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SUMMARY

Project

This Report contains the nose significant results of the activity 
undertaken in accordance with UNIDO Contract No. 80/166/MK ca£ 
ried out during the period from February 1983 to June 1984 by 
our team in strict collaboration with Mr David Winters UNIDO 
Chief Technical Adviser (C.T.A.) and the Brazilian Counterparts. 
The goals achieved according to the aims of the Project can be 
stnsaarised as follows:
i) From the tests carried out at the pilot plant at Estancia 

Velha it has been proved that the limitations imposed on tan 
nery effluents by the Departasttnto do Meio Ambiente O.M.A.) 
in Rio Grande do Sul can be reasonably obtained using primary 
treatment followed by secondary treatment.
These limitations are:

In fact, with reference to the data obtained from the biology 
cal treatment which operated for a longer period of time (ex 
tended aeration with oxidation ditch), the following average 
.values were obtained:

Note (*): This analysis when applied to tannery waste waters giv

- b o d5
- Sulphide
- Cr III*
-Oil and Grease

» 60 mg/1
* 1 mg/1
■ 1 mg/1
■ 20 mg/1

< 30 mg/1 
absent or traces
< 0.2 mg/1
non determinable (~)
< 1 ml/1

- Sulphide
- Cr III*
- Oil and Grease

Fettleable solids

es imprecise and unreproducible data (see our Interim R£ 
port). _



With regard to the biological treatment, it must be pointed 
out that the various experimental techniques are given, ex 
pecially in BOD reduction, efficiencies better than those 
obtained in similar plants in Italy. This is due, very proba 
bly,to the better climatic conditions (temperature) existing.

ii) During this time we had the possibility of offering substan 
tial consulting services to tanneries in -R.S. and other 
States.
We must underline that after the "open week" in March 1984 
the Project's activity in this field has increased remarka 
bly due to the number and frequency of the requests for 
technical assistance from tanneries located often very far 
from Estancia Velha. This means that the Project not only is 
wellknown but also has obtained the trust of the tanneries.

iii) The collaboration between D.M.A. and the Project was very 
good and useful for both.

iv) We undertook a series of practical theoretical courses for 
the counterpart, D.M.A. and other Government bodies.

v) The training of the Brazilian Counterpart Staff assigned to 
the Project was completed, obtaining a high level of compe 
tence.

vi) An information and dissemination programme was established 
so that the results of the pilot plant and the treatment 
technologies utilized could be available to most of the Bra 
zilian leather industry.
This was achieved by direct contacts, lectures and practical 
demonstrations.

Main- aims

We believe that the major objectives of the Project have been 
achieved and that we have fulfilled our assignment. However, due 
to some external factors the programme was slightly delayed 
(see our preceding reports) and some important areas (joint 
plant at Estancia Velha, final sludge disposal etc.) still re 
quire further inputs.
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1. BACKGROUND INFORMATION AND CONTRACTUAL DUTIES 

1.1 Background information

Hie project US/BRA/80/166, "Assistance in the establishment and 
operation of a pilot demonstration plant for tannery effluents 
treatment".at Estancia Welha, RS, was proposed based on the find 
ings and recomnendations of Mr David Winters, UNIDO C.T.A. and 
afterwards Project Coordinator, rhe project was approved for 
financing from UKIDF funds under a special purpose donor contri 
bution by the Italian Government.
The imnediate objective was to establish a pilot demonstration 
plant foi tannery effluent treatment in Brazil which is capable 
of :
- assisting the Brazilian tanning and allied industries to ob 

tain reduction in the levels of pollutants of their effluent; 
to achieve the "norms" promulgated by the competent local au 
thorities;

- assisting both the local authorities and the tanning industry 
in the preparation and evaluation of the technically feasible 
projects necessary to achieve such lessened pollution at mini 
mal economic cost;

- evaluating, under local conditions, the cost effectiveness of 
a variety of effluent treatment techniques;

- conducting a systematic programme of training to develop a 
cadre of qualified personnel in this field;

- carrying out a programme of applied research in the treatment 
of tannery wastes and the economic recovery of materials from 
such wastes;

- initiating a programme of demonstration, extension services 
and dissemination to ensure that all sectors of the leather in 
dustry in Brazil (and the entire Latin American region) are 
able to obtain up-dated technical and economic information re 
lating to the introduction of better environmental processes 
(recycling and other means) $nd the treatment of tannery
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wastes (aqueous and solid);
- liaising between local authorities and tanners to ensure that 

the Government's ultimate objectives are understood ,y the in 
dustry.

UNIDO confirmed the selection of The Studio Tecnico Dr. G. Clonfe 
to, Florence, Italy on 25.1.83 to furnish an expert staff who 
would give technical and organizational assistance to this pro
ject during the course of 16 months from February 1983 to June
1984.
The team consisted of 3 Italian technicians, specialized in treat 
ment of tannery effluents:
- Mr. Giuseppe Clonfero : Chemist (Team Leader)
- Mr. Piero Nini : Chemist
- Mr. Eugenio Rietti : Chemist

1.2. Contractual duties

In accordance with the UNIDO contract N. 80/166/MK, in order to 
achieve the Project objectives, our studio supplied the following 
services:

Project Area Services

Eighteen and a half (18.5) roan-months of service were carried out 
in the Project Area by the Italian team as follows:
- Mr. G. Clonfero 4.5 months
- Mr. E. Rietti 8.0 months
- Mr. P. Nini 6.0 months

Home' Office Service and Support Service

Further three and a half (3.5) months were spent at Home Office 
preparing the work, back-stopping support to the Subcontractors 
personnel in the Project Area and the preparation of the Reports.
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Reports

The Studio has submitted to IiNIDO, before this Final Report, the 
reports which are listed below:
a) Work Plan and Interim Report dated May 1983
b) First Progress Report dated August 1983
c) Second Progress Report dated January 1984
d) Draft Final Report dated May 1984.
The most significant and important parts of these Reports are al 
so reported herein.
(The work plan is reported at Annex l/I)
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2. PILOT PLANT

2.A. Pilot Plant Commissioning 

- Introduction

A project was devised for a pilot and demonstration plant to be 
installed at the Escola de Curtimento SENAI (Tannery School) at 
Estancia Velha. The main operative lines were implemented after 
examination of data on the various techniques of treatment and 
after investigation of the varying technologies used mainly in 
Europe.
This part of the Project, together with the choice and type of 
equipment and the necessary facilities was made before the intei: 
vention of our Studio, by other UNIDO Specialists.
This method was adopted by UNIDO so that technicians who were spe 
cialists in the treatment of tannery wastes would not be inflti 
enced unwittingly in the design layout on the plant by
their personal experience and previous methods of working.
In fact the pilot plant demonstrates various treatment techniques 
so that the Brazilian counterparts can evaluate the differences 
in the functioning of these varying methods and their adaptabiH 
ty to suit the local situation.
The Tannery School col J not produce for the tests a constant and 
representative supply of tannery waste due to their erratic and 
dive.rse workload, and the modest volume of effluents produced. 
This difficulty was solved by using part of the wastes of a tan 
nery situated near the School; the water was collected by instal^ 
ling*a puup on the outflow of the tannery equalization tank (the 
system of collection is indicated in Figure 1).

_ 2.A.1 - Pilot Plant Facilities

The layout of the pilot plant is reported in Figure 2.
The pilot plant is equipped with the following systems:



WASTE WATER FROM TH E EXTERNAL 
TANNERY COLLECTION 8V8TEM

Legend :

1 : tannery waste waters
2 lifting tank
3 : lifting pump
4 : screen
5 : equalization tank
6 : equalization tank outlet
7 : horizontal sedimentation tank
8 : feeding pump
9 : filot Plant at Estancia Velhn
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1- Sulphide oxidation
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5- Chaaical flocculation
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11- Trickling filter (atonaa-plaatlc madia)
12- Lagoon
13- Secondary aadlaantatlon
14- Thickanar
15- 0rying bada
16- Plltar praaa
17- Sand filter
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a. Catalytic oxidation of lime baths and protein precipitation.
b. Chrome- recover/ and recycle.-
c. Primary Treatment (Physico-chemical treatment):

- Screening
- Equalization
- PH adjustment
- Chemical coagulation and flocculation
- Primary sedimentation.

d. Secondary Treatment (Biological treatment):
- Extended aeration (oxidation ditch-floating aerator)
- Trickling filter (stones-plastic media)
- Lagoon (aerated-falcultative)
- Conventional activated sludge
- Secondary sedimentation (2 tanks).

e. Sludge Treatment:
- Thickener
- Drying beds
- Filter press.

The possible alternative treatments that can be operated are de 
scribed in the annex flow charts.
Furthermore some tertiary treatments (chlorination and sand fi_l 
tering) are foreseen for the next stage of operations.

1 . A . 2 - Pilot Plant Operative Steps

Period from February to July 1983

During this initial period,as reported in the Interim Report da£ 
ed May 1983,the Italian staff was occupied in rendering the plant 
operative and also in overcoming some problems and external dela^r 
ing factors such as:
- non availability of some of the imported equipment;
- lack of qualified Brazilian personnel for electrical and hydraij 

lie assembly and connection;
- the need to augment the School influent waste flow to aiit test 

requirements;
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- the need to organize the chemical laboratory and to establish 
the various methods of analysis.

At the end of this period the functional systems were as follows:
a. Primary Treatment (including sulphide oxidation in homogeni£ 

ation);
b. Secondary Treatment (oxidation ditch and extended aeration 

with floating aerator);
c. Sludge Treatment (filter-press and drying beds).

Additionally, the laboratory was in a position to carry out the 
required chemical analysis.

Period from August 1983 to February 1984

In this second period, as well as testing the treatments previous 
ly functioning, the following systems were made operational:
a. Trickling filter (plastic media);
b. Biological Treatment without primary sedimentation (batch sys 

tem);
c. Chrome recovery and re-use;
d. Elimination of sulphide from unhairing effluents and protein 

precipitation.

Period from March to June 1984

During the latter period, as well as continuing the control of 
some treatment tests already operational, the following treatments 
will be studied:
a. Trickling filter (crushed stones);
b. Conventional activated sludge;
c. Aerated lagooning.

Further tests were also effected on several of the systems at dif_ 
ferent hydraulic and organic loads.
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2.B. Pilot Plant Experimental Results 

- Introduction

To ensure that the waste on which we were to operate would be rê  
presentative, an investigation was made inside the tannery itself 
to evaluate the production cycles and analytical data of these 
wastes compared with those of other Brazilian tanneries. The pro£ 
es cycles of the tannery under examination and the comparison 
with data of other tanneries and with the literature data are indj_ 
cated in Annexes 2/VI and 2/VII.
In comparing this data, agreement in the values is noted and,cher£ 
fore, we have concluded that the characteristics of the waste wa 
ter entering the pilot plant are sufficiently representative of 
the local situation. Some of the differences noted can be imputed 
to the collection system which is obviously not proportional to 
the tannery effluent flow and in the inability of the tannery equaj^ 
ization tank to ensure complete homogenization of wastes.
In particular the lower than normal COD and settled solids values 
are in our opinion due to the partial sedimentation of the efflueit 
in the tannery equalization tank which does not have an efficient 
mixing system.
Analytical control of the influent waste water have been carried 
out periodically during the whole test period and the results have 
been constant.
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2.B . Pilot Plant Experimental Performances

2.B.1 - Sulphide Oxidation 

Introduction

The treatment of residual sulphides in the lime baths can be ef 
fected by precipitation or oxidation.
After an initial period of extensive use, the use of iron salts is 
today being abandoned due to the inconvenience caused by the pres 
ence of tannins and the high quantity of sludge produced.
Although it is possible to use chemical oxidants, such as NaCIO 
or l^O,, due to high treatment costs, in general,they do not have 
a practical application.
The catalytic oxidation of sulphides with air in the presence of 

++Mn salts is today the type of treatment most widely used.
It was therefore decided to effect a series of tests using cata 
lytic oxidation, and two alternative methods were investigated:
a. by operating on the total effluent and on the equalized wastes 

also containing the lime baths;
b. by operating directly on the lime baths collected in a sepa 

rate tank.
Both conditions were tested in the pilot plant.
Another system of eliminating the bulk of sulphide from waste wa 
ter is that of re-cycling the lime baths.
This technique is already used by the School and other tanneries 
of Rio Grande do Sul with good results; for this reason we did 
not think necessary to make this type of test.

Sulphide removal in the equalization tank 

- Description of the treatment (see Figure 3)

For these tests we used the effluent from the external tannery 
which does not effect any pre-trearment or separation of the lime 
baths. The waste water, after screening, flows into the equaliza 
tion tank where aeration is carried out. The wastes are agitated 
and aerated by blowing air through twelve sintered alundum candle
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Legend
1 : tannery waste water
2 : self-cleaning screen
3 : pimp for influent saapling
4 : sanple collection tank
5 : equalization tank
6 : air blower
7 : MnSO solution storage tank4
8 : dosing pwg>
9 : lifting pimp
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diffusers arranged on the bottom of the tank.
The characteristics of the blower and the diffuser are described 
in the atrached Annexes, 2/VIII and 2/IX.
The oxidation catalyst, manganese sulphate, was added by means 
of a dosing pump directlv into the equalization tank. The prod 
net was added continuously as the water to be treated was collect 
cd continually from the tannery with a constant flow pump. 
Another pump then continuously transferred the treated water 
from this tank to the successive treatments.

- Operational performance of the test

All test were carried out in the same conditions, i.e.:

- Total air flow : 170 Nir.J/h
- No. of randies installed : 12
- "low rat* : 3

14 m"^/candle per hour
- Average depth of liquid

in the tank : 1.2 m
- Average volume of the “J

liquid in the tank : 30 m
- Specific air flow : 36.8 m /h per nT of tank

5.6 itr/h per mJ of tank (average)
- Raw influent flow : 6 m /h (8 h per day)
- Treated effluent flow : 2 m^/h (24 h per day)
- Average retention time

during the oxidation
tests : 7 h

- Catalyst employed • commercial manganous sulphate mono
hydrate (titre 99Z) (i.e. 32Z
Mn++ weight)

- Quantity of catalyst
added : 20 mg/1 as Mn++ on the influent

flow (i.e. 120 grams of Mn++ per
hour).

- General procedure

Two different series of tests have been carried out.
In test l we compared the values of the sulphide concentration 
in the aerated equalization tank with the values we would have had
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in the same condition without aeration. To obtain this we install 
ed a pump which continually collected a constant portion of the in 
coming raw water and sent it to a collection tank. An analysis of 
the homogenized water in the collection tank was made every hour 
and compared with that of the aerated equalization tank.
In test II we compared the values of the sulphide concentration in 
the aerated equalization tank with the average hourly sulphide val 
ues in the influent.
After the sample for analysis had been taken, i.e. every hour, the 
remaining waste water was discharged.

- Test results

The results obtained from the twelve experiments are summarized 
in TABLE 1 (test i) and TABLE 2 (test II).

- Comments

i) In the test conditions the addition of 20 mg/1 of Mn++in the 
aerated equalization tank has shown an ability to reduce sulphide 
concentration:
- in the test I the reduction was 89Z,from an average input value 

of 44 mg/1 to an average output value of 4.8 mg/1 ( with values 
in output higher than 10 mg/1 on a total of 36);

- in the test II the reduction was 88Z, from an average input val̂  
ue of 70 mg/1 to an average output value of 8.4 mg/1 ( with 11 
values in output higher than 10 mg/1 on a total of 36).

ii) In any case the residual concentration of sulphide does not 
seem to have affected the biological treatments (see the chapter 
o r Secondary Treatments).

iii) In the test conditions about 3 Kg of O 2  were supplied per 
hour with a theoretical transfer efficiency for the diffusers of 
7Z. The ratio O2 supplied treated sulphides was therefore of 
11 kg 0 2 /Kg S" (test I) and of 7 Kg Oj/Kg S (test II) against 
the theoretic 0.75 Kg 0 2 /Kg S according to the reaction:



are compared with those of the non aerated homogenised
influent (simulated with campler);see also attached graph.

TABLE 1
Test I series : the data of t'ue effluent treated

Test N.1 Sample time Influent Effluent
pH S*mg/1 pH S'mg/1

Q a.m. 8 . 8  5 8 8.4 1.6
1 0  * 9.3 77 8.4
1 1  " 9.4 109 8.3 -

2 p.m. 9.6 49 9.2 5.2
3 " 9.4 37 9.3 3 . 2

4- " 9.3 26 9.0 1 . 6

Test N.2 Sample tine Influent Effluent
pH S“mg/1 pH S“mg/1

9 a.m. 8 . 8  26 8.3 1 . 6

^ 0 n 8 . 8  29 8.3 3.2
w 9.2 38 8.5 3.0

5 p.m. 9.3 25 8 . 6

3 n 9. 1  32 8.7 -
4 " 9.1 24 0 . 8  1 . 6

Test N.3 Sample time Influent Effluent
pH S=mg/1 pH S“mg/1

^ a.m. 9.1 32 9.2 6.4
1 0  " 9.2 48 9.3 24.0
1 1  " 9.3 38 9.3 1 9 . 2

2 p.m. 9.2 34 9.4 12.6
3 " 9.5 32 9.5 -
4 " 9.4 20 9.6 -

Test ti. 4 Saranle time Influent Effluent
pH S'mg/1 pH S'mg/1

9 a.m. 9.0 58 6.3 5.2
1 0 ” 9.3 53 6 . 8  -
1 1  " 9 . 2  26 6.9 -

2 p.m. 9.0 16 8 . 0

3 " 9.0 29 8 . 1

4 " 8.7 13 8 . 2  -

Test N.3 Sample time Influent Effluent
pH S“mg/1 pH S“mg/1

9 a.m. 8.9 67 8.5 -
1 0  *' 8.9 59 8.7 -
1 1 " 9 . 0  6 6 8 . 8  -

2 p.m. 9.1 43 8.9 -
3 " 9.0 45 8.9 4.8
4 " 8.9 35 8 . 8  2 . 9

Test N. 6 Sample time Influent Effluent
pH S“mg/1 pH S“mg/1

9 a.m. 9.2 83 9 . 2  1 1 . 0

1 0  " 9.4 78 8.5 17.5
1 1  " 9.3 69 8.3 15.9
2 p.m. 9.4 62 8 . 2  1 3 .O
3 " 9.2 49 8 . 0  1 1 . 8

4 « 8 . 9  28 8 . 0  8 . 8

note; means traces
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Test I Series graphical representation influent
effluent
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TABLE 2

Test II series : the date of the treated effluent
Are coepared with average hourly valvts of the 
raw influent ; see also attached graph.
Test JLZ Sample Tine Influent Effluent

pH S“mg/1 pH S“mg/1
9 a.m. 8.4 96 8 . 2 8 . 0

1 0 " 9.2 125 8.5 8.5
1 1  " 9.0 1 1 0 *1.4 9.6

2 p.m. 8 . 0 38 8.5 8 . 0

3 " 9.0 *5 8 . 6 16.0
4 " 9.4 0-6 8 . 6 36.0

Test H . 6

9 a.m. 8.3 103 8 . 0 6 . 8

1 0  " 8 . 8 96 8 . 2 1 2 . 8

1 1  “ 8.7 72 8 . 1

Оf\J

2 p.m. 9.0 40 8 . 2 13.0
3 " 8.3 1 6 8 . 1 9.7
4  n 8.7 27 8.3 -

Test N.M
9 a.m. 8.4 96 7.4

1 0  " 6.4 1 1 2 8 . 1 1 2 . 8

И 8.5 129 8.3 16.4
2 p.m. 8 . 0 103 8 . 6 11.9
3 " 8 . 8 58 8 . 8 6.9
4 и 7.5 23 8.5 -

Test N. 1C
9 a.m. 8.7 40 8 . 2 2.3

1 0 " 8.5 44 8.7 5.7
1 1  " 8.9 60 8.7 1 0 . 2

2 p.m. 8.3 17 8.5 5.6
3 “ 9.2 53 8.7 3.2
4 “ 9.1 108 8 . 8 1 5 . 0

Test П.11
9 a.D. 8 . 8 У - 8.7 7.2

1 0 " 8 . 8 80 В.5 5.0
1 1  " 8.9 65 8.5 5.0

2 p.m. 8.9 81 8.5 7.0
3 " 8.9 82 8.7 5.0
4 11 8.5 62 8.7 -

Teat N. 12
9 a.m. 9.7 95 8 . 8 2 . 0

10 " 8.3 1 0 2 8 . 6 1 2 . 0

1 1  " 8.9 76 8 . 6 5.0
2 p.m. 8 . 0 40 8 . 0 5.0
3 " 8 . 0 60 7.7 2 . 0

4 " 6.9 35 7.8 •

note ; means traces
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Test II Series - graphical représentâtior. - influent 
—  effluent

r
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4 S '  * 3 0 2 J___  2 S2 0^

This is due to the necessity of supplying a major quantity of 
air to guarantee a sufficient homogenization of the liquor.

Sulphide removal in separate unhairing bath and protein 
precipitation

A series of tests employing sulphide oxidation with diffused air 
in the presence of manganous sulphate was carried out and, after 
wards, the reduction of the waste loads fcy acidification of the 
residual unhairing bath and protein precipitation was investigated.

Description of the treatment (see Figure 4)

For these tests we used the unhairing bath of the School, pumped
3

into the oxidation tower so as to reach a volume of 1 m . The tank 
was agitated and aerated by blowing air through four Sintered Alun 
dun Dome diffusers arranged on the bottom of the tank. The dif

3
fused air supplied was ca. 15 m per hour. Before starting the 
aeration of the tank, a manganese sulphate solution was added so 
as to reach a concentration of 100 mg/1 as Mn ++ in the bath.
Every hour an analysis of the residual sulphide was made ano -he 
test continued until reaching a sulphide concentration below ca.
30 mg/1 .
Alter this phase, the air supply was stopped and the sedimentation 
phase began. After an hour the sludge was discharged and the supe£ 
natant sent to the acidification tank where the pH of the solution 
was adjusted at about 3.8 so as to allow residual protein precipi 
tation. After sedimentation an analysis of residual COD and T.K.N. 
(Total Kjeldahl Nitrogen) was made.
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8UlP H tP E REMOVAL IN UWHAIRIMQ BATH 
* P R O T E I N  PRECIPITATION

13

n i T i » r * 5 r ®

3

Ì ft
10

K,scu
t-----

l\l № r ^
f t

12

Alternatives L.B.b. & L.B.c.

Legend

1 spent bath from the school

2 : screen

3 holding tank

4 : lifting pump

5 oxidation tower

6 dome diffusers

7 : sludge draw-off

8 reaction tank ( acid precipitation of proteir )

9 : stirrer

10 : protein precipitation tower

11 clarified liquid phase draw-off

12 solid phase ( protein ) draw-off

13 air blower

FIGURE 4
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Operational performance of the test

- Screen:

self cleaning screen (Hydrasieve type) wedge wire construction 
in AISI 304;
openings ■ 1 on
flow capacity = 2-3 m^/h

- Holding tank: 

volume « ca. 1.5

- Catalytic oxidation tower:

diameter « 0.95 m
total height * 3 m

3 3total volume * 2 m (useful 1 m for foaming problems)

- Catalyst employed:

coanercial manganous sulphate monohydrate (32Z Mn++ weight) 
quantity added = 100 mg/1 as Mn++

- Air diffuser system (fine bubbles):

n.4 Sintered Alundun Dome diffusers 
innersion depth * ca. 1.3 m

3
operational air flow * ca. 15 m /hour

3
air flow rate “ ca. 3.8 m /dome per hour 
oxygen transfer efficiency * ca. 10Z

3volume of the bath in the tower * ca. 1 m
3 2specific air flow ■ 21.4 m /h per m of tank

i.e. * 15 m^/h per m^ of tank 
oxygen transferred (4 diffusers) * ca. 0.4 Kg/hour

- Acidification tank:

volume ■ ca. 1.5 tn* 
stirrer ■ 1 HP 1.400 r.p.m.

- Acid employed:

sulphuric acid 10Z soln. 
precipitation final pH value m 3.8

i
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- Protein precipitation tower:

(Fiberglass cylinder with truncated 60° cone base)

diameter *= 0.8 m 
total height = 3 m

total volume = ca. 1.5 m^

- Analytical procedure

In this test, the high sulphite and thiosulphite concentration pre£ 
ent in the bath required some modifications to the classic APHA 
Standard Method (see below).

- Test results and conents 

- Sulphide oxidation

The results obtained are summarized in TABLE 3.
From the analysis of these results we can draw the following con
elusions:
a) In test conditions, the addition of 100 mg/1 of Mn in the 

aeration tank has shown capable of reducing sulphide conceii 
tration to average values lower than 20 mg/1, in a very short 
time (about 6 hours).

3 3b) The air supplied (15 m /h per m tank) was excessive but ne£ 
essary in order to guarantee good agitation of the tank (“)

c) The mean quantity of oxygen supplied during these tests was
ca. four times the theoretical quantity required according to 
the reaction: 4 S  ̂^2^3*

) Note: In our opinion a good agitation of the liquor during the oxid£ 
tion treatment is required to obtain an intimate contact between 
the catalyst and the reactives (sulphide and oxygen). In fact, 
in certain cases in which due to the clogging of the diffusers 
the quantity of diffused air was below normal, it took much 1o£  
ger (even 5 times) to complete the oxidation reaction. Once the 
diffusers were cleaned and the air flow was normal, the test 
times returned to the initial values.



26 -
TAKE 5
Sulphide reeoTel in aeparate unhalr ln g beth (100  ag/1 Mn+'f)

Teat N. Su p le  tine Sulphide concentration
S’ n*/l

1 9 a.a. • 912
10 ■ 788
11 “ 592
12 " 224

1 p.a. 117
2 " 67
3 “ 21

2 9 a.a. 184
10 " 91
11 ■ 24

3 9 a.a. 405
10  • 272
11 R 174
i¿ " 120
1 p.a. 18

4 9 a.a. 156
10 * 65
11 ■ 57
12 " 24

1 p.a. 18

5 9 a.a. 294
10 " 219
11 " 120

12 " 80
1 p.a. 2 1

6 9 a.a. 504
10 " 360
11 * 270
12 ■ 158

1 p.a. 60
2 " 20

7 (note) 9 a.a.
10 "
11 "
12 ■

1 p.a.

