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1. . INTRODUCTION

1 Purpose of the Study

_ Lake Ypacarai, located at about 30km east of Asuncion, is an important
natural resource and a place for sightseeing/recreation for Paraguay, as an inland
country. Unfortunately, its water quality is gradually deteriorating due to the
limnological characteristics and surrounding development. If this trend is
" unchanged, the lake risks losing its value asa place for sightseeing/recreation

and as a natural resource. With this consideration, this study was made for the
purpose of formulating a water pollution control plan for the Lake Ypacarai and
its basin, and then tiansferring the techniques to Paraguan counterpart

personnel. .

2. Outline of the .Stu:dy

" The study is composed of four parts: O understanding the natural,
‘socioeconomic environiment of the basin as the background for water pollution, @.
understanding the present state of pollution in the lake and rivers, and an
‘analysis of the pollution mechanism, @ selection and evaluation of water quality
improvement techniques, @ . formulation of a complete water quality
conservation plan. A flow chart isshown in Fig. 1.

3. Area of the_Study

. Take Ypacarai and the rivers joining it were mainly studied, and the
“outflow rivers were also studied when necessary. The study area is shown in Fig.
- 2. ' '
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II.. - NATURAL ENVIRONMENT OF THE LAKE AND ITS BASIN

1. | Relation b'etwéen the Yuguyry River and the Lake

It_can bé'judgéd fi'om'i_:h:e results of various surveys that although the
relationship between the Yuquyry River and the lake is not clear, most of the
water from the former flows into the lake.

2. ' Basm D1v1sxon

Thex efore, the Lake Ypacal ai basin is basically composed of four
watersheds the Pirayu River (353.7km2) system, the Yuquyry River (343.9km2)
'system, the East shore river system (75. 2km?) and the West shore river system
- (60.2km?2), with a total ar ea at 892, 6km?2, There is only one river outflowing from
the lake, the Salado.

3. 'Lagke Bottom T‘ooogra'phy and Bottom Materials

" The area of the lake is 59.6km?, thh a maximum depth at 3m and a

_shght in¢lination to about 500m off the shore, however, most of the bottom is flat
with no watercourse observed. The water depth at egress to the Salado, was 85¢cm
below the datum level when measured. On the east and west lakeshores, quartz
- sand is distributed, but most of the lake bottom is umformly covered with black

mud.
4, Mafsh |

In the downstream of the Yuquyry R1ve1 a marsh of about 16km2in area
exists which plays an important role in adjusting the lake water level and in
mamtalnmg the water quality, and therefore, is called humedales. In the
downstream of the Pirayu River, a marsh of almost 2km? in area exists. These
marshes and innumerable small seale shallow ponds distributed on the right
bank of the Pirayt River main stream at 80 to 200m above sea level are
considered remnanis of the once-large former lake.

5. Ge ologg

_ The 1owest ho:mon of the strata dlstrlbuted within the lake basin is
granlte of Cambri ian period, with a small portion of outeropping. Most of the
eastern mountalns are composed of sandstone of Palaeozoic era, whu,h is used as
buzldmg stone in many places, On. the other hand, most of the western hills are
. c()mposed of conglomerate and red sandstone of Cretaceous to Tertiary pemod and
~ the conglomerate is excavated as material for gravel. In the central low lands,

. uncensolidated thin sand layer is distributed, and at the bottom of the Yuquyry
 River'dark gray to dark brown, semi-consolidated clay is distributed, which is

mined as ceramic material.






6. Soil

The soil distributed in the basin is basically classified into four kinds,
lithosol, acrisol, regosol and planosol and those without the last one are sandy
and lacks in organic substances. They are distributed closely correlating with the
topography. From this fact and from the results of grain size analysis, it can be
said that the lithosol and the acrisol are the original scil formed on the parent
‘rock, the reg‘osol is sandy soil formed when they are transferred to low land and
accumulated on grassland like wetland and the planosol is clayey soil formed
when they are further worked by river water and only the fine particles are left.
It seems that these soils were originally distributed thickly on gently undulated
hills, but as a result of roads and residential lands development, large amount of
them have been lost untill now. As to the cation exchange capacity (CEC) and the
phosphoric acid absor ption coefficient (PAC) of the soil, planosol was the largest’
(16.3me/100g, 500 mgllOOg) and acrisol was the smallest (2.6me/100g, 100
mg/lOOg) ' ,

7. ' Weather

Acem ding to the meteorological obselvatlon result from March 1988
thr ough February 1989 the yearly precipitation ‘of the lake basin was 1,485mm,
mean of the normal year., However, the April precipitation was 130 to 390mm,
almost double of normal year, and on the contrary, the March and July
precipitations were 20 to 55mm and 1 to 5mm respectively, considerably less than
the normal year. And, the March average temperature (San Bernardino) was
28,2°C, the past hlghest record; and the May and July average temperatures were
16.2°C and 15.6°C respectively, the past Towest record. Besides, before the
- observation was started, from 13th to 16th January 1988 there was rainfall
estimated as more than 180mm and the lake water level was remarkably rised.
The season of the strongest wind during the observation was July to September,
and the prominent wind direction was south-west-south.

8. Lake ‘Water Level

The mean lake water level durmg 22 yeals from 1965 to 1987 was 1. 20m
above the datum level (62, 29m above the sea level), and the highest level during
this perlod was 2.20m above the datum level (Mar 17, 1974). And, the
correlatlon between the water level monthly average and the precipitation
monthly ' average is low. This fact suggests that the: lake water level is not
decided only by the inflow amount, ‘but is affected by the state of the egress to
: _Salado River. Be31des the lake water level of 16th through 20th of January 1988

recorded the past hxghest of 2.60m, and the lake was cleared after that. The lake
- water level during this study was always 19 ~ 61cm higher than mean lake water
level. :






9. River Water Lével

'I‘he Yuquyxy River watez level in floods reaches its hlghest af O 5tol
day after the peak rainfall, and that of the Pirayu River, 1.5 to 2 days after the
peak rainfall. It seems that this is due to the fact that the urbanization of the
" Yuquyry basin resulted in a runoff time decrease. Furthermore, in flood time the
lake water level rises at almost the same time as when the river water level goes
up, but does not fall eas1ly after the river water level goes down. It seeins that the
outflow 1 IS controlled by the state of egr ess to the Salado River.

| 10, Vegetatlon in the Basm

‘The plant commumtles dlstnbuted in the basm are classified mto four
groups ; forest, palm community, grassland and hydrophyte. Within the forest
group, mountain forests seem to be those secondary of the natural forest once
spread in the basin but then transformed into bushes by selective felling and soil
depletlon These mountain forests have almost vanished in the Yuquyry basin
and are rapidly dwindling in other areas as well. As for the palm communities,
there is the Karanday palm community which grows in low permesbility clayey
soil, and the coco palm community which grows in high permeability sandy soil.
The latter is low density vegetatmn which developed after the mountain forest
was felled

