All development and innovation ailm to improve productivity
and to meet market needs of so-called diversified "values" of varilous
cugstomers. Such lnnovations used in a more abundant age of regources
and mass consumptlon are now required to narrow thelr use approprilate
to an age required to conserve energy and depletable resources and to
eliminate pollution as much as possible.

The glut of information in various fields is vastly dncreaas-
ing but can be rapidly processed by the use of advanced computers.
However, human declsion making and selection of optimum choices play
a more important role in various stages of management and execution.
Contradictions should be patlently resolved and discord avoided by
participative discussion of related staffs.

8.7.2 Necessity to Have a Pollution Abatement Program in Advance

Throughout human history in the development of human civiliza-
tion, especlally in modern times, treatment of waste, garbage, excreta,
agricultural waste etc. have been left to recycle naturally back into
nature if possible. But human recognition of the neceasity of waste
treatment has taken a back seat to modern production and development,

It seems surprising that the human body has a complicated but
ingenious, complete, homeostatic and symblotic gystem of mastication,
digestion, and nutrient conversion and, at the same time, also has a
complete system of extracting, collecting and discharging any kinds of
waste and harmful materlals and elements to keep the hody healthy.

It would be ideal to have in the city a completely homeostatic
and symblotic system comparable to the human body, that positive activi-
ties (production, automatic supply lines to consumption centers operating
like arteries) and negative activities (collection, extraction and dispo-
sal of waste materials acting like veins) are effectively and efficiently
balanced and recyclic working., Recently, the dndustry supplying the
processing and equipment of wastewater and solid waste treatment 1s some-
times called "vein industry."

Soctal planning in almost all countriles has aimed to raise
living standards and per capita income --GNP~- by first developing and
diversifying production, usually focussing on and promoting industrial
activities, Of course, social investment in facilities such as sewage
and sewage treatment systems, solid waste treatment and dlaposal, pollu~
tion abatement etc. are inevitably becoming necessary to improve the
quality of people's lives. The priority of guch investment rises to
balance with the production level,

Though investment in such social facilities is apt to lag
behind that of production, usually because of budget limitations, it
should be clearly recognized that the effects of incomplete pollution
abatement clearly become more expensive once the harm is done. Some-
times it is even impossible to reverse the ecologilcal damage caused by
Incomplete countermeasures.
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Human goclety could not survive in the natural environment
without a complicated but balanced coexistence of all kinds of plant and
animal life in the total ecological system.

The earlier stages of any development plan should include
practical appropriate pollution abatement programs, in order not to re-
duplicate the failures of industrially advanced countries, such as learn-
ing from Japanese experiences of envirommental disruptdion.

8.7.3 LEstablishment of PEnvironmental Pollution Control Standards --
A Short History of Post-War Japan

In order to maintaln the natural beauty of the environment and
protect 1t from blemish, contamination and pollution, 1t 18 necessary to
have certain standards to measure the degree of pollutdon and disruption
of nature caused by various human activity, lrrespective of the conscious
intention of offenders.

In fact, the standard must be revised in the future, because
its numerical value has a certain absolute weight but is used only as a
yardatick to devise necegsary future measures of pollution control in
response to former conditions, However, once a numerical standard has
bheen decided, humans are apt to grani it absolute authority, considering
it to be permanently established and unchangeable irrespective of its
basic meaning and objectilves.

There can be found many examplea in Japan and other countries,
which adequately demonstrate that it is laborious and time-consuming to
determlne or attribute the source of contamination to some specific
material (the relation of cause and effect) when any new damage or change
occurs.

Therefore, as for a material proven to be contaminative or
harmful, it is necedsary to remove it as completely as possible at its
gource or location at which it is generated, in order to avoid harmful
diffusion. We think it is wise that the United States administration
of pollution control has already announced both a policy. aimed at obtain-
ing zero discharge within a determined time limit and a policy of adopt-
ing the best available processes and equipment for the time being.
Particularly in the case of harmful materials, it is necessary to adopt
measures to inform all citizens of the existence of these materials and
avold as much as possible their dispersal over wide and unspecified
areas. Once harmful materials are scattered, their recovery necessarily
requires the waste of much money and time; it 1s actually impossible
to recover all the materials. :

Moreover, it is sometimes difficult to judge if a certain
material is harmful or contaminative in terms of quality and quantity.
Even harmful materials, however, are useful because of their need or
medical efficacy. Besides, it 1s not so easy or simple to determine the
harmful limits of these materials because the degree of harmful influence
to the human body varies according to body constitution and health,
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In establishing standards for limiting contaminative materials
and for preventing pollution, many considerations and studies must be
taken into account. Many reference data exist both in Japan and Western
countries to establish systems and numerical standards (Appendix 2). To
introduce reasonahle systems of standards suitable to each country, it
1s also necessary to consider carefully actual and desired conditions in
each country from varilous perspectives. However, Costa Rica should net
expect a comprehensive and final system of standards at the present time,
put should determine a basic but flexible set of standards and enforce
them firmly while the time 1s ripe, leaving room for future revision.
Frankly speaking, in Japan's case, legislation of the Anti-Pollution
gtandards Act was promoted only after some social problems related to
pollution occurred and cltizens' and consumers' movements arose.

In Japan, the Water Pollution Preventlon Act was promoted for
the first time in post-war Japan only in the light of Industrial recon-
struction. Seven years after its promulgation (1958), damage inflicted
on the fishing industry by wastewater discharged without treatment from
pulp factories encouraged the Water Quality Protectlon Act and the
Industrial Wastewater Regulation Act to be enforced finally. The regu-
lation of wastewater began the following year. However, at that time
the Japanese Govermment advocated a policy of economic growth which
stressed the importance of industrial production, while disregarding
anti~pollution policy including the treatment of wastewater. lowever,
because of the gradually spreading water pollution, cltizens' movements
almed at eliminating contamination had gradually risen. Twelve veara
after the legislation of the aforementioned ctwo laws, in December 1970,
the famous Ddet session on Public Nulsance was held; in the following
year the Uniform Standard Law for all of Japan was enforced, encouraging
improvement of the quality of polluted water, espectally in the case of
public water courses. However, the water pollution already had reached
a serious level in some areas; 1t was difficult to expect sufficlent
improvement of the quality of polluted water by legislating such uniform
standards covering all of Japan. Under such circumstances, with the
necessary authority relegated to local governments, additional execution
of these standards vis-a-vis each locality was realized. However, such
strict standards were enforced in local areas in pollution prevention,
carrying a penal condition. This conditlon was hastily approved without
sufficient time for its proper introduction. The policy was strong enough
to force the industrial sector consequently to make large additional
lnvestments in improved facilities, although much Investment had already
occurred with some conscientiousness on the part of industry.

Establishment of an Environmental Quality Standard

This standard was legislated by the government with the inten-
tion of attalning and maintaining anti-pollution standards through the
. pertinent ministries and agencles to serve local governments, by devoting
full powers to respective authoritiles, Based upon actual tests and
research of Japan's fresh and ocean water, the types of each water area
are classified (1) according to the respective degree of contamination
at that time, (2) conmsidering related regulations and (3) referring to
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the degree of desired improvement In each area. Three to s8ix grades of
water quality have been established. As for the regulating authority
of Japan's 82 water districts, the central government has authority over
37 rivers and 10 sea areas while local governments have authority over
the rest.

This Environmental Quality Standard is established not as the
fdeal water quality standard but as feasible standarxrd wlth an administra-
tive target. Tt strictly regulates materials harmful to human health,
while vardious authorilties moderately regulate only matters concerning
national living dependent upon the conditlon of each water area concerned,
The latter case 1s to be revised gradually and further strengthened by
raising the standards once they are reached.

Basic envirommental pollution control standards may be divided
Into two categories, the items dilrectly regarding to human health, items
which are related to poisonous or harmful materials such as cyanide (or
cyanogen), mercury alkylates, organic phosphorous compounds, total
mercury, and polsonous metals such as cadmlum, lead, copper, hexavalent
chromium and arsenium. (Appendix 4)

There are also those itmes related generally to human life,
ftems which are mainly used in household-used water, sguch as pH, sus-
pended materials, BOD, COD, DO {(dissolved oxygen) and number of coli-
form bacteria (total and fecal) etec.

Items 1in the former category (human health) should be control-
led strictly disregarding any ratiocination, be it related to economics,
local or partial specific conditdions etc., because they have the poten-
tlal to cause a fatal accldent 1f erronecusly discharged. However,
items in the latter category (human life) have only a small possibility
to inflict substantlal damage on human health; they can sufficiently be
contrelled at some safe level by fixing standard levels for their
content proportion,

Furthermore, several other items which pesaibly bear harmful
effects on human life directly or indirectly should be considered care-
fully; they are materials as phenols, ABS, total nitrogen (ammonium-,
organic~, nitric and nitrous nitrogens), organic chlorine compounds,
olly materials etc.

8.8 Gran Puntarenas -— Present Conditlon, Comments and Recommendatlons

8.8,1 Urban Area of Puntarenas Sandbar

Puntarenas, which was founded around the fifteenth century,
has continued to develop steadily and is blessed with comparatively
mild climate as a port city dn the tropical zone.

Puntarenas city has two faces, the one of a tourist city and

the other of a fishing city., In either case, more efforts should be
made at environmental improvement. '
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A population of approximately 30,000 persons inhabit the
puntarenas Sandbar (30,000/180 ha = 166/ha). While this density is not
really low for such an area, there is little posaibility for it to
increagse 1f urbanization rises. Although natural wvegetation is abundant
and the sewage system 1s already fairly well developed other than its
collecting system, the city is sltuated as low as one meter above sea
level, where some houses use septic tanks., Some paris of the city
therefore possibly are in danger of belng flooded during high tides or
heavy downpours, but there are no fatalitiles. It dis, therefore, neces-
sary to undertake a long-term improvement in zoning of urban housing,
especlally in areas where there are old warehouses and low-grade housing.

The main sewage plpes are laid along the maln streets running
from east to west while the drainage pilpes cross perpendicularly,
Sewage water presently drains into El1 Estero on the north side of the
city. Investigation of the quality of sea water on both sides of the
Puntarenas Sandbar and the Gulf of Nicoya is now undertaken under the
guidance of Peruvian comsultant, CEPIS, to regulate pollution caused by
untreated sewage water, The results of the investigation (though official-
ly still unpublished) seems to encourage at least primary treatment of
sewage water emitted from the city. AvA has likewlse concluded similar
recommendatlons judging from the degree of contamination in ElL Estero
caused by sewage dralnage.

With respect to tourdsm and recreation, El Estero secems quite
suitable as a gports and recreation area so long as the quality of sea
water 1s acceptable even 1f cargo and fishing vessels use coastal waters
on thelr way to TERTICA,

Comments and Recommendations

For the beautiful, long and narrow sandbar of Puntarenas,
decisions should soon be made on the following poilnts:

(a) The selection of a site and planning for a primary sewage
treatment plant including a pumping station for collecting
intake and discharging effluent, |

(b) a plan for controlling the industrial wastewater of several
private companies in the city.

