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SUMMARY

Project

This Report contains the most significant results of the activity
undertaken in accordance with UNIDO Contract No. 80/166/MK car
ried out during the period from February 1983 to June 1984 by
our team im strict collaboration with Mr David Winters UNIDO

Chief Technical Adviser (C.T.A.) and the Br~zilian Counterparts.

The goals achieved according to the aims of the Project can be

summarised as follows:

i) From the tests carried out at the pilot plant at Estancia
Velha it has been proved that the limitations impostd on tan
nery effluents by the Departamento do Meio Ambiente ().M.A.)
in Rio Grande do Sul can be reasonably obtained using primary
treatment followed by secondary treatment,

These limitations are:

- BODS = 60 mg/l
- Sulphide = 1 mg/l
- Cr IIT° = 1 mg/l

- 0il and Grease = 20 mg/1

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

values were obtained:

- 80D, < 30 mg/1

= Sulphide alb.seat or traces

- cr III° < 0.2 mg/l

- 0il and Grease non determinable ()

- fettleable solids < 1ml/1

Note (°): This analysis when applied to tannery waste waters giv
es imprccise and unreproducible data (see cur Interim Re
port).
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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 then those
obtained in gimilar 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 tamneries 1in .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 tannerizs located often very far
from Estancia Velha. This means that the Project not omly 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 bLodies.

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

vi) An inf>rmation 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 gome 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 Back&round information

The 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 recommendations of Mr David Winterc, UNIDO C.T.A. and
afterwards Project Coordinator. The project was approved for
financing from UNIDF funds under a special purpose donor contri
bution by the Italian Government.

The immediate 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 lctal authorities and the tanning industry
in the preparation and evaluation of the techni:ally 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 demorstration, 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 informacicn re
lating to the introduction of better environmental processes

(recyciiug and other means) and the treatment of tannery




wastes (aqueous and solid);
- liaising between local authorities and tanners to ensure that
the Govermment's ultimate objectives are understood .,y the in

dustry.

UNIDO confirmed the selection ot 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 uf 16 months from February 1983 to June
1984.

The team consisted of 3 Italian tichnicians, 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) man-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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Regorts

The Studio has submitted to hNIﬁO, 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 1/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
exanination 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 inter
vention of our Studio, by other UNIDO Specialists.

This method was adopted by UNIDO so that <-echnicians who were spe
cialists in the treatment of tannery wastes would not be influ
enced unwittingly in the design layout on the plant by

their personal experience and previous methods of working.

In fact the pilof plant demonstrates varicus treatment techniques

so that the Brazilian counterparts can evaluate the differences
in the functioning of these varying methods and their adaptabili
ty to suit the local situation.

The Tannery School cou Jd not produce for the tests a constantand
representative supply of tannery waste due to their erratic and
diverse 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:
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Legend :
1 : tannery waste waters
2 : 1ifting tank
3 : 1lifting pump
4 : screen
5 : equalization tank
6 : equalization tank outlet
7 : horizontal sedimentation tank
8 : feeding pump
9 : Pilot Plant at Estancia Velha
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1-Sulphide oxidation

2-Screening

3-Equalization

4-pH adjustement

S5-Cheaical flocculation

6-Chenical tanks

T-Primary sedimentation

8-Extended seration (floating aerator)
9-Extended ssration (oxidation ditch)
10-Conventional activated sludge
11-Trickling filter (stones-plastic medis)
12-Lagoon

13-Secondary sedimentation

14=Thickener ‘
13-Drying beds

16=Filter press

17-Sand filter




n

L VY Lo

o

ol teay

G

P « e e e o e e e =t — ———— = — 1 - —— - & ——  — " — ——

r ™1

.I.-I.I.Iclavl‘




1
i
i
|
i
I
I
I
I
|
|
I
l
|

a. Catalytic oxidation of lime baths and protein precipitation.
b. Chrome recovery and recycle.-
<. 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

- Fiiter press.

The possible alternative treatments that can be operated are de
scribed in the annex flow charts.
Furthermore some tertiary treatments (chlorination and sand fil

tering) are foreseen for the next stage of operationms.

- 2,A.2 - Pilot Plant Operative Steps

Period from February to July 1983

Durfng this initial period,as reported in the Interim Report dat
ed May 1983,the Italian staff was occupied in rendering the plant
operative and also in overcoming some problems and external delay
ing factors such as:

- non availability of some of the imported equipment;

- lack of qualified Brazilian personnel for electrical and hydrau

lic 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 homogeniz
atiomn);

b. Secondary Treatment (uxidation ditch and extended aeration
with floating aerator);

c. Sludge Treatment (fiiter—-press and drying beds).

Additionally, the laboratory was in a position to carry out the

required chemical analysis,

Period frem August 1983 to February 1984

In this second period, as well as testing the trzatments previous

ly fuactioning, the following systems were made operatiomal:

a. Trickling filter (plastic media);

b. Biological Treatment without primary sedimentation (batch sys
tem)

¢. 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.

I
—rr—

'

| p—
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2.B. Pilot Plant Experimental Results

- Introduction

To ensure that the waste on which we were to operate would be re
presentative, an investigation was made inside thco tanmery itself
to evaluate the production cycles and analytical data of these
wastes compared with those of other Brazilian tanneries. The proc
es cycles of the tannery under examination and the comparison
with data of other tanneries and with the l.terature data are indi
cated irn Annexes 2/VI and 2/VII.

In comparing this data, agreement in the values is noted and,chere
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 equal
ization tank to ensure complete homogenization of wastes.

In particular the lower than normal COD and settled solids wvalues
are in our opinion due to the partial sedimentation of the effluert
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 s

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 NaClO

or 8202, 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 equalizationm tank

- Description of the treatment (see Figure 3)

For these tests we used the effluent from the external rtannery
which does not effect any pre-treatment 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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SULPHIDE OXIDATION

( in the equalization tank )

5y r | o

FIGURE 3

Legend
1 : tannery waste water
: self-cleaning screen

: pump for influent sampling

- o N T N EE N B e
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: sample collection tank
: equalization tank

: air blower
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: m\SO4 solution storege tank

: dosing pump
: lifting pump
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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 Aannexes, 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
uct was added continuously as the water to be treated was oollect
¢d continually from the tannery with a constant flow pump.
Another pump then continuously transferred the tieated water

from this tank tn the successive treatments.

- Cperationa! performance of the test

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

- Total air flow : 170 Nm”/h
- No. of candles installed : 12
1

- Tlow rate : 14 m /candle per hour
- Average depth of liquid

in the tank : 1.2 m
-~ Average volume of the 3

liquid in the tank :30m

-
- Specific air flow : 6.8 m3/h per m~ of tank
5.6 m3/h per m3 of tank (average)

- Raw influent flow HL) m3/h (€ b per day)

-~ Treated effluent flow 2 m3/h (24 h per day)

- Average retention time
during the oxidation
tests :7h

- Catalyst employed

commercial manganous sulphate mono
hydrate (titre 997) (i.e. 327%
Mn** weight)

- Quantity of catalyst

added : 20 mg/1l 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 [ 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 continuallv collected a coustant 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
uves in the influent.

After the sample for analysis had been taken, i.e. every hour, the

remaining waste water was discharged.

- Test resvuvlts

The results obtained from the twelve experiments are summarized

in TABLE 1 (test t) and TABLE 2 (test II).

- Comments

1) In the test conditions the addition of 20 mg/1 of Mo Tin the
aerated equalization tank has shewn an ability to reduce sulphide
roncentration:

- in the test I the reduction was 89%,from an average input value
of 44 mg/l to an average output value of 4.8 mg/l ( with values
in output higher than 10 mg/l on a total of 36);

- in the test II the reduction was 887, from an average imput val
ue of 70 mg/l to an average output value of 8.4 mg/l ( with 11

values in output higher than 10 mg/l1 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

orr Secondary Treatments).

ii1) Tn the test conditioas about 3 Kg of 02 were supplied per
hour with a theoretical transfer efficiency for the diffusers of
7%Z. The ratio 0, supplied treated sulphides was therefore of
11 kg Oz/Kg S~ (test I) and of 7 Kg OZ/Kg S~ (test II) against
the theoretic 0.75 Kg OZ/Kg s" according to the reaction:




TABLE 1

Test I series :

the data of tiue effluent treated

are compared with those of the noun aerated homogenised

influent (simulated with -ampler);see also attached graph.

Test N.1 Sample time Influent Effluent
pR s"mg/1 pH STmg/1
S a.m, 8.8 58 8.4 1.6
Tt " 9.3 77 8.4 -
" " 9.4 109 8.3 -
2 p.m. 9.6 49 9.2 3.2
3 " 9.4 37 9.3 3.2
4 " .3 26 Q.0 1.f
Test N.2 Sample tine Influent Effluent
pi S"mg/l pH STmg/l
9 a.m, 8.8 2o 8.3 1.6
Qo 8.8 29 8.3 3.2
1 9.2 38 8.5 3.0
Z p.m, 2.3 25 8.6 -
30" 1 32 8.7 -
4 n 2.1 24 8.8 1.6
Test N.3 Sample time Influent Effluent
pH S"mg/l pH ST mg/l
% a.m, 3.1 32 9.2 6.4
e " Q.2 9.3 24,0
1M 6.3 38 9.3 19.2
2 p.n. 9.2 9.4 12.6
3" 9.5 22 2.5 -
4 v 9.4 20 9.6 -
Test i, 4 Sample time Influent Effluent
pi s5°mg/l pH S7mg/l
S a.m, 9.0 S8 6.3 3,2
w o 9.3 53 6.8 -~
11 " 9.2 26 6.9 -
2 p.m. 9.0 16 8.0 -
3 v 9.2 29 8.1 -
4 " 8.7 13 8.2 ~
Test N.5 Sample time Influent Effluent
pH S"mg/1 pH S mg/1
S a.m. 8.9 67 8.5 -
0 " 8.9 59 8.7 -~
"o 9.0 6% 8.8 -
2 p.m. 9.7 43 8.9 -
" 9.0 45 8.9 4.8
" 8.9 35 8.8 2.9
Test N.6H Sample time Influent Effluent
pH S"mg/l pH 3"mg/1
9 a.m, 9.2 83 9.2 11.0
0 " 9.4 78 8.5 17.5
11" 9.3 &9 8.3 15.9
2 p.m, 9.4 62 8.2 13.0
3 " 9.2 &9 8.0 1.8
4 " 8.9 28 8,0 8.8

note; - means traces
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Test I 3eries — graphical representation
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TABLE 2

Test II series : the data of the treated effluent

are compared with average hourly valvcs of the

raw influent ; see also attached graph.

Test N.7 Cample Time Influent Ef fluent
pE S"mg/1 pH S"mg/1
9 a.m. 8.9 9% 8.2 8.0
10 " 9.2 125 8.5 8.5
M1 " 9.0 110 7.4 9.6
2 p.m, 8.0 38 8.5 8.0
3 " 9.0 45 8.6 16.0
4 v 2.4 46 6.6 26.0
Test N.t
9 a.m. 8.3 103 8.0 8.8
0w " 8.8 96 8.2 12.8
110" 8.7 72 8.1 272.0
2 p.m. 9.0 40 8.2 13,0
30" 8.3 16 8.1 9.7
4 = 8.7 27 8.3 -
Test N.9
9 a,m, 8.4 96 7.9 -
0 " 8.4 112 8.1 12.8
1 8.5 129 8.3 16.4
Z p.m, 8.0 103 8.6 11.9
30" 8.8 58 8.8 6.9
4 " 7.5 23 8.5 -
Test M. 10
9 a.m. 8.7 40 8.2 2.3
0 " 8.5 44 8.7 5.7
17 " 8.9 60 8.7 10.2
2 p.m. 8.3 17 8.5 5.6
30" 9.2 53 8.7 3.2
4 v 9.1 108 8.8 15.0
Test N,11
9 a.no. 8.8 o7 8.7 7.2
0o 8.8 80 8.5 5.0
1 8.9 65 8.5 5.0
2 p.m. 8.9 81 8.5 7.0
30" 8.9 82 8.7 5.0
4y " 8.5 &2 8.7 =
Test N, 12
9 a.m, 9.7 95 8,8 2,0
0 " 8.3 102 8.6 12.0
"M " 8.9 76 8.6 5.0
2 p.m. 8.0 40 8.0 5.0
30" 8.0 60 ?.7 2.0
4 6.9 35 7.8 -

note : - means traces
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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

Summar

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 bty 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
into the oxidation tower so as to reach a volume of 1 m3. 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
fused air supplied was ca. 15 m3 per hour. Before starting the
aeration of the tank, a manganese sulphate solution was added so
a4s to reach a concentration of 100 mg/l1 as Mn ++ in the bath,
Every hour an analysis of the residual sulphide was made anc .he
test continued until reaching a sulphide concentration below ca.
30 mg/1.

Atter this phase, the air supply was stopped and the sedimentation
phase began. After an hour the sludge was discharged and the super
natant sent to the acidification tank where the pH of the solution
was édjusted 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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SULPHIDE REMOVAL IN UNMAIRIG BATH
& PROTEIN PRECIPITATION

13
[ Sy soin.
K| T,
S
i 10
| |
A i \2 ol
4
1 1"
3
7 12

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

Legend
1 : spent bath from the school
2 screen
3 holding tank
4 : lifting pump
5 oxidatiorn 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




Operational performance of the test

Screen:

self cleaning screen (Hydrasieve type) wedge wire comstruction
in AISI 304;

openings = 1 mm

flow capacity = 2-3 m3/h

Holding tank:
3

volume = ca. 1.5 m

Catalytic oxidation tower:

diameter = 0.95 m
total height = J m

total volume = 2 m3 (useful 1 m3 for foaming problems)

Catalyst employed:

commercial manganous sulphate monohydrate (322 Mot weight)
quantity added = 100 mg/1 as Mn'"

Air diffuser system (fine bubbles):

n.4 Sintered Alundun Dome diffusers
immersion depth = ca. 1.3 m
operational air flow = ca. 15 m3/hour
air flow rate = ca., 3.8 m3/dome per hour
oxygen transfer efficiency = ca. 107
volume of the bath in the tower = ca. 1 m3

specific air flow = 21.4 m3/h per m2 of tank
i.e. = 15 m°/h per w3 of tank
oxygen transferred (4 diffusers) = ca. 0.4 Kg/hour

Acidification tank:

volume = ca. 1.5 m3

stirrer = 1 HP 1.400 r.p.m.

Acid employed:

sulphuric acid 10%Z soln.

precipitation final pH value = 3.8
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- Protein precipitation tower:

(Fiberglass cylinder with truncated 60° cone base)

diameter = 0.8 o
total height = 3 m

total volume = ca. 1.5 m

- Analytical procedure

In this test, the high sulphite and thiosulphite concentration pres
ent in the bath required some modifications to the classic APHA

Standard Method (see below).

- Test results and comments

- Sulphide oxidation

The results obtained are summarized in TABLE 3.

From the analysis of these results we can draw the following con

clusions:

a) In test conditions, the addition of 100 mg/l of Mn'’ in the
aeration tank has shown capable of reducing sulphide concen
tration to average values lower than 20 mg/l, in a very short
time (about 6 hours).

b) The air supplied (15 m3/h per m3 tank) was excessive but nec
essary in order to guarantee good agitation of the tank (7)

c¢) The mean quantity of oxygen supplied during these tests was
ca. four times the theoretical quantity required according to

the reaction: 4 S +302 = 2 5203.

(") Note: In our opinion a good agitation of the liquor during the oxida
tion treatment is required to obtain an ‘intimate contact between
the catalyst and the reactives (sulphide and oxygem). 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 lon
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.
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Sulphide removal in separate unhairing bath (100 sg/1 Mn**)

Test N. Saaple time Sulphide concentration
55 mg/l
1 9 a.nm. . 912
0 " 788
m " 592
”?2 " 224
1 p.m. 117
2 " 67
3 " 21
2 9 a.m. 184
0 - 91
" " o8
3 9 a.m. 305
10 * 272
M " 174
e " 120
1 p.a. 18
L3 9 a.n. 156
0 " 65
"M " 57
2 " 24
1 p.m. 18
5 9 a.nm. 294
0 " 219
1 - 120
2 " BO
1 p.m. 21
6 9 a.m. 504
10 " 360
" " 270
2 " 158
1 p.m. 60
2 " 20
7 (note) 9 a.m. 533
0 " 289
' 1 " 55
2 " 23
1 p.m. -
8 © a,m. 59
¥ 1 - 450
i 285
oo 187
1 p.m, 108
2 " 88

30" 45
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Table 3 cont.
Test N. Sample time Sulphide concentretion
S mg/1
l 9 9 s.u. 395
M0 "= 304
" - 256
R " 120
1 p.m. 60
l 2 " 16
10 9 a.m. 258 )
0 * 131
| | - 85
12 . 40
' 1 p.a. 2
11 9 a.m. 284
0 = 120
o 7
2 " 30
1 p.m. 12

note : test N.? with 150 mg/1 of Mn**
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ANALYTICAL PROCEDURE FCR 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 5S ml of a 107 soln. of

BaCl2 . 2H20 in excess of the amount necessary to react with the
sulphite present. After centrifugation, test the sclution with an
other small amount of BaCI2 soln. and if no more barium sulphite

precipitates start with the sulphide determination as follows.