11, Lakesuie Vegetatlon

~ Various hygrophyte and hydrophyte is observed at the lakeside.
Hygrophyte is mainly of Cyperus sp. group and widely distributed in the
downstream marsh of the Yuquyry and the Pirayu Rivers and around the Salado
River, Various hydrophytes grow together in the north inlet of the east lakeshore
and in the south in the vicinity of the Pirayu estuary where the effects of wind
and wave are not strong. _ | :

12. Aguatlc Life -

_ The phytoplankton of the Lake Ypaca1 ai shows characterlstms of a
eutrophic lake, where the ratio of cyanophyta is large throughout the year. The
cell number during the study period was at the order of 104/n¢, and in February
- and March of 1988, water bleom was observed. As for zooplankton, rotifer,
cladocera and copepoda were abundant and the species composition was
generally the same as for a eutrophic lake, However, the existence of benthos was
less than that of an eutrophic lake in a temperate zone,

__.G....






I,  SOCIOECONOMIC ENVIRONMENT OF THE BASIN

1. Pressure from thé Asuncion Meﬁ'opolis

'I‘here are nine dlsi,mcts Whlch belong to the basm Among them, Lugue
and San: Lorenzo have been completely lncluded as part of the Asuncion
metrcpohtan area, and Capiata and Aregua are playing role as its bedroom-
community. Outof the population of 210 thousand in the basin, more than 160
thousand live in the Yuquyry basin. Route 2, connecling Asuncion and Brale
crosses this basin, bordered by many factories and offices. Many of the visitors
crowding the recreational facilities of the lakeshore also coime from metropolitan
area. Therefore, the water pollution problem of the Lake basin cannot be
consxdel ed as apa1 t from Asuncwn metropolitan area.

2. Land Use K

The ratio of the land use by land c}.asmficahon in the Lake basin is :
forest 14. 1%, waste (or dry grassland) 0.4%, marsh (or submerged zone) 3.8%,
meadow 36.3%, farmland 28 9%, lake and swamp 0.83% and urban area 16.2%;
however, the composition is quite different in the Yuquyry basin and in the
Pirayu basin. In former case, the orderis far mland > urban area > meadow, and
the urban area occupies 71% of the total urban area within the Lake basin. On
the other hand, in latter case, the order is meadow > farmland > urban area, and
the meadow occuples 58% of the total meadow area within the Lake basm '

3. _' Expansmn of the Urban Area

If land use of 1965 and 1988 are compared, the urban area has more than
doubled within this 23-year period. Thisis mainly due to the population increase
in the Yuguyry basin, Whlch results in the conversion of farmlands into urban
area. Such urban expansion shows that the Asuncion metropolitan area is
expanding into the Lake basin. Furthermore, this trend is likely to contlnue, as
long as no special measures are taken. : :






v.  POLLUTION SOURCES AND THE STATE OF THEIR
GENERATION/DISCHARGE

1. ' C'lassiﬁ'cation and Dist.riblitien of Pollution Sources |

The pollutlon sources w1th1n the basin are cla531ﬁed as point sources and
non- pomt sources, and for. convenience, the point sources are classified as four
types: domestic (households), tourism (hotels, clubs), public facxhty and industrial -
(mostly agricultural and llvestock products processing industries). Almost 80% of
the domestic pollutmn sources are located in the Yuquyry basin, and the tourism

'pollutmn sources are concentrated on the Bast shore basin. As for the public
facility pollution sources, there is only one national hospital and one public
sewage treatment plant. Among the industrial pollution sources, the largest in
scale are four vegetable oil refineries; three of which are located in the Yuquyry

" basin. . Many of the other industrial pollutxon sources are also located in the
Yuquyry basm :

2.- ‘ DomestlcPollutlon Source '

~ As for the domestlc water only that of about 15 000 persons in San
Lorenzo becomes sewage, and the rest are permeated into the soil thr ough an
mfiltratlon tank (open shaft about 1m in diameter, and 2 to 6m in depth) installed
at- the house, or through the same to which a septic tank is attached. For this
reason, health hazards often occur where the waterworks is not complete, The
~ amount of dlschaz ge is estlmated at 130 to 150€/person/day in cities, and shghtly
less i in rural areas. . ;

3. | ' Tourism Pollutién Sbﬁrces

At most of the tourlsm pollutmn sources, Septlc tanks and storage tanks
are mstalled However, many of these are not prnperly maintained and managed,
and at some places the water directly flows into the lake. The amount of
discharge increases in summer, at which time the number of guest still does not
exceed 100person/day average. :

4, Pubhc Fac;htw% Polluuon Sources

, As for pubhc fac1l1tles pollutxon sources, the national hospital has 350
*employees and 200 beds, and the waste water is passed through serial three stage
septic tanks and then filtered by sand and pebbles. The sewage disposal plant
consists of a serial three stage lagoon, and accepts the raw sewage and other
waste water from about 15,000 persons from San Lorenzo,






5. Industrial Pollution Soﬁrce

~ The discharge amount of four vegetable oil refineries, the large scale
industrial pollution seurce, is estimated at 5,000m3/day total, among which two
vefineries of large production have chemical treatment plants for high
concentration waste water but which are now not in operation. The butchery is a
- semi- pubhc fa('lhty and roughly one each is established at every city in the Lake
basin, but many of them are disposing the blood and stomach contents from
dissection into the river as is, In addition, there are mlddle to small-scale
factories, such as, tanneries, breweries and sausage and starch factories, but only
a few of them have Iagoonq and most of them are d1scharg1ng into the river
w1thout p1 ocessing, '

6. Pollutlon Load Generatlon from Pmnt Source

When the pollution load generation from pomt sources in the Lake hasin
was calculated based on the drain water quality survey data and existing data on
the generatlon basic unit, the domestic origin occupled 52% of COD, 78% of TN,
and 65% of TP. ‘On the otheér hand, the industrial origin occupied 44% of COD,
15% of TN and 30% of TP. As for that of industrial origin, the rate for vegetable
oil reﬁnemes was high and occupied 85% of COD, 64% of TN and 69% ofTP '

