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ABSTRACT

The performance of an anaerobic sequencing-batcfilii reactor (ASBBR- laboratory scale- 14L )contag
biomass immaobilized on coal was evaluated for #meaval of elevated concentrations of sulfate (betm@00 and
3,000 mg S@*L™Y) from industrial wastewater effluents. The ASBB# whown to be efficient for removal of
organic material (between 90% and 45%) and sul{@ieetween 95% and 85%). The microbiota adheringht® t
support medium was analyzed by amplified ribosdbidh restriction analysis (ARDRA). The ARDRA prsfifler
the Bacteria and Archaea domains proved to be teedior the determination of microbial diversitych were
consistent with the physical-chemical monitorincalgsis of the reactor. At 3,000 mg S, there was a
reduction in the microbial diversity of both domsiand also in the removal efficiencies of organeterial and
sulfate.
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INTRODUCTION shown to be adequate for the removal of sulfate
from wastewater (Sarti et al. 2006 and Satrti et al.
Industrial wastewater with elevated concentration@010) and the removal of large quantities of
of sulfur compounds (sulfate and sulfide) require®rganic material (Ribas et al. 2008).
suitable treatment to meet legal requirements fdsulfate reduction in completely sulfidogenic
disposal. In the state of Sdo Paulo, State Decréeactors results in sulfides with the oxidation of
8468 of 1976 established maximum concentrationgrganic material by sulfate-reducing bacteria
of 1,000 mg SG/L of sulfate (article 19a) and 1.0 (SRB).
mg/L (CONAMA 357) of sulfides in liquid The SRB can grow in a wide range of
effluents directly or indirectly disposed of into wastewaters: industrial effluents, acidified waters
receiving water bodies. resulting from drainage in metal extraction
The biological removal of sulfate is an alternativgprocesses, simultaneous removal of metals, and in
with a greater cost-benefit ratio in relation tothe desulfurization of gas emissions (Lens et al.
physical-chemical methods (Maree et al. 1991)1998). These microorganisms are divided in two
Anaerobic sequencing-batch biofilm reactorgnain groups: SRB that incompletely degrade
(ASBBR) with immobilized biomass have been  organic material to acetate (reaction 1; butanol is
the example substrate) and SRB that completely
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degrade organic material to carbon dioxiddocated in the region of S&o Carlos, SP with a high
(reaction 2; here, acetate is the substrate). sulfate concentration (~200 g/L), in this case
Due to its toxicity, the sulfide produced consttut resulting from the sulfonation of vegetable oils. T
the main problem associated with the anaerobigermit the biological treatment of this sulfatelric
treatment of wastewater rich in sulfate. Theeffluent, a strategy for a gradual increase inatalf
inhibitory effect of sulfide is probably caused byconcentration (250, 500, 1,000, 2,000 and 3,000
H,S (non-ionized). Low pH values and low mg/L) was chosen to be applied to the ASBBR.
temperatures increase its toxicity, as well asfavolhe sulfate-rich industrial effluent was mixed with
the formation of ionized sulfide. Besides the pHpther wastewater generated in the production of
the COD/sulfate ratio also influences themelamine resin. The organic material (155 g
susceptibility of microorganisms to the toxicity of COD/L) present in this residue was 99% butanol,
sulfide. forming the carbon source (electron donor) for the

C,H.OH + SO2 S 2CH.COO + HS + H' + HO (1) reduction of sulfate in the ASBBR.
C?—|3§E:oo + SQQ-Z N 4:3(;@- + 2HS 2 Ezg The ASBBR Anaerobic Sequencing-Batch

] _ o Biofilm Reactoy was constructed at the laboratory
In mixed cultures, as in those existing in wastescgle (total volume: 14 L) of acrylic and

treatment bioreactors in the presence of sulfate, t maintained at a controlled temperature oD,

sulfate-reducing bacteria (SRB) compete with thgpq support medium used for adhesion of the
methanogenicArchaea for the same substrates,biomass was 6 kg of coal (diameterl0 to 20

acetate and hydrogen. The_r efore, th_e ob_jective %m) resulting in a bed porositg)(of 50% and a
this study was to characterize the diversity of th‘ﬁquic] treatment volume of 7 L. The total

microbiota adhering to the coal particles in the0 - o .
. : perational cycle was 48 hours, divided into the
ASBBR for the domain8acteriaandArchaeaby following steps: feeding (1 h), reaction with

using _the amplified ribosomal DNA restric_tion continuous recirculation (46 h) and drainage (1 h).
analy5|s technlque_(ARDRA) and to establish _%gitation was maintained by ascending liquid
possible relation with the reactor performance Mecirculation using a peristaltic pump. Figure  an
terms of the removal of sulfate and organiGrphie 1 present the main characteristics of the
material, _ - . . ASBBR. The reactor was inoculated with
T.he .pOSSIbIIIty of characte_nzmg m'C“?b'a' anaerobic granular biological sludge from the
d|_ver5|ty through mol_ecular bl_ology te‘?hn'q”estreatment of effluent from a poultry
W|thout_ th_e nee(_JI to _Isolate microorganisms ha§Iaughterhouse. The concentration of sulfate in the
revolqtlonlzed microbial ecology. In the ,ARDRA reactor influent was gradually increased from 250
technique, fragments from the 16S region of th?‘ng SQ?/L (Stage 1) to 500 mg SOL (Stage 2),

ribosomal RNA (rRNA) sequences, amplified 3%hen 1,000 mg SO/L (Stage 3), 2,000 mg SOL
complementary DNA (cDNA) by the polymerase(Stage’ 4), an?j finally( 3,0%0 rr)lg $?Zl_ (Stgage 5).

