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Kraft mills are responsible for the massive dischar ge of
highly polluted effluents, and new bleaching processes
(i.e. Total Chlorine Free (TCF)) is presented as a
feasible option to reduce this environmental impact.
However, increased TCF pulp production is
accompanied by an increase in chelate use. The most
commonly used chelates, ethylenediaminetetraacetic
acid (EDTA) and diethylenetriaminepentaacetic acid
(DPTA), are considered to be relatively persistent
substances in water treatment plants, and consequently
environmentally critical compounds. The purpose of
this work is to investigate DPTA behaviour in an
anaerobic system. An Anaerobic Filter (AF) was
operated with three different DPTA load rates (LRppra
= 0.07 - 0.28 gDPTA/Lxd), and the operating strategy
was to maintain the anaerobic system stable during the
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entire operation (alkalinity ratio below 0.3). The AF's
maximum Chemical Oxygen Demand (COD) removal
was 59%, whereas the Biological Oxygen Demand
(BODs) was around 95%. However, only 5% of DPTA
removal was observed under anaerobic conditions
during the first operating period. Scanning electronic
microscopy indicates that the operating system reduced
microor ganism biodiversity.

In recent years, important technological innovations have
been implemented in the kraft mills worldwide, aimed at
reducing both water consumption and toxic contaminant
generation. Thus, water circuit closures as well as new
pulping and bleaching processes have been introduced.
Some of those innovations, such as extended cooking,
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oxygen predelignification and TCF bleaching, have been
implemented in  Chilean mills, improving ther
environmental performance (Videlaand Diez, 1997).

The TCF bleaching process employs hydrogen peroxide
(H20,) instead of chlorine compounds to remove residual
lignin. However, the heavy metals contained in wood
(Kaluza et al. 1998) and water catalyze the production of
OH" radicals, which then readily react with pulp
carbohydrates, resulting in yield losses and a decrease in
pulp strength (Rodriguez et al. 1999; Van Ginkel et a.
1999).

Chelating agents are used in pulp and paper processing to
control the action of different metal ions. Although TCF
pulp production eliminates the use of chlorine, EDTA and
DPTA concentrations will increase in TCF pulp production
wastewaters. EDTA and DTPA concentrations in pulp mill
effluent treatment outfalls have found between 10 and 60
mg/L (Suss and Nimmerfroh, 1993). Chelating agents are
often considered as a compound that cannot be biologically
treated (Alder et al. 1990; Saunaméki, 1995); nevertheless,
recent studies have shown that EDTA has been degraded at
dlightly alkaline pH values with activated sludge treatment
(Van Ginkel et a. 1997; Van Ginkd et al. 1999).

Hinck et a. (1997) studied the DPTA transformation in
conventional effluent treatment processes. The batch assays
were inoculated with four different biomass under aerobic
conditions. To apply selection pressure to bacterial
populations, the only carbon source was DPTA (Hinck et
a. 1997). The results indicated that DPTA is not
biodegradable under aerobic conditions. Additionaly,
Larisch and Duff (2000) studied the effect of different
DPTA concentrations (from 50 to 875 mg/L) in an
activated dudge reactor, showing that after exposure to
elevated DPTA levels (> 500 mg DPTAJ/L), floc density
was considerably reduced and BODs removal efficiency
was reduced by up to 39%. Virtapohja and Alen (1999)
found similar results in large-scale activated sludge plants,
observing reductions of 33 and 54% of DPTA and EDTA,
respectively. Considering that al of the studies mentioned
were performed under aerobic conditions and no studies
have been performed under anaerobic conditions, the
objective of this study was to evaluate the biodegradation
of the FeeDPTA complex contained in TCF synthetic
effluent in an anaerobic filter reactor.

Table 1. TCF synthetic influent characteristics.