7. - Non-Point Sources

From meadows which constltute a non-point source, there is run-off of a
portion of livestock excretions. From dry fields, usually,a portion of fertilizer
runs off, however the amount of fertilizer in the Lake basin is generally scant.
The forest functions in puufylng pollutlons, however its presence in the Lake
bagin is decreasing. Much earth and sand are running off the Lake basin every
year because the soil is sandy and lacks organic substances, ‘and because of strong
“rainfall of 80 to 120mm lasting several hours which oceurs several times a year.
The originating places of gross sand and gravel are the mountain and hills not
covered by forest, the Pirayu River left bank, roads and residential areas and

stone/gravel/clay pits. -






V. = RIVER AND LAKE POLLUTION

1. 'Pollut'i(_)il in Rivérs

In the Yuquyry water system, the DO saturation is low in many places,
which shows that organic substances beyond the self-purification capacity are
entering. On the _contrary; in the Pirayu water system, in many places, the
~ degree of organic contamlnatlon is low; in particular, the Yagua- Resa-u River is
hardly contammated in every river, the BOD/COD are small at low water level,
which shows that a large amount of organic substances are difficult-to-
decompose.- 1t is also common for 70% to 90% of the residue to be dissolvable
{particle size less than 1 pm). :

2. -vaer Water Quahtv in Flooding

The pollutant concentratlon in ﬂoodmg is 1.5 ~ 2 times more in the
Yuquyry River but several times in the Pirayu River (Y-pucu and Yagua—Resa-
Rivers), and in both the pollution load becomes almost equal. It seems that thisis
due to the fact that, in the former, the ratio of load from the point source is large
and, in the latter, the ratio of load from non-point source is large. Among the
pollutants, the SS concentration increase is remarkable, which suggests that the
earth and sand runoﬁ" increases in flood tnne |

3. Rwer Bottom Materials |

_ In splte of a large amount of orgamc substances ﬂowmg in from the
basin, the organic substance content in river bottom materials is low. The reason
seems to be because much inorganic S8 originate from earth and sand deposit on
the river bed

4. ' Inﬂow Load

The yea1 ly load mto the lake obtamed from’ the river water quality and _
flow rate, at low water level and in flooding of the Yuquyry and the Pirayu
Rwers, calculated at the upstream side of marsh are: 9.8X 106 kg of COD,.
374X 103: kg of TN, and 20.4 X108 kg of SS. By basins, from the Yuquyry basin:
53% of COD 48% of TN, 58% of TP and 39% of S8, and from the Pirayu basin: 27%
: of COD 29% of TN ;,.0% of TP and 34% of 53, are 1nﬂow1ng

5, '- 7 Punﬁcatlon Capamtv of Marshe%

_ The pollutants are 1emoved in the marshes by the large. size particle
setthng cauged by the reduction i in flow speed, -attachment énto the hydrophyte
roots, decompomtwn by micro- organisms attached to hydrophytes and so on.
However, the measuring method and frequemy are not satisfactory. For the
Yuquyly Rwer 1t is estlmated that around 80% of 88, around 50% of COD,

. '__10__






around 75% of 'TN and around 70% of TP are removed by passing through the
marsh. at normal water level. As for the Pirayu River, it seems that the
purification rate is extremely lower than this, as the area of its marsh is 1/8 to 1/9
of that in the downstream Yuquyry and the retention time is short.

6. OrganicSubstfmces in the Lake Water

Wlth the increase of or gamc substances in the water, larger quantlty of
dlesolved oxygen is consumed and selfpurifying capacity of the river and lake
water decreases Consequently both the water and the bottom materials become
perishable and the ecosystem around the aquatic area changes. During the study
period, COD concentration of the lake water was highest at 50mg/¢, and lowest at
20mg/t, showmg that organic pollutmn is advancing greatly in the lake.
However, BOD concentration is 2.5-4.3mg/€ and BOD/COD is about 1/10,
therefore most of the ot ‘ganic substances are believed difficult-to-decompose.
There is httle difference of DCOD concentration between the lake water and the
inflowing r iver Water

7 | N utnent Salts in the Lake Water :

_ Wlt.h the 1ncrease of' nutuent salts in, the water phytoplankton
mnltlphes due to this nutrient source. This leads to trouble in the purifying
process for potable water and to a cause of offensive odor of city water. Also, when
plankton dies, it accelarates the or ganic contamination in that water area. The
lake water TN concentration during the study period was 3.3mg/€ at maximum
and 0.7mg/€ at minimum, and the TP concentration was low in 1988, but
exceeded 0 2g/€ in 1989. The state of high nutrient salts is the same as in past
data, and it can be said that the Lake Ypacarai reached a hypertrophic state long

ago.

8. 'Geusee of the Lake Turbiditv

. Turbidity reduces the aesthetlc value of the water area as well as the
comfortability of bathing, Accordmg to the existing data, transparency (SD} of
the lake is normally less than 15 ¢m and seems very low, but during the study
period, January through September of 1988, it was 60 to 80 em. However, in 1989
the SD value deéreased to-around 25 em, the water color turned to dark and TP
concentration 1ncreased The causes of the turbidity are @ dissolved substances
within inflowing water (considered difficult-to- (Iecompose substance) @
. phytoplankton produced in the lake and its dead remains, @ as for the bottom
mud stirred up by waves and wind , the amount and ratio fluctuate gr eatly,
‘ dependxng on the weather andfor hydrauhc conditions. It is not clear yet from
this investigation what makes the water black and what decreases greatly the
luminous mtenSIty in the water.






9. Cont;alxl_irlation by Bacteria and Toxic Substance _

Both bacteria and toxic substances are the eventual causes of health
damage for the people and the domestic animals. So far, the lake contamination
level by bacteria and toxic substance is low. However, downstream in the
Yuquyry River, fecal coliform groups are always at a level of 1,000 to dozens of

- thousands MPN/100 ml, which can be considered the effect of butchery and

" domestic waste water. ~Although few, there are factories which possibly discharge
toxic subst‘mces, such as the pharmaceutxcal factmy at San Lorenzo and the
tannel ies al Ypacaral

10.  Lake Bottom Materials

The lakesho’fe aside, the lake bottom materials are 99% clay and silt
except for a small portion, and the natural water content is 150% to 400% with a
small difference between pomts L 'is hlgh at 15% to 20% and contains high
levels of or ganic substances. The columnar samples show that the CN
concentration, water conterits and 1L decrease remarkably between the bottom
surface and 15 to 17.5 cm below it at the center of the lake. The bottom mud .
deposit rate obtained from the SS settling quantity is 5.3 mm/y when calculated
from surface layer water content, and 2.1 mm/y when calculated from 20 cm
below the surface layer water content, Therefore, the depth where the bottom
materials change suddenly does not go back more than 80 years even taking into
account the reduction by decomposition and consolidation,

—12—






VI. POLLU’I‘ION MI* CHANI\;M AND WATER QUALITY PREDICTION
OF THE LAKE

1. Retention Time

‘The retention time obtained from the lake capacity and water balance is
around 150 days namely the turnover frequencyis 2 to 3 times/year.

