" ‘the mionthly variation of the EC value in the lake reflects strong
1nﬂuence from the EC value of nverb

_ 45.2.6 Monthlv Va: 1ai;10ns of Chemlcal and Blologlcal Characterzstms
o 1) Phosphorous E
. @ TP |

s The TP concentratmn tends to be hlgh in summer and low in
wmter The concentratmn in the summer of 1989 was

- substantlally higher than that in the summer of 1988 (Figs.
127 86.4.14 ~16). This may be partially dué to the reduction of the
i punfmatwn capamty of the swamp. " The factor that is

- considered more important i is the. mﬂow value, which was hlgh
" in‘spiteof the low TP concentration in the river (resulting in
. the effect on the TP concentration i in the lake), plus elution of

- ::__5P04-P fx om bottom mud aleng WIt.h a rlse m temperature

RO The TP concentratmn showed occasmnally an extremely high
i value, and the reason differs for each case. For instance, the
peak on Apr. 20, 1988 may be due to inflow from rivers after
~considerable precipitation on Apr. 12 and 19, This inference is
~ based on the: hlgh TP concentrations that were recorded in
_ e :.mﬂowmg rivers, at Yuquyry Boca. and St O after the rainfall,
et takmg also mto accoum taht the river ﬂow rate was large.

o

‘ _‘:_:The TP concentrai;mn was hzgh on Oct 27 and partlcularly,
" the particulate P was extremely hlgh on that date. This was
o compietely different from the case of other months. This _
o 'excephonally hzgh PP concentrat:ton is conmderedtobe aresult
_of streng wmd blowmg for two days before the observation
date: i. e., the wind stirred up bottom mud, causing PP
‘absorbed and settled at the bottom to return to- and remain in
. the water.- x :

B E:.'i‘he PP value m sedlments of the lake is shown below

S *Table PP of Sediment (mg/g dwt)

| ' 0ct.27°88  Mar.3 88
S| Tse2s ‘,*0.6;_18'; T 634
| B4 oas0 384
.;Mean TR :0;;.549; T 5.09
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The PP con

The difference in PP between Oct 27, 1988 and M““ 3,1980
may be equivalent to the amount of bettam mud stir red and

returned to the water

centxatmns were alsa hzgh when the Chl a' :
concentrations were relatively high (Feb, 18; Apr, 20, and Qct. -
97, 1988), PP in these cases are presumed to be mostly -

phytoplankton-P.

The high concentl ation on Oct 27 may mc'lude most’ly PP from _:

~the bottom mud plus phytoplanktomP

| The- fact that the PP consxsﬁs InOSﬂ.Y of phytoplankton

production in the lake is also. supported by the PP

concentration which. tonds to be lower during winter {(Jun. to
“Aug, 1988) when phyttoplankton px oduci;mn islimited,

In Feb 1989 the ,PP concentratmn was hlgh and 1ts percentage |
in TP extremely hxgh (77~49%) at Sts. 0, 8/4, and 4 where
~blooming occurred “Most PP in thxs case is ccnsxdered to be

: phytoplanktond?

POLP

.PO,;-P concentratmn show low values w1th an occaswnal zera
~ab all stations fmm the beginning of the survey pemo& untﬂ |

Jon, 1989 (Flgs SG 4. 30 and 31},

In contrast to the values before Jan 1989 extremely hlgher-
values at all stations are found in Feb and Mar 1989 but these
lie w1th1n a limited range : -

o PO‘i-Pcancentratmns in the Iake up toJan 1989 were always o
lower than the mﬂow value ‘These. differences may indicate

~ the utilization by phytoplankton productmn in summer, for;- :

Chl a concentratmns are also hxgh durmg t}ns pe:nod

- But in winter, PO4-P concentratmns in the Iake were Iow at_ |

0~15 pg/t. The difference from the inflow values’ darmg this |

" period is considered to be due to absorption or settlmg without: 3

being used for phytoplankion pxoductwn smce Chl -3

' concentratmns are also ‘mw

| V-After I)ecember the mﬂow values became qmte hxgher than’ e
. those before in spite of the values of the Yuquyuy River not .
| bemg 80 high, This fact may be ¢ 8 reﬂectxon of’ the reductmn af -

the punﬁcatwn capaclty of the’ swamp.



“ 'In'Febi and Mar. 1989, actually, low uptake of POs-P by

“‘phytoplankton ‘production, in spite of a continuation of hxgh~

level inflow, plus elution from botbom mud along with a rise in

terperature, contributed to axtremely }ngh P04 P
'concentratm in the water layer '

o "-‘»Such hlgh PO4—P concentratmn is neaxly equwalent to the

average of 113 pg/f which is‘an- observation result of ICB in

1984, The result of SENASA for 1981 to 1982 was 0 ~ 510 ug/f

7 - and the PO4-P cencentratlon is conszdered to increase f’urther
B iafter Mareh 1989 :

_ s 2) Nltrogen E

TN

oy .:_:-:.TN is ds.stnbuteﬂ homzontally w1tha.con31derably w1de range .
R § partlcular ‘the ‘difference between the maximumi 'and the

'_xmmmum values isvery bigof8,721 ng/t asin Sep. 1988, when
*‘the maximum mean value; which: was’ ‘extremely hzgh was

" _found dunng thzs survey period (Fig SG 4 33)

-EThe monthly varxatmn of TN’ concentratwn in the lake can
‘evidently be dlwded toa perwd up to Decembex 1988 and to

. ' f"_‘_?ﬁhree months of 1989 in view of difference ii the concentration
S and propertzon of mtrogen of varxous forms in TN '

_ q The TN value of the lake of 1988 was sl:ghtly higher than the
“inflow" vaiue at Yuquyry Boca and varled in satlsfactery
B correspondence to the latter : :

._ OH Sep 27 when the exceptlonally hlgh TN valne was
" observed in Yuquyry River, the value ‘was also high at
-~ “Yuquyry Boca and. thie average in the lake high coincidently,

- Extremely high TP was found on Oct, 27 mamiy because of
_stirred mud from the bottom, and phytoplankton production.

" 'In‘the case of TN, TN value.a higher on Oct. 27 than in other.

" months are found on some statmns, ‘but the effect of the

L exceptmnally high infiow of TN on Sep 27 on the high value in
coo. the lake was stronger than ¢ on 00(‘. 27,

.In 1989 the TN value, though showmg sathfactory'

corr espondence to the inflow value, tended to increase along

with time as the inflow value rose. The value was extremely

o }ugh partlcularlym March 1989,
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. -The monthly variation of NH4~-N c;‘in‘

remarkable, in winter O_f5_1_988.. -The |

' N b3—-N

‘During this period, PON was low and DON- showed &

downward trenid in winter when the plankton pi‘od:uctioh was

small. -
be divided info 1988 and
1989 asin the case of TN. . e o :

This value showed a _alight__do_ﬁrﬁwaf:d!_,tr_end,_bu_t :x_iét _Eso_ | "
‘ concentration and

variation pattern are on the same level.

In January, 1989, however, NH4-N concentratlon mse
abruptly, for many presumed reasons. For example, the inflow

valie of NH4-N increased, NH4-N decomposition from a high .
- DONvalus accelerated with the rise in temperature, and there
‘was'a low uptake of NH4-N by phytoplankton. - This is
“presumed to back up the low uptake of IP, thus phytoplankton

- production was conceivably limited during this period -

: lfhe'co_i_lr:eh_tfati.on Was_ée\ierél ;t-iiriés ialger ihan thai of .'N'.IL;-N o

from summer to spring in 1988, then lowered gradually to a

value nearly equivalent to that, of NH4-N during August to
December. The NO3-N' concentration became zero in

‘December. .

On Sep. 27, howevelf; iré‘llu_e_s.b"f NOg-Nand .o'_the'x'* N forms 'weré_ '

exceptionally high in the rivers and the lake.

In 1989, the NO3-N concentration rose rapidly along with

- other nitrogen forms to return to the level in the summer of

- to oxidation _fi'o'm_ NOg-N and denj

~ofthe inflowing NO3.N, -

1988,

 nereasefdecroase of NOS-N follows a complicated pattern dus

o oT V2 and denitrification, and its utilization
a_saN—gource_for}_)hytgpl_a'nktg_ll production, SRS R

But the NO3-N variation pattern in the Iake is similar tothat o

cid



'COD*“ _
O TCOD

| --“{‘he TCOD concentratmn decreased from summer to Wmter in
T .1988 and then leveled off (Flgs S6. 4 37 and 38)

- f.]_:iThe value in the Iake is hlgher than the mﬂow value, whlch is
" due to the. productmn in the lake (in the form of ‘mainly
R phytoplankton ora. return from the bottom mud) '

5 : Extremely hlgh TCOD value was ubserved on Oct. 27 1988
[ which:may. be attributed. to the addltlﬂn of TCOD: by the
o stlrrmg up of the bott,om mud, :

_— ’I‘he PCOD concentratmn vaned overa range of 3~16 mg/f and
o Was normally 1~10 mg/f hlgher than that 1nflowmg, except on
8 few. occasnons

OD was mostly made fz om phytoplankton productlon in the

-.:-=_]ake, and apart: form the add1t1on by the stirring up of the
~ bottom mud on Oct. 27, 1989, does, however, not show

i =~_Q.'?_satlsfactory correspnndﬂnce with the vanatmn of Chl -2,

: _-_lThe DCOD value in the lake is shghtly lower than that ﬂowmg
“into the’ Iake almost without pumfication in the. swamp, The
i diffeérence between both values miay be due to decomposition of
: DCOD, yet, such decomposxtmn is very limited and the DCOD

i decomposition coefficient is small (k=0. 16/day Ct=Co e~ k),

. '___1-:‘Sueh difficult-to-be- decomposed dlssolved orgamc materials

mainly mclude humm

" The DCOD value was extremely hlgh on Oct. 27 1988, which
T may be attrlbuted to addxtmn by the stirring of bottam mud.