Parameter Range
pH 6.5—7.2
COD(g/L) 0.267 — 0.296
BOD:s (g/L) 0.087 — 0.120
DTPA (g/L) 0.088 — 0.113
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Figure 1. Diagram of the experimental AF reactor.
1: influent; 2: distributor; 3: sludge bed; 4: separation S/L/G; 5:
biogas; 6: recirculation; 7: support; 8. effluent.

MATERIALS AND METHODS
Influent

The TCF synthetic influent was prepared to according to
the principal concentrations present in common effluent.
The basal medium was HCOONa (500 mg/L), CH;COONa
(100 mg/L), NaHCO; (4 g/L), DTPA and Fe (lIl). The
chelating agent concentration was 107 mg/L and Fe (ll1)
was added to ensure the formation Fe-chelate complex
(Rodriguez et a. 1999).

The nutrient solution was prepared considering the follow
minera elements. HsPO, (0.0032 mg/L), MgSO,7H,0O
(0.54 g/L), CaCl,-2H,0 (0.54 g/L), FeCl3-6 H,O (1.05 g/L),
NH,Cl (2.085 g/L), C,H,0, (50% in H,O) (3 mglL),

The influent fed to the AF consisted of 1 L of basal medium
and 10 ml of nutrient solution. Table 1 presents the
synthetic  influent's physicochemical  characteristics.
DPTA's COD vaueis 1.5 g COD/gDPTA.

Anaerobic filter

An AF (240 ml) was continuously operated for 200 days
(Figure 1). The AF was supported by corrugated PVC 1.5-
cm diameter Raschig rings with a specific surface of 449
m?/m?>. The reactor was spiked with 5 gV SS/L of anaerobic
flocculent Sludge, and placed in a thermostatic chamber at a
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constant temperature of 37°C. The sludge's maximum
specific methanogenic activity was 0.9 gCOD/gV SS-d. The
reactor was initiated with wastewater at alow DPTA Load
Rate (LRppra), Which increased progressively from 0.07 to
0.28 g DPTA/L-d, and the Organic Load Rate (OLR) was
increased from 0.17 to 1.4 gCOD/L-d. The flow rate, pH,
COD, BODs, DPTA, Totd Alkalinity (TA) and akalinity
ratio were measured throughout the operation. An attached
biomass characterization was also performed with a
scanning microscope, following Belmar et a. (2004). Three
different samples were collected from the AF's supporting
material.

Analytical methods

Volatile Suspended Solid (VSS), Total Suspended Solid
(TSS), Totad Solid (TS), Voldtile Solid (VS), Chemica
Oxygen Demand (COD), and Biologica Oxygen Demand
(BODs) were measured using Standard Methods (APHA,
1985). DPTA was measured following Bhattacharya and
Kundu (1971), adapting the methodology to EDTA. The
maximum absorption of iron (I11) and DPTA complex in
0.1 N H,SO, medium is at 305 and 258 nm, respectively.
Thus, DPTA can be calculated by adding the excess of Fe
(1) to the absorbance measurements at the two
wavelengths (Bhattacharya and Kundu, 1971). A calibrated
curve of DPTA concentration vs. absorbance with statistic
correlation (r’) of 0.9999 was graphed (range of DPTA
calibration: 25 to 125 mg/L).

Samples for the COD, BODs and DPTA characterization
were membrane filtered (0.45 mm). TA and the akalinity
due to VFA (Intermediate Alkalinity, I1A) were determined
by titration (Ripley et al. 1986). The IA/TA ratio is a very
useful parameter because it checks correct digester
operation, where a ratio below 0.3 - 0.4 indicates that no
VFA accumulation occurs (Fernandez et al. 1995).

Calculation of the dudge's maximum  specific
methanogenic activity was carried out in 100 mL serum
bottles following the procedure previously described by
Soto et al. (1993). A neutralized VFA stock solution was
used to provide afinal concentration of acetic acid (Hac) of
2 g/L, propionic acids (HPr) of 0.5 g/L, and n-butyric acid
(HnBuU) of 0.5 g/L. The sludge concentration in the assays
was 2.0 VSS/L. To obtain a reducing medium, 100 mg
Na,S-9H,0/L were added. Diluted HCl or NaOH solutions
were used to adjust the initial pH 7.0 £ 0.1. Nitrogen gas

Table 2. Reactor performance during operation.

was bubbled up into each flask to remove air from the
headspace. All assays were performed at 35°C (Soto et al.
1993).