chain reqctlon (PCR) 'from a DNA sample pf.theTo reach these concentrations, dilution of the
community, are digested with restriction;

q I Th I h DNAmdustrial effluent was necessary as well as the
endonucleases. These enzymes cleave the dition of the carbon source (wastewater from
specific  sites, producing double-strande

) , : elamine resin) to maintain the COD/sulfate ratio
fragments of precisely defined sizes. Thes

f d b Petween 1.8 and 4.0.
ragments _are  separate y ~agarose- ci\r/lonitoring of the ASBBR was performed by

polyacrylamide-gel electrophoresis (MaSS()l'DeyEfnonitoring pH, COD (chemical oxygen demand),
$tha'- 15.95): ¢ s stud iy Sulfate (SG), and Total Dissolved Sulfide (TDS)
e objective of this study was to establish g,,canirations according to the methodology

relationship between the microbial diversity escribed by APHA (2005). The total volatile
present in the ASBBR reactor and the operation cids were also determined, including acetic acid
results obtained for the removal of sulfate an Dillalo and Albertson, 1961)

organic material at various sulfate concentrations.At the end of each operational cycle, that is, for
each sulfate concentration studied, floating
biomass along with five particles of coal from the
MATERIAL AND METHODS middle region of the reactor were removed, and

. the biomass was separated from the coal with the
Wastewater was collected from a chemical plant
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aid of a soft polyethylene bristle brush. After(5° TCY GKT TGA TCC YGS CRG AG 3°) and
homogenization of this material, genomic DNA1100 AR (5" TGG GTC TCG CTC GTT G 3).
was extracted (Griffiths et al.,2000), and The PCR reactions for the rRNA 16S followed the
amplification of ribosomal 16S sequences wasnethodologies described by Fernandez et al.
performed using the polymerization chain reactiorf1999) forBacteria and that reported by Hales et
(PCR). For the domaimBacterig two universal al. (1996) forArchaea The PCR products were
primers were used: 27F (5" AGA GTT TGA TCC submitted to amplified rDNA restriction analysis
TGG CTC AG 3) and 1522R (5 AAG GAG (ARDRA) (Massol-Deyé&t al. 1995), i.e., digested
GTG ATC CAG CCG CA 3. The following with the endonucleaségu | andHae llI, followed
primers were used for the domalmchaea 1AF by agarose-gel electrophoresis.

Table 1- Construction characteristics of the ASBBR (latory scale).

Characteristics ASBBR
Material Acrylic
Height (L) 820 mm
Diameter (D) 150 mm
Coal massg=0.5) 6 Kg
Liquid bed volume (V) 6L
Total bed volume (V) 12 L
Head-space volume (¥ 1L
Additional volume (\) 1L
*Liquid volume (Va+V)) 7L
Total reactor volume (W +Vy+V,) 14 L
Useful volume (M +V,) 13 L

* Liquid to be treated volume
V a-Liquid level for pump suction

recirculation

Figure 1 - Flow diagram of the ASBBR (measurements in cm).
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RESULTS AND DISCUSSION In this system, the following loads were reached:

application of 2.2 g S@/cycle with an average
Tables 2 and 3 present the results of monitoringfficiency of 85% and a removal of 18.8 g .80
both the influents (Table 2) and effluents (Table 3/cycle (Tables 1 and 2 and Fig. 1). In terms of
of the ASBBR reactor at the five different COD, during the 65 cycles a gradual reduction in
concentrations of sulfate applied. the organic-material-removal efficiency was
The results for sulfate-removal efficiency wereobserved, accentuated in Stage 3 (1,000 mg SO
related to the COD/sulfate ratios for a total of 65/L; Tables 1 and 2 and Figure 2, possibly due to
operational cycles and are shown in Figure 2he inhibition of methanogenesis. It should also be
Figure 3 shows the results for COD removahoted that the applied load in terms of COD was
during the 65 cycles. generated by the addition of wastewater from
During the operation of the reactor, significantmelamine resin as an electron donor for the
results were obtained in terms of sulfate removakulfate-reduction process.

Table 2 - Average values of the influent variables apptiethe ASBBR reactor in the different operatiostalges.

Variables Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
Number of cycles 16 10 22 11 6
SO, (mglL) 289126 572470 1048172 21724122 3179176
COD+ota /[SO4 2.60+0.54 3.09+0.22 3.67+0.45 3.32+0.42 3.67+0.19
CODrtq (Mmg/L) 7624205 1,757+132 3,839+442 7,190+827 124653
TVA (mg HAc/L) 20.7+10.8 17.7£3.9 29.849.8 26.5+4.1 22.7+3.6
pH 6.2-7.4 6.5-7.4 6.6-7.5 5.9-7.0 5.9-6.5

Table 3 - Average values of the effluent variables obtaifi@dthe performance of the ASBBR reactor in the
different operational stages.

