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Ob jective:

To propose a "simpiified" program of estuary sampling for specific
"agricultural chemicals".

To support this proposal witn facts and reasoning.

To aim the proposal toward delineating the origin of estdarian

"agricultural chemical™ containments.

The contractual scope of services asked of this contractee have
been written as follows by tne University of Hawaii, the contractor.
Scope of service:

Determine for watersheds coniributing to specified imporf;n+ estuaries
in the State of Hawaii the Types and quantities of "agricultural chemicals
(pesticides and fertiiizers) appiied; the timing of such applications and
acreages involved. Relate the foregoing to cultural pracdtices, terrain

features, and rainfail characteristics with the objective of assessing the

likelihood of chemical centainments being transported from the site of

application fo 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 sampling and analytical workload in reign.
Therefore it is initialily proposed Théf only four estuaries be
sampled and that these, all on Ozhu, be Kaiaka Bay, Waialua Bay, Kahana

Bay, and Kuspa Pond- Maunalua bay.




Atf=r these four estuaries have been investigated Té the extent
that some understanding of the objectives is obtained consideration might
be g}ven to Nawiliwili, Peari Harbor, Honolulu Harbor, Halawa Bay on
Molokai, Kahului Harbor, and Hilo Bay.

Actually some analytical data already exist and more will be derived
in studies concurrent to this "agriculiural chemical" portion of the Seca
Grant in those estuaries other than the initial four herein proposed.

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

Oahu estuaries as the initial sampling sites is as follows.

(i) Expenses can be held down by Fimiting the site numbers and
having them ail on Oahu,

(2)Y Of the Tofal Hawaii State population of 768,56 persdhs, inc!udiﬁg
military, 629,176 or over 80% live on Oahu and if any pollution problems
exist they are most certainly going 1o exist first in QOahu's estuaries (1).

(3) These four sites provide:

(a) a water shed including sugar cane, a sugar cane mill, pine~-
apple, }esidenfial areas-including seviage +réa?men? plants
and some diversified farming (i.e. Kaiaka Bay).

(b) a watershed including sugar cane, limited residential and
limited diversified farming (i.e. Waialua Bay).

(c) a watershed of principally suburban housing (1.e. XKuapa Pond)
and

(d) a relative control whose watershed is mosfly_“naTural"
forest (i.e. Kahana Bay).

(4) Hopefuily, initially avoiding such complex estuaries as typified
by Pear! Harbor and Kaneohe Bay will give data that can be more eésily

understood.




Pineapple

t. Field's Disposure to Runoff or Erosion

Depending upon whether a field is being put through a three or four
year cycle only from 25 to 33% of the pincapple acreage of any ptantation
is vulnerable to runoff or erosion. The remaining acreage will be either
under full crop canopy or knocked down fying fallow with a hea;y cover of
the preceding crop's plant residue.

Since most of the agricuitural 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 confribute any agriculfuratl chemicals inio The water-

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

rainfall during the months from November +hrough Mairch.

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 con?fol as well but is usually onliy foflowed where anomala grubs have
been shown 1o be present. At one time DDT‘was used for both anomala énd
ant control but this is no tonger true.

If an unexpected heavy rain were to follow the application of the
Heptachlor before it was tilled in fthen runoff mighf occur but the frequency

of this is remote because good field practice dictates that the tillage
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follow as closely behind the Heptachlor spray as possible and this ma? range

from a feq hours 1o a day or fwo. Once tilled in only serious erosion would
Ee able Té take it into the estuary.

At +£e laying of the polyethylene mulch the nemafdcides, Lindane

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

: Depénding upon the species and seriousness of the nematode problem
the rate and.kind of fumigant is selected. MWhere the Reniform nematode is
serious EDB (ethylene dibromide) alone or BBC (I,Z—dibromo—chhIoropropane)
in.coﬁbinafion with 0D or Telone (differing mixtures of |,3-dichloropropenes
and [,2-dichioropropanes) are used. EDB may be used up fo a maximum of
twelve gailoﬁs per acre and the BBC - DD or Telone combination is usually
3 1o 4 gallons of the first with 30 to 40 gallons of the second. Where
Reniform is not present DD or Teione-alone are usually used at E;Tes of
40 fo 60 galfons per acre. When Lindane is combined with the fumigant for
Symphy!id contro! it is uswaliy applied at from 1.5 to 2 pounds active
per acre, The fumiganT, with or without Lindane, is injected into the soll
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 ié‘unlikefy that they
would find their way into any coastal waters. AIThbugh Lindane is a
"stable" chlorinated hydrocarbon its injection depfh would protect it from
surface runoff and only serious erosion from heavy storms would risk its
movémenT intc the 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




two are{offen applied immediately before and after planfingraf "ballpark"
rates 0? from I to 4 pounds of Hyvar X with from 2 to four pounds of
Didron.f Limited use is made of Atrazine and Amefryne.

| Asfa generaltly true statement most pineapple solls have a very

high adsdrpfion 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 during
the cycle and 50 to 200 pounds of this may go on as aqua ammonia at the same
- time as the field is polyethyiene mulched and fumigated. The agqua is
injecfed into the soil beneath the polyethylene to a depth of five or six
inches. Al subsequent ni+rogen goes on as postplant sprays of ures or
ammonium nitrate at per application rates generally of from 5 %o 20 pounds
of nitrogen per acre. |

' In areas where sol!l 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'mighf be attributed +o.a pineapple origin
should probabiy be Iimited to nitregen.

For the confro! of mealybugs and scale plus as a general prophylactic
‘insecticide Diazinon at per application rates of about 1/2 to 3/4 pounds
acfive per acre are made. Malathion has and is being used for meatybugs,
but ifs 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 Heptachlor were to exceed four or five pounds,
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Mifex, which is cleared for ant control in pineapple may come into
use and has been used on some "expanded experimental™ basis.
!
Captan is only used on a very limited scale for the treatment of

localized rot areas caused by Phytophthora cinnamomi and P. parasitica.

i
f

3. Discussion

Since pineappie is not irrigated in the usual ly accep?ed-meaning of the

word there is no tall water which must be disposed of. All pineapple plan-

tations are very thrifty in their use of agricultural chemicals for obvious
economic reasons plus the fact thal their management's are truly concerned
about their malntaining a clean record and not contributing to a pollution
problem, '

Their only vulnérabili?y would seem to be in those cases ;here unus-
ualiy heavy rainfalls like those of some of The Kona storms occur in the
fall and winter.

Where the Sea.Gran+ workers are specifically looking for agricuttural
chemical indices that might have originaTed from pineapple In their sampling
of estuaries whose watersheds are made uvp in part of pineapple lands, they
should probably Fimit their search to Heptachlor, Di%zinon, Hywvar X, Diuron
and nitrogen. These should be sampled for both during "normal" weather and

following a heavy winter storm,




Sugar Cane

1. Field's Disposure to Runoff or Erosjion

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.apiece 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 sail
, titlage so the plant crop installation is the more critical from the erosion
Fisk viewpoint. The ratooning of a field foltowing the harvest is to allow
The_residue cane Torsprou+, to reshape the contoured irrigation furrows
'around these sprdufings and to replant seed cane pfeces intfo those bare
spots then showing.

- Since the plant crop's field preparation requires the complefe rein-

stailation of the field the difference can be appreciated.

Each two year growth period takes about six months to plant canopy
close in.
Canefields are planted the year around so tong as weather permits.
Nearly all of the agricultural chemicals appffed_are put on during

the first year of the two year growth period,

é._ Agricultural Chemicals Applied; Rates and Timing.

