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Riacho Grande 2 7/11 10AM Riacho Grande 1 7/11 10AM Riacho Grande 3 7/11 11AM

Borore 7/12 1 1AM



Rio Pequeno 7/12 10AM Rio Pequeno soif and roots 7/12 10AM

Grota Funda 7/13 14PM 2006/07/13 15PM Pedereira dam



SAPNS [E10] JO P SU0 [29p 01 SABBAG|] Ml i Ueai/glnQ NG| 10 o1k € 18 POACLURL & [[BUS 93pn|S e} JUHLNssSy

~ TO5pNq pue sl JO SULIBL Ui JNOLLIP AJSUIS.iXS S [EAOLUS S8PN[S 019{0WIGT JoABMOH UOMEoUss Seg Ueqlsw
—] UOISSIUS 1NOPO |B00] J0 UORUSASICA UBY] 49110 aARO8 e Ajjentasss ag j0u jpM eS1e pojll 10} [EAOLlal 93pns JO UCREusua]ai] L4
—[Anenb 153eM BU3 01 BOUSNHUI PEq SUL SAOWSL 0} J8pI0 Ul '8Me| Sif} JO BalE oY) j|E USNOIy3 paddoeAsp eq 35N 83pnjs JO [eADWaY
- “1838M 9} 10} SIGIEUI JUSLANU JO JIOAIS8SS. B SB 838[Ioe] [[IM LUOREUSIUIPSS aspn|s esny Siut|p UBWIPSS U
- 579 'H3 ‘uonede 'd ‘0] Se yons uoiIpues ousydsoune snoshbe ot Uo Julpuodep I83EM i 03 UOhNe pue NL pue di ‘001
- woeq eyl 38 m.mwmﬂm &y3 0} UORAIOSGR JO SSD0.IT ST S1RL8Y {fiM Suojleul JUELNU "UGISTHD IS 8t J8LYI 7
- “Apides Aea mme 2Q Jjeys J1BM B3 O UOISTUID ‘UCTHPUOD DIQO4BUE W p)d 10 pHN 0] PaSodLosap adtl)
—- "woyiog ayy ut paRisodep 8Je SISIjeW JUBLANU JO Junowe adnH| |
- “(85BLINS JO %0 PUNOJELOROY JY] 38 POSSSIJWIOD PUE ‘(208LNS JO GG PUNOIBISOBLINS UBL} 1SMOf S S{ppILl Ul JUSIUDD I21BM(Z juounpas
- "¢/ 8 Ajgieuxosdde S| JUSWNPSS Al JO S0RLINS i JUSTUOS 131l | |30 1USIU0D ITIepM
%0068 2 SSBD JO UDRENUS] SLR UBL] ISMO| S1 SHUIDG £ W Ha[ 7
- "ALIOg |- AJBBELSAR '90BLINS JO 18] UBL] JOMO] 2] SI JUSLEpas Ul HI] | Hd pue H3
- /3lugg 1 1ELy 16331q sswif § W0GE St eNjeA GOO 'JOE YEM pa-eduioy)] | aood
- “poAiasqs oq 03 SWoss Juidwnd aS15A81 16 eousnyul 7
ue 1 PT “/3WG St JeUY 'Z SSPJD 0] UONE[NBad SB UONLU Se 501G St UORENUSOL0D (jOF SJeIsAY| | aod
%0 Z SSe|D 0] ULIDNI0D IO UORE|fBa. aU} 838[0IA JU[0d 84} [y | uLojos
- "We(] BHSISpRY SY] I29U SIRNUSOUOD UORRIOIA|Z
%2559 "PHIN 8981nS 30 T8, 03 JE[ILIS S| UORAGIASID 1| ] dl
- ‘Wed] e4i8laped suy] Jesu S1enueducd UOnEoIAlZ
YICRL “PHN 404 Uoiie[nidaJl 7 SSe[2 a1e(iA SIuiod §g JO 30 syurodg| | VHN
%0/28 “upy dog uonenBes g §5ef5 183w j0uU 0p s3uiod g7 Jo N0 s3ul0d Gl 7
- "Pe30936p J0U SEM UOREBJNTe) 8y} BUNB(OIA SosueEISaNe AUy 'UW UBLl J8R0] | 1= AneeH
%8y ye 4o 40} UORENFal g SSe[o j9ell S3od gg 40 N0 saued g AUO| L o
- “UGTIe|NSa. JO aNjeA aif} UBUY JaMO} J8) ST O [|BWS AlSANERI 51 UORERGod YolyM Ui ouanbag Oy Ul USAF|7
R YRTA '0d 404 uonendel 7 sse(o je8w syuoed g7 Jo 106 siuod g AU od
= “apuely) OlyY {0} WopE pue wﬂ:m 9} 403 W] ¢ Ajojeunxoidde s} JUOWIPaS Syl JO SSALDJOIY] OJEIoAY (g
“EW PUESNOYY 000 008 St SLUN|OA 1918M L] 38U} BUIUNSSE DLINJOASYET] AU JO § / 1SOW{e O} S|enbo 6384 oyl swnjop 98pnig
- "SpUBIE) Ofy SIPN[OUl U PUBSNOW) OO/ ZG I04E St POIUNSSE GWNOA 83pN|g b
aodelduos R = —
10 smmS uondussag s30ipy]

Apmis jejuawie]ddns JoO jnsal Jo uoRdudsadg

FoiPT




URET Y jB301 ssewoiy} efeltsay

oo yH Ui SS8UNDI] eBelsny

w gLeo 18 Ul ssauMollyl 63248AY

01028925 445! [E30]

008'/86'F ¥E 0L9¥'L od

OLEPL9 LY N.Eﬁ g B30} gng
AT ac L8821 l
¥iC0ec T L'eg 28LS 3
005'518% [44 051201 7
0007251 08 ¥ 0L !
0bePEP'8 L'8f 2801 Y
DOSEOS'L i L1o0e 4
000'0FGT 05 506 E)
006 128 08 £FalL a
00S'Pi8 08 6CeL P
008'6L¢ 0G 68S 2
005'26¢ 417 g'ge g
BB LIS'E]L ¥'08 §9G62E 2

ol wa BY
awmn|oA BEpNIg aZpnig Baly Bay
900¢ BNy {0 S SWRjoA mmﬂam Ze|qel
SANYHD od

5007 BNy Jo SB eye] sBuIjig S13 UL SSLBON 8EPNIS J0 UORNGIASI] - S4rdL]

(1 esuasajey jo 21ed s FUISN DBIUNSSE SI LY 8PUEID DlY
saed $7 WYEL AGQMLS vOIP Jo swuiod SULIOBJUOW [BUCRIDRY @
sUo4s 953130 0 swuad Sunoyuop SURsIKT @

pe.nsestu
painseail

(mﬁjmmm

pewnsse(WTHE ]
5

2

¥ y

IRUSTI D et

peuinsse[WD0E |
P

paunsse[WpE |

pounsss[T2GE_]
q




H3 pue Q@ @dEHNg E- AINFLY

% 986/ 2z , uonenfet 7 sseio Bupes.q Juod g
NOLLYIASd PEE i )
als eSesany LN 7A I uonie[n¥el 7 SSB[D BUIIIOUCD WMol
B Tage 142
128 vt <%
688 I LRIy
€08 . o . 21i¥ 51'% 1574
86¢ 4 A ¥8E 15 FA4
1T \ . - [68 Z6F 1z
R ; : N Y43 187 0z
™ iig 8001 i
' 5% I8 8l
“ ALY 56 61
80F B85S 81
_ _ g1 A 51
e St 2 9L ~__|i60 £
_, : 2 w /mm./ od
4 B H~, %..Twﬂw .«»
96E B¥E 1 !
762 86¢ z {7t
188 33 ¢ G2 St
H3 0oq (o8¢ §9¢
143 ey .
G0y je9e § -
HI  |LoF 682
732 070 L
66¢ GO0 8
60F ¥T 6
gee 180 25 : SOHEHNID ON
16 0 ot B v\
[44 82°0 §) o
| 0a



uoRNALASI (U - eandld

uoiensas 7 sSej0 JuMealg JUodg

. NOLLVIAZG . 43 anang 215 FUiLLIoI0D od:
130z e B VER oZetony uanenal 7 Ssejo UL oL G
£4'BE ¥e.

18718
ZFel
28y
ag'gc

S0ve

3aNvaD on S

885 i1 SOHIIHNIE ORd

| BISIL OF



uonNqtosip W S— G\.n....@m.um

uopengel 7 sseo Buealq juod@

u : . 3 2 uoo joed:
[/Fw|cop NGLLYIAZQ |/2wlgn0 mmmhwhw com..fmﬁnmmh 2 SsEpo Buiuuoyued ued:@

3100
BiO0
gig'o
100
gL0'0

AANVYHD o \\




/3w

e

NOLLYIASA
s

/B

L

¥HN
afeleny

UORNQLASIP PHN 0= 84n3td

¥e

uonejngas 7 ssepo Supieadq uicd:@
uonenges 7 sSep Junitioiies Juod:g

Y

5
¥l
ot .
1t

SOUEkHNIE O

SLLALL OF



S UOONQIRSHE N B} T—9— S4By

uotjenBas 7 ssej0 Jupjeslq Jwod@

2303 . !
(Aulgre ZOFS.MMM 120! 1oe mwhm._umaq uopejfel 7 ssejo Funuoiues Ju0d @

el £2
63 Frd
g1 12
&r oz
AL Lt
87 18l
¥E |61
i g1
5. gl
VRN gl

SaNvED on

g8 3 SOHEHNIG O

Vs

BIALL OM

10



RO TIETE

y

Rio GRANDZ

o
<
L]
iol{en|ad <
f:l:u:"'.‘ﬁ."‘! o~
o)

™ Qo h g - 0

™ e oy

]

Q

:

=

1N

[»)

s

0.0

0.04
0.02
0.02
0.03
0.02
0.02

11

0.88|mg/1

STD

DEVIATION

0.32img/1

Averags

1P

@-point coniorming class 2 regulation

®

lass 2 regulation

ing ¢

braak

+
<

poin

Figure -7TP distribution



‘uopngLasP 19O 3 8— S4NRid

synod g . ueyy 198Hq oo 10d @

syuod oZ uetny 4eMof 1100 uod: @

uLIOOO [E30] 104 uoReNEa. Sy ele|o Siutod B Y - SyEwEy

S 01XE°L [¥2

7_0LX0¢€ |08

v 01%6 | |62 |
v 0158 ¢ |92 v _OLXG L €2
EO0IX0L {12 v_01X01 122
£.01%06 . e T v 01XLE |1
e _ > 7_01%6 S |03
R ; ™ 7 01¥82 |11
1 _ v 01%2 ¢ |8t
"X AP OIXG L |61
n JEries : | G_0IXGTT |81
i : ADIXGE ISt
S : G 0N 6 el

DAY

i

12

70I%CE 57
AANYHD od \d. = -
EOIXL 7 018 ¥
V.0IXL 2 G OIXLT
C 0I5V |8
. 9.01%2 2
SOIXLL |L :
G OIXG1 m\
9. 01%G¢ 16
S OLXSY |l
901Xz |0t
0L 0




ueRNGSI 408 6- 2andig

Awjgsy  |NORYVEGL suilgyg aog

% a8l 22 uonejndst 2 sa8fo Funiesiq Wod G

ais

eselany o wﬁ.ww. L uonended g sSepo FulioiUod rod @

[ edUed Rarlied fird

QMWD or Gr

SOYEHNI OM

4

13

 HLHLL O



wonnQIoEp GOD Ol— BanTig

1/

NOLLVIASQ
ais

/3w

697/

aod
afelany

aNViD oS

aoD 4o usIEREal o

UOHRINZS] g SSE|S Funeaiq(oD 10U} GOS 1asig

uoiiendsl 7 ss2o 03 SulLIoiuos (JO0H 10U) GO uod:iS

Z1 ¥

[ ol e,
67 i :

14



/3w

691

NOLLVIA3A

/8w

86°¢

404
sfeteny

3ONVHD oN G

uomRGLAS OOL -G~ S

CD0L 4o uonepndel opy

UonE|NXes 7 SSEjC FUNBRIG(JOD 10U} O Uoa

SOHIEHNId O

uoliejrifal g ssejo o3 Bujutiojues (QQYQ 104) Qog wod:@

v/

ULIEL O

15



Ivueunpes w Hg |1 San3t g

wl s o sy .
AW LIORE Hg edwaay) uyoljeingel 7 ssejd Junies.q Juodi@
. NOLLVIAZQ anr_ | PES U3 | sonejnBal 7 SSBjo FUILLIGIUOS TUIed:
AR08l als AHIEE08L- |7 o oy : . lod:@

gL oL 1- {12¢ {08

wonoqg Hd uejiog Hgasepns Hy -

[E28 IE6i— - |E9E 1 L85 i81- iy €T
186 BL1- 8t [13

EIE) {6t~ L EE |82

wonog Hduopog Hgsoeuns Hy /

A.ﬁn....ﬁom Hd.uojtoeg Hgsoepns Hy

Y Ioryins Hg
2L LEE- 96€ L

L6L P61- Y6E [
818 bee- £8¢ £
T4 i | sz¥ v

woneg Wddoneg Hgsoerns Hy

iS1°L {8L1- jece 14}
waopog Hduoneg Hysoepns H

FLALL OB

zes - |esi-  |9zFy oz

89e  [88l-  I¥i¥ 161

16



‘sselyoiy} Juewipas uo Swpuedep WoQg o1 Wog| Moqe st fidaq BppiN
JUBLWIPSS 8U] 10 BOBLING 1BOBLING

