’i‘able APP. 8-3Results of River Water Quality Analysis by FEEMA (1990~ 1991)

NO,OF -STATIGN ; 1 (CI1780}) RIVER NAME : Canal do Canto do rio

DATE OF SAMPLING 19 MAR 906 AUG $0 20 AUG 90 11 APR 81 4 JUL 91 § OCT 91
CODE  PARAMETER UNETY

Tine H 8:50  9:30 9:05 9:50 8:35 8:08
02061F Water temperature * ¢ 3000 23.00 24,00 27. 00 24.00 - 23.00
02062F Air temperalure ° ¢ 3100 23.00 25,30 28.00 . 23.00  22.00
§6204F Weather conditions Cloudy good good good good Cloudy
$8101F Rain in the last 24 hours Nob Nob yes No No yes
$7251F Sampling depth n 0.19 0.10 0.10 0.15 0.10
37001F Pepth of waler column m . i
26301F OIL Presence Nob yes yes No Ko yes
$6302F Garbage Presence yes yes yes No yes yes
103011 pll (Lab} 6. %0 110 1.50 6. T¢ 7.10 8. 20
020411 Conduct. {field) ) uS/em - 420,00 420,00 330.00 480, ¢ 480,00 500,00
02073L Turbidity Ut o
10401L Suspended Solids LITATE §0. 00 45. 00 §0. 00 40. 00 130.00 40. 00
101041 Total atcalinity ’ CaCo3 ag/l
163021, Dissolved sulphate S04 mg/1
17204L Pissolved Chloride ne/1 40.00 40. 00 ©30.00 50, 04 5¢. 00 50. 00
081011 DO g/l 2.00 3.80 5. 20 o240 - 3.0 ' 3,40 -
682025 BOD {total) ng/l ©22.00 20. 00 14. 00 28. 00 40.00 16. 00
083011, €OD (total) ng/1 10. 00 30,00 20,00 55.00 130. 00 90. 00
361011 Total Coli x1000 ) HPN/100m1 1600<% 1600<# 1600<# 160< 24. 00 160<
36111, Pecal Coli x1000 MPN/100R] ’
16404L Pissolved Sulphide rgS/1
547521, Tolal Alcalinity Cat03 nmg/t
101541 Alealinity to -Phenolphtalein mg/1
07005L Total kjeldabl Kitrogen mg N/| 17.06 13.00 12.00 16. 40 24..00 20. 00
¢7556L Ammonia Nitrogen ) ng N/I 11. 00 12.00 11.00 4,00 15.00 18. 08
017306 Nitratle Nitrogen ng N/1 0.20 1.50 0.44 0.05 0. 10 0. 50
154081 Total Phosphorus ng P/Y 1. 00 0. 90 0. 8% i.00 Z.00 0. 65
152521, Orthophoshate ng P/1 0.10 0. 30
01206L Nitrite Nitrogen ng N/1
163021, Pissolved sulphide 504 nmg/l
090041, Dissolved Fluoride g F/1
065226 Hexane Extractable ng/l
107018 Surfactants :
06534L Phenol rg/ ) <003 .00t 0. 001 0.03 0. 008 0.004
066001, Cyranide . mg CN/L 0. 050 < B1o D.023 010 p.010 < 010
0705%4L Diss. Kjeldaht N. mg N/1 .
104741 Humidity '
418004L Cadmium mg Cd/\ <.002 <. 002 €. 002 0. 066 0.002 <. 002
29005L Copper mg Cu/l 0.015 <, 005 4,005 0.01% 0.010 0.010
820041 lead . ng Pd/1 0.04 <. 02 <. 02 <. 02 . 02 <. 02
24002L Chromium g Cr/l <. 01 <, 01 <. 01
281041, Tolal Nickel ng Ni/t <. 01 <. 01 <. 01 <. 01 .01 o1
30003k Total Zinc ng Zn/t 0.0% 06.020 0.0% 0.01% 0.020 0,020
8§0013L Mercury ug Hg/l 0.10 0.1% <10 <10 <10 Z2.00
26007L Total iron {Fel+-+Fed+) ng Fe/l
25006L Total Manganecse mg Mn/l
50004L Total Tin ng Sn/1
19102L Total potassium ng K/1 _
24101L Chromuim Vi ag Cu/l <01 <01 <. <. 0t 01 . <. 01
240511 Dissolved Chromuin mg Cr/l
25103L Dissolved Manganese mg Mn/l
26101L Dissotved iron ng Fe/l 0.12 0.06 0.08 0. 18 0.02 6. 04
280021 Dissotved Nickel mg Ni/l
29105L Dissolved copper mg Cu/l
30103L Zinc ag In/l
480051 Dissolved chromium g Cr/t
820051 Dissolved Lead ng Pb/}
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~Table APP. 8-3 Results of River Water Quality Analysis by FEEMA (1990-1991)

NO.OF STATION : 2 (BM760) RIVER NAME : Rio Bombha (1990~1991)

A8-15

COBE  PARAMETER UNETY
Tine | 9:30 10:10 9:50 10:15% 9:30 §:20 8:50

0208iF Water temperature * ¢ 30. 00 21.00 24.90 26. 50 27.00 21.00 21.00
02062F Air temperature ° ¢ 32.50 23. 00 26. 00 30.00 25. 00 24. 00 24.00
96204F Weather conditions good good good good  Cloudy good Cloudy
98101F Rain in the last 24 hours Nob No yes No No No yes
97251F Sampling depth mn 0. 10 0. 10 0. 10 0.1% 0. 10
97001F Depth of water column n )
96301F OIL Presence Nob Ko No No yes yes yes
96302F Garbage Presence yes yes yes yes yes yes yes
16301L pH (Lab} §.90 7.20 1.10 6. 90 6. 80 6. 8D 8.00
02041L Conduct. {field) uS/cnm 530. 60 240.00 320,00 640.00  540.00 596. 00 560.00
02073L Turbidity Ut
10401), Suspended Solids rg/l 90. 00 900.00 100. 00 140. 00 110.00 150. 00 50. 00
10104L Total alecalinity -CaC03 mg/)
186302k Dissolved sulphate $64 mg/l
172041 Dissolved Chioride ng/1 30.00 30. 00 60. 00 60. 00 5C. 00 60. 00 60.00
631014 DO ng/1 1 4. 60 6. 20 <1 1.20 2.20 3.80
032021 BOD (total) ng/] 120.00 20.00 25.00 210.90 30. 00 90. 00 30. 00
08301L €OD (total) ng/1 220.00 50.00  290.00 240. 00 250.00 80. 00
351011, Total Coli x1000 MPR/100m1
36111L Fecal Coli x1000 MPHR/100m1 1600<# 1600<% 1600<# 160¢ 160< 160¢ 160<
164041 Dissoived Sulphide ngs/1
54752L Total Alcalinity CaC03 ng/|
101541 Alcalinity to Phenolphtalein mng/} .
07005L Total kjeldahl Nitrogen ng N/1 40.00 i1.00 26.00 27. 00 29.00 30,00 25. 00
075561 Ammonia Nitrogen ng &/1 - 30. 00 4. 00 18. 00 3. 40 20,00 17.00 23.00
07308l Nitrate Nitrogen ng N/1 0. 30 0. 40 0.02 0.02 0.02 0.09 0.80
15408L Total Phosphorus mg P/1 4.00 4. 00 7. 80 5. 00 3. 40 4.00 1.00
15252L Orthophoshate ng F/1 0.10 0. 80
072060 Nitrite Nitrogen ng N/1
16302ZL Dissolved sulphide 504 mg/1
0%004L Dissolved Fluoride ng F/1
06522L Nexane Extractable ng/1
107011 Surfactants .
065341 Phenol rg/l 0.03 <. 001 0.02 0.25 0. 007 0.02 0. 01
§6608L Cyanidse ag CN/L (. 03¢ <. 010 4.025 < G10 4. 630 8. 030 . 810
07054L Diss. Kjeldanl N. ng N/}
104740 Humidity :
48004L Cadmnium ng Cd/1 <. 002 <. 002 <, 002 <. 002 0.002 <. 002 <.002
29005L Copper mg Cu/t B.015 0,08 (SR 111 1] 0.015 0.010 0.015 0.00%
820041, l.ead mg Pd/1 0.02 0.10 <02 0.06 <, 02 <. 02 <. 02
2400ZL Chromium ng Cr/l 0.01 0.01 <1
28104L Total Nickel mg Ni/l <, 01 (SR 131 <. 01 <« <. 01 <.0 <. 01
300031 Total Zinc mg In/t 0. 07 0,32 ¢.03 .04 0.04 0.907 0.01%
800131 Mercury ug g/t 0.1¢ 0.3% 8.15 < H <. 10 <10 <10
26007L Total iron {(Felt+-+Fed+) ng Fe/lt
25006L Total Manganese ng Mn/l
£00041, Total Tin mg Sn/l
191021, Total potassium ng K/1

. Z4HGIL Chromuim Vi ng Cu/di <O <. 01 <, 0 <Ot <. 01 0 .01
24051L Dissolved Chromuim ng Cr/l
25103L Dissolved Manganese ng Mn/l
26101L Dissolved iron ng Fe/l 0. 6% 0.%0 G.20 1.90 0.18 0. 30 D, 30
280021 Dissolved Nickel ng Ni/l
291051 Dissolved copper ng Cu/l
30103L Zinc ng Zn/l
480051 Dissolved chromium ng Cr/l
820051, Dissolved Lead ng Pb/1



Table APP. 8-3 Results of River Water Quality Analysis by FEEMA (1990-1991)

NO.OF STATION : 4 (AN740) RIVER NAME : Rio Alcantara (1990~1991)

CORE PARAMETER UNITY

Time H 10:00 10:40 10:15 10:40 9:30 9:20 8:50
D2061F Water temperature ° 31.00 22.00 - 24. 00 21. 0D 5. 00 %4, 00 22,50
02062F Air température °C 35,50 24.400 28.00 31.00 25. 00 26,00 24,50
$6204F Weather conditions good good good good Cloudy good Cloudy
$8161F Rain in the last 24 hours Rob - Ho " yes No No o yes
97251% Sampling deplh " m 0.10 6. 10 4.10 0.15 0. 10
47001F Depth of water coluan n
953¢1F OIL Presence ok No No No yes yes yes
96302F Garbage Presence : yes ‘yes yes yes yes yes yes
10301L  pll (Lab) f. 50 6. 50 1. 40 5.50 6. 10 6. 70 9.00
020411, Conduet. {(field) uS/enm 530.09 §60.00 430. 00 900. 00 450. 00 720.00 430,00
02073L  Turbidity . uT .
104011, Suspended Sollds ) ng/l 280. 00 13.00 200, 00 160, 00 150. 08 140. 00 80.00
101044, Total alcalinity €aC03 mg/l
16302, Dissolved sulphate S04 ng/l
172041, Dissolved Chloride mg/| 40. 20 50.00 §0.00 120.00 60.00 65.00 40.00
081011, DO rg/ | 2.20 4. 80 2.00° 2. 80 5. 40 5. 20 4. 40
082021, BOD (total) g/t - 100, 00 4¢. 00 §0. 00 500. 00 20.00 80. 00 -
08301L COD (total) ) rg/1 560,00 60. 00 740.00 - 560.00 A00. 00 440. 00
36101L Total Coli x1000 MPN/100ml
36111l - Fecal Coli x1000 © MPH/100m1 1600<3 1600<4 500. 00 160¢ 160< 160¢ 160<
164041, Dissolved Suiphide agsS/1
547321 Total Alcalinity CaC0% ag/l
101541, Alcalinity (o Phenoiphlaleinmg/1
070051 Total kjeldahl Nitrogen ng ¥/1 20. 00 15. 00 10.00 25.00 21,00 20,90 14. 00
075561 Ammonia Nitrogen mg N/3 . 13.00 3.00 7.00 1.00 10. 00 §.00 8. 00
073060 Nitrate Nitrogen ng ¥/1 320 .0 0.90 2.06 0.03 4.06 8.00
15408]. Total Phosphorus ag P/1 6.00 6. 50 1. 50 20.00 3.20 6. 40 I. 10
15252L Orlhophoshate ng P/1 7.50 0. 70
0720661, Nitrite Nitrogen : g N/
163025 Dissolved sulphide 504 mg/!
09004 Dissoived Fluoride mg F/1
065221 Hexane Extractable ng/ |
10701L Surfactants
06534L Pheno! ng/1 0.0t 00l 0.004 0. 0% 0.03 0.01 0.008
06600). Cyanide ng CN/L 0.02% <. 010 0.03% 0,035 0. 050 §. 050 <018
07054L Diss.Kjeldah! ¥. ng N/1 ' '
10474  Humidity ]
4180041, Cadmiun ng Cd/1 <. D02 <002 <. 002 0,006 0.002 £.002 < 002
290051 Copper ) ng Cu/l 0.02 4, 010 g.010 0,015 D.0t8 0.01% 0.010
320041, Lead ng Pd/1 0.04 <.02 <.02 0.06 < 02 €. 02 .02
249021 Chromium wg Cr/l <0t <. 01 <. 01
‘281041, Total Nickel ag Ni/l <0l <. 01 <. 01 <. 01 <. <01 <. 0l
300031, Tatal Zinec ag in/l a. 14 0. 03 4.020 0.07 0.84 0.05 - .
800131, Mereury ug Hg/l 0. 10 ¢, 25 0. 40 [ 1] .10 0.13% 0.10
25007k Total iron (Fez++Felt) ng Fe/l
250061, Tolal Manganese ng Mn/i
$0094L,  Totalb Tin ) ng Sn/l
191021, Total potassiunm ng /i
24101L Chromeim Vi mg Cu/l <. 01 <0l <. 01 <401 <. 01 <01 <. 0t
240511, Dissolved Chronsim ag Cr/l
251031, Dissolved Manganese ng Ma/l )
26101, Dissolved iron - ng Fe/l 0.55 2. 50 1. 80 6. 00 1.20 0. 90 1. 30
280020, bissolved Nickel ng Ni/l
241051 Dissolved copper ng Cu/l
301031, Zinc ng Zn/t
480051, Dissolved chromium ng Cr/l
82005l Dissolved Lead mng Pb/L
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Table APP. 8-3 Results of River Water Quality Analysis by FEENA (1990-1991)

NO.OF STATION : & (GX?ZG) RIVER NAME : Rio Guaxindiba ) {1990~1991)