Herbicides account for nearly all of the pesticides used in sugar cane
producTién in terms of absolute amounts.

Ametryne is the major sugar cane herbicide on Qahu. Generally, there
will be an application of five pounds of 80% wettable powder just after
planting and a second, or booster shot, of four more pounds about four or
five weeks later. At bresen? because of broadieaf weed probiems the Haiélua

plantation is using a combination of ametryne and atrazine for their initial




application. The rate 1s three pounds plus three pounds.

After these two applications are made if weedy areas appear they are
usually handied by spot spray applications of mixfures of Diuron-Dalapon-
surfactant-and water. A typical such mix is inade up ot five pounds of
80% wettable powder Diuron, five pounds of Dalapen, 0.25% to 0.50% surfactant
by volume and diiuted to 100 gallons with water. The surfachhf used is nearly
all Union Carbide's biodegradable Tergitol 15-5-9 which Is 100% nonionic. |f
broadieaf weeds are present in addition to grassy weeds about four pounds
';f 2,4-D may be added to this mixture. This combination is sprayed on weeds
JTO wet" (i.e. to the poinT where the entire weed surface is covered and
dripoff just begins). A caiculated prorating of this spot troatment usually
shows fhaflsomefhing i]ke thirty gallons of the mixture is applied per acre
of canefield. Once the field is closed In only borders and open ditch
areas require weed control attention. |

No insecticides nor nemaTocfdes are being used in sugar.

In the heavy rainfall areas where rat damage is a p}ob{em rat bait sta-
Tions around the fleld edges containing anticoaguiant rodenticides such as -
Warfarin are employed. Warfarin is mixed into the oat bai+ at a 0.025%
concentration. There is tittle lieklihood of this material finding its way
into an'esfuary.

The fungicidal treatment of the cane seed pieces to protect them from

Thielaviopsis paradoxa is an economic necessity. PMA (pheny! mercuric

acetate) has and is being used for this, Tﬁe seed are given a hot water
dip containing by volume One-parf 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 Eed to the now completed clearance

of Benlate. Benlate can be expécfed to quickiy replace the use of PMA

since the latter's registration ends this year.
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Cerasan L is no longer used as a sugar cane fungicide.

|

!

Diq@af, though it Is registered for the contro! of tasselling or
floﬁeriné, is still only being used in localized experimental fieids.

Cané receives from 300 to 400 pounds of nitrogen per acre during its
two yea? §r0m$h pericd and nearly all of this is applied during the first
year. About 100 pounds of this nitrogen is injected below the seed plece
as urea or diammonium phosphate,

Sugar cane requlres considerable phosphorus and potassium and these are

'applied where they are either not available from the soil 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 poTassTUm.
as-well as other nutrients. On Maui at H.C. and S. there is the situation
where some of their non—m?ll irrigation water runs so high in potassium that
Tﬁey occasionatly have the problem of potassium chloride cryé+allizing out in
+their molasses, When phosphorus is applied about 200 pounds per acre is put
on at plan}ing either as diammonium phosphate or, less frequently, as treble
superphosphate. Potassium may be used at rates of from 300 to 400 pounds per
acre with maybe 100 pounds of-fhis going on at the time of planting. These

rates refer to the oxides P05 and K30,

-3. Discussion

About fifty percent of the sugar cane area in the state is irrfgafed.
The intent of each plantation's irrigafion program is to have no tail water
left upon completion of an irrigation round. The general alm is to get on
a two acre-inch appiicafion every two weeks and Yo uniformly do this across
a field may require as much as a four acre-inch apblica+ion.

Many plantations make use of their mill water which is deéirgble for é

number of reasons, These include:




. Avoiding the disposal of the mill weter over a seafall qr into
a watershed. |
2. The use of water which has a high plant nutrient content.
and
3. The economics of utilizing something they already have.

tn the sugar industry of Hawali the general statement can be made that

they elther are or shortly will be making use of all their water including
mill water in such a manner that they will be "“self contained” units. The
~accomplishment of this will of course reduce the risk of moving any of their

. agricuttural chemicals info estuaries.
| "~ Sugar industry management is well aware of the importance of their attain-
ing and maintaining an "in fact" record of be}ng as ecological]y clean as possible
with respect to the Isiand's estuaries, and their selection of practices are
aimed in this direction. A greaf deal of effort is expended onicon+0ur
~shaping of fields to minimize runoff and erosion and to maximize irrigation
efflciehcy.

The hazard that exisfs is +Ha+ of ‘the unexpected erosion which follows
the occurance of a storm of exceptionally heavy rainfall. When +hfs happens
it can be expected that some agricultural chemicals will find their way into
the estuaries.

Sea Grant researchers looking for indices of agriculfural chemical
po!lufanfs that might have come from sugar cane should check for Ametryne,
Atrazine, Diuron, Délapon,.2,4-D, nitrogen and phosphorus,

Samp les shou’d be taken before and after a heavy rainfall.




Pest Control Operators and Homeowners

I._ Disposure to Runoff or Erosion
Most urban areas are adjacent to ccean frontages including estuarian
waters. Thus runoff or erosion movement of agricultural chemicals used in
urban sites generally would not have to move long distances to reach any
estuary in question. Some compensation for this would resulf from +he fact
) that once an urban area is established it is well stabitized with buildings;
f' lawns, walkways, various retaining walls, plantings, etc. This factor should
reduce erosion (and perhaps runoff) risks as compared to the agricultural
i sttuation of 2 newly plowed field. This consideration would be less applicable

in @ new housing development where in the beginning there were no ptantings.

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

intfo the coastal waters.

- 2. Agricultural Chemicais Applied; Rates and Timing

Pest Control Operators and Homeowners are presently using nearly a
quarter of a million poundé of active pesticides per year In Hawaii. Pest
control usage Tn urban areas accounts for the lion's share of +he chlorinated
hydrocarbons applied in Hawaii and the main reason is the ground termite problem,

Per unit area the rates employed for urban termite control are orders
of magnitude greater than anything ever done in agricuiture.

The foilowing tabie gives these ra?es:(Z)

Pounds Active Per Acre
Post Slab and Foundation Pre Slab
(4 gals./10 sq. ft.) (Il gal./i0 =q. ff.) .

Ghlordane 1,512 - 378
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Post Stab and Foundation Pre Slab

cont. (4 gals./10 sq. ft.) (I gal./10 sq. f+.) .
Heptachlor 1,512 378
Lindane f | 1,208 302
Adrin. 752 e
Dieldrin ‘ 452 k13

These treatments are generally made at the volume application of about 1000

" gallons per acre. They are supposed to be applied cut to the drip fine of the

dwelling giving a three foot border around the slab, Not all dwellings are on
slabs, however. Some are stilt type therefore more predisposed to runoff and
erosion and these receive similar treatment rates. ,

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

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

Diazinon and Baygon both organophosphates with similar modes of action
are used extensively in urban areas as general insecticides. They are
often useq inside buildings for such things as cockroach controi.

In the case of plant nutrients it is impossible to say much about rates

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

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

of those used in agricuiture.

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

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

. ‘senciude that the urban use of agriculturai chemicats make up the most

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

to the chlorinated hydrocarbons.
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Angfher very real rfsk factor that must be taken into consideration
in +hisgsegmen+ of pesticide usage is the large number of persons involved.
Kimura Jnd Hurov stated fha?.fhere were forty-four Pest Control Operators
on Oahpfin Cecember 1969, This is a business that is constantly fluctuating
and iflinvolves a number of part time members. At present there are between

forty to fifty doing business on Oahu (estimate of Mr. Miles Honda of Ultramar).

