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Abstract 

This study presents fundamental information 
on the reproductive capacity of freshwater 
prawn, Macrobrachium assamense 
peninsularae. Sampling was carried out 
monthly from Khoh-River during the months 
from June 2010 to August 2010. The 
maximum fecundity estimated for a prawn 
measuring 49mm length and weighing 
2279mg was 84 whereas the minimum 
fecundity was 07 in the prawn length 
measuring 26mm and weighing 466mg. The 
fecundity was mostly more dependent on 
prawn ovary weight (r= 0.9214) and prawn 
body weight (0.8336) as compared to the 
prawn body length (0.8229) and prawn ovary 
length (r=0.8043). In view of its body size, 
Macrobrachium assamense peninsularae, an 
ornamental prawn fish has good breeding 
capacity. 

Keywords:  Fecundity ⏐ Macrobrachium 
assamense peninsularae ⏐ Khoh-River ⏐  

  

 

 
 

 

Introduction 

Fresh water Prawns are Decapod crustaceans 
belonging to the Palaemonidae family. 
According to Tiwari (1955a), the genus 
Palaemon has marine origin and has acquired 
fresh water habitat by immigration from the 
sea to the interior of the land through river. 
The process of adaptation of fresh water is not 
yet complete, because many species are not 
found in estuaries and still depend on brackish 
water for breeding. Several species have 
become completely acclimatized to fresh 
water and are found in inland rivers and hill 
streams. The vast majority of fresh water 
Prawn species of commercial interest 
belonging to the Macrobrachium genus is 
found in the tropical and subtropical regions 
of the world (Bowman and Abele, 1982, 
Chace, 1992). Macrobrachium assamense 
peninsularae (Tiwari, 1955b) is indigenous in 
North India or Peninsular region, and only 
found in Khoh river from Garhwal region 
(Bahuguna et. al,. 2010). Lobao et. al,. (1985) 
reported that the information of the 
reproductive capacity is important to evaluate 
prawn species potential for commercial 
farming. Santos (1978) defined the fecundity 
as the number of eggs laid by one female per 
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hatching. A special Macrobrachium 
assamense peninsularae species presents is 
considered economically feasible for 
ornamental Prawn fish farming which certain 
characteristic such as small size, high 
fecundity and low aggressiveness. The fresh 
water ornamental prawn farming is simpler 
and economical than the salt water prawn 
farming because of, since the ponds can be 
built is small size and can be located on the 
inland. 

Some basic research has been conducted in 
the several different Prawns by  Ching and 
Velez (1985), Walker and Ferreira (1985), 
Magathaes and Walker (1988), Graziani et al. 
(1993), Bhattcharjee and Dasgupta (1989), 
Sharma and subba (2005), Mejia-Ortiz et al. 
(2001), Cavalli et al. (2001), Nazari et al. 
(2003), Bhuiyan et al. (2007) and Flavia et al. 
(2010). Due to lack of proper information 
about the reproductive potential of 
Macrobrachium in Garhwal region, this work 
is aimed at determining fecundity of this 
species and its relationship with prawn length, 
prawn weight, prawn ovary length and prawn 
ovary weight.  

Sampling Sites 

The samples were collected from the Khoh 
River in Khoh-basin which is geographically 
situated in between 78.30 º E to 78.40 º E 
longitude and from 29.45º N to 29.55º N 
latitude. Khoh is a spring fed perennial river 
in the foot hills of  Garhwal Himalaya, which 
is formed by the confluence of two parent 
streams, the Langurgad (originating from the 
southern slopes of Dwarikhal) and the Silgad  
(originating from western slopes of south-east 
Lansdowne). Both these parent tributaries 
confluence near Dogadda town to form the 
main stream Khoh. Ecologically, the river has 
two parts, the upper part with fast flowing 

water current and pebbly bottom surrounded 
by big boulders while the lower part has 
sandy bottom and slow speed of water 
current. On the way it joins other rain fed 
tributaries originating from south east 
mountain slopes of Hathikund and Kohllu 
Chaur. At Saneh Bhabar, the river 
confluences with Saneh river and enters into 
the Bijnor district (U.P.), and near Dhampur 
(Uttar Pradesh) it confluences with the major 
Ramganga river (Map.1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   Map 1: Sampling Site of Khoh River 

 

Material and Methods 

The Prawn described in this paper was 
identified following the procedures adopted 
by Tiwari (1955a) and Cai et al. (2004) as 
Macrobrachium assamense peninsularae, a 
fresh water small Prawn, commonly known as 
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“Geega machi”. The mature female 
Macrobrachium assamense peninsularae 
belonging to the family Palaemonidae were 
collected from Dugadda-Pauri teraha (I), 
Dugadda Nursery (II), Durga Devi (III) and 
Sidhbale Mander (IV) sampling sites of Khoh 
River with the help of local fishermen and 
brought to the laboratory of Zoology 
Department of Post Graduate College 
Pithoragarh. The required number of females 
with fertilized eggs was preserved in 5% 
formalin to study their fecundity. The 
estimation of fecundity (31 Prawns) was 
carried out during June 2010 to August 2010. 
The body length and weight of fresh water 
female prawns were recorded before 
removing the egg mass from their brood 
pouch with the help of forceps and counting 
the number of eggs. Since, the number of egg 
was not so high; sub sample method was not 
used for the estimation of fecundity.  

For the estimation of relationships between 
fecundity and independent body parameters 
(Prawn length, Prawn Weight, Prawn ovary 
length and Prawn ovary weight), the method 
of least square was used as Y= a + b x. Where 
Y= Fecundity (dependent variable), x= Body 
parameters (independent variables), a= Slop 
and b= Intercept. The coefficient of 
correlation (r) of each of the relationship was 
also assessed. 

Results and Discussion 

The length of fresh water prawn, considered 
for the present study, ranged from 26mm to 
49mm. Data on the fecundity of 
Macrobrachium assamense peninsularae are 
presented in the table 1. These relationships 
were traced with the help of regression 
analysis. The prawns ranged from 26 to 
49mm in length and 51 to 2279 mg in body 

weight. The maximum fecundity was 84 
calculated for a prawn measuring 49mm 
length and weighing 2279mg whereas the 
minimum fecundity was 07 in the prawn of 
length measuring 26mm and weighing 
466mg. 

In the present investigation four linear 
relationships were traced out between 
fecundity and body parameters (Prawn length, 
Prawn weight, ovary length and ovary weight) 
for Macrobrachium assamense peninsularae 
(Table.2). It was noticed that the fecundity 
was highly correlated with Prawn ovary 
weight F = -15.4879 + 417.2919 OW (r = 
0.9214), followed in decreasing order by 
Prawn weight F = 0.4372 + 28.1659 PW (r = 
0.8336), Prawn length F = -62.3237 + 
27.0707 PL (r = 0.8229) and Prawn ovary 
length F = -43.8783 + 8.3961 POL (r = 
0.8043). 

Macrobrachium assamense peninsularae, an 
ornamental prawn fish has good breeding 
capacity considering its body size. It is 
definitely conducive if developed as an 
aquarium prawn fish. The hill stream prawns 
show a great variation in their breeding 
potential. It mostly depends on the habitat 
ecology of the prawn fish. In Macrobrachium 
assamense peninsularae the breeding capacity 
ranges from 07 to 84 and increases with an 
increase in all the body parameters. The 
straight-line relationship has been observed 
between the Prawn length and fecundity, 
Prawn weight and fecundity, Prawn ovary 
length and fecundity, Prawn ovary weight and 
fecundity. The fecundity was more dependent 
on prawn ovary weight (r= 0.9214) and prawn 
body weight (0.8336) than the prawn body 
length (0.8229) and prawn ovary length 
(r=0.8043). The fecundity was particularly 
more closely related to the prawn ovary 
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weight. The breeding season of 
Macrobrachium assamense peninsularae was 
found to be from July to August month 
depending on the available monsoon as well 
as suitable water temperature. 

The breeding season of Macrobrachium 
malcolmsonii in India is from April to 
December, with a peak in August to 
November, depending upon the monsoon. The 
fecundity of Macrobrachium malcolmsonii 
has been reported to range from about 3,500 
to 94,000 for females of 54 to 165 mm 
Rajyalakshami (1980). According to Ling 
(1969), the breeding of Macrobrachium 
rosenbrgii was found to be July to September 
on monsoon period. Walker and Ferreira 
(1985) reported a range of fecundity from 6 to 
30 Macrobranchium inpa in the central 
Amazonian river, Tarumamirim. Magathaes 
and Walker (1988) while studying the 
fecundity of Macrobranchium ferreira it to be 
in a range of 25 to 35. Magathaes (1985) 
reported a fecundity range of 289 to 2259 in 
Macrobranchium amazonicum.  

Magathaes and Walker (1988) working in 
Macrobranchium nattereri, he noticed a 
fecundity range of 34 to 150. Valenti et. al. 
(1989) observed Macrobrachium acanthurus 
females hatched about 18,000 eggs. 
Mahapatra, et.al, (1996) noticed the fecundity 
of Macrobrachium rosenbrgii ranged from 
24,225 and 1, 91,092 for females of 143 mm 
to 235 mm body length. Garcia- Davila et al., 
(2000) estimated a range of fecundity from 15 
to 168 in Macrobranchium brasiliense. The 
fecundity of M. potiuna was 35 eggs and 
M.olfersi was 1917.0 eggs noticed by Nazari 
et al. (2003) in Ratones basin, Santa Catarina 
Island, Brazil.  Sharma and Subba (2005) 
reported that the breeding season of 
Macrobrachium lamarrei was found to be 

April to September with a peak period in 
August and September, depending on 
monsoon as well as suitable temperature. The 
mean body length and mean fecundity of 
Macrobrachium lamarrei ranged from 57-74 
mm and 82-308 respectively. The females 
M.hainanense produced only a single brood 
of 20-75 eggs each breeding season (Mantel 
and Dudgeon, 2005). The mean fecundity was 
1,227 eggs per female (mean total length: 
39.9 mm) with a positive correlation between 
fecundity and female body size. Bhuiyan et 
al. (2007) stated that fecundity of 
Macrobrachium dayanum showed that the 
number of eggs in this species range from 43 
to 195. Flavia et al., (2010) reported that the 
fecundity varied between  40 to 3375 eggs per 
females in M. amazonicum on Combu Island 
(Amazon estuary). 

The variations found in fecundity may be 
attributed to different conditions of female 
physiology and riverin environment or 
season. Graziani et al. (1993) reported that 
Macrobrachium species has the fecundity 
which is associated with the female age and 
increases as the female becomes mature. 
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S.No. Prawn Length 

(mm) 
 

Prawn 
Weight 
(mg) 

Ovary Length 
(mm) 
 

Ovary Weight 
(mg) 

Fecundity 
 

1 2.6 0.466 07 051 07 
2 2.9 0.551 07 059 08 
3 2.9 0.391 07 065 10 
4 3.1 0.533 08 071 12 
5 3.1 0.676 08 075 13 
6 3.2 0.734 08 087 18 
7 3.2 0.849 08 093 26 
8 3.2 0.897 09 109 34 
9 3.3 1.472 09 137 39 
10 3.3 1.031 08 149 43 
11 3.4 1.300 08 165 32 
12 3.4 0.976 09 167 40 
13 3.4 0.833 10 98 29 
14 3.6 0.833 10 109 32 
15 3.7 1.023 10 126 37 
16 3.8 1.353 09 140 39 
17 3.8 1.091 09 169 45 
18 3.8 1.726 10 172 49 
19 3.9 1.573 11 111 42 
20 4.1 1.789 11 072 19 
21 4.1 1.691 11 074 22 
22 4.4 2.023 11 179 48 
23 4.4 1.300 09 162 40 
24 4.4 2.040 12 121 36 
25 4.4 2.055 12 172 55 
26 4.5 2.127 10 174 67 
27 4.5 2.179 12 179 63 
28 4.5 2.191 13 184 70 
29 4.6 2.209 13 191 79 
30 4.7 2.252 14 197 71 
31 4.9 2.279 14 209 84 

Table 1: Data on the fecundity of 

Macrobrachium assamense 

peninsularae (Tiwari, 1955) from 

Khoh-River during July 2010 to 

August 2010.      

Table 2: Values of regression 
coefficient “b”, intercept “a” and 
coefficient of correlation “r” in 
Fecundity / Prawn Length, 
Fecundity / Prawn Weight, 
Fecundity / Ovary Length and 
Fecundity / Ovary Weight 

S.No Relationship Value of “a” Value of “b” Value of  “r” 
 Dependent 

variable 
Independent 

variable 
1 Fecundity Prawn Length 

 
-62.3237 27.0707 0.8229 

2 Fecundity Prawn Weight 
 

0.4372 28.1659 0.8336 

3 Fecundity Ovary Length 

 

-43.8783 8.3961 0.8043 

4 Fecundity Ovary Weight 

 

-15.4879 417.2919 0.9214 
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Abstract 

Zooplankton has been used as an indicator for 
monitoring the water quality, trophic status 
and pollution level. The purpose of this study 
was to assess the zooplankton abundance and 
their monthly variation in a fresh water fish 
pond near Roorkee. In the present study the 
total Zooplankton density exhibited a single 
peak during March. Though, a sudden 
increase was noticed in the month of 
September and October which sustained till 
March. This increase is endorsed to the 
settling of rain water return of favorable 
conditions in post monsoon period. Total 
number of zooplankton is high during winter 
season when the temperature is relatively low. 
In the present study total Zooplankton 
comprises of 5 groups: Protozoa, Rotifera, 
Cladocera, Copepod, and Ostracods. Out of 
this group Protozoa is the dominant group 
and the order of dominance is as Protozoa > 
Rotifera > Copepod > Cladocera > Ostracods. 

 

 

 

 
 

Keywords:  Zooplankton ⏐ Seasonal fluctuation 
⏐ Water quality ⏐ Fish pond ⏐  

Introduction 

 A pond is referred to as a man-made or 
natural water body which is between 1 m2 and 
2 ha (~5 acres or 20,000 m2) in area, which 
holds water for four months of the year or 
more (Biggs et al., 2005). Ponds are an 
essential freshwater habitat for plants and 
animals, and they play a central role in 
maintaining high regional biodiversity. The 
important component of the ecological 
pyramid of the freshwater ecosystem is 
plankton. Planktonic communities have long 
been recognized in natural aquatic ecosystems 
as being a keystone group for energy (Alikuhi 
et al., 1955; Mitra & Mohapatra, 1956). All 
aquatic animals depend directly or indirectly 
on the plankton, which make them of prime 
importance. Similarly, a healthy zooplankton 
community in many aquaculture systems is 
also recognized as necessary for good final 
production from the system (Estudillo et al., 
1998), and these communities have potential 
value as indicators of changing trophic 
condition (Kundari and Kanamadi, 2008). 
Zooplankton form an intermediate step in 
grazing food chain in aquatic bio-loop and an 
ecosystem (Rao 1993). Zooplankton 
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organisms occupy a central position in the 
food webs of aquatic ecosystem. The 
importance of the Zooplankton is well 
recognized as these have vital part in food 
chain and play a key role in cycling of organic 
matter in an aquatic ecosystem. The larvae of 
carps feed mostly on zooplankton, they 
constitutes important food item of many 
omnivorous and carnivorous fish. With the 
thrust on rural aquaculture in the country, it is 
generally seen that ponds in rural areas 
adopted for fish farming are largely unkept 
and unmanaged. As such it becomes 
imperative to study such representative pond 
ecosystems on a comparative basis. For 
effective maintenance of water quality 
through appropriate control measures, 
continuous monitoring of large number of 
quality parameters is essential (Khanna et al., 
2009). 

Material and Methods 

The present investigation was carried out for 
one year (January, 08 to December, 08) in a 
fresh water fish pond with 2, 92,500 square 
meter water area at village Paniyala near 
Roorkee (29° 51' N; 77° 53' E). The depth of 
pond was (0.6-2.8 m) mean depth was 1.7 
meter. Water samples from the surface water 
column were collected on monthly basis for a 
period of one year. Four sampling points (S1, 
S2, S3 and S4) were selected from the four 
sides of the pond with an approximate 
distance of 2m along the edge from the places 
of human activities such as washing, bathing 
and fishing, etc. Samples from the 
predetermined points were collected between 
7.00 A.M. to 9.30 A.M. For studying the 
quantitative analysis of zooplankton at each 
collection site separately 100 liters of water 
was passed through the plankton net. The 
plankton samples were preserved in 4 % 
formaldehyde and brought in the laboratory 

for quantitative and qualitative analysis. With 
the help of broad mouth dropper the sample 
was transferred to the Sedgwick Rafter cell 
and the plankton were counted. The 
identification of zooplankton was done 
according to Needham and Needham (1972), 
Ward and Whipple (1959), APHA (2005) and 
Khanna and Bhutiani (2008). Counting of the 
organisms was done by applying the 
following formula- 
Plankton/ l  =  

Where, 

a = average no. of plankton in one small 
counting chamber of Sedgwick Rafter 
counting cell. 

c = ml of plankton concentrate 

l = Volume of original water filtered in 
liter 

Results and Discussion 

The zooplankton in Indian subcontinent 
consists of miscellaneous assemblage of 
major taxonomic groups. The number, type 
and distribution of these organisms present in 
any aquatic habitat provide a clue on the 
environmental conditions existing in that 
particular habitat. The density of zooplankton 
showed distinct seasonal variations. In the 
present study it has been noted that the 
maximum average number of zooplankton 
were (597 unit/l ±163.71) in the month of 
March and minimum number were (57.17 
unit/l ±18.71) found in the month of August. 
Observing the monthly variation in the 
number of zooplankton the maximum number 
observed was (856.62 unit/l ±132.00) in the 
month of March at site I and minimum was 
present at site II (29.69 unit/l ±15.11) in the 
month of July. Bhuiyan & Nessa (1998a, b) 
and Islam et al. (2000) recorded highest 
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density of total zooplankton in winter and 
minimum during rainy season. Variation in 
the numbers of zooplankton at different site 
during the study period is tabulated in Table-1 
and graphically shown in Fig. 1. 
 

The results indicated that the zooplankton  
were maximum in the winter month perhaps 
due to low temperature and high content of 
DO. Similar study was made by Khanna and 
Bhutiani (2003) and Khanna et. al. (2000). 

During the study each group of zooplankton 
showed their own maximal and minimal 
peaks. In the present study the protozoan was 
maximum during (182.63 unit/l ±37.08) in 
January at site I and minimum was 
(6.57±2.03) in the month of July in the same 
site. Highest average number (148.32 unit/l 
±40.98) was observed in January month and 
minimum (12.49 unit/l ±6.30) in the month of 
July (Table-2 and Fig. 2). Rotifers are 
considered opportunists due to their highest 
intrinsic rates of natural increase among the 
major zooplankton groups (Allan, 1977). 
Rotifera was maximum (192.30 unit/l ±16.24) 
in April at site IV and minimum was observed 
(5.85 unit/l ±4.62) during July at the same 
site. Highest average number (127.78 unit/l 
±18.01) was studied in April and minimum 
was observed (11.15 unit/l ±5.64) in the 
month of August (Table-3 and Fig.3). 
Cladoceran (Table-4 and Fig. 4) was 
maximum (190 unit/l ±32.61) in the month of 
March found at site I and minimum (1.08 
unit/l ±0.24) was during in August at site IV. 

Highest average number (101.75 unit/l 
±15.50) was observed in the month of March 
and minimum average number (6.88 unit/l 
±2.33) was found during August. Govind 
(1969) reported Cladoceran peak in March to 
May in the shallow zone of Tungabhadra 
reservoir. Copepods are relatives of crabs and 

shrimp. They have a hard shell-like cover on 
their bodies and jointed appendages. Most 
copepod in ponds are 4 mm or less. Copepod 
feed on tiny green cells (algae) that are also 
present in the pond. Copepod (Table-5 and 
Fig. 5) was maximum (135.27 unit/l ±42.31) 
in March at site I and site IV shown the 
number (3.24 unit/l ±1.67) in the month of 
July. The highest average number (107.56 
unit/l ±35.13) were found in March and 
minimum average number (5.18 unit/l ±3.36) 
observed during July. Ostracods are bivalve 
crustaceans found in both freshwater and 
marine water. There are over 1700 species of 
known ostracods of which about one-third are 
fresh water forms. They inhibit a wide variety 
of freshwaters like lakes, pools, swamps, 
streams and heavily polluted areas 
(Edmondson, 1959). Ostracods were totally 
absent at site II during the study period. 
Ostracods was maximum (152.61 unit/l 
±35.49) in the month of March found at site I 
and minimum (4.05 unit/l ±0.82) were 
observed during July at site IV (Table-6 and 
Fig. 6). The highest average number (84.66 
unit/l ±33.36) was observed in March and the 
minimum average number (4.05 unit/l ±0.82) 
was found in the month of July. The 
quantitative analysis of zooplankton revealed 
that the total concentration was highest in the 
month of January to March from where 
onwards it decreases continuously up to 
August. 
 

Zooplankton population was found to be low 
during rainy season, but it was higher during 
summer and winter months. Though there was 
no clear trend to suggest that which of the two 
seasons could be considered as the best. It 
appears that the nutrient status of the pond is 
moderate and it is more or less 
environmentally least populated. Kohli et al. 
(1998) in Powai lake, Mumbai observed that 
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zooplankton population increased during post 
monsoon months. These findings are similar 

to those as recorded in case of this fish pond. 