NO. OF . SAMPLING _ 1 2 3 4 5 5 1

Genaral number of the laboratory

DATE OF SAMPLING 15 MAR 90 6 AUG 90 20 AUG S0 11 APR 9% 4 JUL $1 21 AUG 91 9 OCT 9t
COBE PARAMETER URITY
Tine b 10:30 i1:0% 16:35 11:10 9:40 9:40 9:10

02061F Water temperaturs ¢ 29,00 22.00 24.50 27. 50 24. 00 24,00 20. 00
02082F Air temperature * ¢ 35. 00 23.00 30.00 31. 50 25.00 28. 00 24.00
96204F Weather conditions good good gaod good Cloudy good Cloudy
- 98101F Rain in the last 24 hours . Nob No yes No No o yes
97251F Sampling depth [} 0.19 0.10 0. 10 0.15 0.10
97001F [Depth of wWater coluamn [ o

96301F OQiL Presence Nob . Nob Yo No ¥es o yes
§56302F Garbage Presence yes yes yes Ko yes yes yes
10301L pH (l.ab) 6. 80 §.20 1.20 6. 60 6. 90 6. 90 1.10
020415  Conducti. (field) : usS/cm 680. 00 5%0.00 589.00 500. 00 540, 00 519, 00 470.90
02073L  Turbidity . UT :

10401L  Suspended Solids mg/1 26. 00 15.00 12.00 18. 00 7000 16, 00 50. 00
10104E  Total alcalinity CaC03 ng/l

16302L Dissolved sulphate 304 mg/l

17204L Dissolved Chloride - mg/t 40. 90 100. 00 60. 00 70. 00 0. 08 76.00 50. 00
“08101L DO . ] ng/} <1 1. 60 3. 80 2,40 1. 00 1. 00 2. 60
082021 BOD (total) ng/t 20. 00 8. 00 4.00 4.00 70. 00 10. 00 §.00
08301L cop {total) mg/l 40. 00 30. 00 40.00 30. 00 40, 00 40. 006 . 40. 00
35101L  Total Coli x1000 MPN/100m1

36111L  Fecal Coli %1000 MPN/100mt 50. 00 §0. 00 5.00 500 30,00 0. 80 160. 00
164041, Dissolved Sulphide mgs/1 )

547521, Tota! Alcalinity CaC03 mg/l

10154L Alcalinity to Phenolphialein ng/l

070051, Tota! kjeldahl Nitrogen rg N/1 10. 00 14. 40 12. 00 .20 15,00  20.00 B. 00
07556L Ammonia Nitrogen mg N/1 9. 00 10. 00 11. 00 1.00 10. 00 10. 00 8. 00
07306L Nitrate Hitrogen mg N1 0.20 0.3% 0.14 0. 30 0,05 0. 02 1. 50
15408L. Total Phosphorus ng P/1 1. 80 0. 59 1. 00 0. 50 2. 70 2.40 0. 70
15252L  Orthophoshate ng P/1 0.08 6. 20

07206L Nitrite Nitrogen ng N/1

16302L Dissolved sulphide S04 mg/1

080041 Dissolved Fluoride ng F/I

065221, Hexane Extractable ng/l

16701, Surfactants )

06534L  Phenol ng/} : 6. 001 <. 001 <. 001 $.003 <, 001 0005 0.09]
06600L Cyanide ng CH/L <. 010 <. 019 010 <. 0L0 o1t < 010 0.020
07054L Diss. Kjeldaht N. ng H/1

10474L Humidity

48004L Cadmium ' ng Cd/1 . <. 002 <. 002 <. 002 0.002 £.002 <. 002
290051, Copper mg Cu/l <. 005 <. 005 0.0]10 <. 005 0. 00 <, 005 0. 005
82004l Lead ng Pd/1 0. 06 <.02 <. 02 <. 02 <. 02 <, 02 <. 02
24002L . Chromium ng Cr/l < 01 <. 01 <01 )

281041 Total Nickel ag Ni/l 0.01 <. 01 <. 01 01 <. 01 <, 01 <
30003L Total Zinc ag Zn/l 0. 005 0.010 0, 005 0. 07 G. 08 0. 010 0.015
80013L  Mercury ug Hg/1 <. 10 <. 10 0, 30 <. 10 1 <10 <10
26007L  Total iron (Felt-Fely) " mg Fe/l

25085L  Total Manganese ng Mn/l

50004L Total Tin g Sn/l

14102L Total potassium ng K/1

2410iL Chrowuim VI - - rng Cu/l <, 01 <. Bl <. 01 <01 <01 <. 01 <. 01
240511, Dissolved Chromuim ng Cr/l .

25103l Dissolved Manganese g Mn/t

26105, Dissolved iron ng Fe/l 0.10 0.03 0.12 0.06 0.02 0.04 0. 06
280021, Dissolved Nickel ng Ni/}

29105L Dissolved copper : ng Cu/l

30103L  Zinc : ng In/l

480050 Dissoived chromium “mg Cr/l

820051 DPissolved Lead ng Pb/1
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Table APP; 8~.3 Results of River Water Quality Analysis by FEEMA (1990-1991)

HO. OF STATION : 1 =(CC'62‘Z)' RIVER NAME : Rio Cacerebu (1990~1591)

DATE OF SAMPLING 19 MAR 80 7 AUG 90 22 AUG 90 11 APR 81 4 JUL %1 21 AUG 91 9 OCT 91
CODE PARAMETER UNITY

i Tine 1l 10:45 11:30 16:40 12:40 $:55 10:00 10:40
Q2081F Water temperature e 31.00 23.00 22.00 26,00 21. 50 21.00 2100
02062F Air temperature e 34,00 26. 00 22. 50 33.00 24,00 28, 00 30,00
96204F - Weather conditions good good rain good good go00d Cloudy
$8101F. Rain in the last 24 hours Nob No yes No No No yes
97251F Sampling depth n 9. 10 0.10 0.10 0.15 0.10
97001F Depth of water column B : :
9630EF OI1L Presence Nob Ho - Ho No No No o
$46302F Garbage Presence : o yes Ho No yes No ) No
10301L pil {Lab) ’ 6. 60 1. 4% T. 10 6.40 6. 70 &, 80 1,00
O2ﬂAlL Conduct. {field) uS/cn $12100 500 +2300 216 290 360 . 185
02073L Turbidity : Ut

10401l Suspended Solids mg/1 25 20 15 25 30 8 10
101041, Tolal alcalinity CaC03 me/l :

16302L Dissolved sulphate S04 mg/1

17204L Dissolved Chloride . ng/1 120 100 520 30 50 50 20
08101L DO | mg/) 1. 80 3. 80 3.80 .20 1.00 2,60 2. 80
082021 BOD (total) ) mg/1 §.00 4. 00 14. 00 10. 00 4.00 10,00 8.00
08301L COD {total) mg/l 8g.00 20.00 36.00 30.00 20,00 20,00 30.00
36101L  Total Coli x1000 MPN/100ml '
36811L  Fecal Coti x1000 MPH/100m! 0.08 0.11 - 2.30 1.30 3. 00 0. 30 §.00
16404L Dissoived Sulphide ngS/1

54752L Total Afcatinity Cal03 mg/|

10154L  Alcalinity to Phenolphialein ng/}

070051 Total kjeldahl Nitrogen mg N1 4.00 1. 40 . 80 1.00 .00 i, 20 1.00
07556l Ammonia Nitrogen ng N/ 2.00 0. 60 6. 30 0.45 0. 20 0.15 0.07
07308L Nitrate Nitrogen g N/t 0.20 ¢.90 2.00 0.04 0. 60 1. 10 0.40
154081, Toial Phosphorus ng P/ 0. 35 0.20 06.10 0.20 9.29 8,15 0.25
15252l Orthophoshate mg P/ 0,02 0.92 )

072081 Nitrite Nitrogen mg N/ )

16302 Dissolved sulphide S04 mg/l

090041, Dissolved Fluoride ng F/|

065221 Hexane Extraclable g/l

10701L  Surfaclants

06534L  Phenol ng/l <. 001 <. 00% <. 001 <. 001 <. 001 0,00} £, 001
066001, Cyanide ) ng CN/L <. 010 <. 010 <. 010 Lt <. 010 <. 010 <. 019
070541, Diss. Kjeldahl H. ag N/1

104741, Numidily - .

430041, Cadmium ag Cd/1 0.045 <. 002 <. 002 0.006 0.002 £.002 <002
29005L Copper ag Cu/l 0.08 1. 000 <. 008 <, 005 0.010 <. 005 0. 005
820041, Lead mg Pd/| 0.14 .02 <02 .02 .02 <. 02 <, 02
74002L Chremium ag Cr/l 0.01 <. 01 60. 01

281041, Total Nickel ng Ni/l 0.07 <. 0t < 0t <. 01 .01 <. 0t <, 01
309031, Totlai Zinc ag Zn/l 0. 04 0.0z0 0.005 <. 005 0.015 <. 0035 0. 005
30413, Mercury ug lg/1 <19 Lo £t <10 <1 <10 <. 10 0.6¢
260011, Total jron (Fel+-Fel+) ag Fell

250061, Total Manganese ag Mn/1

500041, Total Tin ng 3n/l

191921, Total potassium ng K/1 _

24101L Chromunim Vi ag Cu/l < 01 .01 <. 0t <. 01 <, 01 £.01 <. 01
24051, Dissoived Chromuin ag Cr/}

251031 Dissolved Manganese ag Mn/l .

2610t Dissolved iron ag Fo/l 0. 08 0.14 0. 20 2.00 0.18 0. 20 9.25
230021 Dissolved Nickel ng Ni/l

29105L Dissolved copper mg Cu/l

301031 Zine mg 2n/1

486045, Dissolved chromium mz Cr/l

820051, Dissclved Lead mg Pb/1
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Table APP. 8-3 Results of River Water Quality Analysis by TFEEMA (1990—1991)

HO.OF STATION : 8 (GP600Y RIVER KAME : Rio Guapi (1990~1991)

NO. OF SAMPLING 1 2 3 4 5

DATE OF SAMPLING 8 MAR 90 7 AUG 90 22 AUG 90 10 APR 9% 20 AUG 91
CODE PARAMETER UNITY

Time ] 11:49 11:0 11:1% 12:5% 11:15
02061F Water teamperature °¢ 30. 00 21. 00 22.00 25. 0% 22.00
02062F Air temperalure ° ¢ 32.00 24. 00 22.50 33. 00 26. 00
$6204F ¥eather conditions i good good rain good good
981061F Rain in the last 24 hours No No yes No No
$7281F Sampling depth n 0. 10 0.10 0.10 §.10 0.15
97001 F Depth of water column mn :
96301F 01L Presence No No No No Ho
§6302F Garbage Presence ) Xo o No No Ho
10301L pH {Lab) . 1.20 1. 40 7.50 6.50 6. 80
02041L Conduct. (field) us/cn 50. 00 80.00 §0.00 52.00 65.00
02073L Turbidily T
16401L Suspended Solids mg/1 30. 00 16. 00 10. 00 0. 00 §.00
10104L Total alcalinity CaC038 ng/l
16302L Dissolved sulphate S04 mg/l
17T204L Dissolved Chlaride ng/1 10, 00 6.00° 24. 00 5.00 4, 00
08101L Do ng/ | 5. 60 6.00 5.00 5.00 5. 20
nazo2L BOP (total) ng/1 2.0 2.40 2.0 2. 40 2.40
083011 Cop {total) ng/l 10. 00 10.00 20.00 10. 00
361010 Total Coii %1000 MPN/100m]
36111L Facal Coli x1000 MPN/100R] 13. 00 8. 00 50.00 0. 80
16404L Dissolved Sulphide ngs/1
54752L Totai Alcalinily CaC03 ng/l
161540 Alcalinity to Phenolphtalein mg/l
070051 Total Xjeldahl Nitrogen ng N1 0.20 1. 2¢ 1. 20 1.00 0. 80
07556L Anmonia Nitrogen mg N/1 0. 04 ¢. 09 0.10 0.08 0. 06
073061 Nitrate Nitrogen mg N/1 0. 20 0.20 0. 30 0.20 0.20
15408L Total Phosphorus mg P/ 0. 10 0. 10 0.08 0.10 0.05
15252L Orthophoshate ng P/1 0. 06 ¢.91 0.02
072061 Nitrite Nitrogen ng N/1
16302L bissolved sulphide S04 ag/l
09004L Dissolved Fluoride mg F/1
065221 Hexane Extractable ng/t
10761L Surfactants
065341, Phenol ng/} . 001 0. 002 €. 001 <. 001 0.001
065001 Cranide g CN/L <. 010 <. 010 <010 <. 010 0t
07054L Diss. Kjeldahl N. ng N/1
10474L  Humidity
480041 ‘Cadaium ng Cd/1 <. 002 0. 042 <. 002 <. 002 <. 002
290051, Copper ng Lu/l <. 005 <. 005 <. 005 <. 005 <. 00%
32004L Lead ng Pd/} < 0% <02 <.02 <. 02 <02
240021, . Chromium ng Cr/l <. 01 <01 <, 01
28104L Total Nickel ng Ni/1 <. 01 <.01 <.01 <0k <. 01
30003L Total Zinc ng Zn/1 <. 065 <, 005 <. 005 <. 0056 <. 005
80013L Mercury ug Hg/1 <. 10 <. 10 <. 10 <. 10 <10
26007L Tota! iron (Fel++Fed+) mg Fe/l .
250061 Total Manganese ng ¥n/l
50004L Totai Tin ng Sn/l
191020 Total potassium ng K/1
241011 Chromuin VI - ng Cu/l <0t <. 01 <. 81 .01 <01
24051L Dissolved Chromuim ng Cr/l
251035 Dissolved Manganese mg Mn/l
261010 Dissolved iron ng Fe/l 0. 50 . ¢.08 0. 50 0. 30 1. 80
28002L Dissolved Nickel mg Ni/l
28105L ‘Dissolved copper mg Cu/l
10103L Zinc g In/l
48005L Dissolved chromiua ag Cr/l

82005L Dissolved Lead ag i/l

AB-~-19
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Table APP. 8-8 Results of River Water Quality Analysis by FEEMA (1990-1991)

NO.OF STATION : 10 (SB39B) RIVER NAME : Rio Soberbo {1990~1991}

NO. OF SAMPLING . 1 2 3 L] 5

DATE OF SAMPLING 20 MAR 90 7 AUG %0 20 AUG 90 10 APR 91 20 AUG 91
CODE PARAMETER URITY
Time B 8:40 13:15 12:05 11:30 16:00

