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ABSTRACT	

In	 this	study	we	used	common	aquatic	 living	plant	Eichhornia	crassipes	 to	check	out	 its	effect	on	removal	of	 fluoride	 from	
industrial	wastewater.	These	plants	were	grown	 in	plant	growth	chamber	and	were	 studied	 for	10‐15	days	provided	with	
different	 pH	 and	 different	 concentration	 of	 fluoride.	 It	was	 found	 that	 removal	 efficiency	 of	Water	Hyacinth	 (Eichhornia	
crassipes)	 is	58.894%	 in	the	present	study.	When	pH	of	the	solution	 is	varied	 i.e.	either	 increased	or	decreased	we	observed	
that	 there	 is	 a	 deficiency	 in	 removal	 of	 fluoride.	 It	 does	 also	 shows	 degradation	 in	 biomass	 due	 to	 fluoride	 presence.	
Accumulation	 was	 found	 maximum	 in	 roots	 then	 stems	 then	 leaves.	 Total	 accumulation	 was	 1899.422	 for	 fluoride	
concentration	of	20	mg/L.	
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1. INTRODUCTION	

Besides	 oxygen,	 water	 is	 second	 most	 important	
condition	to	be	met	for	the	survival	of	living	beings.	Since	
75%	of	earth	is	surrounded	with	water	we	always	taken	
it	 for	 granted.	However	 due	 to	 this	mistake	 of	 ours	we	
are	 in	 acute	 shortage	 of	 drinkable	 water	 as	 we	 did	
contaminated	 it	 with	 various	 chemical,	 domestic,	
industrial	wastes.	Consumable	water	on	earth	is	present	
only	 in	 ground	 and	 surface.	 It	 is	 to	 be	 also	 noted	 that	
groundwater	consists	of	only	0.6%	of	total	water	on	this	
blue	planet	and	we	majorly	depend	on	 this	 source	only	
for	 water	 purposes	 in	 developing	 countries	 like	 India	
cause	we	can	use	it	without	any	extra	treatment.	In	rural	
India,	 Groundwater	 is	 responsible	 to	 fulfil	 demand	 of	
80%	of	drinking	water	and	50%	of	agricultural	needs.	In	
present	 world	 of	 growth,	 due	 to	 various	 reasons	 even	
groundwater	 is	 getting	 contaminated.	 In	 last	 few	 years	
urbanization,	 unskilled	 utilization	 of	 water	 resources,	
ever‐growing	 population	 and	 industrialization	 have	 led	
to	 degradation	 of	 water	 quality	 and	 reduction	 in	 per	
capita	 availability	 in	 various	 developing	 countries.	
Presently	in	some	part	of	the	world	there	is	a	great	peril	
about	 immunity	 of	 water,	 ground	 water	 to	 be	 precise	
from	waterborne	chemicals	[1]	

In	recent	decays	Fluoride	[F‐]	is	also	added	to	the	list	of	
pollutant.	We	know	that	fluoride	is	one	of	the	important	
elements	 which	 are	 required	 for	 the	 growth	 of	 the	
human	 body.	Maximum	 Permissible	 limit	 of	 fluoride	 in	
consumable	 water	 is	 1.5	 mg/L	 [2].	 Fluoride	 is	
responsible	for	the	strong	bones	and	teeth	but	when	the	
level	of	fluoride	is	exceeded	certain	amount	in	our	body	
it	 leads	 to	 very	 serious	 diseases	 like	 Dental	 fluorosis	
[Dental	 and	 skeletal].	 Fluoride	 possesses	 high	 potential	
to	cause	damage	not	only	to	the	human	body	but	also	on	
plants.	 Fluoride	 is	 not	 decomposed	 by	 any	 bacteria	 or	
living	 organisms	 so	 once	 it	 comes	 in	 the	 chain	 of	

environment	 it	 is	 accumulated	 [3].	 In	 recent	 years	
fluoride	 removal	 from	 water	 is	 grabbing	 attention	 of	
researchers.	Till	date,	 lot	of	work	has	been	done	on	the	
consequences	arise	due	to	fluoride	on	human	health	but	
very	little	work	has	done	on	the	effect	on	plants.	So	this	
study	 is	basically	 concentrated	on	effects	of	 fluoride	on	
plants	 and	 using	 phytoremedation	 technique	 for	 the	
removal	 of	 fluoride.	 ,	 Industries	 such	 as	 aluminium,	
fertilizer,	 semiconductor,	 steel,	 electroplating,	 glass	
etc.[4‐6]	 are	majorly	 responsible	 for	 adverse	wellbeing	
and	health	of	human	being.	