Several factories, partilcularly those processing marine
products on the northern coast or in other areas of the city, do not
yet treat thelr wastewater. In Chapter VI of this study, a land recla-
mation work is recommended for the northern side of Pueblo Nuevo. Thig
plan should be considered concretely with regard te 1lts merits listed
as follows: '

(a) The present marine products factories ean be moved to the re-

claimed land, because they presently lack space for extention
or wagtfe treatment,
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(b) The city can utilize the reclaimed land in many useful ways -
for example, to construct a sewage treatment plant, to estgh-
lish a residential area for people who have been forced to
move out of inferior parts of the city to make way for their
reconstruction. Tt seems profitable for the city to have a
public space of considerable size at its disposal,

8.8.2 El Roble and Barranca Area

This area extends from the base of Puntarenas (Chacarilta and
El Roble) to Barranca, where it meets the Pan American Highway. It is
a gstrip of land, about eight kilometers long running from west to east
along a main road and about two kilometers wide.

Going from the Pan American Highway in the east toward Punta-
renas, we can see the Rio Barranca riverbed on the left side and a
railway bridge of the Pacific Railroad coming from San Jose. Though
indeed small, Barranca is a market center of agricultural and livestock
products which are transported from the Province of Guanacaste along
the Pan American Highway. Along both sides of the main road there is
a small industrilal zone hawving a slaughterhouse and warehouses for
recelving and processing agricultural products.

Barranca has a slightly high altitude and gently slopes along
the main road down toward El Roble, to the west. About three kilometers
west of Barranca, we can see a part of a residential area constructed by
INVU, This residential area composed of single-storied houses is 98.7
ha, Presently 637 houses have already been built, but plans call for
construction of 1,300 houses when the project is completed.

Bordering thils avea, a sewage treatment plant has been const-
ructed and is in operation. The domestic sewage from INVU housing area
and hospital waste dralned from the Monsefior Victor Manuel Sanabria
Hospltal are mixed and treated by a bilochemical process, explained in
8.2.2 and Table 8.5.

About one kllometer further west, slightly west of the Barranca-
Inter~American Highway interchange, the main road is to intersect the
new Costanera Sur Highway, which originates from the Pan American High-
way. The Costanera Sur will run to Caldera along the sea shore and will
be jolned to a new highway connecting Caldera and San Jose.

From the inner-most and eagt-most part of El Estero, there is
a canal of about two kilometers in length, through which TFERTICA imports
materials such as ammonila, phosphorous ore, potassium salt ete. This
plant synthesizes nitric acid by oxidation of ammonia and manufactures
ammonium nitrate. Moreover, it produces ammonium sulphate and many
mixtures of fertilizer which suiltably meet the specifications of soil
type and plant characteristics for any £ileld.

The chimney of this factory emits a yellowish brown exhaust -
probably containing nitrogen oxide - which odiously hang over neighbor-
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ing inhabltante. This planit seems to serve as a sample source of ailr
pollution.

Moreover, on the open field just behind the FERTICA plant,
Puntarenas garbage ds burnt. Generally, urban garbage 1s Iinclnerated,
but in this area land is already alloted for burying and landfill. In
the dry season some garbage is Incinerated,

As mentiloned above, no significant populatdon increase can be
foreseen iIn the urban area of Puntarenas sandbar, other than that
caused by natural growth. Our study indicates that the future Increased
population should be accommodated in the area of El Roble and Barranca.

Many smaller houses of comparatively lower classes are scatter—
ed in lowland areas beside the Barranca-Ll Roble main road, near the
Barranca River., These houses supposedly often are suddenly flooded
after a down-pour and/or at high tide. At these times, septic tanks in
smaller houses may be washed out and wastewater overflows, polluting the
area.

The plan of INDECA Report regarding rhe sewage sysatem which
will handle rain water drainage and household sewage systems 1s most
worthy. 1Its proposed drainage system should be constructed at least in
the present residential area as soon as possible,

As to the hyglenic safety of the lowland area, 1t would be
most difficult to raise the whole areca. Moreover, the plan for an
emergency drainage pump system in combination with enclosed protective
concrete retaining walls would be too expensive, because the area cover—
ed 1s too extensive.

In Japan too, there are several areas almost at sea level in
Metropolitan Tokyo. They are protected by a combination of protective
retaining walls and emergency drainage pumping stations of comparatively
large capacity.

Recommendationg

(a) Drailnage Control Ponds

If the plan of INDECA Report is not lmmediately implemented,
after careful iInvestigation of the conditions relating to the lowland
dreas whose development is bedng planned in consideratlon of heavy rain-
fall and high tides and their relation to residential locations, before
completing a sewage system in the area, the construction of single -
drainage control pond at sultable location or a set of many smaller
ponds situated at regular intervals along shallow ditches forming natural
flow lines for rain water drainage should be considered,

Of course, the soll taken from these drainage ditches can be

used rather conveniently for railsing the ground level, especlally where
needed in constructing new buildings.
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{(b) Selection of An Area to Be Used for Sewage Treatment Plant
and of Type of Final Sewage Treatment Process

As already poilnted out in the INDECA Report, it 1s necessary
to construct a final sewage treatment plant and to discharge the treat-
ed, hygienically harmless effluent northward toward El Estero through a

canal, instead of draining it on the gouthern seashore, that is, at the
mouth of Rio Barranca. This is not only for hygienilc reasons becausa
the effluent may contaln hospiltal waste, but also for esthetic or socio-
peychological reasons even after treatment.

It seems worthwhile to consider the type of final sewage
treatment process to be selected for this area. If 1t is pogsible to
acquire a larger area for constructing the plant, we recommend a process
using a lagoon system which would enable the processing of a larger
volume for a longer detentilon time. This lagoon requires a dug out pond
sealed with rubber or plastic sheet instead of a concrete basin,

As to the selection of a plant site, the area should be as
wide as possible. If a lagoon system is adopted, natural and tropical
solar energy can be fully utildized for a photosynthetic processing by
algal blomags or aquatic weeds,

The wide area behind a mangrove grove on the northern side of
the Puntarenas Sandbar can be uged as a slte for a final sewage treatment
plant. A declsion on thils project should not be made from an economic
aspect only.

The existing mangrove grove should definitely be preserved,
Both the treated effluent and the sludge from the sewage treatment plant
can be recovered and used on farmland through irrigation and for soll
conditioning.

(e) Alr Pollution Abatement of the FERTICA Factory

The brown smoke belched from the FERTICA chimney envelops the
whole region. To abate this air pollution the smoke should not only
be reduced, but sghould pass through some kind of pas washing device,
gas washing tower or Venturl scrubber etc., Surely more than 80 percent
of chemical constituents can be easily removed; some nitrogen oxides
can also be eliminated.

In order to design efficient gas washing equipment, a more
precise aurvey 1s needed, as well as various data on chemilcal consti-
tuents including the composition of nitrogen oxildes, total gas volume
and temperature, iIn relatdon to the conditlons of the production process.

If the lime slurry can be effectively used for neutralization
in washding, the used slurry can be recovered as by-product.

If -effective gas washing equipment be adopted In the factory,
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it will probably be the first and will therefore set a precedent to
pave the way for pollution control equipment to be used in industry,
The adminlstration should therefore previously form regulations based
on an official assessment of environmental pollutdion.

(d) Active Conservation of Vegetation in the Ares

Material development can only be achieved at some sacrifice
to nature., After completing construction for industrial, business,
resldential or transportation uses, adequate attention should be paid
not only to environmental restoration but to its improvement. To
mitigate the unpleasant effects of excessive industrialization and
urbanizatlon, parks, gardens, avenues etc. should be construected. Com—~
prehensive and well-informed planning is Iindispensable for preserving
freshness of this site.

Constructlon results in so-called "concrete made” clviliza-~
tion; vegetation also undergoes considerable change., The vegetation of
El Roble and Barranca area seems poorer than that of Puntarenas Sandbar.
It may be advisable for the former area to make a long-range plan as to
sultablie vegetation for this area based on potential vegetation. The
plan should include buildings, factories and houses on both sides of
highway, in order to encourage plant life (community) as wide as posgible.

If vegetation can he sufficiently restored, the area will be-
come comfortable to live in and attractive to visitors.

8.8.3 Water Resources in Gran Puniarenas

According to the INDECA Report, (Chapter 12, "Various Publice
Facillities: Service Infra-Structure"), the present state of and future
possibilities for developing water services are described in detaill
based on some actual surveys conducted by AyA.

Possibilities are shown as follows:

(a) More ground water may be made available by digging more wells
in areas of Socorrito, Chagite, and north of El Roble station,.

1} Ground water from deep wells (36 to 46 meter deep) 1n the
Ll Roble area ts expected to be of good quality,

11) The ground water from shallow wells in the Barranca area isg
feared to be polluted and to have high salinity,

(b) Development of local publle water resources:

i) With the resources of Carrlzal, Socorrito and Chaglte areas,
the resources in La Rioja, Barranca and El Mango areas will
sufficiently satisfy future needs of this area —- from
Puntarenas to Barranca —- according to SENAS. This report
advises that it is necessary to confirm these possibilities
by actual surveys,
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i1) As a water source, the Alanjuez Rlver may be used, for thig

report says that the river has a minimum capacity of 1,300
liter/second, However, the water must be treated before
belng used.

iii) The well water from the area around the Maria Jesus River

may be sent to Caldera, Mata de Limon, El Arto de las
Mesas etc.

1v) Well water in the west of Cabezas willl be sufficient in

volume to supply the areas of Cabezas, Estero de Mero,
Barbudal, the hill of Roca de Carballo etc.

v} The water from wells situated on the south slde of the

Bartranca River will be sufficient for supplying the area
of Esparza, '

Furthermore, it is recommended in the Report that these water

distributlon systems in the central area of Gran Puntarenas should be so
connected with one another that the water can be used in any area in
cage of an emergency.

AyA will surely have adequate and sufficiently long-range,

future planning and scheduling in regard to the development of water
resources In the Gran Puntarenas area,

To the above information might be added several considerations

in order to assure the development of a good and sufficlent water supply
to meet future needs,

(a)

(b)

Water pollution, whether caused by domestic, cattle-related
(by manure) or industrial wastes, must be carefully handled
in order to preserve hyglenic conditions of the surface and

ground water to be supplied for public drinking.

The environment of wells to be bullt in the area should be
kept to preserve their cleanliness and hygiene; careful
administration of pollutilon control should be exercized in
order to protect the area against various kinds of water
pollution, such as pollutants from various kinds of wastes -
including harmful materials.

With regard to preservatlion areas of water resources, for
example, the upstream river basin of the Alanjuez River, the
area surrounding the reservoir should be cultivated with
adequate vegetation, giving careful consideration to good
vegetatilon in reference to the real and potential vegetation
maps for the area, Tor example, the area should be covered
with adequate forests in order to maintain underground
gtability. Instead of surrounding the shore of the reservolr
lake with concrete, it should be planted and covered with
waterweeds, which are effective for mnatural purification of

water,
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8.8.4 Port of Caldera and Surrounding Areas

The reclamation work of the port at Caldera ig now being under-
taken and 1s to be completed two year hence. Moreover, the comstruction
of the Costanera Highway to Caldera from El Roble and Barranca has just
begun, including the bridge at Mata de Limon. The highway will extend
to San Jose and also from Cascajal to the southern coastal region along
the Pacific Ocean to Golfito finally.

The marshland Mata de Limon, where mangrove groves grow thick
as natural vegetation, has to date been protected as a tourist place or
beautiful and calm spot. Population living in the surrounding area is
few in number and not dense. However, with the completion of the port
of Caldera the area is expected to develop gradually. The port is to
become a commercial port.