ZINC ACETATE
SOLUTION

‘\ SAMPLE J

N - >

FIGURE 4a

¥ va—— P— m—
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Procedure

Measure 100 ml of a solution containing 12 gr/l of 2Zn
(CHBCOO)2 . 2320 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
replac2 the 3 hole stoppers tightly.

Acidify the sample with 10 ml conc. HCl and pass N2 through the
apparatus for 1 hr. Filter the contents of the absorbtion flasks,
wash with 820 and put the filter and its contents into a 500 ml
flask. Add 50 ml of iodine solution 0.25 N, 5 ml conc. HCl,
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 thio

sulphate employed.
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Protein precipitation

The average quantity of acid added to reach the final pH value o:
3.8 was ca. 10 Kg of H2504 967 for 1 m3 of unsettled wunhairing
bati,; when the majority of suspended solids (hair and lime) was
removed beforehand by sedimentation the acid consumption was ca.
6.5 Kg of H,S0, 96% for 1 m’ of pre-settled bath.

The acid economy between the two aitermativel was of about 35%.
The results obtained working both with iresh 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. 80% of COD and of 757 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 is report
ed below),

This is the cause of the wide variations in the COD and TKN val
ues vhich can be seen in Table 4. The unusually low values of sul
phide in the spent unhairing baths depend, in our opinion, hoth m
natural oxidation of the baths duc to contact with air (this phe
nomenon 1s 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.




Test

N.1 (fresh bath)
K.2 (fresh bath)

N.3 (11 times recycled
bath)

TAB.E &

Lime-sulphide
reav effluent

After sulphide After protein

COD
(mg/1)

N.2 (8 times recycled

bath)

N.S (fresh bath)
N.6 (recycled bath)
N.7 (recycled beth)
N.8 (fresh bath)
N.9 (fresh bath)

42,000

N.10 (recycled bath) -

Note :

Process emploved at the

25,000
17,400
44,900

17,400
63,700
27,000
11,500
36,590

oxidation precipitation
CoD TXN COD TXN
(mg/1) (mg/1) (ug/1) (mg/1)
18,600 1,000 3,600 335
13,200 - 3,400 -
34,700 3,600 5,600 660
39,800 3,000 5,200 600
13,200 1,860 3,800 865

58,300 3,200 10,800 900
15,500 - - -

9,920 - 2,470 -
33,800 1,800 2,30C 280
33,400 2,990 5,200 610

tannery School

fresh bath process

- 100% fresh water

- 2.3% sodium sulphide

(ca.50% Ma,S)

rotation 30 a'
- 100% fresh water
- 3.5% lime

recycled bath process (")

- 50% spent unhairing bath

- 1.3% sodium sulphide
(ca.50% Naas)

rotation 30 m'’

-~ 150% spent unheiring bath

- 3.3% lime

(") the spent uahairing bath contains also a portion

(20-30%) of the first washing
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2.B.2 - Chrome Recovery

Susmary

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 filtratiou with filter-press

- chrome bydroxide cake redissolving with H SO4

2
- analytical rontrol and chrome revse,

Note: Chrome recovery tests by direct recycling of the bath itself
after screening (altermative C.R.a.) have been considered su
perfluous because this process is in normal use at the Tandg
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 hy
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 ieft 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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Plant facilities

-~ Screen:

self cleaniag screen (Hydrasieve type) wedge wire construction
in AISI 304.

openings = 1 mm.

flow capacity = 1-1 m3/h

-~ Flocculation tank:

(fiber-cement tank with a capacity of 1,000 1)

stirring device = 1 HP

- Filter-press:

plates dimensions: 500 x 500 mm

number of plates: 12

total filtering surface area: 3.65 sqm.
czverage cake thickness: 23 mm

total volume of cake: 37.4 litres

max. working pressure: 12 Kg/cm2

- Feeding pump (one single piston pump)

capacity: 1.2 m3/h
total head: 12 Kg/cm2
installed power: 1.47 KW

- Dissolution tank:

(;he 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 soln.
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- Flocculation end point = pH 8
Filtration:

- Maximum working pressure = 3 Kg/cm2
- Time required for one filtration cycle = 3-3.5 hours

2
- Specific filtration rate = 70-80 litres per m~ of filtering sur
face per hour

- Dry material in the chrome hydroxide cake = 2G-257
- Cake weight = 38-42 Kg for each filtration

- Chrome content of the cake (as Cr203) = 10-127%

- NaOH consumption (Kg NaOH/Kg Cr203) = 0.5-1.0

Redissolving of the hydroxide cake:

- HZSOA (circa 962 consumption (Kg stOQ/Kg Cr203) = 0.7-1.0
- Tir= required for the total cake redissolving = 6-10 hrs.
- C* mium content in the recovered liquor (as Cr,0q) = ca.l0Z weight

- Schorlemmer Basicity of recovered liquor (after correction) =
within 30-35%

Observations

The chrome liquor thus recovered was given to the School techni

cians for a tanning test. |
In this demonstration the total quantity of tan chrome vas substi

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 capaci

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-floc

culation-sedimentation-redissolving and reuse) are still running.
These tests, employing MgO as chrome flocculation agent, are car

ried out, as Project external gervice, 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/l as Cr,0,) that we can obtain by this simple and eco

2°3
nomic way.

At the same time, because of the demonstrated variations in the
effects of various alkalis on chrome recovery efficiencies, addi
tional alkali studies including calcium hydroxide, calcium carbo

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
Dagey: 20.12.1983

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

1.U.P. /6 MEASUREMENT OF TENSILE STRENGTH AND ELONGATION

- thickness mm 1.57-1.58 1.61-1.60
- cracking load Kgf 63.4-38.5 57.6-32.8
- tensile strength Kgf/mm? 4.0-2.4 3.6-2.0
- elongation % 66-67 61-71

1.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

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

- 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

T.U.P. = Methods of Physical Leather Testing by the International
' Union of Leather Chemists Associations.




2.B.3 - Primary Treatmenr

Summarz

In order to verify the efficiency of the clari-flocculation treat
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 ~hemicals.

The tests are reported in the following Table:

Test Test period Chemical use & dosage

P.T.a.l1 22/6/83 - 16/9/83 Alum 800 mg/1 + Polyelectr. 1 mg/1
P.T.a.2 19/9/83 - 7/11/83 Alum 400 mg/1 + Polyelectr. 1 mg/l
P.T.a.3 8/11/83 - 2/12/83 Alum 200 mg/l + Polvelectr. 0.7 mg/}
P.T.c. 5/12/83 - 30/6/84 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 oi a secondary

treatment fed by such effluent which has received a treatment of

homogenization, sulphide oxidation, sedimentation and pH regula
tion (see the Secondary Treatment section).

For practical during this period the P.T.b. test (P.T, alternatiwe
without sulphide oxidation in the equalization tank) was not car

ried out. In fact, although the substitution of the floating aer

ator with a mechanical stirrer was possible (this facitity 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 = ¢ 1.6 mm
- flow = 10 m’ /hr
- power = 0.75 HP
No. 1 Equalization Tank
- Dimensions:
5.6 x 4.5 m total height 2.5 m (useful ¢ .2.0 m)

- Volume max. useful = ca. 50 m®
- Surface = ca. 25 m®

No. 1 Air Blower (Rotary vane centrifugal blower)

170 No’/hr
4.5 HP

- air flow
- power

No. 12 Sintered Alundum Candle Diffusers

- air flow = 15 Nm’/h each
- porosity = 100 micron

- theoretical 02 transfer efficiency = ca. 7%

No. 1 Lifting Pump (Type Mohno)
(helicoidal pump)

- flow = 2 m’/hr
- power = 1 HP
No. 1 Self Cleaning Screen (Bauer Hydrasieve Type)
(Wedge Wire Construction in ATISI 304)
- spacing = 1 mm.
- flow =2 wd/hr
No.. 1 pH-Control Unit
comprising:

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

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

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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Aluminium Sulphate Dosing Unit
comprising:

No. 1 Aluminium sulphate solution at 8% storage vessel (fiber-ce
ment, capacity 1,000 litres) with fast stirring device (1.0 HP)

No. | Aluminium sulphate solution dosing pump

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

Polyelectrolyte solution dosing unit
comprising:

No. 1 Polyelactrolyte solution at 0.1 storage vessel (fiber-cement,
capacity 200 litres) with stirring device (0.5 HP)

No. I Folyelectrolvte solution dosing pump:

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

No. 1 Lifting Pump (Type Mohro)
helicoidal pump

- flow = 2 ol/hr
- power = 1 HP

No. 1 Vertical sedimentation tank
Steel construction with lacquer finishing

Pimensions:

@ = 1.5 m. height cylindrical part

1.5 m. height of cone (60° = 1.8 m.)
Total volume = 3.7 m’
Surface = 1.76 o’

No. 1 Sludge rempval pump (type Mohno)
helicoidal pump

- flow = 6 m’/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 the test period the volume of discharge water treated was
about 50 m’/day with a flov of 6 m’/hr for 8 hours per day before
equalization and a flow of 2 m®/hr for 24 hours per day after equal

ization. (See in Figure 6 the operation of the equalization tank).

Tests P.T.a. Tests P.T.c.
- screening () - screening (°)
- equalization and - equalization and
sulphide oxidation sulphide oxidation
- pH adjustment - pH adjustment
- coagulation and -~ sedimentation
flocculation

- sludge discharge
- sedimentation

- sludge discharge

(") Note: a second screening has been installed after the
equalization tank because the small volume of effluent
to be treated undergoes a system of flow regulation
(valves) and pumping with narrow free passage and there

fore they rcan 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
ditions:

Equalization: retention time: ca. 24 hours
air flow (blower): 170 Nm’/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 m*/m?.hr

The chemicals used are:

- ALUM (as coagulant):
solid aluminium sulphate A12(304)3.18 H,0
type: industrial grade (A1203 content ca, 15%)

solution strength applied: 8% (P.T.a.l)
47 (P.T.a,2)
27 (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: 0.1Z (P.T.a.l & P.T.a.2)
0.05Z (P.T.a.3)
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PRIMARY TREATMENT

( alternative P.T.a. )
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Test Results

The analytical data of the effluent frym the equalization tank and
those of the clarified effluent from the primary sedimentation
tank are summarized in Tables 6, 7, 8 and 9 (average values dur

ing the test period).

TABLE & - Test P.T.a.l (800 mg/1 Alum ¢ | mg/1 Poly#lectrolyce)

EQUALTZATION TANK EFFLUENT CLARIFIED EFFLODNT

! pi|Setcied Solide| COD | BCD | pljSereled Solids | con | m00
( . al/1 ng/l |mg/l ul/l ug/l =g/l
8.0l 10 [2,50 [«0 |7.0 0.1 590 | 185

TABLE 7 - Test P.T.a.2 (400 mg/1 Alum + 1 =g/l Polyelectrolyte)

PQUALIZATION TANK EFFLONT CLARIFIED EYPLUENT
pil | Setcled $olid1 cop | mop | p#i |Sertled Solids | coo | oo
. sl/} ug/l | ng/l sl/1 ug/l | mg/1
8.4 32 ,000 | 370 | 7.4 0.3 s25 | 140

TAMLE 8 - Test. P.T.5.3 (200 mg/l Alus + 0.5 mg/l Polyelectrolyte)

!’ EQUALIZATION TANK EFFLUENT l CLARIFIED EFFLUENT
A
pHTScnlcd Solidd COD | BOD . pH !Seuled Solids | COD !BOD
i ) al/l ng/l | wg/l . sl/1 ug/llmg/1
T M
P 1,720 | 400 ' 7.7 0.3 570 | 165

TABLE 9 - Test P.T.c, (No Chemicsls)

EQUALIZATION TAMK EFFLVENT CLARIFTED EPFLUENT
—
ph | Sectled Solidd COD | BOD pH 'Seccled Solide COD [BOD
_ sl/1 l"” 1 g/l . al/l ng/l |mg/1
1.8, N 3,060 . 890 1.7 2.5 1,560 | 540
\ H -

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 99.3% 96.77%
cob 76.97 73.7% 66.82 49.07
BOD 61.57 62.17% 58.7% 39.3%

The detailed analytical results of the tests are reported at Annexes
2/%, 2/X1, 2/XII and 2/XI11.
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Discussion of Results

The high reduction percentage féund 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
vally 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 counter

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 mg/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 be

evaluated in relation to the following factors:




a)

b)

c)

d)
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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;

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

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;

chemical consumption can always be reduced in relation to the
needs of the biological treatment, and can be increased if ef

ficiency deteriorates,

e B - B ——— N — — S |

’ '

S T O I BN OO AN GEE TR fuEs pam e




- 47 -

2.B.4 ~ Secondary Treatment

The following biological systems were tested with the aim of eval

uating the best performance and reliability of secondary

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.

t rea_g

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 reperted in Figure 7, a secondary treat
ment (extended aeration) with Oxidation Ditch (Alternative S5.T.a/l)
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/XVI1I.

The results (average), divided in four groups, depending on the dif

ferent Primary Treatment employed are as follows:

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

Influent from Primary Effluent from Secondary

Sedimentation Sedimentation
pH 7.2 7
Settled solids (ml/1) 0.1 0.9
COD (ng/l) 590 193
80D (mg/l) 185 29

I1.Secondary Treatment after Test P.T.a.2(Alum 400mg/1+1 =g/l Polyel.

lafluent from Primary Effluent from Secondary

Sedimentation Sedimentation
pH 7.4 6.2
Settled solids (m1/1) 0.3 0.4
COD (mg/l) 525 270
BOD (ag/l) 140 12

[11,8econdary Traatment sfter Test P.T.a.l}(Alus 200mg/l+0.5ag/l Polyel.

Influent from Primary Effluent from Secondary

Sedimentacion Sedimentation
pH 7.7 6.5
Sactied solids (ml/1) 0.3 0.2
COD (ag/l) 570 2%4
BOD (mg/l) 165 14

1V.3econdary Treatment after Test P.T.c. (No chemicals)

——

Influant from Primary Efflueat from Sevondary

Sedimentation Sedimentation
pH 8.5 7.4
Settled solids (ml/1) 4 2.5
COD (mg/l) 1550 297
BOD (mg/1)- 520 36

The average reduction for each “.estment is:

1 11 111 v
copo 67.22 48.52 57.2% .. 80,8%
80D 84.32 9 .42 91.52 93,02

-

_— eER - .-

e v
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SEC RY TREATMENT
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FIGURE 7

: primary sedimentation tank

: clarified efiluent discharge

: extended aeration tank

: secondary sedimentation tank

: sludge return

: sludge drainoff

: floating aerator

: lifting pump

: oxidation ditch

: 14fting tank with adjustable weir

: aeration rotor

final effluent discharge
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Note: I

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 ea
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 capaci
ty of the secondary plant is abundant.

Therefore for a complete evaluation of the various rests one must
also consider the different energy costs and final effluent char

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 af

ter Primary Treatment without chemical flocculation.

¢) 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 (m®/hr) 2
- Retention time (hr) 30
- Orgamnic load (Kg BOD/day) 7-11
- Volumetric load (Kg BOD/m® of tank per day 0.12-0.2

- Recycle sludge (%) 100
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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 h;gh 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:
COD = 75.87%
BOD = 87.1%7




- 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 1ire
reported as Anmex es 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 1(Alum 800mg/1+1 mg/l Polvel.

Influent from Primary Effluent from Secondary

Sedimentation Sedimentation
pH 7.2 7.0
Settled Solids ml/1 0.15 0.8
cop mg/l 590 284
BoD mg/l 181 22

I1-Secondary Treatmentafter Test P.T.a 2(Alum. 400mg/1+1 mg/l Polyel.