Phytoremediation	 is	 formed	 with	 two	 words	 “phyto”	 a	
Greek	 word	 which	 refers	 to	 plant	 and	 second	 word	
“remediation”	 which	 refers	 to	 restoring	 balance.	 The	
concept	 of	 phytoremediation	 was	 suggested	 by	 RUFUS	
CHANEY	 in	 1983.	 Thus	 phytoremediation	 is	 the	
technique	 in	 which	 plants	 are	 used	 for	 the	 purpose	 of	
cleaning	 the	 environment	 from	 the	 pollutants	 in	 air,	
water	 and	 soil	 [7].	 Some	 plants	 used	 for	 the	
phytoremediation	are	listed	below	in	Table	1	[8].	

Table	1	Plants	used	for	Phytoremediation	

Sr. No Plant	name Role	in	phytoremediation

1 Alyssum Nickel	accumulator

Amaranthus

2 retroflexus Accumulator	of	137Cs

3	 Armoracia	rustica	
Hairy‐root	cultures	remove	

heavy	metals	

4 Armeria	maritima	 Lead	accumulator

5 Atriplex	prostrata	 Removes	salt	from	soil
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6	 Azolla	pinnata	
Accumulator	of	lead,	

copper,	cadmium,	and	iron

7	 Brassica	canola	
Remediates	137Cs‐
contaminated	soil	

8	 B.	juncea	
Hyperaccumulator	of	

metals	

9	 Cannabis	sativa	
Hyperaccumulator	of	

metals	

10	
Cardamonopsis	

hallerii	
Hyperaccumulator	of	

metals	

	

2. MATERIALS	AND	METHODS	

2.1	EICHHORNIA	CRASSIPES	[Water	Hyacinth]	

It	belongs	to	Pontederiaceae	family	of	Plantae	kingdom.	
Water	 hyacinth	 is	 a	water	 surface	 free	 floating	plant.	 It	
has	 spongy	 like	 structure	 in	 its	 steam	 which	 helps	 in	
floating.	Its	leaves	are	thick	and	roots	are	hairy.	

	

Figure	1:	Eichhornia	crassipes	[Source‐	Google	image]	

Roots	 of	 Water	 hyacinth	 also	 work	 as	 filter	 media	 in	
water.	 It	 supports	 Phytofiltaration	 mechanism	 of	
phytoremediation.	In	Phytofiltaration	pollutants	present	
on	the	surface	of	water	are	trapped	into	the	hairy	roots,	
thus	 the	movement	 of	pollutant	 is	 stabilized	 and	 it	will	
not	further	contaminate	the	water.	The	Fig.	2	shows	the	
hairy	 roots	 of	 Eichhornia	 crassipes	 [Water	 hyacinth].	
Phtofiltaration	 is	 also	 known	 as	 Rhizofiltration.	 Heavy	
metals	 from	 water	 are	 effectively	 removed	 by	
Rhizofiltration	because	the	heavy	metals	come	directly	in	
contact	with	roots;	roots	absorbed	the	heavy	metals	like	
chromium,	nickel,	arsenic,	lead	etc.	

