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Abstract

This paper discusses the possible application of a biosorption system with acid-washed crab shells in a packed bed up-flow column for the
removal of nickel from electroplating industrial effluents. Between two nickel-bearing effluents, effluent-1 is characterized by considerable
amount of light metals along with trace amounts of lead and copper. Effluent-2 is characterized by relatively low conductivity, total dissolved
solids and total hardness compared to effluent-1. Crab shells exhibited uptakes of 15.08 and 20.04 mg Ni/g from effluent-1 and effluent-2,
respectively. The crab shell bed was regenerated using 0.01 M EDTA (pH 9.8, ggahtHreused for seven sorption—desorption cycles. The
EDTA elution provided elution efficiencies up to 99% in all the seven cycles. This, together with the data from regeneration efficiencies for
seven cycles, provided evidence that the reusability of crab shell in the treatment of nickel-bearing electroplating industrial effluents is viable
© 2004 Elsevier B.V. All rights reserved.

Keywords: Heavy metal; Packed column; Pollution; Regeneration; Waste treatment

1. Introduction shown sufficient heavy metal-binding capacity to be consid-
ered for the use in full-scale biosorption process. However,
Effluent treatment is nowadays one of the most impor- Tsezog7] clearly pointed out that a successful biosorption
tant issues that have to be addressed by industries. In retechnology not only depends on the metal-sorbing potential
cent years, several techniques for treating effluent haveof the biomass, but also on continuous supply of the biomass
been reported in the literature, including chemical precip- for the process. For this purpose the biomass should either
itation [1], ion-exchangdg?2] and electrochemical method be an industrial waste or available in plenty in nature. Crab
[3]. But the selection of an effluent treatment method is shell, awell-known biosorbent, can be obtained inlarge quan-
largely based on the concentration of waste and the cost oftities from seafood industries. Preliminary experimental re-
treatment. sults have established the potential of crab shells for continu-
Biosorption is a proven technology for the removal of ous removal of nickel from synthetic solutiof8. However,
heavy metals from aqueous solutions. Several investigatorsKratochvil and Volesky[9] have explained the necessity of
have reported the potential of different biomaterials to ad- examining the performance of biosorbent on industrial efflu-
sorb heavy metal ions from solutions, including bactgt]a ents. Industrial effluents often contain several toxic metals,
fungi [5] and marine algags]. All these biomaterials have this usually results in competitive ion-exchange and there-
fore an extended testing of biosorption process is required.
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study to evaluate the biosorption performance of crab shell 120
in an up-flow packed column.
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2. Materials and methods

2.1. Crab shells
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Waste shells oPortunus sanguinolentusere collected
from the Marina beach (Chennai, India) and were sun dried
and crushed to a particle size of 0.767 mm using ball mill.
The shell particles were then treated with 0.1 M HCI for 4 h
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followed by washing with distilled water and then dried nat- Time (h)
urally. The resulted shell particles were used in sorption ex-
periments Fig. 1. Breakthrough curves for the removal of nickel from electroplat-

ing industrial effluents and synthetic solutions (bed height=25cm; flow
rate =5 ml/min). Type of solution:[{) effluent-1; () 109 mg/l synthetic
2.2. Effluents solution; () effluent-2; (A) 52 mg/l synthetic solution.

Two effluents were used, and these were obtained fromtwo e metal-loaded crab shell was regenerated using 0.01 M
different electroplating industries located in Chennai (India). EpTa (disodium) solution adjusted to pH 9.8 with con-
Both effluents were taken from the second rinse tank and .gnptrated aqueous NH8]. The flow rate was adjusted to
they mainly contain nickel with significant amounts of other 19 mi/min. After elution, distilled water was used to wash
heavy and light metal ions. The pH of the solutions was not the ped until the pH of the wash effluent stabilized near 7.0.

adjusted, unless otherwise stated. The characteristics of tWorne desorbed and regenerated crab shell column bed was
effluents are listed iffable 1 reused for the next cycle.