Influent from Primary Effluent from Secondary

Sedimentation Sedimentation
pH 7.7 6.4
Settled Solids ml/1 0.3 1
cop mg/l 554 484
BOD mg/l 120 27
The average reduction found for each treatment is: !
1 11
BOD 87.87 77.5%

Cop 51.87 ' 12.672




.
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TABLE 10 - PARALLEL SYSTEM FACILITIES

Oxydation Ditch

- tank volume : ca. 60 m*
- rotor length : 0.75 m

- depth of immersion : 150 mm

- theoretical oxygen transfer : 2.2 Kg/hr
- power : 3 HP
Floating Aerator

- motor size : 2 HP

- motor rev/min : 1,400

- theoretical oxygen transfer : 2.0 Kg/hr
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TABLE 11 - OPERATION OF BOTH OXYDATION DITCH AND FLOATING AERATOR

S.T.a./I
(oxydation ditch)

- aeration tank volume (m?) ca. 60
- feeding flow (m®/hr) 1
- total organic load
(Kg BOD/day) 3.5-5.5
- volumetric loading
(Kg BOD/m® of tank per day) 0.06-0.1
- aeration retention time (hr) 60
- recycle sludge (%) 100
- mixed liquor suspended
solids M.L.S.S. (mg/1) 1,150-4,000
(average ca.2,100)
- volatile sludge content () 50-75
- Sludge Volume Index SVI 50-120

- dissolved oxygen in the
aeration tank OD (mg/l)

from minimum 5
to saturation

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

ca. 50
1

3.5-5.5

0.07-0.11
50
100

1,150-3,200
(average ca.2,300)

50-75
60-100

from minimum 5
to saturation
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- Comparative evgluation

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 (7)

Oxydation Floating Oxydation Floating
Ditch Aerator Ditch Aerator
BOD 84.3Z 87.8% 91.4% 77.5%
CoD 67.2% 51.87 48.5% 12,67

(") Nore: These reductions were calculated on the basis
T 7 of influent values from primary treatment with
two different primary treatments: lst period
(Alum 800 mg/1 + 1 mg/l Polyelectrolyte) -
2nd period (Alum 400 mg/1 + 1 mg/l Polyelectro
lyte) and effluent from secondary sedimentation.

From the analysis of the results, we can draw the following con

clugsions:

o pume  pmesy  GEmem G GEEEN G PENNN NN peeee

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.
¢) 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.
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Conventional activated sludge

As the waste 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 $.T.d.), started in June 1984,
For this reason the short period of operation does not allow anv
definitive evaluation of the results. However the test is still
running under the supervision of the Brazilian staff and the dis_
cussion of results will be contained in an informative paper

which will be prepared for the Latin-American Annual Congress of

C-emists 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 (m?) 19

- feeding flow (m®/hr) 1.4

~ total organic load (Kg. BOD/day) 19

- volumetric loading (Kg. BOD/m’ of tank per day) 1.0

- aeration detention time (hr) 10 + 13,5
- recycle sludge (%) 100

- mixed liquor suspended solids M.L.S.S. (mg/1) 3000

- sludge volume index 120

- dissolved oxygen in the aeration tank OD(mg/1) 4

- organic load (kg BOD/kg MLSS per dav) 0.3%
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- AERATED LAGCON

Among the wide variety of lagooning techniques,the aerated lagoon

was chosen and tested (Altermacive S.T.f.). A floating aerator was

employed as stirring device and aeratiom source.

Operational performances of the test

tank dimensions - of the upper side:
of the bottom:

total height:

- tank volume (m?)

- feeding flow (m® /hr)

- retention time (days)

- total organic load (Kg.BOD/day)

- volumetric load (Kg.BOD/m® of tank
per day)

- floating aerator power (Hp)

- specific power (w/m?)

Test results and comments

The average results are the following:

22 x 12 m.
18.6 x 8.6
1.4 m. (useful 1.1 m.)

288 (useful 215)
1

9

13.5

0.063

1.0
3.5

Influent from Primary
Sedimentation

pH 8.1
Settled solids (ml) 8.6
cop (mg/1) 1463
BoD (mg/1} 564

Effluent from Lagoon

7.8
5
305
54

The average reduction is:
BOD 902
coo 79%

From the analysis of these results, we ran come to the following

conclusions:

a) the results ob.ained are characteristic of this type of treat

ment ;
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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 iacluding screening, homogenizationm, sulphide oxida
tion, pH control, primary sedimentation, ore of the poscible

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 ef
fect 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

- Trickling filter

- Influent flow: 1 m®/hr
- Plastic media volume: 9.5 m’

- Recycle flow: 37 m®/hr total (18.5 m?/hr on the half surface
involved in the treatment)

i.e. 3 m*/hr recycle per m’> of
filter surface
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SECONDARY TREATMENT WITH TRICKLING FILTER
( Alternative S.T.b. )

3
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: sludge draw-off

: not treated water recycle
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FIGURE 8
Legend
1 : effluent from primary sedimentation 11 : effluent
2 : lifting and recycling pump 12 : recycle
3 : rotatory distributor arm 13
4 : plastic media bed 14
5 : crushed rock 15 : baffle
6 : filter effluent 16

7 : over flow
8 : lifting pump
9 : float switch

10 : secondary clarifier

: plastic cap

. X by .
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- Secondary sedimentation

- Retention time: 3-4 hr

- Superficial load: 0.8 w3 /m?hr

- Biological sludge recycle : 100%

(note: the volume of the recycled sludge is the minimm 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 mi/hr

- Power 2 HP

- 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

3

- Total volume: 18.8 m’ (two sections of 9.4 m® each)~

- Rotary distribution system (hydraulic propelled)

- Filter media (pall rings in polypropylene)

- Diameter: 90 mm

Weight Kg/m? of rings: 56

Free volume: 937

- Specific surface: 86 m*/m® of rings

- Fiber-cement tank capacity: 1000 litres

- Clarifier feeding pump

- Helicoidal pump (mohno type)

I - Recycling collection and lifting tank

- Flow: 1.5 m’/hr

- Power: 1 HP
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- Secondary sedimentation tank

- Cylindrical-vertical clarifier with 60° cone L

- Diameter: 1.25 m

'

Total Capacity: 3.5 m’

- 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 47.27

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 runnimg and the short period of opera

tion does not allow any definitive ev: luation of the results, how

ever, the first results showed ahead behaviour similar to the

tests effected with plastic media.

- Test Resvlts (crushed stones)

The average results are as follows:

Influent from Primary
Sedimentation

pH 8.7
Settled Solids (ml/1) 4.1
cop (mg/1) 1590
BOD (mg/1) 517

The average reduction is:
BOD 6F.1Z
COD  51.0%

Effluent from Secondary
Sedimentation
8.0
1.0
778
175
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Secondary treatment without primary sedimentation

- Introduction

Once the parallel tests S.T.a/I and II were completed the equip
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 w.dertaken as we had doubts as to whether this tech
nique was appropriate for the treatment of <ffluents 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 cf treated water was onlv about 6 m’.
The floating aerator employed is the same utilized for extended aer
ation:

-~ motor size = 2 HP 1.400 R.P.M.

.= theoretical 0, transfer = 2.0 Kg/hr

- Test results

The analytical data of this period of test are reported at Annex

2/XXI1. The average data are the following :

e
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SECONDARY TREATHENT WITHOUT PRINARY SEDIMECNTATION

( Alternative S.T.h. batch treatment )
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Legend :
<4 1 : school waste waters A : daily waste volume
! 2 tannery waste waters % : sludge free board
-4 3 : self-cleaning screen 7~ : sludge volune
4 : equalisation tank
) S : air-blower
J 6 : alundum diffusers
’ 7 : lifting pump
.. 8 float switch
l 9 : pump
- 10 : self-cleaning screen
11 : pH~adjustment tank
) 1 lime milk dosing unit
! 177 : acid dosing unit
14 : pH control unit
. 15 : Hnso4 dosing unit
] 16 : biological batch system
- 17 - ; draw off pump
18 : final discharge
1

'l 19 : floating aciactor

FIGURE 9




BATCH TREATMENT

SEQUENCE OF DAILY OPERATIONS
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Influent from Primary Effluent from Secondary

Sedimentarion Sedimentation

pH . 8.0 7.1
Settled solids (ml/1) 72 1.7

cop (mg/1) 3,040 558

Bop (mg/1) 678 25

The average reduction is:

Settled solids 97.67

con 81.67

BOD 96.3 7

- 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,bur also the primary sludge are accumulated in the aeration
. tank,therefore, in order to maintain the contents of suspended sol

ids within acceptable limits, abundant sludge draw-offs have to be
effected daily. It is clear that such a process risks being diffi
calt to control as it is not possible to differentiate between the
"active" sludge and the inorganic sludge. That is, the operator J

cannot have a good control of the volatile (active) fraction of

the biological sludge.
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2.B.5 - Sluggg Treatment

Sludge treatment by filter press

During the latter period of the Project,filtration by filtar press,

was operated daily.

v The primary clarifier sludges and the same sludges after thickening
were dewatered in accordance with scheme SL.T.e and SL.T.d ( see
Figurc 11).

Average results of the tests are reported in the following table:

Average test results

Type_of sludge Primary Primary thickened

o

- Nose of lime used 4
Kg per m? of sludge

- Working pressure 10 10
Atmospheres

- Specific filtration rate 40 36
1/m?2 per hr

- Feed solid % 2.3 3.5 (7)

- Total filtration time 6.6 4.0
hr

- Total cake production 40.5 45
Kg

»

- Cake solids 2 23 28.6

- Cake specific weight 1.12 1.20
Kg'l

For technical characteristics of the filter press and thickcner,

see annex Table 11.

(") Note: This means a reducrion of the sludge volume by thicken
ing of ca. 347.
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SLUDGE TREATMENT

{ alternative SL.T.e. )

-d
("]

( alternative SL.T.d.

l.agend

: primary sedimentation tank
: sludge removal pump
: automatic intervention time switch
: sludge conditioning tank
filter feeding pump
: filterpress
i : sludge final disposal
. gravity thickener
9 : supernatant

oD W N -

[+ ]

FIGURE 11
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TABLE 11
a. FILTRATION DEVICE
Filter press [
Technical data:
- plates dimensions 500 x 500 mm
nd
- number of plates 12
- total filtering surface area 3.85 m?
- average cake thickness 23 mm -
- total volume of cake 37.4 litres
- max. working pra2ssure 12 Kg/cm®
Feeding unit (one single piston pump)
Technical data:
- flow 1.2 o /hr
- total head 12 ate
- power 1.47 Kw
THICKENER
- type gravity thickener (without scraper);
open topped cylinder with 60° conic base

- volume : 4.2 m}
- surface: 1.45 m’

Other dewatering tests employing a mixture of biological and pri

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.




e omw puey um GEE B B

- 71 -

Slu@ggﬁtteannentggy Sand Beds

The pilot plant is provided with 12 rectangular sand drying beds,
S x 2 m each of surface, with drainage piping for water returm 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 SEMAI 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 = 25 - 35 days
- final sludge dry content = 25 - 30 7
- load = 60-80 Kg of sludge (dry
material)/m? /of bed per
year (7}
(") Seven cycles per year for each bed is considered
viable.
The dewatering time is dependant on seasonal fluctuations (espe

cially rain and humidity). ]

Rainfall in Rin 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 eliminat
ed azlmost excluc:ively 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 equip

ment.
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2,B.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 trimmings

3. Tanned hide trimmings

4, Sanding and buffing dust

5. Primary sludge

6. Biological sludge

7. Office and general plant waste.

Many tanceries 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 trimmings are often scld 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

imum of 0.05 to a maximum of 0.1 Kg of sludge dry solids.

This means a production of liquid sludge (ca. 3% of dry solids) of

1.5-3 litres of sludge/kg of processed hide. This shows the sig
nificance of sludge producticn even for a small tannery which, for
example, may process 5,000 Kg/day of hides which could yield 7.5-
15 m’/day of liquid sludge.

The use of mechanical dewatering equipment produces a sludge cake
of about 30% of dry solids, thus reducing the quantity of sludges
to 0.15-0.30 litres/Kg of processed hide. Despite this the quanti
ty of residual sludge is always high.

Incineration is not economic and not recommended for sludges con
taining chrome, since chrome may be oxidized from the trivalent to
the hexavalent state.

Sanitary landfills appear to be the mos” utilized solution for the

disposal of tannery sludge.

pr—




The selection of a proper site for landfill operations is of prime
consideration. Reguirements in the selection include: sufficient a
rea; reasonable transport distan;e; remote location relative to
residential; commercial and recreational development; soil conqi
tions and rock formations; accessibility to existing transporta
tion networks; and proximity to existing groundwater supplies.

The soil cover should be sloped so that raimfall will run off rath
er than percolate and pcllute groundwater sources. Other factors
to be considered include provisien to prevent the obstruction of

patural 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 oth

er).
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2.C. Cost Aspects

- Introduction

A detaited economic analysis of the alternatives for tammery ef
fluent treatment in the prevailing local situation 1is not easy
for the following reasons:

1) the projection of the pilot plant costs .onta an industrial
plant is not realistic because of the great difference in economy

of scale;

ii) land and building costs are variable, depending om  special
site conditions;

1ii) it is difficulct for an European to evaluate the investment and
capital costs (interest) in Brazil due to the excessive inflation
which exists (more than 200 per annum).

iv) the equipment costs are very high and variable; caused bv 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.

I. Land Costs

i.and costs in Brazil are generally much lower than those existing
in Europe and therefore solutions that foresee the employment of
iarge areas of land for the establishment of plant, with lower use
of concrete (lagoons, oxidution ditches etc.) appear more economic,

where no other limitations apply.

2. Energx Cosgts

Electric power in Brazil at 31.12,1983 was 0.035 US dollars/Kw.hr;

this cost is lower than European standards, whereas chemical costs

are higher (see below) and therefore in dimensioning a plant one

| et}

———
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must decide if it is more 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

X Costs

- Alum A1,(50,),.18 H,0 Us.S /Rg = 0.21 0.18
- Lime Ca(OH), US.S /Kg = 0.15 0.06
- Sulphuric acid 94/96% US.$ /Rg = 0.15 0.09
- Polyelectrolyte pcwder form US.S /Kg = 22,00 2.60
- Manganous sulphate MnSOA.Hzo US.$ /Kg.= 0.65 0.40
- Soda ash Na,CO, US. S /Eg.= 0.45 0.20
- Sodium hydroxide flakes US.S /Kg.= 0.50 0.35
- Sodium sulphide Na,S (50/60%) Us.S /Kg = 0.53 0.50
- Chromium basic sulphate (25% Cr,0,)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,

P —————

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




FLOW CHART: LIME BATHS

CATALYTIC
OXIDATION

LIME BATHS
SCREERNING

o
FRO*. THC SCHOOL

3
SEDIMENTATION

4
PROTEIN
PRECIPITATION
EQUALISATION
TANK
L)

RECYCLE

-9[—

TREATMENT ALTERNATIVES :

L.B.a. : 1 -6
L.B.b, : 1 -2-6
L.B.c. 11 -2-3 -4

L.3.d. : 1 -3 -
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W T: CHROME RECORY

TANNING BATHS

PROM THE SCHOOL

1
SCREENING

2
FLOCCULATION

TREATMENAT ALTERNATIVES :

C.R.a. : 1 - 6
C.Rb. : 1 -2-3-5-6

C.Ric. 11 =-2-4-5-6

r__»_ SEDIMENTATION

4

P FILTRATION

o CONTROL
AND
RECYCLE

8

DISSOLVING

W
ITH H‘?SO4

XANNY

I1/2

tL




FLOW CHART: PRIMARY TREATMENT

2 EQUALIZATION 4 S COAGULATION
. WITH SULPHI- pH - AND
DE OXIDATION —\\ ADJUSTMENT FLOCCULATION
6
SCREENING PRIMARY
SEDIMENTATION [ T
3
EQUALIZATION
WITHOUT SUL-
PHIDE OXIDAT.
TREATMENT ALTERNATIVES :
P.T.a. : 1 ~2md4-5-6
P.Tb. : 1 -3-4-5-6
P.T.c. :'1 -2 -6
P.T.d. : 1 -3 -6
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AFRATION

CLARIFIED
8
EFFLUENT TRICALING

ECONDARY TREATMENT

S Rl
PRIMARY FILTER
SEDIMANTATION

¥ CONVENTIONAL

- ACTIVATED

] SLUDGE
TREATMENT ALTERNATIVES
S.T.a.: 6-7-11 S.T.e.: 6-8-7-11
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

10

LAGOONING

FINAL DISCHARGE
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ANNEX 2/V
FLOW CHART: SLUDGE TREATMENT
PRIMARY & SECONDARY SLUDGES
4 3 2 1
F ILTERPRESS CHEMICAL - THICKENER DRYING
CONDITIONING BEDS

TREATMENT ALTERNATIVES :

SL.T. a. : 1

SL.T. b. : 2 -1
SL.T. ¢. : 2 ~ 4
SL.T. d. : 2 -3 -4
SL.T. e. : 3 -4

SL.T. . : 4

"-—"'-—-
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EXTERNAL TAMNERY MAMUFACTURING PROCESS ANNEX 2/VI

« yaw meterial processed: salted cattle hides
‘{average 25 kg per hids)

- sumber of hidas precessed: ca. 500 per day
- water wee: 40 litres per Kg salced weight.

