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Removal of Toxic Heavy Metals in Water by Using Natural Products as Adsorbent
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Abstract

The objective of this work was to investigate the bract, stem, midrib, and banana peel of cultivated banana
as an adsorbent for the removal of five heavy metals which are Pb(ll), Ni(ll), Cu(ll), Mn(ll), and Zn(ll) from synthetic
wastewater. The adsorption factors studied were the contact time, concentration of solutions and pH. Moreover, we
also compared the adsorption processes based on the Langmuir and Freundlish isotherms. The adsorption
efficiency in 10 mg/L of heavy metals were found, from high to low efficiencies as follow: banana peel (91.50 —
98.43%), bract (82.77 — 96.80%), stem (77.40 — 96.73%), and midrib (67.77 — 98.03%), respectively. The adsorption
capacity of M(Il) ions on the adsorbents were proportional to the initial concentration of solutions. From this work,
the adsorbents can be used to adsorb all kinds of these heavy metal ions, therefore, they might be applied for

another wastewater treatment

Keywords : heavy metal, adsorption, banana tree
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;15199 2 Bsnulavzuudanadi (q.) 2aeniuianéos

Conc. q, (mg/g)

(mg/L) Pb Ni Cu Zn Mn

0 0 0 0 0 0

10 0.8966 0.8026  0.8277  0.9358  0.968

20 1.9037 1.7055 1.6944  1.9040 1.8945

30 28593 2.6745 2.6414 2.8680 2.8204

40 38517 32742  3.5627  3.8571 3.7313

50 47429 42270  4.2757  4.8543 4.6547

A15199 3 Ysnaulanzuungady (q,) 1098161N4a%

q, (mg/g)
Conc. Pb Ni Cu Zn Mn

0 0 0 0 0 0

10 0.9258 0.8251 0.7740 0.9138 0.9673

20 19455 1.4656 1.6372 1.8498 1.7206

30 29424 23471 25666 2.7599  1.9971

40 39297 29440 3.3803 3.7033 2.9260

50 4.8793 3.7290 4.0798 4.5020 3.5750
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159 4 Funnilavzuusanady (q,) 1esinuniog

g, (mg/g)
Conc. Pb Ni Cu Zn Mn

0 0 0 0 0 0

10 0.963 0.9803 0.6777  0.8428  0.9830

20 1.9428 15512 14263 1.7778  1.5000

30 2.8955 22577 21363  2.7641 2.2798

40 3.8918 3.0194 2.8630 3.7149  2.6230

50 47107 3.7978 3.8290 4.5702  3.5750

;115197 5 nnulavzuusionadu (g,) 2evaanndas

d. (Mg/g)

Conc. Pb Ni Cu Zn Mn

10 09150 0.9201 0.9546 0.9671 0.9843

20 19618 1.8746 1.9155 1.9542 1.9666

30 2.8885 2.7936 2.8478 2.9349 29151

40 3.6639 3.6746 3.7859 3.9328 3.8609

50 4.4724 46409 4.7266 4.9157 4.8590
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wanHaldian pH 4 anseiilaenndsaanisngadulauyminis 2 alaldan pH 1 uaz 4 dufupnuainisnlunig

o

= o 1 N 4 ! s ydn‘l o = ydn‘l
alg UNDILANLAZININIUATDIFAIDE NN LLANG2E WL9N @]Wﬁ‘]_IV]@\iLLﬁQVLﬂﬂV] pH 4 LL@z@Jﬁ“ﬁULLN\‘iﬂ’]u@iﬂﬂ% pH 1

WA 4 (1197197 9-10)

o o o o
PINTNV 6 Lﬁmm‘iammmuumqmsﬁu

a a_ a o o
PNTNN 7 LE‘EJ’]MI@MSHMH@UHMQ@]WHU

pH 9.,(mg/g) pH 9.,(mg/g)
= o v £ = = o v % =
nMutda ansiu AU waan nuda  ansiu A% waan
% b % % b % ¥ % % %
nang nangl nang nanel nanel nang nang nang
1 4.724 4.591 4.851 4.773 1 1.570 2.002 1.352 4.001
4 4.743 4.512 4.529 4.553 4 4.577 4.627 4.620 4.536
7 4.454 4.870 4.941 4.038 7 3.684 3.748 3.613 4.070
10 4.738 4.823 4.870 4.798 10 3.219 3.678 2.753 4.126
- e A e . o e .
15199 8 runnulavzdans@uusiagadu A15197 9 Bunulansyneuwnauusigady
pH 9.,(mg/g) pH q,(mg/g)
al o % $% A al [ $% % &
nMuda ansiu AU waan mMuda el AU waan
E% v v v v % v v
nang nangl nang nangl nang nang nang nang
1 4.019 1.974 1.931 4,572 1 3.609 2.162 1.788 4145
4 4.515 4.550 4.543 4.509 4 4572 4592 4617 4527
7 4.763 4.695 4.486 4.853

