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Abstract: The effluents of an unhairing-liming workshop o€raft tannery in North Cameroon are exposed tadingl arc
discharge for various exposure times in a coldméaseactor. The highly basic effluent is rich imcentrated organic wastes
which are degraded by the oxidizing species forinethe discharge. Total Organic Carbon (TQ®) Biological Oxygen
Demand (BOIg) abatements by 95% and more than 90% respectresiyit from one houtreatment in batch conditions.
Simultaneously pH trends to acid. Bacterial ination was also found successful for short expostite$0 min. The
feasibility of the plasma technique is then conéithin case of actual effluents at the laboratoajesand may be developed in
view of industrial applications by valuable improvents.
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pressure, and among them, the gliding arc deviemsdo be
among the most efficient. The gliding discharge“(gidarc”)
was found successful in pollutant abatement of ddimand
industrial wastewaters [1-3] as well as for degngdi
industrial waste solvents [4] and even recalcitraotecules
[5]. The process is also highly effective for baiete
inactivation [6]. The objective of this study is teduce the
load of the effluents of an unhairing-iimg

1. Introduction

Solving the acute pollution problems that affect planet
is one of the main tasks for the XXCentury, by developing
green chemistry, modifying the usualocessegespecially
by deleting those requiring organic solvents) dadeloping
techniques for pollutant abatement that could he=l usefore ;
green and sustainable chemistry took the place @ellution
conventional methods. There is a long remaining way WOrkshop.
progress for numerous countries, especially theeldging 11 The Gliding Discharge and its Relevant Chemistry
ones, where handicrafts remain largely developed.
numerous cases, the liquid effluents are throwniouiots The gliding discharge [7] proposed by Czernichowski
outside plant without any purification device. Ada number the treatment of gases, is originally an arc, iteermal
of countries arelirectly concerned with serious public healthplasma burning at atmospheric pressure between two
problems in connection with pollution. They thusutety diverging electrodes. The arc forms at the narrowes
interested in operating new efficient processesnsure an electrode gap and moves to the electrode tips pgsaflow
easy transition to a suitable sewer network witlapaeld (usually humid air in our case) disposed along resctor
purifying systems. They are thus concerned withvakated axis. The arc length increases, its temperatute @aitil it is
Oxidation Processes (AOP) which are collectivelyshort-circuited by a new arc. Then it bursts iasma cloud
characterized by involving °OH radicals as stromigdiaer at atmospheric pressure and close to ambient teyser An
are famed for being easy to operate, efficient andqueous solution is exposed to the quenched plpEmee.
occasionally cheap and over all robust technigdesewly Energy brought by the arc channel is dissipatedhi&
developed AOP involves electrical discharges abapheric surrounding gas, i.e., humid air in the presenecaseaks
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water molecules, forms nitric oxide according te Birkland andpickling steps before thenning operation itself.
process and thus generates Reactive Oxygen SH&DS) The aqueous effluents released by all the workslawps
and Reactive Nitrogen Species (RNS). The occurrenagmathered in a brook that passes through a neatlagej so
of °OH and °NO was evidenced by emission spectmsco that it is used as a source of drinking and waskiater for
and the relevant population estimated [8]. Theseisg react people. The stream waters are also used for wgtdieids
together and with the ambient gas and yield varapecies, where food-producing crops are grown. This situatibus
the most active ones are the dimeiOkland peroxynitrite presents an important risk for public health arstifies that
ONOO (and the matching acid) [9]. ONOOH is granted withefficient improving solutions are taken. Severaht@ques
marked nitrating/nitrosing properties which areedetining were already proposed [11-13] and in particularnation ;
in the degradation process of bacterial cells [P,10this study is centered on the effluents of unhgiiming
additionally both hydrogen peroxide and peroxytetrare steps and thus completes a specific work devotethéo
strong oxidizers [9]: E°(KD./H,O) = 1.76 V/SHE; glidarc treatment of the effluents of the tanningrkshop
E°(ONOOH/NQ) = 2.05V/ISHE; E°(ONOGNO,) = 2.44 [12].
VISHE

Other compounds are of more limited importance,, €g
and HQ°, because these oxidizers are present only in small
quantities [9, 10]. For comparison purpose, thendsed
oxidation potentials of the concerned oxidizersasdollows

