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Passion fruit (Passionflora edulis) peel as an biosorbent for the removal

of heavy metals from aqueous solution
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Passion Fruit (Passionflora Edulis) Peel as an Biosorbent

for the Removal of Heavy Metals from Aqueous Solution
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Abstract

In this work, passion fruit (Passionflora Edulis) pecl was used to study its efficiency as an biosorbent for the
removal of cadmium, nickel and zinc from aqueous solution. Bateh experiments were performed as a function of contact
time, initial metal concentration, temperature and pH.The efficiency of metals recovery by desorption was also determined
with a range of chemieal extractants. Moreover, the reuse of biosorbent was investigated by following sorption/desorption
efficieney over 5 cycles. The results show that, the biosorption process was relatively fast and equilibrium was reached after
about 60 min of eontact. The aptimum pH for cadmium and nickel sorption was 7 while for zine was 5. The biosorption

capacity increased with inereased temperature. The Langmiur isotherm model was found to be suitable for describing the
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biosorption cquilibrium. The maximuim biosorption capacity as calculated from Langmiur isotherm was 16.50mg/g for 88
cadmium, 29.33 mg/g for nickel and 13.33 mg/g for zinc. 0.1 M. hydrochloric acid show high efficiency for desorption of
metals. Investigation of the biosorption/desorption behaviour over 5 ¢cycles, found that cadmium, nickel and zine
biosorption capacity at the fifth cycles was decreased average 21.05%, 39.08% and 36.91%, respectively, of the biosorption

capacity at the first cycle.
Keyword : heavy metals; metal removal; cadmium,; nickel; zine; biosorption
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Cadmium : Initial Concentration 50 mg/\. : Biosorbent 2 g./500 ml.

pH 7 : Contact time adsorption 0-180 min

- Grape Stalk Grape Residues Orange Peel Passion Peel
e g(mg/g) | Removal(%) |g{mg/g)| Removal{%) |g{mg/g)| Removal(%) |q(mg/g)| Removal(%)
0 0 0 0 0 0 0 0 0
1 2.56 23.70 2.01 19.29 2.83 26.74 1.89 17.48
5 4.49 41.66 6.08 58.41 6.52 61.57 4.49 41.49
10 5.61 51.97 8.39 80.71 7.84 74.09 6.24 57.65
30 7.78 72.13 10.23 98.38 8.54 80.64 8.92 82.34
60 8.46 78.45 10.21 98.20 8.68 82.00 9.62 88.81
120 8.84 81.92 10.26 98.68 8.70 82.17 9.91 91.46
180 8.89 82.39 10.29 98.97 8.56 80.87 9.96 91.92

Nickel : Initial Concentration 50 mg/l. : Biosorbent 2 g./500 ml.
pH 7 : Contact time adsorption 0-180 min

- Grape Stalk Grape Residues Orange Peel Passion Peel
e almg/g) | Removal(%) [q(mg/g)| Removal(%) |q(mg/g)| Removal{%) [q(mg/g)| Removal(%)
0 0 0 0 0 0 0 0 0
1 2.81 26.15 3.48 32.40 4.72 43.92 3.63 33.80
5 3.68 34.29 5.37 49.97 6.79 63.18 5.15 47.96
10 4.79 44.62 8.31 77.37 8.17 76.03 6.06 56.43
30 7.52 70.01 9.11 84.79 9.67 89.99 9.13 84.93
60 8.27 7699 | 9.90 92.14 9.67 89.97 9.28 86.39
120 8.78 81.70 10.40 96.78 9.81 91.27 9.76 90.87
180 8.62 80.22 10.56 98.28 9.88 92.00 9.92 92.32
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Zinc : Initial Concentration 50 mg/l. : Biosorbent 2 g./500 ml.
pH 5 : Contact time adsorption 0-180 min
. Grape Stalk Grape Residues Orange Peel Passion Peel
e a{mag/g) Removal(%) | g(mg/g) | Removal(%) lg{mg/g)| Removal(%) (mglg)lRemoval(%)
0 0 0 0 0 0 0 0 0
1 0.12 0.94 1.37 10.78 3.08 2417 1.22 9.58
5 1.93. 15.15 208 16.31 5.06 39.74 2.72 21.36
10 3.29 25.84 6.54 51.34 6.38 50.05 4.21 33.08
30 5.18 40.67 10.96 85.99 7.58 59.51 6.56 51.50
60 5.87 46.04 12.45 97.70 7.61 59.70 7.63 59.85
120 6.31 49.55 | 12.74 100 7.68 60.27 8.41 66.03
180 6.19 48.57 12.74 100 7.41 58.16 8.43 66.19
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Cadmium : Initial Concentration 20-400 mg/l. ; Biosorbent 2 g./500 ml.

