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ABSTRACT

Oat and wheat straw are abundant yet at the same time are not widely used. For this reason they were
tested as metal ion removers from water solutions. Batch experiments were done to determine the affinity of
both biomassesfor Cu(ll), Pb(I1), Cr(I11), Cr(VI), Ni(ll), Zn(l1), and Cd(I1) metal ionsat several pHSs; times of
reaction and the adsorption capacity for each metal were determined under optimum conditions. The metal ion
removal from the biomass was al so measured. The batch experiments show that pH 5 was the best pH for
adsorption of most of the metal ions, the exception being Cr(V1) (pH 2) in both biomasses. The best adsorp-
tion capacitieswere observed for Pb(I1), Cu(l1), and Cd(I1) for both biomasses. The biomasses were also tested
after modification with NaOH to improve their adsorption capacities. The NaOH modification conditionswere
established by experiments carried out on each biomass. Surprisingly, it was noticed that the drying process
during modification affects the adsorption capacity of oat biomass but not wheat biomass. Simultaneous
experiments for adsorption capacities of each metal ion were performed by exposing both the unmodified and
NaOH modified biomasses to the same environmental conditions. It seems that both biomasses can be
employed in heavy metal ion removal processes.
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INTRODUCTION

One of the methods employed for removing contaminants, like heavy metas, fromwaste-
water isadsorption (Al Duri, 1995; Cooney, 1998). The process of adsorptionimpliesthe presence
of an*adsorbent”: asolid that bindsmoleculesby physical attractiveforces, ion exchange, and
chemica binding. Itisadvisablethat the adsorbent isavailablein large quantities, easily regenerable,
and economical. Oat and whest straw (agricultura by-products) could be heavy metal adsorbents
which could be selectivefor somemeta ions(Al Duri, 1995). Theagricultural by-productsmeta
ion adsorption may involvemeta interactionsor coordinationto functiona groupspresentin natural
proteins, lipids, and carbohydrates positioned on cell walls(Drakeet a., 1996). Researchintheuse
of agricultura by-productshasincluded meta binding studieswith Daturainnoxia, dyed cellulosic
materials, wheat and rice bran, oat fiber, sugarcane bagasse, and sawdust to mention afew (Drake
et a., 1996; Shuklaand Sakhardane, 1992; Weber, 1996; Laszlo, 1996; Vaishyaand Prusad,
1991). Oat and wheat plants have been used as phytoextractorsfor Zn, Cu, Ni, Pb,and Cdin
studieswhereasoil metal concentration was compared before and after the plantsweregrown
(Dunemannetal., 1991; Idouraineet d., 1996; Chang et d., 1982). Thisstudy may generate useful
information for the utilization of native agricultural by-products (Avenamonidaand Triticum
dedlicias) for theremoval of heavy metd ionsfrom wastewater. Not enough informationisavailable
for metal removal by thesetwo agricultural by-products.

In thisstudy, oat and wheat metal adsorption capabilitiesweretested for Po(l1), Cu(ll),

Cr(111), Cr(VI), Zn(11), Ni(Il), and Cd(I1) metal ionsat severa pHsand reactiontimes. Oncethe
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optimum conditionswere determined, the adsorption capacities of the unmodified biomasseswere
determined. In order to increase the adsorption capacity of both biomasses, they weremodified at
optima conditionswith NaOH. Inaddition, theeffect of freeze drying on metal adsorption during
modification waseva uated for both biomasses. Findly, the NaOH modified and unmodified biom-
asses adsorption capacitieswere determined for each metal ion.

MATERIALSAND METHODS

Sampling Procedure

The sampleswere collected from two rancheslocated in the Judrez VVal ley during the months
of May and June (winter species). Both sampleswererandomly obtained fromthefields. The
sampleswere collected in separate plastic bags. Oat and wheat samplesweredried, separately, in
anoven at 95°C for one hour. After drying, the sampleswere ground and sieved to aparticle size of
100 mesh.

