ANNEX D

Water Quality Survey



s
Pl

f *m

of Principal Cities in the Republic of Nicaragua

The Study on the Improvemens of Urban Sanitation Environment JICA Study Team
KOXUSAI KOGYO CO., LTD.

Contents

Page:
D Water Quality Survey (WQS) D-1
D.1 Objectives 0f the SUIVEY ..o e D-{
D.2 Method 0f the SUIVEY .......oooii it D-1
D3 Wells Water QUatity......o..ooiiier et e D-2
D.3.1 River Water QUality .......coooooviiiii e e D-2
D.4 Findings 0f the SUTVEY ... D-3
DA 1 Wells WaKET ...ttt s e s D-3
D42 RIVET WALET ... ettt e oo e e e bar s e sae s e s e D-5
D.S Agriculturat Chemical Contamination in Leon and Chinandega. ... D-8
D.5.1 Wells Water Contaminationin Granada ... D-10
D6 ConCIISTONS ...ttt e et eet e st e et r e g D-12
D.6.1 Wells Water Quality in 3 CHIES .........ccooiiii e D-12
D.6.2 River Water QUaltity ... D-14

List of Tables
Page:
Table D-1: Analysis Items of Water Quality Survey ... D-1
Table D-2: Sampling POINt......c.cooiiiirieciria i e s D-1
Table D-3: Results of Wells Water Quality Survey.........ooooooii D-2
Table D-4: Results of River water Qualily Survey........cooi D3
Table D-5: Results of Wells Water Quality analysis in Leon ... D-9
Table D-6: Results of Wells Water Quality analysis in Chinandega.............ccoo i D-9
Table D-7: Result of Water Quality Analyses by “CIRA”™ ... D-10
Table D-8: Comparison of Wells Water Chloride Concentration ...........c.coovrvniiinneenn D-10
Table -9 Classification of Water ReSOUICES .......ocoo i e D-13
Table D-10: Classify of Investigated Wells..................coo D-14
Table D-11: Classification of Purification Method...............i D-14

List of Figures
‘ Page:
Figure D-1: Water Quality of “Rio Chiquito” ... D-5
Figure D-2: Wells Location Map in Granada............ccocooo v D-11



K ey
sl
4 S

The Study on the Improvement of Urban Saniiation Envireiment JICA Stredy Team

of Principal Cities in the Republic of Nicaragua

D

D.1

D.2

_ KOKUSAIKOGYO CO,, LYD.

Water Quality Survey (WQS)

Objectives of the Survey

Objectives of this survey was intended to generally understand the present situation of
water source (underground water) contamination and the present river water quality at
the outlet of the present sewage treatment plants in the 3 cities.

Method of the Survey

The work was carried out in two phases (once in rainy season; Aug/Sep 1996 and once
in dry season; Jaw/Feb 1997) in order for the comparison.

3 wells in respective city, which serve as water supply source of the city, were sampled
to generally understand the present situation of water source contamination.

River water was sampled at the upstream and downstream of lagoon effiuent outfal! for
respective sewage treatment plant in the cities, in order to generally understand the
present river water quality. However, since Granada sewage treatment plant does not
outfall its effluents into a river but it flows through a pastureland and ends in a
marshland, and there the effluents infiltvate into the ground, sampling werc made al the
lagoon outfall point and the marshland. Analysis items are listed in the table below.

Table D-1: Analysis ltems of Water Quality Survey

On-site Anatysis tem L aboratory Analysis ltem

1. Ambient Temperature (AT} 1. DO (Dissolved Oxygen) .

2. Sample Temperalure (ST) 2. COD (Chemical Oxygen Demand)

3. pH 3. BOD (Biochemical Oxygen Demand)
4. SS (Suspended Solid)

5. E.coli. (Escherichia Coliform)

Note: All the analyses were made in compliance with the standard methods of "APHA(American
Public Health Association}-AWWA(American Water Works Association)- WPCF{Water
Poliution Control Federation)®, Standard method for the examination of water and waste waler
17th edition 1989".

a. Sampling Point
The Sampling points of the cities are listed in the table below.

Table D-2: Sampling Point

Well S River water
1.Los Tanques 1. Rio Chiquito {upper and lower stream of “E} Cocal’)
Leon 2.Ruben Dario
3.San Carlos 2. Rio Chiquito (upper and lower stream of "Subliava’)
1. El Calvario Rio Acorne (upper and lower stream of *El Cocal’)

Chinandega | 2. Las Pilas
3. Los Angeles

1. Escuda No.1 Exit of the sewage trealment plant and the terminal
2. El1 Escudo No.2 | marshland
Granada 3. Quinta Ena
No.4
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D.3 Wells Water Quality

Resulis of survey tabulated in Table D-3.
Table D-3: Results of Wells Water Quality Survey

Season Date AT | ST | ¢H 0o gob CCD 3] E coli.
‘c | % mgl | mgl | mgh t mat | NMP/i0OmI
Leon . n .
Rain |20Mup96 | 32§20| 72] 81 0 ] o 4
San Carlos | Dry 20/Jarvg7 28130 751 - 1.2 6.0 4 930
mean value |30} 73| 8.4 046 18 2 467
Rain 207Aug/98 301291 66| 83 0.1 4.8 0 <3
Ruben Dario | Ory 20Man/a7 201 28] 86| - 41| 210 2 93
mean vaiue 30{20]| 88| 83 21| 129 1 48
Rain 20/Aug/96 |28 74] 75 04| 25 0 <3
Los Tanques | Dry 20/ Jan/97 25| 2| 731 - 0.3 120 | 120 <22
mean value 28127 72] 16 0.4 18.5 60 <3
Chinandega S o
Rain 5/Seplt/os 261238 74| 82 02| 242 0 <3
Los Angeles | Dry 24/Jan/97 . 271 28| 68| -] 07 8.3 4 <2.2
mean value 27| 27| 10| .82 05| 163 2 <3
Rain 5iSept/96 27|28} 76} 83 0.1 36| 0 <3
Las Pilas Dry 23)an/97 251251 65| - 05] 230 16 <22
mean value 26| 27| 68| 83 03] 133 8 <3
Rain 5/Sept/96 28128| 18] 82 1.1] 304 ¢ 4
El Calvario | Dry 21/Jan/ST 2ri27r] 73| - 0.3 8.8 4 it
mean value 0130 25| 82 0.7 19.7 2 8
Granada . , _
Rain | 10/Sepro6 26|31] 75| 79 1.1 31 0 <3
Quinta €na | Dry 23Jan/97 28130 71| - ] 11] 140 4 9
mean value 27831| 73| 19| 11| 225 2 5
Rain 10/Sept 2|29 77| 719 2.1 18 4 4
Escudo 1 Ory 23Jan/97 27|26 731 - 0] 74 4 430
mean value 3|28} 751 79 1.1 2.7 4 217
Rain | 10/Sep/os 32| 29| 76| 84 1.8 201 -4} - <3
Escudo 2 Ory 23/Janve7 271 31| 68 - 0.1 6.7 16 150
mean value 30130] 70| B84 1.0 i34 10 77

D.3.1 River Water Quality

Results of survey tabutated in Table D-4.
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Table D-4: Results of River water Quatity Survey

Date AT | sT pH DO | BOD | COD 8s £ coli.
°c ¢ mgl | mol | mgl | wmgd | NMP100mI
Leon "El Cocal® B
Upper | Augrdtios 30 32 651 62| 11| 209 o2 2,400
Jan/20/97 27 28 74| 29| 132] 892 66 | 110,000,00
= 0
mean value 29 30 6.8 18] 122 551 79 | 60,001,200
Lower | Aug/30/96 29 33 84 0.7 76| 147 162 | 11,600,000
Janv2097 28 29 7.6 57 60 | 2,083 206 | 1,500,000
Mean Value 20 31 8O| 32 68| 1,115 184 | 6,550,000
Leon *Subtiava®
Upper | Augr30i96 31 33 84| 41 24 56 521 430,000
320197 28 30 7.4 431 332 1,118 68| 70,000
mean value 30 32 77| 42| 178 586 60 250000
Lower | Augr30/6 23 32 7.7 43 37| 72 68| 280,000
Jan/20/97 28 29 74| 49| 204 1339 128 | 21,600,000
Mean Value 28 31 73] 48| 121| 706 98 | 10,640,000
Chinandega ' .
Upper | Septsi96 31 32 7.7 7.2 41 52 48 430,000
Janv2147 27 30 68| 88| 216] 923 g 460,000
| Mean Value 29 31 70| 80| 129]| 488 431 445,000
Lower | Sepisio6 2| 32 76| 72 72| 83| - 108| 430,000
Jan/21/97 27 29 7.1 7.1 564 | 1,391 110] 1,100,000
Mean Value 30 31 7.3 721 38| 7717 110 765,000
Grapada . ‘ : ‘
Exit Sep/12/98 33 33 7.9 of{ 300| 491 512 | 90,000,000
Javaue? 29 . 27 g1 12 60| 268 - 122 300,000
Mean Value 31| 30 gol .e| 175| 380] ' 947 | 45,150
Pond SepH2/96 33 36 40| 04| 150| 411 244 <3
Jan/23/97 28 28 7.8 85| 202| 655 240 70,000
Mean Value 31 32 8.1 45| 178] 533 242 35,002

D.4 Findings of the Survey

D.4.1 Wells Water

a, Leon

As for in the rainy season, level of BOD, as a parameter of organic contamination,
showed: San Carlos 0.0mg/l, Ruben Dario 0.1mg/l, and Los Tanques 0.4mg/l in this
survey results in the rainy season. Level of COD in the rainy scason showed: San Carlos
30mg/l, Ruben Dario 4.8 mg/l, and Los Tanques 25mg/l. COD concentration of San
Carlos and Los Tanques were considerably high as potable well water.

Meanwhile, the survey in the dry season resulted: San Carlos (BOD 1.2mg/l, COD
6.0mg/1), Ruben Dario (BOD 4.1mg/l, COD 21.0mg/l). It derives that COD/BOD is

D-3
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about 5. Therefore, it is strongly suspected the water is contaminated with organic
compounds. On the other hand, substantially high E.coli levels were detected (e.g., San
Carlos 930MNP/100mg/l, Ruben Dario 93MNP/100mg/). Consequently, it is possible
that the well water in San Carlos and Ruben Dario are contaminated with organic
wastewater including nightsoil.

The survey for Los Tanques showed similar features both in rainy and dry seasons. The
outcome (BOD 0.4mg/l, COD 18.5mg/l as an average of rainy and dry seasons) implies
few possibility of contamination by organic compounds. High level of COD observed in
this survey might be attributable to reductive inorganic substances dissolved in the
underground wates.

b, Chinandega

The survey for Chinandega wells showed similar features both in rainy and dry scasons.
The Levels of BOD as an average of rainy and dry seasons showed: Los Angeles
0.5mg/l, Las Pilas 0.3mg/l, and Ei Calvario 0.7mg/l. On the other hand, level of COD as
the average showed: Los Angeles 16.3mg/l, Las Pilas 13.3mg/l, and El Calvario
19.7mg/l. COD concentrations were considerably high as potable well water.

On the other hand, E.coli. counts for SMNP/100ml only in El Calvario average and less
than 3MNP/100ml for the rest wells. Therefore fecal contamination of well water might
not be suspected.

As far as the results of this survey implies, high level of COD observed might not be
attributable to fecal contamination of well water but could probably be attributable to
reductive inorganic substances dissolved in the underground water.

C.  Granada

As for in the rainy season, level of BOD, as a parameter of organic contamination,

showed: Quinta Ena-1V 1.1mg/l, Escudo-1 2. Img/l, and Escudo-1I 1.8mg/l. Level of
COD in the rainy season showed: Quinta Era-1V 31mg/], Escudo-1 18 mg/l, and
Escudo-II 20mg/l COD concentrations were considerably high as potable well water.

E.coli. in the rainy season counted for 4AMNP/100ml only in Escudo-II and less than
3MNPI lOOmi for all the rest.

Meanwhile, the WQS in the dry season recdrded substantially high E.coli levels in
Escudo-1 and Escude-11 (Escudo-1 430MNPF/100mg/l, Escudo-II 150MNP/100mg/).
However, tevel of BOD, as a parameter of organic contamination, ranged low
concentration in the 2 wells (Escudo-I 0.1 mgfi, Escudo-II 0.1 mg/), and COD/BOD
ranges 74 to 64. Therefore it is less possible that the well water is polluted with organic
and feca! residual water,

In case where the samples showed lower concentration of organic compounds and
substantial existence of E.coli,, it implies that the water is not contaminated with organic
and fecal wastewater, but it implies the water contamination with intestinal pathogens,
since E.coli has its habitat in human or animal intestines.

