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 POLLUTION STATUS OF THE LAKE AND ITS MAIN RIVERS

CHAPTER 1
INTRODUCTION

' Lake Ypacarai watel is bxown in’ “color’ and always turbid, The
transpazency (Secchi Disk Readlng) before 1987 is reported to have been 7 ~
15¢m throughout the year (ICB, 1985) It is said that the water color turns black

in summer and people suffer skm irritation durmg bathmg '

: As the water tempex atme is hlgh in summer, blue-green algae watel _
_ bloom appears, giving the water sur face avivid green color.”

Many rivers, the main tmhutaries bemg the Yugquyry and the Plrayu and
ﬂow 1nto Lake Ypararai. Domestic miscellaneous effluents, effluent from
 butchery, factory effluent, and effluent: from farmland and pasture, which are
- produced in the catchmient area, are discharged without treatment mto these
rivers and finally pass mto the lake

' deg1 ée of pollutmn and eut1 ophlcatmn in the lake. ngh phosphm ous or nitrogen
content in the river water accelerates ph thoplankton produciion resulting in an
- incr ease of 1nternal .production in the lake.. :

The amount of phytopiankton in the lake can be judged from the
'transparency, tubidity, particulate organic nitrogen and carbon, and amount of
~chlorophyll. These factorscan thus be used to know the degree of gutr ophlcatlon
or: the amount of mtex nal productmn : e

The lake bottom is can31dered a place for the accumulatmn for the
" nutrient salts. For a shallow lake, in par ticular, lake bottorm mud contributes
“greatly to the ‘behdvior of the materials in the lake water (e.g., the elution of
‘nutrient salts in bettom mud mcrease in turb1d1ty by the stirring of bottom mud,
' etc) P Lo : :

SENASA in 1982 and ICB, in’ 1‘983 and 1984 undertook lespectWEly,
the survey on the mﬂow rivers and the lake. -

’I‘hxs study was made from Feh 1988 to Mar. 1989 on the 1nflow rivers
' and the 1ake (mcludmg the swamp for which a punﬁcatmn effect is expected),
g concermng ‘the monthly’ varlatlon ‘of the water quality, for the pur pose of
- obtaining fundamental knowledge’ necessary ‘to clarify the pollution mechanism
- inthe lake. The result of this study is summarized in the subsequent pages.



- CHAPTER II:

WATER QUALITY OF THE RIVERS

2.1 Mater Lals and Methods

2.1.1 Samphgp: Statlons and Dates

1)

_2) |

Samplmg statwnb and dates

Regulax samphng statlons 1nc1ude YG and Y'? along Yuquy1y
River, P11 along Yagua- Resa-u River, and P12 along Ypucu me
(Fig. S6. 2 1). _

| Samphng at YB was Started in June, 1988

. Table 86 2.1 shows the samphng dates and meteorologlcal _

condltmns :

| Samphng on small r;vers ﬂowmg mto the three rwers _. ._;; o

: Samphng statlons for both surVeys are shown & in Flg 86 2 1.

Survey on the water quahty of small‘rwers of the Yuquyry water '

g N system was made m J uly 1 1988

8

Survey on the water'quailty of small rivers of the "Pi"rnéju water.

-_system was made in'July 5,1988..

bamphng on the days after ramfall

Survey on th\, water quahty of r:vexs on the days after ramfaﬂ was  _ -

| made from Oct 31 to Nov 3, 1988

Sampimg statmns are t’ne regular statxons Y’I Pll and P12

' ‘The sampled watex each tune was: f‘x ozen and stored at 20°C and

all sampled water was analyzed 31mu1taneously by the regular |
methods : _

2.1.2 Anaiytxcal Method Observatlon Items and Analvs1s

,‘1)_

_Fleld observatmn S

Ttems for measurement in field observatmn Were the transparency,
._temperature, EC, DO pH Watex veloclty, and ﬂowmg water

volume

Vi~ 2



22

221

9

3)

- The eqmpment ueed was a portable type thh long cord (US Series,

Central I{agaku)

Items fm water quahty analysls

E Items of water quahty analysm in tﬁe laboratory are listed beiuw
TP, DTP, PO4-P, TNK, DTNK, NH4&N, NO3s-N, TCOD, DCOD,

BOD, TR, IL of TR, SS, IL of SS, Cl-' TFe, Alkalinity, Fecal
cohfmm bacteria POC PON Dlameter of‘ partlcles

R Note that analyses were not always made on all of these 1tems

Handhng of samphnge and the analytwal methods

K The sqmpled water fm analysm was stored and mamtamed at low

temperature: m an ice- packed box and brought back to the‘,-

' ;laboratmy

A GF/C glass: ﬁber hlter (1}1m pore) was used for filtratmn Any

_r-r=re31due on the filter was handled as partwulate forms while in the

- ﬂtered water as chssoived forms

_A small quantxty of ac1d was’ auded to the raw- or ﬁltered water
‘when'it was storedin r efrigerator. When the water was to be stored

e ove1 a Iong pe1 1od it was frozen

The analytical method was malnly based on the “Standard Methods |

for the Examlnatlon of Water and Waste Water

o Fm PON and POC analyms, the ﬁltezed paper was dried dnd
: brought back to J apan for analy31s thh aCN analyzer

- A srnall quantlty of‘ fm maldehyde was added the watel for diameter

measurement of particles sampled on the same date as in the PON

and POC analysis, and measured with a coulter counter in Japan.

SR :CEI taln calculatmns we1 e made’ usmg followmg equatlons

CPP=TP-DIP  DOP=DTP—PO4P
CTN=TNK+NO3N  TON=TNK-DTNK
DON=DINK ~ NH4—N PCOD=TCOD —DCOD

Reeults and Dlscussmns

Water Quahtv of the Yuquyrv River

o

Fleld observatlon rec_orfl_d_ L



2)

3)

4)

The Yuquyry River is usually i;urb;d and brown in color

The color turns to red‘-brown when the mflowmg volmne mcreases, '
indicating an iner case in the mﬂowmg sand : :

In this river, DO is low at all tlmes and 1ts saturatwn degree is at :
an average of 48%, mdu,atmg ex:.stence of large quantlty of orgamc :

: pollutants

Another featux e of I;hls riveris an extremely hxgh EC

 During rainfall, in pal tlcular, a high EC was’ observed (Aprxl 13

1988). o L |
EC at Y6 dewnstream of Y'? is shghtly hzgher than that at Y7 but'

* its variation pattern is sxmﬂar to that at Y‘? (Flgs SS 2 2 ~8).

Phosphm us

TP

The: Concentratmn varies greatly frem month to- month (195 ~
1 OQOpg/f) regardless of the season and ramfall -

P O4—P

" The PO4-P concentratlon is }ngh at about 50% of the TP

The variation pattern is similar to that of the TP. (Fig. S6. 2 .

