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Abstract. In 2014, we developed a Lagrangian sam-

pling (sampling according to travel time) program for

the Ogeechee River to focus on the fate and transport

of organic material in this system. We sampled the river

at five locations on four separate sampling excursions

from June to September and analyzed the water for total

organic carbon (TOC) and dissolved organic carbon

(DOC) and ash-free dry mass (AFDM). Results showed

that TOC and DOC concentrations were equal 75% of

the time. All samples with higher TOC occurred during

the June sampling event only which coincided with the

falling limb of an extended flood event within the basin.

The flux of organic material increased steadily in the

downstream direction for the June and September sam-

plings, remained relatively steady during the August

sampling, and increased significantly from River Mile 204

to River Mile 119, then decreased from River Mile 119

to River Mile 80 during the July sampling. Mass flux

rate of the July sampling was nearly 5 times higher than

all other sample excursions; this trend was most likely

due to considerably higher flows during that time period;

decreased flux during the last legs of this sample excur-

sion were likely due to organic matter consumption in the

floodplain. Compared with a Lagrangian sampling event

in the Savannah River that coincided with the June

sampling event in the Ogeechee, the Savannah River

transported 14 times more DOC/s than the Ogeechee at

four sites of equivalent distance from the ocean.

INTRODUCTION

Organic material serves as the base of the food pyramid

for all heterotrophic aquatic organisms. This material is

transported from the watershed (allochthonous) and/or

grows within the river (autochthonous). Understanding

the quantity, timing, and delivery of this material as

well as its capture, cycling, and transformation are the

essence of understanding aquatic ecosystem function. Too

much organic material has the potential to create water

quality issues, too little impacts food web dynamics and

ecosystem carrying capacities.

One of the challenges in determining the sources,

quantity, quality, and fate of organic material in water-

sheds lies in the ability to provide an appropriate refer-

ence frame to understand the dynamic system. Typically,

the reference frame for river sampling is sample collection

relative to fixed geographical locations without regard

to travel time between those fixed sampling locations.

Without regard to travel time, samples collected from

multiple fixed locations are not necessarily “intercon-

nected”; this interconnectedness is essential for providing

an understanding the gains and losses of organic material

from the river system. Since rivers are always moving,

sources of organic material are supplied at variable rates

and that material is trapped, respired, and incorporated

into biomass, all at variable rates too. Therefore, the

reference frame for understanding the fate and transport

of organic material has to be dynamic. The most suitable

way to provide that dynamic approach is to follow and

sample a parcel of water as it travels downstream; this is

called a Lagrangian approach.

In 2006, we developed a Lagrangian sampling scheme

for the Savannah River and in 2014 we developed a sim-

ilar sampling scheme for the Ogeechee River. Comparing

the organic material fate and transport of these two adja-

cent river basins will provide a unique opportunity to

understand both systems more completely. The prelim-

inary findings of this study set an important baseline for

developing that understanding.

METHODS

Ogeechee River study site. The Ogeechee River is one

of the few remaining unregulated rivers in Georgia. This

river is nearly 300 miles long and drains 5,540 sq. miles

of watershed. The Ogeechee River mostly originates in
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Figure 1: Ogeechee River Basin and water quality sam-

pling site locations.

the Coastal Plain Physiographic Province, which gener-

ally classifies it as a blackwater river. Land use within

this watershed is characterized by forest (52%), agricul-

ture (22%), wetlands (8%), urban (7%), open water (3%)

and other (8%) (SUOWP, 2005).

Permanent sampling sites and Lagrangian

travel time determinations. In 2014, we installed 5

real-time, web-enabled water quality monitoring stations

on the Ogeechee River (http://goo.gl/LpPzGK) that

measure water temperature, dissolved oxygen, pH, and

specific conductance at 15-minute intervals. The sites

were either located near USGS gauging stations, road

crossings, or on private property. The river mile (RM)

designations are as follows: RM 162, RM 119, RM 115,

RM 80, and RM 27 and are shown in Figure 1. We

used water quality data from the monitoring stations

as well as available USGS data (velocity, gauge datum,

and discharge) at multiple sites to make travel time esti-

mates between Ogeechee River sampling locations. Data

were used to develop algorithms for travel times between

adjacent sampling sites over various discharge ranges.