In this consequence, it is possible that the well water in EscﬁdoJ and Escudo-1f are
contaminated with intestinal pathogenic organs of human or animals.

As for the Quinta Ena water, E.coli. in the dry season (9MNP/§_00ml_)‘:ranged
comparatively higher than that in the rainy season. However, its COD (14.0mg/1) and

D-4
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BOD (1.1mgA)in the dry scason showed COD/BOD being about 13. Conscquently, the
comparatively high level of COD observed might not be altributable to organic
contamination of well water but could probably be attributable to reductive inorganic
substances dissolved in the underground water.

D.4.2 River Water

a. Teon

% Figure D-1 shows river water quality on several tocations surveyed by the Team (as
shown in the Table D-4) and by INAA,

El Qjoche Rio Acosasco
Subtiava STP
Feb/95 Juy96 Feb/96 | May/96 8 - Augld Jan/97
BOD 184 140 BOD 240 120 76 50
| COp 688 233 - LcoD 593 232 ] . 147 2,083
88 - 86 S3 - 210 162 206
. 4 b J i A 4 I
, 'Y
g : ‘ Rio Chiquito o
(! Feb/95 { Jul96 | Aug/96 | Jun/97 Feb/96 May/96 M2y 96
BOD 9H 140 37 204 BOD 1501 80 84
CCb 368 333 72 1,339 CoD 447 232 224
S8 . 104 63 R ES . 182 164
Feb9s [ 1u056_ | Avg/o6 | Jaadi_ El Cocal STP
BOD 120 160 24| 332
CoD 320 431 36 1,116 _
$s - 112 52 68 ' : -
Feb/9s | Mayi96 | Avg/6 | Jan/97
BOD 200 - 100 1) 132
CoD 509 _216 209 82
S8 - 184 92 66

Figure D-1: Water Quality of “Rio Chiquito”
. Leon has 2 sewage trealment plants along the Rio Chiquito river; El Cocal plant stands
1 in the upper stream of the Subtiava,
a.l  ElCocal
Comparison of upstream sample and downstream sample of “El Cocal” indicates that:

+ Upstream BOD (122mg/l in the average) improved after receiving the lagoon
effluents at the down stream (68mg/l in the average), both in rainy and dry
$€asons;

D-5
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¢ Asfor COD inthe dry scason, contrary to BOD and COD in the rainy scason, the
upstream COD (892mg/1) deteriorated after receiving the effluents (downstream
COD: 2,083mg/); and

» As for E.coli. in the dry season, contréry to the B.coli. in the rainy season, the
upstream bacteriological quality (110,000,000MNP/100ml), after receiving the
effluents, improved at downstream (1,500,000MNP/100m1).

This implies that the efftuent of El Cocal has a feature of high COD but its BOD and
E.coli. levels are low. Therefore, two specific features of El Cocal lagoon treatment are
implied as follows;

¢ In the rainy season, the upstream BOD (111mg/l) and COD (209mg/t) improved
after receiving the lagoon efftuents at the down stream (BOD: 76mg/l, COD:
147mg/l). Tt indicates that biological degradation is significantly achieved in the
tagoon superior to the quality of the present river water, However, high level of
E coli. concentration remains in the effluent. This might be because: shorter
retention time of the lagoon, due 1o significant amount of stormwater intrusion to

the sewer system in the rainy season, could not achieve sufficient bacteriological
removal.

* In the dry season, due to absence of stormwater intrusion to the system, sufficient
retention lime in the lagoon might enable significant tevel of bacteriological
removal. At the same time, longer retention time might accelerate significant
growth of algae in the lagoon. The tagoon effluent containing algae might possibly
be the major cause of high COD of the effluent.

2.2 Between El Cocal and Subtiava

To compare the “El Cocal downstream™ and “Subtiava upsttéam”, in the rainy season, it
is considered that Rio Acosasco, which inflows in the Rio Chiquito between Et Cocal

and Subtiava, supply clean water to improve the river water quality (in all parameters of
BOD, COD, §S and DO).

On the other hand in the dry season:
¢ BOD in the upstream {(60mg/l) deteriorated in the down stream (332mg/D);
e COD in the upstream (2,083mg/l) improved in the down stream (1,116mg/); and

 E.coli. in the upstream (1,500,000MNP/100ml) improved in the down stream
(70,000MNP/100ml).

Only BOD in the dry season has a contrary result to others. It is difficult to reach a clear
conclusive explanation for it. However, a possible causation of this result might be: “In
the dry season, the river flow is small and slow, and may create partial stagnation of
water. Whereas, algae of El Cocal effluent might be putrefied in a stagnant water, which
consequently might have raised the BOD level. Meanwhile, E.coli. and COD
attributable to algae might be reduced through the putrefaction.

a.3 Subtiava

Comparison of the upstream sample water and the downstream sample water in the rainy
season indicates that:
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s The river water qualily deteriorated with the lagoon effluents. Upstream BOD
(24mg/) and COD (56mg/l), afler recciving the lagoon efituents, rose to 37mg/l
and 72mg/l respectively.

¢ Asfor E.coli,, upstream E.coli. of 430,000MNP/100ml and downstream E coli.
of 280,000MNP/100ml were recorded. Decrease in E.coli. concentration after
receiving the fagoon eflluent was observed.

Therefore, biotogical features (represented by BOD, COD) of the river water are
deteriorated with the Subtiava lagoon effluent. Meanwhile the eflluent improves
bacteriological features of Rio Chiquito.

On the other hand, the survey results in the dry season indicates that:

o The upstream and downstream river water quality, in terms of BOD and COD,
ranges in a same level (BOD: upstream 332mg/l and downstream 204mg/l. COD:
upstream 1,116mg/t and downstream 1,339mg/l).

e Asfor E.coli:, u;istreém E.coli. of 250,(}'00MNP/ 100mt and downstream E.coli. of
21,000,000MNP/100m! were recorded. Considerable increase in  E.coli.
concentration after receiving the lagoon effluent was observed.

It is difficult to conclude that the outcome is only attsibutable to the Subtiava effluent.
However, as a major causation, it is observed that bacteriotogical treatment function of
Subtiava is largely deteriorated in the dry season, contrary to its good functioning in the
rainy season. Presently in the dry season, bacteriological feature of the Subtiava effluent
is in a same level of untreated sewage water. Meanwhite, the lagoon presently achieves
its biological treatment (represented by BOD, COD) only to the level of river water
quality. Therefore, it might be concluded that sewage treatment functions of the
Subtiava in this dry season is considerably deteriorated and it could be a major
attribution to the polluted water in the receiving body (Rio Chiquito).

b. Chinandega

Comparison of the upstream sampte water and the downstream sample water indicates
that: ‘

+ Both in the rainy and dry seasons, same biological features were observed in the
comparison of upstream and downsiream water (i.e., the river water quality is
deteriorated with the lagoon effluents), whereas, levels of BOD and COD in the
dry season are much higher than in the rainy season. After receiving the lagoon
effluents, upstream BOD (41mg/ in the rainy season, 216mg/l in the dry season)
are raised to 72mg/fl and 564mg/l at downstream respectively in the 2 seasons,
upstream COD (52mg/l in the rainy season, 923mg/l in the dry season), rose to
163mg/l and 1,391mg/] respectively.

o Asfor E.coli, both the upstream and the downstream samples show the same level
of concentration in the rainy season. Whereas in the dry season, upstream water
(460,000MNP/100m!) bacteriologically deteriorated in the . downstream
(1,100,000MNP/100ml) after receiving the effluent.

Therefore, the lagoon treated effluent relates with the river water quality as follows:
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* Asan average of the 2 seasons, biological features of the river water deteriorated
with the lagoon effluent, i.e., BOD concentration rises 2.5 times and COD
concentration rises 1.6 times after receiving the lagoon effluent; and

¢ As an average of the 2 seasons, bacteriological features of the river water also
detertorated with the lagoon effluent, i.e., E.coli. concentration rises 1.7 times
after receiving the lagoon effluent.

c Granada

Since the Granada Sewage treatment plant does not outfafl its effluents into 4 river but it
flows into a marshland and there the effluents infiltrate into the ground, sampling were
made at the lagoon outfall point and the marshland. The survey results indicate that:

o Comparing the rainy season and the dry season, the lagoon treated effluent shows
the improvement in the dry seasonin the all parameters analyzed (i.e., BOD, COD,
SS and E.coli.). Specially the dry season improvement in BOD and E.coli are
outstanding. (i.e., BOD: rainy season 300 mg/ and dry season 50 mg/l. E.coli.:
rainy season 90,000,000 MNP/100ml and dry season 3G0,000MNP/100ml).

This could be concluded that stormwater intrusion in the sewer system is substantially
small and therefore the lagoon treatment functions properly in the dry season.

Meanwhile, the marshland sample quality in the dry season far deteriorated from that in
the rainy season. This coutd be concluded that: the effluent is comparatively small and
putrefaction develops well in some stagnant water, furthermore animal excrete from the
husbandry there might contribute the deterioration of the sample at the marshiand.

Agricultural Chemical Contamination in L.eon and Chinandega

INAA carried out well water quality surveys in January/February 1996 for S cities in the
Region I where agrochemical contamination were suspected. The surveys resulted that
organio-chloride and organio-phosphorous agrochemicals were detected in severat
wells in Leon and Chinandega.

As for the substance stipulated in WHO guideline (i.e., Dieldrin), where the level in
samples taken count for below the limit stipulated, the well water could be assumed as
suitable for drinking. However, the survey revealed the underground water was
contaminated with substances not accepted by WHO.

The former guidelines for drinking water in Japan stipulate that organic-phosphorous

compounds should not be detected. (Present guideline for drinking water in Japan does
not stipulate leve! of organio-phosphorous compounds, because production and/or

usage of organio-phosphorous agrochemicals are now prohibited in Japan due to its
toxicity.)

Therefore, it simply can not be judged that the underground water in the 2 cities are safe.
Although criteria of water potabitity in Japan can not be simply applied to Nicaragua, in
view of drinking water safety, constant surveys of underground water quatity should be
continued to monitor the level of such contamination since agrochemicals are principally

toxic. Countermeasures related should be placed in accordance with the monitoring
fFesults.
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On the other hand, although thosc well water contamination are attributable to
agrochemicals spread on arable lands, in view of well depthin 2 citics (Leon: 47-140m,
Chinandega: 54-100m), it is difficult 1o conclude that agrochemicals spread on arable
land have infiltrated so deep to the underground water stratum. It may be possible that
agrochemicals trickled down atong the casing of wells to the underground water stratum
or to the inner side of wells.

A, L.eon

Organio chloride compounds {e.g., Aifa-BHC, Dieldrin, pp-DDE, pp-DDD) and
organio phosphorous compounds (Fention) were detected in Leon wells. The results are
summarized in Table D-5.

Table D-5: Results of Wells Water Quality analysis in Leon

_ Organic
Organic Chioride (ng/l) Phosphorus
(ng/l}
Alfa-BHC | Oileldrin | pp-DDE | pp-DDD Fention
San Felipe || - 1.19 1.38 - 484
San Felipe 1) 0.16 - - - - 416
San Carlos - 1.14 - . .
Las Pitas - - - 08 -
Los Tanques - - - 1.43 -
Ruben Dario - - - - 618
Laborio Church 3
blocks (distribution - . - - 582
nel)
WHO Guideline NA 30 NA NA NA
Notes: - : not detected NA : nol available

b. Chinandega

Dieldrin {an organio chloride) and Fention (an organic phosphor) were found in
Chinandega wells (see Table D-06).

Table D-6: Results of Wells Water Quality analysis in Chinandega

Organic Chioride {ng/l} | Organic Phosphorus (ng/i)
Deildrin Fention
La Mora 1.39
Las Pilas . 570
Calvario - 77t
Hogar Del Nino (distribution net) - 271
WHO guidehine 30 NA
Notes: - . not detected NA : not available
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D.5.1 Wells Water Contamination in Granada

Table D-7 summarizes results of the study (Impact Ambiental de} Basurero Existente
“La Joya”} cafried out in 1995 by CIRA.

Table D-7: Result of Water Quality Analyses by "CIRA"

BOD {mg/) COD (mgh) Ct {mgf) NHe-N{mgfi) | NOs-N{mgn)
May/95 | Augios | Mayres | Augros | Mayios | Avgies | Augres Aug/95
QE4 | 075 5.0 202 | 204 | 47145 | 5107 0.01 58
E-1 05 55 202 | 204 | 2203 | 2105 0.09 5.86
g2 | 05 5.0 202 | 204 | 4232 | 4425 0.015 40.48

al

Leachate Contamination

The study revealed considerably high values of CI' in ground water. The report
mentions that the values of CI' in 1973 ranges from 9~17mg/l. Meanwhile, results of
well water surveys carried out by INAA in 1994-96 are summarized in Table D-8. It
reveals that the concentration of Ci' in Granada wells are significantly high, although not
reached a level which render it in drinkable. Tt might be concliided with the observation
listed below that wells in Granada are possibly polluted by La Joya leachate.

