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ABSTRACT

In the present study, sediment samples from th& TRéver were evaluated for toxicity and trace nse(d
sampling sites). The studied region includes Salals®to Suzano and surroundings, a highly indakbed
area. The study involved toxicity evaluation (seelit) elutriate and pore-water) and the distributtérsome
major, trace and rare earth elements on sedimbhikielemental analysis was carried out by instrataé
neutron activation analysis (INAA) and total merciny cold vapor atomic absorption technique (CV AAS
The concentration values obtained for the metalsGksHg and Zn in the sediment samples were coeaptr
the Canadian Council of Minister of the EnvironméBCME) oriented values (TEL and PEL). Regarding
toxicity, whole sediments and elutriate fractionsrevevaluated using chronic assaysQ@eriodaphnia dubia
while the pore water was carried out fdibrio fischeri toxicity assays. These assays followed Brazilian
Standardized Methods (ABNT). Whole sediments amtriate evidenced negative biological effects, eaén
Salesdpolis county, the control site (less impaetezh). The worst effects were obtained at Mogi @ages
and Suzano counties (sampling stations 3 and 4).€liitriate fractions collected at the same statiglowed
acute toxicity in two of three sample€.(dubig. When pore water was evaluated, a toxicity gnatdighich
increased as the river flowed through Mogi das €suzounty was obtained. Regarding toxic metal custim
the sediment samples points 3 and 4 exceeded theofiénted values for As, Cr, Hg and Zn and poirglgo
exceeded the PEL values for all these elements.

1. INTRODUCTION

Substantial part of Sdo Paulo Metropolitan ReglRNIR) is included at Tieté Hydrographic
Basin (Alto Tieté). Tieté River flows from Salesdipdo Rasgéo’s Dam, totalizing 5.985 km?2
draining basin area. The region includes 35 mualitips: part is an agriculture area and
most is urban area. The region is important forewatpply once superficial waters come



from the interior region to the cities. This arex@unts for 5 reservoirs of water but the
occupation is seriously affecting the water qualitile general uses for water at this region
are: public and industrial supplies, irrigation,ngetion of energy, transport, dilution of
pollutants (SABESP)[1].

As a result of occupation, important amount of watsources from Alto Tieté Basin is
contaminated. According to Waters and Energy Depant, DAEE, Ponte Nova Reservoir,
located at Salesépolis, supply 3.4 thousand lperssecond of water. Close to this reservoir
there are industrialized cities: Mogi das Cruzed &uzano with lots of environmental
negative interferences and effluents as well. Mtzg Cruzes has no sewage treatment station
and the sewage from this city is partially treaé@uzano Waste Water Treatment Plant [2].

CETESB is the Environmental Control Agency of SawlB State, which is in charge of

water quality and sediments monitoring. Due to dasge space and complex occupation
their efforts are most devoted to that areas whrehwater suppliers. Although chemical and
physic and chemistry parameters are often measomaadays genotoxicity and toxicity is

part of their hard job.

Baudo et al [3] pointed out the importance of kagpiater toxicity measurements once it is
the unique way to confirm if the contaminant isealbb interact with living organisms.
Ecotoxicity data have been presented in order tdimo that fixing standard values for
chemical contaminants most of the combination betwentaminants may result in negative
effects to the biota.

Concentrations of contaminants in sediment mayeversl orders of magnitude higher than
in the overlying water. Nowadays sediment monitpramd studies are often recommended
once sediment provides habitat for many aquati@msgns and is a major repository for
many persistent chemical introduced to this sy§@§m

In the present study sediment samples from Tiet@mRvere evaluated for toxicity and trace
metals (5 sampling sites). It's involved two scifentareas: whole toxicity evaluation
(sediment, elutriate and pore-water) and the thstion of some major elements: (Fe, K and
Na), trace-elements (As, Ba, Br, Co, Cr, Cs, Hf, R, Sb, Sc, Ta, Tbh, Th, U and Zn) and
rare earth (Ce, Eu, La, Lu, Nd, Sm, Tb and Yb) edirsents. Multielemental analysis was
carried out by instrumental neutron activation gsial (INAA). For total mercury
determination cold vapor atomic absorption techa@ig@GV AAS) was employed. Toxicity
evaluation was carried out fdlibrio ficheri bacteria and th€eriodaphnia dubiarustacean.