2.3. Column studies
. . ) . 3. Results and discussion

Continuous flow sorption experiments were carried out
in a glass column (2 cm internal diameter and 35 cm height)
by loading 51.48 g of crab shells to yield 25 cm bed height. o¢,ent-1 and effluent-2 are shownfifg. 1 Nickel-bearing
Raw effluent was pumped upward through the column at oy yhetic solutions, prepared from Ni$®H,0, were used
5ml/min. Metal concentration at the exit of the column was ] compare the sorption behavior of crab shell on real and
analyzecli using atomic absorption spectrophotometer (AAS gy hetic nickel effluents. Relatively smooth breakthrough
6VARIO; Analytik Jena, Germany). Operation of the column o, e5 were observed for 52 and 109 mg/l synthetic nickel
was stopped when nickel concentration exceeded the des'regolutions. However, crab shell showed slightly lower sorp-
value. ) tion capacity when real effluents were considered. In the case

Total quantity of metal mass sorbeu) was calculated o effiyent-1, crab shell recorded a Ni uptake of 15.08 mg/g,
frorn the area above the break'Fh.ro_ugh quﬁ?mérsust) mul- whereas for synthetic solution (109 mg Ni/l of distilled wa-
tiplied by the flow rate. Now, dividing this metal mase) ter) crab shell recorded 25.62 mg Ni/g. In terms of percent-
by the sorbent mass$/) leads to the uptake capaci) of age nickel removal, crab shell exhibited 65.4 and 67.9% for

the crab shell. effluent-1 and synthetic solution, respectively. Even though
Table 1 an earlier breakthrough and exhaustion time was observed
Characteristics of electroplating industrial effluents for effluent-2, crab shell sorbed nickel relatively close to that
of synthetic solution (52 mg Ni/l of distilled water). Nickel

Breakthrough curves for the removal of nickel from

Parameter Effluent-1 Effluent-2

uptakes were 20.04 and 23.71 mg/g for effluent-2 and syn-
pH [ ol thetic soluti tively. Al b shell maintained good
Conductivity (mS/cm) A3 165 etic solution, respectively. Also, crab shell maintained goo
Total dissolved solids (mg/l) 1489 1137 nickel removal percentages of 79.9 and 80.1% for effluent-2
Total hardness (as CaGQng/l) 580 360 and synthetic solution, respectively.
Sodium (mg/l) 101 76 On comparing two effluents on the basis of nickel removal,
Potassium (mg/l) 84 58 it was observed that crab shell performed relatively better on
Nickel (mg/l) 109 52 - .
Lead (mg/l) 5 <01 effluent-2. As it is well known, metal sorption strongly de-
Copper (mg/l) 13 <01 pends on solution chemistry of the metals and competing
Iron, F&€* (mgll) 16 <1 ions[10]. The presence of considerable amounts of lead and
Chloride (mg/l) 289 230 copper in effluent-1 may have a negative effect on nickel up-
Sulfate (mg/l) 558 300