Table D-8: Comparison of Wells Water Chioride Concentration

Leon

Chinandega

Granada

Chiloride (mg/)

1810 55

9.210 20 13310 18.7

o CI concentration in Granada wells are high in comparison with the values in other
2 cities, which are in a same range of Ci” values of Granada wells in 1973,

In general, CI' concentration of leachate from landfills fanges 100~3,000mgfi "
depending upon waste composition. Its typical value is estimated to be about

1500mg/.

The distance from La Joya fandfill 10 Quinta Ena Il is about 2.8km, and to Escudo
LI is about 1.7km. These wells are located downstream of La Joya landfill site

(see Figure D-2).

La Joya landfill started its operation in 1976. CI' concentration of Granada wells
water in 1973 ranges about the same as that in the other 2 cities today. On the
other hand, recent Granada wells water shows comparatively high values of CI

concentration.

*} SOLID WASTE McGRAW-HILL
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b. Industrial Wastewater Contamination

Table D-7 (i.e, resulls of the CIRA study) shows that BOD values range more than 10
times and COD values range the same in May/95 and Aug/95. The CIRA report
mentions that it could not clarify the causation whether it attributes to errors in sample
anatyses or external contamination. The BOD values in CIRA study ranges as high as
more than 2 times of the Team’s survey results and their COD value ranges about 60%
of the Team’s survey results. In any event, both BOD and COD values of the wells water
ranges significantly high as ground water quality.

A tannery is located 2km southwest of the wells. The tannery wastewater (WPLS
resulted BOD 1,800mg/l, COD 2,022 mg/l, Cr 27 mg/l, see section 2.3 in Chapter 2) is
discharged into a volcanic crater, where the crater is upstream of the groundwater flow
to the wells. The tannery wastewater might probably be polluting the welt water, since it
is envisaged that the wastewater discharged in the crater is directly routed to the ground
water.

Conclusions

Wells Water Quality in 3 Cities

High COD recorded in wells where biological contamination are not suspected, might be
attributable to reductive inorganic substances dissolved in the underground water.

a. Leon

According to the survey results in the rainy and dry seasons, 2 wells (i.e., San Carlos and
Ruben Dario) out of 3 wells surveyed might be possibly polluted with organic
wastewater including nightsoil. Furthermore, the survey result of Ruben Dario well
waler suggest “slow filtration” and “disinfection”, because the survey results were

classified as Class B of the waler categories proposed in the INAA’s Pre-feasibility
Study.

According 1o the survey results carried out by INAA in 1996, although substances
stipulated in WHO guideline were detected lower than the limit stipulated. Organic-
phosphorous compounds were detected in several wells in Leon. Therefore, it is
necessary to continue monitoring for agrochemicals contamination, and in case it would
be necessary to take countermeasures such as abandonment of contaminated wells,

b. Chinandega

According to the sufvey results in the rainy and dry seasons, there is little possibility that
the 3 wells surveyed in Chinandega (i.e., Los Angeles, Las Pilas, El Calvario) are
polluted with organic wastewater including nightsoil.

According to the survey results carried out by INAA in 1996, although substances
stipulated in WHO guideline were detected lower than the limit stipulated. Organic-
phosphorous compounds were detected in several wells in Chinandega as well.
Therefore, it is necessary to continue monitoring for agrochemicals contamination, and
in case it would be necessary to take countermeasures such as abandonment of
contaminated wells.
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c. Granada

According to the survey resulls in the rainy and dry seasons, there is little possibility that
wells of Escudo I and Escudo 1T in Granada are polluled with organic wastewater
including nightsoil. However, it is possible those 2 wells are contaminated with intestinal
pathogens of human or animals.

'The survey in the rainy season suggested that Escudo 1 and Escudo Il require “slow
filtration” plus “disinfection”. Meanwhile the survey in the dry season indicates
improvement of the water quality and they only require “disinfection™. In this
connection, continuous monitoring of well water quality is necessary for the future.

On the other hand, WPLS carried out by the Team in the rainy season found that high
concentration of organic wastewater including chromium is discharged from the tannery
factory to a volcanic crater, which is located upstream of the ground water soucces of
the city. Underground water contamination therefrom is highly anticipated.

Furthermore, in view of what suggested in the CIRA’s report on La Joya dumping site,

it is very possible that La Joya dumping site might be causing contamination on ¢ity’s
potable water sources

d. Water Resources and Purification Method

INAA’s Pre-feasibility Study' (Volume-1) categorizes potable water sources into 4
groups (see Table D-9) and specifies purification methods suited for respective water
resources characteristics (see Table D-11).

With referring to the purification methods specified, since BOD values of Ruden barto in
Leon show 2.lmg/l they are classified as Class B, i.e, “disinfection” plus “slow
filtration” are required for them.

Table D-9: Classification of Waler Resources

Unit Class A Class B ClassC | ClassD
BODs mg! 0.03510 1.5 151025 1510 2.5 >25
Color t.cu 150 15010300 5.0to 40.0 > 50.0
Turbidity nut 50| 50t0400| 150101500} > 150.0
fron mg/l 03] 031005 030 1.0 >1.0
Magnasium myA 0.5 0.1t005 0510 1.0 >1.0

" INAA, Estudio de Priorizacion de Inversions en ¢l Sector de Agua Polable y Alcantaritlado Sanitario
Volumen 1, Marzo, 1996 (I75/Lotti/Lamsa)
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Table D-10: Classify of Investigated Wells

Mean Valua of BOD in Raln & Dry Ssason Class
Leon _
San Carlos 0.6 mg/l A
Ruben Dario 2.1 mgn B
Los Tangues 0.4 mo/ A
Chinandega
Los Angeles 0.5 mg/l A
Las Pilas 0.3 mg1 A
E{ Calvario 0.7 mg/l A
'} Granada
Quinta Ena IV 1.1 mgfl A
Escudo | 1.1 mgi A
Escudo I 1.0 mgAl A
Table D-11: Classification of Purification Method
Class A Class B Class C Class D
Disinfection X X X X
Coagulation X X
Flocculation X
Settling X
Stow Filtration X
Rapid Filtration X X

Since the results were derived from only two time sampling in the rainy season (i.e,
August/September 1996) and dry season (i.¢., January 1997).

By any means, periodical monitoring of well water quality shall be continued onward.
Purification methods to be applied and/or relocation of water sources (i.e., wells); etc.
should be examined based on such water quality surveys results continuously
accumulated.

- River Water Quality
a. Leon

a.l Eil Cocal

In the fainy season, bacteriological process of El Cocal lagoon was insufficient and high
E.coli. level of the effluent was observed. Meanwhile, in the dry season the tagoon’s
bacteriological process improved but at the same time high COD was recorded.

This could be concluded that:

o In the rainy season, stormwater intrusion to the sewer system deteriorated the
lagoon’s bacteriological process,
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o Meanwhile in the dry season, the lagoon’s sewage water inflow becante stable and
algae prowth in this consequence improves bacteriological process of the lagoon;
and

o On the other hand in the dry season, the lagoon efllucnt containing algae raises its
COD level.

Those phenomena are inevitable with tagoon style treatment methods. If the effluents are
intended 1o be utilized as liquid fertilizers, high organic level of efluent would be a merit
and therein bacteriological process would be a key solution for its utilization. However,
if the lagoon treatment is intended mainly for pollution prevention of the receiving public
water bady, present El Cocal treatment system has limitation for such purposes.

a.2 Between El Cocal and Subtiava

To compare the “El Cocal downstream” and “Subtiava upstream”, in the rainy season, it
is considered that Rio Acosasco, which inflows in the Rio Chiguito betwecen El Cocal
and Subtiava, supply clean water 1o improve the river water quality (in all parameters of
BOD, COD, 8§ and DO).

On the other hand in the dry season, BOD in the upstream (60mg/l) becomes
deteriorated in the down stream (332mg/1); Tt is difficult to reach a clear conclusive
explanation for it. However, a possible causation of this result might be: “In the dry
season, the river flow is small and slow, and may create partial stagnation of water.
Whereas, algac of El Cocal effluent might be putrefied in a stagnant waler, which
consequently might have raised the BOD level Meanwhile, Ecoli. and COD
attributable to algae might be reduced through the putrefaction.

a3 Subtiava

It is observed that bacteriological treatment function of Subtiava is largely deteriorated
in the dry season, contrary to its good functioning in the rainy season. Presently in the
dry season, bacteriological feature of the Subtiava effluent is in a same level of untreated
sewage water, Meanwhile, the lagoon presently achieves its biological treatment
(represented by BOD, COD) only to the level of river water quality. Therefore, it might
be concluded that sewage treatment functions of the Subtiava in this dry season is
considerably deteriorated.

b. Chinandega

Comparison of the upstream sample water and the downstream sample water indicates
that:

e Both in the rainy and dry seasons, same biological features is observed (i.e., the
river water quality is deteriorated with the lagoon effluents), whereas levels of
BOD and COD in the dry season are much higher than those in the rainy season;
and

e As an average of the 2 seasons, biological features of the river water is
deteriorated with lagoon effluent (i.e., BOD and COD. concentration rises 2.5 and
1.6 times respectively after receiving the lagoon effluent), and bacteriological
features of the river water is also deteriorated with the lagoon efftuent (i.e., E.coli.
concentration sises 1.7 times after receiving the lagoon effluent).
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C Granada

Comparing the rainy season and the dry season, the lagoon treated efiluent shows the
improvernent in the dry season in the all parameters analyzed (i.e., BOD, COD, 88 and
E.coli.). Specially the dry season improvement in BOD and E.coli are outstanding. (i.e.,
BOD: rainy season 300 mg/l and dry season 50 mg/l. E.coli.. rainy season 90,000,000
MNP/100m! and dry season 300,000MNP/100m!). This could be concluded that
stormwater intrusion in the sewer system is substantiatly small and therefore the lagoon
treatment functions properly in the dry season.

Meanwhile, the marshland sample quality in the dry season is far deteriorated from that
in the rainy season, This could be concluded that: the effluent is comparatively small and
putrefaction develops well in some stagnant water, furthermore animal excrete from the
husbandry there might contnbute the deterioration of the sample at the marshland.
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E.2
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Water Pollution Loading Survey (WPLS)

Objectives of the Survey

Objectives of this survey were intended to generaily understand the prospects of the
pollution loading of respective contamination sources in the 3 cities.

Method of the Survey

a. Work Flow of the Survey

The WPLS carried out in accordance with the work flow indicated in Figure E-1.

;\na!ysis of Basic Data and Information
s Populalion

¢ Income Level

o  Sewer System

«  Water Supgply Condition
. etc.

b

Preliminary Selection of Sample Area I

Filed Reconnaissance J

Setection of Sampling Area J

Water Use Amount Survey I ‘ Water Quality Survey I
Water Use Ratio Area-wise Waste
) o Water Quality
Generation Ratio of (BOD, COD, SS, pH, etc)

Waste Water (/person/day)

Generation Ratio of Pollution Loading
(BOD, COD, SS (g/personv/day))

Figure E-1: Work Flow of WPLS
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Taotal 15 sampling areas as listed below were designed for the WPLS in each city.

o 3 sample areas of high income residentiat areas,

. & & & o

3 sample areas of middle income residential areas,
3 sample areas of low income residential areas.

2 factories,

2 market areas, and
2 office areas.

Sampling points to represent respective sampling areas inthe 3 cities were determined
after discussion of the Team and the counterpart as tabulated in Table E-1. Sampling
manholes for the residential areas were selected from the second or the third manhole
from the most upstream of the sewer nets.