533
289
55
23

8 9 a.a. 594
10 * 450
11 " 285
i:  " 187

1 p.a. 108
2 " 88

3 " 45
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Table 3 cont.

Teat N. Saaple tiae Sulphide concentration
S"agA

9 9 a.a. 395
10 ■ 30*
11 " 256
12 " 120

1 p.a. 60
2 " 16

10 9 a.a. 2*8

10 " 131
11 ■ 85
12 *0

1 p.a. 12

11 9 a.a. 28*
10 ■ 120
11  ■ 75
12 " 30

1 p.a. 12

note : teat H.7 with 150 agA  of Hn
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ANALYTICAL PROCEDURE FOR SULPHIDE DETERMINATION 
IN THE SPENT LIME BATHS

In case of sulphide determination in lime baths, some modifica 
tion to the standard methods analysis were necessary, due to the 
high concentration of sulphite and thiosulphates present.

Sample pretreatment

Add to 150 ml of well-mixed sample 5 ml of a 107 soln. of 
BaC^ * 211̂ 0 in excess of the amount necessary to react with the 
sulphite present. After centrifugation, test the solution with an 
other small amount of BaCl^ soln. and if no more barium sulphite 
precipitates start with the sulphidr determination as follows.

FIGURE 4a
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Procedure

Measure 100 si of a solution containing 12 gr/1 of Zn 
(CILjCOO)^ • 2 ^ 0  into each of the two absorbtion flasks. Connect 
the reaction flask and two absorbtion flasks in series as shown 
in Figure 4a and purge the system with N2 for 2 minutes.
Put 100 ml of the pretreated sample into the reaction flask and 
replaco the 3 hole stoppers tightly.
Acidify the sample with 10 ml cone. HC1 and pass N2  through the 
apparatus for 1 hr. Filter the contents of the absorbtion flasks, 
wash with H2 O and put the filter and its contents into a 500 ml 
flask. Add 50 ml of iodine solution 0.25 N, 5 ml cone. HC1, 
stopper and shake to mix thoroughly. Then back titrate with 0.25N 
sodium thiosulphate soln. using starch solution as indicator.

Calculation

S* (mg/1) * (50 - C) x 40, where C is the ml of 0.25N sodium thi£ 
sulphate employed.
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Protein precipitation

The average quantity of acid added to reach the final pH value oi 
3.8 was ca. 10 Kg of H^SO^ 96Z for l m^ of unsettled unhairing 
bath; when the majority of suspended solids (hair and lime) was 
removed beforehand by sedimentation the acid consumption was ca. 
6.5 Kg of H^SO^ 96Z for 1 m^ of pre-settled bath.
The acid economy between the two alternatives was of about 35Z.
The results obtained working both with fresh unhairing baths 
(used once) and old ones (reused several times) are reported in 
Table 4. From this data we can see that the protein precipitation 
produced an average reduction of ca. 80Z of COD and of 75Z of TKN 
present in the unhairing bath.

Observations

As already mentioned, in these tests we used the unhairing baths 
of the Tannery School which carries out quite frequently but in a 
non uniform way and without excessive analytical controls the lime 
bath recycles after simpl. screening (the process cycle ’s report 
ed below).
This is the cause of the wide variations in the COD and TKN val 
ues «/hieh can be seen in Table 4. The unusually low values of sul 
phide in the spent unhairing haths depend, in our opinion, both on 
natural oxidation of the baths due to contact with air (this phe­
nomenon is quantitatively more important in baths of small volume 
such as the School one) and on the dilution due to the amount of 
washing waters added.
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TABLE 4

Lias-sulphide 
raw effluent

After sulphide 
oxidation

After protein 
precipitation

Teat COD
(■ 6/ 1 )

COD TKlt 
(e gA ) (ag/1)

COD TKN 
(■ 6/ 1 ) ( -6/ 1 )

R.i (fresh bath) 25,000 18,600 1,000 3,600 335

H.2  (fresh bath) 17,400 13,200 3,400 -

R.3  ( 'll tines recycled 
bath)

44,900 34,700 3,600 5,600 660

It ,4 (8 tie s a recycled 
bath) 42,000 39,800 3,000 5,200 600

H.5 (fresh bath) 17,400 13,200 1,860 3,400 465

N.6  (recycled bath) 63.700 58,400 3,200 10,800 900

H.7 (recycled beth) 27,000 15,500  - - -

H.8  (fresh bath) 11,400 9,920 - 2,470 -

N.9  (fresh bath) 36,500 33,800 1,800 2,300 280

H. 10 (recycled bath) - 33,400 2,990 5,200 610

*ote : Process employed at the tannery School
freah bath process recycled bath process ('■ )

-  10095 freah water -  50*  spent unhairing bath
-  2.395 sodiua sulphide 

(ca.5095 Ha^S)
-  1 .3*  sodiua sulphide 

(ca.50*  NagS)

rotation 30 a ' rotation 30 ii*
-  10095 fresh water -  150*  spent unhairing bath
-  3.5* lie s -  3.3* liae

(*) the spent unhairing bath contains alao a portion 
(20-3095) of the f ir s t  washing
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2.B.2 - Chrome Recovery

During this period some demonstrations of chrome recovery and re 
use have been carried out according to the alternative C.R.c. as 
follows:
- screening of tanning baths
- chrome flocculation with NaOH
- chrome hydroxide filtration with filter-press
- chrome hydroxide cake redissolving with 

analytical control and chrome reuse.

Note: Chrome recovery tests by direct recycling of the bath itself 
after screening (alternative C.R.a.) have been considered su 
perfluous because this process is in normal use at the Tanne 
ry School at Estancia Velha. ~

Procedure

To carry out these tests the spent chrome bath from the School was 
used. The spent chrome was pumped through a screen and collected 
in a 1#000 litres tank equipped with a stirring device. The tests 
were carried out in a batch system: the solution was stirred and 
NaOH solution added until pH8 was achieved. Next the chromium h^ 
droxide slurry was pumped to the filter-press. The cake of chrome 
hydroxide thus obtained was removed from the filter, weighed and 
re-dissolved with sulphuric acid.
After the acid addition the mixture was stirred for 8-10 hrs.(over 
night). The next day the analytical controls were effected and, af 
ter having added ‘.he required acid to correct the basicity, the 
product was given to the School technicians for tannery tests. 
These tests were carried out with pickled sides. The right sides 
were tanned with regular chrome salts and the left sides exclusive 
ly with recovered chrome liquor.
At the end of tanning the skins were again put together to undergo 
successive treatments. At the end of the processing a comparison 
was made of the two sides and the usual chemical and physical
tests were made.
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Plane facilities

- Screen:

self cleaning screen (Hydrasieve type) wedge wire 
in AISI 304.
openings = 1 mm.

3
flow capacity = 1-2 m /h

- Flocculation tank:

(fiber-cement tank with a capacity of 1,000 l) 
stirring device = 1 HP

- Filter-press:

plates dimensions: 500 x 500 mm 
number of plates: 12
total filtering surface area: 3.65 sqm.
¿verage cake thickness: 23 mm
total volume of cake: 37.4 litres

2max. working pressure: 12 Kg/cm

- Feeding pump (one single piston pump)
3

capacity: 1.2 m /h
2

total head: 12 Kg/cm 
installed power: 1.47 KW

- Dissolution tank:
(the same tank used for flocculation)

Operational Performances and Test Results

Spent chrome bath characteristics:

- Chrome content (as Cr?0^) ■ ca. 4 g/1
- pH = 3.5-4

Flocculation:

- Alkali employed * NaOH 50Z soin.

construction



- Flocculation end point * pH 8 

Filtration:
2- Maximum working pressure * 3 Kg/cm

- Time required for one filtration cycle = 3— 3.5 hours
- Specific filtration rate = 70-80 litres per m- of filtering su£ 

face per hour
- Dry material in the chrome hydroxide cake ? 20-23"
- Cake weight = 38-42 Kg for each filtration
- Chrome content of the cake (as Cr^O^) = 10-12%
- NaOH consumption (Kg NaOH/Kg C^O^) = 0.5-1.0

Redissolving of the hydroxide cake:

- HjSO^ (circa 96% consumption (Kg HjSO^/Kg C^O^) = 0.7-1.0
- Tim* required for the total cake redissolving = 6-10 hrs.
- C> mi urn content in the recovered liquor (as C^O^) = ca.10% wei
- Schorlemmer Basicity of recovered liquor (after correction) = 
within 30-35%

Observations

The chrome liquor thus recovered was given to the School techn^ 
cians for a tanning test.
In this demonstration the total quantity of tan chrome vas subst£ 
tuted by the recovered chrome.
This is unusual as it is preferable to use only a part of this 
chrome together with normal chrome.
However, no evident differences were noted in the tanning capac£ 
ty of the chrome and the leathers obtained, apart from a slightly 
darker colour, showed an aspect and characteristics similar to 
those of leather produced normally.
The results of some physical tests on leather are reported in the 
following Table 5.
Further tests according to the alternative C.R.b. (screening-flo£ 
culation-sedimentat ion-redissolving and reuse) are still running. 
These tests, employing MgO as chrome flocculation agent, are cajr 
ried out, as Project external service, in strict collaboration



with a tannery in Estancia Velha area. The first results are very 
interesting for the high chrome‘content of the recovered liquor 
(ca. 50 g/1 as CrjO^) that we can obtain by this simple and ec£ 
nomic way.
At the same time, because of the demonstrated variations in the 
effects of various alkalis on chrome recovery efficiencies, add£ 
tional alkali studies including calcium hydroxide, calcium carb£ 
nate, sodium carbonate etc. are investigated on laboratory scale.
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TABLE 5

PHYSICAL LEATHER TESTING
SENAI Tanning School Physical Laboratory of Estancia Velha 
Dafc%: 20.12.1983

Leather tanned with Leather tanned with 
"normal chrome" "recovered chrome"

I.Ü.P. /6 MEASUREMENT OF TENSILE STRENGTH AND ELONGATION

- thickness urn 1.57-1.58 1 .61-1.60
- cracking load Kgf 63.4-38.5 57.6-32.8

2- tensile strength Kgf/mn 4.0-2.4 3.6-2.0
- elongation % 66-67 61-71

I.U.P./8 MEASUREMENT OF TEARING LOAD

- thickness mm 1.53-1.57 1.65-1.68
- max. load Kgf 18.9-24.7 16.0-20.9
- tearing load Kgf/cm 124-158 97-125

I.U.P./9 MEASUREMENT OF DISTENSION AND STRENGTH 
BY BALL BURST TEST (LASTOMETER)

OF GRAIN

- grain cracking load Kg 39.6 33. 3
- elongation at grain 

cracking mm 9.3 8.3
- leather cracking load Kg 75.3 67.7
- elongation at leather 
cracking mm 13.3 13.1

I.U.P. = Methods of Physical Leather Testing by the International 
Union of Leather Chemists Associations.



2.B.3 - Primary Treatment

Summary

In order to verify the efficiency of the clari-flocculation treaty 
ment of the tannery waste-waters and determine the best dosage 
of reactives, a series of tests were performed using a decreasing 
amount of coagulants and comparing the results with those obtain 
ed without chemicals.
The tests are reported in the following Table:

Test Test period Chemical use & dosage

P.T.a.1 22/6/83 - 16/9/83
P.T.a.2 19/4/83 - 7/11/83
P.T.a.3 8/11/83 - 2/12/83
P.T.c. 5/12/83 - 30/6/84

Alum 800 mg/1 + Polyelectr. 1 mg/1 
Alum 400 mg/1 + Polyelectr. 1 mg/1 
Alum 200 mg/l + Polvelectr. O.'i mg/'l 
None

With regard to the P.T.c. test, this has enabled us to evaluate 
the contribution of the chemicals in the primary treatment as 
well as to evaluate the depurative capacities of a secondary 
treatment fed by such effluent which has received a treatment of 
homogenization, sulphide oxidation, sedimentation and pH régula 
tion (see the Secondary Treatment section1».
For practical during this period the P.T.b. test (P.T. alternative 
without sulphide oxidation in the equalization tank) was not car 
ried out. In fact, although the substitution of the floating aej: 
ator with a mechanical stirrer was possible (this facility is 
available in the Pilot Plant), we preferred to keep the primary 
treatment uniform so as to be able to make a better comparison 
among the various secondary treatments which were progressively 
tested.
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SCHEDULE AND CHARACTERISTICS OF THE EQUIPMENT AND 
FACILITIES UTILIZED IN THE- PRIMARY TREATMENT TESTS

No. 1 Brushed Screen (Parkwood Type)
- perforations ж 0 1.6 am
- flow * 10 m 3 /hr
- power = 0.75 HP

No. I Equalization Tank
- Dimensions:

5.6 x 4.5 m total height 2.5 m (useful c .2.0 m)
- Volume max. useful ж ca. 50 m3
- Surface ж ca. 25 m2

No. 1 Air Blower (Rotary vane centrifugal blower)
- air flow = 170 Nm3/hr
- power = 4.5 HP

No. 12 Sintered Alundum Candle Diffusers
- air flow ж 15 Nm3/h each
- porosity ж 100 micron
- theoretical transfer efficiency = ca. 7Z

No. 1 Lifting Pump (Type Mohno)
(helicoidal pump)
- flow = 2 m 3/hr
- power * 1 HP

No. 1 Self Cleaning Screen (Bauer Hydrasieve Type)
(Wedge Wire Construction in AISI 304)
- spacing • 1 mm.
- flow ж 2 m 3/hr

No.. 1 pH-Control Unit 
comprising:

No. 1 pH-Meter with two threshold points (minimum pH ж 7, 
maximum pH ж 9)

No. 1 acid dosing pump and polypropylene vessel, capacity 200 litres
No. 1 lime milk dosing pump and fiber-cement vessel, capacity 200 H  

tres with stirring device.

No. 1 pH-adjustment tank (fiber-cement, capacity 1,000 litres) with 
fast stirring device (1.0 HP)

No. 1 coagulation and flocculation tank (fiber-cement, capacity 1,000 
litres) with slow stirring device (1.0 HP).
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Aluaioi.ua Sulphate Dosing Unit 
coapnsmg:

No. 1 Aluainiiai sulphate solution at 8Z storage vessel (fiber-ce
ment, capacity 1,000 litres) with fast stirring device (lTo HP)

No. 1 Aluninium sulphate solution dosing pump
- flow ■ 20 litres/hf
- power * 0.35 HP

Polyelectrolyte solution dosing unit 
comprising:
No. 1 Polyelectrolyte solution at 0.1Z storage vessel (fiber-cement, 

capacity 200 litres) with stirring device (0.5 HP)
No. 1 Tolyelectrolvte solution dosing pump:

- flow * 20 litres/hr
- power * 0.35 HP

No. 1 Lifting Pump (Type Mohno) 
helicoidal pump
- flow * 2 m3/hr
- power = 1 HP

No. 1 Vertical sedimentation tank
Steel construction with lacquer finishing
Dimensions:
0 * 1.5 m. height cylindrical part

1.5 m. height of cone (60° * 1.8 m.)
Total voluae * 3.7 m3 
Surface * 1.76 m2

No. 1 Sludge rempval pump (type Mohno) 
helicoidal pump
- flow ■ 6 m3/hr
- power * 0.75 HP
with automatic intervention of 20 seconds every 20 minutes by 
time switch.
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OPERATION OF THE TEST 

(see figure 5)

During Che CesC period Che volume of discharge vacer creaced was 
abouc 50 m3/day wich a flow of 6 m3/hr for 8 hours per day before 
equalizaCion and a flow of 2 m3/hr for 24 hours per day afCer equal 
izacion. (See in Figure 6 che operación of Che equalizacion Cank).

Tescs P.T.a.

- screening (~)
- equalizacion and 

sulphide oxidacion
- pH adjusCmenc
- coagulaCion and 

flocculaCion
- sedimenCation
* sludge discharge

TesCs P.T.c.

- screening (“)
- equalizacion and 

sulphide oxidacion
- pH adiustmenc
- sedimencacion
- sludge discharge

(~) Noce: a second screening has been inscalled after Che 
equalizacion Cank because Che small volume of effluenc 
Co be CreaCed undergoes a system of flow regulation 
(valves) and pumping with narrow free passage and there 
fore they can be easily blocked. In a larger plant 
this second screening unit would not be necessary.

All these tests were carried out under the following operative con 
di tions:
Equalizacion: retention time: ca. 24 hours

air flow (blower): 170 Nm3/hr ++
quantity of catalyst added: 20 mg/1 as Mn

pH adjustment: within 7 and 9
Coagulation (if any): retention time 30 m'
FloCculation (if any): retention time 30 m'
Sedimentation: retention time ca. 2 hours

superficial load 1.0 m3/m2.hr
The chemicals used are:
- ALUM (as coagulant):

solid aluminium sulphate A^iSO^^.lS H2 O
type: industrial grade (Al^O^ content ca. 15Z)

solution strength applied: 8Z
4Z
2Z

(P.T.a.l) 
(P.T.a.2) 
(P.T.a.3)
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POLYELECTROLYTE (as coagulant aid):
type: polyacrylamide
physical form: power
ionic charge: anionic
molecular weight: several millions
pH of 0.25Z solution: about 10
solution strength applied: 0.12 (P.T.a.l & P.T.a.2)

0.05Z (P.T.a.3)
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Legend
1
2
3
4
5
6 
7

8 » 19 
9 
IO 
U  
12
13
14

school waste waters 15
tannery waste waters 
self-cleaning screen 16
equalization tank
air blower 17
alundum diffusers
lifting pump 18
float switch 28
punp 21
wedge wire self cleaning screen 
pH-adjustaent tank i fast stirred ) 22 
lime milk dosing unit 23
acid dosing unit 24
pH control unit

aliminium sulphate 
dosing unit 
polyelectrolyte 
dosing unit
coagulation and floccu­
lation tank (slow stirred) 
pump
sedimentation tank 
clarified effluent 
discharge
sludge removal pimp 
sludge discharge 
automatic intervention 
time switch

FIGURE 5
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Test Results

The analytical data of the effluent frni the equalization tank and 
those of the clarified effluent fro* the primary sedimentation 
tank are sioaarized in Tables 6, 7, 8 and 9 (average values dur 
ing the test period).

TABLE 6 - Test F.T.s.l (800 ^ / 1  Aina « 1 ^ / 1  Folydlectrolyte)

! EQUALIZATION TABE EFFLUENT [ CLABIFIED EFFLUENT

pnlsetcled Solids
■1/1

coo
■s/l

BCD
■B/l

P* Settled Solids 
■1/1

con
■8/1

100
■8/1

m
" © s 2,M O «80 7.0 0.1 590 IBS

TABLE 7 - Test P.T.a.2 («00 ^ / 1  Alia * 1 ej/1 Folyslectrolrtc)

eq ualization t a b e effluent CLABIFIED EFFLUENT

pH |Settled SolidJ COD
■ «1/1 ! ■&/!

BOD
■s/i

pH Isettled Solids
! Bl/1

COD
■8/1

BOD
■8/1

B.*i J2 ¡2.000 370 7.*j 0.3 525 1«0

TABLE 8 - Test. P.T.s.3 (200 Bg/1 Alus ♦ 0.5 i|/l Polyelectrolyte)

! EQUALIZATION TANE EFFLUENT T---- CLABIFIED EFFLUENT

pH 1 Settled Solid) 
| al/1

COD
■8/1

BOD
■8/1

pH Settled Solid* 
■1/1

COD
■8/1

BOD
■8/1

1----1
; 8.« «1 1,720 «00  ̂7.7 0.3 LÌIÌJ 165

TABLE 9 - Test P.T.c. (No Chcaicsls)

EQUALIZATION TANE EFFLUENT ' CLABIFIED EFFLUENT

pH | Settled SolidJ COD ! BOD 'pH 'Settled Solid! COD BOD
•1/1 | **/l * ag/1 ■1/1 ■8/1 •8/1

7.8i 77 *3,060 j 890 *7.7 2.5 1;560 5*0

The average reduction found for each treatment is:

P.T.a.l P.T.a.2 P.T.a.3 P.T.c
Settled Solids 99.87 99.07 99.37 96.72
COD 76.97 73.77 66.67 49.02
BOD 61.52 62.17 58.77 39.32

The detailed analytical results of the tests are reported at Annexes 
2/X, 2/XI, 2/XII and 2/XI11.
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Discussion of Results

The high reduction percentage found indicate that the Pilot Plant 
has reached a high standard of efficiency.
In fact, beyond the average values indicated above, we must under 
line the fact that during the whole test period the characteris 
tics of the effluent from primary sedimentation remained within a 
narrow range of values as it may be seen from the annexed analyt 
ical data. This is also due to the fact that some initial problems 
were solved, i.e.:
- the correct and constant regulation of the hydraulic flow of 

the plant (this regulation has given a few difficulties at the 
start which were later overcome by modifying the capacities of 
some of the installed pumps).

- The availability of an efficient polyelectrolyte (at first we 
worked with different polyelectrolytes which were obtained as 
samples from various suppliers in order to verify their effi 
ciency).

- The installation of an automatic drawoff system of the primary 
sludges (during the first phase this drainage was effected man 
ually and in an erratic manner only during working hours).

Principally the excellent results obtained were due to the care 
and high professional level attained by the Brazilian counte£ 
parts assigned to the operation and maintenance of the 
plant.
The prolonged test period and the uniformity in the results ob 
tained allow one to draw the following conclusions:
1. A treatment employing minimal chemical levels (200 mg/1 Alum 

♦ 0.5 rag/1 Polyelectrolyte) has shown the most suitable effi 
oiency/cost ratio in the tests with chemicals P.T.a.).

2. Test without chemicals (P.T.c.) produced a settled effluent 
that could be treated in a secondary phase without great diffi 
culty (see secondary treatment)).

In our opinion the choice between the two treatments (clarifloc 
culation with chemicals and spontaneous sedimentation) must he 
evaluated in relation to the following factors:
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a) a treatment type P.T.a. necessitates extra installation costs 
which are quite insignificant with respect to the total cost 
but on the other hand confers big advantages to the plant re 
liability;

b) the absence of coagulation treatment on the other hand means a 
higher organic loading onto the secondary treatment system and 
therefore an economic evaluation must be made between the chem 
ical costs saved and the extra energy costs which are required 
for the biological treatment;

c) it can be dangerous to allow raw effluents to be treated main 
ly by biological methods, as very few tanneries have techni 
cians trained in the corrent functioning of this type of depu 
ration, on the other hand operation of physical-chemical treat 
ment is very simple;

d) chemical consumption can always be reduced in relation to the 
needs of the biological treatment, and can be increased if ef 
ficiency deteriorates.
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2.B.4 - Secondary Treetaent

The following biological systems were tested with the aim of eval̂  
uating the best performance and reliability of secondary trea£ 
ment under the local conditions:
- Extended aeration with oxidation ditch
- Extended aeration with floating aerator
- Conventional activated sludge
- Facultative/aerated lagoon
- Trickling filter with plastic media
- Trickling filter with crushed stones
- Biological treatment without primary sedimentation.
The tests carried out led to the identification of the biological 
treatments suitable for secondary treatment which can be chosen 
according to the particular requirements of the relevant tannery.
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- Extended aeration with oxidation ditch

According to the scheme reported, in Figure 7, a secondary treaty 
ment (extended aeration) with Oxidation Ditch (Alternative S.T.a/1) 
was carried out.
The process facilities and the operative conditions of the test are 
reported below.
The detailed results are reported as Annexes 2/XIV, 2/XV, 2/XVI and 
2/XVII.
The results (average), divided in four groups, depending on the di£ 
ferent Primary Treatment employed are as follows:

I

I
I
I

I. Secondary Treatment after Tate P.T.a.KAlua 800*g/l*l af/1 Polyel.

Inflnenc froa Primary Effluent froa Secondary
Sedimentation Sediaentat ion

pa 7.2 7
Settled aolida (al/1) 0.1 0.9
C O D  (^/1) 590 193
B O D  (ag/1) IBS 29

11. Secondary TrtâtMoC after Teat P.T.a.2(Alia 4O0ag/l+l ag/l Polyel.

Influent froa Primary 
Sediaentation

Effluent froa Secondary 
Sediaentation

pH 7.4 6.2
Settled aolida (al/1) 0.3 0.4
C O D  (ag/1) 525 270
B O D  (ag/1) 140 12

I It.Secondary Treacaent after Teat P.T.a.3(Alua 200ag/l+O.5ag/l Polyel.

Influent froa Priaary 
Sediaencecion

Effluent froa Secondary 
Sediaencacion

pH 7.7 6.5
Settled aolida (al/1) 0.3 0.2
C O D  (ag/1) 570 244
B O D  (ag/1) 165 14

IV.Secondary Treacaent efter Teat P.T.c. (No chaaicale)

Influent froa Primary 
Sedimentation

Effluent froa Secondary 
Sedimentation

PH 8.5 7.4
Sectlad aolida (al/1) 4 2.5
C O D  (ag/1) 1550 297
B O D  (ag/I)- 520 36

The average reduction for each c.eataent ia:

C O D
SOD

I II
67.21 48.5X
8*. 3X 9’.41

III IV

S7.2X .80.81
91. SI 93.OZ

f

'
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Legend

20 : primary sedimentation tank

21 : clarified effluent discharge

22 : extended aeration tank

23 - 30 : secondary sedimentation tank

2 4 -  31 : sludge return

2 5 -  32 : sludge drainoff

26 : floating aerator

2T - 34 : lifting pump

28 : oxidation ditch

29 : lifting tank with adjustable weir

33 : aeration rotor

35 - 36 : final effluent discharge



Note:

From a superficial study of the above data, one can conclude that 
the test IV is preferable as it consents a higher abatement of 
the influenc load. In reality the higher the influent load the e£ 
sier it is to obtain a higher percentage of abatement but the to 
tal treated by the secondary treatment is in.any case superior 
than that treated by the other tests.
This naturally occurs, as in this case, when the treatment capac£ 
ty of the secondary plant is abundant.
Therefore for a complete evaluation of the various tests one must 
also consider the different energy costs and final effluent chai: 
acteristics.