 

Month Site-1 Site-2 Site-3 Site-4 Average 

January 436.52±35.60 434.78±156.67 189.48±44.51 627.30±162.82 422.02±99.9 

February 320.00±160.00 390.89±141.65 334.50±50.52 647.65±186.00 423.26±134.54 

 March 856.62±132.00 503.56±244.84 229.54±37.22 799.53±240.81 597.31±163.71 

April 621.34±158.62 507.89±74.74 352.67±112.68 558.71±67.79 510.15±103.45 

May 526.10±127.80 279.55±132.74 357.62±54.34 311.74±190.71 368.75±126.39 

June 196.25±72.36 100.36±43.77 214.72±41.98 89.08±31.12 150.10±47.30 

July 84.60±35.00 29.69±15.11 92.06±27.68 34.21±11.55 60.14±22.33 

August 87.21±18.24 37.64±21.04 49.11±20.81 54.75±12.51 
57.17±18.15 

September 95.27±31.00 120.08±45.21 58.14±18.50 115.92±25.25 97.35±29.99 

October 132.16±56.06 162.38±39.39 70.77±27.86 166.60±33.01 132.97±39.08 

November 125.00±7.86 197.83±56.74 73.66±20.94 257.07±43.90 163.39±32.36 

December 362.00±54.67 317.60±83.31 137.77±30.01 389.27±130.83 301.66±74.70 

 

Month Site-1 Site-2 Site-3 Site-4 Average 
January 182.63±37.08 149.65±56.30 145.00±14.26 116.00±56.31 148.32±40.98 
February 157.00±42.00 119.50±70.25 62.14±12.50 76.84±29.82 103.87±38.64 
March 172.65±41.38 114.62±17.20 104.32±36.20 112.67±39.82 126.06±33.65 
April 110.36±10.53 112.40±27.80 106.05±15.04 105.00±16.08 108.45±17.36 
May 74.21±50.24 72.00±13.21 62.05±12.30 97.42±18.86 76.42±23.65 
June 14.00±6.28 30.02±17.29 42.24±15.20 46.65±23.50 33.22±15.56 
July 6.57±2.03 10.61±7.21 16.08±8.59 16.70±7.40 12.49±6.30 
August 10.16±3.53 32.51±3.82 35.14±6.20 20.86±6.36 24.66±4.97 
September 32.62±7.28 32.51±7.24 25.00±5.10 25.62±8.82 28.61±7.11 
October 34.00±8.05 40.00±25.21 20.10±3.16 20.35±4.29 28.61±10.17 
November 52.62±12.39 45.62±7.14 35.52±2.50 37.49±8.50 42.81±7.63 
December 94.00±17.52 85.73±3.50 50.10±10.15 63.70±15.70 73.38±11.71 
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Table-1: Monthly variation 
in the number of total 
zooplankton at different 
sampling sites (Unit/l) 
 

Table-2: Monthly variation 
in the number of Protozoa 
at different sampling sites 
(Unit/l) 

Fig. 1: Monthly variation in 
the number of total 
zooplankton at different 
sampling site 
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Month Site-1 Site-2 Site-3 Site-4 Average 
January 106.00±32.71 112.61±18.31 68.20±12.00 116.60±28.26 100.85±22.82 
February 115.64±61.00 137.25±58.82 50.10±5.24 106.92±56.81 102.47±45.46 
March 149±89.02 107.82±17.82 66.00±14.21 112.84±88.92 108.91±52.49 
April 107.2±12.86 125.64±27.84 86.00±15.10 192.30±16.24 127.78±18.01 
May 78.35±42.79  32.62±9.81 65.00±10.14 53.00±30.24 57.24±23.24 
June 21.71±6.28 15.20±9.83 25.62±2.60 17.00±4.90 19.88±5.90 
July 12±8.20 12.33±7.24 16.81±2.50 5.85±4.62 11.74±5.64 
August 15.52±3.42 15.24±6.89 5.14±3.00 8.70±7.00 11.15±5.07 
September 30.25±7.18 37.81±9.80 12.00±12.10 52.50±17.24 33.14±11.58 
October 42.8±5.24 56.72±17.81 12.00±11.40 65.00±13.86 44.13±12.07 
November 68.4±8.13 84.00±7.24 52.10±11.30 85.02±23.46 72.38±12.53 
December 37.24±52.64 28.54±7.21 46.12±11.00 97.22±37.25 52.28±27.02 

 

Month Site-1 Site-2 Site-3 Site-4 Average 
January 137±38.51 21.05±75.16 12.10±3.10 17.56±8.64 46.92±31.35 
February 189.68±42.80 15.64±72.80 16.20±2.16 37.70±8.12 64.84±31.47 
March 190±32.61 150.00±19.37 22.00±5.00 45.00±5.04 101.75±15.50 
April 172.53±32.06 16.72±37.84 15.01±2.20 25.62±8.20 57.47±20.07 
May 52.62±28.40 64.71±32.61 10.65±1.10 16.00±5.20 35.99±16.82 
June 14.68±2.98 35.40±7.86 3.10±1.04 3.25±1.86 14.10±3.43 
July 2.93±0.24 11.00±4.62 5.00±2.00 1.80±0.02 5.18±1.72 
August 10.26±0.09 14.20±8.00 2.00±0.01 1.08±0.24 6.88±2.33 
September 7.16±1.20 25.67±17.82 6.60±3.50 6.70±3.25 11.53±6.44 
October 32.8±13.42 30.27±27.00 12.30±2.12 16.20±8.24 22.89±12.69 
November 49.63±17.68 48.16±2.15 2.15±0.21 4.32±1.50 26.06±5.38 
December 64.32±32.65 85.60±7.14 5.16±1.00 9.40±6.00 41.12±11.69 
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Fig. 2: Variation in the 

number of Protozoa at 

different sampling sites. 

Table-3: Monthly variation 
in the number of Rotifera at 
different sampling sites 
(Unit/l) 

Table-4: Monthly variation 
in the number of Cladocera 
at different sampling sites 
(Unit/l)  

Fig. 3: Monthly variation in 

the number of Rotifera at 

different sampling sites  
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Month Site-1 Site-2 Site-3 Site-4 Average 

January 86±12.37 40.25±17.35 55.00±10.00 106.00±37.84 71.81±19.39 

February 64.3±16.20 90.10±15.60 86.00±12.21 115.26±28.30 88.91±18.07 

March 135.27±42.31 87.63±27.84 92.35±35.12 115.00±35.26 107.56±35.13 

April 85.62±5.82 65.36±17.82 68.00±16.14 100.62±27.80 79.9±16.89 

May 53.71±28.80 15.42±8.89 52.02±12.24 55.65±27.84 44.2±19.44 

June 14.39±5.26 12.31±3.42 10.00±2.64 15.60±7.23 13.07±4.63 

July 3.71±0.06  7.66±6.10 6.12±5.62 3.24±1.67 5.18±3.36 

August 5.28±1.35  15.92±8.34 11.36±5.10 14.00±6.10 11.64±5.22 

September 17.87±6.24  0.40±37.80 14.61±3.76 15.26±7.28 22.03±13.77 

October 28.35±4.20  56.71±8.21 14.20±2.10 28.12±4.16 31.84±4.66 

November 36.42±4.89  63.21±7.22 26.00±11.00 35.00±15.28 40.15±9.59 

December 72.82±15.63  5.80±32.80 52.10±11.26 95.28±13.36 74±18.26 
 

Month Site-1 Site-2 Site-3 Site-4 Average 
January 115.67±42.15           ¯ 54.20±11.16 78.62±25.62 62.12±19.73 
February 121.03±24.00           ¯ 15.10±5.11 54.17±18.60 47.57±11.92 
March 152.61±35.49           ¯ 68.00±22.15 118.05±75.80 84.66±33.36 
April 83±6.52           ¯ 82.56±5.86 84.35±6.42 62.47±4.7 
May 52.85±40.48           ¯ 25.00±6.20 57.48±50.60 33.83±24.32 
June 24.3±10.32           ¯ 11.10±6.20 17.86±6.30 13.31±5.70 
July 9±1.02           ¯ 5.10±2.10 2.10±0.18 4.05±0.82 
August 13.53±4.12           ¯ 4.50±4.20 3.00±1.56 5.25±2.47 
September 28.02±3.35           ¯ 12.56±3.40 20.00±8.62 15.14±3.84 
October 28.65±2.10           ¯ 15.06±2.16 32.71±8.84 19.10±3.27 
November 50±0.81           ¯ 22.00±5.00 36.00±8.00 27±3.45 
December 60.89±12.39            ¯ 36.00±11.10 52.00±11.00 37.22±8.62 
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Fig. 4: Monthly variation in 
the number of Cladocera at 
different sampling sites  
 

Fig. 5: Monthly variation in 
the number of Copepod at 
different sampling sites 
(Unit/l)  

Table-5: Monthly variation 
in the number of Copepod 
at different sampling sites 
(Unit/l)  

Table-6: Monthly variation 
in the number of Ostracods 
at different sampling sites 
Unit/l) 
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Abstract 

The plant Alstonia scholaris has been used in 
different system of traditional medication for 
the treatment of diseases and ailments of 
human beings. It is reported to contain 
various types of alkaloids, flavonoids and 
phenolic acids. Alstonia scholaris  has been 
reported as antimicrobial, anti-cancer, anti-
inflammatory, analgesic, antioxidant, anti-
fertility and wound healing activities. In this 
review recorded the pharmacological 
activities of A. scholaris. 
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Introduction 

Plants have played a significant role in 
maintaining human health. In recent times, 
focus on plant research has increased all over 
the world. One such plant, Alstonia scholaris, 
invites attention of the researcher’s worldwide 
for its pharmacological activities. It is belongs 
to family Apocynaceae grows throughout in 
India. This plant is an evergreen and a 
common medicinal plant of India that can 
grow to a height of hundred meters, with 
white and strongly performed flowers and 
activated in Pakistan as an ornamental. It has 
wide occurrence also in the Asia Pacific 
region from India, Sri lanka through mainland 
South East Asia and Southern China, 
throughout Malaysia to northern Australia and 
Solomon Islands. The wood has been used for 
school black boards, hence the name 
“scholaris”. 

The plant is a large evergreen tree up to 17 to 
20 m in height about 110cm in diameter. Bark 
is grayish brown , rough , abounding in bitter, 
white milky latex; leaves 4-7 in a whorl , 
flowers small greenish white numerous in 
umbellate panicles, corolla tube short, very 
strongly scented; fruit follicles, 30-60 cm 
long; seeds papillose with brownish hair at 
each end. (Kirtikar et.al1980 and Nadkarni et 
al. (1976). 
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Phytochemistry 

Alstonia scholaris (Linn) is known to be a 
rich source of alkaloids (about 180 alkaloids) 
isolated , so far only few have been assessed 
for biological activities. (Versha et.al 2003) 
The bark of this plant contains alkaloid 
ditamine and echitamine, echitenine, 
echicaoutchin , an amerphous yellow mass, 
echicerin in acicular crystals, echitin in 
crystallized scales, echitein  in rhombic 
prisms, resembling an alkaloid ,a fatty acid 
and fatty resinous substan . Steve Thomas 
et.al (2007) reported the isolation of a new 
secoiridoid glucoside alstonoside, together 
with two know isoflavone  apioglucosides, 
formononetin 7-0-Beta-D-apiofuranosyl(1-6)-
Beta-D-glucopyranoside and biochanin A 7-
0-Beta-D apiofuranosy  –(1-6)-Beta-D- 
glucopyranoside are reported. Atta-ur-
Rahman et.al(1985) reported the isolation of 
an anilinoacrylate alkaloid, scholaricine from 
the leaves of Alstonia scholaris to which 
structure 2-(demethylschoarine) has been 
suggested. They also reported the isolation of 
19, 20. dihydrocondylo carpinalkloid from the 
leaves of Alstonia scholaris(Atta-ur-Rahman 
et.al1986). In 1987 they also isolated 19-20 -
Z- Vallesamine and 19,20-E- Vallesamine 
from Alstonia scholaris. Yamauchi.et.al 
(1990). 17-0- Acetylechitamine was isolated 
from the bark of the plant along with 
echitamine. In 1990 they also isolated several 
alkaloids from the leaves of A. scholaris. 
They reported that the leaves of plants from 
Taiwan and Thailand showed similar 
alkaloids patterns, with picrinine, nareline and 
alschomine as the major alkaloids. 

Pharmacology 

The bark, stem, roots and the leaves have 
been used traditionally as folk remedies for 
the treatment of many diseases. The bark is 

bitter, astringent, acrid, digestive, febrifuge, 
stomachi ,cardiotonic and tonic. It is useful in 
fever, malarial fever, diarrhoea, dysentery, 
skin diseases, ulcers, asthma, bronchitis, 
cardiopathy, agalactia and debility.The milky 
exudate is bitter and is good for ulcers. 
(Kirtikar et al., 1980 and Nadkarni et al., 
1976). The ripe fruits are used to treat insanity 
due to syphilis and epilepsy. The most 
extensively used part of the plant is the bark 
which is a component of many compound 
herbal formulations. The bark extract of the 
powdered stem bark is a bitter tonic and 
febrifege, useful for the treatment of malaria, 
diarrhea and dysentery. (Baliga et al., 2004). 

Antimicrobial activity 

The leaf extract have antimicrobial properties 
while the alcoholic extract from the stem bark 
showed anticancer activity in HSI human 
sarcoma in embryonated egg. (Baliga et al., 
2004). The antimicrobial property of the plant 
constitutes of A.scholaris (alkanes, alkanols 
and sterols) (Goyal et al., 1995). Evaluated 
the antibacterial activity of the petrol, 
dichloromethane, ethyl acetate, butanol 
fractions of crude methanolic extracts of the 
leaves, stem and root barks of Alstonia 
scholaris and reported that butanol fractions 
exhibited brooder spectrum of antibacterial 
activity. (Khan et al., 2003). 

Anti-Cancer activity 

An 85% ethanolic bark extract of A. scholaris 
showed antitumor and radiation sensitizing 
activity against a mouse transplantable tumor 
and is cytotoxic to human tumor cell lines. 
(Baliga et al., 2004). Methanol extracts of 
root barks of Alstonia  macrophylla, A. 
glaucescens and A. scholaris, collected from 
Thailand have been assessed for cytotoxic 
activity against two human lung cancer cell 
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lines, MOR-P ( adenocarcinoma) and COR-
L23 (large cell carcinoma), using the SRB 
assay. Pleiocarpamine, O-methylmacralstonine 
and macralstonine were all considerably less 
active than villalstonine. (Keawpradub et al., 
1997). 

Antimalarial activity 

Corialstonine and corialstonidine,alkaloids of 
Alstonia scholaris,are aagainst P.falciparum . 
(Jagetia et al., 2005). 

Antifertility activity 

A. scholaris bark extract (200 mg/day for 60 
days, orally) showed significant antifertility 
effects in male rats as evidenced by marked 
reductions in the weight of testes, 
epididymides, seminal vesicle and ventral 
prostate (Gupta et al., 2002). Step-19 
spermatids production was reduced by 79.6% 
while the population of preleptotene and 
pachytene spermatocytes was decressed 
61.9% and 60.1%, respectively. Spermatogonia, 
sertoli cell population and areas of the 
seminiferous tubule and Leydig cell nuclear, 
were significantly as were other indicators of 
male fertility. (Gupta et al., 2002.) 

Broncho-Vasodilatory activity 

The ethanolic extract of the leaves of A. 
scholaris showed broncho - vasodilatory 
activity. Administration of the plant extract 
(25,37 and 50 mg/kg , via the jugular vein) to 
anaesthetised rats at 5min before the 
administration of carbachol  (10µm /kg) led to 
a transient decrease in the normal blood 
pressure by 54 +13% and 81+7% at does of 25 
and 37 mg/kg respectively. In contract the 
inspiratory pressure was increased by 50 + 
13% and 83 +12%, respectively, while the 
expiratorty pressure and heart rate remained 

unchanged. Isoprenaline and salbutamol were 
the positive controls for the effects of the leaf 
extract on the carbachol-induced changes.The 
highest dose of the leaf extract (50mg/kg) 
caused a severe decrease in the blood pressure 
and disturbed the respiratory rhythm.( Channa 
et al., 2005). 

Teratogenic effects 

The hydroalcoholic extract of Alstonia 
scholaris extract produced teratogenic effects 
in mice at doses greater than 240 mg/kg 
(>20% of the LD50) when exposure occurred 
at day 11 of gestation. The extract at doses of 
60, 120, 180 and 240 mg/kg did not cause 
mortality, congenital malformations, or alter 
the normal growth patterns. Doses of  360 or 
480 mg/kg caused a dose-dependent increase 
in mortality, growth retardation and 
congenital malformations, characterized 
mainly by bent tails and syndactly. These 
doses also significantly delayed fur 
development, eye opening, pinna detachment 
and vaginal opening. Doses of 240-480 mg/kg 
also delayed incisor eruption and testes decent 
(Jagetia et al., 2003). 

Immunomodulatory   activity 

The immunostimulating effect of Alstonia 
scholaris bark extracts was studied in        
BALB/c mouse by (Iwo et al., 2000).The 
aqueous extract at 100 mg/kg b.w. increased         
lytic activity of peritoneal exudate cells 
against Escherichia coli. At the doses of 50         
and 100 mg/kg b.w., the aqueous extract had 
no effect on primary antibody level.  

The aqueous extract at 50 mg/kg b.w induced 
the cellular immune response while at        
100 mg/kg b.w. inhibited the delayed type of 
hypersensitivity reaction.(Iwo et al.,2000) 
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Wound healing activity 

Wound healing activity of the ethanol and 
aqueous extracts of Alstonia scholaris was 
tested against excision, incision and dead 
space wound models (Arulmozhi et.al. 2007). 
The wound healing was assessed by the rate 
of wound contraction, period of 
epithelialisation, skin breaking strength, 
granulation strength, dry granulation tissue 
weight, hydroxyproline, collagen and 
histopathology of granulation tissue. 
Malondialdehyde level was also estimated to 
evaluate the extent of lipid peroxidation. The 
extracts promoted wound healing 
significantly in all the wound models studied. 
Increased rate of wound contraction, skin 
breaking strength, granulation strength, dry 
granulation tissue weight, hydroxyproline and 
collagen, decrease in the period for 
epithelialisation and increased collagenation 
in histopathological section were observed 
with extracts treated groups. The extracts also 
significantly decreased the levels of lipid 
peroxidation. 

Analgesic and anti-inflammatory activities 

The effect of ethanolic extract of leaves of 
Alstonia scholaris was evaluated in 
experimental models of pain and 
inflammation (Arulmozhi et al., 2007). The 
leaf extract at 200 and 400 mg/kg showed 
significant decrease in acetic acid induced 
writhings in mice with a maximum of 65.76% 
at 400 mg/kg. in hot plate method, the 
percentage of pain inhibition was found to be 
73.90% and 79.56% with 200,400 mg/kg of 
extract. There was a significant inhibition in 
carrageenan induced pawedema with 200 and 
400 mg/kg of the extract. 

Conclusion 

The plant Alstonia scholaris has a wide array 
of pharmacological activities and many 
isolated compounds. Plants, which are used in 
traditional medicine, require detailed 
investigation with ethnopharmacological 
approach. The recently developed isolation, 
characterization techniques and 
pharmacological testing have led to interest in 
plantsas a source of new drugs. The 
pharmacological activity of Alstonia 
scholaris, which will substantiate the use of 
this plant over centuries for medicinal 
purposes. In this study Pharmacological 
activity we observed the A. scholaris is 
medicinally important plant and this study 
help the traditional knowledge of plants. 
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Aromatherapy is one of the oldest methods of 
holistic healing, equipped to rejuvenate the 
body, mind and spirit with the use of 
fragrance or aroma. 

Aromatherapy, commonly associated with 
complementary and alternative medicine 
(CAM), is the use of volatile liquid plant 
materials, known as essential oils (EOs), and 
other aromatic compounds from plants to 
affect someone's mood or health. 

The word was coined in the 1920s by French 
chemist René Maurice Gattefosse, who 
devoted his life to researching the healing 
properties of essential oils after a lucky 
accident in his perfume laboratory 

The term ‘aroma’ refers to the characteristic 
scent that essential oils contain and ‘therapy’ 
referring to the healing modality; The ancient 
art of aromatherapy is based upon the 
principle that plant parts contain chemical 
constituents and a vital life force which 
impact our mind and body, assisting the body 
to heal itself in various ways. 

 

 

 

The main branches of aromatherapy 
include  

 Home aromatherapy - Self treatment, 
perfume & cosmetic use  

 Clinical aromatherapy - As part of 
pharmacology and pharmacotherapy  

 Aromachology  - The psychology of odors 
and their effects on the mind 

Guggulu 

In present era we have lot of plants available 
for aroma Guggulu is one of them. The 
Guggulu is highly valued aromatic medicine 
used in Ayurveda, Indian System of 
Medicine. 

Gugulu the Commiphora mukul is a small 
thorny tree that is native to the middle east 
and the Indian plains. Leafless, the tree 
exudes a thick, sticky resin that has been used 
in Ayurvedic medicine for centuries to treat 
inflammation, obesity etc.  

Guggul contains resin, volatile oils, and gum.  
Ketone fraction that is extracted from the 
resin contains the most potent cholesterol 
lowering components. This is composed of 
C21 or C27 steroids, with the major 
components being Z - and E - guggulsterone. 
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These compounds have been shown to 
provide the lipid-lowering actions noted for 
guggul. Guggul significantly lowers serum 
triglycerides and cholesterol as well as LDL 
and VLDL cholesterols (the "bad" 
cholesterols). At the same time, it raises levels 
of HDL cholesterol (the "good" cholesterol). 
Guggul has also been shown to reduce the 
stickiness of platelets-another effect that 
lowers the risk of coronary artery disease. 

