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Assessment of seasonal and spatial
variation of surface water quality,
identification of factors associated with
water quality variability, and the modeling
of critical nonpoint source pollution areas
in an agricultural watershed

D.D. Poudel, T. Lee, R. Srinivasan, K. Abbaspour, and CJ. Jeong

Abstract: Surface water quality impairment in agricultural watersheds is a major environ-
mental concern in the United States. To assess seasonal and spatial variability of surface water
quality and identify factors associated with surface water quality variability, we monitored sur-
face water quality at seven locations in Bayou Plaquemine Brule Watershed in Louisiana twice
monthly from March of 2002 to February of 2008 and performed multivariate analyses of the
dataset. Using the Soil and Water Assessment Tool (SWAT) model, we identified critical areas
of nonpoint source pollution in the watershed. While temperature, turbidity, dissolved oxygen
(DO), conductivity and pH were determined in the field using YSI Sonde (YSI Incorporated,
Yellow Springs, Ohio), surface water samples were analyzed for total nitrogen (TIN), total
phosphorus (TP), nitrate/nitrite-N (NO,/NO,-N), soluble reactive phosphate (SRP), total
suspended solids (TSS), and five-day biological oxygen demand (BOD,) in laboratory. The
monthly water quality sampling included a regular sampling and an after-rain-event sampling.
Average DO for the summer months, March through November, was 4.91 + 0.08 mg L™
(4.91 + 0.08 ppm), while average DO for the winter months, December through February,
was 8.32 £ 0.12mg L™ (8.32 + 0.12 ppm). Dissolved oxygen was negatively correlated with
TN (r = -0.22, p < 0.001), SRP (r = -0.17, p < 0.001), TP (r = -0.17, p < 0.001), BOD,
(r = —0.25, p < 0.001), and surface water temperature (r = —=0.70, p < 0.001). Turbidity was
strongly correlated with TSS (r = 0.59, p < 0.001), suggesting that most turbidity in the water
body comes from suspended solids. Similarly BOD, was significantly positively correlated
with TN (r = 0.43, p < 0.001), NO /NO-N (r = 0.26, p < 0.001), TP (r = 0.25, p < 0.001),
and SRP (r = 0.18, p < 0.001). Results of factor analyses showed sediment, phosphorus (P),
nitrogen (N), surface water temperature, dissolved solids, and acidity/alkalinity as the most
important factors associated with surface water quality variability in this watershed. Although
relatively higher concentrations of sediments, TP, and TN were observed in the upper reaches
of the watershed based on water quality monitoring, the SWAT simulation results showed
the critical nonpoint source pollution areas of sediment, P, and N in the lower reaches of
the watershed. Lower reaches of the watershed have mainly rice and crawfish production,
while the upper reaches include primarily sugarcane, pasturelands, and soybean production.
Information on seasonal variability of surface water quality, factors associated with surface
water quality variability, and the critical areas for nonpoint source pollution will be valuable
inputs for developing a watershed management plan for effective nonpoint source pollution
control in an agricultural watershed.

Kew words: agricultural watershed—factor analyses—nonpoint source pollution—SWAT
model— total suspended solids—water quality monitoring
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Agriculture is the leading cause of non-
point source pollution and water quality
impairment in United States (USGAO
1990; Hamilton and Miller 2002; James
et al. 2007). Erosion from agricultural
lands, excess amount of fertilizer and manure
applications, higher animal stocking den-
sities, channel erosion, and constructional
activities are responsible for nonpoint source
pollution in the waterways (Carpenter 1998;
Poudel et al. 2010). In addition, residential
areas are also an important source of non-
point source pollution (Poudel and Jeong
2009). Decomposition of organic materials
in the waterways also results in the addition
of nitrogen (N), phosphorus (P), and other
minerals to water bodies. Low dissolved oxy-
gen (DO) in a water body is often the result
of elevated oxygen-demanding substances,
elevated total suspended solids (TSS), and
algal bloom. Nonpoint source pollution from
dissolved substances such as chloride (Cl),
sulfate (SO,), and carbonate (CO,) also con-
taminate water bodies due to application of
fertilizers, limestone, rock weathering, pesti-
cides, or from urban runoft.

Seasonal and spatial variability in surface
water quality has been reported by several
researchers (Clarke et al. 2002; France-
Lanord et al. 2003; Mankin et al. 2003;
Nagano et al. 2003; El-Kaddah and Carey
2004). The seasonal pattern of surface water
quality  characteristics, especially
ents and suspended solids, corresponds to
the seasonality of agricultural production.
Jaynes et al. (2004) reported a higher level
of nitrate (NO,) concentration from late fall
to midsummer and lower level of NO, con-
centration in late summer in Walnut Creek
Watershed, Iowa, United States. Randall
et al. (2003) found that 62% of the annual
drainage and 69% of the annual NO, loss

nutri-
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occurred in April, May, and June in their
field experiment site in Minnesota, United
States. Similarly, Eyles et al. (2003) found
higher levels of Campylobacter in summer
when there was a heavy recreational use of
the Taieri River in New Zealand. Spatial
variability of soils, geology, natural features,
land management practices, and chemical use
for agricultural production (Hamilton and
Miller 2002; Gelbrecht et al. 2005) results in
the spatial variability of surface water quality
across an agricultural watershed.

Surface water quality parameters’ val-
ues change daily, monthly, seasonally, or
annually because of differences in agricul-
tural activities, land use types, degradation
of streamside vegetation, seasons, and rain
events in an agricultural watershed (Bennett
et al. 2004; Sridhar et al. 2004; Poudel 2006),
and the water quality parameters exhibit a
high level of multicollinearity (Poudel and
Simon 2008). The parameters’ values also
change due to in-stream biogeochemi-
cal processes, atmospheric deposition, and
hydrological changes. Because of the high
level of multicollinearity among the water
quality parameters, it is possible to explain
the variability in surface water quality just
by a few groups of water quality parameters.
Researchers have evaluated water quality
data using multivariate techniques, such as
the principal component, cluster, and fac-
tor analyses, and have identified factors
that explain the variability in water quality
(Mazlum et al. 1999; Wang et. al. 2006;
Praus 2007; Alkarkhi et al. 2008). Mazlum
et al. (1999) reported six principal compo-
nents (PC) explaining more than 70% of
the total variance of their water quality data.
They found DO, electrical conductivity,
temperature, and five-day biological oxygen
demand (BOD,) associated with PC1; sus-
pended solids and methyl orange alkalinity
with PC2; Cl and ammonia nitrogen (NH,-
N) with PC3; NO, with PC4; pH with
PC5; and alkalinity with PC6. Similarly,
Alkarkhi et. al. (2008) identified two fac-
tors explaining 82% of the total variance in
their water quality study and reported the
association of turbidity, temperature, biolog-
ical oxygen demand (BOD), and phosphate
(PO,) with factor 1 and pH, DO, and con-
ductivity with factor 2. Prioritization of the
conservation measures to be implemented
for nonpoint source pollution control can be
done effectively by considering the principal
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components or the factors associated with
water quality variability.