Discrete sampling and analysis. Sampling events

were conducted monthly on the Ogeechee River by

choosing a starting date and calculating Lagrangian

sampling times at sites downstream of the initial site.

In addition to the continuous monitoring sites, we also

sampled at the RM 204 site, which is the location of the

USGS gauge at the GA 88 crossing near Grange, GA. A

total of 10-L of water was collected from the left, center,

and right thirds of the river at each location using a

peristaltic pump. Samples were immediately stored on

ice for transport to the laboratory. In the lab, whole

water samples were homogenized using a churn splitter

and then subsampled. Total organic carbon (TOC), ash-

free dry mass (AFDM), and chloride were analyzed on

unfiltered samples; dissolved organic carbon (DOC) was

analyzed after filtration with a 0.45µm filter. TOC and

DOC were sent to Shealy Environmental Services (Cayce,

SC) for analysis on an OI Analytical 1030 TOC Ana-

lyzer (EPA Method 415.1). Particulate organic carbon

(POC) was calculated as the difference between TOC and

DOC. Chloride was analyzed on a SEAL AQ2 autoana-

lyzer (EPA Method 105-A Rev 5). AFDM was measured

gravimetrically. Known sample volumes were filtered on

pre-ashed, pre-rinsed, and pre-weighed Glass Fiber Fil-

ters (GFF) with nominal pore size of 0.7um, which were

then dried in a drying oven to constant weight. Filters

were then combusted at 550 C, rewetted with deionized

water, and dried to constant weight; this resulted in a

concentration of mg organic matter per mL of water

filtered. Mass flux of organic material and chloride was

determined by multiplying the organic material concen-

tration by the discharge displayed at the time of sampling

at the nearest USGS gauging station; travel time differ-

ences were taken into account if a sampling station was

not in close proximity to a gauge.

Savannah River study site. We simultaneously

sampled the Savannah River and Ogeechee River during

the September 2014 sampling event. The Savannah River

sites were sampled within a Lagrangian sampling scheme

as well; travel times and sites were established in 2006

and have been part of an ongoing study. Savannah River

sampling sites started seven miles below Thurmond Dam

and extended to the GA 119 crossing (near Clyo, GA).

Sites included the following: RM 215 (7 miles below

Thurmond Dam), RM 202, RM 190, RM 185, RM 179,

RM 148, RM 119, and RM 61 (near Clyo, GA); addi-

tional site description information can be found here:

http://goo.gl/68S6Hd. Sampling and analysis methods

were the same as for the Ogeechee River.

RESULTS

Samples were collected during flows that were generally

150 cfs to 200 cfs at the USGS Midville gauge (RM 162)

except for the July sample, which was collected during

a higher flow period of >700 cfs (Fig. 2). Table 1 shows

the average discharge recorded over all sites sampled

during each Lagrangian sampling event and total rainfall

recorded during each event (from USGS gauge 02203536

at US 17).

Concentrations of DOC ranged from a low of 4.0 mg

DOC/L at RM 162 in mid October to a high of 17 mg
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Figure 2: Discharge from USGS gauge at Midville, GA

(RM 162; USGS 02201230) during the study period (red

markers indicate sampling event times at RM 162).

DOC/L at RM 27 in early October, TOC was the same

concentration on those days as well which indicated that

all of the organic material at those sites was in the dis-

solved phase. In fact, TOC and DOC concentrations were

equal 75% of the time for all samples collected with the

largest TOC:DOC deviation occurring during the high

flow events. AFDM ranged from a low of 0.7 mg AFDM/L

at RM 80 in early July to a high of 10 mg AFDM/L at RM

27 in mid July. Figure 3 shows the AFDM, DOC, POC,

and chloride mass flux data for all sampled Ogeechee

River stations. The highest values for all parameters were

observed at the RM 27 site for all events. For all river

sites, not including RM 27, the highest AFDM, DOC, and

POC flux values occurred during the July 2014 sampling

event at RM 105, RM 119, and RM 162, respectively.