In the case of the home dwellers thenselves it is almost anyone's guess as

4o Jjust 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 samp!ling waters for agricultural chemicals ThéT might have
originated from urban applications researchers should considef'looking far
Chlordane, Heptachlor, tindane, Aldrin, Dieldrin, Diazinon, Baygon, nitrogen
phOSphorU;, and potassium, Samples should be selected both before and after

heavy rains.




Information on Specific Estuaries
Waialua Bay

General Bescription

This distinct estuary on the north shore of Cahu dralns a watershed

of 8,384 acres (3).

-

A portion of this estuary Is used as a swall boat marina and a substan-

tial number of semicommercial fishing and pleasure craft make good use of

"the harbor.

The main and final tributary of the bay is the Anahulu River. Upstream
it is fed by the Kawalloa Stream which further up Itself is made up from the
Kawainui and KawaiikiISTreams. 4

Described by drainage paffern the bay traces Its entire origin to a

northern section of the Koolau Mountain Range.

Rainfall

The annual rainfali at the crest of the watershed Is 300 inches and at

the bay the nearest lsohyet is given as 30 inches. The agricultural lands

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

year.,

Soils

The largest portion of the agricultura! soils In this watershed are Thé
low ‘humic latosols of the Lahaira and the ﬁahiawa families. At the higher
elevations there are some fields of Humic Latosols of the Honolua family.
There 1s @ limlted area of Hydrol Humic Latosols classed as the Koolau family,
undifferentiated. Near the bay there is an alluvial fan of the Kawainapai

family, a small area of Hauula paddy soi! and then the upstream balance of The




watershed is classed as a Lithosol. The tatter deflned as "Rough broken

land, re%idual matertal' is nonagricultural and nonurban.
Agriculture
In }his watershed there are 2,700 acres of sugar cane. Actually 280
. of'fhese acres are still In pineapple but will become sugar at the end of
this cycle. The plneapple planting is now one year old.
Below Kawalloa Camp along the upper portion of the Anahulu River there
are some small patches of hasu and even smaliler patches of taro. However,

no pesticides are used In their culture (5).

Urban
| There are about 550 acres classed as Urban lands which could drain into
- This bay (4). Except for Kawailos Camp these urban areas are limited to those
porfions of Haleiwa near the Bay itself.
The census gives the 1970 poputation of Haleiws as 2,626 {1}, A
conservative estimate on the high side shouid put no moire than 1500 of these
peréons residing In the Waialua Bay watershed.

..Agricultural Chemicals Used

.

Using the 2,700 acres of sugar cane as the base and following the
cultural practices of the Waialua Agricultural Company +hat involve agricul;
tural chemicais we can rough out the following as estimates of the totals
aﬁpl!ed in the watershad during a year's period.

(a) 2700 acres 1 acres planted
X 2 per year x 7 pounds of ametryne

~equals 9.450 pounds of ametryne 80% w.p.

(b) 2700

J———

2 ..—-%X_3 = 4,050 pounds of atrazine 80% w.p.




{c) 2700 30 gals. per acre of .
Z : 100 100 gal. mix X 2 pounds of Diuron
b4 .

equals 2,025 pounds of Diuron 80% w.P.
{d) same calculation as {c) gives 2,025 pounds of batapon
(&) 4/5 ths of {c) or (d) gives 1,620 pounds of 2,4D

(f)} 2700
2 X 400 pounds of N = 540,000 pounds of nitrogen

{g) up to 270,000 pounds of P05
v

and
{h) up to 540,000 pounds of K20
Making any reasonable approximation of the amount of agricultural
chemicals used in the urban portion of this watershed can get pretty wild. -
A very crude guess might be:
. 250,000 pounds of active ch[orina?éd 1500

hydrocarbons used In the state x 768,561
by PCO's and home dwellers

where *he [500 over 768,561 is the population factor.

. This glves us about 490 pounds of active chlorinated hydrocarbons used in
the watershed. This figure is probably in error on the low slde of’what is

actual ly used.




Kahana Bay

GenérallDescrlp1ion

Thig site is Intended as the reference control for the other three
esfuarjés.

Loéafed on the windward coast of Qahu, Kshana drains a Wafersﬁed of
5,312 acres (3), "

The main tributary Is the Kahana Stream which s Joingd about a milé
;Ilnland by the Kawa Stream. -

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

.. of the Koolau Range.

Rainfal | - ;
Ralnfali at the top of the watershed is 250 inches per year and at

~ the Bay lItself Just under 75 inches.

Solls
Starting at the bay and working infand the soils encountered in sequence.
Care a Regosol of the Haleakala family, undifferentiated; an Alluvial soll
of the Hanalel family, norma! phase; a Lithoso! described as "Rough broken
land, alluvial material!; and a Lithosol described as Rough broken tand, |
-reéidual maferial.. Going up the sides of the watershed from the bay you
first encounter the Gray Hydromorphic sofis of the Kalihl family, normal
phasé; and then the Lithosols described as Rocktand, with Very thin weathered

lava.

Agricuitural Chemicals Used

There is no Ionger any farmnng in +he Kabana Valley., There are about

+h|r+y-‘lve famulies I:v:ng in a scattering on the vailey floor but none of

them are presentiy dolng any small scale farming. Conversations with a few
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1
of these residents indicate that iittle or no agriculture chemicals are used

even afound the household.,

Kaﬁana Bay looks like a pretty well qualified contro! estuary.
i




Maunalua Bay and Kuapa Pond

General bescrip+Ion

i

-Thi§ estuary Is located between Diamond Head and Koko Head. Considering
the whqfe.bay there is a watershed of 13,824 acres (3). However, when we
considér the Hawaii Kai-Portlock Road urban area alone, there is a water-
shed of 4,608 acres (3). This smaller watershed includes évegyfhlng that

would drain between the ridge immediately east of Kullouou and Kawaihoa

. Point (l.e. the polnt of Koko Head). This includes Kuapa Pond. It is +hi§

pond estuary that is beling proposed for study.

Ralnfall
All of this watershed has an annual rainfall of less then forty inches

with most of it being less than thirty inches,

Softs

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

of the Kawalhae family, normal phase which runs all atong the western slope

of Koko Head. There is a relatively small area of s Regosol, Haleakala

famlly, undlfferentlated which lies roughly in the f;iangle formed by

Kalanianaole Highway-Portlock Road-and Lunalilo Home Road.

Rimming Kuapa Pond s a Gray Hydromorphlc Soil, Kaloko family, normal
phase. North of Kuapa Pond there is another Gray Hydromorphic, the Katlihij
family, normal phase and on the northeast side of the pond there Iz a
relatively small section of Dark Magnesium Clay, Fualualei family, undiffer;
enfiated. The remalnfng soils up the stopes are all Lithosols either
described-as Rough broken land, alluvial material or Rockland wlth very

thin weathered lava.