pH 7 : Contact time adsorption 60 min.

Biosorbent Co (mg/l) | Ce(mgh) | Q (mg/g) Celq log Ce log q
Grape Stalks 18.26 2.82 3.86 0.7306 0.4502 0.5866
Grape Stalks 43.15 9.3 8.4625 1.0990 0.9685 0.9275
Grape Stalks 61.55 24 9.3875 2.5566 1.3802 0.9725
Grape Stalks 84.6 43.7 10.225 42738 1.6405 1.0097
Grape Stalks 167.6 116.6 12.75 9.1451 2.0667 1.1055
Grape Stalks 318.8 263.6 13.8 19.1014 | 2.4209 1.1399

Cadmium : Initial Concentration 50 mg/l. : Biosorbent 2 g./500 ml.
pH 7 : Contact time adsorption 60 min
Biosorbent | Co (mg/l) | Ce{mg/i) | Q (mg/g) Celq log Ce log q
Grape Residues| 18.26 0.23 45075 0.0510 | -0.6383 | 0.6539
Grape Residues| 41.6 0.75 10.2125 | 0.0734 -0.1249 1.0091
Grape Residues| 61.55 3.45 14.525 0.2375 05378 | 1.1621
Grape Residues| 84.6 6.5 19.525 0.3329 0.8129 1.2906
Grape Residues| 167.6 61.5 26.925 2.3186 1.7883 1.4237
Grape Residues| 318.8 209.4 27.35 7.6563 2.3210 1.4370
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Cadmium : Initial Concentration 20-400 mg/i. : Biosorbent 2 g./500 ml.

pH 7 : Contact time adsorption 60 min

Biosorbent | Co (mg/l) | Ce{mg/l) | q (mg/g) Celqg log Ce log q
Orange Peel 18.26 1.99 4.0675 0.4892 0.2089 0.6093
Orange Peel 42.35 7.625 8.6812 0.8783 0.8822 0.9386
Orange Peel 61.55 18.05 10.875 | 16598 | 1.2565 | 1.0364
Orange Peel 84.6 33.25 12.8375 | 25801 | 1.5218 1.1085
Orange Peel 167.6 103.3 16.075 6.4261 2.0141 1.2062
Orange Peel 318.8 256 15.7 16.3057 | 2.4082 1.1959

Cadmium : Initial Concentration 20-400 mg/l. : Biosorbent 2 g./500 ml,
pH 7 : Contact time adsorption 60 min

Biosorbent Co (mg/l) | Ce(mg/l) | q (mg/g) Celq log Ce log q
Passion Peel 18.26 1.28 4.245 0.3015 0.1072 0.6279
Passion Peel 43.325 4.85 9.6187 0.5042 0.6857 0.9831
Passion Peel 61.55 13.8 11.9375 | 1.1560 1.1399 1.0769
Passion Peel 84.6 26.75 14.4625 | 1.8496 1.4273 1.1602
Passion Peel 167.6 87.2 20.1 4.3383 1.9405 1.3032
Passion Peel 318.8 254.4 16.1 16.8012 | 2.4055 1.2068




Nickel: Initial Concentration 20-400 mg/l.: Biosorbent 2 g./500 mil.

