3.2 S(')cioet:ohomic Environment of Each Adminis‘nrative Unit

The lake basm includes nine dIStI‘lCtS Aregua, Capiata, Itaugua, Luque,
o San Lorenzo, Ypacarai, San Bernardino, Paraguar:, and Pirayu. Their
boundames are not defined and there exist almost no maps or statistics by district
(Fig. M3201). Accordmgly, the socioeconomic environment was understood from
interviews w1th the staff Land use in the basin was interpreted fx om aerial
photos (Flg M3202)

_ Most districts suffer from ﬁnanmal 1nstab1hty because they depend on
- license plate sales and patent fees from newly opened stores and plants for the

~ annual revenue, Indeed reglonal 1mprovement from a long-term vzewpomt is
_ 1mpossrxble :

Though loeated outsxde the basm, the capital city Asuncmn is a factor
whlch cannot be' overlooked when consulermg water pollution problems. The
; capltal has a populatxon of about 600,000 while encompassing the neighboring
Luque and San Lorenzo metropohta:n areas, Caplata and Aregua play the roles of
- coxmnuter towns for Asuncxon ‘

The natlonai hlghway No 2 Whl.ch is a main artery not only 1ns;de_
Paraguay, but also for aceess to Brazil, runs through this basin. Most people and
materials within the basm travel via this highway. Most reer eation facility
VlSltOl’S on the other hand come from Asuncmn and nelghbormg areas.

Conseqnently, the pomtmn of Asunelon needs to be taken into account
when the land use plan or pollutlon control plan of the lake basm are dxscussed

Matters closely related to the execution of the water quahty conservation
measures are descnbed below for the d1str1{:ts w1thm the basin.

- 3.:2.‘1. AREGUA
" The Areg‘ua dlstrlct has an area of about 100km2 and is wholly 1ncluded

in the basm This district faces the lake directly. The populatmn according to the
1982 census is reported tobe 14 558 and estlmated now tobe about 20,000.

. Thls dlstrxct WES. once a prosperous place of surnmer ‘recreation for the
people of Asuncwn after construetlon of a railway in 1870, but was replaced by
San’ Bernardmo with' the mtroductlon of automobiles. In partlcular after the

~ opening of the national hxghway, No.2, in the 1950s, Aregua became a terminal

" town of a branch road. However, in the 1980s, the road to Luque was opened and”

the road to Ypacaral was paved, and close ties with Asuncion were regained. Last
- year, a Jetty for a szghtseemg ferry to San Bernmdxno was constructed on the
shore of the lake, : - :
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In t111$ district, productlon of ‘ceramics usmg clay quarried from hills
behmd the town is prosperous. There are arounid 30 clay quarry industries,
- producmg clay at a total of ar ound 60 tons/month. But guarrying of clay and

' productlon of cero.rmcs iy done at the hoﬂsehold level and no }arge-srale industry
-_ex1st‘s R e S :

A.grlcultural products mclude vegetables, flowers, irults dalry pz oduci;s
' and honey In particular, strawberry production here occupies about one half of
'the total product,lon in Paraguay.. Industrial products: include cotton yarns,
~ textiles, soap, and foods. Since both agrxculture and industry are qmall scale,
nearly 40% of the Iabor force of t}ns town is employed in Asuncmn

: The hllls to the west of the urban area have been developed as arable _
] land whxch is: rapldly changing into housing land; bécause this area’is ‘only one
" hout” by car from ‘Asuncion:’ Development of housmg land is also underway in the -
downstream area of the Yuquyry and on'the lakeshore; but some places (Nueva
- 'Asunclon ete. ) have been abandoned owmg to madequate apphcatmn of tenants.

Water supply is prowded from the wells admmlstered by SENASA but
the sewerage 1s not yet nnprove& nor expanded -

3.2.2 CARmﬂﬁ

’ Caplata has an area of about 90km2 and is mcluded entlrely vnthm the
: _basm though doesmot face thelake dlrectly The population here.is increasing
: yearly asa. commuter town of Asunclon, from 44,629 in 1982 to about 56,000 at
present:: “As'a result, the cotton fields once prevallmg in this district have been
-entzrely turned mto housmg Iand and only some vegetable gardens remam

o 'I‘he 0il reﬁnery (C APSA with 1,000 - 1,400 employees) the 1argest in

. thxs basxn s, s1tuated along {he national highway No.2. This plant absorbs the

- labor force of the:town but is also large source of poilutlon. In addition, there is a
: pottery-bmckyard anda newly constructed caricer hospital with 200 beds. People
' employed in Asunclon comprxse 10 15% of the labor force in this district.

Potabie water is supphed from SENASA wells whﬂe piants and chmcs
' have household deep wells N o water sewage is yet estabhshed ' : _

323. HmUGUAZ:i"

: The Itaugua dxstrmt has an area of about 120km2 and is included
: entlrely w1th1n the basm The east sxde of the district faces the lake dn‘ectly The '

I - 29



population, according to the 1982 census, was reported to be 26 000, and now is
estimated to be 35,000 to 40,000 : . _ : Sy

The natmnal hlgthy No 2 ‘runs through the center of the dlstnct,
offering convenient access to Asuncion. The commuters to Asuncion are around
10% of the labor force. Though this is not a commuter town, those who cannot
maintain life in Asuncion flow into this district. ' Development of housing is
active. There are 50 to 60 picces of land curreni;ly under development each plece :
has an area of 1 30ha But this development is not weil planned AR

In splte of 1ncreas1ng housmg development there remams much :
Lultlvatedland producmg various vegetables mamoc and sug’ar cane.

