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Under fresh water shortage conditions, polluted water treatment and brackish
water desalination could be a correct defense mechanism in this situation. In
the present study, Microbial Desalination Cell (MDC) performance was tested
on a laboratory scale to investigate the desalination process and wastewater
treatment. The experiments were designed in a three-chamber reactor using
activated sludge as bio-catholyte and synthetic wastewater in four different
hydraulic retention times and 35 g/l NaCl concentration in two functional
mods (batch & continuous). According to the results, maximal salt removal
and EC reduction rate of about were obtained in continuously fed mode,
respectively. The anolyte pH in both batch and continuous modes dropped
from 7 to 6.47 and 6.48 respectively. The chemical oxygen demand (COD)
removal values in the continuous mode were 61 and 65% in the anolyte and
catholyte respectively, higher than those of fed-batch MDC. Moreover, the
result of examining indicated the statistical relationship between system
efficiency (salt removal, COD removal, and EC reduction rate) and hydraulic
retention time and also between system efficiency and hydraulic flow. On the
other hand there is a significant level (Sig< 0.05) which represents direct
relationship between the above parameters.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction

decrease by one-third, and two-thirds of the
world’s inhabitants will live under fresh

Freshwater (salinity < 0.5 g/l) shortage has
become one of the major challenges for
societies all over the world. In the next two
decades, it is predicted that the average
amount of fresh water per person will
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water-stressed conditions. Although
desalination technologies are commonly
used for producing clean water from the sea
and brackish water around the world, most of
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these technologies still require electrical or
thermal energy, and therefore require
significant capital and energy resources.
Hence, developing desalination technologies
sustained by renewable energy, such as
wind, solar or other green technology for
generating energy, 1is being seriously
considered. Microbial desalination cell
(MDC) is a new type of bio-electrochemical
system that can simultaneously desalinate
water and treat wastewater. MDC is derived
from Microbial Fuel Cell (MFC), which uses
microorganisms as biocatalysts to convert
chemical energy into electrical energy.
Bacteria growing on an electrode in the
anode chamber oxidize the organic substrate
and result in the transfer of electrons, which
intrigues the movement of cations from the
middle chamber to the cathode chamber and
the migration of anions from the middle
chamber to the anode chamber, thereby
generating electric current at the same time.
When current is generated by bacteria on the
anode and protons are released into the
solution, positively charged species are
prevented from leaving the anode by the
Anion Exchange Membrane (AEM), and
therefore, negatively charged species (i.e.,
chlorine) move from the middle chamber to
the anolyte. In the cathode chamber, protons
are consumed, resulting in positively charged
species (i.e. Na") moving from the middle
chamber across the cathion exchange
membrane (CEM) to the catholyte. This loss
of ions from the middle chamber results in
water desalination and no electrical energy
and water pressure is required. In most
MDC studies, free cyanide or air cathode has
been used as the electron acceptor in the
cathode chamber. Despite the ability of
ferricyanide to increase the cathodic
potential and speed up the reduction
reactions, but its use is not suitable due to its
high cost and toxic properties. Therefore, in
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this study, bio-cathode
(activated sludge) were used to solve the
above problems. Also, to determine the
accuracy of the measurements and analyze
the obtained results, the data were transferred
to SPSS software.

and Dbiocatalyst

Materials and Methods
In the peresent study, the efficiency of

biodegradable MDC in
desalination and wastewater

simultaneous
treatment
process was tested. The experiments were
designed to investigate the effect of
hydraulic flow and hydraulic retention on
system efficiency, chemical oxygen demand
(COD) removal rate, desalination rate, and
electrically conductive reduction rate (EC).
The design of MDC was based on three —
cubic—shaped Plexiglas chambers, with equal
dimensions (5%5x5 cm). The chambers were
separated with ion-exchange membranes: an
anion-exchange membrane (AEM: AMI-
7001, Risingsun Membrane, China) and a
cacation—exchange embrane (CEM: CMI-
7001, Risingsun Membrane, China). The
anode and cathode electrodes were produced
by inserting a graphite rod into the anode &
cathode chambers. The electrodes were
connected to an external resistance through a
copper wire under a fixed resistance of 100
Q in a closed-circuit condition. The
schematic and photographs of batch and
continuous mode of MDC setup are depicted
in Fig.1.