The present scenery of Mata de Limon consplcuously will change
after a big bridge is completed over the inlet. Though areas surrounding
Playa Corralillo, Playa Terclopelo, Playa Icaco, Playa Tivives etc. are
still somewhat removed for sight-seeing and recreational places at pre-
gent, they have development potential. Detours around the Punta Cor -
ralille to the southern hinterland of Caldera and transportation along
the Caldera Highway can be developed.

Recommendat Lonsg

1)  When the marshland of Mata de Limon ig developed, urbanizatilon,
local industrialization and commercialilzation can be expected to
some extent. Therefore, in order to prevent a chaotic sprawl or
the partial urban deterioration into slums, the construction of
new towns or city must be studied, programmed and promoted to
parallel completion of the Port of Caldera.

2) At that time, high level sewage system, sewage treatment facility
and environmental sanitary facilities related to the port adminig-
tration will become necessary, The varlous solid wastes emitted
into the port area naturally depends upon the nature of products
entering and leaving the port. Therefore, it will be necessary to
observe carefully buginess ‘activities at the port to make besi: use
of facilities and treatment processes.

3)  Vardous health conditions of port-related facilities including a
quarantine center, warehouses, business centers etc. should be
carefully handled under the control of the Ministerio de Salud.
Outside of the harbor area, hotels, restaurants and some factories
of the food related industry should be controlled strictly from
the standpoint of health and hygienic concerns,

4  Various excavated areas should be better restored by adequate

vegetation. All hill embankments, the area gsurrounding the port,
along the highway and newly extended railroad etc. should be
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recovered first by uslng grass with organically fertile soll, then
with large plants having substitutional vegetation. The entire
revegetatlon process requires a lengthy time period.

5) Transportation systems should be carefully scheduled especlally
for the convenient and cheap to use of port workers commuting

from locations around Caldera and Puntarenas, In order to eliminate
the possibility of slum formatioen.

8.9 Research and Development

In the last two decades, various pollution problems have ap-
peared Increasingly, requiring many kinds of sophisticated treatment
processes that use mechanized equipment and advanced technology in order
to save space and to increase efficiency. Thils equipment increases
initial costs. However, the chemical processing makes the treatment
more efficient but operating costs are more expensive for both ailr and
water treatment. Chemical treatment usually generates considerable
amount of sludge which is difficult to dewater and troublesome to handle
and to dispose, :

Recent tendencies of research and development focus (1) on
reducing NOX and very fine dust in the various exhaust gases emitted in
combustion processes, (2) on efficlent ways of saving energy and re-
gources on the omne hand and (3) on processes producing better and safe
effluents by tertiary treatment, on the other hand, in the waste treat-
ment .

Another important facet of waste treatment is the removal of
heavy metals down even to a trivial limit (ppb order). But such harmful
materials should not be disposed anywhere as previously stated.

Various bilochemical processes have a lengthy history and have
been developed with many modifications. The processes are comparatively
economical but because the retention time is lengthy, the size of the
treatment basin should be large. It is comparatively difficult to
reduce the size of basin. To make the basin more effective, however,
many kinds of bilochemically contact~type processes have been developed
recently, for example, a tower type trickling f£ilter using plastic
media, rotating disk contracter, tube type water reclrculating contracter
etc. The operating costs of these types of equipment are comparatively
economical. This equipment is conducive to organic waste treatment in
areas of high-priced land.

One of the most intexesting and useful processes for the treat-
ment of sewage and organic waste uses only soll, The process is conducive
to comparatively small-scale use and capacity, for example, to sewage
treatment for rural areas in Costa Rica.
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8,10 General Comments and Recommendatilons

1

2)

3)

As both the AyA and the Ministerio de Salud have already pointed
out the shortage of speclalists and trained staffs for pollution
control, environmental engineers must be gufficiently trained in
order to set qualified environmental pollution control standards,
To accompllsh this, it is necessary to survey and understand in
advance the present situation and problems in the fdields of air,
water and solid waste,

Cultivation of human resources, especlally, cultivatlon of technic-
al. speclalists, requires extended time and labor, for they must
have gpecial sgkills and abundant practical experience,

To recrult trainees for this work it may be advisable to give
them some preferencial treatment, e.g, some speclal qualification
when they have finished their training courses or to allow them to
enter more advanced courses for higher staff positions.

Furthermore, 1t 1s necessary to have a clearly defined personnel
rogramme, for example, to provide two or three specilalists for

each provincial capital in three to five years -~ a total of 20

pergsons. The programme is recommended to begin as soon as possible.

Recently the area of Guanacaste and Nlcoya sandbar are reported

to be drying up; trees have been cut almost up to the hilltop. It
ls necessary to restore sultable and stable vegetatlon in order to
retain subsoll moisture in these areas.

This requires long-range ecologlcal planning, and a survey of real
and potentilal vegetation must be undertaken before designing a new
vegetation system. A preliminary survey can probably be completed
in about one month by a three to five member group, when they co-
operate with Costa Rican experts. As recommended previously, a
similar survey for Gran Puntarenas should be undertaken as soon as
possible with regard for the surrounding area.

The environmental pollution abatement programme should be started
first by obtaining a seriles of data concerning the present state
of water pollution and the effects of sewage and industrilal waste-
water,

(a) As for sewage water, a hydraulic and hydrological survey of
several important rivers should accompany a sanitary engineer-
ing and ecological survey regarding the pollution and thé
natural purification of sewage water draining inte rivers.
Surveys of this kind are needed in regard to the Rio Grande
de Tarcoles and the Rio Barranca,

AyA has reportedly recommended continuation of a program to
monitor sewage effluents discharged into the Rio Grande de
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4)

5)

Tarcoles and its tributaries, in cooperation with the Institute
Costarricense de Electricidad (ICE) which has built four hydro-
electrle plants on the river. The results will prove to be
most Interesting and useful from a wider perspective,

(b) As for industrial wastewater, more than 100 factories in the
central area are probably discharging thelr wastewater into
rivers without any treatment.

The present state of the wastewater must be surveyed in
advance vis-a-vis the respective conditions of each factory,
before any wastewater pollution control standard 1s determined
officially. An exemplified list of various survey items is
shown in Appendix 7. The data should be obtalned by means of
direct inspection of and inquiry at the related factories.

Sewage Treatment by the Use of Soil

The process of using soll for sewage treatment has been developed
successfully in Japan. It seems sultable on a comparatively small
Bcale especially in rural areas having a population of about 2,000
or leas. Survey and experimentation are recommended as part of a
plan for setting up a pilot plant in some rural areas in Cosatd Rica
for demonstration putrposes.

The main characteristic features of thils process are briefly ex-
plained in Appendix 8. The process 1ls believed to be sultable to
use of volcanic soill, The pillot plant will surely contribute to

improvements of septic tanks in the country.

In establishing an environmental pollution control standard and
the control system, it seems most important to decrease initially
the discharpe of polsopous materials because poisonous materlals
are clearly related to the safety of human health (Appendix 4 and
5).
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Table 8.14 Several Bagic Reference Indeces

1} Population and Tts Rate of Increase, Area of Each Country
Rate of Population

Couatry Lang Area Population 1971 Denai;y Increase (%)
Lehe km®) (%) (thousands) (%) '/ km 1950 1970
Wor 1d 135,800 100,00 3,635,000 100,00 26
Japan 3in 0.27 104,328 2,87 280 1.72 1.26
U.5.4. 9, 363 6.89 204,800 5,63 21 1,39 0.88
W. Germany . 248 0.18 539,431 1.63 239 0.60 0.17
England 244 0.18 55,711 1.53 228 0.45 0,45
France 547 0,40 50,777 1.40 92 8,79 .61
Netherland 41 0.03 13,019 0.36 317 1,52 1.00

2) Japanese Reglonal Population Density (Showing concentration of central areas,)

Popuwlation Density P/km2 (increnasa)

1968 1971 Ay
Hokkaido (northern islands, including Sapporo) 67 66 =99
Tohoku {northern Honghu island, including Sendai Clcy) 136 135 -99
Kanto (Central arvea of Honshu, including Tokyo) 869 936 108
Chubu {( " ", including Nagoya) 266 4 103
Kinki ( " " ", lneluding g;gig.eﬁz?§. 551 583 106
Chugoku (western mosl area of Nonphy, Llncluding Wiroshima) 219 222 101
Shikoku (small southwestern ialand) 209 208 -100
Kyushu (southwestern-meoat island, lnc;uding Okinawa Islands) 292 287 -98

3) Population Distribution showing Population Concentratlon inte the Tokalde Megalopolice
(eastern seaboard from Tokyo to Napoym and central Kinkl arca

1968
Area, km4 (€3] Population (thousands) [3)
All of Japan 369,9 100.0 101,408 100.0
(1) Tokyo and vicinity 13,4 3.6 22,743 23,4
{2) WNagoya and vicinity 21,4 5.8 8,379 8.3
(3} Osaka and vicinity 18,5 5.0 14,730 14.5
Tokaldo Megalopolice 69,8 18,9 50,780 ' 50.1

[+ @2+ (3]

4) Vardation (Growth) of Various Indeces

Year Population Denslty Price index(1934-36=1) Price of Rice GNP  Export Tmport
—_— (thouannds) (P/km2) (wholesale consumer) (yen/1O0kg) {net) (million dollars)

1840 71,933 188 1.6 3,25 - 857 809
(War) (1945:3.5) (1946:50.6) (1951)
1950 83,200 226 246.8 219.9 445,00 94,611 820 974
1960 93,419 253 352,1 328.0 870.00 203,483 4,055 4,491
1970 103,720 280 399.9 577.9 1,250,00 574,408 19,318 16,881
(Increase
Ratie 1,103  1.109 1,136 1,762 1.437 2.823 4,76 4.20
'70/160)
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Appendix 2. Examples of Various Types of Industrial Waste and Their
Treatment

In referring to vardous factories Interspersed in the Meseta
Central and those in Gran Puntarenas, brief technical explanations of
the characterlstics of wastewater discharged from these factorles in
relation to thelr probable treatment processes and thelr expected results
are inserted hereunder.

Coffee Processing

One of the largest industries in Costa Rican agriculture and
chief sources of wealth is coffee grown on plantations at higher alti-
tudes area around the central plateau. The climate at altitudes higher
than 1,000 meters 1s reportedly ldeal for growing Arabica type coffee.

Duxing coffee harvest, in September to November, coffee beans
are washed and their shells are removed, using about 1 to 1.5 m3 of
water per one aack (60 kg) of coffee beans. The wastewater containing
the shells has a high BOD content (3,600 ppm) and is discharged from the
local COOP's factory. The washing process improves the quality of the
coffee. However, a considerable amount of pollutants are generated.
Lither an Oxidation pond or a coagulation and sedimentatlion process us~
ing CaCOg3 and poly-electrolyte coagulant should be employved or at least
tried for better waste treatment. About two thirds of the BOD and 80
percent of suspended solids reportedly can be removed from the waste.
The sludge can be reclrculated to the farmland for use as fertlilizer.
Mso, 1t is said that waste in the form of suspended solids from instant
coffee production can be recovered as a raw materials for producing
activated powdered carbon.

Milk Processing

Cattle breeding is ancther basic and important agro-~industry
in the country, because of the production of meat and milk. Land may be
fully utilized nearly to the top of wvolecanic mountains for cattle breed-
ing.

