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1.1

CHAPTER ~-11
STUDY AREA

NATURAL CONDITIONS

LOCATION

The spccnﬁc sludy arca (53 km - as defi ned in FFigure I.1) is localed in the cny
of Puno (populahon 96,717 in 1995), its surroundmg mountains and lhe Puno

, lntcrlor Bay of [Ake ‘Titicaca Puno cny 1s mmnly bu;lt around thc wcslem
‘ shorcs of Puno Intcnor Bay (17 km ) WhICh is itscll a part of Puro Bay (550 km?),

. a large bay at the norlh wcslern corner of Lake 'l iticaca (8 167 kmz)

Lakc Tltxmca is 'n an alilludc 0f3 810 m 1 and the town cxlends up ihc surroundmg

. 'mountam sIopes to about 4 20(] m (on weragc) I‘hc sludy arca therefore forms

a sclf-u)mamcd watcrshed unil or basm wnhm the gencral walershcd arca of Lake

' Tltlcaca
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TOPOGRAPHY, GEOLOGY AND GEOMORPHOLOGY

T'c.;}ogrép‘hy B

a5 The sludy arca bqsm consists nmnly of slccp hllls wnth slopes from 20° - 45°,

- ’]hcy are hlghcsl (to 4500 m) and sleepest at the western p’ll‘l behind Puno town

'__wherc they consist mfimly of cxtmct volcamc cones. Al the cwslcm sudc of the

-sludy area, Puno lntertor Bay is bounded by two pcnmsulas (Chullunc (o the north

~and Chunu !0 the soulh) that p'mmily isolate it Irom the m‘nn (outcr) part of Puno

s Bay The d]st'mcc be{ween the pomls of lhcsc lwo pcmnsuhs is about 2 km ‘and

R |:~, occupled by a vcgcla{cd mud b'mk that is contmuous '1[)'111 from lwo narrow .

a nawgatlon channcls thal conncct Intcnor and Exlcnor Puno Bays

Therc are only two vallcy sylems of Sngllcml size in the Puno basin. Bolh are

' 1 locatcd in thc south wcst the hrgcsl bcmg the J'tylllhuaya vallcy (17 5 km) and

- lhc other lho Salccdo v1llcy In total, the Puno basin conlams 123 river and

- slream bcds and r'unwatcr gulhcs or drams that collecl 'md tlischargc water fo the
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Puno Interior Bay.  Flows vary from zero in the dry scason to a maximum of a

few m*/scc in the wet scason.

(2) Geology

13

~ mm. These rangc from 391.4 mm (1966) to 1290.6 mm (1984) Therc is a

The mountains of the Puno basin are mainly of ig’néous' origin, but there are also

considerable areas of sedimentary and mclamorphlc The lower arcas are occuplcd

by alluvial and hcusirmc (lake) sedlmcnls

CLIMATE

The Pcruvnn a]tlplano does nol havc a lyplcal lropical chmalc duc, toits alllludc

The Putio climate is classmcd as cold and seml-wcl with rel'mvcly low weragc

‘ tempcraiures and pronounccd wel and dry seasons. At Puno, the annual average

icmpemlure (1930 1998) is 87°C wuh monthiy avcrages ranglng from a

_maxrmum of 104°C (Dcccmber) to a mlmmum of 6.0°C (July). This is the
: mlldcst clnnatc of lhc Peruvian aluplano 1nd 13 duc to its rchtlvely low 1lntudc :

and proxlmlly to Lake Tlllcaca ‘whose lcmpcrature ncvcr falis below aboul 10°C.

Rainfalt in Puno is detcrmmcd mamly by lamudc and alllludc and to a sma]lcr

extent by topographic conditions crcatcd by lhc surroundlng mountains and E
dislance from the lakc “The annual weragc {‘lll]f‘l“ at Puno (1964 1998) is 711 3

pronounccd wel season from Novcmbcr lo March whcn 79% of the annual r’unh]l

occurs, wuh transitional periods in Aprll and Scptcmber/Oclobcr In lhe dry i
| winter period (May —August) only 3.8% of the annual ramhll occurs, wnh z,cro

ramfall rccordcd commonly in {hesc monlhs T

“Pan evaporallon rates are hlgh and éiseed annual ramfall Thc' maximum rates

~oceur bclwccn Septcmbcr and Dcccmbcr and avcragc 200.2 mm/month_.

Minimum rates occur durmg, > the colder monlhs of May to Augusl wnh an averagc
of 145.6 mrn/monlh Over thc ycar as a wholc the pan cvaporallon loia]s aboul

7 2000 mm, about lhrcc lnmcs lhe annual ramfaﬂ

The almosphcnc prcssure al Puno is 61 2% of lhat al sea leve] F herc is llﬂle 5
seasonal vanal:on with average valucs rangmg from 645 2 mb (Novcmber and
Dccembcr) to 6467 mb (May) Shghl prcssurc dlffcrcnccs bctwccn the Puno



Basin and Lake Titicaca are responsible for the observed dominant wind

directions - onshore during the day and offshore at night.

Detailed wind. statistics arc only available for the period.Junc 1995 to Moy 1996,

and consist of recordings of wind speed and direction taken (laiiy at 07.00, 13.00

and 19.00 hours. At 07.00 condlllons in Puno are gcncrally c*llm On lhc'sc

_______

occasions) and NW (9 0% of occasrons) At 13.00 hours, the strongly dominant
direction was from B (73.7% of occasions). At 19, 00, the dominant directions
were [rom S, W-SW and E. Avcragc wind speeds werc low mngmg from 1 0

| /s to 6. 5 m/s.

: Puno has a gcneraliy sunny clunalc wrth an annml avcrage of 8. 2 hours/day

‘The. sunmcsl months occur in the dry wrnlcr and transitional months wrlh July

' havmg the hlghcst avcragc (9 6 hours/day) The lowcsl sunshrnc ocwrs durmg

" the wct summer season, the iowcsl avcrage bcmg in January (6 2 hours/day)

1.4

H?DRO’LOGY

) lhc zero dalum of lhc Lake _Trlrcaca is at 3,809. 93 m above sca level. Lake

- Titicaca undcrgoes ch'mges in level of 'a umc scale of sevcrai ycars Sinee the

' 19103 the inter- 'mnua] range of variation has bccn 6.37 mat Puno l"hc absolutc

. hlghcsl lcvcl is 3, 812 58 m (m Apnl 1986) and the '1bsolu{o Iowcsl |s 3 806 2l m

: (ln Dcccmbcr 1943) ' The annual range of level has varrcd bclwccn 1.80 m (in

1986) and 0. 04 m (m 1983). (Rochc M.A., Bourgas, J., Cortes, J and Mal!os R.

1992. Cllmalology and Hydrology of the Lake 'l‘rtrcqca Basin. In: C. Dcjoux
and A Iltis (Editors). Lake Titicaca: _'1 Synlhcsrs of Lunnologlcal Knowlcdgc

- ISBN 0- 7923 1663-0. Kluwer, The Netherlands. pp63 88)

. Lake Titicaca is fed by inflows from the surrounding rivers and by rain falling

dlrcctly onto the lake Losses are due to cvaporalron and surlacc dranngc

' -_lcavmg vra lhe Desaguadero nver From a waler balance for lhc whole

o calchment area and for the lake, an evaporatron is cslrmatcd to be 1628~1720 -

mm/yr

' _Cfitchmcnt area of Puno Intcrror B'ly is aboul 35 km , and much srmllcr than that
of Puno Extcrlor Bay “, 650km2) or the whole Lake Fllrcaca (49 010 km®). The
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walter level of Puno Interior Bay shows annual fluctuations similar to that of
precipitation, though evaporation docs not show significant fluctuation.
Therefore, the water level of the Interior Bay strongly depends on the outflows of

m_ajorr_ rivers. -
2. s'oc_jAL AND ECO‘I.\.IO MIC CONDITIONS N
24 Econowr
(1) The Peru Economy _

ihc Pcruvnn economy has grown f‘lSl smcc 1993 bul growlh has been

. unbalanccd The mdusinal scclor rcm’uns uuderdevelopcd and thcrc is slill a hlgh
dcpcndcncc on mmcral exports. Agnculture conlnbules 13% of lolal GDP, and
s snll very 1mponant as a pr0v1dcr of cmploymcn{ In contrasl, mmmg which
accounts for 40% of tolal exporls, on]y employs 1% of lhc workmg popul'mon 7
So dCSpllC lmpressnvc aggregatc figures for ccononnc growth economlc .

expansxon has not taken phcc across lhc board.

@ The Punb Départmerit’s Econbmy '
_Puno dcp'lrlmcnl s {otai producuon (S/ 2 442 mllllon in goods and scrvu:es) was -
1.9% of lhc Gross Domcsllc Produci (GDP) 1n 1996 Thc prmc;pa] acimly was
agriculture, hunimg and forcslry Wthh conlnbuted 20. 9% of Puno’s GDP,

followed by commcrcc rcs{aur'mls and hotels wnh 15 7% and oihcr scrv1ccs \vﬂh
 18.4%. ‘ | |

The contribuiion of the chioﬁ of Moqitégua-Tﬁcm Puno, 16 :Pu"nO"s'GDP was
. 47.7% in 1970, and 35.8% in 1995. Puno’s GDP has rc(.ordcd an annml average
. growthof 1.6% in the 1970~95 penod { L

In lhc 1990~ 95 pcrlod producllon rccovcry was rccordcd WhICh reﬂcclcd in lhc'
'rcblomi and Puno dcparlmcnlal cconomy, bolh wnth 64% ( [n 1997 Puno s

economic growlh was 7. 0%)



2.2 POPULATION

Table 1. 2 1 shows past and expected  future (to 2025) popuhtions numbers of
: fanu]les and houscholds in Puno C]ty from 1972 to 2025.