The anode chamber was inoculated with
bacterial culture from cow manure (50%,
V/V), and a synthetic waste water solution.
The bio-cathode Chamber inoculated with
bacterial culture from activated sludge (50%,
V/V) and a synthetic wastewater solution.
The catholyte was aerated at a constant flow-
rate in order to supply a dissolved oxygen
level of 4 mg/l. The middle chamber was
filled with the water at NaCl concentrations
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of 35 g/l at separate determinations. All the
tests were operated at ambient temperature
(20 -25°C) and the data were transferred to
SPSS and the statistical
relationships between the data were analyzed
using Pearson correlation coefficient.

software

(a)

| Resastar =",

10cm cathade

(b)

Fig. 1 a) Outline of the microbial desalination cell and
b) Schematic image of the made reactor
The voltage (E) across the external resistor
(Re) in the MDC was recorded every 20 min
using a multi meter. Current was calculated
according to Ohm’s law (I=ER). Power
density was calculated as P=EI/A (mw/m?),
where A (m?) is the projected surface area of
the anode (Veerman, et al. 2008). The
coulombic efficiency (CE) (%) is defined as

(Eq. 1).

Coulombs recovered

(1)

B Total Coulombs in substrate

CE can, therefore, be calculated through (Eq.
2)

=M2mliti 99

CE(%) FbACV (2)
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Results
According to the data obtained, the

maximum rates of NaCl removal in fed-
batch mode was 48.8+ 0.2 %, and for
continuously fed mode was 52.3+ 0.7 %. The
higher salt removal rate in the continuously
operated MDC could mainly attributed to the
higher power and generation. On the other
hand, based on the data, increasing HRTs
enhanced NaCl removal rate because of
longer period of time for desalination.

The anolyte pH in both batch and continuous
mode dropped from 7 to 6.47 and 6.48. This
decline was attributed to anaerobic activity
of microorganisms and proton accumulation.
The catholyte pH increased from 7 to 7.1 in
batch mode. The corresponding pH values
for continuous mode were 7.08, mainly due
to consumption of protons and hydroxide
accumulation in the cathode chamber and
oxygen reduction that increase pH within the
cathode chamber. As the result, the changes
of pH in the anolyte and catholyte over time
were gradual and low.

The corresponding data for the chambers
demonstrated, maximum COD removal (%)
in the anode chambers were 54% and 61%,
feeding at HRT; of 4 days, under fed-batch
and mode,  respectively.
Therefore, the COD removal in continuous
mode improved when compared to batch
mode. Its efficiency in the cathode chamber
was also higher than that in anode chamber.

continuous

Coulombic efficiency (CE) (%) is defined as
the ratio of the actual amount of electrons
gained by the substrate to the theoretical
amount of electrons obtained by the bacteria
based on COD removal. According to
presented data, the continuously fed mode
had higher CE with the value of 13% that
was more than fed-batch mode with the CE
value of 12.8% at NaCl concentrations of 35
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Conclusions
According to the results:

1. The hydraulic flow has improved the
performance of the system.

2. System efficiency is directly related to
HRTs. Therefore, increasing HRTs can be
introduced as a factor in improving the
performance of bio-cathodic MDC.

3. The EC obtained was less than 50%. It can
be concluded that the total COD consumed
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in the anode chamber was not used to
generate electricity; therefore, despite the
high percentage of COD removal, a high
percentage of CE was not obtained.

Data Availability
The data can be sent on request by the
corresponding author via email.
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Ot 3l 4S 995 o0 Szl LS 5 (Sl
COD i Sl s EC PH i ay s e Lagy]
59 by o 53 35—0d 0 )LSI S 5 el o
5 2 S—d Sl () S S gy
@l Lo 4w MDC S, 1o Dol as
Codl> g y0 S—ad YOO/ e bile Lo (ool
5 gl asloyle; ¥ oo di gy g ataiie (60,0l
B9—3 ozl )L (Y-2¥°C) ol _iolejl Lal,
(85 515 talesl g g 2350

Clgils g OB Ol i )Y

Jsle ;3 COD 5 pH EC wlpis wig, 5 nolie
99,2 ,0a5 (Y 5 V) Jslaz o cdgls (@531) oMsle
aibos (10 0/h) <ot NaCl jlaie Jgo

