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Assessment of seasonal changes in surface water quality is an important aspect for
evaluating temporal variations of river pollution due to natural or anthropogenic inputs of
point and non-point sources. In this study, surface water quality data for 16 physical and
chemical parameters collected from 22 monitoring stations in a river during the years from
1998 to 2001 were analyzed. The principal component analysis technique was employed to
evaluate the seasonal correlations of water quality parameters, while the principal factor
analysis technique was used to extract the parameters that are most important in
assessing seasonal variations of river water quality. Analysis shows that a parameter that is
most important in contributing to water quality variation for one season may not be
important for another season except for DOC and electrical conductance, which were
always the most important parameters in contributing to water quality variations for all

four seasons.

© 2006 Elsevier Ltd. All rights reserved.

1. Introduction

Pollution of surface water with toxic chemicals and eutro-
phication of rivers and lakes with excess nutrients are of
great environmental concern worldwide. Agricultural, indus-
trial, and urban activities are considered as being major
sources of chemicals and nutrients to aquatic ecosystems,
while atmospheric deposition could be an important source
to certain constituents such as mercury and nitrogen. The
concentrations of toxic chemicals and biologically available
nutrients in excess can lead to diverse problems such as toxic
algal blooms, loss of oxygen, fish kills, loss of biodiversity, and
loss of aquatic plant beds and coal reefs (Vousta et al., 2001).
Nutrient enrichment seriously degrades aquatic ecosystems
and impairs the use of water for drinking, industry, agricul-
ture, and recreation and for other purposes.

Pollution of the lower St. Johns River (LSJR) with contami-
nants such as nutrients, hydrocarbons, pesticides, and heavy
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metals comes from both point and non-point sources, which
are the results of storm water runoff, discharge from ditches
and creeks, groundwater seepage, aquatic weed control,
naturally occurring organic inputs, and atmospheric deposi-
tion. The degradation of water quality due to these con-
taminants has resulted in altered species composition and
decreased overall health of aquatic communities within the
river basin (Campbell et al., 1993; Durell et al., 2001). With
increased understanding of the importance of drinking water
quality to public health and raw water quality to aquatic life,
numerous efforts have been devoted to restoring the health of
the LSJR and preventing its further pollution during the last
several decades. One of such critical efforts was the develop-
ment of the surface water monitoring network.

Surface water quality monitoring within the LSJR has been
conducted by various agencies, and at varying levels of
intensity since 1956. The primary objectives are to identify
water quality problems, describe seasonal and spatial trends
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for developing qualitative and quantitative models of riverine
ecosystem, and determine permit compliance. Since its
inception, the monitoring network has become one of the
most critical efforts in the assessment of surface water
pollution in the LSJR and has been a significant resource for
others working to prevent pollution of the river. However,
although such long-term survey and monitoring programs are
very critical to a better knowledge of hydrology, geochemistry,
and pollution in the LSJR, they produce large sets of data that
are often difficult to interpret and are not fully explored.

The problems of data reduction and interpretation, char-
acteristic change in water quality parameters, and indicator
parameter identification can be approached through the use
of the principal component analysis (PCA) and principal
factor analysis (PFA). PCA and PFA are multivariate statistical
techniques used to identify important components or factors
that explain most of the variances of a system. They are
designed to reduce the number of variables to a small number
of indices (i.e., principal components or factors) while
attempting to preserve the relationships present in the
original data. Details for mastering the arts of PCA and PFA
are published elsewhere (Davis, 1986; Manly, 1986; Wack-
ernagel, 1995; Tabachnick and Fidell, 2001).

In recent years, the PCA and PFA techniques have been
applied to a variety of environmental applications, including
evaluation of ground water monitoring wells and hydro-
graphs, examination of spatial and temporal patterns of
surface water quality, identification of chemical species
related to hydrological conditions, and assessment of envir-
onmental quality indicators (Shine et al., 1995; Vega et al.,
1998; Yu et al., 1998; Perkins and Underwood, 2000; Tauler et
al,, 2000; Voutsa et al., 2001; Gangopadhyay et al., 2001;
Bengraine and Marhaba, 2003; Ouyang, 2005). These studies
provided invaluable insights into the applications of the PCA
and PFA techniques to environmental management and
protection studies.