Table 11.2.1 Population, Families and Houscholds of Puno -

'—. RS - Numbers of * Average Sizes . J
Year Population| Families {Households Famil;,r Houschold] Annual Increase Ko |
AR -1 @ | @ (1)1(2) (1%(3) | Family |Houschold
1972 | - 40,453 | - 8,370 8274 483 4.89 ' o
Actual |- 1981 1| 67.628| 13,790 12,796 490 | 529 | -090% | -0.61%
o 1993 | o1,877) 22969 21372| 400 | 430 |
1995 - | 96,717( 24,179 23,115| ' 4.00 - | 4.18
1998 | 108,457 28,363 260141 . 3.82 4.17
2000 114,579 | 30,509 | * 27,321 3.76 4.12 - _
_ 2005 | 1298881 36,179 32519 350 | 399 | -0.90% | -0.61%
Projections | 2010 | 145201] 42307] 37483] 343 | 387 | |
- | 2015 | 160,508 | 48,9221 42,724 3.28 3.76
2020 | 174,287 55,569 47,834 - 3.14 3.64
2025 185 004 61 ,704 52,355 3.00 3.53

Nive; Pro;ecttons for the year 1998 to 2025 were made by the JICA Study Team.

2.3 Lanp Use

(1) Existing Land Use of Puno City

Sourcc lNEI Census data for the year 1972, 1981 and 1993, and INADUR's estimation for 1995,

Puno City has 108 ,457 inhabihn.is"’ with an arca of 2,179.1 ha"¥, equivalent fo a
‘The built-up « arca covers 74% (1,613, 4 _
ha) of the toh] cﬂy_ area and thc populallon dcnsnly in the blul! -up are,a is 67

- gross populallon dcnsuy of 52 mh/h1

' inh/ha,

urban arcas in lhc urban’ pmphcry, hills and islands.

“The rest of the arca is composcd of '1ppr0vcd housing project areas, pre- .

(" According to the




@

.- areas of special lrcalmcnt (25%) and lhc commercial arca (3%) Secondlyé .

updated INEI data of year 1998, ‘¥ Bascd on the measurement on the cxisting

land use map of INADUR)

Residential usc is a prcdomm‘ml land use pattcrn ‘with 86% (mcludmg the

approvcd housing project areas) of the whole cny area.

Future LandUse Plan® - -«

In thc Gcncral Zonmg proposal made by lhc lNADUR rcs:dcnhal use was

' prcdommant with 66% of thc total arca in the year 2010 whlch contamcd the .

mcludcd the tourist- recreational area and arcas of al’forcsiahon, whlch reflcctcd f
- the special focus of the pIan towards the dccomammalxon of the Lake Tlllcaca as
well as the rcmforccmcnt of the lounsl ac(mty The lotal cuy arm wnll be

. expanded to-3, 553 3 ha of which 2, 941 6 ha (83%) is 1llocated for the fulurc E

j bullt -up area.

I*lgure H 2. I shows lhc fulurc land usc conmg plan for thc year 2025 rcwewed in _
' this Study ' '
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2.4

M

@

LAKE WATER USE

Drinking Water

Due {o shortage or contamination of water sources such as groundwater, main part

400,000 m’/month of drinking water is su lled by umplng lake water [rom
_ 4 pp P :

Puno Exterior B*ly ncar Chimu. - However, the 1ntake of lake water could be

jeopardized by the spread of the 'po]lulron problems of_Puno Interior Bay.
Fisheries

At presént Puno Interior Bay has a siﬂall fi 'sh'crjl based on two speoies of 'nativc

. fish, car’tchl amanllo (Orestms luteus) 'md C'lr‘lchl gris (O agassii) and one

* introduced (m 1954) species of fish, pcjerrcy (Bas:hch!hys bonartens:s) (Ocola

- and Torres, 1997) Mosi fishmg takcs placc in the easlern and southcrn parts of

. responsnble for spreadmg the dlsease plckmg up ‘the cholcra p'lthogcn trom o

| unlreated sewage wasics rcleased lo the Inner Bay “The ban has not been lrfted

the Inlerror Bay

' Following a cholera outbreak in Puho‘ in 1993/94, all fishing activity in Puno .

lnterror Bay was prohlbllcd Fish wcrc belreved to havc been at Jeast p'lrlmlly

" and all flshmg activities in the Inner Bay are illegal The fi shcrles quihorlues'

2.5

(1)

have msufl]cxent resourccs to cnforce it.
TRANSPORTATION -
Existing Co'n'd'itions o

1) Road Tranéponaiioh' .

The form of lhc crly, alono ihe lakeshore creales a lmear system of road in thc

 longitudinal axes of norlh south belwcen Alto Puno (exrt to Juliaca) and Salcedo |

(exit 10 Tlave or Desaguadcro) with an exit toward the Umversrly (to, the east) and

~ another toward the road to Moquegua (to the south west) ~The flows of vehrclcs

- of Puno City are csscnllally toward the north (69%) through Juhaca Crty, toward '

the south side (18%) going lo the fronuer with Bolivia, and toward the soulh-wcst.

- (13%) going to 1 \/quucgua and ’I‘acna



The vertical axes of east-west(from the lakeshore to the hill arca) arc not much
used, because of poor condition of the roads with narrow, sicep, non-paved and
bad drainage conditions. This siluation causes problcn_is of congestion cspecially

in the central market areas, rain waler drainage and city cleaning.

2) Rail Transportatlon

.“Puno Clly has a rallroad stallon a properly of Fcrrocarnlcs Corp s National
Company (FNAFER) lhal is located in the center, on the Av. La Torre. A cargo
line goes to Puno Port. The Puno ratlway is a branch of the main line of Arequipa-

] u}iaca-Cusco.

At prcscnt therc are ihrcc p'lsscnger lram services a week bclween Puno and
:_Arcqmpa/Cusco The numbers of passengers of Puno- Cusco and Puno Arequlpa _
are 36,410 and 7 454 (in 1998) respcctlvely The train service belwecn Cusco
and Pun_o is important for tourism.  As for !hc cargo {ransporl, the most
- significant goods" are fuel and beer. '

3) Léke Tfanspbﬁation

ENAFER also opcralcs a cargo Shlp betwccn Puno and Bolma crossmg Lake
TlllC'lm Thcy have 2 ships, one of 2 000 tonncs and lhc other of 1,800 tonncs '
" with loadmg cap'icltlcs of 750 lonncs and 1 050 lonnes rcspcclwcly Thc major
goods are wheat for import and soy beans for export. Annual voyages are
between 116 to 168 (1 ship per 2 to 3 days), with Ioads varymg from10 to 100
tonnes;

Therc are also tourist boal services o the Uros and othcr tourist lslands The

number of lounsts has bcen rapldly mcrcasmg and reachcd 39 000 persons in

1995 almost 3 llmcs as many as thal in 1993.



2.6

)

TOURISM

-

Existing Conditions

Puno City is located on Peru’s most importat tourism corridor of Lima - Cusca -
Bolivia. ‘The number of tourist arrivals lo Puno js still low and most of the
tourists stay for a shorl perlod at present (1.3 days on 'wcragc in Puno Province).

Puno Prowncc has great potcntml for dcvc]opmcm as one of ihe lmjor lounsl

dcsllmllom in Pcru consldcrmg 1ls '1llracl|vc nature and cu]lura] FESOUrces.

' ]n 1998, in Puno Clly, there were 63 ﬂccommodallom in tohl 16 holcls 21

hoslals and 26 non-catcgorized lodgmgs with alotal capacity of 1, 197 rooms and
2, 373 beds in 1998 accordmg to the Dlrcclor of Lodging Establishments. There

- were a!so 40 travel agcncws 23 tour agcms 45 vchlclcs for tourlsls and 228
: rcshuranls 'mcordmg to lhc (hla of the rcgtoml ofﬁcc of MlTlNC[ '

lhc numbcr of tourists in Puno Provmcc rap;dly mcreascd from 13, 286 lounsls in
- 1993 to 109 376 tourists in 1998 wuh an avcragc 'mnuql mcrcasc rale of 9.8%

(allhoubh the number dccrcqscd m 1997). Itis remquablc that the. numbcr of -

_ lormgn lourlsts accoumed for morc lhan hall‘ 01 lhe tolal tourlsls VISnlmg, Puno _

) '_Provmcc since 1996 wnh their number rcachmg 57, 660 m i998 The recent

@

- increase of lhc numbcr ot Ihc lOUHS{b was prob’nbly duc o lhc cndmg of

terrorisin and 1hc ciiccls 01 S‘l]C‘i promolmns '

Ecotoﬁfism Develbpmeﬁi Plan by PELT

' PELT conduc{ed a study on the projection of tourists lo Puno Dlslncl as shown in

the rcporl of “The Delmllwc Sludy for Collcchon ']rcﬂmcnt and lnlegralcd '_

_ \/Ianagcmcnl of Scwa;,c in Puno Clly - Thc tounsl prOjCCllOl] by PELT was -

rather ambitious from Ihc wcwpoml of rcgloml dcvclopmcm as follows:

- Puno District’s “share of louns{s in lhc wholc Puno Dcparlmcnt was
.pI’OjCClCd (o be 90%, while the current Puno Province’s sh‘lrc of hotcl '

arrivals (m 1997) is cs{umlcd to be around 60%.

