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ABSTRACT 

From April through August, 19lh, menhaden processing waste 

water from an industrial plant near Dulac, Louisiana was par­

tially reclaimed using land treatment by overland flow. The 

waste was pumped from a primary treatment pond after screening, 

and was spray-discharged at a rate of 5*08 cm (2 in) per week 

onto a naturally vegetated spoil bank of clay soil material 

(6 percent slope, 30 m long). The effluent flowed unevenly 

through the plant cover and litter layer. The effluent, with 

total organic carbon, nitrogen, and phosphorus concentrations 

of Boo, 600, and 50 mg/1, respectively, was purified by the ac­

tion of the soil-plant system, reducing the waste nutrient load 

an average of 58, 51, and 53 percent for C, N, and P, respec­

tively. The soil-plant system removed an average of Bl^i, 581, 

and i+7 kilograms per hectare of carbon, nitrogen, and phosphorus, 

respectively, over the five month period. Roseau cane, Phragmites 

communis, the dominant plant on the slope, increased in live 

standing crop by 55 percent and in nitrogen and phosphorus by 

and 13 percent, respectively. Levels of groundwater nitrogen 

just exceeded 10 mg/1 at a depth of 30 cm after five months. Waste 

total coliform lyiPW was diminished by 66 percent over the slope. 

Regression analysis indicates that higher levels of C, N, and P 

may be removed from the waste if the slope length were increased. 

Uneven flow of the waste over the spoil bank indicated that me­

chanical grading and sloping would be necessary to allow greater 

xii 



reclamation of the waste. Because of the suitahilit'y of over­

land flow techniques for waste water treatment, dredge spoil 

disposal sites in South Louisiana are recommended for advanced 

waste water treatment where favorable waste effluent composition, 

climate, and soil-plant systems are available. 

Xlll 



INTRODUCTION 

Soil methods for treating and disposing of liquid wastes 

from food related industries are widely used. By 1973, 1,300 

industrial plants including more than 300 canneries were using 

some form of land treatment (Godfrey, 1973). 

Bendixon (1969) descrihes the factors governing the attrac­

tiveness to food processing industries of soil methods for treat­

ing and disposing of wastes: (l) food wastes have a high organic 

content and are difficult to handle "by conventional methods; 

(2) plant operation is often seasonal with all or a large part of 

the waste water concentrated into a period of a few months; (3) 

plants often are located in small towns or rural areas where muni­

cipal treatment facilities are not adequate to handle extreme 

seasonal loads; and (^+) land treatment offers a high degree of 

flexibility, and in most cases, costs are favorable compared to 

alternatives. 

Land treatment of waste water and sewage is a natural re­

cycling process that"combines the soil and plant ecosystems with 

the applied effluent. Purification of the waste water is carried 

on by the microbiota, the plant community, and the chemical and 

the mechanical action of the soil. Land treatment processes as 

opposed to disposal techniques are designed to effect the best 

possible benefits to the environment while producing a renovated 

water resource. 

Soil is the most important parameter in planning land 

treatment programs. Three designs of land treatment are commonly 
1 ' 



used depending upon the soil composition, porosity, and drainage 

qualities: rapid infiltration, spray irrigation, and overland 

flow (Pound and Crites, 1973; Reed et al., 1972). Rapid infil­

tration is commonly used in arid areas with well drained gravel 

or sandy soils. Purification taJses place "by microbial and me­

chanical action as the effluent percolates through the soil column. 

An important side benefit is ground water recharge. Spray irri­

gation methods purify waste mainly by infiltration and percolation 

of effluent through the soil column and incorporation of the waste 

into the vegetative growth cycle. At Pennsylvania Stafe University 

successful renovation of waste water by spray irrigation has been 

continuously practiced since 1963. The combined action of the 

living and ponliving components of the soil column where purification 

occurs has been termed the "living filter" because of its natural 

recycling character (Kardos, 1967, 1970; Parizek et al., 1967; 

Pennypacker et al., 1967). 

Overland flow is the most recent and least studied of the three 

methods. Poorly drained and impermeable soils with vegetative cover 

have been found to provide satisfactory treatment of effluent wastes 

when these wastes are allowed to flow slowly over an evenly sloped 

surface. This "grass filtration" has been used predominantly for 

the disposal of cannery wastes (Gilde, I967, 1970). In addition, 

low-lying areas such as deltaic plains built from alluvial clays 

over high water tables, provide opportunities for land treatment by 

overland flow where other modes requiring imsaturated well-drained 

soils are inpractical. 



The most investigated and successful overland flow operation 

is the Camphell's Soup cannery in Paris, Texas where waste water 

is applied along the top of carefully prepared terraced slopes 

(C.W. Thornthwaite Associates, 1969)* Eroded land formally used 

for cotton fields was graded into terraced watersheds between 

2 to 10 acres in area from 200 to 300 feet in length, and at in­

clines between 2 and 12 percent. At the end of each watershed, 

a receiving stream collected the runoff from spray application 

after flowing slowly through water-tolerant grasses. The planted 

grass serves several purposes: (l) it protects the soil surface 

from erosion by retarding the flow of water across the slope; 

(2) it provides a protected habitat for microorganisms and a vast 

surface area for the absorption of impiirities contained in the 

water; and (3) when cut for hay, it is a valuable cash crop that 

provides an effective means for reclaiming plant nutrients from the 

organic waste (Gilde, 1970). The runoff from the slope accounted 

for 60 percent of the effluent applied, while evapotranspiration 

and infiltration accounted for 20 percent each. Microbial and 

soil activity removed over 90 percent of the nitrogen, phosphorus, 

and organic carbon from the cannery waste. Uptake of N and P by 

reed canary grass (Phalaris arundinacea) was 62 and 10 pounds, re­

spectively, per ton of grass. 

Ob.jectives 

Land treatment seemed a promising method of waste water rec-

lanation and recycling for trial use in the coastal zone of 

Louisiana because of the lack of water treatment facilities, 



saturated soils, the high costs of water pollution, the imminent 

requirement for "zero discharge", and the desire to preserve 

and improve the quality of the coastal wetlands. Hence, from 

April through August, 197^j the author under auspecies of the 

Department of Marine Sciences and the Office of Sea Grant De­

velopment of Louisiana State University in cooperation with Zapata 

.Haynie Corporation and the Stream Control Commission conducted a 

study' to determine the general feasibility of using overland flow 

on naturally vegetated dredged spoil banks by measuring: (l) 

the effluent quality at distances down slope from the point of 

discharge; (2) the ground water quality at distances down slope 

from the point of discharge; (3) the efficacy of the plant cover 

in removing plant nutrients from the applied waste and its response 

to the treatment in live standing crop; (U) the microbial activity 

of the soil surface in the treated site; (5) any change in soil 

chemistry; and (6) the effect of treatment runoff on receiving 

marsh areas 



DESCRIPTION OF THE AREA 

The Zapata Haynie Corporation is located on the eastern "bank 

of the Houma Navigation Canal proximal to Bayou Grand Caillou, 

south of Dulac, Louisiana (Figure l). The company processes Gulf 

menhaden (Brevoortia patronus) into commercial fish meal, solubles, 

and oils. Fvill time fishing and plant operations continue through­

out the legal fishing season from mid April to mid October each 

year. The menhaden caught in the Gulf of Mexico are ferried to the 

shore plant in Dulac by way of the Houma Navigation Canal. Canal 

water is pumped into the fish laden holds of the ships- at dockside 

to aid in the transferral of menhaden from the ship to the plant. 

There are two main waste water components from the plant 

process (Figure lA). 'Stickwater, a fairly high protein liquid, 
r 

when not used in solubles production makes up a considerable portion 

of the industrial waste stream (Rao and Pike, 1972). From pimping 

of the fish in ship-to-shore transport, high organic waste water 

results from shredded portions of menhaden entering the transfer 

or bail water. The plant formerly pumped both waste effluents 

into a settling pond adjacent to the canal where gravitational 

flow separated out most of the particulate matter. The pond effluent 

was subsequently discharged into the canal. However, because of 

recent pollution and treatment requirements, advanced treatment fa­

cilities were constructed and the settling pond operation terminated. 

The impounded waste water was deemed suitable for the experimental 

purposes. 

5 



In 1972, the dredged levee of the settling pond facing the 

enclosed marsh broke open and waste water flowed into the marsh', 

polluting the area as far north as station U (Figure l). Levels 

of nitrogen and phosphorus in the marsh water prior to the ex­

periment are listed in Table 1. 

The most acceptable natural slope for overland flow is located 

on the eastern bank of the canal 300 m (1,000 ft.) north of the 

settling pond (Figure l). The canal bank averages 2.5 m (6 ft.) 

in height above water level and extends over 30 m (lOO ft.) into 

an enclosed fresh water marsh with variable slopes due to uneven 

compaction and erosion. The average slope is about 6 percent. 

The canal bank, deposited during the dredging of the navigation 

canal in 1962, is heterogeneous in character, composed of irregular 

distributions of silt "and clay. Analysis of selected chemical prop­

erties of the spoil material is presented in Table 2. Brupbacher 

(personal communication) classifies the canal bank as mineral soil 

material. The canal bank vegetation was sampled and identified by 

J. Monte and M. Carroll of the Geography and Botany departments, 

respectively, at LSU (Table 3). There is dense hetergeneous plant 

cover on the bank, but patterns of growth are discernable. Phragmites 

communis, the dominant species, is observed throughout the length 

of the slope and in the marsh. Trees and shrubs on the slope are: 

Ilex decidua. Ilex vomitoria, Melia azedarach, Hvrica cerifera. 

Pubis sp., Salix nigra, and Sambucus canadensis. Downslope Baccharis 

halimifolia increases in numbers. Figure 2 presents the distribution 

of the vegetation in the experimental and surrounding area. 



The enclosed marsh is classified "by its salinity range and 

vegetation as a fresh water marsh (Chahreck, 1972). Major species 

are: Alternanthera philoxeroides> Lemna minor, Phragmites communis, 

Sagittaria f ale at a, Scirpus validiis , and Spartina patens (Table 3). 

Extensive open water covers over half of the enclosed marsh. No 

salinity was detectable by refractometer. Flushing of the marsh is 

poor with the only flow occurring through a 1 m (3 ft.) diameter 

culvert in the northeast corner of the marsh. The marsh floor is 

up to 3 feet below the free surface. The marsh soil material near 

Dulac is a mucky peat with 79*13 percent organic matter (Brupbacher 

et al., 1973) (Table 3). 

DeMont (l97^) sampled aquatic fauna in the spray runoff and 

culvert areas (Table U). In areas not covered by living Lemna 

minor, the marsh floor near the runoff zone was dominated by the 

tubificid worm, Limnodrilus profimdicola. In areas where L. pro~ 

fundicola was present, the worm comprised more than 85 percent of 

the biomass. 
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Table 3. Canal Bank and Enclosed Marsh Vegetation 

Common Name 
A) Canal Bank 

Trees and Shrubs: 

Baccharis halimifolia 
Ilex decidua 
Ilex vomitoria 
Myrica cerifera 
Melia azedarach 
Rubis sp. 
Sabel minor 
Salix nigra 
Sambucus canadensis 

sea myrtle or groundsel tree 
possum haw 
yaupon 
wax myrtle 
China tree or Chinaball tree 
blackberry, dewberry 
dwarf palmetto 
black willow 
elderberry 

Weeds and Grasses: 

Cersium spinosissinus 
Eleocharis sp. 
Erigeron philedelphicus 
Geraniun carolinianum 
Hydrocotyl sp. 
Hydrocotyl ranunculoides 
Ipomea sagitta 
Iris sp. 
Melilotus indica 
Mikania scandens 
Oxalis sp. 
Phragmites communis 
Phytolacca americana 
Pilea sp. 
Polygonum sp. 
Polynigon sp. 
Ptilimnium sp. 
Rannunculus sp. 
Senecio glabellus 
Solidago sp. 
Sonchus aspera 
Thelypteris sp. 
Urtica chamaedryoides 
Verbena sp. 

thistle 
marsh spike grass 

wild geranium 

pennywort 
morning glory 
iris 
sour clover 
climbing hempweed 
lady's sorrel 
common reed or roseau cane 
polk weed 
richweed 
smartweed 

mock bishop's weed 

butterweed 
goldenrod 
sow thistle 
marsh fern 
nettle 
wild verbena 



Table 3. (Continued) 

B) Enclosed Marsh 

Alternanthera philoxeroides 
Bacopa monnieri 
Juncus effusus 
Lemna minor 
Phragmltes communis 
Sagittaria falcata 
Scirpus validus 
Spartina patens 
Zizaniopsis mileacae 

13 

Common Name 

alligator weed 
waterhyssop 
soft rush 
duckweed 
common reed or roseau cane 
arrowhead 
leafy three-square 
cordgrass or wiregrass 
cutgrass 
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Table Aquatic Invertebrates and Fish Collected in the Enclosed 
Marsh 

Location 

Annelida 
Tubificidae 

Linmodrilus profundicola 

Arthropoda 
Crustacea 

Jtysidacea 
Taphromysis louisianae 

Amphipoda 
Talitridae 

Hyalella azteca 

Decapoda 
Palaemonidae 

Palaemonetes pugio 
Macrobrachium ohione 

Spray Runoff Zone Culvert 
(station 2) (Station 5) 

X 

X 

X 

Insecta 
Hemiptera 

Corixidae (Water boatmen) 
.Nepidae (Water scorpions) 

Ranatra sp. 