Table E-1: Selected Sampling Point

Leon " Chinandega Granada
High A-1 | Residencial Fatima Los Angeles Parque Los Generales
Income A-2 | Residencial Col. Monserrat ira. Etapa | Parada de Buses Mgua.
:’:E: ntial A3 Universitaria San Luis Carreter Managua -
: Residencial Posada del Sol Granada
Middie M-1 | Col. San Mateo €I Naranjo (Pump st.) | Villa Tepetate
income M-2 [ INO2¢c alS 1c al O Monserrat 2da. Etapa | Villa Sandino
:Zi:: tial M-3 Col. 4 de Mayo Calle Centro Urbano § E{ Palenque
Low B-1 t Colonia 1ro.de Mayo Monserrat 2 de Etapa | La Loquera
inc":}me 8-2 | Reparto J. Benito Escober | Ayapal La Gran China
residentiol 1 B3 | Fundeci 2da. Etapa Ayapal E1 Bolson
Factories | F-1 | Agrosa (Vegetable oil) Ecuanica {Seafood) E. Chamorro (Soap)
F-2 | Rolac {Battery) Gracsa (Vegelable oil) | Reptinica (Tannety)
Market Ma-1 | Mercado Santos Barcenas | Mercado de Mayoreo | Mecardo Central
areas Ma-2 | Mercado Central Mercado Central ﬁpurrmecado Lacayo
0.
Office O-1 | Alcaldia Alcaldia Alcaldia
areas 0-2 | BANADES INAA INAA
c. Survey Items

Survey items for the WPLS are listed in the table below.
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Table E-2: Survey ltems of Water Pollution Load Survey

On-site Survey llem t aboratory Analysis ltem

Tkgf;l_)ient Temperature (AT) o 1. DO {Dissgl_;a;d Oxygen) A .

2. Sample Temperalure (ST) 2. COD {Chemical Oxygen Demand)

3. pH 3. BOD (8iochemical Oxygen

4. Water use amount, Demaﬁd)

5.  Population of Sampling Point (Residential 4. S (Suspended Solid)
Area) 5. Total Chromium {for factories)

6.  Number of Emp!oyee and Floor Area
(Factories)

7. Number of Shops and Employée (Market)
Number of Employee and Floor Area (Office)

All the analyses were conducted based on the “APHA-AWWA-WPCF, Standard
method for the examination of water and wastewater 17th edition 19897,

d. Water Use in Residential Area and Market
All water meters of all households and market in the area were read twice for 7 days.
e Water Use in Factories

As for factories that use the INAA water supply for their production, water meters were
read once a day (designated time) for 7 days, As for factories that extract underground
water from their own wells, water use declared by the factory was employed for the data
processes in WPLS.

f. Wastewater Sampling

1 Frequency of Sampling

Samplings were carried out every 3 hours from 6:00 to 24:00 {i.e, total 7 samples).
f.2 Composite Sample

Ralio for making a composite sample (which is to be analyzed in a laboratory) was
determined as indicated in the following table, with reference to the sewage inflow
pattern of existing sewage treatment plants.

Table E-3: Sampling Ratio for Composite Sample

I;“;Tﬂ?; q 6:00 | 900 | 1200 | 1500 | 1800 | 21:00 | 24:00

Leon 1.0% | 229% | 208% | 144% | 123%| 103%| 84%
Chinandega 6.3% | 223% | 221% | 178% | 146%| 104%| 65%
Granada 8.8% | 208% | 215% | 156% | 140%| 108%| 85%
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E.3 Results of the Survey

a. Residential Avea
a.l Leon

Results of survey are tabulated in Table E-4 and Table E-5.

Table E-4: Water Use Amount and Wastewater Quality

Area Population Water Use amount Water Quality {(mg/l)
tday | wpday | Bob ! cop | ss
|High Income
At 46 15,489.8 336.7 16 190| 78
A2 32 6.800.0 2128 227 433 200
A3 40) - 12,3612 308,00 270 333 140
Weighted Average 118 (totlal)| 34,651 (lotal) 293.7 183 304 132
Middie Income o
M 93] 28,0816 30200 218] 416 232
M2 ' 61 10,320.0 169.2] 680] 1,597 1,056
M3 61 14,607.7 239.5 289 557 280
Weighted Average 215 ({otal)] 53,009{total) 246.6 368 791 479
Low Income
B 89 8,358.0 1211 868] 1.846] 1,560
B2 39 ' 5,265.0 135.0 416 847 620 g
B3 30 5,782.0 1927 251 376 232
Weighted Average 138 (total)] 19,405(total) 1406 606] 1,272 1,021

Tabte E-5: Pollution Load and Loading Ratio

\ Pollution Loading Ratio
Area Pollution Load (g/day) (@/ptd)
Bob | cop | ss gob | cop| ss
High Income : ' o
Al 1,477.2] 2.943.14 12082 2586 84.0| 26.3
A2 1,543.8] 29444 1,360.0 48.2] 92.0 42.5|
A3 3,337.5 4,118.3 1,730.6 83.4| 1029 43.3
Weight Average 6,330.7] 10,5478 4,577.4 53.7] 894 388
Middie Income _ .
Mi 6,065.6 11,681.9 6,514.9 65.2) 1256 70.1
M2 70176] 18481.0] 1089780 1150| 2702] 1787 g
M3 4,221.8 8,136.5 4,090.2 69.2] 133.4 67.1
Weighted Average 19,5286 41,9357 254127 90.8] 1950 118.2
[Low Income _
B1 72547 154289 13,289.2] 1051 2236f 1926
82 2,180.2 4,986.0 3,264.3 56.2] 1278 83.7
B3 1,451.3 2174.0 1,341.4 484 725 44.7
Weighted Average 11,761.4] 24,690.9| 19.806.7 852} 1788] 1435
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a.2  Chinandega

Resuits of survey are tabulated in Tabte E-6 and Table -7,

Table E-6: Water Use Amount and Waslewater Quality

Area Population Water Use Amount Water Quality (mg/l)
- Vday | Vpiday | BoD [cop | ss
High Income

At 20 8,250.0 412.5 50| o 12

A2 51 19,780.0 387.8 150 3582 328

A3 ! - 32 12,825.0 400.8 20 37 136
Weighted Average 103 (lotal)| 40,855 (total) 396.7 o 203 218
Middle Income ‘

M1 273 63,130.0 231.2 250 563 460

M2 64 9,175.0 1434 586 719 462

M3 49 4,250.0 86.7 504 721 518
Weighled Average a86 (total)] 76,555 (total) 198.3 338] 608 467
Low Income

B1 29 3,8833 133.9 486] 647 456

B2 26 6,361.4 2447 253 563 460

83 : 44 2,200.0 50.0 458] 780 484
Welghted Average 72 (total)] 12,445 (total) 172.8 395] 648] 464

Table E-7: Pollution Load and Loading Ratio
Pollution Loading Ratio
Area Pollution Load (g/day) (aipid)
Bob | cob | ss BoD Jcop| ss

High income ' N

Al 412.5 750.8 5840/ 208] 375 287

A2 2,967.0 6,9626] 64878 58.2] 136.5 127.2

A3 256.5 474.5] 1,744.2 8.0] 1438 54.5
Weighted Average 3,685.1 ' 8,314.0] 8,830.9 58 80.7 86.7
Middle Income -

M1 15,782.5 35,542.2| 29,0398 57.8]1 1302 106.4

M2 5,376.6 6,596.8] 42389 840 1031 662

M3 21420 30843 22015 43.7f 625 44.9
Weighted Average 25,8756 46,614.3i 35,804.8 67.0]1 1208 928
Low Income :

B1 1,887.3 25125 1,770.8 651 866 61.1

B2 1,609.4 3,561.5 28262 61.9] 137.8] 1125

B3 1,007 6 1,716.0] 10648 59.3] 1008 626
Weighted Average 4,919.4 8,0654f 57756 68.3] 1120 80.2
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a3 Granada

Results of survey are tabulated in Table E-8 and Table E-9.

Table E-8: Water Use Amount and Wastewater Qualil_y

Area Poputation Water Use amoun! Waler Quality {mg/)
Wday | Uprday | BOD jcop | ss
High Income
Al 28 6,400.0 2286 217] 363 242
A2 13 3,400.0 261.5] 3,720 4,35%] 7.,250]
A3 41 10,319.7 251.7 176] 365 686
jWelghted Average 82 (totah) 20,120 {total) 2454 752 996] 1,575
Middle Income _
M1 25 1,147.5 45.9 552] 649 332
M2 43 9,050.0 210.5 B0l 569 206
M3 15 3,487.5 232.5 120 205 428
Weilghted Average 83 (total) 13,685 (lotal) 164.9 375 527 KXY
Low income
81 38 7,400.0 194.7 240} 406 286
B2 14 2,800.0 200.0] 1.,540] 2,338/ 1,344
B3 21 4,150.0 197.6] 1,012] 1,500] 1,556
Weighted Average 73 {lotal)] 14,350 {tota)) 196.6 7i1] 1,138 854
Table £-9: Pollution Load and Loading Ratio
Aren Pollution Load {gfday) Po"”‘"’"(;';l’)?:)'"g Ratio
BoD | cob | ss |sob| cop | ss
High Income : R
Af 1,388.8 2,323.2] 15488 496] 830 553
A2 12,848.0 14,793.4] 24,650.0] 972.9| 1,138.0] 1,896.2
A3 1,816.3 3,766.7| "7,079.3] 443] - 91.9] 1727
Weighled Average 15,128.0| 20,043.2| 316885 1845 2444] 3564
Middle Income .
M1 633.4 744.7 381.0] 253 298| 152
M2 3,268.0 5149.5] 26788 758 1198 62.3
M3 418.5 714.9 14927 279 477 99.5
(Weighted Average 5,125.0 7.216.4] - 4,5256] 61.7 86.9 54.5
Low Income
B1 1,776.0 3,670.4] 21164 46.7 96.6 §5.7
B2 4,312.0 6,546.4] 3,763.2| 308.0] 4676} 268.8
B3 4,199.8 - §,225.0! 8,457.4] 2000 296.4] 3075
Weighted Average 10,208 .8 16,331.7{ 12,257.8| 139.8] 223.7] 187.9]
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Results of the survey are tabulated in Table B-10 and Table E-11.
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Table E-10: Water Use Amount and Wastewater Quality

_ KOKUSAIKOGYO €O, LTD.

; Floor Water .

Main Products Employee Area Use Waler Quality (mgh)
{persons) (m?) (m’day) | BoD | coD [ ss | Cr
F-1 | Vegetable Oil & Soap 229 1,200 76 453 734 | 1,590} 15
F-2 | Baltery 37 300 1.9 4 30 0] 08
Table £-11: Poliution Load and Loading Ratio
Load (g/day) Loading Ratio 1 (g/m%day) | Loading Ratio 2 {glemp./day)
BOD cOD S5 BOD | COD S8 BOD COob )
F-1 | 344281 55784 | 12,084.0 2.9 4.6 101 15.0 24.4 52.8
F-2 76 57.0 a 0.03 0.2 0 02 1.5 0
b.2  Chinandega

Results of the survey are tabulated in Table E-12 and Pable E-13.

Table E-12: Water Use Amount and Wastewater Quality

Mazin Products Employee | Floor Area thje;teer Water Quatity {mgh)
(persons} (m?) (m’fday) | BOD | COD | S8 | Cr
F-1 | Seafood Processing 202 3,200 a5 140 298 64| 0.8
£-2 | Vegetable Qil 111 2,130 6.6 60 122 10| 08
Table £-13: Pollution Load and Loading Ratio
t.oad (g/day) Loading Ratio 1 (gfmglday) Loading Ralio 2 (g/femp./day)
BOD cob | ss BOD | coD 88 BOD coD $35 |
F-1 | 13300 2,831.0 | 608.0 c4 e 02 66 14.0 3.0
F-2 396.0 80521 ©6.0 0.2 0.4 .03 38 7.3 0.6
b.3 Granada

Results of the survey are tabulated in Table E-14 and Table E-15.
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Table E-14: Water Use Amount and Wastewater Quality

) Fto .
Main Producls Employee Areoar \’Slljast:r Water Quatity {mg/)
{persons) | (m% | (mday) | BOD | cop | ss Cr
F-1 | Soap & Vegetable Oil 100 3,200 1,840 4 93 4 08
F-2 | Tannery 26| 2,130 150 1,800 ] 2,022 1,728| 270
Table £-15: Pollution Load and Loading Ratio
Loading Ratio 1 . ‘
Load (g/day) (q x> day) Loading Ratio 2 {g/emp./day)
BOD coD S8 8OD | COD } $S BOD coD ss
F-1 7,380 ] 174,120 7,360 23} 535 23 736| 17112 736
F-2 1 270,000 303,000 259,200| 126.8] 1424 | 121.7] 10,3846 | 11,6654 | 89692
<. Market
el Leon
Results of the survey are tabulated in Table E-16 and Table E-17.
Table E-16: Water Use Ameunt and Wastewater Quality
Nos. of Shops Flaor Area Water Use Water Quality (mg/l}
{nos.) {m?) (m*fday) BOD coD 88
Mr-1 150 450 35 1,272 2654 1,260
Mr-2 200 7,059 55.4 688 1,206 716
Table £-17: Pollution Load and Loading Ratio
Loadin'g Ratio 1 Loading Ratio 2
Load (g/d
oad (g/day)} (g/shopiday) (o/ mglday)
80D cob ss BoD | coD ss BOD | cQD SS
Mr-1 4,4520| 92890| 44100 2071 619 29.4 9.9 206 9.8
Mr-2 | 38,1152 | 66,8124 39,6664 | 1906 33441 1983 5.4 95 586
c¢.2  Chinandega
Results of the survey are tabulated in Table E-18 and Table E-19.
Table E-18: Water Use Amount and Wastewater Quality
Nos. of Shops Floor Area Water Use Water Quality (mgh)
(nos.) {m?) (m*day) 80D cOD §S
Mr-1 100 7.059 34.0 590 858 428
Mr-2 500 8,460 37.8 73 120 110

E-8
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Table E-19: Pollution Load and lL.oading Ratio

Load (g/day) Loading Ratio 1 Loading Ratio 2
{g/shoplday) (gf m2day)
BOD CoD 83 BOD cOoD SS 800 cob SS
Mr-1 20,0600 | 29,1720 14550 2006 | 291.7 1455 28 4.1 2.1.
M2 | 2.7594| 4560 41580 55| o e3| o3| os| o5

¢3 Granada

Results of the survey are tabulated in Table E-20 and Tabte E-21.