- '_PELT’S_ e_sllmalcd the lcnglh ol‘ tounsl 5 slay in _Pu_nc_) fo increase 1o 4.0
days in the year 2025, which istquiimlcnt to l]_lrcc times the present length
of 1.3 days. - : o
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3)

Figure 11.2.2 shows the layoul of the eco-tourism zone proposed by PELT.

According to the plan, the total development area for the cco-tourism zone is

225ha (net area). The inundation arca, which extends from Estevcs [sland in the

north to Espinar Island in the south, was proposed as a debelopment site for

tourism and recreational facilitics.
Tourism Development Plan by JICAMITINGI

JICA conducted another study on the national tourism development  in
coopemllon with MI FINCI from Scplcmbcr 1998 to M1rch 1999 (“Master Plan

Sludy on National Tourism Dcvelopmcn! (Phasc 1y”). The projections by

JICA!MI I [NCI secm to be a litile conscrvallvc

Puno DlSll‘lCl s slnrc of tourlsls in thc wholc Puno Dcparlmcn{ was pl‘O_]LCth 1o

*. be 70%. - The lcngth of tourist s stay in Puno was projected to be 2. 6 days in the
'ycar 2025 whlch is cquivalent to lwnce the prcscnt length of 1.3 days, ' '

@ Tdurism_Devélbﬁment ‘Séénario_fbr:the'smdy o

Thc"diﬁ'creriécs bctweén PELT’S Ecotourism Development Plan and the

* JICA/MITINCP’s National ['ourlsm Development Master Phn must be derived

- from the dlltcrcnl planmng approachcs PELT’s plan is bascd ona nucro view,

but the J[CAlMlTiNCl’s plan on a macro-vicw. In other words, the PELT’s

plan is focused on a desirablc_regioﬁal dcw.?elopmcail tor Puno' City, but the-

o J_ICA/MIT!NC[’S plan is derived from the national tourism dc\rc]opmcnt plan.

In lthis Siﬁdy, the layout of' tourism dcvciopnmnt phn is bascd on PELT’s plan.

Thc planning frame such as the numbcr of tourists or holcl roomss is based on the

. JICA!‘VIIT]NC[ p]an bcmusc conscrvallvc pro;cdlons can be rather iavorablc lor

‘ plannmg hcllmcs to avoid the risk of excessive mvcslmcm

; Based on the ’lbOVC mcntloncd conmdcmtmn and dm the loumm dcvclopmcm

seenario for Puno Clty is assumcd as lollow*;

@ chulrcd hotcl rooms in the yc1r 2025 will be 6, 528 (of all holcl CI‘leCSb)
- in total

N | T
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Of which, 1,337 rooms (3 to 5 star classes) will be locaicd along the shore
of Puno Interior Bay (inundation area).

Mosi hotels would be located in the zone from Esteves Island to Puno Port,
because of the following rcasons;

A hotel construction plan has been committed and the site has been

alrcady acquired within the zone near the existing hotel (Esteves Hotel).

A lake shore road (Boulevard) runs in the zone.

" Lake water quality in front of the zone is relatively clean and favorable for

a resort,
Less influence by/on the traitic conchlion problem of the city center.

Accessibility 1o Puno Port which is the gateway to the Lake Titicaca boat
tour : E .

Alier the year 2015, the other zones between Puno Port and Espinar Island, -
and further southern zone will be developed for the expansion _ot‘- tourist
and recreation arca towards 2025 for both do.mcstié and international
tourists, as proposed in the PELT proposal. R
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3.1

M)

ORGANIZATIONS AND INSTITUTIONS

GENERAL STRUCTURE OF ADMINISTRATIVE BO_D_IES |

Peru is d1v1ded into regions, departments provmces and dlstricts In 1998, bes:dc

Lima Metropollt'm which is considerced as a specified departmenl there were 22

departments including the Puno Dcpartment

' _The Puno Dep’trtment has 13 provmces wlth the total surface area ot 71 999 km

and the total p0pulatlon of 1,079,849. Puno Provmcc has 6, 493 km ot surface
arca and its total populatlon was 201,215 persons in 1998 B

Puno | Provmee has 15 dtsmcts mcludmg the Puno Dtstrlct whleh covers 461 km

In 1998 its total population was 100 168 persons of Wthh 91 877 were in urban_

) areas and 8, 291 in rural arcas, -

~The Puno Clty (Ia Cludad de Puno) is the capltai of the Puno Departmenl Puno _

Provmce rmd Puno District.
Mnnicipality Administrativé Institrutio'n "

The mumcxpalltles in Peru are eonSJdered to be the ellgtb]e 1dm1mstrat1ve

orgamzattons composmg the local government. There are mumelp'lhtles in the

~ capital of Peru (lea) and eapltals of departments provmces and dls{ncts

@

Besides, there are communal mumelpahties delegaled in mhablled centers rural

_'commumtles and housmg under agreement w1th the respective Provmcml '
~ Municipal C‘ounctl The Mumelpahty is composed by the Ma)ror and the
Counc1]men S -

Organization .Strtlcturé‘o'f Puno Provtncial Municipality'_ '_ o

The orgamzallon of the Puno Provmce V[unlmpahty can be chsstfled 1nlo two

~ different levels governmenl level and adm1n1strahve management leveI

" Inthe government leve] the Mummpahly Mayor and Councﬂmen are respons;ble

for making poltcxes almed at thc development of the Munlcnpallly, and managmg e

the Mumc1pal admmlstratlve organs in line of these poltcnes “The Mumc1pal o

: Counc:ll is the promoter organ of local development

N ESTRRE
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3.2 ENVIRONMENTAL MANAGEMENT

Related Laws and Regulations

After the Stockholm Conference on hunian-_lifc cnvironment (Sweden, 1972), and
especially afler the United Nations' Conference on Environment and Devclopmcnl

'(Braﬂl 1992), Peru lns rnadc many cflorts fo 1mpr0ve its legal system on

cnv;ronmenl In conscqucncc of lhcsc cilorls a relallvcly ordcrly lcgal system '

was devcloped whlch is scen to be conformqblc to the modcm international

prmmp!cs on enwronment

_' N_cvcrlhe‘lcss lhc legal Syst;‘:rri on 'chv'irohlnllcnt il_i Pcru 'is'féally" ab'undanl_ and it

' dalés back scvcfal dcéadcs Ambng the iaws and rcgulqii011s on prolcclion of

@

: nalural rcsources and conservatlon of the cnv1r0nment the ones fhat h'ivc most

'cftect to all areas of the natlonal acilvu]es are the followmgs .

0 Law No 26410 (22—12 94) approvmg !hc Law on ihe N’lllOﬂ‘ll Councnl of .

the Enwronmenl CONAM
. Law No 26834 Law of Prolcclcd N'ltural Arcas pub 04 07 97

K Law No 613 Law on Enwronmcm and Nalural Rcsourccs pub 20 01-
| 1993 ' o

Rele\iéht Organizatiohs

o At the rcglonal Ievel the Bmatlonal Specnal Prq;ccl of Lakc I‘ltlcaca (PEL'[‘ '

N Proyecto Espccml Bmamonal Lago Tmcaua) is the agcncy in charg,c of

reprcscnlmg ‘the ~ Peruvian govcrnmcnt in coopcrallon wuh thc Bollwan' -

. govcmment tor thc sustamable devclopment of lhc Lakc 0[ TmC'lca

g _The PELT is a dccenlrahzcd organ of thc Nallonal Institute ot Dcvclopmcnl _

o '(INADE) [t has tcchmcal cconomlc and admmnslrahvc autonomy

Bcsidc lhe PELI lherc is’ the Multlsectonal Commlltec of Ecology and

'-"'-"‘:Enwronment (Multxsectorlal dc Ecologla y Medio Ambiente, hcrcmatter rcier to

. as the Multisectorial Commlttec) which also takcs an 1mporlanl role in the

. 'conservatlon of natural cnv1ronment of the Puno Bay

]l 15 :



3.3 MANAGEMENT OF SEWERAGE SYSTEM AND DRAINAGE SYSTEM . -~

(1) Relevant Laws and Regu!atlons

The mosl 1mpor§anl laws or rcgulations rclevam o the cslabhshmenl 'md

m'nmgcment of the sewerage syslcms and drfumgc systems in Peru are:

; o Law 17752 (24 -07- 69) Gcneral Law on W'ucrs addltlonally modiflcd by
' 014 92-EM (03 06 92)

] Suprcmc Resoluhon (]06 90-VC-1200 (08 02-90) rcguléiion'_ on the
Servrces ofDrmkab]e W'rler andSewcr Syslcm N L

o 1;1w No. 26338 Law on Gcncnl Servrccs of Samlatron pubhshcd on 24 ..
July 1994 ' LT -

e Mrmsterra] Rcsoluuon No. 397 96 PR, approves the new orgamzalron 'md -
| the new reguhnon on ihe Orgamzahon and Funcllons of the Pro;ecl
Special Nailonal Program of Drmkablc W'iler ancl Scwer Syslcm_
(PRONAP) pub 22 09- 96 '

' “o Law No 26737 dlsposcs that lhc Aulhonty of lecrs are in charg,t. of

managing the exp]ortauon ot ma{emls that are Lﬂl’l’lCd 'md deposucd on

' lhc waters of lhmr rrvcrs or camls pub 05- 01- 97 '