pH 7: Contact time adsorption 60 min

Biosorbent | Co (mg/l) | Ce(mg/l) | Q (mg/g) Celq log Ce log q
Grape Stalks 16.765 0.31 411375 | 0.075357 | 0.5086 | 0.6142
Grape Stalks 42.975 9.8875 | 8.271875| 1.195315 | (.9951 0.9176
Grape Stalks 66.9 19,125 | 11.94375 | 1.601256 | 1.2816 1.0771
Grape Stalks 94.525 41,975 | 13.1375 | 3.195052 | 1.6230 1.1185
Grape Stalks 184.55 127.6 14.2375 | 8.962248 | 2.1059 1.1534
Grape Stalks 392.3 2921 25.05 | 11.66068 | 2.4655 1.3988

Nickel: Initial Concentration 20-400 mg/l.: Biosorbent 2 g./500 ml.
pH 7: Contact time adsorption 60 min
Biosorbent Co (mgh) | Ce (mg/l) | Q (mg/g) Celg log Ce Ioé q
Grape Residues| 16.765 0.3265 | 4.109625 | 0.079448 | -0.4861 0.6138
Grape Residues| 42.975 3.379 9.899 |0.341348 | 0.5288 0.9956
Grape Residues| 66.9 9.202 14.4245 | 0.637942 | 0.9639 1.1591
Grape Residues| 94.525 8.825 21.425 0411902 | 0.9457 1.3309
Grape Residues| 184.55 80.45 26.025 |3.091258 | 1.9055 1.4154
Grape Residues| 392.3 259 33.325 | 7.771943| 2.4133 1.5228
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Nickel: Initial Concentration 20-400 mg/l.: Biosorbent 2 g./600 ml.

pH 7: Contact time adsorption 60 min

Biosorbent | Co (mg/M) | Ce(mg/l) | q (mg/g) Celq log Ce log q
Orange Peet 16.765 3.0405 |3.431125|0.886153 | 0.4829 0.5354
Orange Peel 42.975 43125 |9.665625 | 0.446169 | 0.6347 0.9852
Orange Peel 66.9 11.65 13.8125 | 0.843439 | 1.0663 1.1403
Orange Peel 94.525 11.65 | 20.71875 | 0.562293 | 1.0663 1.3164
Orange Peel 184.55 123.85 16.175 | 8.16145 | 2.0929 1.1811
Orange Peel 392.3 290.2 25.525 111.36925 | 2.4627 1.4070

Nickel: Initial Concentration 20-400 mg/l.: Biosorbent 2 g./500 ml.
pH 7: Contact time adsorption 60 min

Biosorbent | Co (mg/l) | Ce(mg/l} | q (mg/g) Celq log Ce log q
Passion Peel 16.765 3.204 | 3.39025 | 0.945063 | 0.5057 0.5302
Passion Peel 42.975 5.85 9.28125 | 0.630303 | 0.7672 0.9676
Passion Peel 66.9 12.675 | 13.55625 | 0.934993 | 1.1029 1.1321
Passion Peel 94.525 12.675 | 20.4625 | 0.619426 | 1.1029 1.3110
Passion Peel 184.55 1251 14,8625 | 8.417157 | 2.0973 1.1721
Passion Peel 392.3 268.1 31.05 |8.634461 | 2.4283 1.4921
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Zinc: Initial Concentration 20-400 mg/l.: Biosorbent 2 g./500 mi.

pH 5: Contact time adsorption 60 min

Biosorbent | Co {mg/l) | Ce (mg/l) g (mg/g} Celg log Ce log q
Grape Stalks | 21.2065 515 4014125 | 1.28297 | 0.7118 0.6036
Grape Stalks | 50.9625 | 27.4975 | 5.86625 | 4.687407 | 1.4393 0.7684
Grape Stalks 80.305 47.83 8.11875 | 5891301 | 1.6797 0.9095
Grape Statks 96.615 | 68.8075 | 6.951875 | 9.897689 | 1.8376 0.8421
Grape Stalks | 192.305 | 174.945 4.34 40.30991 | 2.2429 0.6375
Grape Stalks 388.32 362.57 6.4375 | 56.32155 | 2.5594 0.8087

