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ABSTRACT

A study of the liquid effluents of various production process stages and of
the final effluent of the RIPASA S/A Celulose e Papel plant, by means of
conventional parameters and toxicity, was undertaken. Using these parameters,
the performances of the current treatment system (an aerated pond) and of
pilot-scale experimental systems (using aerobic biological processes with one
or two stages) were compared. The two-stage system yields better results in
the improvement of £inal effluent qguality. Biclogical degradation rates were
also determined. It is thought that these discharges will not have an impact
on the receiving water, as far as toxicity is concerned.
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INTRODUCTION

The pollution caused by pulp and paper mill liquid discharges represents a
major problem., Few other industries have such high water requirements for
their manufacturing process. On average, the volume discharged is between 80
and 150 m3 per ton of finished product. This wastewater is discharged “into
rivers, lakes, and seas, and if it does not receive proper treatment it may be
an environmental hazard to such ecosystems. Even though the effluents £ron
this industry are composed of complex substances, the methods adopted for
their treatment are based on conventional systems, i.e., physical or physico-
chemical treatment and biological treatment. The design of treatment systems
should be Dbased on reduced scale studies for the proper assessment of the
chosen system and selection of design parameters. :

More recently, in addition to concerns regarding removal of organic matter,
suspended solids, etc., other parameters have also been studied concerning the
choice and operation of treatment systems. Particular attention has been given
to the acute and chronic¢ toxXic effects which the components remaining in the
final effluent may cause in receiving waters. RIPASA, one of the largest pulp
and paper companies using the sulfate process (kraft) in the State of 3530
Paulo, has been attempting to find specific solutions to reduce the impact of
its effluents on receiving waters., To this end, to reduce the organie load of
the final effluent, it has installed an energy recovery and effluent recycling
system called the 'Lockman System', which has entailed, in addition to the
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control of gaseous effluents, a significant reduction in the volume of liquid
effluents, due to the elimination of effluents generated by the scrubbing of
gases which are flared off, which contain high levels of sulfur compounds.

The aim of this work was to investigate, on a pilot scale, the treatability of
pulp and paper effluents, including the kinetic behavior of the aerobic
process, and the reduction of effluent toxicity levels, and to assess the
impact of the final effluents on the aguatic biological communities. 1In addi-
tion to the pilot-scale studies, the toxicity levels and main attributes of
the different discharges generated by the production process were also
investigated. These studies werxe the basis for the choice of a new treatment
gystem to be implemented by RIPASA, replacing the current system, which is
expensive and does not meet present production level needs.

THE INDUSTRY, ITS CHARACTERISTICS AND EFFLUENTS

The RIPASA S/A Celulose e Papel Company is located at Limeira, next to the
pPiracicaba River, in the State of S8o Paulo, Brazil. RIPASA produces 657
tons/day of pulp, with 95% bleached, and 220 tons/day of paper. Most of the
paper produced is of the printing type. The wood used c¢omes from trees of the
Eucalyptus genus, grown in several plantations of the RIPASA Group. Pulp is
obtained using the kraft process, as shown in Fig. 1, and the bleaching
sequence adopted is C Eo H H (c¢hlorination, oxidizing extraction, hypochlori-
nation I, hypochlorination II).

i
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Fig. 1. Simplified flowchart of the industrial process, showing the
origins and characteristics of the discharges {N.T. = non toxic)

The effluents generated by the production process derive from the wood
preparation, evaporation, and bleaching stages, the bleached pulp press, and
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the paper-making stage. The gualitative and gquantitive attributes of <the
effluents can be seen in Fig. 1. These effluents are divided into two lines,
depending on whether they are acid or alkaline.

After all the plant effluents are collected they are led to the treatment
system, currently consisting of primary treatment followed by biological
treatment in an aerated pond. During primary treatment, suspended solids are
removed by two parallel rectangular settling tanks, provided with mixing and
flogeulation chambers (where flocculating agents can be dispensed) to remove
the lignin compounds which cause colour in these effluents. Biological treat-
ment consists of an aerated pond with a detention time of approximately 2.7
days. The effluent 1is sprinkled at the entrance to the pond to lower the
temperature from 49°C to 40°C., To avoid short-circuiting in the pond there is
plastic canvas to guide the hydraulic flow which defines four zones, the last
being used as a settling zone. Oxygen is introduced by 50 aerators of 25 HP,
Approximately 20 tons of BOD enter the pond daily and, in order to comply with
the legal requirements for final effluents, there is a further addition of
arcund 800 kg/hour of pure oxygen.

