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Turbidity is a measuremeunf the clarity of 1995). These effects, without being lethal in thers
water that has been used as iadicator of the term can lead to ecological changes that affect an
environmental health of water bodies (GIPPEL, 1989)prganism's long-term ability to survive. They are
This physical property of water is caused mainly byseful in the analysis of areas with moderate Ve
the presence of suspended solids, such as s, clgollution (BRIGGS et al., 2003; ALLEN et al., 2006).
organic matter, plankton, microorganisms and caloreWhen relatively uncontaminated sediments are spiked
substances that cause the incident light to baesedt with a gradient of concentrations of cadmium, cappe
and absorbed instead of transmitted through therwator PAHSs, the turbidity generated by the activitytioé
sample (SADAR, 1996; UNITED STATES, 1999). It organisms exposed to thesepiked sediments
has been used as a surrogate measure of suspendesponded in a concentration-dependent manner
solids in water analyses, in monitoring programs ofBARTSCH et al., 1999; BRIGGS et al., 2003). Thus
water quality (LEWIS, 1996; SADAR, 1996; ORWIN; organisms affected by the concentrations of
SMART, 2005). A detailed description of the contaminants added to the sediments respond by
principles of turbidity measurement and instrumentnodifying their activity pattern. In applying thigpe
designs can be found in SADAR (1996). of test, Briggs et al. (2003) using turbidity measgr

As an ecological factor, its role is equipment of simple, inexpensive construction, with
fundamental, affecting many aspects of the trophiamphipods Corophium volutator (Pallas), quickly
webs at different levels: it affects the availdiilof detected those sediments which would require furthe
light and the capability of primary producers beinganalysis to determine the cause of their potential
suspended in the water column, the encounter ratésxicity.
between preyand predatorsnodifies the behavioral Nevertheless, the use of turbidity as an end
responses of prey to control the risk of predatiod point in toxicity testing presents some difficuftias
induces changes in the diet of some piscivorole§is represented, for example, by grain size which eaa b
(DAVIES-COLLEY; SMITH, 2001; ABRAHAMS; confounding factor in its applicability (BRIGGS et,al
KATTENFELD, 2007; CARTER et al., 2010). 2003). Sand particles sink faster than smaller ones

Bioturbation (activity of benthic organisms such as silt or clay, and this physical propertyaof
modifying the sediment structure) measured asediment can affect the generation of turbiditythgy
turbidity generation has been postulated as atsensi organisms and therefore the objective of the téast,
endpoint in studies of sub-lethal responses tosassds to detect sub-lethal toxicity in the target seeint.
the toxicity of aquatic sedimentBARTSCH et al., The undertaking of this test also requires that the
1999; BRIGGS et al., 2003). Tests that measure subumber of organisms present per experimental unit
lethal responses allow the detection of effectbiota should be determined, since different organism
at low concentrations of contaminants (RAND et al.,
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densities could imply different responses andVethod 180.1. Two calibration curves were analyzed:
consequently different turbidity results. 0-40 FAU (Formazine Attenuation Units) and 0-200
The main objective of this study is to presentFAU. The background signal was determined by
the Home Made Turbidimeter (HMT), a simple devicemeasuring a sample of distilled water.
constructed to adjust this turbidity test to spegimof Amphipods H. curvisping were cultured
Hyalella curvispina,an indigenous benthic amphipod according to Method 100.1 of the American
of Argentina, Brazil and Uruguay (GONZALEZ, Environmental Protection Agency (USEPA 600/R-
2003; JERGENTZ et al., 2004; GRACA et al., 2002)99/064) adapted to the specidyalella curvispina
We tested its suitability using it in a turbidigst with The age of the organisms exposed was 20-25 days
clean sediments of different grain size and byecause in previous experiments we had determined
analyzing a series of solutions of known turbidit$h ~ that organisms of this age were the youngest thaltic

this instrument to assess its performance bioturbate the sediment and produce a response that
The design of the HMT s illustrated and thecould be measured with the HMT.
principle of its functioning presented. It was maife Test sediments were collected from two