Values of CQD in the pcre ﬂuld of bottom mud and in the water at
the txme are shown helow . T



Table

erofthe Lake.

. the Pore Fluid and in the Water Lay o
COD ir the Pore S - Oct. 27,788

: (mg/f )

5t.25 | St.49 Boca Salado
a b S A : b PR :.-:a T b

TCOD
PCOD

DCOD

a7 14 189 28 224 43
gi 95 140 28 - 2876 80

- a: pore fluid

~b: mean of the upper and the bottom water layers . -

The coD concentration in thé"pore'ﬂuia of bottom mud was higher

- than that in the water layer and such COD may have been stirred

up together with bottom mud to push up the COD concentration in
the water. This can be known from the fact that the ratios of each -
COD form in the pore fluid and that in the water layer were nearly

The TOOD value remained the same in February and March, 1989, -

but, the DCOD concentration at that time incréased, This indicates

that the content of difﬁculj;—to—be~decpmp_qéséd'_ dissolved organic

materials increaged. Such increase may be a principal reason for
the darkening of the water color in February and March, 1989,

* ‘This is backed up by the fact that the valies obtained by deducting

4)

5)

SS-IL from TR-1L in the inflowing water (i.e., 1ym or less organic

materials) and in the lake w_at_ér werehigh. =
BOD
The BOD measurement was _hotiffédﬁéhﬂy.éaﬁféd Eo_u.t.. -

T}le average in the -1ake was 2.5 __"4 43mg!€,wh1ch Was normally
higher than the value (1.7 ~ 8.3mg/f) at Yuquyry_Boca' and the
value (1.1 ~ 2.7mg/¢) at St. 0. The difference may be attributed to

production of organic materials,

The_i?ﬂnw value and the value in the lake appear fo be lower than
that in the organic materials estimated: from other anal&tical--
valu:es., ‘The BOD value remains low possibly because a large
quantlf:y of nitrogen com‘p'(),unds'ﬁihﬂéwing-ﬁoﬁef' the Ypacarai basin
have difficulty decomposing within ﬁfie daysof BOD test. |

Chl-g
1“1]1_ 1338,11311; Chl-a concentration was high in summer but low i1
’ ;n. er (Figs. 86.4.23 and 24). This trend cortesponds well with the -
riation _pattern of DO, pH, PP, and PON. 'Ho;w'evéf,i in the .'
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summer of 1989 the Chl-a concentration remained on a 1ove1 with

the wznter of 1988 in spite of sufficient PO4-P, IN quantities, and
- high water temperdture This fact, plus the low DO concentration

. and pH value, may lead to an agsumption that the production
'factlwty of’ phytoplankton durmg th1s summer was low, (Figs:
o SG 4 39 and 40) .

L Rosponsxble faotors may be as follows Inﬂow of htmun and other

- diffieult-to-be-decomposed dissolved organic materials resulted in
7 their accumiulation after a continuation: throughout the year, and
¢ the proportlon of 1pm of less of organi¢ materials increased w1th

-~ the mﬂowmg water, Besuies, though not so heavy agin the spring

o season when the wmd is strong, the bottom mud was stlrred up and
- remalned in the water.’ These causes changed the water’s color to
“iplackish grey, resulting in’ ‘the reduction of the efﬁczency of llght

_ utihzatxon and thus, dechne of produotlon acthty

l Sme:e there exzbbed IN and IP in sufficient quantlt.les even in this
- “situation, blooming occurred inia limited surfaee portlon in part of

. the lake. Extremely high Chl—a concentration was obser_ved in such-
e portlon (example Sts 0 3/4 and 4 on Feb 15 1989) '

- =Pollutt;mn msule the lake may he caused by @ hlgh phytoplankton
L productmn and dead plankton ‘@ ‘residue of stirred bottom mud,

S and O inflow and residue of difficu}t—to be—decomposed dissolved

_"_:'_.’”orgamc materlals (humin,-ete.),” It is: concowable that O was a
o ma;or factor in 1988 and@ in- 1989 :

- Orgamo polluhon hy phytoplankton is mcluded in the SS content in
the lake. Since SS contains bottom mud and organic particles other
- than phytoplankton, the correlation between Chl-a and SS in the
: -:'lake is not definite, ‘A high ‘Chl-a: concentration, ‘however, was

~-observed in-Feb. and on Mar, 2, 1988 and showed a definite
correlation with SS:(4.2.6-3). T}us indicates that SS was mostly
phytoplankton The SS-Chl-a ratio of phytoplankton (mamly blue-
g‘reen algae) was Chl-a/S8=15. lpg/mg (February, 1989) '

L Ttis not cldar that the lake's inner state wﬂl return to its state in
1988 nor to'its state in February and March, 1989, As long as the
T water color in 1989 persists, the low’ Chl-a concentration (low .
- piankton productmn) is considered to contihue and the pollution of

= -the 1ake govemed by 1 the factor of above @ w111 continue.



6)

S8 and TR

SS concentration var. 1es ﬁ orn statlon to statlon and fx om season

" 1o season (Figs. 6.4.41 and 42). But the tendency found was

that higher 88 values were in the north east part of the lake in
the beginning of the survey period. Then, the higher values

: shxfted to the south west side in the lake at nearly the end of

the survey period. Those areas where. higher SS was found.
more or less associated with the blooming areas in the lake,

- although the cor relatlon of S8 values to Chl a concentx ations :

is not so high. ..

. 88 inside the lake is consudered to 1nc1ude the mflow-

coniponents. from rivers; plankton non- 11v1ng plankton, and_

residue of bottom mud stxrred up by wmd

: 'Inﬂowmg SS from rivers is mostly’ removed m the swamps o

except for in pex iods of heavy ralnfail (October. to November,

| - 1988) and the: summer of 1989.. Dlﬂ‘erence between the values

in the lake-and in the 1nﬂowmg water may be due to productlon
in thelake (Flg S6. 4 17) S

| Flg 86445 shows the 1e1at10nsh1p between SS and Chl -a -
- average values in each month. A bottom line shows the S8 and

Chl-a relationship of phytoplankton (mamly bluite-green: algae,_ :
Chl-a/3S=15.1pg/mg February, 1989). Asis ev1dent from the
figure,. the S8 each month was comprised not solely of .

plankton. In particular, the 88 concentration on Oct 27 was
o hlgher than the Chl -2 ooncentration o : :

Water bloom was observed in’ February, March and Apml

11988, This evidently indicates that SS contalned a large

quantlty of phytoplankton

| _M1x1ng ratm of sedlment mto 88 |

- The lake is extremely shallow w1th an, average depth of abeut_ .

2.0m and the sediments may be stlrred up by & wind of about
3m/s. The hxgh SS value on Oot 27 ev1dent1y mcludes mixmg '

of Sedlments

The rat1o of mlxmg sedlment 1nto SS is calculated

Assuming that the zgnltlon loes of sedlment is 20% and the -
organie part (assumed to be. totally phytoplankton) detenmned '

- from the ignition loss of S8 is-80%: (Table Sﬁ 4 3), the rmxed- o
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-~ ratio on Oet 27 is represented as foliows, w1t11 xmg/f for mlxed

| - sedlment and ymg!f,’ for S5 othex than sedlment

 hyE59.6 k=34, 6mg/€
- 0.2x+0.8y = 269 y=25.0mgle

" <Accord1ng1y, the mned ratm of sechment mto SS is 58%. >

L .Smulax ly, the mzxed ratm on Jun 21 is 2 2mg/€ (34% of SS)

o whlle thaton Aug. 18158 ‘7mg'/€ (4{)% ofSS)

The above calculated value may be a gonmderable

.. ‘over estlmatmn because the ignition loss of SS ‘was assumed to
e be totally phytoplankton (Table SG 4, 4) :

fTR;-. |

S The TR concentrahon in the lake rose gradually from Jun. 21.
G 1988 (107 mgff} and reached 245mg/€ on Mar 3, 1989

SRR lefermg from SS whlch shows the: locahzed dl%trlbutmn, TR '

o showsumform dlstui)utmn

- ] The mﬂow concentratmn of TR from the rivers remains almost
constant throughout the year and the average in the lake was

o 3.‘.:'-k"shghtiy lower than thatin 1988." In 1989, however, the value

inside: the lake: rose 'i“,o the approx:mate Ievel of that of the

- ;mﬂow

;:The TR concentxatmn decwased in 1988 as a result of

L fdecampomtwn of the organic part in the lake water, while, in

©1989, the decomposed part decreased conszderably and an
',fjf“organic materials of 1ym or less sxze remamed in hlgh
concentratmn in the lake. -

--f"The mﬁow TR and IL m 1989 were dlfferent from those in
‘j’_1988 The TR value in the 1ake also dlffered as shown in the- _
L table '

. Itis evxdentthat the mﬂow value of dxfficult—to he decomposed
V_dlsa.oh?ed rgamc materials increased and ‘the remaining .
:- -i,'?l'_"'fr'f-%-'perlod 'of the" ‘organic materials in the lake’ water extended.
- This is supported by the. follnwmg facts: a hzgh TR
L _‘._concentratlon in the lake, a large amount of organic materials,

““an‘increase in the ‘amount of lpm or less partlcies in 1989

(average at 109mg/€ in 1988), and a high content of organic

- part of 1pm or less particles (average at 54.6mg/f in 1988,

: 116 Ogm/f’ in March 1989). Tlus is consztdered a cause for the
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of the lake water color in the sumrmer of 1989 ancl

blackenmg
the Lake

thus, one cause of pollutwn in

Table 1 R 1L and SS in the Lake.