(sl Aol Jske 5 COD 5 EC PH s ) Jgus

W}».: 9 é]d.w | BN 99 0
Table 1 The result of pH, EC, and COD in the
wastewater solution in both batch and continuous

modes
Operational COD EC HRTs
Mode (9/1) (mS/em)  (h)
0 7.00 5.80 500£20
S 24 6.65 6.10 449
= 48 6.59 6.2 387
@ 72 647 649 295
96 6.37 6.78 230
o 0 7.00 5.20 500+20
2 24 6.91 5.49 445
== 48 678 557 385
8 72 6.65 5.83 269
96 6.48 6.08 195

Environment and Water Engineering

Gy e (HRTS) losilagle; oulol 2 ilize
B Jsl 595 0 Sedgpane ()b, Ce s 4S5 jsbay 000 5 o
vy mlimin g </ YA /o F cl A S pa pyles
(Vo= Y0 °C) Lo slod ;o laialosl aled o pudass
3,50 SPSS l38le 5 51 eolazl b o] 51 Jol> glis 5 plxl

U VPR TS TH L
Oz )5 Sod e e sl eslanal L 5Ls Y- min e
2 e oly B g (1 akl) ool G5B Gull
I=E/R Q)
P=EI/A )

RV iy 45 oy E A e yy ol yz s | oaS
A s MWM? sy g5 S P Qi y Caglis
(Veerman et al. aib o M? o &l o colos
() 5 () Ly, 3b (CE) SwslsS o351 .2008)

(Kim and Logan 2013) :35% o dmslxe g iy ya3

Coulobs recovered
CE=

" Total Coulombs in substrate

D)

n e
CE (%) = % x 100 )

i Feti ol 58 w5l (o293 Oy T as
a4 S ooy xS slaas b @asfAd c/mol) ol Ls
Sl esd AC (F) 55800 Jols (5ST Joo 12 STl
o9 M 5 ) cJgl oz V amg/l) COD c_Lale
(Gutman and ol o (YY) oy5uST JoSge
&,9—o g EC polie el S X ol .Hassan 2010)
eed g (135Sl anl B a5 S5 Gl SEU
5 $99y3 M5l pH 3 COD EC &l 5 o))

(Sea Water f i 5y oK
Jlo—i. < Refractometer, Red Sea Co., USA)
)—Ms—oﬁjf-( )| ol 5 )‘ oolax | L s COD

3 EC o404 (DR6000, HACH Co., USA)
(HQ =4 EC sbolKiws S5 4 e 5apH
(914, pH meter 540d, HACH Co., USA)

'Hydraulic Retention Time
2Coulombic Efficiency

ol s § o jlaiore
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Ol ade Sl cleay i @350l oo Ses

(Ter Heijne et al. 2006) Wb o 90

601 [ Middle Chamber
[ catholyte- Continuous
504 [ Analyte-Continuous
[ ]Middle Chamber-Batch
I Catholyte-Batch
401 | Anolyte-Batch
Q\D/ 30
O
L
20
104
0 |
20 40 60 80 100
HRT (h)
30 Pl SBUl g (05 xSl slasBLI Lo EC &l s -V S
Wy 9 ghite sloanld Job

Fig. 2 Changes of EC in electrode and middle
chambers during batch and continuous modes

PH &l iy Y-
815 MDC (sloia o ol 2 inte | 52
@ e a9 ol els ol e sl pH
Cpndi 4z 50 5 el ly e Sollad (al Jise
(Haiping et al, ssd 0 pimw olojSed o,Shee
soliiul b a5 slaalaize jo ooy 2SI 28,5 1,8 2012)
pae el wibablax Saen 5l Se Jols slalis
2 PH GG 6 Ssle pslaeas 0500 PH o Jolas
C.:L..: uuLw‘ » Lo eolanwl wlaws 1.9l) J9J.?u )‘ u)LaLB
cdgl o pH 3 )5 oo odalive (V) Jga 0 VGRS
s FITY @ Yl atign ¢ ahitin g0,8as an] 3 90 2 50
as ols oylid odwlcawsds guls sl 0o STay zals £/FA
SSU Sl cnl 5 005 (2 Syl o PH ol s
a3 ey Wlgicee o Yo 5l (S oS eag sl
b (_g..lj] abhoso a4y Sl SaLl (HCO3_) sl
30 Cawl 0dls u...lgj 6ol el u...«.:b.%‘ 4 yoie &S
abhoso 4y Sl S35 (HCOS_) slecye 99,9 (gla!
(HCO3") g 4 yomie o oo jSos cdlad 1 o (susl
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39,9 CdglS Jglora ;0 COD 4 EC pPH mls -¥ Jgo

gy 9 ahaiie SJl>
Table 2 The result of pH, EC and COD in the
Catholyte solution in both batch and continuous

modes

Operational COD (ig/ oH HRTs
Mode (o/) cm) (h)

