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Phytoremediation of Wastewater for Irrigation
Purpose Using Azolla
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REMEDIATION of contaminated water using plants, or
phytoremediation, is one of the most promising new technelogies
for rcmediation. This work shows that Azolla aquatic plants, Azolla
pinnate and Azolla filiculoides, are capable of causing a marked
decline in nitrogen and certain heavy metals in mixed wastewater
(industrial, sewage and agricultural wastewater) of the Shibin-
Alqunatir drain, Qalubia Governorate. Results reveal that total uptake
of N, Fe, Zn, Cu and Mn by Azolla tissues increased with time up to
three weeks. For Azolla flliculoides, such increases reached 4.15, 2.5,
3.27, 3.80 and 4.33 fold that of the Hoagland nutrient solution (contrel}
for N, Fe, Zn, Cu and Mn, respectively. Azolla pinnata showed a
similar trend for such elements reaching 4.39, 2.91, 3.15, 3.43 and 3.20
fold that o f the control, respectively. The elements ¢ oncentrations in
wastewater were markedly decreased after removing of Azella at the
end of the experiment. For Azolla filiculoides decreases were 56.4,
91.0, 41.5, 82.5,37.7,12.1,46.7 and 67.2 % of the initial concentration
of N, Fe, Zn, Cu, Mn, Co, Cd and Ni, respectively. Azolla pinnata
decreases were 53.7, 92.7, 83.0, 59.1, 65.1,95.0, 90.0 and 73.1 %,
respectively. Depending on the biclogical accumulation factor (BAF),
values of Fe, Cu, Co and Cd showed higher response for
phytoremedtation than Zn, Mn and Ni.
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The reuse of wastewater for irrigation became a very important policy to
maximize the use efficiency of the limited water resources and to achieve the
extension programs of the agricultural development, Wastewater may contain
some elements in high levels. Some of the heavy metals present in water are toxic
to plants since they interfere with the effect of some enzymes and may cause
lethal effect on the embryos and metabolic process. Also there could be a delay m
seed germination and root growth (Bohn ef al., 1985).
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Phytoremediation is a form of bioremediation, or use of biological processes
to detoxify a site. Phytoremediation, specifically, is the use of plants to remove
pollutants from the environment or to render them harmless (Raskin, 1996).
Several species of aquatic plants have been shown to have the ability to grow in
contaminated water and actually extract the pollutant from the growth medium,
e, Alyssum heldreichii and Thlaspi caerulescens {Brooks, 1998) and water
hyacinth, Eichhornia crassipes {Salati, 1987). These plants can function in
several ways. Some plants can hyperaccumulate toxic trace elements in their
tissues. Others can convert the pollutants to less toxic compounds and volatilize
them (Terry & Zayed, 1994 and Brooks, 1998). Some aquatic plants’ roots can
filter contaminants from water (Brooks & Robinson, 1998). Some
hyperaccumulators of one metal can hyperaccumulate other metals if they are
present; for example, copper or cobalt hyperaccumulators can hyperaccumulate
both. Other hyperaccumulators take up only a specific metal, even if others are
present {Brooks, 1998). Biosorption consists of several mechanisms, mainly ion
exchange, chelation, adsorption, and diffusion through cell walls and membranes
{Dushenkov ez al., 1995} which differ are depending on the used species, the origin
and processing of the biomass and solution chemistry. Azeolla pinnata showed a
remarkable ability of taking up Cd from the external medium. Total Cd taken up
by the test plant, surface adsorption was about $0%. Cd adsorption did not occur
at a constant rate. However, an equilibrium was reached in 2 hr (Gaur & Noraho
1995). The critical concentration of iron for growth of Azolla was 20 ug Fe/L as
reported by Rains and Talley (1979) or 50ug Fe/L (Yatazawa et al., 1980).

The objective of this study is to investigate the removal of nitrogen and
certain heavy metals from wastewater or render them harmless for irrigation
purposes with application of Azolla as the biosorbent.

Material and Methods

Water samples were collected in different seasons, i.e., January, April, June and
October in 2000 and 2001 from mixed wastewater (industrial, sewage and
agricuitural wastewater) of Shibin-Alqunatir drain, Qalubia Governorate. Water
samples were taken from midstream water about 30 cm beneath water surface. Ali
water samples were analyzed for pH, EC, soluble ions, boron, nitrogen,
phosphorus, heavy metals (Fe, Mn, Zn, Cu, Cd, Co and Ni} and biological oxygen
demand (BOD) (Table 1).
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TABLE 1. Chemical composition of the collected water samples.

