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ABSTRACT

The quality and quantity of rural !'Unoff was the subject of
a field study conducted on the island of Oahu. The study inves
tigated surface water runoff from three rural land uses: an
undeveloped forested area, a sugarcane field, and a pineapple
field.

A J7.85-i (lO-gal) tipping bucket sampler was used to collect
composited!'Unoff samples at each site and to record the volume
of !'Unoff associated with each sample.

The results of this study show that storm water runoff from
undeveloped areas is the major contributor of nutrients, COD, and
sediment, into wet 'weather streamflow. Furthermore, it establishes
that nutrients and COD in this type of runoff are primarily in
sediment-assvciated-forms~'

The sugarcane field samples included storm !'Unoff and irriga
tion tailwater. The sample results indicate that cane field run
off in central Kunia was lower in most water quality parameters
than the forest !'Unoff in Manoa.

Insufficient samples due to dry weather prohibited a thorough
analysis of pineapple field runoff.
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INTRODUCTION

Rural runoff 1 is a possible source of water pollution that is not, for

the most part, conducive to abatement, thus, its effects upon receiving wa

ter are of great concern.

Indeed, the single most impressive fact about rural runoff is the vast

land area over which it is generated. In the United States, approximately

92% of the total land area is categorized as rural. Croplands comprise

about 23% of this figure (Frey 1973).

For the purposes of this study, the following three Hawaii land-use

districts (State Land Use Commission 1975) were combined and defined as ru

ral: agricultural, conservation, and rural. Thus combined, 96% of the to

tal land area of Hawaii's six major islands is classified as rural, with 48%

in agricultural use, primarily sugarcane and pineapple. On Oahu, the most

heavily populated island and the one on which this study was conducted, 78%

is rural, with 38% in agricultural use. Figure 1 is a current rural land

use map of Oahu.

Historically, water pollution has been focused largely upon municipal,

industrial, and other point sources. As a consequence, there has been a

dearth of information on pollution contribution from nonpoint sources, which

in turn led to the general assumption that the effects of rural sources are

relatively minor. Recent and current studies of rural runoff undertaken to

acquire this needed information are rapidly invalidating this assumption

(Loehr 1974).

Natural nonpoint pollution sources which are generally considered una

batab1e include forests, grasslands, and other similar areas. Although es

sentially uncontrollable, qualitative and quantitative information pertain

ing to these sources should be ascertained to adequately assess the load on

and resulting quality of receiving waters and the consequent effects on

their beneficial uses.

Since the beginning of this century, agriculture in the United States

has made phenomenal strides in maintaining an abundance of quality food and

fiber crops for a rapidly increasing population. Increased efficiency of

1. Rural runoff is generally defined as surface runoff from nonurban, non
residential areas. In the U.S., these nonpoint sources include areas under
the following major land use categories (Frey 1973): croplands; grasslands,
pasture, and range; forest lands; and other nonurban lands. I .

I
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agricultural production is probably most evident. Mechanization, increased

use of agricultural chemicals, the application of modern business methods

to farm management and the investment of capital, and the application of

research results to agricultural production are mainly responsible for the

increases in agricultural efficiency (Loehr 1972).

Technological advancement, however, has been accompanied by increased

potential sources of environmental pollution. Although these problems can

be minimized, they cannot be entirely eliminated. Consequently, compromises

must be made between degrees of pollution and sacrifices in cost, quantity

and quality of food, and fiber production (Lunin 1971; Wadleigh et al. 1971;

Smith 1967; Sievers, Lentz, and Beasley 1970; Schwab et al. 1973).

Constituents contained in rural runoff originate in rainfall, wastes

of wildlife, leaf and plant residue decay, applied nutrients, herbicides and

pesticides, nutrients and organic matter initially in the soil, and wastes

from pastured animals. The mechanisms by which these constituents are in

corporated into runoff include natural weathering of rocks and minerals,

erosion, and- t-he oxidation and leaching of organic matter (Loehr i974).

PURPOSE AND SCOPE

The purpose of this 2-yr study was to investigate nonpoint rural sources

of water pollution and to characterize the quality and quantity of rural

runoff.

Three small rural drainage areas on Oahu (a forested area, a sugarcane

field, and a pineapple field) were selected as sampling sites. Composited

surface runoff samples were collected and analyzed in terms of the following

water quality parameters: pH, conductivity, orthophosphate, total phospho

rus, total Kjeldahl nitrogen, nitrite and nitrate nitrogen, chemical oxygen

demand, chlorides, total suspended solids, total solids, and heavy metals.

The resulting data and the information gathered in this investigation

were subsequently evaluated.

LITERATURE REVIEW

In reviewing the literature on surface runoff from rural areas and its
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effects upon water quality, it is apparent that there are selected topics

of major concern: sediment, nutrients, and agricultural chemicals. The

first part of this discussion is focused on these topics; the latter portion

deals with the Hawaii situation.

Sediment

Sediment is, quantitatively, considered our nation's largest single

water pollutant. It is a perfect example of a "resource out of place" in

that it depletes the land resource and impairs water quality (Wadleigh et

a1. 1971).

It is estimated that 4 Tg (4 bi1 tons) of sediment, which can affect

receiving waters physically, chemically, and biologically, are washed into

our nation's streams and rivers each year (Loehr 1972; Lunin 1971). Of this

total amount, approximately 30% is classified as natural or geologic in

origin; less than 20% originates from industrial, municipal, and individual

a~tiv:i!:A~s; ~!ld the remainder, about 50%, results from agricultural activi-
- ._------- ._---- .. ----- ._- ---_..-- ..._--- -- --- - -- - - - --- - ----

ties (Wadleigh et al. 1971; Grissinger and McDowell 1968).

The physical presence of sediment is responsible for turbidity which

in turn reduces light penetration and photosynthesis and consequently af

fects the aquatic food chain. Taste, color, and temperature changes are

also associated with the presence of suspended sediment (Grissinger and

McDowell 1968; Oschwald 1972; Stall 1972).

Sediment particles have chemically-active surfaces that are highly

capable of adsorbing ionic substances, e.g., nutrients, pesticides, heavy

metals, and radioactive isotopes. In this sorbed-phase, these additional

pollutants find their way into water bodies via the erosion process

(Grissinger and McDowell 1968; Oschwa1d 1972).

Little is known about the subsequent sorption-desorption reactions of

bed sediments. Possible reactions include ion exchange, molecular exchange

by polar and hydrogen bonding, catalytic activity, chelation, dissolution

or synthesis, etc. (Grissinger and McDowell 1968). In general, the short

term effect could conceivably result in lowering the concentration of a

pollutant in water. The long-term effect may result in enrichment and the

availability of pollutants to aquatic organisms. There is also the added

possibility of the sediments with their sorbed constituents being buried by

later deposits of sediment before affecting benthic organisms (Oschwa1d
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1972).

Sediments playa dual role in the eutrophication of lakes. First,

sediment deposition decreases the water holding capacity of the lakes; and,

second, sediments influence the supply of nutrients available for the pro

duction of organic matter in the lakes (Oschwald 1972; McGauhey 1968).

Surface erosion, the primary mechanism of sediment transport, is a se

lective process in which fine sediments are eroded preferentially. Gener

ally speaking, these finer particles which are composed of silt, clays, and

organic matter, have a greater attraction for the ionic species than do the

larger particles and are practically irremovable in the natural environment

due to their colloidal sizes. The coarser sediments are more readily con

trollable and constitute less of a problem (Wadleigh et al. 1971; Grissinger

and McDowell 1968).

The importance of topographic relief and vegetation in reducing runoff

and erosion has been well established. Among the practices recommended for

erosion control and soil conservation are: the use of crop residues on the

so:i.]' minj.mym tilLag~ onslo_pes,_crop ro_tation, and terracing-, s-tr-ip-<::rop

ping, contouring, and diversions (Loehr 1974).

Despite its adverse effects, sediment must also be considered as an

intrinsic part of a stream's energy balance in that a flowing stream uti

lizes its sediment load to dissipate energy. In many cases, impoundment

structures have yielded relatively clear, but sediment-hungry, waters.

Through stream bed and bank erosion, these waters resupplied their sediment

loads and thus re-achieved their energy balances (Wadleigh et al. 1971;

Stall 1972). Based on this phenomenon, it has been postulated that proper

sediment concentrations can thus serve as a buffer, regulating the erosivity

of flowing water (Grissinger and McDowell 1968). On the other hand, improp

erly managed sediment changes in flowing water can cause severe land and

economic damage to downstream areas.

Nutrients

The relationships that exist between nitrogen compounds and the changes

that can occur in nature are best illustrated by the nitrogen cycle (Sawyer

and McCarty 1967). In water quality, the nitrogen forms considered most

significant as pollutants particularly in terms of eutrophication, are or-
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ganic nitrogen, the annnonium compounds, and nitrite and nitrate ions. Or

ganic nitrogen compounds are transported as sediment via surface runoff in~

to receiving waters where nitrification could occur. The annnonium compounds

directly fertilize plants, can be nitrified, or can be lost to the atmos

phere as annnonium gas at high pH leveis. The nitrite and nitrate ions, the

products of nitrification,are soluble in water and move with soil water

into surface and groundwaters where they are available to aquatic organisms

(Loehr 1972) and, in potable waters at levels above 10 mg/~, pose the threat

of methemoglobinemia (Winton, Jardiff, and McCabe 1971) in infants.

Phosphorus, which occurs as both organic and inorganic compounds, is the

principal nutrient controlling the fertility of a significant percentage of

natural waters (Taylor 1967). Because of their greater availability to aqua

tic organisms, the inorganic forms, viz., orthophosphates and polyphosphates,

are more significant in water quality considerations.

Perhaps the most striking characteristic of phosphorus is its immobility.