: The 1ndust1y mcludes the productmn of vegetable 011 bmcks, eramws, _

_ cotton yarn, furniture, and foods. Because of the presence of large plants, around
70% of the labor force is absorbed within the district. But the oil refinery

discharges untreated waste water Whlle quarries of clay (raw matenal of brlcks '

and ceramlcs) become apr 1nc1pal source of sand and s011 '

The potable watel is supphed from two SENASA wells, but a sewage |
work is not yet established. '

The Luque d:stmct has an area of about 203km2 most of the urban area
lies outside the basin, butitis. expandmg into it.. The population accordmg {0 the
1982 census was veported to be 64,288 and growing at a high:rate because of its
proximitly to Asuncion. The annual populatlon growth Iate had a mean of 4. 7%_
from 1972 to 1982, - :

Prmmpal agr:cultural products are vegetables Mﬂk and ﬂowers are also
shlpped to Asuncion. This district is known to praduce handicrafts (gold/sﬂver
wares and musical instruments), as Well as electromcs, furmt,ures, and metal
plants. o s o

Because of its proximity to Asuncmn there are. many schools mcludmg
nine elementary, seven senior high, and five women'’s: schools ) '

CORPOSANA supphes city water to 80% of the urban households, but :
sewerage service is limited to 50%

32.5 SAN LORENZO

The San Lovenzo district has an area of about 40km?2 and only & part of
the district is included in the basin. And the basin portion of this district is
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" mostly urbamzed The population accor dmg to the 1982 census was 74,652 and
estimated at 120 000 now. . _

Thls dlstrxct makes up the metropohtan cir cle together with Asuncion
and Waste handlingisa big problem here because there are a lot of houses, plants,
and offices. There are a lot.of butcheries and food factories in the district portion
of the basin, and the San Lorenzo River (a branch of the Yuquyry RIVE}:‘) is heavily
polluted by’ waste watsr from plants and urban wastes

The service water is supphed from CORPOSANA wells, but not enou.gh
16 meet the demand. Some district portions claim shortage of water. About 60%
of the houses with publicly’ supphed water are connected to the sewerage system
and’ sewage is collacted into the sewage treatment plant with three stages of
- lagoons. This sewage treatment plant reportediy processes waste water of about
15 000 persons - AT : '

3.2:6 YPACARAI

_ 'I‘he Ypacaral dlStI‘lct has an area’ of about 110km2 and is Wholly_
mcluded in the basin. Only a part of the district faces the lake. The population -
according to the 1982 census was reported to be 12,057 and, estlmated to be about,
15,000 now. National hrghway No.2 runs through the center of the district, but
* migration from the outside is not as large asin the case of Itaugua hecause of its
dxstance from Asuncion.

The drstnct is mostly pasture land. Food tanning, and brrck plants, and
il refineries in this. dlSt!‘lCt are of a small scaie Accordmgly, 70 - 80% of the
Iabor force has ﬂowed out to Asuncxon : :

Thxs dlStI‘lCt also frequently suﬁ'ered damage from ﬂsods in the past
_ bscause of a wide area whmh are the lowlands of the Pirayu River.

Smce there is-no. SENASA well, each household dlaws service water
from md1v1dua1 shallow wells. Raw sewage is treated in the infiltration tank,
and children often suffer symptoms poss1b1y attrrbuted to the contamination of
' underground water {dlarrhea, etc) L

SAN BERNARDINO

_ San Bernardmo has an area of about 1101:1‘112 and is located on the east:
side’ of the lake.  The' shoreline of this district is the longest among the nine
o dxstmcts Thls is & resort area w1th prlvate v111as, hotels and clubs - The



population is about 7,000, (6, 591 according to the 1982 census) and the populatmn :
here nearly triples in summer with long-term vacationers. - - L

This district has served as'a resort place for the. past 15 years and the
urban population has grown from 17% (in 1972) to 34% (in 1982).. Tourism from -
the outsxde increases only fm three months from December to February R R

Apalt from sxghtseemg and recreatxon faclhtles, there IS an mstant;
coffee plant which prov;des Jobs to bO or more mhabxtants :

_ The underground W‘lter 18 scarce. and contams salt and 1s thus not
suitable as source of potable water. Consequently, lake water is used dssource of
potable water here, Lake water is taken where it’s Sm deep and about 300m from_
the shore. Coagulation, filtration, and chlorme treatment are performed by the. _
CORPOSANA water purifying plant. The maximum capacity is 270m3/hour and
the maximum water supply record is about 60, 000m3/month This plant is
scheduled to be expanded to meet increasing demand.

A sewerage system is not yet estabhshed but its construction plan was
announced this year by CORPOSANA. However, the work will not be easy
because of hard rocks lying near ‘the surface. Bes1des, sewerage treatment with
soil (using infiltration tank; etc ) will not be eﬁ'ectwe due to t.he shallow dept’n of
the underground water level ' : _

3.2.8 PARAGUARI

Tms dlstrlct has ap area. of about 270km2 in whlch only a. poxtlon,
(upstream of Pirayu River) is included in the basin. The population according to
the 1982 census was 13,644 and has since decreased because of fewer job
opportunities. Partzcularly lemarkable is the decrease in the male population
and the rural community. : - P : .

Prmclpal mdusfnes are agrlculture and cattle ranchlng There are only
small-scale mdustrl.al plants for cotton yarn, tannmg, charooal rum and bmcks

CORPOSANA supphes cxty water to the urban area, but in the rural
area po’sable water is obtamed from either 'shallow wells or Springs.

1 3.2.9 PIRAYU

) The erayu distmct has an area of about 140km2 and is wholiy 1ncluded
in: the hasin. This. dlstrlct does not face the lake directly. . The populatwn
according to the 1982 census w_as_ll a05 and_ is estimated to be 14, 000 - 15, 000
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now. - Most of the younger generation goes to Asuncion because of few job
opportunities here. | -

_:' . The district is mostly comprised of pastureland and forests, with less
urbanized area and cultivated land. Clay for bricks is being quarried in various
places. ‘Since trees are cut down in neighboring mountains to provide fuelwood
for brick production; hills are becoming more and more denuded.’

. The branch flowing into the Pirayu River from the west is heavily

eroded, with gully valley. These rivers often overflow during floods, inundating
houses and sweeping away livestocks even inside the city of Pirayu.
_ This district produces good-quality manioc, and there are around 20
small plants which produce starch from this product. These plants are operated
in July and August only, but discharge waste water containing large quantities of
organic substances. = . . N R S _

| This dlstrlct is not _eﬁﬁi_ppéd with public water orsewage work.
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3.3 Qocioeconomic Indices of BEach Basm

As descnbed above, various socioeconomic 1nd1ces of the basm are
summarized for each dlstrxct For the future for ecast of lake water quahty or the
determination of 1mpm tant. d1str1cts of apphcahle measures, 1t is necessary to
calculate the population,. ‘number of livestock, land use ares. by 1and category,f
industrial or mine production, numbel of tour istic and reu eational facﬂlty users.
These are necessary § fox the calculatmn of gﬁnerated and dxscharged Ioads