2. MATERIAL AND METHODS

2.1 Sampling sites

The study area covered the SalesoOpolis, Biritibafvli Mogi das Cruzes and Suzano
counties, Sao Paulo State. Five sites were seléoteskdiment sampling and defined using
Global Positioning System (GARMIN ®). The sampliages were identified at Figure 1
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(yellow markers) and Tieté River was representethikyred line. It is important to note the
Ponte Nova Reservoir at the site was elected as PO.
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Figure 1 — Sampling sites and their geographical @itions

2.2 Sampling, sample preparation and preservation

The procedures for sediments collection and storfafjewed NBR15469 [5]. During
sediments transportation the samples were kepedhih styrofoam boxes with ice. At the
laboratory, samples were separated for biologiestist(kept near 7° C) while some parts of
sediments were frozen until processing and chemigedntification. Subsequently, the
samples treatment were performed for the extractibraqueous phase from sediment,
toxicity measurements were applied on porewategleveediment and its elutriate. All the
adopted procedure was represented as a flowchpresented in Figure 2.
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Figure 2 — Procedures adopted since the sampling tilnthe processing of samples

2.3 Ecotoxicological assays

Ceriodaphnia dubiawere used as living organisms which were investgjaor whole
sediment assessment and elutriaterid fischeriwas applied for porewater evaluation.

The cladocerag. dubiagrown at the Laboratory of Environmental and Biptal Testing of
Center of Radiation Technology, CTR/IPEN. During tlests, pH, dissolved oxygen and
non-ionized ammonia parameters were determined.

To achieve the whole sediment test us@eriodaphnia dubia5 mL of whole sediment
samples were introduced in beakers of 40 mL aneé&@0 mL of water (the same water that
used in the cultures). To prevent the re-susperdi@ediments, the water in the beaker was
carefully transfered. After 24 hours, a newbornaoigm was added to each of the replicates,
totaling 10 for each sampling site.

The elutriate was obtained by mixing 1 part of seht with 4 parts of dilution water, under
stirring for 30 minutes. This mixture was subjectededimentation during two hours and the
supernatant was used in toxicity tests. When the suspended material was decanted, the
sample was centrifuged (4,000 rpm for 5 minutesy.the toxicity test only the supernatant
was used. Fifteen mL of supernatant and one ongafiewborn) in each replicate were
added, totaling 10.

The time of exposure for whole sediment and eligriassays was 7 days. The water
renewing was performed each two days.

The tests were validated when the average numb€r. dubianewborns from the control
was more than 15. The sensitivity of the organidest were evaluated monthly with
potassium chloride at original concentration of A@@m.

The marine bacteriu¥. fischeriwas acquired from Unwelt©, in frozen condition.ig kest

consisted by exposing the bacteria to the sampld3ominutes. The luminescence values
obtained were compared before and after the expodime and the loses of luminescence
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intensity were related to the sample concentratidihe M500 Toxicity Analyzer
(Microbics ®) was applied and the concentratiorlected for porewater assays were 81.9%,
40.95%, 20.47%, 10.23% and control. The organisnsigeity to phenol was used for
validation the experiments.

2.4 Sediment preparation for chemical analysis

Sediment samples were dried af@5n a ventilated oven until constant weight. Seshin
samples were passed through a 2 mm sieve, grouadnartar, and passed again through a
200 mesh sieve to be homogenized before analysestdtal fraction (< 2 mm) was sent to
Neutron Activation Analysis Laboratory from CRPgPEN /CNEN-SP) for chemical
analysis. The multielemental determination was done

