	 nutrient	 for	 animals.	 However,	
excessive	amounts	of	 inorganic	nitrogen	species	can	have	a	 toxic	effect	on	microorganisms	as	
well	as	for	humans.	High	concentrations	can	lead	to	eutrophication	of	water	bodies. 

Depending	 on	 pE	 and	pH,	 nitrogen	 can	 exist	 as	 four	 different	 aqueous	 species.	 In	water	with	
high	pE	the	most	common	species	 is	nitrate.	During	anaerobic	conditions,	reduction	of	nitrate	
occurs	through	nitrite	to	ammonia.	Depending	on	pH,	ammonia	can	either	exist	as	NH4+	or	NH3	
during	 reducing	 conditions.	 Intermediate	 pE	 is	 uncommon	 in	 water	 bodies	 due	 to	 the	 redox	
buffering	 effect	 in	water.	 Accordingly,	 the	most	 common	 species	 in	 freshwater	 is	 nitrate	 and	
NH4+. 
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During	decomposition	of	OM,	nitrogen	is	released	as	ammonium	ions	or	ammonia	depending	on	
the	 pH.	 Ammonium,	 which	 is	 the	 mineralised	 form	 of	 nitrogen,	 can	 be	 oxidised	 to	 nitrate	
through	nitrification.	This	reaction	occurs	in	soil	with	high	pE	values.	Nitrate	is	an	anion	and	soil	
has	 very	 limited	 anion	 exchange	 capacity,which	 results	 in	high	mobilisation	of	 the	 species.	 In	
contrast,	NH4+	is	retained	by	soil	and	is	rather	immobile.	Therefore,	nitrate	can	be	transported	
to	groundwater. 

Nitrate	 is	not	directly	toxic	to	humans.	 In	the	human	body,	nitrate	 is	reduced	to	nitrite,	which	
reacts	 with	 hemoglobin	 and	 inhibits	 the	 oxygen	 transportation.	 This	 phenomenon	 is	
particularly	harmful	for	children.	 

7.2	Analytical	Procedure 
7.2.1 Dissolved Oxygen (DO) 
The	 instrument	 used	 for	 measuring	 the	 DO	 was	 a	 dissolved	 oxygen	 meter	 from	 HANNA	
Instruments.	Each	water	bottle	was	 shaken	before	 it	was	poured	 into	a	 cup.	Previous	 to	each	
measurement,	the	instrument	was	washed	with	distilled	water. 
 
7.2.2 Chemical Oxygen Demand (COD)  
The	COD	was	analysed	for	WS1,	WS2	and	GWS3.	1	ml	of	each	water	sample	was	poured	in	a	flat	
bottom	 flask.	 10	ml	 of	 0.25	N	 potassium	dichromate	 (K2Cr2O7)	 (chemical	 oxidant)	was	 then	
added	to	 the	 flat	bottom	flask.	0.2	g	silver	sulphate	(AgSO4),	0.2	g	mercuric	sulphate	(HgSO4)	
and	10	ml	of	98	%	sulphuric	acid	 (H2SO4)	was	added	 in	 the	given	order.	A	 reference	 sample	
was	 prepared	 following	 the	 same	 descriptions	 as	 above,	 except	 the	 addition	 of	 sample	
wastewater.	The	four	flat	bottom	flask,	three	with	samples	and	one	reference,	were	placed	in	a	
water	bath	 in	a	Liebig	Condenser	 for	 two	hours.	After	 the	digestion,	 each	 sample	was	diluted	
with	 100	 ml	 distilled	 water	 for	 cooling.	 This	 was	 followed	 by	 the	 addition	 of	 2-3	 drops	 of	
Ferroin	indicator	solution	in	each	sample.	The	samples	were	then	titrated	against	the	standard	
Ferros	Ammonium	Sulphate	 (FAS)	until	 the	 colour	 changed	 to	blue	green.	The	distilled	water	
blank	was	 run	 in	 the	 same	manner.	 In	order	 to	 calculate	COD,	equation	1,	2	and	3	were	used	
respectively	and	the	values	used	are	displayed	in		

Table	15	in	the	Appendix.	The	equations	are	displayed	below.	

	
V! ∗ N! = V! ∗ N!	 	 	 	 	 (1) 
N! = V! ∗

!!
!!
	 	 	 	 	 	 (2)	

COD = B − T ∗ N! ∗
!"""!!
!"#

	 	 	 	 (3)	

 
𝑉!=	Volume	of	potassium	dichromate	used	(10	ml) 
𝑁!	=	Normality	of	potassium	Dichromate	Used	(0.25	ml) 
𝑉!	=	Volume	of	FAS	required	in	titration		
𝑁!	=	Normality	of	FAS 
B	=	Blank	titration	reading 
T	=	Sample	titration	reading 
N	=	Normality	of	FAS 
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7.2.3 pH 
The	 instrument	 used	 for	 pH	measurements	was	 a	HANNA	HI	 8424	 pH	meter.	 It	was	washed	
with	distilled	water	before	each	measurement. 
10	 g	 from	 each	 soil	 sample	was	mixed	with	 25	ml	 of	 distilled	water.	 Stirring	was	 performed	
manually	for	less	than	10	minutes. 
 
7.2.4 Moisture Content 
For	the	measurements	of	the	moisture	content	in	the	soil	samples	each	sample	was	dried	in	an	
oven	 in	 104	 ℃	 for	 4	 h.	 The	 weight	 differences	 of	 each	 sample	 were	 then	 calculated	 by	
comparing	the	weight	before	and	after	the	drying	procedure.	The	weights	are	depicted	in	Table	
16	in	the	Appendix.	 
 
7.2.5 Organic Carbon (OC), Organic Matter (OM) and Total Nitrogen 
For	 the	 determination	 of	 the	OC	 in	 the	 soil,	 0.2	 g	 from	 each	 sample	was	 put	 in	 five	 different	
flasks.	2.5	ml	of	1N	K2Cr2O7	was	added	to	each	flask	followed	by	5	ml	of	98	%	H2SO4.	The	soil	
samples	used	were	the	same	as	the	once	that	had	been	dried	in	the	oven	for	measurements	of	
the	moisture	 content.	The	solutions	were	 shaken	and	 left	 for	30	minutes.	50	ml	of	water	was	
then	added	to	each	solution,	followed	by	2.5	ml	85	%	H3PO4	and	0.25	Diphenylamine	indicator.	
A	 blank	 sample	was	prepared	 following	 the	 same	procedure	 except	 the	 addition	 of	 soil.	 Each	
solution	was	then	titrated	against	0.5	N	FeSO4	solution	until	it	changed	into	a	green	colour.		The	
equations	used	for	calculating	OC,	OM	and	total	Nitrogen	are	displayed	below	in	equation	4,	5	
and	 6	 respectively.	 B	 and	 T	 in	 the	 equation	 stand	 for	 the	 blank	 and	 test	 sample	 reading,	
respectively.	X	is	the	weight	of	the	sample.	The	values	used	are	depicted	in		
Table	17	in	the	Appendix. 
 
% of OC = B − T ∗ 0.5 ∗ 0.003 ∗ !""

!.!
(= X)    (4) 

% of OM = OC ∗ 1.72	 	 	 	 	 (5) 
% of Total Nitrogen = OM ∗ 0.05	 	 	 	 (6)	
 
B=Blank	sample	reading	from	burette 
T=	Test	sample	reading	from	burette 
X=weight	of	the	sample	
 
7.2.6 Biological Oxygen Demand (BOD) 
The	BOD	was	measured	for	all	water	samples.	Water	from	each	sample	was	added	into	bottles	
together	with	1	ml	98	%	potassium	phosphate,	magnesium	sulphate,	calcium	chloride	and	ferric	
chloride	solution.	The	magnesium	solution	was	prepared	by	dissolving	22.5	g	of	MgSO4*7H2O	in	
1	l	deionized	water.	The	calcium	chloride	solution	was	prepared	by	dissolving	27.5	g	CaCl2	in	1	l	
deionized	water.	The	ferric	chloride	was	prepared	by	dissolving	0.25	g	FeCl3*6H2O	in	1	l	ionized	
water.	The	containers	were	shaken	for	one	minute	in	order	to	dissolve	the	slurry	and	saturate	
the	water	with	oxygen.	The	bottles	were	placed	in	a	constant	temperature	chamber	to	maintain	
a	temperature	of	20	℃.	The	initial	DO	(D1)	was	determined	and	recorded.	The	bottles	were	then	
sealed	and	placed	in	an	air	incubator	in	order	to	be	incubated	in	20	℃	+/-	1	℃	for	five	days.	The	
DO	 (D2)	was	 then	measured.	 For	 calculation	 of	 BOD,	 equation	 7	 below	was	 used.	 	The	 values	
used	are	depicted	in	Table	18	in	the	Appendix.	
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BOD!

!"
!

= (D! − D!)/P 	 	 	 	 	 (7) 
 
𝐷!	=	Initial	DO	of	the	sample 
D2=	Final	DO	of	the	sample 
P=Decimal	volumetric	fraction	of	sample	used 
 
If	100	mL	of	sample	are	diluted	to	300	mL,	 then	P	=	100/300=	0.33.	Notice	that	 if	no	dilution	
was	necessary,	P	=	1.0	and	the	𝐵𝑂𝐷!	is	determined	by	𝐷!-	D2. 
 