MAMUFACTURING CYCLES SCHEME :

= =2 G - N -G - s e e I aE R &

)

RAW WIDES
SOAKING :

2502 water
0.31 ensymatic soakiag agent

WASHING:
continuous flow

LINING AND URNATRING:
1502 vater

32 sodium sulphide (60X)
3.542 lias -
KASHING:
coatinmmous flow

FLESHING (in some instances is perforwed
after soaking)

VECETABLE TAMRING

PRETAMRING :

(im the same pickling bath)
1.52 symthetic tammio

Note:

the same float is used for
2-3 pratanning baths before
discharge

TARNING:

1503 vater
251 tsmming extrect powder

SPLITTING
1
f 1
CRALN SPLITS
(") DELDING AND BATING : (") TANNING:
100T water 1002 pickle flost from
1.5-2.02 ssmomiwm sulphste grain
: 102 self-basifying chroms

0.8-1.5% sodiem sulphite selphate
0.052 bating sgent (proceass enzymes) (252 Crzos)
. . e cesrsenas
60% weter .

82 sodium chloride same msaulactoriog
1.22 sulphuric acid process 4¢ grais
0.5-17 sedium. formete (chrome toaning)

{
¥ 1

CHROLE TAMNING
TAMMING:

(in the same pickling bath)

101 self-basifying chroms sulphate
(252 crzo,)

0.2% catiomic fac

Note:

this flost is used for splits

canniag (once)

SHAVING

() MEUTRALIZATION
2001 water

M (migoss bark) 12 sodive forwmate
ﬂ 0.52 sodium bicarbosate
SBAVING
(") DYEING AND FATLIQUORING: (") RETANWING, DYEING AND FATLIQUORING:
-~ (002 of preduction) 2001 water
2001 vater 3% syachevic tanmin
- 0.53 dye 0.51 dys
ST vegetsble gr 4-53 ::::x::h sad symthetic grease
0.32 formic acid b
. 0.5% forwic scid
(") PATLIQUORING: DRYING
(202 of productiom)
2007 veter PINISHING
52 sulphosated vegstable
oil
DRY1NG
Bote:

(") awans discharged slter mos.
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2/VII

ANNEX

Efflvent characteristics of external tannzry

The results of 15 days tests are indicated in TABLE A

TABLE A

Parameters: pH Chloride coD Settied solids Sulphide

(C1) bichromate (2h Imhoff) (5™}
mg/1 wg/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 3 51
7.4 2,715 2,430 25 13
8.1 1,700 3,470 27 10
8.7 5,120 2,67C 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
1.9 1,550 3,180 37 n.e,
1.7 2,950 3,000 n.e. n.e

Note: samples taken during entry to the pilot plant

n.e. means not effected.

TABLE B

Parameters: Range Average

pH 7.4 - 9.3 8,5

Chlorides mg/1 1,540 - 5,240 2,800

COD mg/1 915 - 4,530 2,965

Settled solids ml/1 8 -9 16

Sulphide mg/1 7 -199 72

From these data we obtaingd the average values indicated in TABLE II.

TABLE il shows the data obtained from five different tannerics in

the area.

TABLE C

Tannery T 11 11 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 63 240 2 19 220
Sulphide mg/1 86 41 n.e. 75 n.e,

Note: sauples taken after homogenization was effected in the
tanneries equalization tanks,

TABLE D shows the values obtained from the "Eanvironmental consider
Report UNIDO/ITD. 337

ations in the Leather Producing Industry”

9th June 1975 assuming a water consumption of 45 1/Kg (salt weight).

TABLE D

pH

Chlorides

coD

Settled solids
Sulphids

ca, 10

3,500 mg/1
3,500-4,500 mg/1
130-65 m1/1

160 mg/}




ANNEX 2/VIII

SINTERED ALUNDUM CANDLE DIFFUSERS

-— N.®* pieces installed 12

-— Size : @ 50 mm 420 mm heigh
Porosity . : 100 micron

-—— Oxygen transfer efficiency : see diagram

-— Air Capacity : see diagram

02 TRANSFER EFFICIENCY
AIR CAPACITY
@ 50 x 420 mm

]
|

80 o
1.. - :./ 50
< 40 s 40
5 . /// i

30 4 E
. / L ¢ 30 —
x 20 / 3 n /

2 20 A
g n —_ - /
£ 104 T 10 V4
o - £ - 4/
= L LD N L
o 1 2 3 4 s 10 '20 30 40 50 60

diffuser depth (metres) flow rate (u3/hr/Dome)
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ANNEX 2/IX

190
180
170
160
150
140
130
120
110

100

Kw

ROTARY VANE AIR BLOWER

-— INSTALLED POWER : 3.45 Kw 360 V/50 Hz triphase
-— AIR SUPPLIED : see diagram below

COMPRESSOR performances referred to air

q_ M‘/l\ with atmospheric pressure of 1000 mbar
200 _

and an inlet temperature of 20 °C.

H M\Hzo

- SPEED : 3.450 RPM ( S50 Hz )

Tolerance on capacity and power : 10 %

fmea




ANREX 2/X
' PRIFARY TREATHENT
' ALLR 800 ag/1 * 1 mg/1 POLYELECTROLYTE
COUALIZATION TAMK EFFLUENT CLARIFIED EFFLUENT
oare | AR C =
TEMPERA- cl €.0.0.|5.0. |B.0.D. B.0.0.|C.0.0.|S.D.
. TWRE | P | g/l |mg/1 |mis1 | mgs1 | P | mg/) | mg/1 |mis1
22/6/23 8-12 2317 236 .
23/6/83 11-13 2,7 2846 1000 6.8 4“3 .
27/8/83 7-14 8.5 2408 3186 8.6 463 0.1
28/6/83 8-12 8,7 3975 5397 150 735 8.1 804 0.4
29/6/83 6-14 8.2 4188 7040 180 T 7.3 519 776 0.3
30/6/83 11-13 8.6 4260 3170 135 7.6 224 837 0.3
1/7/83 13-16 7,8 3697 4016 75 7.2 183 554 -
4/7/83 8-18 9.0 3834 2240 &S 8.1 §52 .
5/7/83 15-15 2.7 2875 2640 65 2.7 66C 0.9
6/7/83 16-18 8,3 2236 1212 33 280 7.% 116 o
7/7/83 16-17 8.1 3301 1730 34 7.8 165 650 0,1
8/7/83 11-13 5254 1845 106 296
11/7/83 11-11 8.4 2880 234A 54 7.6 729 -
12/7/83 11-12 7.4 4082 1683 100 6.7 474 .
13/7/83 11-16 7.7 4437 4128 190 495 7.7 oo 1046 a.4
l 19/7/83 12-14 7.7 3555 2688 S5 6.5 400 -
20/7/83 g-14 7.8 4220 3360 300 7.2 83 544 .
2777783 13-14,5 9.8 3555 2869 45 6 226 1
28/7/83 15-16 7.1 2882 1841 105 6.2 675 =
29/7/83  12,5-14 7.4 2733 2467 75 € 120 506 =
1/8/83  14.5-14,5 8,3 2769 1690 45 198 6.4 418 0.1
2/8/83  10.5-13 7.5 2485 1087 55 6.5 510 .
3/8/83 T10-15 8.6 4011 4435 a0 7.5 86 368 .
4/8/83 6.5-15 7.9 3227 2240 45 7.5 756
5/8/83 8-17,5 7.4 2591 1480 25 7.2 1120 2
9/8/83 11-14.5 7.5 3053 1876 35 7 622 0.5
10/8/83 14-19 8.9 3634 1752 30 7.5 263 so0 =
11/8/83 20-26 7.6 3976 2944 90 S35 7?7 130 9w -
12/8/83 17-21 7.7 3230 1392 S8 7.7 320 1056 e
I 15/8/83  16.5-16.5 8.0 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 -
18/6/83 13-14.5 7.6 3443 2432 60 s85 7.4 229 880 .
19/8/83 13-17 8.0 3088 4800 150 7.1 960 -
22/8/83 11-20 8.4 3443 2220 45
23/8/03 15-21.5 7.4 3300 2631 80 6.6 551 .
24/8/83 16,5-17 7.8 2946 2121 55 7.3 805 .
25/8/83 18-33 8,3 3124 3019 70 610 7.3 146 677 0.5
26/6/83 24-29 8.0 2485 1314 50 ? 7% -
. 29/8/83 24-29 7.9 3017 2764 80 7.4 523 .
30/0/83 23-23 7.6 2882 2729 75 6.9 480 -
31/8/83 15-17 8.1 2911 4034 140 7.1 335 0.2
1/9/83 12,5-23.5 6,0 2698 1287 60 320 7.1 109 463 -
l 2/9/83 15-23 8,0 3400 3433 140 7.5 370
3/9/83 9-20 8,1 3180 1000 20 6.9 318 .
' 5/9/82 17-20.5 8.9 2840 4641 130 8 464 0.7
6/9/83 1622 7,1 2840 2565 70 6.9 362 .
12/9/83 14-13 8,7 2733 203 S0 7.6 581 .
13/9/8* 19-14,5 8,8 3053 1953  SS 7.3 411 .
14/9/03 18-22 8.7 3783 2100 40 7.3 100 2395 -
15/9/83 18-22 8.4 3821 1708 33 565 7.6 194 837 0.5
I 1849/03 18-21 8.8 3514 2822 S5 7.8 133 830 o

AVERAGE 13,4-17.3 8.0 3415 2580 70 480 7.2 185 590 0.9
Note: ° maens traces.




PRIRARY

TREATRENT

ALLM 400 mg/] * 1 mg/) POLYELECTROLYTE

ANNEX

2/X1

EQUALIZATION TANK EFFLUENT

CLARIFIED EFFLUENT

DATE AIR °C =
TENPERA- a  |c.o.0.[s.0. [8.0.0. 8.0.0.|€.0.0.{s.0.
TWRE | P | mgs1 |mg1 jmin1 J -./l_J pH Iu./l ng/1 |m1/1
21/ 9/83 13-18 9.0 2300 33 383 7.5 132 626 4.5
22/ 3/83  16-18 9.2 3100 S0 420 7.6 173 890 2.0
237 3/83  18-18 9,2 2197 35 340 7.4 126 703 =
27/ 9/83  22-28 1.6 4100 100 5.1 510 0.2
28/ 3/83  25-25.5 8.7 5941 65 7.4 800 -
29/ 9/83 23-18 8,8 2120 60 277 7.7 85 627 0.2
30/ 3/83  15-14 8.4 2433 30 8.2 516
3/10/83  20-24 8.7 2520 1840 20 7.4 393 -
4/10/83  24-28 7.3 2485 1104 28 6.8 86 =
$/10/83  24v28 9.3 3656 1473 18 237 7.8 60 577 1
7/10/63  24-30 8.3 2663 2100 60 7.7 512 -
10/10/83 17.5-15,5 8.9 2450 1657 26 8.s 48
11/10/83  16-17  B.5 2733 1825 40 7.4 853 -
13/710/83 21-27 8.0 2698 2016 4C 440 7.9 185 611 1
14/16/83  21-27 8.2 2343 1620 6 276 7.8 80 430 =
17/10/83  21-21 8.5 2236 1489 26 7.7 08 =
18710783 16-17.5 8.7 3692 1828 35 7.5 506 -
19/10/83  22-28 8.3 3372 1877 28 7.3 44c -
207110783 23-26 8.3 257 150% 33 7.7 538 =
21710783 22-15.5 8.1 2130 1632 40 ) 261 -
26/10/83  13-22 7.4 1065 216 38 6.8 1572 0.1
26/10/83  21-25 7.8 1207 2292 30 7.9 504 .
27/10/83  25-30 7.6 1065 1658 3¢ 530 7.1 280 707 =
28/10/83  24-23 8,3 2165 1577 25 382 4.2 150 333 =
31/1G/83 20-2C 7.8 2236 105¢ 25 8.3 344 -
1,11/83  20-20 8.1 1817 1432 2 6.7 00 -
3/14/83 2125 8,6 1817 1088 27 8 2186 -
4/11/83 22-24 8.0 2089 1736 35 8 382 -
7/11/63  25-27 8.0 1817 1000 15 7.5 280 =
AVERAGE  20.7-23.2 8.4 2324 2000 32 37 7.4 140 S15 0.3

b




PRINARY

TREATBENT

87

ALLM 200 mg/l + 0.5 mg/1l POLYELECTROLYTE

ANNEX

2/XI1I

EQUA: T2ATION TANK EFt JENT CUARIFIED EFFLUENT ‘I
DATE AIR °C -
teeemn-| [ |c.00. s s.0.0. 8.0.0.]c.0.0./s.0.]s.5. |
TURE me/1 (mg/1 [al. | me/) P | wg/1 | mg/1 [m1/1 |mgs1 J
8/11/83 24526 68,3 2580 1308 3 8,5 162 338 = 230
8/11/83 21.5-25 8.9 2662 1368 3 7.7 438 . Isn
10/11/83 24-29 8.2 2307 1195 3 472 8.1 149 532 .
11711783 23-28 8.0 2627 1392 30 435 7.3 183 595
16/711/83 21-21 8,5 3834 1535 35 39C 7.8 171 691 2
18/11/83 8,4 2414 1385 37 230 7.9 105 646 1.4 31¢
21/11/83 24-25 8,2 2485 17 35 7.7 720 0.1 436
22/11/83 15-18 .0 333y 1946 40 7.3 360 -
23/%1/83 17-22 8.6 3088 1387 40 420 8 180 630 .
24/11/83 20-22.5 6.8 3017 1297 20 520 7.4 100 297 r
25/11/83 20-24 8.3 3124 1542 35 300 7.5 225 658 0.5
28/11/83 23-26 8,2 3124 1964 130 4 616 =
29/11/83 22-28 8.7 3337 287¢ 70 8 580 -
-0/11/83 22-33 8.4 3692 2089 45 540 7.8 305 893 - 410
1/12/83 23.5-23 8.2 3124 1500 35 260 7.6 100 482 0.3
2/12/83 20.5-21 8.4 2556 2964 k1] 3Ca 7.4 110 S00 0.4
AVERAGE 21.4-24,2 8.4 2960 1726 43 40G 7.? 165 70 0.3




ANNEX 2/XIII

PRIMARY TREATMENT (ALTERNATIVE P.T.c.)
3

FLOW = 2 » /MR
No chamicsls
EQUAL IZATION [ANK EFFLUENT CLARIFIED EFFLUENT _—]
DATE IR °c < =T ] A
' EMPERA- (w1 €.0.0.s.c. [B.0.0.|  18.0.0.C.0.0./5.0.} 5,5,
( WRE | P [ mgs1 lmgs) [mis1 [ mgsy | P [ mgsi | mgsd [miny ng/1
v = o am—ad— S N NS SIS SUD S —— cecmt =
5/12/83 21-24 8.4 199C 1010 20 7.5 350 2.5
6/12/83 22-26.5 6.4 1920 706 19 7.5 7zs 0.7
3/12/83 2 ,5-29,5 8.1 3870 290G 7.9 1640 3.5 420
12/12/83 24-28.5 8.1 330C 2043 180 8.1 2620 1.5
13712/83 2 .5-27 8.4 3026 2120 120 8.3 2226 .8
14/12/83 24-27 8.3 3585 1780 139 240 8,3 227 1780 0.1
15/12/83 23-23.5 8.4 5150 1985 a2 8.4 181C 0,1 225
19/12/83 5-25 8.0 33306 820 8.0 830 2.5
20432483 2-30 8.1 3860 1185 210 7.8 950 - 12
21/12/83 23-25 7.8 3110 1640 0.5 7.9 280 .
22/12/83 21-24.5 7,2 285C 3380 120 7.¢ 2300 .
23/12/83 22-2% 7.5 2560 6350 G.8 7.5 3240 ©.6
26712783 25-24 7.9 2400 1650 160 8.0 2120 10
27712/83 24-28,5 2,3 2250 4000 12 7.5 1360 2
28/:2/83 26-32 7.1 3340 12000 1SC 7.5 S00 3640 3
29/12/83 28-23 8.6 3430 5820 37 1270 7.5 910  40GC 1
3, 1/84 25-24 7.0 2450 4080 13 7.6 180C 0.8
4/ 1/84  23,5-28 355C 1080 380 1020 860 2580 .
10/ /84 25-26.5 B,0 4656 1760 200 740 8,3 1000 2095 .
11, 1,84 29-28 8.0 4520 1120 25 7.7 110G <~ 103C
12/ 1/84 26-25 2,7 366C 770 9 7.9 §3C .
13; /84 27-32 8.0 447C 640 81 7.7 260 850 .5
30/ .84 23-27 8.0 4330 1350 4C 330 7.6 130 570 g
17 /84 24-25 7.7 3750 1000 40 210 7.3 130 844 s
2/ /84 25-25 7.7 4230 2250 50 3720 7.9 80 950 .5
8/ 2/04 21-25 7.8 3270 1000 25 230 7.6 200 860 .
9/ /84 24-28 6.6 830 4800 27 1350 2,0 380 2126 0.7
13/ 2/84 32.5-33 7.2 2380 5200 35 2380 7.2 2250 4830 0.4
14/ 2/84 28-3% 7.5 405C 4180 50 7.2 3680 0.5
15/ 2/84  27,5-33 7.6 3900 1560 20 680 7.9 280 1500
16/ 2/84 28-33 7.5 4200 1679 40 530 7.7 430 1300 3.5
17/ 2/84  26.5-3C 7.4 3550 1870 as 380 7.5 250 710 . asc
20/ 2/84 28-3°,¢ .3 3120 269C 70 7.7 635 10
21/ 2784 *.2 469C 3360 120 7.5 1460 4
227 2784 30-33 7,9 4180 6100 113 2000 7.4 1000 1350 0.1
237 2/84  30.5-27 7.5 4730 4S52C 120 1300 7.3 510 1660 0.5
24/ 2/84 27533 7,6 461C 2120 178 7.0 400 800 .
27/ 2784 k1| 8.4 337¢ 4190 90 7.6 1830 1
28/ 2/84 27,5-37,5 7.3 2870 4785 7.2 1790 0.1
29/ 2/84 25-34 .0 2726 3130 160 6.7 1410 24
RVASVED) 25229 3940 5230 89 430 1430 4
2/ 3754 24-25 8.6 334C  431C 100 6.2 650 1080 .
7/ 3784 30-31 6.0 3800 2740 95 6.9 170 2
23/ 3/84 20-31 8.3 2890 95 6.5 27¢ .
277 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 18,827 7.6 1090 3200 52 8.6 1470 5
1/ 4/84 7.8 1120 1820 45 7.7 1280 6
5/ 4/84 17-27 a,’ 3320 75 1800 10.2 380 860 .
3/ 4/84 19-29 8.6 3840 17 9.1 2270 10
10/ 4/84 20-314 7.4 2660 38 8.3 1570 4,5
117 4/84 20-30 8.2 2040 34 1040 8.1 S20 1220 .5
12/ 4/84 20-29 8.2 2430 40 1200 b.,2 640 188C .5
137 4/04 20-27 9.3 2970 20 9.4 2050 i.$
16/ 4/84 24-26 7,5 240C 58 8.0 1280 (.5
AVERAGE 24,5-28.8 7.8 3380 305% 77 890 7.7 540 1560 ..S 410