- ALYS, the TP concentration is slightly higher than that at Y7 but'
the PO4—P concentratmn is nearly equal ¥ _

Nitrogen

TN: e T _
Nearly constant f‘rom summer to wmter But thxs value vanes o

‘greatly and is extremely lngh from sprmg to summer in the

'foHowmg year (Flg SG 2 8)

NH4N:

Genemlly of h1gh concentratmn with substantial vanatmn

NH4-N oceupies rather a high percentage (35%) of t;he TN -
_ altemately w1th DON

C NOa-N . . - :
Low in concentration, Its percentage of the 'I‘N 1s a mammum 30%-

and generally below 1/10,

~ The nitrogen concentration at YG is generally higher than that at' '
_Y'? but the varlatmn pattel s 13 snmlar S

Chemzcal oxygen demand (C_O_I)_) o



TCOD is high at an.aver rage 32mg/f- and tends to show slightly
_“higher concentration when the flow rate increases (April 13 and 19,

” August 18) (Fig. $6.2.9).

S The wncentratmn and vanatlon pa,tterns at Yﬁ are s,unllar to those

7__5)

At Y7
' Blochemlcal oxygen demand (BOD)

B 'BOD value is low as compaxed with the concentration of other

items. This may be due to.a large content of organic materials

. (mtrogen compounds, ete.) which are not; decompo sed during the

fi ve—day-test period.

'There is a butchely upstream of Y'? on Yuquyry Rwer, which

dzscharges effluent without treatment Whlch causes a large inflow
of these mtrogen compounds

:BOD vahle at YG is shghﬁy lower than that at Y‘?

- ThIS may mean that self purlﬁcatlon isin effect between Y7 and Y6

| msplte of the exxstence of the inflow rwers

B ESusl:n::nded sohds (SS) and total 1esxdue (TR)

'SS _
. The SS concenmatlon inereases w1th the mcreased 10ad after

rainfall (Fig. $6.2.10),

The value. varies substantlally even at nozmal water 1eve1
. conditions, - . - :
. The content of. pa1 tlculate orgamc materlals is conmdered almost :
_ ,_constant_ (53%) whe_n the SS concentration is low,

Conslderably constant value was obtamed

The dxﬁ‘erence between the SS value (dlssolved materlals) is 7 3% of

the TR and itsratio is extremely high
The diameter ratio, as measured with a coulter counter shows 73%

_: “ " for 1pm or less. T'his result also shows the hlgh ratio of dissolved
e :matemals in the water R

7)

" 'The TR value at Y6 is h1gher than that at Y7 but the lack of
| monthly dlﬂ‘erence and IL of TR at Y6 are similar to those at Y7,

Cl- :



2.2.2

8)

The Cl- concentratmn is substantially hlgh (mean 47mg/«") and |

varies gr eat}y from 3 to 82 mg/{’ fox the Yuquyry Rwer

Smce the background Cl-may be esi;lmated at 3~ 4mg/€ from the"
Cl1- of inflow ‘rivers, the above-mentioned. hlg‘h concentratmx_l .

: mdmates inflow of con51derab1e polutants (Flg 56.2. 11)

The covmentratlon at YG is shghtly higher than that at Y7.

' Fecal COllf(}l m number

This number vames gre,atly and tends to mcrease thh r1smg water

temperatul e.

- 'This mdlca‘tes a consxderable mﬂow of human waste (Fig, Sﬁ 2 12).

R Water Qua‘htv of the Yagua Resa-u_ Rwer.: : o

1)

_-Fleld observa’uon by ecord

The tr ansPax ency is substantmlly hl.gh throughout the year

DO is high both in concentration and saturation degree (93%), and

2

3)

inflow of organi¢ pollutants is not considered to be large.
EC is low and tends to decrease further (though smaII in quantlty)_
on days with a hlgh flow rate {Flgs £56.2.2 ~ 6) -

Phosphm ug.
TP

At an average 91pg/f, with small monthlyllvairiaﬁén The value

tends to increase after rainfall, mdlcatmg a hxgh ratw from non-

| "’pomt soux ces (Apnl 13) (Fxg 56, 2 14)

PO4—P
Generally low and at Opgl{’ on certam days (Sept 26 and Oct 24)
The concentration tends to become high after ramfall (Apml 19),

~and its perc cent tage of the TP is about 30%.

3 Nltrogen

TN

The concentratmn varies substantmlly from month te- month (Fxg .
56.2.15). As observed in Apr: 13 and 19, the concentration.

increased after rainfall, 1nd1cat1ng mflow of the TN from the basm .
(Fig. 86.2, 15) SRt 3 , _

DON:

High percentage of the TN (ca 50%)

V-8
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5

N H4-N

Low concentxauon (0 224pg/€ meam : 78pgf€)

N03~N
Low concentration (20 ~ 554pg/f), The concen'trationf showed a

- peak valueon Apr. 13 after rainfall.

cop

ipeOD:

Substantial monthly varlatwn rangmg at 2 ~ 39mg/8 (F1g

i 86 2 16), mdicatmg avar xatxon of the mﬂowmg organic pollutants.

. DCOD:
0~ 31mg/€ with substantlal varlatlon

-BOD.

o Low in concentratlon (1 ~- 2 Omg/¢),  The. amount of organic

Y
oss

materlals which can be decomposed by- organisms is extremely

“small; But, judging from a bigh ignition loss of TR or COD, there
~may exist a large quantity of organic materials (nitrogen

compounds, ete.) thch cannot be decomposed durmg the five-day

BOD test
SS and TR

The vla-llie was hxgh in Aprﬂ 19 whlch may be due to a large

“amount of sand inflow. after rainfall (Fig. 56.2. 10) S8 was low on
other days. :
' Generally, SS shoWed a small peak after r amfaﬂ

R

o

The value shows small monthly varlatlon but the values of

- ignition lossof TR varies. .
"The particles of size 1 um or less occupy 80 ~ 90% of TR, which
'corresponds with the value of 84.3% for the size of 1 pm or less
RN deternnned by the partxcle dlameter measurement,

It is normally extremely low in concentration. ‘However, high
< concentration is sometimes associated with a high TP
. concentration (Mar. 15) or a hlgh TN concentr. atmn and alkalinity
'(Sep 26) :

Fecal coleorm number



2.2.3

494- 95() No / 100m€ and not such a hxgh varzatmn

Water Quahtv of the Ypucu vam

BV

_2)

3

l* ield obsewatwn record

The transpat ency is ge:ue: ally not }ngh but is slaghtly hxgher in @

winter. -
The saturation degx ee of DO never exceeds 100% (generally 49 ~

98%) (Flg Sﬁ 2 3).

| The pH. tends to lowex afte‘z ramfall (Apr 13 and 19) wh:le EC L

tends to increase when the flow rate is low (Apr 6 May 4 and Jun, .
14, Figs. SB 2.4 ~ 6) ' 3

Phosp horo_us

- TP:

Increase in TF, possmly due to: mﬂow from non-pomt sources, is. -
ohserved after rainfall (Apr. 13). &

The concentration in other months was 1{)3 27 Zpg/f.'