75

Parameter January April June October  means +8.d
pH 8.15% 6.89 7.25 7.61 748054
EC, dS. m" 1.64 0.88 2.64 2.03 1.80+ .74
ca® | 89.0 1224 1440 1174 118 22.63
Mg2 | 331 354 44.0 34.0 36.63 + 5.01
Na' | 1983 2709 3340 2525 264+ 55.97
K* 21.1 238 29.3 226 24.20 = 3.57
cr ' 271.6 390.5 514.0 3632 385 + 100
HCOy | 201.9 294.0 316.6 286.1 275+50.19
CO% | 0.00 0.00 0.00 0.00 0.00

sos Y 164.5 173.4 214.7 166.7 180 = 23.56
NO;-N 50.69 54.4 56.93 54.04 54.02+2.56
NIL-N  mg/L 17.82 18.13 23.25 22.83 20.51 £2.91
pos 4 0.31 0.34 0.49 0.46 .40 £ 0.09
B ’ 0.33 0.43 08 0.53 0.52=0.20
Fe ! 1.87 8.39 10.49 8.83 7.90+2.82
Zn 0.15 0.3 1 0.67 0.53 £0.38
Cu 1.69 2.28 3.36 292 2.60£0.93
Mn ! 0.67 0.99 1.46 1.13 1.06+0.32
Co ' 0.08 0.1 0.23 0.16 0.14 £ 0.07
ce ! 0.08 0.1t 0.14 0.02 0.0 0.05
Ni i 0.39 0.58 0.98 0.72 0.67£0.25
Ec“r’rigﬁéc"’('ggg;“ 543 567 682 504 597 + 60.69
Tota! suspended matter 3326 3247 2445 2876 2974 + 403
SAR 4.54 5,53 6.23 5.26 539+ 076G
Class of salinity :;gﬁi;ng mﬂ: * :)llgﬁii?g ;ﬁg?zxg

Class of atkalinity ;gﬁiﬁ;ﬂg ;ﬁ;ﬁ:ﬂng :)I:_g«:]iing Ln:;ih:f

# Each value in the table represents a mean of water samples taken in two years time.

Azolla was propagated in a nursery by growing 10 g of Azolla in plastic dishes (35
cm diameter and 10 cm depth) containing one kg of soil, clay, Fertic torrifluvents and
three litters of tap water. Dishes were kept in the greenhouse till the growing Azolla

covered the surface of the water. Azolla plants were harvested and washed gently in

running tap water using a screen of 0.2 mesh. The washed Azolla samples were put in a

0.0IN mercuric chlonde for one minute, then washed several tunes with deionized water
and air dried on filter paper from one to two hours. Two grams fresh weight of Azolla per
dish (22.5 cm in diameter and 10 cm deep) were used as a standard inocula. Two Azolla
species, i.e., Azolla pinnata and Azolla filiculoides were grown for four weeks on the

following solutions:
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1. 1/5 Hoagland's nutrient solution (control), Stock solution consists of 224, 235,
160, 62, 32, 24, 1.77, 0.27, 0.11, 0.131, 0.032, 0.05 and 1.12 mg/L of N, K, Ca, P, §,
Mg, CI, B, Mn, Zn, Cu, Mo and Fe, respectively. The pH and EC values of this
solution were 6 and 0.8 dS/m, respectively.

ii. The collected wastewater of Shibin-Alqunatir drain. Three replicates were
made for each treattnent and the inoculated dishes were kept under greenhouse
conditions at a constant volume throughout the experimental period by compensating
the evaporated water by adding distilled water when necessary. Developed Azolla
cultures were periodically sampled after 7, 14, 21 and 28 days to record dry weight,
total nitrogen and heavy metals contents. Also water samples were taken prior to
Azolla removal at the end of the experiment (4 weeks).

Water characteristics were determined using standard methods outlined by
Jackson (1958); Sauter & Stoub (1990);Watanabe & Olsen (1965) and Baruah &
Barthakur (1997). Total heavy metals contents of Fe, Zn, Cu, Co, Cd and Ni were
determined after digestion with a hydrofluoric/ perchloric acids mixture {Chapman
and Pratt, 1961). The dried plant samples were digested in concentrated H,SO, and
0, at 400C" for N determination. Heavy metals content of water as well as
digestion solutions of Azolla samples were analyzed using an Atomic Absorption
Spectrophotometer.