2. Water Quahtv Dlstrxbutlon Characte1 lthCS

The water quahty dlfference at pomts in the Iake is small, and advection
and dlffuemn are always adequate. It seems that the horizontal mixing speed is
very rapid, as the change in river water quality immediately affects the lake
water quahty change The vertical water quality change is also scarcely
observed, and DO saturation is always adequate at the bottom layer too.
Therefore the vertical mlxmg also seems to be active.

3. o Regulatmn Factms of Water Quahtv |

Accordlng to the 1nvest1gat10n of wate1 quahty inr elatmn to the weather
‘and hyd1 ological conditions and to the results on the emstmg water quality
through simulation, the main factors which regulate the lake water quallty are,
@ residue of mﬂow load (whlch cannot be removed even by purification in the
marshes nor by setthng at estuaries), @ phytoplankuon breeding in the lake, ®
~elution from bottom mud and stir-up of bottom mud by wind and waves. The ratio
of @ increases in flood time at a rate which is 15 to 20% that of the production in
~ the lake. @ is controlled partlculal ly by the thickness of the euphotic zone,
howevel the velocity of decompos1t1on is high. For @ the elution increases in
sumimer when the water temperature is hlgh and stir-up is remar kable in winter
when the wind i is strong.

4. Predieticn on the Effeéts of Water Qtialit'f Conservation .

_ The yearly change in lake water quahty (COD and SS) when the load i is
reduced to half under the weather conditions of the survey period, was calculated
by pollutmn sunulatmn, and the results showed that it would be shghtly
improved but no s1gmﬁcant effect. On the other hand, assuming the load will

“increase 2% each year from now, the lake water COD concentration in the year
2010 was calculated The result was 1.5 to 2 times of the present value. This does
‘- not mean that water quahty consel vation measures have no effect, but rather it

o mdlcates that water quallty impr ovement, takes a long time in closed type water

area where pollutmn pr ogresses very rapldly when iti is left toits own devices,






VI, WATER QUALITY IMPROVEMENT TECHNIQUES APPLICABLE
TO THE LAKE BASIN

1. List of Water Quality Improvement Techniques

~ Among the water quality improvement technique_s which are already
used in Japan and/or other countries, those applicable to the basin were selected
and listed in Table. 1'in order of priority. The order of priority was given taking
account of the extent, of water quality improvement effect, the degrec of difficulty
to provide funds and the necessity of new legislation, etc.

2. Measures for Industrial Sources

As measures for generating/discharging sources, the installé.tion of
and, due to their large share in the total load, it is an’ urgent matfer to perfect
industrial water treatment facilities. In particular, processing should be
mandatory for vegetable oil refineries, as they discharge much waste water (total
“of four factories, over 5,000m3/day) of high pollutant concentration. The
recommendations are for : restarting the operation of chemical treatment plant
for high concentration waste water at two factories where facilities exist but are
not in operation ; and the immediate installation of a facility of similar capacity
at two factories where none exists. Furthermore, it is desirable to install a lagoon
~ besides the chemical treatment plant and increase the processing capacity. For
other middle- and small-scale factories ;as well, guidance should be given so as to
install lagoons, at least, and to discharge after the organic substances are
decomposed to some extent. In addition, the pharmaceutical factories and
tanneries which have possibility of discharging toxic substances must be
constantly monitored. ' :

3, Measures for Domestic Sources

_ The load originated from domestic waste water is far less than that from
industry at present, but a large part of the pollution load generation is predicted
to increase more and more in future due to the urbanization of the basin, In
urban areas, people are running short of space for infiliration tank replacements,
and health hazards by groundwater have. generated where the city water is not
yet supplied. Therefore, needless to say, to hasten the completlon of sewarage and
sewage treatment plant, it is necessary to transfer the domestic waste water from
urban area where the completion of those facilities is retarded, to soil absorption
treatment from disposal by infiltration tank. As to the area where the
groundwater level is shallow or the soil is quite unsuitable for soil absorption
treatment, the introduction of a raw sewage collection system by cesspit emptier
is worthy of investigation. However, in this case, raw sewage and other waste
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Table. 1 Mater Quality Improvement Techniques Applicable to the Lake Ypacarai Basin

of rivers

Application site Contents of Load Reduction Technology of Water Quality Improvement
Sources of load Rediction of the quantity of - Regulation on the loealization of industries and dwellings#
generation and genemled logd from point sources | - Iimprovement in industrial produetion pro&ess e
discharge : (include recovery of valuable materials)
Reduction of the quantity of . Bstablishment of indastrial te w tr
discharge lond from point sources o strial waste w ater treatment system
Big industry: )
High grade treatment (Chemical treatment plant)}®
Lagoon®
Functionai reeovery of exisling facilities®
Smalt and average industries:
i-agoon® ) .
- Right inaintenance of waste water treatment system belonging to tourist
installation®@ '
- Establishment of domestic wasle water treatment system (urban area)
Promotion of sewage work and sewnge treatment plantx
Changing infiltration tank to soil absorption treatment system®
Intreduction of raw sewage colleclion system by cesspit emptiers
Function improvement of éxisting sewage treatment plant (San
Lorenzo)@
- Establishment of sludge treatment plant$
Reduction of the quuﬁti_ty of - Planned land use censideriné water quality conservationt
generated load from non-point . : o : :
sources - Forest conservation (Regulation of deforestation, Forest management)¥
- Forest expansion®k : : .
- Prevenlion of the'dircet disposal of cattle evacuation into the rivers
{Establishment of prohibited grezing zones, Reforestation of the river
banks)k : . :
. Prevention of soil erosion in cultivated land (Contour cultivation, Grganic
soil}i
. Prevention of erosion of residential zones and road {Construction chutes)#
- Prevention of sediment discharge from quafries (Ijitches for
sedimentation, Containment wall)$ .
. Prevention of river bank erosion®
Inflowing rivers Reduction of inflow loadin lood | - Establishment of flood control channel (waters below Lhe Yuquyry)®
time : C :
Raise the purification effeckin - Centact oxidation ditch (Rivers within urban zone)®&
river bads : ’ . :
Elimination of the accumulated |- Elimination ofs[u'd'gé and garhage from river beds {urban zone)@
load within river beds - ' '
Within the lake Reducdtion of load at the mouths - |- ansérvation ol marshes (Yuquyry and Pirayu downstreams)

. Widening of marshes (Pirayu mouth surroundings)

_ Re.ductiqr'i ofdire_& inflow _fr'om'

the coast

. Elimihation of garbage from the Jake shores®

. Conservation of lakeshore vegelation®

Restrain internal production load

- Bliminalion of dead algae and dead aquatic plants ®

Restrain ellution load from

bottom materials

. Instatlation of a sluice at the mouth of Salado River ¥

@: to execula 88 8oon 8s possible

the lensibility study

#: belter to exeente within two Lo thres years - #: better to execute within five toten years  M: tojudge its applicability alter
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water have to be separated, and a storage tank for raw sewage must be installed
in addition to the infiltration tank.