7.2.7 Determination of Phosphorus (Bray and Kurtz Method) 
3.5	g	of	soil	from	each	soil	sample	was	mixed	with	25	ml	of	ammonium	fluoride.	The	ammonium	
fluoride	solution	was	prepared	by	adding	0.111	g	NH4F	 in	a	100	ml	volumetric	 flask	 together	
with	2	ml	1.25	HCl	and	water	to	reach	the	volume	of	100	ml.	The	soil	solutions	were	shaken	for	
5	minutes	each	and	then	filtrated.	The	filtrate	was	left	overnight.	5	ml	of	each	filtrate	was	added	
into	 five	 different	 50	ml	 volumetric	 flasks.	 Approximately	 30	ml	water	 followed	 by	 10	ml	 of	
ammonium	 molybdate	 ascorbic	 acid	 solution	 was	 added	 to	 each	 volumetric	 flask.	 The	
ammonium	molybdate	 ascorbic	 acid	 solution	was	prepared	by	 first	 adding	0.48	g	 ammonium	
molybdate,	0.0116	g	potassium	antimony	tartrate	and	6	ml	H2SO4	(98	%)	to	100	ml	of	distilled	
water.	0.41	g	ascorbic	acid	was	 then	added	 to	100	ml	of	 the	molybdate	solution.	SS1	and	CS1	
turned	dark	blue	after	the	addition	of	ammonium	molybdate,	SS3	turned	blue,	and	SS4	and	SS2	
turned	 light	 blue,	 see	 Figure	 21	 below.	Water	was	 then	 added	 to	 reach	 a	 volume	of	 50	ml.	 A	
blank	was	 prepared	 following	 the	 same	 description	 except	 the	 addition	 of	 soil.	 The	 solutions	
were	left	for	15	minutes.		 
 

	
Figure	21:	From	the	left	the	sample	solutions	are	displayed	in	the	following	order	in	the	picture:	blank,	SS4,	SS3,	SS1,	CS1,	
SS2.	

A	VIS	6000	Spectrophotometer	was	used	to	measure	the	absorption	at	890	nm.	The	blank	was	
set	as	zero	and	used	as	a	reference	in	order	to	measure	the	absorption	of	the	soil	samples.	For	
the	 calculation	 of	 the	 concentration	 of	 phosphorous	 in	 each	 sample,	 equation	 8	 and	 9	 below	
were	used.	For	the	values	used	see		

Table	19	in	the	Appendix. 

df = !"#$%& !"#$%&
!"!#$ !"#$%&

	 	 	 	 	 (8) 
ppm of soil = Abs ∗ df ∗ 1.497 [mg/l]	 	 	 	 (9)	
	
df = dilution factor = (25 ml AF/3.5 g soil) ∗ (50 ml total volume/5 ml soil liquid = 71.43	
cf = correction factor = 1.497	
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7.2.8 Determination of Total Dissolved Solids (TDS) 
Total	 Dissolved	 Solids	 (TDS)	 was	 analysed	 for	 WS1	 and	 WS2.	 Four	 porcelain	 cups	 were	
weighed.	Two	porcelains	cup	were	used	for	non-filtered	water	and	two	for	filtered	water	from	
each	 sample.	 The	 sample	water	 added	 to	 each	 cup	was	 20	ml	 and	 each	 cup	with	water	was	
weight.	 The	 samples	were	 then	 heated	 and	 boiled	 at	 100	 Deg.	 C	 up	 in	 order	 to	 vaporise	 the	
water.	After	all	the	water	was	vaporized,	the	cups	and	the	residue	was	weight.	For	calculation	of	
TS,	TDS	and	TSS,	equation	10,	11	and	12	displayed	were	used.	For	values	used	see	Table	18	in	
the	Appendix.	 
 
TS = !"!!!"#$%&%' !"#$%&"∗!"!

!"(!"#$%& !"#$%&)
  	 	 	 (10) 

TDS = !"#$%&%' !"#$%&"∗!"!

!"
	 	 	 	 	 (11)	

TSS = TS − TDS	 	 	 	 	 (12)	
 
7.2.9 Heavy Metal Analysis 
Soil	Samples:	1	mg	of	each	soil	sample	was	added	to	a	250	ml	flask	followed	by	addition	of	25	
ml	37-38	%	HCl-solution.	 	The	sample	solution	was	then	heated	at	 low	temperature	until	each	
volume	was	decreased	 to	25	ml.	Each	soil	 solution	was	 then	 transferred	 to	100	ml	 flasks	and	
distilled	water	was	 added	 to	 reach	 a	 total	 volume	 of	 100	ml	 for	 every	 sample.	 The	 solutions	
were	then	filtered.	 
Water	Samples:	The	water	samples	were	filtered. 
 
Atomic	Absorption	 Spectrophotometric	 (AAS)	method	was	 used	 for	 the	 heavy	metal	 analysis.	
The	instrument	was	a	AA-7000	model	of	the	label	SHIMADZU.	 
 
Cu,	Cd,	Pb,	Ni,	Cr	and	Zn	were	analysed.	The	AAS	 instrument	was	 calibrated	previous	 to	each	
metal	analysis,	see	Figure	29.	The	number	of	standards	and	concentrations	of	the	standards	are	
depicted	in	Table	5.	Since	the	soil	samples	were	extracted	with	HCl	a	blank	sample	containing	
37-38	 %	 HCl	 was	 measured	 before	 the	 measurements	 of	 the	 samples	 as	 a	 background.		
 
Table	5:	The	number	of	standards	and	concentrations	of	the	standards.	
Metal	 Number	of	standards	and	Concentration	
Cu	 3:	1	ppm,	2	ppm,	3	ppm	
Cd	 3:	0.1	ppm,	0.2	ppm,	0.4	ppm	
Pb	 4:	1	ppm,	2	ppm,	3	ppm,	4	ppm	
Ni	 3:	0.5	ppm,	1	ppm,	2	ppm	
Zn	 3:	0.1	ppm,	0.2	ppm,	0.4	ppm	
Cr	 3:	0.5	ppm,	1	ppm,	2	ppm	
 
7.3	Limitations	and	Sources	of	Error 

• General:	The	soil	and	water	samples	were	stored	in	500	ml	PET-bottles,	earlier	used	for	
drinking	water.	 The	 samples	were	 sent	with	 airplane	 from	 Jessore	 to	Dhaka	 and	 then	
stored	in	an	office	for	one	day.	There	was	no	fridge	where	to	store	the	samples.	During	
the	stay	in	Bangladesh	only	one	day	was	used	for	sample	collection.	It	was	therefore	not	
possible	to	statistically	ensure	the	results.	Only	one	sample	per	spot	was	collected,	and	
each	parameter	was	only	analysed	once.	 

• DO:	The	 results	 from	 the	DO	are	 insecure	as	 it	 is	hard	 to	measure	and	and	 the	values	
were	not	stable,	and	the	method	is	insecure.	There	was	no	cover	used	for	the	cups. 
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• pH:	The	pH-values	read	on	the	pH-meter	 fluctuated	with	a	value	of	2/10	between	two	
different	values	during	the	analyses.	The	result	is	the	average	value	for	each	sample. 

• Heavy	Metal	Analysis:	No	acid	was	added	 to	 the	water	samples	 in	order	 to	extract	 the	
metals	 before	 the	 analysis.	 When	 calibrating	 the	 machine	 before	 the	 Cd	 analysis	 the	
third	standard	(0.4	ppm)	did	not	show	the	correct	concentration. 

8.	Results	from	Analysis	of	the	Samples	Collected	in	Jessore	
	
8.1	Soil	Samples	
The	 results	 from	 the	 analysis	 of	 the	 soil	 and	 compost	 samples	 are	 presented	 in	 Table	 6	 and	
Table	7	below.	The	pH	for	all	samples	are	within	the	expected	range	6-8,	see	Table	6.	The	lowest	
pH	was	found	in	SS1	(6.4)	and	the	highest	in	CS1	(8.2).	The	pH	value	of	CS1	is	close	to	the	upper	
guidelines	 limit,	 Table	21	 in	 the	Appendix.	 The	moisture	 content	 of	 the	 compost	 is	 above	 the	
guidelines	limit.	All	OC-values	are	rather	low	and	the	CS1	percentage	is	far	below	the	limit	value	
for	compost.	The	OM-values	are	also	very	low	but	higher	than	the	expected	value	(1.5	%).	Low	
values	of	the	two	nutrients	(N	and	P)	were	also	found,	with	N	content	in	the	compost	below	the	
recommended	percentage.	
 
Table	6:	Results	from	the	analysis	of	soil	and	compost	samples.		
Sample	 pH	 Moisture	Content	[%]	 OC	[%]	 OM	[%]	 Total	N	[%]	 Total	P[ppm]	

SS1	 6.4	 31.37	 2.33	 4.01	 0.2	 240.16	

SS2	 7.5	 18.29	 1.35	 2.32	 0.12	 35.82	

SS3	 7.7	 25.84	 0.83	 1.43	 0.07	 53.25	

SS4	 7.6	 21.16	 2.18	 3.75	 0.19	 28.33	

CS1	 8.2	(5-
8.5)	

24.39	(max	15)	 1.43	(10-
25)	

2.46	 0.12	(0.5-
4.0)	

176.11	

 
The	 results	of	 the	heavy	metal	 content	 in	 the	 soil	 samples	are	depicted	 in	Table	7.	Almost	 all	
samples	have	a	metal	content	exceeding	the	limitation	values	found	in	Table	22	in	the	Appendix.	
Pb	and	Cu	 in	SS3	and	CS1	are	all	 equal	 to	 zero.	The	highest	values	of	both	Cr,	Cd	and	Ni	was	
found	in	SS2.	Zn	was	found	in	concentrations	above	the	recommended	value	in	all	samples.		
 
