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Summary: Adsorption of three polycyclic aromatic hydrocarbons (PAH) as 

pollutants in one mixture, namely, Naphthalene (NA), Phenanthrene (PH), 

pyrene  (PY), was tested by EPA 610 GC-method using various adsorbent 

materials e.g., bone charcoal (B-1 & B-2), Peat moss (P.m), Pyrolysis residue 

(P.r),  Activated Rice husk (R.H), and powdered activated carbon (PAC, 

prolabo).  It was found that activated rice husk (R.H), is comparable to the 

conventional adsorbent (PAC, prolabo). Adsorption isotherms for (NA), (PH), 

and (PY) in single component systems using activated Rice Husk were 

obtained. In this concern, Langmuir, BET, Freundlich, Redlick-Peterson, Toth, 

Generalized and Fritz–Schlünder isotherm equations were applied. The 

dimensionless separation factor, r, and the solute shape parameter, L/B, are 

correlated with the Langmuir constant, b, and it was clear that the adsorption 

affinity (b) is inversely proportional to the former and directly proportional to 

the latter. The feasibility of using activated Rice Husk for removal of typical 

water pollutants is addressed. 

 

Introduction 

 Polycyclic Aromatic Hydrocarbons (PAH) are a group of organic pollutants 

produced as a result of pyrolysis during coal conversion processing
(1)

. Another 

important source of these pollutants in air is known to be tobacco smoke
(2)

.
  
In 

recognition that PAH are generally toxic and that some PAH have been linked 

to carcinogenic activity, the U.S. Environmental Protection Agency (EPA) has 

included PAH in its list of priority pollutants to be monitored in industrial 

effluents
(3-5)

.  
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It is, however, recognized that activated carbon is an expensive material for a 

large number of countries, particularly if they depend only on importation from 

the few leading producing countries. Thus, it becomes necessary to develop 

adsorbents from locally available feedstocks. The capacity of activated carbon 

for a certain type of pollutant is important for designing adsorption contacting 

systems
(5)

.
 

This paper presents data regarding the adsorption capacity of activated 

carbon-prepared from locally available material (Rice Husk)- for Naphthalene 

(NA), Phenanthrene (PH), pyrene (PY). The isotherm equations are evaluated 

and relationships between Langmuir isotherm parameters and the 

dimensionless separation factor and the solute shape parameter are considered 

in a quantitative treatment. 

 

Experimental 

Materials: adsorbents used in this study were classified into 2 categories:  

Adsorbents from industrial by-products 

The residue (B-1) is a by-product from paint industry, supplied by Pakin Co., 

Mostorod, Egypt. Where the animal bones were pyrolysed for 5h at 800 
o

C to 

produce the residue, its constituents is dependent on  the animal type (e.g., 

Camel, Buffaloes or cattle) and its food. The residue (B-2) is discarded from 

the sugar refinery of the Sugar & Integrated Industries Co., Giza, Egypt. The 

chemical composition of (B-2) mainly is tricalcium phosphate (73.5%), 

calcium carbonate (8.5%), carbon (9.5%), volatile matter (16.5%). Pyrolysis 

residue (P.r) is a by-product of domestic waste incineration and was supplied 

by PKA (Pyrolysis-Kraft-Anlagan)-Co., Germany. 

Adsorbents from agricultural wastes:  

Peat moss (P.m) was obtained from Belbaes, Egypt, and used without any 

pretreatment. Activated rice husk (R.h), was prepared by impregnating 40 g. of  

Rice Husk with 100 ml of 40% (v/v) H3PO4. This mass was heated gradually up to 
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673 k within 2 h, and soaked at this temperature for 3 h. After cooling the 

carbonized mass was washed several times with bidistilled water until pH 6.5 and 

dried at 110
o

C. For comparison, a conventional adsorbent, powdered active carbon 

(PAC) was purchased from El-Nasr Pharmaceutical Chemicals Co., Egypt.  

 

In general, the various adsorbents were sieved to a constant particle size of 590 

μm. The BET surface area was determined by N2 adsorption isotherms at 77K 

using a Gemini 2375 V3.03 instrument (Micromeritics). Ash content (Wt %) 

was determined from gravimetric measurement
(6)

. The BET- surface area, ash 

content and the elemental analysis of these sorbents are listed in Table 1.  

 

Table 1- Some data of the various sorbent materials. 