Based on preliminary studies Guggulu has 
become a popular herbal treatment fior high 
cholesterol. However,the best designed trial 
failed to find benefit. 

Ayurvedic properties  

 Rasa,          Tikta katu  

 Guna  Laghu  tishna  

 Veerya       Ushna  

 Vipaka       Katu, 

 Prabhava    Tridoshahara, Rasayana 

Why we needed Aromatherapy 

 Inhalation (directly or diffused into the air)  

 Absorption through the skin (baths, 
massages, compresses)  

 Absorption through the mucous membranes 
(oral rinses and gargles)   

 Ingestion (occasionally prescribed, with 
caveats)  

 Painless 

 Faster 

 Bioavaivilty 

 Selftreated 

Origin & Habitat 

Myrrh is an oleo gum resin obtained from 
species of Commiphora trees. These are over 
fifty species  of Commiphora known Africa 
including Commiphora molmol(Somalian 
myrrh) & Commiphora mada (Abyssian 
myrrh ).These are small tree Burseraceae 
family native to the bushland that covers the 
drier parts of north  eastern Africa , Somalia, 
Arabia, India, Myrrh is now also found in 
Ethiopia, Iran & Thailand. 

 Collection of gum resin 

The gum resin resides in the duct located in 
the soft bark of the tree. Circular incision are 
made on the main stem. From these incisions, 
a pale yellow aromatic fluid exudes that 
quickly solidifies to form a golden brown or 
raddish brown agglomerate of tears or 
stalactic pieces. 

The oil which is distilled from myrrh resin is 
typically thick, pale yellow to orange-brown, 
with a warm, balsamic, sweet, spicy, and 
sharp aroma. It has many of the same 
properties as the resin itself. 

Essential Oils, distilled and pressed from 
herbs, flowers and plant parts, are uniquely 
suited for respiratory problems. For the 
respiratory system, essential oils can be used 
in any or all of the following applications 

Essential oils form the basis of 
aromatherapy. These essentials oils are the 
extracts of plants and their parts and form 
their life force. These oils are extracted by the 
means of steam distillation, cold expression, 
or fixed oil or alcohol extraction. They are 
highly concentrated and should not be used 
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directly. These oils can be blended together 
and this blend is called synergy. The synergy 
is more potent than the individual oils 
combined. To reduce the potency of these 
oils, you can dilute them by mixing them with 
carrier oils.  

Action  

 Aromatherapy is based mainly on the 
following therapeutic effects:  

 Antiseptic effects: viricidial, bactericidal, 
fungicidal  

 Anesthetic action (menthol, camphor)  

 Central nervous system effects  

 Metabolic / Endocrine effects  

 Psychological effects Immuno - stimulator  

 Alterative, analgesic, antispasmodic, 
aperient, astringent, carminative, demulcent, 
emmenagogue, expectorant, nervine, 
rejuvenative, and stimulant. 

Action and Uses in Ayurveda and Siddha 

Tikta kashaya rasa, katu vipaka, vata kapha 
haram. pitta karam, lagu, saram, dipanam, 
ruksham, balyam, rasayanam, vrishyam, 
bhagnasanthana karam. In vranam, apachi, 
arsas, granthi and in skin diseases. 

Uses 

Abscesses,arthritis, bronchitis, enlarged 
cervical glands, high cholesterol, cystitis,  
diabetes, endometriosis, gouthemorrhoids 
indigestion, leucorrhea, lumbagonervous 
disorders, neurosis, heumatic disorders, skin 
diseases, tumors & ulcers mechanism.  

How Does Aromatherapy Work? 

The essential plant distillates (essential oils) 
interrelate with the human body within four 
distinct modes of action, pharmacological (as 
phytopharmaceuticals), physiological 
(physically and chemically), psychological 
(affecting mental states and processes) and 
incorporeal (spiritual). Our body uses the 
aromatic molecules (essential oils) both  

(1) through our olfactory system which is 
connected to the limbic system in the brain 
where our most primal feelings, urges and 
emotions reside,  

(2) and by inhalation and skin absorption of 
the low weight molecular structure of 
essential oils. Aromatherapy works best 
within a holistic approach to wellness. 

 

Dosage  

Daily recommendations for guggul are 
typically based on the amount of 
guggulsterones in the extract. A common 
intake of guggulsterones is 25 mg three times 
per day. Most extracts contain 5-10% 
guggulsterones. For a 5 percent guggulsterone 
extract, this translates to an effective dose of 
500 milligrams three times per day. Many 
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people take the extracts daily for twelve to 
twenty-four weeks. 

Toxicity  

LD 50 of essential oil is 705 mg/kg after I. P. 
administration and 1669mg/kg after oral 
administration I. P. doses of 400 & 600 mg/ 
kg neither induced any behavioral changes 
nor showed any CNS effect.  

Safety 

Part of the resin from which the medicinal 
extract is made is toxic and, hence, the raw 
resin should not be used for any treatment. 

Early studies with the crude oleoresin 
reported numerous side effects, including 
diarrhea, anorexia, abdominal pain, and skin 
rash. Modern extracts are more purified, and 
far fewer side effects (e.g., mild abdominal 
discomfort) have been reported with long-
term use. Gugglipid, the standardized extract 
has better chemical efficacy and is better 
tolerated by patients. Animal studies indicate 
that this material is not toxic. It is also 
believed safe to use during pregnancy (With 
your physician's supervision). The extract has 
not shown any adverse side effects, nor has it 
affected the liver function, blood sugar 
control, kidney function, or hematological 
parameters. 

Guggul should be used with caution by 
persons with liver disease and in cases of 
inflammatory bowel disease and diarrhea. A 
physician should be consulted for any case of 
elevated cholesterol and/or triglycerides. 

Conclusion 

Did you know that a drop or two of pure, 
therapeutic essential organic oils can enhance 

your mood, your mental clarity, your energy, 
your circulation, and other critical systems of 
your body, mind and spirit...quickly, 
naturally, and often within minutes! When 
essential organic oils are diffused and inhaled, 
aromatherapy not only delivers the calming 
benefits of fragrance, it also delivers many 
benefits unique to essential oils. Guggulu 
resin has best place for aromatherapy. 

It is antiseptic, disinfectant, wound healing & 
anti-inflammatory properties. Traditionally 
myrrh was used for many diverse purposes. It 
is a primary ingredient in incenses & holy oils 
used to inspire prayer, deepen meditation & 
revitalize the spirit. It is used ti furnigate the 
body to promote cleanliness & stimulate 
immunity & continues to have an important 
role in cosmetic & perfumery.  

The Advanced Clinical Aromatherapy 
Program has been developed by Essential Oil 
Resource Consultants (EORC) over the past 
eight years by leading aromatherapy educator, 
Rhiannon Harris  

Essential Oil Resource Consultants are now 
pleased to announce that this unique Program 
of intensive study shall be available by 
distance learning from mid-2005. 

The Advanced Clinical Aromatherapy 
Program is suitable for 

 Qualified herbalists wishing to develop 
improved formulation strategies using 
essential oils and related products.  

 Qualified aromatherapists wishing to 
extend their knowledge and skills in clinical 
applications.  

 Health care professionals working within 
a clinical environment that require a research-
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based approach to using essential oils and 
related products.  
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With the loss of biodiversity on an 
unprecedented scale, and addition of 
pollutants with the potential of altering 
climates and poisoning environments on a 
global scale, the pressure to understand and 
manage the natural environment are far 
greater now than could ever have been 
conceived even 50 years ago (Lek and 
Guegan, 1999). 

Air pollutants exert a wide range of impacts 
on biological, physical, and economic 
systems. Sulfur dioxide (SO2); nitrogen oxide 
(NOx); nitric oxide (NO), nitrogen dioxide 
(NO2); carbon monoxide (CO); Ozone (O3); 
respirable suspended particulates (RSPs); etc. 
are some of the major airborne pollutants 
contributing to the quality of living in urban  

Keywords: Artificial Neural Network ⏐ 
Environmental Informatics ⏐ Air Pollution 
monitoring ⏐ Pollution modeling ⏐ Modeling ⏐ 

 

 

 
 

 

areas, especially in densely populated and 
industrialized areas (Boznar and Mlakar, 
2002). Indeed, many epidemiological studies 
have consistently shown an association 
between particulate air pollution and 
cardiovascular and respiratory diseases. The 
decrease in respiratory efficiency and 
impaired capability to transport oxygen 
through the blood caused by a high 
concentration of air pollutants may be 
hazardous to certain sensitive groups in the 
population i.e. those having pre-existing 
respiratory and coronary artery diseases such 
as children, asthmatics and elderly people. 
Consequently, it has become a vital task to 
accurately keep track of the variation of 
ambient air pollution levels in urban areas and 
to take controlling measures (Barai et al., 
2000; Pasero and Mesin, 2006). 

Air pollution control is needed to prevent the 
situation from becoming worse in the long 
run. Forecasting of air quality is needed in 
order to take preventive and evasive actions 
during episodes of airborne pollution. In this 
way, by influencing people's daily habits or 
by placing restrictions on traffic and industry 
it should be possible to avoid excessive 
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medication, reduce the need for hospital 
treatment and even prevent premature deaths 
(Kolehmainen et al., 2001). 

Studies have shown that pollutants are usually 
found entrapped into the planetary boundary 
layer (PBL), which is the lowest part of the 
atmosphere and has behavior directly 
influenced by its contact with the ground. In 
this layer, physical quantities such as flow 
velocity, temperature, moisture and pollutants 
display rapid fluctuations (turbulence) and 
vertical mixing is strong. Conclusively, 
numerous studies have shown the existence of 
high correlation between air pollution and 
meteorological variables (Cogliani, 2001; 
Pasero and Mesin, 2006).  

Other than the meteorological variables, the 
layout of the city, the existence of green and 
un-built areas, the geometry, the architectural 
morphology and the thermal properties of the 
buildings, the vehicular traffic, the stationary 
thermal systems, all define the urban 
environment as a multi-dimensional, 
multivariable system. Thus, air pollution is a 
problem that cannot be treated independently 
of the urban web. Concerning photochemical 
pollutants, it should be noted that their 
dynamic nature, accompanied by the strong 
non-linearities in the underlying physical and 
chemical mechanisms involved in their 
creation, chemical transformation and 
transportation-diffusion, is always among the 
major challenges for the development of any 
modeling – forecasting method and tool 
(Athanasiadis et al., 2006).  

Admittedly, the main environmental problem 
that need efficient software tool is the 
prediction problem. More concrete, it can 
mean meteorological prediction, air/soil/water 

pollution prediction, flood prediction and so 
on. In the last two decades several methods 
based on artificial intelligence were proposed 
by taken into account that they can offer more 
informed methods that use domain specific 
knowledge and provide solutions faster than 
the traditional methods, those based on a 
mathematical formalism (Oprea and Matei). 

Numerous researches and studies have been 
carried out on the subject of nature and 
dynamic behavior of pollutants, emission, 
propagation and effects of pollutants. 
Predicting future dispersion of air pollution is 
of immense importance since it can provide 
an effective decision making tool by giving 
advance warning of excessive pollution 
beyond the threshold. Also, it enables early 
air quality control to mitigate the adverse 
impacts. On the other hand, high dynamism 
and nonlinear behavior of air pollutant data 
makes prediction difficult or inaccurate. High 
capabilities of artificial neural networks e.g. 
flexible structure and the use of dynamic 
learning algorithm promote the application of 
these intelligent systems in this domain 
(Abbaspour et al., 2005). 

Natural phenomena are mostly a time series 
with some degree of randomness. Pollutants 
in the atmosphere may disperse or concentrate 
during varied time periods. Previous studies 
(Giorgio and Piero, 1996) have indicated that 
the data of ambient air quality are stochastic 
time series, thereby making it possible to 
make a short-term forecast on the basis of 
historical data. Though models may be 
imperfect, they are the best tool for use in all 
aspect of air quality planning where 
prediction is a major component such as for 
emission control (Melas et al., 2000), 
accidental release of pollutant, land-use 
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planning, traffic planning (Hadjiiski and 
Hopke, 2000), planning of measurement 
programs (Rao and Rao, 2000), analyses of 
measurements/ trends and episode forecasting 
(Melas et al., 2000; Barai, et al. 2000). 

The modeling and forecasting of 
environmental parameters involves a variety 
of approaches. One approach is to use the 
atmospheric diffusion model to predict future 
pollutant concentrations. A second is to 
devise statistical models that attempt to 
determine the underlying relationship 
between a set of input variables (original data) 
and the targets (Shi and Harrison, 1997). 
Statistical methods, either the time-series 
methods, which do not use meteorological 
inputs, or regression and similar methods, 
which are based on multivariate linear 
relationship between meteorological 
conditions and air pollution concentrations, 
are commonly used (Barai et al., 2000). 

In other words, though the statistical methods 
do provide reasonable results, these are 
essentially incapable of capturing complexity 
and non-linearity of pollution-weather 
relationships. To overcome this demerit of 
statistical methods, Artificial neural networks 
(ANN), the third approach developed in 
recent years has become the focus of much 
attention, largely because they can handle the 
non-linearity and have been used to model 
pollutant concentrations with promising 
results (Boznar et al., 1993; Comrie, 1997; 
Gardner and Dorling, 1996, 1998; Hadjiiski 
and Hopke, 2000).   

Artificial Neural Networks (ANNs)  

The concept of artificial neural networks was 
established in 1943 (McCulloch and Pitts, 
1943). Perceptron, the first practical artificial 

neural network was presented in 1958 
(Rosenblatt, 1958). So, their history goes back 
more than 50 years, but due to the availability 
of modern computers from the 1980’s they 
have grown to be a competitive tool that has 
been applied widely since the mid 1990’s (Jef 
et al., 2005). One of the reasons for their 
success is their capability to make regressive 
approximations of non-linear functions in 
high dimensional spaces, something that is 
missing in classical statistics. The flexibility 
of neural networks (NNs) led to their use in 
all possible scientific branches. In the last two 
decades, ANNs have been already explored in 
various fields like chemical research 
(Kvasnicka, 1990; Wythoff et al., 1990; Smits 
et al., 1992), physics research (Dekruger and 
Hunt, 1994), molecular biology, ecology and 
environmental sciences and demonstrated 
remarkable success.  

ANNs imitate the learning process of the 
animal brain (Lippmann, 1987) and can 
process problems involving very nonlinear 
and complex data even if the data are 
imprecise and noisy. ANNs can identify and 
learn correlated patterns between input data 
sets and corresponding target values. After 
training, ANNs can be used to predict the 
output of new independent input data. This is 
regarded as an intelligent, cost-effective 
approach and has received much attention in 
environmental engineering. ANNs are also 
known as “universal function approximators” 
because of their capacity to approximate 
virtually any continuous nonlinear function 
with arbitrary accuracy. Thus, ANNs have the 
ability to solve many complex problems in 
which a priori knowledge is incomplete or 
unavailable (Fabbian and Dear, 2007). 
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It is true that as compared to traditional 
statistical techniques, a neural network (NN) 
excels by its flexibility. The main drawback is 
that a NN which is trained by data from a 
given measuring location can only forecast 
for that specific location and it cannot give 
insight into the physics behind the data: a NN 
merely learns from examples and it is not 
suited to generalize to other situations (Jef et 
al., 2005). Thus, there are certain questions on 
ANN which still remain unsolved and 
continue to challenge researchers; e.g., the 
curse of dimensionality, local minima, 
overfitting, etc. (Lek and Guegan, 1999; Barai 
et al., 2000; Boznar and Mlakar, 2002; Lu et 
al., 2004).  

Apart from some drawbacks, computing with 
neural networks is one of the fastest growing 
fields in the history of artificial intelligence 
(Comrie, 1997; Gardner and Dorling, 1998; 
Tecer, 2007). NNs have applications for both 
air pollutant time series modeling and air 
pollutant concentrations forecasting. A 
systematic flow of published papers on such 
applications starts in the early 1990s, boosted 
by the constantly improving performance and 
the decreasing cost of powerful computers in 
one hand and by the fact that software 
packages, commercial or open source, which 
required a minimum programming effort by 
non-specialists in NN algorithm were 
becoming widely available.  

NNs, are developing constantly. In the 
initiating phase of NNs, multilayer perceptron 
seemed to be an effective alternative to more 
traditional statistical techniques. But later on, 
many researches were performed using other 
types and architectures of NNs for the same 
purpose of air pollution modeling. The 
present review focuses on the literature 

related to the important issue of different air 
pollutant concentration time series 
approximation and forecasting using NN that 
appeared until this date. The aim is to provide 
concise information regarding the NN types 
and architectures used for this purpose, their 
results and a critical evaluation between 
different NN models to some crucial points.  

General overview of Artificial Neural 
Network (ANN)  

The experiment with an idea to find a simple 
non-linear model for a real neuron led to the 
development of artificial Neural Network 
(ANN) theory by McCulloh and Pitts in 1943. 
McCulloh and Pitts tried to model the bio-
systems using nets of simple logical 
operations. This innovation fetched a great 
interest from various researchers and 
scientists all over the world. Thus several 
ANN-based models in different fields were 
discovered. The technology though had lost 
its momentum in the late 1969 till 1986 when 
the back-propagation of error was discovered. 
ANN-based models have been successfully 
implemented in a number of disciplines 
ranging from: Medical, automotive, defense, 
electronics, aerospace, entertainment, 
financial and so on. Based on ANN 
methodologies, Crawford, 2000 reported the 
acute appendicitis analysis. ANN is a part and 
parcel of intelligent based systems, designed 
distinctively to improve the performance of 
conventional computing techniques. The 
biggest drawback associated with the so 
called conventional methods is the inability to 
learn and identify patterns in dynamic 
systems. Thus the need to eliminate this 
shortcoming through learning is proven 
essential. 
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ANN models are computer programs that are 
designed to emulate human knowledge 
processing, speech, prediction, classification 
and control. ANN is a cellular information 
processing system designed and developed on 
the basis of the perceived notion of the human 
brain and its neural system. The human brain 
has 100 billion biological neurons with about 
100 000 connections per neuron. Thus, neural 
networks are basically a collection of 
interconnected neurons, each one with several 
inputs and one output. The inputs' weight 
(importance) and numbers can vary. The 
output is a function of all inputs. The figure 
below shows how biological neurons interact 
with each other. 

 

 

 

 
 

Above figure shows that a blue neuron is 
sending an impulse to the yellow neuron. The 
yellow neuron may receive other impulses 
(varying in strength) from other neurons, but 
is only sending one signal (a function of all 
the inputs). Humans and highly trained 
animals use the same configuration and 
summing up to extremely complex networks. 
Figure 2A shows that how a biological system 
can be transferred into a computer system via 
a sketchy representation of artificial neuron. 

Similarly, an artificial network is made up of 
simple interconnected processing elements 
called neurons. The neurons are arranged in a 
layered structure to complete a network 
competent of executing parallel and 

distributed computations.  Figure 3 shows a 
taxonomy tree of NN which clearly depicts 
the various NN types depending on their 
architectures. The Architecture of a simple 
ANN i.e. feedforward neural network is 
shown in Figure 2B. The attraction of ANN-
based models comes with the network’s 
ability to learn, recognize data patterns, and 
adapt to a changing environment like the 
human brain. This adaptive characteristic is 
often called “the human-like reasoning”. 

 

 

 

 

 

 

 

 

The architecture illustrated in Figure 2B, 
presents a three layered feed-forward 
network. ANN has a remarkable capability to 
develop sense from convoluted or imprecise 
data, extract patterns and detect trends that are 
too complex often only noticeable by either 
humans or other computer techniques. A 
supervised neural network can be trained as a 
"guru" in a given problem space. In broad 
terms, ANN-based models offer a variety of 
benefits namely: adaptive learning, self 
organization, real time operation, fault 
tolerance via redundant information coding. 
Thus neural network processes information in 
the similar way the human brain does.            

 

Figure 1: A biological neuron 
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Neural Network Topologies 

The most commonly used neural networks 
types are: radial basis function network 
(RBFN), multi-layered perceptron networks 
(MLP), and recurrent neural networks 
(RNNs). The distinction in different network 
topologies can perhaps be attributed to the 
arrangement of neurons and the connection 
patterns of the layers.  

The inner structure of the processing element 
(neuron) in each network is interconnected 
differently, and the configuration set-up is 
often referred to as network topology. The 
behavior of the network relies greatly on the 
network topology. 

1. Feedforward Network 

MLP feed-forward network is referred to as a 
directed cyclic graph in which the  
connections are unidirectional and no loops 
are introduced in the network, thus each 
neuron is linked only to neurons in the next 
layer. This implies no backward links either. 

Multi-layer feed-forward neural networks 
trained by backpropagation algorithm, i.e. 
backpropagation network (BPN). The BPN is 
one of the easiest networks to understand. Its 
learning and update procedure is based on a 
relatively simple concept: if the network gives 
the wrong answer, then the weights are 
corrected, so the error is lessened so future 
responses of the network are more likely to be 
correct. The conceptual basis of the 
backpropagation algorithm was first presented 
in by Webos (1974), then independently 
reinvented by Parker (1982), and presented to 
a wide readership by Rumelhart et al., 1986 
(Lek and Guegan, 1999). 

2. Recurrent Neural Network 

Unlike MLP network, recurrent structure 
introduces cycles or loops and backward links 
in the network. Feedback networks are 
exceptionally dominant and can get extremely 
convoluted. The behavior of these types of 
networks is known to be changing 
continuously until they reach an equilibrium 
point. This implies the state of the network 
remains at the equilibrium point until the 
input changes and a new equilibrium needs to 
be found. Feedback architectures are also 
referred to as interactive or recurrent, 
although the latter term is often used to 
denote feedback connections in single-layer 
organizations.  