Diptera 
Chironomidae (Midges) 

Chironomus sp. 
Tanypodinae 

Mollusca 
Gastropoda 

Physidae 
Physa sp. 

Limnaeidae 
Limnaea sp. 

Chordata 
Vertebrata 

Osteichthyes 
Clupeidae 

Brevoortia patronus X 
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Table (Continued) 

Location 
Spray Runoff Zone Culvert 

(station 2) (Station 5) 
Cyprinodontidae 

Lucania parva 
Poecilidae 

Gambusia affinus 
Heterandria formosa 



METHODS AND MATERIALS 

Field Engineering 

The main objectives in the construction of the overland flov 

system were: (l) to provide a continuous flow of solid-free waste 

from the settling pond, (2) to pump the filtered waste 300 m north 

along the canal bank to the experimental area, and (3) to apply , 

the waste in an evenly distributed sheet flow from the top of the 

slope to provide maximum contact of the soil and plant systems 

with the waste runoff. 

Pumping station (Figures 3A and k) 

A pumping station containing a 20 horsepower, electric 

centrifugal pump and motor secured to the cement foundation 

was constructed near the settling pond close to the menhaden 

plant machine shop. Inside the station a switch and starter 

were connected to an automatic clock timer and manual on-off 

button for convenient operation of the pump (Figure 5). 

Specifications for the pump and electrical assembly are listed in 

Table 5. 

Input apparatus (Figure 3B) 

A catwalk pier was built from the northeast corner of the 

settling pond to a point where the pond was deep enough to 

provide ample unrestricted flow of waste water free of floating 

solids. An H-frame suction apparatus equipped with two 60 cm 

long cylindrical 1/k in. (0.63 cm) hardware cloth filters was 

built from 3 in. (7.62 cm) polyvinyl chloride (PVC) pipe (Figure 

IT 
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6). The suction apparatus was threaded onto a 2 in. (5.08 cm) 

verticle brass foot valve and joined to a 90 degree 3 in. PVC 

elbow fitted with a bleeder valve. The suction apparatus was 

lowered 60 cm into the pond by a support crane at the pier terminus. 

A 120 cm square baffle was installed in the pond at the pier 

terminus to prevent floating solids from clogging the suction 

apparatus. The PVC elbow was connected to a 1.8 m section of 

pressurized rubber hose to allow normal maintenance removal of the 

filters for cleaning. Two wooden aqueducts 13.6 m and 6 m in length 

conveyed the 3 in. suction pipe from the settling pond, over a portion 

of the marshy to the pump. 

Spray discharge apparatus (Figures 3C and 7) 

From the pump 300 m (1,000 ft) of 3 in. PVC pipe was laid in a 

trail paralleling the canal through dense vegetation. At the experi­

mental site, the pipeline was routed west to reach the zenith of the 

spoil bank. At this turn, a 3 in. gate valve was installed for flow 

control. At the top of the slope the pipeline turned and paralled the 

canal for 2k,2 m (80 ft). Three 90 degree "T" joints bifurcated the 

pipeline and were connected to similar "T" joints increasing the number 

of discharge outlets to 12 evenly spaced over l6.T m (55 ft). 

Each outlet was fitted with a 91 cm (3 ft) upright pipe of 1 in. 

(2.5^ cm) diameter. The top of the upright pipe was connected to a 

90 degree elbow fitted with a length of 1 in. pipe 3 in. long and 

compressed at the end. The end was ground into a parabolic curve to 

guide the discharged waste in a thin fan shape that resulted in small 

droplets with minimal erosion impact (Figure 8). 
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The design for this type of discharge is advantageous for 

several reasons: (l) it has no moving parts or holes that will 

suffer wear or clogging; (2) maintenance requirements are small due 

to the ease of cleaning; (3) the effluent is evenly sprayed in a thin 

sheet to cover the slope as evenly as possible; it permits aeration 

of.the effluent; and (5) horizontal discharge under low pressure 

minimizes aerosol formation that could transmit pathogenic bacteria and 

viraJ. organisms (Sorber and Guter, 1972). 

Applic ation-rat e 

.The discharge rate was adjusted to 2 in. (5*08 cm) per week 

according to recommended loading rates on clay soils (Pound and Crites, 

1973) and past research (Gilde, 1970). Flow was controlled through 

two 3 in. gate valves one situated near the treated are'a and the other 

in a triangular by-pass that completed a flow circuit around the pump 

(Figure 3A). Waste was applied 3 hours a day 9 a.m. to 12 noon, for 

four days Monday through Thursday each week. The next three days pro­

vided a dry-up period for any ponding that was likely to occur (Eeed, 

1972). Operation of the pump was automatically activated and ter­

minated by the adjustable clock timer in the pumping station. 

Priming the pump was achieved by hose through a sampling spigot 

at the discharge end of the pump. Air was flushed out of the 2^.2 m 

(80 ft) intake pipeline by three bleeder valves. Because the pump 

could not be easily placed below the free surface of the pond, 

priming had to be repeated at the start of each weekly pumping period. 
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Figure 5. Interior of Pumping Station Showing the 
Switch, Starter, Clock Timer, and On-Off 
Button. 
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Table 5- Specifications for Pumping Assembly 

l) Pump: Pacific Type L end suction centrifugal pump 
•with integral h.p. frame construction code 
IO-25TO5-I3OOOI-I85I with a mechanical seal 
fitted with a 6.9 in. impeller 

GPM 360 Head 152 
HP 20 Cycles 60 
RPM 3500' Volts 230/1+60 
Service Factor 1.15 Form .MCA 
BRG Drive End 310 BRG Opp Drive End 
Time cont UO camb 

Phase 3 
Amps 1+6/23 

20T 

2) Switch: Square D 100 amp D-323 N DC switch 

3) Starter: Allen and Bradley 709-DAA starter with 3 N71 
Allen and Bradley heater elements connected 
to a 800 S 25 amp Allen and Bradley on-off 
button 

1+) Pump 
Station: Wood frame construction measuring 1.2 X 1.5 X 

1.8 m with a 10 cm thick cement foundation, tar 
paper insulation, and 0.28 mm corrugated tin 
roofing and siding 
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Field Techniques 

Several methodological techniques were executed in the field in 

order to gain sufficient information about the general and specific 

land system responses to the waste water application. The measure­

ments included monthly sampling of: (l) the overland flow stream; (2) 

groundwater; (3) cover vegetation; (4) soil and aquatic microorganisms; 

(5) soil; and (6) surface water in the receiving marsh. 

Overland flow 

Two parallel sampling transects 1 m wide and 3 m apart were cut 

through the length of the vegetated slope. The medially placed 

transects ran from the spray discharge line- at the top of the slope 

to the marsh edge. Spray runoff flowed over the slope and into the 

marsh in about.1.5 hours from the start of pumping. Two hours after 

pumping ceased the runoff area was free of noticeable surface flow.. 

After, the three day drying period, any ponding formed from the uneven 

surface flow had normally dried up. 

Overland -flow was sampled monthly on Thursdays, the last day of 

spray discharge, two hours after pumping began when steady flow over 

the slope was attained. Replicate samples were taken in half liter 

glass bottles containing 5 ml chloroform at distances of T.5 m (25 ft), 

15 m (50 ft), and 2k,2 m (80 ft) downslope. Single samples were also 

taken at 36.^ m (120 ft) downslope, in the marsh 3 m from the edge, in 

the settling pond, and at the culvert (station 5). The latter served 

as a control. Samples were stored on ice and taken to the laboatory 

for analysis. 
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Groundwater 

Groundwater wells were made from h ft (1.2 m) lengths of 3 in. 

PVC pipe "by cutting double rows of 3.2 mm (0.12 in.) slits along the 

pipe (Figure 9). Well holes were bored in both transects at distances 

of 7.59 159 and 22.5 m (75 ft) downslope from the discharge line with 

a 3 in. manually operated bucket auger. The six slitted tubes were 

inserted into the cored holes and driven down with a rubber mallet. 

The uppermost row of slits was adjusted down 81.3 cm (32 in.), 1+3.2 cm 

(17 in.), and 30.5 cm (12 in.) below the surface at the 7-5, 159 

22.5 m distances, respectively, to enable capture of the water perco­

lating through the soil column at varied depths. The wells were in­

stalled a month before discharge began to allow the pipe-soil inter­

face to seal. Between measurements the tops were kept covered. During 

the spray period samples were taken monthly in half liter glass bottles 

containing 5 nil of chloroform. They were stored on ice and brought 

to the laboratory for analysis. 

Vegetation 

Nutrients 

Roseau cane, Phragmites communis, is distributed in clumps over 

the length of the slope in varying stages of growth. Phragmites 

thrives in brackish and fresh water marshes (Chapman, 19^0; Bird, 19^9) 

and is a water tolerant plant that is well suited as a cover plant for 

overland flow. Although not in commercial demand in the United States, 

Phragmites is used for numerous purposes in other lands including 

antibiotics, paper, and baskets (Coleman, 197^). 

Live Phragmites stems were clipped monthly just above the soil 
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Figure 9. Groundwater Well 
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surface at distances of 7.5, 15» and 22.5 ni from the line of discharge. 

Thirty samples were taken randomly across the slope at each distance 

in addition to the same number from a control plot. Sampling for plant 

nutrients was carried out during the months of June, July, and August. 

Live standing crop 

Phragmites was harvested after the experiment was concluded on 

October 5 to determine the effect of the treatment on the live standing 

crop. Twenty replicate quadrats (l m^) were taken at random at 

intervals of il-.5 m (15 ft) downslope from the line of discharge in the 

treated and control areas. 

Microbiology 

Soil microbiology 

Surface soil was sampled monthly at distances of 7»5 and 22.5 ni 

downslope from the line of discharge, at the marsh edge, and beside the 

slope as a control. Samples were taken in triplicate with sterile 

stajidard 100 x 15 nnn Petri plates. The Petri plate was taken from a 

sterile bag at the site, turned concave downward, and gently pressed 

into the ground. The cover was inserted under the plate and both 

were removed, sealed with tape, labelled, and stored on ice until 

analyzed. 

Aquatic microbiology 

Water was sampled in July only for the measurement of total 

coliforms. Replicate samples were taken in sterile l60 ml prescription 

bottles at the following locations: (l) the settling pond: (2) the 

groundwater 7*5 m from the line of discharge; (S) the groundwater 

22.5 m from the line of discharge; (U) the marsh edge; (5) mid marsh 

(station ̂ ); (6) the culvert (station 5); and (j) the Houma Navigation 
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Canal, 3 km from the menhaden plant. 

Soils 

Cores vere taken monthly at distances of 7.5, 15, and 22.5 m 

from the line of discharge with a manually operated 3 in. bucket auger. 