wood covered with black paper. It consists (Figofl) areas othe coastal zone of Uruguay, South America:
a rectangular prism without a base - with two holes the silt-clay sediment of the central zone of the &
in opposite sides in which the lamp (Radium RJLSa Plata estuary on thdontevideo city coast and the
2012 SP, 12V, 20W, 10 °, color temperature 3000 K3andy sediment of the Cabo Polonio beach. The
and the photoresistor (CdS Photoconductive cellsediment was separatedo different size fractions by
GL5549) were, respectively, mounted. Thewet sieving. After beingeparated, the size fractions
photoresistor was placed at 180° to the incidigit | were oven-dried at a temperature < 40°C. Five
and connected to an AVR Butterfly board fromsediments categories were composed according to
Atmel Corporation that measured the amount of lightheir granulometric fractionson a dry weight basis.
absorbed by the samples. The sediments were: 100% fine sand (FS) (125 to 64
um grain size), 100% silt and clay (SC) (grain size
64 pm), 75% FS-25% SC, 50% FS-50% SC, and 25%
FS-75% SC.

Tests were conducted in commercial glass
beakers of 400 ml containing approximately b0
of sediment covered by 270 ml of culture wateteAf
the addition of sediment and water, the beakerg wer
maintained undetest conditions for 48 hours prior to
the addition of the animals. The test beakers were
gently aerated by using air tubes 24 hours after th
addition of sediment and culture water. To test the
effect of varying the number of animals dhe
) turbidity, for each type of sediment we stocked tést
] beakers with, respectively, 0, 10, 15 and 20
. > organisms/beaker, and conducted five replicates for

" eachorganism density. Turbidity measurements were
[ '_’:f taken before and after the addition of the aniragtksr
/‘:< ':" | g 3, 8, 24, 32 and 48 hours of exposure. The light wa
| kept on for 15 seconds to make each measurement.
v 5 - e The results were compared by ANOVA when the data
: met the assumptions of homoscedasticity and
normality, otherwise they were analyzed with Krdska
Wallis's non-parametric test.
Fig. 1. Photogrpahs of the Home Made Turbidimet#T) At the end (48 h), immediately following the
and schematic representation with test beaker wamga turbidity measurements, a 50 ml sample of the
sediment (in black) and water (in grey). The ueitiB cm  gverlying water was carefully collected from eadh o
wide and 17 cm high. 1-Photocell; 2- Lamp; 3- Muker,  the peakers with a volumetric glass pipette arneréd
4- Voltage stabilizer. through a pre-weighed 0.45 mm filter paper (Whatman
To qanityhe Ineary andprciion of he F1C) T 1 Bt vite e ovevned

instrument, a series of fOfm"?‘Z'”e solutlons_ WerSediment suspended in the water. Suspended sediment
analyzed. The standard formazine and the Cahmatl%g

. . alues were compared to turbidity by simple linear
curve were prepared in accordance with USEP gressions P y by P
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The 0-40 and 0-200 FAU calibration curvesCharacterization of the instrument included the
demonstrated a good linear correlation (r=0.927F andetermination of the background signal that wasenad
0.9889, respectively) between the concentration dfy the analysis of the turbidity of distilled wateith
formazine and the turbidity measurements, as showthe HMT, demonstrating good reproducibility, with
in Figure 2. The results indicated that the insgam the mean turbidity=151 mV, (n=32) and the standard
can be used to determine turbidity, with betteideviation of the measurements always less than 5%.
performance in the range of values above 40 FAU.

120 1200
r’=0,8607 r=0,9277 p= 0,000000001 LR r = 0.9780; r = 0.9889; p =0.0000;
¥y =1,7117 + 2,1664°x y =-65.1972 + 4.5319°x
100 ' i 1000 o
800
=
-E- g 600
g g
= S am
2 =
200
0
M5 0 5 10 15 20 25 30 35 a0 a5 20
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Fig. 2. Calibration curves for the HMT. A) 0-40 FAB) 0-200 FAU. Best-fit equations are shown.