The highest maximum DOC flux (excluding the RM 27

site) was observed at RM 119 during the June 2014 sam-

pling event (1.7 E5 mg DOC/s), which coincided with

the highest flow event sampled. Organic material fluxes

were, on average, 3 times higher during this event than

any other.

Ambient chloride flux was used as a conservative

tracer. Chloride flux indicated that the Lagrangian parcel

of water was tracked fairly well (increasing mass flux with

decreasing river mile) for most samples except for flood

flow conditions that showed reaches of increasing and

decreasing chloride flux; this likely resulted from over-

bank flow losses.

Since the RM 27 site dominated the flux analyses,

the following discussion does not include trends from

that site. During the June event, DOC and POC gener-

ally increased with downstream direction while AFDM

and chloride increased at all sites except the RM 119

to RM 80 reach. During the July event, all parameters

were highly variable in the downstream direction. While

Table 1: Average discharge and total precipitation during

each Lagrangian sampling event.

Date Avg. discharge* Avg. discharge** Total precip.***

(cfs) (cfs) (in.)

Jun-14 206 2444 6.07

Jul-14 501 1532 3.16

Aug-14 161 2067 1.32

Sep-14 216 1488 4.53

Oct-14**** 98

* discharge of all sites at time of sampling- without RM27

** discharge of all sites at time of smapling- including RM 27

*** precipitation total during entire smapling event (from

USGS gauge 02203536- US 17)

**** data from RM 204 and RM 162 only

the rainfall total was not the highest of all Lagrangian

events, the result of the previous months rainfall and

resulting flooding caused certain reaches to gain and lose

organic material and chloride mass. The largest DOC

(> 4,500%), AFDM (> 3,500%), POC (>9,000%), and

chloride (>3,500%) flux increases occurred within the

RM 204 to RM 162 reach. The largest decreases for POC

(-94%) and AFDM (-35%) occurred within the RM 162

to RM 119 reach, which indicated that some material was

likely deposited within this reach of river or floodplain

from the upper reach; all POC but not all AFDM was

deposited by RM 80. During the August event, chloride

flux increased steadily in the downstream direction while

AFDM flux steadily decreased, DOC flux varied, and

POC increased at the RM 119 to RM 80 reach only. The

September event showed steady increases in chloride,

DOC, and AFDM (except for the RM 119 to RM 105

reach) fluxes with no POC flux at any of the sites. At

the time of this submission, there were only two sites

analyzed for the October event; similar to the September

event, fluxes for DOC, AFDM, and chloride increased

while there was no POC flux for both sites sampled.

Results of simultaneous river basin DOC sampling for

the Ogeechee and Savannah Rivers are shown in Figure 4.

When all sites for each basin are averaged, results show

that DOC transport in the Savannah River is 11 times

higher than in the Ogeechee River.

CONCLUSIONS

Lagrangian sampling was important for determining the

flux of organic material within these river systems. The

use of chloride flux as a natural conservative tracer for

Lagrangian packet transport was useful. During the June

event, it appears that we caught the packet sufficiently

well until the RM 80 sample, which showed a decrease;

this could have been due to not being in the same
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Figure 4: Dissolved organic material flux from simul-

taneous Savannah (red) and Ogeechee (blue) River

Lagrangian sampling events beginning in September

2014.

packet or could have indicated actual loss of chloride

through floodplain inundation or surface/ground water

withdrawal. The July sampling showed highly variable

chloride flux, which would have been consistent with

losses and gains due to floodplain inundation dynamics.

The August, September, and October sampling events

all showed an increase in chloride flux with downstream

direction which indicates that our Lagrangian packet

tracking was reasonably well followed; the river under-

goes seasonally low flows during this time so the water

remained within its banks for all of those sampling events.