3. Radial Basis Function (RBF) Network 

A radial basis function network is an artificial 
neural network that uses radial basis functions 
as activation functions. RBF emerged as a 
variant of ANN in late 80’s and it is 
commonly used as a pattern recognition 
technique, function approximation, time 
series prediction, and control. Architecture of 
a radial basis function network involves an 
input vector which is used as input to all 
radial basis functions, each with different 
parameters. The output of the network is a 
linear combination of the outputs from radial 
basis functions. A linear transfer function is 
used in the output layer and a nonlinear 
transfer function (normally the Gaussian) for 
the hidden layer. The radial basis function 
network is probably the second widely used 
type of Artificial Neural Network in contrast 
to the standard Feedforward MLP network. 
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Neural Network Models and its forecasting 
or prediction applications in air pollution – 

Boznar et al., 1993 presented the method of 
neural network for short-term air pollution 
prediction. Their study was on the prediction 
of SO2 emissions around the Slovenian 
thermal power plant (TPP) at Sostanj.  

Air dispersion models and Cyclo-stationary 
Auto Regressive (CSAR) predictors have 
already been applied to the area but these 
models failed pertaining to the complexity of 
the terrain. As input to the model, a historical 
set of significant meteorological and 
ecological data was used. The input 
parameters included the following: the wind 
data, air temperature, SO2 concentrations 
(actual and historical), relative humidity, solar 
radiation, emissions from the TPP and time of 
day. The training set of patterns was taken 
from the beginning of February and the test 
set of patterns from the later days of the same 
month and the method was tested on the data 
collected by the Environmental Information 
System (EIS) of the Sostanj Thermal Power 
Plant (TPP). The output feature was the SO2 
concentration measured after half an hour. 
Some predictions with good results were 
made for the stations at Zavodnje, Veliki vrh 
and Velenje. For the station Veliki vrh, wind 
direction showed a major role in pollution. 
According to the results the network 
anticipated higher concentrations, but not 
high enough. The reason might be the 
changeable wind direction at the site. For the 
Zavodnje station, unique terrain that 
surrounds it found to be significant, especially 
because of the morning thermal inversions. 
The results of the prediction on the testing set 
of patterns have shown that the peaks were 
slightly shifted. These patterns belong to 

conditions with the wind blowing from the 
power plant to Zavodnje when there is no 
thermal inversion. So, the situation was the 
same as the one appearing at Veliki vrh. 
These results show clearly that it is easy for a 
neural network to recognize inversion 
conditions, but the prediction of changeable 
wind direction still needs improvement. For 
Velenje station, the prediction found good 
because the peak SO2 concentration was 
recognized completely. Thus, the results 
obtained at all above stations were the best 
possible. They show, that with a better set of 
training patterns, prediction of SO2 
concentrations with high accuracy would be 
possible.  

This study set a great landmark in the field of 
air pollution prediction because of its 
inclination towards a new and better approach 
of neural network. Along with this, some 
questions also raised up like when to stop the 
learning process to get the best results with 
the unknown patterns, and how to set the back 
propagation algorithm parameters to get the 
best possible convergence of the learning 
process. The author also mentioned about the 
preparation of on-line implementation of the 
method in the software of the central unit of 
the EIS. Their planning was to implement an 
automatic algorithm for selection of new 
training patterns which could enable the 
automatic updating and adapting of the neural 
network to the newly measured data.  

Yi and Prybutok, 1996 describe a multilayer 
perceptron that predicts surface ozone 
concentrations in an industrialised area of 
North America. The model takes nine input 
variables to predict the maximum daily 
surface ozone concentration. These variables 
include the morning ozone concentration, the 
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maximum daily temperature, CO2, NO, NO2 
and NOx levels, and also wind speed and 
direction. Results from the multilayer 
perceptron were shown to be better than those 
obtained from regression analysis (using the 
same input data). The authors also suggest 
that the multilayer perceptron outperforms an 
ARIMA time-series modelling approach, 
however such comparisons between 
techniques must be made with care. For 
example, to fairly compare an ARIMA time-
series model with a multilayer perceptron 
model, requires that both models are 
constructed using the same data. 

Comrie, 1997 made a direct comparison of 
the NN models and multiple regression 
models for weather based ozone (O3) 
forecasting in order to identify the best 
general modeling approach. The ozone data 
from eight cities around the United States 
(Seattle, Pittsburg, Chicago, Atlanta, 
Charlotte, Boston, Tucson and Phoenix) was 
used. The data used were the daily maximum 
1-hour concentrations, for the months of May-
September, over the five-year period 1991-
1995. U.S. Environmental Protection 
Agency’s (EPA) Aerometric Information and 
Retrieval System (AIRS) database was used 
for this data. The variables selected for this 
study were those most closely related to 
ozone behavior: daily maximum temperature 
(TMAX), average daily dew point 
temperature (DPTP), average daily wind 
speed (AWND), and daily total sunshine 
(TSUN). The neural network modeling was 
performed using the NevProp software 
package. Feedforward neural network 
architecture was used along with the back-
propagation algorithm to minimize the error. 
In the choice of a non-linear transfer function, 
sigmoid worked well. Results showed no 

dramatic improvements in the performance of 
neural networks. Model comparison statistics 
clearly proved that neural networks are 
somewhat, but not overwhelmingly, better 
than multiple regression models for weather-
based ozone forecasting. It is interesting to 
note that the relative improvement between 
unlagged and lagged models is greater for 
regression models than neural networks (i.e., 
neural networks using lagged data do not have 
to rely as much on persistence information in 
those data). A general observation is that the 
inclusion of lagged ozone data (the ozone 
maximum from the previous day) improves 
both kinds of model. Still, the paper suggests 
the scope of improvement in individual 
regression and neural models. Likely 
strategies suggested were using additional 
variables (e.g., extra weather elements, 
synoptic patterns, traffic flow or day-of-the-
week information) or changing the nature of 
the model (e.g., incorporating a priori 
curvilinear transformations of input data for 
regressions, or changing the number of hidden 
nodes and layers in neural networks).  

Gardner and Dorling (1998), presented a 
general introduction and discussion of recent 
applications of the multilayer perceptron 
(MLP), one type of ANN, in the atmospheric 
sciences. Author’s main focus was on the 
architecture of MLP, its applications along 
with a critical evaluation of back-propagation 
algorithm. After their exhaustive study, 
Gordon and Dorling accepted the fact that 
neural networks are difficult to implement 
and interpret due to some problems. First, the 
non-availability of any rule to decide the 
neural architecture, the number of layers and 
nodes in those layers. Second, overfitting the 
training data which results in poor 
generalization performance. Third, failure of 
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back-propagation algorithm in the case of less 
number of nodes when it can not be able to 
converge to a minimum during training. 
Fourth, curse of dimensionality which affects 
the speed of backpropagation algorithm. 
Strategies  to reduce the complexity of NN 
like feature selection and pattern selection 
were suggested in the paper. So, properly 
trained multilayer perceptrons still shows the 
potential to represent relationships, often with 
surprising accuracy that is not fully 
understood by the traditional theory. 

In their follow up work, Gardner and Dorling, 
1999 applied Multilayer perceptron (MLP) 
neural networks to model hourly NOx and 
NO2 pollutant concentrations in Central 
London from basic hourly meteorological 
data. Results have shown that the models 
perform well when compared to previous 
attempts by Shi and Harrison (1997) to model 
the same pollutants using regression based 
models. The data used were selected that were 
close to those used in their original study of 
Shi and Harrison (1997). Hourly NOx and 
NO2 data were obtained from the Department 
of the Environment, Transport and the 
Regions (DETR) automatic monitoring 
network between 1990 and 1991 for two 
monitoring sites in Central London. Hourly 
meteorological data were included the Low 
cloud amount (LOW), Base of lowest cloud 
(BASE), Visibility (VIS), Dry bulb 
temperature (DRY), Vapor pressure (VP), 
Wind speed (WS). The models were trained 
on data from 1990. Data from 1991 were used 
as both the validation and test data sets. In the 
study, Neural networks were trained with and 
without the emission factor (diurnal nature of 
NOx emissions which is a predictor of both 
NOx and NO2 concentrations). MLP 1 and 
MLP2 models were generated without any 

explicit information concerning the likely 
emissions of NOx or other pollutants. MLP2 
outperformed an autoregressive model 
developed by Shi and Harrison (1997) which 
included the previous hour lagged NOx 
concentrations as an input variable. It is 
apparent from the results that the lack of any 
information concerning diurnal emissions 
does not seriously hinder the MLP neural 
network model. This would be unlikely to 
occur in other traditional models where such a 
complex interaction between predictor 
variables is not permitted. Two MLP models 
(MLP3 and MLP4) and two linear regression 
models (LR3 and LR4) were trained without 
time of day inputs and using a NOx emissions 
factor as an additional input. The performance 
of both models (MLP3 and MLP4) were 
extremely similar to the performance of the 
models with no emissions factor (MLP1 and 
MLP2). This leads to the conclusion that the 
emissions factor could be replaced by time of 
day inputs when using MLP neural networks 
without any detrimental effects in this work. 
MLP models are able to make efficient use of 
proxy data when the optimum predictor 
variables are unavailable.  It was shown when 
the addition of an hourly sunshine input to the 
MLP models did not significantly improve the 
models performance. Thus the lack of 
intuitively important variables does not 
necessarily restrict the likelihood of 
developing a reasonable model given the 
availability of a number of suitable proxies. 
This is less likely to be the case when 
developing regression models where 
interactions between input variables are not 
permitted. Tests using previous lagged 
concentrations illustrate that while the best 
predictions are made by models with 
additional 1 h lagged pollutant concentration 
inputs, the models with 24 h lagged pollutant 
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inputs manage to predict pollution episodes 
reasonably well. Such models could be 
implemented as air quality forecast models to 
provide 24 h forecasts of pollutant levels. 

Spelmann, 1999 applied NN model to predict 
ozone concentrations for London, Harwell 
and Birmingham cities. In this study, 
correlation coefficients were found 0.77, 0.72 
and 0.53 respectively. The result clearly 
depicts that neural networks are best as 
compared to conventional methods. 

Barai, et al., 2000 compared the performance 
of neural network models: Recurrent Network 
Model (RNM), Change Point detection Model 
with RNM (CPDM), Sequential Network 
Construction Model (SNCM), and Self 
Organizing Feature Maps (SOFM) for air 
quality forecasting. The investigation was 
carried out for long-term as well as short-term 
air quality data set. Two cases studies were 
performed. Case Study 1 demonstrated an 
example of an annual average emission (long-
term) data prediction using the above neural 
network models for a very limited dataset. 
The data was taken for 115 counties of 
California State in United States of America 
and collected from US EPA website 
(www.epa.gov). This data is annual average 
data for 15 years from 1985 to 1999 for seven 
parameters namely VOC (volatile organic 
carbon), NOX (oxides of nitrogen), CO 
(carbon monoxide), SO2 (sulfur dioxide), 
PM10 (particulate matter with size less than 
10 microns), PM2.5 (particulate matter with 
size less than 2.5 microns) and NH3 

(ammonia). In the Case Study 2, the data for 
three parameters namely RPMA (Respiratory 
Particulate Matter Average), SO2 (sulfur 
dioxide) and NO2 (nitrogen dioxide) was 
collected for Delhi State at nine locations. 

These data were daily average concentrations 
for last two years from 3/7/2000 to 20/8/2001. 
This data set has been collected from Tata 
Energy Research Institute web site 
“www.teri.in”. However, only the data for 
Ashram Chowk was used for carrying out 
simulation studies. The dataset size had 110 
patterns. The models studied for this case, in 
general showed the prediction of air quality 
with modest accuracy. However, among all 
the models implemented, Self-organizing 
Feature Map (SOFM) based model has 
performed extremely well in comparison to 
other models. The performance of various 
models for different air quality parameters 
was estimated in terms of mean percentage 
error (PE). The author concluded that models 
in general have performed reasonably well 
even with the limited historical data and the 
improvement in the performance of models 
studied could be expected in case more 
available data. 

Tadashi Kondo et al., 2000 dealt with the 
problem of environmental planning and 
impact assessment by estimating the spatial 
distribution of each air pollution source at a 
large area. For the purpose, author 
implemented the GMDH (Group Method of 
Data Handling)-type neural network with a 
feedback loop in order to identify the large-
spatial air pollution patterns and compared it 
with other identification methods. The 
GMDH-type neural network is a multilayered 
neural network architecture which is 
automatically organized by using the heuristic 
self-organization method and the structural 
parameters such as the useful input variables, 
the number of layers, the number of neurons 
in a hidden layer and the optimum 
architectures of the neurons in a hidden layer, 
are automatically determined in this 
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algorithm. The given method was used to 
accurately estimate the source-receptor 
matrix. The source-receptor matrix presents a 
relationship between the multiple air pollution 
sources and the air pollution concentration at 
the multiple monitoring stations. Then the air 
pollution concentration patterns at a large area 
are identified by using estimated source-
receptor matrix. The comparison shows that 
GMDH-type neural networks are easy to 
apply for the identification problem of large-
spatial air pollution patterns because the 
optimum neural network architecture is 
automatically organized. It is also more 
accurate than other identification methods.  

Boznar et al., 2001, in their series of work 
from Boznar et al. (1993) presented their 
work on the implementation of feature 
determination and pattern selection methods 
in the case of SO2 concentration prediction for 
half an hour advance around Slovenia’s 
largest thermal power plant at Šoštanj (ŠTPP). 
The model was based on a multilayer 
perceptron neural network with two hidden 
layers and a sigmoid transfer function in the 
hidden layer and output neurons. Training 
was done with backpropagation algorithm. 
Input features (data) used were 
meteorological measurements (ground level 
wind speed and direction, temperature, 
relative humidity) and ambient concentrations 
at some of the measuring station for the 
current half hour interval and for the previous 
intervals. There was only one output feature – 
the ambient concentration at a selected 
measuring station for the following half hour 
interval (Mlakar, 1972). The solutions of the 
problems regarding proper training of neural 
network models suggested by Gardner and 
Dorling (1998) were finally experimented by 
Boznar et al. (2001, 2002). The important 

methods used for feature determination were 
preprocessing, heuristic determination, feature 
extraction and feature selection. The most 
important methods for pattern selection were 
meteorological knowledge-based cluster 
determination and Kohonen neural network 
based cluster determination. These feature 
determination and pattern selection strategies 
provided the guidelines for finding the most 
relevant information in the data base available 
for model construction. The given paper 
clearly shows the improvement of the model 
depicted by correlation coefficient, 
normalized mean square error or fractional 
bias. Thus, the problems of feature 
determination and pattern selection are the 
essential ones that should be solved in order 
to obtain a good neural network-based air 
pollution prediction model. The data used for 
neural network training (learning) should be 
free of patterns and features with low or no 
information relevant to pollution prediction. 
The model will predict the output values of 
the unknown (during the learning process) 
patterns well enough in the case of above 
rules satisfied. 

Werner et al., 2001 tried to overcome the 
major demerit of neural network models i.e. 
its ‘black-box’ nature. The ‘very black-box’ 
nature makes difficult the assessment of the 
relevance of the different input variables 
within the model. The neural networks lack 
the error calculation that some statistical 
methods can do. Except for the generalization 
error, i.e. the RSME over all test inputs, 
neural networks have not much to offer for 
measuring the quality of the net prediction. 
Author’s new approach was to develop a 
measure of how sure the network is about its 
answer. This paper presents an idea of using a 
two-segmented network, where the first 
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segment works as an input-oriented, (mostly 
trained by unsupervised methods) 
classification device, whereas the second 
segment produces the output based on the 
classification given by the first segment. In 
the study, radial basis function self organized 
map (RBFSOM) networks, which are RBF 
networks using SOM as hidden layer and the 
SOM-training to obtain the appropriate 
centers for the Gaussian functions  was used. 
For each input, the two parameters MA 
‘maximum activity in the hidden layer’ and 
RA ‘maximum relative activity of distant 
neurons’ provide a measure for the quality of 
the net output. Hence the RBFSOM networks, 
calculating variable bandwidths and the 
parameters MA, RA, provide a neural 
network type that allows the user some 
insight, how sure the network is about its 
answer and how reliable the answer can be. 
Thus, the new network approach found 
suitable for creating models that are capable 
to estimate the accuracy of their response 
even in the situation where only few data for 
training are available.  

Kolehmainen et al., 2001 investigated the 
forecasting capability of the following five 
methods: regression using periodic 
components at the year, week and day levels, 
the MLP and SOM methods applied to the 
original time series and the MLP and SOM 
methods applied to the residual of the periodic 
components. An hourly time series of NO2 
concentrations were used as an example and 
basic meteorological variables from the city 
of Stockholm were collected from years 
1994-1998. The meteorological variables used 
were temperature, wind speed, wind direction 
and solar radiation, in addition to which the 
hour of the day and month of the year were 
recorded. The software used for calculation of 

the periodic components and for neural 
processing using the MLP was Matlab version 
5.4. The neural processing using SOM and the 
pre-processing of the data were carried out 
with the neural data analysis (NDA) software 
package (http://erin.math.jyu."). For data 
validation, statistical indicators of error, 
namely the root mean square error (RMSE), 
its systematic (RMSES) and unsystematic 
(RMSEU) components, the coefficient of 
determination (R2), index of agreement (d), 
proportion of systematic error (PSE) and bias, 
were calculated for each of the five methods. 
Histograms of error residuals for the year 
1998 were also plotted and shapes of the error 
histograms for the periodic components and 
for the SOM were least satisfactory, while the 
best profile was achieved by MLP algorithm. 
However, all the methods gave fairly good 
estimates but the combination of a linear and 
neural method did not yield any advantage 
over the direct application of neural networks.  

Vaziri, 2001 compared artificial neural 
network (ANN) and regression modeling to 
model motor vehicle air pollution emission 
attributes for Tehran (Iran). The emission data 
consisted of 2000 records extracted from the 
Tehran Air Pollution Database. The relevant 
emission information (consisted of variables 
namely, emission density of CO, 
hydrocarbons, oxygen and carbon dioxide), 
vehicle information and meteorological 
information were also used. The testing data 
showed an average RMSE reduction of 90%, 
when four ANN’s predictions were compared. 
In the study, developed ANNs were found 
superior to the developed regression models 
as is clear from the RMSE. Thus, the 
regression modeling is ineffective in 
modeling the relationships among air 
pollutant, meteorological and motor vehicle 
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characteristics but ANN seem to be a very 
useful tool.  

Perez et al., 2001 have shown that a three-
layer neural network may be a useful tool to 
predict PM2.5 concentrations in the 
atmosphere of downtown Santiago, Chile 
several hours in advance when hourly 
concentrations of the previous day were used 
as input. The paper also stressed on the fact 
that improvement of predictions is possible by 
using another neural network for noise 
reduction on the original series which resulted 
in significant prediction error. In the same 
year, Perez, 2001 predicted the SO2 
concentrations in the atmosphere of Santiago, 
Chile and then showed the comparison of 
predictions using persistence, linear 
regressions and feed forward neural networks. 

The neural network used here had 37 inputs, 
among which were the past values of SO2 
concentrations measured at different stations 
in the study area plus meteorological 
variables as temperature, wind speed and 
wind direction. The data corresponded to 
hourly averages for the period that goes from 
18 May 1995–30 September 1995, and from 
18 May 1996–30 September 1996 which 
include the winter seasons of years 1995 and 
1996. From the results shown, this paper 
concluded that knowledge of the sequence of 
past values of sulfur dioxide concentrations is 
important in order to estimate its future 
values. The relevance of these past values 
appears to be greater than in the case of NO 
and NO2 predictions (Perez and Trier, 2001). 
Meteorological conditions at the time of the 
intended prediction have also an important 
effect. Being able to forecast the weather 
seems of greater importance as compared 
with the case of PM2.5 prediction (Perez et 

al., 2001). It is remarkable that after training a 
three-layer neural network with 1995 data, 
author was able to generate reasonably good 
predictions for 1996 data. Thus, the results 
clearly indicated the superiority of NN as 
compared to others.  

Lu et al., 2002 developed an improved neural 
network model which combines both the 
principal component analysis (PCA) 
technique and the radial basis function (RBF)  
network to analyze and predict the 
concentration variations of six pollutants: 
Respirable suspended particle (RSP) , SO2, 
NOx, NO, NO2 and CO measured hourly 
during 1999 at the Causeway Bay roadside 
gaseous monitoring station. The concentration 
of these six pollutants were used as original 
input variables and the corresponding RSP 
concentration level was used as the output of 
the models. In the study, PCA was used to 
reduce and orthogonalize the original 
variables. Such orthogonalization make a 
neural network more easily trained due to 
filtering of the noise that exists in the data set. 
The orthogonalized variables treated are then 
used as input vectors in a RBF neural network 
model to forecast the pollutant levels, e.g., the 
RSP level in the downtown area of Hong 
Kong until the network training error achieves 
the given error. This improved method was 
evaluated based on hourly time series RSP 
concentrations collected at the Causeway Bay 
roadside gaseous monitoring station in Hong 
Kong during 1999. The simulation results 
showed the effectiveness of the model. The 
proposed algorithm involving the 
combination of RBF and PCA technique 
proved to be much more effective than the 
traditional RBF network  and also acted as a 
better alternative to multilayer feed-forward 
neural networks because of simpler network 
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architecture and faster learning speed without 
any compromise with the generalization 
capability of the network. PCA technique 
removes the curse of dimensionality faces by 
MLP. In this research, an adaptive method 
was also used to decide the number of hidden 
nodes based on a trial-and-error procedure. 
Although it may give more nodes than 
actually needed, such an adaptive method is 
an effective potential RBF approach in 
pollutant modeling. In this study, although the 
performance of the PCA/ RBF network for 
long-term prediction is not studied here, the 
better properties expressed in the given case 
study provide sufficient evidence to conclude 
that it is worth pursuing further research using 
the model proposed. Although this work 
ignored the impact of climatic conditions, 
satisfactory results are still obtained using the 
improved PCA/RBF method. It can be 
foreseen that, if meteorological parameters 
are considered, better prediction results can be 
achieved.  