Samples were taken from each core at the following depths: (l) 0 to 

10 cm; (2) 25 to 36 cm; (3) 51 to 6l cm; and (i+) jS to 86 cm. Samples 

were placed in plastic bags, stored on ice, and brought to the labor­

atory for analysis. 

Laboratory Techniques 

Overlajid flow 

Runoff and pond waste collected in the field was analyzed for 

carbon, nitrogen, and phosphorus. Carbon samples, collected sepa­

rately in 250 ml plastic bottles, were kept frozen until analyzed, 

while nitrogen and phosphorus samples were analyzed within one week 

after sampling. Carbon was analyzed as total organic carbon (TOC) 

and dissolved organic carbon (DOC) after the wet oxidation method of 

Menzel and Vaccaro (196^1) using an Oceanography International total 

cafbon analysis system. Particulate organic carbon (POC) was deter­

mined from the difference between TOC and DOC. Nitrogen was analyzed 

as totaJL-N (Kjeldahl N), aramonium-N, and nitrate and nitrite-N after 

Bremner (1965) modified by Ho (19T^). Organic-N was determined from 

the difference between total-N and ammonium-N. Phosphorus was analyzed 

as available phosphate-P and total phosphate-P after a method modified 

•from Strickland and Parsons (1965). Organic phosphate-P was determined 

from the difference between total phosphate-P and available phoaphate-

P. In addition, pond waste was measured regularly for pH with a Sar-
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gent PB S-30007 pH meter. Concentrations of metals in the pond waste 

were measured in July only by J. Mayer of the Dept. of Marine Sciences 

at LSU. 

Groundwater 

Samples drawn from the field wells were analyzed within one week 

for nitrogen as total-N (Kjeldahl N), ammonium-N, nitrate and nitrite-

N, and for phosphorus as available phosphate-P and total phosphate-P. 

Organic-N and organic phosphate-P were determined by difference as 

described above. Because of the lower ammonium-N concentrations, 

NHj^-N was analyzed using a procedure after Strickland and Parsons 

(1965) modified by Ho (l9T^)* 

Vegetation 

Nutrients 

Phragmites samples were dried in a hot air oven at 80°C for J2 

hours and finely ground in a Wiley mill. After thorough mixing of each 

ground sample, a subsample was analyzed for total-N and total-P at the 

Feed and Fertilizer Laboratory at LSU. Techniques of analysis follow 

Official Methods of Analysis of the A.O.A.C. (19T0). 

Live standing crop 

Samples from the October harvest were stripped of any dead plant 

material, individual stems counted, dried in a hot air oven at 80°C for 

72 hours, and weighed to the nearest gram. 

Microbiology 

Soil microbiology 

Soil samples were plated on selective media for enumeration of 

colony growth of general aerobic heterotrophic and protein metabolizing 

or proteolytic microorganisms. Nutrient agar (Difco) was used for gen-
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eral heterotrophic media. Proteolytic media was prepared after Hood 

(19T^) as follows: 1,000 ml distilled water, 1,000 ml skimmed milk, 

J+0 g of Difco Bacto Agar, and 2 g of Difco Yeast Extract, and adjusted 

to pH 7.6. Both media were sterilized under steam and poured into 

2l6 sterile 100 x 15 nnn Petri plates for each "bacterial test two days 

before the test. One day after field sampling, samples were serially 

diluted and spread plated on the prepared plates as descri'bed hy 

Parkinson et al.(l9Tl). Plates were inverted, stored at 23°C, and 

counted two and three days after plating. Only counts between 30 and 

300 per plate were recorded. To correct for dry weight soil, sub-

samples were oven dried at 100°C for 2k hours. 

Aquatic microbiology 

Water samples were tested for total coliforms by presumptive 

and confirmed tests according to Standard Methods (1965). 

Soils 

Prior to analysis samples were air dried at room temperature for 

one month. Next they were ground mechanically in a Bico pulverizer so 

that particles passed through a U.S. Standard Sieve No. 10 with 2 mm 

openings. The ground samples were analyzed by the Louisiana Soils 

Testing Laboratory at LSU. Tests included in the analysis were those 

for soil reaction (pH), phosphorus, potassium, calcium, magnesium, and 

organic matter. Analytical methods used are described by Brupbacher 

et al. (1968). 



RESULTS MD DISCUSSION 

Overland Flov 

CarUon, nitrogen, and phosphorus concentrations of the men­

haden waste in the settling pond were widely variable over the ex­

perimental period (Tables 6, 7j and 8). The stored waste water 

pumped from the pond had very high and variable ammonium-N levels 

that accounted for more than half of the total-N of the waste. 

The residence of the menhaden bail water and stickwater in the 

pond over a period of almost a year appears to have changed the 
• 

composition of the original proteinaceous effluent through anerobic • " 

decomposition and nitrogen mineralization. Aided by the warm near 

subtropical climate, evaporation of the superjacent pond water may 

have created a nitrogen gradient with depth. The pond waste may 

have remained poorly mixed during rainy periods due to the overlying 

cover of surface solids. 

Waste water applied to the slope lost a highly significant 

percentage of C, N, and P to the soil-plant system. For the ex­

perimental period, carbon averaged 57*8 percent removal, nitrogen 

51.^ percent and phosphorus 52.7 percent. Although these percen­

tages are not as high as those reported elsewhere (C.W. Thornthwaite 

and Associates, 1969; Hoeppel et al., 197^) differences in performance 

can be explained by the composition of the waste and its level of 

treatment, the heterogeneity and variable density of the plant cover, 

and the length, surface roughness, and irregular slope of the canal 

bank. 

3U 
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The impounded menhaden waste had a mean total-N concentration 

of 600 mg/1 whereas comparable overland flow systems purified ef­

fluent containing about 20 mg total-W/1. The difference in ni­

trogen levels, a factor of 30 times, is in part a result of the 

menhaden waste receiving only primary treatment while the great 

majority of land treatment operations employ secondary treated 

effluent and use the land as tertiaiy treatment (see Glossary). 

During the study period, caustic washdown water used for 

cleaning the plant sedimentation tanks was continuously added 

to the stored waste water in the settling pond. At regular in­

tervals, pH was measured to determine if- the spray-discharged 

waste would be too alkaline for plant and microbial growth. Be­

cause menhaden are primary herbivores, their capture and pro­

cessing by the plant constituted a second concentration of the 

trace metals in the Gulf of Mexico previously concentrated by the 

phytoplankton on which they fed. Metals in the waste water there­

fore might have been too concentrated for successful land treatment. 

Measurement of pH and metals (Table 9) indicates that the waste 

water was never too alkaline for direct spray discharge onto the land. 

Contamination of the soil and receiving marsh by lead, nickel, and 

chromium was not a problem since these elements were either absent 

or present in insignificant concentrations. 

The vegetation in the study site was a natural plant community 

that showed varying growth patterns as a result of height above 

groundwater and the effect of the unnatural fresh water marsh en­

closed by man-made structures. Trees and shrubs not well adapted for 

growth in saturated soils showed poor growth. Shrubs such as Rub is 
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died in the treated area. At Paris, Texas graded slopes were sown 

with reed canary grass (Phalaris arimdinacea) which was removed hy 

periodic harvest, thus removing the N and P taken up hy vegetative 

growth. Where harvests occur through natural senescence, death, 

and microbial degradation, a litter layer accumulates on the soil 

surface that may be subsequently removed by runoff or incorporated 

into the soil humus. The litter at Dulac minimized spray droplet 

splash and retarded the downslope flow as well as providing in­

creased surface area for bacterial growth. The low organic matter 

content of the soil surface (2 percent) indicates that runoff from 

the heavy rain in the area (averaging 60 in/yr) was effective in 

removing organic detritus from the vegetated canal bank, permitting 

the kinetics of microbial mineralization and immobilization to be 

concentrated on the applied waste. 

The runoff from the spray discharge did not flow in an evenly 

distributed sheet flow. Irregularities in the soil surface caused 

the runoff to channel in rivulets over the slope. The stationary 

discharge nozzles kept the daily discharge from flowing in new patterns 

and excluded areas in the treated site from waste coverage. Although 

removal of C, N^and P from the waste was near 50 percent, a longer 

slope would have increased the amount of nutrient removal. At Paris, 

Texas, slope lengths of 1T5 ft (58 m) were sufficient to remove over 

90 percent of the applied nutrients. The effectiveness of the canal 

bank to renovate the waste may have been substantially increased by 

mechanical grading and sloping. 

To determine the statistical significance of the vegetated canal 

bank as a treatment system, the percent removal of C, N, and P was 
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regressed on distance downslope from the line of discharge hoth as 

linear and quadratic functions (Table 10). In all cases quadratic 

regression improved the intercept and R-square value (the percent 

variance due to regression) over linear regression, but the curves 

retained a high degree of linearity suggesting that greater removal 

of nutrients may have been possible over longer slopes. 

Groundvater 

Groundwater analyses for N and P (tables 11 and 12) were con­

ducted to measure the nutrient percolation, biological degradation, 

and mechanical effects in the soil at several depths. To evaluate 

the level of nutrient accumulation and oxidation in the capped wells, 

these were, pumped dry after the July sampling and allowed to recharge 

for the August sampling. The August .results" show that the saturated 

soils released about 10 mg NH^-N/1 to the groundwater, probably due to 

the high nitrogen levels in the waste, especially the ammonium-N frac­

tion. In the 81.3 cm wells, nitrate and nitrite-W levels appeared 

higher than in the shallower wells sampled in August, possibly as a 

result of ̂  situ oxidation. Organic-N results for August show the 

effects of flushing the wells of accumulated water. The reduction in 

organic-N from 17.36 mg/1 in July to 0.93 mg/1 in August at the shallow 

30.5 cm depth strongly influenced the total-N level at that depth for 

August. The 11.33 mg total-N/l concentration, the highest for the 

three depths, exceeds the 10 mg/1 USPHS drinking water standard after 

5 months of treatment. Phosphorus results for August indicate higher 

levels of available phosphate-P and total phosphate-P in the 15 and 

22.5 m wells. Similarly, flushing the wells removed accumulated P 

and revealed the lower levels of P in the groundwater. Groundwater 
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contamination from both organic-N and organic-P from the applied 

waste is not expected after 5 months. 

Vegetation 

Analysis of Phragmites for N (Table 13) showed a highly 

significant increase in stem and leaf tissue N, almost doubling 

in plants sampled at the top of the slope (7*5 m from discharges). 

The summer average for N in the treated Phragmites sampled over 

the slope was l.B^i- percent compared with 1,25 percent for the con­

trol. Treated Phragmites P concentrations (Table 13) showed no 

differences compared to the control, but a highly significant dif­

ference was observed between the top (7.5 m) and the bottom (22.5 m) 

slope. The summer average for P in the treated Phragmites sampled on 

the slope was O.lB percent compared to 0.l6 percent for the control. 

N and P in the plant tissue increased an average of ^+7 percent and 

13 percent respectively in the treated area. 

From live standing crop results (Table 1^), an average biomass 

of 1>128.1 g/m^ of Phragmites was harvested in the treated area com­

pared to 726 g/m^ for the control. This increase of 55 percent is 

not statistically significant, however, because of the wide var­

iation in plant density and distribution over the canal bank. 

Microbiology 

Soil microbial activity was measiired at the top and bottom 

slope, at the receiving marsh floor, and beside the slope (control) 

(Table 15). Because of the iinlevel surface of the canal bank, run­

off flowed unevenly over the soil. To compare this effect, samples 

were taken in soils saturated by the waste and in sites adjacent to 

them. Aerobic heterotrophic microbial growth in the saturated sites 
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experienced a highly significant increase compared to the un­

saturated and control areas. Proteolytic activity was highly 

significant in the waste-saturated soils only at 7«5 m. The in­

crease of heterotrophic microbial biomass indicates an active 

transformation of menhaden waste into bacterial cells; however, 

three days after cessation of flow, heterotrophic and proteolytic 

numbers in the saturated soils had fallen back to control levels. 