When applied to soils or released in the decomposition of organic matter, it

is rapidl-y:.-conv.erted tothe__ .in.sQ1uJ:,-lJ~ __ f9_rIIlS__gJ ~!<:>l1_and~ltlminum _phosph~t~~s_

in acid soils and calcium phosphates in alkaline soils (Loehr 1974). Imis

much as it can then move with sediment, its potential as a pollutant lies in

the fact that all polyphosphates gradually hydrolyze in aqueous solution at

a temperature-dependent rate and revert to the soluble ortho-form from which

they are derived (Sawyer and McCarty 1967).

The sources of nitrogen and phosphorus that affect water resources are

numerous. They range from precipitation and rural (natural and agricultural)

sources to urban sources including domestic and industrial wastes. In Table

1 are presented usual concentrations of these sources and their estimated

annual contributions (Elliason and Tchobanoglous 1968).

Among the factors influencing the nutrient concentrations in rural run

off are vegetation, soils, precipitation characteristics, topography, and

agricultural and land management practices.

In a study of rural runoff in Coshocton, Ohio, Weidner et al. (1969) re

ported average annual total N and hydrolyzable P04 values from the following

agriculturally managed lands to range from:



TABLE 1. ESTIMATE OF CONTRIBUTIONS OF NITROGEN AND PHOSPHORUS COMPOUNDS FROM VARIOUS SOURCES

NITROGEN PHOSPHORUS

SOURCE

Domestic Waste

Industrial Waste

Rural Runoff:

MILLION
POUNDS

per year

1t 100 - 1t600

>1000

USUAL
CONCENTRATION

IN DISCHARGE
mg/~ (as N)

18 - 20
I

0- 10 tOOO

MILLION
POUNDS

per year

200 - 500

'I,

USUAL
CONCENTRATION

IN DISCHARGE
mg/~ (as p)

3.5 - 9

'I,

Agricultural Land 1t500 - 1S t000 1- 70 120 - 1t200 0.05-1.1

Nonagricultural Land 400 - 1t900 0.1 - 0.5 150 - 750 0.04 - 0.2

Farm Animal Waste >1000 * * *
Urban Runoff 110 - 1tOOO 1 - 10 11 - 170 0.1 - 1.5

Ra i nfa 11 t 30 - 590 0.1 ... 2.0 3 - 9 0.01 - 0.03

SOURCE: From El1iassen and Tchobanoglous 1968.

* Insufficient data available for estimates.

t Considered as direct contribution to water surface.

~!i~~~:ist § 7 .- . -...

--.:J
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Corn
Wheat
Apple

NOTE:

Orchard (Avg.)

lb/acre X 1.121

Total N
(lb/acre)

88-237
11-31
0.81

= kg/ha.

Hydrolyzable P0 4
(lb/acre)

8.4-27.7
1.1-3.6

3.9

In southwestern Iowa, Burwell et al. (1974) determined the average annu

al runoff characteristics for two watersheds under similar cropping practices.

Their results, listed below, illustrate the benefits of effective surface run

off and erosion control.

Level-Terraced
Watershed (lb/acre/yr)

0.17
0.56
3.83
0.17
0.36

NOa-N
NH4-N
TKN
Solution P
Total P

SOURCE: Burwell et a1. 1974.

Contoured
Watershed (lb/acre/yr)

0.66
0.80

29.65
0.11
0.82

In general, the soluble forms of nutrients in rural storm water runoff

comprise small portions of the total concentrations (Loehr 1974; Taylor 1967;

Burwell 1974; Timmons, Holt, and Latterel 1970).

Agricultural Chemicals

While the use of agricultural chemicals has been largely responsible

for efficient crop production, many segments of the public are alarmed at

their potential as pollutants. Agriculturists argue, on the other hand,

that this "alarm" is unwarranted. As a result, considerable controversy has

developed in recent years over the role of fertilizers and other agricultur

al chemicals in water pollution. The chemicals of concern are mainly nutri

ent fertilizers and pesticides.

Chemical fertilizers, for the most part are compounded from relatively

simple inorganic substances. The most common ingredients are urea, ammonia,

ammonium nitrate, ammonium sulfate, monoca1cium and dicalciurn phosphates,

ammonium polyphosphates, potassium chloride, and potassium sulfate (Nelson

1972).

Fertilizers are applied to soils in various ways. Anhydrous ammonia is

always injected into the soil. Solids and liquids may be incorporated into
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the soil, spread on the surface and then incorporated into the soil, or mere

ly spread Oil the surface without incorporation (Nelson 1972). Susceptibility

to runoff, of course, depends on these modes of application. Aerial broad

casting, one means of surface spreading, is particularly criticized (Uttor

mark, Chapin, and Green 1974).

The pollution contribution of fertilizers to water quality is often the

subject of study. Viets (cited in the Wadleigh et al. article 1971) however,

asserts that water quality is improved by promoting vegetation which, in

turn, retards erosion and reduces the movement sediments and its load of nu

trients into water supplies.

In studying the quality of surface irrigation runoff water, tailwater,

Bondurant (1971) concluded that increases in the concentrations of chemical

constituents in runoff during surface irrigation are due to the incorporation

of undissolved fertilizer particles and/or to the erosion of soil particles

having adsorbed fertilizer ions. Diffusion due to the ion concentration dif

ferences in the soil water at the soil surface and the irrigation water is

considered negligible.

The Hawaii Situation

UNDEVELOPED LANDS. Storm runoff from undeveloped areas is a major wet

weather flow component of Hawaii's streams and rivers. Since the majority

of these channels ultimately discharge into our coastal waters, the signifi

cance of identifying the qualitative and quantitative aspects of their non

point sources is obvious.

In considering the effects of climatic conditions, vegetation, soil

types, and the numerous other factors that affect runoff, it can be concluded

that no single drainage area is representative of all of Hawaii's undeveloped

lands. Nevertheless, data for specific study areas can be of significant

value, particularly when considering the general lack of such data for this

State.

The need for information on undeveloped land drainage is best illus

trated in the Water Quality Standards of Chapter 37-A of Hawaii's Public

Health Regulations (DOH 1968). Since their adoption in 1968, the results of

studies, by Lau (1972), the EPA (1971), Ching (1972), and Matsushita (1973),

presented in Table 2, have shown these standards to be frequently exceeded

under pristine conditions. Currently, efforts. are being made to realistic-
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TABLE 2. SUMMARY OF QUALITY FACTORS FpR UNDEVELOPED LAND ON, OAHU

....
o

Total Solids (mg/~)

Suspended Solids (mg/~)

Chlorides (mg/~)

Total Organic Carbon (mg/~)

Turbidity (TU)

pH

N02 + N03-N (mg/~)

PARAMETERS

Total Kje1dah1 Nitrogen

Total Nitrogen(mg/~)

Total Phosphorus (mg/~)

Total Co1iforms (MPN)

Fecal Co1iforms (MPN)

DDT (ppt)

1 EPA 1971.
2 Lau. et a1. 1972.
3 Ching 1972.
1+ Matsushita 1973.

(mg/~)

NORTHWEST OAHU 1

(Storm Runoff)

56 - 570

10 - 240

5 - 71

5.6-7.1

0.09 - 1.0

0.3-4.1

0.39 - 5. 1
0.02 - 1.68

KAHANA VALLEy 2

(Sltream)

,78

: 25
I

111 .7

215.0

:7.4

p.023

O.d4 - 0.07

:0.01

3

MANOA VALLEy 3 KALIHI VALLEyl+
(Stream) (Stream)

103 - 190 88.4 - 115.5

7.4 - 108 1.6 - 39.5

11 - 19 20.5 - 21.0

1.0 - 16.2

2.8 - 59 4.2 - 16.3

6.9 - 7.0 6.1 - 7.5

0.74 - 2.3 0.00 - 0.13

0.20 - 0.27

0.94 - 2.57 0.10 - 0.24

0.27 - 0.66 0.03 - 0.11

14,000 - 24,000 100 - 29,600

150 - 720 o - 1700
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ally revise these standards by federal and state agencies (Gee 1973).

SUGARCANE. The sugarcane industry, which has been a mainstay in Ha

waii's economy for over 100 yr, constitutes more than half of the total

value of Hawaiian agriculture. Presently, it is the third most important

export industry in the State.

The industry, consisting of 20 sugar companies on the islands of Oahu,

Kauai, Maui, and Hawaii, employs about 10,000 people directly, with another

40,000 dependent wholly or in part upon sugar for their livelihood.

In 1972, the harvesting of 43,892.55 ha (108,457 acres) produced approx

imately 9 Tg (10,000,000 tons) of processed cane, from which 1 Mg (1,119,000

tons) of raw sugar and 278 Mg (307,000 tons) of molasses were recovered. This

accounted for approximately 10% of the U.S. supply and 20% of the national

production of sugar (U.S. Dept. of Agriculture and Office of Environmental

Quality Control 1973).

Sugarcane cultivation practices vary among the companies, the specific

crop and variety requirements, and the various problems encountered. However,

som~_ gen~ralcomment,~ on the_ growing of cane in-Hawaii and the susceptibility

of its fields to runoff* and erosion can be made (Hall 1970; Oldeman 1971).

Sugarcane is usually grown on a 6-yr cycle consisting of three 2-yrcrops,

one from seed cane and two from ratoons. As the cultivation schedule rotates,

about 1/6 of the land area of a plantation is completely plowed and reshaped

each year and about 1/2 is opened by harvesting.

The fields are most vulnerable to runoff and erosion at the beginning of

each 6-yr cycle when the plant crop requires complete field reinstallation.

Although ratooning does open the field following harvest, the only work re

quired is the reshaping of contoured irrigation furrows around sproutings and

the planting of seed cane cuttings. into bare spots. Thus, the ratoon field

is still capable of reducing runoff and erosion to some extent.

After planting or harvesting, it takes 4 to 7 months for the plant cano

py to close in.