E: SOOHleo)_: 2.85 V/SHl_E; I°E° (QHZO)_z 1.51 VISHE; phair (keratine) and fats from the salted skins. The
E°("HO/H;0) = 1.63 V/SHE; E°(N@NO) = 1.05 V/SHE. wastewaters effluents are therefore rich in NaCd an

1.2. A Case Study: A Glimpse over the Craft | ndustry of remaining hair because a complete hair removal amd
Tanning Operations alteration of the skin protein (collagen) are perfed at this

stage. Wastewaters from the unhairing-liming wodgslare

A tanning craft industry is located close to MardM®rth  alkaline and also rich in sulfates, chlorides, atés and
Cameroon). This group of workshops gathers mostitees  nitrites which agree with the high conductance ealand the
of the tanning industry of the area, from collegtiskins, high concentration in Total Dissolved Solids (TD3hey
washing, peeling or unhairing up to tanning, sot thaalso have high Total Organic Carbon (TOC) values. The
processed skins are later sent to other workshaps fconcentration in hexavalent chromium is higher thhat
finishing and preparing leather goods. imposed by the standards in Cameroon, fixed to fhgl’

The first step is devoted wnhairing the collected skins. * .Thus, the liming produces highly toxic waste wate
The operation consists in steeping the untreat@tssk an containing large quantities of alkaline proteinsd asalts.
alkaline solution to weaken hair roots, and makesiex the High alkalinity is aimed to favour the hydrolysisaction of
removing of hair with a special knife. New processmve keratin, i.e., the protein which is the major cdnsnt of
better using NaOH instead of Ca(QH) get more supple epidermis and hair. Table 1 gathers analytical daltvant to
leather. The basic solution also dissolves orgamistes liming workshop effluents and Cameroon standardsichv
stuck on hair. The skins are then dipped inttnang bath clearly shows that a suitable treatment of theuefits is
composed of alkaline sulphide which improves hainecessary. Table 1 also shows the presence ofdelifdrm
removing and modifies the skin proteins. The ca@tagwells bacteria. Such contamination may be due to fecélemthat
and the skin pores open so that the further firatibtanning has escaped previous washing steps. In any casse th
agents is facilitated. The process then involeesdéliming  occurring bacteria are a sign of actual epidemickigisk.

1.3. Main Characteristics of the Unhairing-Liming
Workshop

The unhairing-liming operations are usually perfediin
basic media (calcium hydroxide, sodium sulfite)réonove

Table 1. Physicochemical properties and ion concentration of liming-unhairing workshop effluents.

Parameter Pollutant Liming workshop effluents Cameroon Standards European Standards

pH 13.2 6-9

Conductivity (uScr) 19800 1500

TDS (mglL™) 9950 1000

TOC (mglL™) 21450 50

COoD 9625 250

BOD5 17360 30
Fecal coliforms (CFU/100mL) 90 0 0
Fecal Sreptococci (CFU/100mL) O 0 0

Heavy metals Cr(VIl) (mglL? 0.65 0.1 0.05
Cr(lll) (mgL™) n.d. 2

Anions ClI (mgL?h 1290 250 200
NO; (mgL™) 435 30 0.1
NOs (mgL™) 702 50 50

SO (mgL?) 200 200 250
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2. Materials and Methods

Samples of waste solutions were obtained fromithid-
unhairing workshop and placed in a cylinder shap@@ mL
glass reactor fitted with a water cooling jacketd aa
magnetic stirrer (Fig.1).The plasma reactor wasaaly
described [1-3] and derives from Czernichowski devi7] :
it consists in a couple of diverging electrodesrmmted with
an energy source (i.e., a High Voltage transfordepem
9100 delivering 100 mA/9 kV in open and 160mA/600nV
working conditions) and disposed symmetrically auchia
wet air blowing nozzle. Wet air is obtained by halihg the
air flow provided by a compressor through a Durkask
filled with distilled water. The air flow is monited with a
rotameter.

&
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Fig. 1. Scheme of the laboratory scale batch plasma reactor

}
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The reactor is operated in batch conditions foretteln
understanding of the degradation phenomena of @rgan
wastes.