Total coliform MPN's (Table l6) in July revealed little 

danger of water pollution from spray runoff after four months of 

treatment. Coliforms treated by the slope were diminished in 

number by 66 percent and were found in lower concentrations in 

the marsh environment at stations sequentially distant from the re­

ceiving marsh edge. Levels of coliforms in canal water upstream 

of the treated area coincided with the MEN of the culvert water. 

The- latter was within the total coliform MPN criteria of 230/100 

ml set by the Loxiisiana Stream Control Commission. Below the 

treated soil surface, however, coliform MPN exceeded this criteria 

in the shallow depth well (30.5 cm) where the soil was saturated for 

extensive periods. In the deep well (81.3 cm), coliform MPN was 

the same as background numbers. 

Soils 

Chemical analyses of the soil profile (Table 17) reflect the 

heterogeneity of the dredged soil material. Differences of Ca, 

K, and P were highly significant from month to month. Organic matter 

in the soil surface (top 10 cm) ranged from 1.7 to percent 

from May through August. Although this increase suggests a trend of 

buildup over time, a steady decline of organic matter downslope was 
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detected each month, reflecting the rapid rate of bacterial 

degradation and immobilization of the organic waste compounds. 

Receiving Marsh 

Water chemistries in the receiving marsh taken after 5 months 

of treatment (Table l8) present the effect of waste runoff on the 

marsh. Levels of N and P were higher than background levels as 

far away as station 3, but no changes beyond this point were de­

tected. 

On September 8, Hurricane Carmen passed west of Dulac with 

flood tides and winds up to JO mph passing over the enclosed 

marsh. The buffering effect of the marsh in retarding drainage 

was reflected by the nutrient levels in the marsh water after the 

storm (Table l8). Levels of N as ammonium-N increased at station 

2 from the movement of the waste runoff which had accumulated at 

the receiving marsh and slope Junction. In the remainder of the 

marsh, where vegetation is less dense, N levels decreased from 

storm rain and tidal dilution. After the storm, phosphate-P 

was concentrated at stations 2 and 3, having been displaced away from 

the marsh edge but poorly mixed. Nutrients at the culvert (station 

5) remained fairly uniform throughout the experimental period in­

dicating that containment and reclamation of the waste water was 

achieved. 

Nutrient Balance 

Nutrients removed by the soil-plant system were calculated on 

an area basis to determine the volume of nitrogen and phosphorus 

removed from the waste, water over the experimental period. The 
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voluane of nutrients removed "by the vegetated canal bank may be used as 

a guide for planning more efficient land treatment systems in similar 

environments. 

Menhaden waste water was applied at a rate of 2 inches per week, 

a volume of 5^9 300 gal/acre/week spray-discharged over 6,500 sq. ft. 

Because of pumping problems, inoperative time accoimted for 25 percent 

of the total pumping time resulting in 121,5^0 gal or 5159330 liters of 

waste discharged over 5 months. The volume of N and P removed by the 

vegetation and the soil column and the loss to the groundwater (Table 

19) was calculated from the averaged data of each component. 

The losses of nutrients by vegetative uptake and percolation to 

groundwater were rather small, k,6 percent of the total volume retained 

by the slope. In other studies, cover vegetation played a dominant 

role in nutrient removal from the applied waste, accounting for as 

much as h2 percent of the waste nitrogen. The differences may b^ a 

result of the plant density, root depth, growing cycle, and control­

ling climatic factors for the separate plants. At Dulac, Phragmites 

was neither dense nor uniform over the slope, and other plants not 

sampled may have removed a considerable portion of the nutrient 

load. The nitrogen and phosphorus uptake by Phragmites averaged 2.5 

aud 0.1 pounds of N and P per ton, respectively. Differences between 

the Dulac and Paris, Texas (62 lbs N and 10 lbs P/ton) removal levels 

can be partially explained by several reasons. 

l) The surface runoff did not flow evenly over the slope. This 

is supported by the average decrease in Phragmites percent N downslope 

from 2.1 to 1.7 percent (Table 13). Comparison of the percent of 

N-and P in the treated cover vegetation at Dulac and Paris, Texas 
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shows closer agreement: 2.1 percent N and 0.21 percent P for upslope 

Phra.gniites (Dulac) compared to 3.1 percent N and O.UU percent P for 

Phalaris (Paris, Texas) (C.W. Thornthwaite Associates, 1969). 

2) The terraced slopes at Paris, Texas provided an even, thin, 

sheet-flow with a longer (6 hr) spray period. At Dnlac the natural 

slopes did not cause comparable residence periods over the slope. 

3) The waste compositions for each treatment were not similar 

because of the storage period of the menhaden waste. The cannery 

waste at Paris, Texas was treated on the land almost immediately 

after primary screening and gravity separation to remove cooking 

grease (Stevens, 19T2). 

The clay soil material of the canal bank provided a good bar­

rier against nutrient percolation through the saturated soil profile. 

At the Paris, Texas overland flow site, where the clay soils infil­

trated water at the rate of 0.1 in. (0.25 cm) per day, less than 1 

percent of the total-N and 2 percent of the total-P percolated into 

the groundwater, at a depth of 100 cm. At Dulac, however, less than 

0.5 percent of the total-W and 0.7 percent of the total-P entered the 

groundwater. Although the nutrient load was heavier at Dulac, the 

differences in treatment ages of the two systems may have been a 
I 

factor affecting the soil retention capacities. At the 30.5 cm depth, 

which was within.a saturated zone near the receiving marsh edge, less 

than 1.5 percent total-N and percent total-P entered the ground­

water. Because of the impenneability of the clay soil, this shal­

low depth proved to be as adequate a barrier against nutrient contam­

ination as the 7 foot (2.1 m) depth required for spray irrigation in 
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well drained porous soils (Parizek et al., 196T). 

Overland Flow Theory 

The greater fraction of the nitrogen and phosphorus in the waste 

applied to the vegetated slope was retained "by the soil. Although the 

fraction removed "by the cover vegetation may have been underestimated 

for the reasons previously discussed, it probably would not have 

accounted for more than 30 percent of the nutrient removal. The 

biological and chemical tranformations undergone by the cannery 

waste nitrogen and phosphorus were not well understood at Paris, Texas 

and a comprehensive laboratory study conducted by the U.S. Army Corps 

of Engineers was begun to determine what the actual tranformations 

were (Carlson et al., 197^; Hoeppel et al., 197^). 

Nitrogen in the waste water was present either as ammonium-N 

or organic-N; no nitrate-N was detected. Adsorption is one of the 

most important yet poorly understood processes by which chemicals 

are removed from waste water applied to the soil (Murrmann and 

Koutz, 1972). In the soil, the ammonium ion participates in ion 

exchange and competes with other actions for exchange sites on or­

ganic' and mineral fractions of the soil. However, in the presence 

of clay minerals and certain organic soil fractions, ammonium ions 

are preferentially adsorped (Pound and Crites, 1973). Adsorption 

is a fairly rapid process, but many types of adsorbed chemicals are 

slowly converted to more insoluble forms. During this time, the ad­

sorbed phase provides a labile source of chemicals for vegetative 

uptake or removal by slow precipitation processes (Murrmann and Koutz, 

1972). Volatilization of ammonium-N may occur to some extent, but 



hk 

high pH and considerable air-water contact axe necessary to account 

for significant amounts (Pound and Crites, 1973). Ammonium-N re­

tained on the aerobic soil surface is nitrified to nitrite and nitrate 

Nitrosomas and Nitrobacter, respectively. In anaerobic sites ni­

trate is denitrified and lost as gas. 

Phosphorus applied to soils may precipitate as ceilcium, alum­

inum, or iron phosphate compounds. In addition, phosphorus may be re­

moved by vegetative uptake and anion exchange with kaolinite clays 

(pound and Crites, 1973). Other forms of phosphorus in clay soils 

occur as occluded or reductant soluble phosphorus and in organic 

phosphates. 

Waste is applied in overland flow treatment in alternating 

periods of wetting and drying. Because the wetted surface extends 

only through the top few inches of soil, the active biodegradation 

of the waste takes place in this zone. In June the increasing aerobic 

heterotrophic microbial population was about 200 X 10^/g soil (Table 

15) in the waste-saturated zone. At Paris, Texas, this level of 

growth was attained during the month of August (C.W. Thornthwaite 

Associates, 1969). These high microbial populations demonstrate that 

active biodegradation of the waste compounds was occurring in the 

surface zone at both treatment sites. 

When the soil surface is flooded, oxygen penetration to the soil 

surface is diminished and an anaerobic-aerobic double layer develops 

that is characterized by a decreasing oxidation reduction or redox 

potential with depth. Because the menhaden waste was anaerobic as 

it flowed over the slope, infiltration of the waste into the soil 

enhanced the formation of anaerobic microsites in the porous cavities 
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of the soil surface zone. As the redox potential decreases, trans­

formations of chemical properties of the soil proceed in a manner 

similar to waterlogged soils such as rice paddies (Carlson et al., 

197^; Hoeppel et al., 197^). Studies of the behavior of of soils 

subjected to submergence have been conducted by Patrick and Mahapatra 

(1968), Patrick and Mikkelsen (l97l)» and Ponnamperuma (1972). 

A large fraction of nitrogen not accounted for in the nutrient 

balance at Dulac is believed to have been lost by vigorous nitrifica­

tion of ammonium-N during the dry aerobic period followed by the 

subsequent denitrification of the nitrate during the wet anaerobic 

period. Hunt (1972) believes that nitrogen loss in the anaerobic-

aerobic double layer microsites may be a primary mechanism for nitrogen 

removal, from applied waste water. 

Phosphorus compounds, especially iron phosphates, become more 

soluble upon their reduction from the ferric to the ferrous state. In 

flooded soils this occiors when the redox potential drops below +200 

mv, and it induces the release of phosphate to the soil solution, 

Ifydrated ferric oxide on clay particles is reduced in a similar manner 

and releases occluded phosphate compounds layered underneath. Upon 

drying^ phosphorus reprecipitates, but calcium phosphates usually 

require a longer period to reprecipitate (Carlson et al., 197^)• 

Studies by Patrick and Khalid (197^) stressed the importance of the 

sorption process in removing P from solution under reducing conditions. 

Reduced ferrous hydroxide and hydrated ferrous hydroxide gel sorbed 

orthophosphate from solutions containing over 5 nig P/1 possibly as a 

result of their increased surface area. Thus phosphorus removal from 

waste water applied to soils over periods of wetting and drying is 
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believed to be accomplished by reduction, hydrolysis, fixation, sorp­

tion, and refixation of phosphorus compounds in the soil. 

Costs 

The costs of water treatment by overland flow are distributed 

between the capital costs of land, pretreatment, transmission, and 

distribution and the costs of operation and maintenance. 

Recent reviews (Pound and Crites, 1973) list the typical costs 

of land as ranging from $225 to $500 per acre. Pretreatment of the 

waste including screening, primary and secondary trickling filter 

treatment, and chlorination totals 5^0/1,000 gal. Transmission and 

distribution costs for cannery waste varied from $200 to $2,300 per 

acre. In the overland flow system where terracing and grading of the 

slopes are important, costs can be approximated on an acre basis as 

$362 for cleaning the land, $108 for seeding to produce the 

vegetative cover, $3^8 for the piping system, and $l88 for miscellane»-

ous work. 

At Paris, Texas, maintenance costs were 1 to 2^/1,000 gal for 

the 3.5 mgd overland flow system. The annual operation cost was 

about 5<^/ljOOO gal. This cost may be slightly reduced if the cover 

vegetation is sold for profit. 

For the experimental work at Dulac, costs may be itemized in a 

similar manner, l) The land for waste treatment was obtained free of 

any pa3rment for use by obtaining permission to trespass for purposes 

of research. However, because land treatment is designed for multiple 

use benefits, no displacement of a prior use such as duck himting or 

marsh conservation was effected. The cover crop, mostly removed by 



micro'bial degradation and flushed out of the marsh as detritus hene?-

fits the overall productivity of areas removed from the treatment site. 