The TOP is hlgh when the TP i hlgh

"IPO4—P

PO4-P islow when the TP is high, and h;gh when 'I‘P is Iow

. The average is 84pg/f and its percentage of the TP is around 45%

The concentration varies from month to month and mﬂow of P04-P |

is thh after ramfall

Nltrogen

In addltwn to the peak value found aftex xamfall on Apr. 13 and :

19, an extremely high value (3 Qlﬁpgii‘) was observed on Sept 26
. (Fig.$6.2.17). -

In othez moni:hs the values were from 588 to 3 258 ptg/é’

TON:.

The concentratmn ig hlgh almost constantly and the percentage of
the TN is about 75%. : _ '

N H4~N

- The value vames g1 eatly frorn 0 547pg/€ L
: The percentage of the TN is extremely low at 10% or 1ess

NOg-N

The concentratwn is almost thce that af NH4»N but shows nog



S _-,peak ‘after ramfall

1)

| _ The per centage of the TN is amund 20% :
| COD'

‘ fTCOD oL

“The concentration varies from 5 to 41mg/€

“An effect from xamfall ig also visible, as more or Iess an increase in
: the concentl auon (Fxg SG 2 18);

_'7_-1:_DCOD o ,
RO Ralnfall causes the hlgh value

5y

The concentration varies from 0 to 38mg/¢.

. BOD

: The concentratlon ranges 1.0~ 6 Smgff and tends to show the hxgh
'.'.*value in winter. . o _

_ The ratm to TCOD is 10w at BOD/TCOD 1/7

-8

- SS and TR

| _’_ss \ SRR
 The value shows substantml monthly varlatmn (8 § ~ 301 5 mg/t
- (Fig.86.2. 1{)) _

o Though the value reaches a peak after ralnfall itis not 50 hlgh

.‘The value was extremely high on Mar. 15, 1988, but the cause is
S 'not known because 1t is at tlmes of narmai water level conditions.

167 224mg/€
The percentage of SS to the TRi is about 20%

The vanatmn of the concentrations is large (3 ~ 54mg/) (Fig.

860, 11) and a corréelation’ between Cl— and other water qualities

= *and the ﬂow rate is net observed



2.24  Water Quahtv in the Small Rwezs Flowmg into the Yuquvw Water _

stt

Ly

2)

Samplmg statmns

Yuquyxy Rwer has many tubutames and even around the smallest
of these, there are human habitations.

‘Since tributaries are subject, to. the effect of these human :
habitations; observation and. samplmg were made at stations

(including stations considered to be less polluted and those already -
considerably polluted) which were expected to facilitate
understanding of the Yuquyry Water System (Flg §86.2.1, S{;s YI
~Y8). '

Results

Tt was observed that DO was extremely low at all statmns and EC b

mcreased suddenly in the main stream of Yuquyry R;vez
@ Sts. Y41 Y43

E ’i‘hele is an oil factory 1mmedlately upstream of the statlon,
and thlS factm y dlscharge afﬂuent make substani:lal eﬁ’ect

The value at Y43 was obtamed at a dlscharge outlet
- The amount of effluent was 2 A4560m3/day, which was only about -
‘8% of the flow rate of the: river water at that time. Though
effluent ‘was thus not large, P and N concentrations were
extremely hlgh Consequently, the- dlscharge Ioad rlses,
- mdzcatmg that thisis alarge pollutmn source, : :

@ Other Stati()ﬂb

Except for rivers at St. Y3 other rivers are con31dered to be _
polluted - '

St Y3is Iocated aleng a small rwer runmng through dry fields.
It was characteristic for the NO3-N to be slightly high and the
ratio of dissolved organic materials to the total dlssclved
materxals to be quxte hxgh (84%)

225  Water Quality of the Small vaers Flowﬁg mta the erayu Water.

S)zstem

Y

Samphn g statlons

Samplmg statlons enabhng the understandmg of the ‘whole of
Pirayu water system were chogen (Flg 86. 2.1, Sts. P1 ~ P12)

VT - 10



- S

poliuted-rivers o

- St.Plis located ona small riverin a pasture whloh hardly flows
., . The DO value was extremely low while that at EC TP, TN, TR, S8,
Q- and alkahmty were hlgh mdlcatmg that, the river is polluted.

B and N were obser ved mostly ina partlculate forms

' The high percentage of SS (65%), when compared w1th TR and the

3)

low ignition loss of S8 (23%), indicate there are many inorganic

o paruculate materlals

- As for St4 (Zan;amorotl Rwer), there are - two alcohol factorles

upstream of the sampling pomts ‘Because of discharge of untreated
effluent, thisriveris heav1ly polluted. . _
The water in this river is a thick black color and has an offensive
odor. The analytlcal results show extremely hlgh PO4P (559pg/€)_

' 'and a high nitrogen ‘content. ‘For’ mtrogen, the DON value is hzgh 7
_ but the NH;-N value is extremely low. - '

Judgmg from’ the “high TCOD (and’ partlcﬁlarly DCOD) and hlgh‘

:TR (and. partlcularly the 1gn1tlon loss of TR) when compared with _

SS, it is known that large quantity of orgamc matenals w1th fine

'partlcles (1 pm or less) are dlscharged

g Othel r1vers .

Results of water quahty analysm are cons1dered to 1ndlcate that the

-water at stations P2 (Pirayu River), P3; P5. (Mbatovi River), P6

o (Cardena Rwer) and P7 (Paso Vera Rlver) has not been so polluted

o Among the five ; x 1vers, erayu R1ve1 is consndez ed rather large with

8 Iarge ﬂow rate in comparison to other small rivers. _

| The water quahty of the Pirayu water. system as determined from
/. observation results ¢ concerning the five rivers and P11 and P12, are
: shown below ' : :

B0 . TP P07 TN NH;-N NO3N

mglt

% uSem PE T e

89

-.93 60 .6.6' A7 50 _993 44 = 262

St. P2 (Plrayu Rlver) has polluted rivers (St P4) on its upstream .

= ‘SIde, but self-punﬁcatzon may be in effect down to St. P2,

= : There was fycant human habxtatlon only around St. P3

" The. hlgh TN value at Si‘. P3 may be due to the effect of the
g surroundmghumanhabitat.mn o
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The Yagua Resa-u River is not polluted posmbly due to laek of :

_ _mﬂow of small uvel 8.