Researchers have relied on water quality
modeling using computer models, such as
the Agricultural Nonpoint Source Pollution
Model, the Environmental Policy Integrated
Climate Model, the Areal Nonpoint
Source Watershed Environment Response
Simulation Model, and the Soil and Water
Assessment Tool (SWAT) (Bouraoui and
Dillaha 2000; Forster et al. 2000; R ostamian
et al. 2008), for the identification of critical
areas where elevated amounts of nonpoint
source pollution occur in an agricultural
watershed. The computer models have been
successfully used in modeling flows and sed-
iment yields and in predicting annual stream
discharges of watersheds (Jha et al. 2004;
Rostamian et al. 2008). They have also simu-
lated land use change scenarios, groundwater
discharge and recharge, and nutrient loads in
streams and rivers and identified critical areas
for nonpoint source pollution (Srinivasan et
al. 2005; Busteed et al. 2009; Radclifte et al.
2009). An integration of water quality mon-
itoring and modeling has been suggested
to better understand surface water quality
and to make appropriate and effective deci-
sions for nonpoint source pollution control
(Davenport et al. 2008).

The specific objectives of this study were
to (1) assess seasonal variability of surface
water quality, (2) understand the relationships
between surface water quality parameters,
(3) identify factors associated surface water
quality variability, and (4) identify criti-
cal areas of nonpoint source pollutants in a
coastal agricultural watershed. Assessment
of seasonal and spatial variability of surface
water quality helps in the identification and
design of season-specific and location-specific
management strategies for nonpoint source
pollution control. Since agricultural activi-
ties are seasonal, specific attention should be
given in minimizing nonpoint source pollu-
tion when major agricultural activities such as
planting, fertilizer application, and crop har-
vesting occur. Similarly, as land use types and
cropping systems vary across the landscape
of an agricultural watershed, site-specific
nonpoint source pollution control measures
are required. Understanding relationships
between several water quality parameters
helps in managing and monitoring surface
water quality of a water body more effec-
tively so that it can meet the standards of
its designated uses; it also helps in lowering

the number of water quality parameters for
monitoring. Identifying factors associated
with water quality variability will help in
prioritizing the implementation of conserva-
tion measures which will reduce costs, labor,
and time required for the improvement of
impaired water bodies. Identification of criti-
cal areas for nonpoint pollution sources in an
agricultural watershed helps landowners and
watershed management agencies focus their
nonpoint source pollution mitigation activi-
ties in these critical areas and minimizes the
cost of controlling nonpoint source pollution.

Materials and Methods

Study Area. This study was conducted in the
147,846 ha (365,335 ac) Bayou Plaquemine
Brule Watershed in southwestern Louisiana,
United States, which has been included in
Louisiana’s 303(d) list of impaired water
bodies since 1998 (LDEQ 1999). Elevation
for the watershed ranges from the mean sea
level near the watershed outlet to 21 m (70
ft) above mean sea level in the northern-
most part. Crowley (Fine, smectitic, thermic
Typic Albaqualfs) and Midland (Fine, smec-
titic, thermic Chromic Vertic Epiaqualfs)
constitute the two major soil series in the
watershed, while Patoutville (Fine-silty,
mixed, superactive, hyperthermic Aeric
Epiaqualfs) and  Jeanerette  (Fine-silty,
mixed, superactive, hyperthermic Typic
Argiaquolls) are dominant soil series in loes-
sal terraces of the Bayou Plaquemine Brule
Watershed. Acadia (Fine, smectitic, thermic
Aeric Epiaqualfs) series soils dominate for-
est-prairie transitional zones that are found
along the Bayou Plaquemine Brule and
its tributaries. Major tributaries of Bayou
Plaquemine Brule include Hazelwood
Gully, Cole Gully, Long Point Gully, Bayou
Wikoff, Bayou Blanc, and North Coulee
Trief. Annual average rainfall from 1980 to
2008 in the watershed was 1,498 mm (59
in), and relatively more rainfall was received
during the months of June through October.
Agriculture accounts for 89% of land use,
and remaining land use types include urban
(3.5%), forest (3.8%), wetland (2.9%), and
others (0.8%) (LDEQ 1999). Major agri-
cultural activities in the watershed include
rice (Oryza sativa), sugarcane (Saccharum
officinarum L.), soybean (Glycine max), and
crawfish production. Pastureland that sup-
ports much livestock production, primarily
beef cattle, is also common in the watershed.
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Water Quality Monitoring. Seven water
quality monitoring sites were identified (fig-
ure 1) after an interdisciplinary team that
included a hydrologist, an engineer, a soil
and water conservationist, an environmen-
tal scientist, a soil scientist, and a geographic
information systems specialist made several
trips to the watershed. The monitoring sites
were determined based on water discharge
characteristics, representation of tributaries,
consideration of upstream and downstream
locations of the main channel, and accessibil-
ity to collect grab samples. Four of the seven
sites were in the Bayou Plaquemine Brule
main channel, while three sites represented
its tributaries. We monitored surface water
quality at these sites from March of 2002 to
February of 2008.Water quality sampling was
done by grab method. Two sampling events,
one background sample and one after-rain-
event sample, occurred every month. The
monthly two sampling events occurred even
for months which lacked rain events, and the
samples were considered background sam-
ples. Water sampling consisted of lowering a
plastic bucket from the bridge and collect-
ing a composite sample at 80% depth from
the surface of the water. Each composite
sample filled 2 L (0.53 gal) glass or plastic
bottles. In order to avoid cross contamina-
tion, the sampling bucket lowered from the
bridge was rinsed thoroughly with the first
collection of water sample from the site, and
then it was lowered again for actual sample
collection. Similarly, each sampling bottle for
a site was rinsed first with the water from
the site then was filled with the water sam-
ple. Water samples from the bucket were
transferred to a bottle by dipping the bot-
tle into the water. The water sample bottles
were immediately capped, labeled, and put
in an ice chest with ice packs. Water samples
were transported to the laboratory immedi-
ately after the completion of water sampling.
Laboratory determinations of water quality
samples were done from October of 2002
to February of 2008 and were analyzed
for BOD,, TSS, soluble reactive phosphate
(SRP), total P (TP), nitrate and nitrite-IN
(NO,/NO,-N) and total N (TN) using
Environmental Protection Agency approved
Standard Methods (Clesceri et al. 1998). To
monitor daily water depth remotely and
make decisions with regard to water quality
sampling, we installed a telephone line and
hooked it to a flowmeter and area velocity
AV probe in site 1.
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Bayou Plaquemine Brule Watershed in Louisiana and the seven water quality monitoring loca-
tions in this study (map courtesy Louisiana Department of Environmental Quality Geographic

Louisiana

Dissolved oxygen, temperature, turbid-
ity, conductivity, and pH were measured
in the field with a multiprobe YSI Sonde
(YSI Incorporated, Yellow Springs, Ohio)
attached to a handheld data logger (YSI
Sonde model 6820 with 650MDS). Field
measurements were taken from the marked
point at the bridge at each site at three dif-
ferent depths: 20%, 60%, and 80% of the
stream’s depth from the surface. The YSI
probes were calibrated, and the membranes
for the oxygen (O,) sensors were replaced
prior to bringing them to field measure-
ments. The YSI Sonde was cleaned after
each measurement, and the probes were
kept moist. To avoid diurnal variation on
water quality, all the field measurements,
water sampling, and water depth measure-
ments were done generally at the same time
of the day.