Characterization of seasonal changes in surface water
quality is an important aspect for evaluating temporal
variations of river pollution due to natural or anthropogenic
inputs of point and non-point sources. In addition, pollutants
entering a river system normally result from many transport
pathways including storm water runoff, discharge from
ditches and creeks, vadose zone leaching, groundwater
seepage, and atmospheric deposition. These pathways are
seasonal-dependent. Therefore, seasonal changes in surface
water quality must be considered when establishing the
pollutant load reduction goals (PLRGs) and developing the
total maximum daily loads (TMDLs). The aim of this study is
to apply the PCA and PFA techniques to evaluate the seasonal
correlations of water quality parameters and to extract those
parameters that are most important in assessing seasonal
variations of the LSJR water quality.

2. Materials and methods
2.1.  Study area

The LSJR basin is located in northeast Florida, USA between
29° and 30° north and between 81.13° and 82.13° west (Fig. 1).

It is an area of approximately 7200km?. The LSJR is a sixth
order, dark-water river estuary, and exhibits characteristics
associated with riverine, lacustrine, and estuarine environ-
ments. The average gradient of the river is 0.022 m/km with
average tidal amplitude of 1.5m at the ocean inlet. The land
uses within the basin largely consist of residential, commer-
cial, industrial, mining, livestock, pasture, row crops, forestry,
and water. Series of water quality problems have been
identified and addressed since the 1950s. These include point
and non-point source pollutants such as nutrients, hydro-
carbons, pesticides, and heavy metals (Campbell et al., 1993;
Durell et al., 2001).

2.2. Data

In this study, twenty-two (22) monitoring stations located in
the main stem of the LSJR (Fig. 1) and sixteen (16) physio-
chemical parameters (Table 1) obtained from each station
were used for analysis. These datasets were collected during
March 1998-March 2001 by staff from the SJRWMD. The
datasets contain the agency monitoring stations, measured
parameters and values, latitude and longitude information,
and dates of data collection. The stations are located at places
where conditions are most representative and homogeneous,
away from transitional areas such as point source mixing
zones and near-shore regions (SJRWMD, 1994). The sampling
timing is planned in advance without regard to capturing
temporary events.

A thorough review of the existing datasets reveals that the
data were collected at different times of the day and/or
different days of the month. In addition, some stations have
been used to collect the physiochemical parameters for about
20 years, while others have just been used to collect the same
parameters in recent years. For the purpose of this study, a 3-
year time period with a seasonal mean value for each
parameter was selected, considering the data availability for
PCA and PFA techniques.

2.3.  PCA and PFA analysis

The PCA and PFA were performed on SAS (statistical analysis
system) software, version 8, developed by SAS Institute Inc.
(1999), using the PRINCOMP and FACTOR modules. In
mathematical terms, PCA and PFA involve the following five
major steps: (1) start by coding the variables x;, x,,...,x, to
have zero means and unit variance, i.e., standardization of
the measurements to ensure that they all have equal weight
in the analysis; (2) calculate the covariance matrix C; (3) find
the eigenvalues /4, /,,...,4, and the corresponding eigenvec-
tors as, ay,...,ay; (4) discard any components that only account
for a small proportion of the variation in datasets; and (5)
develop the factor loading matrix and perform a varimax
rotation on the factor loading matrix to infer the principal
parameters. In this study, only those components or factors
exhibiting an eigenvalue of greater than or close equal to
one were retained (Voutsa et al, 2001; Bengraine and
Marhaba, 2003).

In order to distinguish the variations of each parameter for
a given season, the data was divided into four distinct
temporal databases. Winter corresponded from 21 December
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Table 1 - The water quality parameters associated with to 20 March, spring from 21 March to 20 June, summer from 21

their abbreviations and units used in this study June to 20 September, and fall from 21 September to 20
December. Therefore, four seasonal separation principal

Parameter Abbreviation Unit components or factors were performed.

Water temperature T °C

Color Color Platinum-cobalt . .