3.3.1 Populahon '

The population was based oni the résult of a 1982 densus,’ Smce censusf- :
figures were made for each distriet individually for urban and rural areag, in the:
case of a city str(,tchmg outside of the basin, populatmn of that c1ty inside the.
basin was estimated by mulmpiymg the number of households’ 1ns1d.e ‘the basin
with the mean number of residents per household. On the other hand in the case
of a rural community stretching outside the basm populatmn was estimated i n
accordance with land area. Result of the estlmatmn are shown in Table M3‘311

Table M3311 . Pi)puiation in the Lake Yf)é\cai‘ai'Basi_n

Catchment Area Popuiation’ Percentage ' Districts ‘
(%) _ _ e
Piray@ Basin ' 25,155’ g 123 Paraguan P1rayu Ypacaral Yaguarén, Ita
o . - andItauguﬁ _
East Shore Basin. { -~ 6,065 2.9 San Berna,r_dmu : _
West Shore Basin'| '_1'3,_664 X Yﬁacar'a:i Afegué and Itaugud -
Yuquyry Basin 162,440 78.4 Ité Aregué Itaugué Capxat&, San Lorenao, o
: o _ _ Fdo. dela Mora and Luque
Total 207,326 | 1000 |12districts”

Estlmatmn based on Census Data of 1982 )

3.3.2 Headsof Livestock

The heads of livestock was based on the 1esults of a 1981 census. Slnce'_
census figures were made according to districts, in the case of a district stretching
outside of the basin, the number of hvestock was estlmated in accordance w1th'
land area. Results of the estimation are shown in Table M3321 ' '
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_H_eé.;_is of Livestock in the Lake Y pacarai Basin

- Table M3321
Catéhmerit'Areﬁ- y Cdtl;_le‘_ . Pig. .. - Horse -Sh_eep Goat Donkey Mule
PirayGB. . "25,404*.. 3711 | 1,209 | 1,234 101 49 64
|Bast Shore B, - | ‘2,040 | 434 | 60 65 1 2 -
WestShore B. | 5,064 | 1,744 | 205 | 54 | 60 24 5o
Yuquyry B. 28,561 | 8722 | 1,343 | 408 | 310 98 | 56
Total | 61,069 | 14,611 | 2,817 1,761 462 | 173 | 125

3.3.3 ' Land Use-Ar’éa lﬂ-Land 'Catep;ory

Estimation based on Census Data of 1981

_ To understand how 1and is bemg used land categorles were first

mterpreted on the aemal photos. and then the results were transferred to the
: topographmal map. HKach land cla351f1cat10n area was measured with a
plammeter and aggregated for each basin. The resultis shown inTable M3331.

Table M3331

Area by Land-Use T ype in the Lake Ypacaral Basm '_ _ '

anduee pry [ Weter || el Tistal
" B & rass - Shallowly Pasture Cultl_ Lagoon, { Urban | Caftch.
Catchment |~ oo | BY flooded | *%% vated | 28O0, : .
Area - area’ area ' RN ete. . area
PirayaB. | 6482 | 079 | 1311 | w1652 | 7851 1.81 | 18.14 | 36370
R AT T _ b _ 1-(42.5)
‘Wast Shore B. | 1975 | 0.15 - 0.98 2054 | 2171 | 020 | 1178 | 75.20
WestShore | 13.00°| 1.60 -] 1.05 | 21.33:| 1349 | 008 | 964 | 6020
| YuquyryB. | 2010 | 1.21 :| 1840 | 8377 | 126.80 - 95.62 | 343.90
T S . o (41.3)
Total 117.67| 895 | - 3154 | 302.16 | 24051 | 219 |[135.18(} 833
40| 04 | (3.8 (36.3) | (287) | (0.3) | 16.2) | (100%)

- Estimation based on aerial photos of 1988
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334

Industl ialand Mining Pr oductmn

Since no mdustual statistics are provui\,d by the admlmstratWe
authorities, it is not possible to expregs industrial and mining preductmn in

figures, -

described in Chapter IV, this section shows only ther

of the vegetable oil refinery and butchery

Since the location and outline of individual plants and offices are
esearch results on the scale

The vegetable oil reﬁnmg mdustiy thh the Iargebt workforce in the
basin has four plants of pr oduction. The outline of individual plants is shown in
Table M3341 and three plants are 1ocated along Yuquyry River.

Table M3341  Outline of Vegetable 0il Reﬁning Factories
CAPSA. ’ Ac.elltera .Matteu_ccll LINS A
S | Itaugua - " Hnos - ML
Factory Location District : Cgpia{a_ ' Itaugua . - 'Itélqgua_" | Ypacarm |
Starting Year of Operations 1951 1955 S S U SR
Number of Employees © 900~2,000 | about1,200 RS about 10-(5'__ -40~160 '_
Production ltems Cookingoil | Cookingoeil” | Cookingoil’ | Cooking oil
. ecotton cotton © [ | cotton
Raw Materials  Coconut palm, cotton, Soybe“af_l o _
Discharge Water Volume 2,450 * 1,880% | 300% 350*
. (m3/day) L o 3 DT
Water Basin Yuquyry B. Yuquyry B. - YuquylyB We_stisﬁor'e"ﬂ_

“*Measured value in July 1988

About one butchery is located in e’ach-distric:t,' with daily éaﬁéﬁiﬁy shown*

. Heads of Slaughtered Cattle per Butchery per day

| Table M3342

‘Butchery Heads Slau_ghtered Cabchment Area
San Lorenzo 65 Yuquyry B..
Aregua 10 _ ¥ uqu'yry B.
Ttaugua 10 - Yuquyry B
Capiata 25 Yuquyry B,
Pirayu 5 - Pirayu B.
"Ypacarai 5 Pir'g.yu B.
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335 Users of Téurisfi'c an'd__Recreational Facilities

_ There exists no stﬁtistical-'data ¢concerning the number of visitors to
hotels and other recreational facilities. -

" Hotels in the basin are concentrated in 8an Bernardino. One hotel each.
of both 1st and 2nd class, and added pensions would result in a total of 375 beds.
There are other sleeping accommodations: 49 beds in San Lorenzo and 26 beds in
Fernando de 1a Mora. The scale of hotels and clubs in San Bernardino is shown in
Chapter IV. o o
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41 Classlﬁcatmn and D1str1butlon of Pollutlon Sources

¥ 'I‘he poilutxon sources in the basin can be dm.ded into two categorles
' .pomt source and non- point source. Point source means that the generation of
loads can’ be attnbuted to certain buildings and facﬂltles In this report, for
_convenience, pomt sources are class1fied into four- groups - domestic sources;
-tourism sources; public facxhty sources, and mdustry sources Domestxc sources
- include homes in general; tourism sources: include hotels and club houses, pubhc