A large seasonal variation was noticed on
water depth at seven monitoring locations
during this study (figure 2). Average monthly
water depth at site 1 ranged between 0.71
m (2.33 ft) in August to 1.65 m (5.41 ft) in

October, and for site 3, it ranged between
0.08 m (0.26 ft) in August to 0.97 m (3.18
ft) in November. We frequently observed
the bank full of water at the seven moni-
toring locations following heavy rain events.
On the other hand, site 3 was generally
dry, especially during the drought season.
According to Winter (2007), it is important
to have a groundwater discharge to much
of the length of stream to maintain a base
flow. The low flow condition in Bayou
Plaquemine Brule is caused by several fac-
tors, including extended drought, heavy
groundwater withdrawal for rice cultivation,
seepage to groundwater, and loss of stream
water due to evaporation.

Soil and Water Assessment Tool Modeling.
The SWAT model (Arnold et al. 1998) was
used for modeling water quality in this study.
Input data, resolutions, and their sources for
the SWAT model in this study are presented
in table 1. Relevant information on plant-
ing, management, and harvest of agricultural
crops such as sugarcane, soybean, corn, and
rice and management information for pas-
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Figure 2
Average monthly depth of water at water quality monitoring locations in Bayou Plaquemine Brule Watershed, Louisiana, during monitoring dura-
tion, from 2002 to 2008: (a) site 1, (b) site 2, (c) site 3, (d) site 4, (e) site 5, and (f) site 6. Number of observations (n) for each site for the months of
January, November, and December is 12, April and October is 11, March and July is 10, and February is 13. For the month of May, site 1 had 11 obser-
vations, and the rest of the sites had 10 each. Similarly, for June, site 1 had 9 observations, and each of the other sites had 10. Site 3 had 9 observa-
tions for the month of September, and rest of the sites had 10.
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ture lands were collected from the available
literature and by calling agronomists and
cooperative extension agents in the region.
Because the management practices across the
watershed were quite similar, management
data entry for the SWAT model was done
at the subbasin level. Watershed outlets in
the SWAT model were defined by forcing
the seven monitoring locations as outlets,
thus giving a total of seven subbasins in the
watershed. Drainage areas and the number
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of the hydrological response units contained
by these seven subbasins are presented in
table 2.

In the whole watershed, the daily dis-
charge data was available only at an US
Geological Survey station located nearby
our water quality monitoring site 2 (figure
3). This dataset included the duration of
May 1, 2002, to September 30, 2005, (table
1). Assuming that similar discharge rates
exist between site 2 and the US Geological

Survey station, we used site 2 for flow, sedi-
ment, TN, and TP calibration, validations, and
evaluations in this study. The flow calibration
period included May 1, 2002, to December
31, 2003, and the flow validation period
included January 1, 2004, to September 30,
2005. Flow calibration was done first. Then,
the sensitivity analyses were conducted to
find most sensitive parameters in the study
area. The parameters were adjusted until
observed and modeled flow were most
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Table 1

United States.

Model input data, resolution, and sources for Soil and Water Assessment Tool modeling of the Bayou Plaquemine Brule Watershed, Louisiana,

Input data Resolution

Data source

Digital Elevation Model 5 m LIDAR
Soil data

Land use map

Precipitation and temperature

Discharge data
Agronomic management

1998 STATSGO, 1:250,000
1998, Landsat TM (30 by 30 m)

Average daily, 1980 to 2008

Average daily, May of 2002 to September of 2005
Watershed level

LIDAR, Atlas: The Louisiana Statewide GIS (LIDAR 2012)
US General Soil Map Data (USDA NRCS 2012)

LDEQ, Geographic Information Systems Unit, Baton Rouge,
Louisiana

Louisiana State University AgCenter, Rice Research Station,
Crowley, Louisiana

Instantaneous Data Archive (USGS 2012)
Agronomists and cooperative extension agents in the region

closely matched in the optimization process.
While the total and average flow for the cal-
ibration and validation duration period were
reasonably close (table 3), the #* values of 0.51
for calibration and 0.32 for flow validation
were lower than we had expected (figure
4). However, we believe that this level of
model robustness is fairly good enough for
targeting critical areas of nonpoint source
pollution for sediments, N, and P, especially at
the subbasin level. The simulated flow closely
followed the pattern of the observed flow.
Geza and McCray (2008) found State Soil
Geographic Data Base (STATSGO) soil data
provided better results than the Soil Survey
Geographic Database (SSURGO) soil data-
set for flow before calibration, and SSUR GO
provided better results for flow after flow cal-
ibration. Therefore, the 7 value, especially in
validation, was affected by soil dataset since
we used STATSGO soil data in this study. In
addition, the SWAT model is quite sensitive
to the soil dataset and the accurate represen-
tation of land use types (Romanowicz et al.
2005; Geza and McCray 2008).The assump-
tion of crawfish ponds as rice fields in this
study obviously has affected the model per-
formance. There is no crop production item
such as crawfish or rice/crawfish production
in the current versions of the SWAT model.
Among all the optimized parameters for
flow, sediment, TN, and TP (table 4), the
groundwater delay (GW_DELAY) was the
most sensitive parameter, followed by sedi-
ment concentration in lateral and ground
water flow for sediment (LAT_SED), perco-
lation coefficient for N (N_PERCO), and
rate constant for mineralization of organic P
to dissolved P for P (BC4). The high sensi-
tivity of the GW_DELAY is primarily due
to the flat topography as well as heavy with-
drawal of groundwater for crawfish and rice
production in this study area. The value for
GW_DELAY was increased to 400 days.
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Table 2

Drainage areas and the number of hydrological response units (HRUs) as identified by the Soil
and Water Assessment Tool model for the seven subbasins corresponding with the water qual-
ity monitoring sites in Bayou Plaquemine Brule Watershed, Louisiana.

Subbasin
Parameter 1 2 3 4 5 6 7
Area (ha) 9,807 16,610 7,782 25,760 2,824 6,933 78,130
Number of HRU 4 3 3 6 12 6 14
Figure 3

Flow calibration and validation and sediments and nutrients evaluation at site 2, a site nearby
the US Geological Survey (USGS) gauging station at Bayou Plagquemine Brule Watershed,
Louisiana.

Legend

2 Monitoring location
25 USGS gauge
1‘ Weather station

0 4,450 8,900 17,800 26,700 35,600 m
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Table 3

Total and monthly average flow (m3 s™) for calibration (May of 2002 to December of 2003) and
validation period (January of 2004 to September of 2005).

Calibration Validation
Parameter Observed Modeled Observed Modeled eled wvalues and
Total 90.48 83.00 102.87 125.87
Monthly average 4.52 4.15 4.90 5.99

Figure 4

Monthly observed and modeled flow during the calibration (to the left of vertical line; r> = 0.51)
and the validation (to the right of vertical line; r> = 0.32) period for the US Geological Survey
gauge station nearby site 2 in Bayou Plaquemine Brule Watershed, Louisiana.