B CJunfl  Aug 18 " Oct: 2’;’ " Feb, 18, 1989_4 : n{args.m'sa.z
TR (mg6)  107H8 13748 17_'11:3'6- 223+16 ,'245;*;2_2 :
g 62 16 69 9% 139
BoTS 58 . 55 40 . 43 . BT
SS (mg/e) 65 919 . 596 237 870
%toTS - 6 16 . 8 - .11 15
TRSS (mgd) 1005 1151 1114 1993 2080 |

7)

@ Partac}e dlameter and ratioin the lake wat.er

' The partlcle dlameter and ratm in the iake water fn 1988 ;

* when the SS concentration was low in winter is as follows. The e

particle size at Yuquyry Boca was smaller than that in the .
lake, which indicates that partlcles in the lake orlglnate
most1y in the lake (Table 86.4. 5)

AtSt. Q to St. 49 there was no bloommg durmg thls pemod and_ -
nearly even partlcle size dxstrlbutlon could be observed

Cl-

'The inflow value from Yuquyry Boca is normally hlgh however the. _'

concentration in the lake is extremely low hecause of dilution. The -
distribution pattern shows satlsfactory comcidence between t.hese
two places (Fig. S6. 4.44), : :

‘The value at Yuquyry Boca is higher than that of Yuquyry Rlver,.

however, it reflects variation of the Jatter value, except for the
considerable fluctuation observed in- Yuquyry Rwer wh}.ch is
alleviated byastablhzatlon in the swamp PRRTERtI |

The vertlcal dlstrlbut;on of C1- , which does not contmbute to the .
_productmn acthty in the lake, shows only a sl:ghtly hlghel C}."'

concentration on the upper layer

"This fact mdlcates that satlsfactory ve_rtiéé_ii mlxmg’ h"eis océl.irz'.ed"in .

the lake _



8.

Fet.al colz.foxm number -

' =}'ecal coxxfoxm bacterxa was found in hlgh concentratmn (40 ~
g 84/100m¥£) in the ‘estuaries of the Yuquyry River and the Pirayu
~ River when" cempared with the concentratmn in the lake (Fig.

' 862 12)

L 'The cohform ccncentratmn levels of. three mﬂow rivers are

| conszderably high than that of the lake and the high coliform
~‘concentration at a river mouth indicates that resxdue ‘of coliform
S bactema 1s in large qudnuty in the river water " '

4;2.’?’: Relatmnshms between Selected Characteﬂstlcs of Water Quaht‘v

Varlous combmatxons of the many factors of algal productlon due to .
eutrophxcatlon, stlrrmg of bottom mud by wind, residue of difficult-to- be-
_ decomposed orgamc matenals, et(, result in the poilutlon of the lake

Several relatmnsh:ps of these factors observed in the }ake are descmbed'
: below o : - :

=snand0h1-a R

' 'Phe SD is dependent not only on Chi a, but also on stlrred bottom '

mud and others (S5 or dissolved substances). The 8D and Chi- -a

:showed a srong correlation on Feb. 16, 1988 (y =-0.90) (Fig.

864 .46). On Feb. 16, 1988, there was no stirring of bottom mud

" and it was presumed that. the level of. phytoplankton produchon

o occ&rred overa w1de range of concentrat;on in i:he lake

In’ other months the relatmnship between averages through the
' yeaf, was extremely poor: (y=-0.12).. For example, there was
" "'bottom mud apparently mixed into the water on Oct. 27 or the SD

- was low due to dark water color in February and March 1989.
' Except for the value on Oct 27, in February and March, 1989:

=l 55 (F}.g Sﬁ 4 46).

FEEON .

SD and SS 'I‘R

. The SD can be correlated to the SS and TR in the lake ‘What 1s‘

B remarkable concerning the correlation is that TR is low in spite of
- SS bemg qulte hlgh in Oct 1988 ('Flg S6. 4 47).

In '?L_eb& and Mar 1989 Sf; levels axe low m compamson with the'_
i "_;'_'hlgh TR values R |
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3)

4

B

SS and Chi-a T
'I‘he lake is shallow, therefore, the starrmg of bottom mud ’by wmd

of about 3m/s oceurs: (Supporting Report VII): 85 is. considered to

contam a consuierable armount of stlrred bottom mud

As deseribed in 4 9.4 (8), the correlatlon between SS and (‘hl~a is
low. In any case, the correlation could be observed on Feb, 16 and

. Mar. 2, 1988 (Fig. 56.4.48).

An alternate long and short dash lme shows the relatlonshlp
between SS and Chl-a of phytop}ankton (mamly, blue-green aigae): ‘
in February, 1989 for the lake L SRR e

POP and Chl-a

The relationship between POP and ChLa unsatlsfactory (r_ =0 54) .
which indicates a consxderahle amount of POP other than plankton |

- (Fig. $6.4.49).

POP of phytoplankton (mamly, blue-green algae) was O 9 Chl-
(Table $6.4.7). The line in the figure is considered to be lower than

- 0.9because of the use of a mlxed plankton samp1e (diatom, etc.).

TN and TP

Monthly average of TN and. TP appear to show st.rong correlatmn.
(r 0.75), except for the values of Apnl and Maz ch 1988

The mﬂow value of nltrogen was hxgh on Sep 27 and an
exceptionally high mtrogen value wag observed in'the lake, W}ule' :
on Apr. 20, the P inflow value was high after heavy rainfall. Jn
both months, no correlatmn could be observed between TN and TP

~inthe lake (Fig. 56.4, 50)

When compared thh prevxous years, the phosphorus concentratlon
in 1988 was low (overumtrogen state) ' '

The N/P by welght was 15 4(9.9 < ~24, 2), whlch was 6 8 (over—P) on.
Apr, 20 and 42, 3 (over—N) on Sep 27,

pHand Chly v

The pi value was substantxally hlgh on the surface layer ewdentiy .

85 a resultof active photosynthesis in the ¢ summer 0f 1988, -

But itg correlation to the ChLa con
. 51) centratmn was poor (F‘zg



“The correlations were rather good on Mar. 22 and Oct. 27, 1988,
“The pH value was constant at-around 7, regardless of the Chl-a
~ concentration in February, 1989, which was greatly different from

ether menths (Flg A) 0vera11 dle‘trlbutmn ls shewn in F1g B

_Light 1nten31ty and SS depth

---'-;The hght attenuatmp state of the lake watex is shewn in Flg

‘ - 56:4.52, . The light intensity was high at the surface on ¥eb., 27,
. 1989, but suddenly attenuated to a level 1% that of the surface at
an extremely shallow. depth {40cm at St. 25 and; 43m at, St. 49), The

L ;--‘Secchi Disk’ readmg in this case was: 15cm (St 25) and: ZOcm (5t
.49, and the relatmnshlp ‘between the depth at whxch the light
S 1nten31ty becomee 1% and the SD isas generally stated :

ipt etween the SS concent: atlon at the surface and

: the depth' at which the hght mtensxty becomes 1% of that at.the

surface is shown in Fig. S6.4.53-A. But the value (2!() at St 49 was

L exceptmnal on Feb 27, 1989

" The correletmn between the hght mtenmty at the suriace and thi

depth at whlch the said intensity becomes 1% of that at the surface |

. (Fig.; B) in February, 1989 was different from other cases both at

St. 25 (l) and St. 49 ()l:)

'The Ieiatmnshlp on. Feb 15, 1989 (@) agrees Wlth that of another _

R month’ (July, 1988). In February and March, 1989, however, the

9 T

O

- situation was differen from that in 1988: dark water color and an
... Obviously- dlfferent lake state, WIth an extremely hzgh attenuatwn
L ceefficxent -