JUSLUIPAS Ul JUIUCD J8jep ¢~ Sdndlg
ucnelngel 7 ssepo Buppaelq jucd: g

9493 ¥ .ﬁ“u.sw ueonendes 7 s52(0 Fuilioiuos juod:@
aigiany|

8939

[AifI

80BLINS

o73aq
-giduies sJoo eyl Jo Wwoleg wenog

S|pplw

“

=] 98 Joe—— 5
woneq  sippid SOBLING %3
[ ees 1w e s e e
. B 3 ) £'8g LF8 ¥'08 A4
C B S Togen i, .
Wowog  e|ppil CETIRGT / B . A 1’08 ieas {508 loe
. f : N
" ABBL 18 1518 i5t
- 2 T iehoq  sjppid s5eLng
- 7 /-
/I
/ S
d ]
: /
i
woyoq m, %
= f
- !
= e j
L¥F8 | 828 ¥
WGH0Y  GipDIL s0ELNS
[&eg 1Fee P8 548
WE130q  Sppil BIELINS o
SOUEHNIG OMW\
resomm—r p =
TLLELYL ORS

17



$9BLINS JUBWIPOS SUL UL UORNGLASIP DOL PUS of N £l Siniid

(IUBLLIPIS-Cll /B> uonenial 7 sseis Jupesag icd @
00501 08e7 80L0 :omubﬁuﬁu uogeinZad 7 ssejoe Juliowmoo juicd gy
oL d N

eyET et} Uy HopRnuesueD adeloAY

8112 1168 |ekic |86 | GLLQ |50 1¥88 LESEZL  fLt® JT3YA il
SOBLNS 1640 120 5y £Z

EE Al [228¢ |91 [8l80 {6+0 jeee PEv6 686 061 102
#3280 P 706 22

Feive 1619  [260C oot [ewlD  |550 jegg |8z YLl (Y] ¥£9°1 L1

£/3001P §O0L | EW/BY %d SU/NBY %N ELEIHE Sisgd  iie0 G086 02

8L¢'8 ¥8'8 £08'L 671

SEZr0 {500 518 61
./mE\z?

gw/d00IB$001 s/ 43 yd gUE/NZY KN
1801 jI¥S 8E6¢C 6L} 8169 s a4
68 888 [AViy4 607 $8L0 880

8ZCEL |96 zeag't 181 2eP80 (290
8EPiE6 {LLEL TR
§l/d00B §00 L gw/a8y %d

Ipgsgll  [6¥G 1ZE¥ |2 RS “lveL k4!
SW/d00I™ %001 g/ 5d /NS XN pTICRUETS
iayem
ﬂUMw‘_ﬁ_w
ey
———l

18



) 4g 0} polUnSe S doh tajem aBBlday

£8'0 20 1L'8 6166 8'68 6EE
8Lrs'Yy | ¥EVE S'Evae DOD'FRE'0SL | evIe28e | S¥697E2L | §189'eE 00Z'%18'01 ¥igal B30
1’818  |67EE ¥'65E '3 220 &g 000069201 514828 {9189'LL  [SI6FE 00886V LgPt oY
9Z6F (D13 0622 ] 000'POE'FEY JEFSGOS  [SLOLLL- {OLEEE 00Z'LPE'S CLPEE  [EISL GRg
¥615  |L1E 0'g0g 08 280 &g CO0'695'98 {£'CZ2'U9 [LG68yl jOGLYY 0414088 L9EZ} I
9eve |0t Livl 08 ZEQ S G00VLF Oy 19708'0E {80/89 [TV007 gty 14114 k|
g'iEr |0ET L1562 09 ¢EQ gt 000'S26'1L  {9730'SC |9'602°ZL 2899 052 0PgS 05430 i
gLZl |89 §vL g8 ZE'0 ce 000'80€'E7 (002’8l jZLI8T £'880°1 (e ¥0E f
v'idl |8'8E £vey 08 [444; =44 QOO'GYZ'LeL $9°8PLT6 PLIBE'0C eS8t 00Z'8E8'8 ZEL'} Y
£8ct (L9 L'EL 08 (441 &g COO0'6V0'LZ 1620181 {ZEL5E (S0 DIG'ESS'L LDOE E]
§ELE  (¥LL gyel G3 agn &' O00'PPO'SE 3148417 {80808 gLigl 0268662 2’605 ES
0’68 L'E eor o8 280 ge 000108 [£'961'8  |PZeE'L 5888 L6288 £¥81 2
glg ge 10e a8 ZEQ gg 000°E09'8 £18s's  |FogFL g8ty 061'328 X4 P
§'EZ £ LE) 08 ¢E'd Se OOOEL6E  [VE66C7  E988 g'861 G50'G8E 105S 2
gve £l £vl a'g ZE0 ge 00O'S60%  {LTEL'E (2668 8802 DSE'E6T £'g88 g
§L9E'L [OBL 161 08 2E0 5t QOO'E86'L82 O LOY'PLL 10188 L2811 061019'G1 £8EZE 2
Loy 0oy 1oy /3w ¥z VLT T o3 LGy Ty o By "
ool d N D04 o M unnA Q0L ol N SUINICA p3S ASRUNG]  Bddy i
JaBM UOPEUSWIPOS UM PuR ERLYy
(¢ @0uaIjayx JURLENL St} 46 w4 [PUGRISOdap PUB SAISNYgIg . Snjoa JUSWIDSS B0, §— SIqEL
acd ’
gL EL gz'L g2l a3BI3AY ws pp ipURIE) oy
eL gL gLl gL FOLND; sruoydsoygy) W 1g sBupg
£L EL LLD L LOLND JUSUWHNSS JO SSanORf]
£'ag gag cH0E  {Z80E AZRISAY
ot o0F 6LL7 |6°LIZ FOLOD| usfoaun DOL PUB SN PUR SLUIN{OA JUSLUPSS o] [ 9sED
€L [\[74 S8°EC S'38E OLND
4K/l /Uy {zius /3L /8 /U /gilo /Al uo¥oe]|  sewmedg SOOPUl YOBS 10} SYET AU SO WOY30q ST Ul PSIBJUNOOE 3] 0 QINOA

{xni4 eucsedag
o PUE N 1O XN

%Al eAErng

[elcRISodaq pue XN SASIG - 2

19



DOT#LEOL

G ivL Y. | O8G0 i B G0L Z¥1ig0r | =35 1)
1% L8E1L iy 0848’85 OLo7'1 D
gz6c |18 33 00T LYEE ZI¥e6  lewlans
Yeis £S5t 9PE 39¥'6¥ L98T4 i
§TVe GEE ] 8CL'EE TBLE %
itk 268 8'8¢ oot't GE LI [
gLl '8z C8 QL1721 7oL !
vLel 18l S'8Y {0BZ'68 ZELL Y
£8¢} 082 ¥e 87021 L00E #
6ELe 5Ly ¥ BYEDT 7606 ]
0’68 £el [} 2189 £yot 8
gic §1t ¥e gL6'y 6¢el p
§€¢ T8 9L 9£8'¢ 6§85 3
g2 158 g1 oree 5’88 q
6£88°L IGEHE g6 91081 69528 e

[13734 uo3 Lo} =1 xum_.ﬁ. wopp 'Y
201 d N sumoa pes sorung]  BeYY JaquinN

DOL PUE N PUB SWAIOA 1ISUpes AEa) G- SIqeL

-susnbad ofy Uj PeUE}]e Sem SIEwA (g +9d UOHEIUSIIPAS WIZE JO aunfU B "AeAins ays m.o nsal ap F.B..E

1D
Jite}

¥e pURID ofg
o s3uyig

JUSILIpES 0 SSBLMORLT

901 °d ‘N puR swnjoa justiipas ABS)L F 9SED

SpIBeaE EVeZe) U1985¢ [avig0l B0l

§¥10 508 61868 |BEED £l 3169 L1 |LLOD B0C Clere ] 019V 5]

£¥5008 ELO 111 OlEEE  |eive6 [P0l ang
509 £5G249% [8056 £669F71 §81LD g51ivy L OETL i
[T 5796'0C  |9056 g0L8'g  joiio 7¥O07T {786 Y
509 9ze0'ss Jongs 26022 5110 TEOO'E  jog1Zo'L {
509°E op0E'sl 19058 TL8'e  [8ite 9801 lyvoe i
509 YBYLCE ]2058 ¥188°0Z 18410 Tesl'e  feert y
509 . 57019t |90S'6 ] ZELCE 198110 y SR H00E 2
soge |80¢ r'i52iZ 9056 el 80508 9110 goe SLIBL |2 608 1

S09'E £86L'8 3056 ¥'286'L g1e 9985 £p91 i 4O BUINOA
cooe £185'0 18056 yosy'L  lailo g'8el 6231 P
809°¢ 662 1L0S6 gvoe  fsilo 9661 588 Bl
S09E LTI [LOSE 7669 atlo 8802 585 q
S09E o'Lov'rLL §90576 L1008 JO110 1L29°1) 169428 2
SAA FUEIEIITEDE] uoy SIA Qualstisad uoy SIA hulaiolljacd 1oy ey 1equny
UDISNEI] 04 LY Q0L UOISIIINT JOf SUi) d ualsng Jof o N Baly
Sa10245 Y5¥a Jof UGISTIPp JO UONENDes [BU] G- alqe]

20



PR ST N PTG DL O N TR S e R
PN PHEE CHVEN S G h LR Ly
Finerd Report

ANNEX 5.3.5






DATA REPORT ON
SURVEY WORK

FOR THE WATER QUALITY AND SEDIMENT QUALITY FOR THE
STUDY ON INTEGRATED PLAN OF ENVIRONMENTAL
IMPROVEMENT IN THE CATCHMENT AREA OF LAKE BILLINGS

IN SAN BERNARDO DO CAMPO
IN THE FEDERATIVE REPUBLIC OF BRASIL

BETWEEN

NJS CONSULTANTS CO,, LTD.

AND

Prof. Dr. Antonio A. Mozeto
Dr. Marcos R. L. do Nascimento -
MSc Erida F. Arattjo Silva
Independent Consultants .
Séo Carlos, SP-Brazil

August 11th/ 2006




Contents

P IE AR a1 versaeresersmnensssassasss sesns sl sessemessstetent e ssesonsanasnrerbemess seadosbesesesds o0 44000 I0ERBNEIT AT SO IR NERES Q8 EhRE 1HRR B NBRO IR L bE0e

| Matarials & Methods

1.1 WaLBE et ine e nrimece s et et sib st s ba s srse s sps st s s

1.1.1 Physico —chemical parameters... ... i mimsmm s e s s,
1.1.2 DOC and TOC detorminalionS.. .u.wrieir et s st i s
113 MIBLAIS. .. e ev s e ser s vervensrsstrrs esrve soesesebesAbE 4 10RE00e 4100804000019 1F 1S SRR RS AR 4P AR EAR AR DR bR
O I T 1 O O OO T U T P DT PSPPI PRI PP IO
1.0.5 ChlOMOPRYI '8 e corsisarisressess oo s ssrs e s s s s s bR
118 PhytOPIANKION.c.vvvsver i inssses s o mrsims s s s s s s
EI I 07 70 12 YOO O TV PP NPT ORISR RIT
1.1.8 COD, BOD AN TS Suuiiuriuureris inrressseesse sssranestannansesssstsess misssssesssessssssmsss 4440000000100 1000 01000 SR 1000
1,2, SBAIMEBNES. i iaiviirireriris e e st ass s s s s b e s

1.2.1 Physico-chemical paramelers.... e R OO ROTO
12,2 TOC, Niottl 8 Ploighoeseresrreceesinonssnssisssissosssmmeisssissassiiassses irenses sanmars s s sss £ag st b 110544 0100 1100001000
4 2B MBEAIS. 1 escrrsrasares s snesmtsre e beressere eesdbe AR RS SR ARS8 R RO R R SRR AR s

Il Results & Discussion

2.4 Waldhu e i e conens TR ew et erer vt e eraEr g IR aE R bRl 1y e AR AR Ot R RO E RO NS RTINS AR R

2.1.1 Physlco —chemical paramelers
2.1.2 DOC and TOC determinations

B IMIBLAIS s v e svesses sersenes vertesssses s oy sroraes nsises serbapEs AEEL S FOERFELIEF DL 0708888 EB RS SRR 1H1DTTEPRR A B HY B RS PO RO RO D

21 NUIIENS..oocermesersrerre e s ssssrsssion s ————— et e e et
2.1.5 Chlorophyll ‘A, i s ST UNPRROPE SR OO
21,6 PhYIOPIANKION. 1vs v essessssasssssmesrmissasmsssssseseses
218 00D, BOD N STSruurrssrens st sesessessssisssss s
2.2.1 Physloo-chemiGal PArameIBIS.... . wam i iseasmmsssssiss iessismssmiissni s s s s
222 TOC, Nt © Pltlesesssset s resesssesesseee e s s s ssssses s
AP PENDIXES .oevssosssssute e sses 8128 r0se54 o5t 405518801188 850 R E ER5 r  t1100

N L I T T T TN YNSRI

------------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------

I L R R P R TR LT TN AOESLITRENTRE R MR R TR

03

05
05
05
05
06
07
08
08
08
09
09
09
09

11
1
13
14
15
17
19

20

21
22
22

.23

24
26



Preamble

Water and sediment samples were collected in the Billings reservair on the period of July 11 to 13/2006.
Below Is given a brief description of the activities and weather conditlons prevailed during the 3 days of field

trip.