Table	7:	Results	from	the	heavy	metal	analysis	of	soil	and	compost	samples.		
Sample	 Cr	[ppm]	 Cd	[ppm]	 Pb	[ppm]		 Ni	[ppm]		 Cu	[%]		 Zn	[%]		
SS1	 547.76	 10.38	 183.64	 276.54	 0.12	 0.38	
SS2	 1759.70	 5.19	 1268.78	 596.38	 0.10	 0.29	
SS3	 50.28	 5.77	 0	 203.24	 0	 0.19	
SS4	 410.16	 2.88	 258.76	 169.92	 0.042	 0.169	
CS1	 47.63	 8.65	 0	 94.95	 0	 0.10	
 
8.2	Water	Samples	
The	results	from	the	analysis	of	both	groundwater	and	the	samples	collected	in	the	pond	and	
the	faecal	sludge	pond	are	displayed	in		

Table	8	and	Table	9	below.	

The	DO-values	depicted	in		
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Table	8	are	too	low	in	all	the	samples	compared	to	the	standard	values	in	Table	24	in	the	
Appendix.	Furthermore,	the	COD-value	for	the	sample	WS1	is	close	to	the	maximum	limit,	while	
WS2	is	above	that	limit.	In	GWS3,	COD	is	0.	According	to	the	given	BOD	limits	in	Table	24,	BOD	is	
above	the	contamination	level	for	all	samples	(>5	mg/l).	

Furthermore,	TS	for	WS1	is	much	higher	than	the	normal	values	for	non-treated	sewage	sludge	
according	to	the	limits	mentioned	in	Table	25.	

Table	8:	The	results	from	the	analysis	of	both	groundwater	and	the	samples	collected	in	the	pond	and	the	faecal	sludge	
pond.	
Sample	 DO	

[mg/l]	
pH	(6-
9)	

COD	[mg/l]	(400	
mg/l)	

BOD	
[mg/l]		

TS	
[mg/l]	

TSS	
[mg/l]	

TDS	
[2100	
mg/l]	

GWS1	 4.3	 7.5	 N/A	 11	 N/A	 N/A	 N/A	
GWS2	 5.2-4.8	 7.53	 N/A	 10	 N/A	 N/A	 N/A	
GWS3	 4.8	 7.3	 0	 6	 N/A	 N/A	 N/A	
WS1	 3.0-2.9	 6.93	 368	 13	 800		 700	 100	
WS2	 0.5-0.0	 7.16	 552	 8	 250	 200	 50		
 
In	Table	9	below	the	heavy	metal	concentrations	for	all	water	samples	are	displayed.	Too	high	
amounts	of	Cr,	compared	to	the	drinking	standards	depicted	in	Table	26	in	the	Appendix,	were	
found	in	all	samples.	No	traces	of	Cd,	Pb,	Cu	and	Zn	were	found	in	any	of	the	samples.	Ni	was	
however	found	in	GWS3	and	WS1	both	in	concentrations	above	the	standards	displayed	in	Table	
26.	
 
Table	9:	Results	from	the	heavy	metal	analysis	of	both	groundwater	and	the	samples	collected	in	the	pond	and	the	faecal	
sludge	pond.	
Sample	 Cr	[ppm]	(0.05)	 Cd	[ppm]	 Pb	[ppm]	 Ni	[ppm]	(0.1)	 Cu	[%]	 Zn	[%]		
GWS1	 13.23	 0	 0	 0	 0	 0	
GWS2	 21.17	 0	 0	 0	 0	 0	
GWS3	 10.58	 0	 0	 1.67	 0	 0	
WS1	 31.75	 0	 0	 3.33	 0	 0	
WS2	 37.05	 0	 0	 0	 0	 0	
 

9.	Discussion 
 
9.1	Limitations 
No	acid	was	added	to	the	water	samples	before	the	heavy	metals	were	analysed.	This	could	be	
the	reason	for	Cr	and	Ni	to	be	the	only	detected	metals	in	the	water	samples.	The	measured	BOD	
and	COD	indicates	that	OM	is	present	in	the	water	samples	to	which	heavy	metals	can	adsorb.	
TS,	TSS	and	TDS	were	detected	in	the	water	samples	from	the	ponds,	WS1	and	WS2.	Therefore,	
the	absence	of	acid	addition	in	the	metal	analysis	can	be	a	source	of	error,	in	particular	for	WS1	
and	WS2,	where	more	heavy	metals	were	expected.	The	results	in	the	groundwater	samples	are	
however	assumed	to	not	be	affected	since	no	solid	particles	could	be	observed	in	these	samples. 
	
The	limited	time	scope	for	the	project,	and	in	particular	the	field	study,	resulted	in	limitations	in	
the	 statistical	 analysis.	 Ten	 samples	were	 collected	during	 the	 field	 study,	 five	water	 samples	
and	five	soil	samples,	and	they	were	collected	at	different	spots.	Each	sample	was	analysed	once	
for	 each	 parameter.	 No	 method	 for	 estimating	 the	 number	 of	 samples	 for	 the	 probability	
distribution	was	 therefore	 conducted	 previous	 to	 the	 field	 study.	 The	 result	 should	 therefore	
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not	be	used	as	representative	statistics	of	the	investigated	area.	They	are	rather	an	indication	of	
the	 level	 of	 contamination,	 which	 should	 be	 followed	 up	 with	 further	 and	 more	 extended	
examination	of	the	area.	
	
The	 heavy	 metal	 analysis	 is	 the	 only	 method	 where	 more	 than	 one	 value	 was	 recorded	 per	
sample.	The	instrument	recorded	three	values	per	sample	and	the	result	is	the	average	of	these	
three	values.	All	values	are	presented	in	Table	29	in	the	Appendix.	The	standard	deviation	of	the	
estimated	average	values	 for	each	sample	 is	depicted	 in	Table	20.	Three	values	 for	estimating	
the	 standard	 deviation	 is	 small	 but	 can	 however	 give	 an	 indication	 of	 the	 spreading	 of	 the	
results.	Since	this	result	is	based	on	the	average	of	three	measurements	it	will	not	be	discussed	
further.	It	is	therefore	considered	as	another	indication	of	that	an	extended	study	is	required	in	
order	to	secure	the	level	of	contamination. 
	
9.2	Environmental	Aspects 
In	 order	 to	 assess	 the	 degree	 of	 contamination	 in	 the	 soil	 samples,	 the	 concentrations	 for	 all	
samples	have	been	compared	to	limit	values	for	KM,	see	Table	22	in	the	Appendix.	These	limit	
values	 have	 been	 used	 since	 people	 are	 living	 and	 growing	 crops	 in	 the	 vicinity.	 In	 addition,	
people	 are	 working	 at	 the	 site	 and	 in	 connection	 to	 the	 site.	 Furthermore,	 there	 are	
groundwater	 aquifers	 located	 below	 the	 site	 that	 are	 utilised	 as	 drinking	 water.	 There	 is	 no	
universally	 accepted	 definition	 of	 heavy	 metal-contaminated	 soil.	 However,	 it	 is	 common	 to	
refer	to	soil	as	contaminated	if	the	concentration	of	a	certain	element	is	three	times	greater	than	
a	recommended	average	value.	As	mentioned,	 the	concentrations	of	 the	elements	 investigated	
are	compared	to	KM-values.	In	order	to	assess	the	extent	of	contamination,	the	results	will	also	
be	 compared	 to	 the	 values	 termed	 UC-values	 presented	 in	 Table	 23	 in	 the	 Appendix.	 The	
groundwater	sample	results	are	compared	to	standards	for	drinking	water,	see	Table	26	in	the	
Appendix. 
 
9.2.1 Cr 
High	concentrations	of	Cr	were	detected	in	both	the	soil	and	groundwater	samples.	The	highest	
concentration	was	found	in	the	soil	sample	collected	in	the	agricultural	land	(SS2),	followed	by	
the	 soil	 samples	 from	 faecal	 sludge	 and	 the	medical	waste	 facility	 area.	 These	 three	 samples	
were	 all	 above	 the	 KM-values.	 If	 compared	 to	 the	 UC-values,	 agricultural	 land	 and	 the	 faecal	
sludge	 are	both	defined	 as	 contaminated.	The	 samples	 SS3	 and	CS1	 contained	 concentrations	
below	 KM.	 Of	 the	 water	 samples,	 WS2	 was	 found	 to	 have	 the	 highest	 concentration.	 Very	
alarming	is	the	detected	values	of	Cr	above	200	times	greater	than	the	water	drinking	standard	
values	in	all	three	groundwater	samples. 
 
Cr	was	 expected	 to	 be	 found	 at	 the	 site	 and	 also	 expected	 to	 be	 very	mobile	 in	 this	 specific	
environment.	 The	 results	 are	 in	 accordance	 with	 these	 expectations.	 The	 high	 values	 in	 the	
agricultural	land	can	be	a	result	of	the	utilisation	of	chemical	fertilisers	as	well	as	continuously	
irrigation	 of	 the	 land	 with	 the	 contaminated	 groundwater	 from	 the	 pumps.	 It	 is	 however	
unknown	whether	chemical	fertilisers	are	utilised	for	soil	enrichment	or	not.	Another	possible	
explanation	is	the	spreading	of	the	metal	during	flooding	since	the	metal	forms	complexes	with	
water. 
 