Zinc : Initial Concentration 20-400 mg/l. : Biosorbent 2 g./500 ml.
pH 5 : Contact time adsorption 60 min
Biosorbent | Co (mg/l} | Ce (mgfl) | q (mg/g) Celqg log Ce log g
Grape Residues| 21.2065 2.5 4.676625 | 0.534574 | 0.3979 0.6699
Grape Residues| 50.9625 | 24.16125 | 6.700313 | 3.605988 | 1.3831 0.8261
Grape Residues| 80.305 13.9725 | 16.58313 | 0.842573 | 1.1453 1.2197
Grape Residues| 96.615 371 14.87875 | 2.493489 | 1.5694 1.1726
Grape Residues| 192.305 | 147.12 | 11.29625 | 13.02379 | 2.1677 1.0529
Grape Residues| 388.32 337.21 | 12.7775 | 26.39092 | 25279 1.1064
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Zinc: Initial Concentration 20-400 mg/l.: Biosorbent 2 g./500 ml.

pH 5: Contact time adsorption 60 min

Biosorbent Co (mg/) | Ce (mgfl) | g {(mg/g) Celq log Ce log q
Orange Peel | 21.2065 | 3.3415 | 4.46625 | 0.748167 | 0.5239 0.6499
Orange Pee!l | 50.9625 | 20.53625 | 7.606563 | 2.699807 | 1.3125 0.8812
Orange Peel 80.305 | 36.3825 | 10.98063 | 3.313334 | 1.5609 1.0406
Orange Peel 96.615 | 57.9875 | 9.656875 | 6.004789 | 1.7633 0.9848
Orange Peel | 192.305 | 153.435 | 9.7175 | 15.78955 | 2.1859 0.9876
Orange Peel 388.32 339.97 | 12.0875 | 28.12575| 25314 1.0823

Zinc; Initial Concentration 20-400 mg/l.: Biosorbent 2 g./500 ml.
pH 5: Contact time adsorption 60 min

Biosorbent | Co (mg/l) | Ce (mg/l} | g (mg/g) Celq log Ce log gq
Passion Peel | 21.2065 3.285 | 4.480375|0.733198 | 0.5165 0.6513
Passion Peel | 50.9625 20.46 | 7.625625 | 2.683059 | 1.3109 0.8823
Passion Peel 80.305 | 34.5725 | 11.43313 | 3.023888 | 1.5387 1.0582
Passion Peel 96.615 | 57.4975 | 9.779375 | 5.879466 | 1.7596 0.9903
Passion Peel | 192.305 156.4 897625 | 17.42376 | 21942 0.9531
Passion Peel 388.32 334.28 13.51 2474315 | 2.5241 1.1307
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Cadmium: Initial Concentration 50 mg/l.: Biosorbent 2 g./500 ml.

Contact time adsorption: 60 min: Biosorbent; Passion Peel

pH | Colmgl) |Ce(mg) C, . —c(mg/) Removal (%) | PHyan | PHpna
2 45.39 44.99 0.41 0.88 201 | 209
3 45.39 16.12 30.27 66.68 311 | 336
5 45.39 7.5 38.23 84.23 504 | 574
7 45.39 6.27 39.12 86.17 7.04 | 496
9 45.39 6.56 38.83 85.54 9.23 | 869

Cadmium: Initial Concentration 50 mg/l.: Biosorbent 0 g./500 ml. (B/ank)

Contact time adsorption; 60 min: Biosorbent: Passion Peel

pH Co(mg/) | Ce(MIN)|Cp,eomion(Ma/}| Removal (%) | PHiar | PHna
2 4584 48.92 -3.08 -6.72 208 | 215
3 45.84 48.73 -0.89 -1.95 3.13 | 297
4 45.84 44.97 0.86 1.89 406 | 3.94
5 45.84 44.71 113 2.46 507 | 6.04
6 45.84 46.36 -0.51 -1.13 6.15 | 5.71
7 45.84 44.78 1.05 2.30 7.02 | 536
8 45,84 43.62 2.21 4.83 8.10 | 8.21
9 45.84 31.55 14.29 31.17 9.18 | 8.81
10 45.84 3.67 42.16 91.98 10.01 | 10.67
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Nickel: Initial Concentration 50 mg/l.;: Biosorbent 2 g./500 ml.