Viotti et al., 2002 used ANN to forecast short 
and middle long-term concentration levels for 
benzene, NOx, CO and ozone. The results 
shown a good accord with the monitored data 
and allowed the use of ANN as the 
forecasting model on a 24–48 h basis 
requiring only the meteorological conditions 
and the traffic level.   

Abdul-Wahab and Al-Alawi, 2002 applied 
NN to predict ozone concentrations as a 
function of meteorological conditions and 
various air quality parameters. The results of 
their study indicate that the ANN is a 
promising method for air pollution modeling.  

Chelani et al., 2002 predicted SO2 
concentration by using an ANN, and the 

predicted values were compared with the 
measured concentrations at three sites in 
Delhi. A multivariate regression model was 
also used for comparison with the results 
obtained by using the neural network model. 
The study results indicated that the neural 
network was able to give better predictions 
with less residual mean square error than 
those given by multivariate regression 
models. 

Morabito et al., 2002 reported a study of 
estimation and short time prediction of 
atmospheric pollutants using a multi-
resolution dynamic forecasting system 
(MDFS), a combined approach of both neural 
networks (NN) and wavelet analysis concepts. 
Particularly, the prediction of the hydrocarbon 
(HC) in the air was carried out and an 
environmental database that refers to the 
Southern Italy area of the Messina Strait was 
used. The available database clearly showed 
the characteristics of regularity (cyclicality) of 
the atmospheric parameters: for example, the 
temperature attains the maximum values 
during mid-day, while during night and early 
morning it reaches its minimum values. The 
same can be said for the atmospheric 
pressure, whose regularity is strictly related to 
the period of the year the observations have 
been taken. But given system is not able to 
generalize in other periods of the year due to 
the effect that weather has on the presence 
and stabilization of the pollutants in the air. 
That means, a set of non-linear models need 
to be designed in different background 
weather conditions. For evaluation of the 
performance of the combined approach, 
standard deviation was used as a reference 
value. The proposed MDFS proved useful in 
predicting experimental time series at an 
improved accuracy level with respect to other 
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known approaches. The use of a most 
complex system that utilizes the different time 
series derived from the multi-resolution 
decomposition permits us to achieve better 
resolution in prediction and finally, the best 
accuracy results. The MDFS is also most 
amenable to implementation in parallel 
processing. 

Dorling et al., 2003 worked on APPETISE 
project to quantitatively inter-compare the 
performance of Deterministic (DET) and 
Statistical Air Quality Models. For the same, 
a case study of Helsinki was used for the 
prediction of NOx, NO2 and PM10 
concentration. The experimental data of 
Helsinki from 1996-1999 was used and 
included the concentration data of PM10, NOx 
and NO2, meteorological data and traffic flow 
data. Output was recorded as the 
concentration time series of PM10 and NO2 at 
the stations of Toolo and Vallila of Helsinki. 
Index of agreement as a statistical evaluation 
of model performance showed that NN model 
performance is better for NO2, compared with 
that for PM10. The comparison of NN model 
and Deterministic model says that NN are 
computationally more effective but DET 
models can be more easily extended to other 
locations and time periods. A tool named as 
JANN (Java Artificial Neural Network) was 
developed for air pollution modelling using 
Multi-layer Perceptron Neural Networks.  

Gariazzo & Tirabassi, 2003 tested the 
combination of two methodologies i.e. ANN 
and dispersion modeling for air pollutant 
prediction. Results have shown better 
performance (correlation factor, r=0.90) as 
compared to earlier studies.  

Lu et al., 2004 again applied the combined 
approach of PCA/RBF to forecast RSP, NOx 
and NO2 concentrations in an hourly time 
series in Mong Kok urban area, Hong Kong. 
This case study also validated the superiority 
of the PCA/RBF network over the simple 
RBF network as found in the earlier work.   

Zhang et al., 2004 developed an idea of using 
adaptive neural network (AWNN) as a tool 
for prediction of air pollution abatement 
scenarios, and focused on avoiding overfit 
during training of AWNN. The wavelet 
concept has already been applied by Morabito 
et al., 2002.  The simplicity of the structure 
and the algorithm of AWNN, improves its 
efficiency of on-line learning. Author 
obtained the data in the form of hourly NOx 
and NO2 from the monitoring site of the 
Bureau of the Environment of Heilong Jiang 
in Jiamu Si City in 1995 and 1998. The 
hourly metrological data were obtained for 
the same period from the Bureau of the 
Weather of Heilongjiang. The meteorological 
variables used in this work were similar to 
that used by Gardner and Dorling, 1999. 
About 39000 data were taken to train or test 
AWNN. Instead of the emission factors, the 
network is given two additional time of day 
inputs consisting of the sine and cosine of the 
time of day normalized between 0 and 24 h. 
The samples were divided into two sets—
training set (data of 1995) and testing set 
(data of 1998). The MAE-mean absolute error 
was used as performance statistics calculated 
over the whole year. Results have shown that 
the accuracy of AWNN is low in the 
beginning of learning, but the errors gradually 
decrease after about seven days learning. The 
predicted line derives from the actual line 
between about 10-15 January because the 
windy weather is very different from that of 
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early month, which forces AWNN to learn 
again to suit the new weather condition; in the 
same time, this also indicates AWNN can 
predict well again after several days learning 
when it meets a new condition. Thus, the 
WNN can work similar to other static NN 
when the condition of prediction is stable. 
Results have also shown that the new 
algorithm ensures good generalization of 
AWNN during online learning when the 
condition of prediction is unstable, but the 
classic algorithm cannot ensure the 
generalization during the same course. 

Ahmad et al., 2004 utilized the combination 
of ANN and genetic algorithm (GA) to find 
the optimal operating conditions in boiler 
emission processes from the palm oil mill. In 
the study, the procedure adopted was as 
follows. First GA writes the selected input 
parameters that are written in the text file. The 
text file is then read by the ANN and received 
as a new input parameter. Then, ANN will 
predict the output value. The output generated 
from this prediction is compared with the 
pollutant limit. If the value exceeds the limit, 
GA generates new input parameters from the 
GA operator, i.e. mutation and crossover. 
These steps are repeated until the optimal 
input values of fuel are found. This was an 
iterative process at the end of which the GA 
arrives at the optimum set of fuel parameters 
which produce emission within acceptable 
limit. Commercial software of MATLAB 
Version 5.3 and Neural Network Toolbox 
from Mathworks Inc. (MATLAB User’s 
Guides, 1998) were used to generate neural 
network Modeling.  

By considering the equipment provided and 
the operation time for palm oil mill, the data 
collected were 120 sets for the first mill and 

65 sets for the second mill in 15 min interval 
time for several days. The data taken were 
then divided into two major parts: simulation 
(training and validation) and testing according 
to the rule set by Environmental Protective 
Agency of United States of America 
(EPAUSA). The tool developed from this 
study can be utilized to predict and control 
any pollution. Thus, GA was employed to 
find the optimal operating conditions so that 
the overlimit release of emission is reduced to 
the allowable limit. This paper has shown a 
new dimension of regulating air pollution 
directly from industries. 

Niska et al., 2004 worked on the problem of 
neural network architecture selection which is 
a time consuming task. The paper presented a 
study where a parallel genetic algorithm (GA) 
was employed for selecting the inputs and 
designing the high-level architecture of a 
multi-layer perceptron model for forecasting 
hourly concentrations of nitrogen dioxide at a 
busy urban traffic station in Helsinki. 
In this context, the evolutionary and genetic 
algorithms (GA) have proven to be powerful 
techniques due to their ability to solve linear 
and non-linear problems by exploring all 
regions of the state space and exploiting 
promising areas through genetic operations. 
The main drawbacks related to the using of 
GAs for optimizing NNs have been high 
computational requirement and complex 
search space.  

 

Input data consisted: the concentration data 
comprising of hourly concentrations of NO2, 
NOx, O3, PM10, SO2 and CO monitored at the 
urban air quality monitoring station in Toolo 
(in Helsinki central) and meteorological data. 
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The test data set was extracted from the 
APPETISE (Air pollution Episodes: 
Modelling Tools for Improved Smog 
Management, 
http://www.uea.ac.uk/env/appetise/) database. 
The data set comprised the concentrations of 
airborne pollutants and meteorological 
soundings and observations, monitored in 
Helsinki metropolitan area during the years 
1996–1999. Out of which, the data from the 
years 1996-1998 was used as training data 
and data from the year 1999 as model 
validation data. The fitness of model was 
assessed from the observed and predicted 
values by calculating the index of agreement 
(IA), which is a dimensionless measure 
limited to the range of 0–1 and thus, allows 
the comparison of different models. The 
results showed that GA is an applicable 
technique in this domain; it is capable of 
searching feasible high-level architectures and 
particularly reducing the need of 
computational efforts by eliminating 
irrelevant inputs. In the case of air quality 
forecasting this can also imply smaller costs 
due to the smaller amount of measurements 
required. No clear connection between 
architectural issues and performance was 
found, so it was suggested to use somewhat 
simpler architecture instead of complex one in 
order to minimize the risk of noise over-
fitting. 

Sahin et al., 2004 applied multi-layer 
perceptron NN model to predict daily CO 
concentrations using metereological variables 
as predictors for the European part of 
Istanbul, Turkey.  

Nunnari et al., 2004 did inter-comparison 
between several statistical techniques for 
modeling SO2 concentration at a point by 

using neural networks, fuzzy logic, 
generalized additive techniques, and other 
recently proposed statistical approaches. They 
found that artificial neural network-based 
models and neuro-fuzzy models were the 
most promising.  

Abbaspour et al., 2005 presented a new 
structure based on neural networks e.g. 
cerebellar model (CMAC model). This model 
can be used as the black box approach which 
shows superior ability to memorize and 
predict unknown time series data. The CMAC 
model was modified into TD-CMAC to 
predict future behavior of air pollutant density 
(carbon monoxide) by using the current and 
past values of observed and collected data. 
The simulations were conducted for 1-hour-
ahead prediction and for 24-hour-ahead 
prediction (one-day-ahead) of air pollutants 
time series to compare the prediction 
capability of TD-CMAC, conventional 
CMAC (TW-CMAC) and a multi-layer 
perceptron (MLP) neural network. Time 
series data used in this evaluation were taken 
from CO values recorded and averaged at 
Villa station in Tehran, Iran from October 3rd 
2001 to March 14th 2002 at one-hour 
intervals (3912 samples). In these simulations, 
the models, learning algorithms, output 
mapping and inputs were the same, but the 
outputs were different. The efficiency 
evaluation revealed that under equal 
conditions TD-CMAC has better prediction 
capabilities than the TW-CMAC and MLP 
neural network. Still the short-term prediction 
provides better result than the long-term 
prediction. Features like usage of less 
memory with lower hardware implementation 
costs, simplicity and ability to conduct online 
implementation, all makes TD-CMAC model 
the better option than MLP and TW-CMAC.  
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Jef et al., 2005 examined the feasibility of a 
neural network short term forecasting model 
for ambient PM10 concentrations in Belgium. 
In this research, the dataset consisted of half-
hourly PM10 concentration from the ten 
measuring stations of Belgium for the period 
1997-2001. The two input parameters of 
Model 1 were the forecasted boundary layer 
height and the PM10 measurements of the 
morning of day0.  This model got a 
reasonable accuracy and was tested in online 
operational mode (IRCELCELINE). By 
extending the model with other input 
parameters: cloud cover, day of week and 
wind direction, the increase in the 
performance was noticed with more forecast 
accuracy because these parameters contained 
explanatory value for the PM10 phenomenon 
in Belgium, complementary to the two inputs 
of Model 1. The author clearly stated that gain 
in additional accuracy from the use of 
temperature or the wind speed was not 
marginal. Thus the features carrying useful 
information for the prediction of PM10 
concentrations were selected from the dataset. 
This brings the author to the conclusion that 
day to day fluctuations of PM10 
concentrations in Belgian urban areas are to a 
large extent driven by meteorological 
conditions and to a lesser extent by changes in 
anthropogenic sources.  

Sharma et al., 2005 gave a review of ANN 
techniques in vehicular pollution modeling.  

Nagendra and Khare, 2005 discussed the 
development and performance evaluation of 
ANN-based vehicular exhaust emission 
(VEE) models for predicting 8-h average CO 
concentrations at two Air Quality Control 
Regions (AQCRs), one representing a traffic 
intersection (AQCR1) and other, an arterial 

road (AQCR2), in the city of Delhi, India. 
The eight hourly CO concentration data have 
been collected from Central Pollution Control 
Board (CPCB), New Delhi for a period of 3 
years from January 1997 to December 1999, 
for both the AQCRs. The meteorological data 
including 8-h average observations of cloud 
cover, pressure, mixing height, sunshine 
hours, visibility, temperature, wind speed, 
wind direction and humidity have been 
collected from Indian Meteorological 
Department, New Delhi. The eight hourly 
average traffic characteristics data have been 
collected from Central Road Research 
Institute (CRRI), New Delhi for the respective 
AQCRs. The vehicles have been classified 
into four groups i.e. two wheelers, three 
wheelers, four wheelers gasoline powered and 
four wheeler diesel powered, for which 
emission factors, developed by Indian 
Institute of Petroleum, have been used for 
estimating CO and NO2 source strengths. The 
performance of all the developed models was 
evaluated on the basis of index of agreement 
(d) and other statistical parameters. The 
forecast performance of the developed 
models, with meteorological and traffic 
characteristics (d=0.78 for AQCR1 and 
d=0.69 for AQCR2) and with only 
meteorological inputs (d=0.77 for AQCR1 
and d=0.67 for AQCR2), were comparable 
with the measured data. The results show that 
ANN-based CO models, with both 
meteorological and traffic characteristic 
variables and with only meteorological 
variables show best performance on the test 
data set at both the AQCRs. The study also 
shows that elimination of traffic characteristic 
variables from the model inputs causes 
negligible effect on model performance. 
However, the models developed with only 
traffic characteristic inputs showed poor 
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performance on the test data set at both the 
AQCRs and reflected their inability to take 
into account the ‘lag-effect’.  

Cigizoglu et al., 2005, studied the air 
pollution parameter estimation in Istanbul 
based on two ANN methods, radial basis 
function (RBF) and feed forward back 
propagation (FFBP), and comparison was 
done with multi-linear regression (MLR) 
method. In the study the SO2, NO and CO 
measurements in the Asian part of Istanbul, 
Ümraniye, for November 1999-April 2003 
period were used. One measurement was 
taken during a day. The data was not 
continuous and had gaps. The paper is divided 
in two parts. Firstly, FFBP and RBF methods 
were employed to estimate SO2 using the past 
and present NO measurements. Secondly, the 
study was repeated again to estimate SO2 but 
this time using the past and present CO 
measurements. Both methods provided 
significantly superior estimations compared 
with the conventional MLR method. The 
performance evaluation criteria of FFBP for 
the testing period was slightly better than 
RBF. However, multiple FFBP simulations 
were required until obtaining satisfactory 
performance criteria and this total duration 
was longer than the unique RBF application. 
The presented study has shown that both 
ANN methods could be successfully 
employed to infill the gaps in the air pollution 
record.  

Elminir et al., 2006 applied ANN model to 
estimate air pollutant concentrations (PM10, 
CO and NO2) in Egypt. The work was based 
upon measurements of different indicators 
performed during the period 2000 to 2002 at 
Abbassyia station, Egypt. The input variables 
used in the model were ambient air 

temperature, relative humidity, wind speed 
and wind direction. The output represented 
PM10, CO, and NO2 concentrations. The 
generalization of the model was tested by 
correlation coefficient. Based on the results 
obtained, annual correlation coefficient was 
found to be 0.997, 0.969 and 0.978 for PM10, 
CO and NO2 respectively. These results show 
that approximately 98% of the variation in the 
dependent variables (output parameters) can 
be explained by the independent variables 
(input parameters) selected. Then the author 
has used the mean bias error (MBE) to 
describe how much the ANN model 
underestimates or overestimates the situation. 
MBE results indicate that, ANN model 
always tend to over-estimate air pollutant 
concentrations, but remain in a domain of 
errors for which this model can be applied 
with good accuracy. Thus the overall results 
demonstrated that, ANN model can estimate 
air pollutant concentrations in urban area, for 
the given data set with an accuracy of 
approximately 96%. Elminir et al., 2006 also 
showed their concern for the inherent 
limitations of ANN. The main limitation is 
the extension of model in terms of time period 
and location; this always requires training 
with locally measured data. According to the 
author, the ANN models cannot therefore be 
recommended for analyzing various air 
pollution abatement scenarios for future 
years. 

Pasero et al., 2006 evaluated the performance 
of MLP and Support Vector Machines (SVM) 
for the accurate prediction of the time 
evolution of air pollutant. The main aim of 
this research was the medium-term 
forecasting of the air pollutants mean and 
maximum values by means of meteorological 
actual and forecasted data. Author focused on 
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the selection of features and the modeling and 
processing techniques based on the theory of 
ANN, using MLP and SVM. The study 
provided an example of application based on 
data measured every hour by a station located 
in the urban area of the city of Goteborg, 
Sweden. The database considered was based 
on meteorological and air pollutant 
information sampled for the time period 
January 2004 to October 2005. MLP 
performance, both for the samples under the 
threshold and for the samples above the 
threshold, increased when the number of input 
features increased. Results were obtained with 
5115 samples of days under the threshold and 
61 samples of days above the threshold. It can 
be noted that the probability to have a false 
alarm is really low (0.82%) while the 
capability to forecast when the concentrations 
are above the threshold is about 80%. In the 
case using SVM method, the probability to 
have a false alarm was higher than in the 
MLP (0.96%) but the capability to forecast 
when the concentrations were above the 
threshold was nearly 90%. Thus, the use of 
Multi Layer Perceptrons and Support Vector 
Machines were proposed as an efficient 
strategy to perform an accurate prediction of 
the time evolution of air pollutant 
concentration.  

Athanasiadis et al, 2006 studied the 
application of classification data mining 
algorithms for the development of an 
operationally efficient OF module and the 
comparison of their performance with 
statistical analysis methods. Algorithms used 
were iBK, Kstar, Nnge (Nearest Neighbor 
With Generalization), rule-based classifiers, 
as Conjunctive Rules, OneR, Decision Tables, 
decision trees (C4.5, ADTrees), along with 
Bayesian Classifiers (NaiveBayes), and 

Neural networks (Voted Perceptron). All 
these algorithms are implemented in WEKA  
(open source software) and was used for the 
data mining experiments in this work. In this 
study, the overall forecasting performance of 
all algorithms was found within accepted 
range but the most efficient algorithm for the 
experiments conducted is C4.5(J48), which is 
a decision tree learning algorithm. Author 
managed to conclude that classification 
methods should be considered as appropriate 
for operational air quality forecasting 
applications. In addition to this, results clearly 
indicate that classification methods could be 
employed together with statistical methods 
and other “fast” data analysis and prediction 
algorithms, for the creation of operational air 
quality forecasting modules that may 
effectively support operational air quality 
management on a day-to-day basis, in line 
with contemporary EU environmental 
legislation.  

Bianchini et al., 2006 proposed a novel 
approach of using cyclostationary neural 
network (CNN) architecture to model and 
predict hourly NO2 concentration being 
independent from exogenous data. With the 
supposition that the relevant meteorological 
influence is already present in the time series, 
it uses only the time series of NO and NO2 
concentrations for prediction and no 
meteorological data was taken into account. 
CNN is composed of a number of MLP 
blocks equal to the estimated cyclostationary 
period in the analyzed phenomenon. 
Cyclostationary process is a subclass of non-
stationary processes which vary periodically 
with time. The experiment was done on the 
data gathered from ARPA (Regional agency 
for environmental protection), Lombardia 
(Northern Italy). The task consisted in 
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modeling the NO2 time series, based on the 
past concentrations of NO and NO2. In this 
case, it was evident that a strong correlation 
exists between the past NO data and the 
current value of the NO2, with a daily 
periodicity. This means that the NO2 pollution 
at time t + 1 depends on the NO sampled at t 
− 24, t − 48, etc. Therefore, the considered 
process has a cyclostationary period T = 24. 
Consequently, a CNN model composed by 24 
MLP blocks was used to face the prediction 
task. Completely independent of exogenous 
data, such as weather condition (i.e. pressure, 
wind, humidity, etc.) and geographic 
information, focus was only be on the NO2 
estimation and the resulting model expected 
to be much more robust against noise and 
prediction errors. Preliminary experiments 
were very promising and have shown a 
significant improvement in performance, 
together with a low computational cost and 
faster speed for the CNN learning phase with 
respect to standard statistical tools. CNN 
performed better near the peak hours.  