Day 1: July 112006 —work has been done in sampling points #01, 02, 03, 04 and 30. Wotk on point # 01
started at 10:40 AM and the day was mostly cloudy with weak to moderate winds which changed to sunny
skies which evolved to a very densa fog by 15:05 PM while sampling in point # 30 was belng done. Activities
had to be stopped as visibillty was close to zero,

Day 2: July 12""2006 — work has been dona In sampling points # 29, 27, 28, 26, 25, 04, 05, 24, 23, 22 and
21. The entire day was completely sunny with no clouds in the sky and weak or barely any wind. Air
lsmperalure increased in the moming al 09:59 AM from 19,08 °C to around noon time at 12:18 PM of 24.50
*C and decreased to about 19.97 °C at about 17:18 PM al the end of the work.

Day 3: July 13%/2006 ~ work has been done In sampling polnts 20, 08, 07, 19, 17, 18, 16, 08, 03, 14, 10 11,
13 and 15. Weather conditions were baskally the same as the day before, Work has started at 08:36 AM at
sampling point # 20 and ended at sampfing point# 15 at 15:20 PM.

The Flgure 1 shows the map of the Bilings resevoir with the sampling points plotled according lo their

geographycal coordinates.



Figure 1: Map of the Bilings reservolr with the sampling points plotted according to their geographycal

coordinates.
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| Materials & Methods

1.1 Water

1.1 Physico ~chemical parameters

The parameters lemperature, pH, dissolved oxygen (DO), specific glectic conductance (SpC) and
oxidation-reduction potential {ORP or EH) was determined in st with a Hydrolab Quanta Water Monitoring
System. The tuibidity was measured with a portable turbidimeter by Hash model 2100P, and geographical
coordinates were determined with a GPS by Garmin mode! 12CX,

11.2DOC, TOC and TSS determinations

The dissolved organic carbon (DOC) was determined In vacuum filered samples using delonized water pre-
washed and dried 045 pm acetate celiulose membranes in a TOC Analyzer by Shimadzu mode! TG 5000
while the total organic carbon (TOC) was determined in unfiltered samples using the same equipment.

Samples were automatically injected by the equipment three times in order to oblaln a standand deviation

which as less than 2.0. Goncentrations are expressed in mg L-* units,

The TSS {tolal suspended solids) was gravimetrically detemined by filtering known volumes of water in pre-
dried and pre-welghted celullose acelate membranes of 0.45pm pore dlameter which were afterwards dried
in an oven at 60°C and again welighted until constant weight.

1.1.3 Melals _
Following the Braziiian National environmental law named "Resolugiio CONAMA # 357/2005" that dlassifles

natural waters according lo their use, those walers of Class 2, require analysis of total dissolved for metals

Cu and Fe and of tolal metals (dissolved + particulate) for Cd, P, Hg, Ni, Mn, Crand Zn.

Table 1 shown ahead brings the description of sample'prs—treatment as well as melhods of chemical

analysls done for different metals.



Table 1: Methods of water sample pre-treatment and chemical analysls for metals,

Sample type Sample pre-treatment Metals Methods of chemical analysls
Samples were initielly . )
vactum fitered using Cu | Afomis ahsorption spectrophotometry using grafite fumace (GF-AAS)
dionized water pre-washed

Total and dried 0.45 pum acetate
dissolved cellufose membranes and

metals latter acldified to pH = 2 induct ' .
with ufra pure niic acid Fe | Aforiic emission inductively coupled ptasma {IGP - OES)
and preserved at about
4°C,
Samples were |nilially cd

acidified fo pH = 2 and Atomic ebsorption spectrophotometry using grafite fumace (GF-AAS)

presecved at ebout 4°C and Pb
latier extracted with nitric Hg | Atomic absorption specirophotometry using cold vapor {CV-AAS)
and hydrachloric acid

Zc;go"ﬁf according to the USEPA |1
paticutats) method # 200.2 (in; Mn
Methods for the .
determination of Cr__| Atomic emission inductively coupled ptasma (CP - OES)
environmentsl samples -
Suplement § - EPA/GOOR-
94-111 - May 1994}, Zn
1.1.4 Nutrients

Dissolved nutrients In waters wera determined according to the different methods that can be described as

follows:

1.1.4.1 ammonium: method # 8038 proposed by Hach - DR2010 Spectrophotometer, adapted from the
Standard Methods for the Examination of Water and Wastewaler, and approved by the USEPA 44(85)
25505 (May, 1979), This method Is a colorimetric method (visble spectrophotomelry) in which ammonium
lons react with the Nessler reagent (an alkaline solution of potassium tetralodinemercury (if)) ylelding a
yellow color complex of proportional intensity to the ammonium lon concantration In the sample.

1.4.4.2 nitrife; mathod # 8507 proposad by Hach - DRf2010 Spectrophotometer, adapted from the Standard
Methods for the Examination of Water and Wastewaler, and approved by the USEPA 44(85) 25505 (May,
.1979). This Is also a colorimetric method In which nitrite lons react with sulfanilic acid to form a diazo salt,
‘which under acidic medium, form a pink colored complex whose concentration fs proportional to the nitrite
conlent of the water. Standard solution to construct standard curve: sodlum nltrte. -

1.1.43 nitfate: method # 8192 proposed by Hach - DR/2010 Speciraphotomster, Determination Is made via
a coborimetric method in which the nirate reacts with the cromotrophic acld in highly acidic conditions fo



form a yellow colored complex whose concentration Is proportional 1o the nitrate concentration of the water
sample. Slandard solution b construct standard curve: potassium nitrate,

1.1.4.4 total N and tofal P, The lotal P was extracted according to the method described in Standard
Methods for the Examination of Water and Wastewater # 4500 ~ P-B?, these extraction consisted in a
chemical attack with sulfuric and nitrlc acld, and the concentraction was colorimetrically determined by a
method In which the molybdophosphoric acld is formed and reduced by stannous chloride fo form the
colored molybdenum blue according lo the Standard Methods for the Examination of Waler and Waslewater
# 4500 — P-D2, Total nitrogen was determined according fo methods described in the "Standard Methods for
the Examinatlon of Water and Wastewater” number 4500 ~ Ny -B (Macro-Kjeldahl Method 2,

1.1.5 Chlorophyil &’

The chlorophyll ‘a’ concentration was quantified through the seston (suspended particulats) retained in 0.45
um celiulose nitrate membrane affer fitralion a known volume of water sample. These membranes were
carefully kept In the dark wrapped in aluminum foll and under low temperature (450). The plgment was
extracted In the dark with 10 mL of 90 viv of acetone. Afler twenly four hours under Jow temperalure
samples were centrifuged at 4000 pm for 15 minutes. The absoibancs, which Is proportional to the
chlorophyll ‘a’ concentration, was then measured In a Hewlelt Packard spectrophotometer equipped with a

diode lamp.

This method Is described in Talllhg and Driver (19614,

1.1.6 Phytoplankton

Total densily of the phytoplankton communlty expressed as number of cells mL-* was quantified according
to the sedimentafion chamber method described by Utermdhi (1958%. The cell counting was done through
transects using an Inverlad microscope Zelss-model Axiovert with maximum magnification of 1,000 times,
Each cell, colony or filament was considered as an individual. The lime of sedimentation was of three hours

! Standard Mathods for the Examination of Water and Wastewatar, 20 Edifion. APHA AWWA. 1998, Method 4500-P
B. page 4-143 / 4-144

? Standard Methods for the Examination of Water and Wastewaler, 20% Edition. APHA AWWA.. 1838, Method 4500-P
D. page 4-145 1 4-146

3 Standard Methods for the Examination of Water and Wastewaler, 20t Edition, APHA AWWA. 1998, Method 4500-
Non B. page 4-124 1 4-125

4Talling, J. F.; Driver, D. Some problems in the estimation of chlorophyll-a in phytoplankion. Proo, In: Conference of
Produstivity Measurements, Marine and Freshwaters, 1981, University of Hawall. Procsedings. 1961, p. 142-146,
SUTERMOHL, H. Zur Vervolkemnung dar quanfitativen phyboplankion: methodic, Internationale Vereiningung fir
Theoretische und Angewandle Limnologle Mitellungen, v. 8, p. 1-38, 1858,



(sat as a minimum) for each centimetar of height in the chamber (Margalef, 1983)%. The counting limit was
detsmined by means of the specles curve stabllization in which a sufficient number of fields are counted
untl the number of species added for each field in stabitized (SantAnna et al., 20067

The resulls were expressed as number of individualimL and wer calculated according to Ros (1979)8.

1.1.7 Coliform

Total coliform were quantified through the standard method number 9222 from Standard Methods (1998)°
(membrane filter technkque for members of the coliform group),

1.1.8 COD and BOD

COD (open reflux method) and BOD (five-days test) wera quantified through-standard methods, respectively;
numbers 5220 and 5210 from Standard Methods (1998)" (membrane filler technique for members of the

coliform group).

1.2, Sediments
1.2.1 Physlco-chemical parameters

Redox potential {ORP or EH) was measured with a platinum (Pls) electrode using a Ag/AgCliy reference
electrode thiough a standard pHmeter set to measure potential (mV) instead of pH. The EH electrode was
caflbrated against standard ZoBell sdlut%on. pH was meastred with the same pHmeter using a standarnd
glass electrode routinely callbrated with pH 4.01 and pH 7.0 buffer solutions, Waler content was detefml_ned
gravimetrically welghting an amount of sediment sample before and after drying the samples in an oven at
" 60°C until constant weight. | ' N

- 6 MARGALEF, R. Limnologia. Barcelona: Omega, 1983. 1010p. :
7SANT'ANNA, C. L; AZEVEDO, M. T. P; AGUJARQ, L. F; CARVALHO, M. G; CARVALHO, L. R & SOUZA R.C. R,
2006, Manual liustrado para identificagho » contagem de clancbaolerias planatbnicas de aguas continentals brasileiras.
Editora Intercléncia, 58p, . ‘
8R0S, J. Practica de ecologia. Barcebina: Omega, 1979. 181p. .

~ 9 Gtandard Methods for the Examination of Water and Wastewater. 200 Edition. APHA AWWA, 1398, Method 9222.

page 9-56.

1 Standard Methods for the Examination of Waler and Wastewater. 20% Edition. APHA AWWA, 1998, Method 5220.

page 5-14 :

11 Standard Methods for the Examiation of Water and Wastewater. 20t Edition. APHA AWWA. 1998. Method 5210

page 5-2



1.2.2 TOC, Niotat and Pota

The total organic carbon (TOC) was delermined using a TOC 5000 connected to a SSM (Solid Sample
Module) 5000A by Shimadzu,

Total P was exiracted from the sample with a mixture of sulfuric and nitdc acld and determined via
colorimetiic method described in the *Standard Methods for the Examination of Water and Waslewater"
number 4500 - P-B12 & 4500-P-C (colorimetric method of vanadomolybdophosphoric acid),

Total N was determined using Kjeldahl method described in the *Standard Methods for the Examination of
Water and Wastewater” number 4500 ~ Nog-B (Macro-Kjeldahl Method)™,

1.2.3 Metals

Metal (Cd, Cr, Cu, Hg, Ni, Pb e Zn) were exiracied acconding to the method 30508 by USEPA (1996)t.
Such method conslsted in welghing a mass dosa 2.0000 + 0.0001g g of dried sediment and performing the
chemical attack with HNO3, Hz02 and HCI.

The -concentration determination wers done by atomic emission inductively coupled plasma (ICP - AES)
axoept for Cd which was detenmined through the GF-AAS fechnique.

Specifically for Hg the method 2456 from the USEPA was used for sediments analysis. The only
modification introduced was that the extraction temperature was modified to 95°C instead of 80°C as
described In Fadini (1999)%. Hg was determined by the CV-AAS tachnique. Replicates were done for 30%

of the samples and the averaga variation obtalned was <& %.

Table 2 shows the average percentage recovery for differant metals from the NIST reference material #
8704 (Buffalo River Sediment) as part of the QA/QC {quality assurancelquanllty control) procedures of our
laboratory.

12 gyandard Methods for the Examination of Water and Wastewaler, 208 Edition. APHA AWWA. 1998, Method 4500-P
B. page 4-143 / 4-144
13 Standard Mothods for the Examination of Water and Wastewaler. 20% Edition. APHA AWWA. 1898, Method 4500-P
C.papge 4-144 1 4-145
M gtandard Methods for the Examination of Watsr and Wastewater, 20b Edition. APHA AWWA, 1888, Mathod 4500-
Nog B. page 4-124/4-126
¥ USEPA United States Environmenta! Protacion Agency. 1996. Acid Digesfon of Sediments, Sludges, and Solls.

Method 30508,
1 FADINI, P. S. 1999. Comporiamento blogsogquimico do merciiio na bacla do Rio Negro {AM}. Tesa de doutorado.

UNICAMP, Institulo de Quimica.Campinas, SP-Brazll.



Table 2: Average percentage recovery for different metals (NIST reference malerial # 8704 - Buffalo River
Sediment).

Element Average Recovery (%)

Cd 1085
Cr 96,0

Co 107 3
Pb 1113
Mn 1004
Ni 832

Zn 102,0

Obsetvation: Except for Cr for which the reference sediment sample was open via fuslon process
(temperaiure between 900-1,000°C In an oven using tetra borate of lythium, LIzB407) all the olher elements
were open using a mixture of strong acid attack. Both chemical treatmenis allow a good recovery of studied

metals present in this matrix,

10



Il Results and Discussion

2..1 Water

2.1.1 Physico ~chemlcal parameters _

In Table 3 are shown the physico-chemical parameler results oblained for water collected at 50 cm depth In
different sampling station in Billings reservolr,

Considering the parameters shown in Table 3 (temperature, pH, DO, EH, condudtivity, furbidity and Secchi
disc), those that have limiling values In CONAMA 357/03, that is, pH, turbidity and DO, only for pH and DO
ravealed violations of this environmental law.