Although cane fields are planted year-round, the summer months are more

favorable for harvesting. If vegetative growth can be suspended, high solar

radiation, low rainfall, and high diurnal differences in temperature increase

sugar storage. Since dehydration enhances the conversion of reducing sugars

to sucrose, irrigation is discontinued 2 to 3 months before harvest.

*Jerry Wakatsuki 1975: personal communication.
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Fertilizers are usually applied within the first year of crop growth.

Application is either in solid or liquid forms by mechanical or aerial broad

casting, or in the irrigation water.

The primary nutrients required by sugarcane are nitrogen, phosphorus,

and potassium. The amount of fertilizer applied to the field is determined

either by crop logging or by soil analysis.

The nitrogen fertilizers used by sugar planters are generally urea (45%

N), ammonium sulfate (21% N, 24% S), diammonium phosphate (21% N, 53% PzOs),

and aqua ammonia (N~ OH) .

Cane receives from 336.3 to 448.4 kg/ha (300 to 400 lb/acre) of nitrogen

per 2-yr period. About 112.1 kg (100 lb/acre) are applied as urea or diammo

nium phosphate if phosphorus is also required below the surface at the time

of planting. The balance of the nitrogen is applied within the first 7 to 9

months of crop growth.

Generally about 224.2 to 392.4 kg/ha (200 to 350

diammonium phosphate) are applied for optimum growth.

.... -phoras--appl-icat-ian --in--the -2-' yr-- gl."owth-period. __

Potassium may be used at rates of 336.3 to 448.4 kg/ha (300 to 400 lb/

acre) KzO with about 112.1 kg (100 lb) of this amount applied at the time of

planting. Subsequent applications coincide with that of nitrogen and are

also completed within the first 7 to 9 months. Muriate of potash (KCl) is

the potassium fertilizer generally used.

Herbicides make up the bulk of pesticides used in sugarcane cultivation.

Ametryne is the major sugarcane herbicide on Oahu. Generally, there will be

an application of 5.61 kg/ha (5 lb/acre) of 80% wettable powder just after

planting, and a second application of 4.48 kg/ha (4 lb/acre) about 4 to 5

weeks later. If weeds persist, there are subsequent applications by spot

spraying with a mixture of Diuron-Dalapon surfactant and water. Once the

field is canopied by cane growth only borders and open ditch areas require

weed control attention.

Except for the use of Mirex in very small amounts when ant control is

required, no insecticides or nematocides are used.

Benlate, a fungicide, is currently being used to treat seed cuttings.

Ben1ate replaced PMA (phenyl mercuric acetate) in 1971 because the latter is

a mercuric poison.

The water requirement for sugarcane is about 190.5 cm/yr (75 in./yr).
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In areas of insufficient rainfa1l 1 plantations irrigate their crops with

water from other sources, viz., mountain water (dike and surface) and ground

water. About 50% of the sugarcane in the state is irrigated.

Although the efficiency of furrow irrigation in Hawaii is only 30 to

40%, it is still the main practice. However, spray or sprinkler application,

which is about twice as efficient, is being used more extensively (Ekern

1970) and the drip irrigation process is being developed.

The number of irrigation rounds varies from 20 to 40 rounds per 2-yr

period. The amount of each application, or irrigation round, is determined

by the time it takes the irrigation water to reach the lower end of the fur

row. This amount can range from 25.1 to 62.7 cm/ha (4 to 10 in./acre) per

irrigation round.

Irrigation runoff, or tailwater, is largely the result of applying ex

cessive water over too short a period of time and a wastage if it cannot be

recovered. Although some tailwater is unavoidable in furrow irrigation, an

irrigator who is familiar with the cane field being irrigated can minimize

w'!-t_er losses_. Irrigation tailwater is-as mue-h-an -economic concern to sugar

planters as it is an environmental concern because of its potential effect on

water quality.

In view of these facts, irrigation tailwater should be a relatively in~

significant source of water pollutants when compared to runoff from heavy

storms.

In 1967 and 1968, an EPA study conducted on the island of Kauai included

tailwater analyses. Table 3 shows the results of samples taken from five

sugarcane fields. The effects from all fields, except Field No. 58, on

coastal water quality were concluded to be insignificant in terms of the

parameters reported (Lau 1972).

PINEAPPLE. The pineapple industry has been a viable part of Hawaii's

economy since the turn of the century. Today it is the second largest agri

cultural activity in the State and Hawaii's fourth export industry.

This Hawaiian industry currently consists of three major companies: the

Del Monte Corporation, the Dole Company, and the Maui Land &Pineapple Com

pany. These companies provide year-round employment to about 5,500 people

and employ over 10,000 more at its season's peak.

Despite its prominent economic role, the industry has been faced with

numerous problems, viz., high production costs, foreign competition, shipping



TABLE 3. QUALITY OF IRRIGATION TAILWATER FROM McBRYDE PLANTATION, KAUAI
i

FIELD NUMBER

....
~

PARAMETER

Total Solids (mg/~)

Suspended Solids (mg/~)

Settleable Solids (mg/~)

Chemical Oxygen Demand (mg/~)

Total Organic Carbon (mg/~)

Ammonia Nitrogen (mg/~)

Nitrite Nitrogen (mg/~)

Nltrate Nitrogen (mg/~)

Total Kjeldahl Nitrogen (mg/~)

Total Phosphorus (mg/~)

Orthophosphate (mg/~)

pH

Total Coliform/IOO m~

Fecal Coliform/IOO m~

SOURCE: Lau 1972.

13A

574

248

174

37

15

O. 1

0.065

0.165

0.5

0.05

7.3

8B

204

112

106

14

5
o.01i

0.01!

0.01

0.438

0.37
I

0.092

7.2!
13,000

1,300

12

900

584

288

55
22

0.49

0.016

0.29

13.9

1.7

0.01

6.9

500

70

9A

92

40

34

<1

5

0.04

0.005

0.006

1.0

0.17

0.008

6.9

500

70

5B

3,390

3,230

2,280

374

91

5.3

0.002

0.29

34

251

0.043

6.6

250,000

7,000



15

disruptions, and more stringent environmental controls. The effects of these

probleJr.s are evident in current and planned reductions in acreage, employment,

and operations (Pineapple Growers Assoc. 1973).

As a solution, the industry is attempting a change in its primary prod

uct from canned fruits to fresh fruits. The canning operation has been the

primary factor in high production costs. Additionally, Hawaii is ideally

suited for providing mainland markets with fresh pineapples which should give

it a distinct advantage over foreign competitors.

The success of this conversion, however, is highly dependent upon adver

tising, i.e., creating a demand for fresh pineapples, and the feasibility of

shipping the fruits without damage (PGA 1973).*

The industry's greatest source of water pollution is its cannery waste

water. Water used for washing, spillage, juice wastes, regenerating ion ex

changers, and cooling comprise the composite waste stream. This waste water

has an extremely high organic content (176,000 mg/t COD and 100,000 mg/t BOD)

due primarily to sugars from the pineapple juices (Burbank and Kumagai 1965).

As 5::anningoperations are abandoned, however-,- this -waste stream wil1-be e-lim-;;;

inated.

The cultural practices involved in growing pineapples in Hawaii vary

considerably between and within companies. The following information is,

therefore, of a general nature (Hall 1970).t

Pineapple is grown.~ in 3- or 4-yr cycles: one 2-yr plant crop and one or

two ratoon crops. Depending on the length of the field cycle, 25 to 33% of

the pineapple acreage of a plantation is replanted annually and, hence, is

vulnerable to erosion. The remaining acreage will be either under partial

or full canopy or knocked down, i.e., lying fallow with a heavy cover of the

preceding crop's plant residue.

As is the case with sugarcane, most of tqe agricultural chemicals are

applied within the first year of growth beginning just before planting.

Since most of the plantings are made from August to December, the introduc

tion of agricultural chemicals into waterways via runoff is apt to occur, if

at all, from heavy rainfall during the wet months, November to March.

Nitrogen is the major fertilizer nutrient in pineapple culture. Pine

apple plantings get 224.2 to 336.3 kg/ha (200 to 300 lb/acre) of nitrogen

*P.C. Ekern 1975: personal communication.
tN.E. Blomberg 1975: personal communication.
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during each. crop cycle. Of this amount, 56.1 to 112.1 kg/ha (50 to 100 lb/

acre) are applied as. ammoniwn sulfate at the same time that the field rows

are covered with polyethylene mulch and fumigated. The ammonium sulfate ap

plication is injected into the soil beneath the polyethylene to a depth of

12.7 to 15.2 em (5 to 6 in.). Subsequent nitrogen usually goes on as post

plant sprays of urea at rates of 5.6 to 22.4 kg/ha (5 to 20 lb/acre).

Phosphorus, potassium, and magnesium are also used in areas where soil

and/or leaf tissue analyses indicate need. These fertilizers are usually

applied in such low amounts, however, that they are not generally significant

from a water pollution standpoint .

. The control of pests is a much more serious problem in pineapple than

it is in sugarcane culture. Nematocides, herbicides, and insecticides are

used by growers to cope with pest problems.

The rate and type of fumigant selected for nematode control depends on

the species and the seriousness of the problem. Where reniform nematode in

festation is serious, EDB (ethylene uibromide) alone or BBC (l,2-dibromo-3-

.chloropropane}- in -combination with"BD or-'Fe±one-{diffe1"ingmi-x-turesof .1, 3- .

dichloropropene and l,2-dich1oropropane) are used. EDB may be applied up to

112.2 R./ha (12 gal/acre) and the BBC-DD or Te10ne combination is usually 28.1

to 37.4 R./ha (3 to 4 gal) of the first with 280.'6 to 374.1 R./ha (30 to 40

gal) of the second. Where reniform is not present, DD or Telone alone are

used at rates of 374.1 to 561.2 R./ha (40 to 60 gal/acre).

These fwnigants are injected into the soil beneath the polyethylene at

depths of 20.3 to 25.4 em (8 to 10 in.). Because they break down readily,

it is unlikely that they should move out of the fields excepCwith serious

erosion from heavy storms.