Boger, 2006 explained the modeling of NOx 
emission from the production plants in Iran 
utilizing ANN model. For the training of 
ANN, the Guterman-Boger (GB) training 
algorithm set was used because this algorithm 
can easily train large scale ANN models, as it 
starts from non-random initial connection 
weights, obtained by the assumption that the 
inputs and outputs of the training data set are 
linearly related. Initially, the ANN model was 
trained with the database at 5 minutes interval 
collected in the January-July 2005 period to 
predict the NOx concentration. Subsequent 
analysis of a trained ANN model has shown 
that causal index algorithm for knowledge 
extraction was found to be very useful in 
relating each input change influence on the 

relative magnitude and sign changes of each 
output. Results of this analysis showed that 
gas absorption temperature is one of the 
important operating parameter affecting the 
NOx emission and then an ANN model based 
on the daily averages was trained, thus 
eliminating the diurnal temperature change 
effect. Overall, the 5 minute NOx 
concentration at the stack modeling results 
have given a mean average error of 0.6% 
between the actual measurements and the 
ANN model, with a standard deviation of 
6.7%. The daily average ANN model was 
trained to give the total NOx emission and 
gave a mean model error of 0.006 Kg/Hr 
NOx, with a standard deviation of 0.61 Kg/Hr. 
Thus, the ANN models trained from daily 
plant feature averages proved more 
informative than the 5 minute data, although 
it may be the results of the importance of the 
diurnal temperature changes in this plant. 

Ozcan et al., 2006 proposed a study of 
estimation of methane values of Istanbul 
(Turkey) landfill area using multi-layered 
ANN approach for the measured data using 4 
parameters (CH4, Co2, CO, temperature) as 
inputs during 1 year (July 2002-April 2003). 
In the present model, NN was trained and 
tested using Matlab 6.0. Statistical 
performance indices: 1) Mean bias error 
(Bias); 2) Mean absolute error (MAE); 3) 
Root mean square error (RMSE); 4) 
Correlation coefficient (r); and 5) index of 
agreement were calculated: Bias, 3.04; MAE, 
7.98; RMSE, 10.95; R, 0.81; and d, 0.88. 
Extraordinary performance of ANN was 
found indicating it as a promising technique 
for parameter estimation of landfill areas.  

Agirre-Basurko et al., 2006 presented the 
ANN model to forecast O3 and NO2 
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concentrations in the Bilbao area, Spain. The 
primary goal of the work was to build an 
accurate statistical model to forecast O3 and 
NO2 levels k hours ahead (k = 1, 4, 5, 6, 7, 8) 
in the Bilbao area. Meteorological variables, 
air pollution variables and traffic variables 
(the number of vehicles NV, the occupation 
percentage OP, and the variable KHZ 
(NV/OP), which gives an idea of the velocity) 
were used to develop the model. The data 
used in this work were hourly current data 
and historical data from the air pollution 
network and the traffic network of Bilbao 
during years 1993–1994. The study was 
limited to four stations in Bilbao, namely 
Elorrieta, Txurdinaga, Mazarredo and Deusto. 
Two multilayer perceptron-based models 
(MLP1 and MLP2) and one multiple linear 
regression model (MLR) were developed. 
After introducing the appropriate inputs, the 
outputs of the models were the forecasted O3 
or NO2 levels at time t+k (k = 1,., 8).  

The MLP neural networks used in this work 
were trained using the scaled conjugate 
gradient (SCG) algorithm. At the same time, 
in order to avoid overtraining, the early 
stopping technique was applied: the first 85% 
of the data from 1993 were the training set, 
the last 15% of the data from 1993 formed the 
validation set and the data from 1994 were 
chosen to be the test set. A joint study of the 
values obtained from the statistics of the 
Model Validation Kit showed that MLP 
models performed better than the MLP based 
model in 75% of cases (in six forecasts up to 
eight) in the Bilbao area. Moreover, for k = 1, 
4, 5, 6, 7, 8 h ahead the MLP2 model 
provided the most accurate forecasts of O3 
and NO2 at time t+k in the studied area. 
Nevertheless, for k = 2, 3 the most accurate 
forecasts of O3 and NO2 at time t+k were 

provided by the LR model (Agirre, 2003). 
The cause of this uncertainty was unknown 
that time but suggested to get resolved by 
choosing new dataset for MLP. 

Lira et al., 2007 investigated the forecasting 
capability of linear models (such as ARX, 
ARMAX, output-error and Box-Jenkins), and 
neural networks. Input data included 24-h 
PM10 concentration of the present day and 
meteorological variables from the city of 
Uberlandia (Brazil) during the period of 
2003-2005 and the output foreseen by the 
models obtained as 24-h PM10 concentration, 
with horizon of prediction of up to three days 
ahead. PM10 concentration data was collected 
by School of Chemical Engineering of the 
Federal University of Uberlândia (UFU). The 
meteorological data used in study were 
obtained in the climatic station of the Institute 
of Geography of the UFU. The software 
Matlab was used for NN and linear models 
were adjusted using the System Identification 
toolbox. For the neural network model 
(MLP), the learning algorithm used was 
Levenberg-Marquardt back-propagation 
(Neural Network toolbox). The transfer 
functions selected for the layers were 
hyperbolic tangent for the hidden layer and 
linear for the output layer. For the evaluation 
of the model’s performance, three statistical 
measures were selected, namely the root mean 
square error (RMSE), the coefficient of 
determination (R2) and the index of 
agreement (d). Results have shown that fairly 
good estimates can be achieved by all of the 
models, but Box-Jenkins model presented 
best fit and predictability.  
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Iliadis et al., 2007 developed a reliable ANN 
model for estimating the tropospheric ozone 
concentrations at the site of Lykovryssi, 
Athens. Input variables included both the 
pollution parameters (CO, NO, NO2 and 
PM10) and meteorological parameters (mean 
air temperature, total solar radiation, mean 
pressure at sea level, the relative humidity, 
mean wind speed, NW_SE direction wind 
component and SW-NE direction wind 
component). Thus, in total, 4232 data records 
were used; 74% of them were used for the 
training procedure, while 26% of them were 
used for the testing procedure. Missing values 
were excluded. Input Contribution of input 
parameters was done during the testing phase 
by the Neuralworks II Plus software and the 
results have clearly shown that the CO and 
NO play the most important role in the 
formulation of Ozone. The Modular ANN 
gave the R2 = 0.8827 and the RMS 
Error=0.1164 in the training phase, hereas in 
the testing process the R2 = 0.742 and the 
RMS Error=0.156. Thus, the paper closed its 
discussion with the conclusion that ANN has 
proven to be a powerful tool offering a very 
reliable approach towards ozone 
concentration estimation. It can be applied 
reliably towards the design of environmental 
protection policy and management.  

Tecer, 2007 proposed the application of ANN 
to predict the concentrations of SO2 and PM 
at two different stations in Zonguldak city 
(Turkey). The 24‑hour SO2 and PM 
concentration averages were used as pollutant 
parameters for the period January-December 
2002. The input for the model included the 
meteorological variables provided by the 
Governmental Meteorology Office and SO2 

and PM concentrations pertaining to the day 
the meteorological data was taken. In this 

study, a three-layer recurrent network was 
used. Results have shown that the predicted 
pollutant concentrations were concordant with 
the observed concentrations on a majority of 
the days. The best results were obtained in the 
training data set. At the Bahçelievler station, 
the determination coefficient (R2) between 
observed and predicted values of SO2 
concentrations for the training data was 0.829 
and for testing data was found to be 0.668. 
For PM concentrations, R2 was 0.820 for the 
training set, and 0.808 for the testing set, 
respectively. The determination coefficient 
indicates that the fitted model explains the 
percentage of the variability between 
observed values and the neural network 
model predictions. ANOVA analysis was 
performed to check the fitting between 
observed values and ANN prediction. The P-
value in the ANOVA analysis was found to 
be less than 0.01, which indicated a 
statistically significant relationship between 
the variables at the 99% confidence level. 
Author concluded that knowledge of the 
sequence of past values of air pollutant 
concentrations is of considerable significance 
in order to predict its future values. 
Meteorological conditions at the intended 
time of prediction also have an important 
effect on air pollution modeling. It was also 
shown that the neural network model provides 
a good agreement with measured values of air 
pollutants.  

Caselli et al., 2008 presented the prediction of 
PM10 concentration utilizing feed-forward 
neural network and its comparison with 
multivariate regression model. Data used 
were the meteorological data and data of 
PM10 from San Nicola monitoring station 
during the period January 2005 to March 
2006. The prediction of PM10 concentration 
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12h and 36h before gave an RMSE of 26% 
and 30% respectively and the correlation 
coefficient between the observed and 
predicted values was 0.7 which showed a 
good accuracy by ANN. Comparison of 
results obtained by neural network with those 
of multivariate regression for one and two 
days forecasting was done and found in 
concordance with previous researches till 
date. Neural network outweighed multivariate 
regression modeling.  

Abdul-Wahab et al., 2008 developed ANN 
models for the prediction of ground-level SO2 
in the Sultanate of Oman. This study 
indicated the potential of the neural network 
approach for capturing the non-linear 
interactions between SO2 levels and 
meteorological variables and for the 
identification of the relative importance of 
these variables. In this work, two ANN 
models were generated with different 
objectives. The first model (Model I) was 
used to predict SO2 levels at certain receptors 
from the Mina Al-Fahal refinery in Oman. 
Second model (Model II) was used for the 
prediction of first three maximum SO2 
concentrations and their corresponding 
locations with respect to the refinery. The 
Feed Forward network using the Back-
Propagation (BP) algorithm was used to 
develop these two models. The training 
process was performed using the NeuroShell 
simulator. The R2 value for the training set 
was 0.9693. The statistical analysis of these 
results indicated that the R2 value for the 
testing set was 0.9666, the mean squared error 
was 8.902 and the mean absolute error was 
1.173. Thus, the model prediction was in 
good agreement with the actual results.  

The models were also used to determine 
meteorological conditions that most affect 
SO2 concentrations. To find the percent 
contribution of each of the input variables 
with respect to the output variables, the 
partitioning method of the connection weights 
proposed by Garson was used. The method 
involves partitioning the hidden-output 
connection weights of each hidden neuron 
into components associated with each input 
neuron. Some of these methods are (1) Partial 
Derivatives or ‘PaD’; (2) the “weights method 
or the partitioning method used in the current 
work; (3) the “perturb” method; (4) the 
“Profile” method; (5) the “Classical 
Stepwise”; (6) the “improved stepwise a”; (7) 
the “improved stepwise”. Using this method, 
for Model I, it was found that the highest 
contributing variable that affects the SO2 
concentration level is the wind direction; 
while in Model II, wind direction, stability 
and wind speed are the highest contributors. It 
was found that the neural network model has 
given superior predictions consistently and 
the results produced were encouraging. 

Popentiu et al., 2009 applied the artificial 
neural network approach in order to monitor 
the urban pollution level from “Moldocim” 
cement plant, in Tasca (Romania). Their work 
stressed on the fact that the study of air 
pollution should be done with regard to the 
weather patterns of the local area because the 
pollutant concentration is strongly influenced 
by the movements and characteristics of the 
wind into which they are emitted. For this 
purpose, a professional computer aided 
modeling and pollution control tool (referred 
to as PoLogCem Software- Pollution Logistic 
Cement) was used. Results have clearly 
shown the considerable impact of wind speed 
and wind direction on pollution distribution. 
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Postolache et al., 2009 proposed a novel 
strategy to assess the indoor air quality for the 
first time. This work presented a Wi-Fi 
indoor-outdoor air quality monitoring 
network along with the combination of 
capabilities of tin oxide sensors using an 
advanced sensor data processing based on 
multilayer perceptron neural networks for an 
accurate measurement of air quality. Neural 
network algorithm was implemented in 
JavaScript for the calculation of several air 
quality values.  

Arjun Akkala et al., 2010 for the first time 
demonstrated the use of ANN approach to 
model Radon concentrations in Ohio, US. 
Along with ANN, a new technique named as 
knowledge based neural networks (KBNNs) 
was used to improve the reliability of the 
estimations from ANN. In the KBNNs used in 
this work, knowledge in the form of radon 
concentration data and uranium concentration 
data is embedded into the neural network 
structure. In the ANN approach, the fact that 
radon is formed from uranium by the decay 
chain has been considered. And the neural 
networks employed in this work were 3-layer 
multi-layer perceptrons. The databases of 
Radon concentration were requested from 
laboratories, university researchers, and 
others to compile a unified database 
consisting of 145,996 measurements for 1492 
zip code areas in Ohio. It was observed that 
the houses and other structures built above 
uranium-bearing rocks or sediments may have 
higher indoor radon levels. This fact is 
corroborated by the uranium concentration 
map of Ohio with the radon concentration 
map. The observation represented knowledge, 
which could be used for further improving 
ANN model accuracies. Three approaches 
were applied for modeling radon and uranium 

concentrations using KBNNs, namely Prior 
Knowledge Input (PKI), Source Difference 
Model (SDM), and Space-Mapped Neural 
Network (SMNN).  

Author compared the performance of these 
techniques to conventional interpolation 
techniques and the MLP3 approach. The 
SMNN has given the best performance in 
terms of MAE, Fa2, RMSE, and FB; whereas 
the PKI method gave the best performance in 
term of NMSE. Hence, the SMNN method 
was found to be more reliable in the scenario 
of predicting missing radon concentrations in 
Ohio. It could also be seen that all the 
knowledge based approaches performed more 
efficiently as compared to rest of the 
techniques such as RBF and Kriging and also 
simple MLP3 approach.  

Selvaraj et al., 2010 developed a method for 
short term prediction of ozone concentration 
using the neural network technique. The study 
area Chenbagaramanputhur, a rural place in 
Kanyakumari district was used. The 
parameters used to develop the model were: 
mean surface ozone concentration as 
response, nitrogen dioxide concentration as 
predictor, mean temperature as predictor and 
prevailing % relative humidity as predictor. 
Results shown the mean square error of the 
data during testing: 0.15375 ppb and the 
accuracy of testing data: 99.85 %. The above 
results validated the proposed model. Hence it 
is concluded that the given model can be used 
for predicting surface ozone concentration 
with nitrogen dioxide, temperature, % relative 
humidity as predictors.  

In a conference Boznar et al., presented their 
research work to construct a forecasting 
model of ozone concentration values of the 
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following day. The intention behind this 
project was to inform citizens that a day with 
ozone alarm value is coming. Authors 
concentrated their research on the problem of 
maximal hourly value of ozone concentration 
that would appear in the following day. The 
tools, multilayer perceptron neural network 
and fuzzy logic both were used and all were 
implemented in the Matlab software package. 
The selected input features were: air 
temperature, global solar radiation, NO, NO2, 
NOx, CO, O3, prognostic vector wind speed 
for the day of prediction, sinus of prognostic 
vector wind direction for the day of 
prediction, prognostic maximal hourly air 
temperature for the day of prediction (all three 
taken from the available measured database). 
Crucial point was the features and patterns 
used. Both models tested used the same input 
features and the same learning patterns set. 
When the models were constructed they were 
tested on the same independent verification 
set of patterns. Although, the verification set 
was relatively small, still MPNN and FL have 
given satisfactory results. So, the author 
concluded that both the models are good 
enough to use the model for informing 
citizens about possibilities of high and alarm 
concentrations. Nunnari et al., 2004 also 
tested the use of fuzzy logic and NN for SO2 
prediction and came up with the same results. 

Kapegeridis et al., presented their work on the 
development of a modular neural network 
(MNN) based on RBF networks for the 
prediction of 24h average PM10 
concentrations for the next day at the city 
center of Kozani. The developed system was 
converted to a computer code (a DLL 
application extension) that was integrated 
with the Integrated Air Quality Management 
System (IAQMS) in August 2007. Since then, 

it has been used to forecast the 24h average 
PM10 concentration in Kozani. The daily 
forecasts become available through the 
Laboratory’s website 
(http://www.airlab.edu.gr). The MNN was 
developed to receive several inputs from air 
pollution and environment monitoring 
stations at the center of Kozani and was 
trained by the data during the period 1 June 
2004 and 31 May 2005 (12 months). The 
prediction capacity of the presented system 
has been demonstrated using observed and 
predicted concentrations collected since it 
became operational as part of the IAQMS. 
The study shows a mean absolute error: 
13.7% on the validation set and 26.3% during 
application. 

Conclusion  

The above studies and discussion provide us 
an understanding of artificial neural network 
(ANN) technique in air pollution modelling. 
ANN models are computer programs that are 
designed to emulate human knowledge 
processing, speech, prediction, classification 
and control. ANN is a cellular information 
processing system designed and developed on 
the basis of perceived notion of the human 
brain and its neural system. This concept of 
artificial neural networks was established in 
1943 (McCulloch and Pitts, 1943). Later, in 
1958, the first practical artificial neural 
network was presented: the perceptron 
(Rosenblatt, 1958). In the last two decades, 
ANNs have been already explored in various 
fields like chemical research (Kvasnicka, 
1990; Wythoff et al., 1990; Smits et al., 
1992), physics research (Dekruger and Hunt, 
1994), molecular biology, ecology and 
environmental sciences and demonstrated 
remarkable success.   
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In environmental studies, air pollution is an 
extremely significant issue that should be 
focused on all around the globe as it affects 
human health, ecosystems and the 
environment, destroys aesthetical conditions, 
gives harm to matters, buildings, and in turn 
economy. It is defined as a condition, in 
which the substances that result from both 
natural and anthropogenic activities are 
present in the air at concentrations sufficiently 
high above their normal ambient levels 
producing considerable impacts on humans, 
animals, vegetation, or materials.  

Literature survey shows a lot of methods for 
the prediction of air quality ranging from 
numerical, mathematical and statistical 
methods (e.g., regression) to techniques based 
on artificial intelligence, particularly ANNs. 
All the meteorological variables and factors 
have a non-linear relationship with air quality, 
which can be accurately captured by non-
linear models such as ANNs and Support 
Vector Machines. 

The facts and the quality of results provided 
by ANNs make them more attractive to apply 
than other models. The advantages of these 
models are that they do not require very 
exhaustive information about air pollutants, 
reaction mechanisms, meteorological 
parameters or traffic flow and that they have 
the ability of allowing nonlinear relationships 
between very different predictor variables. 
Due to the growing development of 
computer-aided analysis, its easy accessibility 
to all researchers has also facilitated the 
application of ANNs in air pollution 
modeling. 

Boznar et al. (1993) presented the earliest 
paper based on the use of neural networks for 

the prediction of sulphur dioxide (SO2). Since 
then several authors have developed different 
neural network-based models to forecast air 
pollutant concentrations. 

Easiest in implementation, multilayer 
perceptron (MLP) is the most used ANN 
method. Almost in all the findings where the 
comparison between ANN and regression 
method comes, the former takes the 
superiority level, mainly because of its nature 
to deal with non-linear relationships between 
the predictors, the more flexibility and the 
ability to make efficient use of proxy data 
when the optimum predictor variables are 
unavailable and the better predictions than 
those given by other methods e.g. multivariate 
regression models, statistical linear models, 
etc. But, the main advantages of neural 
networks (NN) are that air pollution 
concentration can be predicted with time 
series and basic meteorological variables. 
This enables the models to be easily 
constructed. MLPs perform very well with 
proxy data and are successful with both 
secondary (ozone) and primary pollutants. 
Secondary pollutant like Ozone, its formation 
is a complex, non-linear process that neural 
networks are able to capture more accurately 
without many of the usual limiting 
assumptions of other statistical methods. In 
the case, a pollutant shows a serial correlation 
i.e. present day concentration of a pollutant 
depends on previous day’s concentration, 
regression model fails because it assumes that 
observations are statistically independent 
events. Although the inclusion of lagged data 
in regression modeling has shown an 
improvement in the accuracy of regression 
predictions, still ANN serves a much better 
alternative. The performance of MLP found 
superior to conventional statistical and 
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stochastic methods in continuous flow series 
forecasting. 

Instead of all the rewards, there are 
limitations with implementation of ANN. 
Some shortfalls faced when using multilayer 
perceptron (MLP/FFBP) can be listed as the 
dependency on different random weight 
assignments in the beginning of each training, 
their tendency to trap by the local minima, 
network overfitting, and curse of 
dimensionality and black box nature of NN. 
Performance of a network also depends on the 
choice of network architecture, the number of 
layers and nodes in those layers. There are no 
rules to help in this process and so, the 
number of input and output nodes is 
determined by the complexity of problem at 
hand. Different number of a particular layer 
neurons need to be tried in a particular study 
and the number that gives a minimum mean 
square error (MSE) are chosen for the final. 
This process increases the total duration of 
NN functioning. 

The reliability factor that ANNs are gaining in 
the field of prediction, also draws more 
concentration for its advancement. Research 
shows the testing of different combinations of 
ANN and other algorithms which can include 
Genetic algorithm (GA) and Principal 
component analysis (PCA). GA technique is 
for the search of feasible high-level 
architectures of neural network and PCA 
works in the reduction of the dimensionality 
of input data and its orthogonalization. PCA 
and RBF combination executes prediction 
task with much accuracy than the 
conventional models.  

Feature determination and pattern selection 
strategies considers as the most important step 

in the model construction because the 
selection of proper information with which to 
train the neural network is crucial for model’s 
efficiency. Feature determination strategies 
seek for the most important and significant 
independent variables that describe the 
studied process. Pattern selection strategies 
construct the group of training samples in 
such a way that the model can learn the non-
linear function behavior over the whole 
domain.  Both strategies in the ideal case 
should ensure that the whole domain of the 
studied function is uniformly and densely 
enough covered with the training samples. 
Kohonen neural network based and the expert 
knowledge based pattern selection strategies 
have shown significant improvement in 
comparison to the model trained with 
unselected patterns. Approaches like Self 
organizing map (SOM) and two-segmented 
network are able to remove black-box nature 
of neural networks.  