The levels of DO measured in these walers are Indeed quite low, spaclally in sampling points located in the
Billings arms such as those close to the Pedrelra Dam {sampling points # 10, 11, 13 and 14) where DO
conceniration even reached zero al point # 10, This Is one of the most remarkable feature of highly
eblrophied ecosystem, such as Biflings reservoir,

High discharge of uban sewage Is the most'importaht sotiree of these exiremely low DO content in the
walsr column where oxygen is consumed by organke matter oxldation, The ocurrence of an extremely high
number of gas bubbles at the surface of the water column s avidanﬂy assoclated fo high oxidation of
anasroblc oxidation of oganic matter that is realized at the costs of denilrification, sulfate reduction and
methonogenesis processess. These bubbles are, obviuosly malnly eamposed by carbonic gas e mathane.
There exists in tha llleraturs an extensive work that describe thls phenomanum

Very 'high values of pH such as 8.0 (which violate the standard Class 2 waler of the CONAMA 357/05) wele
~ measured for sampling points # 21, 22 and 23 at Taquaceiuba branch, Such high values_are again a
responsa of the Blllings reservolr to the discharge of untreated urban sewage.

Secchl disch depth [s also a measurs of the degradation of the water quallly al Billings reservolr, Almost in
all sampling polnts we have measured low depths and In some cases, extremely low values have been
measumed. This trend is also corroborated by the tubidity in sify determinalions as well as by the other
paramelars we have just presented above (see Table 3)

11
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24.2 DOC, TOC and TSS8 concentrations

In Table 4 are shown the DOC, TOG and TSS (fotal suspended solids) resulls obtained for waler samples collected at
50 om depih in different sampling points In Billings reservoir.

There is no limit stablished In the Brazillan environmental law for thesa parameters. However, the content of DOC and
TOC in the water are directely elated to the primary productivity rate of the water body, which indeed is betler
represented by the chlorophyl ‘a’ content. This variable has limiting value in the CONAMA 357105 for Class 2 walers

can be seen in Table 5 in section 2.1.3.

Table 4; DOC, TOC and TSS results obtalned for water samples collected at 50 om depth in different sampling points

in Blllings reservoir.

Sampling DOC TOC T8S
polnt # Coordlnates BOC (g L £ o) THE g LV o) L)
01 23K0B42251 UTM 7309022 4.433 0.278 4,300 0408 <0.02
02 23K0341700 UTM 73780431 3.866 D.168 4.915 4,186 <0.02
03 23K 0340548 UTM 7370044 4582 0.587 3,440 0.703 5.33
04 23K 0330568 LITM 7208306 4.967 0,807 7.387 0844 7.33
05 23K0336977 UTM 7387563 ' 5.118 0.817 4,380 0.795 0,33
08 23K0338799 UTMY371500 4470 | 0823 4.310 0.456 4,33
o7 23K0B36054 UTMI372827 4.290 0.414 7.980 2502 - 31.33
08 | 23K0033485 UTM73PE565 4470 0,038 - 5310 0.787 8.33
09 23K0332421 LITM7 376801 4680 0510 4.240 0.755 6.33
10 2303246 UTMTTT749 © 5630 -08B3 5.003 1.199 29.33
11 70020600 UTMITS30 | 5980 ] 1124 6.460 0287 44.33
13 23K0320100 UTM 7376857 4.310 0.497 9.350 0.577 29,33
14 23K0330078 LITM376424 5410 0.888 7.530 0.628 24.33
15 23K0B253% UTM7373643 4.780 0.451 4,350 1.761 17.33
16 20332004 UTM7373251 4.824 0.207 6.340 0.530 4.33
17 20331430 UTM 7368818 5.283 0,187 6.870 0.514 533
18 23K0331413 UTMT370755 4,938 0.869 6.430 0.346 7.33
19 23K0332018 UTMTIZA57T 3.030 0.556 3.310 0,939 5.33
20 23KEA3ABS UTMT87728 3.155 0.288 8.650 2.000 4.33
2 23K 0334657 UTM7366060 6,137 0.311 7.060 1,399 1.33
22 23KI331 048 UTM 7352080 5,246 0,223 7.870 1.072 7.33
23 2340331078 LUTM7351507 6.019 0.271 7.652 0.516 15,33
24 23K0837804 UTH7364383 3,786 0.151 3.410 0.360 3.33
25 IK0341175 UTMI66B12 3.978 0.234 7.387 £.000 <0.02
26 73K0344243 UTM7385343 2.781 0,369 5.667 0.260 <(.02
2 Za0346384 UTM7 368505 4467 0,166 4,450 0.408 0.33
28 2310349436 UTM 7387511 4.259 0.240 7.030 0.135 0,02
28 2340343417 UTM7366763 4833 1.401 5.558 0.405 <(}.02
30 23K0347228 UTM 7363009 4.453 0.347 5,385 0.875 3,33
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2.1.3 Chlorophyll ‘a’

The chiorphyll ‘a’ data are shown in Table 5. it can be obseved that there are several violations of the i
established by the CONAMA 357/05 for Class 2 water bodies, Sampling points # 15, 16 and 22 are among the ones for
which it was measured the highest values of this parameler. Points # 15 and 16 belong to the Pedreira Dam area ang
the last one (# 22) to the Taquacetuba branch.

Widespread in the Billings resewvolr It could be noted the fypical gmenish colour of algat blooms In the water column
surfaca as it can be seen In the plctures taken during the fleld trips (these plctures are annexed to this final repor).

Table 5. Chloraphyll 'a’ concentration of water samples from Billings coltected at 50 o depth in the waler column and

the reference value from the Resolugio CONAMA # 357105,

Chlorophylt ‘a’ {pg L)

Chlorophyli‘a’ (ug LY

Coordinates | Sampling Limit of Class 2 watars of Coordinates | Sampling Limit of Class 2 waters of
point# | CONAMA # 357/05 = 30 pg L+ point# | CONAMAG# 357105 = 30 pg Lt

Z3KD342281 ZHIAN _
UTM 7369022 01 3706 UTM7368819 17 7042
23K0341 790 230331413

UTM 73700131 02 3659 UTM7370755 18 70.49
23K0340548 230332018

UTM 7370044 03 2627 UTM737577 19 8429
73K0330558 - 23K0334B25

UTM 7368306 04 3586 LUTM7367728 20 6267
DKO3I6077 DAK0334657
UTM7357563 05 23.91 UTMT366960 21 64.48
23K0336709 23K0831546
UTM7571509 8 22.18 UTM7362088 22 8161 .
BKOFIE054 ' 230331078 _
UTM7372827 07 2923 UTM7361502 23 79.76
PKOF33465 -~ 23K03378B4
UTM7375565 08 . 23.04 UTM7384383 24 38,53

T 3K0332421 2HOMH 75

- UTM7376391 09 1595 UTM7366812 25 33.30

 73K0331 218 : 23K 0344243
UTM7377748 10 3.4 UTM7365343 28 48.73
23K0320600 23K0346394
UTM7377530 1 5.59 UTM7366505 27 38.86
220329100 20348438
UTM7376857 13 24,19 UTM7367511 28 24,05
PAKO3I0078 THIBAATT
UTM7376424 14 26 47 UTM7365263 29 45,42
B3K0328320 ZHM278 -
UTM7373643 15 117.35 LITM 7363889 30 37 51
230332004
UTM7373251 16 99,76

2.1.4 Metals
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Table 6 shown below contains metal concentration on analyzed samples and reports the LQ (fimit of quantification) for
each metal accordingly to the method of analysis used and the eslablished limits by the so-called Resolugao CONAMA

# 35712005.

As It can be cbsarved in the data shown in Table & metal concentrations in the water are relatively low in spite the fact
ihat all studied melals, except for Cu and Fe, which were determined in bulk water sample (i.e., without fillration wheih
comespond to the total metal concentration in the dissolved and in the particulate). It could be expected then, if one
considers the fact the particules scavenge metals from the waler, larger concentrations as the 7SS In the waler was
relalively large. Therefore, the only CONAMA 357/05 viclallon detected was for Mn In waler samples collected In the
area close fo the Padreira Dam (sampling points # 10, 11 and 13), '

It must be also noted that for several elements and relative lo all collected sampies the LQ (quantificalion limils of
different techniques) {which, by the way, perfectly obey limits of the CONAMA 357/05) were not achleved such as for
Cd, Cr, Hg and Ni, For some of the samples and for elements such as Pb, Zn and Fe the respective LQs were not

achleved elther. The only element detected in all collecled sample was copper,

As it can be seen ahead In this report (see ‘Sediments’ seclion) the water dala do not demonstre that this water body is
not contaminated with metals. |t means that these elements are scavenged from the water cofuimn by the fine and very
fine paiticles {silt and day partides). Combined or assoclaled processes such as adsorption (first step) and flocculation
' {second step) onto Fe and Mn hydraled oxldes particles surfaces assoclated to the organic malter predipltate these
meatals to the bottom of the reservoir and bacome the sediment compartiment. |
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Table 6: Metat concentrations (mg/L) in waler samples collected In Billings reservolr at 50 om depth. Values of the LQ
(limit of quantification) and of the Resolugao CONAMA # 357/2005 are also shown.

Sampling Cr Hg Ni Mn Pb Zn Cu Fe
point# cd
Coordinates LG 0.0001 | 0.0025 1 0.00001 0.0025 0.010 | 00005 | 0010 0.0004 0.020
357105 0.0010 | 005 | 0.0002 0.025 0.1 001 | 0480 | 0.009 0.3
23K0342281
UTM 7368022 1 <LQ <0 <L.GQ <LQ 0.025 <0 <L.Q 0.0040 <lQ
ZIKO341790
UTM 73790131 2 <0 <LQ <.0 <.Q 0.024 <.Q <LQ 0.0051 0.114
23K0340548
UTh 7370044 3 <LQ <LQ <LQ <LQ 0.058 | 0.0007 <0 0.0079 0.153
23K0333568
UTM 7368306 4 <.Q <1 Q <LQ <Q 0.030 <Q <0 (.0024 <LQ
23K03369T7
UTM7367563 5 <LQ <LQ <LQ <L 0.040 | 00007 | <Q 0.0047 0.047
23K0336709
UTM7371509 6 <Q <10 <LQ <.Q 0,060 | 0.0006 <.Q 0.0080 0.117
23K0336054
UTM7372827 7 <Q <LQ <.Q <.Q 0,412 | 0.0020 <O 00035 0.085
23K0333485
UTM7375565 8 <.Q <iQ <0 <LQ 0.074 | 00025 | <LQ 0.0071 0.076
23K0332424
UTM7376804 <LQ) <LG LG <L.Q 0.057 | 0.0019 <L.Q 0.0082 0.124
23K0331216
"UTM7377749 1 <.Q <LQ <LQ <.Q 0954 | 0.0028 | 0016 0.0044 0.334
23K0328600
UTM7377530 11 <LQ <LQ <1 Q <1.0Q 0488 | 00028 | 0.0 0.0063 0.774
230329100
UTM7376857 13 <Q <LQ <L.Q <1.Q 0450 | 00048 | 0,012 0.0027 0.244
23K0330079 .
TTM7 376424 14 <l <LQ <l.Q <.Q 0138 | 0.0018 | 0.011 | 0.0039 0.248
23K0328320 .
UTM7373843 - 15 <L.Q) <10 < Q <G 0.057 <LQ <G | 0.0033 0.027
23K0332004
UTM7 375254 - 16 <LQ <LQ <LQ - <L.Q 0.081 1 0.0007 <. 0.0055 0.055
23K0331430 Co )
UTM7358819 AT . <LCY <L.Q ~ < Q - <L.Q (.024 <G <t.Q 0.0087 0.122
23K0331413 ) o
" UTM7370755 18 <L) <0 <Q- <l 0.034 <.0 <t.Q 0.0067 -{ 0059
3K0332018 .
UTMI371877 19 -~ =5Q <LG <L.Q <0 .| 0049 | 00018 <L.Q 0.0020 0.034
23K0334825 :
UTM7367728 20 <LQ <LQ <L.Q - <lQ 0.026 | 0.0039 | 0.017 0.0073 0.234
23K0334657 .
UTM7 366560 21 <L.Q <L <.Q <L 0.037 | 0.0006 <fQ 0.0063 0.041
20331648 .
UTM7362088 22 <LQ <L <L.Q <LQ 0.017 | 00018 | <LQ 0.0024 <0
20331078
UTM7381602 23 <LQ) <LQ <LQ <.Q 0,018 <LQ <10 0.0039 0.056
ZIK(337884
UTM7364383 24 <LG <L <L <. 0.020 <0 <.Q 0.0012 <LQ
20341175 :
UTM7366812 25 <.Q <10 LG <. 0.024 1 0.0008 | <LQ 0.0026 <LQ
ZK0344243
LTM7365343 26 <LQ <lQ <LQ <.Q 0.016 § 0.0008 <0 0.0023 <.Q
23K0346394
UTM73686505 27 <lQ <l.Q <LQ <10 0.010 <0 <.Q 0.0013 <LQ
Z23K0340436
UTM7367511 28 <L0 <LQ <LQ <.Q 0.016 | 0.0006 <L.Q 0.0018 0.025 ]
2IK0343417
UTM7 365263 20 <L.Q <LQ <lQ <LQ 0.018 L0 <L.Q 0.0018 <Q |
23K0342278
UTM 7363889 30 <lQ <.Q < Q <LQ 0.018 <10 <0 0.0025 <0
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2.1.5 Nutrients

In Table 7 are shown the data obtained for dissolved nitrogen species and total N and total P in water samples

collected at 50 cm deplh in Blllings reservoir.

