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1 ABSTRACT

2 This work investigated the treatment of azo dye-containing wastewater in an upflow 

3 anaerobic sludge blanket reactor (UASB) combined with an electro-membrane bioreactor 

4 (EMBR). Current densities of 20 A m-2 and electric current exposure mode of 

5 6′ON/30′OFF were applied to compare the performance of the EMBR system to a 

6 conventional MBR. The results showed that dye (Drimaren Red CL-7B) removal 

7 occurred predominantly in the UASB reactor, contributing to 57% of the total dye 

8 removal achieved by the combined system. When the MBR was assisted by 

9 electrocoagulation, the overall azo dye removal efficiency increased from 60.5 to 67.1%. 

10 Electrocoagulation batch tests carried out with the EMBR mixed liquor revealed that 

11 higher decolorization rates could be obtained with a current density of 50 A m-2. Over the 

12 entire experimental period, the combined UASB-EMBR system exhibited excellent 

13 performance in terms of chemical oxygen demand (COD) and NH4
+-N removal, with 

14 average efficiencies above 97%. As the electrocoagulation was applied to MBR, the 

15 permeate PO4
3--P content decreased substantially (<1 mg/L). Likewise, a consistent 

16 reduction in the absorption spectrum of aromatic amines was observed when the MBR 

17 was electrochemically assisted. In addition, the membrane fouling rate decreased from 

18 0.25 to 0.08 kPa d-1 due to the use of electrocoagulation. The energy demand attributed 

19 to the electrochemical process was estimated at 1.12 kWh m-3, a lower value when 

20 compared to the use of electrocoagulation apart from the biological process. Based on the 

21 results, it can be concluded that the sequential UASB-EMBR system emerge as a 

22 promising technological approach for future applications in textile wastewater treatment.

23

24 Keywords: membrane bioreactor, upflow anaerobic sludge blanket reactor, azo dye, 

25 electrocoagulation, membrane fouling. 

26
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27

28 1. INTRODUCTION

29

30 The textile sector generates one of the most polluting industrial wastewater.  

31 Processes such as desizing, washing, bleaching, dyeing and finishing of textiles culminate 

32 in the generation of a complex wastewater, with high content of organic matter, dissolved 

33 salts, turbidity, toxic chemicals, and residual dyes (Verma, 2017; Moyo et al., 2022). 

34 Among the various types of synthetic dyes demanded by the textile industry, azo dyes 

35 account for 65-70% (Rápó et al., 2020). It is estimated that up to 50% of the azo dyes is 

36 lost during the fabric dyeing process (McMullan et al., 2001), which contributes to 

37 approximately 280,000 tons of dyes being discharged into water bodies annually around 

38 the world (Berradi et al., 2019). In addition to their toxicity, azo dyes also have mutagenic 

39 and carcinogenic potential (Alves de Lima et al., 2007). Thus, from the perspective of 

40 environmental preservation and public health protection, effective dye removal from 

41 textile wastewater is of great importance.

42 Processes such as adsorption, advanced oxidation, coagulation-flocculation, and 

43 electrochemical oxidation have been investigated as alternatives to removing dyes from 

44 textile wastewater (Jorge et al., 2023). Despite the proven effectiveness of these 

45 physicochemical processes, the biological treatment of this type of waste stream is still 

46 seen as an attractive solution due to its low cost and environmentally friendly aspect (Qin 

47 et al., 2021). As a result, processes such as activated sludge (AS) and membrane 

48 bioreactor (MBR) have been widely used for textile wastewater treatment (Belli et al., 

49 2023). To favor dye removal by biological means, sequential anaerobic–aerobic 

50 conditions are necessary. The typical negative redox potential of anaerobic reactors 

51 contributes to the dye molecule cleavage, an essential condition to obtain the 

52 decolorization of the textile wastewater. Concomitantly, the oxidizing conditions of the 
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53 aerobic reactor favor the biodegradation of the by-products derived from dye molecule 

54 cleavage, such as aromatic amines (Carvalho et al., 2020). 

55 In the treatment of textile wastewater, different reactor configurations have been 

56 used in the aerobic stage of the anaerobic-aerobic sequential system. Processes such as 

57 moving-bed biofilm reactor (MBBR) (Park et al., 2010), sequencing batch reactor  (SBR)  

58 (Saleem et al., 2022) and MBR (Kozak et al., 2021) have been previously studied. Among 

59 these, the MBR technology has proven to be a promising alternative, especially for 

60 combining the advantages of biological treatment with the membrane filtration process. 

61 Despite the high quality of the permeate, membrane fouling remains a major drawback in 

62 the MBRs operation (Zhang et al., 2023). Aiming to mitigate the membrane fouling 

63 process, some studies have investigated the use of electrocoagulation applied directly to 

64 the MBR mixed liquor (Battistelli et al., 2018;Mendes Predolin et al., 2021). In an 

65 electrochemically-assisted MBR, the sludge properties are improved due to various 

66 electrochemical phenomena (e.g., electrophoresis, electrostatic repulsion, 

67 electroflocculation, electroosmosis and electrochemical oxidation), which contribute to 

68 reducing the fouling propensity (Zhang et al., 2023). In the so-called electric membrane 

69 bioreactor (EMBR), electrocoagulation not only alleviates the membrane fouling, but also 

70 improves the removal of specific pollutants, such as azo dyes (Belli et al., 2023). Thus, 

71 EMBR can be considered an interesting alternative to compose the aerobic stage of the 

72 anaerobic-aerobic process required for textile wastewater treatment.

73 In our previous study, an anoxic-oxic (A/O) EMBR system (A/O-EMBR) was 

74 evaluated as a new reactor configuration for treating azo dye-containing wastewater 

75 (Ravadelli et al., 2021). Despite the promising results, using the anoxic tank did not 

76 provide the optimal reducing conditions to favor the complete cleavage of the dye 

77 molecule. Yurtsever et al. (2017) assessed the use of sequential anaerobic-aerobic 
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78 membrane bioreactors in the treatment of azo dye-containing wastewater. Although they 

79 observed good performance of the anaerobic reactor in terms of dye molecule cleavage, 

80 the effluent decolorization was slightly impaired due to the recoloring process that 

81 occurred in the aerobic reactor. Given this scenario, the use of MBR assisted by 

82 electrocoagulation could be an alternative to minimize this recoloring phenomenon 

83 inherent to some azo dyes thanks to the use of physicochemical processes (e.g., 

84 electrochemical oxidation and electrocoagulation). Therefore, the combined UASB-

85 EMBR system emerges as a promising technology capable of providing favorable 

86 conditions for biological dye removal and attenuating the recoloring mechanisms.

87 Despite its inherent advantages, the use of the sequential UASB-EMBR system 

88 for dye removal has not yet been assessed. To the best of our knowledge, this is the first 

89 study addressing the treatment of azo dye-containing wastewater in such process 

90 configuration. The study was conducted in a long-term continuous experiment (130 d) 

91 under two experimental conditions: with (68 d) and without (62 d) application of 

92 electrocoagulation in the EMBR. The reactors performance was evaluated in terms of 

93 dye, COD, NH4
+-N, PO4

3--P removal. Respirometric assays were used to assess the 

94 impact of electrocoagulation on autotrophic and heterotrophic biomass activity. Dead-

95 end filtration tests were conducted to evaluate the EMBR mixed liquor filterability. In 

96 addition, sludge properties were analyzed to better explore the membrane fouling 

97 propensity. The energy consumption and the additional operating cost attributed to 

98 electrocoagulation were estimated and compared to previous studies. 

99

100

101

102

103
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104 2. MATERIALS AND METHODS

105

106 2.1 Synthetic textile wastewater

107

108 Synthetic textile wastewater was prepared daily according to the following 

109 composition: NH4Cl (40 mgN L-1), Sodium acetate (1500 mgCOD L-1), K2HPO4 (4.45 

110 mgP L-1), KH2PO4 (4.55 mgP L-1), MnCl2.4H2O (0.193 mg L-1), CuCl2·2H2O (0.0146 mg 

111 L-1), FeCl3·6H2O (1.927 mg L-1), ZnCl2 (0.0193 mg L-1) and, CoCl2·6H2O (0.386 mg L-

112 1) (Yurtsever et al., 2017). The azo dye Drimaren red CL-7B (DR-CL7B) was added to 

113 the synthetic wastewater solution to obtain a dye concentration of 50 mg L-1. Other 

114 characteristics of the synthetic wastewater used and the corresponding loading rates 

115 applied to UASB-EMBR are presented in Table 1.

116

117

118

119

120

121
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122 Table 1 – Synthetic wastewater characterization and the corresponding loading rates applied in reactor UASB for each experimental period.

Dye           
(mg L-1)

COD
(mg L-1)

NH4
+-N

(mg L-1)
PO4

3--P
(mg L-1)

Color
(Pt-Co)

TDS
(mg L-1)

DLR
(mgDye L-1d-1)

OLR
(mgCOD L-1d-1)

NLR                    
(mgNH4

+-N L-1d-1)

Period I 50.6±07 1425±43 41±2 7.5±1.1 885±33 2142±139 50±1 1425±43 41±2

Period II 48.8±0.7 1453±44 42±2 6.2±0.7 838±33 2268±64 48±2 1453±44 42±2

123 DLR: Dye loading rate; OLR: Organic loading rate; NLR: Nitrogen loading rate; 

124

125

126

127

128

129

130

131

132

133
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7

134 2.2 Experimental setup 

135 In this research, a sequential process consisting of UASB and EMBR was used to 

136 treat azo dye-containing wastewater. The UASB was made of polyvinyl chloride (PVC), 

137 with an internal diameter of 0.3 m and a working volume of 96 L. A three-phase separator 

138 was fixed to the upper inner part of the anaerobic reactor to separate the liquid phase from 

139 the solid and gaseous phases. The EMBR tank was made of acrylic material with an 

140 internal diameter of 0.3 m and a working volume of 45 L. Inside the EMBR tank, two 

141 metallic electrodes (cathode and anode) were installed, separated by 5.0 cm. The cathode 

142 consisted of a stainless-steel screen rolled into a cylindrical shape, with a diameter of 

143 12.75 cm, while the anode consisted of an aluminum screen with a diameter of 24 cm. 