" Is the only agricuiture In the watershed.

| -~ 20 -
|

Agriculture

Situated along the western slope of Koko Head there are thres small
o _

grqwer$ of Manoa lettuce together using no more than ten acres (5). This

i
7
' : g
Urban . .f
. ¢ - . '

Uslng the I968 flgures and estimating the residential growth since

There are abou+ 20,000 persons Iivrng In this watershed described ,in area

as 4 ,608 acres. - - . oot
7 | , L : S
LT - £
“Agricultural Chemicals Used ¢

The small growers of Manoa lettuce are using the sysfemlc 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 hydrocartons we have:

250,000 x 20,000
768,561

6,600 pounds active

i
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Cara

3 isohyef reads 300 fnches and just Inland from the bay I+ is gIven as 30

. \‘._ : - ‘-.;\ .
Y . .) i '. i
| . . i © i oot
f i Kaiaka Bay 37 kool
s - R [ . ‘,:-’,-
' —& ! s 1
) . -I l * N . -: ‘: . -: z_ : A -
“General Description ' -/ Ty
‘ LE N -: . . -‘\'-.-' : K
This bay Is on the north shore of Oahu pear the town of‘Waialua S
. S
I'ts wa?ershed IS very large, 54,080 acres, and very complex’ relaflve To ' §51
;#ha Three o+hers described in this proposal :;f‘ E e ;

: Movung Intand, These names change and the four main ?ribuTarIes are Kauka-

“n

.~ from both the Naianae and Koolau Mountain Ranges and the wafershed |nc!udes
IWahlawa w|+h I+s reservoir, Wilson Lake' portions of Schoflald Barracks,
“Wahlawa Naval Communica+|ons Station; Helemano Army Radio S+a+:on' Poamoho

':Village and mosf of Waialua.

‘nahua, Poamoho, Helemano, and Opaeula Streams. Thus this |nciudes drainage

The |mmed|afe tributaries of Kaiaks are Kiiki and PaukaU|Ia STreams.

‘:

[

v

P

Rainfalt ) _ .

-

In the cres+ of the Koolaus at the headwaters the annual rainfail

:ufinches. Most agriculfurai and urban areas are between 100 aqf 30 inches. ?
Solls: '; - , ) i g
“The majoriagriculfural and urban areas are on low Humic La+osols the .i

most expansive of which is the Wahlawa family, normal phasesé' Next are the _E
..‘Kahana tamity; naﬁm;} phases; the Lahaina family,ﬂnarmai'phasas and the | E
 .waialua family, normal phases. Fairly targe areas of Humic tafoso!s of the ;

g f}vely small area hfghar elevation pieces of Humic Ferruglnous LaTosols of fhg

;Manana and Naiwa famillies. Around the bay itself is an atluvial soii Kawaihapal

Honolua famlly, normal phase are found on the Koolau side above the Low Humlcs

1
and on boTh The Walanae and Koo lau 5|des of the waTershed fhere -are some rela—

J: } . .'.-‘- ' Y 3

. L :

. S . : T ¥
}l ‘ ? . [ . " . .. : L
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. family, normal phase and up in both the mountain ranges are large areas of = =7’

Lithosols of various description. ' _ I.Fi | o
Lo <o . i A
) : '

- Agriculture LR

»

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

v

£y L b X N
}.1sugar cane, nearly forty acres of miscellaneous vegetable crop%_and Just under -
i! . . - . " .-. .

1 3 \. . b A '
" ten acres of commercial flowers. . _ oo g
.- A . : ‘-. ; ;_h-: . ;
N - . ) B “ ;. - "E

" Approximately 5,350 acres of urban land drains into Kaiaks (4). Roughly

!' . . IEEER T
;36,000 people live in the watershed. The need to hedge here is that portions

' of Schofield drain to Pear| Harbor down the Walkele Guich so that only about
9,000 of its actua! present population of 13,516 is credited aglbeind-on the
Kaiaka side.

One feature of these urban areas that may be of particular imporfance to
the stidy is that there are three sewage treatment plants TﬁaTJempfy info the
watershed. These are located at Wahiawa, Wahiawa Naval Station, and He!eméno

: :
Army Station. The Schofleld sewage plant drains to Pearl Harbqr via Walkele
Gulch and_fhé other urban areas make use of cesspools. Probably the most

'Important estuary containment to check for due to these treatment plants Is

"phosphafe from housshold detergents.

F_—

Agricultural Chemiéals Used
-{IPIneépple
For this estimate it is assumed fhaT_one third of the 7,800 acres of pinews
apple are planted each year. This will cause the final figureé.fo be conger—
vative on the high side since not all of the pineapple fields ére on a sfric+‘ 

-

: _ . ' . ) ,
three year cycle. A limited acreage is fallowed or "carrled over" each year.

s | S

.r - ) _ i
; . ¢
' '!




!:,J ' ) '.’,- ) '."- . _ 23 _ | ‘; '-,; ' Lt

Anofher facfor whlch will cause an overestimate is that not ai! ‘areas are )
*reafed for Anomaia nor Symphylld al+hough the IaTTer Is more wldespread N
1han the former ; . ’ 1 _ . riﬁi

.Calculafions..

4 o e ' i , }
J#-ﬂ Hegfachlorftagftve) R | . 1 ;it

A 7800 s | B | - ; J .

1 28 3 X. . 4 pounds/cycle = 10,400 pounds . %' RAr YA
. J I 2 ,: ) . : . : . " 4 l ' } .
K ‘ | SRR

{4 Lindane (techitcal) g S S

fot N ) ' 5 f .

St 7800 - | E ey

X RN x 2 pounds/cycle = 5 200 pounds - e T
b EDB " i # . |

1800% '
-3 X 12 gals/cycle = 7,200 galions

T DRI M et
L D e M, MR h v e R LeTe T v e
w, - L
. L . o P

. . S
Do Am e VS R e, L.

* Used by Del Monte not Dole therefore only 1800 acres of the wéTershed o

treated. '

: . f ) B ,‘?' : e | "2
v BBC or DBCP . ' e

6000

e S

8,000 gallons - i i ;fa

3 X 4 gals T :
oo - S

-" 6000 . : : . '. ' ?, !
' 3 X 40 gals, 80,000 gallons : O

S Hyvar X (80% w.p.) |
7800 . -t ’ . . L
7,800 pounds ’

I

3 x 3 pounds

Diuron (80 w.p.) o = o

7800
3 b 6 pounds = 15,600 pounds




7800
ST x
.;3?‘ : ‘

Potassium (K20)

600 pounds

= 1,560,000 pounds -

B VA
Rt

. e

T Atew,  rme e

7800 | = &)
) { 3 X 300 pounds ] 78,000 pounds - -3
;: Sugar Cane Vf \
; For the following it is assumed that one half of the 5 288 acres of
cane are planted or ratooned each year ;. _
. ?ﬁfﬁ _ - i L
) Ametryhe (80% w.p.) v .
© . s,288 - o o , 2
" 7 X 7 pounds = 18,508 pounds T _r
Atrazine (80%) 7
5,288 '
. -2 X 3 pounds =. 7,332 pounds
e : . ' . :
Diuron (80%) N -
5,288 . 30% 3 o -
2 _ x 160 x .5 pounds % 3,966 pounds D
' Dalapon (technical) ;
5,288 | 30% : :
N 2 X G0 x 5 pounds = 3,966 pounds
N _ :
. 2,4D (active) {
. v 5,288 30
- 2 2 X 100 X 4 pounds = 3,173
; ¥the gallonage conversion factor for spot spray weeding, refer to
N discussion under sugar cane cultura! practices.
3
: _ }
/
i

