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Abstract
A pre-treatment step was used with a 40 micron pore size cartridge 

before FO experiments. FO membrane was made from commercial 
cellulose triacetate (CTA). The variation of the increasing of water 
flux (5,12 and 25 L/m2.h) on the draw solid concentrations and 
effects of operating times (40,70,90 and 130 min) on the water flux 
were studied in FO membran. The variation of recovery percentage 
versus time and the effects of flow rates (50-400 L/h) on the rejection 
efficiency and on the removals of the pollutant in leather industry 
were studied in FO. RO experiments were performed in a spiral 
wounded membrane. Effect of increasing pressures (3, 8, 14 and 25 
bar) and operating times (25,45,85 and 125 min) on the permeate 
flux were studied at a temperature of 21 C. At higher draw solution at 
constant pressure both rejection and water flux increased in FO. The 
recovery percentage both in distilled water and in leather industry 
versus operating time in FO. Flow rate flux decreased slightly 
throughout 80 min of operation, then it reached at aplateau at Jw 
values of 360 and 540 L/m2.h and 265 L/ m2.h, respectively. The 
maximum COD, turbidity, conductivity, TS, SS, sulphate, chloride 
and chromium and colour removals were 90%,89%,91%,91%, 
91%,88%,90%,87% and 91%, respectively, in the permeate of the 
FO at 25 bar pressure while the removals of these parameters varied 
between 98% and 99% in RO at a trans membrane pressure of 30 
bar. The highest permeate flux was detected as 781 and 760 L/h.m2 
after 50 min in distilled water and in leather industry respectively. The 
permeate of the RO meet with the Discharge Standards of Water 
Quality for Irrigation water. Chromium, and gelatine were recovered 
from the RO retentate/concentrate. In order to treat 10 m3 leather 
industry wastewater the total cost was calculated as 1,01 USD.

Keywords: Collagene; Cromium; Draw solution; Feed solution; 
Forward Osmosis (FO); Gelatine; Permeate flux; Recovery; Ressure; 
Retentate; Reverse Osmosis (RO)

regularly. In addition, its availability depends on the variability and 
seasonal variation of the climatic conditions. It is foreseeable that 
in the future these dynamics will probably become more serious. 
Large volume of wastewater discharge with high levels of chemical 
and organic pollutants poses serious threat to the surface water 
environment to the river bodies [7]. To protect surface water bodies 
from the onslaught of hazardous tannery wastewater, evolution of 
efficient and low cost treatment technology is the need of the hour 
[8]. The polluting components in the effluent have the potential 
to adversely affect human health resulting in skin irritations, eye 
diseases, kidney failure and a range of gastrointestinal problems [9]. 
Detailed analysis of typical tannery wastewater reveals that tannery 
wastewater is characterized by high total dissolved solids (21,300 
mg/L), total suspended solids (1250 mg/L) [10]. In concentional 
treatment processes such as biological treatment, phenton 
processesand adsorption process did not remove effectively the 
pollutants present at high concentrations in the leather industry [11]. 
Among the novel treatment processes the FO membrane process, 
water permeation occurs spontaneously through a semi-permeable 
membrane, being driven by the chemical potential difference (osmotic 
gradient) of a high-concentration Draw Solution (DS) and relatively 
low-concentration Feed Solution (FS) [12]. FO process can have the 
advantages of reduced capital and operational costs owing to a low 
energy consumption and low fouling because an additional hydraulic 
pressure is not required [13,14]. In a previous study, an FO process 
using osmotic pressure exhibited a rejection rate of the COD similar to 
that obtained with an RO process using hydraulic pressure [15]. It was 
investigated the rejection of pharmaceutically active compounds by 
an FO process as a function of the pH. They reported that the rejection 
of the compounds could be affected by the charge of molecules in 
solution, which could be changed depending on the pH of the FS 
and pKa of the molecules [15,16]. In another study, the effects of the 