Table E-20: Waler Use Amount and Wastewaler Quality

Nos. of Shops Floor Area Water Use Water Quality (mg#)
{nos) (m?) (miday) 80D coD Ss
Mr-1 200 7,059 §9.4 552 649 820
Mr-2 1 2,600 124 1,540 2,338 1,344

Table €-21: Pollution Load and Loading Ratio

Load (g/day) Loading Ratio 1 Leading Ratio 2
. ' {g/shoplday) - (g m*/day)
80D coD ss BOD | coD sS BOD { cOD | 88
Mr-1 32,7858 38,550.6 | 52,8650 1639 1928 2643 486 65 7.5
Mr-2 15,096.0 28091.2 | 16,6656 19,0980 | 28,991.2 16,6656 7.3 11.2 64

d. Office
d.t  Leon
Results of the survey are tabulated in Table E-22 and Table E-23.

Table E-22: Water Use Amount and Wastewater Quality

Floor Area Employees Waler Use Water Quality {mg/1)
(m?) {person} (mfday) BOD coD $s
O-1 330 20 8.1 52 137 30
0-2 400 23 30 82 285 50

Table £-23: Poliution Load and Loading Ratio

Load (g/day) Loading Ratio 1 Loading Ratio 2
(a/ m’/day) (a/emp./day)
80D CoD $S BOD | COD S8 80D. | coD sS .

o-1 421.2| 1.108.7} 2340 1.3 34 0.7 2.1 55 1.2
0-2 | 246.0 8550 | 1500 06 24 04 10.7 372 8.5
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Resuits of the survey are tabulated in Table 1-24 and Table E-25.

Table E-24: Water Use Amount and Wastewater Quality

Floor Area Employee Water Use Water Quality (mgf)
(m’) {person) (m’fday) BOD coD 58
0-1 1,800 381 15.8 40 70 56
0-2 1,000 20 29 5 8 23
Table E-25: Pollution Load and Loading Ratio
Load {g/day) Loading Ratio 1 {g/ m*/day) Loading Ratio 2 {g/emp./day)
BOD | cob sS BOD CcOD $s BOD cQD 88
01 | 8320 ,106.0 | 884.8 0.4 0.6 0.5 1.7 29 23
02} 145 232 812 0.0 0.0 0.1 0.7 1.2 4.1
d.3  Granada
Results of the survey are tabulated in Table E-26 and Table E-27.
- Table E-26: Water Use Amount and Wastewater Quality
Floor Area Employees Water Use Water Quality {mgh) :
{m?) {person} {m’/day) BOD cop | ss
0-1 1,400 75 7.2 393 626 332
0-2 800 18 18 141.0 162.0 75.0
Table E-27: Pollution Load and Loading Ratio
Loading Ratio 1 Loading Ratio 2
Load {g/d :
o§ (gfday) (a/ m*day) _ . {gfemp.iday)
BOD | COD sS 80D | cop ss BOD | cop | ss
01| 282061 45072 23904 20 3.2 1.7 3.7 60.1| 319
02| 2538| 2916 135.0 03 0.4 0.2 14.4 162]| 75
E.4 Findings of the Survey
a. Residential Area

The survey results of respective cities, excluding atypical data recorded, are tabulated in
the following table. Table E-28 shows BOD loading ratios observed in several foreign

countries.
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Table £-28: Summary of Loading Ratio

| teon Chinandega Graﬁfci ai ~ QWE[L?‘%@__
Surveyed Population (person}
High Income 32 61 69 152
Middle Income 61 322 58 441
Low Income 30 43 38 th i
Tolal 123 416 165 704
BOD Loading Ratio (g/p/d) o
High Income 48.2 58.2 48.5 50.2
Middle Income 69.2 557 63.4 58.6
Low fncome 484 60.9 48.7 527
Weighled Average 58.7 5.5 525 55.9
COD Loading Ratio (g/p/d) _
High Income 92.0 136.5 88.3 105.3
Middte Income 133.4 119.9 101.2 119.3
Low Income 725 1232 96.6 100.4
Weighted Average 107.8 1223 94.7 1133
SS Loading Ratio (g/p/d)
High Income 425 127.2 125.1 1054
Middle Income 67.1 97.0 719 396
Low Income 44.7 9238 55.7 a87.1
Weighted Average 55,2 1003 90.4 90.1
Table E-29: Comparison of Loading Ratio
_Counlry (gﬁs%gfday) (g!pecr:s?)?lday) {a/pe r?osn!day)
Nicaragua 50.2to 58.7 84.7t0 1223 55.21c 1003
*Kampala, Uganda 63 - 43
*Guanabara, Brazil 75 - 75
*Sao Paule. Brazil 44 - -
*Indian o 35 . 67
*USA 7610100 | - 46.2 to 94
**Japan _ B4to84 | *(13.31033.6) 134105586

Sources : * Ministry of Construction in Japan,
** The Building Center of Japan
*** KMnO4 Method

In general BOD loading ratio varies, country by country, depending upon the culture
(e.g., living styles; food culture) and other factors. The WPLS indicates BOD loading
ratios of residential areas in 3 cities to be approximately 50 to 59 g/person/day, which
coincide with the ranges of BOD loading recorded in many other countries.
Consequently, ordinary BOD loading of households in the 3 cities might be assumed in
the range of 50 to 59p/person/day.
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Only one comparable example for COD loading ratio (Japan) is in the above table.
However, since KMnOjy is employed as an oxidize and in the COD analysis method

established in Japan, the example in Japan can not simply be compared with the survey
results (where K,Cr,0; was used).

It general, where K,Cry0; is employed as an oxidizer, COD/BOD ranges between 1.5

~2. This survey result presents COD/BOD=1.9~2.1, which might be considered as a
reasonable value obtained from a pollution loading survey.

S8 value ranges widely depending upon inctusion of soit and/or kitchen waste in the
sample, The example from USA in Table 2-33 shows a higher 8§ value and that of
Japan, since kitchen waste is disposed into sewer in the USA, a practice prohibited in
Japan.

The survey presents a city SS average of: Leon 55.2 g/person/day, Chinandega
100.3g/person/day and Granada 90.4g/person/day. Chinandega and Granada show
extremely h]g,h SS values. Although causes of these high S8 in 2 cities can not be clearly
determined, it is highly probable that soil inclusionin the samples of the 2 cities affect the
results to a considerable extent, considering living standards and practices in Nicaragua
{such as average amount of kitchen waste disposed into sewer, or the practice where
toilet paper used is not flushed in the toilet). In view of BOD values of the 3 cities, SS

value in Leon (i.e., 55.2 g/person/day) might represent the range of S§ loading ratios in
the 3 cities.

b. Factories

Pollution loading of factories range widely depending upon industrial categories. With in
the same industrial category, differences in production processes employed affect
pollution loading ratios largely. Espec;ally, factories in industrialized economies adopt
highly rationalized technologies in processes to use up raw materials and to minimize
generation of polluting - substances, and the majority of factories in developing
economies are in short of rationalization in productton processes. Therefore, pollutlon
toading ratio differs widely between factories in developed countries and those in
developing countries even with in the same industrial classification. Table E-30 presents
outcome of the pollution loading survey categorized by CilU code.

Table E-30: Water Pollution Loading Ratio

: Loading Ratio (1) (g/m*/day) Loading Rabtio (2) (g/femployeelday)

City No. | cliu
< BOD-| cop | ss | cr § BoD | cob $8 Cr

Chinandega | F-1 [ 3114 | 04| 09| 02| oo 66 140 3.0 00
Leon F-1 | 3116 29 46| 101]| oo 15.0 244| 528 0.0
Chinandega | F-2 | 3115 02 04| o00{ o0 41 84 0.7 0.1
Granada | F-2 | 3231 | 1268| 1424| 121.7| 19] 103846 | 11,6654 | 09602| 1558
Granada | F-1 | 3523 23| 535 23| 03 738| 17112 7386 110
Leon F-2 | 3839 0.0 02 00| 0o 0.2 15 00 0.0

The largest pollution loading ratio is recorded by the industry from CITU code 3231
{teather tanning and finishing) in Table E-30, followed by CIIU code 3523(soap,
detergent, shampoos). Among the industries listed in the table, industry CIIU code
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3231lather tanning and finishing) generates not only organic polfuting substances but
atso waste chromium in its residual water. Fable E-31 compares this survey results and
an example from the leather tanning industry in Japan. Common features of pollution
load are observed by bath, as one of major poltuting industries.

Table E-31: Co‘mparison of Wastewater Qualily from Lather Tanning Factory

Unit Result of Survey | Instance of Japan*
oH - 8.5t011.8 4.01012.5
BOD mg/l 1,800 60010 1,200
88 mg/l 1,728 600 o 2,000
Cr mg/} 27 15 10 40
Source . *N. Muto Wastewater Treatment Manual

Industries from CIIU code 3114 and 3115 generate organic wastewater since all these
industries arc food process and production industries. Meanwhile, among sample
factories of CIIU code 3115 (animal and vegetable oil), the industry from F-1 in Leon
presents a substantially high pollution load compared to the same industry in
Chinandega. This could be attributable to the differences of raw materials and process
technologies employed in 2 industries, Four exaniples of the same industries (CIIU code
3115) in Japan are listed in Table E-32. The pollution loading ratios per employee in
Japan range considerably high compared with those in the survey, due to mechanized
production processes employed in Japan. However as previously mentioned, potlution
loading ratios range widely depending upon the differences of process technologies
employed, examples in Japan also indicate that pollution loading ratios per employce
range more 10-fold differences even in the same industrial category {CHU code 3115).

Table £-32: |ﬁstance of Pollution Loading Ratio in Japan (CHU 3115)

Water Use Concentration " Loading ratio

Name 2“’“?3' ofl  Amount __ {mgh) Loading (g/day) {gfemp./day)

mployeel dday | soD | ss 80D ss | .sob | ss
A 27 aso|  4,500] 3700] 157,500.0| 129,500.0{ 5,833.3] 4.7963
B 86 2,800 349 380 95,200.0] 106,400.0 991.7] - 1,1083
L 9 44 1,380 1,990 5,620.0 7.860.0 813.3 3884.4
D 500 9,000 230 1701  207,000.0] 153,000.0 414.0 306.0

Source : N. Muto Wastewater Treatment Manual

- The factory F-2 in Leon (CIIU code 3839) is a battery production industry. Therét‘ore,

although organic pollution loading is coniparatively small, the pH of the sample ranges
from about 2 and it is strongly suspected that heavy metals such as lead is dissolved in
the wastewater, which are not measured in this survey.

c. Market

Table E-33 shows “water use anount (per area)” and “pollution loading (per area)”
obtained through the survey and an example of Japan. Water use ratios (per area) in 3
cities range about one-third of that in Japan. Meanwhite pollution loading ratios in 3
cities generally range higher than that in Japan. It could be attributed to wastewater
being more condensed than in Japan and is being discharged in markets in the 3 cities.
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(e.g., BOD loading in Japan is about 200 mg/l, the survey results range from 73 to
1540mg/l and most of them exceed S500mg/l),

Table E-33: Waler Use Amount and Pollution Loading

Water Use| Loading ralio (g/m’/day)
(Ym’/day) BOD €OoD 88
M-1 7.8 9.9 20.6 9.8
Leon M-2 18 54 0.5 56
Chinandeg | M-1 48 2.3 4.1 2.1
a M-2 4.5 03 0.5 0.5
M-1 8.4 46 5.5 7.5
Granada
M-2 4.8 7.3 1t.2 6.4
Average 6.4 5.1 86 53
Japan* 20,0 4.0 - 2.0
Japan* : sourceThe Building Center of Japan
d. Office

Table E-34 shows “water use amount (per floor area)” and “pollution loading (per floor
area)” of offices obtained through the survey and an example of Japan. Water use ratios
{per floor area) as well as BOD loading ratios (per floor area) in 3 cities range about
50% to 60% of that in Japan.