Attached biomass characterization was made using
scanning microscopy, according to Belmar et al. (2004).
Three different samples (support area 1 x 1 cm?) were
collected from AF supporting material at the initial and
final time of AF reactor operation. They were re-suspended
with ultrasonic bath (power output of 90 W) for 20 min at
4°C in a modified protoplasting buffer (0.45 M sucrose).
Then, they were washed in PBS buffer (120 mM NaCl and
2.7 mM KCI in 10 mM pH 7.6 phosphate buffer), and were
evaluated using a scanning electronic microscope at
magnifications 2.500x, 5.000x and 1.000x (Belmar et al.
2004)
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Figure 2. Reactor control parameters, OLR (e) and LRpp1a (0).

RESULTS AND DISCUSSION

The biodegradation feasibility of Fe-DPTA-containing TCF
bleaching effluent was studied using an AF reactor. To
prevent methanogenic inhibition during reactor start-up and
to promote gradual biomass acclimatization, the OLR was
gradually increased from 0.17 to 1.4 gCOD/L x d, whereas
the Fe-DPTA organic load increased from 0.07 to 0.28
gDTPA/L x d and HRT from 34.6 to 6.1 hr after 200 days
(Figure 2).

The hydraulic conditions were kept complete stable for the
second and third operating period with HRT 16.2 and 6.1

Period (d) OLR HRT LRptpA pH effluent | Total alkalinity | Alkalinity ratio Removal
(gCODI/L-d) (h) (gDTPA/L-d) (mgCaCo0s) COD (%) | BODs (%) | DTPA (%)
1-64 0.17 34.6 0.07 8.7 2000 0.19 52.6 95.0 5.2_8
0.23-0.08 |43.1-25.4 0.09-0.05 9.0-8.2 2025-1550 0.22-0.18 63.1-15.2 | 97.9-90.1 | 19.8- 14.5
65-116 0.44 16.2 0.13 8.5 1954 0.13 52.4 94.4 O.QS
0.43-0.24 | 21.3-145 0.18-0.07 8.9-8.1 1900-1954 0.14-0.08 77.2-47.6 | 97.6-90.4 | 30.4- 49.8
117-200 1.4 6.2 0.28 8.1 1825 0.24 59.0 94.7 —26_.16
1.23-0.98 6.9-5.5 0.50-0.12 8.6-7.6 2050-1625 0.30-0.16 67.6-51.2 | 98.1-94.7 | 9.4- 68.0
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hrs, respectively (Figure 3a and Table 2). Figure 3b shows
the akalinity ratio and the pH throughout the operation.
Total system alkalinity was around 2 gCaCO3/L (1.8 - 2.0
gCaCO3/L) and the alkalinity ratio was aways below 0.3,
indicating that no volatile fatty acid accumulation occurred
(Ripley et al. 1986).

AF reactor efficiency can be observed in Figure 4 and
Table 2. During operation, the maximum BOD5 removal
was above 95%, whereas COD was below to 59%. As
shown in Figure 4a, BOD5 removal remained stable during
the entire operation. However, COD efficiency gradually
increased from 40% to 59% as the anaerobic bacteria
adapted. Figure 4b and Figure 4c show DPTA was
accumulated in  the reactor due to DPTA
adsorption/desorption on the biomass. The increases in
DPTA concentration in the effluent are due to the AF
feeding strategy (Figure 2).
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Figure 3. AF reactor performance.
(a) HRT (m).
(b) pH (®) and Alkalinitv ratio (o).