Introduction
During leather processing, various tanning agents are used along 

with huge quantity of fresh water where 90% of the used water is 
discharged as effluent [1]. Often this generated wastewater does not 
receive effective treatment as demanded by effluent discharge limits 
prior to discharge to the en-vironment in absence of strict compliance 
mechanism [2,3]. The tannery effluent is generally characterized by 
high turbidity, foul smell and a range of high strength toxic chemicals 
represented by high COD (Chemical Oxygen Demand). The major 
contaminants were chromium, sulphide, volatile organic compounds, 
suspended solids and huge amount of inorganic solid wastes [4-6]. 
Leather production is a water intensive industry. Water usage is 15 to 
40 m3 of water for the production of 1 ton of wet-salted raw hides and 
110-260 liters . In many countries water has become an insufficient 
commodity and the costs for water supply and discharge increases 
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Experimental and operational conditions

In the lab-scale FO and RO experiment, the initial volumes of the 
FS and DS were 300 mL, and each experiment was operated until 
the permeation volume reached at 70 mL In the DS, 0.9 M sodium 
chloride (NaCl) and this concentration was selected for the same 
initial flux in the deionized water through the operation of FO and 
RO. 

The variation of increasing of water flux (5,7,9,12,15,17,18 and 
20 L/m2.h) on the draw solid concentrations and effects of operating 
times(30, 60, 80, 90 and 100min) on the water flux were studied in 
FO. The variation of recovery percentage versus time and the effects of 
flow rates (30-220 L/h) on the rejection efficiency and on the removals 
of the pollutant removals (COD, turbidity, pH, conductivity, Total 
Solids (TS) Suspended Solids (SS), sulphate, chlorides, chromium 
and colour) were studied in FO. Effect of increasing pressures (4, 8, 16 
and 20 bar) and operating times (10,20,30,60,80 and 100 min)on the 
permeate flux were studied at a temperature of 25 C in RO. 

Pre-treatment

A pre-filtrationwas performed with a 25 micron pore size cartridge 
before FO experiments

Analytical procedures

The physicochemical parameters were analysed by following the 
methods as detailed in standard methods for analysis of water and 
wastewater [30]. The quantification of collagen and gelatine from 
the retantates of RO was measured as per Lowry’s method using 
bovine serum albumin as the standard at λ 660 nm using an UV-
visible spectrophotometer [31]. Chrome recoveries from the RO 
retentates was performed with hydrolysis of collagen-chromium 
complexes according to procedure given by Westerhoff et al. [28]. 
The RO retentates was mixed with 32 mg/l sodium carbonate at 
70°C temperature at a pH of 10. The hydrolysate composed from 
47% Chromium, 21% collagen and 19% gelatine according to a dried 
retentates [32-37].

Results and Dıscussıon
Pollutant concentrations in Leather wastewater

Characterization of raw textile industry wastewater.

Variation of Water flux versus DS concentration in deion-
ized water and in leather industry wastewater in FO 

During this process, water transports from the feed solution to 
the draw solution across a semi-permeable membrane. The unwanted 
components will be effectively rejected by the membrane. The 
driving force for FO is the osmotic pressure gradient across the semi-
permeable membrane and no external pressure is required [38]. Water 
flux as a function of DS concentration is illustrated in Table 1a for the 
FO membrane. The water flux decreases as DS concentration decreases 
because of the decreasing osmotic pressure difference between the 
DS and the reactor solution. Water flux through FO membrane is 
the hightest membrane. As a result, water flux is a function of DS 
concentraton Table 1b.

