Adsorption of Heavy Metal lons by Coniferous Barks
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Fifteen species in the 9 genera of coniferous barks were examined to evaluate their
abilities to take up heavy metal ions from aqueous solution. Factors affecting adsorption of
heavy metal ion from solution also were investigated using Ezomatsu Picea jezoenis bark

Of the barks tested Ezomatsu Akaezomatsu P.glehnii) Norway spruce P.abies and
Ichii Taxus cuspidata were found to have high affinity for Cdi> Cu? and Zn®  Adsorption
of Cd?> by Ezomatsu bark was remarkably affected by both the initial Cd®> concentration
in the solution and the pH of the solution. Cd® solution was passed through a packed bed
of Ezomatsu bark at differrent flow rate. The amoumt of Cd?> adsorbed by the adsorbent
increased with decreasing flow rate
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Table 1. Adsorption of Cd**, Cu** and Zn** by various coniferous barks
and commercial activated carbons

W 2+ Cu?* Znt+
Species % mg/g® % mg/g" % mg/g"

k= . 28.1 6.7 31.5 4.4 26.0 3.6

Abies sachalinensis Masteres

/ey 51.0 12.2 50.3 7.1 50.2 T:1

Picea jezoensis Carr.

THI /= 50.2 12.1 54.5 7.6 49.9 7.0

P. glehnii Masteres

30,k oL 63.1 15.8 68.9 9.6 5.8 8.2

P. abies Karst

A7 ) 38.4 9.1 35.8 5.0 33.3 47

Larix leptolepis Gordon

7=y e 40.4 9.8 45.9 6.4 35.5 5.0

L. gmelinii var. japonica Pilg.

ThH=Y ) 40.5 9.7 33.3 4.7 32.7 4.6

Pinus densiflora Sieb. et Zucc. )

7oy 29.7 7.2 44.8 6.3 35.2 5.0

P. thunbergii Parlat.

Zta—7T=y 38.3 9.4 41.6 5.8 26.9 3.9 .

F. strobus Linn.

4F4 ) ; 59.4 14.4 55.3 7.6 55.0 7.9

Taxus cuspidata Sieb. et Zucc.

A y 49.8 12.1 46.7 6.5 46.9 6.6

Cryptomeria japonica D. Don

EA . . 44.0 10.7 53.9 7.5 44.1 6.3

Sciadopitys verticillata Sieb. et Zucc.

E/ ¥ 47.8 11.6 34.4 4.8 41.1 5.8

Chamaecyparis obiusa Sieb. et Zucc.

H+75 47.3 11.6 36.3 5.0 43.5 6.1

C. pisifera Sieb. et Zucc,

E/ %7 A+w 57.5 13.9 40.7 5.6 42.6 5.9

Thujopsis dolabrata var. hondae Makino

ETER (WELR) 33.7 7.3 50.6 6.5 44.9 5.7

Activated carbon(granular)

R (BR) 30.2 7.1 45.5 5.8 18.9 2.5

Activated carbon (powder)

= 0k A ik
Milligram metal per gram of adsorbent
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Table 2. Adsorption of Ag*, Co™, Mn®** and Ni** by coniferous barks and commercial activated carbons

Milligram metal per gram of adsorbent

[J. Hokkaido For. Prod. Res.

E‘- fi Ag+ C02+ an-l- Niz+
Species % me/g?| % 0 me/g¥| % mg/g®| % mg/g?
P 20.4 5.0 28.6 3.7 34.6 4.1 31.5 4.2
Picea jezoensis Carr.
F—o stk 23.1 5.7 4.5 5.4 42.8 5.3 -983.7 7.7
- P, abies Karst
1F1 22.5 5.7 47.3 6.2 47.2 5.6 47.7 6.1
Taxus cuspidata Sieb. et Zucce.
R (MER) - - 33.4 3.8 28.6 3.1 27.2 3.2
Activated carbon(granular)
EER (R) - — 22.4 2.8 11.7 1.3 21.3 2.6
Activated carbon (powder)
o IR AR
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Table 3. Adsorption of Cd**, Cu®** and Zn** by Ezomatsu bark extracted with various solvents

i (%)™ Cd* Cu?* Zn**
Extraction Extractives % mg/g" % mg/g" % mg/ g™
Al 19.4 51.0 12.2 51.3 7.1 50.1 7.1
Cold-water
SATCHE 29.4 49.7 124 55.2 7.4 47.3 6.9
Hot-water
TIPS =N (10 2) il 9.8 54.6 13.8 56.9 7.7 51.2 7.6
Ethanol-benzen(1 : 2, v/v)
1 %AKBE(L+ b 1) 7 LKiE 48.7 18.3 4.5 8.8 1.2 15.1 2.2
1%NaOH agq. solution
E=ih) = 50.0 12.5 54.7 7.4 50.6 7.4
Untreated
0 RE A
Based on oven-dry untreated bark
Rk

Milligram metal per gram of adsorbent
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Fig. 1. Time course of Cd®* adsorption
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Fig. 3. Effect of amount of adsorbent on
Cd** adsorption
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Fig. 2. Effect of initial Cd** concentration on
Cd** adsorption
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Fig. 4. Effect of pH on Cd** adsorption
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Table 4. Adsorption of Cd** from 1mM Cd (NOs). solution by a packed bed of Ezomatsu bark

TR (ppm Cd**) 112.1 112.1 112.1 112.1
eed concentration

#i# (ml/min) 5 20 33 50
Flow rate
iit# (bed vol./h) 7.5 30 50 75
Flow rate
ARG ERL VA F 27 200EE (mg Cd*/g) 22.4 22.4 22.4 22.4
Total feed
ERREIZE T EEKN A F 27 LIBE (ppm) <0.1 <0.1 <0.1 <0.1
Steady state Cd** concentration in effluent
EEKEZE T 2880 pH 4.03 4.04 4.03 4.03
pH of effluent at steady state
MR TRz 51T 2:8@HE0 A F 27 48B%E (ppm) 85.0 89.6 92.8 93.0
Final effluent Cd** concentration
JAREGERY )0 F 27 LR R (mg Cd*/g) 13.5 11.2 10.1 9.0
Total Cd** adsorbed
ik = BE5.0g
Packing was 5.0g of Ezomatsu bark
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