In Japan, there is much land at high altitudes, but it cannot
be utildzed so effilclently because of the very cold winter season.

As an agro-industry, the processing of fresh milk, butter,
cheege and powdered milk (plants are now under construction) needs to
use water for washing equipment, utensils and the factory itself. The
wastewater contains a moderate level of BOD, produced by oil and protein.
An oxidation pond or biological treatment can be applied to the waste.
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glaughterhouse and Meat Processing

Slaughter house is a necessafy procesgs of meat production.
the production of beef, chillled or frozen, also plans an important role
in the country's exports,

The under-mentioned quantity of water is generally used for
washing internal organs, skin and blood of hog carcasses but the volume
depends largely on the number of hogs processed and the time schedule
they fluctuate widely.

80 ~- 90 hog/day 1.1 - 1.8 m3/hog
200 " 0.8 —-1,0. "
300 ~- 600 " 0.5 “

The BOD in the wastewater greatly depends on the blood
content. In a modern process, blood can be separated and recovered
efficiently from cattle having an average weight of 375 kg; 15 to 16
liters (about 60 percent) of the total blood volume can be recovered and
the remalning 6 to 7 liters are discharged into the waste. In the case
of hogs having an average weilght of 80 kg, 2.2 to 2.4 liters (about 40
percent) of the total volume (5.6 liters) of blood are wasted., TFrom
both the viewpoint of effilcilent use of regources and that of decreasing
the waste load, the recovery of blood 1s very important. BOD loading
data are shown as follows:

Blood Recovery Waste Volume BOD Loadlng
60 -— 70% . 0.5 m3/hog 0.45 kg BOD/hog
40 -- 50 0.94 " 0.78 "

0 0.93 - 1,25 "

The typical quality of wastewater 1s shown as follows:

pH Evap.Res. Ig.Loss Ig.Res, 5.8, CcoD BOD NH3-~-N

6.3 -~ 7.3 1300 1000 300 500 200 800 37
(2700) (2300) (360) (2300) (400) (1700)

The complete waste treatment process 1s composed of:

(a) Screening (removal of halr, pieces of meat, coarser suspended
materlals etc.):

(b) Waste collecting pond with aeration (partially removal of 50
to 60 percent of 88 and 20 to 25 percent of BOD);

(c) High rate trickling fllters, two stages, (95 percent removal
of 85 nad 85 to 95 percent of BOD) or activated sludge process
(BOD removal of about 90 to max. 98%).

O0f course, an oxidation pond or lagoon can be applicable for

this waste treatment. However, sufficient volume and proper and pertinent
handling of the sludge (solid) are recommended.
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Tannery, Hide Processing

The hide ig another important product of the cattle industry,
However, the tannery process generates troublesome wastewater and gives
- of f an offensive odor. The wastewater geriously contaminates public
water courges 1f discharged without treatment and is comparatively dif-
ficult to treat. Probably factories should be relocated far from the
populated areas in order to avoid problems of odor,

Ugually tannery waste is alkaline, strongly colored and high
ingoluble solids and BOD. Examples of the quality of wastewater for
total and partial wastes of each process are shown in the table beloyw.

8,15 Total and Partial Waste Processing of Tannery

Partial Waste of Each

Total Waste. Step of Procéssing

Wash After Tanning by

Tannin Chronipm Liming Tannin Tannin
(Volume of
Waste) 3.0 1/k 3.0 1/ke 8.5 1/k
pH - 13 6 -9 11 - 13 4 -5 6.7
Evaporation 1, 300~ 7,000- 20,000~ 3,000- 15,000~
Resldue 10,000 10,000 40,000 6,000 20,000
Suspended 360~ 1,500~ 5,000~ 300 2,000-
Selids 3,950 3,000 8,000 4,000
BOD 100- - 700 3,000~ 30- 9,000
. 3,200 5,000 50
Total N 30~ - 1,000- - 1,300
450 4,000
Cr - 50~ 30~ -
400 50

By using natural gedimentation, only about 40 percent of BOD
and 70 percent of suspended solids can be removed, but the treatment
seems to be incomplete, It is better to adopt the combined treatment
of chemical coagulation or natural sedimentation and biochemical treat-
ment with pH control, :

By chemical coagulation, more than 60 percent of BOD would be
reduced; sulphine and chromium, if used in the tanning process can be
removed rather easily., By blochemical treatment, more tha 90 percent
of BOD can be removed, : '
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The sludge from tannery waste, i1f 1t does not contain chromium,
can be disposed on farmland.

Fruits and Vegetable ‘Processing

Many kinds of products can be produced from fruits and vegeta-
bles - e.g., canned products, sauces, julce etc. Because frults and
vegetables are seasonal products, the production schedule in each factory
varies widely depending on the type product and the season of production,

Wastes usually contain carbohydrates with sugarx, organic acids,
food coloring, suspended pleces of skin, cellular matexrials, seeds etc.
The quality of the waste depends on kinds of raw materials and production
processes; the waste becomes easily septic. All wastes, howaever, are
comparatively @asy to treat by using blochemical treatment with pl-control,

In the case of tomato juice and ketchup production, the waste
contains red coloring. It 1s best to mix it 1n a chemical coagulation
process in order to reduce the coloring as completely as possible,

Pineapples and bananas are other iImportant agricultural products.
Pineapple contains a high percentage of sugar. Canned pineapples are
slicings of fresh frults dipped in syrup. The syrup is extracted by
presaing the residual flesh of the frult, purifled by a special lon ex-
change process, and 1s in concentrated form., Because the recovered {ulce
contains about 15 to 20 percent sugar, it can be reused, ag has been
adopted economically in Hawaild. The final residual is composed of the
pulp of pressed fruit and can be reused as a component of animal feed
and organic fertilizer,

Marine Products, Fish Washing and Processing

Once the fishing boats arrive at their pilers, it is necessary
first to wash all the fish caught, packed them with lce and transport
them to consumer areas as fast as possible. Part of them are refrigerat-
ed as frozen fish., In fish canneriles, the production processes are com-
posed of defreezing, degutting, cleaning, separating according to size,
butchering, packing, sterilizatoin, cooling, etc. Representative data
of the quality of wastewater from tuna canning 1s shown Iin Table 16.

The water used in washing the f(lsh Is sea water., The waate-
wvater containing fish oll and blood to some depree, various fresh Flsh
Procesaing wastes, scrub water and resldue from floor-washing, wastewater
from refrigeration, etec; this changes greatly in volume and quality,
depending on the operation in each factory, Sea water having become
wastewatex after variously used in fish processing can be treated hio-
chemically if the chlorinity (salt concentration) is congtant, but 1t
must be collected and treated separately from fresh wastewater.
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Table 8.16 Waste Digcharge (Average) from Each Process of Tune Canning
Waste Discharge; Ton/Ton of Raw Material/Day . :

Wastewater 8.5, CoD BOD
(ton) (kg) (kg) kg)
Defreezing (5-23) 9.5 0.5 0.9 2.8
Cutting Head and
Tall Fin 2.7 1,04 1.1 2.7
Boiling (0.2) (0.5) (1.3) (1.6) (boiled
Butchering 2.3 0.25 0.14 0.3  Wvater)
Cleaning 2.3 0.04 0.05 0.1
Meat Packing 2.3 0.05 0.09 0.2
Floor Washing, etc. 0.7 1.0 0.33 0.7
Byproducts Process. 5.7 0.4 0.67 1.3
Total 24.5 3,7 4,6 9.3
Wastewater Contains: Higher (ppm) 1,200 2,800 3,800 max.5,400
Lower (ppm) 200 500 800 max.1,200

Various concentrated wastes from bolling ete., can be recovered
by thelr concentration oil separation by centrifugal processing and
clear liquefaction by filtration for use as seasoning elements., These
wastes can also be dehydrated into powder.

Concentrates and less from the by-products of non-edible fish
can be recovered to use in animal feed. The water in the fish stock is
neutralized with the rest of the concentrated being fish soluble and is
absorbed by animal feed.

From the waste of fish paste, high quality protein can be
recovered by coagulation with polyacrylic amide to use also in animal
feed.

Any kind of soldd wastes should not be thrown away into the
gea,

Metal Plating and Metal Surface Processing

The wastes from metal plating obtained in the plating bath con-
tain heavy metals in high concentration, but the wash itself contains
slightly a lower concentration. In this industry, water use is very
important. Almost all heavy metal ions in copper, iron, chromium,
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nickel, cadmium etc. except hexavalent chromium, can be removed by pre-
cipitation after neutralization. The poisonous hexavalent chromium
deriped from the chromate process can be collected, pH-controlled and
reduced by chemicals such as 502 gas or a bisulphite solutlon under the
automatic regulation of pH and Redox potential. After reductlon of cxto
to Crt3 (tri-valent), 4t is easily settleable by meutralization,

Large amount of acld and/or alkaline are used for metal
surface processing} the waste must be neutralized, but they often
generate large amount of metal hydroxide sludge which Lls very difficult
to dehydrate.

Extremely dangerous cynilde is often used in this industry.
Wastes contalning cyanide certainly must be oxidized for safety, Careful
attention should be pald in the process of acidifying the cyanide waste,
because of gagilication of cyanogen is very dangerous,

Paper and Paperboard Processing

Paper processing discharges quite much sludge containing both
fibers and fillers, which are easily separable by floatation or sedimen-
tation., Some fibrous sludge can be recovered and reused for lower grade
paper or as packing in paperboard. If recycled paper & used, deinking
waste 1s generated and must be treated by combining floatation with
chemical coagulation.

Earthenware, Chinaware and Porcelaln Processilng

This waste contains a considerable amount of fine clay or
sandy inorganic particles which are comparatively easy to separate, IF
necessary some coagulant can be applied; the clarified water can be
reused 1f desired in order to save the water,

Wooden Laminates (Plywood) Processiug

The waste from artificial wood laminates contains an appreci-
able amount of sugpended wooden fibers and colored, soluble wood resins.
The colored, soluble resins are slightly difficult to separate and de-
compoged., Sedimentation combilned with chemical ceoagulation and bio-
chemical processes can be applied as a treatment to some degree, but not
completely.

Machinery Processing

Machine shop and mechanized factories discharge an oily waste
containing mineral oil and warious lubricant odl that is sometimes free
or emulsified. Emulsified oil 1s contained in mineral oil and it
requires more time to separate or destroy the emulsion while retaining
the natural oil. A coagulant can be applied to flocculate the emulsion,
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but this 1s usually an expensive process. The physical separation of
enuleified oil can be accomplished by the use of "coalescer” equipment,
The equipment is used for the separating emulsified oil in the balast
waste of tankers,
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Appendix 4. Polsonous Materials, Their Industrial Uses and Sources

¢d (Cadmium)

Pb (Lead)

Cr (Chromlium)

1) Metal mining of zinc, copper etc. and refining process

2)
3)

4)
5)
6)
7)
8)

1
2)
3)
%)
5)
6)
7)
8)

9)
10)

11)

(#

2}

3)

4)
5)

6)

Compounds as Cd0 (CdS80y;, Cd-stearate ete,

Pigments as DdS$-ZnS, CdS-HgS etc. for paints, printing
ink, glass, plastics etc,

Electric dry cell, Braum tube, electric rectifier etc.
Metal plating solutionsg

Components of alloys

Catalysts for the production of tele-phthalate
Stabilizers of PVC plastic

Metal mining of lead, zine¢, copper, cadmium etc. and
refining process

Electric wire and telephone cable, lead pipe, lead
plate, lead shot, etc

Compounds as litharge (PbO), white lead (ZPbCO3,
Pb(OH)2)* read lead (Pb304)%*, sugar of lead (lead
acetate), lead stearale, lead chromate*

Plgments for paint and printing ink
Electrlc battery

Soldorx

Crystal gléss

Electroplating

Glaze for earthenware

Organic lead compounds for pestieide, agricultural
chemicals etc.