Variables Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
Number of cycles 16 10 22 11 6
SO(mglL) 103.6%£29.5 31.9+15.2 56.4+29.5 247.8+128.485.8+47.4
*TDS (mg/L) 1.26+0.30 214.6+50.3 122.8+68.8 73.9826 197.7+6.1
CODrota (Mg/L) 55+18 214450 1,994+494 3,773+768 7,933+408
CODkijerec (Mg/L) 28+12 157+55 1,904+474 3,637+784 7,740+426
*TVA (mg HAc/L) 24+7.2 32+14 675199 1,322+174 20459

pH 6.3-7.4 6.5-7.7 6.4-7.7 7.2-7.7 6.4-6.8

*Total Dissolved Sulfide
** Total volatile acids (as acetic acid; HAc)
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Figure 2 - Temporal variation of the sulfate removal effizig (@) and the COD/[S] ratio (0)
applied to the ASBBR in the various operationajjsta
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Figure 3 - Temporal variation of the removal efficiencytearms of COR, (M) and CORjereq
(o) of the ASBBR in the various operational stages.

The applied organic loads varied from 5.33 tdn digestions with the endonucleasAli | and
81.56 g COD/cycle in the various stages, and thidae Il for the domainArchaea(Fig. 4, ¢ and d),
mean removal efficiencies were greater than 90%ifferences were also observed in both between the
in Stages 1 and 2, decreasing to an average of 458®DRA profiles of the inoculum and the

in later stages. The low efficiency of organic-microbiota established on the support medium at
material removal observed in Stage 5 was linkedll conditions studied. Apparently, the selected
to the high concentration of residual COD,methanogenic Archaea maintained themselves in
principally composed of total volatile acids all test situations, except in Stage 5. In thigeata
(TVA), which reached a concentration of 2,000the average total dissolved sulfide concentration
mg HAc/L (Table 3), associated with the elevatedvas 197.#6.1 mg-I* (max: 206 mg-LY). As the
concentration of dissolved sulfides (190 mg/L;pH in the effluent decreased from 7.7 (Stage 3) to
Table 3) generated during sulfate reduction. Those.4 (Stage 5), this indicated more un-ionized
volatile acids not consumed by the methanogenisulfide, i.e., a greater 8 concentration in the
pathway were carried out of the reactor togethdiquid medium. The reduction in pH was caused by
with the sulfides in the ASBBR effluent (Nagpal etthe increase in total volatile acid (TVA)
al., 2000). concentration due to the partial oxidation of
In both endonuclease digestion tests with theutanol by the sulfate-reducing bacteria (SRB) to
domainBacteria(Fig. 4, a and b), differences wereproduce acetic acid (Table 3).

observed in the banding patterns of the 16S rRNAhe presence of sulfide in the form ofSHat high
fragments amplified from the inoculum and theconcentrations likely inhibited methanogenic
microbiota established on the support medium foactivity. The population of methanogens appears
all studied conditions. to have disappeared from the reactor at this stage,
In Stages 1 and 2, the banding patterns wergs confirmed by the absence of 16S rRNA
similar. Beginning in Stage 3, alterations werefragments in the electrophoresis (Fig. 4c, S5 and
observed in these patterns, which resembled thrl, S5). The disappearance of methanogenic
bands in Stage 4. Stage 3 showed an averagechaea confirms the increase in TVA
sulfate reduction of 95% (max: 99.8%), and inconcentration that generated the residual COD.
Stage 4, 88% (max: 95%) was obtained. HoweveRossibly, the butanol present in the melamine
in Stage 5, the average sulfate reduction was 85%astewater was partially oxidized by the SRB and
(max: 86%), and there was a significant change iosonverted to acetate, which was not totally
the ARDRA profile, apparently indicating a consumed by the methanogenic organisms since
diminishing bacterial diversity in the reactorlaist they were no longer present in the system.

sulfate concentration.
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@ S1 S2 S3 S4 S5 *1 S1 S2 S3 S4 S5 *M1 1 S1 S2 S3 S4 S§ *M21 S1 S2 S3 S4 S5

(a) ARDRA profile with (b) ARDRA profile with (c) ARDRA profile with (d) ARDRA profile with
endonucleasAlu | (domain endonucleasEae Il endonucleasAlu | (domain endonucleasEae Ill
Bacterig) (domainBacterig Archaeg (domainArchaeg

Figure 4 - ARDRA profiles for the domainBacteria(a and b) and\rchaea(c and d). Legend:*I
(inoculum); S1 (250 mg SG/L); S2 (500 mg SEA/L); S3 (1,000 mg SEF/L); S4
(2,000 mg S@%L); S5 (3,000 mg SE¥/L); M1 (DNA label at 10,000 bp); M2 (DNA
label at 2,000 bp).
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