}'__‘The relatxonsth between the turbldlty and SI) is shown in Fig,
"'86.4.54, The measurement on Feb, 15 and 16, 1989 is shown in the

lower left (®) of a curve: different form other ‘months, the SD was

9 ;low in spzte of Iew tm bxdxty

edlment mlxmg ratio and SD SS and Chl—

: As descrlbed in'4.2.4 6 the sedlment mlxnng ratio was caiculated
o (Table'S6.4. 9) for Jun: 21, Aug: 18, Oct: 27, and Mar. 3, 1989 and
© T 06t

198 __,f(one sample from’ Aregua) The mixing ratio of

3

= isedzment into TR was calculated by assurmnsr that the percentage

L !of sedlment of 1ym or more dlameter is 70%, on average

e The SD sedlmenL mlxmg ratxo into SS and sednnent content in 88
: cen be coordlnated except for March, 1989 :
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The low SD in Mareh, 1989 can be less r_elated to the mixing of

sediment into S5
- The reiatm.l.lbhi.? between 80% of the bS content (from whwh f,he.
calculated sediment. smount was deducted) and Chl-a was
investigated. " (SS-sediment$} X 0.8" is equivalent to the organic
part of 85, Except for March, 1988, the correlation between the
above value and Chl-a is rather high at 0.83. The organic part of
SS. other than sediment, may, thus, be said to consist mainly of

phiytoplankion.
4.2..8 : Water Quality Comgamson between 1988 data and 1989 data

The survey of the 1ake was :made from Febluary, 1988 t{) the m;ddle of
March, 1989, The lake state in 1088 was different from the previous state in that
'the water color was not dark, the transpar ency high, and the amount of
phytoplankion large, Besides, the N concentratmn was hlgher and the P
concentration IGWer than the previous level :

In February, 1989, the lake state chang&d (from the 1988 state) as the °
water color became dark and the P concentratmn mcreased extremely (the N
concentration r emained the same). : B

The lake state for 1988 and 1989 (Februaly and March) is summarmed in
Table 56.4.6. :

Factars responsible for lake water pollution are ccnmdered ’co include the
following three factors:

@  High phytoplankton production due to eutrcphlcatmn and dead
plankton _ .

@  Residue of hottar ryud Stirréd'by wind in the lake water

@ Inﬂow and re51due of dlﬂ‘“ culi-to- be—decomposed orgamc matenals
(humin, etc.) in the Iake . _ o

Judging from the above descrxptwn and summary in the tabie the main -
factor for pollution of the lake in 1988 is considered to he @ hlgh phytcplankton |
production due to eutrophication and dead plankton, |

; The eﬂ‘ect af @ wsuiue of bottom mnd smrred by wznd exxsts ina hmlted
egree at all times. When the wind i is strong, the stxrrmg of bot,bom mud may '
become more critical than phytoplankton (0ctober, 1988) '

The factor ® of residue of' dlf'f“ culta-to be-d .
ecom osde organi i
(humin, ete.) exists at all times, but was not so critical in 5988 g ’ materm d
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As'long ‘s the two-month state in 1989 is concerned, the purification
effect of the swamp degraded, allowing an increase in the inflow of difficult-to-be-
decomposed organic materials and other nutnent salts, As a result, the lake
water color changed and photosynthesis was restricted to the shallow layer only.
Consequently, the phytoplankton production was low in spite of high N and P
concentrations. Besides, the wind velocity was low and caused less residue of
stirred bottom mud In thib sense, pollution i in 1989 (Feb. and Mar.) may have
heen due to ®.- .

Though it is not kimwn’ if this situation continued after March, 1989, the
situation as ohserved this time is expected to occur any time that the inflow of
poilutants from rivers increases to exceed the punhcatlon capacity of the swamp.

4.3 Comparlsen thh the Past Data

The survey result of SENASA for the 1981 ~ 1982 permd of the 1ake,
that of ICB in 1984 and 1988 and 1989 data of this survey are compared here.

': Tabie'  Water Quality Caﬁlparison

1988 1989. 1981-82 1984
SD (cm) - 39-81 23-25 — 715
DO | 72-127 67-76 6.8-9.4 (mg/f) 58-98
pH - | 6996 7.0-7.6 6.8-7.6 6.8-7.9
TP (pg/¢) | 73-166 203-228  — 200-400°
|POg-Ppgie) | 0-56 116:134 - 0-510 40-150
|TN(mg/®) | 0.72-3.34  2.01-328 — 0.65-1.00
‘| NH4-N (mg/f) | 0-0.07 0.11-0.13 - 0.00-1.40 0.02-0.04
NO3-N (mg/€) | 0-1.41 0.38-0.59  0.08-1.00 0.08-0.30
|BOD (mg/¢) | 1564 1540 = 0717 = —
NP~ | 6.8-42.2 10-14.4 —_ 3.3-4.4 * (0.7-6.1)

¥ rare cases

As is shown in the above table, the watel quahty in 1988 appears to be
different from that of other years. It is known that DO and pH values were high
- and the phytoplankton production active while TP and PO4-P values were
- extremely low. The T'\T value was not so low, but the NH4-N value was lower in

1988

e 'I‘hé 'Bi)i). values in 1988 and 1989 were highér than thé level in 1981 ~
1982, I | - -

| “In 1989 the N value mcreased slightly above the 1988 level while TP
ami PO4—P vaiues were also extremely high.
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o This means that the lake state in 1989 was nearly equal to the lake state |
before 1988, . S T P
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CHAP’I‘LR vV

SDDIMEN”‘ ON THE LAKE BOT’I‘OM

Mate1 1als and Methods

: i)_ Samplmgstatmnsanddates o

Fzg S5 1 shows statmns of bettem samplmg :
Sts L‘ a‘~h e ‘:__T' Fe’bkl’?, 1988‘co're-samphng'.;i _

Sts AO Al N .
,]Bl By |
e C’l N EE
L D= D5 s _> Fob. 17,1988 - S
F] F3 Sl‘lr‘fa_cenmud saxﬁpllégthh .Ek.man-Blrge..

Jul 9; 1988

Stso42730497 | - |
o Suxface mud samphngthh Ekman Birge.

Yuquyxy Bocé |

ua St 25 Jul 9 1988 core samplmg
2) Analytxcal 1tems and methods .

,The sample was stoxed ata Iow temperature and bmught back to
el _the laboratory Afol measurement of the followmg 1tems

R Wate, content; xgmtmn Ioss, orgach orgamcC dlameter and its
ratm mgéch and COD s ' SIS R

f ;The core sample was cut every 2 5 om or- 5 cm and ananalyms and
~ measurement were made on each of these cut pieces.
- Thé water content of samples at Sts. E-a ~ E-e, Sts. O~ 49, and
e Yuquyx 'y Boca were measured after centufuglng at 4,000 rpm for
20 minutes. .
The analyses of orgamc N and C wele made with a CN analyzer of



the d1 ied sample brought back tod apan

’I‘he d1ameter and its 1atw (Jul 9 sampie) was analyzed_wi_th a
coulter counter in Japan after screenmg : _

5.2 Results and Discussions

-1

2)

Hor 1zontal distr 1but10n

ater content and 1gmt1on loss Gf sediment
at various points in ‘the lake do not'show any seasonal difference,
But the values at St. E-a and St. 4 are comparatively ] lower than .
thase at other stations (Table 56.5. 1).- St. E-a located on'a 1ake
shore near Aregus has sandy sediment while the value at St. 4isan g
intermediate value between Ypucu Rwer and Yagua Resa-u Rwer-

and consider ed tobe mﬂuenced by both rivers. : . o

Organic N, organic O, W

The water content at St. 30 (a ]ake»shore statzon SImzlar Lo E a) 13 :
comparatwely higher than that at St. E-a. Because of a lack of

- other items, a comparison between these stations cannot be made..

Therefore, it is not known if the sediment at all stations on the lake '
shore nearer to Aregua is smular to that at St. E-a.

Except for St. B-a and St. 4, the water content and ignition loss

‘show a horizontal difference (water content: 170 ~ 223%, ignition

loss: 8.9 ~ 34.3%) while the orgamc N, organic G and CfN do not,

The horizontal distribution of the water coutent and 1gmt1on 1oss of
bottom mud sampled thh an Ekman—Bn ge sampler is- shown m" '

Figs. SG 5.2 andS

The water 'content of these samples were measured without
centrifuging and thus cannot be compared dlrectly wzth the water
content for Sts. B-a ~ E-e and Sts. 4 ~ 49, : '

Vertical dlstrzbuhon

The’ vertlcal p1 oﬁles of orgamc N orgamc C and C!N (though the

measurement was limited) show the difference thati is dependent on
the station rather than the seasonal difference (Fig.$6.54),

* St. E-c annd St. 25 weere located st the middle of the south to noi‘iﬁh B
| line in the lake, though more or less at a distance. Both the

quantity and profile of quality characteristics of thost* statlons are

| 'snrmlar untll the depth of 17. 5~20m
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e “The Water content and 1gn1t1on loss up to the depth of 16cm at 5t.25

are’ almost similar to- those in the surface mud. The N, Ccontent is

also not estzmated to decredse so much from 12.5¢m to this depth,

- - The C!N value elther decreases httle along Wlth the depth or

8y

remams the same at each station. At Sts. E-a ~ H-e and St.25,

£ nitr ogen compounds (par ticularly, organic compounds accumulated
; once in the soﬂ) remain longex than carbon

The gram size of bottom mud at St 4 is largel than that at Sts.25
and 49 due to the éffect of the Pir ayu River, with the diameter

'-reachmg a peak at 74 opm. ‘At Sts. 25 and 49, the diameter ratio’

are almost the same up to. Tdpm ~ 1pm> (Table 56.5.4, Fig. 6.5.5).

