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gave 1.65 g(88%) of 1,2,3,4,5,6,7,8-octahydroacridine; mp. 7ft 
(lit.8 mp. 71t).
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Ion-exchange resins have been used to separate and pre
concentrate metal ions1-4 and organic compounds5-6. Activat
ed charcoal has been used to remove metal ions and organic 
compounds in the water supply facilites7. However, ion-ex
change resins and activated charcoal couldn't be used to re
move heavy metal ions from waste water because of their 
cost.

The aim of this work was to furnish the basic data to remove 
heavy metal ions in the industrial and laboratory waste water 
with the low-priced adsorbent. We thought that sawdusts 
would be a proper one for that purpose if they adsorb heavy 
metal ions favorably. Therefore, we examined in this experi
ment the pH effect on the distribution coefficients (Kd val
ues) of the heavy metal ions on the sawdusts to inspect 
the optimum adsorption condition and whether the break 
through points at the frontal chromatography of the heavy 
metal ions in the solution of the condition by a column pack
ed with a sawdust would be large enough or not.

Experimental

Instrumental. The pH of the sample solution was mea
sured with Chemcadet Model 5984 pH meter and the metal 
ion concentrations were determined with Hitachi Model Z- 
8,000 atomic absorption spectrophotometer. The horizontal 
shaking of the sample vials to determine the Kd values of



Notes

Table 1. The Nitrogen Content(%) of Various Kinds of Sawdusts 
and Log Kd Values of the Heavy Metal Ions on the Sawdusts 
at pH 9.0a

Sawdust Log Kd values of metal ion

Name Nitrogen 
content*

Cu(II) Cd(II) Ni(II) Pb(II)

Alder 0.15 2.97 2.32 2.19 2.99
Pine — 2.08 2.93 1.68 2.62
Oak 0.22 3.00 2.83 2.57 2.70
Larch — 2.46 2.16 2.10 2.72
Popular — 2.15 1.94 1.72 2.74
Acacia 0.26 1.81 1.62 1.88
Bean stem 0.79 1.98 1.71 1.64
Larch(c) — 4.28 2.26 4.00
Acacia(c) 0.57 2.07 1.70 2.52
Larch(d) — 2.22 2.35 3.19
Bean stem(e) 0.49 2.35 2.04 2.49
Charcoal(f) — 2.77 2.53 3.29
Zeolite(g) — 1.75 1.03 2.16

"The condition of Kd measurement; metal ion solution: 20 ml 
of 10 ppm solution, sawdust taken: 250 mg, shaking time: 30 
min.6Obtained from the elemental analysis data. "Extracted with 
acetone. Extracted with acetone and 1%-NaOH successively.
Extracted with 1%-NaOH. f Activated and reagent grade. Natu

ral one produced at Sanchong, Korea.

the heavy metal ions on the sawdusts was performed with 
Korean Manhattan Co. Model 12055W1 shaking water bath 
and a peristaltic pump from the company was used to elute 
metal ion solution for frontal chromatography. Carlo Elba 
Model E. A. 1,108 elemental analyzer was used to determine 
the content of nitrogen in the sawdusts.

Reagents. The sawdusts used in this experiment were 
prepared from the timber mills located at outskirts of 
Cheongju City, Korea. The sawdusts removed water soluble 
components by repeated extraction with distilled-deionzed 
water were dried in an electric oven at 5此 for 2-3 days 
and sieved with U.S. standard sieves. The 50-100 meshes 
particles collected by sieving were used to determine Kd 
values and to prepare a(x)kimn of frontal chromatography. 
The larch and acacia sawdust and bean stem particles ex
tracted with acetone, those extracted with 1%-NaOH, or 
those extracted with successive extraction with acetone and 
1%-NaOH (Table 1 and Figure 1(B)) were prepared and 
compared with the water-extracted ones for the pH effect 
on the Kd values. All other chemicals were used of reagent 
grade purchased from Aldrich or Tokyo Kasei Chemical Co., 
and without further purification. Distilled서eionized' water 
was used for all experiments.

Determination of Kd Values. The method of determi
nation of Kd values is given elsewhere1,4*6. 250 mg of saw
dust as an adsorbent and 20 mZ of 10 ppm heavy metal 
ion solution as a study solution were used in this work.

