
 

ABSTRACT 
 
HAYES, SARA. Polyacrylamide Use for Erosion and Turbidity Control on 
Construction Sites. (Under the direction of Rich McLaughlin and Deanna Osmond.) 
 

Sediment is the most widespread pollutant of streams and rivers in North Carolina.  

Construction sites are a source of accelerated erosion contributing to the sediment problem.  

This study was conducted to determine if the application of polyacrylamide (PAM) to soil 

surfaces on construction sites reduces erosion and turbidity.  Polyacrylamide has been 

demonstrated to greatly reduce erosion in furrow irrigation, and there is limited evidence it 

controls erosion when applied to bare soil.  Two PAM products applied at manufacturers 

recommended rates (11.2 and 1.68 kg ha -1) and one half the recommended rates (5.6 and 0.84 

kg ha-1) with and without grass seeding and mulching were tested on three North Carolina 

Department of Transportation construction sites in Raleigh and near Fayetteville.  Runoff 

volumes, turbidity levels, and eroded sediment data were collected after natural rain events.  

On a 2:1 cut slope, turbidity and sediment loss were significantly decreased with application 

of seed/mulch.  Erosion rates were 20 times greater on bare soil after seven rain events, with 

or without PAM, compared to treatments receiving seed/mulch.  Polyacrylamide applied with 

seed/mulch produced slight reductions in turbidity and sediment loss in early rain events.  At 

the higher rate, PAM applied directly on a more moderate, 4:1 fill slope decreased sediment 

loss and turbidity in the first few rain events following application compared to bare soil, 

with decreases diminishing over time.  A sandy fill slope had inconsistent results between 

PAM treatments but reductions in turbidity and sediment from seed/mulch applications. 
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INTRODUCTION 
 

In North Carolina surface waters, sediment is the number one pollutant (NC 

DENR, 2000), and according to the U.S. Environmental Protection Agency (EPA) 

sedimentation continues to be one of the most widespread pollutants across the U.S., 

impacting rivers and streams (EPA, 1998).  The offsite impacts of soil erosion, 

sedimentation, and turbidity have detrimental ecological and economic effects.  

Sediment in streams can suffocate bottom-dwelling species and fish eggs, and 

decrease the available habitat by filling bottom voids.  Suspended sediment increases 

the turbidity of water, blocking sunlight and inhibiting the growth of aquatic plants by 

preventing photosynthesis.  This leads to a decrease in the dissolved oxygen content of 

the water and may result in reduced fish populations (EPA, 1998).  Reservoirs and 

waterways rapidly fill with sediment interfering with drinking water treatment and 

decreasing municipal water supply storage capacity.   

Construction sites are a primary source of sediment due to an increase in the 

rate of soil erosion that occurs with land disturbing activities.  The extent of sediment 

loss ranges from very little to over 224 metric tons per hectare per year (100 tons per 

acre) depending on the use and maintenance of best management practices (BMPs) 

(NC DENR, 2000). The runoff from construction sites commonly exceeds several 

hundred nephelometric turbidity units (NTU) and often several thousand NTU, even 

with the proper use of BMPs (Minton, 1999).  The North Carolina Department of 

Environment and Natural Resources (NC DENR) sets the turbidity standards for North 

Carolina at 50 NTU for streams and 25 NTU for lakes or reservoirs not designated as 

trout streams, and 10 NTU for streams, lakes, or reservoirs designated as trout waters 
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(NC DENR, 2002).  If natural background conditions exceed the standards then 

turbidity levels cannot be increased past those natural background conditions. 

Some typical BMPs used on construction sites include silt fences, mulching, 

rock check dams, and sediment basins.  Silt fences are designed to catch only sands 

and coarse silts (particles > 125 microns), while the fine silt and clay size particles 

remain in suspension and easily pass through the silt fence with the runoff water.  The 

size of sediment basins on construction sites has been increased in an attempt to trap 

these smaller sediments.  The increases in costs and land area needed as sediment 

basins are enlarged, has resulted in only slight improvement, and the larger basins do 

not provide much help against high turbidity levels (Tobiason et al., 2001). A better 

approach is needed to reduce the erosion that occurs on construction sites and to 

prevent the sediment from leaving the site.  Once the sediment is suspended in water, 

it is more difficult and expensive to remove. 

The mechanisms of soil erosion include soil particle detachment from 

raindrops and the suspension of sediment.  Raindrops hit the soil surface, breaking 

aggregates and splashing sediments into overland flow.  The suspension of sediment 

occurs when overland flow gathers particles from the soil surface (Rose, 1994).  To 

reduce erosion, particle detachment from the soil surface and the subsequent particle 

suspension need to be prevented by protecting the soil from rain droplets.   

Another aspect of soil exposure to rain droplets is the decrease in infiltration 

rate that occurs with surface sealing and crusting.  Surface crusting is a thin soil layer 

(<2-3 mm) that tends to have greater density, smaller pores, and lower saturated 

conductivity than the soil underlying the crust (Levy et al., 1992). Crusts form when 
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surface aggregates are physically broken down and soil pores fill with soil particles, 

preventing infiltration of water.  The remaining particles along the soil surface are 

removed with the overland flow, or runoff (McIntyre, 1958;  De Boodt, 1993).  

Improving and maintaining the soil structure of surface soils would decrease surface 

crusting thereby reducing runoff and soil erosion (Levy et al., 1992). 

One way of combating raindrop impact and surface crusting is the 

establishment of a vegetative cover as soon as possible after land disturbing activities.  

Grass seed is sown with mulch, which provides a temporary cover until emergence of 

the grass.  Several studies have shown that straw mulch rates of 4.5 metric tons per 

hectare are sufficient in reducing sediment loss by 92-95% (Meyer et al., 1970; 

Mostaghimi et al., 1994).  Recommended rates in North Carolina are 2.2 to 4.5 metric 

tons of straw mulch per hectare (NC DENR, 1993), which when applied at the upper 

end of the range appears to provide 100 percent surface coverage. 

Another method to make detachment more difficult is to promote the 

aggregation of soil particles that helps maintain soil structure.  The presence of organic 

matter in soil promotes soil structure, the retention of water, and prevents the breakup 

of soil aggregates (McBride, 1994).  Aggregation may also occur through particle to 

particle interactions with the correct electrolytic environment, or through particle 

attachment to long chain polymers (Mishra, 1989). One such polymer used for erosion 

control is polyacrylamide, or PAM.  The objective of this study was to determine if 

PAM applied directly to the soil surface reduces erosion and turbidity on construction 

sites. 
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LITERATURE REVIEW 
PAM properties 

The application of PAM does not improve the structure of the soil surface, 

rather it stabilizes the conditions already present (Sojka et al., 2002).  PAM acts as a 

binding agent, the same as organic matter and natural polysaccharides found in the soil 

(De Boodt, 1993).  In a study by Shainberg et al. (1992), PAM application increased 

surface aggregation anywhere from 10% to 78% compared to the control. 

PAM is a water soluble synthetic polymer, which varies with molecular 

weight, and charge.  It is manufactured with an anionic, cationic, or nonionic net 

charge (Seybold, 1994).  The ionic forms of PAM have been shown to be more 

effective due to intramolecular electrostatic repulsion that promotes the extension of 

the polymer, whereas nonionic polymers often coil in solution (Laird, 1997).  The 

charge density, or percent hydrolysis, of the polymer may be altered.  For anionic 

PAM this is accomplished through the substitution of acrylamide groups by hydroxyl 

groups (Green et al., 2000).  Charge density varies from 2 to 30% but is typically 

about 18% for PAMs used in agriculture (Sojka et al., 2002).   Molecular weights 

(MW) vary from 12 to 15 Mg mol-1.  As the MW increases so does the length of the 

polymer chain and the viscosity of the PAM solution (Green et al., 2000).  The 

viscosity changes with temperature, concentration, pumping, and flow rates so it is 

difficult to calculate (Bjorneberg, 1998.) 

Polyacrylamide may be purchased as a dry powder, aquic concentration, 

emulsion, or log.  The dry powder form is the most widely used in agriculture and 

contains 80% active ingredient by weight, while the emulsion is also frequently used 

with an active ingredient of 30-50% (Sojka et al., 2002).  
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PAM/Soil Interactions 

Several possible mechanisms result in the adsorbing of anionic PAM to the soil 

surface and the stabilization of aggregates.  Bonding occurs between electronegative 

functional groups of the anionic PAM and protonated nonbridging aluminol groups on 

broken edges of clay (Gregory,1996; Laird, 1997).  Polymer bridging occurs when 

several soil particles adsorb to different segments of the PAM molecule to form strong 

aggregates that vary with the length of the PAM molecule (De Boodt,1993; Gregory, 

1996).  Cation-bridging is probably the most commonly cited mechanism by which 

anionic PAM adsorbs to soil.  This occurs when the negative charge of PAM is 

blocked by a high concentration of electrolytes or with the presence of multivalent 

cations on the clay surfaces. These cations bridge the negative charges of the polymer 

and soil surface (Laird, 1997). 

According to Letey (1994) the polymer does not penetrate soil aggregates due 

to the high MW of PAM, so adsorption occurs only on the soil surface.  However, a 

study by Levy and Miller (1999) found that high MW PAM was adsorbed on both 

outer and inner aggregate surfaces for aggregates >1.0 mm.  This suggests PAM may 

still be effective after raindrop impact has broken the initial aggregates.  The ability of 

PAM to enter the aggregate also depends on soil texture, decreasing with higher clay 

contents. 

The adsorption of PAM onto soil particles is irreversible once the system has 

dried, then mechanical degradation of the aggregate is the means of destruction (Letey, 

1994).  Different formulations of PAM, with altered charge density and MW, have 

different effectiveness in reducing erosion depending on the soil type (Nadler et al., 
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1996 and Green et al., 2000).  Further investigations are needed to determine the 

interactions of different PAM and soil types, in order to prescribe the appropriate 

PAM.  

 

Environmental Fate and Effects 

Increased use of PAM in agricultural settings and as an erosion control agent 

has raised environmental concerns, but PAM has had many industrial uses including 

mining, water treatment, sewage treatment, boiler-water additives, superabsorbent 

diapers, paints, detergents, industrial coatings, cosmetics, ceramics, textiles, ion-

exchange resins, papermaking, oil well drilling, agriculture, industrial adhesives, 

cements, drug delivery, and oil production.  The structure, functionality, and molecular 

weight of the PAM polymer determines the use (Buchholz, 1992).  Tests have shown 

that the cationic form of PAM may bind to the gills of fish (Goodrich et al., 1991), 

therefore most PAM used in erosion control is the anionic form.  Tobiason et al. 

(2001) found that the anionic PAM used in their study was not toxic to daphnids in 

both acute and chronic tests. 

Polyacrylamide is not toxic to humans, but the acrylamide monomer is a 

neurotoxin and possible carcinogen.  It is readily absorbed through the skin, where it 

effects the nervous system (Buchholz, 1992).  The break down of PAM in soil occurs 

mostly through mechanical degradation, and the acrylamide monomer cannot be 

regenerated from PAM as it is not possible thermodynamically to reform the double 

bond (Bologna et al., 1999).  Nevertheless, PAM may serve as a source of the 
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acrylamide monomer.  Processing of PAM may leave the residual monomer.  Food 

and Drug Administration regulations set residual acrylamide levels below 500 ppm.   