PRI
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Nitrogen k
Lo ' . "‘]" ‘ f B
|- 5,288 R i L
R "X 400 pounds - =y 1,057,600 pounds v ' .
. - N f :
e ; ! ' ;
*+ _ Phosphorus (Py05) . w
5,288 | ]
27 x 200 pounds = 528,800 pounds ‘e *
: i _ : . ,
L b :
- Potassium (K,0) ﬂ - I- .
L “ i "
5,288 . R _ . !:
2 X 400 pounds =+ 1,057,600 ! ’ L
| f
* Urban : ‘
For-the estimate of the urban usage of chlorinated hydrocarbons the
_popula+|on fac+or of 36 000 is used._ ’ -
b
ot ' , ST
250, 000* X 36,000 =: 11,740 pounds active R 0
768,561%% } _ o B
¥ State vsage of chlorinated hydrocarbons approx.
*¥ State population _ L
i e .
. . 1, e ' v,
In the miscellaneous crops small amounts in ferms of +oTaLs ihciude.
Cygon, Thiodan, Gardona, Sevin, Malathion, Zineb, Maneb, Suten, Lasso,
Dacthol, and Dimed. ' - ' ' f-. _r',,:
Amino Triozole is used occasionally along the highways.
i




et e

g A
' ft} - 26 - {f. f : N g
Y ; H ;iﬁ  1.
R ”,;fEsfuaﬁJéslin the State of Hawaii: A brief Survey of 3 ‘ 40
3 [_{ st Agriculdural Chemical Input into fhelr Watersheds. dy ,; o
SR o ‘
t A g
i Techn;cal Repor+ Number 3| of the Water Resources Researc Cenfer,
F

hrl

Uﬁ1versf+y of Héwail, titled "Estuarine Polfution in the Sfa+e lof Hawall, B
Vo{ume One" by . Woak C. Cox and Lawrence C. Gordon, Jr., March é9?0 was
used as the fra&ework for that which follows. _ - q ﬂg}'

. l
- The |n?en$ JUSTIfYIng this segment is to provide a refere?ce of fhe

} K L
wa+er bodies Ingfhe state which qualify as es+uaries and to evaiuafe ﬁjw-;;

. i .
+hem veﬂ%;brlefly in terms of po+en+|al pollution by agrlculfu aI cqgmlcals
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';.cesspools A sewage treatment plant is planned and the Treafed effluen+

-+ ‘which raw sewage Is discharged about fifty feet offshore into the ocean.

~“Mahiawa Bay B ' ' ) ;.

; .' "~

i ;
- | t *
~ 27 - Pt
3 ' fa
T R
F » ' S TRRREA
: o . ' 1
o s KAUA | .‘" N . i
A ' ) y T * ‘
O ' -t : . B e
: o 3 : LT T s
' Walmea River l - . A T 'EL“
R :» e

C B The tributaires of this estuary of southeastern Kauai are: The Waimea K

i
oA !
s, and Makaweli Rivers. The headwafers of both of +hese rivers aﬁe In sfaTe_:',

\'pafk and fores+ireserve-lands. Tha lower lands of the wafersth fnclude

'- '1 : o -.l e -... . r:
! cattie ranch use, sugar- cane fields and the urban area of the +own of too b

Waimea. The maJOr potential source of pelfutijon would probably be from i
‘fhe urban use oF agricultural chemicals prinCIpaIIy the chlorlnafed i?ﬁh : Fﬂ

I TR

4

e

. Is to be discharged at least 1,000 feeT of fshore. _;

Hanapepe River, Hanapepe Bay and Port Allen

The headwaters of the Hanapepe are in foresf reserve. The lower

{. elevation areas of the watershed include cattle pasture lands, ‘sugar cane

‘flelds and +the urban towns of Hanapepe and Port Allen. The fown of Eleele -

“on The.hfghlands east of Hanapepe Valley is served by a sewer system from

Hanapepe and Port Allen use cesspools,

The Ieadlng potiution possibility Is probably from the urban areas.

_ Chlorlnafed hydrocarbons, nitrogen and de+ergen+ phosphafes are To be i N 1 3

consfdered

This es%uary is one mite east of Hanapepe. Wahiawa Bay IS considered

-

':* :% be within fhe plume of the water d;scharged from the McBryde mill cane

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

TR g e

LT T

. hydrocarbgns, niTrogen and detergent phOSpha+es The fown of Wasmea'ugés‘:°gr'.

.
[




vt - -

b — T T L L A ——— . T

. - 28 - . S

| : , ‘| 3
i { ' REL 3
. \Fores+ Iands, ca++le pastures, and sugar cane fnelds are |ncluded
. in the wafershed This should be a prcffy clean estuary. Er05|on and 'ﬂ;k
.: f "
. runoff from heavy rains coufd bring 50|I adsorbed herbicides and planf
n . A ; o
e : ’ Pa N
PR nufr;en+s tnto ‘the bay. i _ N P %j
- | r"'-'-*'.- : _ . . -'.:._, | : . "i
iy . I ; x !
-, Lawal Stream and Bay 3 s! Ty
£ i f 3
" This esfuary is about four and Three quarters miles east of Waﬁlawa 3
Z?’ Bay.. AI! of The comments made about Wahiawa would app!y to Lawal. - 8
] ; ﬁ ? - .
P . _ { s .
o Nawlttwtli Bay’ i{ k .
This is the most comp lex esfuary on the Island of Kauai in +efms of %
 watershed description. Located on fhe southern side of the island this .

“bay Is fed by three tributaries. These are the Huleia, Puali and Nadiliwili . -

! - Streams. Quoting directly from Cox and Gordon "Larga'areas in the drainage

' baslns of all three streams are in sugar cane flelds of compara+:veiy fow

retief and fhere is & large cattle ranch in the drainage baqin of {he
s

" Huleia Sfream The headwaters of the Naw.!uwiil and Puali Sfreams are in

fhe flaf—sloped pos+ erosional lava dome of Krlohana. The headwaTers of

-

- the Huleia are in ihe extremely rugged Waisleale-Kawaikin! mass of cenTraI
Kauai Irrigaflﬁn water is dlverfed from all three sfreams.“’ A sizable

porfion of The town of Lihue is in +he Nawiliwiti Stream basin. The Lihue

Planfafion sugar mill is also in this same valiey - The urban areas of

-Llhue town, Nawlliwili V:Ilage and Niumalu Village all make use of cesspools.

‘

" Kalapaki Beach which is at the head of the northern arm of the bay is the

i _slfe of the large Kaual Surf Hotel. The hotel has.a sewage plant and after _';

| freafmenf the effluenr Is discharged into the bay. Y ; - .];
Heading the.list of potential "agricultural chemical® pol}ufanfs

- o would be{urbaﬁ_used chlorinated hydrocarbons and detergent phOSphaT95; Ehexf

. 8

~on the list bt of lower risk would be the sugar cane herbicides and nutrients,’”




. Wai lua - River and Bay - :
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Hanaméu!u Bay
| ThIS bay is Jus+ nor+h of the Lihue Airport. Hanamaulu Sfream ;s
~1h6 ﬁatn tributary. The valfey head is in forest lands on the slopesl
of the Kllohana cone. Sugar cane fields cover most of the valley s
f length. The v:llages of Kapaia and Hanamaulu which are in the bay's

- watershed both use cesspoors. e .
“ Urban and sugar cane agricultural chemicals are the ones Thaf could
find Thetr way into this estuary, jf '

. - L R
It wr RS : "'7'1.?-.‘

This esfuary is on the eas+ coas+ of Kauai. Its tributaries are-

fhe Wailua River and Opaikaa Stream. For lrr|gaflon use wafer comes inTo

. 'S

. the norTh fork of the Wailua from the Hanalel River, from the North Fork
To the Soufh Fork and from the South Fork to an area furTher soufh Head—
wafers are in forest reserve lands. The South Fork runs Through sugar

;cane flelds and these fields extend norfhward to the southern edge of the

.1

valley of the North Fork. The norfhern edge of the valley of the NorTh
Fork is in homesteads. A number of miSceIIaneous vegefable crops are -

grown in +hls watershed. The vailey of Opaika Stream is planfed to rice.