% 02061F Water Lemporalure ° ¢ 25.00 22,50 2450  25.00  21.00
= D2062F Alr lemperature °¢ 28. 00 26.00 28. 50 2. 00 26. 00

96204F - Weather conditions - : Hob good good good good

95101F Rain in the last 24 hours yes No yes No Ho

97251F Sampling depth n ' 0. 10 0.1¢ 0,10 0.10 0.15

97001F Depth of water column n

86301F OlL Presence ' No yes yes No yes

96302F Garbage Presence o yes yes No yes

10301L . pH (Lab} 1. 20 7.50 6. 00 6.80 1.00

02041L Conduct. (field) us/cn 40. 00 100. 00 90. 00 72.00 150.00

02073L Turbidity ’ Ut

104011 Suspended Solids ' mg/1 20.00 40. 00 30.00 §0.00 12,00

101041, Total alealinity CaCo3 mg/l

163021, Dissolved sulphate 304 mg/l

172041, Dissolved Chloride ] mg/1 3.00 §8.00 6.00 7.00 12.00

08101L DO ) " mg/l 6. 80 3.60 1. 60 6. 80 2. 80

082021 BOD (total) . re/1 10. 00 18.00 24. 00 16.00 130. 00

08301L €OD (total) ng/1 100. 00 40. 00 30.00 320.00

36101L Total Coli x1000 PR/ 100m)

36111L. Fecal Coli x1400 MPN/100mI 24.00 8.00 13.00 >160 3.00

16404l, Dissolved Sulphide mngsS/1

54752k Total Alcalinity Cal03 mz/l

10154L Alcalinity to Phenolphtalein mg/l

070051 Total kjeldahl Nitrogen ag N/1 1.00 f. 20 2.00 2.00 2.40

075%6L. Ammonia Nitrogen ng N/1 <. 01 0. 40 0. 07 0.20 0.4§

073061, Nitrate Nitrogen ng N/1 0.20 0.60 0.20 0.20 0.10

15468, Total Phosphorus ng B/ g. 170 0.20 0.15% 0.20 0.30

152521, Orthophoshale ng P/1 <0 0.02 0.03

07206L Nitrite Nitrogen rg N/I

16302, Dissolved sulphide 504 mg/l

09004L. Dissolved Fluoride ng F/1

06522L lexane Extractable ng/1

10701L Suerfactants

06534L Phenol ng/1 <. 00t 0. 002 0.00% <, 001 0.0

06600l Cyanide ng CN/L <. 010 <. 010 <010 {.010 0. 020

070541, Diss. Kjeldahl N. ng N/1

10474L  Humidity

480041, Cadmiunm ng Cd/1 <. 002 <. 002 <. 0oZ <. 002 <. 002

29005L Copper . ng Cu/! 0.010 0. 005 <. 005 0,010 0.010

820041, lead . ng Pd/] €.02 <. 02 <02 <02 <02

24002L  Chromiunm mg Cr/l [ .01 <, 01

281041, Total Nickel ng Ni/l <. 01 [N} < 01 <01 <01

300031 Total Zinc ng Zn/l 0.03 0. 420 0.010 0.01% 0.06

800131, Mercury : ug Hg/1 <. 10 <10 <. 10 <, 19 <. 10

260071 Total iron (Fel+-Fed+) pg Fe/l

250068l Total Manganecse mg ¥n/l

50004L Totat Tin ng S/l

18102L Total potassium ng X/1

24101L Chrosuin VI ng Cu/l <. 01 <. 01 £.01 <. 01 <. 01

240511 Bissolved Chronuim mg Cr/1

25103k Dissolved Manganese ug Mn/1

26101, Pissolved iron ng Fe/l 0. 30 1. 80 2,50 0.50 0.35

28002L Dissolved Nickel ng Ni/l

24105L Pissolved copper _ mg Cu/l

30103L. Zinc . ng Zn/1

48005L Dissolved chromium rg Cr/l

820051 Dissolved Lead ng Pb/1
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Table APP. 8-3 Resulis of River Water Quality Analysis by FEEMA (1990-1991)

NO.OF STATION : 11 (MG580} RIVER NAME : Canal de Mage {1980~1891)

NO. OF SAMPLING 1 2 3 4 5

Genarai nunber of the laboratory

DATE OF SAMPLING 8 MAR 90 7 AUG 80 22 AUG 80 10 APR 91 20 AUG %1
CODE PARAMETER UNITY

Tine H 11:1% 10:55 11:903 “ 1310 FE:00 ' AR,
02061F Waler tfemperature ° ¢ 32.00 22.00 23. 06 26. 00 23.00 %
02062F Air temperature ° ¢ 32.00 24,00 22.00 32.00 27.00
96204F Weather conditions good good rain good goad
98101F Rain in the last 24 hours No Ko yes No No
9725tF. Sampling depth m _ 0.1¢ 0. 10 0.10 0.10 8. 15
9700EF DBepth of water column
96301F OiL Presence : yes yes yes Ho yes
96302F Garbage Presence yes yes yes No yes
j0301L  pH (Lab) . . 7. 80 3. 50 3.20 1.00 6. 80
02041L Conduct. {field) “uS/cnm -50. 09 1900 %2300 §13. 00 1100
02093, Turbidity : UT
{0401L° Suspended Solids ng/l - 20. 00 35.00 35.00 20.00 80. 00
10104L Total alcalinity CaC03 ng/i
16302L Dissolved sulphate $04 mg/1 )
17204L DPissolved Chioride ng/1 #1900 430. 00 510, G0 160,00 i60. 060
08101L DO E “mg/1 1 -1t LS| 0. 40 1.00
08202L BOn (total) mg/l ) 20. 00 40.00 40.00 5. 00 . 10. 00
08301L  COD (lotal) _ ng/1 _ 50.00 240,00
36101L Total Coli x1000 MPH/100m] 160. 90
36i11L Fecal Coli x1000 MPH/200m] >160 160 >160 >160
164041, Pissolved Suipkide ngs/1
547521, Total Alcalinity CaC03 mg/l
10154L Alcalinity to Pherolphtalein mg/l ey
0670051, Total kjeidahl Nitrogen mg N/t 14. 00 17, 40 24. 00 9. 00 20. 00 %
07556l Ammonia Nitrogen ag N1 11. 00 15, 00 i7.00 .40 8. 00
07304L Nitrate Nitrogen ag N1 0.03 18.00 0. 02 <ol
154081, Total Phosphorus ng P/ 1. 00 2,00 5.00 0. 15 3. 00
15252  Orthophoshale - ag P/ 0. 60 1. 68 1. 80
012065, HNitrite Nitrogen mg NAI
163021, Dissolved sulphide S04 mg/l
490041, Dissolved Fluoride ) ng F/1
#6522L Mexane Extractable mg/l
10701  Surfactants
06534%  Phenol ng/1 0.005° 0.01 0.004 0. 003 0. 01
06600L Cyanide mg CH/L <. 010 0.0k 0.010 <. 010 G6.020
070541, Diss. Xjeldahl Y. mg NI :
10474%  Humidity
480041, Cadmium mg Cd/t .025 <. 062 <. 002 0. 004 . 002
290055 Copper mg Cu/l 0. 04 0.010 0. 0% <. 005 0.00%
82004), lLead mg PMd/1 0.10 <. 02 <. 62 <. 02 <02
240021, Chromium mg Cr/l <01 <. 01 01
281041 Total Nickel mg Ri/1 0. 08 <.01 <0t <. 01 RS ) |
300031, Total Zine ng In/l 0.020 D. 015 0.010 <. 005 0.015
800131, Mercury ug lig/1 <10 0.25 8,10 <. 10 < 10
26007L Total iron (Fe2t b Fel+) ng Fe/l
250060 Total Manganese ng Mn/1
56004L Total Tin ng Sn/l
191021 Tolal polassiua ng /1 .
241011, Chromuim VI mg Cu/l <. 01 01 <8 <. 01 <01
24051L  Dissolved Chromuim mg Cr/l
25103L Dissolved Manganeso mg Mn/l .
26101L  Dissolved iron mg Fe/l 0.20 0.20 0.35 0.10 0. 4%
28002f, Dissolved Nickel ng Ni/IL
291050, Dissolved copper ng Cu/l
30103L  Tinc ng Zn/!
480051, Dissolved chromium ag Cr/l
320051, Dissolved Lead " mg PbA1
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Table APP. 8-3 Results of River Water Quality ‘Analysis by FEEMA (1990-1991)

NO.OF STATION : 12 (RNS60) RIVER NAME : Rio Roncador {1990~1991)

NO. OF SAMPLING 1 2 3 4 5

Genaral number of the laboratory

DATE OF SAMPLING 3 MAR 90 T AUG 90 22 AUG 90 10 APR 9% 20 AUG 9t
CODE PARAMETER UNITY
Time I 11:10 P0: 45 10:4% 12:1% 10: 45
02061F Water temperature ° ¢ 31.00 15.00 22.00 25,00 20,50
02062F Air temperature * g 32.00 22.00 21. 50 32. 00 26, 00
96204F Weather conditions good good rain goot good
98101F Rain in the last Z4 hours No No yes No No
9725iF Sampling depth n 0.10 0.19 0. 10 0.10 0. 1%
9700iF Depth of water column n '
96301F OIL Presence No yes yes No yes
96302F Garbage Presence yes yes yes No yes
10301L  pH (Lab) 7.00 T.70 6. 90 §. 60 7. 10
02041L Conduct. {field) uS/cn 19¢. 00 90. 60 110,00 §2.00 80. 00
02073L Turbidity Ut
104011l  Suspended Solids mg/ 1 30.00 10. 00 16,00 10.00 $.00
10104L Tolal alcalinity CaCod3 ng/l
153021 Dissolved sulphate 304 mg/1
172041 Dissolved Chloride ng/l 30,00 5.00 8. 00 5.00 15.00
08101L DO ng/1 6.00 7.20 5. 00 1. 40 7.40
68202L BOD (total} ng/l 4.00 2. 80 2.0 <2.0 <2.0
¢8301L  COD (total) g/l . ) 10. 00 20, 09 <10 10. 00
36101L Total Coli x1000 MPN/100ml
36111L  Fecal Coli x1000 MPN/100m1 8. 00 17.00 13. 00 17.00 90. 00
164041, Dissolved Sulphide ngs/1
5475%2L Total Alecalinity CaC03 ng/l
10154L Alealinity to Phenolphtalein ng/l
070051 Total kjeldahl Nitrogen ag N/ D.25 D. 60 1.40 1.00 0. 80
07556L Ammonia Nitrogen mg N/1 0.10 0.30 0. 40 010 0.20
07306L Nitrate Nitrogen mg N/t 0. 44 . 20 0. 30 0. 40
15408L Total Phosphorus ng P/l 0.10 0,10 0.20 0.086 0.08
152628 Orthophoshate ng P/} 0.02 0.02 0.06
07205, Nitrite Nitrogen ag N/1
163021, Dissolved sulphide S04 mg/1
09004L Dissolved Fluoride ag F/1
#65221. Hexane Extractable ng/1
16701L  Surfaciants
065341l Phenol re/l <. 001 0.002 0.005 <. 001 0.002
06600L Cyanide mg CN/L <. 010 <. 01¢ <. 010 <. 010 <.0ie
07054L Diss.Kjeldahl A. ng N/}
10474l Humidity
48004L Cadmium mg Cd/] <. 002 <. 002 .002 <. 002 <, 002
290051, Copper ag Cu/l <. 005 <. 005 <. 005 < Doy <. 005
82004L Llead mg Pd/1 {.02 <02 .02 .02 .02
24002L Chromium mg Cr/l 0l <0t .01
28104L Total Nickel mg Ni/1 <01 <01 01 <01 <01
30003L Tolal Zinc mg Zn/1 0.01% 0. 020 <. 005 <. 005 0. 005
80013L Mercury ug flg/i <10 <10 <10 10 <. 10
260071, Total iron {Fel++Fedt) ng Fe/l
- 250061 Total Manganese mg Mn/l
500041 Total Tin mg Sn/l
191021, Total potassium ng K/1
241011, Chromuin VI mg Cu/l <01 <, 01 <01 <0l <, 01
24051L, Dissolved Chroauinm ng Cr/l
25103L Dissclved Manganese ng Mo/l
26101L Dissolved iron ng Fe/l 0.4 0.12 1. 40 <02 0. 40
"28002L Dissolved Nickel mng Ni/l .
© 291051 Dissolved copper mg Cu/l
30103L  Zine ng In/l
48005L DPissolved chromiun ng Cr/!
320051 Dissolved Lead mg P/l
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Table APP. 8-83 Results of River Water Quality Analysis by FEEMA (1990-1991)

NO.OF STATION : 15 (ES400} RIVER NAME : Rio Estrela (1990~-1991)

BHAR 90 7 AUG 90 10 APR 91 20 AUG 91

CODE PARAMETER UKITY
Tine fl 10:00 9:30 10:0§ §:43

~ 02061F ¥aler temperature c 3100 21.00 25.00 22.00

02062F Alr temperature A 30. 50 22,00 32. 60 258.00

95204F Weather conditions, good good good good

98101F Raln §n the last 24 hours No Ko No No

97251F Sampling depth R 0. i0 0. 10 6. 19 0. 1%

91001F  Pepth of vater column n

96301F OIL Presence ¥es yes yes yes

96302F Garbage Presence yes yes yes yes

E0301L. pH {Lab) 1.20 T.10 6. 40 6. %0

320411  Conduct. {ficld) us/en 117100 £1500 §20. 00 1799

02073L - Turbidity uT

10401L  Suspended Solids rg/l 20,00 25.00 20. 00 9.400

i0104l, Total alcalinity CaC03 mg/!