Results and Discussion

Table 2 shows dry weight of different A zolla species grown on Hoagland's
nutrient solution and wastewater at different periods of Azolla growth. Dry matter
of the two Azolla species increased with time recording the highest values after
21 days from inoculation. Results reveal that the growth of two species of Azolla
in the wastewater was comparable to that of in Hoagland’s nutrient solution. The
dry matter accumulation after 21 days of Azolla filiculoides and Azolla pinnura in
wastewater reached 172 and 158% of that of Hoagland's nutrient solution,
respectively. Increasing values of Azolla dry weight, grown on wastewater, could
be due to higher nutrients content of wastewater compared to Hoagland's
solution. Bowever, the relative increase in growth per week for Azolla grown on
Hoagland's nutrient solution was higher for the third week. It then tended to
decrease. Meanwhile, those for Azolla grown on wastewater were higher during
the first two weeks. The decline in increase % after two weeks of growth could be
due to increasing nitrogen and heavy metals content of the used wastewater,
Moore (1969) reported that Azolla is sensitive to changes and deficiencies in the
supply of plant nutrients. For optimal growth, the fern requires all the macro- and
micronutrients, essential for normal plant growth. Only low concentration was
tolerated and the growth pattern was similar in the presence of 0, 10 or 20 ppm of
NH,". El-Haddad er al. (1988) found that application of 40 ppm urea-N secured
the highest growth yield of Azolla pinnata and Azolla filiculoides. In presence of
NH," -N, the highest growth yield was secured at 40 and 10 ppm for Azolla
pinnata and Azolla filiculoides, respectively. Azolla filiculoides resulted higher
dry weight compared to Azolla pinnata at any time of growth. Lumpkin (1987)
reported that under favorable conditions both the fronds and the roots of some
species start, almost doubling in weight after every 3-5 days. As the young plant
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grows in size, it also develops more roots. They are almost fully-grown in 15-20
days and have roots of 4-5 cm or more full- grown roots.

TABLE 2. Dry weight and growth increase % of the two Azolla species grown on 1/5
Hoagland's nutrient solution and wastewater as affected by period of

inoculation.
Azolla filiculoides Azolla pinnata
Growth period, Dry weight Growth increase, D.l‘y Growth increase,
days a/dish o, * weight %
’ g/dish
1/5 Hoagland's rutrient solution
0 0.10 0.09
7 0.14 40.00 0.12 3333
14 0.21 50.00 0.18 50.00
21 0.36 71.43 4.3 7222
28 032 SIRY 027 1290
Wastewater
0 0.10 0.09
7 0.23 130.00 0.24 166.67
14 0.58 152.17 (49 104.17
21 0.98 68.97 0.80 63.27
28 0.92 -0.12 0.74 -7.50

# Growth increase %: mcan the percentage of increase in Azolla dry weight for one week.

Concentrations of N, Fe, Zn, Cu and Mn in Azolla tissues are illustrated in Fig 1.
Data reveal that the content of these elements in Azolla tissues increased with time up
to three weeks. Concentration of Fe in the two Azolla species reached the maximum
after 21 days from inoculation. Manganese recorded the highest value after 28 days,
FElements concentration increased in Azolla tissues when wastewater was used as a
growth medium. Such increases recorded 90, 29, 56, 77and 95% more than the
Hoagland's nutrient solution for N, Fe, Zn, Cu and Mn respectively, after 21 days for
Azolla filiculoides. Azolla pinnata showed a similar trend for such elements recording
51, 60, 72, 64 and 109% increases above the control treatment. EL-Shahat (1997)
obtained similar data concluding that the concentration of Fe and Zn in Azolla tissues
mcreased along with time. However, concentrations of Zn and Cu increased in case
of Azolla pinnata even after 28 days while, they reached to the maximum after 21
days from inoculation for Azolla filiculoides then tended to decrease. This may be
due (o differences between the two Azolla species, differences in uptake, translocation
and utilization of such metals. It seems that heavy metals contents of Azolla, may
reflect the changes and status of water. It ts worth to mention that concentrations of
Fe, Zn, and Mn reached the highest values in Azolla pinnafa as they reached
30.8,62.6and 213 % of those of Azolla filiculoides afier three weeks from inoculation,
respectively. While,Concentrations of N and Cu reached the highest values in Azolfa
Jiliculoides: 4.1 and 26.0% of those of Azolla pinnata, respectively. EL-Shahat {1997)
studied the uptake of Fe and Zn by Azolla pinnata grown on solutions enriched with
1,2,3,4,5,6,7, 8 9and10 mg/L for Fe and 0.01, 0.02, 0.04 and (.08 mg/L for Zn
and he found that the uptake rate of both metals was the highest with high
concentrations.
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Fig.1. Concentration of N, Fe, Zn, Cu and Mnr in different Azolia species as
affected by period of growth.