The large resort hotel, the Coco Palms, on the north edge of the moufh

of The Wailua Rrver uses a sewage freatment plant.

. 3
: Agricultural chemicals reaching this estuary could derive from sugar

.Ccane, vegetabie crops, cattle ranching and/or urban usage,

L4

Walakea and Moikeha Canals

;\ These two estuaries are located south and north of the town of Kapaa

'respecfively. The town uses cesspools. Their drainage has been poor due

to clay soils and a hfgh water table. 3ySugar cane fields, pineapple,
\ . . . -

N i




S

i
!
1
1

mlscellaneous vegetable crops, +he urban area of Kapaa plus many scattered

f

homesifes In the Kapaa Homesteads and the pineapple proceqsing Hawatiian

f L

J
Fruif Cannery can aii be consudered as potential sources of agrlcul+ural

I
r

’ chemical wasfes The cannery is recorded as dlSpOSIng of 300, OOO gallons

I
2

]
.

of wasfe water per day when operating. Cattle ranching Qpera1|ons are

i , . B
Included In this watershed. q .

Kapaa Stream .

-

This stream reaches the ocean'oﬁ t+he east coast of Kaual at Kealia.

. The headwaters are In forest tands and the watershed includes sugar cane,

‘pineapple fields, cattle ranching, small independent growers of varied

6rops, scattered homesites in the Kapaa Homesteads, and the urban area of

i

~the town of Kealia which is served by cesspools. Weter from this stregam “

15 ‘used for irrigation. .

: i
b .

Aghlculfuré! chemicals could derive from any of the aforementioned. .

“Chtorinated hydrocarbons, nitrates, and phosphates should be conéldered.

' Anahola Stream and Béy

This stream originates in forest lands. Sugar cane flelds, cattle

‘ ranching, and scattered homesites with very small areas of varied crops

.+ for trrigation. Nitrates and phosphates are probably to be considered.

Molaa Bay

The headwafers are in forest Iands and the lower valley in sugar cane.
Cattle ranching is Included in the watershed. The few houses at Molea use
cesspools. This is probably a pretty clean estuary. Perhaps some

nitrates and soit-adsorbed herbicides from the canefields reach it after

" heavy falns.

LY -
i,
b

. are wlthin the watershed. The homes use cesspools. The stream is diverted H

Lt T -
)
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Kilauea Stream and Bay

Kilauea Stream begins in forest lands and passes through cattle ranch

oo .

‘-arégg and sugar cane fields enroute to the bay. Its waters are used for
Irrigation. The Kilauea Plantation is scheduled to end its sugar cane
operations in anoTher year. Homes inj*he town of Kilauea use cesspeols,

 Nitrates and soil édsorﬁed herbicides might reach the bay on éccasion..i_ ,-

Kalihiwai Stream and Bay

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

IR

«- includes éattle ranch lands and sugar cane fields. The few hopes In
\ (I . _ vr

‘ ";Thé Iower'valley usée cesspoolsi As noted above, the Kilauea PIanTafibn
plans to end its suga} operations in the near future. Seed corn is beling
rgrown éﬁd may be expanded. ?resen+ pTahs'caI[ for the planting of
Tsorghumzln the spring of Ié?l. | |

Pesticides used in corn incliude the insecticides Sevin and Gardona,

j+he-fungicide Zineb, and the herbicidés'ATrazine, Suten and Llasso.

" Hanalei River, Waio!{ and Waipa S?rea%s:and Hanalei Bay
The river and both streams énTer'Hanaiei Bay. %his river is the
1érgesf one on the north coast of Kaual. Forest reserve, cattie pastures,
" -and wet land Taro'paddieé maKke up mos} of the watershed. No pesTicideskare
‘wsed for Taro. -
A few sca?fered.homesifes and tha Towﬁ of ﬁanalei use cesspools. The
-resort hotel Hanalel Plantation is sérved by séptic tanks discharging to
leaching wells near the shoreline.
'\ Ngfrafes would probably be the most likely "agricultural chemicél"

to get Into the esfuaryf
. _ 3
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Lumahai River -

The headwaters are in +he foresf tands deep in the central raTny
por?:on of the island. The flood pla|n is used mainly as a ranch. There :

’ are very, few bhomesites in the val]ey and these make use of cesspools. i
. This is probably a pretty clean estuary. ; f_

. Mainliha River $

'
I
i
i

Fores+ lands, cattle ranching and wet land taro culfure agraculfura!ly _
descrtbes this watershed. E : S : i .

© The village of Hainiha uses cesspools. , B . h-';r S

Thlﬁ estuary is probably pretty clean. Nifra+es might be considéredf

Kauvai . ' ) .

| Sugar caﬁé is by far the prinCi;le agricultural crop of the islénd
and the major user of agricul+tural cremicals. Theré are 51,389 acres of
) cane on the island. : o "
The windard plantations make extensive use of A?razine—Didron,uor ‘
t ATrazine Amefryne 3 pounds plus 3 pounds initial with ametryne boosfers and "

}fhe southern side uses more ametryne initially with D|uron boosfers.

All planfa+|ons use 2,40 and Dalapon.
0AHU SR
 Pearl Harbor . _ ’ ' RN -

Viewed ecologically and morphogenically Kaneohe Bay is probably the

- most complex estuary in the state but viewed in terms of the agriculfur315

chemlcal usage in the watershed and evaluated as to the likelihood of these
chemicals reaching the estuary this is the most complex Inshore waterbody-

" watershed system in the state.

- F . H
o b - . i
] . . -




There are eight tributary sfreams entering +he harbor. These are the

Honouliuli, Viatkele, Walawa, Waiau, Walmalu, Kalauag, Alea and Halawa S+reams.

»
. 4 -

~|n{§dd|+ion there are five large springs. These are the Waikele, Waiawa; ‘
Waimano,'Waiau, and Kalauso Sp;ings. |
{ Sugar cane, pineapple, cattle ra?ching, headwater forest l[ands,
dairy farming, wa+e}creés, taro paddies, bananas, and mliscellanecous smafl |
patches of vege+aﬁle, fruit, and flower farming agriculturally describes
. the watershed in qualitative terms. In addition there are highly |

urbanized areas close to the harbor and the Waipahu area is one of the

most raﬁidly growing popuIaTioQ centers in the state.
In'épi+e of the vast agricutfural'enferpriées In Thé watershed fheirrl

. “agricu!fﬁral chemical" input is probabiy slight compared to u}ban an&

‘ :indusfriél éewage and erosion from ne; housing developments.