16302L Dissolved sulphate 504 ag/l

11204L Dissolved Chloride mg/1 470,900 11,00 440,00

08161l Do . g/l 0.6 2.00 4.20 2. 20

082021, BOP {tolal) g/l 12. 40 8.00 5. 60 10. 60

03301L  €OD (lotal) g/l 30. 00 20. 00 30, 09

36601, Total Coli x1000 MPN/100al

161111, Fecal Coli x1900 MPN/100m1 24,00 17. 00 £$0. 00 §0. 00

164041, Dissolved Sulphide mgS/1

547521, Total Alcalinfuy CaCod =g/}

101541, Atealinity to Phenoiphtalein mg/l

07003L Total kjeidah] Nitrogen. ng N/1 5.00 L 2: 49 3. 60

07556l Ammonia Nilrogen sg N/1 5.00 0. 70 4.40 2.00

0730661 Nitrate Nitrogen Bg N/) 0.10 0. 50 g 30

154081, Total Phosphorus =g #/1 0. 50 0. 30 0. 10 0. 36

152321. Orthophoshate ag ¥/1 0.39 0. 04

07206L Nilrite Nitrogen ag N/1

16302L Dissolved sulphide S04 mg/l

09004L, Pissolved Fluoride ag F/1

05%22L  Hexane Exiractable mefi

10701L  Serfactants

065341 Phenel rz/1 ¢. 003 <. 001 <. 001 0.001

086001, Cyanide ag CH/L <. 010 <. 010 <010 <. 010

07054 Diss. Kjeldahl N, zg N/I

10474L Bumidity .

480045, Cadaiua ag Cd/1 - D.065 6. 002 <. 002 <. 002

28005k Copper ag Cu/l .12 ¢. 018 < 605 9.015%

B2004L Lead g P/ ¢. 30 <. 02 <. 02 <42

240021, Chromium ng Ci/l 0.02 <01

281041 Total Hickel rg Ni/l 0,25 <. 0t <. 01 <. 01

0003, Tolal Zinc ag In/l 0.94 4.010 0. 015 <. 008

50013L  Mercury ug Hg/1 <. 10 <. 10 <. 10 <. 10

26007L  Total dron (Fez+-tels) ng e/l

25006L Total Mangancse ag Mn/l

500041, Tolal Tin ag Sn/l

191021, Total petassiua &g K/1

24101k Chrosuis VI sg Cu/l <. <. 01 [ <81

24051L  DEssolved Chromuin ng Cr/l

25103k  DPissolved Mangancse rg Mn/l

26101L " Pissolved iron ng Fo/t Q.12 0. 04 0. 65 0.04

280021, Dissolved Nickel ng Ni/l

29105, Disscived copper rg Cu/fl

30103L  Zinc rg In/1

159051, Dissolved chrosium mr Cr/l

320051, Dissolved Lead &g Ph/l .

18021). op’ DDE ug/| <. 001 {. 00t

18001L  pp" DT ug/1 < @it <. 081
C18011L  op  BOD ug/1

180120 ap BDD ug/l

18013L  pp  DBD ug/1 <. 06t €. 001

1802¢L op DDE ugsl < 001 <. 001

18021L op  DDE ug/t < 061 <. 003

180301, Methoxi-Chlor ug/l

180401, lleprachior ug/1

180451  dleplachlior epoxi ugs1

180501, ‘Endosulfan {Thiodap) ug/1

180601, o ~Chiordane ug/i

1806t ¥ -Chlordane ug/k : )

1807¢L Lindanc ug/l ’ <. 001

18075k « -BHC ug/1 <. 001

18086, B8 -BHC ug/| <. 001



Table APP. 8-3 Results of River Water Quality Analysis by FEEMA (1990-1991)

© NO.OF STATION : 16 {IN4GG) RIVER NAME : Rio Inhomirim (1990~ 1991}

DATE OF SAMPLING 8§ MAR 90 T AUG 90 22 AUG 90 10 APR 91 20 AUG 4t
CODE PARAMETER UNITY
Tine : ) ] 10:5% 10:20 19:30 t1:05 4-35%

02061F Water temperature °C 29,00 19.00 21.00 24.00 14, 00
02062F - Air temperature °C 32.50 22.00 21. 50 31.00 24.00
96204F Weather conditions good good rain good good
98101F Rain in the last 24 hours No No yes No o
97251F Sanmpling depth n 0.10 0,0 0.10 0. 10 .15
947001F Depth of water column
96301F OIL Presence Ko Ho Ho Ko No
$6302F Garbage Presence No yes yes ¥o yes
1030%L pll {(Lab) ' 7.00 1.80 1.30 6. 5¢ 6. 80
020411 Conduct. (field) us/em 90. 00 139. 00 140,00 62.00 80.00
020731, Turbidity ik}
10401L Suspended Solids mg/ 1 50. 00 id4.00 14. 00 60. 00 6.00
10104L Total alcalinity €aCo3 mg/l
163021, Dissolved sulphate - 504 mg/l
17204k Dissolved Chloride rng/1 20.00 8. 00 12.00 5. 00 20. 00
08101EL DO mg/ 1 2.00 4.20 2.80 1. 00 4,20
08202L BOD {total) wg/ 1 4.00 1.20 8.00 2. 00 2.0
08301L COP {(wotal) - mg/! 20,00 20. 00 10. 00 19. 00
36101L Total Coli x1000 MPH/100R]
36111L Fecal Coli x1090 MPN/100m] §0.00 © 300 16¢. 00 80. 00 >160
164041, Dissolved Sulphide mgs/1
547521, Total Alcalinity CaC03 ng/1
10154L Alcalinity to Phenolphtalein mg/l
070054, - Fotal kjetdahl Nitrogen g N/1 1. 50 0.60 1.80 1.00 1. 00
07556L Ammonia Nitrogen ng H/1 0.40 0. 30 0.20 0.05 .40
07306 Nitrate Nitrogen ng ¥/1 <. 1 0. 70 0.0 0.70 0. 50
15408l Total Phosphorus ng P/1 0. 50 0.10 0.20 0.10 0. 10
15252 Orthophoshate ng B/ 0.02 0.02 0.03
07206L Nitrite Nitrogen ag N/1
163021, Dissolved sulphide 500 mg/i
09004L Dissolved Fluoride ng F/1
065221, Hexane Extractable ng/1
107011, ‘Surfactants
065341l Phenol . ng/1 <. 00 <. 001 £.001 <. 001 0. 002
66600L  Cyanide ng CN/L <. 0t0 <.018 <. 016 {010 <. 010
070545 Diss.Kjeldahl N. mg N/l
10474L  Humidity :
480041 Cadmiun . ng Cd/i <. 002 <. 002 <.002 <. 002 <. 002
290051 . Copper ng Cu/l < 005 <. 005 005 <. 005 <. 005
82004L Lead ng Pdfl {02 g.04 <. Q2 .02 - .02
240021, Chronium mg Cr/d <. 01 <. 01 <01
285041, Total Yickel ng Ni/l 01 <01 01 <. 01 01
30003L Total Zinc ng Zn/} 0.015 0.005 0.010 0.010 <. 005
BO013L Mercury ug g/l < 10 0.2% 0.10 <. 10 <10
26007L Total iron (Fel++Fel4) ng Fe/l

. 250051 Total Manganese mg Mn/l

% 50004 Total Tin ng Sn/i
19102L Total potassium ng K/1
24101L Chromuia VI g Cu/l <. 01 < 00 <. 01 <01 {1
24051f Dissolved Chromuim ng Cr/l
251038 Dissolved Manganese mg ¥n/l .
26101L Dissolved iron ’ ng Fe/l 0.1¢ 0. 40 0.50 .50 0. 20
280021, Dissolved Nickel © mg Ni/l
291051 Dissolved copper _ ng Cu/l
30103L Zinc ng Zn/|
480051 Dissolved chromium mg Cr/)

82005L Dissolved Lead mg Pb/!

AB-25



Table APP. 8-3 Results of River Water Quality Amalysis by FEEMA (1990-1991)

NO.OP STATION : 17 (SC4l20) RIVER NAME : Rio Sracuruna (IBQGWIQQU

DATE OF SAMPLING B MAR 90 7 AUG 90 22 AUG 90 G APR 91 20 AUG 91
COLE PARAMETER UNITY

Time It 10:40 16:10 10:20 10:50 9:20
0206iF Watler temperature °¢ 29. 00 21.00 21,400 24,00 20.00
02062F Alr temperature ° ¢ 33.00 22,00 21,00 31.00 25.00
§6204F Weather conditions - goad good rain good good
93101F Rain in the last 24 hours Ko Ko yes No No
87251F Sampling depth m : 0.1¢ .10 0.10 0. 10 0.1%
87001F Depth of water coluan m
96301F OlL Presence No yes yes No yes
96302F Garbage Presence yes No yes No - yes
10308 - pif (Lab) ' 7.8 T.20 6. 50 6. 50 6. 80
02041L Conduct; {field) uSfem 160. 00 15¢. 00 130.90 77.060 - 310.0¢
0207T3L "Turbidily UT
10401L Suspended Solids ' mg/1 10. 00 10.00 10. 00 §0. 00 9. 00
101041 Total aleatinity : CaC03 ng/! : )
163021, Dissolved sulphate $04 mg/l
17204L Dissolved Chloride ng/l 30.00 id.00 14. 00 5.00 20. 00
¢8101L DO ng/l 3.00 4. 00 4.60 1. 60 2.80
482621  BOD {total) ng/] §.00 3.20 10, 08 2.40 14.00
08301L COD {Lotal) ag/l 10. 00 26. 00 80. 00 15. 00
36101L Total Coli x1000 MPN/100al : ’
3I5111L Fecal Coli x1000 ’ KPN/100m1 30. 00 §.00 13.00 300,00 90. 00
16404L Dissolved Sulphide mgS/1 :
547521, Total Alealinity CaC03 ng/l .
101541 Atcalbinity to Phepolphtalein pg/l :
010051 Total kjeldakt Nitrogen g W/1 1. 00 L. 40 2.00 1. 00 1. 8¢
07556L  Ammonia Nitrogen rg N/1 0. 50 0. 8% 0. 90 6. 10 4. 60
073061, Mitrate Nitrogen ng N/| 0. 40 0.20 g.50 0. 60
15408L Total Phosphorus ng P/ 0. 65 0.10 0. 09 0.10 0.05
15252L  Orthophoshate ng P/I 0. 492 <. 0} <.02
07208) Nitriie Nitrogen g N/}
163021 Dissolved sulphide S04 mg/V
090041, Dissolved Fluoride ng F/1
065221, Texane Extractable ag/1
10701L  Surfactants
065341 Fhenol ng/} 0. 003 <00} 0. 002 <. 001 0. 804
066001 Cyanide ng CN/L <, 010 <. 019 <. 010 <. 010 <. 010
0105%4L Diss.Kjeldahl H. ng H/1 :
104741 Humidity
480041, Cadmiue - pg Cd/1 0,002 £, 002 <. 002 <. 002 <. 002
29005L. Copper : 6z Cu/l 0.04 <. 005 <. pos <. 00% < 005
820041 lead ng Pd/1 6.02 <. 02 <02 {. 02 <. 02
240021, Chromium mg Cr/l 01 .01 < 01
28104L Total Nickel ng Ni/l 0.02 <01 (] <. 01 <, 01
30040L Total Zinc ng 2n/1 0.015 0.0180 0. 005 0.010 <. 005
80013L Mercury ug fg/l <10 0.15 <. 10 <. 10 10
260071, Total iron {Fel++Fe3+) rg Fe/l :
25006L Total Manganese ug Mo/l
50004L Total Tin ug Sn/l
181021 Toltal potassium ag X/1
24101L Chromuin VI mg Cu/l <.01 <. 01 <, 01 <01 .01
24051L Dissolved Chromuin ng Cr/l
25103k Dissolved Manganese Bg Mn/1 :
26101L Dissolved iron mg Fe/l 0.75 <. 02 0. 30 4.50 0. 35
28002, Dissoived Nickel _ ng Ni/l
29105L Dissolved copper ng Cu/l
30103L  Zine ng Zn/1
480051 Dissolved chromium ng Cr/1
82005L Dissolved Lead ng Pb/1
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Table APP. 8-3 Results of River Water Quality Analysis by FEEMA {1990-1991)

NO. OF SfATION : 1% {SP300} RIVER RAME : Canal do Sarapui {1996~1931)