Acrylamide is biodegradable and does not accumulate in soils.  It will 

hydrolyze in soils to produce ammonium, which under aerobic conditions will oxidize 

to nitrate (Abdelmagid and Tabatabai, 1982).  Bioaccumulation of the acrylamide 

monomer in plant tissue occurs infrequently; levels never reached greater than 10 ppb 

in crops (beans, corn, potatoes, and sugar beets) tested by Bologna et al. (1999). 

Acrylamide is leachable and could be a ground water hazard, but once acrylamide 

metabolizes it degrades to carbon dioxide and nonextractable materials. The more 

sandy the soil the slower the metabolic rate and higher mobility of acrylamide, while 

decreasing temperature or increasing the concentration of acrylamide result in a longer 

half-life as well.  Lande et al. (1979) found that the apparent acrylamide degradation 

half-life in soil was similar to the half-life reported in water, or about 18-45 hours for 

25 ppm at ambient temperature and aerobic conditions. 

 

Previous Work 

Polyacrylamide has been used as a soil conditioner in agriculture in the past 

and is being tested in its use for erosion and turbidity control. Synthetic polymers have 

been used as soil conditioners in agriculture since the 1950’s, but the expense of the 

products for field applications (~$1500 ha –1) limited their practicality (De Boodt, 

1993).  With improvements in the production of synthetic polymers making them more 

economical and efficient, the use of PAM has been increasing since the early 1990’s.  

Polyacrylamide use in agricultural has increased from 20,000 acres to over 1 million 
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acres from the period 1995 to 1998 (Orts et al., 1999).  The use of PAM is considered 

a BMP by the Natural Resources Conservation Service (NRCS), and is included in the 

NRCS’ National Handbook of Conservation Practices (NRCS, 2001). 

There have been many studies completed at the Kimberly, Idaho, Northwest 

Irrigation and Soils Research Laboratory of the U. S. Department of Agriculture’s 

Agricultural Research Service involving the use of PAM in furrow irrigation.  Lentz et 

al. (2002) reported PAM application rates of 1.12 kg ha–1 applied in the furrow 

advance stream at just 10 ppm were efficient in reducing sediment in runoff by 94%.  

In a later study, the same 10 ppm PAM added to only the irrigation advance water 

inflows was found to reduce runoff sediment, phosphorus, and nitrogen losses by 85-

99% (Lentz, et al., 2002).  In furrow irrigated potatoes, PAM decreased the amount of 

sediment loss by 62%, while straw mulch decreased the amount of sediment loss by 

80% (Shock and Shock, 1997). 

Testing the use of PAM in sprinkler irrigation, Bjorneberg et al. (2000) applied 

2 and 4 kg ha–1 to the soil surface with and without straw mulch residue.  The 

application of PAM plus straw mulch was more effective at reducing runoff, erosion 

and phosphorus loss than either PAM alone or straw mulch alone.  However, a 70% 

residue cover was more effective at reducing runoff (75-80%) than either the 2 or 4 kg 

ha–1 rate of PAM applied to bare soil (30-50% reduction). 

Shainberg et al. (1990) found that PAM applied at rates of 20 and 40 kg ha–1 to 

the soil surface increased the infiltration rate by three times through stabilization of 

soil aggregates and the prevention of surface sealing.  A PAM plus a phosphogypsum 

treatment increased the infiltration rate by tenfold (Shainberg et al., 1990).  In another 
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study, surface applied PAM (15 and 30 kg ha–1) significantly increased aggregate 

stability and decreased average bulk density when compared to a control bare soil after 

simulated rainfalls on a 20% slope.  Runoff rates were reduced by 67% on average 

when comparing the PAM treatments with the control, although a decrease in 

infiltration rates over the rainfall events was observed for the PAM treatments.  

Average soil loss was also less for the PAM treated soils than the control (Zhang and 

Miller, 1996).  At the USDA Soil Erosion Laboratory near West Lafayette, Indiana, 

PAM was tested at a rate of 10 ppm on a slope of 6-9%, using tap water (similar to 

water used in irrigation) and deionized water (similar to natural rainfall water).  

Results showed a significant increase in infiltration for a PAM treatment applied with 

tap water to a dry soil surface than either a tap water control or a deionized water 

control  (Flanagan et al., 1997).  A PAM plus phosphogypsum treatment was more 

effective at increasing infiltration versus phosphogypsum only due to PAM preventing 

physical degradation of the aggregates from rain drop impact (Levin et al., 1991).  

Testing the effect of PAM on surface sealing, Zhang et al. (1998) dissolved 

PAM (20 kg ha–1) into a gypsum solution.  The gypsum in the PAM solution reduces 

viscosity and bridges negative charges.  The PAM treatment reduced runoff by 44% 

compared to the control rainfall over 5 months of low intensity rains. 

More recently testing has been done using PAM for erosion control on 

construction sites.  Roa-Espinosa (1999) found on a 10% slope that a treatment of 22.5 

kg ha–1 PAM and mulch applied to dry soil decreased the sediment loss an average of 

93% over the control.  The state of Washington Department of Transportation (DOT) 

evaluated different application methods of PAM to exposed construction site soils.  
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The application tests included untreated, hydromulch/seed, PAM only, PAM plus 

hydromulch/seed, and PAM plus straw mulch tested on 16-33% cut and fill slopes at a 

PAM rate of 1.12 kg ha–1.  Turbidity was decreased with the PAM only treatment by 

88-90%, 94-99% with the PAM plus hydromulch treatment, and 22-95% with the 

hydromulch only treatment (Tobiason et al., 2001). 
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MATERIALS AND METHODS 
 
Sites and Soils 

The study was located at three North Carolina Department of Transportation 

(NC DOT) active highway construction sites (Figure 1).  The first two sites were 

located in the Piedmont in northern Raleigh (Wake County) at the construction of 

Interstate Highway 540, approximately one kilometer east of Litchford Road.  The 

third site was a part of the Upper Coastal Plain, north of Fayetteville (Cumberland 

County) at the construction of the Fayetteville Outer Loop over the Cape Fear River, 

east of River Road about 100 meters.   

The first and third sites consisted of fill material with the third site at final 

grade, while the second site was a cut surface. The second site apparently had been 

previously disturbed and had at least three distinct materials distributed across the 

plots.  Slopes averaged 50% for the first site, and 20% for the second and third sites.  

Particle size analysis was performed on soil samples from all three sites using the 

hydrometer method (Gee and Bauder, 1986).  The soil samples were taken from the 

construction sites after the slope grades had been altered so the fill materials and cut 

surface were sampled.  The sand, silt, and clay distributions are presented in Table 1. 

 

Runoff Plots 

A section of the road embankment was marked off at each site for small runoff 

plots (Figure 2).  Thirty plots, 6m long and 1.5m wide, were separated by 15cm 

landscape edging driven vertically into the soil approximately 5cm.  Along the upper 

border of the plots either a berm or ditch was constructed to prevent any outside runoff 
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from entering the plots.  Silt fencing was installed along the downhill edge of the plots 

for the full length of the 30 plots. The landscape edging was placed downhill of the silt 

fence in a V formation to channel the runoff water to a collection point below each 

plot. A 10cm diameter drainpipe was fitted to extend from the intersection of the 

edging to a 20 L collecting bucket. Splitters, constructed from 30 x 10 cm landscape 

drains, were placed on the ends of the drainpipes and extended over the buckets to 

prevent overflow.  The splitters had 9 slots with one slot fitted with a duct leading to 

the collection bucket and the other 8 flowing to the ground.  As a result, only 1/9 of 

the runoff flow was collected. This flow was confirmed through calibration tests in 

which the volume of flow exiting the slots was measured.   Two small wooden stakes 

and crossbar were placed above the bucket to support the drainpipe and splitter. The 

splitters were leveled and stabilized with landscape nails through the upper end of the 

drainpipe, which had a slight downward slope to ensure drainage of the runoff. 

Plastic sheets were placed under the silt fence covering the bottom of each plot 

to the drainpipe, which was inserted through the plastic sheet and sealed with duct 

tape.  The edge of the plastic sheet uphill of the silt fence was stapled into the ground 

and buried to prevent the runoff from passing under the silt fence. The silt fence was 

then duct taped to the plastic sheet to force runoff through the silt fence.  Water and 

finer materials, which passed through continued downhill funneling into the drainpipe.   

Slight alterations were made in the runoff plots at the second and third sites.  

The plots were separated with a 0.3 m buffer and individual pieces of silt fence were 

used to prevent the eroded sediments from crossing into adjacent plots during heavy 

rain events. The splitters used at the second site consisted of an additional bucket 
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placed uphill of the original 20 L collecting bucket (versus the splitter attached directly 

to the drainpipe) that channeled 1/10 of the runoff volume into the collection bucket 

(Figure 3).  The splitter bucket had 10 holes drilled approximately 3 cm apart around 

the upper edge.  A small piece of Tygon tubing was inserted in nine of the holes, 

which drained to the ground.  The tenth hole had longer tubing that extended to the 

collecting bucket.  Calibration tests were performed to ensure the capture of 1/10 of 

the runoff volume (Table 2).  At the third site, the individual silt fence sections were 

placed horizontally above the plastic sheet.  This allowed water and fine particles to 

seep through, leaving the heavier soil particles on the silt fence material (Figure 4).  

The original splitters used at the first site were used at the third site as well. 

  Runoff volume was measured in the field using 2000 mL graduated cylinders 

and then subsampled for turbidity and total suspended solids (TSS) measurements in 

the laboratory.  Eroded sediment collected from the silt fence was weighed in the field 

then subsampled for dry soil mass determination in the laboratory. A recording 

rainguage was in place at each site to collect rainfall data. 

 

Treatments 

The experiment consisted of ten treatme nts that were replicated three times for 

a total of 30 runoff plots (Table 3).  Two PAM products, Soilfix from Ciba Specialty 

Chemicals (Suffolk, VA) and Siltstop 705 from Applied Polymer Systems (Norcross, 

GA) were used (reference to a trade or company name is for specific information only 

and does not imply approval or recommendation of the company).  Jar tests were 

performed prior to each field study with soil samples from the sites and various PAM 
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products in order to select which two PAM products appeared to be most effective at 

reducing turbidity.   Each PAM product was applied at two application rates, with and 

without seed/straw mulch.  The PAM without seed/mulch treatments were included to 

consider claims that PAM could be used in place of the standard practice of 

seed/mulch application.  In addition there was a seed/straw mulch only treatment and 

bare soil control.   

The PAM was dissolved in water in the laboratory under constant stirring using 

stir plates.  Soilfix was dissolved at the concentration of 125 mg L-1 water and Siltstop 

705 at 1000 mg L-1 water.  The manufacturer recommended rates of 11.2 kg ha-1 (10 

lbs. ac-1) for Siltstop 705 and 1.68 kg ha-1 (1.5 lbs. ac-1) for Soilfix were used as the 

first application rate.  A second application rate of one half the recommendation was 

used at sites one and two.  

