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Gbjective:

To propose a "simpii ied" program of estuary sampling for specific

Iturai chemicals"."agricu

support this proposal witn facts and reasoning,To

To aim the proposai toward dei ineaf ing the origin of estuarian

"agricultur al chemical" containments.

The contractual scope o services asked of this contractee have

been written as tol iows by tne University of Hawaii, the contractor.

Scope of service.

likelihood of chemical containments boing transported from the site of

application to estuarian waters by surface runoff and/or erosion.

Approach;

This proposal is being set forth in a sequential manner in the

attempt to keep the samplinc and analytical workload in reign.

Therefore it is initially proposed that only four estuaries be

sampled and that these, 'all on rlahu, be Kaiaka Bay, >/aialua Bay, Kahana

Bay, and Kuapa Pond- Vaunalua Bay.

Oetermine for watersheds contributing to specified important estuaries

in the State of Hawaii the ypes and quantities of "agricultural chemicals

 pesticides and fertilizers! appiied; the timing of such applications and

acreages involved. Relate the or cgoing to cultural praCtices, terrain

features, and raintail characteristics with the objective of assessing the



Af I-;r these four estuaries have been inves'igated to the extent

that some understanding of the objectives is obtained consideration might

be given to Nawi I iwi I i, Pearl Harbor, Honolulu Harbor, Halawa Bay on

I'RIokai, Kahului Harbor, and Mi lo Bay.

Actuai ly some analytical data already exist and more wi I I be derived

in studies concurrent to this "agricultural chemical" portion of the Soa

Grant in those estuaries other than the initial four herein proposed.

The reasoning behind the suggestion to use only the four, aforementioned

Oahu estuaries as the initial sampling sites is as follows.

 i! Expenses can be held down by Iimiting the site numbers and

having them all on Oahu.

�! Of the total Hawaii State population of 768,56I persons, including

military, 629,176 or over 80~ live on Oahu and if any pollution problems

exist they are most certainly going to exist first in Oahu's estuaries  I!.

�! These four sites provide.

 a! a water shed including sugar cane, a sugar cane mill, pine-

apple, residential areas including sewage treatment plants

and some diversified farming  i.e. Kai'aka Bay!.

 b! a watershed including sugar cane, limited residential and

limited diversified farming  i.e. Viaialua Bay!.

 c! a watershed of principally suburban housing  I.e. Kuapa Pond!

and

 d! a relative control whose watershed 1 s mostly "natural"

forest  i.e. Kahana Bay!.

�! Hopefully, initially avoiding such complex estuari es as typified

by Pearl Harbor and Kaneohe Bay wiii give dai i tnat can be more easily

understood.



Pineapp I c

Field's Disposure o Runoff or rosion

Depending upon whether a field is being put through a three or four

year cycle only from 25 to 33$ of the pineapple acreage of any plantation

is vulnerable to runoff or erosion. The remaining acreage will be either
92

under ful I crop canopy or knocked down lying fal low with a heavy cover of

the preceding crop's plant residue.

Since most of the agricultural chemicals are applied in the first

year beginning just before planting and since most of the plantings are

made from August to December with the peak in October the most likely

time for pineapple to contribute any agricultural chemicals into the water-

shed of which it's a part would be brought about by exceptionally heavy

rainfall during the months from November through March.

2. Agricultural Chemicals Applied; Rates and Timing

Cultural practices involving agricultural chemicals differ both be-

tween and within pineapple companies so the following can be only taken

as generalized information.

Where the anomala grub is found from soil sample surveys up to two

pounds active Heptachlor per acre may be applied before field preparation

so that it becomes well tilled into the plow zone. This practice gives

ant control as well but is usually only followed where anomala grubs have

been shown to be present. At one time DDT was used for both anomala and

ant control but this is no longer true.

lf an unexpected heavy rain were to follow the application of the

Heptachlor before it was tilled in then runoff might occur but the frequency

of this is rer,ote because good field practice dictates that the tilla-e



fol low as closely behind the ileptachlor spray as pos ibl e and thi s may range

from a few hours to a day or two. Once t i I Iod In only serious erosion would

be able to take it in!o the estuary.
I
I

At the laying of the polyethylene mulch the nematocides, Lindane

where Symphylid's are present, and the preplant fertilizers are applied.

Depending upon the species and seriousness of the nematode problem

the rate and kind of fumigant is selected. Where the Reniform nematode is

serious EDB  ethylene dibromide! alone or BBC �,2-dibromo-3-chloropropane!

in combination with OD or Telone  differing mixtures of 1,3 � dichloropropenes

and 1,2 � dichloropropanes! are used. EOB may be used up to a maximum of

twelve gallons per acre and the BBC � DD or Telone combination is usually

3 to 4 gallons of the first with 30 to 40 gallons of the second. Where

Reniform is not present DD or Telone alone are usually used at rates of

40 to 60 gallons per acre. When Lindane is combined with the fumigant for

Symphyiid control it is usualiy applied at from 1.5 to 2 pounds active

per acre. The fumigant, with or without Lindane, is injected into the soil

beneath'the polyethylene at depths of about 8 to 10 inches.

Because the fumigants are injected relatively deeply into the soil

body, and because they break down fairly quickly It is unlikely that they

would find their way into any coastal waters. Although Lindane is a

"stable" chlorinated hydrocarbon its injection depth would protect it from

surface runoff and only serious erosion from heavy storms would risk its

movement into ihe watershed streams.

Pineapple plantings may receive up to six pounds per acre of 80$

wettable powder Hyvar X and up to 16 pounds of 80� wettable powder Diuron

during the cycle but because of the cost it would be a very rare situation

indeed where these full USDA cleared amounts were used. Combinations of the



lwo are often applied immediately before and af ier planting ai "bailpar k"
rates of from I to 4 pounds of Hyvar X with from 2 to four pounds of
Oiuron.,' Limited use is made of Atrazine and Ametryne.

As.'a generally true statement most pineapple soils have a very
high adsorption capacity for the herbicides used, therefore it would
probabiy require soil movement' to take them out of the fields.

Pineapple plantings may get from 500 to 800 pounds of nitrogen durin
ur ng

the cycle and 50 to 200 poudds of this may go on as aqua ammonia at the same
time as the field is polyethylene mulched and fumigated. Yhe aqua is
injected into the soil beneath the polyethylene to a depth of five or six
inches. AII subsequent nitrogen goes on as postplant sprays of urea or
ammonium nitrate at per application rates generally of from 5 to 20 pounds
of nitrogen per acre.

In areas where soil and/or leaf tissue analysis indicate the need,
phosphorus, potassium, and magnesium may be applied. Since these are not
always used and since phosphorus particularly is used in such low amounts
because it has been difficult to show economic returns, any nutrient sampling
search in the estuaries which might be attributed to.a pineapple origin
should probably be limited to nitrogen.

For the control of mealybugs and scale plus as a general prophylactic
insecticide Diazinon at per appiication rates of about I/2 to 3/4 pounds
active per acre are made. Malathion has and is being used for mealybugs,
but its use is giving way to Diazinon. Occasionally these sprays will
contain a pound or two of Heptachlor if ants are a threat. In the cycle
it would be a very unusual situation where the total per acre active rates
applied of either Diazinon or Hepiachlor were to exceed four or five pounds.