Adsorbent C% H% N% Cl% S% Ash % 
SBET,   

m
2
/g 

B-1 10.8 1.3 3.6 1.9 N.A 81.5 72.9 

B-2 9.5 N.A N.A N.A N.A N.A 35.1 

P.m 45.7 4.8 3.5 2.5 3.4 3.8 6.4 

P.r 34.1 1.12 1.71 0.44 0.35 54.7 40 

R.h 58.5 3.4 2.9 1.9 2.1 3.8 446 

PAC 77.4 2.4 0.9 - - 5.9 560.3 

N.A: Not available 

 

The adsorbates (NA, PH and PY) were of analytical grade (with high purity > 

99%). These are taken as representative for two, three and four rings of  

polycyclic aromatic hydrocarbons. Moreover, naphthalene and phenanthrene are 

included in the composition range of kerosene which is regularly used as diluent 

in many extraction processes of the different elements of nuclear interest. The  

standard stock solutions of PAH were prepared by dissolving 8 mg of the pure 

compound in the least amount of acetone, transferring to a  



  

Egypt. J. Anal Chem., Vol. 13 (2004) 

100 ml volumetric flask and completing to the mark with a reagent water. The 

analysis of PAH was performed by EPA 610 - GC method using HP 6890- GC 

with split–splitless injector and flame ionization detector
(7)

. 

Sorption Experiments:  To select a particular adsorbent to be used for all the 

experimental work, single dosage experiments were carried out by contacting 

5ml of mixture solution of initial concentration (Co = 8 mg/l for each 

compound) with 10 mg of each material (B-1, B-2, P.m, P.r, R.h, PAC) in a 

glass bottle provided with a screw cap. The bottles were then shaken for 24h at 

25±1
o

C. The residual concentration (Ce) in the filtrate was measured using  

GC-FID. 

Adsorption isotherms were done by mixing various masses of R.H. (0.1 mg - 7 

mg) with 5 ml of each solute (8 mg/l) in glass bottles. The bottles were shaken 

at (25±1)
o

C until equilibrium and the residual concentration was measured. In 

all cases, the adsorptive capacity (qe) was calculated using the following 

relation: 

qe = V ( Co - Ce ) / M 

 

where : V is the total volume of solute solution (ml),  M  is the mass of 

adorbent used (g), Co is the initial concentration of the solute (mg.l
-1

), and  Ce is 

the residual concentration of the solute (mg.l
-1

). 

 

Results and Discussion 

Comparison of adsorbents: 

Fig.1 provides a comparison of the total adsorption capacity of the (NA, PH 

and PY), in one mixture in aqueous solution for the various adsorbents. The 

results are presented in weight capacity, qe (mg/g). Based on the data obtained, 

the amount adsorbed by R.H are comparable to those obtained by the 

manufactured powdered activated carbon (PAC). Therefore, the removal of the 

three compounds (NA, PH and PY) by using RH as adsorbent was studied in 

detail.  
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Fig. 1  A dsorption  of PA H  by B -1, B -2 , P .m , P .r, R .h  and PA C
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Equilibrium time & adsorption rate 

Fig. 2 shows the variation of the uptake expressed by the weight capacity qe 

(mg/g), of NA, PH and PY on RH in terms of time  (days). It is clear that two 

days are sufficient contact time between each solute and the R.H. sorbent. The 

adsorption rate, K, of the uptake in terms of the total amount of the solute in 

mg/g.h
0.5

 removed from the solution
(8) 

and listed in Table 2. A remarkable 

dependence exists between the observed K values and the number of aromatic 

rings (or molecular weight).  
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It is clear that, as the number of aromatic rings increases, the removal capacity 

increases and the adsorption rate k increases too. The sequence has the order: 

NA > PH > PY.  When the amount of solute adsorbed is expressed in molar 

units instead of weight units as in column (b) in Table 2, the K' values for the 

three components have a similar order as above. This can be explained by the 

fact that not only the molecular weight has the predominant effect on the 

adsorption rate but also there are some factors which should be considered. 

e.g., the solubility in water. The solubility order is NA > PH > PY whereas the 

rate order: NA < PH < PY.  i.e.,  as the solubility increases, the adsorption rate 

decreases. 

Table 2- Adsorption rates of  PAH  studied.     

PAH K,(mg/g.h
0.5

)x10
-3 

(a) 

K
 \ 
 ,(mmol/g.h

0.5
)x10

-3 

(b) 

Naphthalene 101.5 0.7919 

Phenanthrene 156 0.8752 

Pyrene 200 0.99 

 

Adsorption Isotherms 

The adsorption equilibrium data (Figs.3,4) were fitted with several well- known 

isotherm models. A computer program has been used for the estimation of 
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coefficients based on nonlinear optimization technique. The value of the mean 

absolute percentage error
9
: 

 

has been selected as a test criterion for the fit of the correlation
(10)

 It was 

found that the %err of the two-parameter isotherms is always lower than that of 

three or four parameters isotherms in case of NA. The reverse status is noticed 

in case of PH, where the two-parameter models provided unsatisfactory fit to 

the isotherm data over most of the liquid concentration range. The best fitting 

(i.e. the lower %err) for each compound was presented by shadow in Table (3). 