Profile of pH for Metal 1on Binding

Thistest required 0.25 g of each biomass. The biomasswaswashed twicewith 40 ml of
0.01M HCI followed by centrifugation (5 minutesat 2900 r.p.m.). Thebiomasswas resuspended
in 50ml of 0.01M HCI. The pH of the biomasswas adjusted, separately, to 2, 3, 4, 5, and 6. After
centrifugation, the supernatantswere placed in separate test tubesto determineif they interacted
withmetal ions. A 0.1mM, metal solution wasadjusted to pH 2 and 2 ml of it wasreacted with
biomass pellets and supernatants. Themetal solution pH wasthen increased and the procedurewas
repeated for each pH studied. The pelletswere reacted for one hour with the metal solution by
agitation. Thefinal pH and meta content were measured using aglasspH el ectrodeand aFlame
Absorption Atomic Spectrometer ( Perkin Elmer, Co.), respectively.

Time Dependency for Metal 1on Binding

A massof 0.25 g of each studied biomasswas used alone. It waswashed twicewith
0.01M HCl followed by centrifugation. After washing, the biomasswas resuspended in 50 ml of
deionized water and the pH was adjusted to the optimal binding pH. Three 2ml aiquotsof the
suspensionwereplaced inthree different test tubes. After being centrifuged, the supernatantswere
discarded and the biomasswas reacted with 0.3mM metal solution at theoptimal binding pH. Time
periodsof 5, 10, 15, 30, 60, 90, and 120 minuteswere the reaction timestested for adsorption.
Final pH and metal content were measured as described above.

Adsorption Capacity for Metal 1on Binding

The capacity experimentswere donewith 0.1g of each biomass. The biomasswaswashed
twicewith 0.01M HCI followed by centrifugation. Thewashingswere kept to determinethe mass
balance. The biomasswasreacted with 0.3mM metal solution at predetermined optimal conditions.
Following the optimal reactiontime, the supernatantswerekept for metal anayss. Thismechanism
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wasfollowed eight timesor until the biomasswas saturated. After theeight reaction cycles, 2ml of
0.1M HCI were added to the biomass and reacted again to try to desorb the bound metal ions. The
supernatants were kept and the procedure was repeated twice. Thefinal pH of the supernatantsand
their metal content were measured as described above.

Determination of Optimum NaOH Modification Conditions

Four NaOH concentrations (0.001M, 0.01M, 0.1M, and 1M) weretested. Thereaction
timeswere 15 and 30 minutes, and 1,2,3, and 4 hours. The biomass (0.5g) wasweighed for each
sample. The biomasswasthen washed twicewith 40 ml of 0.1M HCl and twicewith delonized
water. Each tube wasfilled with the appropriate NaOH sol ution and reacted for the predetermined
time. After thereaction, the pelletswere centrifuged and washed twicewith deionized water and
then freeze dried. The adsorption capacity was measured for |ead asdescribed previoudly.

Effects of Drying Technique on Metal Binding in Modified Biomasses

Each biomass (0.5g) was placed in three separate centrifuge tubeslabeled asfreeze drying,
ovendrying, and four-minuteliquid nitrogen exposurefollowed by oven drying. Thebiomasswas
washed and reacted with 0.1M NaOH during 30 minutes of agitation (using arocker). After being
reacted, the sampleslabeled asfreeze-drying were placed inliquid nitrogen for onehour. The
sampleslabeled oven drying wereplaced in the oven and allowed to dry at 50 °C. The samples
|abel ed freeze drying were placed in alyophilizer. After the oven drying samplesweredried, they
weresieved to passthrough a100-mesh sieve. Experimentsfor Po(l1) adsorption were performed
to determine the adsorption capacity of wheat and oat modified biomasses asdescribed previoulsy.