Considering the AF's BOD5 removal efficiency, it can be
concluded that methanogenic activity was conserved, even
with presence of Fe-DPTA in the reactor. Indeed, electronic
microscope biofilm studies (Figure 5a) show the inoculum
congtitution at time zero (magnification 2.500x) with a
diversity of anaerobic bacteria in the biomass. In contrast,
the biofilm studies (magnification 2.500x) at the end of AF
operation (Figure 5b) indicate anaerobic microorganism
selection (rod and coccus morphology). Due to this
selection, biomass concentration inside the reactor
decreased from 1.2 gVSS (start-up of AF reactor) to 1.0
gVSS (fina concentration of AF operation). Belmar et al.

(2004) show that in the support biofilms of a FeeEDTA-
treating AF reactor, 34.6% of the bacteria are archeas and
the methanosarcinas sp. is most important population
(35%). Result extrapolation to Fe-DPTA indicates that
methanogenic bacteria will continue operating in presence
of Fe-DPTA compounds.
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Figure 4. Removal of:

(a) COD (M) and BODs (0).

(b) DPTA (*).

(c) Concentration of the effluent DPTA (o).

However, during the first operating period (1 - 64 days),
only 5% of Fe-DPTA was removed, and this was probably
due to adsorption. The recalcitrant COD fraction can be
explained by the non-mineralized DPTA fraction under
anaerobic  conditions because EDTA and DPTA
biodegradability depends on metal complex stability. If Ca
and Mg ions exist in stoichiometric excess, the composition
of the metal complexes will slowly be displaced in favour
of the more degradable Ca and Mg complexes (Henneken
et a. 1996). However, other evidence indicates that pure
Fe-EDTA and Fe-DPTA complex is biodegradable under
aerobic conditions (Lauff et a. 1990), although there is no
evidence on the anaerobic biodegradation of these kraft mill
effluent compounds. The evolution of Fe-DPTA removal
(Figure 4b) shows that the Fe-DPTA removal efficiency
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during the first 116 days of AF operation is due to
adsorption/desorption phenomena. Moreover, Figure 4b
shows that after 116 days of operation, the AF reactor
increases the effluent's DPTA-Fe concentration. This
phenomenon is probably due to saturation of biomass
adsorption capacity. Moraga et a. (2002) reported
preliminary adsorption/desorption results, indicating that
when biological materials and activated carbon adsorb
chelates, adsorption phenomena can be described by a
Freundlich-type isotherm. They reported that the best
adsorption conditions are a low pH (>5.0) and low
temperature (20°C); while when pH >7.0 and temperature
>50°C, desorption can take place.

Results from this study suggest that Fe-DPTA shows
recalcitrant behaviour to be degraded by anaerobic bacteria
(Figure 4b). Prior to the mentioned study, only aerobic
biodegradation of chelate compounds had been found
(Kaluza et al. 1998; Diez et al. 2005). However, combined
technologies, including advanced oxidation processes and
biological treatment (Rodriguez et a. 1999), may remove
Fe-DPTA compounds. Moreover, Virtapohja and Alen
(1999) found that the DPTA's photochemical conversion is
faster than that of EDTA. Theoretical half-lives of 8.0 and
11.3 min were found for the DPTA and EDTA iron (1)
complexes, respectively.

CONCLUDING REMARKS

Continuous TCF effluent biodegradation at different
organic load rates (0.17 - 1.4 g COD/Lxd) indicates
incomplete COD biodegradation (up to 59%) due to
DPTA's recalcitrant behaviour. Still, BODs biodegradation
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Figure 5. Microorganism attached to rashing support.
(a) Initial inoculum (2.500x).

(b) Microorganisms selection at final time of the AF operation (2.500x).

was above 95%. Electronic microscopic biofilm studies
show that the synthetic influent selected anaerobic
microorganisms (rod and coccus morphology).

The recalcitrant biodegradation of Fe-DPTA is related with
complex stabilization and also with chemical stoichiometry.
Advanced treatment could be the best process to degrade
this compound.
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