144 The electrodes were connected to a digital direct current (DC) power supply (MODEL 

145 PS 1001), with voltage ranging from 0 – 30 V and electric current from 0 – 10 A. For the 

146 feeding and filtration process, two peristaltic pumps (Watson Marlow, 520) were used. 

147 The membrane module (ZeeWeed-10/SUEZ - pore diameter of 0.04 µm and surface area 

148 of 0.93 m²) operated submerged in the EMBR tank. Throughout the entire operational 

149 period, the membrane module worked under a filtration flux of 4.3 Lm-2h-1, resulting in a 

150 daily flow rate of 96 L d-1. A digital vacuum gauge (VDR920) was used to record 

151 transmembrane pressure (TMP) values. A programmable logic controller (PLC) was used 

152 to regulate the intermittency of the filtration process, adjusted to the interval of 8 min 

153 ON/2 min OFF. A schematic representation of the experimental setup is shown in Fig. 1.

154
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Fig. 1. Experimental setup: 1) Synthetic textile influent; 2) UASB; 3) EMBR; 4) 
Permeate; 5) Membrane module; 6) Metallic electrodes; 7) DC power supply; 8) 
Feeding and filtration pumps; 9) Air blower; 10) Vacuometer; 11) Sludge sampling; 
12) Biogas.

155

156 The UASB-EMBR system was inoculated with sludge taken from a municipal 

157 wastewater treatment plant located in Florianopolis, Brazil, composed of an UASB 

158 reactor followed by AS. From the anaerobic reactor, 75 L of sludge with a total suspended 

159 solids (TSS) concentration of 20.000 mg L-1 was collected, while from AS, the 

160 corresponding volume and TSS were 45 L and 5000 mg L-1, respectively. Anaerobic and 

161 aerobic inoculum volumes were transferred to the UASB and EMBR, respectively. The 

162 UASB-EMBR was then subjected to a startup phase for biomass acclimation to the 

163 influent containing azo dye, which lasted 60 days (data not shown). After the acclimation 

164 period, the UASB-EMBR system operated for 130 days, divided into 68 d for period I 

165 and 62 d for period II. The operating conditions of the UASB reactor were the same 

166 throughout the two periods, while for the EMBR, period II involved the use of 

167 electrocoagulation process. An electric current density (ECD) of 20 A m-2 combined with 
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9

168 exposure mode of 6′ON/30′OFF was used in the EMBR over the period II. Table 2 shows 

169 the operating conditions applied to the UASB-EMBR in each period.

170

171 Table 2 – Operating conditions applied to the UASB-EMBR system in the two 

172 experimental periods.

Period I Period II

UASB EMBR UASB EMBR

SRT (d) -- 30 -- 30

HRT (h) 24 11.2 24 11.2

Electric exposure mode (min) -- -- -- 6´ON/30´ OFF

Electric current application (h d-1) -- -- -- 4

Electric current density (A m-2) -- -- -- 20

173

174

175 The UASB reactor operated without sludge discharge (except for analyses), while 

176 the EMBR operated with a daily sludge purge of 1.5 L, resulting in a solids retention time 

177 (SRT) of 30 days. The operating temperature was maintained at 30ºC using an air 

178 conditioning system. The dissolved oxygen (DO) concentration was maintained between 

179 3.0 and 5.0 mg L-1 in the EMBR by introducing air through a porous diffusor placed at 

180 the bottom of the reactor. Throughout the entire operational period, the DO in the UASB 

181 remained below 0.1 mg L-1. pH values varied between 7.5-7.9 and 8.4-8.9 in the anaerobic 

182 and aerobic reactors, respectively.

183

184

185

186
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10

187 2.3 Electrocoagulation batch tests

188

189 The effect of increasing the electrical current density (20, 35 and 50 A m-2) on the 

190 dye removal process was evaluated through batch tests. The tests were carried out in two 

191 glass vessels of 1 L, in which aluminum (anode) and stainless steel (cathode) electrodes 

192 were installed. Air diffusers were fixed at the bottom of the vessels to obtain similar 

193 environmental conditions to the EMBR system. Electric current was applied using a DC 

194 power supply (PS A305D). One of the vessels was fed only with synthetic textile 

195 wastewater (800 mL), while the other was filled with a mixture of synthetic textile 

196 effluent (250 mL) and mixed liquor (550 mL) from EMBR system. Both vessels were 

197 sequentially exposed to current densities of 20, 35 and 50 A m-2 for 24 hours each. As 

198 practiced in the EMBR, these electrocoagulation assays were also conducted using the 

199 exposure mode of 6′ON/30′OFF, which resulted in 4 h of current application for each 

200 condition.  During the tests, samples were taken to determine the dye concentration at the 

201 following times: 0, 15 min, 30 min, 1 h, 2 h, 4 h, 8 h, 12 h and 24 h. All samples were 

202 filtered through a 0.45 µm acetate-cellulose filter, with subsequent absorbance analysis 

203 using a HACH DR/5000 spectrophotometer.

204

205 2.4 Respirometric assays

206

207 The autotrophic and heterotrophic biomass activity of the EMBR sludge was 

208 assessed by respirometric batch tests. The experimental procedure used to determine the 

209 oxygen uptake rate (OUR) was the same as that described in our previous study (Belli et 

210 al., 2021). Basically, the test consists of separately dosing a solution containing sodium 

211 acetate and ammonium chloride as substrates to assess DO consumption due to 
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212 autotrophic and heterotrophic bacteria activity. From these results, the corresponding 

213 OUR attributed to autotrophic and heterotrophic respiration were then calculated by linear 

214 regression. The VSS content was previously determined to obtain the specific OUR 

215 (SOUR). 

216

217 2.5 Membrane fouling rate and batch filtration tests

218

219 The membrane fouling rate (MFR, kPa d-1) in the EMBR was calculated based on 

220 the transmembrane pressure (TMP) values over operating days (ΔT), according to Eq. 1.

221

𝑀𝐹𝑅 =
∆𝑇𝑀𝑃

∆𝑇  Eq. 1

222

223 The mixed liquor filterability was assessed in batch filtration tests using an 

224 unstirred cell (Sartorius, 250 mL) at a constant pressure of 500 kPa. For each trial (20 

225 min), a new flat sheet membrane with a pore size of 0.2 μm was used. The permeation 

226 flux was used to calculate the specific cake resistance using Eq. 2 (Pollice et al., 2008):

227

𝑆𝑅𝐹 =
2000𝐴2∆𝑃

𝜇𝐶  
𝑡

𝑉
𝑉

Eq. 2

228

229 where SRF is the specific resistance to filtration (m kg−1); A is the membrane surface 

230 area; ΔP is the pressure used (kPa); t is the filtration time (s) μ is the effluent viscosity 

231 (Pa.s); C is the solids concentration (kg m-3); and; V is the permeate volume. 

232

233

234 2.6 Anode corrosion and energetic demand calculations
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235 The aluminum anode was exposed to the electrolytic corrosion process during 

236 period II, when the electrocoagulation process was started in the EMBR. To estimate the 

237 anodic corrosion rate, Eq. 3 was used (Li et al., 2018).

238

𝑚 =
𝑀𝑤

𝐹𝑎𝑍 𝑇𝐼
Eq. 3

239

240 where m is the anode corrosion rate (g Al3+ d-1); Mw is the molar mass of the aluminum 

241 anode (26.98 g mol-1); Z is the valence of the aluminum anode (+3); Fa is the Faraday’s 

242 constant (96.485 C mol-1); T is the application time of electric current per day (h/d) and I 

243 is the amperage applied to the electrodes (3.19 A). 

244 Adding the daily permeate flow to Eq. 3, the anode corrosion rate per volume of 

245 treated effluent may be estimated, as expressed in Eq. 4 (Hasan et al., 2014). 

246

𝑊 =
𝑀𝑤

𝐹𝑎𝑍𝑄 𝑇𝐼
Eq. 4

247

248 where W is the anode dissolution per volume of treated effluent (g m-3) and Q is the 

249 influent flow (m3 d-1). 

250 The energetic consumption associated with the electrocoagulation process was 

251 estimated by means of Eq. 5 (Larue et al., 2003). 

252
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𝐸𝐶 =
𝑈.𝐼.𝑇

𝑄
Eq. 5

253

254 where EC is the energy demand per volume of treated effluent (kWh m-3), U is the voltage 

255 used in the electrodes (V), I is the electric current, T is the time of electrocoagulation per 

256 day, and Q is the effluent volume treated per day (m3 d-1). From Equations 4 and 5, the 

257 additional operating cost (USD m-3) related to the electrocoagulation process can be 

258 calculated. For this cost estimate, energy consumption (electricity) and anodic corrosion 

259 rate were considered, as described in Eq. 6 (Udomkittayachai et al., 2021). 

260

C = 𝑎EC + 𝑏𝑊 Eq. 6

261

262 where C is the additional operating cost related to electrocoagulation (USD m-3); 𝑎 is the 

263 cost of electrical energy (USD kWh-1); EC is the energy consumption (kWh m-3); 𝑏 is the 

264 cost of the anode material (USD kg-1) and W is the anode dissolution per volume of 

265 treated effluent (kg m-3). Considering the Brazilian market in November 2023, the unit 

266 prices “a” and “b” applied to Eq. 6 were 0.1386 USD KWh-1 and 0.3188 USD kg-1, 

267 respectively.

