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Abstract: In order to gain time and generate less wasteam#termination of the phosphorus content in aquati
macrophytes and in its detritus, it is proposedube of ignition method to replace the digestioocpdure of
samples. The remaining material from decomposiixperiment was dried and submitted to ignition (3602

h). The same samples had their phosphorous corgeattified by colorimetric method that includegyious
acid digestion. The phosphorous contents wererakssured in the ash derived from ignition. Fosaihples (n

= 104), the ignition method was less efficient, #verage of global yield was 14.2%. However, theisdence
between these two procedures was obtained andanfiby the linear relationship with highvalue (0.95).
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Resumo: Para ganhar tempo e gerar menos residuos na dgegéd de fésforo em plantas aquaticas e seus
detritos, propde-se a utilizacdo do método de &migara substituir o processo de digestdo das ewo§s
detritos remanescentes de um experimento decordjpoficam secos e submetidos a ignicdo (550 °C; &)
mesmas amostras tiveram seus conteldos de fosfantificados pelo método colorimétrico que inclyrévia
digestao &cida. Os contetudos de fosforo tambémmfdeterminados nas cinzas derivadas da ignigde.tBdas

as amostras (n = 104), o método de ignicdo foi merficaz, a média de rendimento global foi de 14,2%
Cor:ztudo, equivaléncia entre estes dois procediradbimbtida e confirmada pela relacdo linear catovalto

de r (0,95).

Palavras-chave: Macrofitas aquaticas. Composicao elementar. Reggivale Lajes.

1INTRODUCTION

Phosphorus is a vital element; however, its surpiasses changes in aquatic
environments. In the situation of enrichment of evatvith nutrients (i.e. eutrophication),
when nitrogen and phosphorus does not constitliteing factor, usually occurs blooms of
algae and of the aquatic weeds (Rast et al.,, 198%re are other several consequences
linked with eutrophication, among which are mengidni) anoxia or anaerobic; ii) blooms of
cyanobacteria; iii) effects on human health by piidg cyanotoxins; iv) high concentrations
of organic matter resulting from plant debris; @strictions on fishing and recreational
activities; vi) changes in biodiversity and alt@vas in species composition; vii) an increase
in the cost for treating water; viii) potential teddions in shipping and transportation capacity;
iX) decrease in water transparency; xX) changebkarnpH variation (Tundisi and Matsumura-
Tundisi, 2002; Shaw et al., 2003; Xavier et alQ20Hilton et al., 2006; Smith and Schindler,
2009; ANA, 2015). Thus, studies dealing with phaspis cycling in different compartments
(e.g. sediment, debris, water) and organisms fdagkton, aquatic macrophytes) are usually
required.
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Chemical analyses of biomass are utilized in sévamgironmental studies and are
essential to describe the interactions betweele#nth compartments (i.e. atmosphere, ocean,
lithosphere) and the biosphere. In the ecologindl geochemistry studies, the decomposition
experiments are conducted in order to discuss tineover rates of elements into the
ecosystems (Schlesinger, 1997). For these expeisimie litter bag technique is one of the
main ones (Swift et al., 1979). This method cossist putting the same target organic
resource (e.g. leaves, roots, branches, and animtal)the bags (with known mesh) and
incubating them within the soil or aquatic ecosyst@.g. lake, river); Swift et al., (1979);
Barlocher (2005). Over time, the litter bags amuered to evaluate the biomass loss in order
to describe the decomposition kinetics derived frohe predominant environmental
conditions (e.g. temperature, oxygen availabilitypisture, redox potential, pH, nutrients
concentrations, type of organisms; Silva el al110and to verify the changes of resources
(Flindt and Lillebg, 2005). Owing to the inorgamiompounds inclusion into the litter bags
(i.e. colloids, sand, clay, gravel) during the expent time, to describe the organic decay it is
necessary to establish the ash content of orgasmurce and its detritus in order to present
“ash free” results (i.e. organic matter basis); I@&rer (2005). Thus, in this context, to
explain the accurate kinetics of decay of organatten or target elements (e.g. P, N, S, and
C) the ash determinations for these detritus sasrqie necessary. On the other hand, several
chemical analyses include the acid digestion (Wgualth perchloric acid mixtures) as
extraction procedure, before the use the deterromatethods. Colorimetric determination of
total phosphorus in plant samples includes a pneting acid digestion to convert the
phosphorus of tissues into orthophosphate (Alleralet 1974). Thus, in this study it is
proposed the use of ignition method to substitagedigestion procedure, in order to simplify
the analytical procedures involved with the totAbgphorus quantification. Based on this
proposed replacement, it is possible to use thesaginoduced in the calcination for the
phosphorus determination, thereby eliminating teednto carry out the acid digestion of the
samples, gaining time and generating less waste.