~ The values concer mng the water quality of Ypucu River are higher
~ than the average, which may be attributed to many inflow rivers

and the associated mﬂow of pollutants exceedmg the capac1ty for-
self pumf’ cat.mn '

In the Pirayu water system, the percentage cf non~pomt SOUrces
(dry fields, pasture) is hlgh (Suppm ting Report V). Inflow of

_ -poliutants is expected to increase durmg seasons w1th heavy,
o ramfall - c

2.2.6° Water Quahtv of the 'I‘hree Rwez S QR the Dav after Ramfall

Surveys were cazmed out fmm _Oct 31 ta Nmr 3, 1988 and the _

. prempltatmn during the period was 93mm.
Observation and samplmg were started in about half hour after ramf all,

_ '7 F1gs SG 2. 18 21 show the ahove results _
These results on the three rWers may be roughly summm ized as fallaws

%

TON and NH4—N values of the three uvezs show no vamatmn
during the survey period. :

The NO N concentratlon is extremely hlgh

" The PP or DOP concentratmn is h:gh but the PO4—P vaiue is low

The SS concentratmn is. partxcularly hlgh far the three rwels, '
which is more than twice that during thé normal water level

candltlons

Though the concentratlons concerning water quahty are not h:gh the
flow rate is high after rainfall and thus the load amount increasss.

Here, the load amount durt mg the survey permd is compared w1th the '
load amount on Oct. 24 1988 e

Ratio of Discharge Load aﬂie_r Rainfall to éhaf-cﬁ;()cﬁ; 24’88 S s

YuquyryR. - 6.9 9.2 6.3 28
YaguaResa-uR. 110 80 o280 181

YpueuR. 9l 12 - 12 . 88
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+The ratic of load amount in the Yuquyry River after rainfall and that

Cl\li mg normal water level conditions is.considerably small when compared with

~ the case in the other two rivers, It is supposed that the percentage of non-point

sources is low for anuyry River, and there is not such a large temporary
mcxease in the 1nﬂow Ioad after ramfall -

l

' On the other hand the above load ratlo for Yegua Resa u River is
partxculerly h}gh Whl(,l’l. mdxcates conexderable mﬂow f'rom non~pomt sources.

_ The SS ratlo is: hlgh fo1 t;he three rivers comparmg thls to other ratios.
Thls may be attr;buted to erosion in the basm :

' 2.2.7 Comparlson among the Three Rlvers Water Quahtles

1) A Compameon of water quahty values of the three rivers on clear day

o In the Yuquyry River basm thexe are more pomt—pollutlon sources
(factories, urban- dlstncts) than non—pomt sources. It is evident

- that there is inflow of pollutants into small rivers even durmg the
“normal water level penod IR >

The degree of pollutlon thus caused varies from river to river, but,
- m any case, there exists a con51derable amount of pollutant mflow

Normally, self—pumficatmn is in effect on the downstream szde of

© . rivers. 'For-Yuquyry River, however, no results proving an

- overwhelming self-purification effect have been obtained, even at

Y7 (Y6), possibly because of a h1gh level of pollutlon from small
rxvers ﬂowmg mto tlus rwer

o Consequently, charactemstlcs of water quality are observed to be of
a higher order at St. Y7 and downstl eam St Y6 than those on the
. small rxversg :

On the o'sher hend for the erayu water system comprised: by
o Yuquyry Resa-u River and Ypucu River, some of small inflow
- rivers (Pland P4) are polluted. But self-purxﬁcatmn can be seen in
effect on the downstream (P2)

S _Yagua Resa—u Rlver has few mﬂow rlvers and i is conSIdered to be
. less polluted |

-But the water quahty values aft St, P12 of Ypucu Rlver are higher
.+ than, the. average for less- polluted small inflow rivers, indicating
. that inflow and accumulamon of pollutants are under way.

| ‘;::Contrary te the case of the Yuquyry Rlver the percentage of non-
| pomt sources is hlgh in the Plrayu River basm Accordmgly, the
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amount -of inflow pollutants to the river .W'hilé the Wate‘r' léVél is
normal is estlmated to be sma!lel than i;hat after ramfall

Analytlcal values at the 1epresem.at1ve statlons, Y'? Pll and Plﬁ' :
of Yuquyry River, Yagua Resa-u River, and Ypucu River 1m,lud1ng :
inflow from small rivers, show the followmg relatwe trends .

ok

_ The DO value at St Y‘7 on Yuquyry Rwer 1s extremely low ]

which is a reflection of the fact that the amount of organlc'

o pollutants here is the largest among the three rivers,’

However, the concentration of other water quahty

- charactenstics is the h1ghebt among the three rxvers

. "The TP concent.x ation is 195 ~ 1 09014g/€ at Y'? ancI 1/5 ~ 1/6 |

of these values at P11, and about 70% at P12 1 were found.

The PO4—P ratio to the TP i 1s hlghest at 50% at Y7 30% at Pll
fand45% atPlZ o L

The ™ value is hlgh at 1 6 - 5. 6mg/€ at Y'? 1/2 of thlS le‘vel
at P11, and around 2/3 at P12 _ :

-The NH4-N va}ue is normally hxgh (35% of the TN) at Y’?

whlch is dlfferent from the 10% or Iess atPll and Pi2.

" The NO3-N value is rather low (10% of the TN) at Y7. At PIl
N 03-N is 40% of Y7 value, at P12itis sllghtly lower than'that

at Y7. The ratio of NO3-N to the TN at P12is high at 20%and

- theratio of TON to the 'I‘N is also hlgh

-’I’he COD valué is 11 e 57mgf€ at Y7 and mcreases after‘_- _

rainfall. The value at P11 is 2/3 of the value'at Y7 while the
value at P12 is slightly higher than that at P11. Th,e effect of .

| ramfall are cbserved at both statlons -

The BOD values for the three statmns are conszderably B

' smaller than the amount of organic materials as determined

from COD or ignitioti loss of TR. - However,: the BOD/COD
value is 1/4.6 a4 Y7, 1/13 at P11, and 1/7 at P12, '

This means that the inflow of COD from pmnt sources islower |
in Y Resa-u Rwex and Ypucu River than in Yuquyry Rwer

"I'he 58 value is hlghest at 26 0~ 108mg/€ at Y7 and may
_ present a high value of 268ug/t after- ramfall At Pll the

value is lowest and the rainfall effact at Pi12is not 80 crltical

~ The ignition loss of SS is about 50% for the three’ rivers and

partlculate matemals oceupy about 20% of the tota.l
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ok | The d1ameter of pa:tlcles in river water is the largest (max.

- 10pm) in Yuquvry River, followed by that in Ypucu River
(8pm). The particle d1amete1 is the smallest (a}xm) in Yagua
' 'Resa-u Rwer _

% TPhe amount of ﬂowmg water is the Iargest in Yuquyry vaer

and so is the load amount, _
The examples of load ‘amount at the three statmns are
o 'calculated below for the normal wate1 level

Table Compal ison among Dlscharge Load of the Three R1vers ona Clear Day

Sep. 2688

TN NH¢N+N03N S8

TP PO4P __ TCOD

kg/day

Y7
P1Ly

T

5,022
1,772
1,334

LI
.91

846 61.5
71 29-.'.