TREATABILITY STUDIES

Treatability Assays

Introduction. The main function of a biclogical treatment process is to remove
the dissolved organic matter in the wastewater through cell metabolism and
synthesis of new cells. Biological processes vary according to the manner in
which organic matter makes contact with the microfauna and whether or not
molecular oxygen is present. Biological processes used in the treatment of
pulp and paper industry effluents are normally aercbic bioclogical processes
and the most frequently used of these are activated sludge and settllng ponds
with mechanical aeration.

Degradation kinetics and design parameters. For the optimization and designing
of a biological system, 1t is necessary to know the characteristics of the
effluent, the biclogical degradation kXinetics, and the factors which influence
the efficacy of the system.

Eckenfelder and Ford (1970) proposed a mathematical model of the biological
process and it is recommended that the parameters for use in the model be
determined in laboratory or pilot units. The parameters required are the rate
of biological degradation (k), oxygen consumption {(a', b'}, and sludge produc-
tion {a, b}. The biclogical degradation rate (k) is dependent on the effluent
type and temperature and it can pe determined by the following equation:

50 - Se = K , Se
v . t

where: So = initial COD or BOD (mg/l), Se = final COD or BOD {(mg/l); Xv =’'con-
centration of biological sludge in reactdr (mg/l); t = detention time (days);
k = biological degradation rate (i/day.mg).

The consumption of oxygen required for the process is cobtained by a material
balance using the parameters a' and b', where: a' = oxygen mass used for the
production of cellular energy/total mass of substrate removed: and b' = oxygen
mass required for endogenous respiration/biological sludge mass in the systenm
{(day). Accordingly, the production of biological sludge by the system is
associated with the parameters a and b, where: a = sludge mass produced/total
mass of substrate removed: and b = oxidized sludge mass/total mass of sludge
existing in the system (day).

Pilot-scale assays. To obtain the design parameters, and alsc to assess the
characteristics of the effluent after treatment, two pilot-scale systems were
operated, fed with the effluent from the factory after primary settling. The
first system (A} consisted of two biological reactors of 1000 1litres, in
series, with compressed air blown in through diffusers, interconnected by a
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secondary settling tank, the purpose of which was to return the settled sludge
to the first reactor, %eeping the sludge concentration around 300 mg/l. The
detention time in each reactor was 3 days. The second system (B) consisted of
a single reactor with compressed air blown in, with a detention time of 6
days. Schematics of these systems are shown in Fig. 2.

System A: two reactors in series . System B
x 3
REACTOR I REACTOR IL SINGLE REACTCR
t =35°¢C t=30°0 ' 12 30°C
time =3 doys time = 2 doys time = 6 doys
Return of sludge

STAGE I STAGE I

Fig, 2., Schematics of the pilot systems

After acclimatization of the biological sludge, the systems were operated
continuously, and daily follow-up analyses were undertaken, by means of
composite samples taken from several parts of the system (Cop, BOD, suspended
solids, etc.).

As regards temperature, System A was operated with a controlled temperature:
359 for the first reactor and 30°C for the second. System B was operated at
30°C., Nutrients were added to the effluent entering the systems, to maintain a
BOD:N:P ratioc of 100:5:1, and the pH of the reactors was kKept at around 8. The
pilot scale assays, all the studies on treatability, and collection and
transport of the samples were performed by RIPASA's team. Samples for the
assessment of toxicity were forwarded to CETESB for testing.

Results obtained. For the purposes of presentation and interpretation, analy-
Tical data were considered starting from the acclimatization period, when
Systems A and B reached steady state. At steady state, assays were made of
total and soluble COD and BOD at the ocutlet of the reactors {effluents) and of
total COD and BOD at the inlet (influent). The mean values of these results,
for each reactor, are shown in Table 1.