4, Measures for N on—Point Soureces

_ The basis of the measures for Lon- pomt pollutmn sources is to 1eahze
systematlc land use, the nuclei of which is to conserve and expand forests which
function in earth and sand runoff prevention and ‘water purification, and to
prevent the expansion of urban areas without complete basm living facilities. As
for the forests, it is necessary, to preVent the reduction of mountain fmests,
particularly those at water supply sources and riverside forests alongside main
rivers, and to urge afforestation on steep slopes. Also, it is desired to establish
suitable prevention measures for earth and sand lunoff for farmlands, roads,
riversides, gravel/clay pits and quarries.

5. Measm esin Inflow Rivers

The mstallatmn of drains (overﬂow type) ‘which discharge the flood time
load fmm the Yuquyry River to outside the basin, is the principal measure in
inflow rivers, which' is expected to have a large effect .” However, in addition o
the high cost (U.S.$5.4 million as a rough estimate), there is also a possibility of
it having . effects on the marshes around the Salado River. Therefore, it is

‘necessary to assess the effects on the enwronment beforehand.

6. Measures w1th1n the Lake

As for the measures within the’ lake the ﬁrst prlorlty should be for the
conservatmn of the marshes downstream in the Yuquyry and Pirayu Rivers. For
this, it is necessary to regulate developmental activity, such as residential land/
road construction in the vicinity, and to reduce the inflow of earth and pollutants
to a minimum. The dredge of bottom mud is effective from the view point of
removing the cause of elution and stir up, but it is not practical, because the
duration of its effect is supposed to be short compared with the cost. In addition,
there are problems of contamination generated by work and disposal of removed
bottom mud. Rather, if the bottom of the egress to the Salado River (at present
the water depth is only ‘85cm) is dredged and a water gate is installed, so as the
removal of bottom mud and adjustment of lake water level can be done freely,
then thereisa possibility to clarify the lake water, However, if the transparency
is increased then, as from February {o March 1988 there will be a possibility of
generating water bloom and causing water utilization difficulties. Therefore, a
detailed investigation is needed on the condltlons controlling the inner
productlon and S0 on.

7. Purlficatlon Effect Testing of the Ox1dat10n Pond

. An experimental ox1dat10n pond was constructed at a butchery i'n_
Aregua, and the effects were tested. The experimental plant was designed so that

" the water of 6m3 per day could be processed and the BOD concentration could be
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reduced to 5,000mg/¢ from 10 GOOIn:g/{’ For that, about Im-deep serial three

stage lagoon (retention time 18 days) was installed, to which a sedimentation
basin as pre-procéssing facility, and sprinkler piping and pump to retain aerobic
conditions were attached. As a result, the removal ratio of both BOD and COD
stayed around 30% because the original water concentration was very high and
aerobic condltmns could not been retained, From these results, it was understood
in installing an ox1dat10n pond at a butchery, it is necessary to remove blood and
stomach contents in advance, and fo treat the remaining waste water, What's

~ more, the construction costs of such ox1dat10n pond is estimated as 50U.S.$/m3

roughly :

8. Puriﬁcafibn Effept"'l‘ésf;ingof Soil Absorption Treatrment

_ " Experimental soil absorption treatment was conducted at the Aregua
police station , and the effects were tested. The critical requirements were:
number of person to be processed, 20; water quantity, 30 £/day/person; permeable
ratio, 7.8 X 10~3c¢m/s; and, accordmg to EPA spec1f1cat10ns, a septic tank
(retention time over 2 days) was attached to two 10m long trenches. The CEC of
the soil at the Iocatlon was 9.4 me/lOOg, and the PAC was 270 mg/l(}()g However
the data rehablhty is low, as fests, of planned frequency could not be realized due
- to various pr oblens, thus it can be said that the organic substance removal ratio
of this system is very high (around 90% both for BOD and COD.). Itis desirable to
- promote the use of soil absor pticn treatment as a domestlc waste water processing
facility, because its organic substance removal ratio is high and groundwater

ontammatlon p0351b111ty is lower than with the infiltration tank, though ithasa
disadvantage as N and P are hardly removed. Moreovel the construction cost of
such soil absorption treatment is estimated at 20 U, S.$/m,
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i WATER QﬂALITY CONSERVATION PLAN

1. TFuture Usage Demands for the Lake and its Vicinity

- Potable water, originating from the lake, is supplied to only 1,095 houses
‘in San Bernardine at present. However, SENASA and CORPOSANA intend to
supply the lake water to Ypacarai and other areas where good quality ground
_Watez is difficult to obtain. On the other hand, the lake area is used for
swimming and water sports in the summer at present, but it is expected that the
demand of utlhzlng it for 51ghtsee1ng/recreat10n will surely increase with the
1mprovement in the standard of living. It seems also that there is a potential
demand to use the river for recreation. - :

2.' ' Water Quality Conservatlon Objectives

From the view point of future usage demands for the lake and
surroundings, the’ water quality conservation objectives in the basin need to be
established according to the followmg D use of lake for potable water supply, @
recreational use of lake and river surfaces, @ maintenance of the aesthetic
quality and ecosystem of the aquatic ar ea and its surroundings.. However, at
this point, pollution mechanisms of the lake the relationship between the water
qualxty and health problems are not sufficiently understood, thus temporary
water quality standards are suggested, as shown in Table 2, considering the
water quality data obtamed from this study and the water quality standards of
Japanese public waters. In regards to these, it is hoped that they are improved
within 2-3 years, according to future study results.

Table 2 Tentative Water Quality Standad for Lake Ypacarai

pH | COD DO | Fecalcol. TN TP
6.5~3.5 lesgs thaﬁ more than ~ lessthan lé_ss than less than
" ] 20mglie | 1. 5mg/€ 1,000 0.7mg/e 0.1mg/f
- | MPN/100m¢
- 3. EfﬂupntStandards .