Discussion of the result

Analyzing the results reported above, we can draw the following 
conclusions:
a) an extended aeration Secondary Treatment with Oxidation Ditch 

was able to give a very good reduction of the organic load and 
produce a water with characteristics in accordance with thelim 
its imposed by the Local Authorities.

b) Very good results were also obtained by treating the water a£ 
ter Primary Treatment without chemical flocculation.

c) From a mechanical point of view, this type of treatment showed 
high reliability.

d) These good performances can also be attributed to the climatic 
conditions. In fact, during the whole test period, the water 
temperature never fell below 15°C.

Further investigations

We are now testing the Oxidation Ditch with a higher influent flow. 
The new operational conditions are the following:
- Influent flow (m3/hr) 2
- Retention time (hr) 30
- Organic load (Kg BOD/day) 7-11
- Volumetric load (Kg BOD/m3 of tank per day 0.12-0.2
- Recycle sludge (%) 100



The detailed results are reported as Annex 2/XVII-bis.
The short period in which the test was carried out does not allow 
any definitive evaluation. The high BOD values of the effluents can 
be attributed to the fact that the system is still adapting to the 
new operative conditions.
The average reduction is:
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- Extended Aeration with floating aerator

According to the scheme reported in Figure 7, a secondary treat 
ment (extended aeration), using a floating aerator as oxygenator 
(Alternative S.T.a/2) was carried out. The detailed results ire 
reported as Annexes 2/XVIII and 2/XIX.
The operative conditions are reported below.
The results (average), divided in two groups, depending on the 
different Primary Treatments employed, are as follows:

I-Secondary Treatment after Test P.T.a l(Alum 800mg/l+l mg/1 Polyel.

Influent from Primary 
Sedimentation

Effluent from Secondary 
Sedimentation

pH 7.2 7.0
Settled Solids ®1/1 0.15 0.8
C O D  “g/1 590 284
B O D  «“g/1 181 22

11-Secondary Treatment after Test P.T.a 2(Alum. 400mg/l+l mg/1 Polyel.

Influent from Primary 
Sedimentation

Effluent from Secondary 
Sedimentation

pH 7.7 6.4
Settled Solids ml/1 0.3 1
C O D mg/1 554 484
B O D mg/1 120 27

The average reduction found for each treatment is:

I 11
B O D 87.8% 77.5%
C O D 51.8% 12.6%



TABLE 10 - PARALLEL SYSTEM FACILITIES

Oxydation Ditch

- tank volume
- rotor length
- depth of imnersion
- theoretical oxygen transfer
- power

Floating Aerator

- motor size
- motor rev/min
- theoretical oxygen transfer

ca. 60 m 3 
0.75 m 
150 mm 
2.2 Kg/hr 
3 HP

2 HP 
1,400 
2.0 Kg/hr



TABLE 11 - OPERATION OF BOTH OXYDATION DITCH AND FLOATING AERATOR
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S.T.a./I
(oxydation ditch)

S.T.a./II 
(floating aerator)

- aeration tank volume (m3) ca. 60 ca. 50
- feeding flow (m3/hr) 1 1
- total organic load

(Kg BOD/day) 3.5-5.5 3.5-5.5
- volumetric loading

(Kg BOD/m3 of tank per day) 0.06-0.1 0.07-0.11
- aeration retention time (hr) 60 50
- recycle sludge (Z) 100 100
- mixed liquor suspended

solids M.L.S.S. (mg/1) 1,150-4,000 1,150-3,200
(average ca.2,100) (average ca.2,300)

- volatile sludge content (Z) 50-75 50-75
-Sludge Volume Index SVI 50-120 60-100
- dissolved oxygen in the from minimum 5 

aeration tank OD (mg/1) to saturation
from minimum 5 
to saturation



- Comparative evaluation

In order to check the performance and reliability of the two ex 

tended aeration systems (Alternative S.T.a./I and S.T.a./II), 
their results were compared:

- Average percentage reduction found in each period (~)

Oxydation
Ditch

Float ing 
Aerator

Oxydation
Ditch

Floating
Aerator

B O D  84.3% 87.8% 91.4% 77.5%
C O D  67.2% 51.8% 48.5% 12.6%

(“) Nore: These reductions were calculated on the basis
of influent values from primary treatment with 
two different primary treatments: 1st period 
(Alum 800 mg/1 + 1 mg/1 Polyelectrolyte) - 
2nd period (Alum 400 mg/1 + 1 mg/1 Polyelectrci 
lyte) and effluent from secondary sedimentation.

From the analysis of the results, we can draw the following con 
elusions :
a) Under test conditions both systems were proved to be a valid 

mean of treating tannery effluents.
b) The characteristics of the final effluent of the two systems 

do not differ substantially and are well within the limits im
posed by the Local Authorities.

c) Perhaps the oxidation ditch seems to be more reliable.
A detailed comparative table of the two extended aeration systems 

is reported as Annex 2/XX.



Conventional activated sludge

As the vaste water available was not sufficient to carry out all 
the biological systems at the same time,a timetable of the various 
tests was agreed and the secondary treatment, using a conventional 
activated sludge system (Alternative S.T.d.), started in June 1984. 
For this reason the short period of operation does not allow any 
definitive evaluation of the results. However the test is still 
running under the supervision of the Brazilian staff and the dij 
cussion of results will be contained in an informative paper 
which will be prepared for the Latin-American Annual Congress of 
Chemists and Technologists of the Leather Industry which will be
held in Gramado in November 1984.
The operational performances of the tests are the following:
- aeration tank volume (m3) 19
- feeding flow (m3/hr) 1.4
- total organic load (Kg. BOD/day) 19
- volumetric loading (Kg. BOD/mJ of tank per day) 1.0
- aeration detention time (hr) 10 + 13.5
- recycle sludge (Z) 100
- mixed liquor suspended solids M.L.S.S. (mg/1) 3000
- sludge volume index 120
- dissolved oxygen in the aeration tank 0D(mg/l) 4
- organic load (kg BOD/kg MLSS per dav) 0.35
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- AERATED LAGOON

Among che wide variety of lagooning techniques,Che aerated lagoon 
was chosen and tested (Alternative S.T.f.). A floating aerator was 
employed as stirring device and aeration source.

Operational performances of the test

- tank dimensions - of Che upper side:
of the bottom: 
total height:

- tank volume (m3)
- feeding flow (m3/hr)
- retention time (days)
- total organic load (Kg.BOD/day)
- volumetric load (Kg.BOD/m3 of tank

per day)
- floating aerator power (Hp)
- specific power (w/m3)

22 x 12 m.
18.ó x 8.6
1.4 m. (useful l.l m.)

288 (useful 215)
l
9
13.5
Ü.063

1.0
3.5

Test results and conments

The average results are the following:

Influent from Primary Effluent from Lagoon 
Sedimentat ion

pH 8.1 7.8
Settled solids (ml) 8.6 5
COD (mg/1) 1463 305
BOD (mg/1) 564 54

The average reduction is:
BOD 90%
COD 79Z
From the analysis of these results, we ran come to the following 
conclusions:
a) the results obtained are characteristic of this type of treaty 

ment;



b) the parameters of the effluent flow respect the limits imposed 
by the Local Authorities, except for the settled solids, whose 
high value can be due both to the corresponding high value of 
the influent flow and to the small dimensions of the lagoon in 
which it is difficult to create an area of oxygenation and an 
other of sedimentation;

c) the favourable climatic conditions and the availability of the 
soil make of an aerated lagoon, preceded by a physical-chemical 
treatment including screening, homogenization, sulphide oxida 
tion, pH control, primary sedimentation, one of the possible 
alternatives in the tannery waste water treatment in Brazil.
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TRICKLING FILTER

- Introduction

Description of treatment cycle (see Figure 8)

The effluent from primary treatment is sent to a small tank and 
then pumped to the filter.
Through a water-jet rotary distributor the water descends on the 
top of the filter.
The trickling filter is divided into two parts by a perpendicular 
masonry wall (half volume has been filled with plastic media and 
the other with crushed rocks).
In this way, it will Be possible,once one test is finished, to e£ 
feet a second test with the same equipment but employing alternate 
media.
A plastic cover has been arranged to collect and divert water on 
the filter half not in operation, so that the rotary arm can only 
feed the test media in use.
The water which passes through the plastic bed is collected on the 
base of the filter and recycled into the lifting tank. This tank 
is equipped with a dividing baffle to avoid flow short circuits 
i.e. a direct passage of the raw water tc the second lifting tank. 
It is thereby guaranteed that the tank always has the quantity of 
water required for keeping the biological bed wet.
The treated water overflows into the second tank and then is pump 
ed to the secondary clarifier.

Operational data

- TrickHng_fliter

- Influent flow: 1 m 3/hr
- Plastic media volume: 9.5 m 3
- Recycle flow: 37 m3/hr total (18.5 m 3/hr on the half surface

involved in the treatment)
i.e. 3 m 3/hr recycle per m2 of 
filter surface



V
SECONDARY TREATMENT WITH TRICKLING FILTER 

( Alternative S.T.b. )

7 13
FIGURE 8

Legend :

1 : effluent from primary sedimentation 11 : effluent

2 : lifting and recycling pump 12 : recycle

3 : rotatory distributor arm 13 : sludge draw-off

4 : plastic media bed 14 : not treated water recycle

5 : crushed rock 15 : baffle

6 : filter effluent 16 : plastic cap

7 : over flow

8 : lifting pump

9 : float switch

10 : secondary clarifier



- Secondary sedimentation

- Retention time: 3-4 hr
- Superficial load: 0.8 m3/m2hr

- Biological sludge recycle : 100%
(note: the volume of the recycled sludge is the minimum required 

"  to avoid the clogging of the clarifier sludge drawoff).

Characteristics of the facilities utilized 
(in the test operational conditions)

- Recycling and lifting pump

- Centrifugal pump flow 37 m 3/hr
- Power 2 HP

- Recjrcl ing_collect ion_and_l i ft ing tank

- Fiber-cement tank 1000 litres capacity

- Trickling filter (cylindrical structure with central wall)

- Dimensions:
total height: 2.30 m (utilizable 1.50 m) 
diameter: 4 m

- Total volume: 18.8 m 3 (two sections of 9.4 m 3 each)'*
- Rotary distribution system (hydraulic propelled)

- Filter media (pall rings in polypropylene)

- Diameter: 90 mm
- Weight Kg/m3 of rings: 56
- Free volume: 93%
- Specific surface: 86 nT /m3 of rings

- Second lifting tank

- Fiber-cement tank capacity: 1000 litres

- Clarifier feeding pump

- Helicoidal pump (mohno type)
- Flow: 1.5 m 3/h r
- Power: 1 HP
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- Cylindrical-vertical clarifier with 60° cone
- Diameter: 1.25 m
- Total Capacity: 3.5 m3

- Secondary sedimentation tank

- Test Results and Comments (plastic media)

The detailed results are reported at Annex 2/XXI.
The average results are as follows:

Influent from Primary Influent from Secondary 
Sedimentation Sedimentation

pH 7.6 7.9
Settled Solids (ml/1) 1.7 2.4
COD (mg/1) 1521 803
BOD (mg/1) 481 119

The average reduction is:
BOD 75.2%
COD 47.2%
From the analysis of these results, we can draw the following 
conclusions:
a) The results obtained are characteristics of this type of treat 

ment.
b) The use of a trickling filter only does not result in water with 

the characteristics required by the limits imposed by the local 
Authorities and therefore must be followed by a second biologi 
cal treatment. Only in cases where the influent water has a very

high BOD content this system can be suitable.
c) This system is not appropriate generally for tannery waste wa 

ter treatment, due to its low efficiency, and the difficulty in 
obtaining suitable filling materials on site.
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With regara to the use of a trickling filter filled with crushed 
stones, the test is still running and the short period of opera 
tion does not allow any definitive evaluation of the results, how 
ever, Che first results showed ahead behaviour similar to the 
tests effected with plastic media.

- Test Resrlts (crushed stones)

The average results are as follows:

Influent from Primary Effluent from Secondary 
Sedimentation Sedimentation

pH 8.7 8.0
Settled Solids (ml/1) 4.1 1.0
COD (mg/1) 1590 778
BOD (mg/1) 517 175

The average reduction is:
BOD 6*.1Z 
COD 51.0%
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Secondary treatment without primary sedimentation

- Introduction

Once the parallel tests S.T.a/I and II were completed the equi£ 
ment and the tank used for the extended aeration with floating aer 
ator were available; it was then decided to operate an unprogram 
med test of secondary treatment without primary sedimentation.
This test was undertaken as we had doubts as to whether this tech 
nique was appropriate for the treatment of effluents with high in 
organic suspended solids.
The test was operated as follows:
- screening
- equalization and sulphide oxidation
- pH adjustment
- biological treatment.

- Performance of the test

As a secondary clarifier was not available, the test was made in 
batch, according to Figure 9.
A batch system involves aeration, settling and decantation in a 
single tank.
The sequence adopted is shown in Figure 10.
In this test the daily volume of treated water was onlv about 6 m 3. 
The floating aerator employed is the same utilized for extended aer 
at ion:

- motor size = 2 HP 1.^00 R.P.M.
theoretical 02 transfer * 2.0 Kg/hr

- Test results

The analytical data of this period of test are reported at Annex 
2/XXII. The average data are the following :
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SECONDARY TREATMENT WITHOUT PRIMARY SEDIMENTATION 

( Alternative S.T.h. batch treatment )

12 13

Legend :
1 : school waste waters
2 : tannery waste waters
3 : self-cleaning screen
4 : equalisation tank
5 ; air-blower
6 : alundun diffusers
7 : lifting pump
8 : float switch
9 : pump
10 : self-cleaning screen
11 : pH-adju8tment tank
12 : lime milk dosing unit
1" : acid dosing unit
14 : pH control unit
15 : MnSO dosing unit416 : biological batch system
17 ■ : draw off pump
18 : final discharge
19 : floating viator

A : daily waste volume 
r- : sludge free board 
' : sludge volume

FIOIIRE 9
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Influent from Primary 
Sedimentation

Effluent from Secondary 
Sedimentation

pH . 8.0 7.1
Settled solids (ml/1) 72 1.7
COD (mg/1) 3,040 558
BOD (mg/1) 678 25

The average reduction is:

Settled solids 97.6%
COD 81.6%
BOD 96.3 %

- Comments

If the system is able to guarantee a water with characteris 
tics in accordance with the limits imposed by the Local Authori^ 
ties, we believe that this particular treatment can be used only 
for small tanneries.
In fact, if one wants to reproduce the test conditions an aeration 
tank with a volume of ca. 5 times the tannery daily waste efflu 
ent should be used and the energy consumption would be 5-6 times 
higher than required by the biological process.
The oxygen supplied in the test was ca. 10 Kg/Kg of treated BOD
against the 2-3 Kg/Kg of BOD which are maximum values generally
used in the biological treatment (extended aeration). Furthermore,
during the test period several problems arose due to the large
amount of sludge produced . In fact, not only the biological
sludge,but also the primary sludge are accumulated in the aeration
tank,therefore, in order to maintain the contents of suspended sol̂
ids within acceptable limits, abundant sludge draw-offs have to be
effected daily. It is clear that such a process risks being difH
cult to control as it is not possible to differentiate between the
"active" sludge and the inorganic sludge. That is, the operator

«•

cannot have a good control of the volatile (active) fraction of 
the biological sludge.
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2.B.5 - Sludge Treatment 

Sludge treatment by filter press

During the latter period of the Project,filtration by filter press, 
was operated daily.
The primary clarifier sludges and the same sludges after thickening 
wore dewatered in accordance with scheme SL.T.e and SL.T.d ( see 
Figure 11).
Average results of the tests are reported in the following table:

Average test results

Type of sludge Primary Primary thickened

- Dose of 1ime used 
Kg per m 3 of sludge

4 4

- Working pressure 
Atmospheres

10 10

- Specific filtration rate 
1/m2 per hr

40 36

- Feed sol id % 2. 3 3.5 (')
- Total filtration time 

hr
6.6 4.0

- Total cake production 
Kg

40.5 45

- Cake solids % 25 28.6
- Cake specific weight 1.12 1.20

Kg'l
For technical characteristics of the filter press and thickener, 
see annex Table 11.

(~) Note: This means a reduction of the sludge volume by thicken 
ing of ca. 34%.
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SLUDGE TREATMENT

( alternative SL.T.d.

l.egend
1 : primary sedimentation tank
2 : sludge removal pump
3 : automatic intervention time switch
4 : sludge conditioning tank
b  : filter feeding pump
6 : filterpress
•7 : sludge final disposal
8 : gravity thickener
9 : supernatant

FIGURE 11
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TABLE 11

a. FILTRATION DEVICE

Filter press 
Technical data:
- plates dimensions
- number of plates
- total filtering surface area
- average cake thickness
- total volume of cake
- max. working pressure

500 x 500 ran 
12
3.85 m2 
23 ran
37.4 litres 
12 Kg/cm2

Feeding unit (one single piston pump) 
Technical data:
- flow
- total head
- power

1.2 m3/hr 
12 ate 
1.47 Kw

THICKENER 
- type

- volume
- surface

gravity thickener (without scraper); 
open topped cylinder with 60° conic base
4.2 m 3
1.45 m2

Other dewatering tests employing a mixture of biological and prî  
mary sludges or biological sludge alone were carried out.
In the first tests we obtained the same results as in the tests 
with the primary sludge alone. In the second test we met some 
problems and found it was necessary to add a little iron sulphate 
besides the lime, in order to obtain a good filtration performance.



Sludge Treatment By Sand Beds

The pilot plant is provided with 12 rectangular sand drying beds,
5 x 2 m each of surface, with drainage piping for water return to 
the equalization tank.
During this test period,these beds were not extensively used as they 
might cause some air pollution problems (odours).
(The Project SEKAI School is in the centre of Estancia Velha).
In the few tests carried out we obtained the following average 
results:

- sludge filling depth * 40 - 50 cm
- drying time = 2 5 - 3 5  days
- final sludge dry content * 25 - 30 Z
- load * 60-80 Kg of sludge (dry

material)/m2/of bed per 
year (“5

(~) Seven cycles per year for each bed is considered 
viable.

The dewatering time is dependant on seasonal fluctuations (esp£ 
cially rain and humidity).
Rainfall in Rio Grande do Sul is high, therefore we took the oppor 
tunity to carry out a test with a covered bed but no specific data 
could be obtained on how covers effect or improve bed loading rates. 
During the first 1-2 weeks the bulk of dewatering takes place by 
filtration through the sand and after this time water is elimina£ 
ed almost exclurlvely by evaporation.
In our opinion dewatering sand beds may only be used in small tan 
neries established in zones which are sparsely populated; in all 
other cases it is preferable to employ mechanical dewatering equi£
ment.
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2.&.6 - Solid Waste Disposal

Solid waste from tanneries and tannery waste - water treatment 
plants include the following:
1. Fleshings (raw and limed)
2. Raw hide triaaings
3. Tanned bide triaaings
A. Sanding and buffing dust
5. Priaary sludge
6. Biological sludge
7. Office and general plant waste.
Many tanneries in Brazil have their own plant for grease recovery 
from fleshings, other collect these fleshings and raw hide trim 
mings for sale to rendering plants or for conversion into glue. 
Tanned hide triaaings are often sold as by-products.
Office and general plant waste is either hauled away by a local re 
fuse disposal service or disposed of on site.
The Big proBlem is represented by the sludge.
The processing of 1 Kg of raw hide will in fact produce from a min 
imam of 0.05 to a maximum of 0.1 Kg of sludge dry solids.
This means a production of liquid sludge (ca. 3Z of dry solids) of 
l.S«-3 litres of sludge/ kg of processed hide. This shows the si£ 
nificance of sludge production even for a small tannery which, for 
example, may process 5,000 Kg/day of hides which could yield 7.5- 
15 m 3/day of liquid sludge.
The use of mechanical dewatering equipment produces a sludge cake 
of about 30Z of dry solids, thus reducing the quantity of sludges 
to 0.15-0.30 litres/Kg of processed hide. Despite this the quant^ 
ty of residual sludge is always high.
Incineration is not economic and not recommanded for sludges con 
taining chrome, since chrome may be oxidized from the trivalent to 
the hexavalent state.
Sanitary landfills appear to be the most utilized solution for the 
disposal of tannery sludge.



\

The selection of a proper site for landfill operations is of prime 
consideration. Requirements in the selection include: sufficient a 

rea; reasonable transport distance; remote location relative to 
residential; comnercial and recreational development; soil condi^ 
tions and rock formations; accessibility to existing transport^ 
tion networks; and proximity to existing groundwater supplies.
The soil cover should be sloped so that rainfall will run off rath 
er than percolate and pollute groundwater sources. Other factors 
to be considered include provision to prevent the obstruction of 
natural drainage channels, location to avoid flood waters, and the 
consideration of possible fire hazards.

Conclusions :
We are convinced that the only economical and technical solution 
possible in Brazil must be practical research investigation into 
methods of utilizing these materials as agricultural fertilizers 
after a significant abatment of Cr III content (by recycle or otti
er).
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2.C. Cost Aspects

- Introduction

A detailed economic analysis of the alternatives for tannery ef̂  
fluent treatment in the prevailing l o ca l situation is not easy 
for the following reasons:
1 ) the projection of the pilot plant costs -onto an industrial 
plant is not realistic because of the great difference in economy 
of scale;
ii) land and building costs are variable, depending on special 
site conditions;
iii) it is difficult for an European to evaluate the investment and 
capical costs (interest) in Braz i l  due to the excessive  i n f l a t i o n  

which exists (more than 200Z per annum).
iv) the equipment costs are very high and variable; caused by the 
fact that at present there are few Brazilian companies which spe 
cialize in the production of this equipment which is, therefore, 
mainly imported from abroad.
For this reason we are only detailing some cost indications with 
particular reference to the differences with European costs.

1. Land Costs

Land costs in Brazil are generally much lower than those existing 
in Europe and therefore solutions that foresee the employment of 
large areas of land for the establishment of plant, with lower use 
of concrete (lagoons, oxidation ditches etc.) appear more economic, 
whe~e no other limitation? apply.

2. Energy Costs

Electric power in Brazil at 31.12.1983 was 0.035 US dollars/Kw.hr; 
this cost is lower chan European standards, whereas chemical costs 
are higher (see below) and therefore in dimensioning a plant one
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■use decide if it is nore economic to use conventional treatments 
or a poor primary followed by a larger secondary treatment.

3. Chemical costs

The chemical costs at 31.12.1983 were: Brazilian Typical
Costs Italian

Costs
- Alum A12(S04)3.18 H20 US.-$ /Kg = 0.21 0.18
- Lime Ca(0H)2 US. 5 /Kg = 0.15 0.06
- Sulphuric acid 94/96% US.$ /Kg * 0.15 0.09
- Polyelectrolyte pewder form US.S /Kg * 22.00 2.60
- Manganous sulphate MnSO^.l^O US.$ /Kg.= 0.65 0.40

- Soda ash Na^O^ US.$ /Kg.= 0.45 0.20
- Sodium hydroxide flakes us.$ /Kg.= 0.50 0.35
- Sodium sulphide Na2S (50/60%) us.5 /Kg = 0.53 0.50
- Chromium basic sulphate (25% Cr20^)US. $ /Kg - 0.96 0.88

4. Operation and Maintenance (Labour costs)

The average labour rates in the tanning industry at 1.1.1984 was 
about 1300 US.$ per year (including fringe benefits).
These costs which are much lower than in Europe may justify a 
higher use of non-automated equipment and manual labour. * 1

Note: The costs are estimated on an official exchange rate of
1 US.$ - 950 Cruzeiros at 1.1.1984.



FLOW CHART: LIME BATHS

TREATMENT ALTERNATIVES :

L.D.a. : 1 - 6
L.B.b. : 1 - 2
L.B.c. : 1 - 2
L.B.d. ; 1 - 3

A
N

N
E

X
 

2
/



TREATMENT ALTERNATIVES :

C.R.a. 
C.R.b. 
C.R.c.

1 - 6
1 - 2 - 3  - ii - 6 
1 - 2 - 4 - 5 - 6

I

I

A
N

N
E

X
 

2
/

II



FLOW CHw^T; PRIMARY TREATMENT

P.T.a. : 1 - 2 * 4 - 5 - 6
P.T.b. : 1 - 3 - 4 - 5 - 6
P.T.c. : 1 - 2 - 6
P.T.d. : 1 - 3 - 6



FLOW CHART; SECONDARY TREATMENT

11

S.T.b.: 6-8-11 S.T.f.: 6-10-11
S.T.c : 6-8-10-11 S.T.g.: 6-9-10-11
S.t.d.: 6-9-11

I

tO
I

A
N

N
E

X
 

2
/

IV
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ANHEX 2/V

FLOW CHART: SLUDGE TREATMENT

PRIMARY A SECONDARY SLUDGES

TREATMENT ALTERNATIVES

SL.T. a. : 1
SL.T. b. : 2 - 1
SL.T. C. : 2 - 4
SL.T. d. : 2 - 3 - 4
SL.T. e. : 3 - 4
SL.T. f. : 4



EX7HUUL TANNERY MANUFACTURING PROCESS ANNEX 2/VI

- t m  Mttrial wlt«4 u c d t  hiki
<am«|i 25 K| per Rite)

- »te*r ef Rites processed: cs. SOO per day
• Mt«r «m : 40 litre* per Kg aaltad weight.