Ammonium concentrations violated the CONAMA 357/05 limlting value speclally for sampling points at the Pedrelra
Dam region. These dala corroborale the normally low DO values {see section 2.1.1) as well as the elevated values for

COD and BOD (see saction 2.1.8). Other data shown in this table show similar trend.

The literature on Billings water quallty s really amazing, When we check these documents it can be seen that the data
In Table 7, is In an overall basls, simifar to those found in these published studies and demonstrafe the water qualty
avolution In the Billings resetvolr, it can be quoted, amongst the various studies, the following: Lamparelll (2004)7,
| amparelli et al, (1996)'%, as well as the many reports on fresh water guallly in the Estado de Sao Paulo published by
CETESB in recent years', We believe, that without doubt, these documents truly show thal the water quality in Billings

resawvolr s becoming worse In the last 2 or even 3 decades.

Table 7: Dissolved nitrogen specles and total P and total N concentrations in waler samples collected at 50 em depth
in Bllings reservoir.

7 LAMPARELLI, M. Graus de frofia em copos d'agua do Eslado de Sfo Patlo: A\_raﬁqﬁo dos métodes de monitoramento. 2004, 207 1. Anexes,

-Tesa'(ﬂouiomdn em Citnolas- Area de Ecossisternas Temrestres e Aquéticos) - Insfituto de Biociénclas, Univessidade de Sap Paulo, S8o Paulo,

5P, 2004, . L R

L AMPARELLL M. C.; KUHLMANN, M. L.; CARVALHO, M. C.; SALVADOR, M. E, P.; SOUZA, R. G.; BOTELHO, M. J, G.; COSTA, M. P,

MARTINS, M. .. GARVALHO, P. M; ARAUJO, R, P. A.; HACHICH, E. M.; BARI, M;; CURSIO, R. L. 8., TOLEDO, JR, A. P.; LORENZETTI, M. D.
L, TRUZZI, A. C.; NAVAS—PEREERA. 0. VARGAS-BOLORINI, €. Avaliagio do complexo Billings: comunidades aquaticas, agua, sedimento -
oul? a out/93. Sfio Paule: CETESB, 1998, 53 p. Anexos.

18 CETESS, 1992, Relatorio de qualidade das Aguas interiores do Estado de S8o Paulo. CETESE, So Pauio, Séle Relalivios.

CETESB, 1895. Relatério do qualidade tas guas interiores do Estado de Séo Paulo, CETESB, S&o Paulo, Série Refatbrios,

CETESB, 1996, Relatério de qualidade das guas Interioces do Eslado de Sho Paule. CETESB, ko Paulo, Séria Relatdsios.

CETESB, 1998, Relatério de qualidade das hguas interiores do Estado de Siio Paulo, CETESB, Sho Palo, Série Relatbrios.

CETESB, 1990a. Relativio de qualidade das Aguas Interores do Estado de Séo Peulo. CETESB, S0 Pavlo, Série Relaldrios,

CETESB, 1608, Monltoramento integrado - Bacias do Alio & Médio Tieté. Avaliagio da qualidade - dgua, sedimento e pebees. Relatério final,

Dez/99, Relatério Técnico, Sfio Paulo: CETESS, 138p. Confrato de prestagio de servigos 020497 ~ SABESP.

CETESE, 2000. Relattrio de qualidade das dguas Interiores do Eslado de Sfo Paule, CETESB, Sho Paulo, Série Refetorlos.

CETESB, 2004, Relatério de qualidade das #guas interiores do Estado de S&o Paulo 2000 - CETESB, Sho Paulo, Séries Relatbrios.
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Nirite L.Q Npldaty Prome |
Ammonium ={.,001 Nitrate LGt = La=0.1 Ntotal (%) LQ=0.04
LG =0.06 mglL mgil. 0.01 mglL mgfl mgL! mgl.
CONAMA 357005; 37 g
oordinetes | gunine | N b <pit£80) CONAMA | CONA - - | coumy
poirt# | 10mgLN@O<pHS | 7 mo"m” P
85 05mgLN{pH> | ™ A ou
8.5) 0.050 mg.
PH
ot | nenvsmoy | 0T | i ooty | o | NP | prons
Z3K0342281 UTM 736002 1 7.29 0.00 0.029 4,00 1.00 5.03 <004
Z3KO34 1780 UTM 73750131 2 8,07 <0.08 0.023 200 0,68 2.70 0.01
ZKO34054B UTM 7370044 3 7.79 0.46 0.015 0.40 1,20 1.62 02
23K(339568 UTM 7306305 4 1.78 <0.06 0.013 0.50 0,97 1.48 .01
ZIK0AIBOTT LITMTIGTE63 5 8,03 <006 0.01 (.50 1,00 1.51 0.01
Z3K0336788 UTMT3T1509 6 723 1.50 0.035 080 1,70 2.54 018
Z3KORIE054 UTM7AT28Z7 7 6.94 3.60 0.083 1.00 4,00 5.08 0.28
2IK0G33485 UTM7ITE565 8 7.55 1.10 0.045 1.50 1,60 345 0.08
23K0332421 UTM7376594 9 7.33 5,00 0.051 3.00 2,60 5,65 0.44
Z3K033 1216 UTM73TTT48 10 1.2 6.00 0.005 2.00 570 7.1 1.40
20KEI29600 UTM7377530 i1 7.08 6.50 0.004 0.06 520 5,30 120 0
Z3X0329100 UTM7376857 13 6.93 5.00 0.003 12.00 5,10 17.10 0,80
23K0330078 UTM776424 14 7.16 4.50 0,001 0.18 480 5409 0.27
23K0328320 UTMT373543 15 7.37 450 0.082 0,60 320 3.88 0.1
Z3K033 2004 UTM7373251 16 7.7 0.70 0.011 1.00 1,70 2.71 0.08
Z3KG33 1430 UTM7368610 17 8.75 0.20 0.015 0.20 1,00 1.22 0.02
- 23K083 4413 UTMTITO755 18 8.89 - <0.08 0.013 1,50 0,95 2.46 004
230312018 UTM7TAT1677 19 7.86 <0.08 0.006 2.00 1,40 34 005
23K0334825 UTMT367728 20 747 <(,06 0.007 .0.39 1,10 1.50 002 -
23K0334657 UTM 7356960 21 9.38 <0,08 0.011 043 1,50 1.94 003 -
Z3K033 1646 UTMT362008 22 9.34 0.12 0.009 150 0,94 245 002
- Z3KG33 1076 UTMT361502 23 - 832 0.04 0.008 0.20 1,10 1.31 ©0.02
23K0337884 UTM7354383 24 8.67 <(,06 0.009 0.90 0,93 1.84 0.02
_ 2Z3K03 1175 UTM7356812 25 836 0.07 0.012 0,40 ' 1,00 1.41 0.01
23K034 4243 UTMTIE5343 26 8.42 <0,06 0.009 0.19 1,20 140 - 0.01
23K004 6304 UTMTIEE505 27 B.44 “<,08 0.005 450 0,87 548 0.01
273K004043 UTM7IETEN | 28 8.01 <008 {0002 0.11 0,78 0.89 0.01
23K034 34T UTMT 365260 29 7.03 <006 ] 0.007 400 0,74 - 475 0.01
20342228 UTM 7363849 30 B8.24 <0.08 0.007 0.30 002 1,23 0.04

* Resolugho CONAMA 357/05 Class 2 waters limit for Prora = 0,030 mgh. In Yentic waler bodies
 Resolugio CONAMA 357/05 Class 2 waters limit for PromL = 0,050 mg/L In Intermediate water bodias with residence fire
between 2 and 40 days, &s well as having tributaries discharging info lentio water bodies.

Importance should also be given to violations of the CONAMA 357/05 in Pua concentrations based on {imit of 0,030
mglL in lentic water bodies, that colnalde or match very well the ammominum and nitrate violations for sampling polnis -

in the Pedreira Dam area (see Table 7).
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21.6 Phytoplankfon
Table 8 shows phytoplankton densily data detemined in water samples collected at Billings reservoir, |

If we compare these data to the limit established by the CONAMA 357/05 wa can see no vilation of the law for this

parameler.

Table 8; Total density of the phytoplankion communily expressed as the number celfs mL- measured in water samples

from Billings reservolr,

Limit of Class 2 of CONAMA # 357/05 = up to 50,000 cells mL-
Denslity of cyanobactatla Density of cyanobscteria
Coordinates | Sampling | (number of calls ml-f). Coordinates Sampling {numnber of cells mL-),
point # point #

230342261 K033 430
UTM 7369022 1 7,318 UTM7358810 17 4,683
23780 : 23K0331413 .
UTM 73780121 2 4318 UTM7370755 18 4843
23K0340548 BKOF32018
UTM 7370044 3 1,505 UTM73Ti577 19 8,627
23K0339568 23K0334825 .
UTM 768306 4 4921 UTH7367728 20 5413
73K0335977 23K0334657
UTMT367563 5. 2,842 : umMraseeo | 21 3,859
2340838760 23K0331646
UTM7371500 6 1,011 UTM7352008 22 4902
23R 0336054 23K0331076
UIMTa72827 7 4,000 UTM7361502 23 8,189
23K 0333485 23K0337884 ' -
UTM 7375545 8 1676 UTM7364383 24 885.0
230332421 ' KO T175
UTMT7376801 g 2312 LITM7355812 =25 ‘ 4736
2K0B3216 . : K034 243
UTM7377740 0 1,289 UTM7365343 26 4178
230326600 20346394

- UTM7377530 1 2,656 UTM7 356505 27 12,843
23K0329100 23K0349438
UTM 7376857 13 1,763 UTM7368751 1 28 14,025
Z3K0330079 Z3K0343417
UTM7376424 14 3,534 UTM7305263 29 ' 9,642
23K0329320 2KO342728
UTM7373643 15 1,480 L/TM 7363859 30 13,409
73K0A32004
UTM7373251 16 2,662

The data sst (all types or taxans of ientified algae In terms of total denslly) is presented In the appendix 2 of this final
repot. It can be seen that we have measured relatively high densilies which explaln the high rales of phyloplankion
productivity that may prevail in this water body.
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2.1.7 Coliform

Tabla 9 show iotal coliform, E. coli data in water samples collected in Billings at 50 om depth at differant sampling

points,

It were observed violations of thesa parameters according to the CONAMA 357/05 specially in sampling points close lo

the Pedreira Dam {sampling points # 10 and 14),

Table 9; Total coliform, E. cofi data in water samples collected in Billings at 50 om depih at different sampling polnté.

Limif of Class 2 waters from Resolugio
CONAMA # 357105; thermo tolerant coliform maximum of 1,000 UFCH00 mL
Sampling Total Goliform E, coll Sampling | Total Coliform E. colt
poknt # (UFCHOOmL) | (UFcHoomt) |  POlntE | MIFGADOMLY 1 eeionmiy

1 35XA04 220 16 1.6X10% 8IX10?
2 1.0X10° 50 17 28X104 2
3 2 7X104 470 18 22104 20
4 1.1X10% 10 19 7.9X104 34X10%
5 4.8X105 10 0 33X104 10
8 B2X10° 5,0X103 21 27X104 )
7 7.AX10° 2AX40¢ y) 1.6X104 33X102
8. 1.5X109 8,0X10° 23 1.8X10¢ 30
g 35108 8,0X403 24 1.3X10° 10
10 2.1X10° 65%10¢ 2 A8x10¢ 20
11 CBANI08 86X 10* % 38X10* %
13 9.2x108 91X 104 P 7.0X10% 40
14 4.3X405 6,4X10* 28 9.0x10° 30
15 3.5X105 4,0X10? 2 1.9X104 0

e ) 30X10¢ 10

As It was axpected those violations shown in Table 9 are typical of water bodies strongly affected by the discharge of

untreated urban sewags. '

2.1.8 COD and BOD
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Tables 10 show COD (chemical oxygen demand) and BOD (biochemical oxygen demand) dala from water samples
collected in Billings at 50 cm deplh at different sampling points,

Please note that the referenca valua for waters of Class 2 in the CONAMA 357/05 for the BOD is 5.0 mg O4/L, while for

cOD no reference Is made in this Brazilian envionmental legislation,

CONAMA 357/05 violations highlighted In Table 10 were observed in several sampling points across the Billings
reservolr but predominantly in those at the Billings amms in the Pedrelra Dam region, as it were obseived for many other

parameters discussed earlier,

Tables 10: COD (chemical oxygen demand) and BOD {biochemical oxygen demand) data from water samplas
collected In Bilings at 50 cm depth at different sampling points. ' :

S:':ig't';;g COD (mg Oz1) | BOP (ma O) 5;';;21';9 COD (mg OzL) | BOD {mg OdlL)

1 13 4 17 38 10
2 36 15 18 18 8
3 24 5 19 24 |
4 2 7 20 2 7
5 2 6 21 3. 10
6 29 g » | o= 10

7 o7 6 2 4 18
8 19 5 24 2 6
9 3 14 2 30 0
10 44 18 2 1 3
14 49 21 27 17 5
13 37 i7 28 19 5
14 39 12 29 % 8
5 40 17 20 17 5
1 3 10

As it was expected those violations shown in Table 10 are typical of water bodies strongly affected by the dischamge of
untreated uiban sewage. |

2.2, Sediments
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2.2.1 Physlco-chemical parameters

In Table 11 we can see the physico-chemical parameter results obtained for sediment collected at different sampling

points in Billings reservoir.