Electrical conductance EC umhos/cm 3. Results and discussion

Dissolved oxygen DO mg/1

5 day BOD BOD mg/l 3.1. Seasonal correlation of water quality parameters

pH pH PH units

Total alkalinity, (as CaCOs) Alkal mg/1 Data in Table 2 provide the seasonal correlation matrix of the

Salinity Sal ppt water quality parameters obtained from the PCA. In general,

Total ammonia—pitrogen I mg/l the river water temperature had relatively weak to fair

Total Kjeldahl-nitrogen TKN mg/1 . . . .

Dissolved nitritesnitrate DNO, -] correlations, i.e., most of the correlation coefficients are less

Total phosphorus TP mg/l than 0.7 (absolute value) with other parameters for the entire

Orthophosphate-phosphorus PO, mg/l four seasons. In spring, the correlation coefficients between

Total organic carbon TOC mg/l temperature and other parameters were less than or equal to

Dissolved organic carbon DOG mg/l 0.55 except for turbidity (0.65). Such correlations had slightly

Turbidity Turb roifm changed in summer with a positive increase in correlations

with TKN (0.67), TOC (0.65), and DOC (0.62) as well as a
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negative increase in correlations with EC (—0.65), alkalinity
(—0.62), and salinity (—0.71). The positive increase in correla-
tions with the organic-related parameters such as TKN, TOC,
and DOC was a result of a faster decomposition of organic
matter with higher temperature in summer. However, a
negatively increase in correlations with the mineral-related
parameters such as alkalinity and salinity could be attributed
to the dilution effect during the wet summer season. The
correlation coefficients between temperature and other para-
meters fell below the absolute value of 0.67 in fall, indicating
relatively fair correlations. It is interesting to observe that a
good correlation (0.81) between temperature and biochemical
oxygen demand (BOD) was found in winter. This indicates
that the BOD in the river was temperature-dependent during
the winter months. It should be noted that few efforts have
been devoted to investigating the correlations among the
variables used in this study in an estuarine environment
like the LSJR. Bengraine and Marhaba (2003) investigated the
annual physical and chemical characteristic changes of the
Passaic River, New Jersey, USA using data collected in 1998.
These authors found that the water temperature had very
weak correlations with other water quality parameters such
as pH, color, DO, TOC, and BOD, which were, in general,
similar to our findings although no seasonal analysis was
performed by these authors.

Water color is an important index of river TOC and DOC
contents. Data in Table 2 reveal that water color had very
strong correlations (0.83-0.98) with DOC for all of the four
seasons. Similar correlations (with a slightly decrease) were
found between water color and TOC (0.71) in winter. These
findings were confirmed by our previous study (Ouyang, 2005).
This occurred because the rate of TOC load from watersheds
into the LSJR was low during the dry winter season. Strong
correlations between water color and DO were found in
spring (0.94) and winter (0.81), whereas poor correlations were
observed in summer (0.33) and fall (0.37). Bengraine and
Marhaba (2003) reported that very poor correlations was
found between water color and DO (—0.06) as well as water
color and TOC (0.16) in their annual analysis, these correla-
tions were much poorer than those obtained in our study. The
discrepancies could occur partially because of different river
environments and partially because of no seasonal analysis
by Bengraine and Marhaba (2003).

Very strong correlations between DO and organic-related
parameters (i.e.,, TKN, TOC and DOC) were also found in
spring, but the correlations were moderately reduced
in summer and profoundly in fall, and finally recovered in
winter (Table 2). That is, the correlation coefficients between
DO and TKN, DO and TOC, and DO and DOC were,
respectively, 0.91, 0.91, and 0.92 in spring, 0.79, 0.67, and
0.68 in summer, 0.34, 0.40, and 0.44 in fall, and 0.81, 0.51, and
0.91 in winter. These data imply that DO was not always
highly correlated with TKN, TOC, and DOC in the LSJR.
Therefore, seasonal variations should be considered when
using DO as an indicator to evaluate surface water quality. It
should be noted that several studies have been devoted to
investigating the river water quality (Canfield et al., 1984; Vega
et al., 1998; Bengraine and Marhaba, 2003; Muslim and Jones,
2003). However, theses studies had either no seasonal
analysis (e.g., Canfield et al., 1984; Bengraine and Marhaba,

2003) or not included the correlations between DO and
organic-related parameters (i.e., TKN, TOC, and DOC), which
made it difficult for comparisons to our findings.