MANUFACTURING CYCLES SCHEME :

RAM RIDES

O  SOAKING:
250Z water
0.3Z entyaatic aoaki«| tgMt

C) UASRINC:
CODtiiMOVl flow

(“) LIMING AND 1MUIUHC:
1502 voter
32 Miiia sulphide (MX)

3.5-42 lias

O  HASHING:
continuous flow

FLESHING (in k m  instances is perforate 
after soaking)

SPLITTING
,_________________ I___1

CRAIN
--1
SPLITS

<*) DfllMINC Am  RATING :
1002 water
1.5-2.OS oMoaiws sulphate
0.R-1.5Z t e i a  sulphite
0.052 Rating agent (protease ensynes)

C) TAWING:
1002 pickle float froa 

grain
10S self-Rasifying chroas 

sulphate
(25X CrjOj)

P1CIUMC:
«02 water 
R2 sodita chlorite 
1.22 sulphuric acid 
0.5-12 sudiM.faraate

seas BBMifacforing 
process as graio 
(ehroae toonlag)

nCTTARU TAW INC
"l
CMNORE TAWINC

PRCTANNINC:

(in the sane pickling Rath) (
l.SX synthstic caonio

Note:
tbs saae float is used for 
2-3 pratanaiag Roths Rejfore 
discharge

TANNING:
1502 water
252 canning extract powder 

(aitesa hark)

SHAVING
C) DTEINC AND PATLiquORINC; 

(•02 of produce ion)
2002 water 
0.52 dye
52 vegetable grease

0.32 formic acid

O  FATLIQUORINC:
(202 of production)
2002 water
52 sulphooated vegetable

oil

DOTING

Note:
(*) aseae discharged after one

TAMING:

(in the sane pickling Rath)
102 self-Rasifying chraae sulphate 

(252 CtjOj)
0.22 cationic fat 
Note:
this float is used for splits 
canning (once)

SKATING

<*) NEUTRALIZATION
2002 water

It eodiua foruece 
0.52 eodiua Ricerbonece

C) RET ANN INC, DYEING A M  FATLIQUORINC:
2002 water

32 synthetic cenaie 
0.52 dye
A-52 wegetehle end synthetic grease 

aixturc
0.52 feraic acid

DRYINC

FINISHING
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ANNEX

Effluent characteristic* of external tannery 
The results of IS days tests are indicated in TABLE A

TABLE A
pH Chloride COD Settled solids Sulphide

(Cl) bichromate (2h Imhoff) (S“)
mg/1 mg/1 ml/1 mg/1

8.9 5,240 3,100 10 148
9.3 2,400 2,750 28 n.e.
9.1 4,060 3,390 70 74
9.2 1,740 2,590 33 51
7.4 2,715 2,430 25 13
8.1 1,700 3,470 27 10
8.7 5,120 2,670 10 126
9.1 2,140 915 15 n.e.
8.7 3,150 3,180 8 199
9.0 3,150 4,530 22 68
8.5 2,330 3,500 82 65
8.3 2,250 3,280 90 28
7.9 1,540 2,500 55 7
7.9 1,550 3,180 37 n.e.
7.7 2,950 3,000 n.e. n.e.

Note: samples taken during entry co the pilot plant 
n.e. means not effected.

TABLE B
Parameters:
pH
Chlorides mg/1 
COD mg/1
Settled solids ml/1 
Sulphide mg/1
From these data we obt

Range
7.4 - 9.3 

1,540 - 5,240 
915 - 4,530 
8 - 9 0  
7 - 199

in«d the average val

Average
8,5
2,800
2,965
36
7 2

indicated in TABLE I
TABLE ill shows the data obtained from five different tanneries in 
the area.

TABLE C
Tannery T 11 III IV V

pH 9.7 10.5 9.0 12.5 9.3
Chlorides mg/1 3,350 2.970 2,800 5,250 5,630
COD mg/1 6,990 6,930 1,250 3,950 5,630
Settled solids ml/1 65 240 2 19 220
Sulphide mg/1 86 41 n.e. 75 n.e.

Note: samples taken after homogenization was effected in the 
tanneries equalization tanks.

TABLE D shows the values obtained from the "Environmental consider 
ations in the Leather Producing Industry" Report UNID0/ITD. 337 
9th June 1975 assuming a water consumption of 45 1/Kg (salt weight).

TABLE D 
pH
Chlorides
COD
Settled solids 
Sulphida

ca. 10 
3,500 mg/1 
3,500-4,500 mg/1 
130-65 ml/1 
160 mg/1

2/VII
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ANNEX 2/VIII

SINTERED AUUDUH CAMPLE DIFFUSERS 

-- N.* pieces installed : 12
-- Size : 0 50 mm 420 am heigh
-- Porosity : 100 micron
-- Oxygen transfer efficiency : see diagram
-- Air Capacity : see diagram
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ANNEX 2/1X

ROTARY VAHE AIR BLOWER

--  INSTALLED POWER : 3.45 Kw 360 V/50 Hz triphase

--  AIR SUPPLIED : see diagram below

COMPRESSOR performances referred to air
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ANNEX 2/X

ntllMRV TREATIENT
AujH aoo mg/i • i mg/i RLTaEm am

ONTE AIR *C 
TETTERÀ»

TURE

EQUALIZATION TAMC EFFLUENT CLARIFIED EFFLUENT

pH C l*
■6/1

C.O.D.
■ 6/1

S.O.
■ i / l

B .0 .0 .
■6/1

pH
B .0 .0 .
n g /1

C .0 .0 .
■ g /1

S.O.
■ 1 /1

2 2 /6 /8 3 8-12 2317 236 •
2 3 /6 /8 3 11-13 7 .7 2946 1000 6 .8 443 •
2 7 /8 /8 3 7-14 6 .5 3408 3186 6 .6 463 0.1
2 8 /6 /8 3 8-12 8 .7 3976 5397 150 735 8 .1 804 0 .4
2 9 /6 /8 3 6-14 8 .2 4168 7040 160 7.31 519 776 0 .3
3 0 /6 /8 3 11-13 8 .6 4260 3170 135 7 .6 224 837 0 .3

1 /2 /8 3 13-16 7 .6 3697 4016 75 7 .2 183 554 •
4 /7 /8 3 8-18 9 .0 3634 2240 85 8 .1 552 •
5 /7 /8 3 15-15 7 .7 2875 2640 65 7 .7 660 0.1
6 /7 /8 3 16-18 8 .3 2236 1212 39 280 7.1 116 •
7 /7 /8 3 16-17 8.1 3301 1730 34 7 .8 165 650 0.1
8 /7 /8 3 11-13 5254 1845 106 296

1 1 /7 /83 11-11 6 .4 2880 2348 54 7 .6 729 ■

1 2 /7 /83 11-12 7.4 4082 1689 100 6 .7 474 •
1 3 /7 /63 11-16 7.7 4437 4129 190 495 7 .7 300 1046 a .4
1 9 /7 /83 12-14 7.7 3555 2688 55 6 .5 400 ■

2 0 /7 /83 9-14 7 .9 4220 3360 100 7 .2 69 544 •
2 7 /7 /8 3 13 -14 .5 9 .6 3555 2669 45 6 228 1
2 8 /7 /8 3 15-16 7.1 2982 1941 105 6 .2 675 •
2 9 /7 /8 3 12 .5-14 7.4 2733 2467 75 6 120 506 •

1 /8 /8 3 1 1 .5 -1 1 .5 8 .3 2769 1690 45 198 6 .4 418 0.1
2 /8 /8 3 10 .5-13 7 .5 2485 1067 55 6 .5 510 •
3 /8 /8 3 10-15 8 .6 4011 4435 40 7 .5 86 368 •
4 /8 /8 3 6.5^15 7.9 3227 2240 45 7 .5 755 ■
5 /6 /8 3 8 -1 7 .5 7 .4 2591 1480 25 7 .2 1120 2
9 /8 /8 3 11 -14 .5 7 .5 3053 1576 35 7 622 0 .5

1 0 /6 /83 14-19 6 .9 3834 1752 30 7 .5 263 500
1 1 /8 /8 3 20-26 7.6 3976 2944 90 S3S 7 130 920 ■

1 2 /8 /83 17-21 7.7 3230 1392 58 7 .7 320 1056 •
15 /8 /83 1 6 .5 -1 6 .5 6 .0 2982 2098 25 7 732 •
16 /8 /83 14-14 7.1 3230 1690 23 7 823 •
17 /8 /83 14 -13 .5 7 .8 2982 1465 30 7 .3 103 449
18 /8 /83 13 -14 .5 7.6 3443 2432 60 585 7 .4 229 880 ■
1 9 /8 /83 13-17 8 .0 3088 4800 150 7.1 960 •
2 2 /8 /83 11-20 8 .4 3443 2220 45
2 3 /8 /83 15 -21 .5 7 .4 3300 2631 60 6 .6 551 •
24 /8 /83 16.5-17 7.6 2946 2121 S5 7 .3 805 •
2 5 /8 /8 3 18-33 6 .3 3124 3019 70 610 7 .3 146 677 0 .5
2 6 /8 /83 24-29 6 .0 2485 1314 50 7 750 •
2 9 /8 /8 3 24-29 7.9 3017 2764 80 7 .4 523 ■
3 0 /8 /8 3 23-23 7.6 2982 2729 75 6 .9 480 ■
3 1 /8 /8 3 15-17 8.1 2911 4034 140 7.1 335 0 .2

1 /9 /8 3 1 2 .5 -2 3 .5 6 .0 2696 1267 60 320 7.1 109 463 m

2 /9 /8 3 15-23 6 .0 3400 3433 140 7 .5 370 m

3 /9 /6 3 9-20 6.1 3180 1000 20 6 .9 316 »

5 /9 /8 2 1 7 -20 .5 6 .9 2840 4641 130 6 464 0 .7
8 /9 /8 3 16-22 7.1 2640 2566 70 6'. 9 362 •

1 2 /9 /8 3 14-13 6 .7 2733 2038 50 7 .6 561 •
1 3 /9 /6 * 13 -14 .5 8 .6 3053 1953 55 7 .3 411 •
1 4 /9 /83 18-22 8 .7 3783 2100 40 7 .3 100 395 ■

1 5 /9 /8 3 18-22 8 .4 3821 1704 33 565 7 .6 191 637 0 .5
1 8 /9 /83 16-21 6.6 3514 2622 55 7 .8 133 630 •

a v o w * 1 3 .4 -1 7 .3 6 .0 3415 2560 70 480 7 .2 165 590 0.1

Notai • «Mana tra ca ».



ANNEX 2/XI

11
II

PRIMARY TREATMENT

ALUM 400  m g / 1  ♦ 1 « g / l POLYELECTROLYTE

e q u a l iz a t io n  tamo EFFLUENT CLARIFIED EFFLUENT

DATE AIR *C
TEfPERA-

pH
C l* C.O.O. S.O. B.O.O.

pH
B.O .O . C .O .O . S .O .

TUNE ■ « / l ■ f /1 ■1/1 ■8/1 ■ ( /1 ■ « /1 ■ 1 /1

21 / 9 /83 13-18 9 .0 2300 33 353 7 .5 132 626 4 .5
22 / 9 /83 16-18 9 .2 3100 50 420 7 .6 173 890 2 .0
23 / 9/83 18-19 '*8 .2 2197 35 340 7.4 126 703
27 / 9 /83 22-28 7 .6 4100 100 5.1 510 0 .2
28/ 9/83 25 -29 .5 8 .7 5941 65 7 .4 800
29 / 9/83 23-18 8 .8 2120 60 277 7..’ 85 627 0 .2
30 / 9/83 15-14 8 .4 2433 30 8 .2 516 m

3 /1 0 /8 3 20-24 8 .7 2520 1840 20 7 .4 393 •
4 /1 0 /8 3 24-28 7.3 2485 1104 20 6 .8 284 ■
5 /1 0 /6 3 24»28 9 .3 3656 1473 18 237 7 .9 60 527 1
7 /1 0 /83 24-30 8 .3 2863 21OC 60 7 .7 512 •

10 /10 /83 1 7 .5 -1 5 .5 8 .9 2450 1657 28 8 .5 418 m

11 /10 /83 16-17 B.5 2733 1925 40 7 .4 653 •
13 /10 /83 21-27 8 .0 2698 2016 40 44C 7.5 185 611 1

14 /10/83 21-27 8 .2 2343 1620 60 270 7 .8 80 430 ■
17 /10 /83 21-21 8 .5 2236 1469 28 7, 7 408 •
18 /10 /83 16 -17 .5 8 .7 3692 1828 35 7 .5 506 •
19 /10 /83 22-28 8 .3 3372 1877 28 7 .3 44C ■
20 /13 /83 23-26 8 .3 2591 1501 33 7.? 536 ■
21 /10 /83 22-19 .5 8.1 2130 1632 40 7 261 •
25 /10 /83 19-22 7.4 1065 2016 38 6 .8 1572 0.1
26 /10 /83 21-25 7.9 1207 2202 30 7 .9 504 •
27 /10/83 25-30 7.6 1065 1658 3C. 590 7.1 280 707 m

28 /10 /83 24-23 8 .3 2165 1577 25 382 4 .2 150 333 m

31 /10 /33 20-20 7.9 2236 1056 8 .3 344
1 /1 1 /83 20-20 9.1 1917 1432 25 6 .7 200
3 /1 1 /8 3 21-25 8 .6 1917 1088 2’ 8 216
4 /1 1 /83 22-24 8 .0 2059 1736 35 a 352
7 /1 1 /83 25-27 8 .0 1917 TOOC 15 7.5 280

AVERAGE 20 .7 -2 3 .2 6 .4 2324 2000 32 37C 7.4 140 515 0 .3
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ANNEX 2 / X I I

PHIHARY TREATMENT

ALU1 200 ■ (/ !  > 0 . 5  ■*/! POLYELECTNOLYTE

EQUAi 12AT ION TAW EFT JENT CLARIFIED EFFLUENT

DATE TEMPERA- C l ' C .0 .0 . S .l a .o .o . B.O.O. C .0 .0 . S.O. S.S.
TURE pH a * / l ■ * /1 ml# J ng/1 pH « ( /1 ■«/1 ■1/1 ■g/1

8 /1 1 /8 3 24=26 8 .3 2580 1305 3 8 .5 162 398 • 230
9 /1 1 /8 3 21 .5*25 8 .9 2662 1368 3 7.7 438 « 350

10 /11 /8 3 24-29 8 .2 2307 1195 3 472 8.1 149 532
11 /11 /83 23-28 8 .0 2627 1392 30 435 7.3 193 59S
16 /11 /8 3 21-21 8 .5 3834 1535 35 390 7.8 171 691 2
18 /11 /83 8 .4 2414 1395 37 230 7.9 105 646 1 .4 315
21 /11 /83 24-25 8 .2 2485 1711 35 7.7 720 0.1 436
22 /11 /83 is-ia 9 .0 3337 1946 40 7.3 360
23 /11 /8 3 17-22 8 .6 3088 1387 40 420 8 160 630
24 /11 /83 2 0 -22 .5 8.6 3017 1297 20 520 7.4 100 297
25 /11 /8 3 20-24 8 .3 3124 1542 35 400 7.5 225 658 0 .5
28 /11 /83 23-26 8 .2 3124 1964 130 616
29 /11 /8 3 22-28 8 .7 3337 2875 70 6 580
30 /11 /83 22-33 8 .4 3692 2089 45 540 7.8 305 893 410

1 /1 2 /83 2 3 .5 -2 3 8 .2 3124 1500 35 260 7.6 100 482 0 .3
2 /1 2 /63 20 .5-21 8 .4 2556 2964 30 3C0 7.4 110 500 0 .4

AVERAGE 2 1 .4 -2 4 .8 8.4 2960 1720 43 400 7.7 165 570 0 .3
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ANNEX 2/XIII

PRIRARY TREATNENT (A LTER N A TIV E  P . T . C . )  

FLOW • 2 »3/ * «

No ehanlcal*

EQUALIZATION (AIK EFFLUENT CLARIFIED EFFLUENT

DATE IR *C
cHPERA-

P«
C .0 .0 . S.O. B.O .O .

pH
B.O .O . C .0 .0 . 6 .0 .  I s . s .

IURE m g / 1  \■ f/1 ■1/1 mg/1 mg/1 mg/1 m l/1  | ■ */1
J

5 /1 2 /8 3 21-24 8 .4 1990 1010 20 7.5 350 2.5
6 /1 2 /8 3 22-26.5 8 .4 1920 700 19 7.5 370 0 .7
3 /1 2 /8 3 2 .5 -2 9 .5 8.1 3870 2900 7.9 1640 0 .5 420

12 /12 /83 24-28.5 8.1 330C 2040 160 6.1 2620 1.5
13 /12 /83 2 .5 -27 8 .4 302G 2120 120 8.3 2220 0 .8
14 /12 /83 24-27 8.3 3585 1 7BG 130 240 8 .3 227 1780 0.1
15 /12 /8 3 23-23 .5 8 .4 5150 1985 32 3.4 1810 0.1 225
19 /12 /83 25-25 8 .0 3330 620 8 .0 930 2.5
20 /12 /83 23-30 a . i 3860 1185 2T0 7.8 950 ■ 12
21 /12 /83 23-25 7.6 3110 1640 0 .5 7 .9 280 8
22 /12 /8 3 21 -24 .5 7.2 2B5C 3360 120 7.5 2300 •
23 /12 /83 22-25 7.5 2560 6350 0 .8 7 .5 3340 0 .6
2 6 /12 /8 3 25-24 7.9 2400 1650 160 8 .0 2120 10
27 /12 /83 24 -26 .5 7.3 2250 4Q0Q 18 7.3 1360 2
28 /12 /8 3 26-32 7.1 3940 12000 15C 7.5 500 3640 3
29 /12 /83 28-33 8.0 3430 5820 3 ’ 1270 7.5 910 400C 1

3/ 1/84 25-24 7.0 2450 4060 14 7.6 1600 0.8
4/ 1/84 2 3 .5 -2 8 355C 1060 390 1020 860 2560 •

10/ V 84 25-26 .5 6.0 4650 1760 200 740 6.3 1000 2005 ■
11/ i /8 4 29-26 a .o 4530 1120 25 7.7 110u 103C
12/ 1/84 26-29 6 .- 366C 770 9 7.9 63C ■
13. ' /8 4 27-32 8.0 4*7C 640 s i 7 .7 260 650 0.5
30 / ’ /84 23-27 8.0 433P 1350 40 330 7.6 130 570 6

1 / 2/64 24-25 7.7 3760 1000 40 210 7.9 130 840
2 / 2/84 25-25 7.7 4230 2250 50 370 7.9 90 950 4.5
8 / 2/84 21-29 7.9 3270 1000 25 230 7.6 200 860 .
3 / 2/84 24-28 6.6 890 4600 27 1350 7.0 380 2120 0 .7

13/ 2/64 3 2 .5 -3 3 7.2 2380 5200 35 2360 7.2 2250 4830 a . i
14/ 2/84 28-35 7.$ 405C 4180 50 7 .2 3660 0 .5
15 / 2/84 2 7 .5 -3 3 7.6 3900 1560 20 680 7 .9 260 1500 1
16/ 2/84 28-33 7.5 4200 1679 40 530 7.7 4?0 1300 3.5
17/ 2/84 26.5-3C 7.4 3550 1870 95 380 7.5 250 710 • 36C
20/ 2/84 2 8 -3 ' .5 '.3 312C 269C 70 7.7 635 10
21 / 2/84 ' 2 4690 3960 120 7 .5 1460 4
22/ 2/84 30-33 7.9 4190 6100 113 2000 7.4 1000 1950 0.1
23 / 2/84 3 0 .5 -2 7 7 z 4730 467C '20 1300 7.8 510 1660 0 .5
24 / 2/84 "57-33 ’ .8 4610 /120 175 7.0 400 600 B
27/ 2/84 31 6.4 3370 4190 90 7.6 1930 1
28 / 2/84 2 7 .5 -3 7 .5 ’ .3 2870 4 700 7.2 1790 0.1
29/ 2/84 25-34 '.0 2720 ¿190 160 6 .7 1410 24
.1 /  3/34 25-29 3940 6230 69 430 1490 4
2 / 3/84 24-25 8.6 3340 4310 100 6 .2 650 1060 B
7/ j /8 4 30-31 6 .0 3600 2740 95 6 .9 370 2

23/ 3/84 20-31 8.3 2890 95 6 .3 270 .
27/ 3/84 22 -38 .5 7.8 2180 1500 40 7.0 590 •
28 / 3/84 24-28 7.4 1760 40 6 .6 320 .

2 / 4/84 18 .6 -2 7 7.6 1090 3200 52 6 .6 1470 5
3 / 4/84 7.8 1120 1620 45 7.7 1280 6
6 / 4/84 17-27 3.7 3920 75 1600 10 .2 390 860 S
3/ 4/84 19-29 8.6 3840 17 9.1 2270 10

10/ 4/84 20-31 7.4 2660 38 6 .3 1570 9.5
11/ 4/84 20-30 8.3 2040 34 1040 6.1 520 1220 .5
12/ 4/84 20-29 8 .2 2430 40 1200 6 .2 640 188C . .5
13/ 4/84 20-27 9 .3 2970 20 9.4 2050 i .5
16/ 4/84 24-26 M 2400 66 6 .0 1260 ( .5
AVERAGE 2 4 .5 -2 6 .8 7.8 3360 3050 77 890 7.7 540 1560 . .5 410
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ANNEX 2/XIV

SECONDARY TREATMENT .OXIDATION DITCH ALTERNATIVE S .T .a / I)  

ALUM 300 a «/ l • 1 « f  POLYELECTROLYTE IP .T .a .1 1

1------------------ I HffLUENT FROM ~ !— EPPLUENT PNOM
1

A if i *£
1 TEMPERA-

PRIMARY SEDIMENTATION 1 SECWOAW §EmHEfiTATIOf|

j OATE 1 B .0 .0 C .0 .0 . S .D . 1
|PH

B.O.C. C .0 .0 . S.D. 1

1___________
; TURE

J ------------------
^  • isg/1 m g / l «1/1 j » g / l «N/1 «1/1 j

11422/ 6/83 8-12 236
23/ 6/83 11-13 6.8 443
27 / 6/83 7-14 8.6 463
28/ 6/83 6-12 a.- 804
29 / 6 /83 6-14 7.31 -1 5 776
30 / 6/83 11-13 ' . 6 224 837

1/ ’ /83 1 3 -IE i t t 162 554
4 / 7/83 8-16 8.i 552
5/ 7/83 ’ 9-19 7. ’ 660
6 / 7/83 16-16 7 . ' 1 '6
7 / 7/83 16-17 7.6 Ib5 650
8/ 7/83 11-13 ’ Jo 296

11/ 7/83 M -11 7 .6 723
12/ 7/83 11-12 6.7 424
13/ 7/83 T1-16 7. ’ 303 1246
19/ 7/83 12-14 6 .5 400
20/ 7/83 9-14 7.2 69 544
27 / 7/83 13-14.9 6 228
28 / 7/83 19-16 6.2 679
29 / 7/83 ’ 2 .9 -14 6 120 - L>6
1/ 8 /83 ’ 1 .9 -1 1 .5 6 .4 418
2/ 8/83 10.5-13 5.5 910
3/ 8/83 1C — 15 7.5 86 3l 6
4 / 8/83 6 .1 -1 5 .5 7.5 759
5/ 8/83 6 -1 7 .5 7.2 1120
9 / 8 /83 11-14,5 7 622

10/ 8/83 14-19 7.5 263 900
11/ 8/83 20-26 130 320
12/ 8/83 17-21 / .7 320 1096
1 5 / 8 /83 16 .5 -1 6 .5 1 73?
16/ 8/83 14-14 7 823
17/ 8/83 14-13.5 7.3 103 445
19/ 9/62 13-14.3 7.4 229 ofic
19/ 8/83 13-17 7.1 560
22/ 8/83 11-20
23. 8/83 15-21.5 6 .6 5 5 1
24/ 8/83 16.9-17 7.3 605
29/ 8/83 Ta-33 7.3 146 677
26 / 8 /83 24-29 7 760
29 / 8/83 24-29 7.4 623
30 / 8/83 23-32 6 .9 4 a:
31 / 8 /83 15-13 7.1 336

1/ 3/83 12 .5 -2 3 .5 7.1 109 463
2/ 9/83 16-23 7.5 370

.3 / 9/83 9-20 6 .9 318
9 / 9 /83 17-20.5 8 464
6 / 9/83 17-19 6 .9 36?