Mirex, which is c'Ieared for ant control in pineappIe may come into

use and has been used on some "expanded experimenta I" basis.

Captan is only used on a very I imited scale for the treatment of.
I

local ized rot areas caused by Phyto hih cinnamomi and P. parasitica.

3. Discussion

Since pineapple is not irrigated in the usually accepi'ed meaning of the
word there is no tail water which must be disposed of. AII pineapple plan-

tations are very thrifty in their use of agricultural chemicals for obvious

economic reasons plus the fact thai' their management's are truly concerned

about their maintaining a clean record and not contributing to a pollution
problem.

I

Their only vuinerabi I ity would seem to be in those cases where unus-

ua I ly heavy rainfal is 1 ike those of some of the Kana storms occur in the

faf I and winter.

Where the Sea Grant wor I:ers are specif ical ly looking for agricultural

chemical indices that might have originated from pineapple In their sampl ing

of esiuaries whose watersheds are made up in part of pineapple lands, they

should probably limit their search to Heptachlor, Diazinon, Hyvar X, Diuron

and nitrogen. These should be sampled for both during "normal" weather and

fol lowing a heavy winter storm.



Sugar Cane

l. Field's Disposure to Runoff or Erosion

Sugar cane is grown on a six year cycle which is made up of one plant
crop and two ratoons. Each of these three crops of two years ap iece means
that ebout one sixth of the land area of a plantation is completely prepared
each year and that one half is opened by harvesting.

When a field is ratooned there is much less done in the way of. soil
tillage so the plant crop installation is the more critical from the erosion
risk viewpoint. The ratooning of a field following the harvest is to allow
the residue cane fo sprout, to reshape the contoured irrigation furrows
around these sproutings and fo replant seed cane pieces into those bare
spots then showing.

Since the plant crop's field preparation requires the complete rein-
stallation of the field the difference can be appreciated.

Each two year growth period takes about six months ta plant canopy
close in.

Canefields are planted the year around so long as weather permits.
Nearly all of the agricultural chemicals applied are put on during

the first year of the two year growth period.

2. Agricultural Chemicals Applied; Rates and Timing.

Nerbicides account for nearly all of the pesticides used in sugar cane
production in terms of absolute amounts.

Ametryne is the major suga~ cane herbicide on Oahu. Generally there
J 1

wi I I be an app I icatlon of f ive pounds of BOC wettable. powder just after
p I anting and a second, or booster shoi, of four more pounds about four or
f ive weeks later. At present because of broadleaf weed problems the Naia lua
plantation is using a combination of ametryne arid atraz inc for their initial



appf fcn!ion. The rate 'fs three pounds plus three pounds.

After these two appl icatfons are made if weedy areas appear they are
usually handled by spot spray applications of mixIur es of Diuron-Dalapon-
surfactant-and water. A typical such mix is made up of five pounds of
80$ wettable powder Diuron, five pounds of' Dalapon, 0.25$ to 0.50$ surfactant
by volume and diluted to f00 gallons with water. The surfactant used is nearly
afl Union Carbide's biodegradable Tergitol I5-S-9 which fs f005 nonionic. If
broadleaf weeds are present in addition to grassy weeds about four pounds
of 2,4-D may be added to this mixture. This combination is sprayed on weeds
"to wet"  f.e. to the point where the entire weed surface is covered and
dripoff just begins!. A cafculated prorating of this spot treatment usually
shows that something I,fke thirty gallons of the mixture is applied per acre
of canefield. Once the fiefd is closed in only borders and open ditch
areas require weed control attention.

No insecticides nor nematocides are being used in sugar.

In the heavy rainfall areas where rat damage is a probfem rat bait sta-
tions around the ffeld edges containing anticoagulant rodenticides such as

Warfarin are employed. Warfarin is mixed into the oat bait at a 0.025$
concentration. There is little liekfihood of this material finding its way
fnto an estuary.

The fungicidal treatment of the cane seed pieces to protect them from
Thiefaviopsis paradoxa is an economic necessity. PMA  pheny! mercuric

acetate! has and is being used for this. The seed are given a hot water

dip containing by volume one part PMA per 16,000 parts of water. Because of

the desire to get away from the use of this mercuric poison there has been

an active research program which has fed to the now completed clearance

of Beniate. Benlate can be expected to quickly replace the use of Pl'lA

since the latter's registration ends this year.
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Car», an L is no longer used a" a sugar cane fungicide.
I

Diquat, though it is registered for the control of tassel ling or

flowering, is stl ll only being used in localized experimental fields.

Cane receives from 300 to 400 pounds of nitrogen per acre during its

two year growth period and nearly al I of this is applied during the f irst

year. About IOO pounds of this nitrogen is injected below the. seed piece

as urea or diammonium phosphate.

Sugar cane requires considerable phosphorus and potassium and these are

applied where they are either not available from the soii or the irrigation

water. Some waters are high in these as for example where the mill water

is used which usually contains substantial amounts of phosphorus and potassium

as.-well as other nutrients. On Maui at H.C. and S. there is the situation

where some of their non-mill irrigation water runs so high in potassium that

they occasionally have the problem ot potassium chloride crystallizing out in

their molasses, Nhen phosphorus is applied about 200 pounds per acre is put

on ai planting either as diammonium phosphate or, less frequently, as treble

superphosphate. Potassium may be used at rates of from 306 to 400 pounds per

acre with maybe IOO pounds of this going on at the time of planting. These

rates refer to the oxides PpOg and KZO.

Discussion

About fifty percent of the sugar cane area in the state is irrigated.

The intent of each plantation's Irrigation program is to have no tail water

left upon completion of an irrigation round. The general aim is to get on

a two acre-inch application every two weeks and to uniformly do this across

a field may require as much as a four acre-inch application.

,Many plantation make use of their mill water which is desirable for a

number of reasons. These include:



I. Avoiding the disposal of the gi I I water over a sea fal I qr <nto

a watershed.

2. The use of water which has a high plant nutrient content.

and

the economics of utilizing something they already have.

ln the sugar industry of Hawaii the general statement can be made that
r

they either are or shortly will be making use of al I their water including

mi I I water in such a manner that they wi I I be "self contained" units. The

accompl lshment of this wi I I of course reduce the risk of moving any of their

agricultural chemicals into estuaries.

Sugar industry management is wel I aware of the importance of their attain-

ing and maintaining an "in fact" record of being as ecologically clean as possible

with respect to the Island's estuaries, and their selection of practices are

aimed in this direction. A great deal of effort is expended on contour

shaping of fields to minimize runoff and erosion and to maximize irrigation

efficiency.

The hazard that exists is that of the unexpected erosion which follows

the occurance of a storm of exceptionally heavy rainfall. When this happens

it can be expected that some agricultural chemicals will find their way into

the esiua r i es.

Sea Grant researchers looking for indices of agricultural chemical

poiluiants that ~mi ht have come from sugar cane should check for Ametryne,

Atraz inc, Diuron, Oalapon, 2,4-D, nitrogen and phosphorus.

Samples shou'd be taken before and after a heavy ralnfal I.



