This article was downloaded by:

On: 18 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

-“"“""'-'f_""-'i: _m International Journal of Environmental Analytical Chemistry

Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713640455

International Journal of

ENVIRONMENTAL T e . .
ANALYTICAL Determination of the Speciation of Chromium from a Bicycle Factory

CHEMISTRY Discharge
TREAE | W, M. Kudoja*

Eireemeers vt matneions - peemiases | * Kunduchi Marine Biological Station, University of Dar-es-Salaam, Dar-es-Salaam, Tanzania

Ermvircmmental snd Gleicsl Analysin

EMEA, Boma, fealy, 813 Octadar 2004
Gasat Bditar Rabesis Pillaten
Parl 2: Ersernrsenial e Foed Applic sliee

@ Tanhor & Francis

To cite this Article Kudoja, W. M.(1986) 'Determination of the Speciation of Chromium from a Bicycle Factory Discharge’,
International Journal of Environmental Analytical Chemistry, 26: 1, 77 — 81

To link to this Article: DOI: 10.1080/03067318608077105
URL: http://dx.doi.org/10.1080/03067318608077105

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww informaworld.coniterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi ||l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be Iliable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713640455
http://dx.doi.org/10.1080/03067318608077105
http://www.informaworld.com/terms-and-conditions-of-access.pdf

19: 54 18 January 2011

Downl oaded At:

Intern. J. Environ. Anal. Chem., 1986, Vol. 26, pp. 77-81
0306-7319/86/2601-0077 $18.50/0

© 1986 Gordon and Breach, Science Publishers, Inc.
Printed in Great Britain

Determination of the Speciation
of Chromium from a Bicycle
Factory Discharge

W. M. KUDOJA

Kunduchi Marine Biological Station, University of Dar-es-Salaam,
P.O. Box 35064, Dar-es-Salaam, Tanzania

The discharge from a bicycle factory in Dar-es-Salaam was analysed for dissolved
trace metals so as to monitor what was being introduced onto the environment. An
X-ray Fluorescence Spectrophotometer with a Si (Li) detector connected to a
multichannel analyser Canberra 40 series was used for the analysis. Computation of
the peaks and results was done by a Professional Deck 350 computer. The elements
contained in the discharge were Ca (596 ppm), Ti (369 ppm), Cr (11 ppm), Zn (0.98%)
and Sr (73.5 ppm). Further analysis of the speciation of chromium revealed that there
was Cr(ITl) (9ppm) and Cr(VI) 2ppm. The level of Cr(VI) was considered too high
considering its toxicity.

KEY WORDS: Chromium(VI), speciation, preconcentration, X-ray fluorescence,
spectrometry, waste water.

INTRODUCTION AND THEORY

Trace elements in the aquatic environment are essential for the
metabolism of plants and animals. Among the trace elements,
chromium has been identified as an active and essential element in
the retention of sugars.> Chromium has several oxidation states i.e.
Cr(III), Cr(IV) and Cr(VI). Of these Cr(III) and Cr(VI) are the most
common.” In aquatic systems the probable species are CrOy-,
HCrO,-, Cr**(aq) and Cr,0;, nH,0.° In sea water CrO,- is the
thermodynamically stable species.® %12
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Chromium(VI) is more ecasily absorbed into tissue than other
oxidation states® and it is also highly poisonous.” Due to its toxicity
several scientists took an interest on the speciation of chromium in
natural aquatic systems,3 5613, 14,17

Determination of chromium in aquatic systems has been done by
atomic absorption spectrometry (AAS) by several scientists,?8:10:12.15
Due to matrix effects the element has always had to be extracted
from sea water by: (a) complexation with acetylacetone/chloroform
mixture;> 15 (i) solvent extraction with methyl isobutyl ketone
(MIBK);'° (iii) coprecipitation by ferric hydroxide.®** Leyden and
Channel'# determined microgram quantities of chromium by X-ray
fluorescence after chelation by an ion-exchange resin and reduction
of Cr(VI) to Cr(Il) by sodium bisulphite. Differential pulse
polarography and chemiluminescence has also been used in the
determination of chromium.® 13

Of all the above methods used determination by AAS is common-
ly used due to its high sensitivity, lack of interference and rapidity
with which analyses can be done. Preconcentration is done by ferric
hydroxide and a chelex resin. The solvent extraction by ammonium
dithlocarbamate (APDC) and MIBK is also popular especially when
the samples are small. In this work ferric hydroxide was used for
coprecipitation and analysis done by an X-ray Fluorescence
Spectrophotometer.