By switching on the electric circuit, an arc foristween
the electrodes at the minimum gap (around 3 mm) iand
blown to the electrode tips by the axial gas fld\we arc then
busts into a plasma cloud in contact with the Ligtarget
when short-circuited by a new arc.

The sample solutions were exposed to the dischiamge
known times t* before being analyzed.

The analytical techniques of plasma treated saistio
involve pH-metry, conductimetry (uS ¢&n and the
determination of totally dissolved solids TDS (mgd)Lall
these operations were performed by means of a lperta
Hanna multimeter. Total Organic Carbon (TOC, mplis
measured by means of a TOC-VE Shimadzu device. COD,
BOD:s, chloride, nitrate, nitrite and sulphate concertres
were determined according to the standard metheldstsd
by the American Public Health Association (1992).

3. Results and Discussion

The experimental results are gathered in Table 2 fo
various exposure times t* of the liming-unhairingnksop
effluents to the discharge.

Table 2. Evolution with the exposure time t* to the gliding discharge of the liming -unhairing workshop effluent

Time t*, min _ pH Conduct. uScnt TDSmgL™? TOCmgL? BODsmgL® ClmgL? SO*mgL? NO;mgL® NOzmgL®
0 13.2 19800 9950 21450 17360 1290 3000 435 702

5 10.6 19910 9990 15100 8000 1350 3260 435 850

10 10.2 19970 10000 15090 3120 1490 3696 420 1000

20 9.5 20500 10700 15030 2720 1688 3987 325 1500

30 8.4 20960 11050 14930 1845 1877 4130 330 1656

40 7.2 21980 12070 12008 1562 1910 4350 517 2390

60 5.4 23000 12700 987 1562 1960 5280 627 3975

90 n.d. 2005 5290 548 4811

120 2.9 2060 5300 340 7014

3.1. Acidity, Conductivity and Nitrate Concentration
Evolution

As expected from other studighe pH of a basic solution
exposed to the gliding discharge in air usuallyrdases and
the target solution trends to become acid. Thidufeais
observed in the present study since the startisg maedium
(pH: 13.2 for t*=0) falls to pH: 5.4 for t* = 60 mj and even
to very acid pH (pH: 2.9 for t*= 120 min) for mudbnger
exposure times. The pH vs.t* plot (not shown) hhe t
general aspect of a typical neutralization plot af
concentrated strong base by a strong acid. Sucivlelr is
directly related with the increase in the Nitratmeentration,
thus with the formation of nitric acid, and the ofahg
conductivity.

This feature is explained by the formation of witaxide
NO in the arc part of the discharge, in agreemeitit the
Birkeland process. The endothermic formation of NA&fs

identified by emission spectroscopy and probablgyshthe
Zeldovich model which involves the oxidation of Ry O°
atoms which are provided by electron impact disstmi of
OZ:

N, + O°— NO° + N° (1)
N° + O, —» NO° + O° )
N° + 0°— NO® A3)

The limited stability of NO° (lifetime of few secdgs) is
related with its reactivity. For example, NO° reagtith N
atoms at low temperature and also with oxygen tierot

oxygen donor moieties:
NO° + N°— N,+ O, 4)

NO° + 0°— NO,+ O° (5)
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NO° combines with °OH and forms nitrous a

NO® + °OH (+M)— HONO (+ M) (6)

and with HQ® to yield peroxynitrous acid ONOOH, tl
transs form  isomerizes into nitric acid. It may
additionally mentioned that nitrous acid
thermodynamically unstable in solutions at pH 9F

The acid effect observed in solutic with gliding
discharges (and to a lesser extent witirona dischages)
explains pH abatement, additionally to conductivand
nitrate concentration increases. The occurrence a
maximum for nitite is also verified in the preserdse foi
t*>60 min and $ attributed both to the lack
thermodynamic stability of nitrous acid HONO wh
disproportionates into NOand NO as mentione

The increase in chloride concentration may restilthe
breaking of the GZl bonds by electron impact. The hi
oxidizing power of the peroxynitrite intermediate may ti
transform choride to volatile chlorine and otheridized
chlorine derivatives, as already conside

The decrease in the conductivity of the solutiorirduthe
first minutes of treatment is followed by important
increase after 60 min exposure. This behaviour rba
ascribed to the development of the above menti
reactions: the conductivity increase shows that nemic
species are generated in the medium and that thiry
concentration becomes important.