Effects of operating time on the flow rate of membrane 
durıng continous operation of distilled water and leather 
waste water in FO

Table 2 shows the effect of operating time on the flow rate through 

DS and membrane materials on the removal of COD were evaluated 
on an FO membrane. It was reported that the high Reverse Salt Flux 
(RSF) of NaCl hindered the adsorption and diffusion of the COD in 
the FO membrane pore [17-19]. Although the removal processes by 
means of RO technology is prolific, scarce is being published about its 
application in leather treatment, focusing only on meeting irrigation 
standards and with no deep analysis of the RO operating conditions 
[20-22]. Most of these existing studies, typically based on batchwise 
operation, suffer from loss of membrane performance due to fouling 
problems, too. Pressure-driven membrane technology is nowadays 
considered a potential solution for wastewater recycling and reuse and 
shows stable and predictable treatment efficiency and performance. In 
particular, reverse osmosis (RO) has proven its effectivity to remove 
ions and organic chemicals [23-25]. However those processes are 
not competent in reduction of total dissolved in-organics (TDS). 
Hence many attempts were made to attain zero-discharge to save the 
environment. RO advanced method solve the problem of dissolved 
solids in the effluents. Pilot studies have been carried out for removal 
of chromium from tannery wastewaters using RO mem-brane system 
and found high concentration of NaCl affected chromium separation 
as well as percent recovery of permeate [26-28]. Reverse Osmosis 
membrane rejection is influenced by interaction between effluent 
composition and membrane properties [23,24]. The smoother 
surfaces with irregular ambiguous nodules lead to higher water 
fluxes and lower rejections, whereas rough surfaces with uniform 
distinct nodule structures contributed to higher rejections [25,27]. 
The electrostatic interactions and molecular sieving were important 
rejection mechanisms for membranes [26,27]. RO reject disposal 
without treating leads to environmental impacts. RO not only to 
improve the quality of the recycled chromium and salts recovery [29]. 
Metals, lipidic substances, gellatine, collagen and other impurities 
could presence in recovered chromium using traditional method 
combining alkaline precipitation of chromium [28].

In this study, the pollutants from a leather industry waste water 
(COD, COD dissolved, total solids, chloride, sulphides and chromium) 
were removed by using a sequental FO/ RO sequential membrane 
process at different operational conditions (water flux(5-25 L/m2.h), 
operating time (40-130 min), pressures (3-25 bar) and flow rates (50-
400 L/h). Some economical substances such as gelatine, collagen and 
cromium were recovered from the retentates of FO and RO. 

Material and Methods 
FO and RO membranes and membrane processes

FO membrane including cellulose triacetate thin film composite 
was used in this study. This membrane is composed of an asymmetric 
cellulose triacetate and has a thickness is 45μm and an average surface 
roughness on the active layer of 27 nm. The values of the water 
permeability, solute permeability and structure parameter (S) of this 
membrane were 0.650 Lm−2h−1 bar−1, 1.056 × 10−7 m s−1, and 250μm, 
respectively. A AFC 99 membrane with an average working pressure 
and internal diameter of 49 m2 and 9,3mm was used. The length and 
the effective volume of the RO membrane were 31.20 cm and 1.10 
m2, respectively. The lab-scale RO experiments were run in a bench-
scale cross flow filtration unit equipped with membrane modules 
(flat). The operating pressure was y adjusted with a spring loaded 
pressure-regulating valve on the retentive and monitored by a digital 
pressure gauge. It was made from stainless steel and has permeate and 
concentrate outlets. 
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the operation of menbrane with distilled ana leather wastewater by 
increasing time. Flowrate flux is decreased during the first hour. The 
water flux dıd not exhibited a downward after the first hour of operating 
time ana remained as ıs an plateau.. The reason of this behavior is 
that the pure water move from the contaminated water (feed solution) 
through the membrane to the draw solution, and this flux leads sligthly 
to reduce the concentration of draw solution and then dıd not reduce 
the osmotic pressure which represents a driving force for the pure 
water transfer from the solution has high osmotic pressure to a high 
osmotic pressure [39-41]. Also, the flux for the leather feed solution is 
greater than the deionized water is high do to higher concentration of 
dissolved pollutant concentration in it. The high concentrationin the 
leather leads to increase slıgtly the osmotic pressure of feed solution, 
and thus did not reduce the driving force to move water across the 
membrane. As a result by increasing the operating time, the fouling 
rate was not increased on the surface of membrane, and ends with 
high rate of the water through the membranes.

a recovery of 65%. This slightly difference is due to the concentration 
of the leather did not decrease the flux and the recovery percentage. 