At the Piedmont 1 site the practice standards and specifications for surface 

stabilization by temporary seeding found in the North Carolina Sediment and Erosion 

Control Planning and Design Manual were used (NC DENR et al., 1993). Dolomitic 

limestone at a rate of 224 kg ha-1 (200 lbs. ac-1) and fertilizer (10-10-10) at a rate of 

840 kg ha-1 (750 lbs. ac-1) were applied by hand to all 30 plots.  Next a sudangrass-

sorghum hybrid seed (treated with Lorsban 30 and Captan Flowable insecticide) was 

applied at the rate of 56 kg ha -1 (50 lbs. ac-1) to the 15 plots receiving a seed/mulch 

treatment.  Sudangrass (Sorghum bicolor) seed, the recommended grass, could not be 

located so the hybrid seed was used.  All 30 plots were then raked by hand.  Straw at 

4.48 metric tons ha -1 (2 tons ac-1) was placed on the 15 plots that received seed.  The 

Piedmont 2 and Coastal Plain sites used NC DOT guidelines for stabilization: 4480 kg 
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ha-1 (4000 lb ac-1) dolomitic limestone, 560 kg ha-1 (500 lb ac-1) of 10-20-20 fertilizer 

to all plots, and a combination of 56 kg ha-1 (50 lb ac-1) fescue (Festuca spp.), 5.6 kg 

ha-1 (5 lb ac-1) centipede (Ischaemum timorense), and 56 kg ha -1 (50 lb ac-1) Pensacola 

bahiagrass (Paspalum notatum) for the seed/mulch treatments with 2.24 metric tons 

ha-1 (1 ton ac-1) straw. 

The PAM treatments were applied using garden sprayers and sprinkler cans. 

Due to the viscous nature of the dissolved PAM, additional water was added to further 

dilute the material to concentrations of 500 mg L-1 Siltstop 705 and 84 mg L-1 Soilfix.  

Water was applied to the seed/mulch treated plots not receiving a PAM treatment, in 

equal proportion to provide similar seed germinating conditions. 

The two application methods for the PAM were an attempt to simulate the use 

of a hydroseeder, which is how the product would be applied large scale to 

construction sites.  At the Piedmont 1 location backpack and garden sprayers were 

used with limited success.  Even after dilution the viscosity of the PAM solution 

required significant pressure to exit the sprayers.  This could have resulted in uneven 

application of the PAM to the runoff plots due to clogging of the nozzles or uneven 

spray rate. 

 

Laboratory Analysis 

Runoff subsamples were measured for turbidity using the Analite 

Nephelometer, Model 152 (McVan Instruments, Australia).  The measurements in 

nephelometric turbidity units (NTU) were then corrected for any nephelometer 

variability based on Formazin standards.  For each rain event, the subsample 
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measurements were plotted versus nephelometer readings for the Formazin standards, 

a linear regression line fitted and the following equation used to calculate the corrected 

turbidity:  

Corrected turbidity = (uncorrected turbidity + intercept (NTU))  

      slope (NTU) 

 
The subsamples were then measured for TSS using Total Suspended Solids dried at 

103-105° C, from the Standard Methods For the Examination of Water and 

Wastewater (Clesceri et al, 1998) with 47 mm glass fiber ProWeigh filters from 

Environmental Express (Mt. Pleasant, SC).  Water content of the eroded sediment 

subsamples was analyzed using the gravimetric method with oven drying (100° to 

110° C). 

 

Statistical Analysis 

Statistical analysis was performed using SAS (SAS Institute, Cary, NC).  All 

data was log transformed and analysis of variance was done using the GLM procedure 

for tests of all main effects and interactions of mulch, PAM product, and rate.  Tukey’s 

test was used to determine any differences among the treatments for runoff volume, 

turbidity, and sediment loss.  Individual rain events were analyzed and the data for 

each study site were analyzed separately as conditions were considerably different 

between the three sites.  The first site was a steep, fill site, and the second site though 

located in close proximity to the first site, was a more moderate, cut slope.  The third 

site, while also a moderate slope, was a sandy soil. 
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RESULTS AND DISCUSSION 
 

Piedmont 1 

The Piedmont 1 location received a total of eight rain events from June 26 to 

July 27, 2001, ranging in rainfall from 0.1 to 6.6 cm (Table 4).  The last rain event of 

6.6 cm overwhelmed the collection capacity of the site.  The data for this event was 

not included in the statistical analysis for this site, but sediment was collected and 

erosion rates estimated for comparison. 

 
Runoff 
 
 There were no differences in runoff volume (p≤0.05) resulting from the 

application of PAM or seed/mulch for the seven rain events (Table 5).  For statistical 

significance (p≤0.10) the rate of PAM application did affect the runoff for the first rain 

event, June 26th.  The high rate (11.2 kg ha -1) of 705 without seed/mulch and the low 

rate (0.84 kg ha-1) of Soilfix with seed/mulch produced runoff volumes 2 to 3 times 

that of the other treatments on June 26th (Figure 5).  However, there were no statistical 

differences between the means of any of the individual treatments for this date or any 

other (Table 6).  One explanation for this lack of significant difference is that the 

statistics were performed on log transformed data in order to use analysis of variance.  

In some cases the samples collected had runoff volumes at or near zero, and since 

there is no mathematical log of zero, a small number is added to this sample data.  

Therefore the treatments, especially those with smaller runoff volumes, lose some of 

their differences.  An example, again from the first date, June 26th, the low and high 

rate of Soilfix with seed/mulch appear to be substantially different in the amount of 
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runoff volume when comparing the actual means of the sample data, but the log 

transformations of the data are not statistically different. 

Additionally, the treatments were separated into two groups, those with 

seed/mulch and those without, and analyzed for treatment mean differences within 

groups, but no statistical differences resulted.  

 The high rate of 705 without seed/mulch recorded the highest runoff volumes 

for all dates, averaging 40.5 m3 ha-1 (Figures 5-11).  The bare soil control averaged 

15.6 m3 ha-1 and produced less runoff than the seed/mulch control for all dates except 

July 10th (Figure 12), with the seed/mulch control averaging 24.4 m3 ha-1.  It would not 

be expected that a bare soil would have lower runoff volumes compared to a 

seed/mulch treatment but maybe the fill material at this location allowed a greater 

infiltration rate due to the loose soil and greater pore space. 

 The high rate of both PAM products with the seed/mulch application reduced 

runoff volumes compared to the seed/mulch control, and performed as well as or better 

than the bare soil control.  The high rate of Soilfix with seed/mulch consistently had 

the least runoff throughout the study period, with a decrease in runoff volume 

compared to the seed/mulch control of an average 83%, and compared to the bare soil 

control by an average 71%.  It averaged 6.5 m3 ha-1 of runoff for all dates.  The same 

treatment without seed/mulch (high rate of Soilfix) reduced runoff compared to the 

seed/mulch control an average of 36%, but did not decrease runoff when compared to 

the bare soil control.   

While the non-mulched 705 treatments generated more runoff than both the 

bare soil and seed/mulch control, the 705 treatments with seed/mulch (high and low 
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rates) decreased the runoff 63 and 61% compared to the seed/mulch control, and 24 

and 27% compared to the bare soil control.   

Perhaps the PAM applied with the seed/mulch decreased runoff through a 

combined force of the mulch preventing direct impact of raindrops to the soil and the 

PAM maintaining the soil surface aggregates, increasing infiltration.  Also the PAM 

was applied after the seed/mulch application so an interaction between the PAM and 

mulch may have led to increased infiltration.  The PAM treatments applied to the bare 

soil increased runoff compared to the bare soil, contrasting with previous studies that 

found decreases in runoff and significant increases in infiltration rates from PAM only 

treatments (Shainberg et al., 1990; Zhang and Miller, 1996; and Flanagan et al., 1997).  

Alterations may need to be made to application rates, application methods, or PAM 

products depending on whether seed/mulch is included. 

The runoff volumes were totaled for each treatment for all rain events and the 

site data analyzed without separating by rain event.   The high rate of 705 without 

seed/mulch had the greatest runoff volume, 850 m3 ha-1, and was statistically different 

than the high rate treatments of both PAM products with seed/mulch, which were 

statistically different from each other as well (Figure 13).  The high rate of Soilfix with 

seed/mulch reduced runoff by 74% compared to the seed/mulch control and by 58% 

compared to the bare soil control, while the high rate of 705, mulched, reduced runoff 

by 51 and 22% respectively, compared to the two controls. 

 
Turbidity 
 
 The most obvious treatment effect on turbidity at the Piedmont 1 location was 

due to the application of seed and mulch.  For all dates except June 26th, there was a 



 

 20 

significant (p≤0.05) decrease in turbidity as a result of seed/mulch (Table 5).  The 

effect of the seed/mulch on reducing turbidity increased over time as the grass became 

established (Figures 14-20).  By the last date (July 25th) the turbidity was greater than 

1000 NTU for the non-mulched treatments and 200-300 NTU for the mulched 

treatments. 

Even though there appear to be large differences in mean turbidity between the 

mulched and non-mulched treatments, very few statistical differences were detected 

between the individual treatments.  Another explanation for this lack of statistical 

significance is due to the high variability between the three samples collected within 

each treatment.  An example is the July 9th event, the high rate of 705 with seed/mulch 

was significantly different than the high rate of Soilfix without seed/mulch (Table 7).  

The low rate of Soilfix without seed/mulch had a similar turbidity level as the high 

rate, but the standard deviation was larger for the samples, preventing the statistical 

difference (Figure 17).   

 On July 10th the high rate of Soilfix without seed/mulch reduced turbidity 

levels by 70% compared to the bare soil control, produced the lowest turbidity 

readings of any of the non-mulched treatments, and had a low standard deviation 

(Figure 17), but it did not differ statistically from any other treatment means (Table 7).  

To further examine the treatments, Tukey’s test was performed on only the non-

mulched treatments; this test produced a difference (a=0.05) between the high rate of 

Soilfix and the low rate of 705. 

The best of the non-mulched treatments, the high rate of 705, decreased 

turbidity levels below the bare soil control an average of 23%.  However, turbidity 
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levels were still above the NC standard of 50 NTU, ranging into the thousands for 

several rain events.  The non-mulched Soilfix treatments, both low and high, produced 

turbidity levels similar or higher than the bare soil control for all dates except July 10th 

and 19th, which had lower turbidity levels.  

The high rate of 705 with seed/mulch decreased turbidity 32% compared to the 

seed/mulch control in the first four rain events, but lost effectiveness over time 

generating higher turbidity levels than the control in the last three rain events (Figure 

21).  The PAM treatment may have degraded or eroded by this time, or may have 

influenced the grass growth.  The grass had become established in the later rain events 

but stand density was not measured: thus it is not possible to determi ne the affect of 

stand density. 

The high rate of 705 without seed/mulch seemed to have an opposite trend, 

becoming more effective and decreasing turbidity levels by 1, 9, 19, 47, 15, 35, and 

37% over the rain events (Figure 22).  Maybe the PAM application helped to stabilize 

the soil surface aggregation, which maintained a steady turbidity rate, while the bare 

soil control at this fill site had better infiltration early but with time erosion and surface 

crusting decreased infiltration and allowed more sediment to become suspended.   

The steepness of the Piedmont 1 site may have prevented the applied rate of 

PAM from being effective.  Higher rates of PAM may be required to reduce turbidity 

on steeper slopes similar to the higher mulching rates recommended to steeper slopes 

(Meyer et al., 1970).  

Looking back at the runoff volumes produced at this location the bare soil 

control had some of the lowest volumes yet produced some of the highest turbidity 
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levels.  The two high rates of PAM treatment without seed/mulch had higher runoff 

volumes than the bare soil control but lower or similar turbidity levels.  So even 

though the PAM treatment may not have reduced runoff it did affect the amount of 

sediment that became suspended in the runoff.  

 
Sediment 
 
 Sediment was collected after five of seven rainfall events, since the events on 

July 10th and 25th produced negligible sediment due to light rainfall.  