In axeas where extensive dredging operations have created spoil dis­

posal sites in marsh and estaurine areas, waste water treatment could 

beneficiate such an area into a multiple use system. 2) The pre-

treatment was provided by a preexisting settling pond, but if such a 

facility were not present, pretreatment could be accomplished at a cost 

of 20.6(^/1,000 gal. 3) Transmission and distribution costs totaled 

$2,500 for the pumping assembly, input apparatus, piping, and spray 

discharge apparatus. U) Maintenance and operation costs were fairly 

low; part replacements and energy requirements averaged $200/yr with 

full time personnel costing $10,000/yr. 

If the 2k acre spoil disposal site north of the menhaden plant 

were used for overland flow treatment of the plant waste water it 

could trea.t 150,000 gpd at a liquid loading rate of 2 in. per week. 

The capital and operating costs for the system (Table 20) do not 

include the cost of land as it may be used for the asking. However, 

this situation may change. 



U8 

g 
5 
c 
d 
H 

JH 
O 

6 
0) 
Xi 

c 
•H 

a 
0 

1 a 
o 
•H 
§ 
tjD 

S 
«H 
O 
W 
H 
O > 
<U 
Xi 

vo 
a> 

rH 

EH 

S3 o o LA • O O o 
O • • • • • • 
X bD 0- LA LA 00 
U S3 cu C3\ VD MO -=f rH 
d «a5 on rH 
o 
o o O O LA o O 
•H l>» • • • • • * 
CJ H <30 rH O 00 MO rH 
cd S3 -4" b- 1—i 00 CO CM 
bO •"O CM 
SH 
O 

lA O LA LA O o 
0) (U • • • • • • 

+3 S3 VD vo tP LA ON CO 
0} S3 m (ON co rH MO rH 
H 

r-< 
i-D OJ OO rH -=(• 

r-> 

o 
•H o LA LA o O O •p • • • • • • 

in l>i CM ON OO rH O 
cd cd rH CM CO LA MO 1—1 

PH S CM H H 

O O o LA O o 
S3 • • • • • • 
O bO C>0 OO vo MO t— LA 
rQ S3 o C3\ CO O H rH < -=!• rH 1—1 CM CM CM 
CO 
o 

O LA lA O O o 
o • • • • • • 
•H iH lA b- CM O O 
S3 S3 00 LA O C3N CO 00 
Gd •"D rH rH CM rH 1—1 rH 
bD 
SH 
O O O LA LA o O 

(1) • • • • • • 
'd G vo ON CM OO 00 LA 

QJ p 0- CM MO MO rH MD > h> MD LA LA -:3" UN 
(H 
O 

O 05 . O O LA O O O 
05 l>J • • • • • 

1—1 •H cd C7\ OO O OO MD 1—1 
P S O MO D~ 0\ t- t— S 

t— LA lA. CM H 

O O LA LA O O 
bO • • • • • • 
S3 CX3 o rH H o (ON 

S3 < CM <0\ LA b- MO CM 
O t— 00 CM CM CM CM 
X 
J. M 
d >> O LA LA LA O O 
o rH • • • • • • 3 Ch CO -=!• LA MD (—1 
o LA CM rH CM MD LA 
•H 
S3 

CM -=!• CM CM 1—1 

d 
bO O O O O O O 
!H <D • • • • • • 
O S3 <30 LA o C3N Of") 

S3 oo OO LA E- OQ CO 
iH •-0 O ON CO LA 
cd H 
P* 
O 

EH O LA O O O o >» • • • • • • 
Cd LA LA o rH 0- rH s fvJ CO MO LA 00 CO 

a\ MD MO CM 

<u ti 
p S3 
•H o 
CO fn <u 

bD 
bD bD t3 
S3 S3 W 

•H •rH S a a a 
rH rH 

a a a 
rd 

& P LA o CM -=}- CO s P • • • SH 
ro d t- LA ~=t MO cd 

CO in H CM 00 S 

C 
•H 

(U 

05 
-P 
•H 



h9 

H 

H 

(D 

(U 
xi 
•p 

•H 

c (U 
00 o u 
p 
•H iz; 

o 
CO 
H 

?-
S 

0) 
H 

I E^ 

!s! 
I o 

•H 

00 

I 
(U 

& s 

H 
•H 

I 

(U 

S 

H 
•H 

0- O 0\ OJ O -=!• 
ir\ H OJ ITN ON CVJ 

00-4- tr\ ON vo ir\ 
lA 0- t— ITN CO t— 
iH 

O CVI lA H CVJ ON 
O O H H V£> H 

OJ -it H VD OJ lA 
LA lA 00 H on 

0- VO OJ 00 p ON 
ONVO t- CM CO lA • • • • o * 
-it OO CtN O H NO 
ON 00 CO-it H 

00 -it ON VO H 
00 ON lA-it -it 00 

H H lA H CM 00 
ON ON H VD 

H 

O lAOO t— LA 00 
O VO 00 C>N lAVO 

VO CO ONVO 00 VO 
O LA OO H VO H 
rH 

O lA lA lA O O 
O CM CM O O 

O VO VO 00 O O 
LA O lAVO lA CM 
VO LA 00-it OO H 

O VO o o o o 
O H O LA O O • ••••» 
O ON lA lA LA 
O LA CO t— ON OO 
VO LA-it H CM 

O LA LA t~-
-it H VO O P lA 

• • > • 03 • 
O b--it OO O ON 
_:t fO -it H H 
oo 1>- b-

CM VO OO LA CM H 
VO O CJN t— b- H 

O OOVO ON O-it 
-it CO VO H ON H 
-it OO 00 CM 

O VO VO CO H VO 
LA t— OO OO O lA 

VO lAOO t~VO ON 
O 00 ON H t— 
CM rH rH CM rH 

0) •O 
p a 
•H o 
CD ft (U 

bO 
bO bO c d m

 
m

 
m

 
m

 E 

•H •H m
 

m
 

m
 

m
 E 

rH rH xi 
ft P A O CM Ht to ft 

P • • • 3 O t- A-it VO 0} 
CD CD H CM CO S 

tSi 
I 

rH 
aS 
P 
O 

EH 

I 

h) 

(U 
§ 

& s 

•H u 

0) 
p 
•iH 
CQ 

w 
Oi 
•H 
rH 
& 

CD 

t- LA-it t— O 
LA OO lA CM ON CM 

00 CD rH 00 VO LA 
O CO CO CM <5 ON 
CO A-it A 00 tH 

O 00 A rH CM CDN 
O rH rH ^ rH 

CM OOVO CO O 
A rH VO CJN CM -it 

VO VO -it rH CO 

t— I—I t— rH O VO 
COCO CO CO o rH • ••••• 
A O -:t- CO O VO 
CO CM CO A A CM 
(ON 00 t— t~--it 

O O O AGO CM 
A O A CM rH -4" • ••••• 
CM A CM H CO t-
rH l>-VO 00 A rH 
A-it -it CO rH 

o -it -it A VO A 
A A t— CO A CM • ••••• 
CM -it t—-it -it VO 
H-it CO CO-it rH 
CO CM CM CM CM 

a o 
tiD 

•S a a a a 
P A O CM -it 
4-3 • • • • 
<l> D— A-it VO 

CD - — 

a 
•H 

0) 

!3 
CQ 
P 
•H 

M 

Xi 
to 
!H 

- _ ClJ 
H CM CO S 



50 

CO 

0) 
H 
•§ 
E^ 

PW 

'c? 
o 
•H S 
hO 

O 

PH 
I 

CO 
I -:t 
O 
P^ 

0) 
H 
'§ 
H 

4 

bD 

4 

PJ 
1-3 

0) 

& 

H 
•H u 

I 

I 
<U 

s 

fH 
•H 
U 

ir\ ifN-sf o 00 t— 
CO CO H CO H 

CO lA lA-^ CO 
tH 

LA OJ 0\ t-VD OJ 
-cl" CM CM lACO H 

VO -it MD co-=r 

VO LA C>- t-MO CO 
CM O O CTN-=f -if 

ON CO LA^ O -if 

VO LA (0\ ON COCO 
o 00 LA ON (ON O 

CJN H lA CM -if VO 
-if H H 

LA O O CO CO VD 
ON O -if t- CM t-

O CO C3N-if CO f-
CO CO CM H CM 

O O LA lA b- LA 
LA lA CM CO CM 

t—co t- CO H 
CM rH 

NO CO CM -if f- t~-
VO I—I CO (—I LA -if 

NO VO CM 00 LA 
CM H H CM CM H 

H H COCO 00 VO 
00 CM 00 -if LA LA 

00 00 H 00 -if t-
CO H 

CM O CO t-- O LA 
VO O -if CO LA CM 

LA LA 00 CTN t— CM 
CM CM I—f iH H 

H O OO LA O 
l>-(X) -if 00 CO H 

-if O O O CO 
CM CM H CM CM 

<u 
-p c 
•H o 
CO p. 0) 

bO bO a - - w 
•H •H a a 0 s 
rH rH pd 
Qf +3 LA O CM -if CO 

+3 • • • • JH 
Co OJ t- LA-If VO Cd w CO H CM CO S 

PH 
I 

CO 
I -if o 
p^ 

r-i 
d 

O 
E4 

t»0 

I 

h) 

<D 

§-
s 

H 
•H 

(U •p 
•H 
CO 

bO 
fl 

•H 
H & 
CO 

LA lA CJ\ LA LA CM 
CO CO CO LA O C— 

LA H CM CM 
-if H H H 

CO (ON 
H H 

CM H H CO ON 
O VO -it LA 

CO C~- H 00 
CO H CM CM 

C—CO CM LA 
O CM <ON-if • • • • 
OO VO VO CO 
-it rH iH rH 

CM C7\ 
CO rH 

O lA o o 
LA CM 

iH 

a 
•H 

<D 

to 
•P 
•H 

OO LA CO CO CO 
VO CO O CO -if CO 

-if VO -if CM CM CO 
t— CO CM CO CM 

VO CO rH rH CO VO 
VO 03 CO VO LA 00 

LA CO VO LA 00 O 
LA lA_if CO -it iH 

'd 
d o 

PU 

bD 

•H s s s s 
rH 
+3 LA O CM -if 
+3 
(U m LA-if VO 

H CM CO 

(U 

pp 

CO 

05 s 



51 

<u 
-p 

IS 

<u 
p> 
VI 
cd 

IS 

eJ <u 
cd 
X! 
fl 
<U 

<u 
,a 

c 
•H 

CO 
iH 
cd 

•P 
0) 
S 

o 
CO 
P! 
O 
•H 

Id 
Pi •p P: <u o a o 
0 

Td 
pj 
od 

to 
0) 

1 > 
w 
Pi 

Ch 
(U 

I—I 

EH 

CO 
(U 
p 
H 
cd > 
W 
Pi 

vo 
CM 

P 00 
to CO 
P • 
tsC E-
P 

<1^ 

ir\ 
CM O 

00 

0\ 
VO 

LPi 
-if 

« m 
Pi 

p 
o 

h) 