“The size dlstrlbutmn ranges roughly. fx om 105pm to 1um or less at
stations without an effect on the river. Particles less than lpm sme :
: ‘are 1ead1ly stlrred in the watez to cause turbxd1ty

« Geological survey result

- 'Accordmg to the geologlcal sur vey, the sedlment of the lake may be
'-"_summaz ized as follows (Supportmg Report I The sediment in the
lake bottom consists mainly of muddy suspended particles in colors

of black to black grey and the well-sorted quartz sand is distributed

~on' the ‘lake ‘shore. The origin of quartz sand can be easﬂy_
.'1dent1ﬁed but the or igin and generation of black micro suspendmg
- matter {a cause of pollutlon or degradation of the water quality of

the Lake) are not yet fully known.

"'The X-ray. analysxs shows that the black micro mattez is the clay
'_“mmeral of micro’ qu'utz particles, smaller than the silt size

kaohmtc montmorlllomte, etc. Origins of these inorganic fine

' partlcles 1nc1ude the followmg

® ..DIS olutlon and out ﬂowmg fxom the Kaolm strata during
geolog;cal time, :

_Washmg out of the pr esent open plt durmg raxnf aH

'Dlssolutlon and out flowmg of 1nterst1t1ally packed clay
minerals, altered mmerals, and iron oxide of the quartz and
_ 'feldspar grains which compose the arenitic red sandstone and
. . arkose sandstone beds, whu,h are the geologxcal components of

- ‘the basm

@ g-Secondary fine partlcles produced through the re-dissection of

the alluvial deposits on the plain -
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As for the blackish color may be itis due to gleyzatmn of 1emams under
carbur watmn orto reducmg conditions; thls is not entir ely clear. .
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CHAPTDR A48

WA”I‘ER POLLUTION MFCIIANISM

Watel Prollot‘ion Mlécha'nis‘m'éﬁd Factms - '

'l?ﬁétui;eé.o-f-‘.’ifai't-er';Pol'liit'ion. of‘-IQake’ Yb‘écarai ,

o

Lake Ypacal aiisa d sh shaped shallow lake mvh a inean depth of

i _-_about i?,.m

®

Thls water ar ca is stagnant havmg a water exchange rate of about
- two to three tlmes a year. o _

o There isa wxde swamp of 15 7km2 at an estuary of Yuquyry Rlver
g '(the 1argestmﬂow nvex) :

_; The mean watex temperature is 23°C ovex the course of' a year

" 'The nutuent salt concentratxon of mflow rivers is about 0 5 ~
_3mg/€ in TN and 0 05 ~ 1mg/€ m TP :

Accordmgly, there exlsts a hlgh potentlal of algal pr oductlon

_'.Because of the ohallow depth the water quahty 1s sen31t1ve to
“elutxon and the stirrmg of bottom’ mud : '

'Mechamsm and Modelhng of Water Pollution

Water pollutxon of Lake Ypacaral 1s gover ned by the followmg three-

@

Resndue of 1nﬂow load f'rom rivers -

* Inﬂow load fxom pollutlon souxces in the basin is partially

E settled or decomposed in the course of slowing ﬁown

SR Load 1s pumfied in the swamp at estuary

®

':'*- _-‘5 . =Pa1 txculate matel lals are settled at estuax y during ﬂood

Produotlon of' phytoplankton in- the lake K ,.

: *‘ _ Productlon of phytoplankton on’ the basrs of hght and nutuent

salt an causes increase:in-the: concantratlon of partxculate
orgamc materialsin the lake

VI — 46



*  Dead phytoplankton is either seti;led o decomp:os_ed by

bacteri 1a

@ ILffect of bottom mud -

% Pollutants in bottom mud are emltted frofn_'thte_'ggp Water il;tp |
the lake water. ' _ C SRR Lo
The bottom mud surface layer is stirred by the actmn of wind
and convecinon _ ‘

These factors can be modelled as shown in the followmg Flgure

Dil;ectRﬁixlfall - _ .
J T.Denitriﬁcation (’I‘N)

o, l .
Eu’photi'c’Zdne
(Variable)
Qutflow ' _{ Decomposition W_ane 4 Inflow N
(Q.COD,TN/|TP,Chla,88) = L TNTRSS)
' SEDIMBNTATION o ‘{ T
(Q,COD, TN, TP, Chl-a, SS) ! Direct | Sedimentation
) E infloed] .. L
'Movement ¥
I}ispersion :
Tl)issol_ﬁtidn' R TWhlrl w
e o ] (COD TN, TP, SS)

Fig. Pollution Mechanism in Lake

6.1.3 Survev and Fixperi unent to clar zfy the Pollutmn Mechamsm

The survey and expenment on. each factm to clarlfy the pollutlon :
mechamsm were made on the babls of the followmg concept

@ Purlﬁcqtzon of the swamp



o j‘I‘he ﬁeld Str vey-of the water qualxty at mflow and outflow points of

“the swamp by season was. ausumed to help understand the

o pur:ﬁcamon effect of the swamp.

Precrplt'ltron at estuary

‘ Generally, Some’ particulate materxals flowing in durmg flood are
knowhn ‘o ‘séttle in the estuary, w1th0ut affectmg dlrectly lake

water quahty

: _-To understand thls, the water and the bottom mud were sampled
' _"_":ffrom 1nflowmg uvels and the lake for’ the laboratory setthng
: exper 1ment usmg the medsurmg cyhnder R

3 'Production of phytoplankton

‘_Though 11; would be best to pe1form the expex 1ment to detex mine
‘the productmn rate, the hlghly sophisticated téchnique necessitates

the control of experimental conditions and it would be dlfﬁcult to

B ebtaz.n haghly rehable data

: 3-"-Theref01€, thls survey mvolVes the fleld Og method and algae '

~cultivation (AGP) test to obtam data to be referenced for the
. _estlmatlon of the -pr oductlon rate

-Smce the productron is also govelned by hght the lummous

. attenuatlon i water was measured in the field.

_ Decomp031tron of o1 ganlc matemals mto inor gamc matemals

;Orgamc materials in the lake water are decomposed into inorganic
. _ones by baetel ia, The lake water was sampled and the
- decomposrtmn rate expenment was ‘made to deterrmne this rate.

Settlmg of par f,reulate mate1 rals

B The settled materral amount was measm ed on srte to. deterrnme
~ the settling rate of partwulate matemals in the lake.

- Elutlon fx om bottom mud

: =1'Pollxztants in the bottom mud are emxtted gx adually mto the pore

. fluid, then into:the lake water The bottom mud surface layer was

,_f;;sampled in the center of the lake and the Iaboratory elution
experrment was mede to determme thxs phenomena

- S_i_;lrrl_ng of bottom mud -



Bottom mud ét the sur face layer is expected to be stirred by wind
and waves. The on-site survey was made in wxnter when the wind -

was str ongest

Direct ramfall
Smce pollutlon loads’ duung rainfall could not be 1gnm ed
rainwater was sampled in S‘m Lorenzo and analyzed, -

@ Demtuh(,dtmn .

..'I‘he N content of NOz-N and NOg N is gasxf‘ied by bacte: ia underf
anaerobic conditions and d1331pated 1nto air. No survey on
denitrification has been made because there i isnota ‘good method to
determine this phenomenon dir ectly and the anaembm condxtmn_
never happens in the Iake - : :

62 Analysxs of T I‘actox s causing Water Pollutlon in the Lake

(Seml quantltative analysis)

~ As described prev1ously, water pollutlon of Lake Ypacarm may basmally
be attributed to three factors: @ Resldual mﬂow load; @ Eutrophicatmn in tha '
lake, and @ Effect of bottom mud.

Related phenomenal factors are hsted below

®

@’_ ® @

Q@ @ @

@

Analysig and
water pollution Phenomens in Lake’ Ypacaral and to
for selection of the s1mulat10n model constant

6.2.1 Punﬁcatwn in the Swam
w

-Purlﬁcatlon in the Swamp
Settling at estuary dul ing ﬂoud '
Productlon of phytoplankton

Decomp031t10n (decomposi_tion of o'rganic' fr_natel'*ialé into inorganic
ones) B e |

Settling (Setthng of suspended partmles)
‘Elusion fro oIm bottom mud
Stirring of bottom mud

DenitriﬂcatiOn' S

revxew are made here on thec:e factors g determlne the
p1 ovide: fundamental data



(1) .