The different possibilities of using ANN 
variants in air pollution modeling includes 
Radial basis function (RBF), Change point 
detection model with RNM (CPDM), 
Sequential network construction model 
(SNCM), Self organizing feature maps 
(SOFM), Group methods of data handling 
(GMDH), TD-CMAC (an extension to the 
conventional Cerebellar Model Arithmetic 
Computer), AWNN etc.  Among the above 
ANN methods, RBF, SOFM and TD-CMAC 
came up as the best tools. RBF networks 
possess the property of best approximation 
and shows a clear improvement in the 
learning efficiency. A new algorithm, 
adaptive wavelet neural network (AWNN) in 
which wavelet neural network (WNN) is a 
kind of RBF possesses many advantages than 
the general networks, such as faster 
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convergence, avoiding local minimum, easy 
decision and adaptation of structure, so acts as 
an efficient tool for the prediction of air 
pollutants concentration along with the ability 
of avoiding overfit during the training.  

Consequently, neural network technique is 
regarded as a reliable and cost-effective 
method for the task of prediction. In an 
operational setting for any specific place, 
neural network models could be improved 
through experimentation and fine-tuning. 
Likely strategies include using additional 
variables (e.g., extra weather elements, 
synoptic patterns, traffic flow or day-of-the-
week information) or changing the nature of 
the model (e.g., changing the number of 
hidden nodes and layers in neural networks). 
Use of Fuzzy modeling independently and 
with ANN is also showing brighter side of 
soft-computing application in air pollution 
modeling.  
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Abstract 

The main aim of this study was to determine the 

effect of testosterone propionate and hydroxyl 

progesterone caproate on gonads and some 

endocrine glands of male and female rain quail. 

15 male and 15 female rain quails were treated 

with testosterone and progesterone daily for 7 and 

15 days respectively. The study reveals that after 

the treatment of testosterone, the spermatogonia 

were detached and show hypertrophy. The germ 

cells were enlarged and vacuolated ovary 

degenerates and thyroid and adrenal show  

hypertrophy. 

Keywords:  Testosterone Propionate ⏐ 

Hydroxyl Progesterone Caproate⏐Sexual 

Dimorphism ⏐ Gonads ⏐ Rain Quail. 

 

 

 

 

 

 

 

Introduction 

Quails are almost tailless patridge like bird 
popularly known as “Batter”, belonging to the 
class aves and family Phasianidae. Batter is a 
good table bird known for its delicacy since olden 
days. They are used as food before chicken was 
domesticated.  

Perusal of literature on quail reproduction reveals 
that, little is known about these aspects in exotic 
and tropical species. The reason is that more 
critical experiments have not been successfully 
undertaken in Indian quail species. Studies on 
these species are confined mainly to the changes 
in the reproductive organs and rarely endocrine 
glands during different phases of reproductive 
cycle. No experimental studies have been made in 
these species endocrine glands in reproduction. 
Fundamental knowledge of reproductive process 
and the endocrine mechanism that control process 
is therefore, invisible for profitable management 
and production of these birds in large scale. The 
paucity of information on reproductive 
endocrinology of Indian quail motivated us to 
undertake this investigation. 

The present study was undertaken on rain quail, 
Coturnix coromandelica. This bird was selected 
as  it offers the advantages of endocrinological 
works. The aim and objective of this investigation 
is to study the histopathological effect of 
testosterone propionate and hydroxy progesterone 
caproate on gonads and other endocrine glands 
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and to investigate the mechanism of action of this 
steroids in both sexes of rain quail. 

In the present study testosterone propionate and 
hydroxyl progesterone caproate were obtained 
from German Remedies Limited, Bombay under 
trademark of Schering AG, West-Germany. 

 
MATERIAL AND METHODS 
 
The Indian rain quail C. coromandelica has 
been selected for present investigation. Adult 
quail are sexually dimorphic. Reproductive 
behaviour is sexually differentiated in quail. 
The adult rain quail is about 6½ to 7 inches in 
size (without tail) and body weight is 85 to 90 
gms. Temperature, light, floor space, 
humidity and feed are most important factors 
for good housing and maintenance of quails. 
The maximum daily amount of feed given 
was equivalent to 20 to 25% of body weight. 
To identify individual quails from each 
groups, they were marked with numbered 
aluminium strips using bands.  
The rain quail utilized in this study were 
collected from various places in Nagpur 
district and Amravati district of Maharashtra 
State. The birds were trap over a period of 
four months during October to January and 
consisted of 60 adult males and 40 adult 
females weighing 70 to 90 gms. Before 
commencement of the experiments all birds 
were acclimatized in laboratory for at least 2 
to 3 weeks.  
The males are divided into four groups of 15 
animals each. The ground II and IV are given 
intramuscular injection of testosterone 
propionate 0.15 mg/kg/day for 7 and 15 
consecutive days respectively. The I and III 
group receive equivalent volume of 
physiological saline for the same period. For 
another experiment 40 female birds were 
divided into four groups of 10 birds each. The 

group II and IV were given intramuscular 
injection of hydroxy progesterone caproate 
0.15 mg/kg/day consecutive for 7 and 15 days 
respectively. The I group and II were used as 
a control and treated with equivalent volume 
of physiological saline for the same period. 
Birds of experimental and control groups 
were weighed before and at the end of the 
experiments and maintained under same 
husbandry condition. At the end of each 
experimental animals were sacrificed. For 
histopathological studies reproductive organs 
and endocrine glands were dissected, weighed 
and fixed in various fixatives. All endocrine 
glands were fixed in formal sublimate for 24 
Hrs. and other tissue were fixed in Bouin’s 
fluid. The tissue were dehydrated in various 
grades of alcohol cleared in xylene and after 
embedded in paraffin blocks were prepared. 
Paraffin sections were cut at 5 to 6 µm 
thickness. Sections were stained with 
haematoxyline and eosin.  
 
HISTOMORPHOLOGY 
Testis – The testis consists of compact 
convoluted seminiferous tubules which are 
lined by single or double layer of germinal 
cells. The tubules are composed of primary 
spermatogonia, secondary spermatogonia and 
sectoli cells. Further stages of 
spermatogenesis such as spermatocytes, 
spermatids and spermatozoa are not observed. 
Similarly, the sertoli cells are inconspicuous 
and regressed. Since, the control males are 
sacrificed in the month of January which is 
sexually inactive period in rain quails, the 
testis have showed regression. In the 
interfollicular region blood capillaries, 
connective tissue and regressed Leydig’s cells 
are present. 
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Figure 1: Photomicrograph of control testis 
showing convoluted seminiferous tubules 
with germ cells, sertoli cells and interstitial 
cells.   
 
Ovary: 
In the rain quail single ovary and oviduct is 
present which is situated on the left side of the 
cephalic end of kidneys and attached the body 
wall by ligament. In rain quail, the ovary 
contains several primary follicles and blood 
haemorrhage. Developing follicles are 
composed of germinal vesicle granulose cells, 
theca interna and theca externa. Some degree 
of atresia is observed at primary follicular 
stage. Rarely degeneration is visible in large 
follicles. 

     

 
Figure 2: Photomicrograph of control ovary 
showing primary follicles and germinal 
follicles with theca externa, theca interna and 
interstitial cells. 
 

Adrenal gland of rain quail is paired, 
triangular in shape and yellow or orange in 
colour. It locates anterior and medial to the 
cephalic lobe of kidney and posterior to the 
lungs. It is surrounded by thick capsule which 
is made up of connective tissue. 
 

Pineal gland is present on the dorsal side of 
the brain in triangular space between 
cerebellum and cerebral hemisphere. Pineal 
grain in rain quail is creamisa brown, club-
shaped conical structure. Pineal gland is 
composed of lobules and each lobule consists 
of follicles which are separated by 
intralobular septa. 
 

Thyroid gland of the male and female rain 
quail is composed of two separate lobes 
which are reddish in colour, situated on either 
side of the trachea in between jugular and 
carotid blood vessels. The normal thyroid 
gland is encapsulated and composed of well 
organized compact follicles. 
Parathyroid gland in the rain quail is paired, 
well vascularised and closely attached to the 
posterior part of the thyroid gland. 
 
RESULTS AND DISCUSSION 
Pineal: 
7 days after treatment:  No significant 
changes were observed in the vasculature of 
pineal gland. Lumen of the follicle was 
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slightly obliterated. Type-I i.e. polygonal cells 
shows regression whereas Type-II i.e. tall 
cells shows hypertrophy and degranulation. 
 

15 days after treatment: Showed more 
pronounced hypertrophy of Type-II i.e. tall 
columnar cells as compared to 7 days of 
testosterone propionate. The cell debris in 
lumen was evident. Type-I i.e. polygonal cells 
showed more regression.  
 
Thyroids: 
7 days after treatment: Testosterone 
propionate treatment resulted in hypertrophy 
of the follicular epithelial cells and thickness 
of follicular wall. It induced hypertrophy and 
hyperplasia in small follicles. Large follicles 
showed little regressive effect.  
 

15 days after treatment: Induced changes in 
thyroid follicles. Diameter of follicles were 
increased. The gland contained several empty 
follicles. The colloid contained few vacuoles 
at the peripheral region. The reduction in the 
amount of colloid was more evident. 
 
Parathyroid: 
7 days after treatment: Testosterone 
propionate treatment induced hypertrophy and 
vacuolization in the cells of parathyroid cells 
of parathyroid gland. Small circular vacuoles 
appeared adjacent to the nucleus. 
 

15 days after treatment: The above mentioned 
effect of testosterone propionate were same, 
rather more pronounced were same, rather 
more pronounced in the fifteen days treated 
birds. 
 
Adrenal: 
7 days after treatment: No significant changes 
were found in the vasculature of the gland. No 
changes were evident in Type II cells while 
Type I cells showed slight hypertrophy and 
degradation. 

15 days after treatment: More significant 
changes were seen in the internal cells. The 
internal cells shows hypertrophy and were 
degranulated and vacuolated. No significant 
changes were observed in Type II and showed 
little hypertrophy as compared to control. 
 
Testis: 

7 days after treatment: 

      

 
Figure 3: Photomicrograph of testis 7 days 
treatment of testosterone propionate showing 
detached spermatogonia in the lumen. 
 

The germinal epithelium was not affected 
after treatment of testosterone propionate. 
Debris formation in the lumen of the 
seminiferous tubules was seen. Regressive 
changes were observed in peripheral 
seminiferous tubules. Primary spermatogonia 
and secondary spermatogonia were detached 
and seen accumulated in the lumen of 
seminiferous tubules. In some tubules lumen 
disappeared because of hypertrophy of germ 
cells. No changes were observed in the 
vasculature of gland. 
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15 days treatment: 

      

 
 
Figure 4: Photomicrograph of testis 15 days 
treatment of testosterone propionate showing 
completely obligated lumen, hypertrophy of 
sertoli cells and degenerative effect on 
Leydig’s cells (Interstitial cells) 
 

In most of the tubules germ cells detached 
and accumulated as debris in the lumen. Germ 
cells were enlarged and vacuolated. Lumen of 
seminiferous tubules disappear enlarged size 
of the primary spermatogonia and secondary 
spermatogona showed hypertrophy. Reydig’s 
cells were degenerated while sertoli cells 
showed hypertrophy. Blood vessels because 
dilated.  
 
Ovary  
 

The atretic primary follicles and formation of 
space between the haemorrhage and ovarian 
stroma changes. Haemorphage become more 
viscous. The large follicles shows regressive 
changes. 

 
 
 

 
7 days after treatment: 

 

 
 
Figure 5: Photomicrograph of Ovary 7 days 
treatment of hydroxyl progesterone caproate 
showing primary follicles and formation of 
space between ovarian stroma and blood 
haemorrhage 
 

 
15 days after treatment: 

 
 
Figure 6: Photomicrograph of Ovary 15 days 
treatment of hydroxyl progesterone caproate 
showing greatly regressed germinal vesicle, 
degenerating large follicles and disturbed 
interstitials cells. 
 

The space between blood haemorrhage and 
ovarian stroma is more pronounced. Follicular 
cytoplasm and germinal vesicle shows 
regressive changes. There was no significant 
effect on the theca interna and theca externa, 
but these two layers started to separate from 
each other in large follicles. In stroma 
interstitial cells shows more degenerative 
changes. 
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CONCLUSION: 
From the present study it has been concluded 
that the doses of testosterone propionate 
stimulates the spermatogenesis in male rain 
quail. Similarly the treatment of hydroxyl 
progesterone caproate in female stimulates the 
secretion of FSH of pituitary and 
development of ovarian follicles. 
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Abstract 

Biodiversity is being viewed in the context of 
sustainable development offers opportunities 
for poverty eradication, human well-being 
and the livelihood and socio-cultural integrity 
of people and in particular in developing 
countries which are rich in biodiversity but 
are poor and struggling to catch up with the 
globalization challenge. Biodiversity 
constitutes the living natural resources that 
are found inhabiting our aquatic (including 
marine and fresh water) and terrestrial 
(including all the major biomes like forests) 
ecological systems. The role of the UN 
Convention on Biological Diversity (CBD) as 
the key international instrument to ensure the 
integration of biodiversity-related issues into 
the Millennium Development Agenda has 
been examined and underscored. In order to 
ensure sustainable development, it is 
necessary to conserve biodiversity and use it 
sustainably. 

Keywords:  Biodiversity ⏐ CBD ⏐ 

Sustainable Development ⏐ ex-situ  

 

 
 

 

Introduction 

Biodiversity plays a very important role in 
maintaining natural cycle and ecological 
balance. These are the basis of existence, 
wealth of human and sustainment of nature on 
the earth. At the moment due to many 
different reasons biodiversity resources have 
been decreasing in world. The term 
biodiversity or biological diversity describes 
the biological capital held within an area. It 
refers particularly to the differences between 
living organisms at different level of 
biological organization - gene, individual 
species and ecosystems. The Convention of 
Biological Diversity (CBD) defined 
biodiversity as the variability among living 
organisms from all sources including; inter 
alia, terrestrial, marine, and other aquatic 
ecosystems and the ecological complexes of 
which they are part. Biodiversity 
encompasses multiple values and is vital for 
the production of food and to conserve the 
ecological foundations needed to sustain 
people’s livelihood. Besides, sustainable 
development is the development which meets 
the needs of the present generation without 
compromising the ability of future 
generations to meet their own needs. This 
includes taking into account the impact of 
present decisions on the options of future 
generations. Three goals of sustainable 

International Journal for Environmental Rehabilitation and Conservation 
Volume II No. 1 2011 [72 – 80]    [ISSN 0975 - 6272] 

For Correspondence: 

Department of Zoology and Environmental Science 
Gurukula Kangri University Haridwar, India 
Email:gauravem222@gmail.com 



 

[ISSN 0975 - 6272]              Matta et al. 

 

Volume II Number 1 2011 [72 – 80] 

73
Biodiversity and Sustainable Development: A Review 

development have been identified which 
includes; i) economic well being ii) social and 
human development and iii) environmental 
sustainability and regeneration (Dalal-Clayton 
and Bass, 2002). 

The Context 

Sustainable development, according to the 
Brundtland Report of 1987, is development 
that meets the needs of the present generation 
without compromising the ability of future 
generations to meet their own needs. 

Put in the new globalised order, sustainable 
development is the integration of economic, 
social and environmental development 
considered as the inter-dependent and 
mutually reinforcing pillars which operate at 
the local, national, regional and global levels. 
Poverty eradication the change in 
unsustainable patterns of production and 
consumption and the protection and 
management of natural resources base of 
economic and social development are 
constantly cited as the over-arching objectives 
and essential requirements for sustainable 
development. 

One would question why these issues 
should be at the centre of all discussion on 
sustainable development.  The reasons are 
easy to find: 
 
1. There is a division of the human society 

into the rich and the poor, and there is an 

ever-increasing gap between the 

developed and the developing worlds. 

2. The global environment is presently 

under stress because 

(a) There are high population growth 
rates acting in concert with other 
human induced factors as 

underlying causes for habitat 
degradation and destruction. 

(b) There is continuing loss of 
biodiversity at rates much higher 
than can be replenished. 

(c) With the use of modern harvesting 
and other new technologies 
essential biodiversity stocks 
continue to be depleted. 

(d) As a result of our own actions and 
inactions, desertification has 
claimed more and more fertile 
lands. 

(e) Adverse effects of climate change 
are being witnessed every day. 

(f) Natural disasters have become 
more frequent and more 
devastating. 

(g) Several developing countries have 
become more vulnerable to 
economic hardships and have 
several compelling reasons to 
mortgage their natural resources 
for debt relief, and 

(h) Air, water and marine 
environments continue to be 
polluted through our industrial 
activities. 

3. The benefits and costs of globalization are 
unevenly distributed, and these have 
presented a new set of difficulties to 
developing countries to meet the 
globalization challenge. 

If nothing is done to reverse these global 
trends, the disparities will become entrenched, 
and sustainable development as a final goal 
for the global order will not be achieved. 
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The World Summit on Sustainable 
Development from which emerged the 
Johannesburg Plan of Implementation and the 
United Nations Millennium Development 
Goals (MDGs) was meant to avert a global 
disorder.  The focus of the Summit was to 
find consensus through dialogue on targets, 
time tables and partnerships to speedily 
increase access to such basic requirements of 
humanity as clean water, sanitation, adequate 
shelter, energy, health care, food security and 
the protection of biodiversity without 
compromising on environmental 
sustainability.  These were aptly summed up 
in the UN Secretary-General’s WEHAB 
Initiative of water, energy, health, agriculture 
and biodiversity. 

All these basic requirements of humanity as 
well as access to financial resources and other 
provisions to developing countries were 
agreed at the summit. The result is 
highlighted in the eight MDGs which 
embrace all the three pillars of sustainable 
development with implementation targets, 
schedules and time lines. 

The eight MDGs are summarized as follows: 

(1) Eradicate extreme poverty and hunger 

(2) Achieve universal primary education 

(3) Promote gender equality and empower 
women 

(4) Reduce child mortality 

(5) Improve maternal health 

(6) Combat HIV/AIDS, malaria and other 
diseases 

(7) Ensure environmental sustainability 

(8) Develop a global partnership for 
development 

All the 8 MDGs are inter-linked to the 
WEHAB initiative.  Water, Energy, Health 
and Agriculture are so well entrenched in 
cross-sectoral development plans and agenda 
of both developed and developing countries 
and their absence at any development process 
is immediately noticed.  It is not so with 
biodiversity.  Biodiversity as a political term, 
emerged just a little over a decade, and its 
assimilation into sustainable development 
agenda has been slow.  The situation is 
different with the WEHAB initiative, 
whereby biodiversity is being looked at in the 
same way as the others, as integral part of any 
plans for sustainable development.  The 
assembly of use indicators for biodiversity 
point to both sustainable and unsustainable 
use categories.  The direction of the pendulum 
to sustainable use is now considered the only 
guarantee to ensure the integrity of economic, 
social and environmental development which 
are the essential re-enforcing pillars of 
sustainable development.  Sustainable use of 
biodiversity is therefore a process to achieve 
the continual use of biodiversity for 
economic, social and environmental 
development for sustainable development. 
Sustainable use is defined as the use of 
components of biological diversity in a way 
and at a rate that does not lead to the long-
term decline of biological diversity, thereby 
maintaining the potential to meet the needs 
and aspirations of present and future 
generations. 
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The Challenges of Sustainable 
Development on Biodiversity                                                 

In the message to the 2002 World Summit on 
Sustainable Development (WSSD) in 
Johannesburg, South Africa, the UN Secretary 
General introduced the WEHAB initiative 
which recognized water, energy, health, 
agriculture and biodiversity as the basic 
necessity for life.  For the first time, outside 
the context of the Convention on Biological 
Diversity, biodiversity was recognized.  This 
has led to the wider acceptance of the 
importance of biodiversity and ecosystem 
services in achieving the MDGs and it has 
also provided the basis to link the 2010 target 
more effectively to the global sustainable 
development agenda. 

In April 2002 the 6th Conference of the Parties 
(COP) to the Convention on Biological 
Diversity holding in the Hague, the 
Netherlands, taking note of its existence for 
the past 10 years, noting that the rate of loss 
of biodiversity was still accelerating, and 
considering ways to address the threats to 
biodiversity, adopted a strategic plan, the 
purpose of which was to effectively halt the 
loss of biodiversity so as to secure the 
continuity of its beneficial uses through the 
conservation and sustainable use of its 
components and the fair and equitable sharing 
of benefits arising from the use of genetic 
resources. The CBD COP6 decision VI/26 
committed Parties to achieve by 2010 a 
significant reduction of the current rate of 
biodiversity loss at the global, regional and 
national level as a contribution to poverty 
alleviation and to the benefit of all life on 

earth. In a related event the ministerial 
segment of COP6 also made a declaration – 
the ministerial declaration – to strengthen 
efforts to put in place measures to halt 
biodiversity loss which is taking place at an 
alarming rate, at the global, regional, sub-
regional and national levels by the year 2010.  
The ministerial declaration further called on 
the World Summit on Sustainable 
Development which was forth coming then to 
confirm the commitment to have instruments 
in place to stop and reverse the current 
alarming biodiversity loss at the global, 
regional, sub-regional and national levels by 
the year 2010. 