2MATERIAL AND METHODS
2.1 GENERAL EXPERIMENTAL PROCEDURES

Lajes Reservoir is oligo-mesotrophic, clear watke0d & Secchi disc deptk 6.5 m)
with slightly alkaline on the surface and slighaigid near the sediment (Guarino et al., 2005).
The maximum water level is located at elevation #i.6vhere area = 32 Knvolume = 475
hm®; average depth = 15 m; maximum depth = 45 m. Meeage concentration of dissolved
oxygen varies between 0.01 (in the bottom) and #hga." (at the surface); the mean pH is
7.87, and turbidity 0.9 NTU (Rocha et al., 2003;a@Guoo et al., 2005). The litter bags were
incubated (2.0 m of depth) nearby the dam (22°022'S and 43° 52' 54" W), in January
2010.

2.2 PLANT MATERIAL

For litter bags preparation, five species of aguatiacrophytes were harvested
(Brachiaria subquadripara (Trin.) Hitchc., Eichhornia crassipes (Mart.) Solms, Pistia
stratiotes Linnaeus,Sagittaria montevidensis Cham. and SchltdlSalvinia auriculata Aubl.).
Then, in laboratory, the plants were washed wittniaug water, and dried at 50 °C, until
constant mass. For each species were preparette8Obkgs (20 x 35 cm, mesh = 200 um)
containing 20.00 g (dry mass basis) of plant fragimeFor analysis of mass loss during
decomposition were considered the following sangptiays: 0, 1, 3, 5, 10, 20, 30, 60, 90 and
120. On these days, for each species, 3 litter nage taken to the laboratory; the detritus
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were dried at 50 °C until constant weight, and th@sses were estimated gravimetrici 71
(Barlocher, 2005; Silva et al., 2011).

2.3 TOTAL PHOSPHORUS DETERMINATION

For each aquatic plant (zero-day sample) and itsam@ng detritus (recovered from
litter bags) samples, two total phosphorus deteations were made (by colorimetric
method); one sample was prepared from the acicdstiogemethod and the other by using the
ignition method.

The total phosphorous content of each treatmerd w@mpared and the
frequency distribution of the yields was consideréde yields were calculated considering
the value obtained by acid digestion method as 10886ording to Equation 1. These
parameters were submitted to the Shapiro-Wilk néitynst (Shapiro and Wilk, 1965), to a
significant level of 0.05.

de:[P]'G—xloo (2),

[Pl o
where: [Pl = phosphorus content in plant material or itsitietrcalculated according
ignition procedure (mgd; [Plao = phosphorus content in plant material or its itletr
calculated according acid digestion (mb).g

2.4 DIGESTION METHOD

To make the plants digestions it was used the neadgerchloric acid method (Allen
et al., 1974): 10 ml of concentrated HN&hd 5 ml of concentrated,5HO, were added to 100
mg of dry plant material in a 100 ml test-tube. Haenples were boiled until clear on a hot
plate (ca. 300 °C for 4 h). After cooling, the sdwas diluted to 100 ml in a volumetric
flask, and an aliqguot was withdrawn for orthophadphdetermination by the ascorbic acid
reduction colorimetric method (Murphy, 1962; APHMWWA and WEF, 1998). Blanks and
standards were treated as samples.

2.5 IGNITION METHOD

Dry plant materials (500 mg) were ignited in a reufurnace in a porcelain crucible
(550 °C for 2 h); Wetzel and Likens (1991). Afteroting, the residues were washed into a
100 ml Erlenmeyer flasks with 10 mL 1N HCI. The sd@s were diluted to 100 ml in
volumetric flasks, and orthophosphate were detezthins in the acid digestion method
(Murphy, 1962; APHA, AWWA and WEF, 1998). Standasgs&l blanks were not ignited.