Distr 1butmn and featux es of swamps

_:*: There is the swamp alea at the estualy of the Yuquyry Rwex ‘and

“the Pirayu River, Technlcal data on these swamps are shownin the

L _table beiow
: _Table Outhne of Swamps at the Esfuax ¥ of Inﬂow RIVBIS :
| SRR S -Flswratsat o Water area load
Classification - | Area(km2) |- normal water | at normal water
' Yu};{uyfysivefl s | About 2.5%105 - | About 0,02
Pirayu River 1.83 . Abbut 1.5)(105 - About 0.08
o fNots Ths water area 1oad means the ﬂow volume per unit area

o of‘the swamp

'l‘hs swamp covels a parhculm ly w1de area in the case of Yuquyry

*" River.-The river passes through'the swamp and branches into four
¢hannels to flow into the lake: The chaxmels are intricate and are
’ presumed to. ﬂood nearly the entne swamp area when the water

.' f__level rises..
~ On the other hand, the Pn‘qyu Rwer has a small swamp aréa and
the channels are defimtely the1 e, .

@

| -The swamp of the Yuquyl y River may be Sllbj&[:t to- the effect of

back- flow of the lake water, But, Jlxdging from the survey result of

-~ EC.as deseribed in 6.1, 3, the uver may be COI]SldEI ed to flow in a
: _normal dnection . .

Pul 1ﬁcatlon mechanxsm in the swamp

B ,It is p1 esumed that the water is. punﬁed in the swamp according to

the mechanlsm deScx ibed below:
O SS

:'Adhesmn to root haxr of hydrophyte and filtration by
'hydrophyte

o @ N Orgamc matex 1als (COD)

Pux 1ficat10n by decomposxtxon by bactei ia around hydrophyte

B @ - Pu1 1ficat10n of N |

- .'Demtuficatxon fm ga31ﬁcat1011 and dxsmpamon mto air.
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(3 Puuﬁcatmn (01 puuﬁcatxon residue)

The punflcatmn ratlo in the swa

@ Purification of P

Removal mamly of | pal ti culat

e P through é(_:'tibﬂ"‘s-ifriilér to that
for SS. S :
ratlo and water az ea Ioad

mp is con31dered to bear H
relationship to'the water area joad (the flow volume per unit area:

_ ‘m3/d/m2),

| 'Namely, the puzlﬁcatmn ratlo 1s con31dered to become hlghex w1th j'
Caniner easmg pel iod of time: requxred for the water to paS's through

: the swamp.

The relatmnshlp between the five- day mean water area load and_
the purification ratio of COD, S8, TN, and TP for the Yuquyry' :
River is shown in I‘lg $56.6.1. ' . _ . .

7 ='Thls firruxe shows that the pumfication ratm appl eaches a cer talnj _
satm ation vaiue when the water area load increases. '

on the other hand foz the Plrayu RIVBI the swamp area is sxnall'

_ 'and the pur 1ficat10n ratio is extr emely smalI (except for SS).

Tabl_e Trial Calcula_tlon o_f Water Pumﬁcation' o_f the Swamp _ :

o . Pira_yﬁ e’ét.ua.r'y‘ % Pira_yu Ri\f&t inﬂq_\.v load(avelage)*z) |
ltem (mg/é) iar(;iaverage) ' Mcasured value Puriﬁcat_,ion ratio | Remarks .
T-P 0.079 00844 . | .- 0.063 ..
T-N © 0.956 0.726 —
COD 14 18:2° 1,231
SS 3.0 5.1 0.474
6.2.2 'Settlin;qatEstuaryduringFlood 3

The

estuary area, thus not effectmg the 1ake water quahty

SS Large quantity of particulate materlals ﬂow mto the lake duz mg ﬂood ~
component with relatively large grain ‘size is con31dered to settie at the '

The 1aborato1y exper 1ment u mg measurmg cyhnder was made

Thg W_ate_r and bottom mud of in
and the 5S concentrations were observed i

flow rwers and the lake were sampledf :
n'one hour, and 24 hours, for two cases:




thh mxxed bott;om mud and w1thout mud. Generally, the water turbidity and
mncentratlon tend to- decx ease. eXponentially in the course of settlement of
' _partxcles end the result was 1nd1cated ona smgle exponent chart

. The result show that the SS settlmg attenuamon ratm of SS in water IS
: 0 0001 ~'0.02 ¢/hr and as hxgh as 0.07 €/hr for the water w1th mixed battom mud.
For’ mﬂow rivers,; ‘the Water without Bottom mitd may be assumed to have the
water quahty and settling state of that at normal water levél while the water '
- with mxxed bottom has the quahty of that durmg ﬂood (Flg 36. 6 2) '

g It is ev1dent fmm the above lesult that the setthng of partlculate
_ matel 1als occur in the estuary area durmg flood ‘

6 2. 3 EE,Q_@B&_@QI_}.
1) 'Guthne of the productlon phenomena |

The prxmary productlon conSLStS of the pioductmn of orgamc
. materials from i dorganic matenale through photosynthesm, mainly
by phytoplankton ‘A large quant hydrophvte and algae naturally

" "_carry otit the primary ‘production near the’ shore, but the seale of
Cpr imary productlon is extremely smaller that further into the lake

. _itself. Production of zooplankton, benthos, and fish is also
_dependent on the productlon of phytoplankton duectly and

. _1nd1rect1y, v1a the food cham _

. ._ -Thexe are many methods to detexmme the primar y productmn, as
o ‘shown 1n Table in the next page ' ' :

:Relevant productmn factors are light, water temperature and
: nutrxent salt (morgamc N and P)

- ':Assumlng that the productxon is. dependent on all these factors in
~ Lake Ypacarai, the production rate can be expressed as a Micaeles-
g Menden type equatxon i :



Table Primar y Pr Odl.ICthn Measurlng Method

Measuring method

__,,,,,,,___\......-—-——-—-"“'-"_“““"—““'—"“T

Descriptxon o

Pield 02 metho_d_

R Mmsmement of the photosynthesxs amount of‘ phytoplanktmx on

thé basis of ch'mge of DO The measur ement is made in the field.

Tield COy ‘method -

| Mﬂﬂ‘;m emenL of the photosynthems ammmt of phytoplankton on N
. the basis of change of COq. The measu: ement is made in the field

14C method

Mcasmemcnt of the 1ad10act1vxty of phy toplankton aftex '

, 'apphcatmn of IIaIIl4003 with known xadmachwty ina certain

_ amount,

Pseudo-field method

Method of aup}ymg the temperatux e and llght condxton's
artificially toa cer Lam amounb of sample. O and 002 are

measured.

Estimation of the pr imary
pr oduction amount from
cnlmophyﬂ amount

L‘sttmatmn of the pr oductmn ammmt by allovmg the wa ter '
tempemtme quantx!;y of éolar radiation, and light condltwns
whr.le dsstming that the TRaximum produrtmn pm unit

chior nphyli i\mount is known

uptake of nutrient salt

pil hmf,hod - . Measut ement based on change in the photosyntheszs amount pII
: qof phytoplankton Sy : R
Method considering '_ Method '1ssum1ng that the productmn quautlty val ies dependmg

on vaviation of nutrient salt because the | primary pr oductwn is
dependent on the nutr 1ent salt quantlty In this survey, the )
production qﬂantity was assumed to be expl essed by the followmg
equation’and the’ experlment made to deter mine the M:caeies
constant for IN and [P, '

Kp=p(M - _ Kmi‘ . KmIN N KmIP P
where- KP -Prodgctwnqﬁ_antit&_ R
B Max. propagation rate
T . Water tefn{péigt\ife'- ‘
£ Solar radiation quantity |
:IN Inorganic nitrogen cdncéhtratiori .
mw Inorganic ph‘os'phmusconcenhaﬁibn' o
Kmf. ;. Micaeles constant of the solarnadlatxon
KmIN : Micaeles constant of nitrogen -~

 KmlP MzcaPIebconstantof phosphorus-




o -"'vaey on the productlon

The snnple ﬁeld 02 method and AGP test were made to determine
the productxon (For the AGP. test refer to the separate report)

e O Production mea‘suz ement lesult acwrdmg to the s1mple field
02 method.
' Date of survey I‘eb 27 1989

Table Condltmn in the Lake and Result of Measurement R,

| | St25”'_ St.49.
nghtmtenmty at 30,0000 82,000
the surface(lux) -' HERIET S L ;:.—._ P
| hEuplmtm depth (cm) 40 43 |
. ,%jTeInp (GC) ey 283 SR 291
DO (mg/f) _ A,t o R A | 71 o
B T O SN - I .
g Chl-a(pg/e) .S?“fac_e- 8073 - 347
"_S_;S_(mg/_{?) - 720 183
“Photosynthetic . .
 Activity ((Om) o m
~ (mgC/m3. h) 373 101
‘. _;Photosynthesm R L Lo
IR (mgC/m3 day) 774 226
Resplratmn (mgC/m3.day)_= - 639 - 218

O nght 1nten31ty attenuatlon in water N

L 'The productxon 1ate in the Iake is governed by the thickness of
L the euphomc zone and the vertxcal hght dxstz 1but10n

o The result of the: survey on hght mtensxty attenuatlon with an
S underwater illummometer is shown in Elg 86 6.3.