Model evaluation for sediment, TN, and
TP was accomplished by comparing mod-
observed values for the
duration of May 1, 2002, to September 30,
2005, with respect to total mass and aver-
age values (table 5). Simulations were done
only for observed days during the simulation
period.Total estimated mass (88.4 t [97.4 tn])
and average mass (1.1 t [1.2 tn]) for sediment
for those days (1 = 82) were very close to the
observed mass (88.2 t [97.2 tn]) and average
mass (1.1 t) (table 5). The TN was overesti-
mated by 1,298.1 kg (2,861 1b) on total mass

12 4 and 18.8 kg (41.4 1b) on average mass (n =
10 1 82), while TP was underestimated by 121.9
= kg (268.7 1Ib) on total mass and 1.7 kg (3.7
® 8 1 Ib) on average mass (n = 82) for the simula-
E 6| tion period.
; Optimized parameters were applied to the
o 4 whole watershed with site 7 as watershed out-
L 5 | let for sediment, TN, and TP simulations from
May 1, 2002, to September 30, 2005. The
0 T T T T T T T T T T T T T critical areas of sediment, TN, and TP were
N NN M MmN ¥ ST Y OO0 WO . - .
©O O O © © © 9 © © © © © O O determined considering their annual loads.
S © & &6 & © O & & © © © © © . . o
J & &8 &8 § &8 &8 &8 &8 & & & &« Uncertainty analysis of model calibration
T w3 g T W 3 g T W 3 g T W and validation for the flow was accomplished
=2 L zuw =23z 0 =2 zd =< using a Sequential Uncertainty Fitting param-
Date eter optimization algorithm that uses Latin
Legend Hypercule Sampling approach (Abbaspour et
al. 2004; Abbaspour et al. 2007).
— Observed ~ —— Modeled

Statistical Analysis. Because the Bayou
Plaquemine Brule total maximum daily

Table 4
List of parameter values after adjustment for model calibration including flow, sediment, and nutrients. It should be noticed that groundwater delay
in flow parameter was very high (400 days) and this seems to be because the groundwater in this area has been used for crawfish and rice produc-
tion and has not been used as a recharging channel.
Component Parameter (file) Description Input value
Flow CN2 (.mgt) SCS runoff curve number (adjustment range) -5t0 -20
ESCO (.hru) Soil evaporation factor 0.9
GW_DELAY (.gw) Groundwater delay time (d) 400
GWQMN (.gw) Groundwater storage required for return flow (mm) 1
SOL_K (.sol) Soil hydrologic conductivity (mm h-t) 10
Sediment LAT_SED (.hru) Sediment concentration in lateral and ground water flow (mg L) 10
SPCON (.bsn) Linear parameter for calculating the maximum amount of sediment that can be reentrained 0.0011
SPEXP (.bsn) Exponent parameter for calculating sediment reentrained 1.2
CH_COV (.rte) Channel cover factor 0.5
CH_EROD (.rte) Channel erodibility factor 0.5
N N_PERCO (.bsn) N percolation coefficient 0.9
BC1 (.swq) Rate constant for biological oxidation of NH, to NO, (per day) 0.01
BC3 (.swq) Rate constant for hydrolysis of organic N to NH, (per day) 0.1
RS3 (.swq) Benthic source rate for NH,-N 0.1
P PSP (.bsn) P availability index 0.1
RS2 (.swq) Benthic source rate for dissolved P 0.3
BC4 (.swq) Rate constant for mineralization of organic P to dissolved P 0.7
Notes: N = nitrogen. NH, = ammonium. NO, = nitrite. P = phosphorus.
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Table 5
Total mass and average of observed and modeled sediment and nutrients for only sampling
dates during the modeling period (n = 82).

(May 1, 2002, to Sediment (t) TN (kg) TP (kg)

Sept. 30, 2005) Observed Modeled Observed Modeled Observed Modeled
Total mass 88.2 88.4 3,160.0 4,458.1 519.6 397.7
Average 1.1 1.1 45.8 64.6 7.5 5.8

Notes: TN = total nitrogen. TP = total phosphorous.

Table 6

Average values of surface water quality parameters (five-day biological oxygen demand [BOD,],
total suspended solids [TSS], nitrate/nitrite-nitrogen [NO /NO-N], total nitrogen [TN], soluble
reactive phosphate [SRP], total phosphorus [TP], temperature conductivity, pH, turbidity,
dissolved oxygen [DO], total combustible solids [TCS], and total Kjeldahl nitrogen [TKN]) for
summer months (March to November) and the winter months (December to February) in Bayou
Plaguemine Brule Watershed, Louisiana, from 2002 to 2008.

Summer Winter

Parameter n mean n mean

BOD, (mg L™) 718 5.30(+£0.13)*** 252 3.22(£0.12)***
TSS (mg L) 730 100.67(+4.56)* 259 79.72(+8.76)*
NO,/NO,-N (mg L") 718 1.34(+0.05)*** 259 0.89(+0.04)***
TN (mg L) 634 3.23(+0.07)*** 259 2.40(x0.07)***
SRP (mg L) 655 0.31(+0.01)*** 259 0.23(£0.01)***
TP (mg L) 634 0.43(£0.01)*** 259 0.33(£0.01)***
Temperature (°C) 734 23.1(£0.2)*** 257 12.6(+0.2)***
Conductivity (mS cm™?) 733 0.57(x0.01)*** 257 0.44(+0.02)***
pH 720 7.58(+0.01)ns 235 7.61(+0.04)ns
Turbidity (NTU) 734 203.9(x13.6)ns 257 168.8(£12.3)ns
DO (mg L1 729 4.91(+£0.08)*** 257 8.32(£0.12)***
TCS (mg L) 236 58.05(+5.69)ns 91 46.55(+6.03)ns
TKN (mg L) 620 2.11(+0.06)*** 210 1.64(+0.09)***

*p <.05 **p < .01 ***p <.001

Note: Means followed by ns are not significantly different at 0.05 probability level by the two
sample student’s t-test with independent sample.

loads report divides months into two sea-
sons, December through February as winter
months and March through November as

the summer months (Berger, Jr. et al. 2000),

we analyzed our dataset considering the two
seasons in this study. Seasonal and spatial
variation of surface water quality parame-
ters were determined by comparing means
between the summer and the winter months
by two sample student t-tests for indepen-
dent samples and by the analysis of variance
(ANOVA) in Statistical Analysis Systems
(SAS 2003). Mean comparisons among
the seven sites were done using a Student-
Newman-Keuls test at 0.05 probability
level. Along with the calculation of statis-

tics such as averages, standard error, median,

and range for the water quality parameters,
the principal component analysis and the
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factor analysis were performed in JMP 8.0.
Factors were identified after varimax rota-
tion of the principle components. Principal
component and factors analyses were done
for untransformed data as well as for trans-
formed data using square root, natural log,
and inverse transformations. These analyses
were conducted for winter and summer sea-
sons separately as well as for the whole year.

Results and Discussion

Seasonal Variation. Surface water quality
of the Bayou Plaquemine Brule Watershed
showed significant differences between the
summer and the winter season. On average,
the summer season had significantly higher
values for BOD,, TSS, total Kjeldahl N
(TKN), TN, NO,/NO,-N, SRP, TP, water
temperature, and conductivity, and the win-

ter season had significantly higher average
value for DO (table 6). While average DO
concentration for the summer months was
491 £ 0.08 mg L' (491 £ 0.08 ppm),
average DO concentration for the winter
months was 8.32 £ 0.12mg L' (8.32 + 0.12
ppm). Summer DO values ranged between
0.43 and 12.97 mg L' (0.43 and 12.97
ppm), while the winter DO values ranged
between 3.01 and 12.67 mg L' (3.01 and
12.67 ppm). These results suggest that sur-
face water quality in the Bayou Plaquemine
Brule Watershed occasionally reached the
critical threshold level, especially in the sum-
mer months due to low level of DO. Low
DO concentration in surface water in the
summer months is associated with higher
surface water temperatures and agricultural
activities, such as crop planting, fertilizer
application, and crop harvesting, in these
months. Similar results in terms of nutrient
concentrations and seasonality are reported
by Demcheck et al. (2004) in southwestern
Louisiana. They found maximum concen-
trations of TN and TP occurring during
April through June and minimum concen-
trations occurring during the fall and the
winter months.