3 RESULTSAND DISCUSSION

Considering the acid digestion as reference, thectsel aquatic plants presented the
following content of total phosphorusS. auriculata: 0.04%; E. crassipes. 0.13%; S.
montevidensis: 0.20%;P. stratiotes: 0.12% and. subquadripara: 0.05%. These values were
lower than the average (0.26%) reported in a catipit that considered 35 measures
(Bianchini Jr. and Cunha-Santino, 2008). Howevéesé values are into the range of
phosphorous concentration presented by tissuesetwd plants (0.01-0.82%), and the
phosphorous content in plant tissues can also dmegrwhen its availability increases (Gopal
and Ghosh, 2009). Phosphorus uptake by macrophyt@saximum during the growing
season, followed by a decrease or even cessatite ifall/winter. Typically, uptake rates of
phosphorus by many aquatic macrophytes are highashg early-spring growth, before
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79 maximum growth rate is attained. This early uptakel storage of nutrients provides a
competitive edge for growth-limiting nutrients dugi the periods of maximum demand.
Phosphorus concentrations are higher in young gldntt as the biomass increases, tissue
phosphorus concentration decreases (Reddy and Del&008). Because of their high
biomass vyield, nutrient recovery rate and high ggmtstarch and flavonoid content, aquatic
plants, such as duckweeds, have received increadtegtion for nutrient recovery from
wastewater (Zhao et al., 2015).

For all kind of samples (different species of aguptants and detritus), the ignition
method was less efficient; the average yields ebRtent varied among 12.P.(stratiotes)
and 16.8% $ montevidensis); Figure 1A. Except to the set of samples constituby B.
subquadripara, the yields presented normal distribution and tibtal phosphorus content
yield did not change considering original planstiss and its detritus (Table 1). If taken in
account all samples (n = 104) the average of gloteld was 14.2% K 2.86; standard
deviation) and also presented normal distributeigyre 1B). These results were similar to
verified for sediments samples, where the acidalige was better extractor; however, the
recovery was better (Andersen, 1975), probablyhieyimclusion of one more step to process
(i.e. after calcinations, the residue (ash) washedsnto a 100 mL flask with 25 mL 1N HCI
and boiled for 15 min on a hot plate). Concernimg ¢ffect of the time for which the ignited
residue is boiled with HCI an experiment with seelithwas made. Recoveries of 97, 98, 98,
99 and 100% were obtained after 1, 2, 5, 15 anchB0of boiling (Andersen, 1975). The
guantitative equivalence between these two proesd(acid digestion and ignition) can be
stressed by the linear relationship (Figure 1Chwigh f value (0.95). In this case, the slope
is the proportional value between these two proeedu
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Figure 1. Average yield from ignition method in relationdoid digestion (a); where: SaSalvinia auriculata;
Ec =Eichhornia crassipes, Sm =Sagittaria montevidensis, Ps =Pigtia stratiotes; Bs =Brachiaria
subquadripara; the bars corresponding the standard deviatiostolgiam of frequencies and probabilities for all
yield data (b), and the relationship between ignitinethod and acid digestion (c).
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Table 1. Maximum (Max) and minimum (Min) values of yielgsarameters (W, P) of Shapiro-Wilk test 73
and the number of samples (n).

Plant material and its detritus n Max (%)  Min (%) W P value Decision
Salvinia auriculata 21 17.3 10.2 0.974 0.805 normal
Eichhornia crassipes 20 18.7 12.6 0.968 0.709 normal
Sagittaria montevidensis 21 22.5 12.2 0.976 0.840 normal
Pistia stratiotes 21 16.3 10.3 0.918 0.076 normal
Brachiaria subquadripara 21 22.9 9.1 0.881 0.013 not normal
All samples 104 229 9.1 0.965 0.054 normal

4 CONCLUSIONS

It can be concluded that a determination of tokelgphorus in plant material from ash
(ignition method) gives a lower value than the mdixacid digestion method. The
reproducibility of the two methods is similar. Thein advantage of the ignition method is
the convenient destruction by ignition in a furnaddoreover, the loss on ignition is
determined during many plant and plant detritusstigations; hence the residue from this
determination can be used for the total P determimaimply by dissolving the ash in 1N
HCI and diluting to a known volume. A comparisorr@$ults obtained with the acid digestion
method is recommended before widespread applicafitme technique.
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