268 The volumetric charge loading (mAh L-1), defined as the amount of electricity 

269 consumed per volume of treated wastewater (Ray et al., 2020), was calculated considering 

270 the amperage applied to electrodes (mA), the influent flow rate (L d-1), and the time of 

271 electric current application (T). Thus, the volumetric charge loading can be estimated 

272 according to Eq. 7 (Ravadelli et al., 2021).

273

𝑞 =  
𝐼 𝑥 𝑇

𝑄
Eq. 7
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274

275 where q is the electric charge loading (mAh L-1); I is the amperage applied to electrodes 

276 (mA); T is the application time of electric current (h d-1); Q is the permeate flow (L d-1).

277
278
279 2.7 Analytical methods 

280

281 DR-CL7B concentration was determined by spectrophotometry (Hach DR-5000 

282 UV–vis) at a wavelength of 517 nm. COD, NH4
+-N, total suspended solids (TSS) and 

283 volatile suspended solids (VSS) were measured using standard methods (APHA, 2012). 

284 PO4
3--P was analyzed by ion chromatography (DIONEX ICS 5000). Soluble microbial 

285 products (SMP) were evaluated in terms of protein (PN) and polysaccharides (PS) present 

286 in the EMBR mixed liquor. SMP was obtained by filtering mixed liquor samples in 0.45 

287 μm acetate filter. PN and PS concentration were determined according to the methods 

288 described by Lowry et al. (1951) and DuBois et al. (1956), respectively. To evaluate the 

289 capillary suction time (CST) of the aerobic sludge, 5 mL of mixed liquor was sampled 

290 from the EMBR and submitted to CST assays (304M CST, Triton). EMBR sludge 

291 properties were also assessed by diluted sludge volume index (dSVI) tests.

292

293 3. RESULTS AND DISCUSSION

294

295 3.1 Dye removal performance 

296 The UASB-EMBR performance in terms of dye removal is shown in Figure 2a. It 

297 is observed that the UASB reactor provided a stable and consistent removal of the DR- 

298 CL7B throughout the entire operating days. As a result, the dye concentration in the 

299 UASB effluent was similar in periods I and II, with average values of 21.9 and 20.9 mg 

300 L-1, respectively (Table 3). Such values indicate that approximately 60% of the influent 
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301 dye was removed in the UASB reactor. The reducing environmental conditions from 

302 UASB reactor favored the cleavage of the azo bond ―𝑁 = 𝑁 ―  of the DR-CL7B 

303 molecule, contributing to the substantial effluent decolorization in the anaerobic reactor. 

304 With the sequential use of EMBR, the DR-CL7B concentrations were slightly reduced, 

305 resulting in average dye concentrations in the EMBR permeate of 19.9 and 16.1 mg L-1 

306 in period I and II, respectively. As a result, the total average dye removal efficiency of 

307 the UASB-EMBR system was 60.5% (period I) and 67.1% (period II) (Table 3). 

308 In contrast to previous studies, the dye removal efficiency was not substantially 

309 improved as the MBR was exposed to electrocoagulation (period II). When applying the 

310 electrocoagulation process in an anoxic/oxic MBR fed with textile effluent and using 

311 ECD of 10 A m-2, Ravadelli et al. (2021) obtained a removal efficiency of azo dye 

312 (Remazol Brilliant Violet -RBV 5R) of 94.9%. The poor performance of the EMBR in 

313 removing DR-CL7B may suggest that the current density of 20 A m-2 was not sufficient 

314 to provide a more effective removal of this dye. To better investigate this issue, batch 

315 tests were carried out using current densities of 20, 35 and 50 A m-2 under two conditions: 

316 (1) applying electrocoagulation directly to the synthetic textile wastewater and (2) 

317 applying electrocoagulation to a mixture of textile effluent + mixed liquor. The results 

318 obtained in these batch tests are shown in Fig. 3.

319

320

321

322
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323 Fig. 2 – DR-CL7B (a), COD (b) and NH4
+–N (c) concentrations in the influent, UASB 

324 supernatant and permeate, as well as their respective removal efficiencies throughout the 

325 operating days.  
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326 Table 3 - Average effluent concentrations and the respective efficiency removal of each reactor for dye, COD, and NH4
+-N in the steady-state 

327 conditions for the two periods

Period I Period II
Influent
(mg L-1)

UASBeffluent
 (mg L-1)

EMBReffluent 
(mg L-1)

Efficiency
(%) 

Influent
(mg L-1)

UASBeffluent
(mg L-1)

EMBReffluent 
(mg L-1)

Efficiency
(%)

DR-CL7B 50.6±07 21.9±3.1 19.9±1.9 60.5±2.4 48.8±0.7 20.9±2.4 16.1±1.2 67.1±2.5
COD 1425±43 568±181 33±12 97.6±0.9 1453±44 591±84 30±9 97.9±0.7
NH4

+-N 41±2 41.9±1.7 0.72±0.2 98.2±0.5 42±2 40.2±1.5 0.51±0.1 98.7±0.4
PO4

3--P 7.5±1.1 8.4±0.9 6.3±1.7 16.9±17.4 6.2±0.7 6.8±0.9 0.7±0.2 88.6±4.6

pH 7.1±0.2 7.9±0.1 8.4±0.2 -- 7.1±0.2 7.8±0.1 8.7±0.16 --
328
329
330

331

332

333

334
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335 For both conditions (without and with mixed liquor), the dye concentrations 

336 markedly decreased as the electrical current density increased. The increment in dye 

337 removal at higher density values can be attributed to the greater anodic dissociation that 

338 occurs when the sacrificial electrode is exposed to higher electrical current intensities 

339 (Bener et al., 2019). Merzouk et al. (2009) observed an increment in red dye removal 

340 efficiency from 78 to 93% when the electrical current density was increased from 20 to 

341 62.5 A m-2 in an electrocoagulation–electroflotation cell. Particularly for EMBRs, the 

342 increase of electric current density must be carried out with caution so as not to negatively 

343 impact microbial activity linked to the removal of other pollutants (e.g., COD, NH4
+- N, 

344 PO4
3--P). Although electrocoagulation tests demonstrated that a current density of 50 A 

345 m-2 led to a higher removal rate of DR-CL7B, further investigation would be necessary 

346 to assess the possible long-term impacts of such density on the biological processes.

347 The results depicted in Fig. 3 also show that the dye removal profile at different 

348 current densities was influenced by the presence of biomass. From the linear regression 

349 of concentrations over time, the dye removal rates without mixed liquor were 0.529, 0.683 

350 and 1.055 mgdye L-1 h-1 for densities of 20, 35 and 50 A m-2, respectively, while with 

351 mixed liquor addition, the corresponding dye removal rates were 0.636, 0.951 and 1.337 

352 mgdye L-1 h-1. These results indicate that the use of electrocoagulation directly in the mixed 

353 liquor, as practiced in EMBR, leads to a higher dye removal rate compared to that 

354 obtained when applying this electrochemical process directly in the textile wastewater. 

355

356
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357 Figure 3 – DR-CL7B removal profile at current densities of 20, 35 and 50 A m-2 during 

358 batch tests using (a) synthetic textile wastewater and (b) synthetic textile wastewater + 

359 mixed liquor from EMBR.

360

361 Fig. 4 illustrates the absorption spectrum in the UV-vis range for EMBR permeate 

362 samples and the corresponding absorbance reductions. For the entire range of the UV-Vis 

363 spectrum (250–650 nm), the absorbance in permeate samples was lower when the EMBR 

364 was assisted by electrocoagulation (period II). Especially for the ultraviolet range (250 – 

365 350 nm), the use of electrocoagulation induced a more pronunced absorbance reduction. 

366 This result indicates that the use of electrocoagulation had a greater contribution to the 

367 removal of aromatic compounds in relation to those compounds found in the visible range 

368 of the spectrum. Such result is particularly important since the degradation of the DR-

369 CL7B dye can lead to the formation of toxic aromatic byproducts, such as naphthalenes, 
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370 phenols, and aminophenols (Srinivasan and Sadasivam, 2018), which present greater 

371 resistance to removal by biological processes. The use of electrocoagulation during period 

372 II promoted a consistente reduction in absorbance from mixed liquor samples at the 

373 wavelength of 280 nm, identified as the point of maximum absorption of aromatic amines 

374 (Fig. S1). Thus, although electrocoagulation did not significantly increase the removal of 

375 the DR-CL7B dye, it contributed for greater removal of byproducts generated during the 

376 degradation of this azo dye.

377

378 Fig. 4 - UV–vis absorption spectra for EMBR permeate samples and the corresponding 

379 absorbance reductions for each period.

380

381 3.2 Chemical oxygen demand (COD), ammonium nitrogen (NH4
+-N) and 

382 phosphorus (PO4
3- -P) removal 

383

384 Fig. 2b shows the COD values for influent, UASB effluent and EMBR permeate, 

385 as well as the respective removal efficiency obtained over the experimental period. As 

386 can be seen, the combined UASB-EMBR system exhibited high COD removal 
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387 performance, with average efficiencies of 97% in the two operating periods (Table 3). 

388 The permeate COD did not show significant variations between periods I and II, 

389 exhibiting average values of 33±12 mg/L and 30±9 mg/L, respectively. Thus, the 

390 combined UASB-EMBR system guaranteed high COD removal regardless of the use of 

391 electrocoagulation.

