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THE USE OF CHITOSAN COLUIMNS FOR THE REMOVAL OF MERCURY 
FROM WATERS 
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of 20/J of sampIes were introduced into the graphite atomizer with an Eppendorf 
pipette, toether with 20 ;‘I of O-1 111 ammonia solution in order to form mercury(I1) 
oxide and depress the volatility of mercury. The addition of ammonia was omitted 
for sampIes that contained iodide- The HGA-70 programme was No. I with a 60-set 
drying time at 60’ and I?-set atomization at 3.5 V and 500 A_ Scale espansion for 
1-O ppm mercury solutions was about one third of the masimum. The reproducibility 
of the signals was good, their Iinearity was verified up to 1.5 ppm of mercury. and the 
background interference was about _ ,‘._ 7 “’ as shown in Fig. I _ A second signal \vas 
present in aI1 readings obtained on potable water. but it was independent of the mer- 
cury concentration_ ff Itrapure nitrogen was as good as argon for pur@g the atomizer_ 

Fig_ I. Hot graphite aromic-absorption spectrometry rtrdings of 0.1 ppm mcrcur~ in 10 n1.W potas- 
sium iodide soltxion. Aromic absorprion (.?i) wrstrs time (xc). 

The eluates containing sulphuric acid were analyzed with an alternative appa- 
ratus consisting of a quart=~celI~co~~~~ected to an air pump and a reduction flask. 
Several versions of this apparatus have been described”-“; in the present work the 
one officially recognized in Italy was adopted’3-‘J_ 

The eluates containing cyanide were analyzed by y-ray spectrometry on ?03Hig- 
iabelled solutions, as previously described’_ 

Tap water (39’F hardness). previously passed through a chitosan cartridge so 
as to eliminate mainly copper, zinc and iron. was used to prepare solutions of mer- 
cury(I1) chloride_ mercury(I1) acetate or ethylmercury chloride solutions with mer- 
cury concentrations of 3.0, I .O or 0.1 ppm. The pH was 7.0 and in a few instances it 
was adjusted to 4.0 or S-0 with hydrochloric acid or sodium hydroxide solution. 
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The solutions were passed through the chitosan columns and collected into 
erlenmeyer flasks; a representative aliquot of each 1-I fraction was taken for analysis. 

Chitosan was supplied by the Food, Chemical & Research Laboratories, 
Seattle. Wash.. U.S.A. Glass columns of 6 :-: 1, 12 x 1. 12 x 0.4 and 20 x 2 cm 
were filled with 100-200 mesh powder and operated tmder reduced pressure_ 

RESULTS AND DlSCUSSlON 

The breakthrough curves for mercury in tap water at 3 concentration of 1.0 
ppm for 6 ;: 1 cm columns of I g of chitosan at a flow-rats of IO0 ml - min- * are shown 
in Fig. 1. Curves a and b refer to solutions of pH 4.0 and S-0. respectively. Curve c 
refers to solutions of pH 7.0 for which the mercury concentration in the lirst 7 I of 
the etlluent is less than 0.01 ppm_ 

1 2 4 6810 
Eftluent (1) 

Fig. 2. Brrakthrough curves for mercury ;II ;I concentmrion of 40 ppm for 6 x 1 cm co1u1~11ls con- 
training I g of chitosan. (a) pH 4-0. 100 ml-min-‘r (b) pH S.O. 100 ml-niin-‘: (c) pH 7.0, 100 
ml-min-‘: (d) pH 7.0, 50 ml-niin-*. Mercury concentrrtrion w-ws litres of etilurnr. 

When the flokv-rate is 50 ml - min-* (curve d). the breakthrough point is at IS I. 
Thr capacity. C. for water containing 4.0 ppm of mercury passed at a How-rate of 
50 ml-min-’ through a 6 :-. I cm chitosan column is therefore given by 

mLirosnn 
_i (43 + 13)~3-10-z 

4-4 

= 0.26 mequiv. - n~l-~ of mercury 

corresponding to I 14 mg of mercury per gram of chitosan. lr, and C/ are the initial 
and iinal volumes of the breakthrough curve in litres and c-,,, is the mercury concsntra- 
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tion in mequiv_- I-‘_ This mtxms that the chitosan powder collects mercury and has a 

capacity as high as 1 I y(, of its \veight under these conditions. 

pH values higher or lower than 7 anticipate the breakthrough point, as shwvn 

in Fig_ 2_ cur\-es a and b_ No effkt due to chloride or acetate anions \v:ts observed_ 
Zinc and copper ions that are fixed on the column under the same conditions do not 
disturb the fixation of- mercu-r this was verified zlt concentrations of- 44 and 0.1 
ppm_ respectively_ 

When tap water that contained I.0 ppm of mercury was used. the curves in 

Fig. 3 were obtained: curve :t represents a 6 ._ I cm column containing I g_ cm-\-c b 
ii 12 .-. 0_4ccm column containing 1 g_ curve c :I 12 :i. 1 cm column containinp 1g 

and cucvc d s 10 :: Z cm column containing 15 g of chitosan. These curves, which 
eshibit a typical shoulder. are not Sected by the flo\v-rate_ For the Ionser_ nsrro\ver 
columns- the breakthrough point is higher and_ in f&t_ the reduction in diameter 
Icads to an increased capacity, C. 