Anti-knocking reagent (4-ethyl lead) (Its use and
production are recently prohibited.)

pi.gments)

Chrome ore 1n mining and refining

Chromium compounds, Na-bichromate, Na, K-chromate
etc.

Pigments, chrome yellow (lead chromate), zinc chromate,
chromium oxide

Paint and printing ink containing pigment

Metal alloys (chrome steel, high tension steel, Ni-
Cr-steel etc.)

Tanning chemical
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Ar (Arsenic)

Cu (Copper)

Hg (Mercury)

7)
8)
9)
10)

1)
2)
3)

4)
3)
6)
7)

1)
Z)

3)

4)
5)
6)
7)
8)

1}
2)

3)

4)
5)
6)
7)

8)

Metal surface finishing
Textile dyeing
Boller cleaning reagent

Other various uses (matches, catalysts, antiseptic
processing of wood etec.)

Metal mining such as copper, zinc, lead, cadmium etc,
and refining

Arsenlc compounds (Arsenous and arsenlc acid, Na-
arsenate etc.)

Some chemical fertdilizer, impurities of phosphate
rock, iron ore etc.)

Medicine and agricultural chemicals
Glass production process
Antiseptic processing of wood, hides, fishing wirenets

Dyeing, processing translstors, desulphurizer ete.)

Metal mining of copper, lead, zinc etc.) and refining

Electric wire, metal plate, cast copper, copper
alloyas of bronze, brass etci)

Copper compounds {(oxide, sulphate, chlorides, car-
bonate~hydroxide etc.)

Metal plating

Plgment for ship pailnt

Rectifier and photocell

Agricultural chemlcals (Bordeaux mixture)

Antlseptic procesas of wood

Mining of mercury compounds (HgS etc.) and refining

FElectrode of electrolytic cell for chlorine-
caustic production

Production of mercury compounds (Calomel Hg2Cly,
Chloride, HgO)

Pigment (Cinnabar, HgS)
Metal plating
Paints, laquerware, color paints containing Hg-pigment

Fluorescent lamp, light mercury, thermometer, pres-
sure gauge, electric switches using liquid mercury
Or Vaporous mercury, mercury cell '

Medicine and agricultural chemlcals¥
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in (Zinc)

¥Mn (Manganese)

9)
10)
(

1
2)
3)
4)
5)

7
8)
9

2)
3)
4)
5)
6)
7)
8)

Other Poisonous

Catalyst for chemilcal reactilon*
Amalgamating other metals

Its use is prohibited;'these products are being
changed.)

Metal mining of zinec, copper, lead etc. and refining
Zinc plated steel plate (galvanized iron)

Zine metal plate, dle-casting

Metal alloy of brass, bronze, white gold etec.

Zinc compounds (zine oxide, zinec sulphate, zinc
sulphide etc.)

Pigment (zinc white Zn0, zinc chromate, etc.) for
palnt and plastics

Metal plating
Activation reagent for activated carbon

Electric dry cell coagulant for acrylonitrile or
ulgecose fiber etece,

Metal mining and refilning

Contalned in steel (de~oxygen, de-sulphur)
Metal alloys (Cu-Mn, Mn Bronze, Ni-Mn etc.)
Manganese compounds (MnClg, MnS04 ete.)
Electric dry cell

Paint and printing ink

Glazing for earthenware and porcelain

Dyeing, pigment (mangan white), fertilizer for
grapes, tobacco etc.

Materials

CN {Cyanide)

)
2)
3)

4)

5)

Metal plating bath liquid
Refining in copper mines, separating gold and silver

Synthetlc processing of acrylonitrile and waste from
the processing

Gas liquor from coke oven waste containg and thio-
cyanate

Many kinds of complex metal compounds of CN
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PCB (Polychlorinated biphenyl)

1) Electric transformer oll and electric condenser
(for dnsulation)

2) Used in the heating process as heat conduction media
3) Used 1n carbonies copy paper |
4) In polluted fish as biologlcal concentrate
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0
Dyeing & Processing
3, Artificial TFibers 0
4, Chemical Treatment X X 0
of Wood
5. Pulp & Paper Industxry O O O 0O 6 0 0 O
6. Chemical Fertilizer 0 X 0
7. Chloxilne~Caustic
Production by X
Mercury Cell
8. Inorganic Pigment ¥ X X X 0 0
Production
9. Inorganic Chemlcals ¥ ¥ X X X 0 0
Other than Upper Two®
10, Acetylene Derivatives X
from Carbide
11, Organic Pigment & X 0
Artifilclal Dyestuff
12, Petrochemical Industry X 0 0
Other Than 11
13. Fatty Acid Production 0

Industrial Fields Handling and Producing
Polsonous Heavy Metals

Tndustrial Fields

Metal Mining,
Coal Washing

. Textlle

Cd Pb Cr As Hg Cu Zn Fe Mn

S T

0O 00 000 0O0O0
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Exlstence and Use of
Heavy Metals

Products and im—
purities in metal
ores

Use of Na-bichromate
for dyeing

Fiber coagulants for
viscose, acrylonitril
etc.

As antiseptic, antl-
insect

Printed ink in re—
covered paper

In Phoaphate rock ox
ores

As anode In the
electrolytlc cell

Ag pigmenta, heavy
metal compounds

As heavy metal com-
pounds products and

their production
processes

Ag catalyst

Dyestuff of heavy
metal complex com-—
pounds and its pro-
ductdon process

As catalysts in
synthesizing pro-
cesses

As catalyst of

hydrolysis of oil
& fat
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14.

15.

16.

i7.

18,

19.

20.

21,

22.

23,

24.

25'

26.

27,

280

29.

30.

Industrial Flelds

Photographic Materlals X
Sensitized Paper etc.

Pharmaceutical
Industry

Agricultural Chemicals

Pesticide, Herbicide
etc,

Chemical Reagents
Production

Tannery of Leather
Glass and Products
Cement Production &
Concrete Mixing

Refining of Ceramic
Raw Materials

Iron & Steel Industry

Non Ferrous Metal
Industry

Metal Products and
Machine, Instrument
etc.

Metal Finishing
(Acid & Alkaune)

Metal Electro Plating

Hotel & Lodge Using
Spas

Developing
Photo-Film

Testing Laboratoriles

Organic Chemical
Production Other
Than 10 - 14

Cd Pb Cr As Hg Cu Zn Fe Mn

et bt ey i rmgm a— rem—— r—— —

X X 0 0 0 0
X 0 0 0 0
X X 0 0
X
0
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Exigtence and Use of
‘Heavy Metalg

In £1lms

Medicines containing
heavy metals

In organo-metal com-
pounds products and
in thelr production
process

Production of heavy
metals containing

. reagents

For tanning process

For optlecal, crystal
glass, and coloring

Contailned in raw
materials

In glaza and pigments

As the component of
alloys

Product metals them
selves and impurities

In raw materials and
products

Metals to be proces-
sed

In plating solutions

In spring water as
minerals

In film processing

Tn materials to be
tested or for ex-
periment

Paint, printing ink
and other organic
compounds



appendix 5. Emission Control Standards of Poisonous Materials in Japan

Careful considefation has been given to set pollution control
standards based on minimum effects on human health,

1. Cyanide: Unuseable if detected. (Limit of detection: 0.1 ppm)

The tolerable limit of cyanide on human 1life is reportedly 2
ppm, with a safety conmsideration factor of 100 times. This ldimit con-
centration seems to coincide with 48 Hr Tlm For fish. The value has
been set in consideration of the case in which a cyan-complex could be
decomposed to free cyanogen,

2, Mercury Alkylate: Unuseable 1f detected. {Limilt of detection:
0.001 ppm)

If man assimilates the material over a long term, the nervous
gystem is adversely affected. Even eating fish contaminated with
mercury alkylate affects the human nervous system,

3. Total Mercury: Unuseable 1f detected. (Limit of detection: 0.02
ppm)

Inorganic mercury can be changed to harmful organic mercury.
The 1limit of biological thickening (accumulation) for human body, 0.25 -
0.30 mg/day, should be taken into consideration. The possibility of
being affected by fish contaminated by total mercury should be consider-
ed, There is a safety factor of ten.

4, Organic Phosphorous Compounds: Unuseable if detected, (Limit of
detection: 0.1 ppm)

The use of pesticides and agricultural chemicals such as
parathion, methyl-parathion, EPN and mechyl dimethon are already peneral-
ly prohibited. Recently extremely poisonous pesticides are being re-
placed by materlals with effective but lower content poison on the
market., The limit of thelr assimilatlon Into the human beody is 100 mg;

a safety factor of several thougandths and the survival Llimit fox fish
(safety factor of 1L/10 of 48 Hr TLm) should be considered. '

5. Cadmium: Harﬁless if less than 0.01 ppm, for dnfrequent contact
(Limit of detection: 0.002 ppm)

A safety factor of several thousandths is used in preventing
acute polsoning. A safety factor Mu Hilied several ten times should be
considered though in light of accumulated assimilation in the human body,
(for example, there is the historical case of the painful Itai~-itai
disease) through potation of water, contaminated at 0.5 ppm.
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6. Lead: Harmless if less than 0.1 ppm, for infrequent contact.
(Limit of detection; 0,15 ppm)

Oral dosage of 10 g causes death. Symptoms of lead poisoning
might appear at 1 ppm, The safety factor 1s one-tenth,

7. Hexavalent Chromium: Harmless if less than 0.05 ppm, for infrequent
contact., (Limit of detection: 0.05 ppm)

The limit for chronic polsoning is 0.1 ppm. It will be neces-
sary to replace the use of either hexavalent or trivalent chromium by
using total chromium to avoid pollution. Because trivalent chromium can
be oxidized to form hexavalent chromium by residual chlorine in drinking
water, care should be taken,

8. Arsenic: Harmless if less than 0,05 ppm, for infrequent contact,
(Limit of detection: 0.01 ppm)

Arsenic becomes extremely harmful when combined with acids or
metals. In Japan, arsenic contained dry milk in 1955 caused much suffer-
ing.

Recently, the accuracy of chemical analyses of the above
chemlical has been improved as follows:

CN % 0.001 mg by photometric colorimetry
Organic phosphorous compounds 0.1 ppm

Arsenic * 0,001 mg

Hg~ alkylate 00,0005 ppm by atomic absorption photometry
Total Hg 0,0001 ppm

Cd 0.005 ppm

Pb 0.05 ppm

Total Cr 0.1 ppm

Crt6 0.1 Ppm

* This depends upon the initial sampling and concentration
by evaporation.
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Appendix 6. Tentative Projected Data for Water, Sewage and Garbage of
' Gran Puntarenas in 2000
(per capita/day)
Water (400 o Garbage (700
Population 1/capita/day) Sewgﬁg(SSA) g/capita/day)l)
1973 2000 m3/d, 1/s m kg/d  30% kg/d
Puntarenas 30,000 12,000 10,200 21,000 6,300
ot g0
© 70,000 28,000 23,800 49,000 14,700
Barranca 5,883
Caldera 6. 636 105000 4,000+9,3202)5,1003)  7,000%) 2,100
Esparta %% 40,000 16,000 12,000%)  24,0008) 10,0007)
1} Roughly 30 percent of the total garbage is organic kitchen

garbage which can be used for compost, farmland or landfill.

for ships, warehouses and

2) Estimated at the Port of Caldera,
sprinkler (by MOPT).