Note: = means

= =




ANNEX 2/XIV

SECONDARY TREATMENT (OXIDATION OITCH ALTERNATIVE S.T.a/I)
ALUM 300 mg/1 + 1 mg POLYELECTROLYTE (P.T.s.1)

IMFLUENT FROM EPPLUENT FROM

SECONDARY SETMENTATION

Mi %o T BRI

’- P

U PU—

__...._.——————-—-!

OATE | rempeRA- on la.o.o c.0.0. | s.o0. | on hn.o. €.0.D. s.n.]
. ]
x TURE 'f.“ mg/1 -llll ] /1 log/l muxL
22/ 6/82 8-12 236 - 114
237 /83 11-13 6.8 443 - 7.1
27/ /83 7-14 6.6 463 0.1 162
28/ 6/83 8-12 8.° 8J4 0.4 121
23/ 6/83 5-14 7,31 313 776 0.3 120 312
307 5783 11=-13 . 224 a3z 0.3 41 203
1, °/83 13-1€ ?.. 1E2 164 - 92 348 2.5
4/ 7783 8-18 8.° 552 . 128 :
S7 7/83 159=-1¢ 7.7 660 g.1 112
67 7/83 1€-16 7." 1°8 . 180 2
77 7/83 18-17 7.8 153 850 0.1 82 2.5
8/ 7783 11-13 1Js 23€ 181 15
11/ 7/83 111 7.6 723 . 367
12/ 7/83 11-12 6.7 524 . 86
13/ 7783 T1-1¢ 7.7 362 1046 0.% 27 140
15/ 7/83 12-14 6.5 439 . 7.4 248 .
20/ 7/83 9-14 7.2 85 534 - 38 360 .
27/ 1/83 12-14,% 6 228 1 116 .
287 7/83 13-16 6.2 675 . 24 177 .
29/ 7783 12,5-14 6 120 556 . 20 202 B
1/ 8/83 11,5-11,5 G&.4 318 Q.* 125 .
2/ 8/83 10.3-13 5.5 510 . 226 -
3/ 8/83 W0-18 7.5 86 368 . 12 182 .
4/ 8/83  6.--15,5 7,S 758 . 224 .
S/ 8/83 8-17.,8 7.2 1120 2 7.6 3’6
3/ 8/83 11-14,5 7 6§22 0.5 5.9 333 .
10/ 8/63 14-19 7.5 63 500 . 13 144 .
11/ 8783 20-26 : 130 S20 - 12 136 1C
127 3/83 17-24 y.7 320 10%6 .
1</ 8/83 16.5-16.5 7 732 . 7.3 133 .
16/ 8/83 18-14 ? a1 . 6.6 152 .
17/ 3/83 73-13,5 72,3 133 343 . 7.2 1N 158 .
18, 3/62 13-14,5 7.4 225 144 . '3 b4 15¢€ -
19/ 8/83 13-17 7.1 abu . 7.2 17¢€ *
22/ 8/83 11-20 7.1 123 .
-3, 8/83 15-21.5 6.6 PES - 6.5 142 .
24/ 8/83 16.5-17 7.3 80¢ . 7,1 298 .
25/ 8/83 78-33 7.3 146 877  G.= ? 25 193 .
26/ 8/83 23-29 ? 750 . 5.9 319 .
29/ 8/83 24-29 7.4 523 . 6.3 129 .
30/ 8/83 23-32 6.9 48¢ . 6.6 214 .
31/ 8/83 16-13 7.1 35 ¢.. 7,2 164 .
1/ 3/83 12.%-23.8 2,1 19 463 . 310 171 .
2/ 9/83 15-23 7.% 370 - ? 257 .
.3/ 9/83 3-20 6.9 318 - .2 100 .
S/ 9/83 17-20.5 8 464 0.7 6,1 160 -
6/ 9/83 17-18 6.9 382 . 5.9 162 .
12/ 9/83 1413 7.6 561 . 7.1 16z 1.0
! 137 3/83 13-14,5 7,3 411 75 311 .
14/ 3/83 16-22 7.3 166 39¢ . 7. 1 203 .
157 3/8% 16-22 7.€ 191 837 0.% 7.2 13 273
16, 9/47 15+21 7.8 133 630 . 6,8 10 139
AVERAGE  13.4-17,3 2.2 185 250 ¢ b 29 193 0.9

te: * Means tLraces




ANNEX 2/XV

SECONDARY TREATMENT (OXIDATION DITCH ALTERMATIVE S.T.a./I)
ALUM 400 mg/l - 1 mg POLYELECTROLYTE (P.T.e.2)

e

‘ INFLUENT FROM EPPLUENT PRON
| R c __ PRIMARY_SEDIMENTATION SECONDARY SEDIMENTATION
OATE | 1emPERA- 8.0.0}c.0.0. | S.D. .0.0.[c.0.0.1s.0. |s.s. |
| " TURE P |og/l Img/l  |mis1 | - P g/ |mg/1 w11 |mg/1 |
_ - -
217 9/83 13-18 7.5 132 626 4.5 6.4 8 2724 1.5
22/ 9/83 16-18 7.6 173 838s 2.0 6.3 14 430. 0.5
<3/ 9/83 18-18 7.4 126 702 - 5.4 10 303 .
277 9/83  22-28 5.1 $10 0.2 6.1 251§
287 9/83  25-28.5 7.4 80C - 5.2 7 1 264
29/ 9/83 23-18 7.7 85 627 g.2 5.8 3 332 -
30/ 9/83 15-14 €.2 S1€ = 5.4 8 296 .
3/10/83 20-24 7.4 393 . 6.9 12% .
4710783  24-28 6.8 283 . 5.2 208 -
3/10/83 24-28 7.9 6C 577 1 5.9 9 184 .
7/10/83  24-30 7.7 512 . 5.7 252 -
10/10/83 17.5-15.5 8.5 ae . 227 -
11/10/83 i6-17 7.4 653 . 6.4 33s - 144
13/10/823 21-27 7.5 168 61~ 1 5.8 12 220 G.1
14/10/83 21-27 7.8 80 430 . 8.2 10 290 .
17/10/83 21-24 7.7 408 L] 6.2 277 -
18/10/83 16-17,3 7.% 508 = [ 508 .
18710783 L-28 7.3 44 L 5.9 294
20/10/83 23-26 7.7 53 L] 5.7 318
21/10/83 22-19.¢ ? 251 - 6.3 196
25%/10/83 19-22 6.8 15875 0.1 5.3 397
26/10,8)  1-25 7.9 . 6.5 213
272/13/83 25-30 7.1 280 . 6.1 28 292
28/10/83 24-28 4,2 130 - 5.3 11 160
31/10/82 20-20 8.3 . 5.6 152
1/11/82 20-20 £,7 ] 7 220
3/11/83 21-25 6 L o.7 176
A/11763  22-24 8 . £.: 228 -
7/11/93 28-27 7.8 = 5,8 128 .
AVERAGE 2..7°-23,2 .4 '4C 522 0.3 Bz 12 270 0.4

Nota: ° means traces
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ANNEX 2/XVI

SECOMDARY TREATMENT (OXIDATION DITCH ALTERNATIVE S.Y.a./T)
ALUN 200 sg/1 * 0.5 mg POLYELECTROLYTE (P.T.a.3)

INFLUENT FROM EFPLUENT FRON ]
AR C PRIMARY SEDIMENTATION SECONDARY SEJIMENTATION
DATE | yovemn- 8.0.0C.0.D. | 5.0. .0.0.|c.).0.]s.0. | S.S-
TURE P leg/l [mg71 a1 PH hg/l mg’1 [m1/1 |[me/)
8/11/83 24-28 8.5 162 398 - 6.4 156 .
9/11/83  21.5-25 7.7 28 - .7
10/41/83  24-29 8.1 149 S32 -
11/19/83 23-28 7,3 183 595 - 6.5 22 164 -
16711/83 -4 7.8 1 881 2 6 6 43 70
18/11/8 7.9 105 646 1.4
21/11/83 24-25 7.7 720 0.1 6.4 171 -
271178 15-18 2.3 s - 6.6 27 01 20
M/ 17-22 8 160 630 - 7 18 180 -
24/11/783 20-22,5 7.4 100 297 - 6.5 18 189 .
25/11/83  20-24 7.5 225 BS8  0.5 6.7 & 189 =
28711783 23-26 7 616 . 6.5 339 =
29711703 22-28 8 580 - 6.3 312 1.5 200
30/11/83  22-33 7.8 305 883 6.5 25 410 3.5
1/12/83 23.5-23 7.6 100 482 0.3 5.8 10 232 1,5
12/63 20,521 7.4 110 S00 0.4 6.4 10 223 .

[
.
W

AVERAGE 21.4-24.8 7.7 1865 570 0.3 14 244 .2

Note: e meand traces,




SECONDARY
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ANNEX

TREATPENT (OXIDATION OITCH AL° SRMATIVE S.T.a./1)
FLOW « 1 /R

Mo chamticals (P.T.a.)

2/XVII

INFLUSAT FROM 1
AR °C PRIMARY SEDIMENTATION SECONDARY ssonamam
oate TENPERA- 8.0.0c.0.6. | S.0. .l o.o. 5.5,
TURE M lag/l |wgsl  |ain i n ng/)

SAUE3 -4 1.6 3% 2.5 6.4 .
6/12/83  22-26,5 1.5 a”0 0.7 6.8 ass 0.7
9/12/83 24.5-29.5 7.5 1640 0.5 420 7.2 450 0.7
12/12/87  24-28.5 8.1 2620 1.5 7.0 sS40 2 4.5
13/12/83  23.5-27 8.3 2220 0.8 7.3 66¢ 6
1612783 24-27 8.3 227 1780 041 7.7 3 408 &
15/12/83  23-23.5 0.4 1810 0.4 325 7.7 264 0.2
19/12/83 2525 8.0 930 2.5 7.5 385 0.1
20412/63  23-30 7.8 950 - 12 2.3 300 0.3
2/12/83 23-25 1.9 20 o

22/12/83 21-24.5 1.5 200 -
23/12/83  22-25 1.8 3840 0.6
26712783 2524 8.0 212¢ 10 6.3 452
27/12/83  24-28.5 1.8 1360 2 6.3 s 3.5
28/12/83  26-32 7.5 506 3640 3 6.4 860 3.2
29/12/83 28-33 7.5 910 4000 1 6.4 12 390 1.0
3/ 1784 25-24 7.8 1800 c.8 7.3 640 3.5
o/ 1784 23.5-28 860 2586 = 30 .94 1.0
10/ 1/84  25-28,5 8.3 1000 2096 =

117 1/84 23-28 1.7 119C . 103¢

12/ 1786  26-29 7.9 636 - 7 ac 0.2
137 1/94 27-32 1.7 265 850 0.5 .9 472 0.8
30/ 1784 23-27 7.8 130 s70 6

1/ /84  24-26 7.8 13 84D % §.7 20 31 1.0
2/ 8% 25-25 7.6 50 950 4.5 7.0 24 Ss0 0,3
8/ 2/86  21-28 7.6 205  B6C 6.0 21 400 o
S/ 2/9%4 24-28 ’.0 38C 220 8.7

137 >/8. 32,633 7.2 2250 483G 0.1

147 2764 27.5~33 7.3 2572 130 b 7.1 20 630 1,8
16/ 2/84  28-33 7.7 336 1308 3.5 7.6 25 470 2.0
177 2/84  26.5-30 7.6 252 710 - 360 7.4 22 370 1,0
20/ 2/86  _8-31.¢ 7. £35 16 ’.1 31 7.0
211/ 2784 7.¢ 1460 4 7.0 270 0.2
22/ 2784 7.5 1368 1350 9.1 .4 750 15
23/ 2784 30.5:27 7.2 510 1668 3.5 2.’ ~C 350 5
26/ 2786 27-33 7.0 400 s e S.v 36 180 e
27/ 2786 31 7.3 1430 1 ’.8 23 1
20/ 2/84  27.%-37,5 1.7 173C 3.9 .7 4sg z
29/ 2784 2534 6,7 1413 24 2.2 ka I¢] 6.2
1/ 3/84  26-23 43 1430 @ 360 0.9
2/ 3/84  24-25 8.2 650 108 e 7.5 2306 s S
7 3/86 6.9 75 2 6.3 70 .
73/ 3/84  20-31 6.9 7C . et 06 .
277 /84 22-32,5 1.9 40 . £.3 28° 0.5
28/ 3/86 2428 6.6 326 .

2/ /84 18.5-27  B.E 476 &
AVERAGE  24.5-2¢ 7.6 540 156 .5 416 2.5 40 4¢ :

Note:

* moans traces

FEE IR R R e e

_—
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ANKEX 2/XVII-btis

SECONDARY TREATMENT (OXIDATION OITOH - ALTERNATIVE S.T.a/T}
No Chamicals (P.T.c..

INFLUENT FROM EFPLUENT FROM
AR °C PRIMARY SEOIMENTATION SECONDARY SEDIMENTATION
DATE | 1erpERa- s.0.0{c.0.0. | s.0. I .0.0.[c.0.0.[s.0. | S.5-
TuRE M lags1 (mgst w1 M L/l |mgl mn /1]

18/ 4784 8.1 420 1028 1.3 7.1 20 310 S.1
10/ /84 7.8 s0e 1COG 77 7.0 68 268 =
117 5/84 8.1 1315 . 7.2 65 233 .
15/ /84 8.0 1960 17 s.7 478 0.6
16/ 5/84 8.2 520 147 4.0 7.6 &1 212 .
177 s/88 7.6 400 2350  3.C 6.6 62 432 =
29/ 5/084 7.6 92% 19 7.3 145 .
30/ 5/84 8.5 202 2k r.¢ 2E . 23
31/ 5/84 8.4 1200 0.5 7.8 s .
1/ 6704 8.2 520 1310 1.8 7.5 36 370 4.5 710
6/ 6784 7.7 165 430 . .3 26 232 =
2/ 6784 7.€ 15882 10 7.€ 172 -
8/ 6784 7.3 1750 0.t 5.8 26 - 50
117 6/64 7.4 1470 6.7 s .
12/ 6/84 B.: 1480 1465 0.6 7.5 so¢c 7.5 225
13/ 6784 8.4 1000 1353 4 7.6 160 888 11
14/ 8/84 6. 700 1850 7.6 5.6 200 742 5.5
15/ 6/b4 6.8 1150 2880 17 7.7 340 887 11
AVERAGE 8.0 645 1553 3.4 7.3 83 35 2.3 3m

g peny ey mm g e e GED EED DD D B B S =

Mote: = msans treces.