CO 
tH 
cd 
•P 
0) 
S 

o 
to 
p 
Q 

•H 
-p 
cd 
P 
-P 
P <u o 
p 
o o 

pq 

£ 

P«^ 

o o 
CO <D 

-=»• O 

CD 

O CTN 

O 00 
CM 

I— (U 
• O 

cd 
00 p 

p" 

o 
LTN 
OO 

t— LPv 

-=r E— 
OO OO 

o o 
o ir\ 
00 H 
CM H 
00 

p 
o 
•H 
p 
o 
cd 
p 
p=i 

cd fx^ 

^3 

p 
•H 

0) 
p 
cd 

(0 
p 

(Oi CO 



52 

(U 
o 
§ 
-p 
CQ 

•H 
P 
fl o 

<U 
03 
03 
<13 
!H 
bO 
<D 

p 

a cS 
Is; 
u 
VH 
O 

rH s 
Q 

K 
•P a <u 
o 
IH 
0) 
P 
<P 
o 
CO 
a o 
•H 

CO 
CO 
(D 

<D X 
pH—' 
O <U 
•H ft 
•P O 
05 rH 
U CQ 
•d fl 
o5 > 

o 
rH 
0) 
iH •§ 
EH 

03 

g. 
CO 
I « 

o 
•H 
•H 
d no 
•H 
CO 

ft 

a o 
•H 

s 
ft 

d o 
•rt 

CO 
03 
03 
bO <u 
« 

H !>» 
cd P o 

•H 03 
a ft 
0 O 
6 ̂  

CO o b- CO -=t- 00 lA MO CM 
o\ 0\ 00 CM. CM CO O rH rH 

-:0- lA 00 MO CO CO b- MO b-
O o -=!• rH lA CM CM 00 • ' • • • • • • • • 

O c o O O o O O O 

CO 

& 
CO 

OJ 
X 1>-
cvi 
t>-
cn 
o 
o 

CM 
X 
ir\ 
o 
H 
O o 

CM -
X vo 

-4-
rH 
CO 
o 
o 

CM 
X 
ir\ 
CO 
CM 
rH 
O 
o 

CM 
X 
VD 
O 
b-
fO 
O 

t-
CM 
VO 
H 
O 
O • * o « 

o o + 1 o + 
1 1 X X 1 

X 
X iH 

X X X -d" CO CO X 
X p- CM MO CM o 
H CO CO H MO 
lA CM • CO • CO 
CO 00 CO • CM lA • • o • 
o O 1 

4_ 
+ O 

+ + CO 
T • <>* + 

LA H 1—1 
CO CO rH rH b- CO 

-d" H MO- b- MO CM 
rH vo lA • CO 
00 rH C3N O O p-

-d" CO 1 rH 1 o 
11 11 II II II II 

X X X X X X 

X 
CO 
H 
H 
CM 

MO 
O 
CM 
C-
LTv 

II 
X 

o O o 
o o o 
EH p ft 

s 
I + ̂  

K & 

Os MO b- ON o H CO -=r CO LA o CM O b-• • • • • • • • 
CO O O CO CO o • b-
rH H CO 

X 
CM 
H 
H 

CO 
t-
O 
b-
IfN 

II 
X 

ft 
1. 1 

CO 
1 -4-o a ft 

1 o S o 
*H 1 ft •H 
d H 1 d 
d d CO d 
bO p 1 bO 
PI o o PI 
O EH ft O 

C7\ 
CO 

CM 
rH 

CM CM CM 
X X X 

MO CO NO 
CO CM 
rH CO b-
00 lA OO 
O O o 
O O o 
O CD o 

(i 
CO 

CO 

o -=r 
CO 
C7\ 
vd 
II 
X 

ft 
I 

CO 
I -=t-
o 
ft 
rH 
d 
p 
o 

EH 



53 

(U 

I 
'd 

o 
6 
+3 
C •H 
a <u 
tc o u +3 

•H tz; 
Vi o 
CO 
H (U > 
5 
H 
H 
a> 
H 
•§ 
EH 

s 
I <u 

+3 
•H 

+3 
•H Is; + <u 

u 
+3 
•H 
is; 

SSi 
I. 

tiO 

t 
<u 

I <ai 

h> 

(U 

•"3 

rd •p 
ft 0) o 

H 0) 
IS 
t*o 
d 
•H H 
ft 

CO 

t- CM o LfN • • 0 

CM o o 

CO rH -=;• H 

a o O 

VD vo CO 
rH H • • • 
o o o 

rH 00 H 
ITk 0\ -if • • • 
o o O 

00 -if o o CM -if • • • 
ON NO o 

rH 

o SO NO 
t- 0\ CJN • 
-if CM 

-if rH NO 
(?N OO H 

rH H 00 

CO ON t~-
-if LA C— 

CM CM 00 

a- a 
CJ O o 

00 CM LA 
0 • • 

H OO o 
00 -if 00 

a a a 
LA o LA 

LA CM 
rH CM 

iH 

is; 
I 

(H 
cs5 
-P 
O 

EH 

is; 
I o 

•H 
fl 
cd 
t>0 <s 

tJD •§ 

d 

0) 

I 

I < 

•"3 

(U 

h) 

rd p> 
ft <u 
Q 

rH 

IS 
fc>D 
d 
•H 
iH 
ft 

CO 

O o 00 
LA o 00 • • • 
-if CO rH 

H 

00 00 00 
00 CO OO • • • 
(ON 00 CM 
rH rH CM 

00 (ON LA 
-if 00 00 • • • 
-it CM -it 

rH 

O rH NO 
CO (ON A 

00 CM -if 

(ON lA OO 
C- b- C3N • • • 
o rH o 

CM NO NO 
NO OO OO • 0 • 
-if o 
(H H rH 

-it 00 ON 
lA O NO • • • 
CM H rH 

rH 

CM rH 00 
00 00 • • 0 

rH o o 

a a a o CJ o 
00 CM A • • • 
rH 
00 

OO 
-it 

a a a 
A o A • 0 • 
C- ir\ CM 

rH CM 

0) 
ft 
ft 
0) ti 
ft d 
<U "H 
> 7l ft CO d 
iH 
rH 
(U 

CO 

<L> 1-3 

"S U 
•X (U 

2 & 
C5 'O 

(U 
•P 
O 
is; 



5h 

u 
0) 
-p 

"CJ 

o s 
(U 
•p 

a 
•H 

CO 

2 o 
'PH 
cfl 
O 

fi 
o 
ui 
H 

0) 
i-:i 

OJ 
tH 

0) 
rH •§ 
EH 

PH 
I 

00 
I ^ o 
PM 

o 
•H 

tjO 
fn 
O 

PH 
I 

00 
I o 
PH 

a> 
rH 

PH 
•H 
cd 

bD 

I 

4 
OJ 

& s 

bD 

I 

h) 

0) 

& 
S 

•p 
PH 
OJ 
O 

rH 
H 

OJ 
IS 

bD 
P 
•H 
H & 
CP 

V£l CO CO 
O LTN LA • • • 
O o O 

00 o LA 
t- CM • • • 

o CM O 

vo 00 
rH o -=1" '* • • 
O o o 

CM MO vo 
O rH o 
O O o 

VD 
CM 

rH 
C--

C7\ 
O 

O rH rH 

o 
00 

CM ^- OO 
LA 

CM LA 

-it 
rH 

00 o P c-
O O 1—1 

CO 
O 

MO 
OO 

CO 
p 

O O o 

cm
 

cm
 

cm
 

00 CM 

1—1 
CO 

00 30
. 

a a a 
LA o LA 

LA OJ 
H CM 

PH 
I 

00 
I o 
PH 

cd 
P o 
EH 

bb 
tn p 

rH •H 
1—1 H 

CD !>> PH 

^ 1 > !>> PH 

^ 1 
P Ui 
CD p 
P CD t>s 
nj PH IH > a P 

P P 
PH 

P P P CD CD 
O P P 
P CD CH 
O > 05 

0) 
P 
O 

bD •§ 

P 
>"0 

<D 

>-0 

f>s 
Cd 
S 

P 
PH 
CD « 

I—I 
CD 
IS 

bO 
P 

r-| 
& 
cn 

CM LA OO 
OO CM \J0 • • • 
o CM 1—1 

OO 
1^- H • • • 
OJ t— LA 

o tP CM 
00 O t-• • • 
o o LA 

o. CM VO 
o lA o 

4 • • 
o o o 

a a a o o o 
cn CM LA • • • 
rH OO o 
00 p- 00 

p 
•H 

(D 
P 
cd 

CO 
P 
•H 

a a a 
LA o LA 

IP LA CM 
H OJ 



55 

(U 

0) 

I! 
0) 
-p 

a 
•H 

CO 
H 

0 
H 

1 

0) 

o-
H 
CQ 

O 
Q 

•P 
CO 

•H « 

ITv 

S o <u -p p 
-P q 
O PH pq w 

(U 
H <U 
Ti o 
•H iH 
;s; CD 

(U 

p o 
EH PH 

CO 

lA to 
PLI H H H ^ . 

o o o 

O O -d-
Js; fO-d- O ^ • 

H rH rH 

-:t VO lA 
H H H • • • o o o 

o 00 to 
VO t—00 . • • • 
iH iH r—{ 

LA ON l~ 
fH rrl • > • o o o 

O CM oo 
Js; CD VO VO ^ • • • 

H H H 

O CM ON 
PH CM CM H %^ • • • o o o 

o to LA 
s to O (ON •fe«. • • • 

CM CM H 

itf 1-3 t-3 <; 

d) 

fd 
D 

"cd 
D 
PH 

EH 

D 

-P 

•H 

-p 
Xi 
W) 

•H 
<D > 

& 

o 
o 
CQ 
D 
•P 
•H 

P xi .• 
PH 
«p 
o 
fp o >? u rH o P 

O 
bO 
0) P 
•H D 
•d 
P3 O 
0(3 P> 
•P d 
CO O 

CO > 
•H 03 
i-q <0 

e , 

«H 
O 

H 
P O o P 
CQ -P 

•H P 
P o 
c(3 o 
P^ a •d o fi o Co 

-It 
rH 

'§ 
EH 

a 
LA 

CM 
CM 

a ̂  O 0) 
-p ^ .-p q 
O. H 

pq CO 

bO bO 

t—VD O 
H CM • 

[— CO 

bO bO 

VO CM VD 
CM g O 

rH • 

H -It 

,—» . a 
<0 o 
ft 
O LA 
rH rH 
CO 

D - bO bO 
P HP 5 ^d ft H CM CO 
O HO CM 00 C— 
O H rH O • 

S CO O 
(D H LA 
t) 
P 
d 
•P 
CQ 

•H 
ft 

a 
LA 

bO bO 
D 

ft P LA CM CM o o CM LA 
EH rH rH • 

CO «VD 
H-It 

§ 
a w 

5«S 

> 
•H 

s 
> 
•H 



56 

H 
Q) 
r-| 

« 
E-f 

c > 
•H O 

CO H w 
(U od 
^ Q'd 

S CO i 
O H 
•H rH ^ 
S -H 0) 

=lfc CO 

•n <u ^ g 
a SS 
H +3 _ 

cd fd 
m CO fl <u 3 

+3 H o a d 

•H o 
5«s CO 

C 
•H 

(13 
0) 
•§ 
o 
•H s 

§ 
'd H 
0) 

"S Td 

•P H 
ei ^ 

CO d 

H 
•H 
O !>» 

CO /Q 

CO 

o CO CO vo O rH 
d lA o vo d rH 
p o t- LA P H o • • • o • 
fi H o o p 

03 P1 H 

O O u vo O 00 <! P vo 
d lA vo LA d o 
p O P CM 
d • • • d • m C— LA CO txj CO 

a p 
d d o O 

a a 

CM 
CM 

H 
O 
U 
P 
d o o 

o o ov o C3\ 
d OV CM o d CO 
p a\ VO CO p LA 
o • • • o • 
u rH CM rH u CA 
PI p PI h 
O 3 o 
P O VO o h) p CO 
d t- VO CM d lA 
P CO CM ON p 00 
d • • • d • w VO CO w c-

CO p 
p p 
d d 

C5 C5 

o VO ON -d- o p 
d CO C?> vo d o 
p p CO vo p LA 
o • m • o • 
fl H oo 00 f) rH 
p H p 

d 

o 1 o 
p 00 o o h> u O 
d -:d- p t— d o 
p rH t— p p vo 
d • • • d • w -:!• vo CO w 00 

CO H rH 
p P P p 
d d 

C5 C5 

^ a d 
OOP) • u o 5 <W H 

CO 
P cd 
S 

p> 
'§) 
•H 

VD 
O 
iH 

X 
d 

CQ 
•p 
•H 



57 

Table l6. Total Colifona MPN*S of Selected Samples Taken in the 
Experimental and Surrounding Area (July only) 