12/ 9/83 14-13 7.6 961
13/ 3/83 13-14.5 7,3 411
14/ ■3/83 16-22 7.3 'CO 395
19/ 3/83 16-2? 7.6 151 637
I f , / 9 / j i 16-21 7.6 133 630

• 68
0 .1 162
0 .4 T21
0 .3 120 312
0 .3 41 203

■ 92 345 2.5
• 128 A

0.1 112
180 2

0.1 82 2 .5
181 15
367

86
0 .4 27 140

7.4 248
3e 360

1 116
24 177
20 202

0.1 125
• 226

12 142
224

7.6 376
0 .5 6 .9 439

13 144
m 12 136 10

m 7.3 133
* 6 .6 150

7.2 11 158 ■
'.3 16 156 •
7 . : 1 76 »
7.1 123
6.S 140
7,1 296

G.5 7 25 193
6 .9 310
6 .3 129
6 .6 214

Ca. 7.2 154 •
’ .4 10 171 •
? 267 ■

- ’ .2 iao
0 .7 6,1 160

9.9 152
7.1 162 1.0
7.9 311
7.6 1C 203

0 .5 7 7 13 270
6 .9 10 139

AVERAGE 13 .4 -1 7 .3  7 .2  185 S90 0 .)  7 29 193 0 ,9

N o te  • le a n s  tra ce s
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ANNEX 2/XV

SECONDARY t r e a t m e n t  c o x id a tio n  o it c h  a l te r n a t iv e  S .T .a ./ I )

ALUM 400 mg/1 • 1 mg POLYELECTROLYTE (P .T .a .2 )

□ATE
AIR *C 
TEMPERA­
TURE

INFLUENT FROM 
PRIMARY SEDIMENTATION

PM B .0 .0 C.O.O. S.D.
mg/1 mg/1 ml/1

EFFLUENT m i
SECONDARY SEDIMENTATION

pH
a.o.o.
*g/i

C.O.O.
mg/1

S.O.
■1/1

S .S .
mg/1

2 1 / 9 /63 13*16 7.5 132 62E 4.5 6 .4 9 274 1 .5
22 / 9 /83 16-18 7.6 1 73 89C 2.0 6 .3 14 43Q. 0 .5
¿3/ 9/A3 18-19 7 .4 126 703 • 6 .4 10 301 •

2 7 / 9/83 22-28 5.1 510 0.2 6.1 251 5
2 8 / 9 /83 25 -29 .5 7.4 800 6 .2 477 1
2 9 / 9/83 23-18 ’ .7 85 627 0 .2 5 .9 9 392 •

3 0 / 9/83 15-14 8.2 516 5.4 8 296 •

3 /1 0 /8 3 20-24 7.4 393 6 .9 125 •

4 /1 0 /83 24-28 6.8 284 6 .2 209 •

¿/10 /83 24-28 7.9 60 577 1 5.9 9 164 •

2/10 /63 24-30 7.7 Si 2 5.7 252 ■
10 /10/63 1’ .5 -1 5 .5 8 .5 4 ie ? 227 •
11 /10/83 16-17 7 .4 653 6 .4 335
13 /10/83 21-27 7.5 165 611 1 5.8 12 220 0.1
14 /10/83 21-27 7.8 80 430 5.2 10 290 *
17/10 /83 21-21 7.7 406 6 .2 277 *
10/1Û/B3 16 -17 .5 7.5 505 ■ 6 506 *
19 /10 /83 22-28 7.3 44C • 5.9 294
20 /10/83 23-26 7.7 538 • 5.7 318
21/10/83 22 -19 .5 261 ■ 6.3 196
28 /10 /83 19-22 6 .0 1572 0.1 5.3 397
26/10 /83 21-25 7.9 S04 6 .5 219
27/10 /83 25-30 7.1 280 7C7 6.1 28 292
28 /10 /83 24-28 4 .2 150 333 • 5.3 11 160
31/10 /63 20-20 8.3 344 • •5.6 152

1/11/83 20-20 F .7 2 "C • 7 220
3/11 /83 21-25 8 2 1 £ • 0 .7 176
4 /1 1 /83 22-24 8 3-.: • 6 .2 228 ■
7/11/83 25-27 7.5 290 ■ 6.0 128 *

AVERAGE 2w. ■’ -2 3 .2 > .4 i 4C 525 0 .3 fc. 7 12 270 0 .4

Nota: ■ meana traca»







MICROCOPY RESOLUTION TEST CHART 
n a t io n a l  b u r e a u  of s t a n d a r d s

STANDARD REFERENCE MATERIAL 10*03 
(ANSI and ISO TEST CHART No 2)
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АШЯЕХ 2/XVI

SECONDARY TREATMENT [OXIDATION OITCH ALTERNATIVE S.T.a./I) 
AUfl 200 4 / 1  • O.S ■( POLYELECTROLYTE lP.T.a.3)

DATE
AIR *C
T B f W -
TURE

INFLUENT FROM 
PR DIARY SEDIMENTATION

EFFLUENT FROM 
SECONDARY SEDIMENTATION

I**
B .D .D
■ f /1

C .O .D .
■ f /1

S .O .
■ 1 /1 PH

B.O.O.
• f / 1

c . 1. 0 .
■ f '1

S .O .
« 1 /1

s.s.
■ t / i

0 /1 1 /0 3 24-20 O.S 162 390 • 6 .4 156 ■
9 /1 1 /0 3 2 1 .5 -2 5 7 .7 430 - 7 .7

1 0 /11 /0 3 24-29 0.1 149 532 -
1 1 /11 /0 3 23-20 7 .3 193 595 » 6 .5 22 164 •
1 0 /11 /0 3 21-21 7 .0 171 691 2 6 6 403 • 70
10 /11 /0 3 7 .9 105 646 1 .4
21 /11 /0 3 24-25 7 .7 720 0 .1 6 .4 171 •
22 /11 /0 3 15-10 7 .3 360 - 6 .6 207 0.1 20
2 3 /11 /0 3 17-22 0 160 630 • 7 14 100 •
2 4 /1 1 /0 3 2 0 -2 2 .5 7 .4 100 297 • 6 .5 10 109 •
2S /11 /03 20-24 7 .5 225 6S0 0 .5 6 .7 0 1B9 ■
20 /11 /0 3 23-26 7 616 • 6 .5 339 a
2 9 /11 /0 3 22-20 0 seo ■ 6 .3 312 1.5 200
3 0 /1 1 /0 3 22-33 7 .0 305 093 » 6 .5 25 410 3 .5

1 /1 2 /0 3 23 .5 -2 3 7 .6 100 402 0 .3 5 .9 10 232 1 .5
2 /1 2 /0 3 20 .5-21 7 .4 110 500 0 .4 6 .4 10 223 a

AVERAGE 2 1 .4 -2 4 .0 7 .7 165 570 0 .3 6 .5 14 244 0 .2

Notai • aaand tracas
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ANNEX 2/XVII

SECONDARY TREATMENT (OXIDATION OITCH AL' ERNATIVE S .T .a ./ I l  

Nb chaatlcal* (P .T .a . )  FLOW • 1 *3/HR

I IF U IE W  FROM — EFFUEMT FROt
PRIMARY SEDIMENTATION SECONDARY SEMMEIIFATKJN

DATE
AW  C 
TEMPERA-

pH
B .0 .0 C .O .D . s .o . «HP«

9 .0 .0 . C .O .O . S .O . S .S .
TURE ■ 6/1 ■ f /1 ■ 1 /1 ■ * / ! ■ 1 /1 ■ 1 /1

5 /3 2 /6 3 21-84 7 .6 350 2 .5 6 .4 •

6 /1 2 /6 3 22 -26 .5 7 .5 370 0 .7 6 .8 359 0 .7
9 /1 2 /9 3 2 4 .5 -2 9 .5 7.P 1640 0 .5 420 7 .2 450 0 :7

12 /12 /6? 24 -26 .5 6.1 2620 1 .5 7 .0 540 2 4 .5
13 /12 /6 3 2 3 .5 -2 7 6 .3 2220 0 .8 7 .3 664 6
1 4 /12 /6 3 24-27 8 .3 227 1780 0 /1 7 .7 3 408 4
15 /12 /63 23 -23 .5 8 .4 1810 0.1 32S 7 .7 264 0 .2
1 9 /12 /6 3 25-26 8 .0 930 2 .5 7 .5 385 0.1
2 0 /12 /6 3 23-30 7 .8 950 m 12 7 .3 300 0 .3
2 1 /12 /6 3 23-25 7.9 280 m

22 /12 /6 3 2 1 -24 .5 7 .5 2300 ■
23 /12 /6 3 22-25 7 .5 3840 0 .6
2 6 /12 /8 3 25-24 6 .0 2120 10 6 .3 452 3
2 7 /1 2 /8 3 2 4 -28 .5 7 .9 1360 2 6 .3 315 3 .5
26 /12 /6 3 26-32 7 .5 500 3640 3 6 .4 660 3 .2
29 /12 /8 3 28-33 7 .5 910 4000 1 6 .4 12 390 1 .0

3 /  1/e4 25-24 7 .6 1800 C.8 7 .3 640 3 .5
4 /  1/84 2 3 .5 -2 8 860 2580 ■ 30 /940 1 .0

1 0 / 1 /84 25 -26 .5 8 .3 1000 2096 ■
11/  t / a * 29-28 ?./ 1130 • 103C
12 / 1/84 26-29 7.9 630 • 7 .7 3CG 0 .2
13 / 1 /94 27-32 7.7 26C 850 0 .5 5 .9 472 0 .8
3 0 / 1/84 23-27 7.6 130 570 6

1 /  2/84 24-25 7.9 130 840 \ 6 .7 20 310 1 .0
2 /  2/84 25-25 7.9 50 950 4 .5 7.0 24 560 0 .3
8 /  2 /64 21-29 7 .6 2C0 860 ■ 6 .0 21 400 •

9 /  2/94 24-28 ’ .0 380 ’ •20 0 .7
13 / V 8 . 3 2 .*  -33 7 .2 2250 4630 0.1
14 / 2/84 27 .5 -3 3 / . 9 29C 1500 1 7.1 2C 630 1 .5
16 / 2 /64 28-33 7.7 430 1300 3 .5 7 .5 25 470 2 .0
17 / 2 /84 26 .5 -3 0 7.5 260 710 • 360 7 .4 22 370 1.C
2 0 / 2/84 .8 -3 1 .6 T. ’ 535 10 7.1 310 7 .0
21 / 2 /64 7.6 1460 4 7 .0 270 0 .2
2 2 / 2 /84 7.6 iaco 1250 3.1 7 .4 750 15
2 3 / 2 /84 3C .5 ;27 7.= 61C 1660 3 .5 7. ’ -C 350 5
2 4 / 2 /64 27-33 7.: 400 900 • 40 ISO m

2 7 / 2 /64 31 ' 7 .5 1430 1 7.8 «20 1
2 6 / 2 /64 2 7 .6 -3 7 ,5 7 .2 173C J.1 1.7 450 2
29 / 2 /84 26-34 6 .7 U1Q 24 7.2 ’ 10 0 .2

1 ' 3/84 25-29 430 1490 4 300 0.1
2 / 3 /64 24-25 6 .2 660 lOftii a 7 .5 230 520 5
7 / 3 /64 3G b .9 370 i 6 .3 270 •

2 3 / 3 /64 20-31 6 .9 270 a • 300 •

2 7 / 3 /84 2 2 -32 .5 7 .0 540 a 6 .3 280 0 .5
2 6 / 3 /84 24-28 6 .6 320 a

2 /  4/64 18 .5 -27 9 .6 1470 G

AVERAGE 74 .5 -28 7 .6 540 156C .6 410 7 .5 40 48 -

Not* i • Mint traca*
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ANNEX 2 / X V I I - b i s

SECONDARY TREATI1ENT ( OXIDATION OITCH -  ALTERNATIVE S .T .a / I l

No ClMNlcals (P .T .C ..

IS/ 6/Ь4 б .в  USO 2080 17 7.7 340 967 11

AVERAGE 0.0 64S 15S3 0.4 7.3 03 37S 2.3 33a

Nota: ■ laaana tracaa
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ANNEX 2/XVIII

SECONDARY TREATMENT i FLOATING AERATOR .T . A / I I :  

A U T  200 ♦ 1 1  POLYELEC7N0LYTE P .T . t  n

I
I
I

INFOJENT FROM 
PRIMARY SEOIMENTAT N

EFFaJcM FROM 
51G3N0ARY SEDIMENTATION

DATE
• A I*  w
i TEOPOW-

pH
6 . 0 . 0 C.O.O. [ 7 . ;

i

; pf'
0 . 3. ¡0 . 0 . 0 . Is.o.

i
* « / l mg/ 1 M l  : p<g/. I» g / I U l / 1

2 2 / 6 /83 6 - 1 2 236 236
2 3 / 6 /83 M -1 3 6.5 443 '  _ *26
2 7 /  6 /83 7-14 6 . 6 463 u 3/
2 8 / 6 /83 8 - 1 2 B .i 304 c . 204
29 / 6 /83 6-14 7.31 51S 776 0 . 55 170
3C/ 6 /83 11-13 7.6 224 637 0 . :i 1 C6

1 /  7 /83 13-16 7.2 183 554 • 1 0 56
4 /  7/83 a-ie 6 . i 552 • « « -3| 4 3
5 /  7 /63 15-16 7..'’ 660 3.1 152 G .l
6 /  7 /83 16-18 7.1 l l f i • 164
7 / 7/85 16-17 7.6 165 550 C. ' 14 62
8 /  7/85 1 1 - 1 3 1G6 2SS :3

11 / 7 /83 1 1 - 1 1 7.6 729 - 430
1 2 / 7/83 1 1 - 1 2 6.7 ♦74 • " 8 •
1 3 / 7 /83 11-16 7.7 300 1046 D _ 4 24 2 2 2 0 .5
1 9 / 7/63 "2 -14 6.5 400 • 43C
20/ 7/63 ¿ - n ’ . 2 39 544 4S 456
2 7 / 7 /83 1 3 -1 4 ,i 6 2 2  e 4Q6 G .i
2 8 / 7/83 15-16 6 2 57-. - * * J '
2 9 / 7 /83 12.5-14 5 1 2 C SCc • 2 ’ J63

1 /  5 /83 1 1 .5 -1 1 .5 6.4 416 r -

2 /  8 /83 1G.5-13 6 . 6 s i r • ; * ♦
3 /  8 /8 3 10-15 ’ 6 6 366 • " - 2 * 1

4 /  8 /83 e .5 -15 7 , ' • ■=.
5 / 8 /83 3 - " 7 ,5 * 1 *•' 2* . ¿ 6 T

9/ 6 /83 1 1 -14 ,5 622 0 . 6

" /  6 /83 20-26 "30 62C • • *> ♦ i 2 • j
i 2 / 6/83 • 7-2- ’ 320 1 C 6 b * *= . r 16 246
15 / 8/83 •6 .6 -1 6 .5 "32 • * 33
■6 /  8 /83 T4-14 623 • .50
’ 7 / 6/82 1 4 - 1 3 . 5 7.3 C2 44' • ¿ 2 74°
18/ 8/83 '3 -« 4 .5 7 4 223 ¿80 - 1 6 715
19 / 8/83 * 3 - 1 7 7 1 96C • 4 24C
22 / 8 /83 11-20 ** :4S
23.' 6 /83 iu -2 1 .5 6.6 • - ; 280
2 4 /  5 /83 1 £ .5 'U 7.3 • ’ . - 419 5
25 / 8 /83 18-33 7.3 146 ¿7" C.D ? . 4 16 220
2 6 / 8 /83 24-29 • 40C
2 9 / 8/83 -'4-23 7.4 ; ;* • . *79
3 0 / 8 /83 23-23 6.9 • : /♦
3 1 / 8 /83 15-17 7,* 2 .2

1 /  9 /83 1 2 .6 -2 3 .5 ; * 104 j • \ . . 5 .-c

2 / 9 /33 15-23 i .* j - ■ 'l

3 / 3 /e3 9-20 6. 7 * : r - c

5, 3 /63 ’  • 2 : .  5 s 4r.4 . 4 4 4*.
6 / 3/83 18-22 0 3 is ! ■ 1 ) i

12 / 9/83 14-13 7.6 -.6’ • r * I *
13 / 9 /83 •3 -1 4 .5 7.3 4* 4 • J 44 i
1 4 /  9 /83 16-22 7.3 100 335 • £ w 36'
’ 5 / 3 /83 16-22 ' r r 3 * '  . * i. *3 23 4 Je
1 6 / 2/83 iS-21 ■ ,i i j -.3: • 2 8 472

AVERAGE 1 3 , 3 - : ; . 4 ie : >90 0.1 D • - £.2 29< 0.3

I
I
I
I
I
I
I
R
I
I
I
I

№ta:
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ASNEX 2/XIX

SECONOARY TREATHENT (F l OATING AERATO? S .T .a / I I l  

AUJ1 400 ^ / 1  • 1 mg POLYElECTRGl YTE lP .T .a .2 !

INFLUENT FROH EFPLUENT FROH
PRInARY SECinENTATION SECONOARY SEGMENTATION

QATE TEHPERA-
TURE P«

I b . o . o
l«* / l

c .o .o .
IKg/l

S .Q . | 
«1/1 | pH

p .o .o .
k / i

|c.o .o .
¡«*/1

S.O . I 
• 1/1

21/ 9/83 13-15 7.5 132 6 2 6 4.3 6.5 32 652 t

2 2 /  9 / 6 2 .6-18 7.6 173 asa 2.0 ? 44 630 0.1
2 3 /  9/83 18-19 7.4 126 703 a 6.5 26 518
27/ 9/83 22-28 5.1 510 0.2 6.3 502
28/ 9/83 25-29.5 7.4 800 • 5.4 544
29/ 9/83 23-16 7./ 85 ¿27 u . » ¿ . j 2C 332
30/ 9/83 15-14 8.2 515 c 364

4/10/83 24-28 6.8 284 • c 468 10
5/10/83 24-28 7.9 60 577 5.9 19 566 2
7/10/83 24-30 7.7 512 5.9 353 •

10/10/63 17.5-15.5 8.5 43 8 • 7, c 284 -
11/10/83 16-17 653 5. ; 3S3 1.5
13/10/83 21-27 7.5 185 611 6.5 29 347 »
14/10/83 21-27 7,3 80 43C ‘..6 20 436 •
17/10/83 21-21 7.7 408 5.7 504 •
18/10/83 16-17.5 7.5 505 f 577 -

4/11/63 22-24 8 35; 6.2
AWERAGE 20-22.3 7,7 12C 553 u . J £.4 27 484 1 .c

Notai • m u n ì traca*.

I*
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ANNEX 2/XX

COMPARATI VE TABLE

OXIDATION DITCH MO FLOATING AERATOR TREATMENTS

DATE
AIR C* 
TEMPERA­
TURE

EFFLUENT FRUI OXIDATION OITCH EFFLUENT FROM 0  
AERATION (FLOATIM

(TEWED I 
AF 4T0R] !

pH B .0 .0J
¡■6/1

C .0 .0
■6/1

.| S .D . ! 
I * 1 / !  .

PH ¡E

r

.0 .0 .
« /1

C.O.O.
■ f /1

s .o .  ! 1 
« 1 /1

i .1

2 2 / 6 /63 6-12 114 236
2 3 / 6 /83 11-13 68 7.7 10-
27 / 6 /63 7-14 162 97
2 6 / 6 /63 6-12 121 204
2 9 / 6 /6 3 6-14 120 212 59 • ’ 2
3 0 / 6 /63 11-13 41 203 11 105

1 / 7/63 13-16 92 345 2 .5 10 56
4 /  7/63 6-16 126 2 312 9
5 / 7/63 15-15 112 i s : 0 .1
6 / 7/63 16-16 180 2 164
7 / 7/63 16-17 42 2 .5 14 82
6 / 7/63 1 1 - 1 3 t a i 15 13 82

11/ 7/63 11-11 867 490 -
12 / 7/63 11-11 66 76 •
13 / 7/83 11-16 27 140 24 2 7 2 0 .5
19 / 7/63 12-14 7.4 246 7.7 400
20 / 7/63 9-14 36 360 49 4S6
27/ 7/63 13-14 .5 118 405 0.1
26 / 7/63 *5-16 24 177 16 337 •
25 / 7 /63 12 .5-14 20 2G2 21 363

1 / 6 /83 11 .5 -1 1 .5 125 *
2 / 8 /63  10 .5-13 226 284
3 / 6 /83 10-15 12 142 16 251
4 / 6 /63 6 .5 -1 S .5 224 315 “
5 / 6 /63 6 -1 7 .5 7 .6 376 7.3 296 1
9 /  6 /83 11-14 ,5 6 .9 43S

10 / 6 /63 14-19 13 144
11/ 6/63 20-26 12 ’ 36 1C 13 353 13
12/ 6/63 17-21 6 .a 16 C4Ò
15/ 6 /63 16 .5 -1 6 .5 7.3 ’ 33 6.7 • a i

16 / 6 /63 14-14 6 .6 15C J5C
17 / 6 /63 14 -13 .5 7.2 11 1 56 ■* 1 22 249
16/ 6 /83 13 -14 .5 ’ .3 16 :b  e 7,3 19 249
19/ 8/6Э 13-17 7 .2 1 7e Г 4 240 •

22 / 6 /63 11-20 7,1 123 ?45
23 / 6/63 15-21 .5 6 .9 14C 7.2 280 •

24 / 8 /63 16 .5-17 7.1 295 ^ . c 419 Ь
26/ 6/63 18-33 7 25 193 7.4 18 220
25 / 8/83 24-29 6 .9 31C 4QÛ
29/ 8 /63 24-2S 6 .2 120 b 2 139
30/ 6/63 23-23 6 .6 214 6.5 2 74
31/ 8/52 15-13 7.2 6T2 22;)

• ' 9/63 2 .5 -2 3 .5 7.4 1C 1 7* 6.9 23 3C5
2 9/63 15-23 у тс ; 370
3 / 9 /63 9-20 7 .2 : j ;
5/ 9/63 17-20 .5 6.1 1 6 : 6 .4 469
6/ 9/63 1 /-15 5 .9 i s : 5.7 337

12/ 9/63 U -1 3 7.1 ie : ¿ .r 611
13/ 9/63 13-14 .5 7.6 3 v 7.3 444
14, 9/63 16-22 7.5 1 c 202 7.2 20 361
15/ 9/63 16-22 7.2 13 27C 6.6 23 430 •

16/ 9/63 16-21 6 .9 1C 199 6 .5 26 472 ■

21/ 9/63 13-18 6 4 9 274 6 .5 32 652 2
22/ 9/63 16-16 6 3 14 43C 7 44 630 0.1
23/ 9 /63 16-19 6 4 10 301 6 .6 26 516 •

27 / 9/63 22-28 6 1 251 6 ,3 502 •

26 / 9 /62 25-29 .5 6 2 477 6 ,4 544 •
29 / 9/63 23-16 5 9 9 592 6.3 2C 362 m

3 0 / 9/63 15-14 5 * 296 5 364 •
* /1 0 /6 3 24-26 6 ' 209 • 6 468 10
5/10 /83 24-28 C 9 ■64 5.9 19 586 2
7/10 /63 2*-30 &л 2 52 • 5.1 353

10/10/63 1 '.5 -1 5 .5 227 • 7.6 264
11/10/63 16-17 6 535 • 6. . 393 1 .5
1Э/Т0/63 21-27 5 12 220 0.1 6 .5 29 347 •
14/10/83 21-27 5 1C 290 5.6 20 438 •
17/10/63 21-21 6 2 77 6 .7 6C4 ■
16/10/63 16-17,5 5ùó 6 677 •
4 /11 /43 22-24 6 226 6.2

AVERAGE 15-18.5 5 24 . 7G 0.7 o 7 23,5 335 0 .9



A

A " / X X I

TRICKLING FILTER WITH PLASTIC MEOIA 

SECONDARY T RE A THEN T (ALTERNATIVE S .T .b . / I )  

(PLASTIC HEOIA1

I
I
I
I
I
I
I

INFLUENT FROM EFFLUENT FRDM

AIR *C 
TEHPERA-

PRIMARY SEDIMENTAIION SECONDARY SEDIMENTATION
OATE

P«

f
!

b
l

C.O.O.

1 
o

S .S . pH
3 .0 .C. C.O.D. s . o . S .S .

TURE 1 *6 /1 i
' 

\ I - t/ i J * r /1 ng/1 mg/1 m l / l * « / l

21 /11 /83 24-25 7.7 720 0.1 436 8 .3 468 •
23 /11 /83 12-22 a 160 630 • 8 .4 69 490 •
24 /11 /83 20 -22 .5 7.4 100 297 - 8 .4 51 350 •
25 /11 /83 20-24 7.5 225 658 0 .5 8 .3 50 491 «
28 /11 /83 23-26 7 616 • 8.1 t 357 •
29 /11 /83 2 2 .5 -2 8 8 580 • 8 .4 420 •
30 /11 /8 3 22-33 7.8 305 893 « 410 8 .2 77 571 • 93

1 /1 2 /83 23 .5 -2 3 7.6 100 482 0 .3 8 .2 45 375 • as
2 /1 2 /8 3 20.5-21 7 .4 110 500 0 .4 8 .5 37 435 •
5 /1 2 /83 21-24 7.6 349 2.5 8 .2 312 o . s
6 /1 2 /83 22 -26 .5 7.5 367 0 .7 8 .5 468 0.1
9 /1 2 /8 3 2 4 .5 -2 9 .5 7 .9 1640 0 .5 420 8.1 480 0 .7

12 /12 /83 24 -28 .5 8.1 2620 1 .5 a 1240 3
13 /12 /83 23 .5 -2 7 8 .3 2220 0 .8 8 .2 1780 1 .6 270
14 /12/83 24-27 8.3 227 1760 0.1 61 1080 -
15 /12 /83 23 -23 .5 8 .4 1808 0.1 225 8 448 0 .2
19 /12/83 25-25 8 930 2.5 7 .6 479
20 /12 /83 23-30 7.8 954 - 12 7.1 512
21 /12 /83 23-25 7 .9 280 • 8 .0 476 0 .3
22 /12 /83 21 -24 .5 7 .5 2300 • 7 .5
23 /12 /83 23-25 7 .5 3340 0 .6 8.1 2024 0 .6
26 /12 /83 25-24 8 .0 2120 10 7 .9 703 3 .0
22 /12 /83 24 -28 .5 7.9 1360 2 8.1 889 12
28 /12 /83 26-32 7.5 500 3640 3 7 .9 1860 0 .6
29 /12 /83 28-33 7.5 910 4000 e .n IP J 1503 -
3 /  1/84 25-24 7.6 1800 0 .8 8.1 1600 2 .5
4 /  1/84 2 3 .5 -2 8 860 2560 - 8.1 200 760 0 .5
5 /  1/84 25 -28 .5 8 .3 1000 2100 • 6.1 210 978 0 .7

1 1 / 1/84 24-28 7 . 7 1100 - 1030
1 2 / 1/84 26-29 7.9 630 • 7 .9 504 3 .5
13 / 1/84 27-32 7 . 7 260 850 0 .5 7 .8 452 -

1 / 2/84 24-25 7.9 130 840 7 .0 20 4C5 0 .7
2 /  2/84 25-25 7.9 90 950 4 .5 7 .7 160 970 o . ;
9 /  2/84 24-28 7.0 380 2120 0 .7 8 .6 100 1602 1 .0

1 0 / 2/84 23 .5 -27 8 .2 2220 6 .5 320 2320 1.0
13 / 2/84 3 2 .5 -3 3 7.2 2250 4830 0.1 7 .3
1 4 / 2/84 28-35 7.2 3680 U.5 7 .3 1372 3 .5
1 5 / 2/84 27 .5-33 7.9 280 1500 7 .8 1048 15
16 / 2/84 28-33 7.7 430 1300 3.5 7.1 602 0w5
1 2 / 2/84 2 8 .5 -3 0 7.5 250 710 • 36C 7 .7 586 20
2 0 / 2/84 28 -31 .5 7 . 7 635 10 7.1 500 6
2 1 / 2 /84 7 . 5 1460 4 7 .5 569 0 .5
2 2 / 2 /84 30-33 7.4 1000 1950 0.1 7 .6 686 0.1
2 3 / 2 /84 30 .5 -2 7 7.8 510 1660 0 .5 7 .9 147 538 0.1
2 4 / 2 /84 27-33 7.0 400 800 • 7 . 7 75 280 4 .5
2 8 / ? /84 2 7 .5 -3 7 .5 7 .2 1790 0.1 8 .0 603 15
2 9 / 2/84 25-34 6 .7 1410 24 7 .9 378 0 .3

1 /  3 /84 25-29 430 1490 4 7 .4 525 6 .0
2 /  3 /84 24-25 6 .2 650 1080 ■ 8 .0 225 440 1 .5

AVERAGE 2 4 .6 -2 7 .5 7.6 481 1521 1.7 41 j 7 .9 119 803 2 .4 149
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3. TRAINING ACTIVITY

In accordance with Che aims of Che ProjecC, a sysCemaCic programme 
of training was carried cue. This programme was divided into two 
separate perir Is, depending on Che personnel available and Che 
particular req< .rements of Che ProjecC.