For 11 . I cm columns containing 2 g of chitosan. the slope of the curve is 
stccpcr. as can be st’m in Fig. 3, curve c. because of the more f2wurable Icngh 

to diameter ratio_ and mercury cm be detected in the etlluent after SO I have passed. 
The reduction in mercury concentration is from 1.0 to 0.02 ppm_ 

For 10 .-- Z cm coIumns containing 15 _ ‘* of- chitosan, the breakthrough point 
is reached afwter 1100 I have passed_ This column contths 7.5 times more chitosan 

than the IZ - 1 cm column containing 2 g. but it purifies thirteen times more :v;lter_ 
These results demonstrate that not onl_v the amount of chitosan but ttlso the dimcn- 
sions of- the coIumns must be taken into account for optimum results. 

When treating xttcr containing 0. I ppm of- mercury. the cflucnt contains ii 
constant concentration of- O-02 ppm of mercury: t-or 6 .-. 1 cm C<~i~i~llIlS containing 

1 g of chitown_ the breakthrough point is at 120 I and s;ttur;!tion is rcachcd after 
140 I have passed_ 

Waters containing 1-O ppm of mercury in the form of ethylmercury chloride 
are not appreciably purified, as mercury is present in the fSourth litre of-cfIluent_ 
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TABLE I 

ELUTION OF MERCURY FROM 6 :a: 1 cm COLUMNS CONTAINING I g OF CHITOSAN 
Absolute amount of mercury 3 iq_ Reference solution containing 0.03 ppm of mercur_c-. Elution per- 
formed with 50 ml of 2 N sulphuric acid or 15 ml of 10 mdI potassium iodide solution. 
--_________.___. .~ ._~_. 

QCI+ Hg Cfrrf Cd Hy rir WdIif~.~.~ f1.y in c-ohm 

x0. (lo) t?:j (“#,I 

KI H&O, KI H2S0, - I& ffzS0,. 

I 100 100 0 0 0 0 

z 9s 10 0 15 0 4s 

3 100 50 0 II 0 _;Y 

4 YS 50 0 II 0 _3Y 

5 100 46 0 II 0 43 
6 101 39 0 II 0 50 

7 100 43 0 II 0 16 

s YY 39 0 II 0 50 

Y 102 43 0 II 0 46 

10 97 -IO 0 II 0 49 
it 100 19 0 It 0 10 

17 100 12 0 II 0 16 

I 3 Y7 4Y 0 IO 0 40 

1-l 100 39 0 II 0 so 

I5 IO0 43 0 II 0 46 

Efuriou OJ mcv-cw_~- uml CO~~II~~ rcc-_wlin_y 

The cotnplett- clution of mct~cury CM be p~‘rforn~~‘d \vith 10 m.11 potassium 
iodide solution: 15 nil of this solution m-t t3oug-h for the compkte \vashing of a 
6 .-: 1 cm column containing I = I* ofchitosan. The recovrries t-or the tit-9 fifteen cycles 
arc reported in Table I_ Potassium cyanidtz solution is also suitable tix- the rlution of 
tnrt-cut-k- from chitosan and tAution cttrvt‘s thr 0.01 and 0.10 .\I solutions art‘ sl~o\vn in 
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Fig. 4. Mercury rlution cunv?i for 1 g. 6 :-: I cm CC~~LIIW~S containing I g of chirosln. “‘“Hi-hbelld 
solutions. (a) Eturion pcrformrd with 0.01 AI potassium cyanide solution, recovery !IS’t,,: (b) elution 
performed \vith 0.10 32 potassiuui c\:anide solution_ recovery %I~~;;_ Relative counting rate IW-.W.~ 
milli!itres of efIlueflt_ 
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Fig. 4: 100 mI of the 0.01 M solution permit the recovery of 9S% of the mercury. the 
major part of which is in rhe first 40 ml of efiluent. 

Sulphuric acid is a good eluent for removing several metals from chitosan: 
howxer. mercury can be partiaIIy removed from chitosan. as shown in TabIe I_ after 
rhe first cycle. The first regenerrttion of chitosan is complete_ but the mean recovery 
for the subsequent cycles is Lt3 X_ This was verified for sulphuric acid concentrations 
in the range I-S IV. as shown in TabIe II_ 

Organic complesing agents were found of no use for the eiution of mercury. 
I?: sotutions of succinimide. 2-aminopyridine and 
coveries as low as Z t . I5 and 5 2:. respectiveIy_ 

CONCLUSIOKS 

Ionic mercury can be e&iently removed from hard waters at neutral pH. A 
1-g amount of chitosan in a l_ 7 1; 0.3 cm column yields 30 1 of water the mercury 

diphenykarbazide giving re- 

TABLE II 

ELUTION OF MERCURY FROM 6 :- I cm COLUMNS CONTXINING 1 g OF CHITOSXN 

AbsoIute amount of mercury 3 _~q_ Reference solution containing 0.03 ppm mercury. Elurion per- 
formed with 50 ml of sulphuric acid_ 
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content of which is reduced from 1 .O to 0.02 ppm; the corresponding amount ofmer- 
cury can be eked with 15 ml of 10 mM potassium iodide solution, and the column re- 
cycled_ The volume reduction factor in this instance is 3000, while for 15 g of chitosan 
eluted with 100 ml-of solution it is over 10,000. Elution cm be also performed with 
potassium cyanide solution, but of course it would be less widely applicable_ 

While recycling with potassium iodide solution is a very simple and trouble-free 
procedure. elution with sulphuric acid is satisfactory only for the tirst cycle of unused 
chitosan columns. The chromato$aphic behrwiour of chitosnn in sulphuric acid 
deserves further studyzs_ 

The high affinity of the chelating polymer toward mercury is shown by the low 
ability of well known complesing agents to elute mercury from chitosnn. Chitosan. 
therefore. qualities 3s a most useful and effective polymer for the removal of ionic 
mercury from waters. 
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