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

: phOSphéTes should provide an insight feépecfing any agricultural conta-

mination of Pear! Harbor. ' _;ﬁi J

Kalihi Channel and Keehi Lagoon

Moanaiua and Kalihi Streams the Trlbufarues of This estuary head {n
the forest reserve areas in the high ralnfall belt along the summit of the
:Koolau Range. The heavy urban density of the watershed and the industrial
j ;Feas albng the coast would dominate the deTerTInafion of pollhfanf.inpu+.
| " Chlorinated hydrocarbons, niTraTes.and phoﬁpha*és ofig}na?Ing from

urban and industrlal use should be checked for,

Honolulu Harbor

.The main fributaries are the Nuuanu and Pauoa Streams and the Kapa-
lama Canal. Nuuanu Stream begins in forest reserve lands at the crest of

the Kootaus. ™
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Comments on;Kalihi Channel and Keehi Lagcon zpply equally to the
:ﬁagriculfural chemical™ situation of Honolulu Harbor.
| Cox comments that the harbor wa*ers are generally oi!*.l it mIghT
"be interesting to draw a set of anmles from this surface oll slitk and
analyze for chlorinated hydrocarbons and compare the results fo a sef

of deeper drawn samples. é _ : S ‘i

Ala Wai Capal and Yacht Basin and Kewalo Basin oLt

The Manoa and Palolo Streams can be considered as 1r!bu+aries.

Springs"lnfermlffen+ trivbutaries and storm sewers add to the canal. ﬁﬁ

- As Cox poinfs out "although the heads of Manoa and Palo!o Valieys and the

upper parts of the ridges in the tritutary zreas are in forest reserve,
_ ‘ . p

mosT of the dralnage area tributary +o the canal is in urban residenfnal

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

- ‘defermined by urban origins, : ! ' e .

ET

Chlorinated hydrocarbons, nitrates and phosphates are probably there. .

_jKuaEa Pond

. . i

This estuary has been treated In greater detail.earlier In this péper.

:Ha?manaio Stream

N

Headwaters of this stream reach the famous Pali. The wa+efshed is_.

_rural for the most part and includes ranching, miscellzneous vegetable érops .
“and E) fe# frult and ornamertal plantings. The University's Waimanaic field”
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

Fleld.




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

tural odds and ends are in the watershed it might be well to check for

P

.suéﬁﬂfhlngs as arsenic {(perhaps from the herbicide MSMA) and mercury 3-
(of fungicidal origin).

{ .
Kaelepula Stream and Kawainui Capal )

These two estuaries pretty well bracket the south and no%fh edge $$'561h
_Kaitua Town anﬁ Kailua Bay respectively. FEnchanted lLake drains to Kasle-
pu!a and Maupawili Stream Is a tributary of Yawa:nu1. The wa%ershed

heads in The forest reserve lands of The Koolaus and then mOV1ng to +he

.

shore |ncludes ranch lands, goff courses, smaltl plots of vegetables, .

- ornamenfals, and orchards and a heav:!y urbanized area which is raprdly

expand|ng. Both sewers and cesspools serve the area. The urban population
. would be expecfed to dominate the chemical character of the estuary

"effluents. Chlorinated hydrocarbons, nitrates and phosphates should be

considered. S _?15

T
Kaneohe Bay j¥3
This is the largest estuary’in The state. Volume |1 of Technical -
Reporf No. 3t is being devoted enflrely to this bay. [t Is_unique ig that .
- it is both an estuary and a tagoon. Nipe perennial streams are Tribuféfies.
{These are Kawa, Kaneohe, Keaahalz, Heei%, Kahaluu, Kaaleea, Waishole, .
Waikane and Hakipu S+reams. Infermiéfeﬁf streams, ground water and sewage
}add toc the perenniat stream's discha#ge into the vay. There are two |

sewage outfalls, one for Kaneche Tewn and the other for the Kaneohe Marine

'gorps Air Station.
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‘Urban development is rapidly expanding in the drainage area although

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

_:Taré, papayas, vegetable crops and ornamentals are atl grown in the
~drainage.:area. In spife of this agricultural variety it is ratlonal to
Lekpecf that the urban development and established urban segmenfs dominate

‘ fhé "agriéui?uraf chemical® input. Due o the complexity of the wa?ershed

‘a3 clean cut dIagnosflc evaluation of chemical pollutants would probably

- Kahana Stream ancd Bay

. be pref+y frus+ra+ing. Knowledgeable agricuITUral |nferprefa+|on of da+a

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

77possibali+;e 1 ' D

ChIorinaTed hydrocarbons, nitrates and phosphates and perhaps arsenic

and mercufy might be considered. ;_ ’ . Y

This estuary has beer dincusced earlier in this paper.

Waimea River and Bay

Eiehaha, Kamananui, and Kalwikoele Streams are tribtutaries of

Waimea River. Fforest lands, cattie ranching zad sugar cane flélds plus

RS

scattered homesites with cesspcole are all watershed components.

This should be a pretty clean estuary.

'J'

NiTra+es, sof} adsorbed herbrcndes and dalapan could be checked for.

,2 4D is possible

Waialua Bay, Loko €2 and Anshulu River

~ This estuary system was described earlier In this presen*afion;'

Tty L

e e




Oahu _ - o

There are 57,409 acres of cenefields. Pineapple occupies about 20,000
" and ornamentals serve the large popuiafidn. b .

"% character and amount of "agriculfura!”chem!cal" estuary input.

_3‘}_‘_ l . +

Kalaka Bay and Paukauila and Kiikii Streams ' ' ot

- .. Jhls estuary, of relatively complex origin, was treated in 'some

- /';/..'
defail in a preceeding portion of this discourse.

1 :
]

In ferms of area sugar cane is the most extensive crop on the island., -

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

milik dairies and a varfety of small scale producers of frult, vegetablies

FLEE ) . e
' '

Lt N ! .. -
tn spite of this extensive and diverse agriculture there is little

doubt Théf it is the urban, not the agriculfufal facet, that dominates fhe

R L

K - , MOLOKAL -
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X Y
Halawa Stream and Bay S

Moaula and Nawaihulili Sfreams are tributaries of Halawa Stream. This

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

waters are in high rainfali forest lands. The lower portion of the valley
is a parf of the Pohakuloa Ranch and is grazed |ightly by cattle. There are
3 few homesites in the lower valley and these use cesspools.

This Is a very large "unimproved" watershed and would_probably make

:algood control sampling site for statewide studies.

.Pelekunu Bay

N Kaitiili, Pitipililau, Kapuki, Kawainui, and Pelekunu Streams are all

tribudaries In the watershed of this bay. The valley is uninhabited and

\ .

-

Lo




. -8~ .
l | | ' |

cannot be reached by roadway. No Magricultura! chemicals" are used
' Y

. In the drainage area. ) - - % . o
. .! ' : . i . -' :
_ Fishponds of South Molokai | ' o o
. l
Cox states that there are at least forty fish ponds along the south

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

there is no doubt a considerable va#iefy wlth respect to "agriculfﬁral '_ :
) chemi cal" content. ) !' ; — ) ; ' . - _ ;
" gstuaries of the Northeast Coast of East Mauil ' L '-[ N

Wailua Bay fed by Wailuanui and Wailuaiki Streams and Valleyé; Nuaailua
I

" Bay fed by the Punaau and Nuaailua Streams; Honomanu Bay with the

' +ributary of Honomanu Stream; Makaiwa Bay from Oopuola STream;IWaiplo Bay

" from Waipio Stream; Hoolawa Bay from Hoolawe Stream; Eilgﬂg_Béy from

- Kapiki Stream and Kuiaha Bay from Kuiaha Stream are listed by Cox as the
true estuaries of this coastline. Waférshed agriculture includes cattle
-ranching for all of them plué pineappte for Kuiaha. . They all have their |

'héadwafers in fofes? Iands.- o - e y

- _in add}fion to the above mention is made of two stream-mouth estuaries.