Total uptake of the studied nutrients reached the highest values after 21 days of
Arzolla growth (Fig. 2). Depending on Azolla dry weight and concentration of s uch
nutrients after 21 days, it is clear that normal growth of Azolla showed usual levels of
such nutrients uptake, as described by Moore {1969) and Yatazawa et al (1980).
However, Azolla filiculoides inoculation in wastewater resulted in accumulating
higher amounts of N, Fe, Zn, Cu and Mn, reaching 4.15, 2.5, 3.27, 3.80 and 4.33 fold
compared to the Hoagland nutrient solution (control), respectively. Those for Azolla
pinnata were 4.39, 2.91, 3.15, 3.43 and 3.20 fold, in the same order. Uptake of N and
Cu increased due to inoculation of Azolla filiculoides compared with Azolla pinnata,
while Zn, Mn and Fe showed a contrary trend.
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Fig. 2. Total uptake of nutrient elements after 21 days from Azolla inoculation.

Elements concentrations in wastewater, after removal of Azolla (28 days from
moculation) are shown in Table 3. Concentration of different nutrients in
wastewater after Azolla filiculoides removal decreased by aboui 43.6, 34.7, 91.0,
415, 82.5, 37.7,12.1,46.7 and 67.2 % for NO7;, NH',, Fe, Zn, Cu, Mn, Co, Cd
and Ni, respectively, frem iitial concentration in wastewater Table, 1 while,
incase of Azolla pinnata decreases were 32.4, 26.1, 92.7, 83.0, 59.1, 65.1,93.0,
90.0 and 73.1 %, respectively.
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TABLE 3. Elements concentrations {mg/L) in wastewater after 28 days from
Azolla inoculation.

NO, NH*, Fe Zn Cu Mn Co Cd Ni
Azolla filiculoides

30406 13.39 0.71 0.31 0.47 0.66 0.123 (.048 0.22
Azolla pinnata

36.50 15.16 0.58 0.09 1.10 0.37 0.007 0.009 0.18

The ratio between concentrations of heavy mefals in Azolla and their
concentrations in water indicates a biological accumulation factor (BAF). This
factor reflects the affinity of the studied aquatic plants to a specific element or
a poliutant. High (BAF) values express the high affinity of such aquatic
macrophytes to bioaccumulation specific elements. Apart from the plant species,
the BAF depends on the metal concentration in the water itself, i e.. it increases
with increasing metal concentration in the water (Webber, 1973). Data in Table 4
show that the BAF for all heavy metals, except for Cu, increased incase of Azolla
pinnata more than Azolla filiculoides. Values of BAF varied widely from one
metal to another for the two Azolla species. The (BAF) showed the following
order: Cu>Fe > Ni> Zn> Cd> Mn> Co for Azolla filiculoides. F or Azolla
pinnata the order was Co > Cd >Zn > Fe > Ni> Mn > Cu. [t appears that with
Azolla filiculoides, Cu and Fe reached the highest values of BAF, indicating its
high affinity for bioaccumulation. Cobalt and Cd reached the highest values of
BAFY with 4zolla pinnara.

TABLE 4. Values of biological accumulation factor {B.A.F.) for the studied heavy metals.

Fe Zn Cu Mn Co Cd Ni
Azolla filiculoides

9.37 3.76 17.06 2.16 1.79 3.13 7.72
Azolla pinnata

16.69 27.88 7.28 8.86 100.00 45.56 14.00

In general, it can be noticed that the two Azolla species can remove the
studied elements from polluted water of the Shibin-Alqunatir drain. Azolly
filiculoides was beneficial for removing N and Cu, whereas Azofla pinnaia was
superior for removing Fe, Zn, Mn, Co, Cd and Ni elements from the poliuted
water, On the other hand, depending on BAF values, Fe, Cu, Co and Cd showed
higher response for phytoremediation than Zn, Mn and Ni.
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