Pest Control Operators and Homeowners

I. Oisposure to Runoff or Erosion

Most urban areas are adjacen'I to ocean fronfages including estuarian

waters. Thus runoff or erosion movement of agricultural chemica Is used in

urban sites generally would not have to move long dislances to reach any
estuary in question. Some compensation for this would resuit from the fact

that once an urban a'rea is established it is well stabiIized with buildings,
lawns, walkways, various retaining walls, plantings, etc. This factor should

reduce erosion  and perhaps runoff! risks as compared to the agricultural

situation of a newly p fowed field� . This consideration would be less app I icabJe
in a new housing development where in the beginning there were no plantings.

Because of the extremely high rates of pesticides used any heavy runoff

or erosion from an urban area could be expected to move some of these chemicals

into the coastal waters.

2. Agricultural Chemicals Applied; Rates and Timing

Pest Control Operators and Homeowners are presently using nearly a

quarter of a mi'llion pounds of active pesticides per year in Hawaii' Pest

The foilowing table gives these rates �!

-Pounds Active Per Acre

Post Slab and Foundation

� gals./IO sq. fi.!

I,SI2

Pre Slab

 I gal./IO sq. ft.!

Chlordane 378

control usage in urban areas accounts for the lion's share of the chlorinated

hydrocarbons applied in Hawaii and the main reason is the ground termite problem.

Per unit area the rates employed for urban termiiie control are orders

of magnitude greater than anything ever done in agriculture.



Post Slab and Foundation

� gals./10 sq. ft. >

I, 512

1,208

Pre Slab

ga I ./10 sq. f t. !

t
I

cont.

Heptachlor 378

Lindane '
302

Aldrin 752 188

Dieldrin 452 I ~ 13

These treatments are general I y made at the volume application of about i 000

ga I lans per acre. They are supposed to be app I i ed out to the dr I p I ine of the

dwel I ing giving a three foot border around the slab. Not al I dwei lings are on

slabs, however. Some are sti lt type therefore more predisposed to runof f and
erosion and these receive simi lar treatment rates.

fn the case of plant nutrients ft is impossible to say much about rates

and application timing. It would probably not be unreasonable to assume that

where they are used they are probably put on at per acre rates far In excess

-of those used in agriculture.

3. Discussion

Since there are more than 80,000 acres of urban area in the state and since

more than 80'5 of the population dwells on Oahu it is not out of order to

.include that the urban use of agricultural chemicals make up the most

serious risk of estuarian pesticide input on Oahu, particularly with respect

to the chlorinated hydrocarbons.

At the present time relative price structures are resulting in Aldrin's

being the most extensively used chlorinated hydrocarbon for ground termite control.

Diazlnon and Baygon both organophosphates with similar modes of action

are used extensiveiy in urban areas as general insecticides. They are

often used inside buildings for such things as cockroach controls
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Another very real risk factor that must be taken into consideration

in this ,'segment of pesticide usage is the large number of persons involved.
I

Kirnura and Hurov stated that there were forty-four Pest Control Operators

on Oahu in December l969. This is a business that is constantly f luctuating

and it involves a number of part time members. At present there are between

forty to f i fty doing business on Oahu  estimate of Nr. Mi les Honda of Ultramar>.

in the case of the home dwel lers fhenseives it is almost anyone's guess as
to just how, how much and what they are using in the way of agricultural

chemicals. Viewed from this standpoint we are given an unfavorable comparison

as against the relatively strict controls employed in sugar cane and pineapple.

When sampling waters for agricultural chemicals that mighl have

originated from urban appl icai ions researchers should consider looking for

Chlordane, Heptachlor, Lindane, Aldrin, Dieldrin, Oiazinon, Baygon, nitrogen
phosphorus, and potassium. Samples should be selected both before and after

heavy rains.



Information on Specif ic Estuarfes

Wa i a I ua Bay

General Des~cri tton

This distinct estuary on the north shore of Oahu drains a watershed

of 8,384 acres �!.

A port I on of thi s estuary Is u sed as a sma I I boat ma r I na and a substan-

t f a I number of semi commerci a 1 f i shing and pleasure craf t make good use of

the harbor.

The main and final tributary of the bay is the Anahulu River. Upstream

It is fed by thn Kawalloa Stream which further up Itself fs made up from the

Kawainu I and Kawaiiki Streams.

Described by drainage pattern the bay traces its entire origin to a

northern section of the Kooleu Mountain Range.

Pa inf a I I

The annual rainfall at the crest of ihe watershed fs 300 Inches and at

the bay the nearest fsohyet is given as 30 inches. The agriculturaf lands

1n this watershed are encompassed pretty well between 30 and 75 inches per

year,

Soils

The largest portion of tho agricultural soils In this watershed are the

low humic latosols of the Lahaina and the Wahiawa families. At the higher

elevations there are some fields of Humic Latosols of the Honolua family.

There is e limited area of Hydrol Humic Latosofs classed a the Vootau family,

undifferentiated. Near the bay there is an alluvial fan of the Kavaihapai

family, a smafl area of I-fauufa paddy soil and then the upstream balance of the



watershed fs classed as a I ithosof. The latter defined as "Rough broken

land, .residual material" is nonagricultural and nonurban.

fn this watershed there are 2,700 acres of sugar cane. Actually 280

of these acres are still fn pineappfe but will become sugar at the end of

this cycle. The pineapple planting is now one year old.

Below Kawailoa Camp along the upper portion of the Anahulu River there

are some smafi patches of hasu and even smaller patches of taro. However,
no pesticides are used In their culture �!.

Urban

There are about 550 acres classed as Urban lands which could drain into

this bay �!. Except for Kawailoa Camp these urban areas are lfmited to those

portions of Haleiwa near the Bay itself.

The census gives fhe 1970 population of Ifaleiwa as 2,626  I!. A

conservative estimate on the high side shoufd put no more than 1500 of these

persons residing in the Waialua Bay watershed.

. Agricultural Chemicals Used

Using the 2,700 acres of sugar cane as The base and following the

culturaf practices of the Waialua Agricultural Company that involve agricul-
turaf chemfchls we can rough out the following as estimates of the totals

applied ln the watershed during a year's period.

 a! 2700 acres 1 acres planted
X 2 per year 7 pounds of ametryne

equals 9.450 pounds of ametryne 804 w.p.

 b! 2700
2 4,050 pounds of atrazine SOC w.p.x 3



 c! 2700 30 gals. per acre of
IOO IOO gal. mix x 5 pounds of Diuron

equals 2,025 pounds of Diuron 80~ w.P.

 d! same calculation as  c! gives 2,025 pounds of Dalapon

 e! 4/5 ths of  c! or  d> gives l,620 pounds of 2,4D

 f! 2700 x 400 pounds of N = 540,000 pounds of nitrogen
 g! up to 270,000 pounds of P205

and

 h! up to 540,000 pounds of K20

h/aking any reasonable approximation of the amount of agricultural

chemicals used in the urban portion of this watershed can get pretty wild.

A ~ver crude guess might be.

250,000 pounds of active chlorinated f500
hydrocarbons used in the state x 768,56l
by PCO's and home dwellers

where the l500 over 768,561 is the population factor.