23500 - =—#—Conduct. uScm-1 13000
23000 - =—E=TDSmglL-1 12500
“é' 22500 12000
o
v 22000 11500 =
=1 -
— an
Z 21500 11000 E
= 2
=
g 21000 10500 2
=
5 20500 10000
(W)
20000 9500
19500 +—— T 9000

0 10 20 30 40 50 60
Exposure time t* {mn)

Fig. 2. Increase in conductivity and Total Dissolved Solids with the exposure
timet*

Figure 2 shows the continuously increasing evotutid
total dissolved solids (TDS), in the same directian
conductivity. This feature may be related to tlH decrease
and the matching increasing solubility of calciuarbmnate
since Ca(OHyis used for unhairing concurrently with mc
expensive NaOH. Therefore, the growth curve from
minutes showed an increase of ionic salts in smit

3.2. TOC and BODs

The plasma treatment induces a considerable deili
TOC, starting from 21450 mgLdown to 987 mg ™ for t*
= 60 minutes exposure to the discharge, i.e., actezh by

95.4%. For 20 < t*, min < 35, TOC very slowly deases: ¢
feature that may be attuted to the degradation of hee
organic compounds, involving for example the bregkof
C-C bonds and the formation of intermediates whiighgy
affects the TOC values. For exposure times lonigen t* =
30 min, TOC significantly decreas

Takingexperimental errors into account affords guessi
linear relationship between TOC and t* (Fig

TOC (mgL?) = -266.0 t*(min) + 19820.4 (R2= 0.83)

Such a behaviour would agree with overall zero order
kinetic d[TOC]/dt* = -k as already observed for t
degradation of concentrate organic solu

25000
f(x) = -266.02x + 19820.43

20000 4. R#=0.83
=) g
7, 15000 % % % %
=) "o
© 10000 e
O .
[

5000 -
0 T T T T T T 1
0O 10 20 30 40 50 60 70

Exposure time t* (min)

Fig. 3. Linear plot of tendency of the TOC values with increasing t* (min)

The BOD values also decrease with increasing t*, as
TOC. The evolution with t* of the matching B abatement
G (i.e., G = [BOR x=o— BODs +] / BODs 1w=) is presented in
Figure 4. The graph shows that the most importarttqf the
BODs abatement is obtained for short exposure times1®
min since G is higher than 50% and even reaches @8
t*= 40 min.

100 -
90 L]
go{ O
70
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50 -
40
30
20
104

0f} T T T T T T 1
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O
O
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Fig. 4. Evolution of BODs abatement 4 (BODs)/(BODs;) = f(t*) as a function
of exposure time t*

These experimental results are highly importantabse
they confirm the pollutant abatement effect of tjieling
discharge and its role in environmental procesdAs.
showed that only 5 min treatments were sufficientawer
the TOC by 30% and BQJby 54%. However, the expost
times required in this batch study are too long giet
drinkable water by direct exposure to the dischaBjech ¢
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result with a laboratory scale device would reqairteo long (2]
exposure time which means a too high running céshe
process. In fact the efficacy of the glidarc tresinmay be
largely improved by increasing the contact betweha
discharge and the liquid target and using a loogat@ur
recycling. Also, the energy source used in the Hatooy
scale experiments may be developed, as was sugltgssf
performed in the frame of a European contract. Such
developments may be undertaken for further prestréal  [4]

studies.

(3]

3.3. Bacterial I nactivation

The known bactericidal effect of the gliding areatment [5]

is also verified in the case of the fecaliforms detected in
the untreated effluent samples. The number of CEWrbL*

thus varied from 900 for t*= 0 min down to 85 fé=t5 min

and was under the detection threshold for longgrosure
times.