Table 11: Physico-chemical parameter results oblained for sediment collected at different sampling points in Billings
resevolr. (*) Please note that the DO (dissolved oxygen) values refer, obviously, to the water column and they )

presented here again as a mean o establish a correlation with the EH and pH data,

Sampling point # Coordinates {) DO (mgh) | pH | EH(mV)| Water content (%)
i 23K0342281 UTM 7369022 3.49 7.25 -117 836
2 23K0341790 UTM 7370131 3.58 7.97 -194 87.0
3 23K0340548 UTM 7370044 3.30 8148 | -204 86.4
4 (0-12 om) 23K0339568 UTM 7368306 4,34 625 | 158 926
4 (25-41 cm) - - - 84.7
4 (68-70 om) - - - 62.6
14 {0-10 om}) 23K0330079 UTM7376424 0.81 7.15 -176 784
14 (1222 cm} - - - 534
14 (24-34 om) - - - 535
19 (0-10 cm} 23K0332018 UTM7371577 7.96 6.68 -188 87.9
19 (4565 cm) ‘ - - - 87.0
19 (90-100 om) - - - 789
20 {0-10 cm) 23K0334825 UTM7367728 787 5.82 -169 90.5
20 (23-33 cm) : : - - - 85.3
20 {4656 om) : - - - 80.1

.1 22 (0-12 cm) 23K0331646 UTM7362088 4.11 5,91 179 90.4
22 (1527 em) R - - - 847
22 {28-40 om) - - - 583 -
23 23K0331076 UTM7361502 416 5.67 -187 84.5
26 23K0344243 UTM7365343 441 6.23 | -183 83.3
28 23K0349436 UTM7367511 393 . 6.08 | -130 86.5
30 23K0342228UTM 7363889 3.74 6.73 -170 86.4

it can highlighted in Table 11 the low values of ER which are typlcal of anoxic sediments and which have high organie
matter contents (see also Table 12). pH values are somewhat low In several sampling points which demonstrate thal
anaerobic oxidatlon of the organic matter is taken place as It generates CO5, a weak but important environmental ackd

in the sediment pore water,

Redox potential values are low, in general, and are followed by the high values of acid volatilization sulfides (AVS) and
there are sufflcient information in the literature that show that AVS atienuale or even eliminate toxiclty due to metals in
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sodiments. Howaver, toxicily tests have to be done in order to check this imporant role (see Mozelo el al,, 2003%;
Slivério et al., 200521),
2.2.2 COT, Niotat and Potal.

Table 12 presents concentrations of total N, total P and total organic carbon (TOC) determined in the sediment samples

oolletecd at Billings reservoir.

Table 12; Concentralions of total N, tolal P and lotal organke carbon (TOC) determined in the sediment samples

colletecd at Billings reservoir,

Ntofal (%) | P total{%)| COT (%)
Sampling Points Coordinates LQ=0.03 % 0.39 % LQ=0.3 %
1 23K0342281 UTM 7366022 0.56 1.79 6.41
2 23K0341790 UTM 7370134 0.58 2.09 6.58
3 23K0340548 UTM 7370044 0.62 1.37 9.80
4 {012 cm) 23K0339568  UTM 7368306 ' 0.58 1.39 13.17
4 (28-41 cm) ‘ 0.43 - 1.60- 576
4 (58-70 cm) 0.30 1.27 10,40
14 {0-10 om) | 23K0330079  UTM7376424 0.53 2.00 549
14 (12-22 cm) o ‘ 0.52 1.65 3.39
14 (24-34 om) o ‘ 0.24 1.28 3.95
19 {0-10 om) 23K0332018 UTM7371577 0.35 1.49 6.84
19 (4555 cm) o 0.38 1.43 5,00
19 (90-100 cm) R 042 1.48 5.82
20 {0-10 cm) 23K0334825 UTM7367728 0.37 1,72 B2
20 {2333 om) 0.35 1.60 TAT -
20 {46-56 cm) 0.61 1.45 9.82
22 {0-12 cm) 23K0331646 UTM/7362088 0.40 2.01 9.89
22 (1527 om) 0.75 151 0,28
22 (28-40 cm) 0.59 1.68 577
23 23K0331076 UTM7361502 0.51 1.74 8.11
26 23K0344243 UTM7365343 0.49 1.69 7.40
28 23K0349436 UTM7367511 0.55 - 1.52 B.75
30 23K0342228UTM 7363880 0.57 1,58 - 8.91

2.2.3 Metals

Restlts of metal concentration in sedimenls are shown in Table 13, Table 14 presents the sediment quality guidelines
widsly employed to metal contamination assessments around the world In sediment studies,

2 Mozato, AA.; Sivério, P.F.; DePaula, F.CF.; Bavilacqua, J.E. Patella, E.; Jerdim, W.F. 2003, Weakly-bound metals and total
nutrient concantrations of buk sediments from some walsr reservoirs in So Paulo, SE Brazi, IN: M, Munawer (Ed.). Sediment
Quallly Assessment and Management: Insight and Progress. Ecovision Monograph Series, pp. 221-239,

# Siivério, P.F.; Fonsaoa, AL, Bolla-Paschoal, C.M.R.; Mozeto, AA. 2005. Releass, bloavallability and toxicity of metals In lacusirine

sadiments; A case study of reservoirs and lakes In Southeast Brazil. Aquat Ecosyst Health Manag 8(3): 1-10.
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Table 13: Potentially bioavailable metal concentration for sediments samples collected at differant points in Billings
reservolr (mgkg).

Coordinates | sampling point# | cd Cr Cu Ni Pb Zn Hy
23K 0342284

UTM 7369022 1 033 | 9122 | 82393 | 6523 53.05 15449 | 01944
Z3K0MI700

UTM 7370131 2 032 | 9746 | 34995 | 5562 63.00 11222 | 0453
23K0340548

UTM 7370044 3 008 | 6540 | 47234 | 3374 26.79 16671 | 04205
23K0339568

UTM 7368308 4 (0-12 om) 334 | 45574 | 44189 | 30335 | 12707 | 93632 | 03440

4 (26-41 om) 0.08 48.76 17.07 13,66 3365 67.78 0,1252
4 (58-70 om) 0.89 7.20 168.79 6.45 99.74 66.99 0.1913
23K0330078

UTM7376424 14 (0-10 em) 0.90 181.09 289.26 63.84 113.21 508.70 0.5488
14 (12-22 cm) 1.18 183.97 199.79 88.03 159.73 442 61 09379

14 (24-34 cm) 1.30 186.42 226.30 85.13 14126 . 1 48047 0.8168
23K0332018

UTi7371577 19 (0-10 cm}) 6.62 577.06 619.28 399.25 21300 1 1,568,97 | 0.1467
19 (45-55 om) 3.88 500.05 339.35 217,50 287.8% { 126711 | 0.1381

18 (90-100 o) 258 238.52 237.03 50.79 21064 | 171288 | 03385
2H0334 825

UTMZI67T28 20 (0-10 cm) 1.66 22947 213.39 104.26 114.49 540.78 | 0.3086

20(23-33 om) 4.21 515.39 33946 224.00 23638 | 1,184.40 | 0.2409
. 20 (46-56 cm) 1.60 209.75 15831 52.94 15631 | 1,008,867 | 21157

20K0331 648 :

UTI7362088 22 (0-12 om) 0.22 82.21 4621 61.78 5789 1 7394 0.0681

22 (15-25 om) 034 163.29 48.20 80.66 60.99 141.16 0.0000
22 (30-40 cm) 0.09 68.61 3231 20.88 38.78 87 .00 0.2220

K031 076

UTM7361502 23 0.16 7148 | 3475 | 4716 4567 1 4021 | 0.05%
20K0344 243 -

UTM7365343 26 0.39 131.38 9192 59.05 56,45 160.36 0.1641
23K0349435 _ 1.

UTM736751 1 28 015 61.85 2593 - 29.43 52.87 61.35 0.1180
2BK0342228 '

UTM 7363880 . -0.25 112,76 78.06 60.71 3469 106.49 0.0819

“Table 14: Values of sediment quality guidelines (SQG's) known as cause-effect guidslines {or emplrical guidelines)
~ (mgfkg). TEL= threshold effect lavel; PEL= probable effect level; SEL = severe effact level.

5Q0's Cd Gt | Cu Ni Pb Zn Hy
TEL 0.506 w3 | 357 18 35 1231 0.47
PEL 4 80 {197 36 913 315 0.486
SEL 10 110 | 110 75 250 820 2

Measured concentrations that violate TEL guideline are hightighted in blue, white those that are larger than PEL
guklsline are marked with light red; viclations of SEL guldeline values are highlighted in dark red. Note; Please soe the
electronic version of this report.
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To better understand the meaning of the above mentioned sediment quality guidelines TEL, PEL and SEL the readers
are directed to Silvério et al. (2006)2, This publication brings an extensive discussion on the topic, as well as cites

many other Intsmational references that may also be studied.

Although the use of SQGs numerical values alone lo assess sediment contamination due to metal in sediments is not
recommended for several reasons (e.g., Burton, 2002; Mozeto et al., 2006)2 it should be kept in mind thal SQGs
violations such as those of SEL are of great significance and really froublesome as they represent real cases of toxloity
b the aquatlc life (water column and sediment fauna) due to metals In sediments. Evidently, as specifled eariier in this
document, toxicity tests are necessary to confirm effects as AVS and TOC in sediments, as well as DOC in the pore
water are extremely high in this watewr body 2021, 2223 and may be attenuating or even eliminating toxicity as it was just
specified above. Even though, loxiclly and a negative impact in aquatic life may ocour as many species of this fauna
swallow particles (as food) thus do not use or remove thelr food only from the dissolved fase (waler from the water
column or pore water which trully represent the real bloavaflable phase of food and contaminants!). Therefore, chemlcal
analyses of metal concentrations In the water from the sediment water-interface, as well as pore water ére really a

necessily {or, are a real requirement) to assess metal bioavallability, -

2 Sivério, P.F; Nascimento, MRL.; Mozelo, AA. 2006. Valores-gula de qualidade de sedimentos de amblentss aquaticos
confinantals o valores de referdnela de melals e meiakbldes em sedimenios. in: Mozels, A.A.; Umbuzeiro, GA.; Jardim, WF,
{Eds.). Métodos de coleta, anélises flsico-uimioas e ensalos biokbgicos de sedimentos de &gua doce. Cubo Mulli Midia Edfora.

Sto Carlos, SP. Braall. p. 71-89.

B Burton, G, A., Jr. Sediment quallty criterla in use eround the world. Limnelogy, v. 3, n. 2, p. 65-75, 2002,

Mozelo, AA.; Umbuzeiro, GA.; Aralje, R.P. do A, Jardim, W. F. 2006. Esquema de avaftaglio Integrada e hieramuica da
qualidade de sedimentos {AIHQS). IN: Mozelo, AA.; Umbuzelro, GA.; Jardim, W. F. (Eds). Métodos de coleta, andlises fisico-
quimioas e ensaios biolbglcos e ecotoxicoldgioos de sadimentos da Agua doce. Sio Carlos, SP, Brasll. Cubo Mullimidia. 192-224 p,
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APPENDIX 1~ ‘metal and nutrient concentrations’ versus ‘depth’
for sampling polnts in which cores have been collected, seccloned
and chemically analyzed - Billings Reservoir — SP/BRAZL
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Sampling polnt # 20
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APPENDIX 2 - all types of taxons of algae found In Billings water samples
expressed In terms of density "d” {ind.mL").
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Sampling Point # 01

Taxons
Cyanophyceae
Anabaena spiroides

Cylindrospermopsis cf. raciborskii

Gelflerinema unigranuiatum
Planktothrix sp
Pseudanabaena sp.1
Bacillariophyceae
Aulacoseira granulata
Cyclotella sp

Fragiliaria spp
Chlorophyceae
Ankistrodesmus gracilis
Dictyosphaerium pulchellum
Monoraphidium circinale
Monoraphidium Iregulare
Mougeotia sp

Pediastrum letras

Scenedesmus denficulatus -

Scenedesmus opoliensis
Euglenophyceae
Trachelomonas volvocing
Chrysophyceae

Synura uvella
Dinophyceae

Peridinium sp
Cryptophyceae
Cryptomonas sp
Conjugatophyceae
Euasfrum cf. verrucosum

d (ind.mL.")
7318
50
6265
601
351
50
652
50
301
301
1654
50
50
50
501
- 802
50
50
100
150
150
50
50
50

50
1153
1153

50

50
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Sampling Point # 02

Taxons

Cyanophyceae
Anabaena sp
Aphanocapsa sp
Cylindrospermopsis cf. raciborskif
Geltlerinema unigranifatum
Merismopedia lenuissima
Microcystis aeruginosa
Planklothrix sp
Pseudanabaena sp.1
Bacillariophyceae
Aufacoselrg granulata
Cyclotella sp

Fragilfaria spp

Navicula spp

Rizosolenla sp
Chlorophyceas
Golenkinia racliata
Micractinium pusiilur
Monoraphidium Imegiilare
Mougeotia sp
Scenedesmus acuminaltus
Scenedesmus opoliensis
Treubaria sp
Euglenophyceae
Trachelomonas volvocina
Chrysophyceae
Dinobryon sp

Mallomonas sp
Dinophyceas

Periclinium sp
Cryptophyceae
Crypfomonas sp
Conjugatophyceae
Euastrum cf. verrucosum

d (ind.mL")
4318
96
36
3164
301
24
48
565
84
445
120
108
192
12
12
1179
36
12
397

. 601

12
108
12
3
301
108
48
60
96
86
601
601
36
36
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Sampling Point # 03