In the non-mulched treatments, the high and low rates of 705 reduced or 

equaled sediment loss compared to the bare soil control for all rain events (Figures 23-

27), averaging 28 and 23% reductions respectively.  Dividing the mulched/non-

mulched treatments and analyzing the non-mulched treatments only, on June 27th, the 

two 705 treatments and the bare soil control reduced sediment loss significantly from 

the two Soilfix treatments (Figure 24), and the high rate of 705 from the low rate of 

Soilfix on July 5th (Figure 25).  However, the reductions were not statistically 

significant when analyzed among all ten treatment means (Table 8).  There was also a 

main effect of the PAM treatment on June 27th (p=0.002) and July 9th (p=0.06) for 

sediment loss (Table 5).  Interaction effects were also tested for on this date, and all 

other dates, but were not significant.    

 After the first rain event the seed/mulch application reduced sediment losses 

significantly (p≤0.05)(Table 5).  In the last rain event in which sediment was collected, 

July 19th, the mulched treatments averaged a sediment loss of 276 kg per hectare, 

while the non-mulched treatments lost 7040 kg ha -1 (Figure 27). 
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The high rate of 705 with seed/mulch reduced sediment loss compared to the 

seed/mulch control 15, 18, 41, 91, and 6%, by dates (Figure 28).  This pattern of 

sediment loss for the two treatments with seed/mulch follows the decreases in turbidity 

reported at this location.  A relationship is expected between sediment loss and 

turbidity levels. 

For the non-mulched treatments the amount of sediment eroded appeared to 

increase with time for similar sized rain events.  For instance on June 26th (1.83 cm 

rain) the non-mulched treatments averaged 73 kg ha-1 sediment, while on July 9th (1.27 

cm rain) sediment loss averaged 3257 kg ha-1, and over 7000 kg ha-1 on July 19th 

(2.24cm)(Figures 21, 24 and 26).  However, the duration of the later rainfalls was 

shorter resulting in more intense rain and greater sediment losses.  The bare soil 

control produced larger sediment losses in later rain events than the PAM only treated 

plots.  There was a visible difference in rill erosion present in the bare soil control 

plots and the non-mulched PAM treated plots.  The bare soil control plots contained 

more and larger rills facilitating the greater sediment loss.  

Total sediment loss for this location ranged from 1,000-2,000 kg ha-1 for those 

treatments receiving seed/mulch, and from 22-40,000 kg ha-1 for those treatments 

without seed/mulch (Figure 29).  Any statistical differences occurred between 

treatments with seed/mulch and treatments without seed/mulch. 

 

The last rain event on July 27th totaled 6.6 cm, falling in approximately eight 

hours, produced sediment losses that overwhelmed the collection capacity of the silt 

fence (Figure 30).  The runoff collection system was also overflowing with no way to 
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determine the volume lost.  The sediment remaining in the silt fence was collected and 

weighed, then estimates of total sediment loss were calculated using ratios from 

previous data.  The plots with treatments of the high rate of PAM (705 and Soilfix) 

plus seed/mulch had estimated sediment losses of 3.2 metric tons ha-1, the seed/mulch 

only control 7.3 metric tons ha-1, while the bare soil control lost approximately 42.6 

metric tons ha -1.  These were reductions of 92% and 83%, respectively, emphasizing 

the necessity of establishing ground cover as soon as possible after land disturbing 

activities.  At the time of the study North Carolina regulations allowed 30 working 

days to establish ground cover after land disturbing activities; this rain event fell in 

that allowable time period.  Visible observations of the runoff plots also showed 

greater rill erosion in the bare soil control plots when compared to the PAM treated 

plots. 

 

Piedmont 2 

 The second study site received six total rain events from September 24 to 

December 17, 2001.  Rainfall ranged from 0.8 to 4.2 cm (Table 4).  This site, while 

located very near the first site, was a much more moderate slope, and also a cut 

surface. 

 
Runoff 
 

The seed/mulch application significantly decreased runoff volumes at p≤0.05 

for four of six rain events, and at p≤0.093 for the other two dates (Table 9).  Runoff 

volumes averaged 13 to 14 m3 per hectare for the mulched treatments over all six rain 

events, and 47 to 48 m3 ha-1 for the non-mulched treatments.  For most dates the PAM 
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plus seed/mulch treatments had larger runoff volumes than the seed/mulch control 

(Figure 31), which is in contrast to the Piedmont 1 location.  The fact that this location 

is a cut area may have influenced the interaction of the PAM, mulch, and soil. 

Between treatment means, there were no statistical differences in runoff 

volumes, with a few exceptions that always included mulched versus non-mulched 

treatments (Table 10).  For example, on September 24th the two controls differed 

significantly as well as the high rate of Soilfix with seed/mulch from the bare soil 

control.  On October 14th the bare soil control, the non-mulched low rate of 705 and 

both rates of Soilfix differed significantly from the mulched high rate of 705 and both 

rates of Soilfix.  For both dates those non-mulched treatments that differed 

significantly had low standard deviations (Figures 32 and 34). 

The high rate of 705 without seed/mulch reduced runoff volumes 79, 76, 47, 

81, 0, and 45% by date compared to the bare soil control (Figures 32-37), but was not 

statistically different even when analyzed within the non-mulched treatments only.  

The high rate of Soilfix without seed/mulch reduced runoff 67, 91, 0, 40, 0, and 23% 

compared to the bare soil control, and the low rate of Soilfix performed at similar 

levels as the high rate.  So while the non-mulched treatments produced more runoff 

than the mulched treatments, the PAM treatments (without seed/mulch) did reduce 

runoff when compared to the bare soil control for most dates (Figure 35).  This again 

is in contrast to the Piedmont 1 location in which the bare soil control had lower runoff 

volumes than the PAM treatments.   

Actual runoff volumes reached over 100 m3 per hectare for several rain events, 

and varied proportionally with the amount of rain.  Runoff volumes for the non-
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mulched treatments for the first rain event of 4.2 cm (September 24th) averaged 54 m3 

ha-1 while volumes for the third and fifth rain events of 3.23 and 3.99 cm (October 14th 

and December 11th) averaged 110 and 97 m3 ha-1.  This suggests an increase in runoff 

over time regardless of treatment, possibly due to a loss of PAM effectiveness or 

formation of surface crusts. 

Runoff volumes were summed for each treatment for all rain events (Figure 

39).  In the non-mulched treatments all four PAM treatments showed a decrease in 

runoff compared to the bare soil control, with the high rate of  705 producing one half 

the total runoff as the bare soil control.  Even though this difference was not 

significant, the bare soil control was significantly different than all the mulched 

treatments except the low rate of 705.  Overall the mulched treatments produced an 

equivalent amount of runoff with slight decrease for the two Soilfix treatments. 

 
Turbidity 
 
 Seed/mulch significantly (p≤0.001) reduced the turbidity levels for all rain 

events (Table 9). On September 24th, the first rain after application of the treatments 

and the heaviest rain, the best performing treatment without seed/mulch (high rate of 

705) had an average turbidity of 1650 NTU, while the poorest performing seed/mulch 

treatment (high rate of Soilfix) had an average turbidity of 195 NTU (Figure 40).   

For the non-mulched treatments, the high rate of 705 produced the lowest 

turbidity readings, however, the actual turbidity levels for this treatment ranged from 

265 to 5761 NTU, still far above the NC 50 NTU standard (Figures 40-45).  The rates 

of reduction for this treatment compared to the bare soil control were 70, 50, 48, 25, 

21, and 12% respectively for the rain events (Figure 46).  The pattern of this treatment 
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suggests a decrease in the effectiveness of PAM over time.  Other than the first rain 

event, the low rate of 705 reduced turbidity to similar levels as the high rate of 705 

compared to the bare soil control. The high rate of Soilfix (no seed/mulch) initially 

showed a decrease in turbidity of 37% versus the bare soil control, but after the first 

rain event performed similar to the control.  This high rate of Soilfix at 1.68 kg ha -1 did 

not appear to be sufficient to have a greater or longer lasting effect.  For this location, 

the lower turbidity levels followed the lower runoff volumes of the PAM without 

seed/mulch treatments compared to the bare soil control.  

Tobiason et al. (2000) found that PAM only treatments reduced turbidity 88-

90% compared to bare soil, while in this study, a 70% reduction in turbidity was 

documented for a PAM only treatment compared to a bare soil control.  This was the 

reduction for the first rain event, with the effectiveness of the PAM decreasing over 

time. 

There were few statistical differences between any of the treatment means, and 

once again those that differed significantly were mulched versus non-mulched 

treatments of some form (Table 11).  The most obvious example is on December 11th  

in which all mulched treatments differed significantly from all non-mulched 

treatments. 

There was no trend over the six rain events as to which PAM plus seed/mulch 

treatment consistently decreased turbidity compared to the seed/mulch control, and for 

most dates the low rates had lower turbidity than the high rates of PAM with the 

exceptions of October 14th for Soilfix, and December 11th for 705 (Figure 47).  Runoff 

volumes at this location were greater in general for the PAM plus seed/mulch 
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treatments compared to the seed/mulch control while the turbidity levels were similar 

for all. 

Comparing turbidity levels and sediment loss of the PAM plus seed/mulch 

treatments to the seed/mulch control, there often was an increase in effectiveness after 

the first or second rain event.  A possible explanation for this relates to the application 

method of the treatments.  The straw mulch was applied prior to the spraying of the 

PAM treatment suggesting that the PAM might require one or two rain events to move 

the PAM downward through the mulch to the soil surface. 

 
Sediment 
 

Sediment was collected at the second study site for four of the six rain events, 

with the first sample collection occurring on October 14th.  Sediment loss was 

significantly (p≤0.001) reduced by the seed/mulch application for all four rain events 

(Table 9) but became even more effective as the grass was established over time, 

resulting in basically no sediment loss for the mulched treatments the last two rain 

events (Figures 48-51).  On October 14th the various PAM plus seed/mulch treatments 

decreased the sediment loss 34-94% compared to the seed/mulch only control, which 

was equivalent to a reduction of 800 to 2300 kg of sediment per hectare depending on 

the treatment (Figure 48).  Even though this was the first day for sediment collection it 

was not the first rain event so some grass was established.  There were no statistical 

differences in sediment loss between any of the treatments receiving seed/mulch for 

this date or any other date when analyzed just with the mulched treatments.  

For the non-mulched PAM treatments the high rate of both 705 and Soilfix 

slightly decreased (~20%) sediment loss when compared to the bare soil control on 
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October 14th but losses were still over 5000 kg ha -1 (Figure 44).  On November 25th  

those same treatments decreased sediment loss 752-775 kg ha -1 compared to the bare 

soil, a decrease of ~56% (Figure 49), while in the last two rain events sediment loss 

was similar for the bare soil control and the PAM treated (Figures 50 and 51). 

The large differences in sediment loss between the mulch/non-mulched 

treatments were the only statistical differences seen between the means of the 

sediment losses for the ten treatments (Table 12). 

Total suspended solids (TSS) were measured from the runoff samples in order 

to compare the sediment loss captured in the silt fence (or any erosion device) with 

that sediment that would leave the site with the runoff (TSS multiplied by the runoff 

volume).  For the first rain event, October 14th, in the non-mulched treatments the 

amount of sediment in the runoff ranged from 6 to 19%, while for the mulched 

treatments only 1%, and while the TSS levels differed between dates, the percentage 

of sediment in the runoff was never greater than on the first date (Figures 48-51).  