Contact time adsorption: 60 min: Biosorbent: Passion Peel

pH Colmg/)  |Ce(mg/)|C, 4. ion(ma/)| Removal (%) | PHr | PHana
2 52.13 46.39 5.74 11.01 21 29
3 52.13 21.49 30.64 58.77 3.2 3.7
5 52.13 14.84 37.28 71.52 54 4.2
7 52.13 14.16 37.97 72.83 7.0 5.1
9 52.13 30.3 21.83 41.87 9.2 8.0
Nickel: Initial Concentration 50 mg/l.: Biosorbent 0 g./500 ml. (Blank)
Contact time adsorption: 60 min: Biosorbent: Passion Peel
PH Co{mg/t) | Ce(mgh) CAdsorption(mg’q) Removal (%) | PHiuan | PHana
2 51.97 52.57 -0.59 -1.14 2.2 29
3 51.97 52.49 -0.51 -0.99 2.9 29
4 51.97 52.52 -0.54 -1.04 3.8 3.6
5 51.97 50.92 1.05 2.02 5.1 4.3
6 51.97 51.47 0.5 0.96 6.2 4.8
7 51.97 52.40 -0.43 -0.82 7.1 79
8 51.97 50.77 1.2 2.30 8.0 7.6
9 51.97 0 51.97 100 9.1 5.9
10 51.97 0 51.97 100 10.3 10.1
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Zinc: Initial Concentration 50 mg/l.: Biosorbent 2 g./500 mi.

Contact time adsorption: 60 min: Biosorbent: Passion Peel

pH | Co(mg/) |Ce(mg/)|Cpye.mrion(mall)| Removal (%) | PHyuar | PHina
2 53.19 48.89 4.30 8.09 2.3 25
3 53.19 28.42 24,77 48.56 3.1 3.6
5 53.19 2277 30.41 57.17 52 4.4
7 53.19 36.26 16.92 31.82 6.9 7.6
9 53.19 37.40 15.78 29.68 9.2 7.2
Zinc: Initial Concentration 50 mg/l.. Biosorbent 0 g./500 ml. (Blank)
Contact time adsorption: 60 min: Biosorbent: Passion Peel
pH Co(mght) | Ce(mg/l) ChdsoptionM3/)| Removal (%) | PHe | PHgpa
2 54.07 50.82 3.24 6.00 23 29
3 54.07 49.38 4.68 8.66 3.2 34
4 54.07 53.75 0.31 0.58 4.2 4.1
5 54.07 50.16 3.90 7.22 5.1 5.0
6 54.07 51.50 2.57 4.75 6.3 59
7 54.07 42.86 11.20 20.71 7.2 8.1
8 54.07 0 54.07 100 83 79
9 54.07 0 54.07 100 9.2 8.8
10 54.07 5.24 48.82 90.29 10.1 9.8
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Cadmium: Initial Concentration 50 mg/l.; Biosorbent: Passion Fruit Peel 2g./ 500 mil.

Contact Time adsoarption: 1 hr. — pH 7: Incubator shaker: 200 rpm.

Temperature Co (mgfl) Ce (mg/1) C pdsorption (MM | Qagsorpiion {mg/g)
10 C 49.93 23.23 26.70 6.68
20 oC 49.93 17.35 3258 8.14
30 oC 52.09 10.08 42.01 10.50
40 OC 52.09 10.59 41.50 10.38

Nickel: Initial Concentration 50 mgl/l.: Biosorbent: Passion Fruit Peel 2g./ 500 ml.

Contact Time adsorption: 1 hr. — pH 7: Incubator shaker: 200 rpm.