This gives us about 490 pounds of active chlorinated hydrocarbons used In

the watershed. This figure is probably in error on the fow side of'.what is

actually used.



Kahana 6ay

General Descri tion

Thij site is intended as the reference control for the other three

estuaries.

I ocated on the windward coast of Oahu, Kahana drains a water shed of

5,3I2 acres �!.

The main tributary Is the Kahana Stream which Is Joinhd about a mile

inland by the Kana Stream.

All of the drainage of this bay originates in the north-central area

af ihe Koolau Range.

Rainfall

Rainfall at the top of the watershed is 250 inches per year and at

the 6ay itse lf Just under 75 inches.

Soils

Start'ing at the bay and working inland the soils encountered in sequence

are a Regosol of the Haleaka!a family, undifferentiated; an Alluvial soil

of the Hanalel family, normal phase, a LithosoI described as "Rough broken

land, alluvial material; and a Lithosol described as Bough broken land,

residual material. Going up the sides of the watershed from the bay you

first encounter The Gray Hydromorphic soiis of the Kaiihi family, normal

phase; and then the Llthosois described as Rockland, with very th'In weathered

lava.

Agricultural Chemicals Used

There is no longer any farming in the Kahana Valley. There are about

thirty-fIve families living in a scattering on the vaiiey floor but none of

them are presently doing any small scale farming. Conversations with a few



I I
I

of these resIdents Indicate that little or no agriculture chemicals are used

even around ihe household.

Kehane Bay looks like a pretty weil qualified control estuary.



Maunalua Bay and Kuapa Pond

General Desert tion

JThis estuary is located between Diamond Ilead.and Koko Head. Considering
the whole bay there is a watershed of I3,824 acres �!. However, when we
consider the Hawaii Ka I-Portlock Road urban area alone, there is a water-

shed of 4,608 acres �!. This smaller watershed includes everything that
would dratn between the ridge Inmedtatefy east of KulIouou and Kawathoa

Point  'l.e. the point of Koko Head!. This includes Kuapa Pond. It is this
pond estuary that ls being proposed for study.

Rainfall

Aff of thfs watershed has an annual rainfall of less than forty inches
wfth most of lt' being fess than thirty inches.

Soifs

The largest section of soils in this watershed is the Red Desert Soil

of the Kawafhae family, normal phase which runs all along the western slope
of Koko Head. There ls a relatively small area of a Regosol, Haleakala

family, undffferentfated which Iles roughly fn the triangle formecl by
Kalanianaole Highway-Portlock Road-and I unafilo Home Road.

Rimming Kuapa Pond is a Gray Hydromorphfc Soil, Kaloko family, normal

phase. North of Kuapa Pond there is another Gray Hydromorphfc, the Kaiihi

famfly, normal phase and on the northeast side of the pond there ts a

refatively small section of Oark Hagnestum Clay, Rualualei family, undiffer-
entiated. The remafnfng sofls up the slopes are ali Lithosols either

described as Rough broken land, alluvial material or Rockland wfth very
thin weathered fava.
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Urban
 

Using the l968 f igures and estimating fhe residential growth since

there are about 20,000 persons l iving 1n this watershed

as 4,608 acres.

A rlcuitura l Chemicals Used

described in area

The smal I growers of Manoa lettuce are using the systemic insecticide

Cygon and the herbicide Vegedex.

Using the same method of calculation as was done for Walalua Bay to

guess at the urban use of chlorinated hydrocarbons we have;

250,000 x 20,000
768,56I

6,600 pounds active

Situated along the western slope of Koko Head there are three small

growers of Manoa lettuce together usihng no more than ten acres �!. This
I4

is the only agriculture ln the watershed.



Kaiaka Bay

1

4i

! 'C

Wahiawa, with 'l.ts reservoir, Wi I son Lake; portions of Schof ield Barracks;
V

Wah iawa Nava 1 Commun fcations Station; He lemano Army Radio Station; Poamoho

,: V 1 1 1 age; and most of Wa i a 1 ua. j

f.r ' 

4Ra'fnfa I 1

ln the crest of the Koolaus at the headwaters the annual .rainfaf 1

isohyet reads 300 fnches and just lnfand from the bay lt is given as 30
t

inches. Most agr lcul tura f and urban areas are between IOO and 30 inches.
p

Soils

The major agricultural and urban areas are on Low Humic Latosols the

most expansive of which is the Wahiawa family, normal phases. Next are the

Kahana famify, normal phases; the Lahaina family, normal phases and the

Waialua family, normal phases. Fafrfy farge areas of Humic Latosofs of the

Honoiua f'ami ly, norma I phase are found on the Koolau sideI

and on both fhe Waianae and Koolau sides of the watershed

above the Low Humicl

there are some re fa-,

tively small area higher elevation pieces of Humic Ferruginous Latosols of the

fluvial soil Kawaihapai
I

Manana and Na i wa f am i l 1 es. Around the bay itseff is an a
I

~C

'1 ~

I

.i- !
' General Descri' tion

j1
'I

This bay is on the north shore of Oahu near the town of' Wafa fua.

I'ts watershed '-is very large, 54,080 acres, and very complex relative to
I

the three others described in this proposal.
'J

The immediate tributarfes of Kaiaka are Ki iki and Paukaui la Streams.
't

'. Moving lnfand,'these names change and the four main tributaries are Kauka- , f
nahua, Poamoho, Helemano, and Opaeula Streams. Thus this inc;ludes drainage:,

4
,-'. from both the Waianae and Koolau Mountafn Ranges and the watershed includes
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't
areas of '

I
I
I

fami.ly, normal phase and up in both the mountain ranges are large

Lithosols of various description.

.- Agriculture

:.36,000 people live in the watershed. The need to hedge here is that portions

of Schofield drain to Pearl Harbor down the Waikeie Gulch so that only about

9,000 of its actual present population of l3,5I6 is credited as being on the

Kaiaka side.

One feature of these urban areas that may be of particular importance to

the study is that there are three sewage treatment plants that empty into the

watershed. These are 'located at Wahiawa,- Wahiawa Naval Station, and Helemano

Army Station. The Schofield sewage plant drains to Pearl Harbor via Waikele

Gulch and the other urban areas make use of cesspoois. Probably the most

'important estuary containment to check for due to these treatment plants is'

phosphate from household detergents.

A ricultural Chemicals Used

Pineapple

For this estimate it is assumed that one third of the 7,800 acres of pine-

appl'e are planted each year. This will cause the final figures to be conser-

vative on the high side since not all of the pineapple fields are on a strict

A l.imited acreage is fallowed or "carried over" each year.three year cycle.

In ihis watershed there are 7,800 acres of pineapple, 5,288 acres of

f!! ~sugar cane, nearly forty acres of miscel laneous vegetable crops and just under
}t rl,

t'
, ten acres of commercia I f lowers.

l

Orhan

Approximately 5,350 acres of urban land drains into Kaiaka �!. Roughly
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l i' areas are

although the 1atter is more

~Ha tach1or '.iac! ive!
92

7800
3

aL

l0,400 poundsx . 4 pounds/cyc l e
/

r !

I

Lindane <technical!

7800 x ' 2 pounds/cycle= 5,200 pounds
t

EDB

!800"

x l2 gals/cycle - 7,200 gal lons

+ Used by Def
treated.