	

Figure	2:	Roots	of	Eichhornia	crassipes	

3. EXPERIMENTAL	SETUP	

In	 the	 fluid	 particle	 research	 lab	 of	 Indian	 Institute	 of	
Technology,	 Roorkee	 with	 synthetic	 conditions	 we	
carried	 out	 our	 experiments	 for	 the	 present	 study	 of	
phytoremediation.	We	used	Batch	system	to	perform	the	
above	 said	 experiments.	 For	 Plants	 sets	 a	 feed	 of	
different	 concentration	 of	 fluoride	 at	 different	 pH	were	
provided	 for	 15	 continuous	 days.	 In	 the	 chamber	
exchange	 between	 carbon	 dioxide	 (CO2)	 and	 Oxygen	
(O2)	 takes	 place	 by	 fans	 installed	 inside	 the	 system	
which	can	be	controlled	by	the	attached	controller.	Fig	3	
shows	 the	 plant	 growth	 chamber	 used	 for	 the	
experiment.	 Table	 2	 shows	 synthetic	 conditions	 we	
created	to	perform	experiments.	

	

Figure	3:	Plant	growth	Chamber	

Table	2:	Atmospheric	Conditions	for	plant	growth	
chamber	

Parameter Value	

Running	Time 15	days	

Day	and	Night	Time 16	hours	day	and	8	hours	night

Temperature 27‐30°C	

Humidity 60%	‐	65%	

	

3.1	PREPREATION	OF	HOAGLAND’S	SOLUTION		

D.R.	Hoagland	and	D.R.	Arnon	in	1938	first	developed	the	
nutrient	 solution	 in	which	 plant	 can	 grow	without	 soil,	
which	 was	 later	 revised	 by	 D.R.	 Arnon	 in	 1950.	 This	
solution	 is	named	as	Hoagland	Solution	on	 the	name	of	
inventor	D.R.	Hoagland.	For	plant	growth	method	used	is	
hydroponic	water	culture.	The	solution	consists	of	three	
major	constituents	as	follow:	

*	Macronutrients	

*	Micronutrients	

*	Phosphates	

To	prepare	Hoagland’s	solution	we	proceed	in	following	
manner.	 First	 we	 weigh	 exact	 amount	 of	 given	
compounds	 with	 extra	 care	 in	 the	 weighing	 machine.	
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After	which	we	make	stock	solution	of	these	compounds	
and	 kept	 them	 in	 different	 bottles.	 After	 which	 approx	
800	ml	 of	millipore	water	 is	 added	 to	 each	 component	
such	 that	 it	 fills	 up	 to	 1	 litre	 of	 volumetric	 flask.	 Shake	
and	mix	all	the	solutions	after	which	the	solution	is	ready	
to	use.	

Hoagland	 Solution	 emerges	 as	 a	 useful	 component	 to	
grow	plants	which	 require	 fewer	 amounts	 of	 nutrients.	
Generally	for	aquatic	plants	10	to	20%	of	this	solution	is	
used.	 Here	 we	 used	 10%	 of	 this	 solution	 for	 our	
investigations.	 Table	 3	 shows	 various	 constituents	 and	
their	concentrations	in	the	Hoagland’s	solution.		

Table	3	Constituents	of	Hoagland	solution	

Component	 Stock	
Solution	

Ml	 Stock	
Solution/	L	

Macronutrients	

2M	KNO3	 202	g/L	 2.5	

1M	Ca[NO3]2•4H2O	 236	
g/0.5L	

2.5	

Iron	 [Sprint	 138	 iron	
chelate]	

15	g/L 1.5	

2M	MgSO4•7H2O	 493	g/L	 1	

1M	NH4NO3	 80	g/L 1	

Micronutrients	

H3BO3	 2.86	g/L	 1	

MnCl2•4H2O	 1.81	g/L	 1	

ZnSO4•7H2O	 0.22	g/L	 1	

CuSO4•5H2O	 0.051	g/L	 1	

H3MoO4•H2O	 0.09	g/L	 1	

Na2MoO4•2H2O	 0.12	g/L	 1	

Phosphate	

1M	KH2PO4	 136	g/L	 0.5	

	

4. RESULT	AND	DISCUSSION	

Table	4:	Variation	of	contact	time	on	Removal	of	
Fluoride:	

Conta
ct	
time	
(Days)	

Initial	
concentrati
on	of	(mg/l)	

Amount	
adsorbe
d	 by	
(mg/l)	

Final	
concentrati
on	of	(mg/l)	