_47L3,
43,1
21 0

'ees

| P12

627

! "The abeve rat\e is not always obtamed because ef vanatmn in the:

flow. rate and the concentration of water- quality, even at times of
normal water level. In partlcular, the N concentration was high on

- Sep. 28, 1988 and the NH4&N value was’ ‘extremely high at Y7 on

rthe date. Accordmgly, the Iead e.mount ef mtl ogen at Y7 was high.

~ The. eoncentratlons concernmg the Water quahty at P11 are
"normally lower than those at P12; but'the load amount at the
~former point is occasmnally hlgher than at the latter pomt because

ofa hlgh ﬂow rate.

j '}‘he total load amount at P11 and P12 ﬂows into the Iake, however

- the inflow load from Yuquyry River is consxderably larger than the
~ total of the other two rivers,

_ Tlus means there is a larger
) cont.rlbutlon from the Yuquryr River in te the lake as a pollutant
1carr1er S _ _

Comparlson of dlscharge Ioad of the three rxvel s after ralnfall

-' The dlscharge Ioads of the three rivers after 1a1nfa11 are compared
: here

B Calculatmn based on the tables in sectlons 226 and 2.2, 7 leads to

o the follewmg resu‘ts

Table Comparlson of Dlscharge Loads of the Three R‘vers after Rainfall
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TR T 2 TCOD 88
: N % 108kg/day ' '

06 g3 T 1406

Y7
P11

5.8
4.8 0.3

1.3 036 75

25 3207
50.7

P12

2.3

The values shown above we
amount for the- normal water
‘after rainfall to that for the nor mal water level.

| During times of narmal water Ievel the Ioad amount of Yuquyry

River was extremel

Resa-u River and Ypueu Rwer may be respon31ble for obtalmng the_
above result : : ; . o

Remarkable increase in the load amount from non-pomt sources -'
‘was observed after rainfall in Yagua Resa-u River. - ' '

Increase in TP load is partmularly great, which was about 1/35 of
the level at Y7 on & cleal day, and was 1/2 of that at Y? after '

ramfall

Iti 1s not clear such increase occurs at all tnnes, and such increase is
_ considered to vary dependmg onthe prempltatlon _ :
The precipitation was 93mm on ‘Oct. 31, but such’ precxpltatwn IS

observed quite frequently in Paraguay. In'such an event, the load
-amount {o the lake from Yuquyry River is nearly equal to that from
- Pirayu River. . In particular, the SS inflow: load amount is

extremely large from Pirayu River,

Comparison with the Past Déta

Table  Water Quality of Yuquyry River Analyzed by SENASA

re calculated on ‘the basis of the Ioad B
level on Sep. 26 and on the 1Gad ratio

y large concerning on. the items. The inflow
‘Joad from non-point sources after rainfall, being large for Yagua o

mg/f : . Y6 . ' Y7 R

 May7.82  Sep.7,82 - Mar.9,’82 Ma')}:-‘:’,:’_sz" Sep. 7,82 |

NO3N
NHy-N
PO4-P
BOD
TR

053 313 043 107 3.62
0.76 138 (.32 - 098
0.20 024 . — 030 028 |
16 882  — 16 - - 174 |
— 609 22— |
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- 'The table above shows the result of analysw performed by SENASA at
statlons Y6 and Y’? in 1982 _

When compared w1th data in 1988 the above result shows that the
NO3- N concentration is higher than that of NH4-N and that the 'I‘IN
concentl at;on m 1982, 1s as hlgh 8s that. in 1988.

The P04 P concentratmn is shghtly hlghel in 1988 than in 1982
Both BOD and TR concentratmns are hlgher in 1982

J udgmg from data though hmlted mﬂow of hmnan waste mbo Yuquyry
River is larger in 1988, (as is evident from thei increase in NH4-N) this may be
posszbly due to growth of the population in the basin. On the whole, however, the
degree, of pollution has not changed and this fact may mdxcate that Yuquyry
Rlver has been heavﬂy polluted for many years -

o Slmilat compamsons of water qualxtles w1th past data are: made for
'Ypucu River and Yag’ua Resa-u vaer

mglt B R SV R
: Oct 6, ’81 Apr 23, 32 Sep 9, ’82, Oct.6,'81  Apr. 23,82 Sep. 9,82
I NOgN 0.03 023 '021_ 039 026 038
NH&N 007 0 007 0.05 0.29 016  0.09
[PO#P . 024 004 007 023 . 004 - 0.03
BOD = — 106 733 — — - 975
TR 273 . 142 186 - 265 146 156

For the Yagua Resa—u Rwel the TIN values are nearly at the same level
in 1981 1982 and 1988. PO4P concentratlons in 1981 and 1982 are bigher, and

-~ BOD and TR concentratmns in 1981 and 1982 are shghtly hlgher than those in
1988 s SR R R

o In the ease of Ypucu Rlver PO4—P N03 N, and NH4~N concentratlons
©are shghtiy higher in 1988 than in 1981 and 1982, The BOD value is shghtly
hlgher in 1982 whlle the TRis nearly at the same level for the three years.

Though compaz 1son of the degree of pollut:on cannot be based solely on

~ the cuncentratlon, and such degree should be in any case, consxdered as a gross

quantity including the flow rate, low preczpltatmn in consecutive months in 1582

- and 1988 may lead to an. assumptmn that. Ypucu Rwer was. shghtly more polluted
in 1988 than in 1982
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'CHAPTER Il
SEDIMENT OF THE RIVERS

3.1 Materials and Methlo'ds' |

The surface sediment Was’ éarnpled at mgﬁﬂ&f statidhs (YS, Y7, Pll, an(i

'P12) on the three rivers and at P2 on Pirayu River on Jul. 9, 1988 for
measurement and analysis (See Fig. $6.2.1). o _

- Organic carbon dnd orgamc n_ifrogen were énalyzed:with.a CN ‘analyzer

after the dried samples were brought back to Japan, - = G

For 'the.'grsllin'd'iéfheter‘niéei‘.‘sﬁrement, th_e &riad:saxﬁplgs' ,‘I‘_’éi—'? brought o

back to Japan and measurement was made by means of wet s(:reenmg and a

coulter counter. -

3.2 Resﬁlts and Discussions

3.2.1  Grain Diameter of the sediment in the Three Rivers

_’i‘able $6.3.1 shows the grain diameter of sediment and its ratio, and Fig,
$6.3.1 shows the size distribution. T

The sediment is sandy in the three rivers and shows no specific difference
in appearance. ' : R

The diameter of sediment of Yﬁquyry Rlver rahgés at C'Ohsif&érﬁﬁly
larger sizes than that of other two rivers, This may be due to the difference in .
‘production of the bottom materials, o | | R

That is to say, the grain size of phenocryst in ‘__the' parént rock on the

rock of Yuqury r_iv__er _is_more__ ijiablel__than _t.h_.at of Pirayu River, thus the .
phenocryst of Yuqury River flows down to the lake together with smaller-sized

On the other hand, though the grain size of phenocryst of _Pirﬁyll River is.