392 From the COD mass balance for the combined UASB-EMBR system, the 

393 anaerobic reactor contributed to 63.4 and 65.7% of the total COD removal obtained in 

394 periods I and II, respectively, while the aerobic reactor contributed to 33.4 and 31.3%, 

395 respectively. The COD removal attributed to membrane filtration was negligible in both 

396 periods, averaging around 3% (Fig. S2). Therefore, the COD removal mainly occurred in 

397 the UASB reactor. Like our study, Kozak et al. (2021) also observed a greater contribution 

398 of the anaerobic reactor in the COD removal from textile wastewater in a sequential 

399 treatment system consisting of anaerobic MBBR-MBR.

400 Respirometric tests with EMBR sludge revealed that heterotrophic biomass 

401 activity decreased substantially during period II. When using electrocoagulation, OUR 

402 and SOUR decreased by 57% (297.4 to 128.9 mg O2 L-1 h-1) and 63% (47.3 to 17.3 mg 

403 O2 gVSS h-1), respectively (Table 4). This behavior suggests that the use of 

404 electrocoagulation with a current density of 20 Am-2 may have negatively impacted the 

405 heterotrophic biomass activity. A partial inactivation of heterotrophic bacteria was 

406 reported by Wei et al. (2011) when exposing the MBR sludge to ECD above 12.3 A m−2. 

407 They attributed this effect to the formation of harmful oxidants (e.g., H2O2 or Cl2) and 

408 irreversible permeabilization of the microbial cell. Despite the impact of 

409 electrocoagulation on heterotrophic biomass activity, the EMBR performance in terms of 

410 organic matter removal was not affected, given the similar COD values in the EMBR 

411 permeate in both periods (Table 3).
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412

413 Table 4 – Heterotrophic and autotrophic oxygen uptake rate (OUR) obtained in the 

414 respirometric tests for each experimental period.

Period I    Period II
Heterotrophic activity
OUR mg O2 L-1 h-1 297.4±20.1 128.9±15.8
Specific OUR (SOUR) mg O2 gVSS h-1 47.3±8.3 17.3±4.9

Autotrophic activity
OUR mg O2 L-1 h-1 20.1±1.9 26.8±2.9
Specific OUR (SOUR) mg O2 gVSS h-1 1.7±0.4 2.4±0.3

415

416 The ammonium nitrogen removal occurred predominantly in the EMBR, where 

417 the oxidizing environmental conditions favor the aerobic nitrification process. For both 

418 periods, the average NH4
+-N removal efficiency remained at 98%, resulting in ammonium 

419 nitrogen concentrations in the EMBR permeate below 1 mg L-1. These results indicate 

420 that ammonia removal was not harmed by the electrochemical process, suggesting that 

421 autotrophic activity was not impaired by the use of electric current (Belli et al., 2023). In 

422 fact, the results from respirometric tests showed that autotrophic activity was slightly 

423 favored by the use electrocoagulation, exhibiting higher OUR and SOUR values during 

424 period II (Table 4). This behavior is in line with previous studies that reported an 

425 improvement in nitrifying activity as electrocoagulation was applied (Ravadelli et al., 

426 2021). According to Qian et al. (2017), exposure of biological processes to electrical 

427 current can stimulate the activity of nitrifying bacteria enzymes, such as hydroxylamine 

428 oxidoreductase (HAO), ammonia monooxygenase (AMO), and nitrite oxidoreductase 

429 (NOR), which play an important role in the metabolism of ammonia-oxidizing bacteria 

430 (AOB) and nitrite-oxidizing bacteria (NOB).

431 As expected, the UASB reactor did not achieve phosphorus removal in both 

432 experimental periods (Table 3). The EMBR, in turn, showed poor performance in TP 
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433 removal during period I, with an average removal efficiency of 16.9% and permeate TP 

434 concentration of 6.3 mg L-1. On the other hand, as electrocoagulation was applied, the 

435 EMBR performance in terms of TP removal increased substantially, achieving an average 

436 efficiency of 88.6%, with permeate TP concentration of 0.7 mg L-1 (Table 3). The higher 

437 TP removal in period II can be attributed to chemical precipitation reactions involving 

438 the PO4
3-P anion and the metal cation released by the anodic dissociation (Souza et al., 

439 2020). When using electrocoagulation, the TP removal can occur not only via 

440 precipitation as insoluble salt AlPO4(s), but also via adsorption of PO4
3- -P on aluminum 

441 hydroxide flocs (Al(OH)3) formed by the reaction between OH- and Al3+. Another 

442 possible route would be the PO4
3- -P deposition on the electrodes surface in the form of 

443 CaHPO4(s), AlPO4(s), CrPO4(s), and Ca3(PO4)2(s) (Giwa et al., 2016). Therefore, TP 

444 removal in EMBR systems can occur by different mechanisms, which can be a 

445 competitive advantage of this reactor configuration for scenarios requiring a low effluent 

446 TP concentration.

447

448 3.3 Membrane fouling rate and sludge properties.

449 As shown in Fig. 5, the EMBR exhibited lower TMP values when the 

450 electrocoagulation was used (period II). As result, the membrane fouling rate (MFR) for 

451 this period was 68% lower (0.08 kPa d-1) than that of period I (0.25 kPa d-1) (Table 5). 

452 This result suggests better mixed liquor filterability conditions when the EMBR was 

453 exposed to electrocoagulation. The fouling propensity indicators evaluated in this study 

454 showed similar behavior to the TMP profile. CST and dSVI decreased substantially in 

455 period II, suggesting that the EMBR sludge showed better settling and dewatering 

456 properties when the electrocoagulation was used (Table 5). Likewise, the filtration batch 

457 tests also indicated a better mixed liquor filterability for period II, as the specific 
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458 resistance to filtration (SRF) decreased by 80% from period I (1.51x1014 m kg-1) to period 

459 II (3.0x1013 m kg-1).  The average PN and PS concentrations of the EMBR mixed liquor 

460 were also lower during period II, indicating that these fouling contributors were 

461 suppressed when the electrocoagulation was used. As SMPs are soluble and negatively 

462 charged, they can be neutralized by Al3+ cations released by anode corrosion and 

463 precipitated in the sludge. (Hua et al., 2015).

464 Recent studies have demonstrated that the use of electrocoagulation in MBRs has 

465 improved the mixed liquor filterability conditions.  Battistelli et al. (2018) have observed 

466 that the SRF decreased by 90% when electrocoagulation was applied to MBR. By 

467 exposing the MBR to the electrochemical process, Souza et al. (2020) obtained a 65% 

468 reduction in the average MFR. Predolin et al. (2021) observed that the SVI decreased 

469 from 155 to 97 mL g-1 when electrocoagulation at a current density of 15 A m-2 was used.  

470 Borea et al. (2019) obtained a 90% reduction in SMP concentration (protein and 

471 polysaccharide) by using the electrocoagulation process with an ECD of 11.5 A m-2 in an 

472 MBR. The suppression of these fouling indicators is not only linked to the coagulation 

473 process, but also to other electrochemical mechanisms that can occur simultaneously in 

474 the mixed liquor as electrocoagulation is applied. Due to the electric field created, the 

475 electrophoresis and electroosmosis mechanisms may be favored in the bioreactor (Borea 

476 et al., 2019). Electrophoresis may increase the repulsion of foulants from the membrane 

477 surface and lead to the formation of a weakly adhered cake layer (Ho et al., 2017). The 

478 electroosmosis mechanism can contribute to the removal of bound water from the 

479 microbial flocs, a sludge property that plays a crucial role in its filterability (Ibeid et al., 

480 2013). Thus, the fouling suppression observed during period II can be attributed not only 

481 to coagulant released from the sacrificial anode (electrocoagulation), but also to the 

482 increased electro-repulsive force between foulants and membrane surface 
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483 (electrophoresis) and the removal of bound water from the flocs (electro-osmostic) (Ho 

484 et al., 2017).

485

486
487
488
489 Figure 5 – Transmembrane pressure values during the two operating periods.

490

491 Table 5 - Average values of parameters associated with fouling propensity for the EMBR 

492 mixed liquor.

units Period I Period II
MFR kPa d-1 0.25 0.08
SRT m kg-1 1.51x1014 3.0x1013

CST s 239± 119 123±40
CST-N s gTSS-1 34.6±11.9 9.3±3.1
dSVI mL g-1 19.9±3.1 9.2±3.1
Protein mg L-1 13.9±2.3 3.4±1.6
Polysaccharides mg L-1 24.1±2.7 10.9±1.7

493 MFR: membrane fouling rate; SRT: specific resistance to filtration; CST: capillary 
494 suction time; CST-N: normalized CST; dSVI: diluted sludge volume index. 
495

496 As can be seen in Fig. 6a, the UASB reactor exhibited a similar biomass content 

497 in both experimental conditions, showing average VSS and TSS values close to 19 and 

498 27 g L-1 in periods I and II, respectively. As a result, the VSS/TSS ratio for the anaerobic 

499 reactor was practically constant in both periods, averaging around 0.7.
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500 On the other hand, the EMBR experienced a substantial increase in the suspended 

501 solids content when the electrocoagulation was applied (period II). The average TSS and 

502 VSS values increased by 110% (6.58 to 13.8 g L-1) and 18% (5.80 to 7.05 g L-1) in the 

503 second experimental period, respectively. The greater increase in TSS compared to VSS 

504 indicates a higher inorganic content in the EMBR sludge when the electrocoagulation was 

505 applied. Consequently, the average VSS/TSS ratio decreased from 0.88 (period I) to 0.52 

506 (period II). This behavior agrees with the results obtained in previous studies that 

507 investigated the use of electrocoagulation in MBRs (Borea et al., 2017;Manica et al., 

508 2021). By applying an ECD of 20 A m-2 to a bench-scale MBR, Hua et al. (2015) also 

509 observed a decrease in the VSS/TSS ratio in the range of 0.5-0.6. Despite the drop in the 

510 VSS/TSS ratio in the second period, EMBR performance was not negatively impacted. 

511 However, from a scale-up perspective and long-term operation, it is suggested to avoid 

512 the use of high-intensity electric current density or prolonged exposure time to electrical 

513 current in EMBRs systems.