" These are Kopiliula Stream. southeast of Wailuoiki Bay and Waialohe Pond

“at the mouth of Piinaau Stream. The village of Keanae using cesspools
is on the northshore of Waialohe Pond which might cause some nitrates -

. and perhaps phosphates to get into the pond.

- —

Maliko Bay ' ; S o
“Maliko Stream .and Gulch begin in forest lands, pass through ranch’lands
- and then through sugar and pineapple fields.

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

ThIS is not a true esfuary Slnce it is the main harbor of the L

//fl -

lisf;nd and because it has some polluflcn problems in common with the
true esTUar:es Cox included it in Technical Reporf No. 31. |

( Tﬁere are no fresh water stream fributaries. Storm dralns go inTo
The harbor buT freaTed sewage reaches the bay through two outfalls outside;

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

" mlle west of the harbor. Kanaha Pond a bird refuge is one half mile east.

Sugar cane, pineapple, a pineapple cannery, cattle ranchiné, dairy

farming;:ana urban areas of the Towns_qf Kahului and Wailuku can be sald
ﬁfo be iﬁ??he watershed of the bay and fbllowing a heavy storm some of The
runoff from these woufd probably get ﬁnTo the harbor. Urban aéTfQiTies would
- be expected to dominate. L |

Hyvar X, dalapon, 2,40, ch|or|nafed hydrocarbons, nitrates and phos—

phates magh? be suspecfed and checked for. ‘ ' T
1 : ! o

C o oo

Kahakuloa Bay
| Kahakuloa Stream is the main tributary for this ‘estuary. %he sfréam
‘heads In the ralny central mountains ofIWesf Maui, Fforest lands account
'.fof most of the vatley. Taro is grown in the lower portion. The vf]}age _‘
.-of'Kahakuloa uges cesspools. .

' wafef quaii+y here is considered to be very good; Perhapé Qome

nffraTes reach the bay. !

‘_Honokohau Bay

::\ This bay on the north point of West Maui is fed by Honokohau STreah,

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

. of -West Maui. ) '

y ' r
Forest lands, plneapple fields, and a few homesteads in the lower valiey

e
PR
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‘Honolﬁa éay

l ' -4, -
|
1

describes The waterched. Hyvar X and nitrates might be worth checking

for someJay.

J

Al]:éommenfs on Honokohau would apply to Honolua. More pineapple

fieid drainage can be expectied to take place into Honolua.
g P p

.
.,
1

Maui

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

the main brops. ‘Cattle renching, dairy farming, vegetablie crops and some

fruit crops are grown.

It is o be expected thzt "sgricultura! chemical"™ threats to estuary

water quality are much less serious Than on Oahu.
HAWAL |

Hilo Harbor and Wai luku and Wailoa Rivers

Like Kahuiui Harbor on Mzui, Hilo Harbor is not a2 true estuary.
The.Wailuku and -Wai loa Rivers are iributaries and fresh_wa?er
also goes.Info the harbor from extensive spriﬁgs at Kéaukaha,
Forest lands, sugar cane fields and urbah areas of Hilo are in Tée
watershed. The city of Hilo is ser?ed partly by cesspools and partly
by 8 sewer system. The treated sewage is_puf into the open ocean about a-
half mile east of the breakwater.
Dailapon, 2,4-D, chiorinated hydrocarbons, nitrates, and possibly

phosphates might be worth checking for.

Waipio Stream

Tris estuary on the north coast of the isiand has in its waTershed

forest lends, sugar cane flelds, taro paddies and a2 few scaTtered homes
’ G ’ :




e e e =

- wj -

using cesspools,

e W —— -

Daigpon, 2,4-D, and nitrates are possible candidates to search for.

Follosing hesvy rainfall erosicn +he soil sesorved herbicides Ametryne,

“Atrezine and Diuron probably coma down into the bay.

I

Polulu Stream

Although Cox states that +he valley is unoccupied and uncul+ivated

with a few cattle on the flood plain he does |ist sugar cane as an

-agricuttural development in Tzble 15 on page 117 of Technical Report

No. 3I. Before any consideration is given to fikely "agricultural

Cchemical" containments in the estuary this possidie discrepancy shouid ba

checked cut.

Hawalii

Having 2 land mass greater than ail +the other istands put together the

sgricultural entercrises are of more dliversity. its lack of +rue estuaries

due to its relative geocmorphic vouth places i+ low on the {ist whena consi-
g p Y

deration of estuarine potiution problems is +the subject.

ExfTensive development of the diverse vegetable crop farmiots at
p g o

Lalamilo in the South Kohala District near Waimza makes i+ interesting to
g

find out adbout Kawaihae Harbor. Although This is not a true estuary

’ H
there could be a great variety, though reiatively low volume, of "agricul=-

tural chemicais™ used in the upper watershed.




Discussion znc Summary

The primary intent of This discourse has besen o rovide a rationa:
P Y p

proposal upon which an e3Tuery szn
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be based that wil:
provide an understending o7 the “agricultural chemicals" found relative To
Their origin. Thus the tour Canu esvuieries; Keiaka Bay, Wsisiue Bay,
Kehana Bay and Kuapa Pond arc intenced *o be diagnostic in nature., For
example, & chemical known 7o be usad in pireapple migh™ be cIaImed.?o
contribute To an estuary by the conceniration of *his chemical found in
Kelaka Bay minus The concertrations found in +he other Threa estuaries.
This is an obvious oversimplificavion, but i rerains the basis of reasoning
vor The proposal.
“he chemicals mentioned &s being presenTiy acTtively used by tThe threes
major "agricu!Tural’ segments were:
aneappie;
Heptachlor, Lindane, £08, BSC, 0D, nyvar X, Diuron,_ATrazine,
Ametryne, Disziron, Maizthion, Mirex, Captan, Nitrogen, Phos:iorus,
fotassium, and Magnesium
Sugar Cane;
Ametryne, Atrzzine, Diuron, Dalepon, 2,4-D, Warfarin, Benlate;
"DiquaT, NitTregen, Phosphorus and Potassium
PeST.ConTrol Operators and Homeowners
| Chlordane, Heptachlor, Lincane, Aldrin, Dieldrin, Diazinon,
Baygorn, Nitrogen, Phosshorus znd Potassium
Other agricultural chemicals mentioned during the freetment of miscelianeous

agricuitural segments ovther than The major three ircluding the bighway




‘J

<4

k.

|
cepartment were; Cygon, Thiodan, Gardona, Savin, Malathion, Vegedsx, SuTen,

i
Lasso, Amino Triozole, MSMA, Bactho!, Dimed, Zineb, and Maneb.
al _
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““*0Or. fonald Crosby, Chairman of the Depariment of Enviroamenial Toxicology,

.Universify of California at Davis led & Sea' Grant Workshop during which this

proposal was discussed and Dr. Crosby's evaluetion received. The key issue
then under consideration was tha likelihood of a chemicai's appearance 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 diagnosticalliy necessary

to cross Index it is proposed thav the four Gahu estuaries be sampled for

' chlorlnafed‘hydrocaﬁbons, Diazinon, Hyvar X, Datapon, 2,4-D, anenIc, mercury,

.nitrogen and phOSpﬁorus.

1T Is important that This sampling program be done over s time span
reshlfing in s#mplings before and after heavy rainstorms. Careful, acgura?e'
notations of the sofl erosion effects of these sforms must be obtained.

Once the sampling program of these four estuaries is either completed

or well enough on its way that insights have developed then other Hewaiian

estuaries might be considered.

-
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