Little research has been devoted to investigating the
relationship between BOD concentrations and watercolor
changes. Results from the PCA showed that only small
variations in correlation coefficients (ranging from 0.52 to
0.65) were observed between BOD and water color for the
entire four seasons. In contrast, large seasonal variations in
correlation coefficients between BOD and organic-related
parameters (i.e., TKN, TOC, and DOC) were found in the LSJR.
The correlation coefficients between BOD and TKN, BOD and
TOC, and BOD and DOC were, respectively, 0.69, 0.50, and 0.52
in spring, 0.86, 0.63, and 0.64 in summer, 0.56, 0.46, and 0.39 in
fall, and 0.35, 0.08, and 0.56 in winter. Similar correlation
patterns among BOD, TOC, and DOC were also observed in
fresh water lakes in Florida (Canfield et al., 1984; Haven, 2003).
It is interesting to note that a good correlation (0.80) occurred
between BOD and pH in spring.

Although the water pH had good correlations with EC (0.83),
alkalinity (0.84), and salinity (0.83) in fall, such correlations
became very poor in spring, summer, and winter. In general,
alkalinity always had good correlations with EC and salinity
for the entire four seasons. Specifically, such correlations
were weaker in summer than in the rest of the three seasons.
This could have occurred due to the dilution effects on
alkalinity during the wet summer season. Data in Table 2 also
shows that DNO, had very good correlations with TP and PO,
in spring, summer, and fall, but the correlations became weak
in winter. This could be a result of the low nitrification rates
during the low temperature in winter.

3.2.  Temporal variations of water quality parameters

In PCA, eigenvalues are normally used to determine the
number of principal components (PCs) that can be retained
for further study. A scree plot for the eigenvalues obtained in
this study shows a pronounced change of slope after the third
eigenvalue (Fig. 2). Cattell and Jaspers (1976) and Vega et al.
(1998) suggested using all of the PCs up to and including the
first one after the brake. Therefore, the first four PCs will be
used for further analysis. These four PCs have eigenvalues
greater than or close to unity and explain 96.7%, 91.8%, 96.7%,
and 93.2% of the total variances of information contained in
the original dataset, for spring, summer, fall, and winter,
respectively.

Projections of the original variables on the subspace of the
PCs are called component loadings and coincided with the
correlation coefficients between PCs and variables. In other
words, the component loadings are the linear combinations
for each principal component, and express the correlation
between the original variables and the newly formed
components. The component loadings can be used to
determine the relative importance of a variable (or parameter
in this study) as compared to other variables in a PC and do
not reflect the importance of the component itself.

Component loadings of the first two retained PCs for each
season are presented in Figs. 3 and 4. In spring, the principal
component 1 (PC1) explained 56.8% of the total variance and
was positively and largely contributed by organic-related
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Fig. 2 - Scree plot of the eigenvalues of principal components in spring, summer, fall, and winter.

parameters (i.e., TKN, TOC, and DOC) and physical parameters
(i.e., color, DO, and BOD) and was negatively affected by
mineral-related parameters (i.e., alkalinity, salinity, and EC)
and inorganic nutrients (i.e., TNH;, DNO,, TP, and PO;3).
Therefore, this component seems to measure the preponder-
ance of physical and organic-related water quality parameters
over the mineral and inorganic nutrient-related water quality
parameters. This component also reveals that the water
temperature and turbidity were less important in accounting
for river water quality variations in spring since the loading
(eigenvector) coefficients were low for these two parameters.

PC2 explained 26.8% of the total variance and was positively
and largely contributed to by TNHs, DNO,, TP, PO, 3, tempera-
ture, and turbidity and was negatively and largely due to pH,
alkalinity, and salinity (Fig. 3b). This component distinguishes
the importance of anthropogenic inputs (e.g., TNHs, DNO, TP,
and PO;°) and physical parameters (e.g., temperature and
turbidity) over the natural inputs (e.g., pH, alkalinity, and
salinity).