TABIE 1 Means Obtained for Systems A and B

Influent Effluent
Total CD, Total BoD, Total COD, Total BOD, Filtered Filtered
mg/1 ng/1 1g/1 mg/1 oD, mg/l BOD, mg/l
System A: reactor I 723 311 432 45 311 25
decanter 432 45 350 27 - -
reactor II 350 27 310 15 276 11
System B: single reactor 723 311 406 37 284 13

For the purposes of calculating the biological degradation rate (k), the data
were grouped in ranges of influent COD, followed by a calculation of mean
values for the influent total and effluent filtered COD for each reactor, as
well as values of volatile suspended solids (Xv), which are shown in Tables 2,
3 and 4. These tables also show values for (So - Se)/Xv.t.

TABLE 2 Means for Reactor I of System A at 35°9C

Influent COD Influent COD Effluent COD Xv, (S0 ~ Se){xV.t,
range, mg/l (so), mg/l (se), mg/l mg/1 day~

300 - 400 385 258 203 0,209

400 - 500 444 283 111 0.483

500 - 600 578 296 155 0.606

600 - 700 639 284 249 0.475

700 - 800 770 303 226 0,689

800 - 900 861 330 269 0.705
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TABLE 3 Means for Reactor 1I of System A at 30°C

Influent COD Influent COD Effluent COD Xv, (S0 - Se}/Xv.t,
range, mg/1 (S0), mg/l {Se), mg/1 mg /1 day~1
250 -~ 300 291 257 39 0,291
300 - 350 329 271 60 0.322
350 - 400 372 275 57 0.567
400 - 450 426 295 ’ 72 0.597
450 - 500 474 334 58 0.805

TABLE 4 Meansa for Single Reactor of System B at 30°C

Influent COD Influent COD Effluent CCD Xv, {So - Se)/Xv.t,
range, mg/l {(so), mg/l {Se), mg/l mg /1 day~?
400 - 500 © 444 261 233 ¢.262
500 - 600 569 229 228 0.395
600 - 700 639 299 267 0.424
700 - 800 774 305 254 0.615
800 - 900 855 331 254 0.688

Figs 3, 4 and 3 show the linear regression of plotted points of (So - Se)/Xv.t
values (ordinates) versus Se (abscissae). The angular coefficient represents
the biological degradation rate and r? the determination coefficient. The
degradation rates found were as follows: System A - reactor I, Kig = 0.,0072
1.day~!.mg~!, reactor II, K3p = 0.0053 1.day l.mg-l; System B - single
reactor, Kzg = 0.0064 1.day~!.mg-1.

So-Se _{mg COD}
Xv.t (mgXv . day) V4
”
0.80_ P
Ve
0. 70 . / . yeKx+ b I
/ K:0.0072 1.daoyimg
0.60- Y == 5751
0.50 s/ r%:0.8536
e ’0‘ temp = 359C
0.40+ 7
Q.30 ” <
v’
o204 *
¢.10-
0.00, I -
250 300 350 Se (mg/l}

Fig, 3. Graphic determination of biological degradation
rate (Kig) for reactor I of System A

So-Se {mgCOoD)
Xv.t.  (mgXv. day)
0.80 o’
0.70 /'/
”~
0.604 o ”
. d
”~
0.504 ” y=Kx+b e .
” K=0.0053 1.day! mg!
0.404 P =-1.0140
’./ . r2:0. 7563
0.307 tamp = 30°C
0.204
0.104
0. 00. T T -
250 300 350 Se(mg/1}

Fig., 4. Graphic determination of biological degradation
rate (K;g) for reactor II of System A
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Fig. 5. Graphic determination of biological degradation
rate {Kip) for single reactor of System B

EVALUATION OF TOXICITY

The toxicity of pulp and paper mill effluents has been widely investigated for
the last twenty years. The acute toxicity level of effluents from this type of
industry may vary from non toxic to highly toxiec, depending mainly on the
wood, the type of process, and the eguipment employed, as well as on the
treatment system adopted for each mill (Howard and Walden, 1965; Walden, 1976;
Walden and Howard, 1977; Hattula et al., 198l; McLeay et al., 1986).

Sublethal effects may be detected in aquatic organisms as a consedquence of
extended exposure to these effluents (McLeay et al., 1986).