MATERIALS AND METHODS

Experimental

Sample collection The water sample was collected by a plastic
carboy which had previously been soaked in 2m HNO; acid for 24
hours. The container was immersed in the pool of the water until
full, stoppered and taken to the laboratory for immediate analysis.

Preparation of reagents Iron(IIl) solution was prepared by adjust-
ing 0.01 M iron(IT) ammonium sulphate solution to pHS8 (PTI-15
Digital pH meter) with ammonium hydroxide (10%) and shaking for
12 hours to oxidize the iron(Il) hydroxide. Iron(Il) hydroxide was
prepared by adding 1ml of 109, ammonium hydroxide to 50ml of
iron(IT) ammonium sulphate.
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Co-precipitation An aliquot of 140ml of the water sample was
treated with 1ml of 0.01 M iron(IIT) hydroxide at pH 8 then shaken
for 1 hour. After shaking the sample was filtered through a 0.45um
Nucleopore membrane filter then dried in a dessicator before the
analysis. Analysis was done by an X-ray Fluorescence Spectro-
photometer (Commodore). The iron(III) hydroxide precipitated
Cr(I1I) only. In order to precipitate chromium(VI) iron(Il) hydroxide
1ml (0.0l m) was added to a 140ml aliquot and the mixture shaken
for 1hr then filtered as above. During the shaking Cr(VI) was
reduced to Cr(III) while the iron(Il) was being oxidized to iron(III).
The difference in the amount of chromium obtained from the two
aliquots was the concentration of chromium(VI).

Instrumental

An X-ray Fluorescence Spectrophotometer was used in the analysis.
The detector used was a Si(Li) (area 78.5mm?) detector using 109,
as the source of X-rays for 5,000 seconds irradiation. The multi-
channel analyser was Canberra 40 series which was connected to an
online computer (Professional Deck 350). The energy at full width
half maximum (FWHW) for the 55;, peak was 165ev.

RESULTS AND DISCUSSION

Results are summarized in Tables I and II. Of all the metals found
in the discharge it is only chromium(VI) which is of environmental
concern in view of its toxicity. On the basis of standards set in
1968'¢ water with a Cr®" concentration in excess of 0.05ppm is
rejected for domestic use. The discharged treated water was not for
human use. However, the tributary from the factory passes via open
land where there are grazing cattle and then finds its way into the
sea, hence it is important to know the concentration of Cr®™".
Chromium being a heavy metal it is bound to be deposited in the
sediments then remobilized with varying pH and Eh conditions; in
which case the amount of chromium reaching the sea could be
minimal. One way of determining whether there was a decrease in
dissolved chromium with increased distance from the discharge point
is to analyse the sediments. Unfortunately this was not done due to
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TABLE 1
Concentration of metals in the discharge

Element Concentration
Ca 596 ppm ( £ 0.006)
Ti 369 ppm ( £+ 0.001)
Cr 11 ppm (£ 0.001)
Zn 0.97% (0.0008)

Sr 73.5 ppm (4:0.0002)
TABLE II

Concentration of Cr species

Average

Cr type Fe type  concentration
Cr (total) Fe(OH), 11 ppm
Cr(III) Fe(OH), 9 ppm
Cr(VD) Fe(OH), 2 ppm

the lack of a freeze drier since wet sediment samples for X-ray
analysis have to be freeze dried. More work is therefore required
especially on the Cr trapped in sediments.

At this juncture it can only be concluded that the level of Cr®™*
discharged is of environmental concern. The degree of the pollution
can only be verified after a thorough analysis of the amounts and
speciation of chromium reaching the sea.
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