2.5. Instrumental Neutron Activation Analysis

For multielemental determination about 200 mg dfireent (duplicate samples) and 150 mg
of reference materials were accurately weighed a&edled in pre-cleaned double
polyethylene bags, for irradiation. Sediment saspled reference materials were irradiated
for 16 hours, under a thermal neutron flux of 101@m-2 s-1 in the IEA-R1 nuclear reactor
at IPEN. Two series of counting were made: the,fater one week decay and the second,
after 15-20 days. Gamma spectrometry was perfounsad) a Canberra gamma X hyperpure
Ge detector and associated electronics, with dutsio of 0.88 keV and 1.90 keV f6fCo
and®°Co, respectively. The elements analyzed by usiigyrttethodology were As, Ba, Br,
Co, Cr, Cs, Fe, Hf, Na, Rb, Sb, Sc, Ta, Th, U, dd the rare earths Ce, Eu, La, Lu, Nd, Sm,
Tb and Yb. The analysis of the data was made byggusi-house gamma ray software,
VISPECT program to identify the gamma-ray peaks agdan ESPECTRO program to
calculate the concentrations. The uncertaintieshef results were calculated by errors
propagation. The methodology validation was vedifitsy measuring the reference materials
Buffalo River Sediment (NIST SRM 2704), Soil 7 (IAEand BEN (Basalt —IWG-GIT).
Details of the analytical methodology is given avé&roet al[12]

2.6 Total Hg determination

About 500 mg of sediment samples were digested withixture of concentrated HNO
H,SO, and hydrogen peroxide 30 % in TEFL®Nials. The vials were closed and left
overnight at room temperature. At the following dé#ye vials were put into an aluminum
block at 90 OC and left there for 3 hours and aldvio cool at room temperature and the
final volume was completed to 50 mL with Milli-Q tea.. Total mercury determinations were
performed using CV AAS, using a FIMS from Perkimigr. The analytical procedure used
(wet digestion) was suggested by Horvat [11] wittme modifications. Methodology
validation for total Hg determination was carriadt with reference material analyses Marine
Sediment (IAEA 433), Estuarine Sediment (NIST SR648a) and Buffalo River Sediment
(NIST SRM 8704).

2.7 Statistical Analysis

The results of toxicity tests usir@@eriodaphnia dubiavere treated using the Bioequivalence
t-Test [9] and the bioequivalence constant (B=0g&imated by Bertoletti et al [8].
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Statistical tests were performed with the TOXSTAAogram, Version 3.5 [10]. After
statistical analysis, the samples were classifiettaxic” or "not toxic".

The results obtained with samples of porewateMofischeriwere expressed by EC (1)50,
representing the concentration that reduced 50%hefluminescence produced by the
bacteria during an exposure of 15 minutes at 15°r@m raw data was generated a linear
regression curve with values of gamma (ratio dfahlight and light lost) and concentrations
of serial dilution, using the specific statistipabgram from Microbics®

3. RESULTS AND DISCUSSION
The average of newborns obtained for whole sedisnantl porewater assays, as well as

control, was organized at Figure 2. On the othexdithe data for toxicity was presented at
Table 1, while the related contaminants were piteseat Table 3.

Means of newborns of Ceriodaphnia
dubia assays

20

15

10

m Elutriate

Mean of newborns

B Wholesediment

Control PO P1 P2 P3 P4
group

Sampling points

Figure 2 — Average ofCeriodaphnia dubia’'s newborn obtained during the
porewater and whole sediment assays.

The results obtained after the Bioequivalence t-Betistical treatment of the results from
biological assays are presented in the Table 2.

We can evidence that PO (Ponte Nova Reservoifffastad by pollution and was one of the
sites which resulted in positive toxicity for ale measurements. P1 results, allow us to
conclude, that the elutriate and porewater werestntban the whole sediment while in P2 the
whole sediment, was critical fa€eriodaphnia dubiaresulting in the less reproduction
number. The toxicity on P3 and P4 were similaha@lgh P4 evidenced acute toxicity.

INAC 2009, Rio de Janeiro, RJ, Brazil.



Table 2 — Results of ecotoxicological assays aftgatistical treatment

Whole
Sediment CT NT CT NT or
(C. dubia)
Elutriate
. CT CT NT CT AT
(C. dubia)
Porewater
CE (1) 50 81.90% 226% 81.90% 1625% 24.46%
(V.fischeri)

AT — Acute toxicity; CT — Chronic toxicity e NT — No toxicity.