514

515

516

517

518

519

520
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521
522
523 Figure 6 –Total suspended solids (TSS) and volatile suspended solids (VSS) 
524 concentrations along with VSS/TSS ratio in the (a) anaerobic and (b) aerobic tanks. 
525

526 3.4 Anode dissolution and additional operating cost 

527

528 By applying the exposure time and the amperage to Eq. 3, the anode dissolution 

529 rate (m) obtained was 6.24 g Al3+ d-1 in the period II (Table S1). Considering the daily 

530 wastewater flow, the corresponding anodic corrosion rate per permeate volume (W) was 

531 65.01 g Al3+ m-3. The value obtained is considerably lower than the 191.26 Al3+ g m-3 

532 reported by Ensano et al. (2019) in an electrocoagulation cell used to treat municipal 

533 wastewater at a current density of 18 A m-2 with intermittent mode of 5 min ON/ 20 min 

534 OFF.  

535 Using Eq. 5, the energy consumption (EC) attributed to the electrocoagulation 

536 process was estimated at 1.12 kWh m-3. This value is close to the 1.87 kW h m-3 reported 

537 by Mendes-Predolin et al. (2021) when applying the current density of 15 A m-2 to treat 

538 municipal wastewater. In contrast, the energy consumption of 1.12 kWh m-3 is 
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539 substantially lower than that observed when electrocoagulation was not integrated into 

540 the MBR to treat industrial wastewater. By using a batch electrocoagulation cell to treat 

541 tannery and textile wastewaters, Elabbas et al. (2016) and Benner et al. (2019) reported 

542 EC ranging from 10 to 35 kWh m−3 and  4.16 kWhm-3, respectively. Zampeta et al. (2022) 

543 have estimated an energy demand of 2–29 kWhm−3 when using a continuous flow 

544 electrocoagulation reactor to treat printing ink wastewater.  Based on these values, it can 

545 be inferred that the EMBR system is more attractive in terms of the energy demand linked 

546 to the electrocoagulation process due to the lower electric current intensity usually applied 

547 in this reactor. 

548 Taking into account energy consumption (EC) and the anodic corrosion rate (W), 

549 the additional operating cost (C) attributed to the electrocoagulation process was 

550 estimated at 0.32 USD per m-3 of treated effluent. This value exceeds the operating cost 

551 of 0.141 USD m-3 reported for full-scale MBRs treating municipal wastewater (Gao et 

552 al., 2021). Although electrocoagulation increases the operating cost, the use of this 

553 electrochemical process could be compensated by the lower frequency of membrane 

554 cleaning procedures, given the lower fouling rate observed in EMBR systems (Asif et al., 

555 2020). Xiao et al. (2019) estimated that the cost of chemical solutions required for 

556 membrane cleaning represents 10 - 30% of the total operating cost of an MBR. In 

557 addition, MBR assisted by electrocoagulation can produce a better quality permeate, an 

558 important feature to promote water reuse in the industrial sector.

559 The volumetric charge loading (q), described as the amount of electricity per 

560 volume of permeate (mAh L-1), was calculated to be 193.8 mAhL-1 (Eq. 7). The value is 

561 within the range of 100 - 400 mAhL-1 tested by Roy et al. (2020) in a lab-scale EMBR 

562 treating landfill leachate. In our previous study, the charge load of 139.1 mAh L-1 was 

563 sufficient for the EMBR to achieve a Remazol Brilliant Violet (RBV-5R) removal of 
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564 96.4% (Belli et al., 2023). In the present study, even using a 28.3% higher charge loading 

565 (193.8 vs 139.1 mAhL-1), the DRCL-7B removal efficiency was only 67.1% (Table 3). 

566 This scenario indicates greater difficulty in removing this azo dye in the EMBR, which 

567 demonstrates the need for further studies to obtain better reactor performance without 

568 excessively increasing its energy consumption. 

569

570 4. CONCLUSIONS

571 In this work, a combined UASB-EMBR system was exploited for the treatment of 

572 azo dye (DR-CL7B)-containing synthetic wastewater in a long-term continuous 

573 experiment (130 days). Throughout the entire experimental period, dye removal mainly 

574 occurred in the UASB reactor. In the periods without (period I) and with (period II) 

575 electrocoagulation in the MBR, the overall average dye removals were 60 and 65%, 

576 respectively, of which 57% were attributed to the UASB reactor in both periods. The 

577 combined UASB-EMBR system showed excellent performance in terms of COD and 

578 NH4
+-N removal, exhibiting average efficiencies above 97% for both experimental 

579 periods. A consistent reduction in the absorption spectrum of aromatic amines was 

580 observed when the electrocoagulation was applied to MBR. Additionally, the EMBR 

581 experienced a substantial improvement in mixed liquor filterability conditions and sludge 

582 properties when exposed to electrocoagulation. As a result, the membrane fouling rate 

583 decreased by 68% (0.25 to 0.08 kPa d-1). The energy consumption attributed to the 

584 electrocoagulation process was estimated at 1.12 kWh m-3, a much lower consumption 

585 when compared to systems that apply electrocoagulation separately from biological 

586 treatment, under high electrical current densities. Overall, the combined UASB-EMBR 

587 system emerges as a novel technology capable of reducing azo dye, COD, NH4
+-N, and 
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588 aromatic compounds concentrations from synthetic textile wastewater at a competitive 

589 energy cost and with a lower membrane fouling rate.
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Análise da qualidade da água do rio dos Índios, Presidente Getúlio, 
SC, Brasil 

A água é um recurso essencial à todas as atividades humanas, fato que torna relevante o estudo da disponibilidade hídrica para tais atividades, bem como a sua 
qualidade. O objetivo do presente estudo consistiu em avaliar a qualidade da água do rio dos Índios, localizado no município de Presidente Getúlio (SC, Brasil). As 
amostras de água foram avaliadas por meio de ensaios físico-químicos (oxigênio dissolvido-OD, temperatura, nitrato, nitrito, turbidez, pH, cor verdadeira e DBO5) 
e série de metais (alumínio, manganês, antimônio, arsênio, cádmio, chumbo, cobalto, cromo, estrôncio, ferro, molibdênio, prata, tálio, vanádio e zinco). O estudo 
compreendeu cinco pontos de amostragem ao longo do corpo hídrico, abrangendo a zona rural, perímetro urbano e zona limítrofe entre a zona rural e perímetro 
urbano. A Análise de Variância (ANOVA) possibilitou a verificação de quais parâmetros mais variaram em relação aos pontos de amostragem durante o período 
das coletas. Os resultados dos parâmetros físico-químicos (DBO5 > 5 mg L-1) e análise de metais (alumínio, manganês, arsênio e ferro) não atendem aos limites 
estabelecidos pela Resolução CONAMA 357/2005. Os resultados apresentados neste estudo evidenciam possíveis fontes de contaminação do rio dos Índios 
resultantes das atividades humanas de urbanização, industrial e agrícola nas proximidades da região.  

Palavras-chave: Qualidade da água; Rio dos Índios; Análises físico-químicas; Metais. 

 

Water quality analysis of Índios river, Presidente Getúlio, SC, Brazil 
Water is an essential resource to all human activities. This fact makes it relevant to study its availability as well as its quality. The objective of this work is to evaluate 
the water quality of Rio dos Índios river. This watercourse is located in the municipality of Presidente Getúlio, SC-Brazil. The water samples were analyzed for 
physico-chemical tests (dissolved oxygen-DO, temperature, nitrate, nitrite, turbidity, pH, true color and BOD5) and series of metals (aluminum, manganese, 
antimony, arsenic, cadmium, lead, cobalt, chromium, strontium, iron, molybdenum, silver, thallium, vanadium and zinc). The survey was carried out in five sampling 
points through the watercourse comprehending the rural zone, the urban perimeter, and the borderline between both. Methods statistical data (ANOVA), on the 
other hand, enabled the verification of which parameters most varied in relation to the sampling points during the collection period. The results for physico-
chemical parameter (BOD5 > 5 mg L-1) and metals (aluminum, manganese, arsenic and iron) surpassed the thresholds stablished by the CONAMA resolution 
357/2005. The results presented within this work point out potential sources of contamination to the Rio dos Índios river as a resultant from the urbanization, 
industrial and agricultural activities near the region. 

Keywords: Water quality; Índios river; Physico-chemical analysis; Metals. 
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INTRODUÇÃO  
 

A água constitui um elemento essencial para a existência dos seres vivos sendo, portanto, um recurso 

natural insubstituível. Neste aspecto, a água apresenta considerável importância nas atividades humanas 

notadamente o abastecimento público e industrial, irrigação agrícola, produção de energia elétrica e as 

atividades de lazer e recreação (ALVES et al., 2008; CALEGARI et al., 2015).  

Os ecossistemas aquáticos sofrem impactos consideráveis pelas atividades humanas e, de forma 

direta ou indireta, produzem alterações em estuários e águas costeiras, redução de vegetação natural e 

alteração das características naturais de drenagem (LI et al., 2017; OLIVEIRA et al., 2018; LACH et al., 2020). 

Portanto, a exploração dos ecossistemas aquáticos de forma não sustentável pela sociedade humana tem 

contribuído para a redução da qualidade da água e sua escassez (PEREIRA et al., 2020).  