Table E-34: Water Use Amount and Pollution Loading

Water Use Loading ratio {g/m*/day)
(/m’iday) BOD coD SS
O-1 24.5 1.3 3.4 0.7
Leon
0-2 7.5 0.6 2.1 0.4
Chinandeg | O-1 8.8 0.4 0.6 0.5
a8 0-2 2.9 0.0 0.0 0.1
O-1 5.1 20 3.2 1.7
Granada
0-2 2.3 0.3 0.4 0.2
Average 8.5 0.8 1.9 0.7
Japan* 15.0 1.5 - 1.2

Japan* : source The Building Center of Japan
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F

F.4

Waste Amount and Composition Survey (WACS)

Objectives and Definitions

a. Objective of the Survey

Generally, quantity and composition of solid waste depend on characteristics of the
city/area o be studied, such as, economic situation, lifestyle of the people, density of
population, environmental consciousness, etc. Waste amount and composition survey
(WACS) is considered fundamental in order 1o obtain basic necessary information on
waste generation ratio, discharge and recycling amount, self - disposal and collection
amount, and ultimately to clarify the waste stream in the study area for the correct
planning of a solid waste management.

On the basis of information gathered during WACS, it can be acknowledged a true
picture of solid waste situation in study area. A WACS, therefore, was carricd out in
August-September 1996 in order to obtain waste data in rainy season whichis one of the
main climatic feature in Nicaragua. Furthermore, the WACS was carried out again in
January 1997 in order to obtain wasic data for the dry season. The average data was
determined by using both results.

b. Definitions of the Wastes

In order to clarify the contents of the WACS and the waste stream, the words used in the
Study are defined as follows;

bh.1 Household Wastc

Waste generated in or discharged from each household including waste in shops.
However, those generated through commercial activities are excluded.

b.2 Commercial Wasie

Only refers to wastes generated and discharged from shops or any commerciat activity.
Shops include restaurants, stationery shops, grocery shops, etc.

b.3  Market Waste
Waste generated in or discharged from markets both for wholesale and retailing.
b.4  Institutional Waste

As for the institutional waste, government and state and private enterprises office waste
are examined in the Study.

b.S  Street Sweeping Waste

Street sweeping waste includes all waste generated by the street sweeping cleansing
service.

b.6  Bulky Waste

Abandoned bulky items (such as furniture and vehicles), which are discharged from the
abave-mentioned sources, is considered as bulky waste in the Study.
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h.7 Other Waste

Other wastes in the Study are the wastes which are disposed of at the present disposal
site in the Study arca and are not considered as the MSW (item b.1 to b.6).

Method of the Survey

a. Method of the Waste Amount Survey

Waste amount survey used in this study was divided into the following two methods:
+  Generation ratio survey at generation sources,
¢  Final disposal amount survey at the pi‘eseﬁt landfill in each city

The method applied to the WACS is tabulated in Table F-1.

Table F-1: Method of the Waste Amount Survey

- Category Generation Ratio Survey Disposal Amount Survey
MSW (Jotal) X X
Household Waste
Commeyclal Wasle
Market Waste
tnstitutional Waste

KX ]| XK | X

Stieel Sweeping Waste

Bulky Waste X
Others (Total) ' X

Note : The items marked “X* were surveyed in the Study.

b. Selection of Sampling Points for the Generation Ratio and Composition
Survey

b.1  Category of Waste, Generation Sources and Sampling Quantity -

In order to obtain a representative generation ratio for each category of waste, the
category of waste, generation sources and sampling quantity for the WACS is
summarized in Table F-2. Regarding bulky and other wastes, only their amount was
sfudied through observation at the present landfill.
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Table F-2: Category of Wastes, Generation Sources and Sampling Quantity

for WACS

Category Generation Sampling Area (Nos.) {a)+(b}+(c)

of Waste Sources L(:c))n Ching)r)ldega Grgrtl)ada Né’:mg
High income 5 5 5 15
¥ Household Waste  [Middie Income 5 5 5 15
Low (ncomse 5 5 5 1 3
Restaurant 5 5 5 15

Commercial Waste

Other Shop 5 5 5 15
Institutional Wasle Institution 2 2 2 6
Markel Wasle Market 2 2 2 6
Street Sweeping Waste [Sltreet Sweeping 2 2 2 6
Total 31 3 3 93

b.1.1 Household Waste

_ Household waste generated at residential areas, was classified into the following three
i categories:

¢ household waste generated at high income residential areas
¢ household waste generated at middle income residential areas
s houschold waste generated at low income residential areas

The sampling areas for each categary were selected from the study areain 3 cities (Leon,

Chinandega and Granada) through a discussion between Nicaraguan side and the Study
Team.

b.1.2 Commercial Waste

The composition of waste generated between restaurants and other shops was guite
different. Therefore, commercial waste was classified into two categories, ie.,
restaurant waste and that of other shops.

- The sampling area for commercial waste was selected from each city.
; b.1.3 Market Waste

Two sampling areas were selected in each city taking into account the following aspects
aboul their waste collection.

s The amount of waste generated at one market should be less than one truck.

e The composition of the waste generated at one market should not be mixed with
other waste.
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b.l.4 Instifutional Waste

The sampling areas for the institutional waste were sclected from government and state
enterprises in each city.

b.1.5 Street Sweeping Waste

Two streets were selected in each city as sampling points. One was a main street in city
center and the other a street in the residential area.

b.2  Sampling Points

Lists of sampling points for the waste amount and composition survey for 3 cities and
the {ocations of the sampling points in each cities are shown in Annex A,

c. Method of the Generation Ratio and Composition Survey

The method of the survey is tabulated in Table F-3. Considering the daily fluctuation in
the generation of waste, the survey was conducted for 8 continuous days in each city.
The data of the first day was used only as a reference.

Table F-3: Method of the Sufvey

Generation Collection of Waste Amount -
Source Samples Survey Waste Composition Survey
Househeld by plastic bag by spring batance | Analysis items :
{High Income) _ -
Household by plastic bag by spring balance | -ASG (Apparent Specific Gravity)
{Middle Income)
Household by plastic bag | by spring balance | - Physical Composition by wet
(Low Income) lii:slih asté fextil

X . . itchen waste, paper, lextile,
gg:nmerc:al by plast!c bag by sprfng balance plastic, glass, grass and wood,

P by plastic bag by spring balance | {eather and rubber, metal,

Institution by collection by weighbridge = | ceramic
Market truck ’ _ and stone, other)
Street Sweeping | by plastic bag by spring batance | -

R | Method of the Generation Ratio Survey
c.l,t  Collection of Samples

Before the execution of the WACS, the required numbers of plastic bags were
distributed to residences, shops and offices selected as sampling points.

Saniples discharged from markets were collected by a collection truck.
¢.1.2  Waste Amount Survey

The amount of waste was measured in each sampling point by weighing the plastic bags
containing the samples with a spring balance. Then, when a sample was collected, the
mouth of the plastic bag was bound with color strings which classified it according to
generation sources, The samples transported by collection truck were measured at the
truck scale of a private company in each city before going to disposal site.
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Method of the Waste Composition Survey
Sampling Method

The composition of the waste in wet base was measurcd in rainy scason according to the
following eight categories :

* & & 55 & & © @

household waste (high income)
household waste (midd!e income)
household waste (fow income)
commercial wasle (restaurant)
commercial waste (other shop)
institutional waste

market waste

streel sweeping waste

All samples from each category of waste were gathered and mixed together. Then, the
volume of the mixture of waste was reduced through the reducing method described
below until the volume became 30 to 50 litters, as shown in Figure F-1.

1.

ii.

i

Mixing

When the waste contained large size items {e.g., cardboard, textile etc.) thase
items were divided and mixed again.

Dividing
Once the waste was mixed well it was divided into four blocks with

approximately the same volume.

Reducing

The two blocks of waste at diagonally opposite ends were removed and the
remaining waste was mixed again.
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i. Mixing

Waste

ii. Dividing

G removed

iii. Reducing

Waste for mixing

Figure F-1: Waste Reduction Method

The above method continued until the volume of the remaining waste was reduced to the
amount designated for the waste composition analysis (20 to 30 litters). Then, the waste
was loaded into a plastic bucket.

The plastic bucket containing the waste was tapped three times from a height of 30
centimeters to the ground, then the volume was measures visually and the weight by a
platform balance.

The ASG (Apparent Specific Gravity) was calculated through the following formula.

Weicht of Waste

ASG =y ohume of Waste (1)

After the ASG was measured, the waste underwent the composition survey. The
physical composition was measured in wet base. The items of the waste composition
survey are shown as below:
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'y

e paper
s textile
s plastic
[ ]

&

s metal
¢ glass
]

L ]

kitchen waste

grass and wood
leather and mbber

ceramic and stone
other (soil, etc.}

The results of the physical composition are presented as percentages.

d. Period and Schedule of the Survey

JICA Study Team
KOKUSAI KOGYO CO., LTO.

The survey was conducted during the rainy season, from the 28th August to 20th

September 1996.

The schedule of the survey in rainy season and dry season is shown in Table F-4.

Table F-4: Survey Period of the WACS

Survey Period
ftems Leon Chinandega Granada
Rainy Dry Ralay Dry Rainy Dry
Season | Season | Season Season Season | Season
Delivery of plastic bags | - '
and instruclion papers Sep. 3rd | Jan. 20th | Aug. 26th | Jan. 18th  |Sep. 11th| Jan. 21st
Waste collection from Sep. dth- | Jan. 21st- | Aug. 27th- | Jan. 20th- }Sep. 42th-] Jan. 22nd-
each @eration source Sep. 1ith | Jan. 28th | Sep. 3rd Jan. 27th | Sep. 19th| Jan. 28th
:’“"’::;‘i ;’:}‘;‘;‘:‘an wagto | 5o 8- | dan 2200 | Aug 28t | Jen. 21st- - |Sep. 1ath-| Jan. 23¢d-
composition analysis Sep. 12th | Jan. 20th | Sep. 4th Jan. 28th | Sep. 20th | Jan. 30th
F.3 Results of the Survey

a. Waste Amount

al Household Waste

A summary of the results of the waste amount survey both in rainy and dry season is

tabulated in Table F-5.

The detail results of the waste amount survey in Leon, Chinandega and Granada are

shown in Chapter 2 of Data book.
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of Principal Cities in the Republic of Nicarogea

Table £-5: Generation Ratio of Household Waste

Unit : gfperson/day
Generation Ratio
tems ——I:;on | Chinandega Granada
_Rainy | Dry Rainy Dry Ralny Dry
Season | Season | Season | Season | Season | Season
High 765 907 545 672 770 870
Middle 590 816 609 621 830 776
Low 745 780 720 574 518 685
Welghted Average 668 803 658 601 584 738
é.l.l Leon

The waste generation ratio differs in accordance with the income levels. Furthermore, in
accordance with the season, the waste generation ratio of household waste in dry season
is more than rainy season in all income levels.

The averagé generation ratio for high inbomc in rainy season was 765 g/person/day,
middle income was 590 g/person/day and low income was 743 g/person/day, while 907
g/person/day, 816 g/person/day and 780 g/person/day respectively in dry season.

The weighted average of household waste in Leon in dry season is higher than rainy
season. This due to the percentage of waste composition of kitchen waste has been
increased in all income levels. Because fiuit is more avaitable in dry season and price is
also cheaper than rainy season. '

a,1.2 Chinandega

The waste generation ratio differs in accordance with the income levels. The waste

generalion ratios in high income and middle income are noticeably more than low
income.

The average generation ratio in rainy season for high income was 545 g/person/day,
middle income was 609 g/person/day and tow income was 720 g/person/day, while 672
g/person/day, 621 g/person/day and 574 g/person/day respectively in dry season. The
weighted average in dry season is higher than rainy season in high income and middle
income residences while in low income is fower than.

a.1.3 Granada

The average generation ratio for high income in rainy season was 770 g/person/day,
middle income was 630 g/person/day and low income was 518 g/person/day. In dry
season, average generation ratio in high income, middle income and low income was 870
g/person/day, 776 g/person/day and 685 g/person/day respectively.