Similar component loading patterns were obtained for PC1
and PC2 in summer (Fig. 3c and d) except for turbidity. That is,

PC1 (which explained 55.6% of the total variance) was
positively contributed by the physical and organic-related
parameters (i.e., color, DO, BOD, TKN, TOC, and DOC) and was
negatively affected by the mineral and inorganic nutrient-
related parameters (i.e., alkalinity, salinity, EC, TNH3, DNO,
TP, and PO, ), whereas the PC2 (which explained 20.7% of the
total variance) was positively contributed by anthropogenic
inputs (i.e., DNO,, TP, and PO;?) and temperature and was
negatively impacted by natural inputs (i.e., pH and alkalinity).

Unlike the cases for PC1s in spring and summer, the PC1 in
fall, which explained 54.2% of the total variance, was
positively contributed by mineral and inorganic nutrient-
related parameters (i.e., alkalinity, salinity, TNH3, DNOy, TP,
PO,?, and pH) and was negatively participated by the physical
and organic-related parameters (i.e., color, DO, TKN, TOC, and
DOC) (Fig. 4a). Such opposite results (as compared to those in
spring and summer) further reveal a highly seasonal variation
of water quality parameters in this dynamic river system.

In winter, the PC1, which accounted for 52.5% of the total
variance, was positively influenced by organic-related para-
meters (i.e., TKN, TOC, and DOC) and physical parameters
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Fig. 3 - Component loadings for the first component (PC1) and the second component (PC2) in spring and summer.

(i.e., temperature, DO, BOD, and color) and was negatively
affected by the mineral and nutrient related parameters (i.e.,
alkalinity, salinity, EC, TNHs, TP, and PO,>) as indicated in Fig.
4c. This component also demonstrates that pH, DNO,, and
turbidity were less important in accounting for river water
quality variations in winter since the loading (eigenvector)
coefficients were low for these three parameters.

Vega et al. (1998) investigated the seasonal and polluting
effects on water quality of the Pisuerga River (Duero basin,
Spain) using exploratory data analysis. These authors re-

ported that the overall component loadings (i.e., no seasonal
loading provided) for 22 experimental variables used in their
study were 46.1% and 19.0%, respectively, for PC1 and PC2.
These values were lower than those from our study. In
addition, the PC1 in their study was mostly contributed by
chloride, bicarbonate, sulfate, conductivity, dissolved solids,
hardness, calcium, potassium, magnesium, and sodium,
whereas the PC1 in our study was largely contributed by
organic-related parameters (i.e,, TKN, TOC, and DOC) and
physical parameters (i.e., color, DO, and BOD). We attributed
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Fig. 4 - Component loadings for the first component (PC1) and the second component (PC2) in fall and winter.

the discrepancies to the different river environments and
different water quality parameters as well as to the different
time periods (i.e., seasonal vs. overall) used in each study.
Results suggested that water quality variables that play
important roles in influencing river water quality in one
environment may not be important in another environment.

3.3.  Identification of important seasonal water quality
parameter

As can be seen in Figs. 3 and 4, PC1 and PC2 for all of the
seasons were highly influenced (negatively or positively) by
most of the variables, thus hindering the interpretation
regarding which parameters are more important than the
others in influencing water quality variations within a given

season. Therefore, the PFA is needed to circumvent the
ambiguity in the data.

Data in Table 3 show the rotated correlation coefficients for
the first four factors in each season. The reason to retain the
first four factors for analysis is that these four factors account
for 97.2%, 93.8%, 98.1%, and 94.7% of the total variances in
spring, summer, fall, and winter, respectively. The rest of the
12 factors accounted for only small percentages of the total
variances and had very low and insignificant correlation
coefficients. In this study, any water quality parameter with
an absolute correlation coefficient value>95% was consid-
ered to be an important parameter contributing to seasonal
variations of the LSJR water quality.

