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During the period of 1985-1986, we have done a comprehensive research project to examiru 
and assess the impact of sewage disposal on the chemistry of a heavily polluted South-Easterr 
Mediterranean basin, the Eastern Harbor (E.H) of Alexandria, Egypt. During the first phase o 
our research project, the main objectives were to investigate the consequences of sewagi 
discharge on the water quality (ABOUL-I<ASSIM and DOWIDAR, 1990a,b), to construct th, 
cycles of carbon (ABOUL-KASSIM, 1987; ABDEL-MOAT! et al., 1991), nitrogen (EL-NADY e 
al., 1990) and phosphorus (DOWIDAR et al., 1990), to fractionate the living bioma&f 
components of the harbor using adenosine triphosphate method (ABOUL-KASSIM et al. 
1992) and finally to study the composition of suspended matter (ABOUL-KASSIM, 1987). Ou, 
goal in the seco~d phase of the project is to do a complete univariate and multivariatE 
statistical analyses, just to reduce the big data set, to evaluate the pathways of pollutan 
transport, the regions of concentrations, and to identify some statistically significant enc 
members; well representing the study area; and finally to conceptually computer model thE 
environment of Alexandria. 

When using the multivariate statistics approach for interpreting a chemical analyses datl 
(ABOUL-KASSIM, 1992), there are three main goals when studying the distribution oJ 
pollution tracers in any sewage-impacted coastal environment. The first objective is t( 

determine the number of significant systems which are contributing to the observed samplE 
compositions. A system is defined as a source of the group of compounds studied (in our case 
N, P & C species as well as some environmental parameters). One method of studying tlu 
nutrient composition of the marine environment is to inspect the concentrations of tha· 
fractions of all samples in an area in order to determine the number of systems presen 
(Visual Pattern Recognition). A system is easily discerned if one or more samples contain , 
high proportion of that system and if the system's pattern is very different from the patterns o 
the other systems. Many times these conditions are not met because most samples arE 
mixtures of many systems and it would be fertuitous that one sample would contain only om 
system. The second objective is to determine the chemical composition of the pure enc 
member (the composition of a hypothetical sample containing 100% of one system). A majo1 
problem with the visual method is how far to extrapolate beyond the compositions of thE 
sample richest in one system. The third objective is to determine the distribution of tru 
systems in each saJilPle. It is difficult to visually estimate how much of each system is in eacl1 
sample except in gneral terms such as small, moderate or large amounts. So, in this paper, WE 

will use Q-Mode Foctor Analysis and Partitioning by Linear Programing Technique (LPT) jusl 
to: 1- identify specific end members in the marine environment of Alexandria harbor, 

2- obtain the composition of the pure end members from factor scores, 
3- construct the distribution of the systems within each sample from factor loadings. 

Within this statistical approach, it is possible to assign the percentage contribution fron 
various sources to the observed· distribution of all chemical parameters in each sample. 

Factor analysis has been recentally used in Environmental Chemistry (ABOUL-KASSIM, 
1992), and very few studies have been done in the Mediterranean region (EL-5A YEO et al. 
1988; FRIHY and GAMA!, 1991; GARDNER et al., 1990). Q-Mode factor analysis technique if 
based on grouping a multivariate data set based on the data structure defined by the similarity 
between samples. By applying this fancy technique to our big data set1 three significant 
principal factor loading scores were obtained, giving information about the sample variatior 
of about 89.1%, 4.%% and 3.31%, respectively (maximum cumulative information of 9'7.37%). 

The factor loading matrix which represent the sample representation in the gtodel anc 
iodicated that the importance of each of the factors or end members in each sample (i.e. th, 
better the model the closer the communality of the sample will be to 1.0). After varimai 
rotation of the composition scores, three significant end members were resulted, domina~ 
by variables as salinity (5%.), total nitrogen (TN) and total suspended matter (TSM) 
respectively. A modification of Q-Mode factor analysis provides an objective means for eru 
member routine. Factor analysis has not often been used to determine the actual compositior 
of end member sources, because the transfer of the original data variables during the analysil 
result in negative factor scores for some variables and negative concentrations of som◄ 
variables in the end members. Because of the orthogonality constraints, one vector must havi 
negative contributions from one of the variables. This can be solved by using a non 
orthogonal rotation of end member vectors, toward the mean vector to bring the enc 
members into the positive vector space. To solve the partitioning model, a non-orthogona 
end members were used by using a rotation called oblique rotation. By using the LPI', a set o: 
equations were applied so as to correct the initial end member compositions and theii 
abundance in samples so as to better fit the observed multivariate data set. This will hel1 
specify and select the composition of the end members, so that they are very close the true en< 
members composition. Figure 1 show~ the end member after partitioning by LPT. Th, 
importance of salinity as end member comes from the continuous dilution of the harboi 
water with low salinity domestic sewage as well as the continuous mixing of the harbor wate1 
with ru,ritic Mediterranean water. These three significant end members are well describing th, 
data set, iodicating the important part played by sewage disposed to the bay with its importan, 
portions of TN and TSM (Figure 1). 

An important conclusion concerning the application of factor analysis in our chemica 
analyses data is that the large amoWlt of data is reduced to a very few systems "end members" 
This significant end members will be usefull to construct an environmental model in the nea 
future work. The method of factor analysis is not limited to marine water samples and coul< 
be used to study rocks, gases as well as biological samples. 
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