' The fundamental pohcy on preparahon of waste water treatment/
purlficatlon facilities for point sources is described above, but it is necessary to
establish effluent standards as a basis of preparation. The number of point
sources which d1scharge large amount of waste water (factory, office) is yet small,
~and. types also are limited. . Therefore, it seems more effective to establish

standards for every factory/ofﬁce or for every sype of industry, after the water
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quality standards for the Lake and Rivers are established. However, as it is not
desirable ‘to leave the present state as it is, the control and guidance against
factories and offices under the present law should be tightened, and, at the same
tune, to oblige them to monitor the waste water quality, '

4._. _ I‘ramework of Water Quahtv Conservatlon Measures

- Itis necess'ax v to conduct the water quality conservation measures in the
Lake basin based on the following five items, (D basic investigation and research,
@ apphcatmn of water quality 1mprovement techniques 1nclud1ng natural
environment consezvation ® establishment of legislation on water quality
conservation, @ educatmnal/mstructlonal activities related to water quality
‘conservation concept, ® reinforcement of water quality administration. Of these
five items, @ is already discussed in chapter V1l and ® through ® will be
dlscussed below

5. Estabhshment of Leglslatlon for Water Quahtv Conservatlon

_ - Although Paraguay already has the law for environment conservatlon

these are not fully effective because within them @ respon31b1e supervisor of
‘water quahty (responszble envir 'onmental supervisor of public waters, responsible
‘waste water superviser of factory/ofﬂces) and extent of his duty is not clear, @
water quality standards {water quality standards for public waters, effluent
standards for factory/ofﬁces) are not indicated in reasonable figures, @ systems
for prior investigation (environmental effects assessment) and post inspection for
-pollutant discharge (development of residential area, pit etc., location -of
factory/offices) are not established, @ incentives (tax exemption, grant for
subsidies etc.) effective for promotion of systematic land use and/or water quality
purification facilities installation are lacking. Therefore, legislation which
 supplements these peints should be established.

8. ' Educatxonal/Instruotlonal Activities Related to Water Quality
Conservatlon Concepts

_ To conduct water quahty conser vatwn measures smoothly, people at
every level are required to understand that the environment itself, including
water quality, is irreversible public property, that it is a common resource which
has limits in use and, that to use this resource forever, the user must share its
conservation costs proportional to its use. Therefore, it is necessary to start as
soon as possible educational/instructional activities on such water quality
conservation concepisby a variety of means, such as: mass media, lecture and/or
training semmars and through school education.,

7. Estabhshment of B‘lSlIl Management Authorlt}[

Moreover an mdependent adm1mstrat1ve orgamzatlon with the
capac1ty of planning the comprehensive measure by basin and the competence of
‘promoting the counte:measure operations, is necessary to push the






aforementioned various kinds of water'quality conservation measures steadily.
However, as it seems difficult to establish in a short time such an organization
which would constitute the whole country’s water quality conservaticn
admmistljatlon, from the view point of all aspects, such as, funding, talent and
adjustment with other existing organizations, it is desirable to establish at first.
the “Lake Ypaca1 ai Basin Management Authority” which would plan water
quality conservation measures and conduet projects only for the Lake basin, and
then gradually expand the staff and the capac1ty

8. ' Socxoeconomlc Beneﬁts of Water Quality Conservation Measures

The expected socio-economic benefits from the execution of water qualxty
conservation measures (including external effects) are @ cost reduction of water
purification/waste water treatment, @ reduction of medical expenses of
inhabitant, @ reduction of veterinary expenses and increase in the market value
of livestock, @ increase of farmer’s income by river water irrigation,'® income
increase at mghtseemg/recreatmn areas, © land price increases around the water
area, @ stabilize and/or increase agr icultural production, ® increase of fuel
resources. If 1t is proved that such benefits exceed the costs needed. for execution -
of the measures, then support from the people may easily be obtained, but this
work is left for future

9. Procedure_ of Water Quality Conservation Plan

The water quality conservation plan should be proceeded with without
loss of time and carefully considering the order of priority. It seems reasonable to
settle the time of final goal achievement at 20 years hence, considering the object
is a closed type water area. Under such circumstances, assuming that the water
quality conservation target will be achieved in the year 2011, the bicentenary of
Paraguay independence, the annual plan shown in Fig. 3 is prepared.

10. Funding for Water Qﬁalitﬁr Conservation Plan

_Several ideas can be recalled to provide necessary funding to conduct the
water quallty conseérvation plan but the tax collection is the most reliable, as it is
cerlain for a long period. This tax should be collected in proportion to the
drainage amount and/or product output, based on the principle that polluter will
pay taxes accordmg to the degree of pollution (Polluter Pays Principle).
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IX. - RECOMMENDATION

1. - Strategy for Water Quality Conservation

Keeping in mind the future usage demands of Lake Ypacaral and its
basin, the present pollution status, water improvement techniques applicable to
the Lake basin, and the present system and organization concerning the
environmental conservation, it is desirable to base the promotion of the water
quality conservation plan on the following five items : @ basic investigation and
research, @ application of water quality improvement techniques including’
natural environmental conservation, ® establishment of legislation on water
quality conservation, @ educational/instructional activities related to water
quality conservatxon concept @ remfomement of the water quality
‘administration.

2 Bagic Pohcv of Strategv

Judgmg from the results of pollution snnulatlon and the effects of water
quality conservation measures executed for other lakes, establishment of a long-
range plan will be necessary for the Lake Ypacarai Basin. There is some hope for
temporary improvement in the lake water quality itself, however, permanent
improvement can only come about if measures are carried out for pollution
sources within the Lake basin based on the water quality conser vation plan

3. . Countelmeasures for Pollutlon Sources related to Industry and Toumsm

In llght of the fact that a large share of the pollutmn Ioad discharge
ongmates from industrial sources, measure priority should be given to the
compietlon of the waste water treatment facilities at these factorles It is hoped
that lagoons as well as chemical tr eatment facilities for high pollutant
concentration. waste water will be installed at the vegetable oil refineries, and
that at least lagoons will be mstalled at mlddle- and small-scale factones As for
the factories where treatment facilities exist but are not in operation or are not
maintained sufﬁelently, an administrative authority should intervene to ensure
the resumptlon of their functmnmg as soon as p0331ble

-4 - Countermeasures for Domestlc Pollution Sources

The completion of a’ sewerage and sewage treatment plant is the most
desirable eountermeasure for domestic pollution sources in the urban area,
“however, it 1s necessary to introduce temporary measures for those districts
where sewerage construction will be retarded. (It has been ascerta‘ned by on-site
testmg that soil absorption treatment shows a low removal rate for nutrient salts,
whereas a very high one for orgamc substances) In addition to this fact, this
method has a lower possibility of contaminating the underground water as
compared to that employing infiltration tank, Therefore, the soil absorption
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treatment isa soitable- temporary countermeasure in the urban ara. In those
districts where the soil conditions do not allow for this method, the possibility of
usmg ceseplt emptiers to collect raw sewage should be furthel studied.

5. Countelmeasures fox Non pomt Pollutlon Sources

The basis of the measures for non—pomt pollutlon sources is the execution
of planned land use, the nuclei of which is to conserve and expand forests and to
prevent the expansion of urban areas lacking in complete basic living facilities. It
is hoped that the prevention operations are executed for those areas where sand
and soil run-off is remarkable.