64	
	

The	 low	 concentrations	 found	 in	 the	 compost	 sample	 indicates	 that	 the	 segregation	 of	 Cr	
containing	waste	is	adequate.	However,	a	more	thorough	inventory	of	the	compost	is	required	
in	order	to	guarantee	that	the	Cr-content	of	the	compost	does	not	exceed	limit	values.	The	same	
goes	for	all	metals. 
 
The	concentration	in	GWS2	was	twice	the	concentration	of	both	GWS1	and	GWS3.	This	can	be	a	
result	 of	 the	 expected	 transportation	 of	 Cr	 due	 to	 the	 soil	 profiles	 in	 the	 area	 discussed	 in	
section	 Groundwater	 Sample	 2	 (Ch.	 6.5.8.2).	 Accordingly,	 the	 transportation	 rate	 of	 Cr	 to	 the	
groundwater	in	GWS2	is	higher	since	the	cation	exchange	capacity	is	lower	in	this	area.	This	is	a	
result	of	lower	concentrations	of	clay	and	higher	amounts	of	sand.	
	
Considering	the	water	flow	from	north	to	south	and	the	assumption	that	the	groundwater	in	the	
area	 of	 GWS1	 and	 GWS2	 are	 in	 connection,	 transportation	 of	 Cr	 is	 likely	 to	 have	 occurred	
towards	GWS2.	The	lower	value	detected	in	GWS1	can	be	a	result	of	the	protecting	cement	floor	
as	discussed	in	section	Groundwater	Sample	1	(Ch.	6.5.8.2). 
 
Since	there	are	no	clear	clay-layer	protecting	the	groundwater,	further	Cr-contamination	of	the	
groundwater	 is	 expected	 in	 the	 future	 since	 Cr	 is	 present	 in	 mobile	 species	 (Cr(VI)).	 The	
utilisation	 of	 Cr-contaminated	 irrigation	 water	 is	 problematic	 since	 it	 results	 in	 increased	
amounts	 of	 Cr	 in	 the	 agricultural	 land.	 In	 contact	with	water	 Cr	will	 be	 present	 as	 chromate	
(HCrO4-),	 which	 is	 bioavailable	 and	 shown	 to	 be	 toxic	 since	 it	 an	 enter	 cells.	 This	 results	 in	
uptake	by	the	crops.	The	spreading	to	other	aquifers	in	the	surrounding	areas	is	unknown	and	it	
is	therefore	of	high	interest	to	investigate. 
 
9.2.2 Cd 
Cd	was	assumed	to	be	rather	immobile	in	this	environment	and	it	was	expected	that	the	metals	
would	be	detected	in	the	toplayer	of	the	soil	but	not	in	the	groundwater.	The	results	confirmed	
these	expectations.	All	 soil	 samples	had	concentrations	above	 the	KM-values,	with	 the	highest	
found	in	SS1	followed	by	CS1	in	the	compost.	High	values	in	the	faecal	sludge	is	normal.	What	is	
of	higher	concern	is	the	high	concentration	in	the	compost.	This	content	can	be	a	result	of	food	
residues	 containing	 Cd,	 which	 is	 the	 main	 component	 when	 producing	 compost,	 or	 a	
consequence	 of	 insufficient	 sorting	 of	 the	 waste.	 Since	 the	 compost	 facility	 is	 open	 it	 is	 also	
possible	that	the	Cd	content	is	derived	from	the	waste	incineration	smoke. 
 
Cd	 in	 the	 agricultural	 land	 is	 either	 derived	 from	 chemical	 fertilisers	 or	 spread	 from	 the	 site	
with	smoke	and/or	eroded	soil	during	flooding.	Almost	the	same	concentration	is	found	in	SS3	
and	 smoke	 and/or	 flooding	 is	 therefore	 a	 likely	 explanation.	 Compared	 to	 the	 UC-values,	 all	
samples	 contained	 concentrations	 significantly	 above	 the	 limit	 for	 uncontaminated	 soil.	 Since	
Cd	is	found	in	significant	levels	in	all	samples	it	can	be	concluded	that	the	site	is	contaminated	
with	 Cd	 derived	 from	 waste.	 It	 is	 not	 expected	 to	 contaminate	 the	 groundwater	 in	 the	 near	
future,	however,	increasing	amounts	in	the	soil	at	the	site	and	the	surrounding	area	is	expected.	
This	 is	 of	 highest	 concern	 in	 the	 agricultural	 land	 since	 Cd,	 unless	 adsorbed	 to	 OM,	 will	 be	
present	 in	 its	 free	 ionic	 form	 in	 contact	with	water,	 bioavailable	 and	 ready	 for	 uptake	by	 the	
crops. 
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9.2.3 Pb 
Pb	was	expected	to	be	found	in	the	toplayer	of	the	soil	whilst	not	in	the	groundwater.due	to	its	
affinity	to	adsorb	through	surface	complexation	to	soil	minerals.	The	highest	concentration	was	
found	 in	 the	 agricultural	 land	 followed	 by	 the	 samples	 SS4	 and	 SS1.	 All	 three	 samples	 had	
concentrations	 exceeding	 the	 KM-value.	 The	 sample	 in	 the	 agricultural	 land	 contained	 Pb	
concentrations	 that	 are	 50	 times	 greater	 than	 the	 KM-value	 and	 significantly	 above	 the	 UC-
value.	The	concentrations	found	in	SS4	and	SS1	were	both	exceeding	the	UC-value.	The	values	
are	 much	 higher	 than	 what	 could	 be	 expected	 from	 the	 exhaust	 gases	 from	 the	 road.	 This	
indicates	that	spreading	of	heavy	metals	to	the	agricultural	land	from	the	site	has	occurred.	Pb	
in	the	smoke	derived	from	the	incineration	at	the	site	has	reached	the	agricultural	land	and	it	is	
also	possible	that	Pb	is	spread	with	eroded	soil	during	flooding. 
	
No	traces	of	Pb	were	found	in	SS3	and,	as	discussed	in	section	Soil	Sample	3	(Ch.	6.5.8.1),	 low	
concentrations	were	expected	in	this	sample.	However,	it	cannot	be	concluded	that	no	Pb	exists	
in	this	area	since	only	one	sample	was	collected	and	analysed.	
 
No	Pb	was	detected	 in	 the	 compost	 sample,	which	 suggests	 that	 segregation	of	Pb	 containing	
waste	 is	 sufficient.	 In	 addition,	 the	 waste	 used	 for	 compost	 production	might	 not	 have	 been	
exposed	to	the	incineration	smoke	nor	the	exhaust	gases	from	the	traffic	to	the	same	extent	as	
the	soil	from	the	other	samples	at	the	site.	However,	only	one	sample	was	collected.	In	order	to	
be	able	to	make	any	final	conclusions,	more	samples	need	to	be	analysed.	
 
Since	Pb	has	a	short	residence	time	in	the	atmosphere	it	will	not	travel	far	distances.	Pb	derived	
from	incineration	of	waste	at	the	site	is	therefore	not	expected	to	be	found	far	from	the	site.	
	
Since	 Pb	 will	 be	 precipitated	 as	 the	 crystalline	 form	 or	 strongly	 adsorbed	 (high	 affinity	 for	
adsorbing	through	surface	complexation	in	neutral	to	alkaline	conditions),	Pb	is	likely	to	stay	in	
the	topsoil	layer	and	not	contaminate	the	groundwater	in	the	future.	Transportation	of	Pb	will	
mainly	 occur	 with	 eroded	 soil	 and	 leachate	 water.	 In	 these	 conditions	 Pb	 is	 not	 subject	 for	
uptake	by	plants	in	the	agriculture	land.	
	
However,	if	pH	is	decreased,	higher	concentrations	of	mobile	Pb	will	be	found	in	the	soil.	During	
strongly	acidic	conditions	Pb	is	found	in	its	free	ionic	form	and	only	then	will	Pb	be	subject	for	
uptake	by	plants.	
 
9.2.4 Ni 
Ni	was	found	in	all	soil	samples	in	high	concentrations,	all	above	the	KM-value.	All	samples	had	
concentrations	 above	 the	UC-value	 except	 the	 compost	 sample,	 CS1,	which	 can	 be	 a	 result	 of	
good	 segregation	 of	 the	 waste	 previous	 to	 the	 compost	 production	 process.	 The	 highest	
concentration	was	found	in	SS2	with	almost	twice	the	concentration	of	SS1.	
	
Ni	was	also	found	in	one	of	the	three	groundwater	samples,	GWS3,	which	is	located	in	the	same	
area	as	SS2.	Considering	the	soil	profile	in	this	area	with	the	protective	silt/clay	layer	depicted	
in	 Figure	N	 in	 the	Appendix,	 vertical	 transportation	 of	Ni	might	 be	 the	 reason.	 This	 indicates	
that	 transportation	 from	 areas	 with	 high	 amounts	 of	 Ni	 in	 the	 soil	 to	 the	 groundwater	 has	
occurred.	The	metal	was	also	detected	in	WS1,	which	was	collected	in	the	sludge	pond. 
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9.2.5 Cu 
High	 amounts	 of	 Cu	 were	 detected	 in	 three	 soil	 samples.	 The	 highest	 concentration	 was	
detected	in	SS1	from	the	faecal	sludge,	followed	by	SS2	from	the	agricultural	land.	Both	samples	
with	 concentrations	 above	 12	 times	 greater	 than	 the	 KM-value	 and	 far	 above	 the	 UC-value.	
Application	of	fertilisers	can	be	a	reason	to	the	high	concentrations. 
 