The final effluents from this industry are highly complex, and some of the
gubstances they contain have already been identified and quantified. It is
known that the main constituents responsible for the toxicity of these
effluents are: resinsg, fatty acids, chlorinated phenolic compounds, and an
extensive group of neutral compounds {Rogers, 1973; Rogers et al, 1975, 1979:
Covillard, 1981). Furthermore, other variables may represent a hazard to
aquatic organisms, such as pH, dissolved oxygen, colour, suspended solids
{Hicks and DeWitt, 1971; Howard et al., 1979; McLeay ¢t al., 1979; Graves et
al., 1981). Toxicity tests have been used to evaluate the toxicity of in-plant
effluents and their contribution to the final effluent, as well as the effici-
ency of the treatment system. These tests have been uged together with other
parameters to characterize industrial effluents and have proved useful for the
control of these effluents in some countries, through various approaches
(anon,, 1975; Pessah and Cornwall, 1980; Karbe, 1984; USEPA, 1984, 1985), In
Brazil, the literature on toxicity evaluation and the impact of pulp and paper
effluents on tropical ecosystems is very scarce (Rocha, 1985). Previous
investigations undertaken at mills located in the State of S3c Paulo, Brazil
{CETESB, 1977a, 1979, 1986a) indicate that treated effluents from kraft pulp
and paper mills using Bucalyptus as the fibrous raw material may or may not
cause an acute toxic effect on organisms and that the intensity of this toxic
effect is not uniform.

Toxicity Tests

The toxicity of the effluents from in-plant processes and the final effluent
before and after primary treatment was evaluated using 24 h composite samples
with the microcrustacean Daphnia similis (IS0, 1982a, modified; CETESB,
1986c). The final effluent acute toxicity after bkiological treatment was
evaluated with D, similis using the same method and also using the indigenous
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species of fish Cheirodon notomelas (IS0, .1982b, modified; CETESB, 1986¢), on
24 h composite samples. The presence of chronic toxicity was investigated in
these final effluents and in river water samples (collected upstream and
downstream of the effluent discharge) using the microcrustacean Ceriodaphnia
dubia (USEPA, 1985). The two microcrustacean genera have been easily raised
and kept under labeoratory conditions (Tunstall and Solinas, 1977; Schmaltz,
1979; Mount and Norberg, 1984: Lopez, 1986), they rank among the genera with
the highest sensitivity to toxiz substances, and they represent one of the
richest food sources for other aquatic organisms, such as fish (Mount and
Norberg, 1984).

The acute toxicity test results were expressed in terms of effluent concentra-
tion that causes 50% of the observed effect during the exposure time, i.e.,
immobility of D, similis, given as effective concentration (EC50, 24 hours, in
%), and mertality of C. notomelas, given as lethal concentration (LC50, 48
hours, in %). When ~tests with D, similis showed a low percentage of the
cobserved effects, i.e., 10% to 20% immobility of test organisms at the highest
concentration, this effect was considered as 'signs of  toxicity'. Chronie
toxicity test results with C. dubia were expressed as the highest concentra-
tion of the effluent that causes no effect on reproduction and survival of
test organisms, during 7 days of exposure (NOEC, in %).

Reconstituted soft water (APHA, 1985) was used as the dilution water for
testing the effluents from the process and primary treatment. For testing the
final effluents, after biological treatment, receiving water samples were
collected upstream of the industrial discharge (Piracicaba Rivexr, hardness 20
mg/1 in CaCO3, pH 6.8}.

To evaluate the contribution of each effluent generated by the industrial
process towards the toxicity of the final effluent, values of LC50 obtained
were transformed into toxic units (TU), i.e., 100/LC50. The toxic load of each
effluent was obtained by the multiplication of TU data and average flow.
Organic loads were also calculated, expressed as kg/day BOD and COD.

Impact estimates. To assess the impact of the final effluent, the concentra-
Tion of effluent in the receiving water under minimum flow conditions was
estimated, always assuming complete mixing of the effluent with the receiving
water. These estimates were achieved using the expression (USEPA, 1985):

IWC = Effluent flow x 100
Receiving water flow (7Q10) + effluent flow

where: IWC = instream water concentration, and 7Q10 = receiving water minimum
flow. Calculated concentrations were compared with NOEC values, considering
that the IWC should be egual or less than NOEC to prevent chronic effects on
organisms in the receiving water.