Table 3 presents the mean and standard deviatioesvémg kd) for the elements analyzed
by INAA and total Hg content (ug Ky by CV AAS, for the sediment samples. Also shown
is the NASC (North American Shale Composite) [113d &EL (Threshold Effect Level) and
PEL (Probable Effect Level) oriented values frora tanadian Council of Minister of the
Environment (CCME) [14]. These are the limits ebshled by Canadian legislation and
adopted by Sao Paulo Environmental agency (CETESBL. is the limit below which no
adverse effects on the biological community is obes& and PEL, the probable level of
occurrence of adverse effects on the biologicalroomity.

Table 3 — Results obtained for the elements analya®y INAA (mg kg™) and CV AAS
(ug kg?): mean (duplicate), standard deviation (std), NASCTEL and PEL values

Point 0 Point 1 Point 2 Point 3 Point 4 NASC TEL PEL
[13] [14] [14]

As n.d. 23+0.1 n.d. 13.2+0.4 19.7 £ 0.7 59 70
Ba 124 +9 492 + 37 286 £ 19 451 + 50 469 + 48 636

Br n.d. 15.3+0.7 1.4+£0.2 14.8 0.4 17.9+0.b

Ce 35.4+0.9 96 +3 222 +10 153+5 115+ 3 738
Co 20+0.1 40+0.1 0.8+0.1 7.2+0.1 13.240/ 26

Cr 31.2+0.4 19.9+0.8 14.2 +0.6 95+ 4 122 +4) 125 37.3 90
Cs 1.1+£0.1 5.0+0.2 2.6+0.2 7.6 £0.3 4220, 5.2

Eu 0.42 £0.01 0.93 + 0.04] 0.63 +0.04 1.33+£0.083 .960t 0.03 1.24

Fe (%) 2.77 £0.01 3.04 +£0.02 0.411 +£0.004 4.80 + 0.03 434 0.02
Hg 61+10 76 +8 <10 449 + 49 583 + 33
(ug kgh) 170 486

La 21.7+0.6 47.2 £0.2 100.4 + 0.5 64.2 +0.3 340.8 32

Lu 0.22 £ 0.02 0.38 £ 0.02 0.43 +£0.03 0.46 £ 0.04 .720+0.05 0.48

Na n.d. 2516 + 22 1649 + 17 1744 +18 2189 + 28

Nd 7+1 26 +3 86 +8 19+3 23+3 33

Rb 13.1+0.7 130+£5 804 60 +4 50+3 125

Sb n.d. 0.23 +£0.03 n.d. 1.00 = 0.06 4.8 +0.3

Sc 5.0+£0.1 52+0.1 1.40 £ 0.08 13.9+0.2 1 (B2 15
Sm 3.1+0.1 75+0.1 14.6 £0.2 20.2 +0.3 56.% 5.7

Ta 20+0.1 21+0.2 2.3+0.3 3.9+0.2 21+0.1

Th 0.35+0.04 0.78 £ 0.07 1.2+0.1 20x04 143 0.85

Th 20.2+0.7 23.1+0.6 57+2 27.7+0.5 196 20 12

U 2.8+0.5 6.5+0.3 7.3+0.3 7.4+0.3 6.3+x04 2.7

Yb 1.8+0.1 24+0.1 29+0.1 3.4+0.1 5220.| 31

Zn 33+1 55+ 2 16.2 +0.9 459 + 17 929 + 36 123 315

n.d. — not determined
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When the concentration values for As and metalsHgr,and Zn in the sediment samples
were compared to TEL oriented values from Canaldigisiation and adopted by CETESB, it
was concluded that points 3 and 4 exceeded thevakies for As (5.9 mg kb, Cr (37.3 mg
kg?), Hg (170 pg kd) and zZn (123 mg kY. Regarding PEL values, point 4 presented the
highest concentration values surpassing the lifiaitsall elements (As, Cr, Hg and Zn).
Points 0, 1 and 2 presented concentration valueshnmwer than TEL values for these
elements (Table 3).

Comparing NASC values with the concentration valoleained in the present study it was
possible to verify enrichment for rare earth eleta€@e, La, Lu, Eu, Nd, Sm, Tb and Yb), U
and Th mainly at points 3 and 4, which were muchuped regarding metals, trace and rare
earth elements. Near these points are Mogi dase€ramd Suzano industrialized cities with
lots of environmental negative interferences arsdlthrge of effluents as well.