Honte not Do le therefore onl y l800 acres of the watershed
t

 r

BSC or DBCP

DD

6000

3

~Hvar X  8 Xi w.p. !

7800
3 x 3 pounds = 7,800 pounds

Oiuron <80$ w.p.!

7800

3 x 6 pounds = l5,600 pounds

; aAnoth'er factor which wl l I cause an overestimate is that not a
treated for Anomala nor Symphylld

than the former.

. Calculations

6000 ' x 4 gals = 8,000 gallons

x 40 gals. = 80,000 gallons

widespread
a,

J
I

H

ri'
k;

l 'a

i!
I

I
.f aa
I



l,560,000 pounds

7800

x 300 pounds 78,000 pounds

I >

1
assumed that one hal f of the 5,288 acres ofFor the fol lowing if is

each year.
I .x

5,288
2 l8,508 poundsx 7 pounds

Atrazine  80$!

5,288
2 /,332 poundsx 3 pounds

Diuron  805!

30"

x l00 x . 5 pounds = 3,966 pounds
5, 288

2

Dalapor,  technical!

5,288 30%
x 100 x 5 pounds = 3,966 pounds

2,40  active!

30!f

x l00 x 4 pounds = 3, l73

"the gal lonage conversion factor for spot spray weeding, refer to
discussion under sugar cane culturai practices.

7800

x 600 pounds

Potassium  K20!

cane are planted or ratooned

Arnetryhe  80$ w.p.!

5,288
2

A

.I

1 ' 
I

tr '  I
,3'p! .

P



~Nitro en
is,i

5, 288
2 x 400 pounds I, 057,600 pounds

Phosphorus  P205!

5,288
x 200 pounds 528,800 pounds

Potassium  K20!

5p 288
2 x 400 pounds =,'. Ip057,600 E

I

Urban

For-the estimate of the urban usage of chlorinated hydrocarbons the
population factor of 56,000 is used.

J. t

250,000" x 56,000 If,740 pounds active
7768, 56 i 7 "

State usage of chlorinated hydrocarbons, approx.
"" State population

I e

Oacthol, and Dimed.

Amino Triozole is used occasional ly along the highways.

In the miscet laneous crops smal I amounts in terms of totals fncfude
Cygon, Thiodan, Gardona, Sevin, Malathion, Zineb, Maneb, Suten, Lasso,
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Walmea River

The trlbutaires of this estuary of southeastern Kauai are the Naimea
I

. and Makawel i RiVers. The headwaters of both of these rivers ar'e in state
 P,'

park and forest '.reserve. lands, The tower lands of the watershed include
!.

cattle ranch use, .sugar-cane f leids and the urban area of the town of '--�.

Waimea. The ma~or potential source of pol Iut ion would probabiy' be from
-' "r>r." .the urban use of agricultural chemicals principally the chlorinated

hydrocarbHns, nitrogen and detergent phosphates. The town of 'IJJa Imea'utes

�cesspools. A sewage treatment plant is planned and the treated eff luent
r

KAUA i

I s to be di scharged at i east l,000 f eet of f shore.
I

Hang e e River, Hang e e 8a and Port Al len

f iefds and the urban towns of Hanapepe and Port Ai len. The town of Eleele

on the highlands east of Hanapepe Vai iey is served by a sewer system from

'which raw sewage is discharged about fifty feet offshore into the ocean.

Hanapepe and Port Al I en use cesspoo I s.

The leading pollution possibi I ity is probably from the urban areas.

. Chlorinated hydrocarbons, nitrogen and detergent phosphates are to be

considered.

i

t

This estuary is one mile east of Hanapepe. Wahiawa Bay is considered

tb be within the plurne of the water discharged from the McBryde mi I I cane

washer. The miII is about a mile east of the bay.

The headwaters of the Hanapepe are in forest reserve. The iower

j. elevation areas of the watershed include cattle pasture lands, >sugar cane
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I i
l 'I
I

i Forest lands, cattle pastures, and suqar cane fields are included
I

in the watershed. This should be a pretty clean estuary. Erosion and

runoff from heavy rains could bring soil adsorbed herbicides and plant
~ r

nutrfents into the bay. r

Iawai Stream and Ba

This estuary is about four and three quarters miles east of Nahfawa
r

Bay.. Af I of the comments made about Wahiawa would apply to Lawai.
I'

Naw I I I w.f I i Bay uIl

This is the most complex esf uary on the island of Kaua I in terms of

' watershed description. Located on the southern side of the island this

bay is fed by three tributaries. These are The Huleia, Puaf i and Nawf I iwil i
I

Streams. Quoting directly from Cox and Gordon "Large areas in the dra inage

L

basins of al I three streams are in sugar cane fields of comparatfvely Iow

relief and there fs a large cattle ranch in the drainage basin of the

' ' Huleia Stream. The headwaters of. the Nawfliwili and Puafi Streams are in

Kilohana. The headwaters of

leale-Kawaikini mass of central:

the flat-sloped post-erosional lava dome of

fhe Huleia are in the extremely rugged Wafa

Kauaf. Irrigation water is diverted from a

.. portion of the t'crwn of Lihue is in the Nawi

I I, three streams." A sizable

liwili Stream basfn. The Lihue

Pl antat fon sugar mi I I is also in thi s same va l fey. The urban areas of

sfte ot the large Kauai Surf Hotel. The hotel has,a sewage plant and after

treatment the eff luen't is discharged into the bay.

Heading the List of potential "aqricuftural chemical" pol fbtants

I
detergent phosphates. ENext, would be.'urban used chlorinated hydrocarbons and

on the fist but'of lower risk would be the sugarcane herbicfdes and nutrients.r
l

- Lihue town, Nawi-I iwil i Vi I lage and Niumalu Vi li age all make use of cesspools.
Kalapaki Beach which is at the head of' the northern arm of the bay is the



29�

Hanamaulu Bay

Thrs bay is Just north of the I cohue Airport. Hanamaulu Stream Is

- the'"'fnain tributary. The valley head is in forest lands on the slopes.
of the Kilohana cone. Sugar cane fields cover most of the valley's
lerigth. The villages of Kapaia and I-Ianamaulu which are in the bay's
watershed both use cessp'ools.

Urban and sugar cane agricultural chemicals are the ones that could
find their way into this estuary.

~ lrlailua-River and Bay

This estuary Ie on the east coast -of Kaual. Its tributaries are-
the WaiIua River and Opaikaa Stream. For irrigation use water, comes Into

the north fork of the Nailua from the Haanalei River, from the North Fork

.cane fields and these fields extend northward to the southern edge of the
valley of the North Fork. The northern edge of the valley of the North

,' Fork is in homesteads. A number of miscellaneous vegetable crops are
grown in this watershed. The vaIley of Opalka Stream is planted to rice.

t
The I arge resort hote I, the Coco Pa lms, on the north edge of the mouth
of the 'k'ai lua River uses a sewage treatment plant.