O e thlclmess of the euphotlc zone in tel ms of Lransparency is
' normally about two times the degreuu ‘of transparency. The



thickness is also assumed to be have a’ dopth of 1% attenuatmn
When wewed in te1 ms of 1i ght mtensxt.y in water '

6.9.4 . Decomposition _ o _

- Organic matouals are decomposed by baoterxa and d'e_creasé under the
aerobic condltlons ' - BRI
rivers they are mostly decomposed

Smce organie mwteuals flow in from
ganic materials are -

in the course of flowing downstream; most of the 1e31dual ox
considered to be dlfﬁcuit to decompose (kA). : :

On the other hand, there are hvmg and dead photoplankton (ka) and .
organic maferials due to elutlon and stirring of bottom mud (ke).. These are
ﬁnally decomposed to 1norgamc mater ials (COz and H?O) by bactema o

-+ When compaxmg the scales of kA, kB, and kc 11; follows that kA (kc
(kg . However, measuring these ilems separ ately is def" cult In practlce, these
are understood as a mixture. RERTAREN S

Generaily, decomposmon is con‘udered a pmnary reactxon and expressed '
as follows: : ‘ '

de
dt

Kd =Kdgo-6-20

=-Kd-C

Where Kg : Decomposntlon rate constant(l/day)

C . Concentration of the material to be decomposed
Cq : Decompo&tmn rate factor :

t : Water temperature (°C) .

g + Water temperature coeffiment

Kggo ¢ Decomposition rate constant at 2(}°C (1/day)

The surface water around San Bernardino w. |
25 sampled in October 1988
zg;lcli the sample was stored at 20°Cin a dark place for the measurement of COD, :
a, and S8 concentrations fr ‘om txme to tune (Ozzt 19 Nov '3, 1988}

The. decomposxtmn rate as calculated from the result of the Iaboratory -

decomposition ex |
Soos penment lS_ keon=0.036 and kehl a-0 054 as shown in Flg

The SS concentratlon is conszderably smaller Lhan the COD (COD ié'..

|



6.2.5

1)

_Sa'ttl'_;g ’

Outlme of the settlmg phenmne'mn

fPal tlcles flcatmg in the 1ake water consnst of algae of small spec1fic '

“”i‘grawty and’ battom mud - or materials orlgmatmg from rivers -

 during f'lood (which have large specific gravity). These settle and

disappear as time. passes.. Both components. settle naturally at

"o different speeds Besides, particles not only settle, but also

'accumulate in the bottom mmud only to be stm ed and moved in the

h "_‘wa tay by wind. Along w1th the mxgratmn of pd: t1cles the materials

: _(nutrlent salt etc ). also move.

N Smce through the b(;leenmg of algae and sandy materiai it is

difficult to measure their actual settling speed the seitling mass

" and physmal comp031t10n are first deter: mmed for the calculatmn
-_Modellmg of the setthng phenomenon o

3.':'1‘he settlmg phenomenon can be expressed as shown in the
_following Fig. R

" The material specxﬁed may be an’ aggregate of materials w1th

: '.d1fferent settling rates when viewed mmroscoplcally The setthng
~rate defined in. the ﬁgure represents the mean settling rate of the
-:whole ltem Modﬂilmg of the setthng phenomenon can be roughly
:clasmfied as follows B

_ _._.,.,, Moo Concentratlon of item
| material (g/m2)

Flux of item material (g/mZ/day)
Settling rate:  Um J/M (m/day)

g Definition of Settling Rate



3) Observatfon of the settling rate
® Method .

o observe setfling materials, a-g24 em collector was sebata
~ depthof 2.0 m at St 25 (the full depth 2.9 m) and changed every
~+ 24 hours, (The survey period was fromJ u} 12 to 21,1988 )

' After measuung of the water level in the coliector 8n analysls
on 88, COD, D-COD, K-N, D-K-N, T-P, and D-TP was made. ‘A
' caleulation on P-COD, P- K N, and P-T—P was made from the

| 'analysw result,

> =‘-—~ Punnel ~
| é‘m Weight | | [« 22 polyethylene container
C lig (distilled water added)
ST | T S |
Existing ground _ Detailg

Fig, Sett}iﬁg Cdlleétbr:'ahd I.rﬁ}__lsééillafiﬁn Mlet:hod' '
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Mo

@ Result

L ,The setthng mMass was calculated as f‘oliows on the basxs of the

" M Ca ><

' .W_he’rga'

- test result for the partlculate

_ev;' o1 1440
“1ooo” x A :'X . '1_? -

M E : Setthng mass (mg/mﬁlday) :
“ Ca : Water quality concentratlon in collectox(mg/f‘)
V.. U Water quantity in collector me) '

© ol A: Collectorarea(m?) A=00452
T i__Collection tlme (min) |

Table > Sed_lment_qtmn mater_la__l_s (r;igfmzfdayj B

ADFermiane - jans. Jwia o |wis s e w20 | Min~ Max
~N3| ~n4a| ~715| ~ U8 ~T9| ~ 20| ~U21| . AVE

3237 | 3434 | 8850 | 2421 |2156 |2194 |2119

(2119 ~ 8850) |
3487

‘|p:cop

1804|1980 | 1211|665 |- 363 | 2018 | 1695

(363 ~ 2018) |
1291

[poN

162 | 108 | 540 | 149 | 68| 457 | 101

(6.8 ~ 54.0)
22.6

60 ,f_gi';_ 5"*4.'3 | 1o 86| a1 41|

(19 60)
38

@ Caiculaman of the setthng rate

: ;_"The setthng ratlo and rate per day of SS was calculated as

SR _follﬂws

=Ur-H
Urs= CsHIGOO X _.:U:___r

where Ur: Settlmg ratm (lid)
U bettlmgrate (m/d) N
" H':. Collector mstallatlon depth (m) H 2.0
M _.'_Settlmg mass (mg/mﬁfd) |

Cvi-8i



'l‘able Settling Rate Calculamon Result (SS)

WU PP

. . i M . i
4 7/15 7/18 7/19 7/20 in e

Observation { 9119 | 7/13 . 1§ | 11
lom —period | 13 | ~14 | ~15 | ~18 | ~ 19 ~20 | ~21 | ~Max .

Lakewator 85 | g, | g5 | 105 | 105 | 142 ] 125 ) 70 | = )~
(mg]g) o b an ........_ o ] e - -
55 quantity | 16400 | 21000 | 21000 | 21000 | 28400 | 25000 14000} — | -
on colleetor (mg/m?) L L R R N

SSsettlingmass | go0n |ains | gagy | 9421 | 2156 | 2194 [ 2119 | — L.}
(mgm2/d) ' : R e Rt RTR I —

ily settling rati S T e loore
Daily settlingratio | o . o ! 6 164 | 6.421 | 0.115 | 0076 [ 0.088 | 0.151 '~%-421 0.173
(1/d) N SRR EEENTY I I : :
Seltling rate
(m/d}

039 | 033 | 08e | 023 | 0.5 | 018 030 ?_‘10534" 035

7 Smce by the nature Gf the expenment the smrred SS may be
o xmxed it should be B.Obed that the’ numer;cal ﬁgule thus
' =(ﬂofcamed could posmbly contam a posmve er ror :

On the basm of the concept sxmlial to SS the setthng rate of
COD, N, and P can be determmed as follows SR

='.I‘able Settling Rate'_Calc_,uiatmn Result ) __: .

: . Ser‘;atffo'; /12 | M3 | 114 s | 118 [19 | 7/20: | -Min~ Max
: Settlmg rate™~_ ~13 | ~14 | ~15 7 ~18 | ~19 | ~20 | ~21 ¢ (Ave)
P.COD 024 | 017 | 0.16 | 0.09 | 0.05 | 027 | 023 | 027
poN  |0.044 |0.030 | 0.146 | 0.040 {0018 |0.124 oogs | 0-018~0.148 |
PG B IR DY R Rl et A e ] .06
p.1p 0.158 | 0.066 | 0.114 {0.050 | 0.092 | 0.108 0105 | 050~ 0.168
092 | 0.108 1 0.308 | "9 099)

6.2.6 FElution from Bottom Mud

1) Outlme of Elutzon

Elution meang the return of nutment saIt ﬁ om the lake s bottom |
mud to the lake water The elution rate is expressed as a flux of
;\ﬂ;:;:ni ;alic per unit afea of bottom mud going from the bottom:'
Jud bzcaue; ai{e water. Blution is also’ referred to as an mternal'. ;
b thrz ;gﬁl‘::?} z}:f n;ﬁlent salt loads (P, N) to. the lake water, -
is "
physxcal cireulation, par tlculaﬂl; ;a;ﬁ::h(:l!llg;ll):}t: ¥ eatly '00 the'.;



‘_;.There are two elntlon 1ate measurmg methods: an actual
- measuring method to’ deterxmne the change of material

S é'iconeentrations in the water of the lake water - bottom mud system

by makmg measurements in the field or labor atory; and a method
with a theotetical model in Whlch a dlSSlpatlon model is applied to

| "th‘ssystem '

'In thls Survey, the pseudo field type laboz atory test was made in -

B the statlonary state

- The elutmn 1ate in the stauonax y state can be expressed as follows

KR kRzo 9* 20"

o where KR : Statmnary elutmn rate (mg!mZ/d)

KRZQ ‘ Statlonary elution rate at 2°C (mg/mzld)
e 6 i ': Watex temperature coefﬁment(l/d)
- ‘; _'t Water tempe1atuie(°C) |

N P COD e]utlon test from bottom mud s

The elutlon late of N P, and COD fxom _bottom mud was .
detexmmed by the Iaberatory experlment (July 9 ~ 19, 1988) '

@ Espemmental method

Co Bettom mud was sampled by the hkman—B:.rge Sampler at St
9B The sample was laid in the bottom ofa bucket and distilled
EE ,watex was poured over the mud '

L ;_;;In thls way, the elutlon experiment was made in aerobxc
' '_.condxtmm - '

'Two temperatures were “used: 20°C and 30°C

The sample was ana}yzed 1n telms of the dzssolved state of
7 7 "COD,N, avde ‘ |



6.2.7

O Elutlon rate cftlculatmn tnethod and result‘.