Sampling Location MPN 

Settling Pond (Station l) l.T X 10^/100 ml 

Receiving Marsh Edge 5.8 X 10^/100 ml 

Ground Water 81.3 cm From Treated Soil Surface 170/100 ml 

Ground Water 30.5 cm From Treated Soil Surface 1.2 X 10^/100 ml 

Mid Meursh (Station k) 2,k X 10^/100 ml 

Cxilvert (station 5)... 170/100 ml 

Navigation Canal 3 km Upstream From the Plant 170/100 ml 
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Table 1?. Soil Chemistry Profile of the Canal Bank Prior to and Diiring 
the Overland Flow Treatment 

Extractable Elements 
Organic 
Matter 

Date unple P K 
ppm-

Ca Mg pH i%) 

lA 260 500 2755 1000+ 7.0 2.83 
IB 181 258 2510 981 7.2 1.95 
IC 191 189 2390 862 7.6 1.1+0 
ID 223 215 1695 711 7.9 0.78 
2A 209 289 2150 930 7.6 1.95 
2B 216 233 1850 875 7.7 1.10 
2C 170 392 2600 989 7.1+ 2.18 
2D 123 218 2260 618 7.7 1.03 
3A 188 389 2505 796 7.6 1.33 
3B 172 281 2h05 91^+ 7.7 1.1+5 
3C 153 225 2k90 719 8.0 0.71 
3D 219 237 2U90 757 8.1 1.30 

lA 261 kQl 2150 1000+ 7.6 3.12 
IB 19^ 332 2550 799 7.1+ 1.17 
IC 166 . 260 2500 838 7.5 1.1+0 
ID 166 333 2370 81+1 7.9 0.91 
2A —_ —_ — — 
2B 190 2k8 i860 757 7.8 0.96 
2C 213 288 1980 961+ 7.9 0.99 
2D 228 397 1760 1000+ 7.9 0.86 
3A 330+ 500+ 28i+0 1000+ 7.6 2.00 
3B 213 328 '2k60 911+ 7.9 1.09 
3C 228 253 1680 626 7.9 0.65 
3D 232 297 lh30 818 7.6 1.56 

lA 156 500+ 1600 892 6.7 1+.37 
IB 38 500+ 3180 820 7.8 I.1I+ 
IC 57 337 2500 812 7.8 1.0i+ 
ID 71 276 2030 761 7.9 1.09 
2A 133 500+ 1920 918 7.0 1+.21 
2B 81 500+ 2130 980 7.5 1.30 
2C 71 U67 19J^0 936 7.7 I.OI+ 
2D 62 383 i960 903 7.7 1.92 
3A 185 500+ 2600 1000+ 7.2 1+.68 

3B 85 U29 1920 951 7.5 1.51 
3C 81 267 1620 718 8.1 0.78 
3D 85 297 1800 71+6 8.2 0.70 

lA 19 h 500+ 2860 822 6.7 1+.1+7 
IB 223 290 2370 737 7.6 1.20 
IC 20I+ 2k2 2750 798 8.1 0.83 
ID 133 330 i|000+ 815 8.0 1.01 
2A 213 h56 3130 879 8.0 2.37 

March 

May 

June 

July 



Table 1?. (Continued) 

Date Sample 
Extractable Elements 

K Ca Mg pH 
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Organic 
Matter 

2B l6l i+73 3I+50 1000+ 8.0 1.25 
2C 152 k2k 2830 956 8.0 1.07 
2D l80 1+00 3050 861+ 8.3 0.88 
3A 213 500+ 2570 730 7.9 2.16 
3B 166 500+ 3900 828 8.0 1.53 
30 19 377 2520 729 8.3 1.01 
3D 166 1+17 35I+O 906 8.1 0.86 

August lA 330+ 500+ 2770 1000+ .7.2 3.12 
IB 218 1+13 37I+O 691 7.7 1.1+3 
IC. 198 1+1+8 3360 891+ 7.7 1.95 
ID l8i+ 1+59 1+000+ 956 7.8 1.11+ 
2A 300 500+ 261+0 872 7.6 2.55 
2B 223 25I+ 2380 722 8.0 0.88 
20 • 165 1+69 3870 1000+ 7.7 1.07 
2D 73 1+31+ 1+000+ 826 8.0 I.0I+ 
3A 300 500+ 1+000+ 1000+ 7.6 2.57 
3B 227 1+98 33I+O 1000+ 8.0 1.30 
30 237 273 2170 655 8.0 0.83 
3D . . 261 335 2260 707 8.1 0.88 

Notes; 

"1" is 7.5 m from the line of discharge. 
"2" is 15 m from the line of discharge. 
"3" is 22.5 m from the line of discharge. 

"A" is at a depth of 0-10 cm. 
"B" is at a depth of 25.^-35.6 cm. 
"C" is at a depth of 50.8-60.9 cm. 
"D" is at a depth of 76.2-86.^ cm. 
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Table 20. Capital and Operating Costs for 150,000 gpd Overland 
Flow System on the Spoil Disposal Site North of the 
Zapata Haynie Menhaden Plajit 

Cost item Overland Flow 

Lajid used, acres 
Land required, acres^ 
Capital costs 
Land 
Earthwork 
Pumping station 
Transmission 
Distribution 
Collection 

Total capital costs 

Capital cost per 
purchased acre 

Amortized cost^ 
Capital cost, <^/1000 gal. 

Operating costs 
Labor 
Maintenance 
Power 

Total operating costs 

Operating cost, ̂ /1,000 gal. 
Total cost, <^/l,000 gal. 

20 
2k 

free (if, not, @ $500/acre) 
$20,000 
15,600 
ill,250 
20,000 
2,000 

$98,850 

free (if not,$ii,600) 
$9,675 
l,k 

$10,000 
3,750 
1,800 

$15,550 

1.1 
2.5 

Estimated for 1973 dollars, ENRCC index i860 and STPCC index 192 
b. 20^ additional land required for buffer zone and additional 

capacity 
c. 15-year life for capital items, excluding land; interest rate 
Source; Pound and Crites (1973) 



RECOMMENDATIONS AND CONCLUSIONS 

Reconmiendations 

Overland flow appears to be an effective and efficient method 

for treating menhaden waste water. This project has shown that a highly-

significant nutrient load was removed from primary treated menhaden 

bail water and stickwater wastes pumped from an anaerobic settling 

pond by the physical, biological, and chemical properties of a natur­

ally vegetated dredged canal bank. However, the extent of nutrient re­

moval was restricted by the natural topographical relief, variability 

of the cover vegetation, soil depth to the water table, and slope length. 

1) Leveled slopes for overland flow would permit better sheet-

flow and longer retention of the spray-discharged waste. 

2) Where saturation of the soil by waste may be detrimental to 

vegetation that requires well drained soils in which to grow, replace­

ment by indiginous water tolerant plants such as Phragmites may be 

beneficial to the treatment system. If commercial sale of the cover 

vegetation is intended, a plant used for hay such as Phalaris may be 

sown. 

3) The infiltration rate was not measured at Dulac, but nutrient 

percolation after 5 months just exceeded the permissable total-N 

level for drinking water at the 30 cm depth. Since the menhaden indus­

try processes fish seasonally (7 mo/yr), the 30 cm depth may be a 

satisfactory minimum for the depth of the soil column in soils with a 

comparable distribution of clays. 

it) Removal rates have indicated by direct measurement and sta­

tistical inference that slope lengths of 17^ ft (53 m) may be the min-

63 
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inrum distance to insxire adequate soil-plant contact for vaste water 

treatment comparable to tertiary treatment. 

5) Discharge of the waste continued through the late spring and 

summer growing seasons because of the favorable environmental condi­

tions for waste water treatment by the land. However, application of 

waste may be feasible at reduced rates in the fall and winter where 

climate and soil-plant systems are favorable. 

6) The objectives of this study were to determine the general 

feasibility of using low-lying clay soil material as land treatment 

sites for purifying waste water from riverine food product industries. 

The data support the conclusion that multiple use management of already 

existing dredge spoil disposal sites with land treatment systems may 

benefit the overall environment of South Louisiana by conserving 

potential and renewable land and water resources. 

T) The results of this research project by their very nature are 

limited, and can not be generalized or extrapolated to encompass any 

waste water in need of treatment or any soil-plant system that may seem 

amenable to overland flow treatment. Because of the specific physical, 

chemical, and biological composition of individual waste effluents, each 

must be evaluated accordingly as well as the land system that is 

intended to provide the waste water treatment. 

Conclusions 

Carbon, nitrogen, and phosphorus concentrations in the menhaden 

waste water showed a highly significant decrease when spray-discharged 

.over a 100 ft (30 m) vegetated.canal bank with an average slope of 6 

percent. Quadratic regression analysis was highly significant for TOC, 
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total-N, and total POj^^-P when percent removal was regressed on distance 

downslope. 

Phragmites communis percent N and percent P concentrations 

showed a highly significant increase 7*5 m downslope from the spray 

discharge. Percent N and percent P concentrations decreased with 

distance downslope, possibly because of uneven waste coverage in the 

treated area. 

Phragmites communis live standing crop showed an average 55 per~ 

cent increase in biomass from the control areas, but the differences 

were not significant because of uneven distributions of plants on the 

canal bank. 

Aerobic heterotrophic microbial growth showed a highly significant 

increase in numbers in the waste-saturated soils but not in adjacent 

soils within the- treated area. Proteolytic microbial growth showed 

a highly significant increase in numbers in waste-sat\irated soils but 

not in adjacent soils within the treated area. 

The vegetated slope for overland flow should be as level as pos­

sible, preferably less than 6 percent, to obtain greater purification of 

applied waste water by vegetative uptake, microbial degradation, and 

chemical and mechanical transformations in the soil. 

A depth of 30 cm below the treated canal bank was not sufficient 

to maintain levels of total-N in the groundwater below the 10 mg N/1 

USPHS drinking water standard. Depths of ifS and 8l cm were sufficient 

to maintain levels of total-N below 10 mg N/1. 

Total coliform MPN levels after months of discharge showed a 

decrease in MPN from the top of the slope into the marsh toward the 
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drainage culvert (station 5). At this time in July there was no 

danger of polluted water leaving the marsh as indicated by total 

coliforms. 

Dredged clay and clay soil spoil disposal sites may be of value 

as water treatment sites for overland flow techniques. Proper mul­

tiple use of these areas may be of beneficial importance to the 

coastal marsh region for water quality maintenance and improvement. 



LITERATURE CITED 

Bendixon, T, W., R. D. Hill, F. T. DuByne, and G. G. Robeck. 1969. 
Cannery waste treatment by spray irrigation-runoff. J. Water 
Poll. Cont. Fed. iil(3) Part 1: 385-391. 

Bird, E. C. F. 1969. Coasts. The MIT Press, Cambridge, Mass. 2h6 p. 

Bremner, J. 1965. Inorganic forms of nitrogen, organic forms of 
nitrogen. In Methods of soil analysis (C. Black, ed.). Amer. 
Soc. of Agro. 

Brupbacher, R. H. 197^. Personal communication. Soil Testing Lab., 
LSU. 

Brupbacher, R. H., W. P. Bonner, and J. E. Sedberry, Jr. 1968. 
Analytical methods and procedures used in the soil testing 
laboratory. La. Agr. Exp. Sta. Bull. 632. 

Brupbacher, R. H., J. E. Sedberry, Jr., and W. H. Willis. 1973. 
The coastal marshlands of Louisiana; Chemical properties of the 
soil materials. La. Agr. Exp. Sta. Bull. 672. 

Carlson, C. A., P. G. Hunt, and T. B. Delaney, Jr. 197^. Overland 
flow treatment of wastewater. U.S. Army Engineer Waterways 
Experiment Station, CE, Vicksburg, Miss. Misc. Paper Y-7^-3. 

Chabreck, R, H, 1972. Vegetation, water, and soil characteristics 
of the Louisiana coastal region. La. Agr. Exp. Sta. Bull. 66h, 

Chapman, V. J. 196O. Salt marshes and salt deserts of the world. 
Interscience Publishers, Inc., New York. 392 p. 

Coleman, J. M. 197^. Personal communication. Dept. Mar. Sci. , LSU. 

C. W. Thornthwaite Associates. 1969• An evaluation of cannery waste 
disposal by overland flow spray irrigation. Publications in 
Climatology 22(2) Elmer, New Jersey. 123 p. 