Agricultural chemicals reaching this estuary could derive from sugar
cane, vegetable crops, cattle ranching and/or urban usage.

l'taiakea and I'loikeha Canals

These two estuaries are located south and north of the town of Kapaa
respectively. The town uses cesspoois. Their drainage has been poor due

to clay soils and a high water table. '1Sugar cane fields pineapple
app e,

to the South Fork and from the South Fork to an area further south. flead-
waters are in forest reserve lands. The South Fork runs through sugar



V
chemical wastes. The cannery is recorded as disposing of 300,000 gal lons

-'of waste water per day when operating.

included in this watershed.

Cattle ranching operati'ons are

 

Kapaa Stream
I

This stream reaches the ocean on the east coast of Kaual at Keal,ia.

, The headwaters are in forest lands and the watershed includes sugar cane,

'pineapple fields, cattle ranching, smal I independent growers of varied

crops, scattered homesltes in the Kapaa Homesteads, and the urban area of
 

the town of Keal ia which is served by cesspools. Water -from this stream
 
I

ls used for Irrigation.
I

Agricultural chemicals could derive from any of the aforementioned.

Chlorinated hydrocarbons, nifrates, and phosphates should be considered.

 .
Anaho I a Sf r earn and Bay

This stream or'lginates in forest lands. Sugar cane fields, cattle

ranching, and scattered homesites with very smal I areas of varied crops

are within the watershed. The homes use cesspools. The stream is diverted

for irrigation. Nitrates and phosphates are probably to be considered.

Mo laa Bay

The headwaters are ln forest lands and fhe lower val ley in sugar cane.

Cattle ranching is included in the watershed. The few houses at Molaa use

cesspools. This is probably a pretty clean estuary. Perhaps some

nitrates and soi-I--adsorbed herbicides from the canefields reach it after

heavy rains.

I

.; miscel laneous vegetable crops, the urban area of Kapaa plus many scattered
92 

i homesltes ln the Kapaa Homesteads and the pineapple processing Hawaiian

Fruit Cannery can af l be considered as potential sources of agt lcultural



Ki I auea Stream and Bay

Kilauea Stream begins in forest lands and passes through cattle ranch
r.

ared's and sugar cane fieids enrouto to the bay. Iis waters are used for

irrigation. The Kllauea Plantation is scheduled to end its sugar cane

operations in another year. Homes in the town of Kilauea use cesspoo[s.

Nitrates and soil adsorbed herbicides might reach the bay on occasion.,

Kalihiwai Stream and Ba

The stream is diverted at low flow for irrigation. The valley
 '  

includes'.Cattle ranch lands and sugar cane fields. The few hopes ln
i

the loweF valley use cesspoofs. As noted above, the Kilauea Plantati'on

plans to end its sugar operations in the near future. Seed corn ls being

grown and may be expanded. Present plans call for the planting of

sorghum in the spr Ing of I 97 I.

Pestlcides used in corn include the insecticides Sevin and Gardona,
I

'I

,'the fungicide Zlneb, and the herbicides Atrazine, Suten and Lasso.
I

Hanalei River, Maioli and Malpa Streams and Hanalei Ba

The river and both streams enter Hanalei Ray. This river is the

largest one on the north coast of Kauai. Forest reserve, cattle pastures,

. and wet land taro paddies make up most of the watershed. No pesticldes are

Ksed for Taro.

A few scattered homesites and the town of HanaIel use cesspools. The

.- resort hotel Hanalel Pl antation is served by septic tanks discharging to

leaching wel ls near the shoreline.

Nitrates would probably be the most I ikely "agricultural chemical"

to get into the estuary.
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Lumahai River

The headwaters are fn the forest lands deep in the central raIny

>,portion of the island. The flood plain is used mainly as a ranch. There

are very, few bomesites in the valley and these make use of cesspools.

This is probably a pretty clean estuary.

I

Wainlha River

Forest lands, cattle ranching and wet land taro cu Iture agriculturafly

describes this watershed.

he vfllage of Wafnrha uses cesspools.

This estuary Is probably pretty clean. Nitrates might be considered.

Kaual

Sugar cane Is by far the principle agricultural crop of the island

and the maJor user of agi-iculturai cf emicafs. There are 51,389 acres of
I

cane on the island.

The wlndard plantations make extensive use of Atrazfne-oiuron,' or

Atrazfne-Ametryne 3 pounds plus 3 pounds initial with ametryne boosters and

, the southern side uses more ametryne initially with Diuron boosters.
!

Af I plantations use 2,4D and Oalapon.

OAHU

Pea r I Ha rbor

Viewed ecofogical ly and morphogenical ly Kaneohe Bay is probably the

chemicals reaching the estuary this is ihe most complex inshore waierbody-

watershed system fn ihe state.

most complex estuary in the state but viewed in terms of the agr icultural
I

chemical usage in the watershed and evaluated as to the likelihood of these



lt =re are eight tributary stream" entering the harbor. These are the

Maimano, Waiau, and Kalauao Springs.

f Sugar cane, pineapple, cattle ranching, headwater forest lands,
l

I
dairy farming, watercress, taro paddies, bananas, and miscel laneous smal I

patches of vegetable, fruit, and flower farming agricultural ly describes

. fhe watershed in qualitative terms. In addition there are highly

Urbanized areas close to the harbor. and the Naipahu area is one,'of the
I

most rapidly growing population centers in the state.
t

In spite of the vast agricultural enterprises in the watershed their

agricultural chemical" input is probably sl ight compared to urban and

ilndustriaI sewage and erosion from new housing developments.

Analysis for chlorinated hydrocarbons, dalapon, Hyvar X, nitrates and

nsight respecting any agricultural conta-
'., I
:!

1

phosphates should provide an i

mination of Pear'I I-larbor.

Kalihi Channel and Keehi La oon

Moanaiua and Kalihi Streams the tributaries of this estuary head in

the forest reserve areas ln the high rainfall belt along the summit of the

Koolau Range. The heavy urban density of the watershed and the industrial

areas along the coast. would dominate the determination of pollutant input.

Chlorinated hydrocarbons, nitrates and phosphates originating from

Urban and industrial use should be checked for.

Iionoluiu Harbor

,The main tributaries are the Nuuanu and Fauoa Streams and the Kapa-

lama Canal. Nuuanu Stream begins in forest reserve lands at the crest of

the Koofaus.'.

t
Honouiiuli, Waikele, Waiawa, Waiau, Waimalu, Kalauao, Aiea and Halawa Streams,

-In<addition there are five large springs. These are the Waikele, Waiawa,



,Comments on Kal ihi Channel and Keehi Laqcon apply equal ly to the

"agricultural chemical" situation of Honolulu Harbor.

Cox comments that the harbor waters are general ly oi ly. It might

be interesting to draw a set of samples f rem thi s surface ol I sl i'll and

-. analyze for chlorinated hydrocarbons and compare the results to a set
92

of deeper drawn samples.

Ala Wai Canal and Yacht Basin and Kewalo Basin
I

The klanoa and Palolo Streams can be considered as tributaries.

Springs,' Intermittent tributaries and storm sewers add to the canal.
I

~ As Cox points out "although the heads of flanoa and Palolo Va I ieys and the

upper parts of the ridges in the tributary areas are in forest reserve,
!

most of the drainage area tributary to the canal is in urban residential

or business use." Therefore the character of chemical pollutants is

determined by urban origins.