The weighted average of household waste in dry season in Granada is also higher than
rainy season due to the consumption of fruit as same as Leon.
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2.2 Commercial, Institutional, Market and Street Sweeping Waste

A summary of the resulls of waste amount survey in rainy and dry season is tabulated in

Table F-6.
Table F-6: Generation Ratio of Commercial, Institutional, Market and Street
Sweeping Wasle
. Unit . g
Generalion Ratio
items Leon Chinandega Granada

Ralny - Dry Rainy Dry Rainy Dry
Season | Season | Seasaon | Season | Season | Season

Commercial Waste ;
{Restaurant) 21,021

Commercial Waste (Other) 2,143 2,254 1,071 1,089 1,634 1,863

16,457 15,029 15040; 125771 10,529

Institutional Waste 188 155 73 104 29 38
|Market waste 1,540 3,090 3350] 3550 2580 2,850
Streel Sweeping Waste 20,900| 25,870 1 3,850| 26,500 70,5301 62410

For commercial waste, the average generation ratio during rainy and dty season of 3
cities does not much differ by season. Anyhow, the average generation ratios of
restaurant and other shop in Leon are more than the other 2 cities both in cainy and dry
SEASON.

The average generation ratio for commercial waste (restaurant) in Leon, Chinandega
and Granada in rainy season was 21,021 gfshop/day, 15,029 g/shop/day and 12,577
g/shop/day respectively, while in dry season was 16,457 g/shop/day, 15,040 g/shop/day
and 10,529 g/shop/day.

The reason why waste amount in commercial shop may be different greatly among 3
cities due to the selection of sampling points. It is quite difficult to select the samples
with same conditions in each city such as floor area, no. of employees, poputarity of the
shop, etc. '

Institutional waste in Leon is also the highest 'among 3 cities (1 88 g/person/day in rainy
season and 155 g/person/day in dry season) which the towest is Granada (29
g/person/day in rainy season and 38 g/person/day in dry season).

On the other hand, the average generation ratio for market waste in Chinandega is more
than in Leon in rainy and dry season. The average generation ratio for market waste in
Chinandega was 3,350 g/shop/day in rainy season and 3,550 g/shop/day in dry season
while in Leon in rainy season was 1,540 g/shop/day and 3,090 g/shop/day in dry season.
The average generation ratio of market waste in Granada was 2,580 g/shop/day in rainy
season and 2,850 g/shop/day in dry season.

For street sweeping waste, the average generation ratio in Granada is quiet more than
the other 2 cities. The average generation ratio in Granada for street sweeping waste
was 70,530 g/km/day in rainy season and 62,410 g/km/day in dry season while the
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average generation ratios in J.con and Chinandega are less than 30,000 g/knv/day inboth
$CASONS.

b. Waste Composition

The detail results of the waste composition survey in Leon, Chinandega and Granada are
shown in Annex A.

b.l Household Waste
b.1.1 Leon

The results of the waste composition survey in Leon in tainy and dry season are
tabulated in Table F-7 and Table F-8.

The characteristics of the composition of the household waste in Leon are described as
follows;

The results of household waste composition in Leon are similar to Chinandega

» The kitchen waste occuplcs the largest percentage ofthe composntxon both in rainy
and dry season in high income and middle income residences. In rainy season,
kitchen waste was about 52% and 30% in high income and middie income
respectively. While in dry season, kitchen waste still occupies 67% and 41% in
high income and middle income residences. Meanwhile, the garden waste, which
consists of grass/wood and others, occupies the largest percentage in low income
residences about 81% in rainy season and 60% in dry season. The largest
components of “others” were soil and sand accumulated from gardening and &
cleaning works. According to the interview survey to the sampling points after -
WACS, all of low income residences recycle food waste by feeding their own
animals or give to other persons. That is the answer why kitchen waste
composition in low income residences is only 6% in rainy season and 17% in dry
season.

¢ The reason why tow income discharges garden waste (such as grass and wood)
and cleaning wastes (soils, etc.) more than high and middle income is the high
income residents live in city center without or with small garden while low income
residences live in surrounding area of the city (urbanfrindge area) with normally ,
with large garden and unpaved road. Furthermore, almost of the house of low
income residences are not well-paved floor. When the low income sesidences,
therefore, clean their premises daily that increase not only waste amount but also
others (soils, etc.) component of waste composition.

» The paper, plastic components occupy a larger percentage of the composition in
high income and middle income residences than in low income ones both in rainy s
and dry season.
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b.1.2 Chinandega

The results of the waste composition survey in Chinandega both in rainy and dry season
are tabulated in Table F-9 and Table F-10.

The characteristics of the composition of the houschold waste in Chinandega are
described as follows;

o The kitchen waste in dry season, same as rainy season, occupies the largest
percentage of the composition about 76% and 51% in high income and middte
income respectively. The garden waste, which consists of grass/wood and others
(soil, etc. are normally generated by cleaning work of garden, etc.), occupies the
large percentage component in middle and low income tevels both in rainy and dry
season, Meanwhile, grass/wood component occupies the largest percentage in
low income residences for 51% in rainy season and 43% in dry season while
kitchen waste occupies 25% of waste in rainy season and 30% in dry season.
According to the interview survey to the sampling points after WACS, some low
income residences use their food waste to feed animals.

s For grass/wood, the reason why low income residences generate higher amount of
garden waste than high income residences is because the most of high income level
lives in the area of the city while low income lives in the suburb area.

o The paper and plastic components occupy a targer percentage of the composition
in high income residences than in low income ones both in rainy and dry season.
On the other hand, ceramic/stone occupies a lower percentage of the composition
in high income residences than in the low income ones both in rainy and dry
Season.
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b.1.3 Gvranada

The results of the waste composition survey in Granada in rainy season and dry season
are shown in Table F-11 and Table F-12 respectively.

The characteristics of the composition of the household waste in Granada are described
as fotlows;

L]

The kitchen waste occupies the largest percentage of the composition in high
income, middle income and low income residences about 64%, 40% and 44% in
rainy season and 72%, 65% and 44% in dry season respectively. According to
the interview survey to sampling points after WACS, some sampling points in all
income residences use their food waste 10 feed animal.

Grass/wood components occupy the large percentage in low income residences
while paper component occupies the large percentage in high income level and
plastic component occupies the large percentage in middle income. This is
because the high income residences live in the city center while low income
people reside in the outside of the city.

The garden wasle in dry season which consists of grass/wood and other, occupies

about 44% of the waste in low income residences while in high income level is
only 6%,
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b.2  Conunercial Was{e

The characteristics of the composition of the commercial waste in each city arc as
follows:

b.2.1 Leon

¢ Kitchen waste in rainy and dry season occupies about 70% and 86% of wasle in
restaurant. According to the interview survey to samplings points after WACS,
% only one restaurant recycle food waste by selling to other persons.

o Inother shop waste, kitchen waste occupies about 35% and 21% of waste in rainy
season and dry scason respectively. Paper component occupies about 19% of
waste in rainy season while in dry season is 30%.

b.2.2 Chinandega

e Kitchen waste occupies about 54% of waste in restaurant in rainy season and 76%
in dry season. According 1o the interview survey to samplings points after WACS,
almost of restaurants recycle food waste by giving to other persons to feed their
animals.

s Kitchen waste occupics the largest components about 34% in other shops while
paper occupies 29% in rainy season. On the other hand, paper occupies the largest
percentage by 33% of waste following by kitchen waste 29% in dry season

b.2.3 Granada

! s Kitchen waste in rainy and dry season occupies about 74% and 81% of waste in
restaurant. According to the interview survey to sampling points after WACS,
only 2 restaurants recycle their food waste by giving to other persons for feeding
animals.

« Paper and kitchen waste occupy the same amount about 33% of waste in other
shops in dry season.

b3 Other Wastes

The characteristics of the composition of other waste in each city are summarized as
follows:

b.3.1 Leon

+ Paper occupies about 66% and 58% in rainy and dry season in institutional waste
respectively.

l » Kitchen waste, grass/wood and paper components in dry season occupy 44%,
22% and 6% in market waste respectively.

b.3.2 Chinandega

o Paper occupies about 66% in rainy season and 79% in dry season for instilutional
wasle.

e Kitchen waste, grass/wood and plastic components occupy 37%, 35% and 6% in
market waste in dry season respectively.
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b.3.3 Granada

¢ Paper occupies about 46% in rainy season and 71% in dry season in institutional
waste.

s Kitchen waste, grass/wood occupy 74% and 9% in rainy season while 80% and
2% in dry scason in market waste respectively,

< Apparent Specific Gravity (ASG)

c.1 Leon

Almost ASGindry season was higher than in rainy season except low income which was
lower and others shop and institution which were equal.

ASG of household waste, restaurant and market in rainy season was 0.27, 0.47 and 0.30
kg/! while in dry season was 0.30, 0.51 and 0.34 kg/l respectively. ASG of institutional
waste was 0.08 and 0.15 for other shops waste both in rainy and dry season.

¢.2  Chinandega

Almost ASG in dry season was lower than in rainy season except high income which was
higher and institution which was equal.

ASG of household waste, restaurant and market in rainy season was 0.21, 0.29 and 0.34

kg/l while in dry season was 0.19, 0.28 and 0.32 kg/l respectively. ASG ofinstitutional
waste was 0.04 both in rainy and dry season.

¢.3  Granada

Almost ASG in dry season was higher than in rainy season except low income and
institution which were lower,

ASG of household waste, restaurant and market in rainy season was 0.24, 0.36 and 0.43
kg/l whilein dry season was 0.27, 0.40 and 0.53 kg/l respectively. ASG of institutional
waste was 0.04 in rainy season and 0.03 in dry season. For other shops waste, ASG was
0.07 kg/lin rainy season and 0.08 kg/l in dry season.

Findings of the Survey

a. Waste Amount

a.l  Generalion Ratio

a.l.1 Household Waste

i, Population by Income Level

According to the data obtained from each municipality in the Study Area, the number of
population by income tevel is shown in Table F-13.
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Table F-13: Population by Income Leve! in the Study Area in 1996

Category Leon Chinandega Granada
Poputation Rals Population u Rate | Population | Rale i
High income 4,955 4.0% 3,895 4.0% 2656 | 3.7%
Middle income 61,437 | 496% 48,6341 50.0% 36,179 | 50.4%
Low income 57.473 46.4% 44,708 | 46.0% 32,948 | 45.9%
Tola} 123,865 | 100% 97,387 | 100% 71,783 | 100%

Source : Total population : Calculation is based on Censos Nacionales 1885, Instituto
Nacional De Estadisticas y Censos (INEC) multiply by population growth rate
which forecasted by the Study Team. :

Percentage of Population by income level : Data supplied by each municipatity

As the results, the Study Team set up the poputation ratio by income level in this study as

follows:
Calegory Leon Chinandega Granada
High income 4% 4% 4%
Middle income 50% 50% 50%
Low income 46% 48% 46%

i Generation Ratio Obtained from WACS

Generation ratio obtained from WACS is tabulated in Table F-14. The Study Team
decided to use the average rate of 3 cities because the number of sampling points is
small and there are no significant differences identified in the data both in rainy and dry
season.

Table F-14: Generation Ratio of Household Waste Obtained from WACS
Unit : g/person/da

Generation Ratio

ltems Leon " China ndega Granada Average

Rainy Ory Rainy Dry Rainy Dry
Season | Season | Season | Season ; Season | Season

High 765 907 1 545 872 770 870 | 755
Imiddie 590 818 609 621 630 776 674
Low 745 780 720 574 518 685 670

ii. Generation Ratio

Since the population ratio by income level is the same in 3 cities, a weighted average of
generation ratio in each municipality was calculated as shown below:

755 x0.04 + 674 x 0.50 + 670 x 0.46 = 675 g/person/day
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Accordingly, the gencration ratios were 675 g/person/day in Leon, Chinandega and
Granada.

The generation ratio of household waste in the Study Area, 675 g/person/day, is a
normal in comparison with those of the other countries and almost equal with Managua,
Nicaragua as shown in Table F-15,

Table F-15: Comparison of Generation of Household Waste in the Study Area

and Other Study
Country City Year Population Hoxzz?g d @ Ip::ssowd ay)
. ‘ (glpersonfday)
Tanzania*! Dar es Salaam 1996 2,030,230 698 916
Nicaragua®® | Managua 1994 | 834,427 664 798
Paraguay*® Asuncion 1993 506,445 961 1,312
Poland** Poznan 1992 | 590,500 654 769
Letblin 1992 352,500 400 508
Laos* Vientiane 1991t 142,700 753 987
I'V!a?aysia"6 Pulau Pinang 1988 559,300 504 640

Source : *1 The Study on Solid Waste Management for Dar es Salaam City in the United
Republic of Tanzania, Progress Report (2), August 1996

*2 The Study on the Sofid Waste Management System of the City of Managua,
Final Report, _May 1995,

*3 The Study on the Solid Waste Management for the Metropolitan Atea of
Asuncion in the Republic of Paraguay, Progress Report (2), March 1994,

*4 The Sludy on the Solid Waste Management for Poznan City, the Republic of
Poland, Final Report, May 1993,

*5 The Study on the Solid Waste Management System Improvenﬁen'l Project in
Vientiane, Lao People’s Democratic Republic, Final Report, August 1992,

*6 The figure is not generation ratio but dispasal amount from "Solid Waste
Management Study for Pulau Pinang and Seberang Perai Municipalities,
Final Report, August 1989”

a.1.2 Commercial, Market, Institution and Street Sweeping Waste

As the same reason as the household waste, the Study Team adopted the average
generation ratios among 3 cities in commercial, market, institution and street sweeping
waste for the generation ratio in the Study Area.