Figure 5 shows the variation of the sur-
face water quality parameters between the
summer and the winter season in terms
of median, 25th percentile, and 75th per-
centile. While the median concentration of
TSS in summer time was as high as 60.6%
of the winter TSS median concentration, the
BOD,, TKN,NO,/NO,-N, TN, SRP, TP, and
conductivity median values for the summer
season were respectively 42.5%, 30.8%, 46.7%,
31.8%, 19.1%, 26.8%, and 18.2% higher com-
pared to the corresponding winter season
median values. Summer median DO values
were 45.6% lower compared to the winter
median DO values. Similarly, the 75th per-
centile values of 6.1, 123, 2.5, 1.7, 3.7, 0.37,
and 0.52, respectively, for BOD,, TSS, TKN,
NO,/NO,-N, TN, SRP, and TP in the sum-
mer were remarkably higher as compared to
their corresponding 75th percentile values of
4,92,1.7,1.3, 2.8, 0.29, and 0.39 in winter.
These results indicate the elevated level of
nonpoint source pollution in the summer sea-
son compared to the winter season in Bayou
Plaquemine Brule Watershed.

As expected, rain events impacted on sur-
face water quality parameters both in the
summer and in the winter months (figure
6). However, some parameters were aftected
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Figure 5

Water quality characteristics of Bayou Plaquemine Brule for the summer (March through November) and winter (December through February)
months. Values for (a) five-day biological oxygen demand (BODS), (b) total suspended solids (TSS), (c) total combustible solids (TCS), (d) total
Kjeldahl nitrogen (TKN), (e) total nitrogen (TN), (f) nitrate/nitrite-nitrogen (N03/N02-N), (g) soluble reactive phosphate (SRP), (h) total phospho-
rus (TP), (i) temperature, (j) conductivity, (k) turbidity, () pH, and (m) dissolved oxygen (DO) are included. Median, 25th percentile, and 75th
percentile values are shown for each variable.
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Figure 6

Water quality characteristics of Bayou Plaquemine Brule for the summer (March through November) and winter (December through February)
regular and after-the-rain events (summer regular [SR], summer rain event [SERV], winter regular [WR], and winter rain event [WREV]). Values
for (a) five-day biological oxygen demand (BOD,), (b) total suspended solids (TSS), (c) total combustible solids (TCS), (d) total Kjeldahl nitrogen
(TKN), (e) nitrate/nitrite-nitrogen (NOB/NOZ-N), (f) total nitrogen (TN), (g) soluble reactive phosphate (SRP), (h) total phosphorus (TP), (i) temper-
ature, (j) conductivity, (k) pH, (I) turbidity, and (m) dissolved oxygen (DO) are included. Median, 25th percentile, and 75th percentile values are

shown for each variable.
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Figure 7

Average monthly values of field water quality parameters ([a] temperature, [b] conductivity, [c] pH, [d] turbidity, and [e] dissolved oxygen [DO]) in

Bayou Plaquemine Brule Watershed, Louisiana, from March of 2002 to February of 2008.
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more in one season than the others. In both
seasons, significantly higher concentrations of
TSS (p < 0.001), SRP (p < 0.05), and DO (p
< 0.05) and significantly lower concentration
of conductivity (p < 0.001) were observed
following the rain events compared to the
regular sampling events. As compared to the
background sampling, the after-rain-events
sampling showed significantly higher averages
for BOD,, total combustible solids (TCS), TP,
and turbidity concentrations in winter and
lower average NO,/NO,-N concentration in
summer. There was no significant difference
at 0.05 alpha levels on the average concen-
tration of TN and TKN and average water

MAY/JUNE 2013—VOL. 68, NO. 3

temperature between regular and rain-event
samplings for both seasons. These results,
especially the higher TSS, SRP, and TP con-
centrations following the rain events, indicate
that nonpoint source pollution is a major
problem in the watershed. Increased stream
concentrations of TSS, SRP, and TP following
storm events are reported by other researchers
(Gelbrecht et al. 2005; Hongbing et al. 2009).
Increased concentrations of BOD,, TSS, TCS,
TP, and turbidity following the rain events in
winter months were largely associated with
the harvesting of sugarcane, rice, crawfish, and
preparation of lands in the fall for subsequent
crops. These results suggest that appropriate

crop harvesting techniques and the better
management of crop fields after harvest are
necessary for reducing nonpoint source pol-
lution in the watershed.

Except for pH, surface water quality in
Bayou Plaquemine Brule Watershed showed
considerable monthly variations (figures
7 and 8). Monthly average values for TSS
ranged between 51.52 and 182.21 mg L'
(51.52 and 182.21 ppm) during the sum-
mer months when rice fields and crawfish
ponds were drained, and 52.73 and 94.76
mg L™ (52.73 and 94.76 ppm) for the win-
ter months. Coinciding with agricultural
activities in the watershed, especially land
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Figure 8
Average monthly values of laboratory water quality parameters ([a] five-day biological oxygen demand [BODS]; [b] total suspended solids [TSS] and
total combustible solids [TCS]; [c] total nitrogen [TN], total Kjeldahl nitrogen [TKN], and nitrate/nitrite-nitrogen [N03/N02-N]; and [d] total phospho-
rus [TP] and soluble reactive phosphate [SRP]) in Bayou Plagquemine Brule Watershed, Louisiana, from March of 2002 to February of 2008.
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preparation for crop planting, average TSS
value for the watershed was significantly
higher in the month of April compared to
any other months. Similarly, TN values for
the months of April, May, and June were
significantly higher compared to the rest of
the months. August and September showed
significantly higher values for SRP and TP
compared to the rest of the months. These
results indicate that the months of March
and April were the major months for TSS
pollution; April, May, June, and July for
N pollution; and August, September, and
October for P pollution in this watershed.
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Spatial Variation. Surface water qual-
ity differed greatly among the seven water
quality monitoring locations in Bayou
Plaquemine Brule Watershed (table 7). While
sites 4, 5, and 6 showed higher levels of TSS
concentration, site 2 showed higher levels of
TN, NO,/NO,-N, TP, and SRP concen-
trations, and site 7 showed the least level of
DO. Average TSS concentration for sites 4, 5,
and 6, respectively, were 119.38, 140.25, and
118.41 mg L' (119.38, 140.25, and 118.41
ppm) and were significantly higher compared
to those of sites 1,2, 3, and 7. Average TP and
TN concentrations for site 2 were 0.59 and
3.34 mg L' (0.59 and 3.34 ppm), respec-

tively. Average DO concentration for site 7
was 3.44 mg L. The lower level of DO con-
centration in site 7 is due to the cumulative
effects of oxygen-demanding substances on
DO levels at the lower reaches of the water-
shed and the relatively slower moving water
downstream. Differences in TSS and nutrient
concentrations at the seven monitoring loca-
tions are closely associated with land use types
and agricultural practices. For example, the
drainage areas for sites 4, 5, and 6 consisted of
primarily rice/crawfish systems followed by
soybean production, and that of sites 2 largely
consisted of pasture lands followed by rice/
crawfish and soybeans. Other researchers have
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Table 7

Spatial differences in surface water quality in Bayou Plaquemine Brule Watershed, Louisiana, from 2002 to 2008. Values of all water characteristic
parameters (five-day biological oxygen demand [BODS], total suspended solids [TSS], nitrate/nitrite-nitrogen [NOB/NOZ-N], total nitrogen [TN], sol-
uble reactive phosphate [SRP], total phosphorus [TP], temperature, conductivity, pH, turbidity, and dissolved oxygen [DO]) are calculated indepen-
dently of seasons and regular and rain event samplings.