-'facllxty sources include waste water treatment plant and hospitals; and industry L

sources include various fact,orles and ofﬁces Non~pomt sources are those with'a
 two- dimensional spread such as. forests grass 1ands, grazmg 1ands farm lands,
- urban’ areas and river courses - :

_ Of the pomt sources, nearly 80% of’ domeshc pollutmn sources are located )
ﬁ'along the Yuquyry Rlver, and more ‘than 10% along the Plrayu River,
- cor respondmg to the dlstrlbutmn of the population shown in Table M3311. The =

distribution -of main pomt sourdes except domestlc sources is shown in Fig.. =

- M4101. Pollution sotirces related to tourism are concentrated on the East shore
“basin, and puhllc faclhtles pollutlon sources, whlch are a hational hospltai anda

- public waste water treatment plant are both in the Yuquyry basin, Most of the
“industry. pollutlon sources are agriculture and livestock product processing -

- facilities, and three of the four vegetable oil reﬁnenes, which release large
" ‘amount of waste water, are located in the Yuquyry basin.- Other types of factories -
: and ofﬁces are aiso mostly located in the Yuquyry basm - .

- Non—pomt sources are found as can be seen m the land use map shown in
_ F1g M32€}2 Land use constltutmn by basm. is shown 1n Flg M41(}2
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4.2 . Siateof Genex‘ation/Disoharge of Pollutants

4.2, 1 Domestic Sources
Demestlc waste water is mostly treated by 1nfiltrat10n tanks exaept in
parts of San Lorenzo and. Luque where it-is treated at' waste water treatment
facilities. Infiltration tanks are around 1m-in diameter and 2 to 6m deép. Some
homes: treat only raw sewage and others treat other waste water fogether with
raw sewage ' : : e o

o Slnce the mam staple of the peoples dlet is meat fat content in raw
' 'sewage is hlgh Consequently, waste clogs: the infiltration tanks, The average
clifeof a mfiltratzon tank js 4 or 5 years, and a new one is mstalled in another
. place when treatment capaclty decreaSes

_ L Domestlc waste water can be classnf'ied mto raw sewage and other waste
 water. Water quality of raw sewage depends on nutrient intake, and water
' quality of other waste water depends mainly on the use of organic phosphorus .
: 'detergents in washmg Nutrlent intake is not much dxfferent in Paraguay than
in Japan, $o figures used in Ja apan aré used to represent pollutmn load generation
- per person: Since detergents ‘containing phesphorous are rarely used in
' 'Paraguay, figures much lower than those in J apan were used to represent the
pollutxon Ioad baszc unit of waste water (Table M4211). Pollution lvad generation
of waste. water per person was caiculated by multlplymg the basic unit with the
- . _amount of water use (130 ~ 150{’/931 son/day) obtamed from Water supply records
o Zby CORPOSANA - _ _

Table M4211 Generatlon Load Umt from Domestlc Waste Water :

S Raw Sewage Other Waste Water Total
1_]1,301)5,: 13 22 3
N e 2 11

5 Unif: glperson!day

Domestic waste water dralmng mto the river after bypassmg the
mf" ltratlon tank and seeping through soil was estlmated as 12.7% in COD, 2. 1%
in TN and 2.9% in TP, by actual measurements of water quahty at a small river
: close te Aregua :
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49,9  Tourism Sources

Main pollution sources related to tourism are hotels and clubs whmh
presently are concentrated at San Bernardino. Most of these facilities have
storage tanks and septic tanks, but quite often pr oper mamtenance is not apphed
and tanks do not function efi ectwely

Pollution load generation per personin thls category (total of raw sewage
and other waste water) was estimated for hotels to be the same as domestic waste
water since most visitors stay overnight, and for clubs, to be 1/3 of dorhestic waste

water since people only stay during the day.

Considering the fact that the treatment fac111t1es are not, functioning
effectively, it is estimated that 1/2 of the load drams into waterways, rlvexs or

dlrectly into the lake.

4.9.3 Public Facility Sources

Pubhc fac1htles w1th large generatmn d1scharge Ioad in the basm are > the
waste water treatment facility at San Lorenzo and the national hospltal a'r, _
Capiata (there is another hospital under constr uctmn at Itagua) :

The waste water treatment plant at San Lorenm has a three stage
lagoon (first stage, anaerobic second and thlrd stages aerob1c, average retention
fime, apprommately 15 days). Though itisnowin operatmn at time of the study
it was not in operation and approx: 1 ,900m3/day of waste water was flowing
directly into the Yuquyry River. Considering the amount of water use at San
Lorenzo, this corresponds to the waste water of 15,000 persons.

“The pollution load discharge from the San Lorenzo sewage treatment
plant was calculated by multiplying the above-mentioned measured flow rate
with the average concentratmn of mtake waste water at Japanese treatment
plant. : '

The national hospital (Hospital del Quemado) was built in 1986, and has
a staff of 350 and has 200 beds, of whlch 70% are normally owupxed

. The load generated here is basma]ly 1dentlca1 to domestlc waste water .
but since treatment by septic tank and sand filter is applied, 1/2 of the pollutien
load generation is estimated to be released into the waterway, as m the case of
hotels and clubs. : :
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4.2.4 Indiistfv 'S'ou'r"ces '

'I‘he 1ndust1 ies repl esentmg Par aguay S economy are agr 1cu1ture live-
stock raising, forestry and their processed produets, as- explained in Chapter 1.
Reflecting this fact, the main mdustry in the basinis the processmg of agmcultm e
and l1vestock products :

" Within the processmg mdustl v, the most | large-scale one is vegetable oil
1efimng from Paraguay coco palm, ‘soybeans and cotton seeds. There are four
large oil refineries in the basm ‘the outline of which is shown in Table M3341 (as
mentioned). CAPSA, which has thé largest discharge ‘amount has a chemical
treatment plant for high conceniration waste water (treatment capacity
5m3/hour), Whlch Was mstalled n 1979 and was in uperatlon until Febluary-
1988, but is now out of oper atlon There is also a chemical treatment plant in
A{.eltera Itaugua, but this is not in actual opefation. The other two plants have
no treatment facilities.