There do not appear to be any trends in suspended sediment loss and PAM treatments, 

but the turbidity levels for the treatments appears to increase and decrease with the 

suspended sediment load. 

Sediment losses were totaled for each treatment for all six rain events and 

compared (Figure 52).  Within the mulched treatments those with PAM produced less 

sediment than the seed/mulch control that lost a total of 7.3 metric tons per hectare.  

There was a dramatic difference in the amount of sediment produced for the non-

mulched treatments compared to the mulched treatments.  The high rate of both Soilfix 
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and 705 without seed/mulch produced 31-32 metric tons of sediment per hectare, 

which was a slight reduction from the bare soil control (35 M.ton ha-1). 

If comparisons are made between PAM plus seed/mulch treatments and bare 

soil controls, reductions can be quite large.  At the Piedmont 2 location, turbidity was 

decreased 81-97%, sediment loss decreased 87-100%, and runoff volumes decreased 

51-91% when comparing the average of the PAM plus seed/mulch treatments to the 

bare soil control.  These findings are similar to Roa-Espinosa et al. (1999) and 

Tobiason et al. (2000) that found average reductions in sediment load of 93% and 

reductions in turbidity of 94-99%, respectively, when comparing PAM plus 

seed/mulch to bare soil controls.  However, aside from possible benefits of quicker 

vegetative establishment or as a tackifying agent, which require further research, the 

addition of PAM to seed/mulch applications did not enhance the performance of the 

seed/mulch control in this study.  The comparison between PAM only treatments and 

bare soil controls seems more appropriate. 

In a similar study done in Georgia on disturbed Piedmont soils, Glazer (2001) 

found that a PAM plus hydroseed treatment and a hydroseed only treatment differed 

more from the control than from each other in reducing sediment loss, and that there 

was no difference in the revegetation rate of the PAM plus hydroseed and hydroseed 

only treatments.  This study did not even compare a PAM only treatment as 

revegetation is a requirement in Georgia. 

In general for Piedmont 2, which was a moderate, cut slope of sandy clay loam 

texture, results showed an initial decrease in runoff volumes, turbidity levels and 
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sediment loss for PAM only treatments compared to bare soil control that diminished 

over time. 

Coastal Plain 

 The Coastal Plain location received seven rain events from December 17, 2001 

to February 8, 2002, ranging in totals from 0.48 to 3.38 cm (Table 4).  There were only 

six treatments at the third site because the lower rate of PAM application was dropped, 

since data from the first two study sites suggested the lower rates were not as effective 

in controlling erosion or turbidity.  

 
Runoff 
 
 The seed/mulch application at this site did not significantly (p≤0.05) decrease 

runoff volumes, unlike the previous two study sites (Table 13).  The study period at 

this location ran through the winter months, December 17, 2001to February 7, 2002, 

which slowed grass establishment.  The sandy texture of the soil also made grass 

growth more difficult, so there was not as dense a grass stand as in the other two 

locations. 

The 705 PAM treatment with seed/mulch did decrease runoff volumes 

compared to the seed/mulch control for all rain events except one, January 23rd (Figure 

53-59).  Decreases for each date were: 92, 51, 100, 89, 0, 90, and 27%. The 705 

seed/mulch treatment had an average runoff of 27 m3 ha-1 for the seven rain events, the 

lowest average runoff volume.  This is in contrast to the previous two locations where 

the Soilfix (high rate) treatment was the better performing of the PAM plus 

seed/mulch treatments in reducing runoff volume compared to the seed/mulch control. 
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 For the non-mulched treatments, Soilfix decreased the runoff an average of 

13% compared to the bare soil control, however on several dates it produced more 

runoff than the control (Figures 53-59).  The 705 treatment consistently produced 

more runoff then the bare soil control, averaging 53.7 m3 ha-1 for the seven rain events. 

The decreases in runoff were large between several treatments.  For instance, 

on January 14th the 705 mulched treatment compared to the seed/mulch control 

decreased runoff 100% (Figure 55), but there was not a statistical difference between 

these two treatment means when analyzed with all ten treatments or just the mulched 

treatments. This was due in part to the large standard deviation of the seed/mulch 

control that throughout the study had one sample with runoff volumes at least 2 to 3 

times that of the other two samples.  In other cases, one or two samples would be lost 

resulting in standard deviations of near zero, such as the Soilfix without seed/mulch 

and the 705 with seed/mulch on January 23rd (Figure 57).  Therefore there were not 

any significant differences between treatment runoff means (Table 14). 

Total runoff volumes for each treatment for all seven rain events show a 

significant decrease in runoff for the 705 with seed/mulch treatment from the Soilfix 

with seed/mulch and the 705 without seed/mulch treatments (Figure 60). 

 
Turbidity 
 
 Beginning with rain event four, January 21st, the seed/mulch application 

significantly (p≤0.01) reduced turbidity levels (Table 13).  Within the seed/mulch 

treatments neither of the PAM products nor the seed/mulch control consistently 

reduced turbidity when compared to the others, but all met the 50 NTU standard for 

five out of the seven rain events.  The one exception occurred on December 17th when 
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the seed/mulch control significantly reduced the turbidity compared to the Soilfix with 

seed/mulch treatment (Table15)(Figure 61). 

For the non-mulched treatments neither PAM decreased the turbidity 

consistently when compared to the bare soil control or to the seed/mulch control 

(Figure 61-67).  The treatments did appear to be more effective in early rain events.  

For example, the following reductions in turbidity occurred for the two non-mulched 

PAM treatments (705 and Soilfix) compared to the bare soil control: 88% for both on 

January 9th (Figure 62), 67 and 29% respectively on January 14th (Figure 63), an 

increase in turbidity and 33% reduction respectively on January 21st (Figure 64), 27% 

reduction and near equal turbidity levels respectively on January 23rd (Figure 65), and 

increases in turbidity for both PAM treatments compared to the bare soil control for 

the last two rain events (Figure 66 and 67).  These inconsistencies in decreasing 

turbidity between the PAM treatments and controls are supported in that there are no 

statistical difference between treatment means (Table 15). 

The overall turbidity (NTU) at this site was lower than the previous sites, 

exceeding 1000 NTU only on one date.  This may be a result of the sandier texture of 

the soil, which is less likely to remain in suspension.  

 
Sediment 
 
 There were six sediment collections at the Coastal Plain location.  Sediment 

was not collected on January 9th, which was a combination snow and rain event, 

possibly affecting the sediment loss. 

The seed/mulch application began to decrease sediment loss significantly 

(p≤0.05) with the fourth rain event, January 21st (Table 13).  So even though the grass 
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establishment was not as great as in the Piedmont locations it was sufficient enough to 

reduce sediment loss and turbidity levels for the later rain events at this site.  This 

points to the importance of establishing as much vegetative cover, as quickly as 

possible after land disturbing activities. 

The seed/mulch control produced less sediment than the two PAM plus mulch 

treatments for all dates except the last, February 7th.  All the seed/mulch treatments 

kept sediment loss below 10 kg per hectare with the exception of January 23rd (Figure 

68-73). 

 The non-mulched treatments had similar sediment losses (<10 kg ha-1) as the 

mulched treatments for the first two rain events (Figures 68 and 69).  However, the 

January 23rd rain of 3.3 cm, generated heavy sediment losses in the non-mulched 

treatments.  Five metric tons per hectare of sediment was lost from the most effective 

non-mulched treatment, which was the bare soil control (Figure 71).  The non-

mulched Soilfix treatment produced the greatest sediment losses for all dates, 

averaging 83.6 kg per hectare (excluding January 23rd, which had a sediment loss of 

over 9 metric tons per hectare).  

 Suspended sediment was calculated from TSS measurements and runoff 

volumes.  Loads ranged from 13 to 38% of all sediment eroding or running off the 

plots for the first rain event, December 17th (Figure 68), and decreased for all 

following dates except January 21st which had suspended sediment loads of 59% for 

the non-mulched 705 treatment and 40% for the bare soil control (Figure 70). 

 The sediment losses for each treatment were totaled for all seven rain events 

and the site data analyzed without separating by rain event (Figure 74).  The 
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treatments receiving seed/mulch had sediment losses below 2,000 kg per hectare while 

the treatments not receiving seed/mulch lost over 16,000 kg ha-1.  The non-mulched 

Soilfix treatment had sediment losses significantly greater than the seed/mulch control 

and the mulched Soilfix treatment. 

The sandy texture of the soil at the Coastal Plain location may have influenced 

the PAM-soil interaction.  A study by Green et al. (2000) found that for sandy soils the 

molecular weight of the PAM affects the infiltration of the PAM molecule to the soil 

particle.  The clay mineralogy also contributes to the effectiveness of PAM, with 

efficacy of kaolinite > illite >> quartz (Laird, 1997). 

The time period between application and rainfall may also have decreased the 

effectiveness of the PAM treatments.  At the Coastal Plain site, applications were 

completed November 29th with the first rain event falling December 17th.  Studies have 

found that PAM photodegrades over time (Lentz et al., 2002; Wallace et al., 1986), 

and it is also known to mechanically degrade. 

 

 In comparing the three field study locations the application of seed/mulch had 

the most pronounced effect on reducing turbidity and sediment loss especially as the 

vegetative cover becomes established.  It did not have as great of an effect in reducing 

runoff volumes, as it was significantly reduced at the Piedmont 2 location only.  The 

high rate of the PAM treatments applied to bare soil reduced or equaled the 

performance of the bare soil control for most locations in reducing runoff, turbidity, 

and sediment loss.  Some exceptions included runoff on the steep slopes of Piedmont 1 

and at the Coastal Plain locations, and the diminishing of the PAM effect over time.  It 
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is possible the PAM molecules erode with the sediment resulting in the decrease in 

effectiveness over time.  The PAM plus seed/mulch treatments showed slight 

reductions or similar levels of turbidity and sediment loss at Piedmont 1 and 2 but was 

more inconsistent at the Coastal Plain location. 

Data from the study sites supported results reported in previous studies (Meyer 

et al., 1970; Mostaghimi et al., 1994), on the effectiveness of mulch for erosion and 

turbidity control.  The focus of this study, however, was on the effectiveness of PAM 

as either a substitute for traditional seed and mulch or as an enhancement to those 

treatments. 

Recommendations can be made based on the study with the understanding that 

they are generalities with exceptions by date and by site.  

• PAM plus seed/mulch provides some decreases in runoff, turbidity, and sediment 

compared to seed/mulch alone with slightly better results on steeper slopes. 

• PAM alone decreased runoff, turbidity, and sediment compared to bare soil. 

• Sandy soils had inconsistent results with PAM treatments. 

• The higher rate of PAM application performed better in reducing erosion and 

turbidity. 

• The PAM treatment effect diminished over time. 

• Grass/mulch cover is significant in reducing erosion and turbidity levels on 

exposed surfaces. 
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CONCLUSIONS 
 

Polyacrylamide applied with seed/mulch did not greatly affect runoff, turbidity, 

or sediment loss.  The greatest differences were seen on the steep slope of the 

Piedmont 1 site where PAM plus seed/mulch decreased runoff as much as 61-83%, 

and decreased sediment by 34% compared to the seed/mulch control.  Polyacrylamide 

applied directly to bare soil produced reductions on a more moderate slope up to 70% 

for turbidity, 94% for sediment, and 51% for runoff compared to a bare soil.  There 

was a time effect associated with these reductions, with the PAM effect decreasing 

over time.  On a sandy soil the results were quite inconsistent for the PAM treatments, 

implying virtually no effect of the PAM on runoff, turbidity or sediment loss. 