Toxicity Test Results

The acute toxicity of the in-plant effluents to D. similis and the data on pH,
average flow, toxic loads, and BOD and COD loads of each effluent tested are
presented in Table 5. In Table 6, the acute and chronic toxicity test results
from the biological treatment effluents are shown. Water samples £from the
Piracicaba River, collected upstream and downstream of the final effluent
discharge have not indicated chronic effects in C. dubia. Table 7 shows the
data for the estimates of the impact of the effluents on Piracicaba River,

DISCUSSION OF RESULTS

The effluents from RIPASA pulp and paper mill have undergone major qualitative
and quantitative c¢hanges over the years. These changes were due to the
constant modification of the production process, in order to use new and
better quality technologies, and to increased production levels. An analysis
of previous studies indicated a considerable reduction of specific organic
lcads had taken place. The 45 kg of BOD per ton of cellulose produced in 1977
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TABLE 5 Acute Toxicity to Daphnia similis, Loads, and Flows of Various Process Effluents

EC50, Flow, Toxic load, B load, CD load,
Process effluent % U pH ml /& .03/ kg/d kg/d
Wood preparation >90.0 <1.1 6.4 168 . 185 8 107
Evaporation NT 0] 7.3 3,288 o 1,867 3,807
Chlorination <0.8 >125 2.2 19,464 2,433,000 9,518 22,131
Oxidizing extraction 14.0 7.1 11.2 2,040 14,484 9le 2,093
Hypochlorination I <0.8 >125 9.6 4,152 519,000 951 2,906
Hypochlorination II <0.8 >125 9.4 3,336 417,000 560 1,248
Paper machine >90.0 <1.,i 6.0 4,824 5,306 762 1,028
Bleached pulp press NT 0 7.0 6,408 0 576 1,103
Treatment influent 88.0 1.14 7.1 53,832 61,368 21,748 38,867

NT = non toxic

TRABIE 6 Acute* and Chronic** Toxicity of Effluents from Treatment Systems Studied

24 h FC50, § 48 h IC50, % NOEC, %
1986 1987 1987 1987

Sampling points 8/12 11712 20/1 28J1 8/3 2/4 ~20/1 2871 20/1 28/1 573 32/4

Primary treatment TS 88 ™ - NT - - - - - - -
inlet

Primary treatment . >37 TS TS - TS - - - - - - -
autlet

Aerated pond cutlet NT s - NI TS NT - NT - NT <5 50
{current system)

Pilot system A TS - NT - - - NT - 50 - - -
reactor I ocutlet

Pilot system A NT - NT - - - NT - NT - - -
reactor II cutlet

Pilot system B outlet NT - NT - - - Nr - 10 - - -

* with D. similis (24 h BC50) and C. notomelas {48 h IC50); **with C. dubia (NOEC):
NT' = non toxic; TS = signs of toxicity

TABLF, 7 Effluent Impact Estimates for Piracicaba River

Average flow, 10, e, NOEC, Potential for instream

Effluents nd/g mi/s 3 3 chronic toxicity*
Aerated pond (current) 0.55 21.6 2.5 5 No
Pilot system A 0,55%* 21.6 2.5 NI #** No
Pilct system B 0, 55%* 21.6 2. 10 . No

7010 = receiving water minimum flow; IWC = inStream waste concentration;

*When IWC > NOEC there is no potential for chronic effects on receiving water organisms;
**Estimated flow, if gystem is implemented in the future