8. Counte1 measures for Inﬂowm,q: Rivers

One method of preventmg the mﬂow load from large rivers enter ing the
lake would be to build a diversion dam-type drainage canal between the Yuquyry
River and the Salado River so as to divert the excess water in flood time,
However, a possible drawback to this is the detrimental effect on the ecosystem of
the downstream marsh around the Salado River. Thus, before such a project be
carried out adequate reeearch should be undertaken

. C_ountermeasures_ for the Lake

: - As a measure to directly purify the lake water, the installation of a water
gate at the egress to the Salado is considered. If the lake water is flushed out
following the controlled rise in water level by manual periodical closing of the
gate, it would be possible to render the water to its Iucid state at the beginning of
1988. However, the suitability of this measure should be determined only
followmg sufﬁment basu: research on the phytoplankton increase conditions.

8. . Utxhzatwn of tne Punﬁcatlon Potentlal of the Natural Env1ronment

Although development progresses, there is st1ll a flourishing natural
environment in the basin, conséequently, along with the implementation of the
' above-mentloned water quahty improvement techmques concerning the facility
establishment, adequate consideration must be given to the conservation and the
purification potential of the natural environment, - The conservation of the
~ Yuquyry and Pirayu downstream marshes, and the conservation and expansion
of the stream source and riverside forests are important here.

9, Establishment of New Legislation

In order. to promote water quahty conservatlon measures, new

_ leglslatlon incorporating the following should be provided: Dwater quality
monitoring officials and their related duties, @well-grounded numerical values
for water quahty standards concerning public waters and various kinds of
effluents, @systems for prlm investigation and post inspection for pollutant
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dischange, @various proposals effective to promote the systematic land usé and
water purification facilities establishment. '

10. E__arly Initiation of Educational and Instructional Activitiés

) In order to smOOtl_;Iy execute water quality conservation measures, it is
necessary that the significance of water quality conservation penetrate the public -
strata at every level. Therefore, with this objective, education and instruction by
various means should be initiated as early as possible. '

11 Establishment of Lake Ypacarai Basin Management, Authority

~ In order to premote the above-mentioned general plan for water qualily
_conservation, “Lake Ypacarai Basin Management Authority” requires to be
established. This organization would concern itself initially, for the first 2-3
years, with planning and coordination, however, the ultimate goal would be, with
a continuous increase in staff and function, the realization of an agency with the
- capacity of planning the comprehensive measure by basin, and having the
competence of promoting the countermeasure operations,

i2. Responsibilities of the Lake Ypacarai Basin Management Authority

_ The responsibilities of Lake Ypacarai Basin Management Authority will
be promotion of: Dbasic survey and research necessary for the drafting of water
‘quality conservation plan, ®@educational/instructional activities related to water

quality conservation concepts, (@establishment of laws and regulations necessary
for the execution of the water quality conservation plan, @water quality
conservation measure operations, B developoment and guidance of water
‘treatment and purification techniques, ®guidance and training for water quality
control specialists, @water quality monitoring at public waters and pollution
sources, ®securiting funds and personnel necessary for the realization of these
operations. ' ¥ '
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. TERMINOLOGY

T- 13 word hst mcl udes the pr1nc1pa1 termmology
employed inthe abndged report along thh a
nnphﬁed explanation of each term e







: Adveeuon

The horlzontal flow of the water. Besides advectlon the other ways in
which matter m the water is transported are via diffusion and setthng

Bacte1 ia

. Slmple cellular matter whlch can only be seen if magmﬁed 100 times.
“Bacterial pollution” refers to water pollutxon in the form of bacteria causing
 water-related infectious diseases. The level is usually estimated by the number

of fecal cohform group. Bacteria decomposes the organic matter in the water and
“also cont1 1bu’ces to the purification of water,

-BOD (Bmchemmal Oxygen Demand)

: - In the 1ndex showing the level of organic pollutlon this shows the
amount of organic matter which can be deeomposed by microorganisms.
Generally, when the BOD i increases, the dissolved oxygen dec1 eases, which poses
an obstacle for the development of aquatm vegetatxon -

CEC (Cat:t.on Exchange Capaclty)

ThlS is the index. showmg the catxon adsm ption’ capamty in the soil. In
contaminated water, it exists in the form of i inorganic nitrogen NHy*, NOg~ and
NOg~, however, only NI4" is preserved in the soil by cation adsorption capacity.
Consequently, if contaminated water is passed through soil with a high capacity
for cai;mn adsorptmn, ammomac n1t1 ogen can effectlvely be excluded.

: Closed~type Watex Area

_ _ Thls is'a ‘water ‘oody presentmg a long retennon time, snmlar to lakes -
~and reservoir. Not- only water, but also matter can casily be retained. Therefore,
when thereisa Iarge inflow of nutrients salts, eutrophication is advanced, along
with an increase in biological productlon in the water body, which contributes, in
_turn t;o an easy 1ncrease m organic pollution.

: COD (Chemleal Oxyp;en Demand)

One mdex for the water quahty pollutlon level w1(:h indicates the
_standard for the existing amount of organic matters in the water. - Differing from
“BOD, this includes organic materials Whlch is difficult-to- decompose by
' mlcroorganlsms Thus generally the value is hlgher than thal of BOD

_ leﬁcu1t~to decompoee Orgamc Substance

| As with compounds and humlc acid, organic matter that for
* microorganisms, i is elther difficult to decompose or only decompose over a long
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pemod of time. When this type of organic matter is abundant, even if the COD
value is hlgh that of BOD becomes low,

| lefusmn

When the denSIty of gaseous and hquxd substances within a space is not
unlform diffusion is the movement of the gaseous and liquid particles which
attempts to create uniformity.

Dissolved Residual Solids

Dense f'ioeti.ng': solids in the water of a ’d_iaxhe_tei‘- under 1 pm, Joined 'by
SS results in total residual solids (TR). They cannot be eliminated by normal
filtration.

DO (Dissolved oxygen)

The amount of dissolved oxygen in th° water when the orgamc matters
increase in the wate1 the microorganisms in the water consume this oxygen and
perform orgamc matter decomposmon, thus DO grows smaller. As DO changes
depending on the water temperature and other factors, in order to understand the
level of pellutmn it is best to study the degree of saturation,

Euphotlc Zone

~ The layer to which sunhght can penetrate and phytoplankfon production
 takes place. This is also called “the production layer”. This is usually thought to
he up to a depth of 2 times that of the Secchi Disk reading value.