In parucular ‘the lzrw on General Servrcc% of S-mltallon is an nmportanl Ia\v
. which inscribes that the Munlclp'llltlcs should provrde the servrccs of: (1) potable' '
'w*ucr (2) s'mll'\ry scwcragc (3) dralmgc (4) samlary cxcrcla dlsposa] 1s lour

,_b'tsu, smrhtron servrwa to the Pcruvran people lnvmé, in Ihc urb'm '1rc"rs =

@ RelevantZOrgazhizaiio'hs B

At lhc rcbioml lcvcl thc Mumcrp'llmcs arc rcsponsrblc for conlrlhuhng lhc -

S'mll'lllon scrvrccs to ihclr rcsrdcnls The Mumcrpallucs can graul lhc rrghl ol

. contributing service. to the EPS (Scrvrcc Prov1dmg Entcrprlsc) approvc the tarrffs S

PIOPOSCd by the EPS in wlllorrnlty to the rclwam norms rssued by the- SUNASS DT



¥

In Puno Province, the right of supplying piped water and lreating wastewater is
transferred to the Municipal Enter pnse for Potable Water and Sewcrage of

' Puno (FMSAPUNO)

" The EMSAPUNO is an enterprise established by mean of transferri.ng the right of

colnlri_buling scrvice from the municipality to the EPS. Its main function is

- offering scrvices of drinkable water and sewer system to the residents in the urban

3.4

(@

- areas of Puno Province as the basic needs for the preservation of the public health,

MANAGEMENT OF SOLID WASTE

Relevént Laws and Regulations

' Among lhc laws and rcgulatlons rchlcd to the managcmcnt of sohd wasle in Pcru

- the Law No 26338 “Law on General Scrvices of Samtatlon promulgalcd on

July 24, 1994 is ihe most important one.

@

He!evant' O.rganizations _'

At the fcgiom!. IC\;cj aécdfding to the L'.lw.of ‘Municipality Organization

No. 23853 the mumc]pallty is the sole agency bcmg responsible for public

clcanmg whlch includes: (he collection, transporlation, and d]SpOS'tl of solid

'wastcs swcepmg of streels and avcnucs The Municipality can grant the nght of -

con!nbutmg lhcse serwces o !hp EPS approvc the fariffs proposcd by the EPS in
accordancc to lhc relevant norms lssucd by the SUNASS |

: 'ln the Mummpahty of Puro, lhe Dmsmn of Public Lleanmg, a sub -organ of the
of !hc Dlrccloratc of Public Scrvxce is in charge of performing lhc public cleaning

i SCI'VICC

'_‘Thc DlVlSlOI‘l of Publlc Clc*mmg (DPC) is rcsponslblc for tcchnlml and

o 'ldmlmslralwc 1ssucs rclalmg, to the man‘ngcmcnl of solid w*&slcs Ils operational

- fmance is dcrwcd irom lhc mumc1pa] rcvcnucs

m-17
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CHAPTER - 111
PUNO INTERIOR BAY

GENERAL

thme HI 1.1 summarizes of the last several decade’s records of cnvnronmcn{'ﬂ
cvents, mclcorologlcal and hydrologlcal obscrvation, and development of

" sewerage systems. - The fi igure also shows the transition of environmental -

conditions of Puno Interior Bay.

' W‘ate'r' quality of Puno Interior’ Bay has been deteriorating since the 1970°s or
- eartier. In particular, the western shoreline is affected mainly by domestic and
com'mercial wastewater which is discharged from the urbanized area of Puno Cily.

Based on the resulis of surveys and data the main features of Puno lntenor Bay

arc summarlzed bclow

. PHY_S‘lCAL '_cono_mbpjs'_

THE SHAPE OF THE PUNO INTERIOR BAY

The Purio Interidr Bay is charactcri.zéd. by shapc as dcscribcd below.

B The Puno Intenor Bay is elliptic form and measures 2. 4 km from F stcves I

to ESpmar I. by 3.5 km from port to the mouth of channcl

. Two channcls ]mk thc Puno Inlcrlor Bay and the Puno External Bay.

- The surfacc arca of thc lakc is approxlmalcly 17 3 ko

L The avcragc dcplh of walcr in the Puno Intcnor Bay is appm\nmatcly 24
" m, and the maximum depth is irom Smto 6 m. The surface arca of lcss
' than 2 mcters deplh accounts for 50 % of the mlcrlor bay '

w1



The extractdinary increase of Lemna. It covered u'pil;;r'

( 1950 s)
- The outbreak of cholera in the middle of 1990's.
" - Supersaturation of dissolved oxygen and high pH valuz was recorded.
- Less than 1 m of ransparency was recorded.

The submerged I'ﬂaCIOPh)T.eS declined by Gs%bem een 1981 and |99?

'lhe beginning ot’ewaordmary increase of Lemna ( the mldd!e of |980‘s ) —

The mortal ris ofﬁsh occurred ( 198! )

H;gh' 7ll ia]ue w.xs recorded ( IQTO)

)
[ The water quality condition of the lake ]

annual average (C )

emperature {day max,

"
H

" The Totora declined from coverin; ering 1 70% .

“Wﬂﬁ@“ﬂ?ﬂﬂ?&ﬂ@ﬁ‘ | o
i S : ‘", ............ O S, ¥

The begmnmg of odor from the lake ( the m middle of I980'75L—-w

- The wide range ofcomemrauon in ammomum mlrogen and phosphale ion were recorded.

360 ha (2I%) ot’(he Intenor Bay bel\\.em 1993 and I9‘95.

) Air lemperature

i E—

1920 . oo 1940 1960

-—
w3
3
<

in ¢entral area of Puno { 1930 )
plant (Espinar, 1972)

{ from Independencia to Laycacota )

Construction of sewer networks
The submergence of the Espinar

[ The condition of sewerage system ] [

Construction of sewerage treatment

Tr, Plant ( 1986-1992)

- Operation of Canete

pumpr-station ( 1990)
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2.2

2.3

THE CHARACTERISTIC OF CATCHMENT AREA IN THE PUNO INTERIOR BAY -

“The ca!chment are'l of the Puno Interior Bay is 35. Skm?. The distance from the
' port to the bound'iry of the basm is approx;malcly 4 ki, and the ‘1ll|ludc of the

boundary point is nearly 4, 200 m on : average.  The average slope from the top to
the lakc is 9.5 %, and the slope in the urbanized area is reduced with the

N dccrcasmg dlsl'mcc to the lake.

WATER MOVEMENT IN THE LAKE

The formation of water moircmcrit_in the lake is caused by inflow, variation of
water level, wind and water specific gravity that is causcd by variation of water
tcmperaturc In case of the Puno Interior Bay, it is cxpeclcd lh‘ll lhc water

- 'movcmem is causcd by the wmd durmg thc dayhmc

C JICA Study Team and PELT carrled oul the water movement survey in July 1999,

whlch was measured by lracmg a buoy According to the results of the survey,

~ the water movement in the Puno_ Interior Bay was too slow to be identificd

s clcarly. R

Howcver, there seems to be slow waler movcmenl from lhe casl to the wcsl in the

o lakc Judgmg from lhc followmg c1rcumslannal cv1dencc

24

. Thc dommanl easl wmd in thc aftcrnoon all lhe yc'\r round
-. The movcmcnl oflhc Lemna. |
- Dislribﬁtion of water qualily in the lakc.'

- _A clear movement was observcd at the SUff'lCC of the channel between the
- Interior Bay and the Exlenor Bay. The westward flow 01 10 cm/sec was
' ‘_observed al the dcplh of 1.5 m undcr the e'isteriy wind condition.

?SEDIMENTATION‘ EEE

Bascd on thc cxnstmg sludy reporl lhe scdlmcnnllon dynamlcs are slill poorly

- known, but lhe scdlmcnlallon rates vary accordlng to the faces and bclwccn Lago

'-.'Grandc and Lago Huma]marca accordmg to the existing study repori.  For
o cxamplc ‘in’ the case of carbonate deposxls, ‘the vclucuy of sedimentation rate is

0.5 mm/yr for Lago Grandc whcreas in Lago Humalmarca llns rate is 10 times
h:ghcr '

-3



3. CHEMICAL Conbrnous

31

AVAILABLE DATA OF THE LAKE ( THE TRANSH'ION OF THE WATEH QUAL[TY IN THE

| LAKE)

F igure 111, 1.7 suggests that the délcriorétion of water qualily in the Puno Intcrior

Bay became conspicuous in 198(s. It can bc said thc deterioration of the lake was
caused by the fo!lowmg faciors,

- Rapld _mc_:rcasc of populai:on in Puno city

e Ins'uffiéiehcy of sewerage Syslel'n

' 'Addltlonally, lhc waslcwalcr Ireatmcm plant was submerged l‘mm 1986 to 1992
- and all of the wastewater in Puno City was discharged into lhc lake wllhout |

treatment.- Consequcntly, it assumcd that moreover, the Puno Interior Bay was

o contammatcd

3.2

EX|STING WATER QUALn'Y IN THE LAKE (RESULTS OF WATER QUAerY SURVEY)

T he JICA Sludy Tc*m} and PELT conducled scvcral times of Iakc wa{cr quallly
" surveys al 12 points from January to Seplcmber 1999 ~Based on the results of

' lhc surveys, the water bodles in the Puno Intcrlor Bay were classmcd as dcscrlbcd
below. (rctcr lo Figire HI 3.1 ) o S o :

[water body-A : Heavily po]luted water body, \VhICh is afteclcd mamly by -

“directly discharged wastC\vatcr frOm the’ urbamzcd area of -
. Puno - ' '

o |§Vatet'bod£-ﬂ:' . .Slgmflcantly po]lulcd water’ body, which s’ causcd by the

cfﬂuenl of the Espmar wastcwalef irealment phm

EVatcr bod@ Shghtly pollulcd waler body, whlch has undergonc A klnd of
punﬁcahon and dllullon '

|:\\_?ai bodg-g Clcan waler body, Wthh has ﬁo éxlcmal f)o‘llﬁt'ion. solu'r'ce.
h\’aler bodz—ﬂ : , _Clean water body, whlch has (hc same walcr quahly level as
~ the Pun(} Extcrnal Bay ' -

BN |\ CE



The reasons of the above mentloncd water qmllly con(llllon arc assumed as
below. '

The iocalion of the discharged pollulion load into the lakc is concentrated
in the western shore from the University of Altiplano (UNA) to the
Espinar wastewater treatment plant.