DATE OF SAMPLING 13 MAR 90 28 MAY 90 10 JUL 99 2 JUL 91 26 AUG 91 1? OCT 91
CODE PARAMETER URITY

. Tire H 10:20 13:55 10:19 9:28 9:30 i0:15
0206§F Faier temperature e 3150 26.00 23.00 22.00 24.00 28,50
02062F Air teaperature’ C 3. 00 29,90 23,50 25.00 26,00 34.00
86204F Yeather conditions good good Gloudy. Cloudy good good
98101F Rain in the lasl 24 hours No No Nob o No No
97251F Sampling depth ) a g.10 0.10 .10 0. 10 0.15 0.10
$1001F Depth of vater column a ’
96301F OIL Prescnce o res yes ¥es res yes
96302F Garbage Presence yes yes yes yes yes yes
10301L  pH (Lab) 1.30 120 6.90 7.20 5.80 7.10
020410 Cenduct, {ficld) uS/en 990. 00 525. 00 £50. 0D 9090 940. 89 900,08
02073L  Turbidity ur
10401L  Suspended Sollds g/l 5. 00 22,00 90, 0¢ 70,00 25.00 25.00
10104E  Total alcalinity CaC03 nmg/l
163021 Dissolved sylphate 504 ng/l
17204L Dissolved Chloride B/l - 160,00 40,00 100. 00 90. 00 156, 00 220.00
08L01L BO : ag/l <. 01 <h 0. 80 .0t <01 <. 01
08202L BOD (total) g/l 40.00 24.40 40. 00 20.00 40. 09 49. 00
08301L  €OD (total) eg/l 100. 00 39. 00 70. 00 130. 90 110. 00
36101L  Tatal Coli x1000 MPY/1DDRI
36111L Fecal Coli x1000 NMPR/100R1 500.00 160< 1600<# 160< 160< 160¢
§6404L Dissolved Sulphide ags/1
347521 Total Alcalinity CaC0d ag/l
101541 Alcalinity to Phenolphlalein wmp/l
07005L Totat kjeldahl Nitrogen ng ¥/1 19. 00 17, 68 16. 00 16.00 21, 00 §7.00
075561 Ammonia Nilrogen ag N/1 16. 60 t4. GO 13. 00 10.00 15. 06 £4.00
0T306L Kitrate Nitrogen mg K/1 0.62 0. 0t 0.02 0. 02 <. 01
154051 Total Phosphorus mg P/ 4. 00 3.00 3. 00 2.00 3. 40 3.00
152521 Orthophoshate ng #/1 2. 00 0. 20 2. 00
07206L Nitrite Nitrogen mg ¥/
153021, Pissolved sulphide S04 mg/?
0906041 Dissolved Fluoride ag F/1
06522L llexane Extractable sg/1
10704L  Surfaclants:
06534L  Pheno! . R/ 0.02 0.03 0.00% 0. 006 0.02 0.03%
06660L Cyanide mg CN/L g.050 0.050 <. 09t 4.010 0010 0.03¢
07054}, DPiss. Kjeldahi X ng N/
104740 Humidity
§3004L Cadmium rg Cd/!1 0. 006 €. 002 £.002 <. 002 <.002 <. 902
29005L Copper Bg Cu/l 0.015 <. 00§ 0. 010 0. 013 £.00% <. 00§
B2004L Lead ng Pd/1 0. 04 <. 02 .02 <02 .02 .02
24002 Chroasjum ng Cr/) 0.02 01 €. 01
28104L Total Nickel ng Ni/l (9123 <, 0 <. 01 <. 01 <.01 .01
30003L  Total Zinc ag In/l 9.01 b. 0tG 0.028 0.013 0. 005 6.01%
80013L Mercury ug Hg/l < 04 {10 <. 10 {10 <10 <10
26607L  Total iron (Fel++Fedt) =g Fe/l
25006 Total Manganese Rg ¥n/l <01
50004L  Total Tin mg Sn/1
191021 Total polassium sy K71
24101k Chroauim VI ag Cu/l 0l <01 <01 <0 <. 0t < 0t
2803EL  Dissolved Chroavin ag Ce/f)
25103L Dissolved Manganese ng Mn/1
26101L° Dissolved iron ng Fe/l 0.19 2.00 0. 40 0. 04 0.04 0.28
280021, Dissolved Nickel - mg Nifl
28105%  Dissolved copper ag Cu/l
30103L  Zinc ag Zn/1
580051 Dissofved chromiur ag Cr/l
BZ005L Dissolved Lead ng Pb/l
t3009L op BDT ug/1
100IL  pp DT ug/t <. 00} <. 0] $.013 <. 001 <. 001
130111 op DID ug/l
130125 mp' DD ug/1
18013L  pp' DOD g/l <. 001 <. 001 0.019 <. 00} €. 001
13020L op BDE ‘ ug/l £.001 <. 001 <, 001 <.001 <. 001
180211 op  DDE ug/1 < 31 <, 081 0.003 < 0ol <. 001
180361 Methoxi-Chlior ug/1
18048L  lfeprachlor ug/l
F8045L  Heplachlor epoxi ug/|
13050L  Endesulfan {Ihiodan) ug/l
18060L & -Chlordane ug/l
136811 7 -Chlordape : ug/1
18070L° Lindane ug/i . ¢, 03
16075L o -BIC ug/1 D.UZ
180801, A -BNC ug/i < 061




Table APP. 8-3 Re.sults of River Water Quality Analysis by FEEMA {1990-1991)

NG, OF STATION ; 20 {51220} RIYER NAME : Rio Sao Joao de Meriti ' (1990~1991)

DATE OF SAMPLING 10 JuL 80 2 JHL 9% 26 AUG 91 17 OCT 91
CORE PARAMETER UNITY

Tine il 10:0¢ 9:10 9:1%: 10:05
02061F Water temperature ¢ 23, 00 22. 50 24. 30 2%.00
02062F Air temperature ¢ 23. 50 25. 50 26. 50 34. 50
96204F Weather conditions ) Cloudy good good good
$8101F Rain in the last 24 hours Rob Ko No No
97251F Sampling depth i 6. 10 0. 10 0.1% 0.10
97001F Depth of water column " )
26301F OILL Presence yes yes yes yes
96302F Garbage Presence yes yes yes ¥yes
103011 pH (Lab) 6. 90 1.10 §.90 7.00
02041L  Conduct, (field) us/ca #5900 37300 #5200 2600
02073L Turbidity uT
10401L  Suspended Solids ) ng/1 40.00 25.00 45. 00 20.00
10104L Total alecalinity CaC03 mg/l
163021, Dissolved sulphate S04 mg/1.
172041, Dissolved Chloride rg/l 21900 ¥2150 #1800 630
08101L DO . mg/1 <1 <1 <1 <. 1
652021 " BOD (total) mg/ | 1¢.00 30.00 50, 00 - 50. 00
08301L  COD (total} ng/1 12¢.00 115.00 170. 0¢
36101L Total Celi x1000 MPH/100m) )
36111IL Fecal Coli x1000 MEN/100m] 1600<4 180< 1§0< 160<
18404L Dissolved Sulphide re$/1
547521, Total Alealinity a0l mg/l
101541, Atbcalinity to Phenolphtalein ng/l
01005L Tolal kjeldahl Nitrogen ng N/1 15.00 14.00 15. 00 17. 00
071556L Ammonia Nitrogen ng N/1 11.00 13.0G 10. 00 15. 060
07306L Nitrate Nitrogen ng N/ - 0,02 0.02 0.03 <. 01
154081, Tolal Phosphorus ng P/1 2.00 2.00 2.170 1. 80
152521, Orthophoshate ng B/ 1.60
07206L  Nitrite Nitrogen ng N/1
16302L VDissolved sulphide 504 mg/l
09004L Dissolved Fluoride mg F/1
06522L Hexane Extractable mg/t
107T01L° Surfactants ‘ ‘
06534L Phenol : mg/1 0.04 0. ¢7 0.03 0. 06
366001, Cyanide ng CN/L <, 010 0.010 0.20 0.020
270541, Dbiss. Kjeldahi N. mg N/1
104741, Humidity
48004L Cadmium ag Cd/1 (. 004 <. 002 . 002 <. 002
290051 Copper ng Cu/t 0.015 0.04 ¢.010 0.015.
82004k lead mg Pd/l {62 <. 02 .02 .02

- 240028, Chromium ag Cr/l- 0.8

281041 Total Mickel mg Wi/t <M <. 01 <. 01 <. 01
30003k Total Zinc ng 4n/t .03 0.020 0.020 0.0¢
800i3l. Mercury ug g/t [ TH) <10 <10 0.35%
260071, Total iron (Fe2++ Fe3+) ag Fe/l
250061, Total Manganese mg Mn/t
50004%, Total Tin ug Sn/l
191021 Total polassium ng K/1 _
241011, Chromuim Vi g Cu/lt gl .01 <. 01 <. 81
240511, Dissolved Chromuim mg Cr/l
251031, Dissolved Mahganese =g Mn/l
261011 Dissoived iron ag Fe/l ¢.10 0. 35 0.06 0.14
28002l Dissolved Nickel &g Ni/l -
23105L Dissolved copper rg Cu/l
30103L  Zinc mng In/l
48005L Dissolved chromiun wg Cr/l
820051, Dissolved Lead ) ng Pb/|
18000L op DBT ug/1
180C1LL pp DBT ug/1 <, 001 <. 001 <. 001 <. 001
180115,  op DD ug/1

AB-28



Table APP. 8-3 Resuifs of River Water Quallty Analysis by FEEMA (1990-1991)

NO.OF STATION : 22 (1J200) RIVER NAME : Rio lraja (1990~1991)

AB-29

DATE OF SAMPLING 3 MAR 39 10 JUL 90 2 JUL 9L 26 AUG 81 1T OCT 91
coDE PARAMETER URITY
Time H 9:15 9:50 a:00 9:05 9:0%

02081F Watler lemperature g 29.50 23.00 23.00 24,00 25,09
02062F Air leaperature ° ¢ 29.00 24.00 25,00 26. 58 33.00
36204F Weather conditions good Cloudy good good good
85101F Rain in the last 24 hours No Nob o o o
97251F Saapling depth 1] 0.10 6. 10 0. 10 6. 15 0. 10
97001F Depth of water coluan n
95301F OIL Presence yes Hob yes yes yes
96302F Garbage Presence : yes yes yes yes yes
10301L  plt (Lab) 1.10 .10 1. 60 1.00 6. 90
02041L Conduet. (field) uS/eca #4650 2800 6500 150.00 4000
02073L Turbidity ’ UT
10401L Suspended Solids ng/! 40,00 §0.00 20. 00 23¢. 40 30. 00
10104L Total alcalinity CaC03 ag/l

‘163902 Dissolved sulphate S04 az/l .
17204L Dissolved Chloride © omg/l 1400 720,00 191 150.00 #1150
08101L PO =g/l (o | <t <1 [0 S |
08202l BOD {total) ng/| 39, 00 19, 00 20.00 110. 00 40. 00
0830LL  COD {total) ng/1 ’ 110. 60 15.00 255.00 200. 00
36101L Total Coll x1000 MPH/ 1 00mt 160< 160<# 160¢ 160¢ 160<
36111L Fecal Coli x1000 MPH/100m)
164041 Dissolved Sulphide rgsS/1
547521 Total Alcalinity : CaCo3 ag/!
10154L Alcalinity to Phenolphtaiein mg/l
07008, Total kjeldahl Nitrogen ng H/1 i1. 00 15.00 10. 80 i3. 00 19. 00
07556L Asmonia Nitrogen ng H/1 8.00 t2. 00 §. 00 9.00 i0. 00
07308L Milrate ¥itrogen ng /1 0.10 8, 05 0.04 0.02
15408 Tolal Phosphotus ng /1 1.00 z.00 1. 58 3.50 0. 90
15252L Orthophoshate. sg P/ 0.03 i.00

CQT208L HNitrite Nitrogen pg H/1
16302L Dissolved sulphide S04 g/t
090041 Dissolved Fluoride ng F/1
08522L Hexane Extractable ng/l
107011 Surfactants
065341 Phenol mz/1 0.01 0. 01 <. 001 0.02 0.02
06600L Cyanide mg CH/L o < OLD 0.010 0.020 0,010
010841  Diss.Kjeldahl H. mg /)
10474L  Humidity
{80046L Cadniun ng G4/l 0.016 <. 002 <. 002 0. 604 <. 002 .
28005L Copper mg Cu/l 0.0¢ 0. 010 8. 04 ' 0. 605
32004L Lead mg Pd/1 0.19 .02 <. 02 0 [}
240021 Chromiun ng Cr/l <01 <0
28104L Total Nickei ng Ni/l ’ ¢. 06 <. ¢l 401 <. 0] .01
30003L  Total Iinc ng In/1 0.03 0.020 0.010 0.04 0.015
40813, Mercury ug Hg/t <. 10 0.50 <10 0.2% < 10
26007L Total iron (Fel++Fe3t) ng Fe/l
25006L. Total Manganese ag Mn/i
300041 Total Tin rg Sn/l
14102L  Total potassium ag &/1
24101L  Chromuis VI mg Cu/l <. 01 <01 <01 <01 <, 0
24051L Dissolved Chrozuia ng Cr/i
2531031 Dissolved Manganese ag Ma/l
26101L Dissolved iron ng Fe/l 0. 40 0. 3% 0. 30 e.30 0. 3¢
25002L Dissolved Nickel ug Ni/l
25103L Dissolved copper ng Cu/l
30103L  Zine ng In/l
§8003L Dissolved chromiun ng Cr/l
82005k Dissolved Lead ng Pb/t
18000L op’ DOT ug/}
1800 pp' DOT ug/l 00t <. 001
1801tL  op' DD ug/1
18012L - =p’ DDD ug/l
180131 pp DDD ug/1 <, 001 [SHi}]
13020L UP'DDE ug/l <. 00l <. 001
180211 op' DDE ug/t <. 0t <. 801
180301, Methoxi-Chler ug/t



Table APP. 8-3 Results of River Water Quality Analysis by FEEMA (19%0-1991)

(1990~1991)

NO.OF STATION : 24  (CN100) RIVER HAME : Canal do Cunha

CODE PARAMETER UNITY

Time H §:55 9:10 8:45 §:45 8:489
02061F Water temperature °¢ 29, 00 22. 50 23.00 23,00 25,00
02062F Air teamperature ° ¢ 21, 00 23.00 25. 00 25.00 3100
96204F Weather conditions good Cloudy good good good
98101F Rain in the last 24 hours ¥o Nob No Ho No
97251F Sampling depth R 0.1¢ .10 0. 10 0.1% 0.10
9700iF Depth of water column n '
96301F 01l Presence - yes Nob yes yes yos
96302F Garbage Presence yes yes yes ves yes
1030%L  pH {(Lab} 7.00 6. 80 6.90 6. 8¢ 6. 90
02041L Conduct. {field) uS/cn §10.00  4090.00 *1550 415.00 500,490
D2073L  Turbidily T
10401L Suspended Solids ng/ 40. 00 150. 00 90. 00 120. 00 40. 00
101041 Total alcalinity CaC03 mg/l
16302L Dissolved sulphate 504 mg/t
172041, Dissolved Chloride ng/l 35,00 40, 00 380.00 76, 60 §0. 00
0810tL DO ng/l <1 1.00 <1 1 <1
68202l BOD (tetal) ng/l 50.00 60. 00 76,00 100. 00 60. 00
0830tL COD (total) ng/1 170. 00 186,90 140. 00 150,00
36101L Total Coli %1000 MPH/100n1 )
36111L- Fecal Coll x1000 MPN/100mE 160< 1600<3* 160< 160< 160<
164041, Dissolved Sulphide ngS/1
547521, Total Atcalinity CaC03 mg/1
101541, Alcalinity to Phenolphialein mg/l
07005i. Total kjeldah} Nitrogen ng N/1 ii. 00 i5.00 16. 00 14. 00 13. 00
07556L Ammonia Nitrogen ng N/1 7.50 $. 00 13.00 9. 00 12.00
07306L Nitrate ¥itrogen mg N/ 2.00 0.02 0. 0% <0
154081, Total Phosphorus mng P71 0. 80 2.00 2.50 2.5%0 1.00
i5252l. Orthophoshate mg P/l 0. 01 .70
072061, Nitrite Nitrogen ng N1
16302 Dissolved sulphide S04 mg/l
099004L Dissolved Fluoride ng F/1
06522L TMexane Extractable ng/1
106701L Surfactanis
065341, Phenol ng/l 0.02 0. 006 0. 04 06.03 0.04
06600L Cyanide mng CN/L 0.030 0.020 0.030 g.028 6. 820
UT054L  Diss.Kjeldahl N. ng N/l
10474L  Numidity ) )
48004L Cadaium ng-Cd/1 <. 002 b.002 0. 002 0.002 <. 002
230051, Copper ng Cu/l 0.0} 0. 07 0.0% 0.2% 0.14
82004L Lead ng Pd/1 02 0.04 0.086 0.12 <. 02
240021, Chromium ng Cr/l <0 0. 0% ’
281041, Total Nickel mg Ni/l <. 01 0,01 <. 01 <, 01 <. 01
30003L Total Zine ng Zn/l 0.015 0.06 0. 18 0. 40 0.03
80013L Mercury ug Hg/i <. 10 1t <10 p.170 <. 19
26007L  Total from {FeZ+d Fedt} rg e/l
250061 Total Manganese ng Mn/l
50004L Total Tin mg Sn/l
18102, Total potassium g K/
24101, Chromuim VI mg Cu/l <. 01 < 01 <. 01 <. 01 01
24051L Dissolved Chromuin mg Cr/l
25103 Pissolved Manganese wg Mn/l
261011, Dissolved iren ug Fe/l 0. 60 0. 40 0. 40 0. 60 0. 45
26002, Dissolved Nickal ng Ni/l
291051, Dissolved copper mg. Cu/1
30103, Zinc mg In/t
48005l Dissclved chromium ©mg Or/l
820050 Dissolved Lead g P/l
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Table APP. 8-3 Results of Ri?er Water Quality Analysis by FEEMA (1990-1991)