ANRZX 2/XVIII

SECONDARY TREATRENT (FLOATING AERATOR T, ASII!
ALUN 200 mg/l + ' mg POLYELEC/ROLYTE ‘P.T.e 1)

alt;

T INFLUENT FROM [ EFFLUEAT FROM
. PRIMARY SEDIMENTAT € TIMOARY SEGTMENTATION
| AIR °C T e 2T :
DATE TEMPERA- 's.0.0fc.0.0. 5. . ! Lo ‘,.’:.0.0.'5.0.}
TURE P ing/l jmg/l  'ml PP mgs. imgsl lmisli
| — RN BN DUy UH DUy S RS
22/ 6/83 8-12 236 z36
23/ 6/83 1113 6. 433 - e
277 6/83 714 6. 463 G 3
28/ 6/83 8-12 8.1 acs <. 204
29/ 6783 §-14 7.3t <18 776 G. 5 17
3G/ 6/83 11-13 7,6 224 837 4. 11 1S
17 /83 13-16 7.2 183 554 - 10 56
&/ 1783 8-1¢  8.° Ty . 342 5
5/ 7783 18-t 7,7 660 3.° 132 6.1
6/ 7/83 16-18 7.1 11K - 164
7/ 1785 16-17 7.8 185 550  C.° 1e 82
8/ 7785 11-13 166 238 .3 s2
117 7783 -1 7.6 729 . 430
127 7/83 1M-12 6.7 ara . ’8 .
13/ 7/83 14-16 7.7 300 1046 0.4 26 222 B.¢
197 7/83 +2-14 6.8 430 . i s
26/ 1/83 3-14 0.2 83 544 . 45 456
277 7783 13-04,5 & 228 . 425 G.t
28/ 7/83 1516 6.2 g7¢ . - 337 '
29/ 7/83  12,5-14 g 12¢ 528 . - 83 -
17 8783 11.5-11.€ 6.3 8 r.- .
Z/ 8/83  1G.5-1%  E.% s1r . 234 .
3/ 8/83 13-18 e 86 368 . e .
4/ 8/83 E.5-15 .- . s .
5/ 8/83 3-17,8 7. . ..z e 1
3/ 8783 11-14,¢ 3.8
11y a/g3 20-26 . 132 5%C . 12 wEn o3
12/ 583 7.1 7.t 320 1Lk . S5 16 248 .
15/ 8/83  ‘€.5-16.5 ° *32 . 5. 33
"6/ 8/83 14-14 : 233 . : .sC .
117 8782 14-13,8 7.3 103 84S . <2 7am .
18, 4/83 13-14.8 .4 223 233 . P P PP .
19/ 8/83 3.1 36C . 2 82 .
2:/ 8/83 11-20 > 145
23’ 8/83 15-21,5 6.¢ T . i 280 .
47 8/83 16,517 7.3 :38 . .- i3 5
25/ 8783 18-33 7.3 14 570 L.s 7.4 18 220 .
26/ 8/83 24-29 ) 26, . : anc .
297 8/83 425 1.4 o . .- 75 .
3G/ 8/83 23-22 5.9 . s e .
31/ 8/83 15-17 7,0 D 220 .
1/ 9/83  12,5-23.§ 7.0 106 . . 3 -e .
FYRITE 15-23 7.8 i . ’” .
3/ 3/83 3-20 6., s . - e .
</ asen e e aes E n.4 Py .
&7 3,83 18-22 2.3 szl - . 535 .
12/ 9/83 14-13 7.6 <61 . L.C [ .
13/ /83 13-14,8 7.3 4 . i Y .
14/ 3/83 16-22 /.3 100 35S . C w38t .
15/ 3/83 16-22 .5 t3r 231 o. S.on 22 4 .
16/ §/83 18-20 otz t3r 83t . T R T .
AVERAGE  13,2-17.4 2.2 181 390 outs P N VIR

Note: ° muar - ‘ra e
—




ANNEX 2/XIX

SECONOARY TREATMENT (FLOATING AERATOR S.T.a/I1)
ALUM 400 mg/1 + 1 mg POLYELECTROLYTE (P.T.2.2!

INFLUENT FROM EFPLUENT FROM
AR *c | PRITARY SECIMENTATION _ SECONOARY SEDINENTATION
OATE | remPERA- 8.0.0fc.0.0. | s.0. | g .0.0.]c.0.0.]s.c.
TURE P g/l |mgs1 !-1/1 i i“" re/l lag/1  [m1/)
217 9/83  13-18 7.5 132 66 4.5 6.5 32 652 2
22/ 9/63  6-18 7.6 13 8sa 2.0 » 4 833 Gt
23/ 9/63  18-19 7.4 126 703 = 6.5 26 518 s
277 983 22-28 5.1 516 0.2 6.3 502 .
26/ 9/83  25-29.5 7.4 800 - 5.4 TV
287 9/83 23-18 7.7 85 87 Sed €.2 2C 33z =
30/ 9/83  15-14 8.2 s15 . S e .
4/10/83  24-28 6.8 288 . é 468 1C
$/10/83  24-28 7.8 60 577 ¢ 5.9 19 586 2
7710783 2436 7.7 51z - 5.9 83 .
10/10/83  17.5-15.5 8.% e . 7.é 288 .
11/10/83  16-17 /.~ 83 . 5.2 /3 1.8
13710783 21-27  7.& 188 §11 5. 29 387 a
14/10/683 21-27 7,8 .14} 43 . P 2 <38 -
11083 -1 7.7 a5 . 8.7 506 .
18/10/83 16-17,5 7.5 S0s - € 377 -
4/11/83 22-24 8 3e2 . 8.2
AVERAGE 20-22,3 7.7 12C s83 J.2 .4 27 284 1.C

Note: ° means traces.




CORPARATIVE TABLE
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OXIDATION OITCr AMD FLOATING AERATOR TREATMENTS

ANNEX 2/XX

EFFLUENT FROM OXIDATION OITOM
AIR ¢° T
DATE TEMPERA- | pH |B.0.0 C.O.D.IS.D. '
TURE ng/l | mg/l lml/1.

22/ 6/83 8-12 114

23/ 6/83 11-13 ae

27/ 6/83 7-14 162

28/ &/83 8-12 124

29/ §/83 §-14 120 212

30/ 6/83 11-13 41 203
3/ 2/83 13-16 2 345 2.8
4/ 72/83 8-18 128 2
57 1/83 15-15 112
67 7/83 16-18 180 2
77 7783 16-127 A2 2.5
8/ 7/83  11-13 181 1S
11/ 7783 11-11 867
12/ 7783 11-12 86
13/ 7/83 11=-16 27 140
19/ 7/83 12-14 7.4 248 -

207 7/83 9-14 38 360 .

22/ 1/83 13-14.5 118 .

28/ 7/83 *5-16 24 177 -

28/ 7/83 12,5-14 2G 262 . .
1/ 8/83 11,.5-11.5 128 . -
2/ 8/83 10.5-13 226 - 284 -
3/ 8/83 10-15% 12 142 . 16 251 -
4/ 8/83 $.5-15,5 224 . 318 -
S/ 8/83 8-17.5 7.6 3’6 7.3 296 1
S/ 8/83 11-14.5 6.9 43§ .

10/ 8/83 14-1§ 3 144 .

11/ 8/83 20-26 12 3¢ Hs 13 as2 33
12/ 8/83 172-21 6.2 16 238 -
15/ 8/83 16,5-16.5 7.3 '33 - 6.7 - -
16/ 8783 14-14 6.6 15C . * isC .
17/ 6s83 14-13,5 7.2 11 138 . 71 22 243 .
18/ 8/83 13-14.5 | 18 158 . 7.3 19 249 .
19/ 8/83 13-17 7.2 17€ . ) 240 .

22/ 8/83 11-20 7.1 123 . 7 3145
23/ 8/83 15-21.5 6.9 14C . 7,2 28C .
24/ 8/83 16.5-17 7.3 298 . 2. {15 o
25/ 6/83 18-33 ? 25 133 - 7.8 13 222 .
6/ 8/83 24-29 6.9 31C . 4 4na .
29/ 8/83 24-2S 6.2 129 - 8,3 1% .

30/ 8/8&3 23-22 6.€ 214 - 6.8 274 -
31/ 3/3: 156-13 7.2 1354 . €.¢ 220 -
* 9/83 12,5-23.5 7.4 10 170 . 6.9 23 30s .
2. 9/83 15-23 ’ 28 . " 372 a
17 3783 9-20 7.2 130 .

i/ 9/83 17-2¢.5 6.1 16. - 6.4 489 .
6/ 9/83 17-1§ t.5 182 . £.? 337 .

12/ 9/83 1413 7.1 1€2 . .2 611 .
137 9483  13-14.5 7.8 310 . 2,3 444 .
14, 9/83 16-22 7.5 1L 202 7.2 20 361 .
15/ 9/43 16-22 7.2 13 270 6.6 2 43¢ .
16/ 9/83  16-21 6.9 ic 199 6.5 26 472 .
21/ 9/83 13-18 6 4 ] 274 6.5 32 852 2
22/ 9/83 16-18 €23 14 430 7 44 630 0.1
23/ 9/83 18-1§ g 4 10 301 6.6 28 518 -
27/ 9/83 22-28 6 1 257 6,3 502 .
287 9782 25-28.5 6 2 477 5.4 544 .
28/ 9/83  23-18 $9 ] 192 6.3 2C 382 .

30/ 9/83 15-14 5 4 296 € 364 o
4/10/83 24-28 6 209 . 6 468 10
§/10/83  24-28 < ] 84 ! $.9 1§ 586 2
7/10/83 2¢-30 4 252 . 5.¢ 353
10/40/83 17,5-15,> 227 . 7.8 284 L4
11/10/63 1617 S 135 . 6.. 393 1.5
13/10/83 21-27 5 12 220 c.1 6.5 29 347 -
14/10/83 21-27 s 1C 290 . 5,8 20 438 .
17/10/83 2121 6 277 . 8,7 6C4 .
18/10/83 16=17,4 508 . [} 677 .
4/14/33 22-24 6 228 . £.2

AVERAGE 15-18,> 5. 24 .26 0.7 0,7 23,8 33- 2.8

B e e e e e st 2




TRICKLING FILTER WITH PLASTIC MEDIA
SECONDARY TREATMENT (ALTERNATIVE S.T.b./I}
(PLASTIC PMEOIA}

INFLUENT FRON

My 0/
LT oy

w2y

Xxr

EFFLUENT FRON

SECONDARY SEDIMENTATION _I

AR °c | PRINARY SECIMENTATION
DATE TEMPERA- 8.0.0/c.0.0. | s.0. | s.s. B.0.C. |c.0.0.[s.0. s.s.l
TURE PH Tng7) |mg71 |m1) | g/l [P |ngr1 |mg/1 [mant -../1]

21711/03 2-25 7.7 720 0.1 436 8.3 458 .
23/11/83 17-22 8 160 630 - 8.3 69 490 .
24711783 20-22.5 7.4 100 297 - 8.4 S1 350 =
25/11/83 20-24 7,5 225 658 0.5 8.3 S0 491 .
26/11/83 23-26 7 616 = 8.1 . 357 -
29/11/83  22,5-28 8 S0 - 8.4 420 .
10/11/83 22-33 7.8 305 833 410 8.2 77 s7 - @3
1/12/83 23,523 7.6 100 482 0.3 8.2 45 375 - 85
2/12/83  20,5-21 7.4 110 500 0.4 8.5 37 435 -
5/12/83 21-24 7.5 349 2.5 8.2 32 0.5
6/12/83 22-26.5 7.5 w7 0.7 8.3 468 0.1
9/12/83  24,5-29.5 7.9 1640 0.5 420 8.1 480 0.7
12/12/63 24-28.¢ 8.1 2620 1.5 8 1240 3
13/12/83  23,5-27 8.3 2220 0.8 8.2 17867 1.6 270
14712783 24-27 8.3 227 1780 0.1 0.2 61 1080 -
15/12/83 23-23.5 8.4 1808 0.1 225 8 428 0.2
19/12/83 25-25 s 830 2,5 7.5 879
20/12/83 23-30 7.8 954 - 12 7.1 512
21712/83 23-25 7.8 280 . 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
26712/83 25-24 8.0 2120 10 7.9 703 3.0
27/12/83 24-28.5 7.9 1360 2 8.1 889 12
28/12/83 26-32 7.5 500 3840 3 7.9 1860 0.8
29/12/83 28-33 7.5 610 4000 1 8.0 17) 1503 -
3/ 1784 25-24 7.5 1800 0.8 8.1 1600 2.5
4/ 1/84 23.5-28 860 2560 = 8.1 200 760 0.5
S/ 1/84 2¢-28,5 8.3 1000 2100 = 8.1 210 978 0.7
117 1/84 24-28 7.7 1100 = 1030
12/ 1/84 26-29 1.9 630 =+ 7.8 504 3.5
137 1/84 27-32 7.7 260 850 0.5 7.8 452 .
1/ 2/84 24-25 7,9 130 840 1 7.0 20 45 o.
2/ 2/64 25-25 7,8 90 950 4,5 7.7 166 878  0.%
9/ 2/84 24-28 7.0 380 2120 0.7 8.6 100 1602° 1.0
1u/ 2/84 23.5-27 8.2 2220 6.5 320 2320 1.0
13/ 2/84 32,5-33 7.2 2250 4830 0.1 7.3
147 2/84 28-35 7.2 3680 0.5 7.3 1372 3.5
15/ 2764 27.5-33 7.9 280 1500 1 7.8 104R 15
167 2/84 28-33 7.7 430 1300 1.5 7.1 802 OS5
17/ /84 28.5-30 3.5 250 710 - sC 7.7 586 20
20/ /04 28-31,5 7.7 635 10 7.1 500 6
217 2/84 7.5 1460 4 7.5 569 0.5
22/ 2/84 30-33 7.4 1000 1950 0.1 7.8 686 0.1
23/ 2/84  30,5-27 7.8 S10 1660 0.5 7.9 147 538 0.1
24/ 2/84 27-33 7.0 400 800 - 7.7 75 2806 4.5
207 /84 27.5-37.5 7.2 1796 0.1 8.0 603 15
29/ 2/84 25-34 6.7 1410 24 7.9 a76 0.3
1/ 3/84 25-29 430 1430 4 7.4 525 8.0
2/ 3/84 24-26 6,2 650 1060 = 8.0 225 440 1.5
AVERAGE 24.6-27.5 7.8 4A1 1521 1,7 413 7,9 113 803 2.4 149

Note:

* means .. 6ceS.
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ANNEY /XX

SECONOARY TREATMEANY WITAQLT FRIMAAY SEJIMENTATION
tALTERNATIVE S.T.h.]

tr FLUONT  AFTER
MENTAI0% (BASE 5757,
Loe S.IC,C.B.!S.S.} ‘.,

] DNFLUENT PRI
STGULATION  TAM

e ——

TURE pH R R et
I i . ; :

$1:11/83 23-24 e : 2 :
16/11/83 2121 8. ooz 1.8
17/11/83 26-26 23 2 4 zas
18/11/82 2§-25 2.4 23T <348 :7 £,2 2
21/11/83 28-25 8.z . 58 7a:i g.s - i
22/11/83 16-18 $ 1346 i3 6.7 = .
23711783 12-22 8.6 40 137 iy B .
24711782 20-32.5 6.3 12 1 o £ 135 .
25/11/83 % 8.3 <l - X 5.3 la 533+
26/11/83 2% 8.l 3 i 3. 3¢ .
29/11/83 26 8.7 2 - £33 a3 20
311,63 3@ &4 ie. .- £33 =5 .
1/12/83 23 6.l %7 1 PR TN

1312783 27 8.4 z O PR 1600 .
14/12/83 27 8.3 3l 3 iz 8.2 37 3T . :
15/12/83 23.5 8.3 1 i P a3 .
13/12/83 22 8 : I . -
10712783 e ) : R .l
212782 a3 -2z 8.2 “e .
T.r92/793 5 5l . - . .
16/12783 .3 590 oo .- .
2712783 . sl .= 5. .3
z8/°2/83 ” cel 2L . - a0

vyl

o -

29/12/83
S/ 1734

~2

RRE A T < R T
.
Vo
N
[}
-

e - .
117 1/64 .C -E 3.7 .
127 1/88 N ; : . L.
*37 2784 e Sl 3 T, ::
140 /54 b 31 2l B
13/ 2/84 Tt 4 K Ll E
270 20a8 E T - .
28, 2/3% A - Jes 8
29, 1/84 Tl . .
VAT < z ‘3 : .
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3. TRAINING ACTIVITY

Ia accordauce with the aims of the Ptoject. a systematic programme
of training was carried cut. This programme was divided iato two -
separate pericls, depending oun the personnel available and the -

particular req: _rements of the Project.

3.1. - Firs* Phase

In cthe first phase (from Fedruary "~ October 1983) the immediate
objective and priority was given to putting the installation jn
order and subsequently to obtain the rapid implememtation of the
entire plané and cthe first process d&ta.