***No evidence of chronic toxicity:

decreased to 1leas than 30 kg of BOD per ton of cellulose produced in 1986,
Table 5 shows the contribution of each industrial brocess stage in terms of
organic¢ load, expressed as COD and BOD. This table shows that bleaching is
responsible for around 55% of the organic load of the final effluent, expres-
sed as BOD, It further shows that effluents had various toxicity levels, with
the highest toxicity levels being found at the chlorination and hypochlorina-
tion I and 11 stages, which confirms literature data (Howard and Walden, 1965:
Betts and Wilson, 1966). McLeay et al. (1986), reviewing the toxicity to
aquatic organisms of pulp and paper mill effluents, pointed out that replace-
ment of the c¢hlorination stage by chlorine dioxide in the bleaching process
may increase the acute toxicity of effluents of industries using the bleaching
kraft process,
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There was also an attempt to verify, using data from Table 5, the existence of
a correlation between effluent toxicity to D. similis and the physico-chemical
analyses. These correlations were based on pH and toxic units data for the
various processes and also on toxic loads, BOD, and COD data. The results
indicated no significant correlation (P = 0.05) between the variables analy-
sed. However, it should be stressed that the pH wmay modify the toxicity of
substances present in effluents (Alabaster and Lloyd, 1980). The absence of
correlation between the toxicity and chemical variables tested was also
evidenced by the results of loads in the treatment system influent, where it
could be seen that, after interaction of different process effluents, there
was a tendency towards addition for BOD and COD, but this was not observed for
toxicity, which is probably due to antagonism between the substances.

The identification of toxicity for each stage of cellulose pulp production may
help in the selection of protective measures when the effluent treatment
systems prove inefficient in removing toxicity. Such identification may reduce
the costs of the search for a process to solve this problem, since effluent
toxicity is seldom correlated with the physico-chemical variables used in the
design and operation of industrial wastewater treatment systems.

RIPASA's current system operates under non-optimized conditions and to achieve
the required reduction in the level of organic compounds it is necessary to
supplement the aerated pond with pure oxygen. The residual organic load of the
system amounts to around 2,300 kg BOD per day, with the overall efficiency
reaching 90%, of which 15% is derived from primary treatment, through the
removal of suspended solids. Approximate average values for the {reatment
system final effluent are: 40 mg/l of BOD and 400 mg/l of COD, and a pH around
7.5-8.0. Regarding the data on toxicity, raw and final effluents showed both
'signs of' and 'absence of' acute toxicity. Data from the literature show that
aerated pond systems, when well dimensioned and well operated, are efficient
in reducing acute toxieity, especially regarding fish (Rogers et al., 1975;
Zanella and Bergen, 1980; McLeay et al., 1986). The data for the present
treatment system (primary treatment plus an aerated pond), show that the
toxicity of the effluent to D. similis was reduced on two occasions {Table 6).
Considering the occurrence of acute toxicity signs in some of the samples of
final effluent tested and the cobservations made by McLeay et al. {1986} that
acute toxicity tests could be inadequate for monitoring residual or sublethal
toxicity of industrial effluents or receiving water samples, some tests were
performed with . dubia. Table 6 shows that the present treatment systenm
(aerated pond) indicated chronic toxicity in two of the three samples tested,
even though it had only indicated 'signs of' or 'absence of' acute toxicity to
fish and Daphnia. These variations in the results could be due to changes in
the process and/or the type of wood used, and also failure of this treatment
system in removing chronic toxicity, which deserves further investigationm.

The current treatment system is to be replaced because of its failure to cope
with current production levels, its high operational costs and its sensitivity
to variations in organic loads. For optimization and design of the new system,
a method of aerated pond dimensioning based on experimental parameters was
used (Meiches et al., 1979}, Pilot-scale studies indicated that when the
effluents from the primary treatment are submitted to an aercbic treatment
process, 6 days are enough to remove 88% and 95% of the BOD in the single-
stage and two-stage systems, respectively, while removals of COD were 44% and
57%, respectively {(data from Table 1). In designing of the treatment system it
became clear that physico-chemical analyses, both of effluents generated
during the production process and of the final effluent, are not sufficient
for selection of alternative solutions. It is not possible to predict effluent
toxicity, or even the removal of toxicity, by means of physico-chemical data.
For this reason, toxicity played a major role in this study.