NO.OF STATION : 25 (MNOOO) REVER NAME : Canal do Mangue (1990~1991)

DATE OF SAMPLING § MAR 80 t0 JUL 80 2 JOL 91 28 AUG 91 17 OCT 9
CODE PARAMETER ENITY

Time H 8:40 8:55 3:30 8:30 8:40
02061F Water temperalure °C 29.900 22.00 23.00 23.00 2109
02062F Air iemperature ¢ 27.00 23.00 25.00 25.00 29. 00
95204F Weather conditions . good Cloudy good good good
98101F Rain in the last 24 hours ¥o No ves Ne o
97251F Sampling depth m 0. 10 0.10 0.10 0.18 0. 10
9T001F  Depth of wvater column m
$6301F OIL Presence Yos Nob yes Yes yes
85302F Garbage Presence yes yes yes yes yes
10301E  pH (Lab) 100 6.70 6. 80 6.90 6. 60
02041L  Conduct. {Tield) us/cm *] 830 #1500 ¥1800 *4300 4900. 00
02073L Turbidity Ut
10401L  Suspended Solids’ mg/l 50 0O 30,00 30,00 - 35.00 60. 00
10104L Total alcalinity CaC03 ng/l
163021 Dissolved sulphale - $04 mg/1
172041 Dissolved Chloride ng/l 340. 00 3150. 00 440. G0 1300 140, 90
08101L DO ng/| <1 1 <1 L] <
08202 - BOD (total) ng/l 10,90 40. 00 40. 00 50. 00 £0.00
a8301L  COD (total) mg/1 120. 00 120. G0 150. 00
35101L Total Coli x1000 MPN/100R]
36111L Fecal Coli x1009 MPN/100R1 160¢ 1600¢¥ 160< 160¢ 160¢
16404l Dissolved Sulphide ngS/1
54752l Total Alcalinity CaC03 mu/l
10154L  Alealiniiy to Phenolphtalein mg/l
07065L Total kjeldahl Nitrogen og N/l 17. 00 28.00 12.00 13.00 17. 00
07556l Ammonia Nitrogen ng N/1 13,00 14. 09 11.00 8.00 7.00
073061, Nitrate Nitrogen ng N1 0. 04 6.03 0.03 .01
15408L Total Phosphorus ng P/1 1.00 2.00 2.00 1.70 0. 99
152%2L Orthophoshate ng P/ 0.99 1. 00
07206l Nitrite Nitrogen g N/l
16302L Dissolved sulphide S04 mg/1
090041 Dissolved Fiuoride ng F/i
06522L Hexane Extractable ng/t
10701L  Surfactants :
06534k  Phenol ng/t 6.02 0. 0} 0.03 0.09 0.02
06600L Cyanide ng CN/L 0.65 <. 010 0.029 <. 010 <. 010
07054L Piss. Kjeldahl A ng NI
10474l Humidity
48004L Cadmium ng Cd/1 0.006 <. 002 0. 002 <, 002 <. 002
290851, Copper ng Cu/l 0.04 0.005 0.015 0. 010 €. 005
82004L Lead g Pd/1 0. 06 .02 .02 < 02 <, 02
240021 Chromiuve g Cr/l <. 0 <. 01
Z8104L Total Rickel g Ni/l <. 01 <01 <. 01 <. 01 <. 01
300031 Total Zinc ng Zn/l 0.07 0.09 0. 920 0. 620 0,020
80013L Mercury ug Hg/1 10 0.20 <10 < i0 0.5
260071 Total iron {(FelZt+Fed+) ng Fe/l
25006L Total Manganese ng M/l
50004L Tolal Tin ng Sn/l
19102l Tolai potassium ag X/
2410fL  Chronuim Y1 ng Cu/l <. 01 <. 01 < 01 <. 01 < Q1
24051 Dissolved Chromuin rg Cr/l
25103L Dissolved Manganese ng Mn/l
26101l Dissolved iron mg Fe/l 0. 40 0,30 0.50 0.40 0.55
28002L Dissolved Nickel ng Ni/l
29105k Dissolved copper sg Cu/l
30103L  Zinc ag 7n/1
430050 Dissolved chroaiun mg Cr/1
82005 Dissolved Lead ng Pb/1
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Table APP. 8-3 Results of River ¥Water Quality Analysis by FEEMA (1990-1991)

NO.OF STATION : {1A261) REVER NAME : lguacy : (1990~1941)

DATE OF SAMPLING 28 MAY 90 10 JEL S0 2 JUL 91 26 AUG 91 17 OCT 91
CODE PARAMETER BRETY

Time H 14:990 11:20 19:00 10:30 10:50
02061F Waler leaperalure L 25.00 23.00 22.00 24.00 30. 00
02063F  Air temperalure °¢ 28. 50 24. 00 24.00 21.00 34. 00
96204F Weather conditions good Cioudy good good good
§8101F Raln in the last 24 hours fo Nob fo No No
97251F Sampling depth " 0.16 Q.10 0. 10 0. 1% . Q. 1¢
97001F Depth of water column [}
96301F - O, Presence yes yes res yes yes
96302F Garbage Presenco - yes yes Yes yes yes
10301L  pil. (Lab} 6. 80 6. 90 6. 90 7.10 6. 90
92041L - Conduct. {Ticld) uS/em 2200 $6000 6300 +#16000 #7100
02073L  Turbidity = Ut
10401L  Suspended Sollds ng/1 19.00 20. 60 50. 00 20.00 20.00
101041  Total atcatinity €aC03? mg/1
163021, Dissolved sulphate 304 Rmg/l
172041, Dissolved Chleride ng/1 130 +1100 $1900 #5200 +2900
031915 DO ag/1 1 8. 60 1. 40 <1 <1
G8202L 10D {lotal) ng/1 12. 00 12.00 25.00 10.00 10. 00
233011, Cob {rolal} ag/} 10. 00 60.00 70.00 240. 0D
361G1L Total Coli xi000 HPN/100n]
36111L  Fecal Coli x1000 HEN/ 10081 160¢ #1600 24.00 160< 160<
164041 Dissolved Sulphide nzS/t
547321  Tatal Alealinity Cac0d ng/1
10154L  Alcalinity to Phenoiphtaiein ng/l
07005L Total kicldahl Nitrogen ag N/1 1.00 6.00 3.00 9. 00 1.00
07556L Ammonia Nitrogen ag N/l 59,90 5.00 2. 00 5.00 1.00
07306L Witrate Nitrogen ug K/ 0.2 0. 40 0.03 <01
15408L Total Phosphorus ug P/1 0.%0 0.60 0.3% 1.00 0.90
15252ZL Ortheophoshale &g P/I 0.05 0,20
97206L Nitrite Nilrogen ng B/t
163021, Dissclved sulphide 504 g/l
09004L MHssolved Fluoride ug F/1
06522 Hexane Extraclabic ng/l
10761L  Surfactants o
06834L  Phenol ng/t 0.04 0.08 o0l 0.04 ¢.92
06600l Cranide ag CN/L ¢ 010 <010 [931}1:3 010 010
07054L  Dlss. Kieldani N, ag N/1
104748  Huridity
§B004E  Cadalum sg Cd/1 0.004 <002 <. 062 <.002 <. 002
29005L . Copper rg Cu/l 0.010 0. 005 0.04 0.03 6. 005
82004L . Lead ag Pd/1 0.04 92 Lo Y <.02 €. 02
24002L  Chroniun ' rg Cr/1 .01 <. 01
281041 Total Hickel »g Ki/1 [} <l <. 01 <0 <. 01
300031 Total Zine wg In/1 0.9015 <. 005 0.4 0.015 <. 008
B80013L  Mercury ug Hg/l ~ < i0 -4, 10 <. 10 <. 10 10
26007L Total iron {Fe2+ tFedd) rg fe/l
250061, Total Manganese me ¥n/l <0
500041, Tetal Tin me Sn/i
19102L Total potassiua Re K/1
24104, Chreonula Vi wg Cu/l <. 01 £.01 .01 <. 01 <. 01
240511 Dissolved Chroauin =g Cr/f})
25103L Dissolved Manganese ng Mn/i
261011, Dissolved iron &g Fo/i 9.35 013 .02 0. 60 - 008
230021 Dissolved Nickel ag Ni/l
29103 Dissolved copper ag Cu/l
30183L° Zinc wg Infl
13005 Dissolved chromium sg O/t
826050  Tissolved lLead ug Ph/h
13000L  op DBY ug/|
180011, pp DOT ug/i <. 001 <. 001
18011L op" DBD ug/i
18012L  mp” DDD ug/1
18013L  pp BBD ug/l .00l < 001
18020l op’ BBE ug/1 <. 001 <. 00
18021, op DIE ug/l <. 001 <. 004
189401 Methoxi-Chler ug/t
18040l Heprachlor ug/!
180451, lieptachlor epoxi ug/1
18050k Endosuifan {(Thiodan} g/l
180601 o -Chlordane ug/1
18061L 7 ~Chlordane ug/1
18070l Lindano ug/1 0.01
180750 o -BHC ug/l 0.01
18630l B -BHC ug/! <. 001



Table APP. 8-3 Results of River Water Quality Analysis by FEEMA (1990-1991)

HO.OF STATION : (CC526) RIVER NAME : Fover : : (1990~1991}

CODE PARAMETER UNLITY

- Tine i 11:45
02061F Water temperature ° ¢ 31.00
02062F Air temperature ° ¢ 36.00
96204F Weather conditions Cloudy
98181F Rain.in the lasi 24 hours Nob
97251F Sampling depth m 0.10
37001F " Pepth of water column m
96301F OIL Presence Nob
96302F Garbaze Presence yes
10301L pH (Lab} ‘ 7.00
02041L Conduct. {(field) uS/cm 140. 00
02073l Turbidity uv
104011 Suspended Solids ng/1 20,00
101041, Total alcalinity CaC03 mg/l
163021 Dissolved sulphate $04 mg/1
17204L Dissolved Chloride . mg/1 ‘14.00
08101L DO mg/1 §.00
08202L BOD (toial) ng/1 5. 80
08301L COD {total) ng/1 20.00
38101l Total Coli x1000 HEN/100m1
361111 Fecal Coli x1000 MPN/100m]
164041L, Dissolved Sulphide mgsS/1 <5
54752L Total Alcalinity €aC03 mg/1
101541 Alcalinity to Phenolphtalein amg/l
870051, Total kisldahl Nitrogen mg N/1 3.50
01556L Ammonia Nitrogen ng N/1 3.00
07306 Nitrate Nitrogen ng N/1 1.00
154081, Total Phosphorus neg P/1 0. 30
15252L  Orthophoshate ng P/1
07206L Nitrite Nitrogen ng N/
163021 Pissolved sulphide S04 =g/l
09004L Dissolved Fluoride mg F/1
065228 Hexane Extractable mg/
10%701L  Surfactanis .
65341 Phenol ng/1 <. 001
06600L Cyanide - mg CN/L
070541 Diss. Kjeldah! N. mg N/1
10474L  Humidity
48004L Cadaium ng Cd/1 0.014
790051 Copper mg Cu/l 0.03
82004L lLead mg Pd/1 0.08
24002L Chroniun mg Cr/1 <. 01
28104L Total Nickel mg HiAl 0. 03
30003L .Total Zinc ng Zn/l 0. 03
§0013L Mercury ug Hg/lt
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Table APP. 8-3 Results of River Water Quality Amalysis by FEEMA (1990-1991)

No.0F STATION ; {CC8Z7) RIVER NAME : Fover Enviaraﬁesqficao o {19%0~1941)

DATE OF SAMPLING 19 MAR 90
coDE PARAMETER URITY
Tine il E1:45

02061F Water temperature ¢ 30.00
GZ062F Air temperature e 36. 00
96204F Weather conditions good
9810%F Rain in the last 24 hours Nob
97251F Sampling depth n 0.10
97001F Depth of water column . n

96301F OIL Presence Nob
96302F Garbage Presence yes
10301L pH (Lab) 1.00
02041L Conduct. {field) “uS/em 350.°00
02073L Turbidity BT

104011, Suspended Solids mg/ 1 30. 00
101041, Total alcalinity CaC03 mag/t

16302l Dissolved sulphate S04 mg/1

17204L Dissolved Chloride ne/1 50. 00
0810tL B0 mg/ 1 5. 40
08202L - BOD {total) mg/] 14. 00
08301l COD (total) : BE/ 1 50.00
36101L Total Coli x1000 MP/100m]

36111L Fecal Coli x1000 MPN/100m]

164041 Bissolved Sulphide mgS/1 <. 5
541521, Total Alcalinity CaCo3 mg/1

10154L  Alcalinity to Phenolphtalein mg/)

07005L Total kjeldahl Nitrogen mg N/1 10. 00
07556L. Ammonia Nitrogen mg N/1 . 6. 50
67306f, HNitrate Nitrogen ng /1 0. 30
154081, Total Phosphorus ag P/1 0. 60
15252, Orthophoshate ug P/

072061, Nitrite Nitrogen mg N/1

16302L Dissolved sulphide 504 mg/l

09004L Dissoived Fluoride ng F/1

065221, MNexane Extractable ng/ 1
(10701L  Serfactants

06534L Phenol ng/l 0. 002
06600L Cyanide ng CN/L

070541, Diss.Kjeldaht N. ng /1

10474 Humidity

48004l Cadmium mg Cd/1 0.014
29005L Copper mg Cu/l 0.03
82004L Lead ng Pd/1 : 0.08
24002L Chromium mg Cr/l 0.01
281041 Total Nickel mg Ni/1 .03
30003L  Total Zinc ng Zn/l 0.93
80013L  Mercury ug Hg/l