A presença de contaminantes nos corpos hídricos provenientes da introdução de poluentes da 

indústria e de esgotos domésticos tem motivado uma redução de organismos aquáticos e alteração do 

sistema ecológico nestes locais (GOIS et al., 2016; YAN et al., 2018). 

Conforme Marcuzzo et al. (2011), a bacia do rio dos Índios apresenta área formada pelo rio 

correspondente a 628,5 km2, sendo, portanto, uma sub-bacia da bacia hidrográfica do rio Itajaí Açu 

constituída por grandes regiões de baixa altitude suscetível a extensos alagamentos. O rio dos Índios 

(extensão de 48,10 km lineares, gradiente de 276 m distribuído, e declive de 0,17 m.km-1) ocupa toda a 

extensão do município de Presidente Getúlio, região situada na microrregião do Alto Vale do Itajaí, no estado 

de Santa Catarina.  

O rio dos Índios abrange o perímetro rural e urbano do município de Presidente Getúlio – SC. De 

acordo com os dados da AMAVI (2019), a principal contribuição econômica do município de Presidente 

Getúlio se refere ao setor agrícola (23,9%) e pela indústria alimentícia (17,1%).  

Nesta perspectiva, o monitoramento regular da qualidade da água constitui em um dispositivo 

necessário para o acompanhamento de dados quantitativos em relação à gestão da água (SCOTT et al., 2017; 

LACH et al., 2020) e permite avaliar as influências exercidas pelas atividades humanas e por fatores naturais 

sobre o ambiente, saúde e bem-estar da população (BARRETT et al., 2016) 

Nas áreas onde a economia é fortemente baseada em atividades da agroindústria, a água representa 

um consumo de 80% da demanda necessária para atender o setor produtivo, tornando a exploração deste 

recurso hídrico insustentável (VERGINE et al., 2017).  Da mesma forma, o efluente gerado apresenta 

considerável concentração de matéria orgânica, sólidos em suspensão, óleos e graxas e nutrientes 

(BUSTILLO-LECOMPTE et al., 2015; CREMONINI et al., 2020). Cremonini et al. (2020) reportam a relação entre 

o elevado teor de gordura, corantes e aditivos empregados nos processos agroindustriais e sua não 

biodegradabilidade associada a uma estrutura orgânica complexa e de difícil degradação empregando 

técnicas de tratamento de efluentes convencionais. 

Neste ínterim, diversas pesquisas têm sido desenvolvidas na quantificação de metais pesados em 

bacias hidrográficas (MACHADO et al., 2017; SILVA et al., 2018; PEREIRA et al., 2019), considerando o impacto 
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ambiental relacionada a possíveis atividades econômicas e identificação de possíveis fontes poluidoras 

SANTOS, 2015; EIDT et al., 2016; OLIVEIRA et al., 2017). 

Nesse sentido, esse trabalho teve como propósito avaliar a qualidade da água do rio dos Índios 

utilizando análises laboratoriais físico-químicas bem como a presença de metais. Portanto, o estudo será 

estendido tanto para a zona rural como para o perímetro urbano do munícipio de Presidente Getúlio/SC, 

sendo possível mensurar as atividades antrópicas decorrente da ocupação urbana, industrial e agrícola.  

 
METODOLOGIA 
 

A qualidade da água do rio dos Índios foi avaliada por meio de determinações de parâmetros físicos, 

químicos e microbiológicos. A área de estudo está situada na bacia hidrográfica do rio dos Índios na região 

do Alto Vale do Itajaí, no município de Presidente Getúlio, Santa Catarina. O município de Presidente Getúlio 

localiza-se na latitude S 27° 2′ 48” e longitude O 49° 37′ 21″, com população estimada de 17.471 mil 

habitantes, altitude de 242 m, área total de 297,60 km2 e faz limite com as cidades de Dona Emma, Ibirama, 

José Boiteux, Laurentino, Lontras, Rio do Oeste e Rio do Sul. A região hidrográfica apresenta pluviosidade 

anual de cerca de 1550 mm, altitude de 242 m, relevo predominantemente montanhoso em clima subtropical 

úmido com invernos frios e temperatura média anual de 18°C (SANTA CATARINA, 2020).  

A Figura 1 abaixo ilustra a localização dos pontos amostrais (P) e a malha municipal, empregando o 

sistema de coordenadas geográficas por meio do software QGIS Desktop 2.18.18, conforme dados 

disponibilizados pela EPAGRI/CIRAM (2020). 

 

 
Figura 1: Localização dos pontos de coleta das amostras de água, hidrografia, malha municipal e curso d’água do rio 

dos Índios, Presidente Getúlio, SC. 
 

Os cinco pontos amostrais de análise da água foram avaliados criteriosamente, abrangendo a zona 

rural do município (P1 e P2), zona limítrofe entre a área rural e urbana (P3) e perímetro urbano (P4 e P5) 

conforme sumarizado na Tabela 1.  

As amostras de água foram coletadas por amostragem simples em triplicata para cada um dos 

pontos, em intervalos de 40 dias compreendido entre os meses de agosto a dezembro de 2019. As amostras 
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de água foram coletadas empregando frascos de borosilicato âmbar estéreis de 500 mL (Laborquim), 

empregando a técnica de refrigeração sem congelamento (4°C) minimizando uma potencial volatilização de 

gases dissolvidos e reduzindo a atividade microbiológica. As análises foram realizadas em conformidade com 

a NBR 9898/87 (ABNT, 1987). A Figura 2 ilustra os pontos de amostragem quanto à sua localização na área 

rural e urbana.   

 
Tabela 1: Localização geográfica e atividade econômica relacionada a cada ponto de amostragem (P) do rio dos Índios 
no município de Presidente Getúlio-SC. 

Pontos Coordenadas geográficas Atividade econômica predominante 
P1 27°04'07.65"S 

49°49'52.12"W 
Agrossilvipastoril 

P2 27°05'45.69"S 
49°47'28.16"W 

Agrossilvipastoril 

P3 27°03'12.28"S 
49°40'43.33"W 

Agropecuária, industrial e atividades urbanas 

P4 
 
P5 

27°03'24.71"S 
49°38'15.54"W 
27°02'43.53"S 
49°37'27.13"W 

Agropecuária, industrial e atividades urbanas 
 
Industrial, serviços e atividades urbanas 

 

 
Figura 2: Imagens correspondentes aos pontos de coleta do rio dos Índios, Presidente Getúlio (SC) na área rural do 

município (P1 e P2), área limítrofe da área rural/urbana (P3) e área urbana do município (P4 e P5). 
 
Tabela 2: Métodos utilizados na realização dos ensaios laboratoriais. 

Parâmetro Referência e Método 
Oxigênio Dissolvido SMEEWW(1) 4500-O G. 
Temperatura SMEEWW 2550 
Nitrogênio Total DS/EN ISO(2) 11905-1 
Nitrato APHA(3) 4500- NO3 
Nitrito APHA 4500- NO2 
Turbidez SMEEWW 2130B 
Alumínio SMEWW - 3030E e 3120B 
Manganês SMEWW - 3030E e 3120B 
Antimônio SMEWW - 3030E e 3120B 
Arsênio SMEWW - 3030E e 3120B 
Cádmio SMEWW - 3030E e 3120B 
Chumbo SMEWW - 3030E e 3120B 
Cobalto SMEWW - 3030E e 3120B 
Cromo SMEWW - 3030E e 3120B 
Estrôncio SMEWW - 3030E e 3120B 
Ferro SMEWW - 3030E e 3120B 
Molibdênio SMEWW - 3030E e 3120B 
Prata SMEWW - 3030E e 3120B 
Tálio SMEWW - 3030E e 3120B 
Vanádio SMEWW - 3030E e 3120B 
Zinco SMEWW - 3030E e 3120B 
pH SMEWW- 4500H+.B 
Cor verdadeira SMEWW-2120D 
DBO5 SMEWW-5210D 

(1) Standard Methods for the Examination of Water and Wastewater, 2012. (2) International Organization for Standardization (DS/EN ISO, 1997).  
(3) American Public Health Association, 2012.    
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Os parâmetros físico-químicos foram avaliados seguindo os procedimentos descritos no Standard 

Methods for the Examination of Water and Wastewater da American Public Health Association (APHA, 2012) 

e International Organization for Standardization (ISO 11905-1, 1997) conforme sumarizado na Tabela 2. Os 

seguintes ensaios físico-químicos e microbiológicos foram realizados: determinação de Oxigênio Dissolvido 

– OD pelo método eletrométrico (Oxímetro Logen Scientific, modelo L50D-4000 Série 7420), pH via método 

eletrométrico (Hanna HI 3221), cor verdadeira (Hach DR/2010), turbidez (Hanna HI 93703), quantificação de 

nitrato, nitrito e nitrogênio total pelo método colorimétrico (Merck Spectroquant Multy), demanda 

bioquímica de oxigênio-DBO5 (Hach, Modelo HQ30D) e quantificação de metais por meio de análise via 

Espectrômetro de Emissão Óptica com Plasma Acoplado Indutivamente (ICP-OES Optima 8300 Perkin-Elmer). 

  
Análise dos dados 
 

Os dados obtidos em relação às análises físico-químicas foram avaliados empregando modelos 

estatísticos utilizando análise de variância (ANOVA) e comparação das médias pelo teste de Tukey (p ≤ 0.05) 

empregando o programa Statistica para Windows, versão 7.0, Statsoft. 

 
RESULTADOS E DISCUSSÃO 
 

Os valores das análises físico-químicos da água do rio dos Índios foram obtidos em cinco pontos de 

amostragem (P) e, confrontados com os valores estabelecidos pelo Conselho Nacional do Meio Ambiente – 

CONAMA nº 357 de 2005 (CONAMA, 2005). A respeito das classes de qualidade do curso d’água, o rio dos 

Índios enquadra-se como classe II segundo Portaria nº 024/79, que rege o enquadramento dos cursos d’água 

do estado de Santa Catarina (FATMA, 1979).  