Table M4241 . Pollutant Concentratwn of the Effuluent Water froma

_ Vegetable 0il Reﬁnery
cop | TN . 'TP
1,940 51.0 | 11.65

Unit: mg/€

- The pollution load discharge from the four oil refineries was calculated
by multlplymg the pollution conceniration of the CAPSA drainage measured in
July 1988 (Table M4241) by the amount of drainage at each plant. The waste -
water quality from the oil refineries varies considerably according to when it is
released, Therefore, it is necessary to obtain a number of momtored values to
determine the pollution load discharge accurately.

. But(,henes are seml pubhc fac1l1t1es in Paraguay, and one each is located
in most cities in the basin. Waste water and blood from’ the processing of cattle
_are dlSChaI ged from the butchel ¥ mostly ‘with no tr eatment into the nearby
rwer :

Pollutlon load dlscharge was calculated accordlng to the number of cattle
'slaughtered (Ta'ble M3342), mformatmn from guestionnaires and the pubhshed
' 'pollutmn load basm umt pel cattle (Table M4242)



rable M4242 Ceneration Load Unit from a Slaughtered Cattle

COD TN P

8 kg 0.6 kg 0.1kg
Average welgh'ofc'ﬂttie' 370Kg
Other than the above, there are pollution sources such as tanneries,
sausage production plants, soap factories, dairies, and coffee factories in the
basin. The pollution load generation basic unit was established by on-site study,
measurement of actual flow rate, and published htel ature.

There are also poultry farms, distilleries and starch plants but the
pollution load release were not calculated, since these operations are small or
seasonal and their importance as pollution sources can be conmdered m1mmal

495  Breakdown of Generation Loéd from Point Pollution Sonrces

All load generated by point sources was calculated by the method
described in the previous paragraph and is compiled in Fig. M4251 by basins.
The weight of the Yuquyry basin is overwhelmingly large and it composes 80% of
the load generation in all activity ar eas.

Comparing the total load generatlon by pollutmn source categorles,
domestic sources is the greatest, representing approx. 50% of the COD, approx.
80% of TN and 60 to 70% of TP (Table M4252). In the mdustry gources, the
vegetable oil refineries’ contribution is extremely high (80 to 90% of COD, 60 ~
70% of TN, and approx. 70% of TP}, followed by the load generation at butcheries.

42.6 Non-poink Sour'cé's |

Pollution discharge from non—pomt sources generally depends on land
use conditions. For the Lake Ypacarai basin, it is necessary ., 1o ‘determine the
generation and dlscharg‘e of pollutants separately for grazing lands, crop ﬁelds,
forests, urban area and roads. And since pollutants at non-point sources are
accurmnulated during dry weather and released during rainy weather, river water
quality must be measured during rein many times at simple land use pattern'
areas to establish their load discharge. In this study, actual measurement was
made only once during a 10mm rain fall so tentative calculation of the pollutxon
load discharge basic unit was made on the: basis of this measurement and by
reference to measurements in published hterature

Non-point sources generatmg po]lutlon in the form of earth and sand are
mountain areas where trees are slashed, hills where vegetatlon coverage is
removed for housing development, lateral erosion of rivers lacking bank
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protection ‘works, open-pit of clay or quarry (Fig. M4261), and unpaved roads.
Large generation from these can be expected in mountain areas and at the banks
of the fributaries flowing in at the left bank of the Pirayu River, considering the
topography and conditions of the area.

V-9
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Gpen-Pit of Clay and Sit
Cincluding temporary and abandoned site)
Quaray '

Open- Pit of Grave!
Bare land

Fig. M4261 Distribution of Quarry and Open-pit
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43 . Pollution Runoff from the Basin.

' 4 3 1 Runoff at Noz mal Watel Level

7 Dlscharge state af pollutant was dnalyaed by a water quahty study
_ durmg dry weather at the tributaries of the Yuquyry Rwer the Pn ayu Rwez and'
the small rivers flowmg into the east shore and west shore

‘ The pomt of water quahty measurement tne locatlon of main pomt
) pollumon sour ces, the ﬂow rate and flow load of rlvers are shown in Fig, M4311

L Alang' the Plrayu Rlvel forall the water quality 1tems pollution Ioad is
balanced along the flow, indicating the absence of pollution sources of especially
‘much pollution load release. Factories: and offices along this river are all s.mall_
scale or seasonally operated and most of the river flow load at normal water level .

can be attrlbuted to non- pomt sources g

“On the other hand in the Yuquyry River, water quahty ﬂactuates along
“the ﬂow indicating that the ex1stence of a pomt source of' large pollution load
dlscharge is exertmg a large influence.

4;3.2_ : Runoff in Flood ’I‘1me

Load from non~pmnt source is sa1d to be dlscharged mostly in flood time.
' A]so waste water stored at hiomes and plants is often released during the high
water period. Therefore, the measurement of flow load of river waterin flood time
s very 1mportant in estlmatmg the flow load into the lake

In this- study, river water quahty study in flood tlme was carried out
_ ';tw1ce between Oct. 81 and Nov. 2, 1988 and again between Jan. 21 and 24, 1989,
Pr ecxpztatmn durmg the former perlod was 70.5mm at San Iorenzo and 115.5mm
‘at Aregua. Prempltatlon during the latter period was 167mm at Paraguari,
9Tmmat Ypacarm and 99.5mm at Pirayu. Change of flow rate and water quality
of the Yuquyry Rwer and the Pirayu RlVer are shown in Fxgs M4321 and M4322.

The mammum ﬂow 1ate of the Yuquyry Rwer is reached 12 t,o 24 hours

after xamfall while the maximum flow rate of Plrayu River is observed 86 to 60

~ hours after rainfall. The reason for Yuquyry River’s shorter runoff time may be
- attrlbuted to a hlgher ratio of urban areas in lts basm '

Flow speed of both rivers in ﬂood time has a maximum of 0.7m/s which is
- not much’ different than that of the. normal water level. Increase of the flow rate.
Vs mostly related to the rise of water level. '
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At the Yuquyry Rwel concentration of all water quality. 1tems is hlgh at
maximum flow rate, ranging between 1.5 to 2 times the normal water level _
concentration. On the other hand, at the Plrayu River, many water quality items
reach maximum concentration before maximum flow rate, reaching several times
the normal water level concentration. 'This indicates ‘that there is ‘not much
difference between the two rivers in the transport load per unit hour in f’lood time,
suggesting that the ratio of pollutlon load dxscharged from n.on-pom’c sources in
'flood time is high in the erayu Rwer :

V13 -
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51 Meteox ologlcal and Hydrolomcal Condltlons of Water and Bottom'
- Matemal Samphng '