During this period rhe available operational personnel was a Chem
ist tc operate the plant, & Mechanic for plant maintenance, and a
Chemical Technician to undertake anaiytical control.

The time of these three persons was completely utilized in the man
agement and supervision of the functioning of the pilot plant.
This is the reason the type of training was directed to preparing
the personnel for their specific activity. Additionally,particula}
ittention was paid to the operatior and dissemination of knowledge
relating to standard and/or routine analytfcal methods., The follow
ing information and knowledge wasﬁsupplied in detail to each re

sponsible operaror:

Plant Operation

a. knowledge of the procvess cycles.

b, relevant knowledge of the various pieces of equipment.

¢. general methods of sample collection and preservation.

d. stock control of the necessary chemical agents in order to e¢s
tablish the minimum quantities which must remain in strck to

gether with names of suppliers and delivery times,

_——
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Plant Maintenance

3. specific maintenance morms for cach piece of machimery or
equipment.

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

c. procurement procedures to establish availability and delivery
times of the various spares .mnd/or parts required for the cper

ation of the equipment.

Analytical Controls

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

suppliers name and delivery times.

According to the STANDARD METHODS of American Public Health Asso

ciation (A.P.H.A.) the following detail»d analysis were prepared:

~ pH Value

~ Settled Solid (Imhoff coune)

~ Suspended Solids

~ Sulphide

~ Chrome

- Ammonia Nitrogen

- C.0.D. (KyCr,0))

- Chloride

- B.O.D.5

- NDxygen Dissolved (Winkler)

- 0il and Grease

- Sdalphate

- Phosphot

- Sludge Volume Index

- Sludge Suspended Matter (total and volatile)
- T.K.N., (Total Kjeldahl Nitrogen).




- 102 -

In parallel with this theoretical actavity, field rtrainicg was

carried cut for each responsgible cyﬁzatot, consisting of the fol

lowing:

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 sanplés for the chemical laboratory.

inform the UNIDO coordimator of any anonualy or malfunction of
the plant.

keep a register of the plant data and .temize the chemicals con
sumed 2nd any malfunction or anomalies that must be communicated
to the laboratery personnel.

check the cnemical stock and re-order if aecessary.

Respensibility for Analytical Laboratory

Re:

carry out an analysis of the relevant factors in his charge and
record the data, together with any observations, in the cmalysis
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
carus and sent ro the National Coordinator. -

keep a register of the existing chemical reagents and make aa in

dent for replenishment when stocks go down.

sponsibility for Plant Maintenance

<very 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.

T [ 1 i | i
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In the imitial period of ;:raining activity, a course covering gen
eral information in the field of waste water treatment was {iven
to the teaching personnel of the School (SEMAI) not directly in
volvd in the Project. ' -

: ).2.; - Second Phase

After the -e!nng of 9:11.83 between the UNIDO C. T.A. and P8, Bor

sa aud Rech, Senlot Offlclals of SENAI, three extra graduate per

sonnel were recnnted fro- connterpart staff so as to ensure:a nor

~ mal ProJect progra-e. .

A definitive eadlje vas thus formed by a Chemical Engineer (Project

National c«iordinator), two Chemists and a Chemical Engineer (Grad

uate operating staff), a Chémical Technician (Laboratory support )

and by a sechanic for ‘plant maintenance.

This additional personnelr permitted the implementaticn of training.
to develop a cadre of qualified persomnel able to attend to the pi
lot plant operation and to constitute a specialized Brazilian

staff for future assistance to the leather 'induétry and consulting.
engineers. ‘ '

This phase was programmed as- follows:

- Theoretical session involving Tannery Effluent Treatment tech
niques and facilities. A

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

~ Session of applied research involving treatment and recovery of

 tammery liquid and solid wastes. ’

- SQ'uion involving evaluation and testing of the appropriate tech -
niques available to achieve the norms promulgated by the Brazil
isn Authorities. ,

- Review of possible costs/efficiency in relation to the 1:cal sit
ustion, » _

- Practical secsion concerned with the operation and wmaintemance
of the plant,

ot il s Rl R
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After a few months of training, the personnel reached a satisfac
tory-professional level which ¢nabled the establishment of a work
plan with specific duties and responsibilities. ’
However although the counterparts have absorbed much knowledge and
gained experience in this field, it is doubtful whether after this
limited period chey are sufficiently competent to operate wichout

some external assistance and supervision.
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4. EXTENSION SERVICES

A programme of demonstration, extension services and dissemina
tion was carried out with tle aim of ensuring that all sectors of
the leather industry were able to obtain updated techmical infor
mation relating to the introduction of better envirommental proces
ses (recycling and other means) and the treatment of tasmery
vastes (aqueous and solid).

This programme was carried out as follows:

1. Theoretical-practical courses.
2. "Open Week". -

3. Centralised plant.

4. Extension Service.

S. Dissemination of Information.

4.1 - Theoretical-Practical Courses

A) After a meeting held between the UNIDO C.T.A. , a sen

ior official of the D.M.A., the Kational Coordinator and Mr. P.

Nini of the Italian team, a combined work programme was carried

out, including:

- theoretical and practical courses for the D.M.A. personnel em
bracing tannery effluent tieatments. The programme of these
courses is indicated in Annex 4/1. The project counterparts and
other technicians from various Brazilian organisatiom took part
in these courses;

- a'joint-D.H.A.lUNIDO Project activity which will contributz to
the establishment of the project for the realisation of a cen
tralised plant for industrial and urban waste water treatment at
the Estancia Velha municipality. The work schedule is spccified
in detail in Annex 4/II.

The theoretical practical courses were held by the Italian staff
at Estancis 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 June 1984,

B) Another two courses (lasting about three days each )
covering especially chemical and biological dimensioning of
plaut in plant tannery waste water treatment were held in Jume

- 1984.

The content of these courses were chosen with particular attem
tion to the requirements of consulting engineers and tammery tech
nicians, and is aimed towards satisfying the needs of those who
are iuvolved im the preparation and operatiom of projects for tan
nery effluent treatment (see Amuex &/III).

C) Imn order to increase the disse;-ination of the Project's
results a visit has been effected to SENAI School in Campinas
(San Pasolo State) during the period 28, 22, 30 and 31 May 198«.
In this visit in which the UNIDO C.T.A., tne National Coordinator
and two persons of the Italian team had taken part,the techmologi
es employed in the pilot plant at Estancia Velha and the results
oi:tained bad been described in a two days meeting.

At the same time the tanners had been offered a consulting serv
ice and "clinic” evaluation assistance (see in Annex 4/IV the list

of tanmeried visited).

The Project Team also had a meeting with a Senior Official of
Companhia 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 concerming the final dispos
al of the sludges produced.

Contrary to D.M.A. in R.S., CETESB in S.P. does not oblige the ta
neries to respect limits on the discarge but requires a minimum
reduction of 80% of the pollution load (BOD, COD, S.8.) of the
rvav effluent. Purthersore, there does not exist in S.P, any limits
for the sludge disposal and their use in agriculture.
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4.2. "Open Week"

In November 1983 it was agreed that a Meeting should be bheld at
Estancia Velba, and an invitation was extended to ail sectors of
the Leather Industry im Brazil, wiose main scope was to emphasize
the Project's aims and disseminate its rescults by means of practi
cal demonstrations with the Pilot Plant and :technical lectures
and discussions. -

This "Open Week" was held from the 19th to the 23rd March 1984 ad
its programme was defined according to the outline :proposal pre
pared by the UNIDO C.T.A. The "Opeu Week™, which was organised by
SENAI (under the aegis of the Regional Director of the Rio Grande
do Sul Eng. LUIZ PAULO BIGNETTI) and by the UNIDO consvltants,
wvas 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, tanmery technicians, journalists ,
etc.

About 130 people took part in the "Open Week” which was followed

with great interest.

From the programme (see Annex 4/V) it can be seen how the 1lec
tures supplied a fairly complete picture of the tamnery 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 demonstratiomswere
given (chrome recycle and sludge dewatering). Also the presenta
tioft 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/VD
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).

' 1
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To cenclude,we can emphasize the "Open Week" completely

covered

the aspects it wished to achieve as well as giving the Project

its due emphasis.
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4.3, - Centralized Plant

Since their arrival at the Project in Februarr 1983 the UNIDO com
sultants have beec involved in weekly meetings between the repre
sentatives of the local tanners and the municipality of Estancia
Velha.
In this period the aim of installing a centralized plant for the
common treatment of the sones urban and industrial waste waters
developed. Unfortunately it vas 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 wa
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
vas chosen, the best available soluticns, both technical and eco
nomic were studied. In agrecment with Mr D.Winters and by re
quest of the Brazilian counterparts, he Proiect team declared
its availability for active collabora ion. This activity was car
ried out in the following fields:

1. Investigation of the possible solutions regarding primary,
secondary and sludge treatments. .

2. The interconnection of varicus systems between the tanner
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 ca
pacity and flow of a stream pass ng through Estancia Velha,
in order to evaluate its possibl: use as a collectior 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 selzcrion of the treat
ment that will be adopted, including intervevtions in tbe tanner
ies for chrome recovery, sulphide oxidation and primary pretreat
ments.

In the joint plant treatment centre 8 forescen primary treat
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ment-facilities, i.e. screening, clariflocculation, pH contrul,
sulphide oxidstion (emergency tseatment) and the sedimentatior
followed by secondary treatment. The choice of the secondary treat
ment will also be based on the rasults obtained by the Project pi
lot plant.

In order to identify elements on which to base the design work the
Project team started research into the various tannecries 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 imdustry. At the same time the efficiency of the existing
nlant primary treatment was evaluated.

The industries investigated were as follows:

IMBRAGEL

CURTUME BENDER SCHUCK S.A.

. GENUINO S.A. IND. E COMM.
CURTUME RIMUS S.A.

CURTUME LEUCK MATTES S.A.
CALCADOS RELIN S.A. IND. E COMM,
REINALDC KONRATH E CIA LTDA.

. INTESRAL

9. E.M. BERGHANN E CIA LTDA.

10. IRH;OS SPENGLER E CIA LTDA.

11. FINILUX-

12. VEMASO

13. .BUFFALO - REN. E ASSIST. TECN. COUROS

O
. .

&~
D)

o ~w O W
.

At the same tiwe an investigation was carried out in order to de
fine 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
vill be installed, which were considered significant for an ap

rropriate analysis of the basin mentioned above.




The synthesis and results of the entire work were sent on the

28th March 1984 (see Amnex 4/VIII) to the Joint Plant Consortium
as per their official request.

In 25th June 1984 the UNIDO/SENAI Prcject received from the Tanners
Consortium of Estancia Velha the preliminary project for the joiat
plant prepared by CORSAN-MAGNA (an engineering Companv of R.S.).
Before 30th September 1984 the Project Team will send to the Tan

ners a technical note regarding this project.




4.4, - External S:rvices

In this period an external consulting service was operated for
the other tanneries of Ric 5rande do Sul and other Brazilianm
States regarding: treatment plant projecti, 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 te the satisfaction of the tan
ners.

Furthermore this activity allowed us to comprehend the local situa

tion of the Tanning Industry which may be thus summarized:

a. Manufacturing processes

The production cycles emploved do not differ much from those
used by Italian tanneries, che only difiference worthy of note
are:

- water consumption genera!lv higher: 50-50 litres per hilo of
salted hide worked against the 30-35 litres or less used in
Itaiw,

- Fleshing of the hides arter soaking: non-limed {leshings
give a greater possibilitv ¢f commercialization of this bv-
product and lime baths less contaminated by greases which
can he recycled more easily,

- Larger emplovment o: veuetable re-tanning.

However some tammeries have their own installarions Tor th.
tannin extraction {rom mimosa barks 3s such the coptribution
to the total pollution caused bv  rthis operation  must e

evaluated.

b. .Antipollution treatments adoptec

-

As already stated, in zeneral the tanneries of the area la
adopted some treatments ! the primary type: these, in toe
great majority of the case consist  of screening,  homegeniza
tien and primarv scd.mentation.

Somuv factories have .iso implemented the separation of  lime




and of chromium effluents. Some details of the treatment sys

tem may be seen:

self cleaning inclined screens of wedge wire construction
having opening running transverse to the flow (similar fo

Dorr-Oliver).

- Homogenization:

tanks of various shapes an: sizes with capacitics ibout
equal to the daily discharge. Thise tanks generally are
stirred by mechanical prope'!lers, floating turbines or dif

fused air.

- Primary sedimentation:

in the great majority uf cases the sedimentation 1§ not
aided bv means of chenicais and therefore the Tloceuiation

is of . spontaneous nature. In zeneral the sedimeatition
tanks 4re horizontal-fiow tvpe with one o more Yoppers oy
the collection of the sindge. In a few rases oniv  thew ase
~hemical such as aluminium sulphate and polyel:. tr-tuvie and
have installed mechanical scrapers rov the sludee irawofr,

- Lime_bath recveciing:

this technique until now has not reen  f[avoured by tanners
and therefore in the great majority of case  the acberence
has been to a sulphide destruction by oxidatior witn aui,
These treatments are betng studicd and are already opera
tional in only a few cases, However in one tannery »:inhide

recovery was observed in  whick th reecoine, of

fected by fine screening ot the hath with additions -1 new
lime and sodium sulpbide, works vvtremelv well for about

two vears in a closed cvrle,




Chromium recovery from spent tanning baths:

generally bath recycling is made employing the bath itself at
ter screening with the 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 precipita
tion of the hydrate, sedimentation, remcval of the supernatant
and redissolving of the precipitate with sulphuric acid. Tn sn
other very interestine case the problem his been solved empiov
ing seii basifying cnromium sulphate with high exhaust  chara.
teristics (Baver) and working at temperatures nigher than naor
mal (heating the drums with stcam).

In some of the tanne¢ries seven, there oxisted instaliations forv
the extraction of rat from rleshings, semethinz completely un
usual in Italy; the ot obtained in this manner ani the residu
al solids were transrerred to other industries that manutfactiure
and commercialize these sub-products.

In another tannery, an inctgilation was ruanine io an exXperimeit

tal phase recoverv of proteiv, rrom the lime balis.

Biological treatment:

Only ir very few cuases the problem has been faced with vervy oo
airic  means, in general emploving natural tagcons ad sometimes
treatment with acquatic plants - -ater hvacinths eto.).

Sludge dewatering and disposal:

.

few tanneries on. v ave :nstalled some sand boda; no mechin:
cal filrers. In the main tne liauid sludee produced 1s  trans
ported in the same !'orm to the disposal  site by means of pumps

or tank trucks.

Existing problems

In pany of the taneerics visited there were striking operations!
tifDioalties, Thaese occurred duc to the lack of experience  of

“hose who planned oo executed the inscallation and also o




those who operate the plant itseif.

The problem linked particuiarly with the plants installed ar:

as follows:

- Nil or insufficient stirrinz of the hemogenization tansks with
subsequent formation oY siudge Jdeposits.

- The horizoutal sedir:nzaticn tanks not provided with mechan:

cal s-rapers show di“ficultv in the oxtracticn of s'udoe.

These facts - together with the absence or insufficiencv o
aeriation of the wastes during homogenization -  lead to t
estahlishment of considerable anaerobic process whioh produces

malodorous gases creating an unpleasant eavironment for the o

cal population, also has the e¢ffect of diminishing the «f7:

.

ciency of the primarv sedimentation (bubbiing).

|
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posal ¢f the sludge.

Apart from some fortunate casce In which it has bcen possible
to disperse this siudge onto soil, a satisyactory solution hx
not as vet been found, and this sludge (sti 1 verv liguidi s
stored in lagoons ond left Lo dry oin the apen air, inoreising

the unpleasant odours,
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An lnjomnve summary - vg&,_‘ptepared on the aims and first results
of the Pto;ect for the Latic-American Annual Congress of Chemists
cnd’T%chnolog1sts of the Leather iodustry which was held in Forta
leza ;n November 1983. -

In_fkcf we profites by this opportunlty to give wider publicity
to UNIDO's Project aims. The Su-arvaprepared by the UNIDO C.T.A.,
the Italian Team Leader and the Natlcn%l Co-ordxnator was present
ed and read to the Congress by Mr Luiz Leuck President of theAsso
ciacao Brasileira Dos Quimiros e Tecnicos Dc Inn.strla Do - Couro
(ABQTIC) in which the participants showed “interest.

(Appended at Amnex 4/IX).

A further informative report on the results obta1ned w1tb two of
the biological treatment systems of the Pilot- Plant (cxidation
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 1o
November 1984 at Gramado R.S. Brazil, The summary or ihis report
(appendix at Anmex 4/X) has been sent -to the Technical Committee
of the Congress for acceptance;fb)

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 n

the waste water treatment and/or leather manufacturing.
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ARNEY 4/1

PROGRAMME OUTLINE OF THE INSTRUCTION COURSE

.