A comparison of the experimental and theoretical data for naphthalene by 

Langmuir, Freundlich, and BET isotherm equations as shown in Fig. 3 and by 

Redlick-Peterson, Toth, Generalized and Fritz–Schlünder isotherm equations as 

shown in Fig. 4 indicate the results of the fitting procedure as presented in 

Tables(3). 
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 As shown in Table 3, the Freundlich isotherm for NA, Generalized isotherm for 

PH and BET isotherm for PY gave an excellent overall fit.  
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 Table 3. Isotherm constants of two; three and four-parameter 

isotherms. 

Solute NA PH PY 

 Langmuir
 (11)

                                                  q o 63.6 50.4 104.5 

                                                    b 0.34 1.02 0.44 

                                                %err
 

7.0 7.3 4.3 

BET 
(11)

                                             
       Q o                    

52.1 14.76 106.4 

                                                    B 12.7 5.64 1720 

                                             %err 6.7 36.6 4.22 

Freundlich 
(11)                                               

                 Kf 15.7 24.8 29.8 

                                                   nf 1.4 1.8 1.4 

                                              %err 6.5 12.8 6.6 

 Redlick-Peterson isotherm (10) 
                                                                      a

R
 25.5 45.6 262.7 

                                                  B
R

 0.58 0.54 7.6 

                                                 Β 0.76 1.4 0.4 

                                                   % err 8.1 4.6 9.1 

 Toth isotherm (10) 
                                                                     q

T
 86.9 39.4 109.3 

                                                 K
T

 0.33 1.06 0.43 

                                                 n
T 0.68 2.3 0.96 

                                                  % err 9.55 4.82 4.4 

 Generalized isotherm (10) 
                                                                       a

1
 14.8 216.0 16.9 

                                                  a
2

 1.87 0.231 3.7 

                                                  M 0.5 2.6 0.46 

                                                     % err 10.0 4.52 7.4 

Fritz-Schlünder (10) 
                                                                        α

1
 28.7 45.1 90.65 

                                                   α
2

 1.5 0.992 1.4 

                                                    β
1

 0.71 0.53 1.8 

                                                     β
2

 1.6 1.42 1.1 

                                                          % err 7.2 4.6 5.3 
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Among the three -parameter models investigated in this study, the better known 

Radlick-Peterson isotherm
(11)

 gave the worst fitting for PY with (%err = 9.1), if 

compared to the rest of models. The rarely used Toth isotherm
(12)

 gave better 

fitting for PY with (% err 4.4) only and somewhat better than The Fritz-

Schlünder isotherm
(13)

 (%err = 5.3). Although the latter model provided a 

satisfactory fit to the isotherm data for PH (%err =4.6) over most of the liquid 

concentration range, the newest Generalizied isotherm model
(10)

 gave the best 

fitting (%err = 4.52). Neither of three  or four parameters isotherms described 

accurately the flat portionof the experimental isotherm curve as shown in case 

of phenanthrene (Fig.4). The empirical four-parameter Fritz- Schlünder 

isotherm better
(13)

 was tried with the expectation that the introduction of a 

fourth parameter would enhance the fit to the flat portion of the isotherm. 

Although the use of this isotherm did not improve the overall fit, yielding a 

%err = 7.2 for NA; 4.6 for PH and 5.3 for PY) close to or sometimes less than 

those  obtained with the two or three-parameter isotherms, it did not improve 

somewhat the fit at high concentrations. In conclusion, we can decide that, the 

fitting can be improved independent on the number of isotherm parameters.  

The Dimensionless Separation Factor: 

Although we consider the best fitting adsorption isotherm for each compound, 

the isotherm shape for NA, PH and PY was determined to decide whether the 

adsorption process of each adsorption system is favourable or unfavourable
(12)

.
  

The adsorption affinity constant, b, of Langmuir isotherm is used to determine 

the separation factor, r, by the following relationship
(15, 16)

:   

It is clear that the b values have a reverse order to the r  values.  i.e. as the value 

of b-increases, the value of r decreases and thus the favorability increases . 

       NA         PY        PH 

b-values                0.34         0.44       1.02 

r-values                0.27        0.22        0.10 

o
Cb

r



1

1
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Solute Shape Parameter 

It was found that the adsorption affinity constant, b, of Langmuir  

isotherm is linearly proportional to Length- to-Breadth (L/B) values
(17)

 as 

shown in Table (4)  which have the order:  PH > PY  > NA. 

Table 4  The relationship between Langmuir constant, b, 

and solute shape parameter of NA, PH and Py 

PAH b L/B
17 

Naphthalene 0.34 1.24 

Phenanthrene 1.2 1.46 

Pyrene 0.44 1.26 

 

Conclusion 

The adsorption behavior of selected PAH from organic-free, deionized water 

onto various adsorbent materials has been examined.  Two-, three and four 

parameters adsorption isotherm equations  were applied to find the best fitting 

for representing adsorption data of naphthalene, phenanthrene and pyrene onto 

activated rice husk. The adsorption affinity depends on the solute shape and the 

separation factor as well as the solubility and molecular structure. The 

adsorption process is favourable. 
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