Concerning the pilot systems, treatment by System A removed acute and chronic
toxicity, while System B only removed acute toxicity. Therefore, comparing the
treatment systems studied, the two-stage system seems more capable of removing
the toxicity of industrial wastewater. Jank et al. (1975) undertook some
studies to evaluate the efficiency of activated sludge in the removal of
toxicity from a pulp and paper mill effluent, and their conclusion was that
the two-stage activated sludge system was more efficient in the reduction of
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toxicity compared with the single-stage system. As regards reduction of the
organic load of the effluent and che treatability potential, a biological
degradation rate (K) was determined, which is dependent on the type of
substrate available in the industrial wastewater. The values found in this
study, exXpressed in COD, are close to those obtained by previous studies
reported by RIPASA and CETESB (CETESB, 1977b). Concerning parameters of oxygen
consumption and sludge production, data from previous studies were adopted
{CETESB, 1977b): a' = 0.71 and b' = 0.10 day~!; a = 0.63 and b = 0,07 day~!L,.
These values are compatible with the values for pulp and paper nills using the
kraft process with bleaching (Ramalho, 1977}. Even though degradation rates
(k) found in this study may differ wh2n compared at the same temperature, it
was demonstrated that as the substrate is exhausted, degradation of the remai-
ning organic matter becomes more difficult, therefore leading to decreasing K
values, as more biological reactors are connected. It was also shown that,
although treated effluent filtered COD values were relatively high {(around 55%
of the influent COD values), the efflient BOD values were low (between 11 and
15 mg/l}, which also indicates the difficult biological degradation of the
organic substances which this type of wastewater contains, It is probable that
some complex lignin compounds, responsible for the colour of the wastewater
from this type of industry, may be extremely resistant to biological degrada-
tion. Pulp and paper mill effluents, even when submitted to colour removal
processes, achieved removal rates of 72% BOD and 51% COD, after biological
treatment at pilot scale (CETESB, 1977b; &Grieco et al., 1979). These values,
when compared to those cbtained from this study, suggest that the levels
of COD removal seem to be reaching the limits for conventional Dbioclogical
processes.

Besides the research regarding effluent treatability and toxicity there was
special c¢oncern regarding the environmental impact of the wastewater on the
receiving water. The impact evaluation was based on the fundamental principle
that a certain toxic effect is a function cf the toxicity of the effluent and
of its estimated concentration in the receiving water. Therefore, by determin-
ing these variables, it becomes possible to evaluate the environmental hazards
and to take the necessary measures to prevent toxic effects (USEPA, 1985). At
present, this approach seems to be the most promising to be adopted by the
State of S8o Paulo (CETESB, 1986a) since it does not set general discharge
standards but leads to a more precise estimate of the potential toxic effects
which aquatic organisms in different receiving waters will be subjected to.

In this way, the prediction of the impact of the effluents studied on the
receiving water (Piracicaba River) was based on chroniec toxicity data using C.
dubia. 1In the case of RIPASA's current treatment system, the results chosen
were those which showed the highest chronic toxicity (Table 7). As regards the
diluting capacity of the receiving water, minimum flow conditions were consi-
dered (7Ql0). The results obtained (Table 7) show that the industry's final
effluents, after the treatment processes under study, will probably cause no
chronic¢ toxic effects in the organisms of the receiving water. Tests with c.
dubla and samples from the receiving water, .upstream and downstream of the
discharge outlet, showed no chronic toxicity to this organism. Further supple-
mentary studies are anticipated, with a continuing monitoring programme with
the purpose of verifying the variation of toxicity of the treatment system
effluent, as a function of variation in the quality of the wood used and
¢hanges in the production process.

CONCLUSIONS

- Samples from production process effluents showed different levels of acute
toxicity, Dbut the effluent as a whole showed low toxicity levels for the
organisms tested.

- Final effluent samples collected from RIPASA's current treatment system do
not cause a significant acute toxic effect in Daphnia similis or Cheirodon

notomelas, but they do cause chronic toxicity in Ceriodaphnia dubia, which

shows the importance of using these tests when acute toxicity is not observed.
Concerning organic matter, BOD values were 40 mg/1 and COD was around 400
mg/l, a removal of 90% of the BOD and 53% of the COD.

* s
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- The two-stage pilot system seems to be the best in terms of removal of
chronic and acute toxicity, according to the samples studied. Removals of BOD
and COD were 95% and 57%, respectively.

-~ Final effluents, both from the pilot system and from the current system,
will probably cause no impact on the receiving water organisms, in terms of
chronic toxicity.

- Biological degradation rates, based on COD, showed the dlfflculty of assimi-
lation of the wastewater organic matter. The soluble organic matter had a
COD/BOD ratio of 20, which suggests we are approachlng the limiting conditions
as regards the removal of organic material, since BOD mean values were around
11 to 13 mg/l when the wastewater was treated for 6 days Dy an aerobic
biological process (aerated pond).
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