Table 1a: Showed that the pollution load of leather concentrations was high.

Parameter Unit (mg/l)

COD(mg/L) 12.000

SS(mg/L) 6700

COD dis(mg/L) 10.670

BOD5 (mg/L) 899

Turbidity (NTU) 385

Conductivity (µS/cm) 1,342

Salinity (ppt) 8.5

TOC (mg/L) 614

TKN (mg/L) 4.87

TSS (mg/L) 3.670

TDS (mg/L) 2,500

TS (mg/L) 12.900

Fe (mg/L) 900

Ca (mg/L) 1050

Mg (mg/L) 677

Na (mg/L) 17,420

K (mg /L) 191

Mn (mg/L) 29

P (mg/L) 65

Cr (mg/L) 521

Cu (mg/L) 2

Pb (mg/L) 7

Zn (mg/L) 19

S (mg/L) 1,860

Parameter Unit (mg/l)

Variation of recovery percentage versus increasing operat-
ing time in distilled and leather industry wastewater in FO 

Table 3 illustrates the increasing of recovery rate of distilled water 
and leather wastewater by increasing operation time. This increase is 
in accordance with the % recovery equation (Equation 5). A significant 
relationship between the product rate and the recovery percentage 
was calculated with Equation 5.

Recovery % = (product volume / feed vessel volume) * 100) (5)

In the continuous operation of FO after 80 min, the recovery 
percentage of pure water was 66% while the leather wastewater has 

Table 2: Effects of operating time on the flow rate of membrane during treatment dis-
tilled water and leather wastewater.

Table 3: Variation of recovery percentage versus increasing operating time in distilled 
and leather industry wastewater in FO.

TİME (min) Jw (L/m2.h) for Deionized water Jw (L/m2.h) for leather wastewater

0 380 360

40 360 340

70 340 320

90 300 286

110 300 286

130 300 286

TİME (min) Recovery percentage (%) in 
distilled water

Recovery percentage (%) in leather 
wastewater

0 0 0

50 30 27

90 47 45

100 68 66

120 89 82

130 99,99 98

Effect of feed flow on the rejection of pollutants in leather 
industry and deonized water in FO at a constant pressure 
of 18 bar

The results of this study showed the complete rejection of theNaCl 
99,99% ( Table 4a) in distilled water was achieved at a cross flow rate 
of 400 L/h at the highest water flux of 280 L/m2 h . The complete 
rejection of pollutants (99%) in leather wastewater was detected at a 
flow rate of 310 L/ m2 h (Table 4b).

Table 4a: Effect of feed flow on the rejection of deonized water.

% rejection 
(%)

Feed flowrate (L/h) for Deion-
ized water

Water flux ( L/m2.h) for Deionized 
wastewater

30 40 36

58 70 68

79 190 180

99,99 280 260

99,99 280 260

99,99 280 260

Table 1b: Effects of operating time on the flow rate of membrane during treatment 
distilled water and leather wastewater.

DS concentration ( g NaCl/L) Water flux ( L/m2.h)

15 6

25 8

35 10

45 14

55 17

65 19

75 21

85 23
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Effects of increasing pressure on the pollutant rejection and 
water flux in FO

Table 5 shows a positive correlation between applied pressure and 
the water flux as the pressure was increased from 5 bar upto 25 bar. 
In solution-diffusion mechanism, solute flux decreases with increase 
in solvent flux and this is reflected in increased rejection [42,43]. 
Uncoupled nature of solute and solvent fluxes under this mechanism 
explains this opposite behaviour of solute and solvent fluxes following 
an increase in operating pressure. 