It scems that the diffusion of discharged wastewater in the western water
bodies of lhe 1ntcnor bay is dlsturbcd by lhc caslcrly wmd during the .
dayllmc ' - SRR

The characteris{ic watcr quality in the Puno Interior Bay is mentioncd as below.

: .'I‘empcratul;e : Tcmpcraturc ranged from 10°C to 16°C in Janvary to
. September. The verlical variation, which mcasured at 20 % depth and
80 % depth, was less than 3°C.

. pH pH ranged from 7. 8 to 9 5 wuh an average of 8.9.

DO Thc; lowesl_ DO was observed mear the Bspinz‘lrz WaStcwﬂer
- "Treatment Plant’ with 1.0 mg/l. - The sccond lowest was found at the

o cenlral pomt (No. 13) of the wcsl(,rn water body with 1 3 mg/]

I‘ mnsparency Trfmsparency rangcd from 0.2mto 2.7m with an average |
ot 1 Im. ' '

. SS Thc hlghest was 110 mgll at times of stormwater dlschargc The
: avcragc was 27mg/1 ‘ '

BOD : Thc averagcs ranged from 7 mg/l at No. 5, No. 21 and No. 23 in

the casiern water bodies -to 27 mgji at the pomt near lhc bspm'lr

_ Wastewaler Trcaimcnt Phnt

'l_‘otal nit_rogcn (’1_‘-N) / 'l‘otal 'ph_osphoms'(T-I_’) : The T-N averages

k ranged from 2 m'g/l to 6 mg/l. The T-P aver'agcs'wcrc fro'fn 0.2 nllg/l 10
- 1.6 mg/l. The higher conccntrallons of boih parameters were observed in -

the western watcr bodlcs and ncar lhe Espmar Waslewalcr Treatmcntr-

_ Planl

S Hi-5



3 3 LAKE SEDEMENT QUALnY

The JICA Study Team and PELT conducted a lake sediment thty survey at 12
points _whcre the water qualily survey was carried out. Features of sediment
quality are shown in Figure H11.3.2 . ' '

The polluted scd}mcm namely, hlgh organic conlcnt was observcd in waler
_bOdlCS -Aand B. .

_ Thc avcragc conlcnts of the sedlmcnl in lhc Puno Interior bay were 16 1 mglg-dry
solid as total m!rogen and 1. 4 mg/g- dry SO]ld as total phosphorus

The tolal conlcnls of the sedlment were osilmated as 13 389 tons of mtrogcn 1nd
1, 164 tons of phosphorus given the assumpllons below. - These amounts of _

‘ numems are equal 10 lhc dlschargcd pollutlon load from Puno C;ly for 20 to 40
years. - : : L

Assumpllon

The average contcnls of scdlmcnt : 'I‘otal mtrogen 16 1 mg/g dry solid .
Tolai phosphorus = 1. 4 mg/g-dry solld

Moisture comtent 76 % o
.'Spc.ciﬁogrévity g 22 .
Subject area - 525 ha (the western parl of Puho' interior'Ba)

. mmdc the line which ]mks Hotcl Esteves *

wilh Espmar Waslcwater Trealment Plant ) _

Sediment lhlckness SRR | o 03 mthlckncss L | e
* Discharged Poltution Load S Tolal N 865 kg/day T S
' © " Tolal P =142 kg/day - (rctcr 1o clnpler ]II,
e scctlon 4) '
. Es‘lim)ali'on: R S I ) .
Total volume of sediment LRI 831 600 lons = 5,250,000 m2 x 0. 3 m
| | SRR x(10076)x22 o
Total content ' . N 13, 389 lons = 831 600 ton X 16 1 mg/g DS o ER

- P: 1,164 tons = 831,600 tons x 1.4 mg/g-DS

Bquivalent Discharged P. L. 42 years = 13, 389 tons / (865 kg/d. %365 d)
- 22 years = 1,164 tons / ( 142 kg/d. x 365 d))

M-6:-



3.4 DISCHARGE OF POLLUTION LLOAD TO THE LAKE

-. The JICA Study Team and PELT conducted a discharged pollution survey at {ive

_ (5) drainage channels and Espinar wastewater treatment plant. Based on the

. results of this survey, the share of discharged pollution load from the treatment
plant was calculated as below

‘Table I 3 1 DlSChal ge of Pallutmn unit : kg/day
Lo Treatment Plant Drainage Channcls ~ Total
Raicg ' BQDL | 3924 (94%) | - 246 (6 %) 4170
Season Linorg-N | 1,016 (90 %) | 110010%) 1,126 .
TP 983(91%) |  102(9 %) . 108.5
Dry BOD; | 1,514 (83 %) 31717 %) - 1,831
Season |- _T-N 303(73%) 110027 %) 413
TP | 29.0(62%) . 18.0 (38 %) 47.0

. - As evident from the above, the fo]ioxving faéls are obtained:

- The lrcalmcnt plan{ isa major extemal po]luuon source in the Puno
Inlerlor Bay ' o -

fiie Dlscharged po]iutlon load in ihc ramy season is largcr lh'm twice the
: _ pollullon load in thc dry season.. '

- The sharc of dlschargcd pollullon Ioad irom lhc trc*ttmcnl plant in {he
' ramy season is blgger than in the dry season. :

3.5 _E_VAL_UA'i‘ION OF _Pngss_m Coub_mo_ns

(1) Reg:onal Dlstﬂbutlon of Existlng Water Quallty in the Puno Intertor Bay
Thc rcglonai dlsirlbuilon of water qualily in thc Puno Intcnor B'l)' is ch'lractcn/cd
. as fol[ows S '

s Thc oul]ct ot thc wasle\vatcr, namcly, dramage ch’mnc]s fron1 Puno Clty
e and hspmar lrcatment plani 1s concenlralcd m lhc wcslcrn shorc of the
lakc IR ‘ ' '

s - T hc dlffusmn of the waslewater 1s prevcnlcd by the cast wmd durmg the -
‘dayhmc o : : : :

"':L':C()nscqucnlly, thc \vatcr body in lhc wcsicm parl of lhc lakc is mgml‘lcwnlly
- dclcrnoralcd ' S : : Sl o
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(2) Eutrophic Level

Based on the rcsults of water quality survey, it was found that the nutrient

concentration was high. Judgmg from the concentration of nutricnts, the cutrophic
level of the Puno Intcrior Bay reached hypcr-culrophlc (>01 mg/] as total

Phosphorus)
Fable I.3.2 Eufrophic Level  unit: n.l'g/l
0 b Median ¢ - Maximum | Mlmmum :
Rainy | T-N_| =~ 12 . 735 - 016
Season | pp [ - g3 112 014
Dry | T-N_ | 307 893 | 125
Scason TP | 039 476 006

In gcneral mlrogcn or phosphorus are ]lmllmg nutrlcnls in lakes.
- balance. of _the existing whole pollution
' mtrogen/phosphorus is approxlmatcly 5.

load

m

Ihc lake,

‘Based o the

ratio of -

Conscqucntly, Nllrogcn is assumed as "

the limiting nulr:ents in the Puno Interior Bay ~The other side, it is assumcd {hat _-
nitrogen and phosphorus ])arllmp'lte ‘with limiting nutrient in viéw lhc rclfu lonshlp

\Vllh total nitrogen and total phosphorus of water qu1hty in the' hke

(3) ' Exiefhaf F;oliufion éourc'es:"

~ As mentioned above, thc dctcnontlon of the Puno Intcnor Bay is cqused hy

dlschargcd was{cwwler lhrough dramage channels and thc lrealcd wastcwater from o
Lspinar waslewaler (reafment plant. _
dlscha[‘gcd pollution loads from’ ihc lrefitment pianl and from" F ive: (S) dramage L

ch‘mncls are calcuhtcd as below

'lable III 33 External Pollutlon Sources '

Bascd on the resu]ts of survcy, the shares of -

A it s 9%
| S Bop, | T-N | TP
“Rainy - | Lspinar WWIP | -~ 94 | .90 |7 91
~ Scason Drainage Channels 6 R e 9
“ Dry. . | Espinat WWTP: .| = 83 - | . 73 . 62
- Season Dralnage Channe]s 17 - - 27 38 -

As cv1dcnt from lhc above, it is assumed the treatment plam is the major po]luuon