No	Cu	was	found	in	SS3,	neither	in	the	compost.	The	lowest	amounts	of	OM	and	N	amongst	all	
the	soil	samples	were	found	in	SS3.	This	can	be	the	reason	to	no	Cu	was	detected	in	the	toplayer	
of	the	soil	where	SS3	was	collected	since	these	two	are	great	contributors	to	the	adsorption	of	
Cu.	Cu	was	also	found	in	SS4,	in	concentrations	above	the	KM-value	but	below	the	UC-value,	and	
at	this	spot	higher	concentrations	of	both	OM	and	N	were	detected. 
 
9.2.6 Zn 
Zn	was	detected	in	very	high	concentrations	in	all	soil	samples,	with	the	highest	amounts	in	SS1	
followed	by	SS2.	All	concentrations	were	found	to	be	above	the	KM-values.	All	samples	except	
CS1	 had	 concentrations	 above	 the	 UC-value	 as	well.	 The	 high	 amounts	 of	 Zn	 detected	 in	 the	
toplayer	of	the	soil	at	the	site	can	be	explained	with	Zn	high	tendency	to	form	strong	complexes	
as	a	result	of	the	high	electronegativity	of	the	metal.	

Since	 Bangladesh	 is	 suffering	 from	 Zn	 deficiency,	 see	 Figure	 28,	 it	 is	 likely	 that	 the	 high	
concentrations	of	Zn	found	in	all	the	samples	at	the	site	are	derived	from	the	waste.	

9.2.7 Nutrients and OM 
The	highest	value	of	N	and	P,	respectively,	were	detected	in	the	faecal	sludge	sample,	SS1.	This	is	
in	 line	 with	 the	 expectation,	 due	 to	 the	 general	 high	 nutrient	 content	 in	 sewage	 sludge.	 The	
nutrient	 content	 in	 the	 compost	 sample	 is	 far	 below	 what	 is	 generally	 expected	 in	 MSW	
compost.	This	indicates	that	the	compost	produced	at	the	site	is	not	suitable	for	agricultural	soil	
enrichment.	The	second	highest	amounts	of	N	were	detected	in	SS4	and	the	third	in	SS2	in	the	
agricultural	 land.	The	 general	 low	nutrient	 concentration	 could	be	 an	 explanation	of	 the	high	
heavy	metal	mobility	at	the	site,	due	to	fewer	binding	sites	at	the	OM. 
 
All	samples	except	SS3	were	detected	with	OM-concentrations	above	the	expected	values.	The	
highest	 concentration	 was	 found	 in	 the	 sample	 collected	 in	 the	 faecal	 sludge	 as	 expected,	
followed	by	SS4	in	the	medical	waste	facility	and	SS2	in	the	agricultural	land.	The	detected	OM-
value	 in	SS4	 is	higher	 than	SS2.	Therefore,	 it	can	be	concluded	that	 the	organic	content	of	 the	
waste	contributes	to	an	increase	of	OM	in	the	soil	at	the	site.	The	ability	of	OM	to	regulate	the	
retention	of	heavy	metals	and	water	 flow	in	the	soil	 is	 important	 in	the	specific	environments	
due	 to	 the	 large	 variations	 in	 rainfall.	 In	 order	 to	 take	 advantage	 of	 these	 properties	 one	
alternative	could	be	to	use	the	OM-rich	compost	derived	from	the	waste	for	remediation	since	it	
does	not	fulfil	the	requirements	to	be	used	for	agricultural	soil.	
	
The	extent	of	the	heavy	metal	pollution	at	the	site	indicates	that	metals	are	spread	from	there	
point	sources	in	this	environment.	Except	from	spreading	from	point	sources	with	incineration	
smoke	or	through	precipitation,	spreading	is	occurring	through	percolation	in	the	soil.	The	OM-
content	is	either	not	high	enough	for	the	metals	to	adsorb	to	in	order	to	inhibit	percolation	or	
the	 adsorption	occurring	 is	 to	mobile	OM-species.	 Furthermore,	 the	 complexation	with	heavy	
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metals	could	enhance	the	metal	uptake	as	it	retains	the	metals	in	the	topsoil	close	to	the	plant	
root.	It	is	therefore	of	high	interest	to	investigate	whether	the	crops	are	contaminated. 
	
As	 aforementioned,	 the	 present	mobile	 form	 of	 Cr	 in	 this	 type	 of	 environment	 is	 the	 largest	
contributor	to	high	amounts	of	percolated	Cr-species.	This	species	is	not	necessarily	dependent	
on	OM. 
 
The	high	OM-content	and	the	dead	animals	observed	at	the	site	 indicate	that	HM	is	one	of	the	
present	 forms	 of	 OM	 in	 the	 soil.	 The	 coating	 ability	 of	 HM	 could	 inhibit	 the	 complexation	
between	clay	particles	and	heavy	metals	in	the	soil.	This	will	then	lead	to	an	enhanced	mobility	
of	 the	 metals.	 Moreover,	 since	 HM	 can	 be	 dissolved	 in	 water,	 adsorption	 of	 metals	 to	 these	
species	 can	 also	 contribute	 to	 the	 transportation	 of	 heavy	 metals	 to	 the	 groundwater.	 This	
should	 therefore	 be	 considered	 as	 a	 disadvantage	 when	 investigating	 the	 addition	 of	 OM-
containing	compost	as	a	measure	for	improvement	of	the	soil	quality. 
 
The	mobility	of	the	metals	is	also	dependent	on	the	mobility	of	anthropogenic	ligands	and	could	
be	another	explanation	of	the	spreading	of	the	metals	at	the	site.	It	is	therefore	of	high	interest	
to	investigate	other	ligands	present	in	the	soil. 
	
9.3	Social	and	Human	Health	Aspects	 
The	 unlimited	 access	 to	 the	 storage	 of	 the	medical	 waste	makes	 it	 easy	 for	 people	 to	 get	 in	
contact	 with	 the	 waste.	 The	 medical	 waste	 observed	 was	 mostly	 different	 plastic	 products,	
which	can	be	sold	 for	recycling.	People	have	 therefore	an	 interest	 in	 this	waste.	Furthermore,	
children	who	are	less	aware	of	the	risk	with	the	waste	might	be	more	affected	by	the	risks	with	
it.	 The	 limited	 equipment	 the	 people	 working	 at	 the	 compost	 facility	 were	 wearing	 will	 not	
protect	them	from	sharp	items	in	the	waste.	They	are	protected	to	the	dust	to	a	certain	extent	
through	the	masks	they	were	wearing.	Their	eyes	are	however	exposed	to	the	dust	since	none	of	
them	were	wearing	protective	glasses,	which	can	cause	eye	irritation. 
 
The	 dead	 animals	 observed	 at	 the	 site	 make	 the	 environment	 unpleasant	 for	 the	 people	
working.	 In	 addition,	 the	 exposure	 to	 dead,	 as	 well	 as	 living	 animals	 can	 cause	 spreading	 of	
diseases	among	the	people.	The	living	animals	do	also	have	access	to	waste	and	can	contribute	
to	spreading	of	sharp	items	causing	injuries	on	the	animals	themselves	and	people	working	at	
the	site. 
 
It	 is	 a	 tremendous	 challenge	 to	 improve	 the	 waste	 management	 in	 order	 to	 avoid	 human	
exposure	 in	Bangladesh.	The	 limited	available	 land	areas	 in	combination	with	 the	agricultural	
dependency	and	water	permeable	soil	results	in	several	sources	for	human	exposure. 
 
9.3.1 Cr 
The	high	concentrations	of	Cr	in	both	the	soil	and	the	water	samples	show	that	a	large	group	of	
people	are	exposed	to	the	metal.	The	risk	for	accumulation	in	the	human	cells	together	with	the	
risk	of	developing	cancer	among	 the	people	exposed	 to	 the	metal	 is	high	due	 to	 that	Cr(VI)	 is	
assumed	to	be	 the	dominating	 form	of	 the	metal.	The	extent	of	 the	human	exposure	might	be	
thorough	due	 to	 the	 large	 amounts	detected	 in	 the	 groundwater.	The	number	of	pumps	 from	
which	 Cr-contaminated	 water	 is	 collected	 is	 unknown,	 as	 well	 as	 the	 number	 of	 people	
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consuming	 the	 water	 from	 the	 contaminated	 pumps.	 The	 high	 levels	 detected	 in	 the	 soil	
samples,	 in	 particular	 in	 the	 agriculture	 land,	 result	 in	 further	 exposure	 among	 the	 people	
working	 in	connection	 to	 the	contaminated	soil.	 In	addition,	 the	metal	will	be	 spread	 into	 the	
crops	harvested	on	the	land	causing	human	exposure	through	ingestion	of	the	crops. 
 
9.3.2 Cd 
Based	on	the	results,	no	Cd	exposure	will	occur	through	consumption	of	groundwater.	Since	the	
metal	 is	detected	 in	high	concentrations	 in	all	 the	soil	 samples,	 it	 indicates	 that	exposure	will	
occur	through	inhalation	of	smoke	from	the	uncontrolled	incineration	of	the	waste.	The	amount	
of	people	exposed	to	the	cadmium	from	the	 incineration	can	be	wide,	due	to	the	ability	of	 the	
metal	to	travel	long	distances.		
	
Accumulation	 of	 Cd	 in	 rice	 is	 of	 particular	 concern	 in	 Bangladesh,	 where	 large	 amounts	 are	
harvested	and	consumed.	The	Cd	content	in	SS2	that	was	collected	in	the	agricultural	land	is	of	
particular	concern	since	food	is	the	major	source	of	Cd	exposure	among	humans.	Since	the	Cd	
uptake	 is	 enhanced	 among	 people	 suffering	 from	 iron	 deficiency,	 the	 health	 risk	 is	 largest	
among	women	exposed	to	the	metal.	
 