RESULTSAND DISCUSSION

Figures1 and 2 show that adsorptionispH dependent for all the metalsfor both biomasses.
Itisclearly seenthat adsorption increasesas pH risesfor most of the metal ions, except for Cr(V1)
ions. Thebehavior of Cr(VI1) may bedueto the prevaent formsof thismetal complex inacid
agueoussystems: acid chromium (HCrO,’) and chromate (CrO,*) ions. Additional experimentation
showed that Cr(V1) isreduced to Cr(I11) but the reduction processisstill unknown (data not
shown). Themetal adsorption wasweakly affected by thereaction timeascan beseeninFigures 3
and 4. Astime passed, the metal ions remained bound to the biomasses, showing astrong metal-
biomassinteraction. Asobservedinthefigures, the oat/Cr(111) and wheet/Cr(111) metal affinity
increasesdightly over time. Theionic radiusof chromiumissmaller than other metal ionsstudied.
Thus, thismay explainthispeculiar behavior. It might be possiblethat thechromiumionsdiffuse
through the biomass poresuntil being attached to the solid surface (Singh et a., 1992). In order to
determinethe biomassmetal adsorption capacities, the optimum binding pH and reactiontimewere
selected. Table 1 presentsacomparison of the adsorption capacity dataobtained for each metal by
oat and whesat biomasses. The oat biomassinteractsstrongly with Pb(I1) (19.0 mg/g). Aninteresting
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featureistheamount of Cr(V1) (4.3mg/g) and Cd(11) (4.8 mg/g) adsorbed by the oat biomass.
Cu(ll) and Zn(I1) werethe most efficiently recovered metals, while both Cr(111) and Cr(V1) were
poorly recovered ( 24% and 24%, respectively). For wheat biomass, Pb(l1) also had the highest
binding capacity (9.9 mg/g) and most of it was desorbed. Chromium(V1) had thelowest binding
capacity for wheat (gpproximately 0.9 mg/g). Once the adsorption capacity was determined for
each metal and biomass, the conditionsfor optima NaOH modification were established. Figures5
and 6 show the effect of biomassmodificationwith NaOH on their adsorption capacity for Po(l1).
Anincrement in adsorption capacitiesfor Pb(l1) was observed in oat biomasseswhich weretreated
with 1M and 0.1 M NaOH solutionsduring 1 hour and 30 minutes, respectively (Figure5). The
wheat biomasstreated with 0.1M NaOH sol ution during 30 minutes had the optimum increasein
adsorption capacity for Pb(I1) (Figure6). A similar experiment was devel oped to measurethe
interaction of Cu(l1) with modified biomasses (datanot shown). From the Pb(I1) and Cu(I1) interac-
tionswith themodified biomassesit was determined that the best improvement in adsorption
capacities occurred when the biomasses were reacted with 0.1M NaOH for 30 minutes. It wasalso
found that freeze drying after modification with NaOH affectsthe capacity for metal adsorption of
the oat biomass (see Figure 7). However, the adsorption capacity of wheat, asshowninFigure7,
was unaffected by the process. The adsorption capacities of thewheat and oat modified biomasses
weredeterminedfor all of themetal ions studied. When modified and unmodified oat biomasses
were compared, anincreaseinthe metal adsorption capacities by the modified biomasswas ob-
served for all themetalsexcept Zn(11) and Cd(11) (Table 2). The adsorption capacity of the
modified wheat biomassincreased for all metal ionsexcept Cu(ll) (see Table 3).

In conclusion, oat and wheat biomasses are able to adsorb heavy metal ionsand most of them
arefully desorbed by treatment with 0.1mHCI. In generd, in both biomasses, the adsorption
capacitiesincreased when modified with NaOH. Theinteraction observed between the unmodified
biomasseswith Cr(V1) may be exploited asan dternativefor diminishing thetoxicity of Cr(\V1).
Thesetwo biomasses may be considered potential heavy metal adsorbentsin wastewater
treatment processes.
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Table1l. Meta Adsorption capacitiesfor unmodified biomass.