Eutrophlc Lake

_  Alakein Whlch mtrogen and phosphorous and nutrient salts abundantly
exist,” and plankton, aquatic plant, benthos and species of fish are produced
abundantly. In particular, a lake with an abundance in nutrient salts is called &
ihypertrophlc lake and one w1th a low salt amount and week production activity is
called an ohgotrophlc lake. In general, over a long period of time, an oligotrophic
lake converts to a hypertrophic lake due to a supply of nutrient salts from the
- basm th1s phenomenon is called ‘eutrophication”.

" Fecal Cohform Groug

o A cohform gr oup 1nc1udes not only mtestmal bacteria but

mlcroorgamsms exmtmg in the soil and in nature, in general. Consequently, in
order to indicate the level of contammatlon by human and animal excrement, the
number of fecaI cohf'orms is used. :

27~






Toxic Substanee

These are matters that, if contained in water, pose grave hf'e thx eatening
_ health hazards, Cyanogen, organic phosphorous and arsenic are toxic substances
of acute toxicity, whereas cadmium, lead and mercury are toxic substances of
aécumulative toxicity.

Infiltl ation Tank

. A type of d1 ainage treatment famhty Whlch mﬁlti ates polluted water

through soil.- In the Lake Ypacarai basin, a well 1-2m in diameter and 2-6m in
depth is w1de1y used as a facility to purify domestic waste water. In areas where
the ground water level is high, polluted water presents the possible hafaxd of
leakmg out and. contalmnatmg the ground water.

IL (Igmtlon Loss)

N The dlffex ence between the weight of solid matter remaining after
evaporation of water and bottom mud at 105-110° and that of ashes after being
heated to 6001 25° for 30 minutes. This is yardstick for the amount of organic
material in water and bottom mud.

Lagodn

A shallow pond built for the purpose of water purification. It is also
called & stab1hzat10n pond. An aerobic lagoon or oxidation pond is where organic
matter in water is decomposed by use of aerobic bacteria tnd an anaerobic lagoon
is where the same is done by use of anaerobic bacteria. The latteris geared for the

treatment of food processing waste water with a high BOD dens1ty such as in
_meats, starch and fat.

| Natm al Water Content

The amount of water contamed in soil and rocks in their natural state,
This is presented by comparing the solid weight to the liquid weight.

-N0n~pomt SGU;I ce

Pellutlon generatlon/dlscharge sources which are represented by wide
area Zones such as urban zones, cultivated land and pastures.

: Nutrlent Salt

_ Inorgamc elements necessary for the growth and pr ohferatlon of
- microorganisms. ’I‘he most 1mportant are COIISIdel ed mtrogen compounds and
_ phosphates -






Gi‘-ﬁanic.Substance

. Carbonaceous compounds that compose living organisms such as
proteins, fats and carbohydrates.

Oxidation Pond

A lagoon uSmg aerobic bacteria. Wlth a water depth of about 1m, it
accelerates the activity of aerobic mxcroorgamsms by oxygen discharged from
prohferatlng algae. A 1arge land space is necessary, however, as maintenance
management is easy it is applied for purification of domestic sewage and low-
concentratlon mdustl ral sewage. :

?AC (Phosphm ic Acid Abeorptlon Coefﬁment)

The index shows the absorptlon potential of phosph(n ic amd in soil,
- Phosphorous produces salts which do not casily dissolve in water adsorbed by Al,
Fe, Ca in the soil. If polluted water is passed through soil with an abundance of
these elements (especially active alummum) phosphorous is effectively removed.

Point Source

- Pollutien_gene_ration/diseharge sources which exist as in the point form
such as factories, offices and homes. They are also called fixed pollution sources.

Pollution Load

' The amount of polluted matters necessitating treatment in'drainage
water and greatly affecting irrigation. As an index, it estimates water quality
per item ; for organic matters BOD and COD, for turbidity; SS and for nutrlent ‘
salts N&P.

_ Raw‘ Sewage

Human and animal excr ement It dlffers from other waste water in that
it contams many solids, thus the treatment methods differ.

E . Retentmn T;me

_ The average tlme it takes for water or matter to exit the waterbody. The
- retamed water amount is divided by the average annual inflow amount. The
. dw,rded number for 2 one- year retentlon period is called the turnover frequency.

' _Runoff Tlme

The tlme lag between the rainfall peak and the river ﬂow amount peak

B In a .basm when forest is widely distributed, the ronoff time generally






is longer and, on the contrary, where there is a wulely distributed urban zone, it
. ‘generally is shor te1 '

SD (Secclu Disk reading value)

The depth at which it-is no longer possible to identify the whiie plate
upon submer ging- the plate slowly into the watm gave. It is an indicator of the
' degree of transparency of water.

Seif—purific'ation

_ Tho pur 1ﬁcatlon of waters and polluted air by the natural env1ronment
which is done by rivers, soils, swamps and forested zones, For example, the rivers
purify contaminated emissions as much through the physical-chemical effect of
dilution and aeration as through the biclogical effect by the decomposition of
micro-organisms.

Septic Tank

_ ~ Itis an instal.lati_on that sediments ma'terio_ls floating in the water and
~conducts the anaerobic deoomp'osition of settled sludge.

Soil Absorptlon T1 eatment

ThlS is a water poHutmn treatment technique which, bhrough self-
pur 1ﬁcat10n (by the use of soils), is employed to treat used domestic waters. There -
are two techniques: one is the irrigation of polluted water over the surface of the
soil and another, by the irrigation of the same water inside the soil through the
use of ditches. In both cases, the irrigation is not done directly but only after pre-
treatments like setfling, screening and certain anaerobic treatments are
performed.’

88 ( Suspended Sohds)

' These are fioa’cmg mater 1als exmtmg inside large areas of water whose
grain size is 1 pm in diameter mcludlng organic and inorganic materials, Itisan
indicator of turbidity and transparency. The minor materials of 1 ym in diameter
_ar'e' called dis_solv_ed materials.

TN (Total Nitro,o:en)

_ Thls is the total of inorganic nitrogens (ammoniac mtrogen nitrite:
nitrogen, ete.) and orgamc nitrogens (protein, urea, amino acid, ete.).

| _.TP { 'l‘otal Phosphorous)

o The sum of morgamc phosphorous (phosphonc aczd) and orgamc
phosphorous

=30






- Waste Watgg _

‘These include polluted waters discharged from the kitchen, the shower
and the sink. The differénce here is that unlike raw sewage these waters do not
contain a large amount of solids. As regards Paraguay, it is estimated that the
quantity of waste water used per person in urban zones would be on the order of
130 to 150 liters per day, :

Water Bloom

This is a phenomenom in which the color of water becomes green through
_ the massive proliferation of phytoplankton (principally cyanophytes). By looking
at this phenomenon, it is understandable why eutrophication is so far advanced.
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