larger than that of Yuqury River, only the smaller-sized mateix in this river flows

down to the lake and phenocryst {s left upstream,

In this sense, the distribution

thah that in Pirayu River. . rﬂnge ofdlameter.m Yuqury River iswider B
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322 Physical and Chemical Characteristics of Sediment

Table Sé 3.2 Shbwé physical and chemical characteristios of sediment,

_ Chalacterlstlcs found at P2 of P1rayu River differ greatly from those

‘found at the four other stations. In other words, at P2, the density is small, while
the ignition loss'and C, N, and water contents are high. In other words, the
sedlment at this station is less sandy

The sedlment at the four other stations dlffers in dlameter, but is quite
snnllar in physxcal and chemlcal charactenstws :

o Though a consxderable amount of orgamc matenals ﬂows into the lake
3from the three rxvers, the orgamc content in sediment i is small. It is considered
that mflow organic materials are washed downstream without settling,
prec1p1tatmn and adsorptwn by sedlment -
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- CHAPTER IV

WATER QUALITY IN LAKE YPACARAI o

4.1. ] Méterials eﬁdMetheds

41.1 Sampling Stations and Daies _

1)

2)

Sampling stations

Fig. 864 1 shows the samphng statlons in the lake F1eld' :

- observation and samplmg for water quahty analyms were made at

each station. Though observation and water samplmg were nof

* made at every station every day, we attempted 10 coneentrate_;_
‘observation and water sampling at St.0 and St.4 ‘which are B

considered to be representative inflow points of Plrayu River, at

§t.25, St.49, and St.57 in the middle of the lake, at Yuquyry Boca B '

and Riacho Negre at the inflow of Yuquyry RIVBP and at Saiado
Boca at the outlet. _ .

Dates

The survey was started on Feb. 16 1988, and was carned out

approximately once a month up fo Mar. 14, 1989. Table S6.4.1

shows the observation dates and meteoreieglcal eondltlons of the
surveymg days : :

412 Analytmal Methods, Obsexvatwn 1temsandAnaIys1s -

1)

F leld observatmn

Observation items at each station are ‘the’ depth, transparency,
Secchi Disk Reading, tempeiature pH Do, EC and color.

Th.e. temperattir_e, pH DO, and EC were measured in the surface'
and the bottom (about 10 cm above the lake: hottom) layers

Measurements on the turbidlty and underwater hght mtenswy' i

~ Were also made severa]) times,

;‘he equlpment used for observatlen of the mvers (portabie US:
eries, Central Kagaku) was used algo for observation of the lake,

The water for water quality analysis was sampled from the surface o

layer, and also from th .
asrequired € bottom 'Tlayer using a Van Behm sampler |



The methode .£0- transgex t, stock and filter . the sampled water are
‘thesame.as f;hose for the rrver water, |

L2y 1,Analytica1 items-

S Items fox water quahty analysxs a:e l;he eame as those for river
L water, thh the addxtzonal measurement of Chl-a concentration,

The anal_,rtwal methocl 13 aleo the same. as that for river water,

| PON and POC ef the eurface water sampled at Sts 4 25, and 49 on.
Jul. 8, 1988 were analyzed mth a CN analyzer in Japan.

I :"Surface water particle dlameters and I‘&thS, sampled on the same
. ‘date as the PON and POC samphng at Sts.0, 4, 25, and 49 and at
Yuquyry Bece were analyzed w1th a coult;er counter in J apan.

4 2 L Results and D:tscussmns

. "4 2 1 Herizental Dlstmbutmn of EC Values

The EC value;';each month at Sts 4, 25 49 and 57 (consxdered -
representatwe of the Iake), is. shown in Table SG 4.2. Tlmugh the value varies
- from’ month to menth at each statmn the monthly variation pattem appears
_smuler SEECI N P R T ,

o Itis evulent that the erayu River water Wlth a low EC value, is present
at the surface layer at St 4 (Jun. 21 and Jan. 10). On the other hand, the high EC
value of Yuquyry Rlver is eft,en v;exble at the bottom le.yer at St.49,

o Apart frem the menths when thp effect of both rivers are apparent the
, 'number of' months w1th minimum. values is large at, faté ‘while that with
-maximum values at St.49. As regards the EC value at both stations, there is no
mgmﬁeant difference between surface and hottom layers (95% probablhty) The
. 'EC in the lake is censldered to be kept nearly umferm through advectlon and

_dzﬁ'usmn . _

N, ” :’I‘he EC dlstnbutions in the surface layer in Mmch and December are
shown:a“ an. exemple (Flgs Sﬁ 4, 2 and 3) : R

. ' 4 2 2 Vertlcal Dletr:\butlons of Seleeted Items ef Water Quahty j

i 1) B f';IlG and Cl at the surface and the bettem layere

S : Lake Ypaearal 1s ex!;remely shallow (average 2. (} m) and surface

S "and bottom layers are mixéd with each other by wind. Asa result,

o the dlfference in physxcal eharacterlstlcs is small between surface
N ';and bottom layers S :
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2

' The vertxcal dxstz 1butzon of some e}ements in the Iake water m the' g

The degiee of vert;cal mixing as determmed from the EC ratm '
between surface and bottom layersis dascmbed helew _

The EC value is shghtly hlghﬁl in the bottom }aym than in the
surface iayez but the dlfference Is neghgxble : ; _

Table szmg Degreeof Water on the Surface an_d
the Bottom Showed by EC in the Lake. |

St, *RC (uS/cm)

4} 100+003 ;

25| - 0991002 .
491 ~ 098+002 . .. -
5?¢ 1001:001 o

* Mean value for Apl ?G ’88 Max 3 89
* Surface value !Bottom value

The vertlcai dlstmbutmn of (,I determmed 51mllarly ig 1 02:1:0 22'
(©, 6'2 2. 08) thus, Lake Ypacal ai presents goed vertmal zmxmg

.Ve:tmal dmtmbutmn of otherelements B

EPR I

summer of 1989 § is shown in F1gs 36, 6 4 6.

The water temperature of the surface layer frequently exceeds 30‘°C _
in the sumsmer and ; in this event, & layer 25 ~ 50 em below the

~ surface of the water may often show & temperature of2~3°%Cor -
* lower, However, this dlfference in temperature dﬂes not last for
long (Figs. S8. 6 4~A an(‘lSG 6, 5 A F) ' :

“For a shallow Iake sucha as the Ypacaxa:, there ex;st nc'
- thermoclines even in the summer ‘ : AR '

The vertxcal profiles of DO and pH which i is closely related to’ tiie.'
bmprcductmty in the water, show a dzﬂ“erence in the DO and the
pH between the surface and the bottom layers ag'a resolt of rapzd‘

phytoplankton pwductmn m the summer pax tlcuiarly m the_ S

surface 1 layer.:

Bes:des thzs Do at the bottom layer is consumed by decomposmcn .