0 6.48 7 500+20
= 24 725  7.02 449
= 48 745  7.04 387
@ 72 7.85 7.07 295
9 8.32 7.1 230

° 0 6.79 7 500+20
= 24 725  7.01 445
=i 48 7.44  7.03 385
S 72 784  7.06 269
96 833 7.8 195

EC ol -Y-¥
Colae wadosls Hlis (F 9 V) Jglas o a5 jobles
wsls ol Wg, S oWl g ol aliios o Sy S
L (F) Jsor 5 onds ol lid oo abiisms ;o a5 Jl> )
S i 5 A Calin et s B 4 a5
SarsIh celae e (o 5o g7 ge Ul plu g Sl
LS psbas Ll ol ail pals (Sas Bis L lejen
Gl 5 gl aaize o SO Sl Colon Olnss S
ol s ol 1 el 059y yaS s SBUT &y Carn
Mol Joloee 6 oSl Colan (V) JSS j0 cabools
WY § VFIR ool ey gy 5 adaiiie Sl o (Sudsil)
25l L3 YYUA 5 YVY o s SodgilS Jolomo 4o 5
—4 00y i Sbe SEUI o Ol ol Gal ol
shite slacl s ol VI 5 ¥ (a5 4 a5 5,5
R
(CI" & HCO3) logsr 2l & plion |y <l 1o
Jsb 5o ol daims @ Gl SEUI 5500 ol S|
035 g Hee (Bib )l e (plojSes a3
Coge Wl abize 4 Sl abame 5 NAT jgoeen
i cal end CoglS Jsbwe s EC gl
Sg0d Sl 1) £adg0 (pl pol> Gaiow l cdsliawoq
= (Mehanna et al. 2010; Haiping et al. 2012)
SWSL 5 wal maliél ols las Sevda et al. (2017)
03,5 3,5 o] oS g ;S 0 T adaime 4o EC
Bl il 8yb 51 S e e | Loy codled
b5 ety olalllas Sjle e axlse ISie L 1,COD

‘A{b w‘)ﬁ‘ cde el am‘wod.; c\...wj_u 9

Q‘ s"‘-“-ﬁ»‘jw‘-’)h‘-’“
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AL 5l solazwl L L g Chen et al. (2013) MDC
Soyots Sdgil g0 g e b ol (S
waslcwst, mbs Luo et al. (2012) ooy ahise
b
L5l eS ol adlhe o COD Gis _asl
Sa> 7V- L Yuan et al. (2016) Loy ooslcwsa
FO clié b ojoml oS Juy 5l oslil LCOD
30 6o poly @it slacdle Jdoay wilgh oo a5 il g0
sl Sl ol

o S Colad Ol s 9 (22105 Kod 8 ySloe -0-Y
o SEGI o

D e plas 1) COD Gis 5l 5,550 do )

sads 0 MDC JbySas o Slas pwyp Sg
Sial § (EC) S psdl colan diwgn g ahaiie 60 50l
IR G 5 ooy pose Sl alaime o oS
2 2loySas Kanl 5 EC ot j) ol gults 5
olid sdnlowwsas mls .l sadosls las (V) Jgox
Gl b Sle SEBI oo o Sas il wms e
Sald ol s smelS Wy g oSy el HRT
A aSgpebar sl 0dg Pl degn Ojgeon
o A Alugn g sl lddl o Sed Bd> ws
15 S B 4oy 392 5V kelamats BYIY 4 FAIA
S
ok Gk
gl g cdsil slasloe PH 058 00 el SClgjain

Sbyz 0o YL cledy wily o gy Il
5! 45‘).> Wb anl B Job jo sadady

5hosd @ rSslr O SSU et 5l 5 oailo 2ol 399> b
b e ains Sy sbre dge ol b
cdbs e ) saSke pH
Ol A LRIl amd o il el )l S
el 388 1y s 5 Shat oy Sl 53 5 52250
Sial diwgn Oysen anlp ol o ol 05 0p
Bl w0 aSlxlsl Ll sdwliwwsds 55V o3 Ses
5 5YL COD

S )L’-?.Lg.