Parameter Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7
BOD, (mgL™)
n 138 140 136 139 139 139 139
Mean 4.21(+0.28)b 4.91(+0.26)ab  4.58(+0.28)ab 4.35(+0.22)b 5.54(+0.34)a 4.71(+0.27)ab 5.07(+0.31)ab
Range 0.10 - 25.35 0.70to 15.60 0.82t0 16.95 0.51 to 19.00 1.00to 19.00 1.00 to 25.00 0.10t0 29.00
Median 3.42 4.00 4.00 4.00 4.00 4.00 4.00
TSS (mg LY)
n 141 142 139 142 142 142 141
Mean 80.33(+6.90)b 80.55(+8.39)b  67.86(+8.35)b 119.38(+9.87)a 140.25(x17.04)a  118.41(+12.95)a 58.58(+5.83)b
Range 0.10 t0 522.00 0.10t0 727.00  0.10 to 704.00 2.40t0 809.00 2.8310 1730.00  0.10 to 910.00 0.10 to 419.00
Median 53.48 56.51 35.00 84.00 92.65 75.50 36.32
NO,/NO, N (mgL™)
n 140 140 137 140 140 140 140
Mean 1.07(+0.09)ns 1.37(+0.10)ns 1.28(+0.15)ns 1.27(+0.08)ns 1.16(+0.09)ns 1.25(+0.09)ns 1.13(+0.08)ns
Range 0.10 to 10.57 0.10t0 11.13 0.09to 14.15 0.07 t0 5.91 0.07 to 6.27 0.09to 7.96 0.04t0 7.24
Median 0.89 1.20 1.00 1.20 0.90 1.10 1.00
TN (mg L)
n 128 128 125 128 128 128 128
Mean 2.74(£0.12)b 3.34(+0.14)a 2.89(+0.15)ab 2.86(+0.11)ab 3.16(+0.17)ab 3.21(+0.16)ab 2.74(+0.10)b
Range 0.20t0 6.94 0.70t0 10.10 0.78t0 12.10 0.80t08.98 1.10t0 13.60 0.87 to 14.60 1.03t01.98
Median 2.40 3.01 2.30 2.70 2.60 2.90 2.50
SRP (mg L)
n 131 131 128 131 131 131 131
Mean 0.29(+0.01)b 0.45(£0.04)a 0.31(+0.02)b 0.25(+0.01)bc 0.25(+0.02)bc 0.22(+0.01)c 0.24(+0.01)bc
Range 0.02t0 0.86 0.10t0 3.75 0.03t0 1.08 0.03t0 0.80 0.031t0 2.06 0.01t00.63 0.06 t0 0.54
Median 0.27 0.37 0.27 0.23 0.19 0.21 0.23
TP (mg L)
n 128 128 125 128 128 128 128
Mean 0.42(+0.02)b 0.59(+0.05)a 0.40(+0.02)b 0.37(x0.01)b 0.37(+0.03)b 0.33(+0.01)b 0.35(+0.01)b
Range 0.08t0 1.35 0.15t0 4.25 0.09t0 1.20 0.08t0 0.88 0.051t0 2.50 0.08t0 0.83 0.1010 0.82
Median 0.37 0.50 0.37 0.34 0.30 0.29 0.34
Temperature (°C)
n 143 143 140 143 141 143 138
Mean 20.02(x0.56)ns  20.5(x0.6)ns 20.1(+0.6)ns 20.9(+0.5)ns 20.3(x0.5)ns 20.4(+0.5)ns 20.5(£0.5)ns
Range 4.40t033.11 5.09t0 31.44 5.22t0 34.56 7.55 to 30.58 4.57 t0 30.51 71410 31.15 9.26t0 29.54
Median 20.62 21.06 20.88 21.89 21.21 21.77 2111
Conductivity (mS cm)
n 143 143 140 143 141 143 137
Mean 0.48(+0.03)cd 0.53(+0.03)c 0.49(+0.02)cd 0.49(+0.03)cd 0.75(+0.04)a 0.61(+0.03)b 0.41(+0.03)d
Range 0.04t0 1.61 0.04 to 1.42 0.01t01.81 0.05t0 1.28 0.11t01.75 0.08t0 1.81 0.07 to 1.49
Median 0.41 0.46 0.41 0.42 0.65 0.55 0.31
pH
n 137 138 135 138 136 138 133
Mean 7.57(x0.05)ab 7.53(+0.04)ab 7.47(+0.04)b 7.63(+0.04)a 7.63(+0.03)a 7.66(+0.03)a 7.67(x0.04)a
Range 5.79t0 8.96 5.97 t0 8.74 6.11t0 8.59 6.12 10 9.00 6.181t09.04 5.76 t0 8.83 5.67t09.12
Median 7.63 7.62 7.60 7.66 7.67 7.72 7.70
Turbidity (NTU)
n 143 143 140 143 141 143 138
Mean 138.9(+14.9)b 144.1(+16.9)b  133.1(x17.9)b 218.0(+28.4)ab 257.7(+39.1)a 263.1(+38.9)a 208.7(+26.2)ab
Range 2.20t0 1286.70 9.30t0 1637.03 4.73t01682.30 21.00t02891.57 4.05t04633.90 6.57103632.70 3.40to0 2573.40
Median 76.57 72.40 58.02 125.60 146.60 115.00 116.71
DO (mg L)
n 143 143 139 142 140 142 137
Mean 6.91(+0.20)a 6.22(+0.21)abc  6.60(+0.21)ab 5.63(+0.19)c 5.59(+0.23)c 6.15(+0.21)bc 3.44(+0.19)d
Range 0.47 t0 12.97 0.44t0 12.51 0.56t0 12.31 0.63t0 11.10 1.04t012.21 0.5910 12.16 0.43t0 10.36
Median 6.54 5.90 6.23 5.12 5.24 5.80 2.73

Notes: n = sample size. ns = not significant. Numbers given in parentheses are the standard error of mean. Values across the row with different let-
ters are significantly different at 0.05 probability level by Student-Newman-Keuls test.