160071

Total iron (Fe2++Fe3s)

mg Fe/l
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' APPENDIX 9

ESTIMATION RESULTS OF RUNOFF LOAD FROM EACH SUB-BASIN
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APPENDIX 10

ESTIMATION RESULTS OF RUNOFF LOAD WITH COUNTOUR MEASURES
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'I‘able. APP.10-1 Estimation Results of Runoff Load with Countour Measures
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Table APP.10-1 Estimation Results of Runoff Loéd with Countour Measures

_Secondary Treatment + Optionz] Treatment(2010)

| ) . Mean Value :
Basin No. Discharget BOD, Load | TN. Load | TP. Load
Nare Basin Area NG
©of (ha2) (r3/s) (1/d) (t/d) (t/d)

1.1 B, -CHARITAS 9. 40 I 1.27 0.47 0:173 0.16
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Basin 3 | B. -CATEDRAR 7.80 3 0. 93 .33 0. 51 011
4 | B. -XORTE CENTRO 7.99 4 1. 05 ¢ 39 0. 60 0.13

‘ 5| RIO BOMBA : R 5 5.00 2.86 313 .68
§ | RIO INBOASSU | = TR N 4300 653f 2851  0.57

7 [ B. -[TAGCA 6. 40 7 1.00 2.14 0.72 ¢ 14
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11 } CANAL DE MAGE 4. 60 il 0. 73 - .55 024 0.03
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23 1 CANAL DO MANGUE §2.86 - 23 10. 40 13. 07 7.29 1. 52
L2 1B BOTAFOGO | 26,00 24 | 740 11.00| 5430 113

257 1. DO GAVANADOR 38. 20 25 389 191 2.22 0.44

iskand 26 ! 1. DO FUSNBAO 5. 48 26 0.26 017 0.10 6. 02
27 1 1. DE PAQUETA 1.9 . .21 0. 11 0.16 0.06 0. 01

28 { L. DO ENGENHO 1.30 28 025 ¢. 56 0.1% 0. 04

291 1. DE §. CRUZ 1.40 29 14 824 0.0% 0. 02

i Total i 262. 27 260. 17 132. 00 24.63

Al0-4
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CHAPTER 1

TOPOGRAPHY






1.1 Coastal Line

‘The area of Guanabara Bay is about 346 km?, including 59 km® of

" islands and islets, such as Ilha do Governador, Ilha do Fundao and

Ilha de Paqueta.

The coastal line of the bay is about 131 km in length and partially

covered with mangroves, especially in the northeast area.

Fig. 1.1-1 shows the change in the coastal line between 1930 's. A

remarkable advancement in the coastal line is seen in the four

'areasr Ilha do Governador and Fundao area, Flamengo beach, Niteroi

area and northeastern mangrove area.
1.2 Submarine Topography

The bay is characterized with a shallow water depth, 5.7 meters on
average, and a narrow mouth of 1.6 Km in width at the entrance of

the bay. therefore, the bay is a typically enclosed coastal sea.

The seabed of the bay is uneaven and ancient river channels are

currently partially filled with sediment deposited in recent times.

The maximum water depth at the mouth of the bay is 51 meters.. A 20 m
contour line indents until the Rio-Niteroi bridge and an area
deeper than 20 meters is also seen in the eastern side of Ilha do

Governador as shown in Fig. 1.2-1, A contour line of 10 meters

'penetrates far into the inner part from the mouth of the bay at

about 2.5 km in width and reaches to the Ilha de Pagueta.
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There are two guanabara bay charts published by DHN, one in 1962 and

an edition revised in 1992.

For the watex depth in the bay, the mesh data of one kilometer
interval using the 1962 and 1992 charts are shown in Fig. 1.2-2 and

Fig. 1.2-3.

Figure 1.2-4 shows the difference of the water depth in 1962 and

1992, the values of which are obtained by subtracting those in 1992

from those in 1962.

This figure shows that the water depth in the inner part of the bay
has grown shallower at around one meter within the past thirty

years.
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Fig.'1.2-2 Mesh Data of Water Depth in 1962
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Fig.1.2-3 Mesh Data of Water Depth in 1992
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Difference in Water Depths between 1862 and 1992
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1.3 Water Volume

The water volume in the bay, which was calculated using the mesh
data from the existing chart published in 1992, is shown in

Table 1.3-1. An average water volume is estimated at 2.2 billicon

m,

Using the mesh data of water depths shown in Fig. 1.2-2 and
Fig. 1.2-3, we tried to calculate the rough water volume below the
chart datum level in the bay. The results of the calculation are

as follows:

1992 : 1.95 billion m® (No. of meshes : 344,
Mean depth : 5.68 m)

1962 : 2.18 billion m® {No. of meshes : 366,
‘Mean depth : 5.95 m)

o "‘ B ] X
‘g In this calculation, the area of the bay was defined as shown in

Fig. 1.2-4.

Table 1.3-1 Water Volume of the Guanabara Bay

Tide Water Volume Remarks
Mean High Water Springs 2.39 x 10° MSL, + 48.8 cm
Mean High Water Neaps 2.25 x 10° n’ MSL + 13.0 cm
Mean Low Water Neéps 2.15 x 10° m? MSL - 13.0 cm
Mean Low Water Springs 2.02 x 10° o MSL - 48.8 cm
Lowest Low Water 1.95 x 10° m® MSL - 69.0 cm
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TIDES



2.1 Existing Data of Tides
2.1.1 Tidal Station

The tidal stations, where the tides of the Guanabara Bay were
observed by the Department. of Hydrography and Navigation (DHN),
are shown in Table 2.1-1 together with Zo, and these stations are

plotted in Figure 2.1-1.
among these gtations, the observation period in the three
stations of Ilha de Pagueta, Fortaleza de Santa Cruz and Ponta

Armacac was very short, lasting bnly from one month to two years.

At present, tidal observation has been continued only at Ilha

Fiscal {Port of Rio de Janeiro) within the Guanabara Bay.

Table 2.1-1 Location of Tidal Stations

Station Latitude Longitude Zy Remarks
Ilha Fiscal 22 83 47" 8 43" 09 57" W 69.0 cm DHN, 1988
Ilha Paqgueta 22" 45 38" S 43" 06’ 38" W 73.6 cm DHN, 1973
Santa Cruz 22" 56 12" 8 43" 07 48" W 69.0 cm DHN, 1979
Ponta Armacac 227 52 59" 5 437 08 05" W 75.2 cm DHN, 1988

S 44’ 02° 00" W 69.1 cm DHN, 1981

Ilha Guaiba 22° 00 24"
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2.1.2. Harmonic Constants of Tides

The existing harmonic constants of tides at each station

calculated by DHN are shown in Table 2.1-2,

Is shown in Table 2.1-3, the semi-diurnal tides such as M, and S,

constituents predominate.

No, which 1s expressed as the sum of the principal four
constitution of M,, $,, K, and 0,, is 69.0 cm to 69.1 cm at Ilha
Fiscal (Port of Rio de Janeiro), Fortaleza de Santa Cruz and Ilha

Guaiba according to the existing data.

On the other hand, Z, at Ilha de Paqueta is 73.6 cm, indicating
4.6 cm difference between the mouth of the bay and the inner part
of the bay.

As a reference, the method of the harmonic analysis of tides is

shown in Appendix 1.

Table 2.1-3 Harmonic Constants of the Principal

Four Constituents

Constituent
Station M, 5, K, 0, Z,
H{em) G’} H{am) G ) H(em) Gl ) H{em} G}

Ilha Fiscal 30.9 83.0 17.9 87.0 5.8 145.7 10.5 87.2 65.1

(1986)

Ilha Fiscal 31.8 93.0 17.9 87.6 6.2 143.5 9.2 103.7 65.1
(1965)

Ilha de 32.0 87.3 19.0 97.0 7.6 117.7 12.5 106.8 71.1
Paqueta

5§§ -8tanta Cruz 31.6 83.0 17.4 86.0 6.5 144.0 10.5 89.0 66.0
' Ilha Guaiba 34.9 88.0 19.9 87.0 6.2 152.0 11.7 89.0 72.7




Table 2.1-2

Harmonic Constants of Tides’
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PRINCIPAL HARMONIC CONSTITUENTS

{ Semi-Diurnal ]

principal lupar _
© semidiurnal constituent,

larger lunar elliptic

semidiurnal censtituent,
smaller lunar elliptic

semidiurnal constituent,
principal solar

semidiurnal constituent,
principal solar elliptic

semidiurnal constituent,
funi-solar declinational

semidiurnal constituent,

: a Junar declinational

diurnal constituent,

a lunar diurnal constituent,

a lunar diurnal! constituent,

a lunar diurnal constituent,

Mz : the
N2 @ the
.2 ! the
Sz . the
Ta o the
K., ! the
{ Diurnal ]}

O

Qo
M, :

Jy

Ky : the
P, : fhe

luni-solar deciinational
diurnal constituent,

solar declinational
diurnal constituent,

{ Long Period ]

M f : the lunar fortnightly constituent,

Mm: the lunar monthly constituent,

Ssa: the solar semi-annual constituent,

S a: the solar annual constituent,
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Harmonic Constants of Tides at Ilha Fiscal
( Period : Jan. 1986 to Dec. 1986 )

~ PORTO DO RIO DE JANEIRO(I. FISCAL)
01/01/86-31/12/86  22-53.8S 43-09. ¥

SPEED -k KAPPA - G
(deg/hour) (em) (deg). (deg)
S0 67.0
(1)LONG PERIOD TIDE
KH 0.544 - - -
4SF 1.016 - - -
(2IDIURNAL TIDE
0l 13. 399 3.0 56. 2 59.1
01 13. 943 16.5 85.9 87.2
Kl 14, 492 1.1 155. 3 155.0
Kl 15, 641 5 8 147. 7 145. 7
J1 15. 585 - - -
001 16.139 - . - -
| 14. 959 2.1 139. 8 138.1
(3)SEMI-DIURNAL TIDE
Hu2 27. 968 2.3 84. 0 36. 4
N2 28. 44 3.9 117.5 118.6
42 28.984 30.9 83.6 83. 0
L2 29.528 2.1 85.1 52.8
§2 30 17.9 90. 17 87.0
2542 31. 016 - - ' -
K2 30.082 4. 8 76.0 72.1
N2 28. 513 - - -
T2 29.95% 2.6 175.1 172.2
CAYTRIRD-DIURNAL TIDE
HO3 42. 927 - - . -
H3 43. 476 0.5 200. 7 156. 8
NK3 44, 025 - - -
(5)QUARTER-DIURNAL TIDE
MN4 57. 424 2.2 32.3 32.17
L] 57. 968 4.6 74.5 73.2
SN4 58. 44 0.8 148. 3 145. 6
4S54 58. 984 2.2 164. 2 159. 9
(GYSEXTH-DIURNAL TIDE
2HNG 86. 408 - S -
6 86. 952 - - Co-
MONG 87. 424 - - -
2456 87. 968 - - -
25M6 88. 984 - - -



Harmonic Constants of Tides at Ilha Fiscal
{ Period : Jan. 1965 to Dec. 1965 )

PORTO DO R0 DE JANEIROCI. FISCAL)
01/01/65-31/12/65  22-53.8S  43-09. 9¥

SPEED i KAPPA G
(deg/hour) (cm) (deg) (deg)
50 69. 0
(1)LONG PERIOD TIDE
M 0. 544 1.8 97. 4 95. 8
HSF 1. 0148 3.1 164. 6 161.6
(2)DIURNAL TIDE
Q1 13. 389 2.6 106. 7 109.7
01 13. 943 9.2 102. 4 103.7
¥1 14,492 - - -
Kl 15. 041 6.2 145. 5 143.5
¥l 15. 585 0.7 47. 6 44. 0
01 16.139 - - -
Pl 14. 359 2.1 139.5 137.8
(3)SEM!-DIURNAL TIDE
M2 27.968 1.1 153. 9 156.3
N2 28. 44 2.6 172.5 173.5
¥2 28.084 31.8 93. 6 93. 0
L2 29.528 1.4 48. 3 46. 0
52 30 17.9 91. 3 87. 6
2SH2  31.016 0.3 244. 6 237.9
Kz~ 30.082 5.1 22.1 18.2
NU2 28. 513 - - -
T2 29. 959 - - -
C4)THIRD-DIURNAL TIDE
HO3 42,927 - - -
3 43.476 0.7 202. 6 201.7
MK 44,025 - - -
(5)QUARTER-DIURNAL TIDE
o OMN4 57. 424 2.0 228.17 224. 1
M4 57. 968 4.8 97. 6 96. 4
SK4 58. 44 0.4 206. 7 204.0
484 - 58. 984 3.1 190. ¢ 185. 7

(6)SIXTH-DIURNAL TiDE
2HNG 86.408 - - -

L1 86. 952 - - -
HSNG 87.424 - - -
2¥S6 87. 968 - - -

2SM6  88. 984 - - -



Harmonic Constants of Tides at Tlha de Paqueta
( Period : July 1973 to Aug. 1973 )

ILHA -DE PAQUETA _
17/07/73-17/08/73  22-45.6S  43-06. 6¥

SPEED I KAPPA G
{deg/hour) (cm) (deg) (deg)
SO . 14.0
(1)LONG PERIOD TIDE.
1 . 0. 544 8.1 329.5 327.9
HSF 1. 016 13. 4 196. 7 193. 7
(2)DIURNAL TIDE
Q1 - 13. 399 4.7 60. 7 63. 6
01 13. 943 12.5 105. 5 106. 8
M1 14. 492 Cal 77. 0 76. 6
K1 15. 041 7.6 119.7 7.1
1 15. 585 1.9 289.9 286.3
001 16. 139 2.6 311.9  ~ 306. 6
Pl 14. 959 2.5 119.5 117.7
(3)SEMI-DIURNAL TIDE _
U2 27. 968 6.3 153. 0 155. 3
N2 28. 44 6.1 54.4 55.3 -
W2 28. 984 32.0 88. 0 87.3
L2 29. 528 3.0 27. 8 25.2
$2 30 19.0 100. 8 97. ¢
2542 31. 016 2.0 348. 6 341.8
K2 30. 082 5.2 101.0 97. 0
NU2 28.513 1.2 54. 6 55. 3
12 29. 959 1.1 100. 7 97. 0
(4)THIRD-DIURNAL TIDE '
403 42. 927 1.1 5. 2 5.1
43 43. 476 1.5 200. 1 199. 0
HK3 44. 025 1.3 34.7 32.0
(5)QUARTER-DIURNAL TIDE .
N4 57.424 4.5 45. 1 45. 3
4 57. 968 6. 6 84.9 83. 4
SN4 58, 44 3.0 205. 8 202. ¢
HS4 58. 984 4.1 234. § 230. 3
(6)SIXTH-DIURNAL TIDE
2MNB 86. 408 0.4 329.5 328.9
H6 86. 952 0.7 26. 5 24.3
HSNG 87. 424 0.6 158. 2 154. 6
2HS6 87. 968 0.5 48.1 42.9
2SMB 88. 984 0.9 132.9 124. 8