%
Remov
al	

0	 20	 0	 20	 0

1	 20	 1	 19	 5

2 20 2.5	 17.5	 12.5

3 20 4.2	 15.8	 21

4 20 4.5	 15.5	 22.5

5 20 5	 15	 25

6 20 5.4	 14.6	 27

7 20 5.8	 14.2	 29

8 20 6.2	 13.8	 31

9 20 6.6	 13.4	 33

10 20 6.9786	 13.0214 34.893

	

	

Figure	4:	Effect	of	contact	time	on	%	removal	

4.1	EFFECT	OF	INITIAL	FLUORIDE	CONCENTRATION	

In	this	part	of	experiment	we	varied	concentration	of	the	
solution	 while	 keeping	 pH	 of	 the	 solution	 constant	
(pH=7).	 From	 the	 results	 obtained	 a	 graph	 has	 been	
plotted	 like	one	 in	 fig.	5.	From	the	 figure	 it	 is	 clear	 that	
with	 increase	 in	 time	 concentration	 of	 fluoride	 is	
decreasing	 with	 increase	 in	 time.	 Thus	 this	 plant	 is	 an	
effective	adsorbent	for	defluoridation.	There	is	a	drastic	
fall	in	concentration	after	day	2	while	it	remains	more	or	
less	same	after	day	5.		

	

Figure	5:	Concentration	versus	time	for	fluoride	having	
constant	pH	for	water	hyacinth	

4.2 EFFECT	OF	PH	
	
Here	in	this	section	we	kept	the	concentration	of	solution	
constant	at	10	mg/L	while	we	changed	pH	of	the	solution	
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using	69%	concentrated	Nitric	 acid	 [HNO3]	 and	 sodium	
hydroxide	[NaOH].	Here	we	got	very	interesting	result	in	
graph	 we	 got	 a	 face‐down	 mountain	 like	 shape	 where	
removal	at	pH	7	being	maxima	as	shown	in	Fig	6.	So	it	is	
found	that	maximum	removal	is	obtained	at	pH	of	7.		

	

Figure	6:	%	Removal	versus	concentration	study	with	
varying	pH	for	water	hyacinth	

4.3	 EFFECT	 OF	 INITIAL	 CONCENTRATION	 ON	 %	
REMOVAL		

	

Figure	7:	%	removal	Vs	Time	for	water	hyacinth	

From	Fig	7	we	can	easily	decipher	that	with	 increase	 in	
initial	 concentration	 there	 is	 a	 negative	 change	 in	 %	
removal.	 It	 is	 shown	 in	 figure	 that	 when	 we	 increased	
initial	 concentration	 from	 5	 to	 20	 mg/L	 %	 removal	
decreases	from	~58%	to	~36%.	

4.4	ACCUMULATION	OF	FLUORIDE		

Fluoride	does	accumulated	in	different	parts	of	the	plant.	
Data	for	accumulation	of	fluoride	among	various	parts	of	
the	plants	is	shown	in	Table	5	and	Fig	8.	It	can	be	easily	
seen	 that	 for	plant,	maximum	accumulation	 is	observed	
in	roots	then	stems	and	leaves.	

Table	5	Accumulation	of	fluoride	in	Root,	Stem	and	
Leaves	for	Eichhornia	crassipes	

	

	

Figure	8:	Accumulation	for	20	ppm	for	water	hyacinth	

5. CONCLUSION	

From	 the	 above	 said	 performed	 experiments	 we	 can	
conclude	that	

 Fluoride	 does	 accumulate	 in	 the	 order	
roots>stem>leaves	 for	 fluoride	 in	 Eichhornia	
crassipes.	

 With	 Increase	 in	 Initial	 Concentration	 there	 is	
decrease	 in	 defluoridation	 process	 for	 Eichhornia	
crassipes.	

 With	 increase	 in	 time	 at	 constant	 pH	 there	 is	
decrease	 in	 concentration	 of	 fluoride	 which	means	
Eichhornia	 crassipes	 can	 be	 used	 as	 a	 good	
adsorbent	for	fluoride	using	phytoremediation.	

 If	pH	is	diverted	from	neutral	point	there	is	decrease	
in	%	Removal	of	fluoride	for	Eichhornia	crassipes.	
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