3.1. - First Phase

In Che firsc phase (from February "<"> OcCober 1983) Che inmediate 
objective and priority was given Co putting the installation in 
order and subsequently Co obtain Che rapid implementation of Che 
entire plant and the firsc process data.
During this period the available operational personnel was a Chem 
isC cc operate the plant, a Mechanic for plant maintenance, and a 
Chemical Technician to undertake analytical control.
The time of these three persons was completely utilized in che man 
agement and supervision of the functioning of the pilot plant.
This is che reason the type of training was directed to preparing 
the personnel for their specific activity. Additionally,particular 
attention was paid to che ope rati or. and dissemination of knowledge 
relating to standard and/or routine analytical methods. The follow 
ing information and knowledge was supplied in detail to each re 
sponsible operator:

Plant Operation

a. knowledge of the process cycles,
b. relevant knowledge of the various pieces of equipment.
c. general methods of sample collection and preservation,
d. stock control of the necessary chemical agents in order co ts 

tablish the minimum quantities which must remain in strek to 
gether with names of suppliers and delivery times.
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Plant Maintenance

a. specific maintenance norms -for each piece of machinery or 
equipment.

b. spares and/or normal rate of utilization of parts required for 
each unit of equipment.

c. procurement procedures to establish availability and delivery 
times of the various spares ind/or parts required for the rpe£ 
ation of the equipment.

Analytical Controls

a. analytical methods.
b. sample preservation times.
c. procurement procedures for maintaining stock of chemicals - 

suppliers name and delivery times.

According to the STANDARD METHODS of American public Health Ass£ 
ciation (A.P.H.A.) the following detail'd analysis were prepared:

- pH Value
- Settled Solid (Imhoff cone)
- Suspended Sol ids
- Sulphide
- Chrome
- Ammonia Nitrogen
- C.O.D. (K2Cr20?)
- Chloride
- B.O.D..o
- Oxygen Dissolved (Winkler)
- Oil and Grease
- Sulphate
- Phosphot
- Sludge Volume Index
- Sludge Suspended Matter (total and volatile)
- T.K.N. (Total Kjeldahl Nitrogen).



in parallel with this theoretical activity, field training vas
carried out for each responsible operator, consisting of the fol_
loving:

Responsibility for Plant Operation

- undertake flow controls at each stage of the plant.
- carry out one or two tests weekly of sludge filtrations with the 

filter press.
- to take daily samples for the chemical laboratory.
- inform the UNIDO coordinator of any anomaly or malfunction of 

the plant.
- keep a register of the plant data and itemize the chemicals con 

siased end any malfunction or anomalies that must be communicated 
to the laboratory personnel.

- check the cnemical stock and re-order if necessary.

Responsibility for Analytical Laboratory

- carry out an analysis of the relevant factors in his charge and 
record the data, together with any observations, in the analysis 
regiscer (including the analysis that will be effected by the 
school teachers and the other plant data).

- copy of the analytical data must also be recorded on the special 
cards and sent ro the National Coordinator.

- keep a register of the existing chemical reagents and make an i£ 
dent for replenishment when stocks go down.

F-sponsibility for Plant Maintenance

- every Friday to carry out the control and maintenance of all the 
equipment (with the sole exception of the pH. meter which is un 
der the control of the plant operative).
prepare a list of the existing spare parts and those which have 
to be stocked.
collect the necessary technical equipment documentation.



In Che initial period of Craining activity, a course covering gen 
eral inf orase ion in che field of waste «rater treatment «ras given 
co Che reaching personnel of Che School (SENAI) noC direcCly in 
volved in Che Project.

j.2. - Second Phase

After Che seating of 9;11.83 between Che UNIDO C.T.A. and Prs. Bojr 
sa and Rech, Senior Officials of SENAI, three extra graduate pe£ 
sonnel were recruited froa counterpart staff so as to ensure a nor 
aal Project progranae.
A definitive cadre was thus formed by a Chemical Engineer (Project 
National Coordinator), two Chemists and a Chemical Engineer (Grad 
uate operating staff), a Chemical Technician (Laboratory support ) 
and by a mechanic for plant maintenance.
This additional personnel permitted the implementation of training, 
to develop a cadre of qualified personnel able to attend to the pi 
lot plant operation and to constitute a specialised Brazilian 
staff for future assistance to the leather industry and consulting, 
engineers.
This phase was programmed as follows:

- Theoretical session involving Tannery Effluent Treatment tech 
ñiques and facilities.

- Theoretical and practical session involving analysis of waste 
waters and control methods with particular regard to specific 
problems of tannery effluents.

- Session of applied research involving treatment and recovery of 
tannery liquid and solid wastes.

- Session involving evaluation and testing of the appropriate tecl) 
ñiques available to achieve the norms promulgated by the I m i l  
ian Authorities.

- Review of possible costs/efficiency in relation to the 1 >csl sit 
ustión.

- Practical session concerned with the operation and maintenance 
of the plant.
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4. EXTENSION SERVICES

A p r o g n a e  of dessrastration, extension services and dissenina 
tion «as carried out with tie ain of ensuring that all sectors of 
the leather industry were able to obtain updated technical infor 
nation relating to the introduction of better environmental proce£ 
ses (recycling and other neans) and the treatment of tannery 
wastes (aqueous and solid).
This prograame was carried out as follows:

1. Theoretical-practical courses.
2. "Open Week".
3. Centralised plant ■
4. Extension Service.
5. Dissenination of Inforaation.

4.1 - Theoretical-Practical Courses

A) After a neeting held between the UNIDO C.T.A. , a sen 
ior official of the D.M.A., the National Coordinator and Mr. P. 
Nini of the Italian teas, a cohbined work prograame was carried 
out, including:
- theoretical and practical courses for the D.M.A. personnel es 

bracing tannery effluent tteatnents. The program, of these 
courses is indicated in Annex 4/1. The project counterparts and 
other technicians fron various Brazilian organisation took part 
in these courses;

- a joint-D.M.A./UNIDO Project activity which will contribute to 
the establishment of the project for the realisation of a cen 
tralised plant for industrial and urban waste water treatnent at 
the Estancia Velha nunicipality. The work schedule is specified 
in detail in Annex 4/II.
The theoretical practical courses were held by the Italian staff 
at Estancia Velha. A total of 13 technicians of the D.M.A. with
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specific competence in tannery waste water treatment took part 
in groups of three or four during the period from November 1983 
to Jane 1984.

■) Another two courses (lasting about three days each ) 
covering especially chemical and biological dimensioning of 
plant in plant tannery waste water treatment were held in June 
1984.
The content of these courses were chosen with particular atten 
tion to the requirements of consulting engineers and tannery tech 
nicians, «xt is aimed towards satisfying the needs of those who 
are involved in the preparation and operation of projects for tan 
nery effluent treatment (see Annex 4/III).

C) In order to increase the dissemination of the Project's 
results a visit has been effected to SENAI School in Campinas 
(San Paolo State) during the period 28, 29, 30 and 31 May 1984.
In this visit in which the UNIDO C.T.A., tne National Coordinator 
and two persons of the Italian team bad taken part,the technology 
es employed in the pilot plant at Estancia Velha and the results 
obtained had been described in a two days meeting.
At the same time the tanners had Been offered a consulting sexv 
ice and "clinic" evaluation assistance (see in Annex 4/IV the list 
of tanneried visited).

The Project Team also had a weeting with a Senior Official of 
Cowpanhia de Tecnologia de Saneamento Ambiental (CETESB) Governa 
tive .Body which carries out in the State of San Paolo also the 
same functions similar to D.M.A. in R.S., to know the anti-pollu 
tion strategy adopted for the tannery effluents and in particular 
the imposed limits and the normative concerning the final di*po£ 
al of the sludges produced.

Contrary to D.M.A. in R.S., CETESB in S.P. does not oblige the tan 
aeries to respect limits on the disesrge but requires a minimum 
reduction of 80Z of the pollution load (BOD, COD, S.S.) of the 
raw effluent. Furthermore, there does not exist in S.P. any limits 
for the sludge disposal and their use in agriculture.
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In Him nlii r 1983 it «as agreed that a Meeting should be held at 
Estancia Velha, and an invitation was extended no ail sectors of 
the Leather Industry in Brasil, whose main scope was to emphasize 
the Project's a i m  and disseminate its results by m a n s  of practl 
cal demonstrations with the Pilot Plant and ¿technical lectures 
and discussions.
This "Open Week" was held from the 19th to the 23rd March 1984 aid 
its programe was defined according to the outline .proposal pre 
pared by the U N D O  C.T.A. The "Open Week”, which was organised by 
SEHAI (under the aegis of the Regional Director of the Rio Grande 
do Sul Eng. LUIZ PAULO BIGHETTI) and by the U N D O  consultants, 
was scheduled to coincide with the official inauguration of the 
Pilot Plant which took place during the morning of the first day 
of that week.
During this important event, which was covered by the entire Bra 
zilian press, about 400 people took part including Authorities, 
Industrialists in this sector, tannery technicians, journalists , 
etc.
About 130 people took part in the ''Open Week" which was followed 
with great interest.
From the programe (see Annex 4/V) it can be seen how the le£ 
tures supplied a fairly complete picture of the tannery waste- 
water treatments environmental processes.
It must be emphasized that Brazilian counterparts in this sector 
also took part in this presentation.
Additionally, during the "Open Week" practical demonstrationwere 
given (chrome recycle and sludge dewatering). Also the present*! 
tiori of the pilot plant and its results was entrusted to the Bra 
zilian counterparts who were thus able to acquire first-hand ex 
perience relating to a part of their future work, (see Annex 4/VI) 
Furthermore, in the dissemination of expertise case study "clin 
ics" were hosted by the UNIDO staff in close cooperation with 
the tanners and technologist associations (AICSUL and ABQTIC).

4.2. "Open Week"
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To conclude,we con emphasize the "Open Week" completely 
the Oopects it wished to achieve as well as giving the 
its due emphasis.

covered
Project
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Since their arrival at the Project in February 1983 the UNIDO con 
sultants have been involved in weekly meetings between the rep re 
sentatives of the local tanners and the municipality of Bstancia 
Velha.
In this period the aim of installing a centralized plant for the 
coaeon treatment of the nones urban and industrial waste waters 
developed. Unfortunately it was necessary to use the primary 
treatments existing in the tanneries which, in the majority of 
cases, was inadequate or unsatisfactory. At the same time this w s  
complicated by the urgent need to discover a temporary solution 
to pollution before the expiration of the Brazilian anti-pollu 
tion.laws.
After the initial period during which a location for the plant 
was chosen, the best available solutions, both technical and ec£ 
nomic were studied. In agreement with Mr D. Winters and by r£ 
quest of the Brazilian counterparts, he Project team declared 
its availability for active collabora' ion. This activity was ca_r 
ried out in the following fields:
1. Investigation of the possible solutions regarding primary, 

secondary and sludge treatments.
2. The interconnection of various systems between the tanne_r 

ies and town wastes and the cent alized plant.
This research is reported in Ann ;x 4/VII.

3. A study, in collaboration with tie D.M.A., covering the c£ 
pacity and flow of a stream pass ng through Estancia Velha, 
in order to evaluate its possible use as a collection system.

The clarification of the connection between the various waste 
sources and the joint treatment plant, the choice of improving 
the primary treatments already existirg and other technical con 
siderations have been considered in the selection of the treaty 
ment that will be adopted, including interventions in tbe tanner^ 
ies for chrome recovery, sulphide oxidation and primary pretrea£ 
ments.
In the joint plant treatment centre s foreseen primary trea£

4.3. - Centralized Plant
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ment-facilitie*, i.e. screening, clarifloeculation, pH coutroi, 
sulphide oxidation (emergency treatment) and che sedimentation 
followed by secondary treatment. The choice of Che secondary trea£ 
nene will also be based on Che resales obtained by Che Project pî  
lot plant.
In order to identify elements on which to base the design work the 
Project team started research into the various tanneries to define 
the volume and characteristics of the effluents and the efficiency 
of the existing primary treatments.
This research had anticipated an investigation of one week for 
each industry. At the same time the efficiency of the existing 
plant primary treatment was evaluated.
The industries investigated were as follows:

1. IMBRAGEL
2. CURTUME BENDER SCHUCK S.A.
?.. GENUINO S.A. IND. E COMM.
4. CURTUME RXMUS S.A.
5. CURTUME LEUCX MATTES S.A.
6. CALCADOS RELIN S.A, IND. E COMM.
7. REINALDO K0NRATH E CIA LTDA.
8. INTEGRAL
9. E.M. BERGHANN E CIA LTDA.

A

10. IRMAOS SPENGLER E CIA LTDA.
11. FINILUX
12. VEMASO
13..BUFFALO - BEN. E ASSIST. TECN. COL'ROS

At the same time an investigation was carried out in order to d£ 
fing the flow characteristics (in rainy and dry weather) and the 
physical-chemical characteristics of the receiving basin.
For this investigation six different points were chosen along 
the route from the town to the site where the centralized plant 
will be installed, which were considered significant for an aj> 
cropriate analysis of the basin mentioned above.
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The synthesis and results of rhe entire work were sent on the 
28th March 1984 (see Annex 4/VIII) to the Joint Plant Consortium 
as per their official request.

In 25th June 1984 the UNIDO/SENAI Project received from the Tanners 
Consortium of Estancia Velha the preliminary project for the joint 
plant prepared by CORSAN-MAGNA (an engineering Company of R.S.). 
Before 3 0 th September 1984 the Project Team will send to the Tan 
ners a technical note regarding this project.
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In this period an external consulting service was operated for 
the other tanneries of Ric Jrande do Sul and other Brazilian 
States regarding: treatment plant projects, rearrangement of exist 
ing plants, assistance in cirome and sulphide recycles and so on. 
In this way about 30 Tanneries were investigated and this service 
received the collaboration and was to the satisfaction of the tan 
ners.
Furthermore this activity allowed us to comprehend the local situ£ 
tion of the Tanning Industry which may be thus summarized:

a. Manufacturing processes

The production cycles employed do not differ much from those 
used by Italian tanneries, ¿he only difference worthy of netw­
are :
- Water consumption generally higher: 40-50 litres per kilo of 

salted hide worked against the 30-35 litres or less used in 
11 a 1 v.

- Fleshing of the hides after soaking: non-!imed fleshings
give a greater possibilitv cf commercialization of this by­
product and lime baths less contaminated by greases which 
can be recycled more easily.

- larger employment o: vegetable re-tanning.
However some t.":in> r i es h.ro< their own installations for Co. 
tannin extraction from mimosa bark; as such the ont r i but i 
to the total pollution caused hv rhis operation must be 
evaluated.

b. .Antipollution treatments adoptee

As already stated, in general the tanneries of rh. tlrea 
adopted some treatments •: the primary type: these, in t:w
great majority of the east consist of screening, homogenize 
tion and primary segmentation.
Some factories have ..iso implemented the separation of lira

4.4. - External Services
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and of chromium effluents. Some details of the treatment sys 
tem may be seen:

- Screening:

self cleaning inclined screens of wedge wire construction 
having opening running transverse to the flow (similar to 
Jorr-01iver).

Homogenization:

tanks of various shapes an.: sizes with capacities ibout 
equal to the daily discharge. Th> se tanks generally are 
stirred by mechanical propellers, floating turbines or di£ 
fused air.

Primary sedimentation:

iri the great majority of cases the Sed (mentation is not 
aided bv means of chemicals and therefore the f ’occui at i.in 
is of spontaneous nature. In general the sedimentation 
tanks ¡re horizontaWiow tvpe with on-, or mor. hoopers : or 
the collection of the sludge. In a few cases on i v ch.v • ise 
••hemical such as aluminium sulphate and polyel > ct r v: •• an : 
have installed mechanical scrapers for the sludge braworr.

tnis technique until now has n. : ieen favoured by tanner?
and therefore in the great majority of case the adherence 
has been to a sulphide destruction by oxidation vitt, air. 
These treatments are beitu studied and are already open* 
tional in only a few cases. However in one tannery suiabide 
recovery was observed, in which tie r-e.;ne, ef 
ferted by fine screening of the hath with additions f new 
lime and sodium sulphide, works extremely well for about 
two years in a closed cycle.



Chromium recovery from spent tanning baths:

generally bath recycling is made employing the bath itself â _ 
ter screening with che addition of new chromium sulphate. This 
technique is possible, as alreadv stated due to the fact thar 
generally only limed splits are tanned with this product. Oniv 
one plant was found that recovered the chromium after precipice, 
tion of the hydrate, sedimentation, removal of the supernatant 
and redissolving of the precipitate with sulphuric acid. In .¡£ 
other very interesting case the problem has been solved employ 
m g  self basitying cnromium sulphate with high exhaust charac 
ceristics (Bayer) and working at temperatures higher than nor 
mal (heating che drums with steam).
In some of the tanneries seen, there existed installations for 
che extraction of fat from fleshings, something completely im 
usual in Italy; th-. fat obtained in this manner a" i the residu 
al solids were c rans: erred other industries that mamitact ure 
and commercialize these sub-products.
In another tannery, an in̂ tu'. 1 at ion was tannine i r. an experim.n 
tal phase recovery of prole i f rom the 1 imc .

Biol̂ og_ical̂ _treatment :

Only ir very few cases the problem has been faced with very 
pirie means, in general oraploving natural ¡ancons :,d s.miet im-. s 
treatment with aequatin pi ant s /ater hyacinths etc.).

Sludgc_dewater ing nn̂ i.d i_S£«osn!_:

A few canneries on;v .rive installed some sand beds; no mechan: 
cal filters. In tht ma i n the 1 inn id sludge produced is trans 
ported in the same term to the disposal s’te by means of pumps 
or tank trucks.

i

Kxist ing prob1ems

In many of rt <- ram-.-r ie.- visited there were striking iiperatioR.il 
tif (i.-.ilt ies. This.. >-,urr>( dm to t he lack of experience of 
host who planned ,nu executed the installation and also o:



those who operate the plant itself.
the problem linked partieutarlv with the plants insta lied art
as follows:
- Nil or insufficient stirring of the homogenisation tanics with 
subsequent formation of sludge deposits.

- The horizontal sedimentation tanks net provided with mecnani 
cal s.-rapers show di* final tv in the - xt ran C i or.  of s'udce.

These facts - together with the absence or insufficienov o: 
aeration of the wastes daring homogenization - lead t o  t 
establishment of considerable anaerobic process vh;ch produces 
malodorous gases creating an unpleasant environment for the L' 
cal population, also has the effect of diminishing the eft: 
ciency of the primary sedimentation fbubbling).

- The final disposal cf tiu- sludge.

Apart from some fortunate casi in which it has been possible 
to disperse chis sludge onto soil, a satisiaetorv solution has 
not as vet been found, and t^is sludge (sti 1 verv liquid) ; s 
stared in lagoons .nd left to dry in tiu ap«--, a::, i r.c :v as i n : 
the unpleasant odours.
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An informative simnary w£tr_prepared on the aims and first results 
of the Project for the Latit. American Annual Congress of Chemists 
«^Technologists of the Leather industry which was held in Port£ 
leza in November 1983.
In iacf we profites by this opportunity to give wider publicity 
to UNIDO's Project aims. The Summary prepared by the UNIDO C.T.A., 
the Italian Team Leader and the NatictHil.. Co-ordinator was presen^ 
ed and read to the Congress by Mr Luiz Leuck President of theAsso 
ciacao Brasileira Dos Químicos e Técnicos De Inu^stria Do Couro 
fABQTIC) in which the participants shoved interest.
(Appended at Annex 4/IX).
A further informative report on the results obtained with two of 
the biological treatment systems of the Pilot Plant (oxidation 
ditch and floating aerator extended aeration) is being prepared 
for the forthcoming IX LATIN AMERICAN CONGRESS OF CHEMISTS AND 
TECHNOLOGISTS OF THE LEATHER INDUSTRY which will take place in 
November 1984 at Gramado R.S. Brazil. The summary oi this report 
(appendix at Annex 4/X) has been sent to the Technical Conmittee 
of the Congress for acceptance.
Furthermore, it has been established that the Brazilian team of 
the UNIDO/SENAI Project will periodically send some technical com 
munications (as practical as possible) to magazines specialized in 
the waste water treatment and/or leather manufacturing.

L
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AtMBl 4/1

PROGRAMS OUTLINE OF THE INSTRUCTION COURSE

I» Theoretical course.on the various operations effected in the tannery

2. Survey of tannery waste-water characteristics

3. Primary treatments

3.1. Screening - Lifting - Homogenization
3.2. pH correction - Clariflocculation - Sedimentation
3.3. Sulphide recycling - Sulphide oxidation - Protein precipitation
3.4. Chrome recycle
3.5. Practice? applications and projects dimensioning

4. Secondary treatments 

4 1. Theory
4.2. High rate activated sludges - Extended aeration 

. 4.3'. Other treatments involving activated sludges 
'4.4. Parameters dimensioning and secondary treatment
4.5. Trickling filters - Dimensioning
4.6. Lagoons - Dimensioning
4.7. Sludge treatment and disposal - Dimensioning
4.8. Tertiary treatments (amnonia removal)
4.9. Hydraulic concepts applied to treatment plants

5. Laboratory tests

5.1. Chlorides - BOD - COD
5.2. Settled solids - Suspended solids (MLSS - MLVSS - SVI)
5.3. Sulphide - Chrome - Amnonia - Phosphorus - OD.



AIMEX 4/II

JOINT WORK PROGRAMME D.M.A. - UNIDO PROJECT

1. Daily programme:

A) Theoretical course concerning:

- Basic information about tanning processes and pollution 
sources.

- Description of various treatments alternatives.
- Dimensioning and evaluation of practical cases of tannery 

effluent treatment plant (with a study of the various al­
ternatives).

B) Analytical control steps of the different treatment systems 
functioning in the pilot plant.

C) Evaluation of the efficiency of the equipment available in 
the Brazilian market.

2. Participate, together with the UNIDO-SENAI team in the service 
activity towards individual treatment plants of Rio Grande do 
Sul and the joint plant at Estancia Velha.
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COURSES HELD IN JUNE 1984 BY THE ITALIAN TEAM LEADER

ABKEZ 4/III

1st Course 6-7-8th June "Primary Treatment of Tannery Effluents" 
Participant* 13 persons (D.N.A. - CIENTEC - Fundacao 
Ciencia e Tecnologia - Governmental Engineering Con 
pany - and freelance professionals)

The arguaients treated were the following:
a) chroae recovery
b) line bath recycling
c) catalytic sulphide oxidation
d) physical-chemical treatments:

- screening
- homo gen i zat ion
- flocculation
- primary sedimentation
- sludge treatment

e) equipment, machinery, material and so on.