9.3.3 Pb 
Since	most	women	and	 children	were	present	 at	 the	 site	 and	due	 to	 their	 vulnerability	 to	Pb	
exposure,	 the	 large	 amounts	 of	 Pb	 detected	 in	 the	 soil	 samples	 are	 of	 high	 concern.	 The	
collection	of	waste	at	the	dumping	site,	as	well	as	the	compost	production,	result	in	ingestion	of	
Pb	containing	particles.	This	will	occur	either	through	inhalation	of	the	particles	or	ingestion	of	
the	 particles	when	 transferred	 from	 the	 dirt	 on	 hands	 to	 the	mouth.	 The	 very	 high	 amounts	
found	 in	 the	 agricultural	 land	 are	 of	 particular	 concern	 since	 people	work	with	 harvesting	 of	
crops	and	eat	them.	Large	amounts	were	also	detected	in	the	soil	sample	at	the	medical	waste	
facility	where	a	child	was	running	around	and	playing	barefoot.	
	
In	 addition,	 the	 people	 at	 the	 site	 are	 exposed	 to	 Pb	 through	 the	 inhalation	 of	 the	 smoke	
produced	 during	 incineration.	 Pb	 does	 not	 possess	 the	 same	 ability	 as	 Cd	 to	 travel	 long	
distances,	and	does	neither	have	a	long	residence	time	in	the	atmosphere.	The	people	exposed	
to	the	heavy	metal	will	 therefore	mainly	be	the	people	working	at	the	site	or	 in	the	vicinity	of	
the	site.	
	
The	Pb	exposure	among	 the	children	at	 the	site	 can	result	 in	attention	deficit	disorder.	These	
children	 belong	 to	 the	 poorest	 and	most	 vulnerable	 people	 in	 the	 country.	 Damages	 on	 their	
intellectual	 ability	 is	 one	 factor,	 among	many	others,	 that	will	 hinder	 these	 children	 from	 the	
few	possibilities	to	break	free	from	their	life	in	extreme	poverty.	
 
9.3.4 Ni 
Inhalation	 of	Ni	will	 affect	 the	 people	 at	 the	 site	 through	 inhalation	 of	 dust	 derived	 from	 the	
contaminated	 soil.	 Ingestion	 through	water	will	 also	 occur	 since	 the	metal	was	 detected	 in	 a	
groundwater	 sample.	 Further	 human	 exposure	 will	 occur	 though	 the	 consumption	 of	 crops	
harvested	on	the	agriculture	land,	due	to	the	ability	of	the	metal	to	be	absorbed	in	plant	roots. 
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9.4	Economic	and	Political	Aspects 
There	 are	 a	 number	 of	 different	 factors	 that	 contributes	 to	 the	 lack	 of	 proper	 waste	
management	 in	Bangladesh.	One	 factor	 is	 the	attitudes	among	the	population.	Bangladesh	 is	a	
country	 with	 tremendous	 differences	 between	 poor	 and	 rich	 people	 and	 waste	 is	 strongly	
associated	with	dirt	and	very	low	status	work.	The	waste	being	recycled	is	mainly	a	result	of	the	
monetary	 value	 it	 has.	 In	 order	 to	 increase	 the	 amounts	 of	 waste	 being	 segregated,	 the	
environmental	 factor	 of	 waste	 segregation	 needs	 to	 be	 illuminated	 and	 the	 knowledge	 and	
performance	of	waste	segregation	need	to	gain	more	status.	Encouraging	 the	high	and	middle	
class,	 who	 generates	 the	 largest	 amounts	 of	 waste,	 will	 contribute	 to	 an	 improved	 waste	
management	system. 
 
The	 improvement	 of	 the	 waste	 management	 is	 dependent	 on	 several	 economic	 factors.	
Recyclable	products	have	a	monetary	value	and	there	is	a	risk	that	the	poor	people	belonging	to	
the	 informal	waste	management	 sector	 are	 exploited	 by	 stakeholders	with	 an	 interest	 in	 the	
monetary	value	of	the	recyclables.	The	stakeholders	pay	the	people	of	the	informal	sector	very	
small	 amounts	 of	 money	 for	 collection	 of	 recyclables	 in	 order	 to	 sell	 the	 recyclables	 to	 the	
recycling	industry	and	earn	larger	amounts	of	money	themselves.	It	is	therefore	difficult	for	the	
municipalities	 to	 get	 the	 full	 control	 over	 the	 waste	 management.	 In	 addition,	 economical	
investments	 are	 required	 in	 order	 to	 convert	 the	 informal	 sector	 to	 a	 formal	 sector.	 Salaries	
need	 to	 be	 payed	 and	 better	 equipment	 for	 working	 with	 waste	 collection	 and	 segregation	
needs	to	be	provided. 
 
The	politicians	of	 the	municipalities	are	very	dependent	on	the	money	and	the	votes	 from	the	
rich	part	of	the	population.	These	people	own	the	industries	and	produce	the	largest	amounts	of	
waste.	There	is	a	fear	that	the	implementation	of	legislations	concerning	waste	production	and	
disposal	will	result	in	loss	of	votes	and	money	to	the	politicians. 
 
The	 heavy	metal	 contamination	 in	 the	 soil	 of	 the	 agriculture	 land	will	 affect	 the	 economy	 of	
Jessore.	 Despite	 the	 high	 amounts	 of	 heavy	 metals,	 the	 agricultural	 activities	 are	 likely	 to	
continue.	When	people	consume	the	crops	harvested	on	the	contaminated	ground	it	can	cause	
diseases,	which	 in	 the	 long	 term	will	 affect	 the	 economy.	 Furthermore,	when	 people	 become	
aware	of	the	risk	with	consuming	specific	crops	it	will	be	difficult	to	sell	them,	which	also	will	
affect	the	economy.	The	economic	effects	will	be	thorough	if	the	contamination	in	the	future	will	
affect	what	is	exported	from	Bangladesh. 
 
The	purpose	of	 the	3R	 initiative	 in	Bangladesh	was	 to	 improve	 the	waste	management	 in	 the	
country.	 The	 goals,	 that	 should	 have	 been	 reached	 in	 2015	 has	 not	 been	 reached,	 were	
unrealistic.	Initiatives	with	more	realistic	goals	should	be	implemented.	This	would	give	visible	
results,	 which	 will	 encourage	 stakeholders,	 as	 well	 as	 the	 general	 population,	 to	 work	 for	
reaching	the	goals. 
 
Bangladesh	is	a	vulnerable	country	with	a	 lot	of	problems,	of	which	many	are	urgent	to	solve.	
The	 lack	 of	 a	 proper	 infrastructure	 is	 one	 of	 the	 main	 challenges.	 A	 lot	 of	 work	 is	 being	
performed	 in	 order	 to	 improve	 the	 infrastructure,	 such	 as	 the	 implementation	 of	 proper	
drainage	systems.	These	drainage	systems	are	however	damaged	when	waste	 is	disposed	into	
the	drainage	as	a	result	of	insufficient	waste	management. 
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The	lack	of	space	in	Bangladesh	in	combination	with	the	urgent	effects	of	the	climate	change	in	
the	country	makes	the	improvement	of	the	waste	management	system	complex.	It	is	difficult	to	
have	a	 long	 term	perspective	with	 these	urgent	problems,	but	at	 the	same	 time	 the	 long-time	
perspective	 is	 crucial	 in	 order	 to	 protect	 the	 country	 from	 further	 damage.	 The	 increasing	
amounts	of	waste	needs	to	be	disposed	somewhere	while	new	waste	management	alternatives	
need	to	be	developed	in	order	to	decrease	the	waste	volumes.	
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10.	Conclusions	and	Recommendations	
The	soil	surrounding	the	site,	 in	particular	the	in	the	agriculture	land,	 is	heavily	contaminated	
with	heavy	metals.	An	extended	investigation	of	both	soil	and	groundwater	should	however	be	
performed	in	order	to	achieve	statistically	reliability.	The	extended	investigation	should	include	
more	samples,	for	example	north	of	the	site	in	order	to	get	a	reference,	as	well	as	collection	at	
deeper	levels	in	order	to	assess	the	spreading	of	metals	such	as	Pb.	
	
The	agricultural	 land	needs	 to	be	protected	 from	further	contamination	by	metals	such	as	Pb.	
The	leachate	water	produced	during	the	monsoon	seasons	needs	to	be	mapped,	and	accordingly	
with	 the	 predicted	 and	 observed	 water	 flows	 a	 barrier	 should	 be	 build.	 Analyses	 of	 the	
harvested	crops	should	be	performed	in	order	to	estimate	the	level	of	heavy	metals	uptake	by	
plants.	
	
Phytoremediation	 is	 an	easy	and	 relatively	 cheap	alternative	 for	 removing	heavy	metals	 from	
soil.	Rapeseed	is	suggested	for	the	removal	of	Cr	in	the	agricultural	land	[61].	Rapeseed	could	be	
planted	and	later	harvested	and	burnt. 
	
This	 study	has	 shown	 that	 the	 soil	profile	 in	 this	area	does	not	possess	 the	 capacity	 to	 retain	
heavy	 metals	 sufficiently.	 Therefore,	 it	 is	 important	 to	 cover	 the	 site	 with	 a	 protecting	 liner	
when	 reconstructing	 the	 site	 in	 order	 to	 hinder	 percolation	 of	 water	 and	 heavy	 metals	
downwards	in	the	ground.	
	