The equatzon (1) was used foz N an

cl P and the equatmn (2) for

COoD. - , :

KR (Cn C[})XV}}X “""‘A X " : ' : R - N,P .
00, L @

KR:(CHWCUIO"RH,)XVnX : X e E COD

A n

* Note: COD. decomposnmn {'actox of kWO 03 was: assumed for

calculatmn _ N
Cwhere KR i Elutlon rate per day (mg/m2/d)
B Co S _7Imtaﬂ (0 day) concentration
G Cnt 1 : n,n-+lday concentration =
Vo Vast V, Va1 water guantity
A ‘Area of the experiment device
‘n, (n+ 1) (n) Pemod covered by caiculatmn

Table Elutmn Rate of Lake Botbcm Matemals . _'

_ | Elution Rate(mg/m?- day} L
Item ObSBrvatmn :
o20°C | 30°C )
D.COD | 226 . 238 ~ Condition |
IN 114 — | Condition -
"D.POGP | 0104 | 0428 | Condition

Survey on the Stu T mg ofBottom Mud

In the shallow lake, the bottom mud xtself is stlrred by the wmd Bottom
mud thus stirred is re-settled when the wind stops and causes pollution onty while
the wind is blowing. Part of the. mud, however, hecomes dissolvable whlle .
floating in the lake water. The stirring by wind may be expressed as follows

Rv={(F)
Kz=f(Kv)
where Ky . Quantlty of bottom mud stlrred
I : Windstrength
K=z

'+ Bhift of the amount of component whxch becomes -
_dzssolvable in water ' . '



. The obser vatlon of the stirrmg of bottom mud by wind in Lake Ypacax ai
was made on July, 1988 The 1esult is shown in Fig. 86.6.5

The turbldxty mcxeased substantnlly at St 30 dumng July 18 ~ 19.
Ac(,ldentally ;'the observation perlod coincided W1th. the time of the year when the
' wmd was strongest ' _ _ _

Accox dmgly, the stlrrmg of mud by wind may be conmdered 1ess extreme,

_ R There may be other factors, such as convectxon due to temperature_
"dlfference betwesn day and mght but detalls are not cu—:ar




Following conelusions may be drawn from ¢

CHAP’I‘ER L/ I

CONCLUSIONS

he survey on rivers and the -

Jake for one year. .

1.

The Yuquyry River, which is one of main rivers follwoing into the
lake, and almost all of small inflowing rivers, are PQH“_’S@Q Whlle

some are heavily affected by the fact;)'x'ie's. | |
’fhe inﬂoW'of pbllutahts exc_eeds"th_e_ water’s capacity'fo_r self-
purification. | R o :
On the other hand, small rivers of the Piraj*ki-Wate’i';-sysftiéﬁi;-w}lich

Is one of the main water sources'ﬂowin‘g into the lake, are generally

less polluted. In some sections, self-purification is active,

Po_Hufién of Yagua Resa-u River, which is one. of rivers of the .

Pirayu River system, is extremely low.

There is no given tendency in the monthly pattern of water quality
variation at four stations of the two river systems, o

The inflow of pollutants increases, resulting in a clear increase in

‘concentrations in the three rivers after rainfall,

Reflecting the high percentage of cohtamiriétib’h’ frcﬁi't_.hé'n(f)n;pa_iﬁt |

pollution source, the load quantity in the Pirayu River system

increases more substantially after rainfall than at the ‘normal

level. About 10 ~ 40 times at Ypueu River, about 60 ~'180 times at -

Yagua Resa-u River.

Th? load increase after rai_ﬁfal'l_i_n YuQﬁyry_Riveris:" not so high,
which is a reflection of the high percentage of point shﬁrcés in the

basin. About 6~28 times at this river, -

In the three rivers, erosion of river banks is heavy and th'é.--.SSi. |

increase after rainfal is high, -

disch;argérload from the Yy S A i i the
: . Vit wie Yuquyry River is much 1 L
the Pirayu River system, ' et arger_f;han from



. “_"‘fThe ‘three rwels pass through swamps before flowing into the lake,
torand- these swamps remove pollutants. - The swamp of Yuquyry

Rwer is pax tlculau Iy wide with a 1arge puuficatmn capacxty

| j _'I‘he pumﬁcatwn of pollutants of large gx ain size is hlgh

o R‘iver water flows 1nto the Iake after pu1 lficatxon in the Swamps It
“appears, that the inflow value is govemed greatly by the |

“ concentration of elements’ which determine river water quality. In

. '-particulal the N variation in the Iake corresponds well to that of

“~ the mﬂow value

10,
. “the residue (of dissolved organic material (difficult-to-be
; ‘__decomposed) and, malnly, living and dead phytoplankton produced
thh hlgh N and P concentrations brought from rivers.
110 _Anot’ler factor of Iake pollution is 1es1dual bottom mud that‘. Ls
| 'readlly stmed because the lake 1svery shallow.

Organic pollutants in the. 1ake may be attmbuted to the mfiow of

L '-Stlm mg occm 8 fx equently 1n sprmg when the wind is strong

12,

\The lakei 1s mxxed well vertlcally and homzontally

'-'Biologlcally, however ‘the lake shows localization (for example,

N 'Ch{,’ua dlstrlbutmn)

13,

_' The lake s state in 1988 was dlfferent from its pz evious states in -
“ terms'of hxgh 8D, brown and: transparent water, large quantities of
E 'phytoplankton and zooplankton and low TP and PO4-P. This may

U be, attribufed to the flush- out of water due to heavy rainfall in
o Januaz‘y, 1988

1

:_In 1989 the lake s state apparently dxffered from that in 1988 in
~terms of dark water color and a drop in phytoplankton production,.
- '_low SD; extremely high TP and PO4-P.  The lake's state in 1989
- may be considered to be similar to that in 1987 and before, though
o _the survey perwd was lnmted to less than three months only

. In the 1989 state, the swamp purlficamon capamty exceeded its
" limit and the inflow value of each water quality.item has increased
'*smce the' begmnmg of 1989.° Partlcularly, the inflow quantity of
Ium or less of organic materials increased to cause increased
_i_concentlatlon of difficult-to- he»decemposed organic materials
- (hurnine, ete.) responsible for pollution in the lake. These factors

plus dead phytoplankton and residual mud changed the water color

tobl ack

VI - 67



An increase in TP and PO4—P may be due to elutxon from the lake
bottorn and a temperature rise, in addition to an 1ncrease in the

inflow values.

The above conditions can readily oceur in the lake. . -

VI - 68



CHAPTER VIl

* FURTHER STUDIES ~

A basm survey on the lake pollutlon mechamsm was made for nearlv one -
: year startmg in Februax v, 1988 Ina district with’ summer and winter seasons,
~ the one-year survey on the wate: area contaxmng organisms was not enough.
~ Further studies mentloned below are necessaxy to make clear the pollution
mechamsm of the 1ake _ : :

1. A rough pattern of the monthly varzation in water quahty could be
'understood but the survey frequency must be mcreased further to determme the
cor r ect var xatxon ovel a long pex 1od

2 Concernmg three magm factols for 1ake pollutmn, .:‘

o :ngh Phymplankton Piﬂductlon by eutrophlcatxon and 1ts
. 'deccmposmmn :

' Resxdue of stir red bottom mud and
N Resxdue of‘ dsff‘icult to-be- decomposea orgamc materxals (humm
- _"etc) |

An in- depth study must be made cn the extent and manner of' mzxmg these’ -
-_:tactms to cause pclhztlon. B o : :

-3, In partxculal concerning factor @ whlch .lS consxdered responsﬂoie for

.'blackemng the water in February and March 1989 a further study is necessary

_.concerning ‘the mflow source, generatmn source ‘and water blackenmg
mechamsm SO :

_ _ 4 If the pollutlon mechamsm is ta be clanﬁed in more detaxl the study :
musf be continued on the load circulation mechanism in- the lake, and the swamp
'purlﬁcation mechanlsm and its xelatzonshlp with the mﬂowmg river water

VI—-60
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