~ source in the water environment of Puno Interlor Bay

s
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POLLUTION LOADS

ESTIMATION OF EXTERNAL POLLUTION LOADS BY THE EXISTING DATA

Pollution loads which are gcn’érélcd in the catchment area and discharged into

Puno Interior Bay have been roughly cstlmatcd
ChsSthd as [ollows: :

Baswally, po]lullon loads have ‘been esilmaled from the cxlslmg dala on unit
- pollution loads and socio- cconomlca] condmons

Domcsl;c waslciﬁter

Commcrc1a] / Insmutlonal was{cwalcr
| Agncuilural wastewater

Lwcstock waslcw*ucr o

shown as bclow

Figure 141 shows ihc Sh'erS of lhc abovc menhoncd pollullon loads by“'

'Lfﬂuent of scwage trealmcnt pl.mt

| Leachalc from llleg'l]ly dumped solld waste

Resulis of the csllmatlon are

Pollution sources were

. <'I‘otal Polluuon Loads dlschargcd mlo Puno Intcnor Bay> TR

Parameter

BOD

I‘-N

T—P '

Polhmon 1.oad (kg/d'iy)

2,498

865. 3

142 0

pollution source. -
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<BOD >

Solid waste
Livestock ww 22% _ Domestic ww
21% : - 39.1%

Treatment Plant

33.8% ' Commercial ww
: ' _ _ 22%
Total Pollution Load : 2,498 kg-BOD/day
C<T-N>
o B ' Solid waste’ Domestic wiy

. Livestock ww : 2'9 /o . IQ.S % Commercial ww
™ R 0.6 %

©303%

Agricuitural ww / B e el ‘TrealmentPlan_t e
06% '__. . : R 55.7%

Total 'Polluti_on-Loa'd : 865.3 kg I-N/day k

.. < T"P -
© Domestic ww

Solid .\'-"aste I S 24.8%
- 20% C o '

Livestock ww

C313% \

d  Commercial ww .

- B 1.5%
S

Agricultural ww

- 18% S o o : -'l"realn'l'(:i;i Pléni
- Total Pollution Load : 142.0 kg T-P/day

. .Figure 4.1 | EStimation of Disciiargéd_Pollhtior_i L'oaid. -
o | o T into Puno Interior Bay



5.1

5.2

BIOLOGICAL GONDITIONS

The biological studies carricd out in'Pt_mo' Bay include those on zooplankion,
benthos, fauna of the macrophytes a'nd"aqoatic' birds. Other relevant topics
studicd by c'onsulhlion; litcrature search and field lripﬁincludc the fish of Puno
Bay, trophic (nutrient) ]cvcls the ﬁdj'iccnt Lake Tlllcaca N'll!()ll"ll Rcscrve and
nncrophyle dlslrlbuhon C ' '

GENERAL

Btologlcally, Puno Inlcnor Bay can be l’C‘ldll)’ dmdcd into lwo parls -a smaller
caslern scction in whlch blologlcal condilions were rc]atwcly good, and larger
central and weslern scctions in whlch condltlons wcrc poor. -In the castern

- section the submerged macrophylcs were m good condmon with large numbcrs of )
amplupods and snails living on them and the bcnlhos was abundam and diverse in
~species.  Fish populations appearcd lo bc high '13 this was onc of the most

heavily fished areas of the Interior Bay. " These recd bcds provided spawning and
feeding grounds for the fish. In the cenlral and wcstem parts of the Inlerlor Bay
the fauna and flora were scverely dcplctcd ' :

Physw'll and chemlcal condltlons wcrc also be{(cr in lhc eastern p'm ot the lake -
for cmmplc water clarity, acrobic rnud wndnlnons and oxy{,en levels. - Betler -
waler quality here is bclicvcd to be duc o clean water entering the Interior Bay

- from the Exlerior Bay via the main navigation channel. . This water, blown in by '
the prcvallmg caslcrly winds is colder and therelore denser than the warmer W‘IIC( _

of the Interior Bay. It therefore lcnds to reside in the eastern part of the Interior
Bay, creating the betler blologlcal “chemical and physical condltions here.
Polluted walters from Puno City and Esplmr WWTP lcnd 1o rcsuic in the ceniral
and wcstcm are¢as into which lhcy arc rclcascd '

PHYTOPLANKTOH

One conscqucncc of thc hlghly eulrophic walcrs was thc very hlgh phytoplanklon‘

numbers. - 'lhcsc have disrupled the Interlor Bay $ ecology by bcmg al lcast
parlml]y rcspons1b]c for rcduced waler lransparcncy, loss -of submerged
macrophy{cs wnh consequcnl loss of mvcr(ebratcs and fish feeding and breeding . -
arcas, and occasional fish kills. Olher changcs affect moplankton ‘and fish
cc_ology and specics composition. '

1Nl - 14



5.3

5.4

MACROPHYTE

There is no doubt that the macrophytes of Puno Interior Bay have declined over at
least the last 20 years, both in terms of specics and area covered.  Thus Puno

*Interior Bay was in a bad condition so [ar as they are concerned.  With a

maximum depth of about 7m, all of the Intcrior Bay is shallow enough to support

“macrophytes given the right conditions. The main factors responsible for this

decrease were probably low light conditions and low oxygen Ievels in most of the

decper parts of the I_nlcrior Bay.

ZOOPLANKTON

. .’l he zoophnkton (copcpods and chdoccm) of lhc Interior Bay occurrcd in high

5.5

“ numbers compared to thosc_of the Extcrior Bay and Lake Titicaca in general.
' Additioh'ally,'ciadocefa greatly outnumbered copepods. © Both of these findings
~ indicated that the Interior Bay had a high nutricnt status. *This provides the basis
~ for high growths of phytopl'mklon which provides thc main food for
s moplankton ' | L

BENTHOS .

' On the other hand lhc benlhos of much of thc lnlcnor Bay was scvcrcly dcplctcd
parucularly in the ccntral southern, norlhem and western arcas.  This was

caused by low levels or abscnce of oxygen in the dccpcr walers and/or mud :
boltoms that made it impossible for any or many species to live there. The
benthos of the eastern part of the Interior Bay however was very rich, as il was on

B the aubmcrgcd macrophyte beds that grow there. - The densities in these easlern

muds are amongst the highest rccorded anywhcre from Lake Titicaca, and much

; grealcr than those of the Exterior Bay.  This indicatcs a hlgh nutricnt status of the

watcr but not to a pomt where blOlOgiC'll '1cl|v1ty 'md orgamc matter rcducuon

. _causcs oxygen lcvels to drop too low

- 5.6

FISH

Thc fish ot Puno Intcnor Bay havc dcdmcd in abundancc and spccrcs over al Icast

the last 20 years. This is as a result of (he “declines in bcnthos and submerged

'mficrophytcs the latter prowdmg spawning arcas and nurscry grounds for young

fish. ~Overli shmg may also ‘be parhally responsible. Compared to the rest of

o Lake Tltlcaca the ﬁsh fauna is poor in spccnes abundancc and growlh of af least
‘onc spcc:les ’ ' : Sl '

S oIm-15



5.7

5.8

BirDS

Puno Interior Bay is an important arca for aquatic birds. - Some species appear 1o
have declined or disappeared in recent years, whilst others have increased.

- Overall though, the Jnterior Bay’s condilions do not a'ppc'ar'to. have adverscly
- affected the bird fauna. - The shellered waters of the castern part provide good

roosting places for birds and many thousands can bc seen there at times during the
migration scason.

NATURE RESERVE

Adjacent to Puno Interior Bay is the Lake Titicaca National _Rééc_rﬁc._ This is an

.. area of world mgmﬂcancc particularly for its birds. Conditions in Puno Interior

~ Bay are not Scnously affecting the Reserve, and the Government of Peru is under -

oan 1nlcrn'ulonal obllg_,ation to ensure that they don t.

6.1

PUBLIC HEALTH c'o'NDmo'Ns_ |

GENERAL

The walcrs of Puno lntcnor Bay are a major hea]th hazard to anyonc commg into -

. contact with them. They contain largc numbcrs of Total and Fecal cohlorm as .

6.2

6.3

we]l as thc eggs and other dcveiopmenlai slagcs of 1ntesimal hc]rnmlh paras:tcs

COLIFORM BACTER!A

. I*ec1] and cohform baclena were lound in largc numbers by Rlvera et ai (1989) in

the waters of Puno Interior Bay in the carly 1980s. . Fecal collforms occurred in

. numbers of up lo 105/10() ml, with numbcrs being highest at thc wcs{em end of Ihc
. Interior B'ly 'llong the Puno ~waterfront close to major sewage. 'md run-off |

discharges. Numbers dccrcascd to zero by the cemcr of the bay, some 2000 m
from the shore.  Ocola and Torres (1997) found 31m11'1r numbers (1.4 x 10¢ - 22, 5

- 10" of both {ol'll and fecal colnl‘orms along the weslern scafront 'md 'n Esplmr

Island close to tht, dlSCh‘lI’gC pomt from the treatment lagoon

PARASITE

anchcz el al (1989) lound lhc cggs. 0[ a vancly of mleslmal parasncs in Ihc :

. W'ltcrs of ihe Interior . Bay, p"lrllcularly close to the weslcm shorcs Thcsc -
included the hclmmth parasucs Irtchuus sp, Ascrms sp, Hymenolepzs mma, S

m-16



6.4

7.

)

Taenia sp and Ligula intestinalis. A survey amongst people living close to the
shore in Puno Bay showed that 14% were infected by one or more helminth, with
rates up to 40% for young pcoplc Helminths are spread by ingesting their cges
or other devclopmcnhl stages from contaminated water and lood as wcll as from
hands of infected people soiled by fecal matter.