The most important water quality parameters that can be
used to evaluate seasonal variations of the LSJR water quality
are given in Table 4. This table was compiled based on the 95%
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Table 3 - Rotated factor correlation coefficients for each

season

Variable Factorl Factor2 Factor3 Factor4
Spring

Alkal —0.96306 —0.07118 0.15123 0.10428
BOD 0.41243 —0.32335 0.8009 0.03543
Color 0.96165 —-0.17912 0.11963 —0.07139
DNO, —0.16525 0.86451 —0.41863 0.12313
DO, 0.87743 —0.27799 0.26432 —0.23151
DOC 0.98682 —0.08077 0.11502 —0.01972
EC —0.95618 0.10905 —0.14923 —0.02065
pH 0.08256 —0.14349 0.94846 —0.17078
PO, —0.17395 0.82221 —0.38214 0.3313
Sal —0.98002 0.02336 —0.14753 0.06255
T 0.27897 0.82888 0.34301 0.15785
TKN 0.93102 —0.0856 0.31629 0.0367
TNH; —0.14069 0.52802 —0.16954 0.81372
TOC 0.98727 0.00807 0.13081 —0.05834
TP —0.41088 0.80962 —0.24623 0.32554
Turb —0.01785 0.9017 —0.10379 —0.08898
Summer

Alkal —0.90236 —0.26929 0.2066 0.16047
BOD 0.5075 —0.69468 0.26554 0.15174
Color 0.76803 —0.23826 —0.10138 0.10582
DNO, —0.27951 0.87099 —0.25892 0.00661
DO, 0.53335 —0.69465 0.26727 0.02897
DOC 0.95135 —0.22508 —0.1197 0.10237
EC —0.85982 0.41332 —0.07039 —0.0253
pH —0.21044 —0.37922 0.85296 —0.05751
PO, 0.11383 0.96174 —0.06013 —0.20117
Sal —0.89449 0.38968 —0.0757 —0.057
T 0.75278 0.19399 0.31131 0.10719
TKN 0.84453 —0.42028 0.08303 0.19544
TNH;3 —0.16696 0.04926 —0.15841 0.1988
TOC 0.96518 —0.20495 —0.09959 0.03714
TP —0.38959 0.87563 —0.01754 —0.20691
Turb 0.10711 —0.26404 —0.03787 0.91295
Autumn

Alkal 0.91455 —0.37382 —0.03261 0.0069
BOD —0.21279 —0.74356 0.10827 —0.56318
Color —0.90868 —0.36699 0.06759 —0.15543
DNO, —0.04526 0.96876 —0.19462 —0.00025
DO, —0.27429 —0.10441 0.91644 —0.17005
DOC —0.96898 —0.10857 0.14354 —0.15155
EC 0.96213 0.17009 —0.09062 0.17922
pH 0.91494 —0.07054 0.26502 —0.05287
PO, —0.02261 0.99586 —0.01262 0.02444
Sal 0.96209 0.14041 —0.10136 0.1973
T —0.31602 —0.56933 —0.60541 —0.255
TKN —0.91734 —0.24902 0.01328 —0.255
TNH;3 0.48366 —0.10584 —0.10313 0.80814
TOC —0.95796 -0.17186 0.08973 —0.19492
TP 0.16755 0.97175 0.09386 —0.01655
Turb 0.34031 0.75605 0.24763 —-0.21101
Winter

Alkal —0.89442 —0.37145 —0.04053 0.14908
BOD 0.35378 —0.73812 0.12121 0.39811
Color 0.91404 —0.12819 0.01105 0.20053
DNO, 0.13539 0.12964 0.97071 0.03391
DO, 0.87323 —0.30619 0.09233 —0.06143
DOC 0.96187 —0.19198 0.07219 0.07802
EC —0.97975 0.13986 —0.04255 —0.10808
pH —0.02172 —0.55115 0.30645 0.14179
PO, —0.09743 0.93674 0.20278 —0.02366

Table 3 (continued )

Variable Factorl Factor2 Factor3 Factor4
Sal —0.98044 0.11558 —0.04715 —0.12566
T 0.56262 —0.43562 —0.02091 0.64911
TKN 0.96054 —0.00675 —0.20951 0.07907
TNH;3 —0.81778 —0.02577 —0.13552 —0.22518
TOC 0.7607 0.17736 —0.60402 0.08261
TP —0.07632 0.97423 0.10913 0.09298
Turb 0.13004 0.82075 —0.19258 —0.35069