It	can	be	concluded	that	the	groundwater	is	contaminated	with	Cr.	However,	it	is	still	uncertain	
where	 the	 large	 amounts	 of	 the	metals	 are	 derived	 from.	 There	 is	 a	 possibility	 that	 the	 Cr	 is	
derived	 from	 the	 waste	 but	 chemical	 fertilisers	 and	 faecal	 sludge	 can	 also	 be	 the	 source.	
Moreover,	ongoing	activities	that	can	be	a	source	of	Cr-contamination	such	as	industries	should	
be	mapped	in	the	surrounding	area.	
	
The	extent	of	the	Cr-contaminated	groundwater	can	be	easily	tested	by	collecting	and	analysing	
groundwater	from	tubes	located	in	the	vicinity	of	the	site.	Furthermore,	analyses	of	the	water	in	
the	city	centre	should	be	performed	to	assess	the	number	of	people	exposed	to	polluted	water.	
 
It	 is	 a	 tremendous	 challenge	 to	 improve	 the	 waste	 management	 in	 order	 to	 avoid	 human	
exposure	 in	Bangladesh.	The	 limited	available	 land	areas	 in	combination	with	 the	agricultural	
dependency	and	water	permeable	soil	results	in	several	sources	for	human	exposure.	
	
The	integration	of	the	informal	sector	in	the	formal	sector	would	improve	the	living	conditions	
of	poor	people.	Providing	these	people	with	proper	equipment	would	in	addition	decrease	the	
health	risks	they	are	exposed	to	when	working	with	the	waste. 
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Appendix	
Tables	
	

Table	10:	Properties	of	sand,	silt	and	clay	[37].	
Material		 Hydraulic	Conductivity	[m/s]	 Particle	Size	[𝝁𝒎]	
Sedimentary		 	 	
Coarse	sand	 9e-7	to	6e-3	 200	-	2000	
Medium	sand	 9e-7	to	5e-4	 	
Fine	sand	 2e-7	to	2e-4	 20-200		
Silt	 1e-9	to	2e-5	 20		
Clay	 1e-11	to	47e-10	 2		
	

Table	11:	Temperature	ranges,	rainfall	and	humidity	in	Bangladesh.		
Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 

Average	high	°C 22.9 
 

27.0 
 

33.4 
 

41.0 
 

38.1 
 

32.6 
 

31.4 
 

31.6 
 

32.1 
 

31.5 
 

29.2 
 

24.9 
 

31.3 
 

Daily	mean	°C 15.4 
 

19.3 
 

26.1 
 

34.6 
 

33.0 
 

29.2 
 

28.4 
 

28.6 
 

28.7 
 

27.2 
 

23.1 
 

17.8 
 

25.9 
 

Average	low	°C 9.0 
 

11.7 
 

18.9 
 

28.3 
 

27.9 
 

25.8 
 

25.5 
 

25.6 
 

25.4 
 

23.0 
 

17.0 
 

10.6 
 

20.7 
 

Average	rainfall	mm 11 
 

19 
 

40 
 

77 
 

168 
 

314 
 

304 
 

293 
 

245 
 

133 
 

28 
 

8 
 

1,640 
 

Average	relative	humidity	(%) 46 35 36 44 60 76 75 76 74 70 51 44 57.3 
	
Table	12:	Results	from	previous	sampling	provided	by	Waste	Concern	[19].	
Site	
No	

Sampling	date	 Sample	Name	 pH	 COD	[mg/l]	 BOD	
[mg/l]	

TSS	[mg/l]	

1	 25-01-2016	 Pond	Water-1	 7.59	 384	 1	 950	
2	 25-01-2016	 Pond	Water-2	 7.50	 384	 0	 900	
1	 25-01-2016	 Tap	Water-1	 7.36	 0	 0	 N/A	
2	 25-01-2016	 Tap	Water-2	 7.70	 0	 5	 N/A	
1	 25-01-2016	 Leachate-1	 8.06	 2880	 71	 10550	
2	 25-01-2016	 Leachate-2	 8.00	 3072	 75	 10000	
	
Table	13:	Sampling	protocol	from	the	sampling	collection.	
Sample	 Time	 Depth	[m]	 Colour	 Texture	 Odour	 Other	
SS1	 10:40	 0.1	 Black	 Soil	moisture	 Soil	 	
SS2	 11:30	 0.1	 	 Soil,	stones	 	 	
SS3	 11:50	 0.1	 Black	 Trace	of	plastic	 	 	
SS4	 12:10	 0.1	 Black	and	

brown	
Top	layer	very	dry,	
traces	of	waste	

Strong	
garbage	

Collected	
sample	was	
clear	from	trace	
waste	

CS1	 11:00	 	 Black/brow
n	

Soil	with	bark	 	 Dogs	were	
observed	in	the	
facility	and	in	
the	compost	

GWS1	 10:55	 60	 Clear	 	 No	smell	 Shadow	during	
the	day	

GWS2	 11:05	 79	 	 	 	 	
GWS3	 11:35	 53	 	 	 	 	
WS1	 10:30	 Surface	water	 Green/blac

k	
Biological	matter,	
plastic,	paper	

	 	

WS2	 11:40	 Surface	water	 Black	 Plastic,	food	 Garbage	 Fish	
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residues	 and	rotten	
food	

	

Table	14:	Shows	the	physical	composition	of	solid	waste	ending	up	at	the	landfill	in	Jessore	[56].	
Type	of	Waste	 Share	of	Total	Waste	[%]	
Plastic	 5.4	
Electronic	 0.6	
Food	 83.9	
Fabrics	(textile,	rags,	jute)	 1.1	
Paper	 2.0	
Wood	 1.1	
Metals	 0.4	
Industrial	 0	
Clinical	 0.6	
Brick	 2.0	
Ceramic	 1.1	
Ash	 1.4	
Others	 0.6	
	
Table	15:	Values	used	for	the	calculation	of	COD.	
Sample	 Initiated	[ml]	 Finalised	[ml]	 Difference	 COD	[mg/l]	

Blank	 0	 10.5	 10.5	 0*	
GWS3	 0	 10.5	 10.5	 0*	
WS1	 20.7	 31	 10.3	 368**	
WS2	 10.5	 20.7	 10.2	 552**	

 
Table	16:	Values	used	for	the	calculation	of	moisture	content	in	the	soil	samples.		
Sample	weight	[g]	 Weight	after	drying	[g]	 Moisture	Content	[g]	
50.864	 34.909	 15.96	
50.301	 41.100	 9.20	
50.942	 37.780		 13.16	
50.597	 39.892		 10.71	
50.127	 37.899		 12.23	
	
Table	17:	Values	used	for	the	calculations	of	OC,	OM	and	total	N	for	the	soil	samples.		
Sample	 Initiated		 Finalised		 Difference	 OC	[%]	 OM	[%]	 Total	N	
Blank	 0.00	 5.30	 5.30	 N/A	 N/A	 N/A	
SS2	 5.30	 8.80	 3.50	 1.35	 2.32	 0.12	
CS1	 8.80	 10.4	 1.60	 1.43	 2.46	 0.12	
SS1	 10.4	 10.8	 0.40	 2.33	 4.01	 0.2	
SS3	 10.8	 15.0	 0.83	 0.83	 1.43	 0.07	
SS4	 15.0	 17.4	 2.4	 2.18	 3.75	 0.19	
 
Table	18:	Values	used	for	the	calculations	of	TS,	TDS	and	TSS	in	samples	WS1	and	WS2.		
WS1	 Non-Filtered	 Filtered	
Empty	Cup	 56.527	g	 44.185	g	
Sample	 20	ml	(=20.277	g)	 20	ml	
Cup	+	Residue	 56.543	g	 44.817	g	
Residue	 0.016	g	 0.002	g	
TS	 800	mg/l	 	
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TDS	 	 100	mg/l	
TSS	 700	mg/l	 	
WS2	 	 	
Empty	Cup	 51.8	g	 44.81	g	
Sample	 20	ml	(=20.144g)	 20	ml	
Cup	+	Residue	 51.805	g	 44.811	
Residue	 0.005	 0.001	
TS	 250	mg/l	 	
TDS	 	 50	mg/l	
TSS	 200	mg/l	 	
	

Table	19:	Values	used	for	the	calculations	of	total	P	in	the	soil	samples.		
Sample	 Weight	 P-absorbance	890	nm	 Total	P	[ppm]	

SS1	 3.504	 2.246	 240.17	
SS2	 3.5	 0.336	 35.82	
SS3	 3.5	 0.498	 53.25	
SS4	 3.508	 0.265	 28.34	
CS1	 3.504	 1.647	 176.11	

 
Table	20:	Standard	deviations	for	the	heavy	metal	analysis.		
	 Cr	(ppm)	 Cd	(ppm)	 Pb	(ppm)	 Ni	(ppm)	 Cu	(%)	 Zn	(%)	
SS1	 4.042	 0.881	 21.007	 5.355	 6.593	 2.769	
SS2	 12.505	 1.999	 9.639	 11.661	 6.422	 9.289	
SS3	 4.583	 1.201	 	 9.761	 	 10.320	
SS4	 7.001	 2.601	 9.639	 2.545	 5.418	 1.474	
CS1	 11.017	 3.177	 	 15.479	 	 9.191	
GWS1	 2.646	 	 	 	 	 	
GWS2	 3.055	 	 	 	 	 	
GWS3	 4.583	 	 	 4.407	 	 	
WS1	 1.528	 	 	 6.006	 	 	
WS2	 1.528	 	 	 	 	 	
 