 
Oxigênio Dissolvido e Temperatura 
 

A Figura 3 apresenta os valores obtidos para oxigênio dissolvido (OD) e temperatura em todos os 

cinco pontos de amostragem analisados na bacia hidrográfica do rio dos Índios.  

Os dados obtidos da tabela 3 foram estatisticamente avaliados por análise de variância (ANOVA) e a 

comparação de médias pelo teste de Tukey a 5%, sendo que os parâmetros analisados (oxigênio dissolvido e 

temperatura) não diferem entre si estatisticamente (p < 0,05).  

A análise da água do rio dos Índios em relação aos seus cinco pontos de amostragem indica valores 

médios e desvio padrão (DP) compreendidos entre 9,04 mg L-1 ± 0,56 (P1) a 7,77 mg L-1 ± 2,04 (P5) para o 

oxigênio dissolvido. Portanto, conforme estabelecido pela Resolução do Conama n° 357/05 as análises da 

água do rio dos Índios demonstraram que, para OD, apresentam valores próximos e acima do valor mínimo 

permitido para classe 2 (> 5 mg L-1).   

O oxigênio constitui um dos parâmetros mais utilizados para a avaliação dos ecossistemas aquáticos, 

fornecendo um possível efeito de contaminação de efluentes domésticos em contato com a biota do rio com 

redução da disponibilidade de oxigênio (AMORIM et al., 2017). Lunelli et al. (2019) realizaram 

monitoramento da qualidade da água do rio dos Índios entre os meses de abril e maio de 2018 com valores 
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observados de OD compreendidos entre 5,00 e 6,00 mg L-1, corroborando com os dados obtidos nesta 

pesquisa.  

 

 
Figura 3: Box plot dos dados de oxigênio dissolvido (a) e temperatura (b) referente aos pontos de amostragem (P) da 

água do rio dos Índios, Presidente Getúlio (SC). Os pontos de amostragem correspondem a área rural do município (P1 
e P2), limítrofe da área rural/urbana (P3) e perímetro urbano do município (P4 e P5). 

 
A temperatura da água manteve-se em conformidade com as médias municipais de acordo com a 

época do ano. Contudo, é possível afirmar, a partir da análise da Figura 3b, o perímetro urbano 17.3317,33 

área rural 16. Ellisson et al. (2019), afirmam que o aumento da temperatura da água do rio pode ser 

consequência da supressão de vegetação nativa e alteração do fluxo de água no rio (vazão), sendo que, à 

medida que o fluxo diminui, a temperatura aumenta. A alteração da temperatura da água pode promover 

grande perturbação da fauna aquática e aumento na taxa das reações químicas e biológicas resultando em 

mau cheiro e liberação de gases com odores desagradáveis (NIINEMETS et al., 2017). 

 
Turbidez e cor verdadeira 
 

A análise de dados referente aos parâmetros analíticos de turbidez e cor verdadeira não 

apresentaram diferenças significativas empregando o teste estatístico - teste de Tukey (p<0,05) nos cinco 

pontos amostrais avaliados no período estudado (agosto/dezembro de 2019). Conforme estabelecido pela 

Resolução do CONAMA n° 357/2005, o valor máximo permitido para a cor verdadeira é de 75 mg Pt/L e 

turbidez com valor máximo de 100 UNT, para a classe 2. A Figura 4 apresenta a média dos valores da cor 

verdadeira e da turbidez nos pontos amostrais avaliados no curso d’água do rio dos Índios.  

Os dados apontam estabilidade nos valores de turbidez (10 a 25 UNT) em todos os pontos amostrais, 

atendendo ao valor máximo estabelecido pela Resolução CONAMA 357/2005 (100 UNT).  Contudo, do ponto 

de vista sanitário, o aumento da turbidez afeta esteticamente os corpos d´água e podem ser relacionados a 

processos erosivos devido às atividades agrícolas bem como a elevada densidade populacional em áreas 

urbanas que resultam no descarte de efluentes domésticos ou industriais (NASCIMENTO et al., 2019; LACH 
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et al., 2020). 

 

 
Figura 4: Box plot dos dados de turbidez (a) e cor verdadeira (b) referente aos pontos de amostragem (P) da água do 
rio dos Índios, Presidente Getúlio (SC). Os pontos de amostragem correspondem a área rural do município (P1 e P2), 

limítrofe da área rural/urbana (P3) e perímetro urbano do município (P4 e P5). 
 

De acordo com os dados apresentados na Figura 4a, percebe-se elevação da turbidez no ponto 

amostral P2, localização está inserida em área de intensa produção agrícola e agropecuária.  Neste sentido, 

um aumento na turbidez da água ocorre, principalmente, devido à presença de sólidos em suspensão e de 

substâncias inorgânicas que promove redução da fotossíntese de vegetação enraizada submersa e algas. 

Figur et al. (2017), em estudo da bacia hidrográfica do rio Abaúna em Getúlio Vargas - RS reportam uma 

turbidez média em torno de 14 UNT. No estudo, as autoras apontam os efeitos de ações antrópicas resultante 

de desmatamento e despejos de esgotos domésticos ao longo da bacia hidrográfica do rio Abaúna.  

A partir da análise de dados apresentado na Figura 4b, foi observado um acréscimo no valor médio 

da cor verdadeira nos pontos de amostragem da área rural (P1: 16,33 mg L-1; P2: 20 mg L-1). Desta forma, o 

ponto P1 apresenta melhor resultado para a cor verdadeira por estar localizado próximo à nascente do corpo 

hídrico e receber quantidade inferior de descarte de poluentes em relação ao ponto de amostragem P2. 

Marmontel et al. (2015) avaliaram a cor verdadeira da água na sub-bacia do Córrego Pimenta, com valores 

compreendidos na faixa de 25,80 a 93,10 mg Pt L-1, em período de estiagem, e de 19,50 a 97,90 mg Pt L-1, em 

período chuvoso. Portanto, os dados corroboram com os valores obtidos para a cor verdadeira no rio dos 

Índios, considerando a ocorrência de baixo índice pluviométrico a época do estudo.  

 
Nitrato e nitrito 
 

A Figura 5 apresenta a média dos valores de nitrato e nitrito nos pontos amostrais avaliados no curso 

d`água do rio dos Índios. 

A análise de dados referente aos parâmetros analíticos de nitrato e nitrito (Figura 5) não 

evidenciaram diferenças significativas empregando o teste estatístico ANOVA - teste de Tukey (p<0,05) nos 
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cinco pontos amostrais avaliados no período estudado (agosto/dezembro de 2019). Conforme estabelecido 

pela Resolução do CONAMA n° 357/2005, o valor máximo permitido para o parâmetro nitrato e nitrito não 

deve ser superior a 10 mg L-1 e 1 mg L-1, respectivamente para águas doces de classe 2. 

 

 
Figura 5: Box plot dos dados de nitrato (a) e nitrito (b) referente aos pontos de amostragem (P) da água do rio dos 

Índios, Presidente Getúlio (SC). Os pontos de amostragem correspondem à área rural do município (P1 e P2), limítrofe 
da área rural/urbana (P3) e perímetro urbano do município (P4 e P5). 

 
Contudo, foi observado aumento na concentração de nitrato no mês de novembro de 2019 nos 

pontos amostrais P1 (13,6 mg L-1) e P3 (13,6 mg L-1), acima do limite estabelecido. Neste contexto, a poluição 

por nitrogênio de origem agrícola tem sido caracterizada como uma variabilidade temporal e espacial, 

dependendo das atividades agrícolas adotadas na região e de variáveis como clima, solo e topografia (VASCO 

et al., 2011). Portanto, o carreamento de partículas devido à presença de fertilizantes e insumos químicos 

aplicada nas culturas de fumo, milho, mandioca, feijão e arroz irrigado como sendo as mais representativas 

no município de Presidente Getúlio podem ser responsáveis pelo surgimento de compostos nitrogenados no 

período supracitado. Entretanto, todas as demais amostragens apresentaram concentrações inferiores ao 

estabelecido pela resolução CONAMA n° 357/2005. 

  Analisando os resultados obtidos com referência as concentrações de nitrito na água, todos os 

pontos amostrais apresentaram valores inferiores ao limite máximo de 1 mg L-1 pela resolução CONAMA n° 

357/2005 de nitrito para corpos d´água classe 2. Em regra, o nitrito aparece em pequenas concentrações na 

água, pois estes são instáveis, oxidando-se rapidamente a nitratos (CARVALHO, 2016). 

 
pH e Demanda Bioquímica de Oxigênio (DBO5) 
 

A Figura 5 apresenta a média dos valores de pH e DBO5 nos pontos amostrais avaliados no curso 

d`água do rio dos Índios. 
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Figura 6: Box plot dos dados de pH (a) e DBO5 (b) referente aos pontos de amostragem (P) da água do rio dos Índios, 

Presidente Getúlio (SC). Os pontos de amostragem correspondem à área rural do município (P1 e P2), limítrofe da 
área rural/urbana (P3) e perímetro urbano do município (P4 e P5). 

 
A análise de dados referente ao parâmetro analítico pH não evidenciou diferença significativa nos 

dados obtidos empregando o teste estatístico ANOVA - teste de Tukey (p<0,05) nos cinco pontos amostrais 

avaliados no período estudado (agosto/dezembro de 2019). Conforme estabelecido pela Resolução do 

CONAMA n° 357/2005, o valor mínimo/máximo permitido para o parâmetro pH está situada na faixa de 6,0 

a 9,0 para águas doces de classe 2.  