Vi | sl 039 Sai B> sy
g5 % )
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PH H2COs wdgs 5 (H) L (HCOs) S5 5 o
PH clyss 0 pol andllas jo ol oo Ghals sl
3 4S5 sbay wnl o0 GiliEl Wy, SO aldgils o
VIA s VIV 4 V5 oy & diugy s ahaite <l g0
ienST gl e s Lialsdl ol el 00,STay il
» (OHY) asSgpue FoS g (H+) lysign b pas
3 Jl olge gmmlanST cdeas Lol oolidl Glast oo dgils
G PH Jolss pae cdgils’ 50 o5t bl 5 codgi]
o PH clleg JS,sbas (Houang 2017) wdl
(Surya el Jsese g !y sassy S MDC sl
PH @l s a5 ols o)lis swlcwssay s et al. 2015)
5|4§o¢y¢55@9)&6&l§56&]4§m9op)o
8 ko 3l 5 st Job 3 B 0 S el 5
Al Jole 55l Slhez Jolome atwsn by 5l (86
o Lais 4 e oS Ol i et 45 il o Ol
aladze 50 2 ;0 (29,500 Cudled > axl 0 9 580
sl 00l s 0, Slos Sguge A oo Culed 40 5 0ald
by Olalllas b regh ol 5l edslcassa mls
. (Mehanna et al. 2010; Cao et al. ¢l awslis L8

2009; Li et al. 2017)

COD ol yii —F-¥

S 58 3l (nipee 5l S ML Ak
ol (Mo abar g Slaal 51 S g el MDC

syl slas lailisl 8,8 63,5l 0> b COD
b slasSa b MDC sl g Sl gty ol
3 ol s o b sl oS g L
ol (V) Jaaz 50 oswlawwsds gl casal ails oewlin
CudS b (S Jolme) cdsil 0 COD jlade aas o
b g o T Jlade aSgysbay o Slay ShelS (b

Ve Mg/l g YV Bl e gy g it
50 Edgils 0 COD &l pss &g, gy 20,5 oy ialS
Cdgils Jole ;0 COD laie oo o lis (V) Jgoo
2 o ke a5 5k o STan Ghals loy cbdS b 5
Yol a0 5l ol oy dwgn g alaiin (60 poly > g0
2 b Sl wlg oo HRT Lo,5 o rals Y'Y Mg/l
~ i Sl gl j0 aS 6 jgbay il atsls COD ui-> o3l
g ahaiie slaanlB )0 i s FY 5 OF Bi> vy (n 5
Sygods dold b= 0 g HRT = F d 5O g
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Youpeng et al. 2013; Mehanna et al. ) csb gzl
(2010; Ebrahimi et al. 2017

CE Ol yii -#-Y

s 5l Cal Oile (CE) SeglsS o03b a0
ool slayg xS JSa Wl 5l sawlcasods (slayg uSJl
09*4‘5;! oalazwl COD )l ‘).........v?.m cdale 6)..50)Lb‘
olseas CE  s,Leas (Kim and Logan 2013)
L ‘)........J}w )‘ DMTWQM legujj'&'” 6:3‘5 Slows Cnnd
» L:oé)..SL, )‘ OJA—lwod.v &LQQSIS.” ‘;4)934 )‘JM
(Ebrahimi et al. s4s o a5 COD Giis ulul
2017)

el SO A STy a Sl Sl e sl ol o
FUW) 4"?—‘“17“5@")):’ CE S (_g)‘.\_alai.»_ma
Ool—a3 (V) U5 b ;o S egdsS ool ol s
_‘ro.o_.l ‘OM]CA_MJJ:L{ @L..: u,ul_..u‘ = RGPV P TR K)
90,0 odwlwoay CE w5 5 gboas anlowsa
~a NaCl yo g/l clale U ai g g alatite o>
sl mosls oelarwoas YAY g VY/A

5
CE wno o ol Laolejl ol 5l saslccwoa
JENOC U TR G % S UGN /) R I PO
== L Lo St gy (Lo adsi a8 d s
A3l T o g (g5l (gl
Lo, Sbas, 0 g4 3,k 5 (Mahdi 2016)
;09— CE ol S g0 0y oo cJgil o
doe 09 Sl oot pdy ploean Lo iSL ol 51 (&
Sl Gl 8l cege g B mae L loid 5 005
i ol e 48 350 (o Sl o ey
(Kokabian and Gude .. aalys> CE rals

2015; Kim and Logan 2013)