Hiied .::The fact that rlver water quahty changes Iadwally between nmmal,'

_ water level and-flood times. has-already been descrlbed in the previous chapters.
_ Other than such meteorologxcal conditions, operating conditions of plants in the |
basm are a factor that should have influence on the river water quahty Thxs :
' pomt could' not be exammed thoroughly e thlS study

On the other hand water quahty of the lake depends, in addxtmn to ﬂow )

: -rate and water quality of mﬂowmg rivers; largely on internal production, stir-up
"of bottom mud and. elutlon from bottom .mud; which are mfluenced by
meteorological factorb such as water temperature sola: radmtxon and wmd

_ Therefore, metemologlcal and hydrologmal condltmns on. the day of
samphng water and bottom deposnts are very 1mportant in. studymg chemical
-anal jSl_S results S :



5.2 Watér Quality of Main Rivers

For the main rivers (Yuquyry River, Y-Pucu River and Yagua-Resa-u
River), at the water level measuring sites located at downstream positions,
sample water was taken one to three times a month with measurements of
physieal conditions, and the samples were analyzed at the labor atory

The physical conditions were measured by 7 1tems tranSparency, water _
temperature, DO, pIi, EC, water color and current speed. Water quality analyses
were conducted for 19 items: TP, POP, DOP, PO4P, TNK; PON, DON, NH4H,
NO3N, TCOD, DCOD, BOD, TR, ILTg, SS, ILss, Cl-, alkahnlty, number of fecal
coliforms (however allitems were not analyzed every time). : _ .

Figs, 'M5101~5106 show the monthly changes of six of the above items
with reference to the three main rivers and the lake. ‘ _

5.2.1 Yugquyry River

The water of Yuquyry River is always muddy and brown,' and turns
reddish brown when the flow rate is high.

The saturation degree of DO of this river is very low with an average of
48%, indicating a large inflow of arganic substances. In fact, the concentration of
TCOD is high, averaging 32mg/¢, increasing to 1.5 times the average at high flow
rate. But since BOD concentration is low throughout the year, the main part of
the organic substances must be difficult-to- deeompose

The TP concentration changes widely with no connection to season and
rainfall (0.2 ~ 1.1 mg/f), and organic and inorganic matter each make up half of
the concentration, On the other hand, TN concentration is stable at 2 ~ 2.5 mg/€
from summer to winter, but fluctuates from spring to summer often exceeding 3
mg/€. Most part of the inorganic nitrogen is NH4N.

Fluctuation of S8 concentration is large even at normal water level, and
organic and inorganic matters are about half and half. The proportion of SS is low
compared to TR, and since particles of a diameter below 1 um make up around
70% of the SS by measurements of the coultar counter, mast of the turbl.dlty at
normal water level must be due to dissolved substances

Fluctuation of Cl“ concentration is Iarge__but generally is in the range
between 50 ~ 80 mg/£, indicating that man-made pollution is playing a large role.
Incidentally, the BC value is very high, and the number of fecal cohforms is hlgh
at 1,000 ~ several 10,000 No/100 m¢£. '
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5.2.2 .- Yagua-Resa—u Rlver e

The transparency of the Yagua -Resa-u Rwer is high Lhroughout the
year.. : . -

The sa.turatmn degree of DO is on average 93%, and the 1nﬂow of orgamc
substances is within the self- pumficatlon capacity of the. uvel TCOD fluctuates
between:2 ~ 40 mg/f but BOD. concentratmn is 1ow, and organic substance must
be mamly of dxfficult to- decompose :

L 'I‘P ccncentratlon mcreases after lalnfall but is stable at around 0,09
mg/€ at normal water ‘level. ' About 2/3 of the TP is organic and about 1/3
inorganic. ‘On the other hand, fluctuation of TN is large and increases after’
ramfall About half of TN is DON

' SS concentx_*atxon 1s-_low except after rainfall, and is about 10 ~ 20 % of
TR. R : P -

o Cl concentratlon is very low, and since number of' fecal cohforms is also
few 1t can be sald that the degree of man~made pollutmn is low.

5.2.3 Y~Pucu Rlver_

The transparency of thls river is not hlgh but xmpxoves somewhat
: durmg wmter ' : - _

DO concentratlon ﬂuctuates in" the 49 ~ 98% range TCGOD also
ﬂuctuates within 5 ~ 40 mgh? and increases somewhat after rainfall. Since the
- ratio of DCODMCOD is ‘high and ratio of BOD/TCOD is low, most of the or game
'substances must be dlssclved and dlfficult-to decompose

TP at. normal water 1eve1 is thhm the O 10 ~ 0.27 mgh? range and about
45% of it is inorganic. TP increases after rainfall and the ratio of TOP also
' mcreases TN is usually 1 2 mg/f and around 7 5% ofitisor gamc

_ F}uctuatlon of SS concentratmn is large but there is no large increase _
dunng rainfall, - As'SS is about. 20% of TR the turbldlty is thought to be mostly
“dueto drssolved substance. -

: cl- eoncentratwn ﬂuctuates largely, 1ndependent of flow rate and other
water quality conditlons The numbel of” fecal cohfcrms exceeded 6,000 No/100
mf in September :

V- 10



5.2.4  Differencein Wate1 Quahtv bv River and lt‘% Cause

Comparing the water quahty of the main rivers: descmbed above _
concentrations of organic substance, nutrient salts, ionized substance and
number of fecal coliform group are highest at Yuquyry River and lowest at
Yagua-Resa-u River. This indicates that man-imade pollutmn is infiltrating the-

Yuquyry River, and reflects the Tact that 80% of the populatmn is distubuted" o

‘along the river — the number of 1 main factones and offices is also’ large The fact’
that the ratio of pollutant concentration in flood time and at normal water levelis
hlgher at Yagua-Resa -t River and Y-Pucu River than at Yuquyry River,
indicates that, for the former two, the ratle of pollutantant from non pomt sources

-is hlgher '

V“.'.H'



' 5'.3‘. ' Water Quahtv of the Lake

During the monthly study, water samples were. taken from 10 to 15 fixed
points within the lake, together with the measur ement of physical conditions, and
analysee were conducted at the laborator y :

- Phys1ca1 COIIdlthIlS measured were 6 1teme SI) water temperatuxe, DO

' pH EC and water color, Water quality analyses carried out were for 19 items:
TP, DTP, PO4P TNK, NH4N, NO3N, TCOD, DCOD BOD, TR, Iy, SS, ILgs,
'CI—‘ alkahmty, nurither of fecal cohforms, POC PON Chi—a (however all 1tems '
Were not analyzed every time)

| '5.-3'.:1_ Monthly\farlatmn .