take, as they compete in occupying the binding sites. For the
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duration of sorption experiments up to the column exhaus- take for effluent-2 compared to 76.7% decline for effluent-1
tion (in terms of nickel concentration), the exit concentrations was observed at the end of the seventh cycle. Also, total vol-
of lead and copper were always below 10§1. It has been ume of effluent-2 treated during seven cycles was nearly 4.5
known in the past that crab shells possesses unique abilitytimes that of effluent-1. However, no major decrease in bed
to bind lead[11] and copperf12]. The excess amount of height was observed at the end of the seventh cycle. This
light metal ions (N& and K") and total hardness (in terms of ~ supports the fact that the loss of sorption performance was
CaCQ) in effluent-1 may have influenced the nickel binding. not primarily due to sorbent damage, but due to sorbing sites
However, Volesky and Schiewgk3] inferred that light met- whose accessibility becomes difficult as the cycles progressed
als generally bind less strongly than heavy metal ions and[16]. The uptake also strongly depended on the previous elu-
therefore they do not strongly interfere with heavy metals tion step, since prolonged elution may destroy the binding
binding. The presence of anions can lead to the following: sites or inadequate elution may allow metal ions to remain
(1) Formation of complexes that have higher affinity to the in the sites. The acid-washed crab shells are mainly com-
sorbent than the free metal ions (i.e. an enhancement of sorpprised of chitin along with some proteins. Chitin has been
tion). (2) Formation of complexes that have lower affinity to postulated as the main constituent responsible for metal co-
the sorbent than free metal ions (i.e. a reduction of sorption) ordination[5,11]. The amino and the hydroxyl groups of
[13]. However, in most cases of biosorption the metal binding chitin are the major effective binding sites for metal ions,
tends to be reduced in the presence of an[6ér4]. Other forming stable complexes by coordinatiftY]. The elutant
parameters such as conductivity and the total dissolved solidsused, 0.01 M EDTA (pH 9.8, aq. N§)i, provided elution ef-
can also be blamed for the significant deviation in nickel up- ficiencies greater than 99%dble 9. The elution process

take from two effluents. resulted in very high concentrated metal solutions in early
Reusability of a sorbent is of crucial importance in indus- part, followed by gradual decrease in metal concentration.
trial practice for metal removal from the wastewdtes]. In Similar trends were observed in all cycles for both effluents

the present study, crab shells were reused for seven sorption{graph not presented). The time for elution decreased as the
desorption cycles. In practical applications, loading of a cycles proceeded indicate that less metal ions were avail-
biosorption column has to be stopped as soon as the metal iorable for elution and also they were loosely bounded to the
concentration in the effluent exceeds the regulatory [i@jit sorbent in the successive cycles. The overall achievement
Therefore, in regeneration cycles the column operation wasof the biosorption process is to concentrate the metal solu-
stopped when nickel concentration in the effluent exceededtion. This is accessed by expressing a simple overall process
1 mg/l.Table 2summarizes the breakthrough time, nickel up- parameter, the concentration facftB8]. The concentration
take and percentage nickel removal obtained for two effluentsfactor is defined as the ratio of the total volume of effluent
during seven cycles. treated (in sorption process) to the total volume of desorbent
Both breakthrough time and nickel uptake decreased asused (in elution process). The overall concentration factors
the cycles proceeded, indicating gradual deterioration of crabfor the entire seven cycles were 5.2 and 7.4 in the case of
shell due to repeated usage. Crab shells maintained a releffluent-1 and effluent-2, respectively. This result was as ex-
atively good nickel biosorption capacity for effluent-2 in pected, because the concentration factor strongly depends on
seven cycles examined. A decline of 27.1% in nickel up- the initial metal concentration. The higher the initial metal

Table 2
Column data and parameters obtained for two effluents during seven regeneration cycles
Effluent Cycle number  t,@(h) Uptake (mg/g) Bed height (cm) Effluent Nickel Elution Elution
volume (I) removal (%) time (h) efficiency (%)

Effluent-1 1 146 9.26 250 4.38 9985 12 996

2 141 8.94 250 4.23 9987 11 998

3 128 812 249 384 9991 11 995

4 99 6.28 248 297 9990 09 994

5 82 5.20 248 246 9991 09 989

6 55 349 247 165 9991 Q7 993

7 34 216 246 102 9981 07 991
Effluent-2 1 505 1527 250 1515 9980 32 999

2 498 1505 250 1494 9975 32 994

3 483 1458 249 1449 9964 31 997

4 452 1367 249 1356 9983 30 996

5 416 1258 249 1248 9978 29 996

6 383 1159 248 1149 9984 29 997

7 368 1113 248 1104 9984 28 999

Conditions: sorption (flow rat=5 ml/min), elution (flow rate = 10 ml/min, elutant=0.01 M EDTA, pH 9.8).
2 Breakthrough time.
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