Taxons
Cyanophyceae
Anabaena sp
Chroococcus sp

Cylindrospermopsis of. raciborskii
Geitlerinema unigrantilatum

Pianktothrix sp
Bacillariophyceae
Aulacoseira grantilata
Cyclofella sp

Fragillaria spp
Chlorophyceae
Monoraphidium iregulare
Mougeofia sp
Pediastrum tetras
Scenedesmus opoliensis
Euglkenophyceae
Trachelomonas volvocina
Cryptophyceae
Crypltomonas sp
Conjugatophyceae
Euasirum cf. verricosum

d {ind.mL")
1505
16
16
1153
176
144
12
18
32
64
368
64
240
16
48
16
16
192
182
16
16
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Sampling Point # 04

Taxons d {ind.mt.”)
Cyanophyceae 4921
Anabaena sp 41
Anabaena spiroides 41
Células livres de Microcystis sp 287
Cylindrospermopsis cf. raciborskif 3404
Geitlerinema unigranulatum 656
Microcystis aeruginosa 41
Microcystis panniformis 82
Planklothrix sp 369
Bacillariophyceae 287
Aulacoselra granulata 164
Cyclotelia sp 82
Rizosolenia sp 41
Chlorophyceae 574
Botriococcus sp 41
Monaraphidium irregulare 123
Mougeotia sp 328
Scenedesmus opoliensis 82
Euglenophyceae 205
Trachelomonas volvocinga - 205
Chrysophyceae 82
Mallomonas sp 82 -
Dinophyceae 123
Peridinlum sp 123
Cryptophyceae 820
820

Cryptomonas sp
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Sampling Point # 05

Taxons

Cyanophyceae
Anabaena sp

Anabaena circinalis
Anabaena spiroides
Aphanocapsa sp
Coelomoron sp
Cylindrespermopsis cf. raciborskif
Geitlerinema unigranulatum
Merismopedia glauca
Microcystis aeruginosa
Planktothrix sp
Pseudanabaena sp.1
Baciliariophyceae
Aulacoseira granulata
Cyciotella sp

Fraglffaria spp
Chlorophyceae
Actlinastrum hanzstischii
Coelastrum microporum
Dictyosphaerium pulchellum
Monoraphidium irreguiare
Mougeotia sp

Qocystis sp

Pedfastrum tefras
Scenedesmus acuminatus
Scenedesmus denticulatus
Scenedesmus opoliensis
Euglenophyceae
Trachelomonas armata
Trachelomonas volvocina
Chrysophyceae -
Mallomonas sp
Dinophyceae

Peridinium sp
Cryptophyceae
Crypfomonas sp
Conjugatophyceae
Euastrum cf, verrucosum
Staurastrum sp.1
Staurodesmus sp

d (ind.mL™)
2842
176
27
81
14
41
988
68
14
135
1177
122
568
122
95
352
690
14
14
14
162
284
54
41
14
14
81
149
68
81
27
27
81
81
298
298
54
14
27
14

38



Sampling Point # 06

Taxons d (ind.mL.”")
Cyanophyceae 1011
Anabaena sp 50
Anabaena spiroldes 30
Aphanocapsa sp 30
Células livres de Microcyslis sp 69
Coelomoron sp 10
Cylindrospermopsis cf. raciborskii 149
Geltlerinema unigranufatum 79
Merlsmopedia glauca 20
Microcystis asruginosa 10
Microcystis panniformis 20
Planktothrix sp 545
Bacillariophyceae 337
Aulacoselra granufate 30
Cyclotella sp 10
Fragiflaria spp 297
Chlorophyceae 327
Actinastrum hanzstischii 79
Chlamydomonas sp 10
Coelastrum microporum 10
Dictyosphaerium pulchellum 50
Micraclinlum bormhemiense 10
Monoraphidium circinale 10
Monoraphidium imegulare 10
Mougeolia sp 119
Pediastrum duplex 10
Pediastrum simplex 10
Scenedesmus opollensis 10
Euglenophyceae ' 40

~ Trachelomonas volvocina 40
‘Chrysophyceae : 50
Mallomonas sp 40
Syntira uvella 10
Dinophyceae 30
Peridinium sp 30
Cryptophyceae 268
Cryptomonas sp 268
Conjugatophyceae 20
Staurastrum sp.2 10
Staurastrum sp.3 10
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Sampling Point # 07

Taxons
Cyanophyceae
Anabaena sp
Anabaena spiroides

Células livies de Microcystis sp
Cylindrospermopsis cf. raciborskii

Geitlerinema unigranufatum
Merismopedia glauca
Microcystis aeruginosa
Microcystis panniformis
Oscillaforia sp
Phormidium sp
Planktothrix sp
Bacillariophyceae
Aulacoseira granulata
Cyclotella sp

Fragiliaria spp
Chlorophyceae
Actinastrum hanzstischii
Chlamydomonas sp
Coelastrum microporum
Dictyosphaerium pulchellum
Micractinium pusfiium
Monoraphidium irregulare
Mougeotia sp
Scenedesmus opoliensis
Euglenophyceae
Trachelomonas hispida
Trachelomonas volvocina
Chrysophyceae
Mallomanas sp
Cryptophyceae
Cryplomonas sp
Conjugatophyceae

d (ind.mL™)
4000
211
60
180
571
211
180
120
60
30
30
2346
1263
00
211
962
1443
90
30
30
120
60
20
992
30
331
30
301

30

30
481

. 481
30

30

 Euasfrum cf. verrucosum
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Sampling Point # 8

Taxons d {ind.mL™)
Cyanophyceae 1675
Anabaena sp 129
Aphanocapsa sp 129
Coelomoron sp 64
Cylindrospermopsis cf. raciborskii 258
Geltlerinema unigranulatum 183
Merismopedia glauca 193
Microcystis aeruginosa 64
Plankfothrix sp 644
Baciltariophyceae 838
Fragillaria spp 838
Chlorophyceae 773
Actinastrum hanzstischif 64
Dictyosphaerium pulchellum 129
Micractinium bomhemiense 129
Monoraphidium iregulare 129
Mougeofia sp 322
Euglenophyceae 193
Trachelomonas armata 129
Trachelomonas volvocina 64
Chrysophyceae 129
Mallomonas sp 129
Cryptophyceae 1547
Cryptomonas sp 1547
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Sampling Point # 09

Taxons d (ind.mL™")
Cyanophyceae 2312
Anabaena spiroides 56
Células livres de Microcystis sp 338
Geitlerinema unigranulafum 282
Merismopedia glauca 282
Microcystis aeruginosa 226
Planktothrix sp 1071
Pseudanabacna sp.1 56
Bacillariophyceae 677
Fragillaria spp 620
Rizosolenia sp 56
Chlorophyceae 733
Actinastrum hanzsfischif 113
Dictyosphaerium pulchellum 168
Micractinium pusilium 113
Monoraphidium irregtilare 56
Mougeolia sp 282
Euglenophyceae 226
Phacus longicauda 56
Trachelomonas hispida 56
Trachelomonas volvocina 113
Dinophyceae 56
Peridinium sp 56
Cryptophyceae 846
Cryptomonas sp 846

42



Sampling Point # 10

Taxons

Cyanophyceae
Geitlerinema unigranutatum
Merismopedia glauca
Microcystis aeruginosa
Planktothrix sp
Bacillariophyceae
Cyclotella sp

Fragillaria spp
Chlorophyceae
Actinastrum hanzsftischii
Crucigenia tefrapedia
Crucigeniella rectangularis
Diclyosphaerium pulchellum
Monoraphidium imegulare
Mougeofia sp

Pediastrum telras
Scenadasmus acuminatus
Euglenophyceae

Phacus longicatida
Phacus sp
Trachelomonas armata
Trachelomonas hlspida
Trachelomonas volvocia
Cryptophyceae
Cryptomonas sp
Conjugatophyceae
Staurastrum sp.1

d (ind.mL"™)
1289
129
374
142
644
180
13
168
400
64
26
26
77
103
64
13
26
425
39
13
116
77
180
129

129

13-

13
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Sampling Point # 11

Taxons
Cyanophyceae
Coelomoron sp

Geitlerinema unigranulatum

Merismopedia glatica
Microcystis aeruginosa
Planktothrix sp
Bacillariophyceae
Aulacoseira granulata
Fragillaria spp

Navicula spp
Chlorophyceae
Actinastrum hanzstischif
Botriccoceus sp
Cnuclgenia tefrapedia
Micracfinium pusilium
Monoraphidium sp
Mougeotfia sp
Pediasfrum tetfras
Scenedesmus opoliensis
Euglenophyceae
Trachelomonas armata
Trachelomonas hisplida
Trachelomonas volvocina
Cryptophyceae
Crypfomonas sp

d (ind.mL")
2656
150
200
702
150
1453
652
150
301
200
752
50
50
50
50
50
401
50
50
401
50
100
251
50
50




Sampling Point # 13

Taxons d (ind.mL")
Cyanophyceae 1763
Aphanocapsa sp 14
Coelomoron sp 14
Cylindrospermopsis cf. raciborskii 14
Gelllerinema unigranulatum 305
Merismopedia glauca 403
Merismopedia tenuissima 42
Microcystis aeruginosa 1
Planktothrix sp B61
Bacillariophyceae 250
Aulacoseira granuiata 14
Cyclotella sp 14
Fragillaria spp 208
Navicula spp 14
Chlorophyceae 541
Actinastrum hanzstischif 97
Ankistrodesmus bibraianus 14
Cnucigenia tetrapedia 14
Dictyosphaerium pulchelium 42
Monoraphidium imegulare 180
Mougeofia sp 111
Scenedasmus opoliensis 83
Euglenophyceae 361
Euglena sp 28
Phacus longicatda 42
Phacus sp _ 14
Trachelomonas armala 97
Trachelomonas hispida 28
Trachelomonas volvocina 153
Dinophyceae 69
Peridinfum sp 69
Cryptophyceae 83
Crypfomonas sp 83
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Sampling Point #14

Taxons d (ind.mL")
Cyanophyceae 3534
Células livres de Microcystis sp 127
Coelomoron sp 96
Geitlerinema unigranilatum 478
Merismopedia glauca 1305
Microcystis aeruginosa 223
Planktothrix sp 1305
Bacillarlophyceae 318
Fragiltaria spp 255
Navictila spp 64
Chlorophyceae 1146
Actinastrum hanzstischii 96
Ankistrodesmus bibraianus 64
Chlamydomonas sp 64
Dictyosphaerium pulchellum 223
Monoraphidium Inegulare 96
Mougeofia sp 478
Pediastrum simplex 32
Scenedesmiis acuminatiis 64
Scenedesmus opoliensis 32
Euglenophyceae 796
Phacus curvicatida 64
Phacus longicatda 64
Trachelomonas armata 255
Trachelomonas hispida 64
Trachelomonas volvocina 350
Dinophyceae 32
Peridinium sp 32
Cryptophyceae 223
223

Crypfomonas sp
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Sampling Point # 15

Taxons d (ind.mL™)
Cyanophyceae 1480
Anabaena sp 72
Anabaena spiroides 72
Chroococeus sp (coldnias) 12
Coelomoron sp 60
Cylindrospermopsis cf. raciborskii 168
Geitlerinema unlgranulatum 132
Merismopedia glauca 132
Merismopedia lenuissima 132
Microcystis aeruginosa 192
Microcystis panniformis 12
Planktothrix sp 4381
Pseudanabaena sp.1 12
Bacillariophyceae 217
Aulacosefra granulata 12
Fragillaria spp 192
Navicula spp 12

. Chlorophyceae 505
Actinastrum hanzstischif 144
Dictyosphaerium pulchellum 72
Micractinitim bornhemiense 36
Monoraphidium Imeguilare 60
Mougeotia sp 180
Pediastrum duplex 12
Euglenophyceae 144
Phacus longicauda 24
Trachelomonas armata 48
Trachelomonas volocina 72
Chrysophyceae 12
Mallomonas sp 12
Dinophyceae 120
Peridinfum sp 120
Cryptophyceae 469
Cryptomonas sp 469
Conjugatophyceae 60
Staurastrum sp.3 60
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Sampling point # 16

Taxons d {ind.mL"
Cyanophyceae 2682
Anabaena sp 98
Anabaena circinalis 37
Coelomoron sp 74
Cylindrospermopsis cf. raciborskii 566
Geitlerinema unigranulatum 172
Merismopedia glatica 62
Merismopedia tenuissima 332
Microcystis aeruginosa 111
Planktothrix sp 1183
Pseudanabaena sp.1 37
Bacillariophyceae 652
Aulacoseira granulata 49
Cyclotella sp 37
Fragilfaria spp 541
Navictila spp 25
Chlorophyceae 467
Actinastrum hanzstischil 62
Chlamydomonas sp 49
Coelastrum microporum 25
Dictyosphaerium pulchelium 37
Mougeofia sp 234
Pediastrum fetras 25
Scenedesmus denficulalus 37
Euglenophyceae 234
Phacus curvicauda 12
Trachelomonas annata 62
Trachelomonas vofvocina 160
Chrysophyceae 12
Mallomonas sp- 12
Dinophyceae 49
Peridinium sp 49
Cryptophyceae 554
Crypfomonas sp 554
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Sampling point # 17

Taxons d (ind.mL")
Cyanophyceae 4683
Anabaena sp 258
Anabaena circinalis 43
Anabaena spiroides 215
Aphanocapsa sp 43
Aphanothece sp 43
Células livres de Microcystis sp 430
Cylindrospermopsis cf. raciborskii 773
Geiflerinema unigrantilatum 172
Microcystis aeruginosa 430
Microcystis panniformis 43
Microcystis wesenbergil 86
Planktothrix sp 2148
Baciflariophyceae 430
Aulacoseira granufata 86
Fragillaria spp 344
Chlorophyceae 773
Micractinfum bomhemiense 43
Menoraphidium imegulare 86
Mougeotia sp 601
Scenedesmus opolfensis 43
Euglenophyceae 129
Trachelomonas volvocina 129
Binophyceae 86
Peridinium sp 86
Cryptophyceas 2320
Cryptomonas sp 2320