Kd 一 mg of adsorbed metal ion on adsorbent/0.250 
mg of remained metal ion in solution/20.00

Frontal Chromatography. Mixed metal ion solution

Figure. 1. The pH effect on the log Kd of the heavy metal 
ions by the oak sawdust (A) and that of Pb(II) ion by various 
kinds of sawdusts (B). Metal ion identification in (A); 1: Cr(VI), 
2: Fe(III), 3: Pb(II), 4: NIQI), 5: Cd(II), 6: Cu(II), Sawdust identi
fication in (B); 1: bean stem, 2: natural zeolite, 3: bean stem 
extracted with 1%-NaOH, 4: pine, 5: oak, 6: popular, 7: alder, 
8: larch extracted with 1%-NaOH and acetone successively, 9: 
activated charcoal, 10: acacia extracted with acetone.

was passed through a column packed with 50-100 mesh oak 
sawdust particles by the peristaltic pump, the effluents were 
collected by 10-100 mZ of graduated cylinders, volumetric 
flasks, and the metal ion concentrations in each fraction were 
determined by atomic absorption spectrometry with acethy- 
lene-air flame.

Results and Discussion

The pH effect on the Kd values of the heavy metal ions 
by the oak sawdust and that on the log Kd of Pb(II) ion 
by various kinds of sawdusts are appeared in Figure 1. As 
can be seen in the figure, the most of the heavy metal ions
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Figure. 2. Frontal chromatogram obtained with oak sawdust co
lumn (1.5 cm(i.d.)X23 cm(L)). Sample solution: 10 ppm heavy 
metal ions in 0.05F ammonium acetate and 0.05F potassium so
dium tartrate (pH 5.0).

were adsorbed more at the high pH range. However, the 
adsorption of Cr(VI) ion on the oak sawdust(Figure 1(A)) and 
that of Pb(II) ion on the bean stem particles (Figure 1(B)) 
were increased at the low pH range. It was thought that 
most of sawdusts were anionic in the high pH and neutral 
to cationic in the low pH, we couldn't explain the increase 
in adsorption of Pb(II) ion on the bean stem particles in 
the low pH. Nitrogen contents of various sawdusts and the 
Kd values of copper, cadmium, nickel, and lead ions on oak 
sawdust at pH 9.0 are given in Table 1. From the results 
of these experiments, 갈 could be illustrated that the uptake 
of these heavy metal ions on the sawdusts is quantitative, 
the nitrogen content in the sawdust has no influence on 
the adsorption, and the removal of orgnic compounds in the 
sawdusts, such as alcohols and fats, by extraction with ace
tone or 1%-NaOH solution gave increased adsorption. Selec- 
tivities were a little different; oak has a selectivity on Cu(II) 
and Ni(II), pine on Cd(II), and alder on Pb(II). Therefore, 
among the sawdusts, the oak sawdust was a good adsorbent. 
The increasing order of Kd values on oak sawdust at pH 
5.0 was Ni(II)<Cd(II)<Cu(II)<Cr(VI)<Fe(III)<Pb(II) and at 
pH 9.0 was Cr(VI)<Fe(III)<Pb(II)<Ni(ID<Cd(ID<Cu(II) (Fi
gure 1(A)).

The Kd values for activated charcoal and natural zeolite 
were also measured to compare with those of sawdusts. In 
Table 1, the values on the activated charcoal were similar 
to those on oak sawdust, but those on the natural zeolite 
were smaller than those on the most of sawdusts.

To confirm the increasing order of Kd values of the heavy 
metal ions on the sawdusts and removal possibility on them 
in the industrial and laboratory waste water by the sawdust, 
it was examined whether the break through points of the 
heavy metal ions on a column packed with oak sawdust 
would be larger enough than the column's void volume (14 
mZ in this case) (Figure 2). Although the pH of the sample 
solution was the one (pH 5.0) in which the Kd values of

Notes 

the metal ions were comparatively smaller than those at the 
higher pH, the break through points of them were large 
enough(Ni(ID : 350 m/, Cd(II): 430 m/, Cu(II): 1,490 m2, and 
Pb(II): 3,300 mZ) and the increasing order of the break th
rough points was same as that of the Kd values. Therefore, 
it was thought to be possible that heavy metal ions in the 
industrial and laboratory waste water could be removed fa
vorably by the sawdust column.
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There are many reports for the chemical syntheses and 
the biological applications1 for N-nitrosourea analogues since 
Montgomery and coworkers2 published papers, some of which 
can be used as the antitumor agents. However, there are 
no any reports for the electrochemical behaviors and the 
electrochemical reduction of N-alkyl-N-nitrosourea to N-alkyl 
aminourea or urea. On the other hand, as not like this coim
pound the electrochemical synthesis and the investigation 
of electrochemical properties for the N-nitrosoamine analo
gues have been taken so much3, which is a carcinogen and 
a similar compound to N-nitrosourea.

Two electrode system have sometimes applicated for the 
electrochemical synthesis of N-nitrosoamine analogues. How
ever, in a certain case authors miss that the anodic products 
formed on counter electrode react often with the starting 
m가erials or the resultant products formed on cathode. This 
disturbs a specific reduction of reactants on cathode and 
ofhen lead to the formation of unexpected if a two electrode 
system or a cell without liquid junction is used.