Chlorinated hydrocarbons, nitrates and phosphates are probably there.
j

This estuary has been treated in greater detai I earlier in this paper.

Na lmana lo Stream

Headwaters of this stream reach the famous Pal i. The watershed Ip

rural for the most part and includes ranching, miscel laneous vegetable crops

'and a few fruit and ornamental plantings. The University's Yaimanalo f ield'

station is within the drainage area. Beginning in forest reserve lands

the stream reaches the coast through the U.S. Air Force Base at Bellows

Field.



This is probably a pretty clean estuary but because so many agricul-

 of fungicidal origin!.

I
Kaelepula Stream and Kawainui Canal

These two estuaries pretty wel I bracket the south and north edge of both

Kai lua Town and Kai Iua Bay respectively. Enchanted Lake drains to Kaefe-

pula and Maunawi1 i Stream Is a tributary of Yawainui. The watershed

heads in.the forest reserve lands of the Koolaus and then moving to theV

shore includes ranch lands, golf cour es, smail plots of vegetables,-

ornamentafs, and orchards and a heavily urbanized area which is rapidly

expanding. Both sewers and cesspools serve the area. The urban population

would be expected to dominate the chemical character of the estuary

effluents. Chlorinated hydrocarbons, nitrates and phosphates should be

considered. 92

Kaneohe Bay

This is the largest estuary in the state. Volume II of Technical-

Report llo. >I is being devoted entirely to this bay. It is unique in that

-it is both an estuary and a lagoon. Nine perennial streams are tributaries.

~These are Kawa, Kaneohe, Yeaahala, I-leeia, Kahaluu, Kaaieea, Waiahole,

Wai kane and Hakipu Streams. Intermittent streams, ground mater and sewage
t

. add o the perennial stream's discharge into the bay. There are two

sewage outfalls, one for Kaneohe Town and the other for the Kaneohe Marine

Corps Ai r Station.

tural odds and

such'"thIngs as

ends are in the watershed it might be wel I to ch'eck for

arsenic  perhaps from the herbicide MSMA! and mercury .



Urban development is rapidly expanding in the drainage area although

diversified farming remains extensive. Forest lands, ranching, bananas,

faro, papayas, vegetable crops and ornamentais are alf grown in the

drainage. area. In pi1e of this agricultural variety it is ratfonal to

expect thai' the urban development and established urban segments dominate

the "agriculturaf chemical" input. Due to the complexity of the watershed
I

a clean cut diagnostic evaluation of chemica I pol lutants wouid probably
/

be pretty frustrating. Ynowfedgeable agricultural interpretation of data

derived by others in the Sea Grant program would seem to have more

possfbiifties.

Chforinated hydrocarbons, nitrate., and phosphates and perhaps arsenic

and mercury might be considered.
1

I;ahana Stream anc' Bay

This estuary has heen' di.-cu' ed earlier in this paper.

Waimea River and Bay

Elehaha, Kamananui, and Kaiwf koele StreaM' are tributarfes of

Naimea River. Forest 'lands, cattle ranching and sugar cane fields plus

scattered homesites witi! cesspcols are afl watershed components.

This should be a pretty clean e,3 u= .ry.

Nithates, soil adsorbed herbicides and dalapcn could bc. checked for.

, 2,4D is possible.

Walalua Bay, Loko Ea and Anahblu River

This estuary system was described earlier fn this presentation.
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Kaiaka Ba and Paukaui I a and Ki iki i Str earns

.. This estuary, of relatively complex origin, was treated in some
r,,:

. /8
detail in a preceeding portion of this discourse.

Oahu
!

In terms of area sugar cane is the most extensive crop on the island.
!

There are 37,409 acres of canef ields. Pineapple occupies about 20,000

acres. Piggeries, cattle pastures and ranges, cattle pen feed lots, whole

- mi fk dairies and a variety of smal I scale producers of fruit, vegetables
y! .

and ornamentals serve the large population.

fn spite of this extensfve and diverse agriculture there is little

doubt that it is the urban, not the agricultural facet, that dominates the

character and amount of "agricultural chemfcal" estuary input.

MOI OKA I

Hafawa Stream and Ba

Moaufa and Nawaihul i I i Streams are tributaries of Halawa Stream. This

estuary is on the north coast near the eastern end of the Island. Head-

waters are in high rainfaf I torest lands. The lower portion of the val ley

fs a part of the Pohakuloa Ranch and is grazed I ightly by cattle. There are

a few homesites in the lower vaf Icy and these use cesspools.

This Is a very large "unimproved" watershed and would probably make

a good contro'I sampf ing site for statewide studies.
!

.Pefekunu Bay

Kailiili, Pilipililau, Kapuki, Kawainui, and Pelekunu Streams are all

tributaries In the watershed of this bay. The valley is uninhabited and
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Estuaries of the Northeast Coast of East Maui

I

Bay fed by the Punaau and Nuaai lua Streams; Honomanu Bay with the

tr'Ibutary of Honomanu Stream, Makaiwa Bay f rom Oopuoi a Stream; Waipio Bay

from Waipio Stream; Hoolawa Bay from Hooiawa Stream; Pi laic Bay from

Kapiki Stream and from Kuiaha Stream are I isted by Cox as the

true estuaries of this coastline. Watershed agriculture includes cattie

;.ranching for al I of them plus pineapple for Kui aha.. They al I have their

headwaters In forest I ands.

In addition to the above ~ention is made of two stream-mouth estuaries.

These are Kopi I iuia Stream. southeast of Wai luoiki Bay and Waia Iohe Pond

at the mouth of Piinaau Stream. The vi I lage of Keanae using cesspools

is on the northshore of Waialohe Pond which might cause some nitrates

. and perhaps phosphates to get into the pond.

Mal iko Bay

Mal iko Stream -and Gulch begin in forest lands, pass through ranch lands

and then through sugar and pineapple fieids.

Hyvar X and Dalapon might be worth checking for at sometime in the future.

cannot be reached by roadway. No "agricultural chemicals" are used
I

ln the drainage area.

>, F Ishponds of South Moloka i

Cox states that there are at least forty f ish ponds along the south

coast of Molokai that qualify as estuarine waters. With this.number

there is no doubt a considerable variety with respect to "agricultural
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Kahu lu i Ha rbor

This is not a true estuary. Since it is the main harbor of the

Is'fand and because it has some poi lution problems in common with the

true estuaries, Cox included it in Technical Report No. 3I.

There are no fresh water stream tributaries. Storm drains go into

the harbor but treated sewage reaches the bay through two outfal ls outside

of the harbor. Iao Stream discharges into the bay three quarters of a

ml le west of- the harbor. Kanaha Pond a bird refuge is one ha'I f mi Ie east.

Sugar cane, pineapp'le, a pineapple cannery, cattle ranching, dairy
I

farming, and urban areas of the towns of Kahului and Wai iuku can be said

to be in the watershed of the bay and following a heavy storm some of the

runoff from these would probably get into the harbor. Urban activities would

- be expected to dominate.

Hyvar X, daiapon, 2,4I3, chlorinated hydrocarbons, nitrates and phos-

phates might be suspected and checked for.