49



Sampling point # 18

Taxons
Cyanophyceae
Anabaena sp
Anabaena circinalis
Anabaena spiroides
Aphanocapsa sp
Coelomoron sp

Cylindrospermopsis cf. raciborskii

Geitlerinerma unigranulatum
Merismopedia tenuissima
Microcystis aeruginosa
Piankiothrix sp
Sphaerocavum brasiliense
Bacillariophyceae
Aufacoseira granulata
Cyclotella sp
Fragillaria spp
Chlorophyceae
Actinastrum hanzstischii
Dictyosphaerium puichellum
Monoraphidium irreguliare
Mougeofia sp
Pediastrumn simplex
Pediastrum tetras
Scenedesmus opoliensis
Euglenophyceae

- Trachelomonas armata
Trachelomonas volvocina
Dinophyceae
Peridinium sp
Cryptophyceae
Cryptomonas sp
Conjugatophyceae
Staurodesmts sp

d (ind.mL"™)
4843
427
47
427 .
142
05
902
475
47
475
1757
47
712
47
95
570
1519
95

47

237
950.
47
47
85
332
47
285
47
47
2279
2279
47
47

30



Sampling point # 19

Taxons

Cyanophyceae

Anabaena sp

Anabaena spiroides
Céilulas livres de Microcyslis sp
Coelomoron sp
Cyfindrospermopsis cf. raciborskii
Geitlerinema unigranulatum
Merismopedia glauca
Microcystis aeruginosa
Phormidium sp
Planktothrix sp
Psetidanabaena sp.1
Bacillariophyceae
Aulacoselra grantilata
Cyclotella sp

Fragilfaria spp

Rizosolenia sp
Chlorophyceae
Boltriococeus sp
Chlamydomonas sp
Dictyosphasrium puichelium
Monoraphidium Iregulare
Mougeotia sp

Pediastrum lefras
Scenedesmus acuminatus
Scenedesmus opoliensis
Treubariasp
Euglenophycease

Phacus sp

Trachelomonas armala
Trachslomonas volvocina

_ Dinophyteaa

Peridinium sp
Cryptophyceae
Cryptomonas sp
Conjugatophyceae
Euasirum of. verrucosum

d (ind.mL""}
8627

113

395

451

169

5582

226
56
113
56
1410
56
1071
113
169
733
56
1466
56

169

282

113

564
56

56

113
56

- 395

56
56
282

56

56

564
564
113

113
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Sampling point # 20

Taxons
Cyanophyceae
Anabaena sp

Células livres de Microcysfis sp

Coelomoron sp

Cylindrospermopsis cf. raciborskii

Geftlerinema unigranulatum
Merismopedia fenuissima
Microcystis aeruginosa
Plankfothrix sp
Pseudanabaena sp.1
Bacillariophyceae
Aulacoseira granulata
Cyciotelfa sp

Fragillaria spp

Navicula spp
Chlorophyceae
Coelastrum microporum
Coelastrum reticulatum
Dictyosphaerium pulkchellum
Monoraphiditim irregulare
Mougeolia sp

Pediastrum duplkx
Euglenophyceae
Trachelomonas volvocina
Chrysophyceae
Mallomonas sp
Dinophyceae
Peridinium sp
Cryptophyceae
Cryplomonas sp
Conjugatophyceae -
Euastrum of, verrucosum
Staurastrum sp.1

d {ind.mL")
5413
237
807
180
1377
237
47
475
1947
95
712
95
47
522
47
1424
190
47
332
95
712
47
332
332
47

- 47
A7
47

1804

1804

95
47
47
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Sampling point # 21

Taxons d (ind.mL")
Cyanophyceae 9642
Anabaena spiroides 56
Chroococcus sp 56
Cylindrospermopsis cf. raciborskii 9022
Microcyslis asrugingsa 113
Microcystis panniformis 56
Planktothrix sp 282
Pseudanabaena sp.2 56
Bacillariophyceae 733
Aulacoselra granulata 226
Fragiflaria spp 451
Rizosolenia sp 56
Chlorophyceae 1692
Monoraphidium irregtilare 564
Mougeolia sp 789
Pediastrum duplex 56
Scenedesmits opoliensis 226
Treltibaria sp 56
Euglenophyceae 282
Trachelomonas volvocina 282
Chrysophyceae 169
Mallomonas sp 169
Dinophyceae 56
Peridinium sp 56
Cryptophyceae 1015
Crypltomonas sp 1015
Conjugatophyceae 282
Euastrum cf, verrucosum 56
Staurasirum sp.1 56
Staurasirum sp.2 56
Staurastrum sp.3 113
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Sampling point #22

Taxons d {ind.mL.")
Cyanophyceasa 4992
Anabaena sp 241
Ansabaena spiroides 541
Aphanocapsa sp 120
Cylindrospermopsis cf. raciborskil 3007
Geilferinema unigranulatum 541
Microcystis aeruginosa 80
Planktothrix sp 481
Bacillariophyceae 541
Aulacoselra grantilata 60
Cyclolella sp 120
Fragifiaria spp 361
Chlorophyceae 2285
Dictyosphaerium puichellum 80
Monoraphidium irregulare 1564
Mougreolia sp 301
Pediastrum fefras 80
Scenedesmus denticulatus 60
Scenedesmus opollensis 241
Euglenophyceae 60
Trachelomonas volvocina 60
Chrysophyceae 60
Mallomonas sp &0
Cryptophyceae 662
Crypltomonas sp 662
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| Sampling point # 23

Taxons d (ind.mL™)
Cyanophyceae 8189
Anabaena sp 208
Anabasna circinalis 208
Anabaena spiroldes 486
Aphanocapsa sp 139
Chroococcus sp (coltnias) 69
Coelomoron sp - 208
Cylindrospermopsis cf. raciborskii 5562
Geitlerinema unigranufatum 278
Microcystis aeruginosa 347
Microcystls panniformis 139
Plankiothrix sp 555
Bacillariophyceae 347
Aulacoseira granulata 69
Cyclotella sp 69
Fragliiaria spp 208
Chlorophyceae 1735
Actinasfrum hanzstischi 69
Chiamydomonas sp 69
Dictyosphaerium pulchelium 139
Monoraphidium imegtifare 763
Mougeofia sp - 486
Scenedesmus apoliensis 208
Euglenophyceae - 418
Trachelomonas volvocina 416
Dinophyceae 138 -
Peridinium sp 139
Cryptophyceae 1319
1319

Crypfomonas sp
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Sampling point # 24

1
b

Taxons
Cyanophyceae
Anabaena sp
Anabaena spiroides
Células livres de Microcystis sp
Chroococcus sp {colbnias)
Coelomoron sp
Cylindrospermopsis cf. raciborskii
Gejflerinema unigranulatum
Microcystis aeruginosa
Microcystis panniformis
Planktothrix sp
Bacillariophyceae
Aulacoselra granulata
Fragillaria spp
Rizasolenia sp
Chlorophyceae
Actinastrum hanzstischii
Chlamydomonas sp
Dictyosphaerium pulchelium
Kirchneriella elongata
Monoraphidium circinale
Monoraphidium lrregulare
Mougeotia sp
Pediastrum felras
Scenedesmus acuminatus
Scenedesmus opofiensis
Euglenophyceae
Trachelomonas volvocina
-Chrysophyceae
Mallomonas sp
Cryptophyceae
Cryptomonas sp
Conjugatophyceae
Staurastrum sp.1

d (ind.mL")
885
26
78
26
13
26
429
52
13
13
208
91
26
52
13
468
13
39
13
13
13
13
325
13
13
13

13
13

28
26
143
143
13
13
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Sampling point # 25

Taxons d {ind.mL")
Cyanophyceae 4736
Anabaena sp 203
Anabaena spiroldes 101
Aphanizomenon sp 34
Aphanocapsa sp 34
Coelomoron sp 34
Cylindrospermopsis ci. raciborski 2774
Gelflerinema unigranulatum 169
Merismopedia glauca 541
Microcystis asruginosa 34
Planktothrix sp 778
Sphaerocavum brasiliense 34
Bacillariophyceae 440
Autlacoselra granulata 101
Cyclotslia sp 101
Fraghlaria spp 237
Chlorephyceae 677
Bolriococeus sp 68
Dictyosphaerium pulcheflum 135
Monoraphidium frregulare 135
Mougeolia sp 271
Scenedesmus denticufatus 34
Scenedesmus opoliensis 34
Euglenophyceae 135
Trachelomonas hispida 34
Trachelomonas volvocina 101
Chrysophyceae 34
Dinobryon sp M4
Dinophyceae 203
Peridinlum sp 203
Cryptophyceas 440
Cryptomonas sp 440
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Sampling point # 26

Taxons d (ind.mL")
Cyanophyceae 4178
Anabaena spirokdes 56
Aphanocapsa sp 28
Cylindrospermopsis cf. raciborskii 3775
Gelflerinema unigranulattim 83
Microcystis aeruginosa 28
Microcystis panniformis 14
Microcystis wesenbergii 14
Planktothrix sp 180
Bacillariophyceae 250
Aulacoselra granulata a7
Cyclofelia sp 83
Fragillaria spp 69
Chlorophyceae 583
Micracfinium pusilium 14
Monoraphidium circinale 28
Monoraphidium frregufare 153
Mougeotia sp 264
Oocystis sp 14
Pediastrum dupfex 14
Scenedesmus acuminatus 56
Scenedesmus opolfensis 28
Tetrasirum sp 14
Euglenophyceae 83
Trachelomonas volvocina 83
Chrysophyceae 14
Malflomonas sp 14
Dinophyceae 14
Peridinfum sp 14
Cryptophyceae 389
Cryptomonas sp 388
Conjugatophyceae 42
Euvastrum cf. verrucosum 14
Staurastrum sp.1 14
Staurastrum sp.2 14

58



Sampling point # 27

Taxons d (ind.mL")
Cyanophyceae 12843
Aphanocapsa sp 106
Coelomoron sp 106
Cylindrospermopsis cf, racfborskii 12206
Gelllerinema unigranulatum 265
Planktothrix sp 159
Bacillariophyceae 478
Aulacosefra granulata 106
Cyclotella sp 53
Fragiltaria spp 318
Chlorophyceae 849
Bolriococeus sp 53
Dictyosphaerium pulchelium 53
Micractinfum bomhemiense 53
Monoraphidium Irregulare 478
Mougeotia sp 53
Scenedesmus opoliensis 106
Tetrastrum sp 53
Chryscphyceae 53
Mallomonas sp 53
Dinophyceae 53
Perkdinium sp 53
Cryptophyceas 37
Cryplomonas sp 371
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Sampling point # 28

Taxons d (ind.mL")
Cyanophyceae 14025
Cylindrospermopsis cf. raciborski 13861
Geftlerinema unigrantiatum 164
Bacillariophyceae 820
Aulacoseira granulata 492
Fragilaria spp 328
Chlorophyceae 1066
Chlamydomonas sp 82
Monoraphidium irregulare 820
Scenedesmus opollensis 164
Euglenophyceae 328
Trachelomonas hisplda 82
Trachelomonas volvocina 246
Cryptophyceae 246
Crypfomonas sp 246
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Sampling point # 29

Taxons d (ind.mL™)
Cyanophyceae 9642
Anabaena spiroides 56
Chroococeus sp 56
Cylindrospermopsis cf, raciborskii 2022
Microcystis aeruginosa 113
Microcystis panniformis 56
Plankfothrix sp 282
Psetdanabaena sp.2 56
Bacillariophyceae 733
Aulacoseira grantlata 226
Fragiifaria spp 451
Rizosolenia sp 56
Chlorophyceae 1692
Monoraphidium Irregulare 564
Mougeofia sp 789
Pediastrum dtplex 56
Scenedesmus opoliensis 226
Treubaria sp 56
Euglenophycene 282
Trachelomonas volvogina 282
Chrysophyceae 169
Malfomonas sp 169
Dinephyceae 56
Peridinium sp 56
Cryptophyceae 1015
Cryptomonas sp 1015
Conjugatophyceae 282
Euastrum cf. verrucosum 56
Staurastrum sp.1 56
Staurasirum sp.2 56
Staurasfrum sp.3 113
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Sampling point # 30

Taxons
Cyanophyceae
Analbxaena sp
Anabaeng spiroides

Cylindrospemmopsis cf. raciborskil

Geitlerinema unigranulatum
Merismopedia glalca
Microcystis aeruginosa
Phormidium sp
Plankiothrix sp
Pseudanabaena sp.1
Bacillariophyceae
Aulacoseira granulata
Cyclofelfa sp
Fragiliaria spp
Chilorophyceae
Botriococcus sp
Crucigenia tetrapedia
Dictyosphaerium pulchelium
Golenkinia radfafa
Monoraphidium irreguilare
Mougeotia sp
Pedjastrum fefras
Scenedesmus denficulatus
Scenedesmus opoliensis
Euglenophyceae
Trachelomonas voivocina
Chrysophyceae
Mallomonas sp
Dinophyceae
Peridinfum sp
~ Cryptophyceae
Cryptomonas sp
Conjugatophyceae

d (ind.mL")

13499
135
135
11638
372
304
135
34
877
68
1353
600
169
575
2199
3 -
541
271
34
304
877
34

68
237
237
257

68

68
101
101
1252
1252
68
68

Euastrum cf. verrucosum
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