@ oaxg b Gialeyl ol 5l sswlcwsa laesls wlol

odslcwssas CE jiSlas> 4 #0 Ll COD Gi> w0

COD s wé5 ani ol g 100 51 565 a5
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Habibi et ) cals salys o 50 1) e 10 (2105 Kad
e 90 o 40 Sle SBBI e EC ol s @l 2020
SR o )d (i 856 b S g0 Lol (L22S
OVY g ¥R iy 4 dvgy ¢ ahiie o> 5o)xa)oEC
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g b asie b EC ol Kl wds olg o
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Table 3 Percentage Changes of EC and desalination
performance in the middle chamber

HRT Batch Continuous
(h) EC NaCl EC NaCl
0 13.6 13.6
24 10.6 22.7 12.4 23.1
48 22.8 36 215 40
72 33.9 48.8 35.1 52.3
96 49 13.6 51.1 13.6

albogyloy  Gialidl ams o lid mls Ko Bk
ooy ol 5 Vsb Jdoas 1) Sy Sl Soal (s uue
2wl Kl amo e il Sl anld
039 (gl anlllan 3l oowliawods bl 5l S «pol> adlllae
ol o0t olitl SIS o il 68 5l o o &S
o dwilbw 8 oUly oépde LI (Cao et al. 2009)
s s &1 gl ol 5o guSlS ity il
adyonigshe ol 5l eslinul (T g CaBlS 5 o0
! &, ce> (Kokabian and Gude 2015) cos
abia 3 b o) WS 5| il adlae o JSiue
ol anlllas 1 ol gl el snboolital sulS
FB i oldlas 5l o,
5 ECpals Sial 5 S > Sanl HRT _ljd
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Shsod o 03l 5l esliiel L HRT 4 (EC
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Continuous
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Fig. 3 Changes of CE at 35 g/l NaCl

NaCl vo g/l clake

concentration in both batch and continuous

Sig<-/-0 G)IQL;_M a.la...u 5 diwgn  Sulg,ous modes

Xy e oo lid 398 sla el )l sdeliawsa bl Julxs —Y-¥

L s)5d Bi> a0 g EC als sy 3 COD Liis Sloosls  dbioie Coms g CBs e Cu
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Table 4 Pearson correlation coefficients between the studied parameters

Parameters  Normality Tests EC coD Salinity HRTSs Batch  Continuous
EC Pearson Correlation 1 0.973™ 0.992™ 0.988™ 0.082 0.996™
Sig. (2-tailed) 0.000 0.000 0.000 0.763 0.000
cobD Pearson Correlation 0.973™ 1 0.964™ 0.965™ 0.142 0.988™
Sig. (2-tailed) 0.000 0.000 0.000 0.600 0.000
Salinity Pearson Correlation 0.992" 0.964™ 1 0.984™ 0.076 0.992™
Sig. (2-tailed) 0.000 0.000 0.000 0.779 0.000
HRTs Pearson Correlation 0.988™ 0.965™ 0.984™ 1 0.000 0.986™
Sig. (2-tailed) 0.000 0.000 0.000 1.000 0.000
Batch Pearson Correlation 0.082 0.142 0.076 0.000 1 0.103
Sig. (2-tailed) 0.763 0.600 0.779 1.000 0.704
Continuous  Pearson Correlation 0.996™ 0.988™ 0.992™ 0.986™ 0.103 1
Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.704

**_Correlation is significant at the 0.01 level (2-tailed)
5 odslcawsds s bl sla Ll g lajiales] 5l Lol bl
o Hlas Giegh ol

S5 Az ¥
Oleoyed jsba (35 gn
2 Sy wilepley g Sdgyaee (L )—‘-’L’ PR
5 2ySes Sial COD i Sial) wivaw lonsl,

COD Gi> Saal jiSlas g olojses Sinl iSlas -)  akal 5 olojSai anlp 5o

el Cad A g Oygods i (500, Sl o
g Sy by CéF amd Glge onlplo
)'| 6)‘°):’°)'€r.’ 9 6}“’3“") Qs)f O g0 (EC u~.as|5 eyl
o 5l ol ye a5 Bio-MDC) suslse MDC P
Olpear labe SB35 5l g Sy iSlen Glarear JUud
Sglize (HRTS) silosle; 55 el o oolitas] 1S g

28,5 plol NaCl ¥0 g/l clake b s, £ o ¥ 0¥
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