2nd Course 11-12-13th June "Secondary Treatment of Tannery Effluents 
Participants 20 persons (D.M.A. - CIENTEC - Fundacao 
Ciencia e Tecnologia - Governmental Engineering Com 
pany - and freelance professionals)

The arguments treated were the following:
a) biological treatments:

- conventional activated sludge, extended aeration and aerated 
lagoons

- biological flocculation and synthesis of organic matter 
- -oxygen requirements
- sludge production
- nutrients requirements
- effect of temperature and pH
- -causes of toxicity in biological oxidation systems.

b) biological process controls:
- dissolved oxygen (DO)
- mixed liquor volatile suspended solids (MLVSS)
- sludge volume index (SV1)
- sludge age
- sludge recycle ratio
- laboratory tests and analysis

c) secondary sedimentation
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All the arguments (after some brief theoretical notes) were treated 
from a strictly practical and engineering point of view.
Some practical exaaples were macle of plant design establishing the 
influent date and the treatment parameters, discussing the type and 
the characteristics of the equipment to be used, the most suitable 
material and everything else required for a correct dimensioning of 
the plant.
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ANNEX 4/TV

LIST OF TANNERIES VISITED IN SAN PAOLO STATE

- FASOLO, Fernandopolis, S.P.
- COSTA, Copinas, S.P.
- CANTUS 10, Copinas, S.P.
- P0DB0I, Lew, S.P.
- S.TA GENOVEVA, Aquai, S.P.
- ALVORADA, Mogi Miria, S.P.
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A9WEI 4/V

Í6)

l u í  na - m s )
m > § № & W № № m

w m m m m

m ® s ( m №
de 19 o 23 de m w
E sM m m M m -KS

Día 19.03.8» - 2a. f  e irá

09h30ein -  Solenidade de Inaugurad0 da "ESTA(XC PILOTO PARA TRA- 
TAMENTO DE EFLUENTES"

12 horas -  ALMOfO CONEHORATIVO
na Socledade Canto Unlao de Estancia Velha

l4h3Cmln -  Solenldade de Abertura da SEMANA DE DEBATES SOBRE TRATA 
MENTO DE EFLUENTES DA IND0STRIA DE PELES E COUROS

15h30m¡n -  Palestra -  Mr DAVID VINTERS
Coordenador Internacional do Projeto UNIDO (US/BRA/80/166)
Tema: Características e Finalidades do Projeto

16 horas -  Debates
I6h30min -  INTERVALO
]6Mi5mIn ~ Palestra -  Técnico do Departamento do Meio Ambiente da 

Secretaria da Saúde e do Meio Ambiente do Estado do Río 
Grande do Sul
Tema: Atua(Ío do DMA no Controle da Poluifio  Ambiental 

I7hl5min -  Debates

Día 20.03.M  ~ 3a. fei ra

08h30mln -  Palestra -  Prof. GIUSEPPE TAPONECO
Professor Catedrático da Universidade de Pisa ( l t i l i a )
Tema: Estrategias de Saneamento Ambiental para as Indús 

trias  de Peles e Couros da Regiio de Pisa (onde t 
xi ste urna concentrado de cerca de 100G curturne$T

09 horas -  Debates

09h30m!n -  INTERVALO

09M»5mín -  Palestra -  Dr. MAX LOTHAR HESS
Consultor em Depurado de Efluentes Industriáis em Sao 
Paulo

Temí: Depurado Primaria de Efluentes de Curtunes



lOhASrin -  IHIERVALO

11 horas -  Palestra -  Eng? Quirico HUGO SPRINGER
Técnico da Escola de Curtimento SEHAI de Estancia Velha
Тема: Costos de ImplantagSo e Operajao dos Sistemas De* 

puradores Primarios de Efluentes Líquidos de Cur- 
tumes

Ilh30rin -  Debates

12 horas -  ALMOgO

I4h30ein -  Palestra -  Dr- MAX LOTHAR HESS
Consultor en Depuragio de Efluentes Industriáis em
Sio Paulo
Tema: R e u tiliza jio  de Banhos Residuais (Depilagio-Calej^ 

ro, Curtimento ao Cromo) -  Demonstradlo Prática

15h30min -  Debates

]Oh!5*in - Debates - 124 -

Dia 21.03-84 -  Aa.feira

08h30min -  Palestra -  Eng. ELLEN MARTHA PRITSCH GOETTEMS
Chefe do Departamento de Controle Técnico-Operacional do 
Sistema Integrado de Tratamento de Efluentes Líquidos da 
CORSAN, junte i  COPESUL (Polo Petroquímico do Sui)
Tema: Tratamento Depurador com Lodos Ativos

09 horas -  Debates
09h30min - INTERVALO
09h<t5mln -  Palestra -  Mr DAVID VINTERS

Coordenador Internacional do Projeto UNIDO

Tema: Valo de Oxidajio (Carrocel)

I Oh15m¡n -  Deba tes 

10M»5min -  INTERVALO

I I  horas -  Palestra -  Dr. PIERO NINI
Técnico-Consultor da UNIDO
Tema: Tratamento Biológ: co mediante uso de F iltros  Per­

coladores

Ilh30min -  Debates 

12 horas -  ALM090

I4h30min -  Palestra -  PhD BERNARD VUILIERMET
Vice-Diretor do Centro Técnico do Couro de lyon (Franja) 
Consultor para a Area de Gerencianento de Residuos de Cur_ 
turnes do mesmo Centro
Tema: Tratamento Aerobio Facultativo em Lagcas

15h15mi n Debates



л

Ota 22.03.8*1 -  5а. fe Ira

08h30nln -  Palestra *  Prof. SALOMEO ANSELMO SILVA
Professor T itu la r do Departamento de Engenharla C iv il 
da Unlverstdade Federal da РагаГЬа
Tena: Depuragao_de Efluentes Urbanos en Lagoas de Es- 

tabi Iiza;áo  Aerobia e Anaerobia

09 horas -  Debates
09h30n!n -  INTERVALO
09>A5nln -  Palestra -  Eng? PhD URIVALD PAMLOUSKY

Responsável pelo Servido Técnico Aabtental da Superin­
tendencia dos Recursos Hídrlco.t e Helo Aablente do Pa­
raná -  SUREHMA
Consultor da Organlzafio Mundial da Saúde 

Tena: Trat amen tos Depuradores Aiaeróblos

I0hl$nln -  Debates 

tOhtSntn -  IKTERVALO

11 horas -  Palestra -  Sr. FRE0ERIC0 EDVINO LEUCK
Prefelto Municipal de Estancia Velha
Tena: Inplantagao da Estadio Centralizada de Tratanento 

de Efluentes de Estancia Velha
llhSOnln -  Debates
12 horas -  ALMÔ O
Uh30mln -  Palestra -  Dr. GIUSEPPE CLONFERO 

Técnico-Consultor da UNIDO
Tena: In p l.^ ta fio  Centralizada de Tratanento_de Efluen­

tes para a RegíSo de Ponte a Egola ( I ta l ia )
-  OemonstragSo Prátlca -

I5h30nln -  Debates

- 125 -

Día 23.03.8» -  6a.fel re

D8h30mln -  Palestra -  Dr. BENITO DA RIN

Consultor e» Oepuragio de Efluentes Industriáis  
Assessor da Fundagio Estaduaf de Engenharla do Meló Am­
biente (FEEMA/RJ)
Professor do COPPE -  RJ

Tena: Tratanento e Dlsposlfio Final de Lodo produzldoen 
Sistemas Depuradores de Efluentes

09 horas -  Debates

09h30mln •  INTERVALO

09h45mln -  Conclusóes dos Trabathos

Ilh30m(n •  ALM0(0

I3h30min -  V is ita  a Estagio de Tratanento de Efluentes do Polo 
Petroqufnlco do Sul (opcional)

<7 horas -  Retorno
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ANNEX 4/V:

LIST OF THE LECTURES NOT INCLUDED IN THE

"OPEN KEEK" PROGRAM UNDERTAKEN BY THE UNIDO PROJECT TEAM

Mr. FEDERICO UEBER, Chemist, UNIDO Project Technician: 
"Physico-chemical treatments; Pilot Plant results illustration"

Mr. VALMGR SILVERA DOS SANTOS, SENAI Tanning School Technician: 
"Recycle of spent tanning chrome baths"

Mr. ANTONIO AUGUSTO AMARAL LEITAO, Cnem. Engineer, UNIDO Pro . 
ject Technician: "Oxidation ditch and extended aeration with float 
ing aerator, parallel systems; Pilot Plant results illustration"

Mr. JAIR JOAO RUARO, Chemist, UNIDO Project Technician:
"Extended aeration of tannery effluents without primary sedimentation 
(batch system); Pilot Plant results illustration"

Mr. PAOLO DE TARSO JOST , Them. Engineer, National UNIDO Project 
Coordinator: "Tannerv sludges treatment; Pilot Plant results iilus 
t ration"

Mr. DAVID WINTERS, UNIDO Chief Technical Adviser:
"Tannery effluents treatment: economy of scale"

Mr. GIUSEPPE Cl.ONFF.RO , 'NIUO Pr u t ; ■ -nsultant:
"chrome recovery from spent tanning 'oaths: various system 
reliability and dimensioning".
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c/C ESCCLA O- CURTIMENTO i EN AI
Rúa G re g o rio  «actos, 111 - 936oo - ESTANCIA VEUiA h u . - - \  t /  .

Estancia Velha, 25 de sargo de 1984.

1
Diretcria do Sindicato dos Industrias de Curtimento de 
Co u t o e e Peles de Estancia Velha

Frezados Saibores:
He razao de sea oficio n* Ol/84 e do oficio USE a® 044/84 

¿c C o r . e c r c i c  ¡tagua Btgenharia CTE Ecoplan, e conforme tratativas efetrua- 
oas na Heuniao Almogo de 21 da sargo de IS8 4, estamos enríanao a V.S*s. 
a presente copia dos dados solicitados.
Tasque de Iloaogeneizacao

Tempo ae Retengan liadlo 2í ñoras 

óosa/res de ñnneanés
2+ _Poras usaaas 20 n¿rl do ion itn , en relagao a va rao da a- 

jti ¿e entrada. A qusr.ticsde do ar ícrtec:¿i pelo campressor foi de 5 ,£
• '  s é  ir per cetro cúbico de tanque, ou ?  te tros cúbicos ce ar per oetr. 
q—adrido per hora. ¿endo sespre en excesso mas neceasário para garantir 
.. ¿ai. cíente hosopeneisagao.

k  redugao de suifetosí coa tezpo de retenga'- t.e¿ia de 7 t.._  

a¿¡ ici es necia de 89?, coz valor nidio de calma ae _¿;/i e c vals: 
aédlw de saíca de 4 , 8 m^l. Bt nossos testes, a conceatragao at salda / 
dos salletes r.a: supera- nunca un val . r d. 1 2 n . 1 . Erase val ores nunca 
1; -.er: en na r.c .r_t¿s.r.; clñíric. scos-r-d.ax.n .. scs.n roe tribuir, a
-..are ...... c sal: tic.

i



tattMto Biologico
9n rela^ao &os resultados dos processos de aerabee prolonga­

da e v a l o de onda^io, veja Anexo 2; para, o filtro biológico veja Anexo

9c relaq&o ao consuno d e  ongenio era fun?ao la oatória orgá­
nica, a quantidade de energia uaadp para garantir una suficiente agita­
bas da massa líquida, era todos os casos produzia urna quantidade de ox±- 
génio era excesso. Be relapso a lagoa aerada facultativa, nao temos aín­
da resultados era aviseros suficientes.

.Nutrientes

Poi usado semiente Ka.HPG , ce modo a manter a relaqac entre 2 4
D30:H:P = 100:5:1 .

Filtro Prensa

Taxi Específica de Fiicrabao:
2Lodo Primario: 40 l/st h
•yLodo Espessado: Jé l/i“~h

Percentual de Sólidos na Torta do Filtre Prensa:

Leño Р п ш а п c ; j 5 л

1-do Primario Espesa..:.'.: 2&,3 i

O
Presea; ¿Inaa '¿rabal ho: 11 r.g./cn‘"
Condicionaaento: Cal, 4 Kg/n^ ie lodo

F.ltracac ie Croao

laxa Específica de Pil.rabac: el i/o*T»
Perceatagea Seco: 2 r - a 2~. >

_ . . .  2 
r. g.e (i t . a n —. .  u — * n o . . . . .v  • j  ц . /  : : .

Be relaja: a- atice.'. i  í si cc—  químicas dos efluentes
se ca ñ  -rurtur e e cuc. r.._á. hi :ríai: a, vsj.a Anexo 4; característica;
* , ... 1* . —  — 1 ■ i С- . 1; i Г ̂   ̂ | ^  ̂ ifc A-> ... L. •

s*¿\j í í  itc rtiaióno opí.-;acicna.i :: 
ar.ta Pílete, .-iut tJun. • as i: . ' У М ' У  para e fi-líAl, raas sánente reía.'



ifa relaçâc às ciîpi.ts solicitadas referentes às palestras 
realizarías durante a Saman'», de Debates de Efluentes da Industria de 
Pelea e Couros, temos a informar que as meas&s serâo enviadas tâo lo­
go sejas: concluidas as dévidas traduçôes.

Sendo o que se apresen ta va no manen to, subscreveno-aos

Atenciosamen:s.

p/SSIAl/UNIDO PROJECT 
Dr. Pierc ¡fini

/ •r.l'-'_________lw _____________
Coord. Mac. ÜHIDC/PHOJBCT-SHiAl 
ûig“.Quim.Paulo Tarso Jost
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NOME DO PROJETO:

NONES DOS 3UBPROJETOS:

ÏIAXAMENTO PRIMARIO 1 (800 A 1 «g/í Poli)

EFLUENTE TANQUE h o h o c e n e i z a cAo EFLUENTE CLAKIFTCABO

MIN. HAX MEDIA FIN. MAX. « H A

pH 7.1 9,t 8.3 pe t.o 8.6 2.0

SD 20 190 70 SD í .1 o.’ 0 .1
a p  <000 7.OA0 2.5.0 DQO -16 1.120 590

DBO 198 735 ASO DBO 86 519 185

t r a t a m e n t o p r i m a r i o ? (400 mf./C Atj («o»), * 1 m f . l t Poli)
EFLUENTE TANQUE HOMOGENEIZAÇAO EFLUENTE CLARIFICADO

HUi. HAX MEDIA MIN. MAX. l£ D U

ípt :.3 9 0 8.4 1* -.2 8.5 2 .*
!si> 15 . ¡00 32 SD 3.1 *.5 0.3

DQO 1000 5.941 2.000 DQO 200 1.57? 525

DBO 237 590 370 DBO 60 280 140

TRATAMENTO PRIM.4f.10 •• <2ÜO m f / t  Af_ ( s o . ) ,  .  C .5  m t f l  P o l i )

Eri.UEJ.Tt TANQUE HOMOCENEIZAÇAO ! ERJ1EKTE CLARIFICADO
MIA MAX MEDIA it KIK. MAX. itfou

PÎ 5J 8.4 i pH 6 8.6 7,7
SO 20 190 43 ! SD - 0.5 0.3
DQO 1000 1.397 1.720 ¡DQO ii6 1 .1 2 0 570
DBO 198 735 U)ü 1 DDO_i___ 8<> 519 165
TRATAMENTO PRIMARIO SD! USO DE PRODUTOS QUIMICOS \________________i

EFLUENTE TANQUE HOMOGENE IZADO i EFLUENTE CLARIFICADO [
MIN MAX. MEDIA 1 M1K. KAÍ. MEDIA ■ j

pN 8.0 8.4 8.7 |pH 7.5 t 7.5 !
SD 20 ?!(■ B9 i SD - - . >.5 !
IDO /00 Z V'. • M 1 I» 351 c • 1.410 i
j?K- ?9( :: • - 227
h i Váju CáI>/ TKATAMET.
i 1 ; ; . 7 i •> » P. ¡IOV1H.
r* - U- (” v;. 95 f '
dq:- ; /1 ,5 ¡ 73./: i t*t.i: i:.:: ¡
DSC t .i: i 82.j: 5i . n  ¡ ?i. -■* •

" \  -------------

i
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- pxs'.'l :r A;:;j.:r:cos
- -c~a~ divididos en. quatrc periodos de operacio.

Periocc oe 22/Oé a io/09 1563; nesse periodo f o » s  u t i l i ­
zados BJfc m g / ì  de su lfa te  de aluatinio « Im /) p o lie le c ró lito  
nc tracattento primàrio.

| Efluente do Efluente do decani Ef luentt ò> decarcador ~!
n^aataCor p r is à r ic  secundhmb decreidacac secum.Caer. f lu ì  . ) j

. | SBC .OC*. IS .L .j
il*q i)!iar,. J \ - ”

DBO 
tao'li

DOO j S. O. I ut’ ¡D30 
tnal)Íi№sl>í' ¡(mql)

DQO
to s * »

S.D. ì
tosi) I

j- i j ; • 1 i •t.l- i 6; ■ 50 C,9» t.ll 10 ' t ’ i l i
c- .

1
o.oi f ,? ;  io

Í
5 6

Oo

MAI. Í 6.61 bì 9 1120 o . ~ 7,6 120 439 10,0 7.6 59 49C- 9.0 '

MEO | 7 ,2 IBS S90 0.1 7,0 29 193 0,9 7,0 2 2 264 0.6 j

- E fic ie n c ia s  de Remocào: Vaio de oxidacáo Aerador Flut.

DBO. 84.06 87.86
DOO. C7,3f S I ,86

Vertode de 21/09 a 7/11 1983; onde ioran-. u tilizad os  
er>L'n>Q/l ce su lfa to  de aluminio ♦ lng/1 p o iie le t r ó l it c .

j Eiiuer.te de I Efiuenr. cr cetcr.tJI f i  ere a u  decant. j
f óacantacor primàrie is.ccu«. . . ir.=r. f lu t . )  '
: p h  ! o s o  ; d o c >
1 i ( C iq /D i f iB C /1  )

s .d . ! p b  d b : p o c , i s  .  . d ì :, j doo 
iB io ' i '  i l u t  'l ' i 'n .c . 1 x.z "■ ; e s q / l i i . i c / l )

S.D. 
n o / I  )

f í l> .  1 ' .l j 6 1  1 2 0 0  j f . u
1 i : i 

S , i  ¡ i j ' .2E  | 0 , L  | f  6  ! 1 9 2 8 4 0 , 0

• . . .  t L i •
,.  • ■ -e-~ 1 :  j 4 |-  , 0  ¡ - b  ; 5 0 6

1 , i i
, 0 7 . 5  I 4 4 ¿ 7 7 10

______

ys.. : •- I -, 4 1
• 1 1 • ’  ! — b ?

1 J
 

0 0 . 4
i

6 . 4  | 2 7

- Cficiér.cias de Itemocào: Vaio et Oncacat
DBO: 9  :  -
DQO. 4i

Aerador Flu
~'i , 51 
i: ,71
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I ‘er'¿Зобе fc/il * 2 / i:  1563; io ru . usados 206*9/1 de su l-
¡•to de ïlu s iM c . . C .t mç/1 de p o lie le t ró lito  ас primerie.

Efluente do 
decantador primario

Efluente do dec.se- 
cund.;valo oxid.

Efluente do decant, 
sec. ;eer. f Intuente.

Ь б0 ! DOO 
• ' mq/1!

S.D1 
6a/11

PB DBO
teq/D

DOO
In g 'll

S.D.
ЬдЛ) 1

FOFJ. DE 

OPERACAOKl K *.o 1Cl: 297 0,0 5.9 f 156 0,0

Kfei'

HEP'

e.5 305 fi 93 1.4 7.7 25 403 1.5

7.7 165 750 0.3 6.5 14 244 0.2

- Eficiencias de remoçâo:
- Pare о va io  de oxidaçâo,

-  DBO: 91,51
-  DQO: 57,2%

4- Periodo de 5/12/63 a 21/o2/84; nâo f  oran adicionados produ- : 
tos químicos no primàrio.

Efluente со 
decantador pri5.érit*

" — " 1 
Efluente do бес.se­
cond. ;valo oxid.

Efluente do decent, 
re :.; вч :. flutuente

г
DUO 
I6C Л‘

1 DM) 
llmt /11

s.D.» »•: 
!сц/и 1

db:. íd m  ¡n.ir. ; 
imçft) u.q/1 ;

’ KIN 7.2 fci ¡2901 c .t 5.9 , 207 » ,0
ГС-ЕА DE

operacao
1
; «я- . ». 4 2 2 Ъ - •4.-ГЧ* 7 .1 • *7* » * 35 760 7.0

7,7 É;ü ¡1600 0.3 6.9 21 440 1.6

- E fic ienc ias  de remoces»
- Para o vale de o x i â c ç i o :

- DP.'.»: 92.2«
- ÍC \

f
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1<? Periodo 2» Periodo
V.Oxic. |a . F ia t V.OxidjX. Fiat.

DSC. 8i'. 67,S‘ 9'. ,«l|77.5»

DOO: i : . ?»  I 51.61 it.61',12.71

39 Periodo. 49 Periodo

v.Oxid. 

S I , S i

A.Flut V.Oxid.

Fori Ói 
opereeòo.

52,3t

A. F lit .

For* a  

operie

- costa c-OEf. d i  o p o u (1o la r u m .
VAIA- DL GUbAClO AERADOR FLUTOAKTE

- GLUME TAKOUT AERALO
( y? )

Co 50

-  Vtzi.0 DE ALTMESTAOiO * 1

-  SARCA o rgan ica  total

( KG DBO /niy. )
3.5 -  5,5 3.5 -- 5.5

-  CARCA VOLUMÉTRICA 

(  KG DBG/K50lA )
0 ,0 6  -  0,1 0,07 - 0 , 1 1

- TEMPO DE RESIDENCIA

( K ì
60 50

- MLKS ' KXXE5» LIOUOT. 
SUSPENDED SOLins

1 1 5 0  -  «*000 11 'A) - 3200

- TEOR DE VOLITEIS
t * i

50 - 75 r" - • r

- c”7 : SLTJDGt VCi^ATI . 
LE ZVDT .-. )

50 - l ' - i - 3.

-  TEMPE.IUTU).A MEDI, 1 '. - 2;-, 11 - 19
DCi TANOUE ! *f ).
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ó f l m t
prùary

f r a
M i ia n u t i m

E f f lm t  fra* 
secondary sadinimtttioa

1 Date Air ta * . I * ■OD CQB SA s.s p* BCD COO S.D. S.S.
i DcracKC (at/1) ( ^ 0 (м / I )

21/11/83 24-25 2,7 720 0.» 436 8.3 468
23/М/8Э 17-22 8 160 630 8.4 69 490 -
24/11/83 20-22.5 7.4 100 297 - 8,4 5! 360 -
25/11/83 20-24 2.5 225 658 0.5 8.3 50 491 _
23/11/83 23-26 7 616 8.1 357 -
29/11/83 22,5-28 8 S80 - 8.4 420
30/11/83 22-33 2.8 305 893 . 410 8.2 77 571 - 93
1/12/83 23.5-23 2.6 100 482 0.3 8.2 45 375 - 85
2/12/83 20,5-21 2.4 110 500 0.4 8.5 37 455
5/12/83 21-24 2.6 349 2.5 8.2 312 0.5
8/12/83 22-26.5 2.5 367 0.7 8.3 468 0.1
9/12/83 24.5-29,5 2.9 1.640 f.5 420 8.1 480 0.1

12/23/83 24-28,5 8.1 2.620 1.5 8 1.240 3
13/12/83 23.5-27 8.3 2.220 0.8 8.2 1.780 1.6 270
14/12/83 24-27 8.3 227 1.780 0.1 8,2 61 1ДЮ0
15/12/83 23-23.5 8.4 1.808 0.1 225 8 998 0.2
19/12/83 15-25 8 930 2.5 7.6 979
20/12/53 2 3-30 2.8 954 2.1 512

Э/01/84 25-24 2.6 1.800 0.8 8.1 1600 2.5
4/01/84 23,5-28 860 2.580 - 8.1 200 760 0.5
5/01/84 25-28,5 8.3 1.000 2.096 8.3 210 978 0.7

12/01/84 26-24 2.9 632 - 2.9 504 3,5
13/01/84 27-32,5 2.2 856 0.5 210 2.8 456 .
Э1/01/С4 24-25 2.9 136 840 1.0 7 20 405 0.7
2/02/84 25-25 2.9 86 950 4,5 2.8 80 970 0.2
3/02/84 24-28 2.6 206 861 2.6 42 560 10
9/02/84 24-28 2.0 385 2.120 0,1 2.0 100 1602 1.0

10/02/84 25.5-34 2.2 2.250 4.825 0.1 6.5 320 2.378 1.0
14/02/84 28-35 2.2 3.682 0.5 2.7 1,372 3.5
15/02/82 27,5-33 2.9 280 1 506 1.0 2,8 150 1046 !.5
16/02/84 28-33 2.2 430 1.305 3.5 8.0 80 602 0.5
17/02/84 26,5-30 2.5 290 711 360 2.В 71 20 580
20/02/84 28-31,5 2.2 635 10 2.6 586 6
21/02/84 2.5 1.457 4 2.5 568 0,5
22/02/84 30-33 2.* 1.000 1.948 0.1 2,8 686 0.1
23/02/84 30-30,5 2.8 515 1.660 0.5 2,9 147 538 0,1
24/02 '84 27-33 2,0 500 796 2.7 250 280 4.5
27/02/84 31-32 2.6 1.928 1.0
28/02/84 27,5-37,5 2,2 1.790 0.1 8.0 603 15
29/02/84 25-34 6.2 1.411 24 2.9 376 0.3

kEd u 24.6-28.4 2.6 458 1.360* 1.5 343 2.9 126 763» 2.* 257
VAL И6Х. 31-37,5 6,4 2250 4.825 24 436 8.5 456 1.780 20 580
VAL MIK. 17-2: 6,7 86 297 0 210 7 20 312 0 85

RENDIMENTO MEDIO ( DQO ) 43,8' I

RENDIMENTO MEDIO { ПВО) 72,5 »

1, 5 '¿С OTCbcdia/s" di г* г е ю
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....

ToifcE colctfes =ecu.irea c se—airte ciquencia:

! cr.tc -1 «  Ir: frante.- ac cariane I.eucs-Iwitxec, t v .  7 de te tenero. 

. c I  -  nn frei: tc  le ve - :  I g c n iija è  àfenic-i— iichuc,:.

1 : r.y ^ ~ 3r_ / ira per.tc ape;. e. ¿rroio tribu tari: r.r.31= c c it ìj -

cì -. nior-rcirticl: fns rut descarga.

' -■■■vg £ - Fri airf ponte ap:s o nrroio tributario 3rovcn3 er.tr 
de baineório.

renio 5 -  Ir in e ira  rcrtt a;è.- : ¿encarpi, ér c a t :  e .'-.elin..

ionio 6 -  la  18/31 /?-:, f- cc*eia fc-i re?-! 1 sai: r*~ ponto situati

ni-:, *iCO s àc renne I-: icaiargfc da fi:
ari a: leiencas sef-iintee, o ponto fc i

ài-ri c: o para :r-»a i  ir  tane la  aprosinnle do 1 la t ra i­

ne io ponto enterici-.