Oat Wheat
Metal lon Amount of M etal Percentage [ Amount of M etal Percentage
M etal Bound Affinity of Metal Metal Bound | Affinity of Metal
(mg/g) (umoles/g) | Recovered (mg/g) (umoles/g) | Recovered
Cu(ll) 517 81.37 121.15 5 78.69 65.63
Pb(11) 18.97 91.56 94.03 9.9 47.78 95.72
Cr(111) 2.56 49.26 29.77 1.65 3175 61.93
Cr(VI) 4.29 82.55 2451 0.88 16.91 87.42
Zn(11) 2.61 39.96 109.71 1.546 23.86 93.01
Ni(ll) 3.04 51.78 70.51 2.29 39.01 51.78
Cd(n 4.76 42.35 77.67 5.23 46.53 59.42
Table 2. Metal adsorption capacitiesfor oat biomass.
Unmodified M odified
Metal lon [ Amount of M etal Percentage | Amount of M etal Percentage
M etal Bound Affinity of M etal Metal Bound | Affinity of M etal
(mg/g) (umoles/g) | Recovered (mg/g) (umoles/g) | Recovered
Cu(ll) 3.14 49.42 106.24 3.46 54.45 108.43
Pb(I1) 10.6 51.16 107.7 1.8 56.95 95.88
Cr(l1) 291 56 25.53 3.3 64.27 22.16
Cr(VI) 1.26 24.25 49.21 221 40.41 27.72
Zn(I1) 5.89 90.1 38.28 4.07 62.26 59.33
Ni(ll) 181 30.83 102.76 21 3594 100.11
Cd(ln) 6.42 57.12 51.59 543 48.31 77.45
126 Proceedingsof the 1999 Confer ence on Hazar dous Waste Resear ch




Table 3. Metal adsorption capacitiesfor wheat biomass.

Unmodified M odified
Metal lon |  Amount of M etal Percentage | Amount of M etal Percentage
M etal Bound Affinity of M etal M etal Bound Affinity of M etal
(mg/g) (umoles/g) | Recovered (mg/g) (umoles/g) | Recovered
Cu(ll) 29 45.64 116.86 2.51 395 121.15
Pb(11) 7.52 36.3 94.72 8.48 40.93 95.09
Cr(l11) 1.88 36.18 37.7 191 36.75 33,51
Cr(VI) 0.94 18.09 60.00 1.22 23.48 41.96
zZn(I) 1.88 28.76 92.77 2.12 32.43 81.59
Ni(I1) 1.22 20.78 121.74 1.83 31.17 86.8
Cd(In) 3.32 29.54 78.35 7 62.28 41.69
100 T
- @-=
90 - cu(ln
—=—pp(I)
=—A==cCr(lll
80 - o
Cr(Vvl)
ke === 7n(
S 70 .
3 Ni(ll)
- — -+ - cd(ll)
< 60
o]
=
5 50 1
(]
(@]
I 40 A
c
(]
o
2 30
20 1
10
O T T T 1
0 2 4 6 8
pH

Figure 1. Effect of pH on metal adsorption by oat biomass.

Proceedings of the 1999 Confer ence on Hazar dous Waste Resear ch

127



100 1
90 1
80 1§
2 707 - - cu
8 ——pp(|I)
om —_
= 601 A= Cr(lll)
Yo —X—Cr(Vl)
= =KX= zn(Il)
5 507 —e— i)
% —+ = cd(ll)
= 40 1
[}
bt
& 30 1
20 1
10 1§
0 .y .y
0 2 4 6 8

Figure?2. Effect of pH on metal adsorption by wheat biomass.
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Figure 3. Meta adsorption by oat biomassat different exposuretimes.
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Figure4. Metal adsorption by wheat biomassat different exposuretimes.
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Figure5. Trend observed for lead adsorption with oat modified biomass. (Thebiomasswas
modified separately with four NaOH concentrations.)
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Figure6. Trend observed for |ead adsorption with wheat modified biomass. ( The biomasswas
modified separately with four NaOH concentrations.)
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