MAY/JUNE 2013—VOL. 68, NO. 3

JOURNAL OF SOIL AND WATER CONSERVATION

6114doD

-GST:(€)89 U0IeAasUOD JoTep\ pUe |10S Jo feu.nop
181905 LUOIeABSUOD RTeM PUe |10S €10 ©

610°SONMS’ MMM TL}
"PanJESaI SIYBL ||V


http://www.swcs.org

Table 8
Correlation coefficients for dissolved oxygen (DO), turbidity (turb.), conductivity (cond.), temperature (temp.), pH, total suspended solids (TSS), five-
day biological oxygen demand (BODS), total nitrogen (TN), nitrate/nitrite-nitrogen (NOB/NOZ-N), total phosphorus (TP), soluble reactive phosphorus
(SRP), total combustible solids (TCS), and total Kjeldahl nitrogen (TKN), in Bayou Plaguemine Brule Watershed, 2002 to 2008.
DO Turb. Cond. Temp. pH TSS BOD, TN NO,/NO,-N TP SRP TCS TKN
DO 1
Turb. 0.08* 1
(n=1986)
Cond. 0.17%%* -0.08* 1
(n=1985) (n=990)
Temp. -0.70 *** -0.02ns 0.44%** 1
(n=986 (n=991) (n=990)
pH 0.04ns -0.09%* 0.12***  0.05ns 1
(n=958) (n=955) (n=954) (n=955)
TSS 0.07* 0.59***  -0.05ns 0.03ns -0.02ns 1
(n=970) (n=975) (n=974) (n=975) (n=939)
BOD, -0.25%** 0.47%**  0.22%*%*%  0.24***  -.0.03ns 0.29%** 1
(n=951) (n=956) (n=955) (n=956) (n=925) (n=970)
™ 0.22%%% 0.25%**  Q17**%  0.24***  -0.01ns 0.30%**  (0.43%%* 1
(n=875) (n=880) (n=879) (n=880) (n=851) (n=893) (n=879)
NO,/NO,N -0.05ns 0.14%%%  (0.23*%%%  0.22%**  0.01ns 0.07* 0.26%** 0.39%** 1
(n=958) (n=963) (n=962) (Nn=963) (n=927) (n=968) (n=949) (n=893)
P 0.17%%* -0.04ns -0.01ns 0.16%**  -0.03ns 0.07ns 0.25%** 0.25%**  (,13%** 1
(n=875) (n=880) (n=879) (n=880) (n=851) (n=893) (n=879) (n=893) (n=893)
SRP 0.17%x* -0.10%* 0.02ns 0.15***  -0.001ns  -0.03ns 0.18%** 0.21%** 0.16%** 0.87*** 1
(n=895) (n=900) (n=899) (n=900) (n=864) (n=914) (n=895) (n=893) (n=914) (n=893)
TCS 0.06ns 0.63***  -0,15%* -0.12% 0.01ns 0.83%**  (,22%%* 0.29***  0.04ns 0.26***  0.05ns 1
(n=319) (n=324) (n=324) (n=324) (n=317) (n=327) (n=322) (n=231) (n=306) (n=231) (n=252)
TKN 016 ***  0.18***  0.09* 0.17 ***  -0.01ns 0.24%%% (. 27%** 0.88%**  0,12%%* 0.18%%* 0.11%* 0.17* 1
(n=814) (n=81) (n=818) (n=819) (n=790) (n=830) (n=816) (n=830) (1=830) (n=830) (n=829) (n=168)
Note: ns = not significant at 0.05 probability level.
*p <.05 **p < .01 ***p <.001

also reported associations between surface
water quality and land use types and agricul-
tural practices. Poudel et al. (2010) reported
higher TSS concentration in surface runoff
from sugarcane fields compared to that of
pasture lands and residential areas and higher
TP and SRP concentrations in surface run-
off from pasturelands compared to sugarcane
fields and residential areas in the Vermilion-
Teche River Basin in Louisiana. Similarly,
James et al. (2007) reported significant
amounts of P deposition directly into streams
by pastured dairy cattle with stream access in
Cannonsville Watershed in New York.
Relationship  between Surface Water
Quality Parameters. Total suspended solids
were significantly correlated with turbidity,
BOD,, TN, TKN, TCS, and nonsignificantly
correlated with TP and SRP (table 8). Similar
results of significant correlation between
TSS and TN, NO,/NO,-N, and BOD, and
nonsignificant correlation of TSS and TP
and SRP are reported by Poudel et al. (2010)
for a nearby watershed in Louisiana. These
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results indicate that the TSS in this region
is associated largely with N and oxygen-de-
manding substances. In addition, high and
significant correlation between TP and SRP
suggest the presence of readily available P
for uptake by aquatic plants, including algae,
in the water body, risking algal bloom and
water quality impairment.

While DO was significantly negatively
correlated with water temperature (r = —0.70,
p < 0.001), it was slightly but significantly
negatively correlated with conductivity( r =
-0.17 p<0.001), BOD, (r=-0.25 p<0.001),
TN (r=-0.22,p <0.001), TP (r=-0.17,p <
0.001), SRP (r=—-0.17,p < 0.001),and TKN
(r=-0.16,p <0.001) (table 8).The best rela-
tionship between the DO levels and stream
water temperature was established with the
second order polynomial regression in this
study (figure 9). The second order polyno-
mial regression of untransformed data gave
better fit compared to any of the square root,
natural log, and inverse transformations as
well as the simple linear regression. Equation

1 below shows relationship between DO
(mg L") and surface water temperature (°C)
for the pooled dataset (r* = 0.53, p < 0.001):

DO = 10.62 — 0.26 (temperature) + 0.01
(temperature — 20.39)? (1)

Higher water temperatures result in lower
levels of DO due to a decreased solubility of
O, in the water. Influence of water tempera-
ture on DO levels in water are also reported
by other researchers (Laurie 1942; Hanson et
al. 2006). In our study, the stream water tem-
perature ranged between 4.4°C to 34.6°C
(39.9°F to 94.2°F). Average monthly stream
temperature in summer was as high as 27.7°C
(81.9°F). These high water temperatures
apparently cause a decline in DO levels in
the summer months in Bayou Plaquemine
Brule. In a forest system, greater diurnal vari-
ation of stream temperatures are reported
in those streams where clear-cut harvest-
ing rather than patch-cutting was practiced
(Lynch et al. 1984). Clearance of streamside
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vegetation affects the stream temperature,
which in turn alters the balance of net radia-
tion, turbulent heat exchange across the water
surface boundary, and stream/streambed heat
exchange (Sridhar et al. 2004). As changes in
stream temperatures affect the biochemical
processes in the water, the DO and aquatic
life in a water body are also aftected. Tate et al.
(2005) have reported a diurnal pattern of DO
levels in a stream in California; they noted
higher DO levels in midafternoon to late
afternoon due to O, production by aquatic
plants and lower DO levels before dawn due
to the plant’s nighttime respiration. As all the
sampling sites were lacking sufficient shade
from streamside vegetation, DO could have
been affected considerably due to increased
stream temperatures in Bayou Plaquemine
Brule Watershed.

Factors Associated with Surface Water
Quality Variability. Table 9 shows princi-
pal components and factors associated with
surface water quality variability in Bayou
Plaquemine Brule Watershed as a result of
our statistical analysis. Since there was some
improvement on the cumulative proportion
of the variability explained by principal com-
ponents using transformed data compared to
untransformed data, principal component
results from square root transformed data
are reported. Sediment, P, N, surface water
temperature, dissolved solids, and acidity/
alkalinity were identified as the major factors
associated with surface water quality variabil-
ity in Bayou Plaquemine Brule Watershed.
However, the seasonal analyses showed N as
factor 2 and P as factor 3 for the summer and
P as factor 2 and N as factor 3 for the win-
ter. It is important to consider these factors
when designing and implementing appro-
priate best management practices (BMPs) in
order to improve and maintain surface water
quality in this watershed. As sediments, P, and
N were the three major factors associated
with surface water quality variability in this
watershed (table 9), it is essential to identify
critical areas for nonpoint source pollution of
sediment, P, and N and implement conserva-
tion measures for effective nonpoint source
pollution control in the Bayou Plaquemine
Brule Watershed.