For all the sediment categories analyzedorganisms that generatedusbidity response that was:
excepting the 100% FS, the mean turbidity in théhe biggest, least variable and capable of being
control beakers without organisms was lower (n=5statistically detected by the initial measuremefitss
ANOVA, p<0.05) than the turbidity measured in theis in accordance with the results of Briggs et al.
beakers with 10, 15 and 20 organisms as from 8shouf2003), who selected 20 organisms as the adequate
exposure. The presence of the animals in the beakerumber of animals/beaker for the turbidity testhwit
generates a turbidity incrementtime overlying water, Corophium volutatar
thus we may conclude thaH. curvispina is a Significant relationships between turbidity
bioturbator of fine sediments. The grain size af th measured at 48 h of exposure and the total susgende
100% FS sediment would be too big to be resuspendedlids concentration (TSS) for the sediments 100%SC
by these organisms. Furthermore, as stated by Gipp@=0.9484, p<0.01), 75%FS-25%SC (r=0.9842,
(1989), the visible light source makes thep<0.01), 50%FS-50%SC (r=0.9432, p<0.01) and
turbidimeters more sensitive to the scattering thue 25%FS-75%SC (r=0.9479, p<0.01) were found (Fig.
fine particles. For these reasons, the turbidityhie 4). A correlation coefficient between turbidity
beakers containing fine sand and 10, 15 and 2@easurements and TSS of 0.9 or greater, indicates,
organisms was minimal and not significantlyaccording to Sadar (1996) a workable relationship.
differentfrom that of the treatment without organisms.Briggs et al. (2003) presented their results as a
We can, therefora&onclude that the test (as designedpercentage of obscuration; making it difficult to
here) is not suitable for analyzing sediment ofirgra compare their data with those generated in thesptes
sizes 100% greater than or equal to fine sand. study. In addition, the output of their photovaitaell

The maximum turbidity value was is inversely related to turbidity, requiring the
determined in the treatment with 20 organisms &ed t transformation of their readings into percentages
25% FS - 75 % SC sediment category (Fig. 3). Thef obscuration. In our instrument (HMT), the outptit
turbidity measured in this test did not differthe photoresistor is directly related to turhjidit
significantly from that measured in the 100% SGwhich is intuitively more suitable, higher turbigit
sediment category. The number of organismsalues corresponding to higher values of the désvice
selectedo  standardize the test was  20output.
organisms/beaker, because this was the number of



204 BRAZILIAN JOURNAL OF OCEANOGRAPHY, 61(3), 2013

Previous studies have been developed ineduces the color interferences of samples (UNITED
order to calibrate customer-built turbidimeterslaah STATES, 1999), but for the purpose of our test, the
to the monitoring of suspended sediment in streamsolor is part of the turbidity, because we see#ldtect
Lewis (1996) and Orwin; Smart (2005) used aany substance that is resuspended by the orgamsms,
continuously recording turbidimeter with an infrdre matter whether they be solids or dissolved substnc
light emitting diode (LED) as light source andFurthermore, in our test, any initial color of the
obtained qualitatively similar sensitivity to thatour  sediment/overlying water was eliminated by the
HMT, and found greatesensibility to clay and silt substraction of the initial measurement from each
fractions than to sand fractions.The LED light ®ur subsequent one.
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Fig. 3. Effect of density of organisms on turbidity the sediments of different grain sizes. A)isetht 100% FS; B) sediment
75% FS-25% SC; C) sediment 50% FS-50% SC; D) sedir28% FS-75% SC; E) sediment 100% SC. Negativeegal
correspond to decline of initial turbidity by setd, in the beakers without organisms.
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Fig. 4. Relationships between mean turbidity meswafter 48 hours of exposition and TSS (total endpd solids). A)
sediment 75% FS-25% SC; B) sediment 50% FS-50%C3Gediment 25% FS-75% SC; D) sediment 100% SCt-fizes
equations are shown.
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