- of organie matenals thug the DO dlf}’erence beﬁween surface and '

bottom layers js also found in par :
condmon .p tlcular in the h;gh tempamture

In ffbmary and March 1989, Waterbloom appeared in the"
southern part of the lake As shown in Flg st 4.4-B, C the '
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SR ﬁxfference in DO-and pH between surface and bottom layers at St.4
oo largel' than that at St.25 and St. 49:: ' :

I I‘ebruary and Maxch 1989 there emsted almost no vertieal
- difference in-all: elements in places other than the.one with the

‘bloom:  The vertlcal dlstrlbutmn of b;oioglcal elements is also '
' 'umform (Fig. 56.4.5-B, C) ‘

But, the Chl -a concentration of the surface layer is extremely high
“at'St.0 and St.4; thh corresponding vertical distributions of DO
'and pH (Fig. 86: 6 5-G, H) Fxg Sﬁ 6 6-A,B shows the: same trend.”

- The strong effect of rwer water is. occasmnally exerteti on the
;' 'vertlcal profile (Tig. Sﬁ 4 6D, E, F St 4) :

- St. 4 semet:mes shows charactenstlcs reﬂectmg the effect of the'
inflow of the Plrayu Rwer as is known from’ the mformatmn of the _
temperatme pH and EC on March 14 1989 : '

423 Data Handlmg Methods

thorough mixture of surface and boftom }ayels The average ef the values of the
surface Iayer at various statlons was used here, is the same as the daﬂy average
: fortheiake S ' TR :

However St 0 whlch is an mﬂow pmn‘c of Pirayu vaer was not mcluded
~ inthe average, For St.4.and St.52, the values obtained there were not included
when the effects of Pirayu River and Yuquyry River were apparen!;

424 Comparnson a.mong Water Quahty of the Lake,_zts Inflowmg and
. Outﬂowmg Rwers : ‘ . .

- Wide swamps ex1st in the south and nox th of Lake Ypacarm and

. Yuquyry River and Plrayu Rwer flow through the swamps into the lake.” In

~_particular, the swamp throuvh which Yuquyry River flows is Iarge, and the river

‘water spreads over t,he swamp and branches. into small rivers to flow into the

lake. Prm(:lpai srnall rivers include mamly Riacho Negro and Rio Colorado. Both
these r:vers show nearly smular flow rate and Ievel of water quahty

. _ Ypucu Rlver and Yagua Resa~u vaer merge thhm the swamp to form a'
: w:.demﬂowarea PR S :

=~'Pur1ficat10n effect

7. | '?At preserﬂi 'ﬁ?uquyry vaer, Ypucu Rwer, and Yagua Resa-u River
oo are heavily polluted, with high concentrations of TN, TP, or COD.
e 'The pollutlon of Yuqu.yry RlVer is partlcularly remarkable Smce



* these concentrations afe rather lower ai. the estuery than at the

upstream, it is evident that the river waters-ave purified whi'le.
passing through the swamps. o :

N 'l‘he velocity of nvez w’étér slb-\;rs do'wn'rapidlyas it p’asSed. through -

2)

the swamp and is considered to be purified as-followgz- o

® S8 and turbidity |

Adhesion to root hair, filtration with hydrophyte, and setling.
‘Ol;ga.n_icﬁ‘laterials L SRR R

Déébmpbs__f tion and pu

‘around hydrophyte, : A -

e Pu;i'f“iéétigin";;f;ﬁ_

Denitﬁﬁcéﬁon and gasiﬁéétidn"of N OglN;* B
@ Purification of P - :

Removal mainly of particulate P through actions similar to

e those for SS and turbidity,

Figs, ‘86.4.7 ~ 17 show .so_mé chemical VChal‘a:(’:tiérisztics' of the rlvers, '.

atthe ;inﬂ_ow_a'nd outflow points, and in the lake.

o abtain the definite purification rate, the survey considering th'

retention time of river water in the swamp area will be necessary, .

The purification rate is dif‘férent ‘at the naﬁnaliivféiter level from
that after rainfall, e IR UL

and the lake’s ihterior'ch’aractefistics.- IR

Relationship of quality characteristicg .amm'g; the ﬁvé’f’,'—;ﬁhe mﬂow :

| and the lake waters

The.abov_e relationship i summarized below .




. +.i'The. pumficatmn eﬁ'ect is estlmated to be hlgher in the ‘Yuquyt ¥
g wamp tha"l in the Plrayu swamp :

| @ i ‘:BOth swarnps ﬂbﬂlt}’ to Pllrlfy varies (net constant) on clear
ey _.days and on days af‘te1 remfel‘ o T _

o The mﬂow values of NH4~N SS TP and PO4~P are nermaily -
'5'10w ;

o "'I‘he ’I‘N value dlffez S substantlaliy bat.ween the river water and
RNt themﬂowwater SRR e T

@ :The dlffereme in TN between the lalme water and the 1nﬂow '
oo water may be attr:bated to phytop}ankton productmn in the.
o :;.Flake T . , :

| @ _As regards N03~N the mﬂow value varles due to punficatxon __

~ and. denitrification; and in’ the lake it varies due to omdatxon o

. + frora NH4-N and utilization by phytoplankton |
.~ The. difference of N03~N therefore, hetween mﬁow and, 1ake
é-kz;watemlsnotconstant R TS

: @ ET e PO4-P concentratlon of the lake water IS substantlally

iower than the inflow value This i is due to the utilization of

; -,._=_"_;-);phytop}ankton ‘and, elimination. through -absorption and
R {settlmg from the. lake water, A.s a result, the TP value in the
o lake water is lower than. that; of the mfiow value in splte of
-'-_;:f-_f.produetlon in the lake SRR T P

__TCOD and DCOD flow into the lake almost without

;-j,i‘i_-purlficatmn and the DCOD of 1nﬂowmg water is nearly equal
otothe lake watervalue, -

... { This is so because decomposition. of DCOD is slow, resultmg in

- its continued stay in the lake’s water. It is considered,.on the

o .-"..other hand, that the TCOD concentratmn is hlgher in the lake

. ,f__--'water than i inthe mﬂowmcr water because of productlon in the

. lake.

L SS is removed in an_ extremely hlgh percentage Though the
S ':_mflow value shghtly increases afier rainfall, partleles
: exceedmg 1pm are mostly removed in the swamp

abov Jiptlon apphes to the year 1988 Almost all of inflow
_ _et ) i creased after January, 1989 and t,hese values were
eqmvalent to or more than the a'verage in the lake N

s :In 1988 the purlfmatwn effect was’ ccnsxderable regardless of the
preclpxtatmn, or 1 r;ver water quahty values It is presumed, howe‘ver, that the



e s ot infinite and the inflow load from the
ification capacity of the swamp was nob IRUALES & b 1Y = 7 oad from th
f:,:aﬁ :zcidedlzhis capeity in the beginning of 19.8_9,. resultmg_m deter;oratlon of
the offect and inflow of high concentration of pollu?gn_tfs, e

| As will be described later (4.2.6 - 6), inflow of organic zhattez:i a'ls::, of 1pm or
less increased in 1989, and, asa result, the main substa'ncg of P911u§10;1_ m the ;ak_e_ |
in 1089 is presumed to have been changed from thaj; in1988.