Temperature Co {mgfl) Ce {mg/) C agsorption (mgf) Qadsomtion (mg/g)
10 oC 4508 22.38 22.70 5.67
20 c,C 45.08 20.74 24,34 6.08
30 c’C 46.24 16.10 30.14 7.54
40 c,C 46.24 14.78 31.46 7.87

Zinc: Initial Concentration 50 mg/l.: Biosorbent: Passion Fruit Peel 2g./ 500 ml.

Contact Time adsorption: 1 hr. - pH 5: Incubator shaker: 200 rpm.

Temperature Co {mg/l) Ce (Mg | Cpysomtion (MI) [Qageorprion (MI/G)
10 oC 50.69 29.52 21.18 5.29
20 c,C 50.69 29.25 21.44 5.36
30 oC 50.16 25.99 2417 6.04
40 oC 50.16 27.08 23.07 577
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Cadmium; Initial Concentration 50 mg/l.: Biosorbent; Passion Fruit Peel 2g9./ 500 mi.

Contact Time: Adsorption 1 hr./Desorption 0.5 hr.; pH 7: Reagent desorption 0.1 M.

Reagent (Co (mg/)|Ce (MA/MNC, 4,0 (MI/NC eeor{MBN) Qoo (MGG} | Qyeeorn(MG/G) | desorption(%)
HCI 51.71 10.05 41.66 36.12 10.41 9.03 86.71
HNO, | 51.71 12.67 39.05 36.58 9.76 9.14 93.68
NaCl | 51.71 16.04 35.67 24.98 8.92 6.24 70.03
CaCi, | 57.88 | 14.76 43.12 41.52 10.78 10.38 96.28

Nickel: Initial Concentration 50 mg/l.; Biosorbent: Passion Fruit Peel 2g./ 500 ml.

Contact Time: Adsorption 1 hr./Desorption 0.5 hr.: pH 7: Reagent desorption 0.1 M.

Reagent Co (mg/l}Ce (mgll)Cadsom(mgfl)lcdesom(mgll Qagsop{MA/G) | Ggosorp(Ma/g) | desorption(%)
HCI 54.77 | 29.52 25.24 25.55 6.31 6.38 101.22
HNO, | 94.77 | 26.64 28.13 28.74 703 7.18 102.19
NaCl | 54.77 | 26.99 2777 14.37 6.94 3.59 51.74
CaCl, | 94.77 | 27.66 27.10 23.06 B.77 5.76 856.10

Zinc: Initial Concentration 50 mg/l.: Biosorbent: Passion Fruit Peel 2g./ 500 ml.

Contact Time: Adsorption 1 hr./Desorption 0.5 hr.: pH 5: Reagent desorption 0.1 M.

Reagent|Co (mgfl)Ce (MG/1)C_ 100 (MIMCyyeorn(MIMN Qoseorn{iMG/G) | Qyesarn{M/g) | desorption(%)

HCI 51.56 | 27.24 24.32 25.93 6.08 6.48 106.62
HNO, | 51.56 | 26.96 24.59 26.36 6.14 6.59 107.17
NaCl 51.66 | 24.41 2715 27.83 6.78 6.95 102.51

CaCl, | 9156 | 24.36 27.19 27.80 6.79 6.95 102.26
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Cadmium: Initial Concentration 50 mg/l.: Biosorbent: Passion Fruit Peel 2g./ 500 ml.

Contact Time Adsorption: 60 min.: Contact Time Desorption: 0-60 min.

Reagent desorption: HNO, 0.1 M.

~ [Time(min)|Co {mg/l)|Ce {mg/l) Cadsom(mgll)cdesnm(mgll) qadsom(mglg) qdesom(mglg) desorption(%)
5 51.71 12.67 39.05 37.12 9.76 9.28 95.08
10 51.71 12.67 39.05 36.63 9.76 9.16 93.82
30 51.71 12.67 39.05 36.58 9.76 9.14 93.68
60 51.71 12.67 39.05 36.94 9.76 9.24 94.61

Nickel: Initial Concentration 50 mg/l.: Biosorbent: Passion Fruit Peel 2g./ 500 mi.

Contact Time Adsorption: 60 min.: Contact Time Desorption: 0-60 min.

Reagent desorption: HNO, 0.1 M.