Table 4 — Most important water quality parameters for

each season

Season Positively Negatively correlated
correlated parameter
parameter

Spring Color, DOC, TOC Alkalinity, EC, salinity

Summer DOC, pof’ TOC Alkalinity

Fall DNO,, EC, PO;>, TP, DOC, TOC

salinity

Winter DOC, TKN, TP EC, salinity

These parameters were selected with factor correlation coeffi-
cients greater than 95%.

selection criterion. In spring, the organic-related parameters
(i.e., water color, DOC, and TOC) as well as the mineral-related
parameters (i.e., alkalinity, EC, and salinity) are the most
important parameters in contribution to water quality varia-
tions in the LSJR although the organic-related parameters
were positively correlated while the mineral-related para-
meters were negatively correlated in water quality seasonal
variation. These organic- and mineral-related parameters
may be interpreted as representing influences from natural
inputs.

Only three parameters (i.e., DOC, PO;3, and TOC) were
identified as the most important parameters and positively
contributed to water quality variations in summer (Table 4). In
fall, the inorganic nutrients (i.e., DNO,, PO;3, and TP),
mineral-related parameters (i.e., EC and salinity), and organ-
ic-related parameters (i.e., DOC and TOC) were found to be
the most important parameters for the river water quality
variations. The inorganic nutrients may be interpreted as
representing influences from anthropogenic inputs. It should
be noted that a distinct difference was obtained between fall
and spring. The organic-related parameters were negatively
correlated and the mineral -related parameters were posi-
tively correlated to water quality variations in fall, whereas
the opposites were true in spring. During winter, the nutrient-
related parameters (i.e., PO;3, TKN, and TP) and DOC were
positively correlated and the mineral-related parameters (i.e.,
EC and salinity) were negatively correlated to water quality
variations. Data in Table 4 further reveal that DOC and EC
were always the most important variables contributing to
water quality variations in the LSJR for all four seasons.
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This study demonstrated that a water quality parameter that
is important in contribution to water quality variation for one
season may not be important for another season. Therefore,
when selecting water quality parameters for the establishment
of pollutant load reduction goals (PLRGs) and the development
of total maximum daily loads (TMDLs), the seasonal water
quality parameter variations must be considered.

4, Conclusions

1. In this study, surface water quality data for 16 physical and
chemical parameters collected from 22 monitoring sta-
tions along the main stem of the lower St. Johns River
(LSJR) in Florida, USA from 1998 to 2001 were analyzed,
using the PCA and PFA techniques. Results from the PCA
show that river water temperature had relatively fair to
weak correlations with other water quality parameters for
the entire four seasons except for BOD in winter, which
had a correlation coefficient of 0.8. This occurred because
a decrease in water temperature decreased BOD due to the
low biological activities in winter.

2. Strong correlations between the DO and the organic-
related parameters such as TKN, TOC and DOC were
found in spring (>0.90), but the correlations were reduced
moderately in summer (<0.79) and sharply in fall (<0.44),
and finally recovered in winter (0.51-0.91). Strong correla-
tions between DO and water color was also found in spring
(0.94) and winter (0.81), whereas weak correlations were
observed in summer (0.65) and fall (0.37). The data indicate
that DO was not always highly correlated to TKN, TOC,
DOC and water color. Therefore, seasonal variations
should be considered when using DO as an indicator
parameter to evaluate surface water quality in the LSJR.

3. Large seasonal variation in correlations between BOD and
organic-related parameters were found in the LSJR. The
correlation coefficients between BOD and TKN, BOD and
TOC, and BOD and DOC were, 0.69, 0.50, and 0.52 in spring,
0.86, 0.63, and 0.64 in summer, 0.56, 0.46, and 0.39 in fall,
and 0.35, 0.08, and 0.56 in winter, respectively.

4. In general, alkalinity had good correlations (0.62-0.92) with
EC and salinity for the entire four seasons but was
somewhat weaker in summer (0.62). This occurred be-
cause of the dilution effects on alkalinity due to the wet
summer season.

5. Results from the PFA show that a parameter that is important
in contribution to river water quality variation for one season
may not be important for another season. Therefore, when
selecting water quality parameters for the establishment of
pollutant load reduction goals (PLRGs) and the development
of total maximum daily loads (TMDLs), the seasonal variation
of parameters on river water quality must be considered.
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