For weed control, pineapple plantings may also receive up to 6.7 kg/ha

(6 lb/acr~of 80% wettable powder Hyvar X and up to 17.9 kg/ha (16 lb/acre)

of 80% wettable powder Diuron during the cycle. Limited use is made of other

herbicides, Astrex and Evik.

Where symphylids, small arthropods that feed on the roots of pineapple

plants, are present, Lindane, a stable chlorinated hydrocarbon, is usually

applied as an active ingredient at 1.6- to 2.2-kg/ha (1.5- to 2-lb/acre). It

is also injected beneath the polyethylene mUlch with the other fumigants and

prep1ant fertilizers.

For the control of mealy bugs and scale and as a general prophylactic
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insecticide., Diazinon is used at rates. of 0,56 to 0.84 kg/ha or 1/2 to 3/4

lb/acre/application. The total amount applied per cycle does not exceed 4

to SIb/acre.

For ant control, Mirex is used at 1.21 to 1.62 g/ha (3 to 4 g/acre).

As is the case with many other compounds, herbicides, and insecticides

are readily sorbed by soil particles. Again, pollutional threats are only

real under conditions of serious erosion.

Because pineapple can grow with less than 63.5 em/yr (25 in./yr) of

rainfall, irrigation is generally not required. However, in areas requiring

irrigation, low rates of application are sprayed from boom trucks. In either

case, irrigation runoff or tailwater is generally not considered as transport

ing pollutants from pineapple fields.

DESCRIPTION OF STUDY AREAS

Runoff from three rural drainage areas on Oahu, a forested area, a su

garcanefi-el-a and- a pineapple field shoWii In Figure 2, were investigated il1

this study. All of these areas are representative of neighboring areas under

the same land usage.

Forested Area

The forested area is located along the western side of Manoa Valley ap

proximately .402 km (1/4 mile) north of where Manoa Road ends.

The runoff water samples represent surface drainage from an estimated

.728 ha (1.8 acres). The area is typically steep with slopes ranging from

10 to 45%. Tantalus silt loam (Foote et al. 1972) is the soil type charac

teristic of this basin. The mean annual rainfall for this portion of Manoa

Valley is about 355.6 em (140 in.).

In the lower portion of the study site, the canopy formed by tall trees

is full and reduces light penetration. Consequently, the undergrowth is.

sparse, leaving the exposed soil, especially on the steeper slopes, vulnera

ble to erosive action. In the upper reaches of the basin, the canopy dimi

shes and the undergrowth is thicker.

There are no apparent groundwater seepage points in this study area.

Thus, the runoff sampled from this basin is storm surface runoff.

Sample collection at this site was conducted from September 1974 to
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UPPER MANOA VALLEY
(forested area)

DEl- MONTE CORP.
FIELD NO. 31
(pineapple)
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FIELD NO. 280
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F I QURE 2. RURAL RUNOFFSAMPLI NG SITES: OAHU, HAWA II
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March 1975. Photographs of this sampling site are shown in Figures 3 and 4.

The following is a list of the predominant types of vegetation in the

study basin.

TYPES OF VEGETATION

Common Name

Swamp mahagony
Al exandra palm
Guava

Scientific Name

EucaZyptus robusta
Archontophoenix aZexandPae
Psidiwn guajava L.
P. cattZeianwn f.

Zucidwn Deg. Waiawa
CitharexyZem caudatum L. Fiddlewood
Angiopteris evecta Mules-foot fern
Setaria paZmifoZia Palm grass
Eugenia maLaccensis Mountain apple
Macaranga grandifoZia Macaranga
Costus speciosus Crape or Malay ginger
Rlwpis sp. Bamboo palm
Leea sp. Kalet
SOURCES: Neal 1948;R.T. Hirano (Lyon Arboretum,

UH) 1975: personal communication.

Sugarcane Field

The sugarcane study area is located in Block 7 of Oahu Sugar Company

(OSC) Field No. 280 in the Kunia area (Fig. 2).

Field No. 280 is adjacent to Kunia Road and is bordered by Hawaii Coun

try Club to the north and the Waiahole Irrigation Ditch to the southeast.

The field is contour-furrowed for irrigation with slopes ranging from 2 to

5%. Irrigation water is obtained from Waiahole Ditch. The soil in the field

is Kunia silty clay (Foote et ale 1972).

The area from which the runoff was collected was about 0.57 ha (1.4

acres) of Block 7. Both storm runoff and irrigation tai1water were sampled.

The sugarcane, Variety 50-7209, was second ratoon crop and was started

in May 1973. The fertilization schedule followed for this field was typical

of sugarcane crops in second ratoon in the Kunia area (App. Table C-l). The

field is scheduled to be harvested in April 1975.

Kunia, located on the leeward side of Oahu, is considered to be re1a~

tively dry. The mean annual rainfall for the study area is 82.55 em (32.5

in.), however, during the sampling period of 1974, the total annual rainfall

was 120.65 em (47.5 in.). 'This higher rainfall was due to uncharacteristic

ally heavy storms during the months of March and September (App. Table A-2).
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FIGURE 3. FORESTED AREA IMMEDIATELY ABOVE TIPPING BUCKET, MANOA (OAHU), HAWAI I

FIGURE 4. T1PPING BUCKET USED FOR COLLECTING FORESTED AREA RUNOFF
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Sampling at this site was conducted from December 1973 to March 1975.

The sampling device and Field No. 280 at 22 months are shown in Figures 5

and 6.

Pineapple Field

The pineapple field runoff site is located in the Del Monte Corp. Field

No. 31 (Fig. 2) in the Kunia area and is situated approximately 1.77 km (1.1

miles) northwest of the sugarcane sampling site. The drainage area contrib

uting runoff to the sampler is estimated at 1.8 acres with slopes ranging

from 3 to 8%. Kunia silty clay (Foote et al. 1972) is also the predominant

soil type of this area.

Field No. 31 was planted in May 1974. The sampling equipment was in

stalled in January 1975 and samples were collected until March 1975. Figures

7 and 8 show Field No. 31 at 10 months and the device utilized for sample

collection.

Due to the proximity of the two agricultural runoff sites, the same

rainfall -informa~ion-used~or--~he sugarcane-site can be; for practical pur

poses, applied to the pineapple site.

Because of stong competition within the Hawaiian pineapple industry and

the confidentiality of specific cultural practices, additional information on

Field No. 31 is not publicly available.*

Ra i nfa 11 Data

Although rain gages were not installed at each sampling site, rainfall

data from nearby areas is available for each study area.

In Manoa, the rainfall data was obtained from another research project

entitled, "Hydrologic Characteristics of Benchmark Soils of Hawaii's Forest

Watersheds" (Hawaii Agricultural Experiment Station, Proj. No. 155, Univer

sity-of Hawaii). The rain gage used was situated in Lyon Arboretum approxi

mately 0.32 km (0.2 mile) southwest of the forested area sampling site.

The rainfall data for the sugarcane and pineapple sites was from a rain

gage located in OSCField No. 275. It is situated between the two sampling

sites" approximately 0.8 km (0.5 mile) north of the sugarcane site and 0.97

km (0.6 mile) southeast of the pineapple site. The rainfall records were

*P.C. Ekern (WRRC, U.H.) 1975: personal communication;
N.E. Blomberg (Del Monte Corp.) 1975: pe~sonal communication.
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FIGURE 6. TIPPING BUCKET USED FOR COLLECTING SUGARCANE FIELD RUNOFF
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FIGURE 7-. --DEb--MQN1E- GQRP.~F-IH.[)- NO.31--A-r---l0-M0N'fHS-; -KtJN-JA-(-oAHtJ}-,-H1\WA:II-

FIGURE 8. TIPPING BUCKET USED FOR COLLECTING PINEAPPLE FIELD RUNOFF
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obtained from the OSC Agricultural Research Control office in Ewa.

METHODS AND PROCEDURES

Sampling Equipment

A tipping bucket device (Fig. 9) was used as a composite sampler at each

sampling site. The 45° lip causes the bucket to tip when water reaches the

upper, approximately 37.85-t (IO-gal), level of the bucket. A counterweight
and stops help return it to its original upright position. Four 3.l8-cm (1

lj4-in.) galvanized pipe lengths used as posts were driven 0.91 to 1.22 m (3

to 4 ft) into the ground. The tipping bucket frame was then U-bolted to

these posts.

A slotted 2.54-cm (I-in.) PVC pipe located below the bucket enabled the

cOllection of an aliquot of each tip. The pipe and tubing then conveyed the

aliquot by gravity to a l8.93-t (5-gal) storage container. The aliquot vol

ume was approximately 300 mt. The methods used for collecting runoff varied

with each site. Troughs, 'pipes, and catchment boxes were used as required.
-S~a~~--M~rin;Ep~~y-pai-~-~--w~~-~sed-t~-co~e;'- alib~re wood-a;<:f metal surfac-es.

A digital counter bolted to the tipping bucket frame recorded each tip

and thus associated a runoff volume with each sample.

A hydraulic flume calibration showed that, at 1.7 mt/min (1 cfs), the

bucket tipped at approximately 37.85 t (10 gal). At higher flows, losses

tended to increase and the accuracy of the tipping bucket can be expected to

decrease. Consequently, this limitation restricts the use of this type of

sampling device to relatively small drainage areas or areas that receive

relatively small quantities of rainfall.

The size of the tipping bucket also required that the selected site hav~

a drop of at least 0.61 m (2 ft) within which the bucket could be installed.

Accessibility was also a factor in the selection of sampling sites. A pro

file of a typical field set-up is shown in Figure 10.

Field Procedures

After the sampling equipment was installed, field procedures consisted

of sample collection, and equipment maintenance and repair.

After thorough mixing in the 8.93-t (5-gal) storage container, the com

posited samples were poured into acid~washed Nalgene liter bottles and re-
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frigerated in an ice chest.