In	 following	 tables,	 standards	 for	 soil	 and	 water	 are	 presented.	 In	 Table	 21,	 recommended	
values	for	different	parameters	such	as	pH	and	moisture	content	are	presented	for	compost.		
Table	21:	Recommended	values	for	different	parameters	concerning	regular	compost	and	MSW	compost	.	
Parameter	 Compost	(Bangladesh)	 MSW	Compost		
pH	 5-8.5	 7.9	
Moisture	Content	[%]	 <	15	 	
OC	[%]	 10-25	 	
OM	[%]	 	 7.0		
Total	N	[%]	 0.5-4.0	 0.0014	
Total	P	[ppm]	 	 5000	
 
In	Table	22,	 recommended	values	 for	heavy	metal	 concentrations	are	given.	The	given	values	
differ	 depending	 on	 the	 currently	 ongoing	 and	 the	 planned	 activities	 in	 the	 area.	 Frequently	
used	 areas,	 e.g.	 where	 people	 live	 and	 perform	 agricultural	 activities,	 are	 classified	 as	 KM	 in	
Table	22.	These	limit	values	are	set	to	concentrations	that	will	not	be	harmful	to	the	people	that	
are	exposed	nor	to	the	environment.	Surface	water	and	groundwater	bodies	will	be	protected	if	
values	below	the	 limit	values	are	achieved.	MKM	is	 the	 limit	above	and	 is	set	 for	areas	where	
offices	are	situated	[62].	These	limits	are	too	high	for	agricultural	activities	or	for	people	to	live.	
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Groundwater	and	surface	water	are	protected	if	the	distance	from	the	metals	are	more	than	200	
m.	KM	and	MKM	values	are	set	by	the	Swedish	Environmental	Agency	[63].	

Table	22:	Limit	values	for	concentrations	of	heavy	metals	in	soil	and	compost	[63].	Standards. Naturvårdsverket 
(http://www.alsglobal.se/media-se/pdf/referensdata_env.pdf)	
Metals		 KM	[ppm]	

(mg/kg	TS)	
MKM	[ppm]	
(mg/kg	TS)	

Compost	(Bangladesh)	
[ppm]		

MSW	Compost	(UK)	
[mg/kg	dry	mass]	

Cr		 80	 150	 50	 100	
Cd	 0.5	 15	 5	 1.5	
Pb	 50	 400	 30	 200	
Ni	 40	 120	 30	 50	
Cu	 80	(0.008	%)	 200	(0.02	%)	 500	(0.05	%)	 0.02	
Zn	 250	(0.025	%)	 500	(0.05	%)	 1000	(0.1	%)	 0.04	
In	Table	22,	recommended	values	for	compost	for	usage	in	Bangladesh	and	MSW	compost	 inn	
UK	are	presented.	
	
Today,	 there	 is	 no	 universally	 accepted	 definition	 of	 contaminated	 soil	 by	 heavy	 metals.	
However,	 it	 is	 common	 to	 refer	 to	 a	 soil	 as	 contaminated	 if	 the	 concentration	 of	 a	 certain	
element	 is	 three	 times	 greater	 than	 a	 recommended	 average	 value.	As	mentioned	 earlier,	 the	
concentrations	of	 the	elements	 investigated	are	compared	to	KM-values.	However,	 in	order	 to	
assess	the	extent	of	contamination,	 the	results	will	also	be	compared	to	the	values	referred	to	
UC-values	presented	 in	Table	23.	The	table	shows	typical	average	concentrations	of	 the	heavy	
metals	 tested	 in	this	study	 in	soil	 that	 is	uncontaminated.	World	Mean	a	and	World	Mean	b	 is	
gathered	 from	two	different	sources.	The	average	of	 these	 two	have	 later	been	calculated	and	
the	UC-values	presented	in	the	table	are	three	times	greater	than	the	calculated	average. 
 
Table	23:	Average	concentrations	for	the	investigated	heavy	metals	in	uncontaminated	soils,	world	mean	a	and	b	
[37](p.449).	The	table	also	presents	an	average	of	the	two	and	a	calculated	UC-value.	
Element	 World	Mean	a	

[ppm]	
World	Mean	b	
[ppm]	

Average	of	a	and	b	
[ppm]	

UC-value	
[ppm]	

Cr	 200	(100-300)	 100	(5-3000)	 150	 450	
Cd	 0.5	 0.06	(0.01-7)	 0.28	 0.84	
Pb	 10	(15-25)	 10	(2-200)	 10	 30	
Ni	 40	(20-50)	 40	(10-1000)	 40	 120	
Cu	 20	(15-40)	 20	(2-100)	 20	 60	(0.06	%)	
Zn	 50	(50-100)	 50	(10-300)	 50	 150	(0.15	%)	
	
In	Table	24,	limit	values	for	water	parameters	used	for	assessing	the	water	quality	are	
presented.		
 
Table	24:	Standards	values	for	different	parameters	for	assessing	drinking	water	quality.	Standards for inland surface 
water [64].	
Parameter	 Drinking	Water	(a)	 Fisheries	(b)	 Irrigation	(c)	
pH	 6.5-8.5	 6.5-8.5	 6.5-8.5	
BOD	[mg/l]	 0.2	 6	of	less	 10	of	less	
COD	[mg/l]	 4	 -	 -	
DO	[mg/l]	 6	or	more	 5	or	more		 5	or	more	
TSS	[mg/l]	 10	 -	 -	
TDS	[mg/l]	 1000	 -	 -	
a:Standards	for	drinking	water	b:	Water	usable	by	fisheries	c:	Water	usable	for	irrigation	
 
Table	25:	Typical	values	for	measured	properties	of	untreated	sewage	sludge	[37].	
BOD	 250	[mg/l]	
COD	 500	[mg/l]	
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TS	 720	[mg/l]	
SS	 220	[mg/l]	
pH	 6.8	
 
The	limits	for	heavy	metal	concentrations	in	drinking	water	are	given	in	Table	26	below,	set	by	
government	of	Bangladesh	and	WHO	respectively.	
Table	26:	Limit	values	for	heavy	metal	concentrations	in	drinking	water	[64].	
	 Cr	[mg/l]	 Cd	[mg/l]	 Pb	[mg/l]	 Ni	[mg/l]	 Cu	[mg/l]	 Zn	[mg/l]	
Drinking	water	Bangladesh	 0.05	 0.005	 0.05	 0.1	 1	 5	
WHO	 0.05	 0.003	 0.01	 	 2	 	
 
Table	27:	Legislative	standards	for	heavy	metals	in	MSW-derived	compost	[mg/kg	dry	mass]	[51].	
Standard	 Cd	 Cu	 Cr	 Hg	 Ni	 Pb	 Zn	 Reference	
UK	compost	standard	 1.5	 200	 100	 1.0	 50	 200	 400	 BSI	(2005)	
Italian	compost	standard	 3.0	 300	 	 3.0	 100	 280	 1000	 WRAP	(2002)	
 
Table	28:	Nutrient	content	of	MSW-derived	compost	and	other	compost	[mg/kg	dry	mass]	[51].	
Compost	type	 pH	 OM	[%]	 NO3-	 NH4+	 Total	N	 P	 Reference	
MSW	compost	 	 	 122	 <--	 14	 3281	 Wolkowski	(2003)	
MSW	compost	 7.9	 7.0	 	 	 14	 5000	 Garcia	et	al	(2000)	
Pruning	waste	compost	 8.1	 0.2	 16	 8.27	 10	 	 Benito	et	al	(2003)	
Manure	compost	 7.2	 	 2372	 510	 25	 	 Han	et	al	(2004)	
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Table	29:	The	recorded	results	of	the	heavy	metal	analysis	with	the	average	values	bolded.	
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Figures	

	
Figure	22:	The	disposal	site	in	Jessore	with	the	locations	of	the	samples	collected.	
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Figure	23:	Soil	types	in	Bangladesh	[3].	
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Figure	24:	OM	status	in	Bangladesh	[3].	
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Figure	25:	The	drainage	ability	in	Bangladesh	[3].	
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Figure	26:	Soil	texture	in	Bangladesh	[3]. 
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Figure	27:	Soil	pH	in	Bangladesh	[3]. 
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Figure	28:	Problem	soils	in	Bangladesh	[3].	
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Figure	29:	Calibration	curves.		
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Diagrams 
Six	equilibria	diagram,	one	for	each	metal,	are	presented	below.	A	pE	value	of	8.5	was	chosen	due	to	
the	expected	oxidising	environment	in	the	topsoil.	

	
Equilibria	Diagram	1:	pH-diagram	of	Cr	when	water	is	present.		

	
Equilibria	Diagram	2:	pH-diagram	of	Cd	when	water	is	present.	
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Equilibria	Diagram	3:	pH-diagram	of	Pb	when	water	is	present.	

	
Equilibria	Diagram	4:	pH-diagram	of	Ni	when	water	is	present.	
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Equilibria	Diagram	5:	pH-diagram	of	Cu	when	water	is	present.	

	
Equilibria	Diagram	6:	pH-diagram	of	Zn	when	water	is	present.	
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Figure	30:	Soil	profile	N.	

 

	
Figure	31:	Soil	profile	W.	
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Figure	32:	Soil	profile	S.	

	
Figure	33:	Standard	deviations	for	the	heavy	metal	analysis.		
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