. Water qUahty of the leke changed drastlcal}y twice durmg the study
The ﬁrst change occured around Jan. 20, 1988, Clarity of the lake water was very
low, but fter the heavy rdin of Jan. 13 ~ 18, with the mcreased water level, the
lake water became very clear, Supposedly, the local people have never seen such.
clarity. It is very regr ettable that since the water quality y analysxs of this study
started in February, there is no data of water quahty just before the change
occured . ’

‘ The second change occured between December 1988 and J: anuary 1989,
~ The clear water lost its clarity, the colorof the water changed to brown or black as
if charcoal had been introduced. TN concentratlon increased somewhat and TP
' (mostly PO4P) concentratwn doubled Whlle Chl-a concentratlon decreased

" In order to study the trans1t10n pattern of weter quahty, and factcrs
~determining the change, the water temperature, precipitation, and wind speed
together with the average concentretmn change of main water quality items are
shown in Fig. M5302. - Phytoplankton in the ﬁgure was calculated from Chl-a
'concentratlon by a theoretlcal for muia '

: - In March 1988 clarity and water temperature were high. As fair days.
continued phytoplankton multiphed and water bloom developed. TCOD

o concentration in the lake water became extremely high compared to that of. the

- river water, whlch mlg‘ht be due to the phytoplankton

. Ent.ermg Aprxl TCOD cencentratlon decreased and PO4P increased,
This was probably due to the decomposy.tmn of the phytoplankton since April was
-~ rainy and water temperature and solar rad1at10n decreased

'I‘he water temperature decreased through Ma and the average
'temperatule of July was 13°C. TCOD concentration and TP concentratmn were
stable at 20 ~ 25 mg/¢ and 0.08 mg/€ respectlveiy ‘The ratio of phytoplankson in
SS TCOD TN, and TP became lower than half. ThIS is probably because the

V-12
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productlon of phytoplankton decreased and came into balance with
decomposmmn ‘

Water temperature and solar radxatlon mcreaeed after J uly, but the
concentration of TCOD and TP, remamed atJuly level until December (except for
late October), The high S8 concentratxon level after August was p1 obab}y due to
'dead phytoplankton

: emporary lncreases in the conoentra.hon of ’_[‘COI) and TP in late
October can be attributed to stir-up of the bottom mud, siace the wind was Strong
for two days Just before water samplmg ' -

The ﬂuctuamon of TN concentratlon durmg the study was wild but it

: seems to correspond to the TN concentration in the river water. Seventy to 90% of

TN is orgamc, but t;he ratio of phytopiankton estimated by Chl- a concentration is.
generally below 30% of the 'IN. The change in the TN concentration and the

charige in the DCOD concentratlon correspond well, and there is only small

difference in the DCOD value bstween river water and lake ‘water. From these

facts, it can be estimated that TN in the lake water mainly consists of orgamc' _
' soluble substance: fiovnng in from the area. Nothlng defimte can be sazd since
there are other opmwns on thls pomt ' :

o Measurements on the number of fecal cohforms in the lake water were
made three items durmg the study, in July and September 1988, and February
1989 In all cases the level was low at below 100 No. /100 mf '

532 & leferences by Water Area :

S I"rom the surface dlstn‘outlon of EC and DGOD 111ustrated in Fxgs
M5321 and M5322 it can be seen that the difference in concentration between
each. pomt on the 1ake surface is small during all seasons. ‘And the EC
~ concentfation which is at a high value—400 pd/cm —at the estuary of the
: Yuquyry Rwer drops to average lake value at the’ ‘measuring point immediately
_ :off the Shme This suggests thataveryrapxd horlzontal mlxlnglsoccuung

On the other hand from the vertlcal dlstrlbutmn of water temperature,
. turbldxty, pH and EC at summer (January and February) shown in Fig. M5328, it

- can be seen that there is: almost no difference between the surface layer and the
.‘_bottom Iayer The DO concentration decreases from surface towards bottom, but
the saturation degree does not drop below 60%.- From these facts, it can be said
"'that the Iake water IS effeetxvely mlxed n the vertical dlrectmn '
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5,3.3 _ Cox relatlon among Water Q.uahty Indices

A study has been made on the relatmns among water quality condxtlons
as a means of clarifying those factors upon Whlch the quality of water in the lake
is dependent

Fig. M5324 shows a relatmnshlp between ‘-‘.S and Chl-a. Although their
correlatlon is problematlc An S8 concentration in any case is higher than the
calculated theoretical value based on the Chl-a concentration. This signifies that
_ somethmg other than phyto;ﬂ ankton is mcreasmg the SS concentration,

_ Fxg M5325 shows the relatlonshxp of TCOD and PCOD to Chl a. PCOD
‘and Chl-a show a cons1derab1y high level of. correlat1v1ty while something other .
than phytoplankton is increasing the COD concentration, The fact that the _

TCOD coricentration normally remains at 20 mg/€ and above while dispersing to
a large degree, 31gnfies that the DCOD is contributing to some extent. The DCOD
comes from inflowing rivers, from the deoomposxtlon of perlqhed phytoplankton

~and from the eﬂ‘luents from the bottom mud

_ Fig. M5326 shows the relatlonshlp of POP and PON to Chl-a The POP
concentration coincides with the theoretlcal value calculated from the Chl-a
concentration. Most of the POP, therefore, may originate from phytoplankton.
On the other hand, it indicates that the PON containsg thmgs other than
phytoplankton

‘5.3.4 Comparlson w1th Past Data

. Accordmg to a xeport prepared by the ICB, Lake Yapacarm had SD of 10
~ thru 20° cm, SS of 10 ~ 100 mg/€, pH of 7.5 in summer and about 6 in winter, TN of
0.17 ~ 0.74 mg!f and TP 0f0.13 ~ 0 33 mg/€ throughout the year of 1984.

: Moreover, accordlng to the analytlcal ﬁndmgs of the water sampled by
C SENASA in 1981-1982 along the lakesides of Aregua and San Bernardino, SS
- was found at 300 ~ 400 mg/¢, pH at 7.2 ~ 7.7 in summer and 6.8 -~ 7.2 in winter,
TN at 0. 03 ~ O 99 mg/€ andTP atO 00 ~ 0.51 mg/{?