3) Estimated for water at 6,000 m3/d.

4) This value does not include the port.

5) Estimated for 75 percent of the water.

6) 600 g/capita/day is used.

7) Estimated for roughly 40 percent.

Requirements for Sewage Treatment Plant Site (tentative):

Treatment For Oxidation Ditch Aerated Lagoon or Stabilization
Capacity (about 3-day retention} DPond (about 10-day retention)
3 ~ 2
5,000 ™74 12,500 ™ 2 - 408
10,000 25,000 4 - 8
25,000 60,000 10 - 20

Requirements for Garbage and Refuse Landfil

1 Site (tentative):

Site 70% of Total Vol.l) Areaz)for One Year
(m3/day) (m?)
Puntarenas 45 15,750
bl Roble - 104 36, 400
arranca
Caldera 15 5,250
Esparta 44 15,400

)

Apparent volumetric specific gravity of 3m3/1 ton 1s estimated

*
]

usually 2-5 m3/1 ton are reportedly measured,
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2) Approximately 30 cm of garbage and 10 em soll are accumulated;
about 1.3 meter depth per year might be estimated. The gire
could be utilized for more than 5 years,

A Primary Sewage Treatment for Puntarenas Peninsula can be imagined ag

follows:

For a population of 30,000, 85 percent of supplied water, (350 1/

capita/day x 0.85 = 300 1/capita/day), is 9,000 m3/d or 375 m3/hr,
Three times that volume can be treated in the rainy season, l1.e,,

27,000 m3/d and would settle at a rate of a max. of 50 m3/m2/day,

that 1s, surface area of the settling pond should be 540 m2,

Then the tentative dimension of the settling pond would use either
one 26,2 m$ Circular Clarifier, two 18.5 md Circular Clarifiers or
two 30 m x 9 m rectangular settling basins with screens and

pumping systems.
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Appendix 7. An Exemplified List for Field Inspection of Industrial

7.

10.

11,

Wastewater, Facts and Conditions in Varilous Factories

Name of company and factory Address:

Kind of industrial classification

Main products, raw materials and byproducts

Production capacity (per day, per week, per month or per year)

Industrial water: source and quality
Quantity of water for each use - boiler, coecling, production,

washing and cleaning, (m3/min. m3/hr ete,)

Wastewater o be dilscharged:
Quality and quantity

Maximum, average volume, m3/hr, ms/day (hrs per day),
Quality, analytical data,

Present treatment and dlsposal, future facilitdes and plans
Location of dlscharged

Solid waste, volume per day, month, etec,

Main discharge and quality,
Method of final disposal

Company data:

Amount of capital

Total sales amount

Sales income

Profit and dividend

Number of employees and workers

Market price of maln product, cost of waste treatment if used
ete,

Environment of area where treated effluent waste is discharged,
at present and in future, other.

Previous experience, effects and problems connected with waste-
water and solid wasté disposal in the surrounding environment
including urban zone, factories, farmland, marine areas etc,

Operating capacity, competence of staff maintenance of waste
treatment process and facility, laboratory and experimental staffs,
capability of technical innovation for environmental quality
improvement, etec.
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Appendix 8. Sewage Treatment by the Use of Soll -- Essential Pointg

There are several conventional types of organic waste treat- .
ment by soil, that is, spraying or broad casting the raw waste or sedi-
ment after secondary treatment by sprinkler, gravity penetration (filtra-
toln) ete. The important points to be considered In waste treatment
by soil are:

(a) Problems connected especially with waste sprayed in the air,
(b) Pollution of underground water by impurified wastewater leaked

or filtered through soil layers.

The surface layer of soil, about 50 to 100 cm. thick, is
usually composed of inorganic minerals combined with biological-organic
components, containing various kiunds of micro-organisms of plant and
animals basically. These indilcate the decomposition capacity of various
organic materials. This is why the soil can be utilized effectively for
treating organic waste.

The hygienic problems of soll treatment mentioned above can
be solved by using this new technology. In case wastewakter is fed
through a vertical-type well, the soll pollution can occur, depending
on the depth of the well and the level of underground water.

This type of s0ll treatment should use a goil-covered under-
ground trench, avolding direct vertlcal penetratilon. The merits of
this type of sewage treatment or organic waste are: (1) it naturally
avolds clogging by the biologleal action of decomposing organic sediment
in the seodl; and (2), depending upon the quality of wastewater, there
are several medifications such as an underground trench for sedimenta-
tion, recirculation, contact aeration etc., each of which can be usged in
various combinations.

There are hundreds of experiences using this process for a
comparatively small-scale waste treatment, for both secondary and tertilary
sewage treatment (including ammonium and nitric nitrogen reduction) in
Japan. The process is applicable to wide areas, both in rural areas and
areas of volcanic sandy soil.

The speed of penetratlon of course depends upon the quality

of wastewater and the physical and geological quality of the soil., The
rate of treatment usuvally in the range of 0.1 to 3 wm3/mZ/day.
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CHAFTER IX

TRANSPORTATION

9,1 Role of Tramnsportation as a Development Strategy

9,1.1 Functiona of Transportation

As far as our economic and cultural activitles are performed
to a speclal degree and are inter—-connected, we must prepare trans-
portation facilities. We can depict briefly the relatlonship between
our activitlies and transportation by the diagram shown in TFigure 9.1.

Figure 9.1 Relatlonship between Economic and Cultural

Activities and Transportation

National Economlc and Demand for
Cultural Activities Transportation

Demand for
Transportation of
Goods

Regional Economic
Actlvities

N/

Demand for
Transportation of
Passengers

Reglonal Cultural
Activities

™~

Facilities and Vehlcles
of Transportation:

Roads Cars, Trucks
Railroads Trains
Ports Adrcrafts
Alrports Ships
Terminals
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Demand for transportation will he generated hy the development
of national or regional economic and cultural activities, Transporta-
tion facilities and vehicles will be needed to increase demand for
transportation. In this case, transportatlon functions to stimulate
regional development. On the other hand, if we supply some transporta-
tion facilitles and vehicles in a region, new economic and cultural
activities may appear there, For example, suppose that a road is
constructed in an undexrdeveloped area as an accessory road to a major
highway leading to a major urban area or important agriculrural market,
Then, in this area, agricultural production will rise, Thus, transpor-
tation has the function of serving regional development.

As noted above, transportation functiens are classified into
two kinds - one function preserves the development of a region, and the
other function realizes regional development.

If we restructure the diagram in Figure 9.1, based on trang-

portation functions, we can construct the following diagrams (Figure 9,
2).

Filgure 9.2 Relationships between Economic and Cultural Activities

and Transportation from a Functional Point of View

(1) Transportation Facilities and Vehicles as Equipment for
Preservation of Reglonal Development (lagged investment)

T
Regional Economic and Demand for N ransportation
7 Facilitles and
Cultural Activities Transportation Vehicles

(2) Transportatlon Facilities and Vehicles as the Driving Force
of Reglonal Development (leading investment)

Transportation

Faciliti d Regional Economic and Demand for
2e s an ICultural Activities ‘| Transportation
Vehicles

When transportation facilities and vehicles are regarded as
equipment for preservation of regional development, they are supplied
"subsequently," i.e. they are supplied after regional development has
been realized. But, when they are regarded as the Eriving force of
regional development, they are supplied “precedingly,” i.e. they are
supplied before reglonal development 1s realized. In other words,
transportation facilities and vehicles are introduced into a region
elther as a '"leading investment" or a "lagged investment.™

Therefore, if we want to develop a reglon, we can use trans-
portation facilities and vehicles as a strategic tool for development.
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Table 9.1 breaks down population, area, population density and
the length of roads by province., Based on thils data, we can calculate
the per capita length of roads and the density of roads by province.
These calculations are shown in Tables 9.2 and 9.3. According to these
tables, the per capita length of roads is not neceasarily deficient in
sparsely inhabited provinces, But, the density of roads (the length of
roads divided by the area) is deficient in sparsely inhabited provinces.
In San Jose, a densely inhabited province, the road density is incomparably
high, approximately 290 km/1000 km2. In sparsely inhabited provinces
- for example, Guanacaste, Puntarenas or Limon - the road density is less
than 100 m/1000 km2,

The supply of roads leading to and vehicles in San Jose should
be regarded as the preservation of development of this province. How-
ever, the supply of roads leading to Puntarenas, for example, should be
regarded as a development strategy of the province, because this region
has not yet realized its potential development capacity.

9.1.2 Transportation as an Industry

Transportation can be observed in two ways., Transportation can
be regarded as an acltivity or function; Lt also can be regarded as an
industry.

Imagine as an extreme case that all vehicles are individually
owned. In this case, transportation as an activity exists., But, this
actilvity 1s a mere physical phenomenon. On the other hand, imagine
another extreme case that all vehicles are owned by transportation com—
panies. 1In this case, transportation exlsts as a mere activity as well
as an industry or a business, There are two types of transportation -
transportation as actilon and transportation as industry.

The choice between these two types of transportation in a
country depends on the natiomal policy. If transportation as an industry
1s regarded as effective from an economic polnt of view, it should be
encouraged by the government., Incidentally, transportation undertaken
as a business will be effective, at least, in certain transportation of
persons and goods. This is adequately demonstrated if we compare a
privately owned truck which 1s dnefficiently used and a truck that is
owned by a transportatlon company and 1s used effiliciently,.

Moreover, i1f tranmsportation in a country is undertaken as a
business, transportation will contribute to the increase of GDP,

9.2 Natural and Socio-Economic Conditions for Transportation Systems

9.,2.1 Topography and Climate

From the topographical point of view, Costa Rica may be divid-
ed into two parts, a wide plain and a large plateau. The plateau is
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Table 9.2 Per Caplta Length of Roads by Province (1970)
(km/parson)

Province Total National Regional Local
San Jose 2.24 0.36 0.23 1.65
Alajuela 4,92 0.85 0.75 3.32
Cartago 5,32 1.13 0.99 3.21
Heredia 3.24 0.39 0.96 1.89
Guanacaste 4,36 1.63 0.09 2.34
Puntarenas 4,37 1,78 0.22 2.37
Limon 2.92 0,26 0.37 2.30
Total 3.67 0.85 0.48 2.34

Table 9.3 Length of Roads per One Square Kilometer (1970)

(km/km?)