Samples were collected as often as possible during wet periods and less

frequently, every 1 to 2 weeks, during drier periods.

Laboratory Analyses

The parameters used to analyze the water samples were: conductivity,

pH, total Kje1dah1 nitrogen (TKN), nitrite and nitrate nitrogen (NO; + NO"3),

orthophosphate, total phosphorus, chemical oxygen demand (COD), chlorides,

total suspended solids (TSS), total solids (TS), and heavy metals.

Conductivity and pH measurements were determined immediately after re

turning from the field. A Beckman Model RC 16B2 Conductivity Bridge was

used for conductivity measurements, and a Corning Model 10 pH meter for pH

measurements.

Total nitrogen is the sum of TKN, nitrite and nitrate nitrogen. TKN

was determined in accordance with Standard Methods (American Public Health

Assoc. et a1. 1971) and involved digestion and distillation. Detection was
- -

by NeSSlerization for- concentrations less than 1 mg/R. as N, and titration

for concentrations greater than 1 mg/R. as N.

The Technicon Autoanalyzer II was used to determine nitrite and nitrate

nitrogen. This procedure involves the conversion of nitrates to nitrites by

cadmium reduction before colorimetric detection.

The samples for total phosphorus concentrations were first subjected to

the Persulfate Digestion Method, as described in Standard Methods (APHA et

a1. 1971), and then introduced to the Technicon Autoanalyzer II for quanti

fication by a colorimetric detection technique. Orthophosphate concentra

tions were determined by the same autoanalyzer procedure, but on undigested

samples.

COD, chlorides, total suspended solids, and total solids were deter

mined in accordance with Standard Methods (APHA etal. 1971).

Heavy metal analyses were performed on samples which had been preserved

with concentrated nitric acid (HN03) and stored at 40 C. A Perkin-Elmer

Model 303 atomic absorption spectrophotometer was used for detection. The

low levels of heavy metals required that the samples be chelated with APDC

(ammonium pyrro1idine dithiocarbamate) and extracted with MIBK (methyl iso

butyl ketone) before detection (Brown, Skougstad, and Fishman 1970).

Soluble heavy metal concentrations were determined by filtering 100-mR.
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aliquots of samples before processing, while total heavy metals were sub

jected to digestion by the EPA procedure (1971) prior to processing.

RESULTS AND DISCUSSION

Forested Area Runoff

RUNOFF QUALITY. The quality of the forest runoff is characterized in

Table 4. The data from which these values were compiled are in Appendix

Table B-l.

The results of an EPA study on undeveloped terrain runoff (1971) are

also included in Table 4 for comparative purposes. Although the EPA study

was conducted in northwestern Oahu, an area that is different from Manoa

in terms of climate, geology, soils and vegetation, it is the only avail

able data that is comparable to the runoff quality results of this study.

The other undeveloped land studies. listed in Table 2 were stream surveys

and,hence_,_ nQ·Ldj.r~ctl}" indicative of the quality of storm runoff.
- - -- - -- - - - - - --- -- - --- ---- --

In some cases, the ranges of values are similar for both this study

and that of the EPA, viz., chlorides, pH, orthophosphate, and total P.

TKN, COD, and total suspended solids (TSS) do appear to be higher. On the

other hand, nitrite and nitrate nitrogen is an order of magnitude lower.

The results of the heavy metals analyses indicate that background lev

els are very low and of little significance. Of the six metals analyzed,

copper, nickel, and zinc, were detected while cadmium, chromium, and mer

cury were not present or below the limits of detection. The raw data for

the heavy metals analyses are in Appendix Table B-4.

NUTRIENTS, COD, AND SEDIMENT. In reviewing the results of the forest

runoff samples in Appendix B-1, two major observations become apparent.

The first is that there are correlations between concentrations of total

nitrogen, total phosphorus, COD, and total suspended solids (TSS) or sedi

ment. Secondly, the soluble nutrient parameters, viz., nitrite and nitrate

nitrogen and orthophosphate, are relatively low. Additional tests were

performed to ascertain the values attributable to ammonia nitrogen and

soluble COD on occasions when sample volume permitted. These results in

dicated relatively low soluble levels and, thus, substantiated this second

observation.
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TABLE 4. FORESTED AREA RUNOFF QUALITY

EPA
MEDIAN NO. OF RUNOFF

PARAMETER CONC. RANGE SAMPLES STUDy 1

Phys ica 1:

pH 6.17 5.77-6.93 17 5.6-7.1

Conductivity 57 26-112 17
(llmhos/cm)

Chemi ca 1:

TKN (mg/R.) 2.10 0.42-10.75 17 0.3-4.1

N0 2 +N0 3-N (mg/R.) 0.03 0.01-0.10 16 0.09-1.0

Total N (mg/R.) 2.21 0.52-10.76 16 0.39-5.1

Orthophosphate 0.00 0.00-0.02 9 0.00-0.08
(mg/R. p)

Total P (mg/R. p) 0.86 0.28-2.00 15 0.02-1.68

COD (mg/R.) 235 90-802 16_ 20-153
--

Chlorides (mg/R.) 13.0 3.5-31.4 16

TSS (mg/R.) 444 22-1416 17 10-240

TDS (mg/R.) 94 6-250 16

TS (mg/R.) 546 302-1470 16 56-570

Heavy Metals (1l9/R. or ppb) :)~

Copper; Soluble 14 10-46 9

Copper, Total 113 ND-248 8

Nickel, Soluble 29 ND-49 9

Nicke1, Total 103 ND-161 8

Zinc, So 1ub 1e 19 . ND-24 9

Zinc, Tota1 t 8

* Cadmium, chromium, and mercury undetected.
t Inconsistent results.
1 .

U. S. EPA 1971.
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These observations led to the supposition that empirical relationships

between nutrients and sediment and COD and sediment could be established.

Table 5 is a list of nutrient, COD, and sediment losses from the for

ested study area in units of kg/ha (lb/acre). Using these data, arithme

tic, semi-log, and log-log plots were made in attempting to determine the

relationship among these parameters.

Of these three attempts, the log-log plots were the most linear and

allowed for straightforward evaluation. Figures 11, 12, and 13 graphically

illustrate the relationships of total N vs. sediment, total P vs. sediment,

and COD vs. sediment, respectively. The least squares method (Hoe1 1971)

was used to determine the best-fitting lines and their associated equations.

The correlation coefficients (Hoel 1971) for these lines were also computed

and are shown in their respective figures.

The significance of these results is most evident in work undertaken

to ascertain the pollution contribution from rural areas. After establish

ing relationships between quality parameters and sediment for specific

-dr;li~~ge-basfns, avafla-bIe- inrormatTonoil-sediment losses can--beutili-zed-

in estimating the losses of other correlated pollutants. The U.S. Geolog

ical Survey Water Resources Division is one source of information on sedi

ment in Hawaiian streams.

These equations were applied to the Manoa Stream quality data (Ching

1972) to test their validity. Using Ching's total suspended solids results,

total nitrogen and total phosphorus concentrations were calculated using

the equations. COD was not among the water quality parameters in Ching's

study. The calculated levels were then compared to those levels observed

by Ching. Figures 15 and 16 show these comparisons.

A map of the Manoa drainage area showing Ching's sampling points is

shown in Figure 14.

Total nitrogen is lower than that observed. This fact can be explain

ed by considering the input of soluble nitrogen forms, viz., nitrite, ni

trate, and ammonia, into the baseflow of the stream via groundwater seep

age, or return flow. The equation is based upon the nitrogen that is

sediment-associated and, thus, does not account for the soluble forms.

Total phosphorus calculations show good comparisons with the levels

observed. The high adsorption of phosphate ions is probably accountable

for this close comparison.



TABLE 5. NUTRIENT, COD, AND SEDIMENT LOSSES IN FORESTED AREA RUNOFF
UPPER REACHES MANOA STREAM, OAHU, HAWAII

DATE -=r-oTALN TOTAL. P COD SEDIMENT (TSS)
kg/ha lb/acre kg/ha lb/acre kg/ha lb/acre kg/ha lb/acre

10/10/74 -- -- 0.011 0.010 2.337 2.085 4.697 4. 19

10/31/74 o. 114 0.102 -- -- 37.330 33.301 76.105 67.89

11/07/74 0.011 0.010 0.007 0.006 1.308 1.167 3.531 3. 15

11/11/74 0.052 0.046 0.017 0.015 4.262 3.802 11. 367 10. 14

11/14/74 0.041 0.037 0.010 0.009 2.300 2.052 5.594 4.99

11/23/74 1.364 1.217 0.224 0.200 101.673 90.673 179.461 160.09

12/26/74 0.089 0.079 0.010 0.009 7.765 6.927 12.959 11 .56

01/07/75 0.070 0.063 0.030 0.027 7.202 6.425 9.719 8.67

01/10/75 0.009 0.008 0.003 0.003 0.779 0.695 1.973 1.76 1

01/12/75 0.215 0.192 0.058 0.052 12.466 11 . 120 25.660 22.89

01/25175 0.073 0.065 0.036 0.032 5.132 4.587 8.923 7.96

01/31175 0.008 0.007 0.006 0.005 0.781 0.697 1.749 1.56

02/07/75 0.016 0.014 -- -- 0.788 0.703 2.556 2.28

02/20/75 0.013 0.012 -- -- 1.046 0.933 2.533 2.26

03/12175 0.018 0.016 0.006 0.005 -- -- 3.049 2.72

m:~.,~~:§:ti¥1~~a~~.,ei.~.£"'~~~"""'==""""·"~C=

Vl.....
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Further attempts·to apply these equations to other drainage areas on

Oahu, and the sugarcane and pineapple runoff data of this study showed

virtually.no comparison between the calculated and the observed results.

These empirical equations, therefore, are only applicable to Manoa Valley.

The general procedure involved in the derivation of these equations may,

however, be applied to other drainage areas.