Results from this study suggest no large improvement to a seed/mulch 

treatment with the addition of PAM.  The one possible exception could be on steeper 

slopes where PAM and seed/mulch combined application may be needed to reduce 

erosion and turbidity.  A time dependent improvement occurred with PAM only 

treatments over bare soil.  There is a potential for PAM to provide some benefit to 

areas of land disturbing activities as a precursor to vegetative growth.  However, 

laboratory studies have shown that PAM products must be specifically matched to soil 

types, and will also have to be matched to location conditions and application 

methods.  Reapplication of PAM treatments may also be necessary. 

Overall the reductions produced by the various PAM treatments were not 

consistent or statistically significant, but trends were apparent.  Additional studies are 

needed to determine how long PAM is effective, appropriate PAM rates for varying 

slopes, and application methods among other questions. 
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Table 1. Percent sand, silt, and clay for the three test sites. 
 Study site 
 Piedmont 1* Piedmont 2+ Coastal Plain* 

% Sand 57 48 77 
% Silt 20 19 3 
% Clay 23 33 20 
*Averaged from two samples. 
+Averaged from three samples. 
 

 

Table 2. Splitter calibration for Piedmont 2 location. 
Bucket number Test 1 Test 2 Test 3 % Flow* 

1 175 190 197 0.08 
2 205 210 220 0.09 
3 200 230 225 0.10 
4 240 240 250 0.11 
5 210 205 190 0.09 
6 265 255 270 0.12 
7 190 230 235 0.10 
8 210 245 200 0.10 
9 235 228 235 0.10 
10 265 265 260 0.12 
11 245 240 235 0.11 
12 255 250 270 0.11 
13 230 230 235 0.10 
14 220 220 220 0.10 
15 250 240 225 0.11 
16 230 250 250 0.11 
17 185 185 185 0.08 
18 190 220 195 0.09 
19 220 205 200 0.09 
20 235 250 220 0.10 
21 245 235 235 0.11 
22 270 255 255 0.11 
23 210 215 215 0.09 
24 245 225 240 0.10 
25 215 185 175 0.08 
26 155 155 155 0.07 
27 195 190 190 0.08 
28 265 265 260 0.12 
29 205 245 195 0.09 
30 180 150 175 0.07 

* Water flow, or time to fill 2 L, 52.47s (test 1), 52.56s (test 2), 53.00s (test 3) 
1/10 flow = 226.4 mL/min 
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Table 3. The ten treatments applied at the Piedmont 1 and 2 locations. 
PAM Rate kg ha –1 Seed/Mulch 
Soilfix 1.68 Yes 
  No 
 0.84 Yes 
  No 
Siltstop 705 11.2 Yes 
  No 
 5.6 Yes 
  No 
None 0 Yes 
  No 
 

 

 

Table 4.  Dates of sample collection and rainfall amounts. 
Study Site 

Piedmont 1 
 

Piedmont 2 Coastal Plain 

Date, 2001 Rain, cm Date, 2001 Rain, cm Date, 2001/02 Rain, cm 
      
June 26 1.83 Sept. 24 4.19 Dec. 17 0.48 
June 27 0.64 Oct. 7 1.57 Jan. 9 3.38 
July 5 1.14 Oct. 14 3.23 Jan. 14 0.79 
July 9 1.27 Nov. 25 2.34 Jan. 21 2.82 
July 10 0.08 Dec. 11 3.99 Jan. 23 3.30 
July 19 2.24 Dec. 17 0.81 Jan. 25 0.56 
July 25 0.51   Feb. 7 3.20 
July 27 6.60     
 



 

 40 

Table 5. Analysis of variance (ANOVA) of PAM, rate, and 
mulch on runoff, turbidity, and sediment for the rain 
events at the Piedmont 1 location. 

Sample 
Date 

 
Source 

  
P > F 

 

2001  Runoff Turbidity Sediment 

June 26 PAM 0.855 0.524 0.317 
1.83cm Rate  0.090 0.603 0.681 

 Mulch 0.721 0.055 0.141 
     

June 27 PAM 0.749 0.343 0.002 
0.64cm Rate  0.166 0.103 0.508 

 Mulch 0.507 0.001 <0.001 
     

July 5 PAM 0.700 0.750 0.233 
1.14cm Rate  0.289 0.539 0.445 

 Mulch 0.500 0.017 <0.001 
     

July 9 PAM 0.895 0.098 0.060 
1.27cm Rate  0.542 0.155 0.182 

 Mulch 0.082 0.002 <0.001 
     

July 10 PAM 0.230 0.111 - 
0.08cm Rate  0.946 0.422 - 

 Mulch 0.093 <0.001 - 
     

July 19 PAM 0.277 0.871 0.798 
2.24cm Rate  0.109 0.580 0.856 

 Mulch 0.227 <0.001 <0.001 
     

July 25 PAM 0.960 0.292 - 
0.51cm Rate  0.109 0.630 - 

 Mulch 0.203 <0.001 - 
     

All Events PAM 0.676 0.488 0.337 
 Rate  0.046 0.359 0.713 
 Mulch 0.075 <0.001 <0.001 
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Table 6. Means of the runoff volumes for each treatment for the seven rain events at the 
Piedmont 1 location. Treatments with the same letter are not significantly different 
(α=0.05), and were analyzed with log transformed data. 
       

Treatment 
 

Sample Date, 2001 and Rainfall 

PAM Rate  Mulch June 26 
1.83 cm 

June 27 
0.64 cm 

July 5 
1.14 cm 

July 9 
1.27cm 

July 10 
0.08 cm 

July 19     
2.24 cm 

July 25 
0.51 cm     

    
 kg ha-1  Runoff, m3 ha-1 

705 5.6 no 9.19a 9.28a 20.33a 45.19a 0.45a 105.33a 4.79a 
705 11.2 no 28.27a 15.48a 33.63a 49.87a 0.34a 134.51a 21.54a 
Soilfix 0.84 no 4.30a 7.05a 5.55a 41.64a 0.00a 86.35a 10.99a 
Soilfix 1.68 no 6.70a 9.56a 12.64a 36.28a 0.00a 70.73a 8.02a 
none 0 no 6.51a 5.34a 6.80a 25.85a 0.46a 59.30a 4.72a 
none 0 yes 14.35a 13.22a 23.75a 36.41a 0.11a 72.73a 10.37a 
705 5.6 yes 2.72a 6.34a 4.21a 24.82a 0.00a 54.40a 4.72a 
705 11.2 yes 5.02a 6.24a 9.12a 9.62a 0.00a 49.82a 3.97a 
Soilfix 0.84 yes 25.91a 13.38a 24.68a 32.66a 0.02a 86.22a 8.41a 
Soilfix 1.68 yes 0.30a 1.01a 1.98a 16.88a 0.00a 22.93a 2.18a 

 
 
 
Table 7. Means of the turbidity levels for each treatment for the seven rain events at the 
Piedmont 1 location.  Treatments with the same letter are not significantly different 
(α=0.05), and were analyzed with log transformed data. 
       

Treatment 
 

Sample Date, 2001 and Rainfall 

PAM Rate  Mulch June 26 
1.83 cm 

June 27 
0.64 cm 

July 5 
1.14 cm 

July 9 
1.27 cm 

July 10 
0.08 cm 

July 19 
2.24 cm     

July 25 
0.51 cm 

    
 kg ha-1  Turbidity, NTU 
705 5.6 no 185a   739ab 423a 3886ab 251a 4206a 1132abc 
705 11.2 no 211a   849ab 347a 2138ab 141ab 3111a   890abc 
Soilfix 0.84 no 189a 1710a 404a 5637ab   74ab 3637a 2155a 
Soilfix 1.68 no 218a 1181ab 459a 5692a   46ab 3303a 2150a 
none 0 no 213a   929ab 428a 4037ab 165ab 4810a 1408ab 
none 0 yes 118a   280ab 173a 1012ab   24b   762a   256c 
705 5.6 yes   76a   425ab 158a 2576ab   55ab 1409a   391abc 
705 11.2 yes   96a   245b 115a   369b   39b 1242a   252bc 
Soilfix 0.84 yes 216a   708ab 292a 2831ab   44ab 1333a   364abc 
Soilfix 1.68 yes 126a   329ab 143a 4112ab   64ab 1335a   243bc 
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Table 8. Means of the sediment losses for each treatment for the five rain events in 
which sediment was collected at the Piedmont 1 location. Treatments with the same 
letter are not significantly different (α=0.05), and were analyzed with log 
transformed data. 
       

Treatment 
 

Sample Date, 2001 and Rainfall 

PAM Rate  Mulch June 26 
1.83 cm 

June 27 
0.64 cm 

July 5 
1.14 cm 

July 9 
1.27 cm 

July 19 
2.24 cm 

    
 kg ha -1  Sediment, kg ha -1 
705 5.6 no 52.7a   37.0abc 31.1abcd 2324ab 6580a 
705 11.2 no 52.1a   37.2abc 28.3abcd 1756abc 5735a 
Soilfix 0.84 no 110.6a 119.3a 64.4a 4340a 7900a 
Soilfix 1.68 no 83.9a 106.8ab 44.8ab 3131ab 6469a 
none 0 no 64.6a   38.7abc 36.0abc 4738a 8523a 
none 0 yes 43.3a   18.5c 14.7bcd   254cd   262b 
705 5.6 yes 63.5a   22.0c 14.3bcd   125cd   198b 
705 11.2 yes 36.8a   15.1c   8.6d     22d   247b 
Soilfix 0.84 yes 63.7a   29.3abc 10.0cd     88cd   460b 
Soilfix 1.68 yes 53.3a   23.6bc 12.9bcd   342bcd 215b 
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Table 9. Analysis of variance (ANOVA) of PAM, rate, and 
mulch on runoff, turbidity, and sediment for the rain 
events at the Piedmont 2 location. 

Sample 
Date 

 
Source 

  
P > F 

 

2001  Runoff Turbidity Sediment 
Sept. 24 PAM 0.632 0.789 - 
4.19cm Rate  0.418 0.978 - 
 Mulch <0.001 <0.001 - 
     
Oct. 7 PAM 0.023 0.307 - 
1.57cm Rate  0.233 0.779 - 
 Mulch 0.067 <0.001 - 
     
Oct. 14 PAM 0.148 0.053 0.115 
3.23cm Rate  0.159 0.845 0.939 
 Mulch <0.001 <0.001 <0.001 
     
Nov. 25 PAM 0.286 0.192 0.260 
2.34cm Rate  0.216 0.808 0.529 
 Mulch <0.001 <0.001 <0.001 
     
Dec. 11 PAM 0.884 0.634 0.427 
3.99cm Rate  0.769 0.909 0.452 
 Mulch 0.093 <0.001 <0.001 
     
Dec. 17 PAM 0.969 0.810 0.925 
0.81cm Rate  0.743 0.804 0.469 
 Mulch 0.002 <0.001 <0.001 
     
All Events PAM 0.379 0.091 0.962 
 Rate  0.345 0.877 0.829 
 Mulch <0.001 <0.001 <0.001 
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Table 10. Means of the runoff volumes for each treatment for the six rain events at 
the Piedmont 2 location. Treatments with the same letter are not significantly 
different (α=0.05), and were analyzed with log transformed data. 
       