A199% 10 tunnulanenas LL@\T]_I‘LL[;l/']@]Wﬁ"LI

pH 9.(mg/g)
ula anfu alath! waan
% b % % b %
ndnel N@e n@de naoe
1 4264 2175  2.229  4.739
4 4535  4.653  4.693  4.532
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dansgaduifiauuunatsdu anennisgadulaneminassfinundonaanpiasivlelnme fuuuuuwaauiafsanns

o

a d’l qg// a a ' 2 dJ IS ¥ v dl ! o o A
AATLNAAURLILTULALIY WANTEUNRINAT R FanA AN NG 1 (m1919% 13) mugﬂLLuuma‘@muiwwuﬂmmLﬂmm

al

al

ndng (19197 14) aeardesnulelnneiuuuunguadt Walavzmingde nesuas, wen1ta uazdinzgd (A1 R’ > R°)
1nuzinisgadurestiniiauazazisasnaiesivlelomefuuunuwaaiias (R° > R%) Arsnaiatusasli luuandly

AN997 11-14 Auansldannna e lmmasusananslunini 5

al' a Y A o o a v
BITNN 11 f‘l"]?L‘]_E‘ElllLV]E‘LIVL'EIGﬁLWﬂ?N‘HﬂQﬂW?@]Wﬁ‘U“ﬂ@\?ﬁl'l@lﬂsm_lﬂ’ﬁ_lﬂﬂﬂ@".lﬂ

Tane laldwaduuuuuaaiias lal@wadnuwuuvgunag
a, K, R?, n K. R

Ni 1.0693 56433  0.3259  1.0047 0.7700  0.8276

Cu  1.1442 59773  0.2393  0.8300 0.7270  0.9201

Pb 3.0066 2.2904 0.1072 0.7308 1.21083 0.6510
Mn 4.7847 0.0112 0.7757 1.5267 1.3396 0.9937

Zn 4.2337 1.5179 0.1472 0.5482  1.3671 0.9639

;15199 12 maufrsuisylalamainveanisgpduaesdanaduaisiundos

Tlavz  lal@wedusuuwaadias  laldwmeduuwuuvgundd
a, K, R’ n K. R
Ni 0.8018 2.0807 0.5730 1.7931 0.8915  0.8680

Cu 0.7302  7.0671 0.1292  1.3194 0.8673  0.7842
Pb 2.9464  15.150 0.0240 54705 1.4275 0.0066
Mn 6.0423  0.1642 0.6767 3.0139 1.0863 0.8776
Zn 2.5138  2.6969 0.4947  1.0266 1.0463  0.9652
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;15199 13 msulrsuinsylalomaduveanisgeaduesdagadufinundos

Taue laldwmaduuwuuwasies lal@wadnuuungunag
a, K, R?, n K. R
Ni 3.4518 0.3678 0.7327 3.4953 1.1661 0.8089

Cu 0.3322  13.980 0.0349 0.8127 0.4520 0.9789
Pb 8.2919  1.4835 0.5782 1.3353 1.5270  0.8488
Mn 1.3534  0.5676 0.7627  4.0568 1.1594  0.8085
Zn 0.9964  27.624 0.0091 0.5904 0.7338 0.8618

nl. a o o o A ¥
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Tane laldmadnuuunaaiias lalmwasnuwuuvguna
a, K, R?, n K. R?

Ni 2.6932  3.1928  0.4153  1.4795 1.7626  0.2412

Cu 3.5149  3.1397  0.4466  1.1146  1.6148  0.5059

Pb 5.0988  0.9439  0.4759  2.9291  1.5738  0.1448

Mn 9.7561  1.5482  0.6854  1.2158  1.2758  0.8128

Zn 51921  11.636  0.0006  0.5103 0.9810  0.9874
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