Harmonic Constants of Tides at Fortaleza de Santa Cruz
( Period : May 1979 to June 1979 )

FORTALEZA DE SANTA CRUZ
01/05/79-01/06/79  22-56.15 43-08. 3%

SPEED i KAPPA G
(deg/hour) (em) (deg) (deg)
S0 69. 0
(1)LONG PERIOD TIDE
My 0. 544 6.9 124. 6 123. 0
HSF £, 016 7.8 126.0 123.0
(2)DIURNAL TIDE
Q1 13. 399 2.5 55. 1 58. 0
01 13. 943 10.5 87.7 84, 0
¥l 14. 492 0.2 38.3 38. 0
K1 15. 041 6.5 146. 0 144. 0
i 15. 585 1.2 268. 6 265. 0
001 16. 139 0.7 293. 3 288. 0
Pl 14. 959 2.1 141. 7 140. 0
(3)SEMI-DIURNAL TIDE
NU2 27. 968 0.5 109.6 . 112.0
N2 28. 44 4.6 122.0 123.0
M2 28. 084 31.6 83.7 83.0
L2 29. 528 2.6 131.3 129.0
S2 30 17. 4 89. 7 86. 0
2542 31.016 0.8 280. 8§ 274.0
K2 30. 082 4.7 90. 0 86. 0
NU2 28.513 0.9 116. 3 117.0
12 29. 959 1.0 89.8 86. 0
(4)THIRD DIURNAL TIDE _
03 49. 9217 - - -
X3 43. 476 0.9 180. 0 179. 0
uK3 44. 025 0.5 144. 7 142. 0
(5)QUARTER-DIURNAL TIDE _
KN4 57.424 1.6 16. 7 17. ¢
4 57. 468 3.7 70. 4 69. 0
_3@; SN4 58. 44 1.0 138. 8 136.0
¥S4 58. 984 1.7

167. 4 163. 0
(B)SIXTH-DIURNAL TIDE :

2HNG 86. 408 0.2 113. 4 113. 0
H6 86. 952 0.2 138.0 136.0
HSNG 87. 424 0.2 21. 4 18.0
2456 87. 968 0.4 239. 1 234.0
2546 88. 984 0.2 187.1 . 179.0



Harmonic Constants of Tides at Ilha Guaiba
( Period : Jan. 1980 to Dec. 1981 )

ILHA GUAIBA
01/01/80-31/12/81 23-00.48 44-02. 0¥

SPEED I KAPPA G S
(deg/hour) (em) (deg) {deg) §§§
S0 74. 0
(})LONG PERIOD TIDE
'] 0.544 17.4 309.6 ©  308.0
MSF . 1.016 9.0 10.0 7.0
(2)DIURNAL TIBE -
Q1 13. 399 3.1 58. 2 62. 0
01 13.943 1.7 86. 8 89.0
Ml 14. 492 0.6 97. 4 98. 0
Kl 15. 041 6.2 153. 1 152.0
1 15. 585 0.2 355. 7 253.0
001 16. 139 0.1 74. 4 70.0
P1 14. 958 2.1 80.8 89.0
- (3)SEMI-DIURNAL TIDE
NU2 217. 968 2.2 71.8 76.0
N2 28. 44 4.5 131. 3 134.0
W2 28. 984 34.9 86. 9 88.0
L2 29, 528 3.7 56.5 56. 0
§2 30 19.9 88.9 87.90
2542 31. 016 0.2 64. 0 59. 0
K2 30.082 5.4 89.2 87.90
XY2 28.513 0.9 131.5 134.0
T 29. 959 1.2 88.8 87.0
(AYTHIRD-DIURNAL TIDE '
403 42. 927 0.7 346. 7 350. 0
LR 43, 476 1.2 197.3 1499. 0
K3 44.025 1.2 236.0 236.0
(5)QUARTER-DIURNAL TIDE
WN4 57. 424 4.0 47. 1 51.0
LI 57. 968 8.6 100. 8 103.0
SN4 58. 44 0.8 309. 2 310.0
HS4 58. 984 3.1 193.8 193. 0
(B)YSIXTH-DIURNAL TIDE
2%NG 86. 408 0.1 140. 0 145. 0
6 86. 952 0.8 141. 7. 145. 0
MSNG 87. 424 0.3 107.1 109. 0
2H36 87.968 - 0.1 297. 7 208.0
2546 88. 984 0.1 9.8 7.0



2.1.3 Annual Change of Mean Sea level

The monthly mean sea level at Ilha Fiscal is shown in Fig. 2.1-2 for
the period of December 1988 to July 1991.
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2.2 Tidal Vaxiation during Study Period
2.2.1 Ilha Fiscal

The tidal curves at Ilha Fiscal are shown in Fig. 2.2-1 for the
period of March 1991 to July 1992.

These are predicted values which are calculated using the existing
harmonic constants.

Hourly heights of the tides at Ilha Fiscal are shown in Appendix 2
for the period of March 1991 to July 1992,




Fig. 2.2-1

Tidal Curves at Ilha Fiscal
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2.2.2 I1lha de Paqueta

. The continuous'obsérvation of tides was carried out at the ferry
‘pier of the Ilha de Paqueta for the period of Oct. 20 to Nov. 25,
1992 using a tide gauge (Fig. 2.2-2).

Coordinate of the station : 22' 457 43°'' S
43 067 26" W

During the observation period, the checking survey using a tide pole
was also performed to confirm the normal operation and decide the
reduced percentage of the gauge (Fig. 2.2-3).

Above that, the relation between the tide gauge level and the
existing Bench Mark (DHN-733) was obtained by a direct levelling
through the fireplug in the park in front of the ferry pier. The
relation is shown in Fig. 2.2-4 and the calculation of the relation
is also shown in Fig. 2.2-5 for the reference.

The tidal curveg at Ilha de Paqueta are shown in Fig. 2.2-6 for the
period of June to July 1992 and October to November 1992.

Hourly heights of the tides at Ilha de Pagueta are shown in

Appendix 2 for the period of June to July 1992 and Qctober to
November 1992.
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Fig. 2.,2-2 Location Map of tide Gauge at

Ilha de Pagueta
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Tide pole

3,135

Tide Gauge

fﬁ Fireplug TOP

2,837m
3,510 I
0.746m
—t 3.0
2. 164m L 2 .081m
PDF
L] 733
-12.0
= 1.40%m M.S.L.
] 1.0 Zo=0,736m
0,673m [ l CaDo T 0.000m
0.79%96m
0.000m -673m
O.QOunrf 0.123
Fig. 2.2-4 Tidal Diagram at Ilha de Pagqueta
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. : Tide pole 1.282
A 1.302 TOP

Tide Pola
TOF 1.310 A 1.275%
1,282 1.275
1.302 1.310
§ +0.007
S -0.008
A 0.642 RN-1 0.909
fireptug TOP 1.092 0.351 +0.291 1.455 1.514
1.149 0.705 733 1.457 1.352 -0.502
3.115 0.404 1.022 1.254
0.703 1.637 1.368 0.724
1.238 1.13% 1.512 0.230
733 1.217 1.461 -1.045 0.659 1.686
{placa de metal)
1.458 1.269 fireplug TOP  0.357 1.082 +1.042
RN-1 0.902 +0.504 A 0.647 -0.290
Tide Pole
TOP A | ' 733
1 3510
267.9 {T.P. Zero 0}
-0.008 -0.290 +1.042 209.1 (C.P.L)
+0.007 +0.291 -1.045
-0.008 -0.290 +1.044
H=2.845 H=3.135 H=2.091m

T.P.top H = 2.837m
T.P. Zero H="-0.673m

Fig. 2.2-5 Ccalculation of Levelling
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Fig. 2.2-6

Tidal Curve at Ilha de Paqueta

(Oct. 25, 1992 - Nov. 24, 1992)
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2.3 Chavracteristics of Tides
2.3.1 Tidal Diagram

The tidal diagram at Ilha Fiscal, which is the standard of the Rio
de Janeiroc port, is shown in Fig. 2.3~2 using the one year data of
March 19, 1991 to March 18, 1992:. The maximum and average tidal
spring range was 1.46 m and 1.26 m respectively. the highest high
water was recorded to be 99.0 cm above Mean Sea Level and the lowest
low water was 94.0 cm below Mean Sea Level.

Fig. 2.3-3 is the tidal diagram at Ponta da Armacao near the mouth
of the bay and at Ilha de Paqueta in the inner part of the bay
conducted for one month on the same period, from Cctober 25, 1992
to November 24, 1992. The diagram shows that there was a difference
of 16 cm at highest high water. : -

2.3.2 Harmonic Constants of Tides

In the Guanabara Bay, semi-~diurnal tides such as M, and S,
constituents are predominant. This means that the period of tides
in the bay is semi-diurnal (about 12.5 hours). Harmonic constants
at the four stations in the bay are shown in Table 2.3-1.

2.3.3 Comparison of rides in the Bay

Fig. 2.3-4 shows the tidal curves at Ponta da Armacao near the mouth
of the bay and at Ilha de Paqueta in the northern part of the bay
on November 10, 1992,

By comparing the two curves in spring tide, the range of the tide
at Pagqueta is 12 - 13 cm larger than armacao.

On the other hand, the time of high water and low water tends to be
faster at Paqueta and at Armacao, respectively and the high and low
water intervals seem to be almost the same.
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Table 2.3-1 Harmonic Constants of the Principal Four Constituents

f I f [ _ | 1
|station |[Coordinates| Constituent (Height in cm)| HeH | Remarks |
A S v e s s B
s | | M_(H)IS_(H )R (H)]|0 (H )] +H'+H
L | e |
|Fiscal ]22253’47”s| 30.9 | 17.9 | 5.8 | 10.5 | 65.1 cm |DHN,1986 |
| _ |43009’57”w| ] ] | | {1 year) |
[Santa cruz{22°56°12°’8| 31.6 | 17.4 | 6.5 | 10.5 | 66.0 em |[DHN,1978 |
- |43207’48”w1 | | | | | (1 month)|
|Armacao |22 52°59°'’'S| 34.1 | 16.7 | 5.4 | 10.2 | 86.4 cm |JICA,1992]
| |4300805” W] | | | | | (1 montn)|
| Paqueta |22045'43"s| 38.8 | 19.7 | 6.0 | 10.6 | 75.0 |J1CA,1992]
|
L

|43706'26" "W| ! ] | | | (1 month}|
1 1

b

| I | | 1

Fig, 2.3-4 Comparison of Tidal Curves
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CHAPTER 3

' TIDAL CURRENTS



3.1 Tidal Current Obserxrvation

Tidal current observation was performed continuously in June 15
to June 18, 1992 (Phase 1)}, in October 24 to November 13, 1992
(Phase 2) and in March 23 to March 26, 1993 (Phase 3) using self-
recording type current meters (RCM-7).

The locatibn and other information are shown in Table 3.1-1 and
Fig. 3.1-1. '

At St. A and St. B located at the mouth of the bay, and St. D at
the central part of the bay, tidal currents were observed for a
period of fifteen days and nights during the 2nd Phase of the
Study. Twenty-five hour observation was performed at other
. stations.

In the channel at the west side of Ilha do Governador which is
an important place in view of water exchanges of the inner part
of the bay, the supplemental tidal current observation was
performed at two (02) points of St. H and St. J for the period
of three (03) days and nights in spring tides during the 3rd
Phase.

The observation was carried out in two layers at St. A and S5t.
B, at the mouth of the bay, that is three meters below sea
surface and five meters above sea bottom, and in one layer, three
~meters below sea surface, at other stations.



Table 3.1-1 Location of Tidal Current Obdservation

Station | No. of : Water Observation Period
- | Coordinate _ _ T _ '
st. layers depth | Phase 1 | Phase 2 | Phase 3
(1992) (1992) | (1993)
A 2 22°54.3'S | 31 m | June 15 Oct.28 -
' 43°09.2'W 1 -June 16 | -Nov.13 '
B 2 22°54.3's | 22 m | -ditto- | -ditto- -
43°'08.5'W ' ' B
C . 1 22°'51.9's 1l m | June 16 Oct.24
43°10.0'wW ~June 17 1 -0Oct.25 -
D 1 22'50.0'S | 23 m | -ditto- i Oct.28
‘ : 43'09.2'W . _ ~Nov.13 -
E 1 . 22°'46.5'W 12 m - Oct.24 =
43°07.7'W : ' ~0ct.25
F 1 22744.4's 07 m ; June 17 -ditto- -
43°05.8'W ~June 18 _
¢ 1 22°46.0'S | 06 m - | -ditto- ‘7_";2;236
43'11.7'W _ -
H 1 22°48.7's 06 m ' - -ditto-
43°16.1'W Mar. 23
I 1 23'01L.0'S | 30 m - -ditto- | -Mar.26
43°09.1'W :
J 1 22°'50.0's 8 m - -
43'15.0'W
[Note] 01 layer : 3.0 m below sea level
02 layers

upper layer: 3.0 m below sea level
lower layer: 5.0 m above sea level
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Fig. 3.1-1 Location Map of Tidal Current Observation



3.2 Results of Tidal Current Observation

3.2.1 . Tidal current curves

The results of the tidal current observation are shown in Fig.
3.2-1, indicating continuous curves of velocities and directions
for each station together with temperature.

The tidal current data every ten minutes for each station are
shown in Data Book.

3.2.2 Frequency Distribution of Tidal Currents
The frequency of direction and speed of tidal currents in each
station is shown in Appendix 1.




Fig. 3.2-1

Tidal Current Curves
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