CHOLERA

In the middle 1990s 'lhc'rc was a cholera outbreak in Puno. lis spread was
believed duc at least in part to cating cholcm conlamma!ed fish from the Inlcrlor
Bay, the pathogen arriving in the first phcc l‘rom lmpropcrly treated scwngc or
from the inundation zone.

IDENT'IFICATI'ON oF PROBLEMS

Thc exls!mg water enwronmcnl problems in Puno intenor Bay, which are

‘identified by Ihe ficld survey and interview, are described as below. _

Encldsed Water Body

-Puno Inlcrmr Bay is a v1rtually cnc]oscd nalure system (turnovcr periods

estimated at 18-64 years), with minimal waler cxchangc with the Extcrior  Bay
via lhc iwo nawuallon channels. © All malcnals and Subsl:mccs cnlcrmg the

' Intcnor Bay tend to slay there and accumulate. On the posnwe side this barrier

- (of alluvial sediments) prcvcms contamination lrom cnlering the Bxterior Bay

@

where the lake water is used for waler supply or tlshcry

Water Use Problems caused by Significant Eutrophication .

. Under the signiticant culro'phi'calion over- -production of phytoplankton causcs

Ioss of waler clarity and excessive oxygen consumption on their death and dccay. _
The watcr quality dc!crlomllon dcprccntcs the value of walcr usc such as waler -
'supp]y, llshcry, or lounsm :

f "1 he ﬂoalmg plan_i Lemna (duckwcéd) has spfgatfs'ovcr Puno Interior Bay due to

significant eutrophication. When the wind blows wesiward, Lemna COMes near

. the weslern lakeshore and it densnly reaches 10 1o 15 ¢m thickness.

- Conscquently, a densc carpct of Lemna not only obstructs boat ll'ng"iian but also
~ . affects the seenic vnc_w, which depreciates the value of tourist atiractions. -
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(3)

The harvest of Lemna as a measure to limit these problems was conducted by the
Multi Scctorial Committee for the Environmental Improvement of Puno  Interior

. Bay in 1998. The harvest of Lemna is efficacious against obstruction of ship
“aclivity and also assists with improvement as below. — Accordingly, it is

nccessary that removal of Lemna be continued.

- Removal of nutrient from the lake
- Prolc¢tion of sediment formation by Lemna

- Improvement of the view which is depreciated by Lemna.
Depreclation of tourism resources

A he’tllhy ccosyslcm in Lakc Titicaca i 1s lmportam for lhc tourism mduslry in !hls

_area. However, the existing ccosystcm m Puno lntenor Bay is dcprccxatcd by

lhc walcr pollutlon as llsled bclow
- Occurrence of odor from the lake
- f’ollutpd walér, Iiz.ﬂl)l_c.i.o causc il.lﬁ'css _
. .-'7 | Largc _z_:\m(.)u.nll_sA ofﬂoatmg I'.en'n'ifa .
| I Eljtirbphiéa'lié.u-l (walcr co.l(.)'-r bccomcs g:rc'cﬁ'dlic (5 phylop]'mklon) S

- DCPTCCI?NIOH of ecosylem in the hkc (loss of Tolora as ihc characlensllc'
vmw of Lake Tlllcaca) o : SRR -

(4) Problems of Ecosystem

Water th(y dctcnoratlon of Puno Imcrlor B"l)' causes lhc lollowmg advcrsc .
cltccls SR - B T e

- the loss of specics and dec]mc in qbundance of submcrgcd macrophytes "
_ (and their attached fauna), duc prmupally lo low llghl ]evcls and low -
'oxygen content of dceper water and muds ’ s ‘ '

= lhc loss of benlhos over much of. lhc lake causcd by low oxygcn
condltlons in the deeper walers and bottom sediments :

- the loss of_ _ﬁsh spawning and n.urse'ry areas, due to loss of macrophyles;

-8



(5)

(6)

- the loss of fish species and abundance

- a general malfunctioning of the Interior Bay aquatic ccosystem duc fo the
above disruptions.

There is no reason to belicve that Puno Intcrior Bay is now at some stage of
biological equilibrium with its environment.  The expectation is that if the causes
of the biological problems are not cffectively dealt with, the Interior Bay
ccosystem will continue Lo decline as it has done for so many ycars.

O_ffensive _Odor

An offensive odor from the lake has caused problems for residents and tourists. .

© Anacrobic lake sediments give off an offensive odor.  According to the survey

on bottom sediment, the sediment at the west pa'r_l of the Interior Bay showed high

* values of ignition loss and black color, which indicatcs anacrobic condition.

Public Health Problems

The waters of Puno Interior Bay are a major health problem. Pathogenic

~organisms arc particularly abundant around the shorc, especially close to the

waterfront. The problems are caused by discharges of untreated and partially
treated domestic wasle waters and rainfall run-off, as well as the usc of the
inundation zone as a public latrine by many people in Puno.

- 19
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CHAPTER - 1V
FRAMEWORK OF THE INTEGRATED WATER POLLUTION
CONTROL PLAN FOR PUNO INTERIOR BAY

1. CONCEP_T OF THE INTEGRATED WATER POLLUTION CONTROL PLAN

1.1 GoAL

(WhHaT 1S THE GOAL OF THE PLAN ?)

The Intcgraled W‘ltcr Pollution Control Plan aims prlmanly to 1mpr0vc the water
- quality of Puno Interior Bay polluled by _urbamzal;oq of Puno City, and
c'oil'scqucntly {o contribule to the conservation of its unique natural environment

and to the development of the tcgion'al economy and living conditions,
. 1.2 SUBJECTS

w HAT ENVIRONMENTAL FACTORS SHOULD BE CONSERVED 7)

Watcr Qu'\hiy of Puno Inlcnor B'ty

t

Scenery of Puno Intenor Bay

Flora and Fauna of Pun(; Int'erio-r. Bay

Public Health Conditions of Puno Interior Bay and Puno City
1.3 'Punpose
(WHY THE WATER POLLUTION OF PUNO lmsmon BAY suouw BE CONTHOLLED)

(1) Solution of the Water Quahty Problems of Puno lntertor Bay

+

Reducllon of mlrogen and phosphorus ]evcls

' Rccovcry of the lake \vater_ transparc_ncy

L

| Control of the bac'telrial contamination

“ Control of Lemna d_ﬁlbreak

S .
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2 Protection of Puno Exterior Bay from Expansion of Water Quality Problems
~ in the Interior Bay

- Control of the ill;aké-\vaier qu;liit} for wélcr supply * -
- Conlro.] of the water quality for ﬁshcry
(3) Conservallon of Vthérl\.!atu.r.al -En\;ir.(:nmér;t__aﬁs # Toﬁrfst Aﬁrécﬁén :
- !mbrovcmént o’tfthé Scenery |
- Conscrvation of the lake water cé:bsysléﬁl (I‘ot_bf@ wild B.'ir'ds; clc) o
2. STﬁATEGY OF fHE P.I;..AN o
2.1 TARGETSI .
(WHAT LEVEL SHOULD BE REACHED 7)
.(1) Lék_e Water Gualty .
3 Récovcry of the zicce[)-tab-l-c water qlfa'lily' as il'.uécd 10 be in the 717976’5 _
{2) Scengry
R - Reduction of Lemna d-ish:'ibul‘i(.)rl;.:_' |
- Rcducllon of ]mcrcdsolld wastcs 10 an .ir-nsign-il-"lc:aﬁt ]cvci -
(3) E.cosys.tem |
. Relabiliationof resd (Totora)belt
- Conscrvationof habitats or wildbirds
- Rc.c_ovc.ry of fish élid_ l;;er;lhc;; _ :

- Rccoﬁér'y of :_;ub._r'nc'rgt:d- rh_aérophytés

Clv-2
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2.2

23

R0

Public Health Conditions
- Reduction of littered wastes in the watcrshed and the lake

- No bacterial or parasitc contamination in the watershed and the Jake

TARGET YEAR

(BY WHEN WILL THE PLAN MATERIALIZE ?)
Shor@term largét year: the yCar 2008 .
Mld-tcrm larget year ' lhc ymr 2015

. Long -term target ycar the year 2025

. TARGET AREAS
(WHERE WILL THE PLAN TARGET ‘?)