Effect of increasing pressures on permeate fluxes versus time 
in RO

Thepermeate flux is time independent during continuous 
operation in RO (Table 7) [44]. This indicates that osmotic pressure 
is responsible from water flux. Therfore, a pore blocking and a cake 
filtration was not observed an a fouling system was not obsrved during 
increasing of pressure from 4 bar to 8 and 16 bar. This result not agree 
with the studies performed by Ben Abdelmelek et al.,[45,46]. since the 
pressures used in this study is extremwly high.

Table 4b: Effect of feed flow on the rejection of pollutants in leather industry.

Table 5: Effects of applied pressure on rejection and flux at a draw solution of 1500 
mg/l NaCl.

Table 6: Removal efficiencies of pollutants at two water fluxes in the leather industry 
versus permeate fluxes in FO.

% rejection 
(%)

Feed flowrate (L/h) for leather 
wastewater

Water flux ( L/m2.h) for leather 
wastewater

29 33 30

53 59 54

78 210 189

99 290 310

99 290 310

99 290 310

TİME 
(min)

Pressure 
(bar)

feed flow 
rate L/h

Draw solution con-
centratıon (mg/l)

Water flux 
(L/m2.h)

Pollutant 
rejection 

efficiency (%) 

0 2 29 1500 5 45

30 4 50 1500 9 55

60 6 160 1500 12 65

80 12 200 1500 15 79

90 18 220 1500 18 92

100 20 240 1500 20 99,99

Parameters J =100 ( L.h-1m-2) J=200 ( L.h-1m-2)

Removal efficiency % Removal efficiency % 

COD

88% 92%

COD dis 89% 90%

TOC 85% 87%

DOC 87% 89%

CoLour 88% 89%

Phenol 86% 89%

Turbidity 86% 89%

Salt 80% 84%

TSS 80 83%

Salt

Oil 87% 89%

Cromium 88% 90%

TDS 87% 89%

BOD5 87% 89%

Table 6 shows the removals of all pollutants present in leather 
industry. Slightly high removals (85-89%) efficiencies was detected at 
a water flux of 200 L /m2.h compared to 100 L/m2.h water flux in FO.

Table 7: Effect of increasing pressures on permeate fluxes versus time in RO.

Table 8: Effect of time on permeate flux during RO.

Table 9: Effect of increasing of pressure on permeate flux during RO.

Permeate flux (L/
m2.h) at a Pressure 

of 4 bar 

Permeate flux (L/m2.h) 
at a Pressure of 8 bar

Permeate flux (L/m2.h) 
at a Pressure of 16 bar

Time 
(min)

290 501 780 5

291 501 779 10

288 502 778 15

289 501 782 20

288 502 781 25

290 502 781 30

Flux (L/m2.H) COD (mg/l) Time (min)

5 50 100

6 100 200

6,8 200 300

7,2 300 400

Flux (L/m2.h) COD(mg/l) Pressure (bar)

5 50 2

6 100 9

6,8 200 15

7,2 300 20

Effect of time on permeate flux during RO operation study 
using FO permeate as feed 

The permeate flux profile of four FO effluent (permeate) with 
initial COD concentrations (50,100,200 and 300 mg/l was shown in 
(Table 8) after 400 min continuous RO operation. The higher COD 
value of feed in the RO is not resulted in lower permeation flux due 
to increased feed concentration. As can be shown in this Table an 
insignificant decline of about 0,6% from an initial flux of 5 L/m2.h for 
a feed with initial COD value of 50 mg/L at a pressure of 9 bar. 

Effect of increasing pressure pressure on permeate flux in 
RO 

Variation of pressure variation between 2 bar and 20 bar showed 
an increase in flux with increasing pressure (Table 9). The permeate 
produced was found suitable for reuse in leather tanning operations. 
The overall water recovery from RO process was about 98,00-99,99% 
with respect to the feed volume and volume of treated water produced.