Province Total National Regional Local
San Jose 288,2 46 .0 30.2 212.0
Alajuela 164.7 28,4 25.2 111.1
Cartago 417.3 88.3 77.5 251.5
Heredia 121.1 14.4 36.1 70.7
Guanacaste 81.7 30.6 1.6 43.8
Puntarenas 83.9 34,2 4.2 45.6
Limon 28,4 2.5 3.6 22,3

Total 127.2 29.4 16.7 81.2
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located in the middle of the country. The plain is C-shaped and spreads
around the plateau as shown in Figure 9,3, As the altitude rises the
temperature drops. The temperature of the plain 1s very high, because
this country is proximate to the equator. On the other hand, the
temperature of the plateau is lower, and its climate is comfortable,
The population 1s concentrated in this latter region (see 9.2,2),
Because the country has both hot and temperate regions and lacks frigiqd
regions, it is conducive for constructing and maintaining networks of
road and rallroad systems. If there would be a frigid climate, roads
would be sometimes freeze or possibly be covered by heavy snow. Under
such conditions traffic accidents would occur frequently and the cost
of road and railroad maintenance would be high. Airports also profit
from this non~frigid climate,

From a meteorological point of view, Costa Rica has two seasons,
a rainy season and a dry season (or summer). In the rainy season,
heavy rain falls in a short time span. The heavy rain is the achilles'
heal in Costa Rica's road system., If the roads are unpaved, their sur-
face easily deteriorates in the heavy rain. But, this weak point can
be strengthened by paving trhe roads, although paving is expensive. Of
course, paved roads require a large expenditure for outlay and mainte-
nance in places where the temperature is hot and where there are heavy
rain falls, But this is not as serious as upkeep costs in frigid regions.
Therefore, heavy ralns can not comparatively be consgldered to be a great
weakness,

iven in the rainy season, the coastal temperature does not
become very low. Therefore, the country has no frozen ports,

In general then, Costa Rlca hasg conslderably favorable natural
conditions for transportation networks,

9.2.2 Population Distribution and Transportation

When we congider transportation problems, it dis most important
to pay attention to the population distribution, because transportation
is the activity of connecting dispersed persons and the goods produced
by them,

The population of Costa Rica is concentrated in the plateau
region, because its climate 18 more comfortable than that on the
plain.

This concentration is demonstrated in Table 9.4. The popu-
lations in this table are those of districts (districtos) which have
more than 10,000 persons. But, the populations of San Jose, Cartago
and Heredia belong to the Canton Central and have been included because
they form densely inhabited adjacent districts in the Canton Central and
massive urban areas, In this table the districts are classified by
altitude, that 1s, the height above sea level. The average population



Flgure 9.3 Temperature and Topography of Costa Rica

't Tiar T

Logs & ¥roorogue N1l CARAGU A

COSTA RICA

i
P TR S B,

Altltude

Temperature Atlantic Pacific e
50 4
(M > 24 ¢ 500 < 650
18-24 500-1600 650~1700
14-18 1601-2300 1701-~2350
10-14 2301-3000 2351-3000
] < 10 > 3000 53000

Source : H, Nuhn : Regionalization de Costa Rica, la Planificacién
del Desarrollo y la Administracibn, 1973
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of each classified district 18 noted at the bottom of Table 9.4, Ag
shown in Table 9.4, the average population of district becomes larger,
as the altitude rises,

It fs interesting to find a regular population distribution in
districts having a large population, even if the population is concentrat-
ed in regions on the plateau. Table 9.5 shows the relationship between
the populations of districts listed in Table 9.4 and their log ranks.
Thelr relationship can be demonstrated clearly by the ervaph shown in
Figure 9.4, The relationship may be expressed by the functions:

P = kr™a (9.2.1)
or
logP = -a logR + b (9.2.2)

where R 1s the population rank of the district, P the population of the
district which has rank R, and k, a and b (slogK) are parameters, If
we draw a graph which shows the relationship between the logarithms of
the population and the rank, we can get a linear relationship between
them as shown in Figure 9.7. This relationship can be expressed by

logP = 5,0606 - 0,7292 logR (9.2.3)

This relationship, which 1s called "Zipt's rank size rule," is also
found in the U.5.A. and Japan and 1s not a phenomenon particular to
Costa Rica. It can be deduced that, even if the population in Costa
Rica is concentrated on the plateau, the regularity of the district
population 1s normal,

Moreover, districts having a large population are connected
to each other by highways or railroads, with the exception of the Calle
Blancos district which 1s near San Jose and has no highway or railroad.
This means the main districts are already effectively connected by main
roads or railways.

9.2.3 Heterogeneity of Regilonal Industrial Composition

As already pointed out, transportation 1s generated because of
the spatial distribution of population. However, even if the population
is distributed sparsely, the industrial composition of each region are
almost similat to each other. Thug, the quantity of inter-regional flow
of goods will not be large. DBut, if the industrial composiltions of each
reglon are different from each other, the quantity of goods transported
from one region to another will be large.

To analyze and compare the industrial composition of each
reglon quantitatively, we can use the locatlon quotient, Q, which is
defined by the following equation.

Vi ¥i _ :
QET/T’ (9-2-4)
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Table 9.4

The Relation between Altitude and the Population

in Large Districts (Dlstritos) in 1973

Altitude 0 - 500 m 500 - 1,000 m 1,000 - 1,500 m
Name of ' Name of Name of
District Population District Population Digtrict Population
Limon 40,830 | Alajuela 33,122 | San Jose @ 215,441
Puntarenas 26,940 | San Isidro 32,929 | Cartago 65,310
Nicoya 20,915 | San Pedro 23,721 | Herredia 36,487
Name of Turrialba 18,873 G. Quesada 17,029 | Desam~ 30,659
parados
District Liberia 16,823
San. Juan 18,670
and Golfito 13,611 de Tibas
Fopula- Cafas 12,779 San Vicente 15,552
Moraria
tion Santa Cruz 10,672
Guadalupe 27,016
| Calle
Blanco 12,408
Agerri 11,653
San Rafael 10,434
Oreamuno
Paraiso 10,211
Cartags
Average of 19,260 26,699 41,258
Population i * '
Note: These districte have populatione lafger than 10,000,

The populations of San Jose, Cartago, and Heredia are not those of
districts, but those of Canton Central, ’
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Table 9.5 Relationship between Population
of Districts and Its Rank

District Rank TLog Rank Population Log Population
San Jose (Canton Central) 1 0.00 215,441 5,33
Cartago (Canton Central) 2 0.30 65,310 4,81
Limon 3 0.48 40,830 4.61
Heredia (Canton Central) 4 0.60 36,487 4.56
Alajuela 5 0.70 33,122 4,52
San Isidro de el General 6 0.79 32,929 4,52
Desamparados 7 0.85 30,659 4,49
Guadalupe 8 0.90 27,016 4,43
Puntarenas 9 0.95 26,940 4.43
San Pedro de Montes de Oca 10 1.00 23,721 4,37
Nicoya 1r 1.04 20,915 4.32
Turrialba 12 1.08 18,873 4.27
San Juan de Tibas 13 1.11 18,670 4,27
Cludad Quesada 14 1.15 17,027 4,23
Liberia 15 1,18 16,823 4.23
San Vicente de Moravia 16 1.20 15,552 4.19
Golfito 17 1.23 13,611 4,13
Catlas 18 1.26 12,779 4.10
Calle Blancos 19 1.28 12,408 4,09
Parrita 20 1.30 11,901 4,08
Agerri 21 1.32 11,653 4,06
Santa Cruz 22 0 1.34 10,672 4.03
San Rafael de Oreamuno 23 1.36 10;434 4.02
Paraiso de Cartago 24 1.38 10,211 4,01
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Population Figure 9.4 Rank~Size Relationshilp Found
(1,000 persons) in the Populations of Urban
- Districts, 1973
? San Jose
200 -
® District which has a railroad
o District which has a highway
o District which has no highway
- but 8 adjacent to a district
having a highway
150 |,
100 -
3
® Cartago
50
®_Puntarenas
" @ Turrialba
; lele Blancos
L O——8— g et (@)
Paraiso
0 SN Y WAV T N U TONNON NEUUNON TR [ SR SO RO Y NUU TR MY TN SN AN SOV S SUNNY AR MO N RN T N |
5 10 15 20 25 30
Rank
Source of Data: Repﬁblica de Costa Rica: Censos Nacionales de 1973,

Poblacién Tomo 1. Ministro de Econemfa, Industria y

Comercio Direccién General de Estadfstica Censos,
1974 ] PP . 1"'6

IX-11



Tigure 9.5 Zipt's Rank-Sized Rule Found in the
Population of Urban Districts (1973)

log Population

logP = 5.0606 ~ 0.7292 logR
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where yi{ 1s the population employed in the i th industry in a regilon, y
the population employed in all industries in the reglon, Yi the popula-
tion employed in the 1 th industry in all the reglons questioned, and Y
the population employed in all industries in all the reglons questioned.
Therefore, when a region specializes in the 1 th industry, the value of
the coefflcient becomes greater than 1.

We will analyze the industrial compositions of provinces by
this method. Industry is classified in 3 sectors - primary, secondary,
and tertilary sectors.  In this case, the number of families is used
instead of that of population in the definltion of the coefficient of
localization.

The number of families by province in 1973 dis shown in Table
9.6. Based on the numbers presented in Table 9.6, we can obtain the
location quotient, The quotient numbers are shown in Table 9.7. Accor-
dingly, San Jose and Herredia specialize in secondary and tertiary
sectors and are regarded as non-agricultural regions. Other regions
are regarded as agricultural regions (see Figure 9.6). Therefore, the
inter-reglonal flow of goods between these regions, 1.e,, between non-
agricultural and agricultural reglons, will necessarlly occur. Roads
must be sufficlently provided for the inter reglonal flow of goods.

In the future, OD (origin and destination) research for the
whole country should be undertaken when a project for a road system Ls
systematically planned, because as shown above conslderation of the
inter-regional flow of poods 18 most important in Costa Rica.
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Figure 9.6 Distribution of Location Quotilent (1973)

Alajuela

Guanacaste

Key

Q for Primary Sector >l

Q for Secondary Sector >1

Q for Tertiary Sector >1

1%-16



9,3 Analytic Observations of the Present State of Transportation

9.3.1 General Facts

When we observe the budget of the central government of Costa
Rica, we can understand that this country over the years has endeavored
to prepare a good system of transportation, Budget allocation to the
transportation sector approximates 20 percent of the total budget, after
1969, although it 1is only 18.9 percent and 16.8 percent for 1967 and
1968, respectively (see Table 9.8). On account of this investment,
total length of roads 1s gradually but steadily expanding and the sur-
faces of roads are also gradually improviug.

In the future, thls effort must be continued, because, as
stated above, transportation will expand more and more, -~ i.e., the
number of vehicles, the number of the passengers, and the quantities of
good transported will witheout doubt increase, as the size of the economic
activities {5 enlarged.

In the following sections, we will observe many aspeects of
the transportation industry in relation to the G.D.P., the slze of the
industry steadily increasing as the G,D.P, iIncreases, and its strong
correlation to the G.D.P. Therefore, the installation of cransportation
facilities such as roads, railroads, alrpots, and ports must be mailn-
tained, improved, and expanded to meet the enlarged demand for trans-
portatlion generated by the future economic prosperity.

Fortunately, thils country, as already indicated, Is making an
effort to prepare 1t8 transportation system. This effort should be
affirmed by the facts atated above.