Não obstante, a demanda bioquímica de oxigênio apresentou diferença significativa nos dados 

obtidos empregando o teste estatístico ANOVA - teste de Tukey (p<0,05). Portanto, para a DBO5 foi 

observado diferenças significativas em todos os pontos de amostragem exceto os localizados na área rural 

(P1) e (P2), ou seja, um dos possíveis fatores para a variação da DBO5 se deve a ocupação do solo da bacia 

hidrográfica do rio dos Índios e aos efeitos antrópicos ocasionados pelas atividades de urbanização, industrial 

e agroindustrial na bacia do rio dos Índios no município de Presidente Getúlio.  

O pH é considerado um parâmetro fundamental na manutenção da fauna e flora aquática pois 

determina a adequação da água para diversos fins. Nesta perspectiva, conforme observado na Figura 6a, os 

valores de pH para o rio dos Índios apresentam tendência de oscilação levemente ácido (6,60) para o 

levemente básico (7,20), sendo que nenhum dos valores encontrados classificam-se como indicadores de 

risco à saúde humana. Portanto a variável pH não apresentou variação significativa de valores A baixa 

variabilidade de pH nas amostras é indício da reduzida atividade industrial e seus impactos sobre os pontos 

amostrados.   

A Resolução CONAMA n° 357/2005 estabelece, para corpos d’água de classe 2, que a concentração 

de DBO5 não deve exceder 5 mg L-1, contudo, a análise de dados da Figura 6b aponta valores acima do limite 

permitido, destacando-se o ponto amostral P5 com valor médio de 19,60 mg L-1. O ponto amostral P5 

encontra-se localizado na área urbana do município de Presidente Getúlio/SC sendo indicativo de atividades 

antrópicas provenientes das atividades agrícolas, agropecuária e notadamente pelo despejo de efluentes 
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domésticos. Os dados apresentados na Figura 6b demonstram relativa preocupação no que tange aos valores 

obtidos para a DBO5 nos demais pontos amostrais conforme se segue: P1 (5,19 mg L-1), P2 (6,68 mg L-1), P3 

(6,24 mg L-1) e P4 (6,56 mg L-1). Neste contexto, os valores apresentados apontam a possibilidade da presença 

de substâncias orgânicas biodegradáveis como plantas em decomposição, materiais de origem animal, 

produtos químicos orgânicos, águas residuais ou urbanas e escoamento de águas pluviais. 

 
Determinação de metais 
 

A partir da Tabela 3, é possível verificar os valores dos pontos amostrais de todas as coletas 

referentes as análises da série de metais aferindo com os valores estabelecidos pela Resolução nº 357/2005 

do CONAMA (CONAMA, 2005).  

 
Tabela 3: Resultados das análises de metais presentes na água e o valor de seus pontos amostrais nas quatro coletas 
realizadas. 

Parâmetro Resultados das análises (Agosto 2019) Resultados das análises (Setembro 2019) VMP(1) 

P1 P2 P3 P4 P5 P1 P2 P3 P4 P5 
Alumínio (mg L-1) 0,267 0,345 0,274 0,229 0,264 0,452 0,150 1,621 1,097 0,229 <0,1 
Manganês (mg L-1) 0,075 0,104 0,082 0,027 0,084 0,086 0,072 0,079 0,097 0,083 <0,1 
Arsênio  
(mg L-1) 

0,023 0,018 <0,010 <0,010 0,020 <0,010 <0,010 <0,010 <0,010 <0,010 <0,010 

Estrôncio (mg L-1) <0,040 <0,040 <0,040 <0,040 <0,040 0,065 0,047 0,057 0,042 0,040 - - - 
Ferro  
(mg L-1) 

0,915 1,195 0,890 0,715 0,677 1,112 0,745 2,169 0,991 1,007 <0,3 

Zinco  
(mg L-1) 

0,040 0,058 0,049 0,040 0,041 0,042 0,040 0,160 0,065 0,041 <0,18 

Parâmetro Resultados das análises (Outubro 2019) Resultados das análises (Dezembro 2019) VMP(1) 

P1 P2 P3 P4 P5 P1 P2 P3 P4 P5 
Alumínio (mg L-1) 0,270 0,871 0,723 0,921 0,628 0,760 1,369 1,018 1,001 0,988 <0,1 
Manganês (mg L-1) 0,026 0,033 0,030 0,036 0,032 0,035 0,084 0,089 0,098 0,055 <0,1 
Arsênio  
(mg L-1) 

<0,010 <0,010 <0,010 <0,010 <0,010 <0,010 <0,010 <0,010 <0,010 <0,010 <0,010 

Estrôncio (mg L-1) <0,040 <0,040 <0,040 <0,040 <0,040 <0,040 <0,040 <0,040 <0,040 <0,040 - - - 
Ferro  
(mg L-1) 

1,278 1,942 1,418 1,592 1,363 1,264 2,714 2,014 3,508 1,650 <0,3 

Zinco  
(mg L-1) 

0,041 0,042 0,042 0,052 0,043 0,040 0,042 0,083 0,050 0,052 <0,18 

(1) Valor Máximo Permitido pela Resolução CONAMA n° 357/2005. 
 

Os resultados apresentados na Tabela 3 apontam para o metal alumínio valores acima do permitido 

pela legislação (< 0,1 mg L-1) em todos os cinco pontos amostrais, sendo a menor concentração registrada no 

ponto próximo a nascente do Rio dos Índios (P1). Portanto, a presença de uma concentração elevada de 

alumínio pode ter origem da presença de indústrias do setor metal- mecânico e têxtil presente na região de 

estudo.  

O arsênio é um metal pesado de elevada toxicidade (COSTA et al., 2018) que pode provocar diversas 

reações à saúde humana. As análises realizadas apontaram a presença de arsênio na primeira amostragem 

(agosto/2019) nos pontos P1 (0,023 mg L-1) e P2 (0,018 mg L-1) localizados na área rural do município. Deste 

modo, uma possível motivação pela presença deste metal na água do rio dos Índios pode ser atribuída à 

utilização de controle de pragas na agricultura, considerando a utilização de herbicidas aplicados em culturas 

de milho, uma das principais atividades econômicas do município (SANTA CATARINA, 2020). Da mesma 
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forma, o ponto P5 também indicou a presença deste metal, sendo possivelmente relacionada às 

características do solo em torno do corpo hídrico, constituído pela associação de argissolo vermelho-amarelo 

e cambissolo álico (EMBRAPA, 2004), cuja configuração é representada pela presença de arsênio (SOUZA et 

al., 2016). 

A partir da análise dos resultados da concentração de ferro na Tabela 2, observa-se em todos os 

pontos de amostragem valores superiores ao limite máximo definido pela legislação Conama 357/2005 para 

ferro total (0,30 mg L-1). A amostragem realizada no ponto P4 (3,508 mg L-1) em dezembro/2019 evidenciou 

o maior valor encontrado no curso do rio dos Índios. Gois et al. (2016) reportaram elevada concentração de 

ferro em pontos de amostragem localizados em área de atividade industrial do setor metalúrgico e têxtil no 

curso do rio dos Índios.  

Da mesma forma, as concentrações de manganês variaram na faixa de 0,026 mg L-1 (P1, 

outubro/2019) e 0,104 mg L-1 (P2, setembro/2019). Sawyer et al. (2003) afirmam que o elemento manganês 

ocorre naturalmente em baixas concentrações nos solos, na forma de óxidos e sais pouco solúveis e, cuja 

solubilidade aumenta em condições redutoras, ou seja, em ambiente anaeróbico. A presença de ferro e 

manganês em mananciais de água superficiais ou subterrâneos destinados ao abastecimento é comum, 

porque esses metais estão presentes com frequência nos materiais geológicos, ocorrendo naturalmente na 

água pelo desgaste ou dissolução de rochas e minerais, lixiviação de solos e escoamento superficial.  

O elemento estrôncio apresentou valores inferiores (<0,040 mg L-1) em todos os pontos de 

amostragem exceto no período de setembro/2019. Neste contexto, os valores obtidos podem ser relativos a 

atividades agrícolas e devida as formações geológicas constituídas for diversas rochas sedimentares com 

predominância de arcóseo, folhelhos, siltitos, ritmitos e arenitos ao longo do rio dos índios (BRASIL, 2014).  

No presente estudo, o elemento zinco foi detectado em faixas de concentração entre de 0,040 mg L-

1 e 0,164 mg L-1, portanto abaixo do limite estabelecido pela Resolução Conama 357/2005 (0,18 mg L-1). Do 

mesmo modo, não foi observada a presença de antimônio, cádmio, chumbo, cobalto, cromo, molibdênio, 

prata, tálio e vanádio em todos os ensaios realizados, sendo assim, estes não foram apresentados na tabela. 

 
CONCLUSÕES 
 

Estudos como esse são de extrema importância para a gestão dos recursos hídricos, sendo que, é a 

partir deles que os órgãos regionais conseguem avaliar a qualidade das águas de seus territórios além de 

determinarem quais as principais fontes de contaminação. Neste ínterim, ao analisar uma bacia hidrográfica 

de características rurais e urbanas ficou evidenciado que a falta de gestão dos efluentes gerados, resulta em 

impactos negativos a montante do ponto de lançamento, sendo isso um grave ponto a ser analisado quando 

levada em consideração a interferência de uma bacia hidrográfica nas demais. Para a região hidrográfica do 

Rio dos Índios torna-se imprescindível a otimização dos sistemas de tratamento de efluentes domésticos e 

industriais, uma vez que, geridos de forma inadequada ou inexistente interferem na piora da qualidade de 

todo o ecossistema da região. 
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