Treatment of Pollutants in FO and RO

Complete removals of phenols, COD, CODdis and the other 
parameters was successfully achieved during RO experiments (Table 
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10). The rejection coefficients and removal yields (%) of the pollutants 
in the permeate are given in this Table. Due to the organic content 
of the solutes concentration in the bulk was low a concentration 
gradient increase was not detected across the membrane. No reduced 
hydrodynamic shear was detected in the vicinity of the valley regions 
of the membrane used in RO. The suspended and colloidal organic 
matter adsorption and deposition was not detected. As a result, a 
resistance did not occured aganist to the fouling. This was not hinder 
the transport of pollutants on the pore of the membranes.

Annualized cost can be computed with Equation 8.

Annualized operational cost=Total operational cost per year ($) Water 
flux per year (m3) 				    (8)

The overall annualized cost as calculated by summing up the 
annualized investment cost and annualized operational stands at 1.01 
USD per m3 of clean reusable water. 

Reuse of Treated Water in Leather Processing
Although wastewater reclamation and reuse may be prohibitive 

for some small scale plants, it cannot be denied that this practice 
could relieve water stress, conserving significant amounts of fresh 
water which can be used in order to remedy seasonal water scarcity 
In this study the permeate of RO wastewater was a good quality water 
and it is reusable according to the limits and recommended water 
quality criteria given in Tables 7 and 8 for irrigation [47,48]. This 
effluents should protect the surface water bodies from the onslaught 
of hazardous wastewater discharge.

Gelatine, Collagene and Cromium Recoveries from 
the Retentate of RO

Chrome recoveries from the RO retentates re chemically depicted 
as collagen-chromium complex. Hydrolysis of this waste involves the 
breakdown of bonds responsible for its stability [49]. The bonds are 
responsible for collagen stability as the collagen-chromium bond. 
Other covalent bonds have linkage between the complex chromium 
ion and the ionized carboxyl groups on collagen. There, the RO 
penetrate was subjected with an alkali for denaturation and degrading 
the protein fraction. These studies were performed 70°C temperature 
and at a pH of 10 according to procedure gıven by Dang et al., (2019) 
[50]. The alkaline condition was achieved by the utilization of sodium 
carbonate. The collagen was broken down to large molecular weight 
peptides into aqueous solution while the chromium was converted 
to an insoluble condition under alkaline conditions. The chemical 
characteristics of the hydrolysate was as follows: The peptides 
passed into the aqueous solution as collagen hydrolysates whose 
concentration is expressed as % Total Nitrogen. The hydrolysis yield 
was 78% for Total nitrogen. The production of low molecular weight 
degradative products showed the reduction in the dry matter content 
of the collagen hydrolysate The Composition of hydrolysate were 
inorganic ash 1 % TKN, 47% Chromium, 21% collagen and 19% 
gelatine according to a dried compounds. 

Conclusions
Sequential FO/RO process proved the feasibility of treat the leather 

industry pollutants and of reusing the treated wastewater. The FO/
RO process can be used as alternative method to treat effectively the 
pollutants (TSS, TDS, BOD, COD, Cl-1, Na+1, SO4

-2 , NO3
-1,Cr+3) from 

the leather industry wastewater and to recovery of gelatine, collagen 
and chromiumas economical merits organic compounds which thus 
reduced the treatment cost. 
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Cost Analysis 
The FO–RO sequential membrane process yielded 150 l/m2 h clean 

water by removing allthe pollutants with yıelds varying between 99% 
and 99.99% from the leather wastewater. The clean permeate water 
produced per day is 25 L/m2 day. The cost estimation was based on the 
annualized capital and operational cost with Equatons 6 and 7 [46].

Annualized investment x Annualized capital cost=Total capital ($) 
×Cost recovery factor Water flux per year (m3)	 (6)

Cost recovery factor is calculated by the Equation xxx

	 Cost recovery factor = ni (1 + i) n / n(1 + i) n −1 	 (7)

Where n is the plant life (13 years) and i is the interest rate (12%). 
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