The unexpectedly high nitrogen levels observed in the storm runoff

from this forested area is of particular interest from a water quality

standpoint. To facilitate an explanation of these high levels and in view

of the fact that data necessary to perform a thorough nitrogen budget are

lacking, the following speculative evaluation of the major gains and losses

of the available soil nitrogen (Fig. 17) in the Manoa basin is undertaken.

It can probably be shown that the significance of the observed nitro

gen levels is dependent upon where the observer is situated and his inter

est. To the observer at the stream interested in water quality, these

levels would be considered nitrogen inputs into the stream. Consequently,

-totat'~nitrogenconcentrations--that appl'eaeh and- exceed. l-O-mg,Li wouldseem~ __ .

high and could be expected to have significant downstream effects.

On the other hand, a person standing in the forested basin might con

sider these levels in runoff as being relatively insignificant losses in

terms of the available soil nitrogen.

In using the "black box"approach, the primary extraneous source of

nitrogen for the Manoa forested basin is the atmosphere. The mechanisms

by which nitrogen is incorporated into the soil are precipitation and ni

trogen fixation. The high amount of rainfall received in this area, ap~

proximately 355.6 cm/yr (140 in./yr), is probably a major contributor of

nitrogen even if the actual concentrations in the rainfall are low. The

fixation of atmospheric nitrogen is also accountable for nitrogen contri

butions to the available soil nitrogen. Symbiotic nitrogen fixation is

accomplished by leguminous plants (Buckman and Brady 1960) that may be

growing in the Manoa basin, as well as by root- and leaf-nodulating non

leguminous plants (Postgate 1971). Nonsymbiotic fixation by azofication

(Buckman and Brady 1960) may also be a significant contributor.

The three major means by which nitrogen is lost from the Manoa basin

are volatilization, leaching and erosion, or storm runoff. The effects of

these losses, of course, are indeterminable without adequate information.



I

NITROGEN
FIXATION

SYMBIOTIC~.
<

I NONSYMBIOTIC I,

COMMERCIAL
FERTI LIZER

PLANT RESIDUAL I I
& MANURES •

AVAILABLE SOIL NITROGEN

RAIN

ATMOSPHERE

SOIL ORGANIC
MATTER

PLANT REMOVAL

SOURCE: FOOTE et al. 1972.

I

LEACH liNG
LOSSES

VOLATI L1
ZATION

~
EROSION LOSSES

(I N RUNOFF)