Treatment 
 

Sample Date, 2001 and Rainfall 

PAM Rate  Mulch Sept. 24 
4.19 cm 

Oct. 7 
1.57 cm 

Oct. 14 
3.23 cm 

Nov. 25 
2.34 cm 

Dec. 11 
3.99 cm 

Dec. 17 
0.81cm 

    
 kg ha-1  Runoff, m3 ha-1 

705 5.6 no   55.8ab 4.9a 127.9a 18.6ab   96.9a 3.9a 
705 11.2 no   21.9ab 1.8a   61.0ab   6.3ab 114.7a 2.6a 
Soilfix 0.84 no   51.3ab 0.8a 134.9a 21.7ab   86.4a 2.7a 
Soilfix 1.68 no   35.0ab 0.7a 109.4a 20.0ab   94.9a 3.7a 
none 0 no 104.7a 7.4a 116.1a 33.6a   90.1a 4.8a 
none 0 yes     4.3b 0.7a   23.3ab   1.6b   48.4a 0.3a 
705 5.6 yes   14.3ab 3.7a   28.1ab   5.2ab   26.2a 1.1a 
705 11.2 yes   30.0ab 1.8a     5.3b   3.5ab   35.8a 0.6a 
Soilfix 0.84 yes     8.9ab 0.7a     4.0b   3.6ab   48.6a 1.2a 
Soilfix 1.68 yes     7.1b 1.2a     5.7b   7.6ab   64.6a 1.1a 

 
 
 
 
 
Table 11. Means of the turbidity levels for each treatment for the six rain events at the 
Piedmont 2 location.  Treatments with the same letter are not significantly different 
(α=0.05), and were analyzed with log transformed data. 
       

Treatment 
 

Sample Date, 2001 and Rainfall 

PAM Rate  Mulch Sept. 24 
4.19 cm 

Oct. 7 
1.57 cm 

Oct. 14 
3.23 cm 

Nov. 25 
2.34 cm 

Dec. 11 
3.99 cm 

Dec. 17 
0.81 cm 

    
 kg ha-1  Turbidity, NTU 

705 5.6 no 5693abc 265a 3350a 1144abc 2028a   677abcd 
705 11.2 no 1649abcd 234a 2527ab 1007abc 1989a   685abc 
Soilfix 0.84 no 5761a 776a 5455a 2016a 3287a 1061a 
Soilfix 1.68 no 3417ab 498a 4731a 1304ab 2378a   841ab 
none 0 no 5444ab 474a 4853a 1345abc 2517a   775abcd 
none 0 yes   143cd   83a   398bc   145cd   263b   141bcde 
705 5.6 yes   144cd   67a   142c     73d   376b     83e 
705 11.2 yes   181bcd   81a   223c   109d   175b   141de 
Soilfix 0.84 yes     98d   89a   560bc     85d   309b     95e 
Soilfix 1.68 yes   195cd 126a   291c   342bcd   287b   122cde 
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Table 12. Means of the sediment losses for each treatment for the four rain 
events at the Piedmont 2 location. Treatments with the same letter are not 
significantly different (α=0.05), and were analyzed with log transformed 
data. 
       

Treatment 
 

Sample Date, 2001 and Rainfall 

PAM Rate  Mulch Oct. 14 
3.23 cm 

Nov. 25 
2.34 cm 

Dec. 11 
3.99 cm 

Dec. 17 
0.81 cm 

    
 kg ha -1  Sediment, kg ha -1 
705 5.6 no 6255a   486ab 4397a 34.5a 
705 11.2 no 5563ab   575a 4472a 33.3a 
Soilfix 0.84 no 9370a 1023a 4140a 43.0a 
Soilfix 1.68 no 5359ab   552a 4439a 27.3a 
none 0 no 6590a 1327a 4314a 42.8a 
none 0 yes 2446abc       4.2c      0.0b   0.0a 
705 5.6 yes 1073abc       2.0c      0.0b   0.0a 
705 11.2 yes 1621abc     24.2c    10.0b   0.0a 
Soilfix 0.84 yes   564c     12.7c    25.0b   0.0a 
Soilfix 1.68 yes   208bc     26.9bc      6.0b   0.0a 
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Table 13. Analysis of variance (ANOVA) of PAM and 
mulch on runoff, turbidity, and sediment for the rain 
events of the Coastal Plain. 

Sample 
Date 

 
Source 

  
P > F 

 

2001/2002  Runoff Turbidity Sediment 
Dec. 17 PAM 0.428 0.008 0.279 
0.48cm Mulch 0.347 0.214 0.188 
     
Jan. 9 PAM 0.796 0.810 - 
3.38cm Mulch 0.649 0.140 - 
     
Jan. 14 PAM 0.739 0.839 0.375 
0.79cm Mulch 0.916 0.576 0.802 
     
Jan. 21 PAM 0.444 0.971 0.051 
2.82cm Mulch 0.065 0.009 0.002 
     
Jan. 23 PAM 0.367 0.695 0.441 
3.30cm Mulch 0.212 0.012 <0.001 
     
Jan. 25 PAM 0.750 0.171 0.420 
0.56cm Mulch 0.766 <0.001 <0.001 
     
Feb. 7 PAM 0.485 0.994 0.526 
3.20cm Mulch 0.125 0.003 <0.001 
     
All Events PAM 0.034 0.956 0.248 
 Mulch 0.377 0.008 0.009 
 
 



 

 47 

 
Table 14. Means of the runoff volumes for each treatment for the seven rain events at the 
Coastal Plain location.  Treatments with the same letter are not significantly different 
(α=0.05), and were analyzed with log transformed data. 
       

Treatment 
 

Sample Date, 2001/2002 and Rainfall 

PAM Rate  Mulch Dec. 17 
0.48 cm 

Jan. 9 
3.38 cm 

Jan. 14 
0.79 cm 

Jan. 21 
2.82 cm 

Jan. 23 
3.30 cm 

Jan. 25 
0.56 cm    

Feb. 7  
3.20 cm 

    
 kg ha-1  Runoff, m3 ha-1 

705 11.2 no 8.3a 97.6a 10.5a 56.4a 118.2a   7.3a 77.5a 
Soilfix 1.68 no 6.6a 61.8a   2.6a 41.0a 134.7a   3.9a 54.0a 
none 0 no 3.1a 86.9a   4.4a 35.5a   72.7a   4.8a 54.5a 
none 0 yes 9.6a 90.1a 17.4a 49.0a   97.9a   9.3a 42.6a 
705 11.2 yes 0.8a 44.0a   0.0a   5.1a 107.5a   0.9a 31.1a 
Soilfix 1.68 yes 5.6a 80.4a 14.8a 72.7a   87.5a 13.1a 63.0a 

 
 
 
 
 
Table 15. Means of the turbidity levels for each treatment for the seven rain events at the 
Coastal Plain location.  Treatments with the same letter are not significantly different 
(α=0.05), and were analyzed with log transformed data. 
       

Treatment 
 

Sample Date, 2001/2002 and Rainfall 

PAM Rate  Mulch Dec. 17 
0.48 cm 

Jan. 9 
3.38 cm 

Jan. 14 
0.79 cm 

Jan. 21 
2.82 cm 

Jan. 23 
3.30 cm 

Jan. 25 
0.56 cm 

Feb. 7  
3.20 cm 

    
 kg ha-1  Turbidity, NTU 

705 11.2 no 158ab   49a 11a 303a 1504a 355a 201a 
Soilfix 1.68 no 215ab   46a 24a 173a 2057a 261a 280a 
none 0 no 126ab 407a 33a 256a 2060a 187a 155a 
none 0 yes   69b   21a 19a   37a   507a   43b   28a 
705 11.2 yes 109ab   11a 21a   17a   633a   45b   13a 
Soilfix 1.68 yes 252a   54a 17a   27a   585a   26b     9a 
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Table 16. Means of the sediment losses for each treatment for the six rain events at the 
Coastal Plain location. Treatments with the same letter are not significantly different 
(α=0.05), and were analyzed with log transformed data. 
       

Treatment 
 

Sample Date, 2001/2002 and Rainfall 

PAM Rate  Mulch Dec. 17 
0.48 cm 

Jan. 14 
0.79 cm 

Jan. 21 
2.82 cm 

Jan. 23 
3.30 cm 

Jan. 25 
0.56 cm 

Feb.7 
3.20 cm  

    
 kg ha-1  Sediment, kg ha-1 

705 11.2 no 2.3a 4.7a 16.5ab 5897a 36.7ab 250.0a 
Soilfix 1.68 no 4.9a 5.9a 72.5a 9677a 69.4a 265.3a 
none 0 no 2.7a 3.0a 11.4ab 5477a 27.9ab 135.3ab 
none 0 yes 1.3a 3.0a   2.8b 93b   3.4b     6.6b 
705 11.2 yes 1.3a 5.6a   7.2b 699ab   7.8ab     6.3b 
Soilfix 1.68 yes 3.1a 5.0a   8.0b 287b   4.4b   11.8b 
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Figure 1. North Carolina map displaying the field study site locations.  Study sites 
one and two are located in the Piedmont region; study site three is located in the 
Upper Coastal Plain. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. The Piedmont 1 site, runoff plots were 1.5 x 6 meters separated by 
landscape edging. A silt fence ran along the bottom of all plots. Runoff was 
directed through splitters into collecting buckets. 
 

6 m 

1.5 m 

collecting 
bucket 

splitter 

rain gauge 

silt fence 

Coastal Plain Site: 
northern Fayetteville  

Piedmont Sites 1 and 2: 
northern Raleigh 
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Figure 3. The Piedmont 2 site runoff plots and splitters. 
 
 

 
 
Figure 4. The Coastal Plain site runoff plots and splitters.
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Figure 5. Runoff volumes (m3 ha-1) for each treatment for the June 26, 2001 rain event (1.83 cm) at the Piedmont 1 
location.  Error bars equal one standard deviation. 
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Figure 6. Runoff volumes (m3 ha-1) for each treatment for the June 27, 2001 rain event (0.64 cm) at the Piedmont 1 
location. Error bars equal one standard deviation. 