Generation ratios of each category of waste are shown in Table F-16.
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Table F-16: Generation Ratio of Commercial Shop, Institution, Market and

Street Sweeping Waste
Unit : g
Generation Ratio

[tems Unit Leon Chinandega Cranada Average

Rainy Dry Rainy Diy |Rany| Dry

Season | Season | Season | Season |Season| Season

Commercial Waste

‘(Restaurant) gfshopiday| 21,021] 16,457 15,028 15,040| 12,577] 10,529 15,10%
r%;’::f“’*alwasm gishopiday| 2,143 2:254] 1071] 1089 1634 1863 1676
Institutional Waste 9’99’;’;’“"’ 188] 155 73] 14l 29| 38 98
Market Waste g/shopl/day 1,640 3,090 3,350 3,550 2,580f 2,850 2,827
&;‘1‘;’3 Sweeping o miday | 20,000 25870 13,850 26,500 70,630| 62,4100 36677

a.l.3 Bulky Waste

At present, bulky waste is hauled by the producer personally because there are no bulky
waste collection services and its generation ratio is quite small. In addition, bulky items
are generally recycled and reused in the Study Area. Therefore, the amount of the bulky
waste among directly hauled wastes by privale sector to the disposal site was observed
for 2 times (each time 7 days) during August-September 1996 and January 1997.
According to the observation, the Study Team could not find any bulky waste.
Therefore, the amount of bulky waste in the Study Area is considered negligible.

a.1.4 Determination Number of Generation Sources

Population, number of shops, number of public officers and ength of sireets swept in the
Study Area were obtained from counterparts and observed by the Study Team. The
results are shown in Table F-17.

Table F-17: Number of Population, Shops, Public Officers and Length of Street
Swept in 1996

Category No. of Uni'l
Leon Chinandega Granada
Population 123,865 97,387 71,783
Commercial Shop (Restaurant) 77 41 45
Commercial Shop (Other) 740 465 471
Institution 2,379 1,577 1,692
Market 2,500 1,732 933
Street Sweeping 55 45 a5

Source: Data supplied by each municipality and observed by the Study Team
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b, Waste Composition

The physical composition, ASG of household waste was calculated, taking the weighted
average into consideration, in accordance with the following population ratios:

» Population ratio

Highincome 4%
Middle income 50%
Low income 46%

o Weighted average

Because the poputation ratio by income level in Leon, Chinandega and Granada is the
same, the Study Team calcutated the physical composition ratio of 3 cities as follows:

Average physical Average physical Average physical
composition in high X 0.04 % composition in middle X 0.50+ compositioninlow X 0.46
income arcas income areas income areas

The waste composition results in Leon, Chinandega and Granada are summarized in
Table F-18, Table F-19 and Table F-20 respectively.
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c. Present Waste Stream
The waste stream in the Study Area was formulated based on the following surveys:

WACS (Waste Amount and Composition Survey)
Interview Survey at Generation Sources

DWAS (Disposal Waste Amount Survey)

lltegal Dumping Survey

Recycling Survey

Scavenger Survey

According to the data which the Study Team obtained from DWAS which carried out 2
times in August-September 1996 and January 1997, the Study Team modified the waste
stream diagram by adding Other Wastes which are direcily hauled by private sector to

disposal site. The modified waste stream diagram is llusirated and shown in Figure F-
2.

[ Generation ]

[ - L
( RecyclingJ ( Discharge ) [Self-Disposal]

1
[ Collection ) [ lllegal Dumping ]

[ Recycling J—m{Other Wastes)

( Final Disposal J

Figure F-2: Waste Stream Diagram

According to the above diagram, the Study Team has quantified the waste amount in
each component of the waste stream as follows:

cl Generation

According to the results of WACS both in rainy and dry seasons, the Study Team
calculated the total waste generation in each city as shown in Table F-21.
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Tabte F-21: Total Amount of Waste in Each Generation Source (1996)

Leon Chinandega Granada
. Total Total Total

Category V:fﬁz;e: N&‘ﬂ?f Wasle NS&;’ f Waste NS}\EF Waste

Amount Amount Amount

(Uni) @ | m | @ | © | exg | @ | (axd)

1. MSwW
1.1 Househo!d Waste |g/person/day 675] 123865 83.6] 97387 65.7] 71783 485
1.2 Restaurant g/shopiday | 15,109 77 12 41 0.6 45 0.7
1.3 Other Shop Waste | g/shop/day 1,676 740 1.2 455 0.8 471 0.8
1.4 Institutional Waste {g/person/day 98] 2378 0.2] 1677 02t 1892 0.2
1.5 Market Waste g/shop/day 2,827 2500 71 1732 48] 1045 3
1.6 Street Sweeping g/km/day 36,677 55 2 45 1.7 35 1.3
1.7 Bulky Waste ton/day 0 0 0 0 0 0 0
Sub-total ton/day 95.3 73.9) 54.5
2. Other Wasle ton/day 2.5 2.5 1.4 1.4 2 2
Total {on/day 97.8 ' 753 56.5
¢.2  Recycling at Generation Sources

According to the results of interview survey at samplmg points of WACS, the residents
recycled their waste such as paper, plastic and glass bottle by selling to middleman while
food waste recycled by feeding their animats. The Study Team found that the amount of
recycling in each city is as follows;

City No. of Population Recycling Amournt Total Amount
(a) {D} (a) x (b)
Leon 123,865 persons 122 gfpersoniday 15.1 ton/day
Chinandega 97,387 persons 84 gfperson!day 8.2 ton/day
Granada 71,783 persons 66 g/personiday 4.7 ton/day
¢.3  Self-disposal at Generation Source

According to the results of interview survey at sampling points of WACS, the residents
self-disposed their waste especially garden waste by burning or burial both in collection
area and non-collection area. The Study Team identificd the amount of self-disposal at
generation source as follows: :

. Poputation Self-Disposal Total Amount
o fuea I ) (2) X (b)

Collection Area 89,092 persons | 102 giperson/day | 10.1torday

Leon Non-Collection Area 24',??3 persons | 263 g/person/day 656 ionfday
Tota 123,865 persons 16.6 ton/day

Collectionea | 49,668 persons | 110 gipersorvday | 5.5ton/day

Chinandega ‘ Nen-Col!ectlon Area N 4?‘,71‘9 persons 275“5.;fpersc;n~lday 1 13 1 ten/day
Total 97,387 persons 18.6 ton/day

Collection Area | 45223 persons | 44 glpersonsday | 2.0 lon/day

Granada Non—CoHection Area - -.éé,sso'persor.l's 240 glperson!day o 6.4 ten/day
Total 71,783 persons 8.4 ton/day

Source : Percentage of coliection serviced poputation is obtained from each municipality
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c.4 Discharge
The Study Team calculated the amount of discharge by the following forimula.
Discharge = Generation - Recycling - Self-Disposal at Generation Source

From the above calculation, the Study Team found the amount of discharge in each cily
to be as follows:

» Waste‘l)ischar:ge in Leon 63.6 ton/day
» Waste Discharge in Chinandega 47.1 ton/day
» Waste Discharge in Granada 41.4 ton/day

.5 Collection

Because there is no truck scale at the disposal site, the Stu‘dy Team had to apply the
method for Disposal Waste Amount Survey (DWAS) by observation the volume of
waste and calculate the waste amount collection by the formula as follows;

. Weight of Waste (Kg)
ASG = Volume of Waste (1)

Based on the results of DWAS and the ASG formuta, the Study Team calculated the
waste amount collection to the disposal site as follows: '

» Collection in Leon 589 tdn!day
¢ Collection in Chinandega 39.5 ton/day
¢ Collection in Granada 35.4 ton/day

¢.6  Illegal Dumping

It is quite difficult to understand the amount of illegal dumping in the Study Area, the
Study Team, therefore, considered the results of lllegal Dumping survey. For recycling
at other than generation sources and disposal site is neglected due to quite small amount.
Finally, the Study Team assumed the following formula to calculate amount of illegal
dumping.

Amount of lilegal bumping = Discharge - Collection

The result of catculation for illegal dumping in each city is as follows:

e Iitegal Dumping in Leon 4.7 ton/day
¢ l{legal Dumping in Chinandega 7.6 ton/day
¢ lllegal Dumping in Granada 6.0 ton/day

¢.7  Recycling at Disposal Site

In order to know the amount of recycling at disposal site, the Study Team carried out
Scavenger Survey by interviewing 10 scavengers at each disposal site. Almost of the
waste items which recollected by scavengers are glass bottle, paper, metal and plastic.
The results of the survey are summarized as follows:

s Recycling at disposal site in Leon 1.4 ton/day
¢ Recycling at disposal site in Chinandega 0.4 ton/day
o Recycling at disposal site in Granada 0.5 ton/day

F-30



The Stidy on the Improvenient of Urban Sanitation Ehvironment JICA Study Feam
of Principal Cities in the Republic of Nicaragra

__ KOKUSAI KOGYO €O, LTD.

c.3 Other YWastes

‘the Study Team conducted Disposal Waste Amount Survey (DWAS) not only to obtain
the amount of waste collection by municipal service but also to understand the amount
of other wastes which are directly hauled by private sector to the disposal site. The
DWAS was carried out 2 times in August-September 1996 and January 1997. The
results of both survey has determined.

Based on the result of DWAS in both times, the Study Team has determined the amount
of other wastes in the Study Area as shown belows:

¢ Other Wastes in Leon 2.5 ton/day
e Other Wastes in Chinandega 1.4 ton/day
¢ Other Wastes in Granada 2.0 ton/day

¢9  Final Disposal

The amount of waste to final disposal is calculated based on the simple formula
as follows:

Final Disposal = Collected Wastes + Other Wastes - Recyeling at Disposal Site

From the above formula, the Study Team has found the amount of Final Disposal in the
Study Area as follows:

¢ Final Disposal in Leon 60.0 ton/day
« Final Disposal in Chinandega 40.5 ton/day
» Final Disposal in Granada 36.9 ton/day

From all of the above-explanation, finally, the Study Team determined the amount of
each component in waste stream as shown in Table F-22and illustrated in Figure F-3,
Figure F-4 and Figure F-5.

Table F-22: Present Waste Stream in the Study Area
Unit : tonvday

items City Leon Chinandega Granada

Waste Generation 95.3 739 54.5
Recycling at Generalion Source 151 8.2 4.7
Waste Discharge 836 471 414
Self-Disposal at Generation 166 i8.6 8.4
Collection 58.9 395 354
llegat Dumping 4.7 76 6.0
Recycling at Disposal Site 1.4 0.4 05
Other Wastes 2.5 1.4 20
Final Disposal 60.0 405 359
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Generation
(102.1 tons/day)

— | |

T —
Recycling Discharge Self-disposal
{16.3 tons/day) (67.9 tons/day) (17.9 tons/day)
| .
S !

Collection llegal Dumping

(58.9 tons/day) (9.0 tons/day)

- Other Wastes

(61.4 tons/day) (2.5 tons/day)

Recycling Final Disposal
(1.4 tons/day) (60.0 tons/day)

Figure .F—3: Present Waste Stream of Leon in 1996
Generation
(76.2 tons/day)
I -
Recycling ‘Discharge
(8.5 tons/day) {48.4 tons/day)
1
. I
Collection Illegal Dumping
(39.5 tons/day) &.9 tons/day)
Other Wastes
‘——
L (1.4 tons/day) @
Recycling J Final Disposal
(0.4 ton/day) (40.5 tons/day)

Figure F-4. Present Waste Stream of Chinandega in 1996

r ..

Landfill Site

Self-disposal
(19.3 tons/day)

Landfill Site
(40.9 tons/day)
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Generation
{57.1 tons/day)
Recyclmg Discharge Self-disposal
i (5.0 tons/day) (43.2 tonsﬁ’day) (8.9 tons/day)
S S 4
Collection lllegal Dumping
(354 tonsfday) (7.8 1ons/day)
[ L andﬁll Site e lher Wastes
(37.4 tons/day) (2.0 tons/day)
Recycling Final Disposal
(0.5 ton/day) (36.9 tons/day)

. ! Figure F-5; Present Waste Stream of Granada in 1996
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