DeMont, D. 197^* Personal communication. Dept. Mar. Sci., LSU. 

Gilde, L. C. I967. Experiences of cannery and poultry waste 
treatment operations. Purdue Univ. Agr. Ext. Serv. Bull. 129: 
675-685. 

Gilde, L. C. 1970. Food processing waste treatment by surface 
filtration. In Proceedings: first national symposium on food 
processing wastes, April 6-8, 1970, Portland, Ore. 

67 



68 

Godfrey, K. A., Jr. 1973. Land treatment of municipal sewage. 
Civil Engineering-ASCE Sept: 103-109. 

Ho, C. L. 197^. Personal communication. Dept. Mar. Sci., LSU. 

Hoeppel, R. E., P. G. Hunt, and T. B. Delaney, Jr. 197I+.. Wastewater 
treatment on soils of low permeability. U.S. Army Engineer 
Wateivays Experiment Station, CE, Vicksburg, Miss. 

Hood, M. A. 197^. Personal communication. Dept. of Mar. Sci., LSU. 

Hunt, P. G. 1972. Wastewater management by disposal on the land; 
Microbiological responses to the land disposal of secondary-
treated municipal-industrial wastewater. Special Report 171, 
Chapter 5: 77-93. U.S. Cold Regions Res. and Eng. Lab., CE, 
Hanover, N.H. 

Kardos, L. T. 1967. Waste water renovation by the land-a living 
filter. ^ Agriculture and the quality of our environment. 
Am. Assoc. Adv. Sci. Publ. 85: 2^+1-250. 

Kardos, L. T. 1970. A new prospect: preventing eutrophication of 
our lakes and streams. Environment 12(2): 10-21. 

Menzel, D. W. ̂ d R. F. Vaccaro. I96U. The measurement of dissolved 
organic and particulate carbon in seawater. Limnol. and 
Oceanog. 9(l): 138-1^2. 

Murrmann, R. P. and F. R. Koutz. 1972. Wastewater management by 
disposal on the land; Role of soil chemical processes in 
reclamation of wastewater applied to the land. Special Report 
171, Chapter h: I+8-76. U.S. Cold Regions Res. and Eng. Lab., 
CE, Hanover, N.H. 

Official Methods of Analysis of the Association of Official Agricul­
tural Chemists. 1970. Ass. of Off. Agr. Chem. , Wash. D.C. 

Parizek, R. R. et al. 1967. Wastewater renovation and conservation. 
Studies No. 23, Penn. State Univ., Univ. Park, Pa. 

Parkinson, D., T. R. G. Gray, and S. T. Williams. 1971. Methods for 
studying the ecology of soil micro-organisms. IBP Handbook No 
19. 116 p. 

Patrick, W. H., Jr. and I. C. Mahapatra. 1968. Transformation and 
availability to rice of nitrogen and phosphorus in water logged 
soils. Advan. Agron. 20: 323-359. 

Patrick, W. H., Jr. and D. S. Mikkelsen. 1971. Plant nutrient 
behavior in flooded soil. pp. 187-215. In R. A. Olsen (ed.) 
Fertilizer technology and use, 2nd. ed. Soil Sci. Soc. Amer. , 
Inc., Madison, Wis. 



69 

Patrick, W. H., Jr. and R. A. Khalid. 197^- Phosphate release and 
sorption by soils and sediments: effect of aerobic and 
anaerobic conditions. Science l86(Ul58): 53-5^. 

Pennypacker, S. P., W. E. Sopper, and L. T. Kardos. 196?. Reno­
vation of wastewater effluent by irrigation of forest land. 
J. Water Poll. Cont. Fed. 39(2): 285-296. 

Ponnamperuma, F. W. 1972. The chemistry of submerged soils. 
Advan. Agron. 2h: 29-88. Academic Press, New York. 

Pound, C. E. and R. W. Crites. 1973. Wastewater treatment and 
reuse by land application. Off. of Res. and Dev. U.S. Env. 
Protect. Agency. Wash. D.C. 2k9 p. 

Rao, M. R. R. and R. W. Pike. 1972. Pollution abatement and by­
product utilization in the Louisiana menhaden industry. 
LSU Sea Grant Program. 1^+7 p. 

Reed, S. 1972. Wastewater management by disposal on the land; 
Overview. Special Report I7I5 Chapter 2: 2-3^. U.S. Cold 
Regions Res. and Eng. Lab., CE, Hanover, N.H. 

Reed, S. et al. 1972. Wastewater management by disposal on the land. 
Special Report 171. U.S. Cold Regions Res. and Eng. Lab., 
CE, Hanover, N.H. l83 p. 

Sorber, C. A. and K. J. Outer. 1972. Wastewater management by 
disposal on the land; Health and hygiene aspects of spray 
irrigation. Special Report 171j Chapter 9: 1^1-1^9. U.S. 
Cold Regions Res. and Eng. Lab., CE,, Hanover, N.H. 

Standard Methods for the Examination of Water and Waste Water. 196O. 
American Public Health Association, American Water Works Assoc­
iation, and Water Pollution Control Federation, New York. 

Stevens, R. M. 1972. Green land-clean streams. A report of the 
center for the study of federalism on the beneficial use of 
waste water through land treatment. Temple Univ. Phil., Pa. 

Strickland, J. and T. Parsons. I965. A manual of seawater analysis. 
Fish. Res. Board Canada Bull. No. 125. 



APPENDIX A 

70 



T1 

fH 
(1) 

I 
<u 
CO a <u 

o o 

OJ 
OJ 

o 
LA oo 

o o o 
V£) 
CM 

O 
t-

LPk 
CO 

CO 
Lf\ 

o o o 
rH 

U 
(U 

"eS 

S o 
•H 
-P 
CQ 

o o o O O 
o o o O LfN 
ir\ o o rH 
rH CM Lf\ 

CM 
VD 

t— 

CO -=!• O o o 
H 

u 
(D 
ta 
H 
•r-

OS 
pq 

O o o o 
o o o o 
o o o o 
LP» NO o oo 

o 
t— 

oo o 
CM O 

O 
CM 

CM 

ON 
rH 

<u 
H 

EH 

LfN 

A S 
Q 
O o 

h-p h-q 

bO ca a a T:) 

CO CO ^H 
'd ft <u 
•H •H o ft 
fH rH o o CO 
CO CO (U d 

H o 
tj 3 rH 
(U (U -p rH > T:) ca ca 
rH d in bO 
o OJ 0) 
CO ft & o 
CO CO a o 

"rH d (U o « CO EH rH 

<u 
•d 
•H 

O 
H 
xi o 

a> 
M 
•H 
pn 

s 
s 
K 

O 
CO 



GLO"SSARY OF TERMS, ABBREVIATIONS, SYMBOLS 
AND CONVERSION FACTORS . -

72 



73 

TERMS 

Bail water; Water which is used to transport the menhaden hy 
pumping them from the holds in the fishing vessel to the 
processing plant. 

BOD-5 (Biochemical Oxygen Demand): A measure of the oxygen 
consumption "by aerobic organisms over a 5-day test period 
at 20*^0. It is an indirect measure of the concentration of 
biologically degradable material present in organic wastes 
contained in a waste stream. 

COD (Chemical Oxygen Demand): A measure of the amount of 
oxygen .required to oxidize organic and oxidizable Inorganic 
compounds in water. 

Coliform: Relating to, resembling, or being the colon bacillus. 

Fish meal; A ground, dried product made from fish or shellfish 
or parts thereof, generally produced by cooking raw fish or 
shellfish with steam and pressing the material to obtain the 
solids which are then dried. 

Fish oil; Ah oil processed from the body (body oil) or liver 
(liver oil) of fish. ' Most fish oils are a by-product of 
the production of fish meal. 

Fish solubles; A product extracted from the residual press 
liquor (called "stickwater") a.fter the solids are removed 
for drying (fish meal) and the oil extra9ted by centrifuging. 
This residue is generally condensed to 50 percent solids and 
marketed as "condensed fish solubles". 

Groiindwater; The supply of freshwater under the earth's 
surface in an a,quifer or soil that forms the natural reser­
voir for man's use. 

Infiltration; The entrance of applied water into the soil 
through the soil-water interface. 

Loading rates: The average amount of liquid or solids applied 
to the land over a fixed time period taking into account peri­
odic resting. 
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Mineralization: The conversion of an element from an or­
ganic form to an inorganic form as a result of microbial 
decomposition. 

Overland flow; Wastewater treatment by spray-runoff (also 
known as "grass filtration") in which wastewater is 
sprayed onto gently sloping, relatively impermeable soil which 
has been planted to vegetation. Biological oxidation occurs 
as the wastewater flows over the ground and contacts the 
biota in the vegetative litter. 

£H: The pH value indicates the relative intensity of 
acidity or alksLlinity of water, with the neutral point at 
T.O. Values lower than 7.0 indicate the presence of acids; 
above 7.0 the presence of alkalies. 

Press liquor: Stickwater resulting from the pressing of fish 
solids. 

Primary treatment; Removes the material that floats or will 
settle in sewage. It is accomplished by using screens to 
catch the floating objects and tanks for the heavy matter 
to settle in. 

Secondary treatment: The second step in most waste treat­
ment systems in which bacteria consume the organic parts 
of the wastes. It is accomplished by bringing the sewage 
and bacteria together in trickling filters or in the ac­
tivated sludge process. 

Stickwater; Water and entrained organics that originate from 
the draining or pressing of steam cooked fish products. 

Tertiary waste treatment: Waste treatment systems used to 
treat secondary treatment effluent and typically using phy­
sical-chemical technologies to effect waste reduction. 

Zero discharge: The discharge of no pollutants in the waste­
water stream of a plant that is discharging into a receiving 
body of water. 
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ABBREVIATIONS 

ENRCC: Engineering Nevs-Record construction cost 

ft; foot 

gal. : gallon 

gpd: gallons per day 

hr: hour 

in: inch 

lb: pound 

m:' meter 

mgd: million gallons per day 

mg/1; milligrams per liter 

ml: milliliter 

mm: millimeter 

mo: month 

MPN: most probable number 

ppm: parts per million 

STPCC: sewage treatment plant construction cost 

yr: year 
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SYMBOLS 

C: carbon 

Ca: calciiam 

K: potassium 

Mg: magnesium 

N; nitrogen 

P: phosphorus 

n; micro 

CONVERSION FACTORS 

Multiply 

inches 

feet 

miles 

square feet 

pounds 

inches per hour 

pounds per acre 

million gallons 

acre-inch 

gallons 

To Obtain 

2.5^ 

O.30U8 

1.6093^i+ 

0.092903 

O.U53592 

2.5h 

1.1208 

3.06 

27,15^ 

k,2k 

centimeters 

meters 

kilometers 

square meters 

kilograms 

centimeters per hour 

kilograms per hectare 

acre-feet 

gallons 

liters 
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Table 29. Orthogonal Comparisons of Numbers of Heterotrophic 

Soil Microorganisms (per g dry wt) 

Comparison Significance 

1) Treated Soils vs Control * * 

2) Saturated Top Slope vs 
Saturated Bottom Slope N.S. 

3) Unsaturated Top Slope vs 
Unsaturated Bottom Slope N.S. 

3 Day Dried Top Slope vs 
3 Day Dried Bottom Slope N.S. 

5) Unsaturated Slope vs 
3 Day Dried Slope N.S. 

6) Saturated Slope vs Unsaturated 
and 3 Day Dried Slope * * 

Table 30* Orthogonal Comparisons of Numbers of Proteolytic 
Soil Microorganisms (per g dry wt) 

Comparison Significance 

1) Treated Soils vs Control * 

2) Satura-ted Top Slope vs 
Saturated Bottom Slope * * 

3) Unsaturated Top Slope vs 
Unsaturated Bottom Slope N.S. 

4),3 Day Dried Top Slope vs 
3 Day Dried Bottom Slope N.S. 

5) Unsaturated Slope vs 
3 Day Dried Slope N.S. 

6) Saturated Slope vs Unsaturated 
and 3 Day Dried Slope * * 
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