[6]

4. Conclusion

The experimental and preliminary results confifrattthe
used type of discharge induces a noticeable abatenfe
organic wastes and trends to make the effluentgosition
closer to the local standards. Acidity is largetywéred
within 30 min treatment and BQDand TOC drastically
decrease. On the opposite, the TDS, conductivity ratrate
and chloride concentrations values increase. Thdteni
concentration presents a maximum as already ols¢8le
We can guess that acidity increase favours thebsijjuof g
CaCQ when used (which is often the case for economical
reasons), and the resulting increase in TDS, cdivilycand
Nitrogen salts concentrations: the formation ofnsiant
nitrite with the gliding arc process is known, aghat of the
stable nitrate. It may be incidentally noted thatoatrolled
increase in the stream might enhance growing @sgtuThe
efficacy of the gliding arc treatment was also fiedi in the
abatement of fecal coliforms for*10 min in case of an [11]
actual sample.

In any case the encouraging results of the batdtrtrent
may be improved by developing more powerful plasm?lz]
source, other reactor devices and also by usingulaiting
mode for the target solution.

[7]

(8]

[10]

[13]

References
[1] Njoyim-Tamungang E., Laminsi S., Ghogomu P., Njopwo
D., Brisset J.-L. (2011)- pollution control of suréawaters by
coupling gliding electric discharges treatments hwit
incorporated oyster shell powd@hem. Eng. J. 173 : 303-308.

204

Abdelmalek F., Ghezzar M., Belhadji M.,Addou A., Bas J.-
L.(2006)- Bleaching and degradation of textile digsnon-
thermal plasma process at atmospheric pressoce.Eng.
Chem. Res. 45:23-29.

Doubla A., Laminsi S., Nzali S., Njoyim E., Kamswi# J.,
Brisset J.-L. (2007)- Organic pollutants abatememd a
biodecontamination of brewery effluents by non w&@rm
plasma at atmospheric pressuthaemosphere 69:332-337.

Moussa D., Brisset J.-L., Hnatiuc E., Decobert Q06)-
Plasma-chemical destruction of trilaurylamine fremclear
laboratories of reprocessing plantsd. Eng. Chem. Res.
45:30-33.

Brisset J.-L., Moussa D., Doubla A., Hnatiuc E., timaB.,
Kamgang Youbi G., Herry J.-M., Naitali M., Bellon4faine
M.-N. (2008)- Chemical reactivity of discharges dadhporal
post-discharges in plasma treatment of aqueous amedi
Examples of gliding discharges treated solutidms. Eng.
Chem. Res. 47: 5761-5781.

Kamgang Youbi G., Herry J.-M., Brisset J.-L., Bellon-
Fontaine M.-N. , Doubla A., Naitali M. (2009)- Mabial
investigation using a plasmachemical solution olgdi by
gliding electric discharge&et. Appl. Microbiol.49: 13-18.

Czernichowski to
engineering and

66:1301-1310

A.(1994)- Gliding arc applications
environment contrdture Appl. Chem.

Benstaali B., Boubert P., Cheron B., Addou A., Brissdt.J
(2002) Density and rotational temperatures measemésnof
the °NO and °OH radicals produced by a glidingiarkumid
air and their interaction with aqueous solutidPlgssma Chem.
Plasma Process. 22: 553-571.

Brisset J.-L., Hnatiuc E. (2012) - Peroxynitrite: ra-
examination of the chemical properties of non-trerm
discharges burning in air over aqueous solutioPissma
Chem. Plasma Process. 32: 655-674.

Naitali M., Herry J.-M., Hnatiuc E., Kamgang Youks.,
Brisset J.-L.(2012)- Kinetics and bacterial inadiva
induced by peroxynitrite by electric dischargesin Plasma
Chem. Plasma Process. 32: 675-692.

Poznyak T., Araiza B(2005) -Ozonation of non biotdegble
mixtures of phenol and naphtalene derivatives innitag
waters-Ozone ci. Eng. 27:351-357

Rodriguez S., Sevens M., Germirii F., Aburja B. (2005
Combined chemical and biological oxidation of tamyner
wastewaterd.OsA Congress, Strasbourg , France.

Hammami S., Ouejhani A., Bellakhal N., Dachraoui M.
(2009)- Application of Doehlert matrix to determiba
optimal conditions of electrochemical treatment tafinery
effluents.-J. Hazard Mater. 163:251-258.