FIGURE 17. DIAGRAM SHOWING THE MAJOR GAINS AND LOSSES OF AVAILABLE SOIL NITROGEN

~~~~~~ ~ j -.!U.

t".l
<..0



40

However, after visually inspecting this particular drainage basin and no

ticing the productivity of its vegetative growth, it seems that there exists

a net accumulation, rather than a deficit, of nitrogen as evidenced by the

vegetative growth.

In view of these observations and the fact.that this area has been

productive for several decades, nitrogen losses in storm runoff are likely

to have negligible effects upon the available soil nitrogen in this Manoa

forested basin.

.Sugarcane Field Runoff

RUNOFF QUALITY. A characterization of the quality of sugarcane field

surface water runoff from this study together with the cane field runoff

results of an EPA (1971) study conducted on Oahu, is presented for compara

tive purposes in Table 6. The raw data are given in Appendix B-2.

The EPA data tends to be slightly higher, in terms of TKN, total N

and total P, and COD considerably higher than that obtained from OSC Field
-- - - - ---- -- ----- -- -- -- ----

No. 280. In general, these results do establish the orders of magnitude

for the various runoff parameters from~hese two Oahu study areas.

It should be noted that the values presented previously in Table 3,

the results of "Quality of Coastal Waters" study conducted on Kauai (Lau

1972), and those presented here indicate wide variations in surface water

runoff quality. These differences could be attributed to soil types, cli

matic factors, topography, and the specific cultivating practices applied

to each field, as well as the different sampling methods used in each study.

Heavy metal analyses showed only nickel and zinc to be detectable at

very low levels. The raw data from these analyses are presented in Appen

dix Table B-4.

The role of sediment in cane field runoff due to corresponding levels

of total nutrients, COD, and sediment, was also investigated. However,

attempts to establish relationships from arithmetic, semi-log, and log-log

data plots were unsuccessful. The relatively small volumes of runoff

leaving OSC Field No. 280 and the low constituent concentrations prevent

the development of sediment relationships derived from forest runoff. In

terms of minimizing water pollution, of course, low quantities of sugar

cane field surface water runoff are desirable.
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PARAMETER

Physical

pH

Conductivity
(llmhos/cm)

Chemical:

TKN (mg/t)

N02+N03-N (mg/t)

Total N (mg/t)

Orthophosphate
(mg/t p)

Total P (mg/t)

eOD (mg/t)

Chlorides (mg/t)

TSS (mg/t)

TDS (mg/t)

TS (mg/t)

MEDIAN
CONC.

7.25

92

0.20

0.06

0.40

O. 11

0.42

18.5

11.2

46

85

162

RANGE

6.38-9.00

24-160

0.05-1.02

0.00-0.86

0.08-1.70

0.04-0.23

0.03-1.58

4-.6-98:8

2.9-29.5

6-2440

16-305

48-2456

SAMPLES

27

27

21

23

18

4

20

23

21

22

22

22

EPA (1971)
RUNOFF

STUDY

6.7-8.1

1.2-2.6

0.18-0.49

1.38-3.09

0.02-0.07

1.9-3.5

160-253

Heavy Metals (1l9/t or ppb):*

Nickel, Soluble NO

Nickel, Total 27

Zinc, Soluble 23

Zinc, Total 66

ND-39

ND-33t

14-42

52-87

5

5

5

5

* Cadmium, capper, chromium and mercury undetected.
t Inconsistent results.
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The study, unfortunately, was unable to investigate the direct effects

of agricultural fertilizers upon runoff because the sampling program com

menced after fertilization of OSC Field No. 280 had been completed.

Pineapple Field Runoff

RUNOFF QUALITY. The results of surface water runoff from the pine

apple field are listed in Table 7. Due to the short sampling period, the

relative dryness, and the unirrigated field practice of this area, only

two samples were collected and analyzed. This lack of information limits

the evaluation that can be made of pineapple field runoff. However, the

data accumulated does suggest certain characteristics of this type of run

off.

The two parameters of particular interest in the pineapple field run

off results are nitrite and nitrate nitrogen, and pH. The nitrite and ni

trate nitrogen levels were considerably higher than those observed in the

Qth~r t):1>e~__of Tll.n<:lff, while pI-!~ev_el~ were _relatively low.

The results may be explained by the practice by pineapple growers of

fOliar application of nitrogen fertilizers. Inorganic nitrogen fertilizer

solutions are boom-sprayed onto the pineapple plants, caught by the plant

leaves and retained, in part, at the base of the leaves. Depending on the

time lapse between fertilization and subsequent storms, the products of

nitrification, specifically nitrate nitrogen and pH (Sawyer and McCarty

1967), are vulnerable to runoff from the plants after being washed off by

rainfall. As a result, high concentrations of nitrite and nitrate nitro

gen, and low pH were observed.

The relatively high TKN concentrations may also be attributed to ni

trogen fertilization. Due to insufficient sample volumes, TKN was not

differentiated into its components, i.e., ammonia and organic nitrogen.

Efforts to acquire fertilization information to substantiate these

speculative explanations were unsuccessful due to the previously mentioned

confidentialities involved in the pineapple growing industry.

It should also be mentioned that pineapple growers maintain soil pH _

at about 5.5 to retard detrimental effects of root-rotting organisms. The

desired pH level is attained through the acidifying effects of nitrogen

fertilizers and liming.*

*P.C. Ekern 1975: personal communication.
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TABLE 7. PINEAPPLE FIELD RUNOFF QUALITY

MEAN NO. OF
PARAMETER CONC. RANGE SAMPLES

Physical:

pH 5.60 5. 10-6.11 2

Conductivity 191 126-256 2
(~mhos/cm)

Chemical:

TKN (mg/t) 2.70 2.32-3.08 2

N0 2 +N0 3 -N (mg/t) 4.04 4.00-4.08 2

Total N (mg/t) 6.74 6.32-7.16 2

Orthophosphate ND ND 2
(mg/t p)

Total P (mg/t p) 0.64 0.24-1.04 2

COD (mg/t p) 68.0 66.1-70.0 2

Chlorides (mg/t) 4.9 4.3-5.5 2

TSS (mg/t) 436 39-834 2

TDS (mg/t) 224 136-311 2

TS (mg/t) 660 350-970 2

Heavy Metals (~g/t or ppb):*

Copper, Soluble 30 12-49 2

Copper, Total 174 30-318 2

Nicke1, Soluble 12 0-24 2

Nickel, Total 90 48-132 2

Zinc, Soluble 38 28-48 2

Zinc, Tota1 t 2

* Cadmium, chromium and mercury undetected.
t Inconsistent results.
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Phosphorus levels were low, as expected, because phosphorus is usually

not applied to pineapple fields. When applied, it is injected beneath the

polyethylene mulch and, hence, is not particularly vulnerable to runoff.

The total suspended solids were considerably higher than those observ

ed in sugarcane field surface water runoff. Two facts about Del Monte

Field No. 31 may explain this result. First, this field was not under full

canopy at the time of sampling and, consequently, was exposed to the effects

of direct rainfall and erosion; and secondly, pineapple fields are not

contour-furrowed and, hence, lack the ability to retard erosion that sugar

cane fields have.

Rura1 Runoff

The three types of rural surface water quality runoff investigated in

this study are listed in Table 8 for comparison purposes.

Although the pH varies with each type of runoff, it seems that pine

___appl<.:tfi!;}lct l'1m(:)Ji\V_!-UJ~nd __to be lower in pH due to the periodic foliar
_. _. -------.._- ._-~.- -------_. ,--~----- -----.. -- ._--- _.__. ------,-- ._._--_._-

application of nitrogen fertilizers throughout the plant cycle. The ef-

fects of nitrogen fertilizers upon sugarcane field runoff were not deter

mined in this study as the sampling program commenced after fertilization

had been terminated.

The conductivities in all types of runoff were generally low. How

ever, there is an upward trend from the wet forested area in Manoa to the

-dry unirrigated pineapple field in Kunia. Although the sugarcane field

is also in Kunia, it is irrigated periodically and the observed conductiv

ities generally fell between the other two types of runoff samples. The

upward movement of soil solutions by capillary action to the ground sur

face where evaporation occurs explains why surface water runoff from drier

areas can be expected to have higher conductivities. Upon evaporation, the

salts of the soil solutions are collected at,or near, the ground surface

where they are vulnerable to erosion and subsequent dissolution in runoff.*

Nitrogen forms vary with each type of runoff. The forested area

yielded the highest levels of total N, primarily as sediment-associated

TKN, with concentrations approaching, and exceeding, 10 mg/~ N in one

*P.C. Ekern 1975:
R.T. Hirano 1975:

personal communication;
personal communication.



TABLE 8. THE QUALITY OF RURAL RUNOFF

PARAMETER FORESTED AREA SUGARCANE FIELD PINEAPPLE FIELO'
MEDIAN RANGE MEDIAN' RANGE MEDIAN RANGE

Phys ica 1:

pH 6. 17 5.77-6.93 7.25 6.38-9.00 5.60 5.10-6.11

Conductivity (~mhos/cm) 57 26-112 92 24-160 191 126-256

Chemical:

TKN (mg/t) 2.10 0.42-10.75 0.20 0.05-1.02 2.70 2.32-3.08
NOz+N03-N (mg/t) 0.03 0.01-0.10 0.06 ND-0.86 4.04 4.00-4.08

Total N (mg/t) 2.21 0.52-10.76 0.40 0.08-1.70 6.74 6.32-7.16

Orthophosphate (mg/t) NO NO-0.02 0.11 0.04-0.23 NO NO

Total P (mg/t p) 0.86 0.28-2.0.0 0.42 0.03-1.58 0.64 0.24-1.04

COD (mg/t) 235 90-802 18.5 4.6-98.8 68.0 66.1-70.0

Chlorides (mg/t) 13.0 3.5-31.4 11.2 2.9-29.5 4.9 4.3-5.5

TSS (mg/t) 444 22-1416 46 6-2440 436 39-834
TOS (mg/t) 94 6-250 85 16-305 224 136-311

TS (mg/t) 546 302-1470 162 48-2456 660 350-970

Heavy Metals (~g/t or pbb):

Copper, Soluble 14 10-46 NO NO 30 12-49

Copper, Tota 1 113 NO-248 NO NO 174 30-318

Nickel, Soluble 29 NO-49 NO NO-39 12 NO-24

Nickel, Total 103 NO-161 27 NO-33 90 48-132

Zinc, Soluble 19 NO-24 23 14-42 38 28':48
.j:::.

Zinc, Total -- -- 66 52-87 -- -- til

~~ea&S3'pl!!Q:.~W::::::&i!&£££J££J&SU
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sample. Soluble N was found to be negligible in the forest runoff samples.

On the other hand, the pineapple field samples showed significantly high

results for both TKN, and nitrite and nitrate nitrogen. It should, how

ever, be noted that the pineapple field results are only representative of

two samples. The sugarcane field runoff showed the lowest total N concen

trations of the three types of runoff with levels seldom exceeding I mg/~

N. As mentioned previously, these sugarcane field runoff results do not

reflect the direct effects of fertilization.

Total phosphorus levels for all three types of runoff were within

range of each other. The highest median concentration was for the forested

area at 0.86 mg/~ P while that for the sugarcane field was 0.42 mg/~ P.

The mean of the two pineapple field samples was 0.65 mg/~ P. Orthophosphate

was either undetected or at very low levels for the forested area and the

pineapple field. The sugarcane field runoff samples were slightly higher

in orthophosphate and had a median concentration of 0.11 mg/~ P.