- • n- . 1 •" .-f».' fti

Ponto 1 Ponto 2 Ponto 3 Fonte» 4 Tonto f 7 or.te
0» 7ir?clv:c_ zero cero i e r i zero zeri- nsr:
pi» r -,4 il, 4 I I , . ' r* , - ' * ~
"Icre.or -  -v r»4 f K 5 C

“V
. u

z
• r ^ 1’ * f i-* :-3

3 riCr 1 . : r. ' *7 rtr 4 ĉ* 250 17
3. '■eeeatav- 1 . " J , 3? 1 *7 - ?  * 17 cs

I
I
1
J

c

27/0i/c-ì

o3
j-cr.tc
I? rr

» -

« • «

i

J
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p & a i ;  3£/C2./?<; ■

» P o n t o  1 T o n t o  2 P o n t o  3 ¿ o s t o  A P o n t o  5 P o n t o 6

C-, A i z s o l v i d o 7 . 1 3 , 4 ^  / W'I* 3 , 2 — — —

P H 6 , 2 6 , 7 9,6 5 , 3 — —

r i e r e t o c 3 5 1 0 5 4 2 Ó 1 4 2 — —

d ; c 1 7 7 5 7 1 1 2 8 4 — —

#
2  • c  1 e. e» *\

1 . 1 3 , C r rt 
-1 v — —

0 : i5 > -  Oc  à i a :  " i r e  c e l e r a i ,  e  -data a A  t o l s i s. f o r a n  e irnv e s o s .

0 2  'C2/f.-4

P o n t o  1 T e n t o  2 T o n t o  3 T o n t o  A I o n i o  5 P o n t o É

C.  D i s s o l v i l o 3 , 0 z e r o z e r o z e r o z e r o z e r o

?!i 6,9 C , 8 Q  7  y » » P. 1w f i — —

7 1 o r e t o e 74  f- v-cC 8 1 6 4 1 5 3 5 5 3 5

n:.c 1 9 T 1 3 2 2 2 8 4 1 0 0 4 2 3 2

A.  l i . a n t e v e i s r /» 
- » v -’. , 0 O  f> 7 , 0 2 0 1 .0

I
n

D A T A  : 1 6  / 0 2 / 6 4

T o n t o  3 T o n t o  2 P o n t o  3 T o n t o  4 J-cr.tf. c- P o n t o f

II C„  T _ :  o lvide- z e r o z e r o z e r o z e r o z e r o 2 t r o

■t r ;-
O  i* 1 A 0 7-'t * ìc.r. C 0 "1 -

n *- 
¿9 ->

e ~
v r-

II l l o r e l o £ C 53:
T» ~ *■* 
+' 7 : 1 320

' 1 3 - 4 5 0 ics-; 1 1 5 5 1447 209

n S .  D e c a n L a v é i s 1 5 1 1 i r 1 2 1 5 0 , 5
li

C r o n o  T o t a l 0 , 6 5 0 , 7 2 4 , 4 0 , 5 2 1 O'' z e r o

11 D A T A :  T 2 / 0 2 / 6 4

T e n t o  1 I o n t o  2 T o n t a  ? ; C. -tO - : o r t o  r l e n t e r

I 0 „  D i t s a l v : i o z e r o s e r e z e r o z a  re -fcrr» z e r o
2

* t •’ 1 ' - » ' « •'» . 3 , 1

i; l i o r : • • ■» 1 - ' - •

— •» ‘
***** - : ' . -r - - •| ~s’\-

* j
i

_ r - • * r j . e

J - : - 5 7

• "" », » t » •
- ' f «• '
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23/02/84
Ponto 1 lento 2 Ponto j Tonto 4 Tonto 5 Ponto 6

C-n Dies olvido zero sere sere sero zero zero
pH 8,7 5,6 5,2 3,2 “ A• t - 8,4
71oretoc 994 674 1740 674 1350 320
— X* ç e.c 674 j54¿ 1.ÌC0 525 64 3#C» *“¿0"'wV/t г 60 ir 7,C 1 AJ.W* 10 C, 2
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rr-ir-ir II V.'.ZAC DO /0120TC ZZTXXIA YZUIA

J  ..*W

£0 tre.

02 /02/84
.Vtiidas efetuaàas aros una precipitarse; pluvi or* trica da orden di

: -  /  -  *> 
i C v . /  V -  » •

;■;...;c Z -  2n frente so ¿er.osito io  citrtune I^nic-r^-l-c-huck.

Yaza c: l.jtf r.; S h .

.* or. TC 4 * Irire art. r'-.t após o tributàrio or.àfc c c._r crune “'ender-
Zchucl: eietua a descarga.
Vazac: 2.592 t-A.

I orto ? - ZZn frente : tcrniera nana cor io roca epos o prine ir o
crunamente de rúas.
Vazào: £.9 ZP n'/r.p

Ponto -* - '~ituaào a una distancia aproximada de 2 lm acalmo da fi

Vazao: 2.205 — -* _ Ao t

( k -'C'/a-4
ietuadas epe: ira 'reíir juapao pluvie.-itrio- ce crie: de

.li . 7- '• u6 05/G2/Í.;.
Ponto 1 - 2n fre-.-.tt so curcume 1 euck-’uttes, av. ? de cetenero.

Vazàr. : 1 . !'X r_-/r
Tonto 2 - Prc fre ce toc ite c CVJtuae Fe der-

.azar. ; 2.160 a V h
fonte ù _ Trincira tonte ares o tributario 0 */. : '

àcr.uci: fan sua descarna.
Yac ño: K-'/n



- ы  -

— — /Л'' о •

с-г
з: pie. о tere e ire ài: ser. preeipi o pluviосеrri

rento 1 - 2m frente ce curtuee Lauck-Mattes, av. 7 ce se tenere. 
Vazâo: é;-C ti'/it.

_ i
Vagan : l . f i 'c  nJ/r..

I-or.tc 4 - lituado a m a  distancia aprorinaàa se 2 г.: abair.a de pò:
eo de desear^ 
Vazac: 2.7X



1>*4*T£Q NATIONS NATIONS UM( J

m*COCS UMtO*}
AA04KAM* Pan* C DISCnvOLVMCnTQ

p la n t a p i l o t o  e de d e h q n s t k a ç à o p a r a t r a t a k e n t o  de e f LEe NTes

DE CURTUME EK ESfXNClA VELHA (RS)

Au t o r e  s : Equipe  rio P r o j e t o *

I - R es u s o /5 tti a ry

T h i s  pape r  b r i e f l y  o u t l i n e s  the  o r g a n i s  s c i o n  

t i o n  o f  the  p i l o t  and d e m o n s t r a t i o n  p l an t  f o r  t a n n e r y  e f f l u e n t  

in E s t a n c i s  V e 1 h a .

and o p e r a  

t r e a t  ment

The p l a n t  amongst  o t h e r  a c t i v i t i e s  c u r i n g  the  pas t  8 

months has r t g u l a r i l y  p r e c i s e d  the  c a t a l y t i c  o x i d a t i o n  o f  s u l p h i d e s  t o  c 

ta;. l e s s  than 10 mg / l S and t r e a t e d  i t s  p r i ma r y  s l u d g e s  e m p l o y i n g  a f ;

t e r  p r ess  tc o b t a i n  cafe.es i t  j c .t.e 3 C I c r y  s o l i d s .

To a c c- 2 s e c o n d a r y  f  : c l o g  i c a l  s y s t e ms  have been o pe r a  

l ed  an;  mon i t o r ed  - c o n v e n t i o n a l  a c t i v a t e d  s l u d g e  ( i )  and o / i d a c i o r .  d i t c  

c a r : ; s s s t : ■ ( i i )  and a v e r a g e  r e s u l t s  e v e r  t h e  p e r i o d  show a v e r a g e  reduc 

t . o n c f 0 D o f  67 ’  and 911. Y i e l d i n g  f i n » !  d i s c h a r g e s  c f  73 m g ' 1 and

S ir p ' I F l . i;. w e l l  wi t h ir, Dr p i rt  . Kc i o  Amb l en t e  u : Kl. S S t a t e  rcqu r 12 -

mènes

p>r«
Este

a ; r ut am. n: o d e  i t
t ex t '  -âboça 
ïuer.'sfS de c

brevemente a o rgan izaçâc 
uremie en, Estância Velha.

e opera.;ao da plan :a p i

A pii r.t a er,c re s.!. t ras a; îvidadcs , durante os il 11 m o i f  r .c it i  , r  ru s »

Tip'.*; i ' * . r i e  u o x i d o v i : a I ; t . ra d. .* * i> l i f t c-s para rihter meno* -va- *. C f t : r * ’> -
marie er.prvgar.d. . z r i i t r o  r «•■■i'a T • obter tor tas de 302 de sem.s i sol id •s •

I r.. : *> ir.L- ntt., I * i st *-.• . i oi ôg.  b r- second âr ios fora:. o;.i :.• .. «. r.*

: : i .* w * •. - lode ai iva;. cmvt-r. ; • onù v . t 1 t. ;i»o de oxidaçao i; arrousse 1 i i i ; i i a r.«.'.î:a

- e i  u ! : .i.:oj durante o p * : . fis >eSCfar: v. ■“ i  •,;a J tned i o de B.O.T de 87T *■ S11,  pr u U. i r; J

ce sea:s
y.c ; o at/

s i mais de 23 mp 
lente do f.S.

i e 15 «g  ' b.n.D Adequami^-str as t ».igéncias de DepurtuTu f. I 0

» P rune t o  UN1DC US / ftF. A/8 0/1 6fc - Coord . 1 ut e r n.ic i . r.a ! (C.T A. ) : Er . David Ui r . ' t r ; ,  Co 

der.,3 ,.r da Equipe dv Ass i« :ér>ct«  T< r n i c a  Ir.ceit a.-ional : Dr. C; useppe C l u n i c r o ,  ord h 

n . 'r . j !  ;o  rrujein:  rn, yum. /tecr.. : . t .in.v : Lul l  l.uppcnt »... .



!I - Introducáo

t u  ¡961 o g c v e r n c  f e d e r a l  b r a s i l e i r o  a s s i n o u  u t  a c a r d o  con  

: :  K * (ó e s  Unidas IÚKU) g a r a  a impl  d i ^ ( « O  de us.a p l a n t a  p i l o t o  e de d t t o n j -  

t r a c á o  para  o t r a t a s e n t o  de e f l u e n t e s  de c u r t une .  0 p r o j e t o  s e r i a  i n s t a l a ­

do na Es c o l a  de Cur t i menco  " SENAI "  e s  E s t a n c i a  Ve l ha  e a e x e c u c a c  c é c n i c a  

v-o p r o j e t o  s e r t a  c ondux i da  p e l a  ú r g a n i z a c á o  das N'acóes Unidas  p a r a  o Desen- 

v o 1v i  m e n : o I n d u s t r i a l  CONUMi  Es t e  p t o i e t o  d e u e r i a  m e l h o r a r  e c c » p 1 e n e n t a t  

a e s t a c á o  p r i ma r i a  de t r a r a c e r . t c  i í s i c e  quimi cc  e x i s t e n t e  na L c e l a  de Cur- 

t i me n t c  coe  urna s e n e  de s i s t e m a s  de t r a t a me n t o  s e c u n d a r i o  b i o l ó g i c o :  a l ccr -  

s a t i v s s .  Durar.:» o ano de 198? as ob ras  c t v t s  ¡ : r j r .  c o m p l e t a d a s  e os e q u í ­

p a m e n o s  ! í s t r t : . f e i  ...< «• r . a c i o n a i s )  t r . s r a l ado s  Ti- r c o n s i  d e r a t o e s  p r á t i c a s  

a D . K . I . D - O .  s u b c o n t r a t o u  a ¡naior  p a r t e  da a s s : s t  e n c í a  t é c n i c a  i n t e r n a c  t o ­

nal  á urna equipe  i t a l i a n a  ccm e x p e r i e n c i a  nes t e  s e t o r ,  que comecou suas c -  

p e r a c o e s  en l e v e r e t r c  de 19S3.

« e s t e  momento a p l a n t a  e n c o n t r a - s e  100Z ope ra c to r.a 1 , mas 

cada*  as l i m i t a q ó e s  dt  r e c u r s o s  humanos j u l g o u - s e  c o n v e n i e n t e  c o n c e n t r a r  

as a i i v i d a d e s  c o r r e r l e s  na p a d r o n i z a c á o  do s i s t e m a  p r i m a r i o  ou f í s i c o  q u í ­

mico s e g u i d o  da o p e r a c á o  e e  p a r a l e l e  de d o i s  s i s t e m a s  de t r a t a m e n t o  b i o l ó -  

g i c c  ou s e c u n d a r i o .  Esca o p e r a c á o  dur an t e  ó meses f o i  i n t e n s a m e n t e  c o r . t r c -  

. a d «  » c c n i t o r a d a  e algur .s dos daces  cfct i dos  bes  como as e f i c i e n c i a s  v e r i ­

f i c a d a s  sác f o r n e c i d a s  a f i l i o



\

111 - A Eittcio - ‘ Sua C<p«cidi4c e

A - Ponte dos I f l d t M i
O conceito bási.o ora da que a planta piloto devetia tra­

tar os efluentes da Escola de C- rtimento. Porcu. dados os voleues de des­
carga relativamente pequeños e . raaonalidade dcsta fontc, decidiu-se com­
plementar o voluae necesnário bombeando efluentes de un curtuae local (Cur- 
tuae Leuck, Mattes S.A-) através de una tubulagáo especialmente instalada 
assegurando a disponibilidade de SO a*/dia.

3 - Estrategia Ceral
Apesar da equipe brasileira e da U.K.1.D.0 ter se preocu­

pado en assegurar que apenas 4 sistemas de tratanento secundario fossem 
instalados inicia mente, a planta piloto pode ser adaptada para outros pot- 
siveis sistemas i tratamento secundario sendo que os equipamentos insta­
lados poden ser f cilmente intercambiados. Assim, em un de nossos tanques 
de homogeneisacio a sedinentacao foi evitada usando um grande agitador, a- 
p¿s um agitador ilutuante, após um aerador submerso e finalmente ar inje­
tado por una rede de difusores de cerámica sinterizada.

C - A Estacáo
0 layout esquemático da planta piloto pode ser visto no 

anexo I. Os parámetros de projeto empregsdos se supunha que o DEO^ de e- 
fluente seria inic»símente cerca de 2000 mg/1 e seria reducido para cerca 
de 500 ng/1 de DBO^ após o tratamento físico químico. Previu-se, assim, 
urna carga diaria de 25 kg de EBOj. 1

- 145 -

1 - Tratamento Primário
A unidade instalada é bascada em u» tanque de equalizacao 

(homo ge nt i z a c áo ) que c o r  utn voluae para retencáo por 2*. do influente de 
qual um fluxo controlado é paseado por um ajuste de pH, tanques de flocu- 
lacáo e coagulacáo e conduzido para um tanque de sedimentario «ertínl pa 
drio

? - Tritamente Secondàrio
/ pianta instalada foi dimensionada para permitir que e ad 

unidade de traisi m i o  l u u n d m c  fosse capaz de cratsr cerca de 501 do in 
fluente diàrio c nformi o* paràmetro* do projeto de formas que as dimensói 
das unidades da tratamento secondi io sào:



- 146 -

*) Filtro de percolalo
Diiaetro: *■; altura útil: l,5a; voluae: 19n* de reche- 

io. A unidade è dividida ea 2 aetades., uaa recheada eoa pedra britada, fra- 
cào retida ea penetra nC 2 e paseada por peneira n? 3 e a outra recheada
coa anéis de polipropileno, tipo FALL. Està unidade trata 0,3 OBO^/dia/ 
a1 (pedras) e 1,0 kg DBO^/d/n’ nos anéis plásticos.

b ) Vaio de Oxidacào (Carroussel)
Ha forca de uà anel alongado (ovalóide) eoa seegio se­

ni t rapezoida1 coa un voluae útil de 6 0 b ’ peraitindo uaa aliaentagio de 0,2 
kg DBO/a’/dia, isto é. tempo de reducào de 2,5 dias. Foi instalado ua ro­
tor eoe 0,7a x 0,7n coa ua aoter de 3.0HF.

c) Lode Ativadc (Alta carga)
Constituido por uis tanque de Am x 1,65 x За de prof un­

cida et, iste è, 22a> peraitindo 0,56kg DBC/m’/dia ou seja, ua dia de re- 
cencio

d) Lagos Aerada
Uaa lagos aerada coa 22a x 12a x 1,5a coa veluae útil 

de 300?’, coa unta carga de 0,0¿ kg/c’/dia coa retencáo de 12 a 15 dias.E 
operada por 2 aeradores flutuanies de 1 ,5HP cada.
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Após m  primeiro periodo dedicado a inplantacio da esta- 

gáo piloto e aos testes pr¿-operaciornais , foi iniciada en narco de 1983 a 
parte experimental do programa que coepreende urna serie de provas de tra­
tamente que serio concluidas em maio de 1984.

Estas provas visan o eoprego da maior parte dos sistemas 
de (ratamente de agua de' descarga, seja o emprego de sistemas mecánicos, 
f i s i co-(¡u imicos ou os biológicos e sua: diferentes conbinacóes, de modo a 
iormar un quadro bastante ampio de alternativas possiveis.

Com base n« análise dos resultadas obtidos, i possivel 
:iztrsc a seguir urna definicáo dos sistemas de tracemente que sào prati- 
cavéis, de um pento de vista económico t técnico, dentro de un contexto 
bascado na realidade brasileira.

Ко momento algumas provas poden ser consideradas como ji 
concluidas e per outre lado o número de restes já executados sáo sufici­
entes para permitir as primeiras consideracóes gerais.

Seguindo um esquema lógico, podemos avaliar os resulta- 
oes do tratamer.tr primàrio bastado en 82 días de análise diària de t r a d ­
italo útil. 0 travamento primàrio cotprttndt pene i r amento , homogeneiza- 
; ¿o e ao mes no ctspo oxidadlo ¿c sulfctos, coagulagác- e floculacio, sed ; - 
nentagáo prieána e tratamento de lodo. Os resultados obtidos poden sei 
resumidos nos seguintei pontos:
a) A Oxidacio catalítica de sulfetos сот a adigáo de 20mg/l de sulfato 

de mangani* no tanque de homogeneizacáo levou, na saida do decantador pri­
mario a urna concentracáo de sulfetos inferior a 10 mg/1, sendo possivel, 
se desejado, a completa eliminacác desta substancia.
b) A adi(áo de 400 ng/1 de sulfato de aluminio c de 0,5 mg/1 de «im poli- 
eletrólito sintético permitiu a eliminggáo de 7b,5Z do DQO na entrada da 
tstacáo. 0 DBO na saida do decantador primario se situa seralmente entor­
no de 1,80 mg/1. Un valor multo baixo de 0H0, existindo um tratamento se­
cundario posterior leva a um abatimento medio devido ao tratamento fisi­
co quimiqo excessivo, razio pela qual se tensione reduzir a quantidade de 
floculante usado alé a alimentaci© no sistema biológico da agua residual 
apenas con o pH corrigido e sedineniacio primària.
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c) A filtticàc direta do lodo no filtro prensa apresentou resultados nao 
satisfatòrios, enquanto que un condìcionamento con <k|/e* de cal pemitiu una filtracao 
nomai con un torta contendo cerca de 302 de naterial seco e velocidade 
de filtrata» de aproximadamente 40 1/n*/b.

Passanos agora a considerar o tratanento secundario. 
Apesar de todos os sistenas inplantados se encontraren en situaci» opera- 
cionaì, podemos no nonento faier cons'ideracòes tao sonante sobre o siste- 
na de lodo ativado e o vaio de oxidacin (carrousse1). Nestes casos entranos 
no canpo da"aeracio prolongada” , onde no tratanento de efluentes de cúrta­
se t quar.tidadc de KLSÍ si situa entre 1500-2500 ng/1. No sistena tradicic 
nal de lodo ativado o tanque de oxigenaeso é constituido por un tanque de 
seceso quadrada e un aerador flutuante fornace a agitacio e oxigènio neres 
sirios ao processo. 0 liquido passa por un decantador onde o lodo è separa 
do no fundo e retornado pars o tanque de oxigenaeso e a agua já clarifica­
da passa para o tratanento seguinte. Os resultados referentes is anilises 
efciuadas diirianente durante 52 dias de"tratancnto útil” nostran un abati 
nento de 562 do DQ0 e 87 2 do DIOj con un valor nidio na saida do decante 
dor secundario de 23 ng/1.

0 vaio de oxidacio, constituido essencialnente de un 
tanque de oxidacio anelar alongado con sceso de perfil especifico, recebe 
a oxigenaeso e agitaci^ necessirias de una"nolineta“ rotante que alén de / 
nsnter o lodo stivo en suspensio pernite ainda a transferencia de oxigenic 
do ar para a fase liquida. Cono no lodo ativado, un decantador vertical se 
para a agua do lodo stivo que retorna para o sistena. Tanbén nette caso e> 
resultados até agora obtidos sio nais que satisfatòrios. Anilises diirias 
efetuadas ao longo de 80 dias de tratanento útil nostran a evidencia de tais 
eliminacào de DQ0 da orden de 522 e de DB0 de 915 con un valor nédio ns sai 
da do decantador secundirio de 15 mg/1.

En ambos os rasos, vaio de oxidacie e lode ativado, o 
valor do DB0 é significativamente inferior aos 60 ng/1 requeridos pelo Pe­
pare anetuo do Keio Anbiente do Rio Grande do Su] sendo que os demais pari 
netros cono óleos e graxas, sulfetos, cromo, etc sio ampiamente s^tisfató-
r > os.



- 149 -

V-AT1V1DADES FUTURAS
-Afora que o projeto está conpletanente implantado e 100 Z 

cperacional, é proposta u b i  rápida expansác, ta particular:

a) Plaota Piloto
Kun futuro inediato é proposta a expansáo *• troca dos tipos 

de trataaento secundario en operacáo e denonstragáo. En particular a opera* 
(ác de sistenas de trataaento secundario biológico incluindo o trataaento 
pe i lodo ativado ea batelada e outros a serca realizados cus un minino uu 
nechun tratanento priaário pata aproxinar-se aais da possivel situacáe dos 
(urtuaes brasileiros.

b) Servico de Estencáo

Coa o reíorco de «ngeabaria da contraparte brasileira do 
prejeto a ser efetivado iaediataaente, seráo increaentadas as atividades de 
extensáo e assisténcia con servidos técnicos a curtuaes interessados ben co 
se projetistas que atuaa nestr caapo e espera-se exercer e contribuir con u 
ti posicáo relevante na pretendida estacáo centralizada de trataaento de e- 
fluentes (numcípío-curtunes ) ea Estancia Velha.

c )  Diüsenint(io de lnfornacóes
En adíese tus servaos de extensáo é propesta una intensa e 

efetiva transferencia de rttr.olcgia ú projeto propóc a rtaliza(áo de un» " 
oper. wetl”, urna especie dt srtiniru con txplantcóes e denons c r acóes relati 
va: ao trataaento de efluente» de curtune. Este evento seria realizado de 
t9 í 23 d. narco de 1984. .n¿ preparacáo e execucáo do prograna desta “sena 
na aberta", o projetc coma a ativa eslaboracáo de í ns t j t u i » técnicas br. 
<i letras i r.te r as s adas , en particular a assisbeneia e suporte da ABQT1C
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ANNEX 4/X

IM T N « n O S  BIOLOGICOS M M  EFLUENTES DE CURTWIES M  AhCRICA DO SUL 

COHPARACM M S  VM tlRS TECNICAS ALTERNATIVAS -  I® PARTE

Este trabalho faz parte de una pesquisa destinada a verificar exper¡mentaInente 
os rendínentos ob teñí ve i 5 com varias técnicas de tratamento biológico.
Estao sendo confrontados e reportados os resultados obtidos, focalizando as van 
taoens e desvantagens de cada un dos diferentes processos empregados e testados 
na Planta Piloto para Tratamento de Efluentes de Curtuoes da Escota de Cyrtiraen 
to SENAI em Estancia Velha.
A Planta Piloto que trata 5 0a3 <je efluente/dia disuse de íossibil idaóe de rea­
lizar varios testes com processos biológicos en paralelo. Nesta primeíra parte 
serio examinados os processos.
1. Aeragao Prolongada

2. Lodos At i vados
As condicoes operativas dos testes estió descritos r.j, i abe l a abarco: ^

Aeracio Prolongada Lodo At i vedo

MlVSS(mg f t ] 2 1 0 0 3000
O.D. (mg/ 1 ) 2 <1

Tempo Retencio(h) 50 a 60 8 j
Pot.Instalada(if/m3) ? O* s 68

SVI 80 120

(índice volumétrico do lodo)
Carga Volumétrica 0 . 2 1 , 0

(Kg OBO/mJ.dia) 
Carga Orgánica 0,09 o ,3S

(Kg OBO/Kg HU/S í  . ¿

pH 7 a 7.5 7 a 7.5 '

Temperatura^) 15 a 28 16 a . °

Estes tipos de tratamento foram conduzidos er. diversas condícoes cporat ivas e 
todas as técnicas utilizadas demonstraran um alto nivel de af¡cieno*, com re- 
ducáo percentual total acima de 80? de D8O5 de ingresso.
Nao foram constatados quaisquer problemas operacionais graves de modo que isto 
sugere a api ¡cabiI idade destes sistemas ñas condícoes *ulamericanas, dependenoo 
a escolha final da alternativa mais apropriada do estudo particular de cade ca 
so.
No sentido de completar esta pesquisa testes estio sendo efetuados com outros 
sistemas como filtros Biológicos e Lagoas (Aerada e Facultativa), no entanto os 
resultados drsre trabaibc serio objeto de u'w próxi-a publicacSo.