425 Monthly Variations of the Field Observation Eec'ﬂl‘dﬁ_ﬁ’fthe Lake
1)  Secchi Disk Reading (SD) ) |
9D shows a considerably wide horizontal range even on the 'safn'e_ '
sampling dates (Tables $6.4.3, 86.4.4 (1)-(15)). When each station
shows lower SD value, (as in Apr. and Oct. 1988, and Fe_b.ia_nd 'Mafr_.',
1989) than other months, SD are within narrower ranges than
_drufhgdfher.hlqn'l;ﬁs.' | Ll ' S R o
The mean SD value of éach month varies from 18 to 81 em during
this survey period (Figs. $6.4:18 and 19). The months Apr.and Oct.
1988 and Feb. and Mar. 1989 show & lower mean SD than other
months. In particular, in Oct., ﬁhe mean SD was extremely low at -
The correlation between the SD and Chl-a is not so high (y= —
10.55, see 4.2.7-1) in this lake, indicating that 8D is not dependent
solely on the amotint of phytoplankton, - In 1988, however, SD is
considered to have been dependent mainly on phytoplankion (see
4.2.7-9) with several exceptions.. T e

Compared to the average SD of 839~81cm, the SD on Oct, 27 was -
low at 18cm, In this case, the SD has been offset to the lower left of
the correlation curve; and was extremely low for the Chl-a amount. -
* Such a situation may-have been caused principally by sediments: .
the stirring of sediments by strong wind for three days before Oct.
27 caused darkening of the water color and the high x'ii:i'xihg rate of
sediments into 83 lowered the ignition loss of 88 below the level of
otherdays. g ST TR

SD in Feb, and Mar. 1989 were 25¢m and 23em. A similar shift to
the lower left of the SD-Chl-a ¢urve was shown in these months,

- Andsince the ignition loss of SS was low, the sediment mixing ratio
~ Was also low; and the percentage of particles less than Ipm in size =

w_aséxtfeme'ly high in these months. The low 8D may notbe dileto
the amount of phytoplankton or residual liottor mud, Rathor. the

dark water colox caused by the inflow of difficult-to-be-decomposed -
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,-dxssoived organic matemals is. wnmdeled 1e8pon31ble for the

) decrease in the 3D,

_ 2) _.

i:Water temperature o

e The temperature of the surface water of the Iake correspends well

w1th the air temperature, and its seasonal ﬂm,tuatmn ranges from

16.3t032. 0°C {Flgs $6.4 21).

=1_F01 s;he perlod from Januaxy to Septembel when the water

e

~temperature is low, the Chl-a amount is also low." This 1nd1cates
- that the prodlxctlon act1v1ty of phytnplankton is mactlve

o =.‘198'9 shows almost no &szerence between the upper and the lower
_layers ‘This oceurs due to the constant mixing of the upper and the’

lower water Iayers in the shallowness of the lake. Thermochne,
therefo: e, is not found even inthe summer (F;ga S6.4. 4~ﬁ)

The mean DO on ‘the surface was very. hzgh in 1988 although on
- the first fom' samphng dates there were wxde homzontal ranges. ’

-_In wmter DO were hardly Iower than in summer o

¥ The staturatmn degree of the mean’ I}O was always over 100% until

o Dee 1988, The value dropped 167.3 mg/€ (96%) in Jan. 1989, then

1t decreased gradualiy to 6 3 mg/f (82%) in Mar, 1989

| fDO cn the bottmn 1ayer were always, at all the statmns quite lower
than at the surface and eniy on a few occaswns they were
a -saturated & S

- The mean DO although low as stated above, are hxgher than 4.5
 mglt (58%) and, thus, even on the bottom of the lake there is no
- . case of cnmplete anaer ohlc condxtmns

N The DO variatlon pattern was snmlar to the month}y variation of

: _'ChLa in the surface layer. The DO concentration was low for a

e " period from January to September when the Chl a concentratlon

e ‘waslow (Figs. $6.4.7~9).

- fIn 1989 however the Do concentration was con31derably low (and
. thus not saturated) in spite of the Chl a concentratlon which was
"V“more than equal bc that of wznter ‘ -

o i 'The SS contént Of Water in thls case was hlgh but SS is considered
" to consist of organic materials other than phytoplankton (see Art,
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4)

B

4.2.1-9), The low DO COncéntr'ation'igﬁthle‘é__e: monthsmay be due to .
the DO consumption for decomposition of organic materials which
was larger than the DO production Zthrgug_l}_ p!}(_);osynthgsls, as is
known from extremely high TR, prevailing particles o_f‘ Ipm or _less, :
high ignition loss, and high DON and DOP con_ggptllja?;lqnsi,- o

The difference in the DO concentration between surface anfl botiom
layers was occasionally extremely large. Such inéreased difference -
is attributed to a fact thal the movement of plankion was not

aiwafs in line with the water flow and moreover rapid

photosynthesis Occiu're_d_i'n_ the surface '_layél_‘_. :

Actually the Chl-a concéntlfa,tio_h;of the surface layer was

'_consideifably'h.i'gh-at the station where'_'théf’abb)ie:giiffer'enée'_ was

Jarge, and the difference reduced in winter.
pl

The pH in the surface layer shows a considerably high value, and
with quite a wide range on the sampling dates from Feb, until
Oct.1988 and Jan. 1989 (Figs. 56.4.10 and 11). In particular, pH
was higher than 9.0 at all stations with means of 9.4 and 9.6,
vespectively, on Mar, 2and 22,1988, .

pH on the bottom layer is slightly lower than on the surface. Only
one case in Sept. 1988, however, is found that the mean pH on the
bottom is the same ason the surface but it has a higher minimum
pH than that on the surface, T RIS

It is known that the high pH value of the surface layer from

summer to spring in 1988, corresponded well with the high Chl-a
and DO concentrations of the surface layer, as a result of high-level
photosynthesis in the surface layer. LT e L e

The Io.w pH in Feh, an&"Mar,_lQSQ is éonéi&eredﬁto_be due fo '
reduction of photosynthetie activity. L I

EC

 Ona given sampling date, the BC in the lake was horizontally and

verticalljt }Eomf)geneou”s'.ﬂf”Accdi'dingiy,‘uﬁifgrm'i'ty_ of physical
characteristics is considered to be high due to 'tho'irough advection

- and diffusion (Figs, $6.4.12and 13).

The G valioin the ake fuchuates in stifactory coincidence with
BO"; 1 value at Yuquyry Boca. Since the EC value at Yuguyry
_a uctuat,eg unde;‘ the effect of the EC value of Yuquyry River, -
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