Kahakuloa Bay

Kahakuloa Stream is the main tributary for this 'estuary. The stream

heads In the rainy central mountains of West Maui, Forest lands account

for most of the valley. Taro is grown in the lower portion. The village
I

of Kahakuloa uses cesspoo! s.

Water quality here is considered to be very good. Perhaps some

nitrates reach the bay.

Honokohau Bay

This bay on the north point of West Maui is fed by Honokohau Stream.

Headwaters of the stream reach way back up into the rainy mountainous center

of. West Maui.

Forest lands, pineapple fields, and a few homesteads in the lower valiey,



Hyvar X a;fd nitrates migh I be worth checkingdescribes the water'hed.

for some]ay.

Honofua Bay

AII comments on Honokohau would apply to 'lonolua. More pineappie

fieid drainage can 'be expected to take place into Honolua.

Maui

44,836 acres of sugar cane and abou 9,000 acres of pineapple are

the main crops, Cattle ranching, dairy farming, vegetable crops and some

fruit crops are grown.

HAWAII

Hi lo Harbor and Wai luku and Wai loa Rivers

Like Kahului Harbor on Maul, Hi lo Harbor is not a true estuary.

The Ãai luku and-Nai foa Rivers a. e trlbutartes and fresh water

also goes into the harbor from extensive springs at Keaukaha.

Forest lands, sugar cane fields and urban areas of Hi lo are in the

watershed. The city of Hi lo is served partly by cesspools and partly

by a sewe'r system. The treated sewage is put into the open ocean about a

hal f mi ie east of the breakwater.

Da lapon, 2,4-D, chlorinated hydrocarbons, nitrates, and possr bi y

phosphates might be worth checking for.

Waipio STream

This estuary on the north coast of tne island has in its watershed

forest lands, sugar cane fields, taro paddies and a few scattered homes

It is to be expected that "agricultural chemical" threats o estuary

water quality are much less serious than on Oah'.
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Us I iig ccsspoo I s.
i

Dalapon, 2,4 � D, and ni'ra'e- are po sibie candidates io search for.
IIol lowing heavy rain.'al I erosi "ni he soi I a so, bed herbicides Ame i-yrie

AT az i ne and 3 i uron probab I y cor!'e @own i nto , 'he bay.
I

Polulu Stream

Although Cox states thai the valley is uroccupied and uncultivated

with a few catt le o > the f I ood p la in he does I i st sugar cane as an

agricultural development in iable I5 on page I I7 of Technical Report

~~io. SI. Before any cor.sidera'tion is given to I ikely "agricultural

chemical" containrrents in the estuary trils possible discrepancy si-ould be
checked out.

HB'.VB I

Having a I and mass gree'.er than a I I ihe other i sl ands put tooether ih"

due to its relative geomorphic youih p laces it Iow on the I i st when consi-

ub~ect ~der ation o' estuarine poi I ut i on prob I ems i s h s

!e crop farmiots atExtensive development of th= diverse vege+ab

Lalamilo in the South Kohala Distr ic+ riear I".aimea makes It inieresting to

find out about Kawaihae Harbor. Althouah his is not a True esiuary
here could be a great variety, ihough reiatively

tural chemicals" used in the upper watershed.

i
Iow volur;,e, of "agricul-

agricultural enterprises are of more ='.versify. Its lack of ?rue estuaries
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l h2p l" i ITiacy i nteni i 0 i~ l SGSCO i s eh a be en I Op I ov i G2 a,a't l 0 l a i

p ro p o s a I u p o n w h i c h a 1 2 - u 2; y = m p l I n g no g ra m c a . b 2 b a s ed t h a, w i I

prov i danunderstanangof t h= "agr;c.,' fur a,'che,"� i ca l s" foun crea i i ve to

he i ron i g i n.Thus t he f our Ga nues I LI a.es; a i aka Bay,Ka i a l ua Bay,

KahanaBayandKuapa Pond aretinencad tobe-' i agnos i c i nna,un 2,Fo;

e x 2 m p I e, a c h em i c a I k no w n t o b e u s 2 d i ni p i n e a p p I 2 m i g h, b e c I a i m 2 d i o

c o n i r i b u t e to a i i e s t u a r y b y t h 2 co n c 2 n t r a t i o 1 o f, h i s chemical f o J i I G i n

Ka i aka Bay minus t'he con ce;ra I 'l ons f ounid in �;h2 other t hreaes i uar i es.

, h e c h em i c 2 i s mi e n, i o» e G a s b 2 i 2 g present l y a c �, i v e I y used b y t h 2 ~, 2 2

ma'oagr i cu I tura I "segman-;s wc.'2:

Pineapple;

H e p i a c h I o r, L i n d a n e, = 3 B, B K, G D,; �; y v a r X, D i u r o n, A t r a z i 1 2,

Amet ryne,Diaz iron, lvla'.2t h I on, lvi l rex,Captan, N i t rOgen,Phosphorl S,

Po i a 5S l umph and IVia once I u.,i

SugarCane;

A m et r y i e, A t r 2 z i n e, D i ' no n, G 2 G p o n, 2, 4 - D, W a r < a r i n, B e n I a; e,

D i ruat, ib I i rocen,P hosp norusandPotassium

Pes i Control 0 peratorsandHQ;.-ow I ers

Ch I or dane,Hep tach l or, i n cane,A { dr I 'n,D l e I dr i n,D i az i non,

Bayaon,h i trogen,Pho-p her usandPoiass l ui

0 i h 2 r a g r i c u I, u ra I C h em I c 2 I m 1 . i o, 2 d d u i i n g I h e t re a tm e n t Of m i Sc 2 I i a 1 eo u s

2 g i c u i i U r a I s e - m 2 n t s o t h e r t h 2 2 + h 2 ."�a j o r t h r e 2 ', r c I u d i n g the ', i g h w a y

T h i s i s a 1 o b v i o u s ov e r s i m p I i f i ca i i o n, b " i i I i 2 ., -' i n s The b a s i s 0 i reason ' l g
f o r The proposal .
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cr pa rtment were; Cygon, Th i ada n, Gardona, 5ev i n, i~la I at h ion, Veg ." ex, Sut en,

Lasso, Arqino Tr iozole, IvSVA, Dac; hol, Dimed, Zineb, and Vaneb.

~ '�r. Jonald Crosby, Chairman of he Depar ment of Environmental Toxicology,
I

. University of Ca I i fornia at Davi s I ed a Sea Grani 'workshop dur ing which thi s
1

proposa,l was discussed and Dr. Crosby's eva luation received. The key issue

then under consideration, was the I Ikel ihooC of a chemical's appeararce in an

estuary when it is known to be used in that estuary's watershed.

As the result of that workshop and because it is diagnostica I ly necessary

'to cross index it is proposed that the four Oahu estuaries be sarrp led for

chlorinated'hydrocarbons, Diazinon, Hyvar X, Da lapon, 2,4-D, arsenic, mercury,

.. nitrogen and phosphorus.

lt ls important that this sampling program be done over a time span

resulting in samplings before and after heavy rainstorms. Careful, accurate

notations of the so'll erosion effects of these storms must be obtained.

Once the sampiing program oi these four estuaries is either completed

or weli enough on its way that insights have developed then other Hawaiian

estuaries might be considered.
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