Critical Aveas for Nonpoint Source
Pollution of Sediment, Phosphorus, and
Nitrogen. The SWAT simulation results
showed higher sediment loads for subbasins 7
and 4 and higher TN and TP loads for subba-
sin 7 (figure 10), suggesting higher nonpoint
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Figure 9

Polynomial regression between dissolved oxygen (DO, mg L™) levels and the stream water tem-
peratures (°C) in Bayou Plaquemine Brule Watershed, Louisiana (2002 to 2008).
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source pollution on the lower reaches of the
watershed. The different land use types/land
cover between the upper reaches and the
lower reaches of the watershed have resulted
in the different pollution loads. While the
upper reaches of the watershed largely
consisted of pasture lands, sugarcane, rice/
crawfish, and soybean production, the lower
reaches of the watershed consisted primar-
ily of rice/crawfish and soybean production.
Also, since the implementation of BMPs in
agricultural lands during project duration
were concentrated in the upper reaches of
the watershed, especially subbasins 5 and 3,
the BMPs might have contributed to the
reduction of nonpoint source pollution loads
in the upper reaches of the watershed. Other
researchers have also reported similar differ-
ences in land use types, seasonal agricultural
activities, and inputs use for the variations
of nonpoint source pollutant loadings in
agricultural watersheds (Owens et al. 1991;
Carpenter et al. 1998; Brett et al. 2005).
Ciritical areas for nonpoint source pollu-
tion of sediments, P, and N identified by
the SWAT model contrasted with the con-
centration data generated from monitoring.
While subbasin 1 with an average 80.33 mg
L™ (80.33 ppm) TSS concentration at site
1 was identified as the low sediment load
subbasin, subbasin 7 with an average TSS
concentration of 58.58 mg L' (58.58 ppm)
at site 7 was identified as the high sediment
load subbasin. Similar results were obtained
with respect to TP and TN. These results

clearly indicate that a lower in-stream con-
centration of a pollutant at the lower reaches
of the watershed does not necessarily mean
the land areas nearby the lower reaches of
the watershed are less polluting or vice versa.
The reduced concentration of TSS, TN, and
TP in the lower reaches of the watershed is
apparently due to the hydrological differences
of the Bayou Plaquemine Brule between its
upper reaches and the lower reaches. In the
lower reaches, the Bayou contains a huge
amount of water, and the water moves very
slowly. The Bayou Plaquemine Brule at site
7 consistently had a large amount of algal
growth during this study. The slow move-
ment of the Bayou at the lower reaches of
the watershed has resulted in the settlement
of sediments, breakdown of N, the con-
sumption of NO, and SRP by algae, and
the lower in-stream concentration of TSS,
TN, and TP even though nonpoint source
pollution critical areas for sediment, P, and
N were identified in the lower researches of
the watershed.

Summary and Conclusions

Seasonal and spatial variation in surface
water quality exists in Bayou Plaquemine
Brule Watershed. While significantly higher
concentrations of TSS, BOD,, TN, TKN,
NO,/NO,-N, SRP, and TP were found in
the summer season, significantly higher con-
centration of DO was observed in winter.
Also, water quality parameters following rain
events showed significant difterences, espe-
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Table g

Number of principal components, variances (i.e., eigenvalues), cumulative proportion of variability, and the water quality parameters (five-day
biological oxygen demand [BODS], total suspended solids [TSS], nitrate/nitrite-nitrogen [NOB/NOZ-N], total nitrogen [TN], soluble reactive phosphate
[SRP], total phosphorus [TP], temperature, conductivity, pH, turbidity, total combustible solids (TCS), total Kjeldahl nitrogen [TKN], and dissolved
oxygen [DO]) having higher loadings on the varimax rotated factors for the summer and the winter seasons and the whole year with square root
transformation of water quality data in Bayou Plaquemine Brule Watershed, Louisiana, from March of 2002 to February of 2008.

Principal Cumulative Parameters with higher
Component Eigenvalue proportion of loadings on the
(Yi) (Ai) variability rotated factors Factor identified
Summer

Y, 3.30 25.37 TCS, TSS, turbidity Sediment

Y, 2.27 42.81 TKN, TN Nitrogen

Y3 1.61 55.18 TP, SRP Phosphorus

Y, 1.29 65.08 Temperature, DO Temperature

Y5 1.19 74.28 NOS/NOQ—N, conductivity Dissolved solids

Yo 1.03 82.18 pH Acidity/alkalinity
Winter

Y, 3.32 25.54 TCS, TSS, turbidity Sediment

Y, 2.29 43.21 SRP, TP Phosphorus

Y, 2.01 58.66 TKN, NO,/NO_-N, TN Nitrogen

Y, 1.32 68.79 Temperature, DO Temperature

Yy 1.11 77.30 BOD, Biological activity
Overall

Y, 3.46 26.59 TCS, TSS, turbidity Sediment

Y2 2.43 45.26 SRP, TP Phosphorus

Y, 1.60 57.57 TKN, TN Nitrogen

Y, 1.34 67.84 Temperature, DO Temperature

Y 1.11 76.41 NOS/NOQ-N, conductivity Dissolved solids

Yo 1.00 84.14 pH Acidity/alkalinity
Figure 10

Nonpoint source pollution critical areas based on annual sediment and nutrient loads for (a) sediment, (b) total phosphorus (TP), and (c) total
nitrogen (TN) in Bayou Plaguemine Brule Watershed, Louisiana. Overall, the annual loads estimated by the model indicated that subbasins 4 and 7
(sampling sites 4 and 7) generated highest loadings in the watershed. For sediment, subbasins 4 and 7 were included in the highest loading cate-
gory, for which annual average sediment load was more than 5t ha™. Only subbasin 7 showed as a high load subbasin for TN (over 6 kg ha) as well
as for TP (over 3 kg ha™).

(a) Sediment load (b) TP load (c) TN load

B Low (under 1t ha?) B Low (under 1 kg ha™) B Low (under 2 kg ha™?)
Medium Medium Medium
B High (over 5that) B High (over 3 kg hat) B High (over 6 kg hat)
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cially on TSS, SRP, TP, and DO for both the
summer and the winter seasons, suggesting
that special attention should be given in
controlling nonpoint source pollution in this
watershed. Several water quality parameters
were strongly correlated. Total suspended
solids and TCS were significantly moder-
ately correlated with turbidity, while TSS
was strongly significantly correlated with
TCS. Similarly, there were strong and sig-
nificant correlations between TP and SRP
and TN and TKN.These correlations suggest
that only one of the two correlates will give
sufficient information for nonpoint source
pollution in this watershed; hence, one of
them may be dropped from monitoring list
and save time, labor, and laboratory costs.
Factors associated with the surface water
quality variability included the suspended
solids, P, N, water temperature, dissolved sol-
ids, and acidity/alkalinity. The variability in
surface water quality explained by these fac-
tors was in the order of sediment > P > N >
water temperature > dissolved solids > acid-
ity/alkalinity. Sufficient considerations should
be given to these factors while implementing
conservation measures for effective nonpoint
source pollution control in this watershed. In
addition, the presence of the critical areas for
nonpoint source pollution of sediments and
nutrients in the lower reaches of the water-
shed suggests the need for implementation of
conservation measures in the lower reaches
for nonpoint source pollution control in
this watershed. The integrated approach of
monitoring and modeling of the surface
water quality resulted in a valuable informa-
tion on the seasonal and spatial variability of
surface water quality, factors associated with
water quality variability, and the critical areas
for nonpoint source pollution in the Bayou
Plaquemine Brule Watershed. This infor-
mation can be effectively utilized in sound
decision making for nonpoint source pollu-
tion control and water quality improvement
in the watershed.
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