Time(min)| Co (mg/l)|Ce (M) |C 40 (MAM)C oo (MM Qo MY/D)|Qgesor{Ma/g) desorption(%)
5 o4.77 26.64 28.13 256.22 7.03 6.31 89.66
10 54.77 26.64 28.13 25.28 7.03 6.32 89.85
30 54.77 26.64 2813 25.63 7.03 6.41 91.09
60 54.77 26.64 28.13 25.25 7.03 6.31 89.76

Zinc: Initial Concentration 50 mg/l.: Biosorbent: Passion Fruit Peel 2g./ 500 ml.

Contact Time Adsorption: 60 min.: Contact Time Desorption: 0-60 min.

Reagent desorption: HNO, 0.1 M.

Time(min)|Co {mgfl)|Ce {mg/l) Cadsom(mgll) Coesopt M@/ qadsm(mglg) qdeso,p(mglg) desorption(%)
5 51.56 26.96 24.60 25.93 6.15 6.48 105.43
10 51.56 26.96 24 60 26.15 6.15 6.54 106.30
30 51.56 26.96 24.60 27.84 6.15 6.96 113.16
60 51.56 26.96 24.60 27.81 6.15 6.95 113.05
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Cadmium: Initial Concentration 50 mg/l. - Biosorbent: Passion Fruit Peel 2g./ 500 ml.
Contact Time Adsorption: 60 min.: Contact Time Desorption: 30 min.
pH 5: Reagent desorption: HNO, 0.1 M.

Cycle| Cy(ma} | C.MI/) | Cpiiomiont™IM | Coesomiont™IM | QagsomionMID| R ccorpiont MG PH e | PHecan
1 5223 | 32.22 20.01 22.41 5.00 5.60 51 4.5
2 | 5223 | 41.03 11.20 10.58 2.80 2.64 50 3.1
3 | 5223 | 40.72 11.51 9.90 2.87 247 5.2 34

Nickel: Initial Concentration 50 mg/l. - Biosorbent: Passion Fruit Peel 2g.f/ 500 ml.
Contact Time Adsorption: 60 min.: Contact Time Desorption: 30 min.
pH 5: Reagent desorption: HNO, 0.1 M.

Cycle| Coma) | C.MM |C,eormion™IM | CoreorrionMIN [Rairomiont MY Qprsorpion D) PHnr | PHice
1 57.75 | 37.77 19.97 13.43 4.99 3.35 5.1 45

2 | B7.75 | 47.89 9.85 2.63 2.46 0.65 50 3.1
8 | 57.75 | 47.21 10.54 3.15 263 0.78 52 34

Zinc: Initial Concentration 50 mg/l. - Biosorbent: Passion Fruit Peel 2g./ 500 ml.
Contact Time Adsorption: 60 min,: Contact Time Desorption: 30 min.
pH 5 : Reagent desorption : HNO, 0.1 M.

Cycle| Ci(mgll) | C (Mg | C,uoomuont™ON | CoeconionMIN | QuiorpiionMID) QoecorpriontMB/G) PHy | PHy
1| 5201 | 34.52 17.48 23.38 4.37 5.84 51 | 45
2 | 5201 | 42.64 9.37 9.91 2.34 247 5.0 3.1
3 | 52.01 | 42.20 9.80 10.24 245 2.56 52 3.4
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Cadmium: Initial Concentration 70 mg/l. - Biosorbent: Passion Fruit Peel 2g./ 500 ml.

Contact Time Adsorption: 60 min.: Contact Time Desorption : 30 min.

Reagent desorption: HNO, 0.1 M

Cycle| Co(mg/l) | C.ImaN) | CyyormiontMIN | CoraormiontMIM | QncorriontMIG) QoarpionMI/D)| PH o | PHp
11 77.39 | 16.10 61.29 60.48 156.32 15.12 7.0 6.2
2 | 77.39 | 2835 49.03 51.26 12.25 12.81 7.0 6.5
3 | 77.39 | 2491 52.47 50.90 13.11 12.72 7.2 6.8
4 | 77.39 | 37.98 39.40 38.18 9.85 9.54 7.2 4.8
S | 77.39 | 24.74 52.65 50.73 13.16 12.68 7.1 6.7

Nickel: Initial Concentration 120 mgfl. - Biosorbent: Passion Fruit Peel 2g./ 500 mi.