9.3.2 Installed Tacilities of Land Transportation
{a) Roads

The length of the roads din Costa Rica has steadily enlarged
as shown in Talbe 9.9. 1In 1970, we can find a noticeable increase of
road length, This 1s caused specifically by an Increase of length of
paved roads,

The relatlon between the length of roads, paved, Improved and
unpaved and G.D.P. is shown in TFigure 9.7, By thils relation we can gay
that dn this country, the total length of roads increases by 2,352.3 km
and the total length of roads paved does 238.8 km when the G.D.P. in-
creases 1 bililllon colones measured by the price at 1962, during the
pericd from 1968 ta 1975,

Geographical distribution of the roads is shown in Figure
9.8,
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Figure 9.7 G.D.P. and Total Leﬁgths of Roads by Type of Surface
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Table 9.8

Budget of Central Government and That for Transportation

(in thousand)

F—;;ar Budget of Central Budget for gsz;g:tzgi of
Government . Transportation Transportation
(million colons)
1967 747,597 141,201 18.9
1968 790,821 132,894 16.8
1969 894,796 189,579 21.2
1970 976,669 238,927 24,5
1971 1,302,166 260,519 20.0
1972 1,432,900 348,697 24,3
1973 1,866,629 461,251 24,7
1974 2,268,800 512,719 22.6
1975 3,093,806 679,884 19.3
Source: Ministro de Obras Pblicas y Transportes, Cuadros Estadfsticos
Sobre el Sector Transporte, 1973 y 1975, (San Jose, 1974 and 1976)
Table 9,9 Length of Roads by Class and Type of Surface
(in. km)
Year
1968 | 1969 | 1970 | 1971 | 1972 | 1973 | 1974 | 1975
Roads
Total 18,321118,742|20,575|20,982(21,741|23,091123,6533 (24,724
Paved 1,289 1,393 1,455| 1,525| 1,636| 1,648| 1,692 1,939
Tmproved 4,742| 5,044| 5,020f 5,197 | 5,485| 6,673 | 7,041| 7,216
Unpaved 12,290(12,305|14,100(14,260114,620{14,770(14,920]15,569
National Roads | 1,475| 1,494) 1,494| 1,465| 1,508 1,508| 1,573| 1,638
Paved 752 767 841 895 9971 1,009 1,052 | 1,279
Improved 723 727 653 570 511 499 521 359
Reglonal 850 850 850 866 853 853 985i 1,073
Paved 41.6 503 503 519 519 519 457 469
Improved 434 347 347 347 334 334 528 604
Local 15,996 (16,398118,231(18,651|19,380(20,730}21,095|22,013
Paved 121 123 111 111 120 120 183 191
Improved 3,585| 3,970 4,020| 4,280 4,640} 5,840 5,992| 6,253
Unpaved 12,290(12,305 |14,260|14,260]14,620|14,770(14,920|15,569
Source: Direccién General de Estadfstica y Censos, Annuario Estadfstico

Costa Rica, 1973, p. 208.
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Figure 9.8 Network of Roads
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The necessity of roads will be expressed by the number of
annual passenger - kilometer (number of passengers using the roads times
the kilometer length of roads) of roads utilized by passengers, We can
gsee rapld increases as shown in Table 9,10, The numbers are explained
yery clearly by the G.D.P. (see Figure 9.9). The numbers of passenger
kilometers of national roads (Ly); reglonal roads (LR); and the total
(L7) will be expressed by the linear functlon of G.D.P. (P):

Ly = ar + brP (9.3.1)
LN = ay + byP (9.3.2)
Lr = ag *+ bpP (9.3.3)

where ar, aN, &R, bTs bN, and bR are parameters.

If we obtain the values of the parameters, using the data
from 1965 to 1975, the results are as follows:

Ly = -363.2104 + 0.4700 P 1 = 0.996  (9.3.4)
Iy = ~214.1923 + 0.3466 P r = 0.994  (9.3.5)
Lp = -149.6471 + 0,1235 P 'r = 0.972  (9.3.6)

where r is the correlatlon coeffleient. Ly, Ly and Lp are measured in
million passenger-kilometer (number of passengers using the roads times
the kilometer length of roads), and P is measured in million colones.
Of course, these relatilonships are all statdstlically significant at the
5 percent level of silgnificance. Using the regression lines we can
estimate the future numers of pagsenger-kilometer. Moreover, 1f we
suppose that the G.,D,P., in Costa Rica becomes 35 or 40 billlon colones
in 2000, the numbers of pasgssenger-kilometer will become as follows:

Lt : 16.1 or 18.4 billion passenger-km

Ly (National Roads} : 11.9 or 13.7

Lz (Regional Roads) : 4.8 or 4.2
The large number of passenger~kilometer will be generated not only (1)
from the traffic on existing roads but also (2) from that on new roads
connecting newly developed places in the country. TIn the former case,

roads must be improved, enlarged or paved, and in the latter case they
must be lengthened.

{(b) Ratlroads

The length of railroads is almost fixed in Costa Rica as.
shown in Table 9.11 and Figure 9,10,

On the other hand, the number of passengers and quantity of

goods transported by railroad increase steadily, as seen In Table 9,12
and 9,13,
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Table 9.10  Annual Passenger~Kilometer of National and
‘Reglonal Rodds in Costa Rica '

(million passenger-km)

Year Total National Roads Reglonal Roadg
1963 1,134.58 849,53 285,05
1964 1,295,04 966,88 328.16
1965 1,355,12 1,028.40 326.72
1966 1,477.43 1,144.15 333.28
1967 1,627.09 1,279.48 | ' 347.61
1968 1,847.23 1,475,97 371.26
1969 1,990,99 - 1,496.77 494,22
1970 2,146,22 1,596.37 549.85
1971 2,511.08 1,867.75 643.32
1972 2,555,98 ©1,973.82 582,16
1973 n.a. n.a. 1, &,
1974 2,934,21 2,213.89 720.32
1975 3,097.45 2,345.67 751.78

Source: Ministerio de Obras Pdblicas y Transportes, Direccidn General

de Planificacidn,. Cuadros Estadfsticos Soble el Sectr Trans-—

porte 1975, (San Jose, 1976).
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If we observe the relationship between the G.D.P. (in miliion
colons) and the number of passengers {in 1,000 persons) and the quantity
of goods (in 1,000 tons), we can see clear correlations between them.

The regression lines expressing the relationships are as

follows:
Np = 735.2940 + 0.2858 P r = 0,932 (9.3.7)
Np = 219.8357 + 0.2125 P r = 0.888 (9.3.8)
Np = 476.5835 + 0.0629 P r = 0,885 (9.3.9)
Qp = 282,9364 + 0.2883 P r = 0.897 (9.3.10)
Qp = —-391.0451 + 0.2617 P r = 0,966 (9.3.11)
Qp = 309.5235 + 0.0135 P r = 0.387 (9.3.12)

where Np 1s the total number of passengers, Ny the number of passengers
of Atlantie Coast Railroad, Np that of Pacific Coast Railroad, Qp the
total quantity of goods transported, Qa the quantity of goods transport-
ed by Atlantic Coast Railroad, and Qp that of goods transported by
Pacific Caost Ralilroad. (See Figures 9.11 and 9.12)

From the results written above, the exlstence of positive
correlations between G.D.P, and the number of passengers or the quantity
of goods transported are clearly confirmed.

Therefore, it can be saild without doubt that the number of
passengers and quantity of goods transported by railroads will increase
as the G.D.P. increases in the future. In fact in 2000, these volumes
will become as follows:

Nr : 10.8 to 12.2 (million persons)

Ny ¢ 7.7 to 8.7

NP : 2.7 to 3.0

Qpr : 10.4 to 11.8 (million tons)
Qa 8.8 to 10.1

Gp : 0.8 te 0.9

Although the quantity of goods transported does not increase
as rapldly as the G.D.P., it does show an increase. At the present
time, however, because goods are transported by trucks on roads, the
quantity of goods transported by railroad deoes not increase so much
that we can say clearly it is becoming significantly larger as the
G.D.P. increases. But, when the bulky cargo will be generated by the
development of industyy, the role of railroads will become very dimportant.
Railroads, then, must be sufficiently provided. In the future, all rail-
roads will be constructed with a double-track, but at present, most rail-
roads have only a single track. Unfortunately, in recent years, the
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Table 9,11 Length of the Railroads in Costa Rica

(kilometer)

Year Total | Pacific Railroad | Atlantic Railroad g;“ggitg°gijzy
1965 973.9 135.9 520.8 316.9
1966 974.8 137.0 523,0 314.8
1967 970.3 137.0 529.1 304.2
1968 980. 1 137.0 533.1 310.0
1969 1,074.5 162.0 562.5 350.0
1970 1,030.6 162,0 577.8 290.8
1971 1,040.6 162.0 581, 1 297.5
1972 | 1,040.6 162.0 581.1 297.5
1973 1,031,1 162.0 581.1 288.0
1974 1,032.6 162.0 573.3 297.3
1975 1,032.6 162.0 573.3 297 .3

Source: INCOP, JAPDEVA, Compania Bananera de Costa Rica.
Ministerlo de Obras Piblicas y Transportes: op. cit.
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Figure 9.10 Length of the Raflroads in Costa Rica.
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Figure 9.12 Relation between GDP and the Volumes of Goods ‘Transported
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management of the Pacific (INCOP) and Atlantilc (JAPDEVA) Coast railroads

have been ser
(Table 9.14)=

}ously embarrassed by thelr low income and high costs

Table 9.14 Total Incomes and Costs of Pacific and Atlantile Rallroads

(colons at current price)

Pacific Rallroad Atlantic Railroad
Total Coeffil- Total Coeffd-
Year Income Cost clent Income Cost clent
(A) (B) (A/B) (a) (B) (A/B)
1965 11,628,543 10,551,899 ( 1.102 | 25,584,628 21,076,538 1.214
1966 11,162,050 11,012,923 | 1.014 | 25,778,911| 24,405,497 | 1.056
1967 11,415,673 | 11,964,155 | 0.954 | 28,555,212 25,291,982 | 1.129
1968 12,464,708 | 12,290,498 | 1.014 | 34,414,796| 30,355,870 | 1.134
1969 13,732,075 | 12,766,974 | 1.075 | 40,247,541 34,705,104 | 1.L60
1970 16,399,128 | 14,677,374 | 1,117 | 41,843,040| 50,559,779 | 0.827
1971 16,694,636 | 16,462,948 | 1.01l4 | 46,304,623| 50,856,921 | 0.910
1972 16,058,265 | 17,621,211 | 0.911 | 60,435,201 55,202,459 | 1.095
1973 16,238,493 17,573,992 { 0,924 | 70,216,518} 64,222,953 | 1.093
1974 17,932,075 ) 20,319,187 | 0.883 | 78,628,823| 74,377,203 | 1.057
1975 16,058,680 | 23,613,453 | 0.680 | 99,918,761|101,305,773 | 0.986
Source: INCOP, JAPDEVA. ,
Minilsteric de Obras Publicas vy Tranaportes: op. clt.

Costa Rica, was born.

To improve this bad condition of railroad management, at the
beginning of this year the two raillroads (INCOP and JAPDEVA) were united
with each other and a new management system, called Ferrocarriles de

(See Appendix A)

We hope that rallroad manage-

ment is improved by the new system, because the role of railroads is
very important, as shown above,

1/ According to the report of the feasibility study of rhe INCOP, in

recent years Lhe average transportation cost of goods 1s (.415

colon/ton/km while the income is 0,296 colon/ton/km; the average
transportation cost of persons is 0,172 colon/person/km while the

income is 0.162 colon/person/km,

From these facts we can see

relatively higher costs compared with the lower Income.
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