Thus with the adoption of the Johannesburg 
plan of implementation of the WSSD, the 
summit reconfirmed the role of the 
Convention as the key instrument for the 
conservation and sustainable use of biological 
diversity and the fair and equitable sharing of 
benefits arising from its use.  The summit also 
recognized the critical role played by 
biodiversity in overall sustainable 
development and poverty eradication and also 
recognized that the achievement by 2010 of a 
significant reduction in the current rate of loss 
of biological diversity will require the 
provision of new and additional financial and 
technical resources. Thus when in May 2003 
the Secretariat of the Convention on 
Biological Diversity, the UNEP World 
Conservation Monitoring Centre (WCMC) 
and the United Nations Development 
Programme jointly convened a meeting in 
London to review the 2010 target, the Global 
Biodiversity challenge of 2010 had gathered 
momentum and the meeting was therefore 
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strategized to provide a better understanding 
of the 2010 target and how its achievement or 
otherwise could be assessed. 

Biodiversity, as defined in the context of the 
Convention on Biological Diversity, is the 
variability among living organisms from all 
sources including, inter alia, terrestrial, 
marine and other aquatic ecosystems and the 
ecological complexes of which they are part; 
this includes diversity within species, between 
species and of ecosystems. 

Biodiversity, literally, is the foundation upon 
which human civilization has been built.  In 
addition to its intrinsic value, biodiversity 
provides goods and services that underpin 
sustainable development in many important 
ways, thus contributing to poverty alleviation.  
First it supports the ecosystem functions 
essential for life on Earth, such as the 
provision of fresh water, soil conservation, 
and climate stability.  Second, it provides 
products such as food, medicines and 
materials for industry.  Finally, biodiversity is 
at the heart of many cultural values.  In total, 
biodiversity is life insurance for sustainable 
development. 

Loss of biodiversity, therefore limits 
sustainable development and for a more 
general usage to address the 2010 target, it is 
the long term reduction of abundance and 
distribution of species, ecosystems and genes 
and the goods and services they provide. 

The Response of Biodiversity 
Organizations to the challenge 

The Convention on Biological Diversity, 
being the key international instrument on 

biodiversity, has developed a strategy of 4 – 
goals and objectives to commit states Parties 
to the 2010 target to ensure the effective and 
coherent implementation of the three 
objectives of the Convention. 

The four goals are that: 

1) The Convention is fulfilling its leadership 
role in international biodiversity issues 

2) Parties have improved financial, human, 
scientific, technical and technological 
capacity to implement the convention  

3) National biodiversity strategies and action 
plans and the integration of biodiversity 
concerns into relevant sectors serve as an 
effective framework for the 
implementation of the objectives of the 
convention. 

4) There is a better understanding of the 
importance of biodiversity and of the 
Convention, and this has led to a broader 
engagement across society in 
implementation.  Each of these goals has a 
set of actions which parties are to embark 
upon to achieve at the local and national 
levels to reflect at the regional and 
international levels. 

In the commitment, Parties are expected to 
embrace fully the multi-year programme of 
work of the conference of the Parties until 
2010 which include ongoing programmes of 
work on both thematic areas and cross-cutting 
issues and implement these on the basis of 
national strategies and action plans and other 
national, regional and international activities. 
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The thematic areas are Dry and sub-humid 
lands biodiversity, Agricultural biodiversity, 
Forest biodiversity, Inland waters 
biodiversity, Marine and coastal biodiversity, 
and Mountain biodiversity. 

The Island biodiversity is a new thematic area 
that is being earmarked for in-depth 
consideration in the near future.  The cross-
cutting issues include Access and benefit 
sharing (ABS), Communication, education 
and public awareness (CEPA), Article 8(j) 
and related provisions, Incentives, Invasive 
Alien Species, Climate change, protected 
areas Global taxonomy initiative (GTI), 
Global Strategy for Plant Conservation 
(GSPC), Tourism and Sustainable use.  The 
Ecosystem approach, is the framework to 
implement the convention. 

It has been agreed among parties that the 
strategy to evaluate progress and 
implementation support of the 2010 target 
should involve two issues, namely: 

• Progress in the implementation of the 
strategic plan and follow-up actions 
involving the global targets and 
related measures such as monitoring 
and indicators and trends of 
biodiversity, and 

• Refinement of the mechanisms to 
support the implementation such as 
financial mechanism, clearing-house 
mechanism, technology transfer, 
capacity building etc.   

Many of these thematic and cross-cutting 
programmes of work referred to above are 
also handled by other multi-lateral 

organizations, agreements and initiatives, 
which sometimes even go to greater depths to 
treat the items because of their mandates.  The 
co-operation of all of these organizations is 
needed, and this calls for partnerships for 
various joint activities as in synergy 
promotion. 

 

The Consequences of doing nothing 

It has been established that sustainable 
development has, as its inter-dependent and 
mutually reinforcing pillars, the integration of 
economic, social and environmental 
development which operate at the local, 
national, regional and global levels. The 
absence of any one of the pillars brings 
disorder.  The consequence of doing nothing 
to halt the loss of biodiversity affects all the 
three pillars.  The cost of doing nothing 
therefore outweighs the cost of doing 
something.  So something must be done. It is 
worth noting the contribution of biodiversity 
to human security and development issues in 
relation to the Millennium Development 
Goals of 1, 4-6 and 7. These contributions are 
captured in the economic, ecological and 
social (cultural and societal) areas of human 
existence.  In the table, the delivery of the 
biodiversity service categories for livelihoods 
(MDG 1: poverty), food security (MDG 1: 
hunger), health (MDG 4-6) and the 
sustainability of the environment through the 
protection of biodiversity (MDG 7), show 
evidence of immense contribution of 
biodiversity to sustainable development.  The 
eradication of poverty and hunger, reducing 
child mortality, improving maternal health 
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and combating HIV/AIDS, malaria and other 
diseases, and ensuring environmental 
sustainability through the protection of 
biodiversity, take a big chunk off the plan of 
implementation of the WSSD.  It is argued 
that the remaining MDGs just fall in place 
when, through the biodiversity 2010 target, 
sustainable development is fully anchored. 

 

The tools needed to attain the 2010 target 

The following tools are needed for success in 
target-oriented biodiversity actions. 

• Communication, education and public 
awareness of the 2010 targets and the 
related MDGs to involve all stakeholders 
including the many organizations and 
initiatives, both national and international, 
public and private, individuals and 
communities 

• Use of selected, appropriate indicators 
that are  

- specific, measurable, achievable, 
realistic and time-related (SMART) 

- relevant and meaningful to diverse 
stakeholders 

- developed through a consultative 
process to ensure wide ownership 

- tested for their utility at different scales  

- formulated to take account of different 
timescales 

- cost effective and affordable 

- timely, both in terms of currency and 
sensitivity to change over appropriate 
timescales 

- related to country-specific objectives 
including poverty reduction and meeting 
the MDGs 

- integrated, constituting a set (or nested 
series) of increasingly aggregated 
indicators 

• Use of existing mandates and processes to 
continue the collection of data but 
reporting and management of information 
should be harmonised and streamlined in 
order to reduce duplications and to 
identify and promote synergies. 

• Capacity building efforts and technology 
transfer and co-operation should be 
vigorously pursued.  The necessary 
capacities, supported by the appropriate 
technologies, must be available at the 
national level to develop and implement 
the required strategies, including a focus 
on ecosystem services, assessment of 
progress in achieving the target, and 
communication of biodiversity values to 
all sectors.  The latter includes 
demonstrating the benefits of monitoring, 
assessment and reporting.  The need to 
apply biosafety conditions in 
biotechnology to ensure food security and 
human and environmental health is also to 
be emphasized. 

• Commitment on the part of a state party in 
ensuring that biodiversity-related issues 
are enshrined in all cross-sectoral 
programmes and that there is 
implementation of the national 
biodiversity strategy and action plans with 
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the provision of the necessary resources 
including finance. 

• Partnership is necessary and should be 
encouraged to bring on board all 
stakeholders of biodiversity.  This will 
constitute a useful tool to build co-
ordination and synergy in achieving the 
2010 target. 

Through partnerships, duplication of 
efforts will be reduced and resources will 
be properly utilised. 
 

What role is there for Botanic Gardens 
Conservation International? 

The question is whether there is a role for the 
BGCI in this dialogue between Biodiversity 
and Sustainable Development.  There is a role 
for BGCI in two initiatives of the CBD.  The 
two initiatives are the Global Taxonomy 
Initiative (GTI) and Global Strategy for Plant 
Conservation (GSPC) which have been 
established by the Convention on Biological 
Diversity for specific purposes. 

GTI is meant to underpin decision making in 
conservation of biological diversity by 
addressing the lack of taxonomic information 
on the identity of components of biological 
diversity in many parts of the world, and the 
need to build capacity for taxonomic activity 
in all regions, but especially developing 
countries, including reference materials, 
databases and taxonomic expertise relevant to 
the objectives of the Convention on 
Biological Diversity.  GSPC, on the other 
hand, is meant to provide a framework for 
policy on 16 action-oriented targets for plant 
conservation in the areas of understanding 

and documenting plant diversity, conserving 
plant diversity, using plant diversity 
sustainably, promoting education and 
awareness about plant diversity and building 
capacity for the conservation of plant 
diversity. 

The BGCI can study the 5 operational 
objectives of the GTI and offer advice on 
these and the included planned activities for 
the benefit of Parties to the Convention.  
Equally the BGCI can also undertake projects 
in specific countries to help answer the call in 
the 16 action-oriented targets of the GSPC, 
such as has been produced recently in the UK:  
Plant Diversity Challenge – the UK’s 
response to the Global Strategy for Plant 
Conservation. 

There are other roles for the BGCI in the 
work programme of the agricultural 
biodiversity and the alien invasive species 
issue.  For the agricultural biodiversity, the 
international pollinator initiative needs 
expertise in the taxonomy of plant species 
whose pollen are carried on the bodies of the 
pollinators as part of ensuring crop 
production.  This calls for intensive research 
and training on the pollination-pollinator 
mechanism including pollen morphology; and 
for the alien invasive species, the role of 
BGCI is seen in the contribution to 
communication, information and education of 
alien species using the guiding principles 
developed. 

Conclusion 

In the foregoing, an attempt has been made to 
relate biodiversity to the global millennium 
goals in order to achieve sustainable 
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development.  The long term perspective for 
sustainable development requires the broad-
based participation of various stakeholders in 
policy formulation, decision-making and 
implementation at all levels in particular of 
issues of biological diversity and this must be 
encouraged. 

The Botanic Gardens Conservation 
International, and other similar institutions, 
are considered as having major roles to play 
including to inform and educate their 
constituents on the tenets of biological 
diversity to sustainable development, and 
through this to support the efforts of the UN 
institutions and other processes such as the 
three Rio Conventions including the United 
Nations Framework Convention on Climate 
Change (UNFCCC), the United Nations 
Convention to Combat Desertification 
(UNCCD) and the United Nations Convention 
on Biological Diversity (UNCBD) to make a 
difference in the lives of those identified as 
vulnerable. 
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Abstract 

Algae play an important role in the economy 
of soil. A perusal of the literature reveals that 
the majority of the investigations on algae 
pertain to the life history and morphological 
studies with lesser emphasis on inter-
relationship between plant root and soil 
microbes like algae. In Yavatmal district most 
of the sugarcane fields located in Digras 
Taluka is under water from August to October 
(Rainy Season). It becomes marshy from 
October to December. From December to 
February the soil become further dried and 
forms a moist soil. Rhizosphere and Non-
rhizosperhic algal culture were cultured and 
flora was identified under Binocular 
microscope. Identified algae were used for 
making sub cultures; a few cells were drawn 
into a fine pipette, washed in sterilized water 
and transferred to 1.5 per cent De’s modified 
Beneck’s medium with agar in petridishes and  

 

 

 

 

 

 

 

test tubes. 1.5 per cent agar medium was 
prepared by mixing 15 gm of agarin one litre 
of De’s modified Beneck’s medium. The use 
of overdose of Inorganic fertilizers does not 
permit the establishment of soil micro flora 
especially the algal & Cynobacteria. This 
makes the soil Non Fertile and reduces the 
sugarcane production. 

Keywords:  Digras ⏐ Rhizosphere ⏐ Non-

rhizosperhic ⏐ De’s modified Beneck’s 

medium⏐ Cynobacteria 

Introduction 

Algae play an important role in the economy 
of soil. A perusal of the literature reveals that 
the majority of the investigations on algae 
pertain to the life history and morphological 
studies with lesser emphasis on inter-
relationship between plant root and soil 
microbes like algae.  

Investigations on soil microorganisms other 
than algae found that particular plants 
attracted specific groups or species of 
organisms (Katznelson et al., 1948) and in 
1960 Gonzalves and Yalavigi did experiments 
on rhizosphere algae of some crop plants and 
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came to the conclusion that the living plant 
furnishes algae in its rhizosphere with more 
suitable conditions for the growth and 
development.  

Sugarcane field of Yavatmal district of Digras 
Taluka shows different seasons and at 
different stages of crop growth. In Yavatmal 
district most of the sugarcane fields located in 
Digras Taluka are under water from August to 
October (Rainy Season). It becomes marshy 
from October to December. From December 
to February the soil become further dried and 
forms a moist soil. During summer i.e. from 
February to June, the soil becomes fully dried 
and vegetative stages of algal are usually not 
observed.  

This variation of habitat may further very at 
different location of the field. The different 
types of habitat in different season will allow 
the growth of different algae. To avoid 
elimination of any algal member, collection as 
well as culture studies were conducted. 
Collections of algae were done in different 
seasons while soil samples were collected in 
dry seasons. 

Materials and Method 

Non- rhizosphere soil samples  

Soil samples from similar depth (as that 
rhizosphere) away from the roots of the plants 
were taken for each variety of rice. These 
samples were inoculated into the culture 
media. Here also, multiple culture of the same 
sample in a variety of media were made to 
rule out the possibility of an alga missing 
from the observation. 

 

Collection of algae from fields 

Frequent visits to Sugarcane fields during 
rainy and winter season helped us to get 
maximum algal collections. These fresh 
collections were made with the help of 
scalpel, forceps and sieves and were collected 
in polythene bags. These were brought to the 
laboratory and identified and developed live 
cultures of it. 

Algal Cultures 

1. Culture Vessels 

Conical flasks, flat bottles, petri dishes were 
used in the cultures. These glasswares were 
wall washed first with vim powder, then twice 
with tap water. These were then rinsed with 
concentrated sulphuric acid and finally 
washed with distilled water, 3 to 4 times. 
Then the flask and bottles were closed with 
plugs of non-absorbant cotton, whereas the 
petri dishes were closed with its pair petri 
dishes. 

2. Culture Media 

Two types of cultures, liquid and moist, were 
prepared for studying the soil algae and fresh 
collections. The bottles and conical flasks 
were used for the liquid culture whereas petri 
dishes were used for the moist cultures. The 
culturing vessels with culture media were 
sterilized in an autoclave at 2 lbs pressure for 
20 minutes prior to inoculation. Nine different 
culture media were employed for culturing. 
They are as follows: 

Chu. No.10 (Modified) medium (Cerloff et 
al., 1950) 

Ca(NO3)2  -  0.04 gm 
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K2HPO4  - 0.01 gm. 

MgSO4. 7H2O  - 0.025 gm. 

Na2SiO3  - 0.020 gm. 

Ferric Citrate  - 0.025 gm. 

Citric acid  - 0.003 gm. 

A5 solution  - 1.0 ml 

Distilled water  - 1000 ml 

A5 trace element stock solution 

H3BO3   - 2.86 gm 

MnCl2 4H2O  - 1.81 gm 

ZnSO4. 7H2O  - 0.222 gm 

MoO3 (85%)  - 0.0177 gm 

CuSO4. 5 H2O  - 0.07 gm 

Distilled water  - 1000 ml 

Unialgal cultures 

In making sub cultures, a few cells were 
drawn into a fine pipette, washed in sterilized 
water and transferred to 1.5 per cent De’s 
modified Beneck’s medium with agar in 
petridishes and test tubes. 1.5 per cent agar 
medium was prepared by mixing 15 gm of 
agarin one litre of De’s modified Beneck’s 
medium. This solution was poured into petri 
dishes and test tubes aseptically after 
autoclaving.  

87 spps of algal forms were identified from 
digras soil of which 63 belongs to cynophyta, 
09 forms to chlorophyta, 02 forms belongs to 
Xanthophyta, 03 forms belongs to 
Euglinophyta, & 07 to Bacillariophyta. The 
63 forms of Cynophyta belongs to 23 genus, 
while the chlorophyta reperesnted by 09 

genus. The Xanthophyta is represented by 
single genus while three genus in 
Euglenophyta and 04 genus in 
bacillariophyta. This shows that cynophycean 
members are dominant in the cultivated fields. 
Out of the 87 spps of algal forms 21 spps of 
cynophycean member are nitrogen fixing 
forms. Only 16 spps were found in regularly 
cultivating sugarcane field. Out of the 16, 10 
were of Cynophycean member, 03 
chlorophycean member, 01 Xanthophycean 
member and 02 Bacillariophycean member. 
The n2 fixing forms were only just three spps 
in regularly cultivating sugarcane fields. The 
status of Soil algae in Digras region is quiet 
satisfactory especially the no. of N2 fixing 
forms in nearby areas, But the result of actual 
sugarcane field is not at all satisfactory. It can 
be one of the main causes in lower output of 
crop. 

Conclusion 

The use of large quantity of Inorganic 
fertilizers is a regular practice by the farmers 
to get higher crop production in this region. 
The higher dose of Inorganic fertilizers gives 
an inhibitory effect in the growth of soil 
microorganisms. The result of present study 
shows lower proportion of microorganisms in 
cultivated soil. This can be attributed to the 
methodology of cultivation. 

The use of overdose of Inorganic fertilizers 
does not permit the establishment of soil 
micro flora especially the algal & 
Cynobacteria. This makes the soil Non Fertile 
and reduces the sugarcane production. 
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S.No  Tuptakli Mandhawa Lakh 
Region Field Region Field Region Field 

 Cyanophyta       
1 Microcystis elabens +    +  
2 Microcystis marginata   +    
3 Microcystis stagnales + +  +  + 
4 Chroococcus minutus   +    
5 Chroococcus minor +     + 
6 Chroococcus turgidus +      
7 Chroococcus tenax    +  + 
8 Gloeothece palea      + 
9 Gloeothece samoensis      + 
10 Aphanocapsa biforms +      
11 Aphanocapsa nivalis    +  + 
12 Aphanocapsa pulchra + +  + + + 
13 Aphanothece pallida   +    
14 Arthrospira jenneri   +    
15 Oscillatoria anguina + + + + + + 
16 Oscillatoria animalis   +    
17 Oscillatoria acuta +  +    
18 Oscillatoria curviceps + +  + + + 
19 Oscillatoria chilkensis   +    
20 Oscillatoria decolorata     +  
21 Oscillatoria jasorvensis   +    
22 Oscillatoria jenensis + +  +   
23 Oscillatoria princpes +    + + 
24 Oscillatoria raoi   +    
25 Oscillatoria salina   +  +  
26 Oscillatoria tenuis    +  + 
27 Phormidium abronema +      
28 Phormidium bohneri +  +    
29 Phormidium Ceylanicum  + + +  + 
30 Phormidium fragile     +  
31 Phormidium luridum +      
32 Phormidium mucosum   +  +  
33 Phormidium tenue +      
34 Lyngbya allorgei   +    
35 Lyngbya ceylanica     +  
36 Lyngbya hieronymusii +  +    
37 Lyngbya kuetzingii +      
38 Lyngbya lachneri  +  + + + 
39 Lyngbya putealis   +  +  
40 Schizothrix tenuis +      
41 Symploca muscorum   +    
42 Anabacnopsis circularis     +  
43 Cylindrospermum musicola va longispora   +    
44 Nostoc commune + + + + + + 
45 Nostoc microscopicum +      
46 Nostoc muscorum   +  +  
47 Nostoc punctiforme +  +  +  
48 Nostoc spongiae forme     +  
49 Anabaena circinalis var crassa +    +  
50 Anabaena fertilissima   +    
51 Anabaena naviculoides +  +  +  
52 Anabaena torulosa +  +  +  
53 Aulosira aenigmatica +  +  +  
54 Plectonema tomasinianum     +  
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55 Scytonema hofmanni + + + + + + 
56 Tolypothrix nodosa   +    
57 Microchacte tenera +    +  
58 Microchacte uberrima       
59 Calothrix brevissima +      
60 Calothrix epiphytica + +  +  + 
61 Calothrix marchica   +    
62 Calothrix marchica va. erassa   +    
63 Stigonema hormoides     +  
 Chlorophyta       
1 Chlamydomonas mucicola +      
2 Chlorococcum humicola +      
3 Ankistrodesmus falcatus   +    
4 Scenedesmus arcuatus     +  
5 Scenedesmus dimorphus  +  + + + 
6 Protococcus viridis +  +  +  
7 Oedocladium indicum   +    
8 Oedogonium acerosum +  +  +  
9 Closterium acerosum   +    
10 Closterium acutum   +  +  
11 Closterium venus + +  +  + 
12 Cosmarium granatum +  +  +  
 Xanthophyta       
1 Vaucheria geninata +  +  +  
2 Vaucheria sessilis + + + + + + 
 Euglehophyta       
1 Euglena fusca +      
2 Phacus caudetus     +  
3 Prachelomonas hispida f. minor +  +  +  
 Bacillariophyta       
1 Synedra affinis   +    
2 Navicula clavata  + + +  + 
3 Navicula grivillei     +  
4 Cymbella cymbiformis + +  +  + 
5 Nitzschia dissipata +  +    
6 Nitzschia gracilis   +    
7 Nitzschia vermicularis +      
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