The widespread use of chemical compounds and restwontinuously modify the
ecosystem by accumulating at sediments McCaulely [@%our case the results obtained at
Ponte Nova Reservoir indicate the regional impauen at a relatively protected area. Total
chromium reinforced the toxicity results. Looking Table 3 data it is easy to affirm that
from site 1 to 4 the impact enhanced considerabtiyespecially for chromium, mercury and
zinc the numbers are alarming. The biological assagults confirmed the bias.

Heavy metals and organics were related to toxamit§pantander Bay, Spain, Coz et al [16].
Vibrio fischeriandDaphnia similisevidenced effects at Columbia river and four daelsw
the Hanford site, United States, Delistraty & YoKEl]; Besseet al [18] studied the toxicity
of sediments downstream of lead—zinc mining areasoutheast Missouri, using chronic
sediment toxicity tests with amphipétyalella aztecaand pore-water toxicity tests with the
daphnid Ceriodaphnia dubia This study showed a significative correlationwes#n the
toxicity and the higher concentration of metals, @h, Cd and Pb).

Brazilian results from Rocha and Almeida reported different reservoirs concluded that:
Rasgao and Billings had the worst sediment qualdypwed by Barra Bonita and Bariri
where the toxicity and the levels of Cu, Cd, Ni, &0 Zn were considered high. For the
Promissdo Reservoir no evidence of impacts wasdiqu®]. Bramorsky evaluated the
toxicity of sediments from Tieté and Piracicabaers/ on the Barra Bonita/SP reservoir's
input, using chemical analysis and ecotoxicologitests with Daphnia similis and
Chironomus XanthusThe result of this study showed that the Tiet&eRiis the most
impacted, mainly due to high concentrations of Mdd, Ni and Pb, where the initial
compartments of the dam Barra Bonita, showed ratdsioavailability are often close to
100% [20]. The results obtained in toxicity testiso showed that the Tieté River before the
damming, as the most toxic. Rodgher et al evalu#tedwater and sediment at Cascade
Reservoirs, from Tieté River. Toxicity tests usiDgphnia similis Ceriodaphnia dubisand
Danio rerio. In addition to chemical analysis they showed ifiggnt correlation between
cadmium, copper and zinc in the sediment and cbrtmxicity results. In our case the
luminescent bacterid. fischeriwas the most sensitive organism [21].
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5. CONCLUSION

When the results obtained for INAA were comparedN®SC values enrichment for rare
earth elements (Ce, La, Lu, Eu, Nd, Sm, Tb and Yband Th mainly at points 3 and 4 was
observed.

The concentration values obtained for As and mélalddg and Zn in the sediment samples
were compared to the oriented values (TEL and PEt).sampling sites zero, one and two,
none of these elements exceeded the TEL values @8, Cr - 37.3, Hg- 0.17 and Zn- 123
mg kg-1) indicating good sediment quality. For Steall these elements exceeded the TEL
values and PEL values for Cr and Zn. Site 4, atéhelements exceeded the TEL, as well as,
PEL values (As-17, Cr-90, Hg-0.486 and Zn- 315 rgglk showing serious contamination
for these toxic metals. These last two points acated near Mogi das Cruzes and Suzano
counties, suffering high impact from industrialiaities of the region.

Regarding toxicity, whole sediments and elutriatactions were evaluated using chronic
assays forCeriodaphnia dubia while the porewater was carried out fd@ibrio fischeri
toxicity assays. Whole sediments and elutriate eavied negative biological effects, even at
Saleso6polis county, the control site (less impaetexh). The worst effects were obtained at
Mogi das Cruzes and Suzano counties (samplingoeta and 4). The elutriate fractions
collected at the same stations showed chronic itgxat P3 (Mogi das Cruzes) and acute
toxicity at P4 (Suzano) fo€. dubia When porewater was assessed, the worst effects we
obtained at sites P1, P3 and P4. The results dflo@hcentrations may justify the biological
responses obtained.
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