The Ogeechee River transported more DOC than any

other organic matter fraction. While the river generally

transported between 8g DOC/s and 48 g DOC/s for most

sampling events, there was considerably more transport

during the July 2014 event where the flux ranged from 3g

DOC/s at RM 204 to over 170g DOC/s at RM 80. This

event coincided with a rain event that increased the rivers

discharge by nearly 500% (at the USGS at Rocky Ford

gauge 02202040), which was large enough to inundate

the floodplain. The June 2014 sampling event occurred

during the descending limb of a rain event that also inun-

dated the floodplain but transported less material, likely

because we only captured the descending limb of this

event. The DOC fraction is an important ecosystem driver

for building bacterial biomass, which provides a necessary

energy component for aquatic ecosystem food webs.

The POC fraction showed highest flux at the RM 204

to RM 162 reach during the July sampling event but

POC flux showed a steady increase at all stations during

the June sampling event. The lower flow sampling events

were associated with little to no POC flux relative to

the flood events. POC increased over 100 times from the

RM 80 to RM 27 reach in June and increased from near

zero to nearly 200g POC/s during the July event along

that transect; our future work will focus on the source of

POC increase within this reach. The difference between

the flooding and low flow conditions show how impor-

tant flooding events can be to transporting allochthonous

POC to the river system; this fraction of organic material

is important for collector-filter feeding organisms, many of

which are important to the overall riverine food web and

are indicators of good water quality. Our future studies

will focus on monthly aquatic insect dynamics relative to

monthly POC dynamics.

The AFDM fraction showed different flux dynamics

than the POC flux dynamics. Operationally, we filtered

river water through a glass fiber filter until the filter was

clogged. This means that the initial nominal pore size

of 0.7 um decreased over the filtration time, in essence

trapping smaller and smaller organic particles until the

filter was clogged. The reason why AFDM flux was higher

than the POC flux (TOC minus DOC) was that AFDM

accounts for particles larger and smaller than the 0.45

um cutoff for the POC analysis. AFDM flux was gener-

ally variable during the wet period (June and July) but

increased overall in the downstream direction. During the

August sampling event, flows were low and AFDM flux

decreased with decreasing river mile. The September sam-

pling event was also during low, stable flows but AFDM

flux increased with downstream direction. This could

have resulted, not from allochthonous contributions, but

from autochthonous contributions such as algae. While

both autochthonous and allochthonous organic material

sources are important for fueling aquatic food webs, it is

important to know the timing of each as a supplement

to the food web. We will focus more on the differences

between low flow and high flow contributions to this river

system during future sampling events.

It was clear for the Ogeechee River that organic

matter flux at the RM 27 site increased significantly as

the parcel of water entered the estuary-dominated por-

tion of the river. DOC flux increase ranged from 1,600%

to over 11,000% from RM 80 to RM 27 in the Ogeechee

River over all months sampled. This considerable amount

of organic material likely plays a role in the reduced

dissolved oxygen concentrations that have been observed

in the summer months at this site since 2014 (Flite et

al., 2015); more work needs to be done to confirm the

source of organic material in this reach. When compared

to the Savannah River system, the Ogeechee transported

only 9% of the total DOC that the Savannah River

transported from the most upstream sites to the RM 61

(Savannah)/RM 80 (Ogeechee) sites. Although we did

not sample the Savannah River at the RM 27 site during
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this event, historic USGS TOC data collected 5 miles

downstream of the RM 27 location indicated that the

magnitude of TOC flux during the time of the Ogeechee

River sampling was comparable to the DOC flux that we

measured at the Ogeechee River Mile 27 site. More work

needs to be done on this but noting that the Ogeechee

River transports only one-tenth of the organic material

that the Savannah River does prior to the tidal zone,

but has similar organic matter flux within the tidal zone

is a significant increase in organic matter loading in the

Ogeechee River system.
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Figure 3: Organic matter and chloride flux results from Lagrangian sampling events (AFDM = ash-free dry mass,

DOC = dissolved organic carbon, POC = particulate organic carbon). The left column includes all sampling sites,

starting in June 2014 (top) through November 2014 (bottom) except RM 27, the right column includes all sampling

sites from June (top) through October (bottom).
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