Contact Time Adsorption: 60 min.; Contact Time Desorption; 30 min.

Reagent desorption: HNO, 0.1 M

Cycle| Cylmgh) | C_(mg/l) CAdsmﬁon(mgll) CDesorp“Dn(mglt) QMsumﬁm(mglg) Qnmmﬁm(mglg) pH, ... | PH..
11 160.87 | 102.09 49.10 47.90 12.27 11.97 6.8 6.4
2 | 160.87 | 139.72 16.41 17.14 4.10 4.28 6.7 35
3 | 160.87 | 132.60 35.96 24.86 8.99 6.21 6.9 3.9
4 | 160.87 | 130.51 34.21 23.35 8.556 5.83 6.8 4.1
5 | 160.87 | 120.30 43.41 39.20 10.85 9.80 6.8 6.3

Zinc: Initial Concentration 54 mg/l. - Biosorbent: Passion Fruit Peel 2g./ 500 ml.
Contact Time Adsorption: 60 min.: Contact Time Desorption: 30 min.
Reagent desorption : HNO, 0.1 M

Cycle| Co(mg/l) | C.(mg) | CpueomionMIMN | Coenormion{MIM [Qnrteorpion MY QoecormnorntMID)| PH s | PHa
1 57.55 | 14.64 40.14 35.29 10.03 8.82 52 4.4
2 | 57.55 | 32.51 25.04 17.88 6.26 4.47 51 3.0
3 | 57.55 | 30.24 27.31 18.81 6.82 4.70 5.0 3.1
4 | 5755 | 32.31 25.24 16.79 6.31 419 51 2.8
S | 5755 | 33.84 23.70 15.53 5.92 3.88 5.2 3.2
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Heavy metal: Cadmium — Biosorbent: Passion Fruit Peel — Volume 5 lites

Contact Time Adsorption: 60 min.: Contact Time Desorption: 30 min.

pH 7: Reagent desorption: HNO, 0.1 M.

Initial
Biosorbent (g.)) Cycle | Co (mg/l) | Ce,,(mgfl) | Cey, (mall) |Ce . raee,imall)
Concentration
Cycle 1 9.48 2.22 2.26 2.24
10 mg/l. 119.85g.
Cycle 2 9.48 3.94 3.95 3.94
Cycle1| 2.06 0.016 0.017 0.0165
2 mgl/l. 23.68 g.
Cycle 2 2.06 0.198 0.076 0.137
Heavy metal: Nickel — Biosorbent: Passion Fruit Peel — Volume 5 lites
Contact Time Adsorption: 60 min.: Contact Time Desorption: 30 min.
pH 7. Reagent desorption: HNO, 0.1 M.
Initial
Biosorbent (g.) Cycle | Co (mgfl) | Cey,,(mgh) | Cey,,(mgll) |Ce,,....,(Ma/1)
Concentration
Cycle 1 8.85 0.705 0.835 0.77
10 mg/l. 43.65g.
Cycle 2 8.85  |Non-Detection|Non-Detection| Non-Detection
Cycle 1 - - - -
2 mg/l. -
Cycle 2 - - - -
Heavy metal: Zinc — Biosorbent: Passion Fruit Peel — Volume 5 lites
Contact Time Adsorption; 60 min.: Contact Time Desorption: 30 min.
pH 5: Reagent desorption: HNO, 0.1 M.
Initial
Biosorbent (g.)] Cycle | Co (mgfl) | Ce,,,,(mgfl) Ce(Ma,)(mgll) Ce{me,age)(mgll)
Concentration
Cycle 1 9.67 7.58 7.71 7.65
10 mg/l. 9.37 g.
Cycle 2 9.67 519 5.32 5.26
Cycle 1 - - - -
2 mg/l. -

Cycle 2