Measures against the Water Qual!ty Problerns -

- 1)7 Wéte.rshed‘l C‘a"tch.me_a'nt Aréa o

@

The whole catchment arca of Puno Interior Bay

- 2) In-Lake

Puno Interior Bay _ |

Measures against the Deterioration of Scenery

o The-“;hole of Punb Ii)teridr Bay and its Hinterland

Measures against the Ecologidal Problems

: Northern, western and southern Sh'().reé of _Puho Interior Bay -

@

'Measures against the Public Health Problems

o The Whole catchment area a_rid the littoral aréa of Puno Interior Bay

g lIV-37"



2.4 METHODOLOGY

(HOW TO CONTROL THE PROBLEMS ?7) .
In general, possﬂ)lc cllorts to lmprovc lake cnwronmenl are chsSIfled into the

following three calcgones

- Structural Measures
- Non-structural Measures
- Environmental Monitoring -

Siructural measures arc defined as the mcésdrcs taken by adniinislfa}ive bb_dics to
physically improve lhc_'cm'irdnménl of Lake 'l‘ili_cééi Npﬁ-slryc_lura'] measures |
are defined as the mcaSurcs_ which aim to motivate the -stateﬂocal govcfnrﬁcnls,‘
private s'cc't'ors or cilizens to take sbmc actions for envirohméntal improvciﬁcnt
Environmental monitoring is dei" ned as an cnvnromnental ‘administration- tool
.whlch detcctsfidentifics cnwronmcmal problems assesses the eftects/lmpacls. -
caused by the implementation of struclural mcasurcs and rouscs people’ s
awarcness.  Although the slruclural measures must bc the main- calegory, -the
integrated plan will not fu]flll its function unlcss all measurcs are syslcmaucally _
combined. The conccplual F igure of “The- Intcgrated Water Pollutlon Conlrol
Plan for Puno Interlor Bay” is shown in Figure I V.2, I '

V-4
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W'lter quallly problcms of Puno Interior B'ly have been undoublcdly caused by
pollution loads discharged from Puno City and the watershed. Polluilon loads

have been accumulated in both the lake water column and the bollom scdlmcnt for '

~a long time. Lake water polluuon has delcnoraled ecosyslem and scenery in

~* Puno’ lmenor Bay. Poor waslcwqter management has also caused public hcallh

5 'Eproblems such as \vaterbomc dlsmses Thereforc thc first priority of the

5 ,‘mlegralcd p]an should be glven to the mlprovemem of lake water quahty

b Pollution load reduction in the watcrshed and in the lake \wll 1mprove the Iakc

;\vater quallly ~ Consequently, water quahly 1mprovemcnl will contrlbulc to

lmprovemcnt of the ccosystem the publlc health condltlons and the sccnery

'lnsufﬂcxent solid waste managcmem causcs lllcgal dumpmg or httered wastc in _

- the dralmge and on the strects, which affect publtc health COI‘IdlllOHS or seweragc

syslcms and clog up. urban dramage Sto:m water flushes the llllered waste into

o

lhc lakc or mundallon area, which dctenoralc the scemc view of Lake Titicaca

‘that i is an 1mportanl compornent of lourlsl allracllons T hercforc in lhe lntegralcd '
'plan a high prlonty should be. glven to solid wasle managcment as well as waler '

-,qualnty lmpro\/ement

: S_tfuctural Measu‘res

1) Water Quahty Improvement

Measures should be begun with cxicmal pollutlon load reducllon ‘The eXlemﬁl

_load reduction should begin with the reducuon of pomt source loads, ‘and lhe “_

~reduction of non pomt source loads should follow 1t ]nlemal polluhon Ioad

rcducllon should follow lhc exterml load rcducuon

- a Extemal Pollutlon Load Reduction 7 A _ L
In Puno Clly, domesllc and commcrcml waslewater arc major pomt sources of

- pollutlon loads. ‘Most of them can be collected by sewcr syslem treated: by
-'waslewaler lreatment syslcm and fi nally dlscharged to lhc lakc as efﬂucms ot
‘waslewaler trcalmcnl plants Thercforc !he fi rst pl‘lOl’lly of cxlemal po]lullon

ioad rcducllon should be glven to sewer'lge system development

In the scweragc non-served area, domesllc and commerc;al waslcwalcr should 3

be treated on site by a samlary tollel ora SCpllC (ank before dlschargmg into N

V-6



streams, drains, ~—groundwater, or dircctly into the lake. ~ There are few major
industrial pollullon sources in Puno Citly, however m'qor pollution sources
such as slaughtcrhouses should be enforced to install a waslewaler trealment

facility at their own expense by the efflucnts control regulation.

‘Nonpoint (diltuse) pollutant loading to strcams or dircetly to the lake is
"load:ing which does not enter l‘roni'solikcs such as pipes but instead from
“overland flow or groundwalcr sccpage 'Agriculluml and Urbali arcas are
"-lmporl'mi nonpoint sourccs and " are (llfficull and expcnswe to control

) mtenswcly or cftccllvcly by struclural measures.

‘b. Internal Pollution Load Heductlon
- A significant reduction in external pollutlon load is an csscmlal but not
neccssarlly sufficient step towards the lake water quality improvement for
‘long term control of culrophlcmon " External nutricnts rcducllou may not
have all of the cxpccled cfl'cct.s of 1ncrc1smg mflcrophylcs or lowcrmg algal

. b1omass untll thcsc 1ntcmal sources are mamged

Possnblc measurcs should be dlwdcd into two categorics, one is to directly
' "dccreasc pollutants conccntrat;ons in the water column 'md the olhcr is to

'rcduce pollutants loadmg from thc boilom scd;ment
~2) Scenery Improvement

In the watershed, littered wastes in the slréa_ms, along the shoreline, on the streets
or ardur’ld the f’ nal disposal site ‘deteriorate the scenic view of Lake Titicaca.
' Thereforc solid wasle managcmcnt is an urgcnt measure lor sccncry improvement

in the walcrshcd

ln the lake nu1sancc sprcad of Lemna dclcnomtcs lhc scenic view. l‘hcreforc

o the rcmoval of Lemna must be urgcm but the momtormg is mdispcm,ablc to

- :'chcck uncxpccted ncgative lmp‘lClS such as outbreak of algac which may lake

- Lemna s placc - Totora (rccd) is the mam componcnl of the scenery of Lake

Tmcaca, and so replammg of Totora would recover the lost natural view.
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3) Ecosystem Improvement

Water polluuon has c*mscd damage lo aquahc ccosysicms in Puuo lnlcnor Bay.
Therefore the aquatic ccosys{cm will not be improved until the lake water quality
is improved.

_Totora bush/belt sccms 1o provide ah excellent walcr'cnviro'nmcnl for plankion,

benlhos and fish. Furthermore it provides a habitat or nesting placc for wild

- birds. Abundance of w1|d birds is also an cxccllem componenl of tourist -

attractions. Therefore the rcp]anlmg of Tolora will hclp to recover or enhance

~ the ccologlcal polcnllal in Puno Interior Bay

4) Pubtic Health Condition lmprovement

_ Rcmoval 01 lllcg'l]ly dumped and llltered wastcs is a dtreci me'lsurc agamsl public 7
.~ health problems caused by httered wasles, but not an c ,cnual way., T he mosl_ 3

essential and urgenl mcasure should be an 1nchasc of waslc collecllon rafe.

Furlhcrmorc a final dlsposal site shou]d be cxpandcd in p‘lrallcl w;lh an increase

" of collection rate. Samlary fandfill syslcm should be apphed to a new final
- dlsposal site accordmg to the gmdclmes proposcd by lhc Mlmslry of Health

It is olten scen in Puno Clly lh'\t some cm/ens use thc lﬁkcshorc as an 0pcn air
latrine and scwage ovcrﬂows aftcr a hcavy rainfall, Thcsc musl cqusc baclcna] :

contamination in the litoral arca of Puno lnlerlor Bay. To solvc ihiS pubhc'

'~ health problem, the sewerage system should be lmprovcd or cxpanded at the

highest priority, and the sprcad of samiary loilet or SCpllC tank should be
encouraged. ; s |

Non-siructur_al Measures

Non-structural mc'isures ‘should supporl or supplcmcnt slruclunl me%urcs A

hrgc scale investment WI“ bc nccessary for some structural: mcasurcs such as k

- expansion of sc_wcmge syslcms. To raisc the pr0_|ect funds 1l \Vll] be neccssary

to raise the water -charge rate. In such mscs cmzcns undcrslandmb and

consensus for the projects should be formulatcd through enwronmemal educallon

or mmpalgn To rcduce the prolccl cost or (o make the proyccl run smoolhly, it

will be necessary to requcsl cm?en s vo!unt'lry partlclpanon To exceute or
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manage the project elfectively, relevant organizations or systems should be

effectively strengthened or consolidated.

Industrial wastewater should be controlled by effluent regulation. It is difficult

to efi'éctivcly'conlrol non-point sources wilth a reasonable cost by structural

measurcs, and an appropriate land usc should be cncouraged to minimize non-
point source pollution loads. DBecause livestock farming scems to generale a
great deal of non-point source pollution loads, it should be rcgulated in the area

close to the lake

Environmental Monitoring

- Periodical and continuous environmeatal monitoring should be urgently practiced

as a decision- m’akmg too!, in order to identifly the cnvn'onmcnl'il problems and the
measures against the problems, and to monitor the expected effects or the
unexpected impacts by the structural measures.  Especially, cutrophlcailon is
caused by sensitive aquatic ccosystem. Ch'mgc of nuiricnt balance may cause
new cutrophlc problems other than the outbreak of Lemna. Moniloring of

pollution sources will b:ing rational bases fo regulate the effluents. .
MANAGEMENT AND EXECUTION OF THE PLAN

(WHO WiLL BE RESPONSIBLE FOR IMPLEMENTATION OF THE PLAN ?) .
Overall Management

A lcading state level aulhorily who is competent (o coordinate several sectorial
orgamzallons lo decide on a policy, 1o raise funds, to control budgcl and to

superwse the who]c pl’O]GCl

E'x'eé;ution of 'compone'nt pro]eéts

Sectorial organuatlons who hwc experiences in cach ficld and capacnt:cs to

-~ execute componcnl prop:c!s
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“{3) - Citizen’s Part!cipatlon '

Puno Provincial Municipality or multi-scctorial organization(s) who are composed
of representatives of the interested partics, can organize residents campaigns for
. environmental improvement and can encourage public/private seclors to assist the

* campaigns voluntarily.
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