. The Iake therefore was reported to be ina normal condltion, with few
: prlmary pr oduets produced though it has a low level of transparency and it is
' eutrophlc (m partlcular havmg an excess of phosphorous)

- onm Februal y to December in 1988 however, SD was found at 60 ~ 80
o cm, SS at a peak of 60 mg/¢ and normally 30 mg/€ or less, pH at 9.0 ~ 9.5 in’
~-summer and 7.5~ 8,0 even in wmter TN at 0.7 ~ 3.3 mg/f andTP at 0 07 ~0.16

' .mgff‘ Phytoplankton prohf‘erated very actwely, aswell. :
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Smce the begmmng of 1989, the water color has been blackish while the
_ transparency has been decreasing. And TP (especially PO4P) has increased. This
' sngmfies that the amount of mflowmg phosphorous from the area increased as
well as the amount’ of PO4P eluted ﬁom the bottom mud mcreased as a result of -
the r lse in water temperatm e, |

. Table Ma341 is. a comparlson of analytlcal results on- the specimens
sampled offshore Aregua in summer (Febx uary and March) in 1982, 1984, 1988
and 1989, In any case, the watex was at a temperatme of apprommately 30°C
while a mgmﬁcant dlfference could be observed in 8D, DO, pH, TP and PO 4P for
1988 from the data for any of the other three yeal S.

These facts w111 allow us to assume that the 1988’s clarlﬁcatmn of the
1ake wab an- exceptxonal phenomenon t.akmg place as a result of the Iocahzed :
“torrential downpour from Jan.'13 to 16 in 1988 and of an eventual, remarkable
- rise of the lake water level. Thus, the water quahty changes subsequent thereto .
may be mterpreted showing the proceso of retur nmg to the normal condlt,xon
Nevertholess, data ‘has been still insufficient for us ‘to reach a defmltwe-
conclusmn concerning the normal water quality condltlons of Lake Ypacaral and
Sa water clamﬁca(non mechamsm such as that seen in 1988. -



Table M5341

Water Quality of the Lako in Summer .

’—SampingSite AR:EGUA_L AREGUA SL3O ' K'Sﬁ.:30. o
T *1 R, ,. ooxg L %8
Institution SENASA ICB CJICA | JICA

Dale May 9, 1982 Feb. 28,1984 | Feb.16,1988 | Teb.15,1989 |
Air Temp. ss - . 29-4:?0 :
5D (cm) - 10 50 T
Water Temp. 30.0°C 295°C 31.0°C L_ 29.8°C
DO (%) 112 134 199 8
pH 7.7 7.9 98 - 6.9
" EC (ps/em) - - 1200 176
Color - - 0 Bréwﬁ . - .: gréy_ -
TP (1ig/?) - 9293 132, 210 . -
PP (ugrt) - o 61 E
DOP (pg/0) - 38 B
POLP (pg/f) 0 121 23 120
TN (ugff) ; - L 1,605
PON (ug/®) - - - 83
DON (pg/€) - - i 866
NIt4-N (ug/€) 16 29 53 166
NOg-N (pg/6) 43 . 330 490
NP . - - 7.6
TCOD (mgf€) 1 18 - 23
PO (img/t) - - - 22
BOD (mgl®) - . . ]
RS (mg/f) - - - 214
I Lpg (mgf®) - ; ; 34
SS (mg/e) 302 . - 319
I Lgg (mgf) - - - -
Cl™ (mg/f) - - 42
Alkalinity - 14 47
Chl-a (ng/t) - . 24 16

*1  MSPBS (1984) Classificacion de Aguas Sdperﬁéialé§
*2 ICE(1985) Estudio Limnologico del Lago Ypacarai

*3  'This Study
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5.4 River Bottom Materials

At a total of five pomts, including three water level observatories,
hottom materials were sampled by the use of an ¥ckman-Birge mud sampler to
determineg the pa1 ticle size composition, denSLty, water content, ignition loss and
contents of or gamc N and C

Out of five specnnens four were sandy. The speumens sampled only in
the Pirayu River contained more silt and clayey matter, with its N and C contents
reachlng about 20 times i,hose of the other four spemmens :

Even in the Yuquyry Rwer mto whmh 1ots of organic substances mﬂow
from the basin, bottom material has a 10w or gamc content. Thxs is presumed due
to'the sedlmentatmn of soil and sand. :

V —-23



	III. NATURAL AND SOCIOECONOMIC ENVIRONMENT OF LAKE YPACARAI AND ITS BASIN
	3.2 Socioeconomic Environment of Each Administrative Unit
	3.2.1 AREGUA
	3.2.2 CAPIATA
	3.2.3 ITAUGUA
	3.2.4 LUQUE
	3.2.5 SAN LORENZO
	3.2.6 YPACARA
	3.2.7 SAN BERNARDINO
	3.2.8 PARAGUARI
	3.2.9 PIRAYU

	3.3 Socioeconomic Indices of Each Basin
	3.3.1 Population
	3.3.2 Heads of Livestock
	3.3.3 Land Use Area by Land Category
	3.3.4 Industrial and Mining Productio
	3.3.5 Users of Touristic and Recreational Facilities


	IV. STATE OF GENERATION/DISCHARGE OF POLLUTANTS IN THE LAKE YPACARAI BASIN
	4.1 Classification and Distribution of Pollution Sources
	4.2 State of Generation/Discharge of Pollutants
	4.2.1 Domestic Sources
	4.2.2 Tourism Sources
	4.2.3 Public Facility Sources
	4.2.4 Industry Sources
	4.2.5 Breakdown of Generation Load from Point Pollution Sources
	4.2.6 Non-point Sources

	4.3 Pollutants Runoff from the Basin
	4.3.1 Runoff at Normal Water Level
	4.3.2 Runoff in Flood Time


	V. POLLUTION STATE OF MAIN RIVERS AND THE LAKE
	5.1 Meteorological and Hydrological Conditions of Water and Bottom Material Sampling
	5.2 Water Quality of Main Rivers
	5.2.1 Yuquyry River
	5.2.2 Yagua-Resa-u River
	5.2.3 Y-Pucu River
	5.2.4 Difference in Water Quality by River and its Cause

	5.3 Water Quality of the Lake
	5.3.1 Monthly Variation
	5.3.2 Differences by Water Area
	5.3.3 Correlation among Water Quality Indices
	5.3.4 Comparison with Past Data

	5.4 River Bottom Materials