 

 53

 
Figure 7. Runoff volumes (m3 ha-1) for each treatment for the July 5, 2001 rain event (1.14 cm) at the Piedmont 1 location.  
Error bars equal one standard deviation. 
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Figure 8. Runoff volumes (m3 ha-1) for each treatment for the July 9, 2001 rain event (1.27 cm) at the Piedmont 1 location.  
Error bars equal one standard deviation. 
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Figure 9. Runoff volumes (m3 ha-1) for each treatment for the July 10, 2001 rain event (0.08 cm) at the Piedmont 1 location.  
Error bars equal one standard deviation. 
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Figure 10. Runoff volumes (m3 ha-1) for each treatment for the July 19, 2001 rain event (2.24 cm) at the Piedmont 1 
location.  Error bars equal one standard deviation. 
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Figure 11. Runoff volumes (m3 ha-1) for each treatment for the July 25, 2001 rain event (0.51 cm) at the Piedmont 1 
location.  Error bars equal one standard deviation. 
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Figure 12. Runoff as a percent of the seed/mulch control at the Piedmont 1 location.  The July 10th rain event was excluded 
due to light rainfall and runoff less than one cubic meter per hectare for all treatments.  
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Figure 13. Total runoff volumes for all seven rain events for each treatment at the Piedmont 1 location.  Treatments with 
the same letters are not significantly different (α=0.05), and were analyzed with log transformed data. 
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Figure 14. Turbidity (NTU) level for each treatment for the June 26, 2001 rain event (1.83 cm) at the Piedmont 1 location.  
Error bars equal one standard deviation. 
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Figure 15. Turbidity (NTU) levels for each treatment for the June 27, 2001 rain event (0.64 cm) at the Piedmont 1 location.  
Error bars equal one standard deviation. 
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Figure 16. Turbidity (NTU) levels for each treatment for the July 5, 2001 rain event (1.14 cm) at the Piedmont 1 location.  
Error bars equal one standard deviation. 
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Figure 17. Turbidity (NTU) levels for each treatment for the July 9, 2001 rain event (1.27 cm) at the Piedmont 1 location.  
Error bars equal one standard deviation. 
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Figure 18. Turbidity (NTU) levels for each treatment for the July 10, 2001 rain event (0.08 cm) at the Piedmont 1 location.  
Error bars equal one standard deviation. 
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Figure 19. Turbidity (NTU) levels for each treatment for the July 19, 2001 rain event (2.24 cm) at the Piedmont 1 location.  
Error bars equal one standard deviation. 
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Figure 20. Turbidity (NTU) levels for each treatment for the July 25, 2001 rain event (0.51 cm) at the Piedmont 1 location.  
Error bars equal one standard deviation. 
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Figure 21. Turbidity as a percent of the seed/mulch control for those treatments receiving seed/mulch applications at the 
Piedmont 1 location. 
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Figure 22. Turbidity as a percent of the bare soil control for those treatments not receiving seed/mulch application at the 
Piedmont 1 location. 
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Figure 23. Sediment loss (kg ha-1) for each treatment for the June 26, 2001 rain event (1.83 cm) at the Piedmont 1 location.  
Error bars equal one standard deviation. 
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Figure 24. Sediment loss (kg ha-1) for each treatment for the June 27, 2001 rain event (0.64 cm) at the Piedmont 1 location.  
Error bars equal one standard deviation. 
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Figure 25. Sediment loss (kg ha-1) for each treatment for the July 5, 2001 rain event (1.14 cm) at the Piedmont 1 location.  
Error bars equal one standard deviation. 
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Figure 26. Sediment loss (kg ha-1) for each treatment for the July 9, 2001 rain event (1.27 cm) at the Piedmont 1 location.  
Error bars equal one standard deviation. 



 

 73

 
Figure 27. Sediment loss (kg ha-1) for each treatment for the July 19, 2001 rain event (2.24 cm) at the Piedmont 1 location.  
Error bars equal one standard deviation. 
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Figure 28. Sediment loss as a percent of the seed/mulch control for those treatments receiving seed/mulch applications at 
the Piedmont 1 location. 
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Figure 29.  Total sediment loss for all seven rain events for each treatment at the Piedmont 1 location. Treatments with the 
same letter are not significantly different (α-0.05), and were analyzed with log transformed data.  
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Figure 30. Runoff plots following the July 27, 2001 rain event in which collection 
capacity was exceeded, and sediment loss was estimated.  The plot on the left (a) was a 
bare soil control while the plot on the right (b) was treated with the high rate of Soilfix.  
Rill erosion was greater in the bare soil control. 

a b 
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Figure 31. Runoff as a percent of the seed/mulch control for those treatments receiving seed/mulch applications at the 
Piedmont 2 location. 
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Figure 32. Runoff volumes (m3 ha-1) for each treatment for the September 24, 2001 rain event (4.19 cm) at the Piedmont 2 
location.  Error bars equal one standard deviation. 
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Figure 33. Runoff volumes (m3 ha-1) for each treatment for the October 7, 2001 rain event (1.57 cm) at the Piedmont 2 
location.  Error bars equal one standard deviation. 
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Figure 34. Runoff volumes (m3 ha-1) for each treatment for the October 14, 2001 rain event (3.23 cm) at the Piedmont 2 
location.  Error bars equal one standard deviation. 
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Figure 35. Runoff volumes (m3 ha-1) for each treatment for the November 25, 2001 rain event (2.34 cm) at the Piedmont 2 
location.  Error bars equal one standard deviation. 
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Figure 36. Runoff volumes (m3 ha-1) for each treatment for the December 11, 2001 rain event (3.99 cm) at the Piedmont 2 
location. Error bars equal one standard deviation. 
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Figure 37. Runoff volumes (m3 ha-1) for each treatment for the December 17, 2001 rain event (0.81 cm) at the Piedmont 2 
location. Error bars equal one standard deviation. 
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Figure 38. Runoff as a percent of the bare soil control for the non-mulched treatments at the Piedmont 2 location. 
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Figure 39. Total runoff volumes for each treatment for all six rain events at the Piedmont 2 location. Treatments with the 
same letter are not significantly different (α=0.05), and were analyzed with log transformed data. 
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Figure 40. Turbidity levels (NTU) for each treatment for the September 24, 2001 rain event (4.19 cm) at the Piedmont 2 
location.  Error bars equal one standard deviation. 
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Figure 41. Turbidity levels (NTU) for each treatment for the October 7, 2001 rain event (1.57 cm) at the Piedmont 2 
location.  Error bars equal one standard deviation. 



 

 88

 
Figure 42. Turbidity levels (NTU) for each treatment for the October 14, 2001 rain event (3.23 cm) at the Piedmont 2 
location.  Error bars equal one standard deviation. 
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Figure 43. Turbidity levels (NTU) for each treatment for the November 25, 2001 rain event (2.34 cm) at the Piedmont 2 
location.  Error bars equal one standard deviation. 
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Figure 44. Turbidity levels (NTU) for each treatment for the December 11, 2001 rain event (3.99 cm) at the Piedmont 2 
location.  Error bars equal one standard deviation. 
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Figure 45. Turbidity levels (NTU) for each treatment for the December 17, 2001 rain event (0.81 cm) at the Piedmont 2 
location.  Error bars equal one standard deviation. 
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Figure 46. Turbidity as a percent of the seed/mulch control for those treatments receiving seed/mulch applications at the 
Piedmont 2 location. 
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Figure 47. Turbidity as a percent of the bare soil control for the treatments not receiving seed/mulch at the Piedmont 2 
location. 
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Figure 48. Sediment loss (kg ha-1) for each treatment for the October 14, 2001 rain event (3.23 cm) at the Piedmont 2 
location.  Error bars equal one standard deviation. 
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Figure 49. Sediment loss (kg ha-1) for each treatment for the November 25, 2001 rain event (2.34 cm) at the Piedmont 2 
location.  Error bars equal one standard deviation. 
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Figure 50. Sediment loss (kg ha-1) for each treatment for the December 11, 2001 rain event (3.99 cm) at the Piedmont 2 
location.  Error bars equal one standard deviation. 
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Figure 51. Sediment loss (kg ha-1) for each treatment for the December 17, 2001 rain event (0.81 cm) at the Piedmont 2 
location.  Error bars equal one standard deviation. 
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Figure 52. Total sediment loss for each treatment for all six rain events at the Piedmont 2 location.  Treatments with the 
same letter are not significantly different (α=0.05), and were analyzed with log transformed data. 
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Figure 53. Runoff volumes (m3 ha-1) for each treatment for the December 17, 2001 rain event (0.48 cm) at the Coastal Plain 
location. Error bars equal one standard deviation. 
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Figure 54. Runoff volumes (m3 ha-1) for each treatment for the January 9, 2002 rain event (3.38 cm) at the Coastal Plain 
location.  Error bars equal one standard deviation. 
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Figure 55. Runoff volumes (m3 ha-1) for each treatment for the January 14, 2002 rain event (0.79 cm) at the Coastal Plain 
location.  Error bars equal one standard deviation. 



 

 102

 
Figure 56. Runoff volumes (m3 ha-1) for each treatment for the January 21, 2002 rain event (2.82 cm) at the Coastal Plain 
location.  Error bars equal one standard deviation. 
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Figure 57. Runoff volumes (m3 ha-1) for each treatment for the January 23, 2002 rain event (3.30 cm) at the Coastal Plain 
location.  Error bars equal one standard deviation. 
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Figure 58. Runoff volumes (m3 ha-1) for each treatment for the January 25, 2002 rain event (0.56 cm) at the Coastal Plain 
location.  Error bars equal one standard deviation. 
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Figure 59. Runoff volumes (m3 ha-1) for each treatment for the February 8, 2002 rain event (3.20 cm) at the Coastal Plain 
location.  Error bars equal one standard deviation. 
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Figure 60. Total runoff volumes for each treatment for all seven rain events at the Coastal Plain location.  Treatments with 
the same letter are not significantly different (α=0.05), and were analyzed with log transformed data. 



 

 107

 
Figure 61. Turbidity levels (NTU) for each treatment for the December 17, 2001 rain event (0.48 cm) at the Coastal Plain 
location.  Error bars equal one standard deviation. 



 

 108

 
Figure 62. Turbidity levels (NTU) for each treatment for the January 9, 2002 rain event (3.38 cm) at the Coastal Plain 
location.  Error bars equal one standard deviation. 
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Figure 63. Turbidity levels (NTU) for each treatment for the January 14, 2002 rain event (0.79 cm) at the Coastal Plain 
location.  Error bars equal one standard deviation. 
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Figure 64. Turbidity levels (NTU) for each treatment for the January 21, 2002 rain event (2.82 cm) at the Coastal Plain 
location.  Error bars equal one standard deviation. 
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Figure 65. Turbidity levels (NTU) for each treatment for the January 23, 2002 rain event (3.30 cm) at the Coastal Plain 
location.  Error bars equal one standard deviation. 
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Figure 66. Turbidity levels (NTU) for each treatment for the January 25, 2002 rain event (0.56 cm) at the Coastal Plain 
location.  Error bars equal one standard deviation. 
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Figure 67. Turbidity levels (NTU) for each treatment for the February 8, 2002 rain event (3.20 cm) at the Coastal Plain 
location.  Error bars equal one standard deviation. 
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Figure 68. Sediment loss (kg ha-1) for each treatment for the December 17, 2001 rain event (0.48 cm) at the Coastal Plain 
location.  Error bars equal one standard deviation. 



 

 115

 
Figure 69. Sediment loss (kg ha-1) for each treatment for the January 14, 2002 rain event (0.79 cm) at the Coastal Plain 
location.  Error bars equal one standard deviation. 
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Figure 70. Sediment loss (kg ha-1) for each treatment for the January 21, 2002 rain event (2.82 cm) at the Coastal Plain 
location.  Error bars equal one standard deviation. 
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Figure 71. Sediment loss (kg ha-1) for each treatment for the January 23, 2002 rain event (3.30 cm) at the Coastal Plain 
location.  Error bars equal one standard deviation. 
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Figure 72. Sediment loss (kg ha-1) for each treatment for the January 25, 2002 rain event (0.56 cm) at the Coastal Plain 
location.  Error bars equal one standard deviation. 



 

 119

 

Figure 73. Sediment loss (kg ha-1) for each treatment for the February 8, 2002 rain event (3.20 cm) at the Coastal Plain 
location.  Error bars equal one standard deviation. 
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Figure 74. Total sediment loss for each treatment for all seven rain events at the Coastal Plain location.  Treatments with 
the same letter are not significantly different (α=0.05), and were analyzed with log transformed data. 
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