The COO of the forest runoff samples was much higher than originally

. ·-expected . and was estaolishedt6 besediment:"associated thdtca.tingthe -high·

organic content of the sediment. The median COD concentration was deter

mined to be 235 mg/L The mean COD concentration for the pineapple field

samples was 68 mg/~; and the median value for the sugarcane field samples

was the lowest at 18.5 mg/~.

Chlorides were low in all samples.

The total suspended solids, or sediment, content of each type of sur

face runoff was dependent upon the erosivity of numerous factors, i.e.,

vegetation and soils, and the severity of the storm causing the runoff.

The steep slopes and sparse undergrowth of the wet forested area account

for the high sediment content of its runoff which had a median concentra

tion of 444 mg/t. The effects of the sugarcane growth in reducing erosiv

ity was evident in the sample results as the crop stage progressed. The

median sediment concentration for the sugarcane field runoff samples was

low at 46 mg/~. During its sampling period, the pineapple field was sus

ceptible to erosion for the reasons already mentioned.

In all study areas, soluble and total heavy metals were undetectable

or at very low concentrations.
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CONCLUSIONS

The conclusions of this study on rural runoff must be limited to the

results obtained for the undeveloped forested area and the sugarcane field.

Insufficient data on pineapple field runoff prohibit valid conclusions.

The conclusions are:

1. Sediment is the major water pollutant, both physically and chem

ically, in surface runoff from the undeveloped forested area in

Manoa. Furthermore, total nitrogen, total phosphorus, and COD

levels can be correlated to sediment levels in surface water run

off from this forested area. The relationships derived for the

Manoa study area are:

a. Total N (lb/acre) = 0.0056 5°,96

b. Total P (lb/acre) = 0.0025 5°·66

c. COD = 0.40 51
•

06

where 5 = Sediment or total suspended solids.

2. In t-erms of total nitrogen, total phospnorus, COD, and sediment,

the pollution contribution of forest runoff in Manoa is greater

than that of sugarcane field runoff in central Kunia.

3. The high pollutional load of forest runoff in an undeveloped area

explains in part why the water quality standards of Chapter 37-A

(DOH 1968) were so frequently exceeded under wet weather condi

tions in previous stream surveys conducted in undeveloped areas.

RECOMMENDATIONS

The results of this study substantiate the fact that there exists a

dearth of information on the effects of rural sources upon our receiving

waters.

It is, therefore, recommended that this study be continued and extend

ed to include other rural sampling sites to better ascertain the quality of

surface water runoff from undeveloped and agricultural lands. I
I
I
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APPENDICES

Appendix A

TABLE A-I. MONTHLY RAINFALL DATA: MANOA

YEAR
MONTH 1969 1970 1971 1972 1973 1974 1975

(i n.)

January 14. 11 7.01 10.93 11 .30 -- II .05 18.64
February 23.00 2.47 3.23 13.54 7.57 7.55
March 23.13 6. 11 19. 15 3.70 16.46 12.59
Apri 1 16.39 18.78 28.40 17.49 13.07 21.07
May 8.55 10.46 8.70 7·14 15.86 14.84
June 11 .24 13.09 4.84 6.77 4.09 13.90
July 17.69 23.32 3. 11 9.24 13.93
August 15.24 12.29 1. 15 9.28 3.73
September 13.67 9.66 8.92 6.08 7.43 7.16

October 6.82 13.27 6.83 9.43 15.67 15.04

November 10.97 24.61 14.45 11 .21 17.30 28.28

December 16.86 19.81 11 .38 5.63 10.04 10.69

Total Annual 177.67 160.88 121 .09 110.81 125.15 142.17

SOURCES: Jan. 1~69 to June 1974 data from Lyon Arboretum records; Sept. 1974 to Jan 1975 data
from Pro]. 'No.1 5, Hawaii Agr. Exp. Sta., University of Hawaii. .
NOTE: in. x 2.54 = em.
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TABLE A-2. MONTHLY RAINFALL DATA: KlJN IA
I
I

!
I

! YEAR
MONTH 1970 1971 !1972 1973 1971i

, (i n. )

January 6.98 15.88 10.26 1.44 11.23

February 0.93 1.69 4.95 0.65 2.68

March 0.09 5.02 2.73 1.30 6.59

Apri 1 0.68 4.80 3.80 1. 10 4.39

May 1.08 1.03 0.32 0.86 2.89

June 0.60 2.15 1. 79 0.43 0.29

July 1.96 0.26 o. 16 0.71 2.31

August 0.34 0.33 0.55 0.70 o. 14

September 0.74 2.44 2.69 0.34 8.73

October 2.54 2.29 3.30 2.03 3.01

November 5.71 0.96 1. 79 2.88 4.13

December 2.13 3. ]9 3.87 2.55 1.09

Total Annual 23.78 40.04 ' 36.21 14.99 47.48
--

NOTE: Data fromOSC Field No. 275 rain gage,
NOTE: in. x 2.54 = em.

(Jl

"'"



Appendix B

TABLE B-1. WATER QUALITY DATA: MANOA (SAMPLING SITE)

DATE pH CONDo TKN .NO;+NOij TOTAL P0 4 -P . TP COD Cl- TSS TDS TS No. of
(llmhos/ Ti ps

cm) (mg/t as N) (mg/t ~:s p) (mg/t)

09/16/74 (Tipping bucket installed) -- -- -- -- -- -- -- -- 0
09/28/74 (No Sample; storage container spilled) -- -- -- -- -- -- 408
10/07/74 5.95 80 0.42 0.10 0.52 -- ._- >90 17.6 22 -- -- 6
10/10/74 6. 15 48 0.57 -- -- -- . 0.46 >90 -- 181 121 : 302 500
10/31/74 6.28 42 1.23 0.04 1.27 -- -- 414 5.9 844 250 1094 1736
11/07/74 6.17 57 3.84 0.03 3.87 -- >2.0 354 11.0 956 6 962 71
11/11/74 6.43 57 4.59 0.05 4.64 -- . 1.91 477 12.7 1272 198 1470 172
11/14/74 6.00 60 6.89 0.02 6.91 -- 1.86 452 14.4 1100 44 1144 98
11/23/74 6.28 28 10.75 0.01 10.76 -- 1.77 802 5.0 1416 46 1462 2440
11/27/74 (No Sample) -- -- -- -- -- -- -- -- -- 2
12/26/74 6. 18 68 2.58 0.04 2.62 -- 0.28 230 13.9 384 126 510 650

01/07/75 6.05 66 2.07 0.03 2.10 <0.01 0.91 215 15. 1 290 90 380 645
01/10/75 6.03 100 3.47 0.03 3.50 0.00 1.27 300 19.5 760 112 872 50
01/12/75 6. 11 47 4.03 0.10 4.13 0.02 1.12 240 7.4 494 88 582 1000
01/25/75 6.07 26 1. 74 0.02 1. 76 0.00 0.86 125 3.5 217 93 310 792
01/31/75 6.59 54 1. 15 0.03 1. 18 NO 0.84 113 13.3 254 112 366 133
02/07/75 5.77 112 1. 74 <0.01 1. 74 NO 0.44 92 31.4 262 128 390 165
02/14/75 6.93 26 2.10 <0.01 2.10 NO 0.64 243 6.2 564 36 600 11
02/20/75 6.83 40 2.32 <0.01 2.32 <0.01 0.68 183 10.5 444 64 508 110
02/25/75 (No Sample) -- -- -- -- -- -- -- -- -- -- 0
03/12/75 6.20 68 1.85 0.01 1.86 NO 0.48 -- 18.0 264 94 358 222
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TABLE B-2. WATER QUALITY DATA: OSC FIELD NO. 280 (SAMPLING SITE)
I

DATE; pH CONDo TKN NO;-+N03. TOTAL PO~-P TP COD C1- TSS TDS TS NO. of
(llmhos/ TI PS

em) (mg/t as N) (mg/t as p) (mg/t)

12/14/73 7.50 100 -- -- -- -- Ol62 34.5 -- 232 184 416 10
12/31/73 7.65 92 0.84 0.86 1. 70 -- Ol64 33.3 10.6 246 212 458 5
01/04/74 7.20 53 0.39 0.56 0.95 -- -- 18.3 4.5 48 142 190 58
01/07/74 7.40 33 o. 17 0.49 0.66 -- L58 98.8 -- 2440 16 2456 4
01/14/74 7.40 40 O. 11 0.62 0.73 0.23 Oi.51 18.9 6.6 378 80 458 78
01/25/74 7.80 64 0.82 0.26 1.08 0.06 1.11 62.7 -- 986 82 1068 1
02/01/74 7.76 96 0.08 0.19 0.27 -- 01.62 11.4 10.2 58 130 188 2
02/08/74 7.82 41 -- -- -- -- 0:.15 . -- -- -- -- -- 3
02/15/74 6.80 62 O. 17 0.06 0.23 -- 0.16 18.5 12.5 -- -- -- 2
03/01/74 7.25 82 0.20 0.22 0.42 -- 0.47 26.9 '11. 7 297 305 502 309
03/13/74 6.60 40 0.06 0.02 0.08 -- -- 16.3 3.7 51 37 88 53
03/22/74 6.52 30 O. 11 0.00 O. 11 -- '-- 12.6 2.9 26 22 48 36
04/02/74 (No Samples) -- -- -- -- -- -- -- -- -- 1
04/16/74 (No Samples)

;

1-- -- -- -- -- -- -- -- --
04/23/74 6.55 24 0.35 0.05 0.40 -- -- -- 4.4 122 70 192 4
05/18/74 7.62 88 0.05 -- -- -- Oi.54, 21.4 11.7 125 69 194 2043
OS/27/74 (No Samples) -- -- -- -- -- -- -- -- -- 0
06/12/74 9.00 96 -- 0.00 -- -- 01• 11 10.7 11.3 21 109 130 718
07/03/74 7.79 104 -- 0.03 -- -- 01.21 12.3 11.8 33 85 118 1998
07/22/74 7.24 100 -- 0.13 -- -- 0,. 14 8. 1 12.5 44 86 130
08/07/74 7.64 108 -- 0.40 -- -- '-- -- -- -- -- -- 31
08/22/74 7.. :l3 102 0.19 -- -- -- -- -- -- -- -- -- 644
09/04/74 7.62 112 0.18 0.22 0.40 -- 01 .24 4.6 12.4 -- -- -- 464
09/16/74 6.57 72 0.23 0.01 0.24 -- 0;.04 14. 1 10.7 11 73 84 146
09/24/74 6.97 104 1.02 0.04 1.06 -- 0'.03 28.2 10.7 8 100 108 219



TABLE B-2. (CONTi' NUED)

DATE pH CONDo TKN NOi+NO'i TOTAL P04-P TP COD Cl- TSS TDS TS NO. of
(llmhos/ . TI PS

cm) (mg/R- as N) (mg/Q, as'p) (mg/Q,)

10/07/74 7.70 100 0.13 0.02 O. 15 -- -- 5.7 11.2 6 102 108 517
10/31/74 (No Samples) -- -- -- -- -- -- -- -- -- 3
11/07/74 (No Samp1es) . -- -- -- -- -- -- -- -- -- 0
11/11/74 7.18 96 0.20 0.04 0.24 -- O. 11 8.2 11.3 18 78 96 1171
11 /27/74 (No Samples) -- -- -- -- -- -- -- -- -- 2
12/24/74 6.96 106 0.34 0.42 0.76 -- 0,.20 34.5 11.8 21 115 136 75

01/12/75 6.77 32 0.34 0.04
I

16 54 210.01 0.35 O. 11 22.5 3.7 70
01/31/75 6.38 160 1.02 0.01 1.03 0.17 Oi.32 66.1 29.5 6 192 198 3
02/02/75 (No Samples--Storage container spilled) -- -- -- -- -- -- 90
02/07/75 (No Samples) -- -- -- -- -- -- -- -- -- 1
02/14/75 (No Samples) -- -- .. _- -- -- -- -- -- -- 0
03/05/75 (No Samples) -- -- -- -- -- -- -- -- -- 1
03/15/75 (No Samples) -- -- -- -- -- -- -- -- -- 1
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TABLE B-3. WATER QUALITY DATA: DEL MONTE PIN~APPLE FIELD NO. 31 (SAMPLING SITE)
I

CI1
00

I

NO;+NO;
I

DATE pH CONDo TKN TOTAL P0 4 -P TP
(j.lmhos/

em) (mg/R. as N) (mg/R. aSjP)

01/31/75 6. 11 256 2.32 >4.00 >6.32 NO 0]24

02/02/75 5.10 126 3.08 4.08 7.16 ND 1:04
(No Samples)

I
02/07/75 -- -- -- .l._

02/14/75 (No Samp 1es) -- -- -- --
02/20/75 (No Samples)

02/25/75 (No Samples) -- -- -- --
03/05/75 (No Samples)

03/14/75 (No Samples)

COD CL

66.1 5.5

70.0 4.3

TSS TDS TS No. of
TI PS

(mg/R.)

39 311 350
834 136 970 1095

4

0

0

0

0

3



TABLE B-4. HEAVY METALS RESULTS

SAMPLE COPPER NICKEL ZINC
(ugn,) (U9/ t ) (U9/R.)

STATION DATE SOLUBLE TOTAL] SOLUBLE TOTAL SOLUBLE TOTAL

OSC Field 280 09/28/74 NOa NO NO
~~b

26 69
(Sugarcane Field 10/07174 NO NO )9 14 58
Runoff) 01/12/75 NO NO 27 -- 23 52

01/31/75 NO NO NO NO 28 66:
02/25175 NO NO NO 29 42 87

Manoa 10/10/74 14 -- NO NO 22
(Forested Area 10/31/74 46 248 39 80 NO NO
Runoff) 01/10175 30 174 49 161 19

01/12/75 26 12l 43 149 NO NO
01/25175 11 -- NO -- 15
01/31/75 10 54 NO 103 24
02/07/75 12 73 NO 125 23 --
02/14/75 28 174 29 81 24
02/20/75 14 105 41 103 19

Del Monte Field 31 01/31175 12 30 NO 132 28
(Pineapple Field 02/02/75 49 318 24 48 68
Runoff)

ab Nondetectable.
Erroneous or inconsistent results.

NOTE: Cadmium, chromium, and mercury (flame method) undetected.

ai~ p-ii*~'M;;' ; $
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Appendix C

TABLE C-l. FERTILIZATION SCHEDULE

Field: OSC 280 Start: 16 May 1973

Sample Site: 1.43 acres Crop: 1975
in Block 7 Cycle: 2 Ratoon

Variety: 50-]209

SCHED.
DATE AREA
1973 (acres)

May 189.21

June 105.21

Aug. 189.21

Oct. 189.21

Dec. 104. 11
85.10

APPLIED DATE
1973

25 May

4 June

9 Aug.

19-22 Oct.

24 Oct.

20 Dec.

20-26 Dec.

TOTAL NUTRIENTS

APPLICATION FERT. METHOD
(No. ) (1 b/acre) MIX

1 500 DAP~' Inj. t
1 164 KCl Ai r

2 163 Urea Air
246 KCl Ai r

3 163 Urea Ai r
246 KCl Ai r

4
"--_._.

163 Urea Ai r
4 164 KC 1 Ai r

APPLIED NUTRIENT
N P20S K20

(lb/acre)

104 262 0

100

75 0 150

75 0 150

75 0

75 0 100

404 262 500

NOTE: acre ~ .4047 = ha
gal ~ 3.785 = J/,

Ib/~cre x 1.121 = kg/ha
* Diammonium phosphate (21% N, 53% P20S)'
t In 130-gal solution.




