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Case Report
A 6-month-old girl was admitted to the intensive care unit of a tertiary pediatric hospital for shortness of breath and respiratory distress for three 

days following one month of cough. A�er �ve days antibiotics therapy (amoxicillin sulbactam for three days followed by meropenem for two days), 
chest CT scan showed severe pneumonia with local consolidation. A�er �beroptic bronchoscopy and alveolar lavage, she was intubated for ventilation 
and transported by ambulance to our hospital because of persistent cyanosis. �e girl was gravida 2 para 2 and vaginal delivered spontaneously at full 
gestation age to a gravida 2 para 2 mother with Apgar score of 10 at �rst minute and birth weight 4000 g. Her non-consanguineous parents and elder 
brother were healthy. �ere was no family history of tuberculosis. She was vaccinated at birth for BCG and hepatitis B and no other vaccinations 
were given because of recurrent infections with oral herpes, bronchitis and pneumonia a�er one month old.

Physical examination revealed le� sub-axillary lymphadenitis (Figure 1) and bilateral pulmonary rales, no rash and no hepatosplenomegaly 
were observed and failure to thrive (6000g at admission). Peripheral blood routine test showed: white blood cell counts 9.7 × 109/L, lymphocytes 
di�erential 8%, hemoglobin and platelet were normal. C-reactive protein, procalcitonin, serum electrolytes, biochemical enzymes of organs, liver 
and renal function and coagulation function were normal. Chest radiographs showed bilateral in�ltration pneumonia. Abdominal sonography was 
normal. Super�cial sonography showed le� sub-axillary lymph node enlargement and liquefaction. High-throughput sequencing on Bronchoalveolar 
Lavage Fluid (BALF) identi�ed 697 sequences of Mycobacteruim tuberculosis complex and 95146 sequences of Pneumocystis jiroveci, respectively. 
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Introduction
The reverse osmosis (RO) and Nanofiltration (NF) processes have remained interesting ways to remove nitrate and other salts. Nanofiltration 

membranes are being used for many applications of desalination [1,2], food, and pharmaceutical processes [3,4]. Many models have been introduced 
to describe the reverse osmosis process and mass transfer through membranes. these models by modeling such processes successfully not only 
help increase our knowledge to make high-quality membranes but can also assist in selecting good input variables such as applied pressure, and 
temperature in order to get more desired results. In our opinion, in attempting to modification of membrane technologies to get better efficiency, 
we should use various existing models like Spiegler-Kedem [5], which has given accurate estimations of volumetric flux and try to modify and renew 
them according to recent needs. Our attempts should be directed toward ways that lead us to use the model parameters in applied purposes so that 
using the modified models derived from more relevant concepts of mass transfer with real observation leads us to design optimized membranes. 
Spiegler-Kedem model, for example, has two equations that should be considered simultaneously.

                                       (1)

                                     (2)

where Jv is total permeate flux; p and  are applied and osmosis pressure;  and  are reflection coefficient and solute - solution coupling 
coefficient respectively; R0 is observed rejection coefficient; Pm is local solute permeability in the membrane; Lp is hydraulic permeability of the 
membrane; k is mass transfer coefficient. In the modified SK model (Mohammad’s model) [6], the membrane has been divided into two black boxes 
which one is perfect and another is imperfect, and according to that equations of the model have been rewritten, and correlated together used to 
estimate the parameters. Lp can be estimated either by laboratory methods or the model itself. In some papers [7], Lp was estimated using the first 
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equation of the model. This method seems to be not a good idea because it misses out the other equation of the model. On the other hand, in some 
researches Lp has just been determined using laboratory methods [6] so that by using that, other parameters of the model have been estimated. 
Laboratory methods are not conclusive, hence in this paper after estimating all model parameters using determined Lp from laboratory methods, Lp 
is again estimated using the first equation of the model. in addition to that, using estimated parameters, the product concentration of the boundary 
layer of the perfect black box is obtained which gives a good insight into the membrane performances.

Theory
Various laboratory methods have been proposed to estimate a reliable Lp [8-10]. For estimating Lp, ,  , the hydraulic permeability of 

total, perfect, and imperfect sections respectively, using just equation 3 which is similar to the first equation of solution-diffusion model [11], are 
not obtained good results in terms of fitting data to a carve with a high regression. For obtaining reliable ones a new method is introduced, using 
modified SK model introduced in the paper [6]  is estimated (by correlating between the two model equations, at first  is estimated then  
is obtained) then by replacing it into equation 3 Lp is obtained, then by replacing it into equation 5  and  are obtained. Using the hydraulic 
permeability coefficients allow us to estimate the rejection coefficient of the perfect section of the membrane using equations 6 and 7.

                              (3)

                                     (4)
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                                       (6)

                                       (7)

Verification and Discussion 
This method allows us to have a reliable way to obtain the results with low errors. Figure 1 is results of experimental fluxes derived from 

Ahmad’s thesis [12], and estimated fluxes of 0/23M, 0/6M, 0/82M feed concentration of NaCl with various applied pressures that shows the errors 
of our estimation often are smaller than errors of models which obtain Lp with laboratory methods especially at low concentrations (Figures 1a and 
1b). at higher concentrations (Figure 1c) better results have been obtained at higher pressures.

Figure 2 shows the differences between the actual rejection coefficient obtained from laboratory tests and the rejection coefficient of the perfect 
section of the membrane obtained from our presented method.

 
1a 

 

 
1b 

1c 

Figure 1: The comparison between estimated fluxes of our model and Mohammad’s model based on Ahmed’s data [12] for NF270 a) 0/23M b) 0/6M c) 0/82M NaCl.
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As it can be seen in figure 2 the perfect rejection coefficient R0 is higher than the actual one, because the capacity of the membrane to remove 
salts is always higher than its actual performances. At higher pressures the differences between the perfect and the actual R0 increase (Figures 2a,2b 
and 2c). It indicates that at higher pressures the membrane doesn’t show good performances so that from this, researchers can redesign membrane 
structures to improve performances of the membrane at higher pressures. In addition to that, it allows researchers to know the capacity of a perfect 
membrane to remove salts, in the other word, if we succeed to make a 100% well-performed membrane without any imperfection, the capacity of 
the membrane to remove salts (ignoring the imperfect black box) using various applied pressures and feed concentrations can be estimated, and it 
can be considered as a factor to make membranes with higher qualities.

Conclusion
This method allows us to have deeper information about the application of the parameters of SK model. By estimating Lp using the new method 

in many tests, better results for estimated volumetric fluxes have been obtained especially at lower concentrations in comparison to laboratory 
methods which confirm the authenticity of the new method. In addition to that, it allows researchers to develop their knowledge about membranes 
in terms of mass removal. This knowledge allows them to make such membranes that have not only a small portion of the imperfection section but 
also have a well-designed structure in perfect section to increase the capacity of the perfect section of the membrane which is required to develop 
membrane making technologies.
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