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

2. Survey of tamnery waste—water characteristics

3. Primary treatments

3.1. Screening - Lifting - Homogenization -4

3.2. pH correction - €lariflocculation — Sedimentation

3.3. Sulphide recycling - Sulphide oxidation - Protein precipitation L
3.4. Chrome recycle .

N 3.5, Pré;T:;ca? ‘applications and projects dimensioning !

4. Secondary treatmeats.

51, Theory— 7 R A
4.2. High rate activated sludges - Extended aeration
' _;4.3f. _»O;he:,ft\z;e,‘jments involviné\aciivated sludges k

oL ”ﬁ.k?vl'aftjﬁéc’ers dimensioning and secondary treatment

r oo . ) i
Lo R R l.S Trickling filters - Dimensioning
s P N A Légmné‘*'- Dimensioning -
' ‘/ i 4.7. Sludge treatment and- di;posal - Dimensioning
S 4,8, Tertiary treatments ,(an\l]‘nnia 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 - Ammonia - Phcsphorus - OD,
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ANNEX 4/II

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

1. Daily programme:

2.

A) Theoretical course concerning:

- Basic information about tanning processes and pollutiom
sources. N

- Description of various treatments altermatives.

- Dimensioning and evaluation of practical cases of tammery
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.

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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ANNEX 4/IIT

COURSES HELD IN JUNE 1984 BY THE ITALIAN TEAM LEADER

1st Course 6-7-8th June "Primary Treatment of Tannery Effluents”

Participants 13 persons (D.M.A. - CIENTEC - Fundacao
Ciencia e Tecnologia - Govermmental Engineering Com

pany - and freelance professionals)

The arguments treated were the following:

a) chrome recovery

b) lime bath recycling

¢) catalytic sulphide oxidation

d) physical-chemical treatments:

screening
homogenization
flocculation

pPrimary sedimentation
sludge treatment

e) equipment, machinery, material and so on.

Znd Course

Participants 20 persons (D.M.A. - CIENTEC - Fundacao
Ciencia e Tecmologia - 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 (SVI)

sludge age

sludge recycle ratio

laboratory tests and analysis

¢) secondary sedimentation

11-12-13¢th June "Secondary Treatment of Tannery Efflueats

’n--—‘ H “-n
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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 examples were mace 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.

p Sare—




LIST OF TARNERIES VISITED IN SAN PACLO STATE
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- FASOLO, Fernandopolis, S.P.
COSTA, Campinas, S.P.
CANTUSIO, Campinas, S.P.
PODBOIL, Leme, S.P.

S.TA GENOVEVA, Aquai, S.P.
ALVORADA, Mogi Mirim, S.P.

ANNEX 4/IV
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ABNEX 4/V DEHEFTUENTESID A

PROGRAMA

INDUSTRTAYDE]
[PGH}SB o
dea23 :
R

Dia 19.03.84 - 2a.feira

09h30min - Sclenidade de Inauguragao ds “'ESTACAG PILOTO PARA TRA-

12 horas

14h30min

15h30mi n

16 horas
16h30min
16hLSmin

17h15min

TAMENTO DE EFLUENTES"

= ALMOCO COMEMORATIVO

na Sociedade Canto Uniao de Estancia Velha

Solenldade de Abertura da SEMANA DE DEBATES SOBRE TRAIA
MENTO DE EFLUENTES DA INDUSTRIA DE PELES E COUROS

Palestira -~ Mr DAVID WINTERS

Coordenador Internacional do Projeto UNIDO (US/BRA/80/166)
Tema: Caracteristicas e Finalidades do Projeto

Debates

INTERVALO

Palestra - Técnico do Departamento do Meio Ambiente da
Secretaria da Saude e do Meio Ambiente do Estado do Rio
Grande do Sul

Tema: Atuagao do DMA no Controle da Poluig3o Ambiental
Debates

Dia 20.03.84 ~ 3a.feira

08h30min - Palestra - Prof. GIUSEPPE TAPONECO

Professor Catedratico da Universidade de Pisa (Italia)

Tema: Estratégias de Saneamento Ambienta) para as Indis
trias de Peles e Couros da Regiao de Pisa (onde e
xiste uma concentragao de cerca de 100G curtumes)

09 horas - Debates

09h30min - INTERVALO

C9hkSmin - Palestra - Dr. MAX LOTHAR HESS

Con:ultor em Depuragso de Efluentes Industriats em Sio
Paulo

Tems: Depuragao Primsria de Efluentes de Curtumes




I0hiSain -~ Debates - 124 -
10h&Sain - INTERVALO
1l horas - Palestra - Eng? Quimico HUGO SPRINGER

Técnico da Escola de Curtimento SENAI de Estincla Velha

Tema: Custos de laplantagcao e Operacao dos Sistemas De-
puradores Primarios de Efluentes Liquidos de Cur-
tumes

11h30min - Debates
12 horas -, ALMOCO

15h30min - Palestra - Dr- MAX LOTHAR HESS
Consultor em Depuragao de Efluentes Industriais em
Sao Paulo

Tema: Reutilizagdo de Banhos Residuais (Depilagao-Calei
ro, Curtimento ao Cromo) - Demnnstragdo Pratica

15h30min - Debates

Dia 21.03.84 ~ La.feira

08h30min - Palestra - Eng. ELLEN MARTHA PRITSCH GOETTEMS
Chefe do Departamento de Controle Tecnico-Operacional do
Sistema Integrado de Tratamento de Efluentes Liquidos da
CORSAN, juntc a COPESUL (Polo Petroquimico do Sul)

Tema: Tratamento Depurador com Lodos Ativos

09 horas - Debates
09h30min - INTERVALO

09hkSmin - Palestra = Mr DAVID WINTERS
Coordenador Internacional do Projeto UNIDO

Tema: Valo de Oxidagao (Carrocel)

10h1Smin - Debates
10h48min - INTERVALO

1) horas - Palestra - Dr. PIERO NINI
Técnico-Consultor da UNIDO

Tema: Tratamento Biolog’co mediante uso de Filtros Per-
coladores
11h30min - Debates
12 horas - ALMOGO

14h30min - Palestra - PhD BERNARD VULLIERMET
Vice-Diretor do Centro Técnico do Couro de Lyon (Franga)
Consultor para a Area de Gerencianento de Residucs de Cur
tumes do mesmo Centro -

Tema: Tratamento Aerobio Facultativo em Lagcas

1ShiSmin - Debates

PO |
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Dla 22.03.8% - Sa.feira

08h30min - Palestra - Prof. SALOMKO ANSELMO SILVA
: Professor Titular do Departamento de Engenharia Clivil
da Universtdade Federal da Parafba

Tema: Depuragao de Efluentes Urbanos em Lagoas de Es-
tabi i zagao Aercbia e Anaercbla

09 horas - Debates
09h30min - INTERVALO

09mSmin - Palestra - Eng? PhD URIVALD PANLOWSKY
Responsivel pelo Servigo Técnico Asbiental da Superin-
tendéncla dos Recursos Hldricos e Melo Asblente do Pa-
rand - SUREHMA
Consultor da Organizagao Mundial <a Saude

Tema: Tratamentos Depuradores Aasercbios

10h1Smin = Debates

10hdSmin - IKTERVALO

I} horas - Palestra - Sr. FREDERICO EDVINO LEUCK
Prefeito Municipal de Estincia Velhs

Tema: lsplantagao da Estacao Centrallzads de Tratamento
de Efluentes de Estancia Velha

HhiOmin - Debates
12 horas - ALMOCO

1kh30min - Palestra - Dr. GIUSEPPE CLONFERO
Técnico-Consultor da UNIDO

Tema: Irpl.atagao Centralizads de Tratamento de Efluen-
tes para a Regiao de Ponte a Egola (Itilla)
- Dewonstragao Pratica -

1Sh3Omin - Debates

Dis 23.03.84 - Ga.feirs

08h30min - Palestrs - Dr. BENITO DA RIN

Consultor em Depuragiao de Efluentes Industrials
Assessor ds Fundagao Estadua! de Engenharla do Melo Am-
biente (FEEMA/RJ)

Professor do COPPE - RJ

Tema: Tratamento e Disposicao Final de Lodo produzido em
Sistemas Depuradores de Efluentes

09 horss - Debates

09h30min « INTERVALO

09h4Smin - Conclusa;s dos Trabalhos
17h30min - ALMOGO

13h30min - Vigita & Estagao de Tratsmento de Efluentes do PSlo
Petroquimico do Sul (opcional)

17 horas - Retorno
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LIST OF THE LECTURES NOT INCLUDED IN THE
"OPEN WEEK"™ PROGRAM UNDERTAKEN BY THE UNIDO PROJECT TEAM

Mc. FEDERICO WEBER, Chemist, UNIDO Precject Technician:

"Physico-chemicsl treatments; Pilot Plant results illustration"

Mr. VALMOR SILVERA DOS SANTOS, SEXNAI Tanniag School Technician:

"Recycle of spent tanning chrome baths"

Mr. ANTONIO AUGUSTO AMARAL LEIT:\U, Chem. Engimeer, UNIDO Prg .
ject Technician: "Oxidation ditch and extended aeration with float

ing aerator, parallel systems; Pilot Plant results illustration”

Mr. JAIR JOAO RUCARO, Chemist, UNIDO Proiect Techmnician:
"Extended aeration of tannerv effluents without primary sedimentativn

(batch system); Pilot Plant results illustration”

Mr. PAOLO DE TARSO JOST, Chem. Engincer, National UNIDO Project
Coordiwitor: "Tannerv sludges treatment: Pilot Plant resules tilus

tration”

Mr. DAVID WINTERS, UNIDO Chief iechnical Adviser:

"Tannerv effluents treatment: economy of s-ale”

Mr. GIUSEPPE CLOXNFERQ, I'NI™) Pr ject ¥ -nsultant:
"lhrome recovery from spent tinning baths: various system surves,

reliabilicy and dimensioning”.
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c/C ESCILA & CZURTIMENTQG SENAI
Rua Gregoric Mattos, 1il - 936ou - ESTANCIA VELHA

Estancia Velha, 25 de zmargc 2e 1984.

1
Direteria do Sindicato édas Inddscrias de Curtimento de
Couros ¢ Peles de Estancia Velha

Prezados Senkores:

Br rezio de s=u oficic n? 01/B4 e do oficio MZE n® 044/84
ic Conséreic Eagra Imgenhariz TE Ecoplan, e conforme tratativas efetus-
3as nu Reunizo Almogo de 21 é2 margo de 1534, esiamos enviando a V,5is,

a presecte cdpia des dados sslicitados.

Ta-aue de Homogeneizatao

Tempc de Retengi:o Méiis 2¢ roras

Docaser de Wnacareés

Forar. usadac 20 gl 45 ion L‘:.E', em relagal a vazao da a-
cuz de entruia. A quanildile iz ar fermeciis pelo compressor foi de §,¢
-7 e ar nor metro clfrrec de Lzngue, ou 7 aeirds cubicos de ar por mets
3-nd1.ds por horn. Zendd SeRpre er excessd mas Deceasdric para garaptir

L sif.clente hodofFeneizacac.

3 reduc::o de suitetos({cox tempo de retenga:t wsdiz de 7 L.

sis) Zoi ez zddac de 89K, cox vaior médic de eatimic de 2. _gfl & C vl

wédi. de szicz de 4,8 mg/l. Bt nossos tesies, & cone2nirsgie de suida [

Sreamati: MLt Ge retengdC L,< AIrns e L aergs mddsdulies 7 L7 4o
A d0ongul 3935 rrozoiur solrlean, efserincio 3. oo Lo
etrze oo Zoanofe saiing, Voo s
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Tratamento Biol co

HEn relac¢ao acs resul tadcs dos processos de aeragac prolonga-
da e valo de oxidagao, veja Adexo 2; para o filtro bioldgico veja anexo

Br relagso a0 consumo de oxigénio em fungao da matéria orga-
nica, a quantidade de energia usadp para garantir uma suficiente agita-
¢ac da massa liquida, em todos os casos produzia uma quantidade de oxi-
génio ex excesso. B relagao a iagoa Aerada facultativa, nac temos ain-

da resultados em numervs sufic:ientes.
duitriecte:

Poi usadu somente liaz}{m
DBO:R:P = 100:5:1 .

L modo e manter a reiagac emire
Filtro Prensa
Tuxa Especifica de Filirasao:

e 2
Lodo Primdric: 40 1/&°h
o J
Lodo Espessads: 3€ 1/x°h
Perceptual de S&lidus ma Torta 40 Filtrc Prensa:
Lodc Pmmdric: 23 %
2-d0 Prizario Zspess.ia: 26,8 %
freszac dimma 4. Trabalho: 11 rg/cc

Ocndicionamexto: Cai, ¢ Kg/m” Je lodo

P.ltrecac de Crozo

Bl relznac a. caracieviaticocs fim co—guizicas dos efluentes

] - T = ’ye . 2 o 3 -~
P23l m, vsra fnexo 4, caracieristieal f

CLnllmnLIliiClr S0 TreLls, IRl &LER. Tk L.
- 3 . L .
Inforionimos L1023 g DAY lwe SE310 Telaidrlo opsracioenzal ik

.

¢ SHGAT, Zhs somente relall




Zn relagac as ofpi.s solicitadas referentes ac paleatmas

r:alizenas durante & Seman: de Debates de Efiuestes da inddsiria de

Peles e Couros, temos a inforaar que a3 mesmas serao erviadss tac lo-

g5 sejam concluidas as devidas iradugoes,

Sendo o gque se apzreseniava no manernto, subscrevens-nss

J

A
v ,'{:’l"'
p/SENAT/UNIDO PROJECT Coord.Nac. USIDO/ PROJECT-SENAT
Dr. Pierc Nini Enge, quim.Paulo Tarsc Jost
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NOME DO PROJETO:

NOMES DOS 3SUBPROJETOS:

e

TRATAMENTO PRIMARIC 1 (800 mg/l ALi.ou), + 1 wg/l Poli)

EFLUENTE TANMQUE  HOMOGENE1ZACKO EFLUENTE CLARIFICARO .
MIN. MAX MED1A VIR, MAX. MEDLA
pE 17,1 9.t 8,7 P2 ¢,0 8.6 7.0
SD 20 190 70 SD (1 0,7 0,
B0 1000 7.040 2.5.0 0 -16 1.120 590
DBO 196 735 480 pBO 86 - 519 »s
TRATAMENTO PRIMARIO 2 (400 mg/L AL, (sor), » 1 mg/l Poli)
A EFLUENTE TANQUE HCMOGENEiZACAU EFLUENTE CLARIFICADO
| MIN MAY. MED1A IR, MAX. MEDIA
| ) 5,4 o« 8,. 1.4
T .0l 32 sD 3,1 4,5 0,3
1000 5901 2.000 pgo 200 1.572 528
B0 237 s90 370 ps0 60 260 140
TRATAMENTO PRIMARTO = 200 mp/L al_ise.), - (.5 mp/t Poli)
EFLUENT. TANQUE HOMOGENEIZACAC ! EFLUENTE CLARIFICADO
uIn MY MEDIA T MAX. MEDIA
P& 6. 8,4 iph 6 8,6 7.7
o 20 90 43 'sp 0.5 0,3
jpo :000 5.397 1.720 {mo 116 1.120 570
joso 198 73 400 j‘vm;o 86 519 165
i TRATAMENTO PRIMARIO SEM USO DE PRODUTOS QUIMICOS
EFLUENTE TAWQUE HOMUGENE1ZADO 3 EFLUENTE CLARIF)CADC
MIN MAY. MEDIA i MIK. A8 DL
¥ L0 £.6 5,2 ‘pH 27,5 v 7.5
Isp 20 2 BY fsp - . 1.5 '
[ AT M Tt by 35t St .40 ;
PR S 29 o 2T . 223 ‘
!‘_ ~:.£_T-Z; oo RLDUL 0 PReg CaRDZ TRATIMEN,
. T 13 1 T.r. osioEIM.
£ LT T yy "
!nq;v "w,e i o bkl .' 1,
D30 I € .u ; e2.30 58,72 2L
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- !ore~ 2:vicdido: en guatre periodos e operacac.

- Feriocc ae 22/0¢ & 10/05 1563; nesse periodo foram ut.ilai-
2230t 8OC 2] de sulfatc de aluminio + Yma/} polieletrélito

NC Tracamento primaric.

bt et e

i Sfluente éo " Efluente do decant.|Efbent d Gecamaior ! z
necantacor primaric  |secunéheb deaxidacad| securi.(aer. flus .} | A
w980 2 ISy ., jDBRD 'no:» is.z. i ¢ |DBD |DOO |s.p. | ’

T lmalilhaa I Megf/l D 7T oD limgi) e {{ma/L) im51) | (g 1) ;
Ty ] i . . :
LI et bs 50 | e,0t eviove ) oEx Y e,0t 5,2 s Iss {6,0 -
' 1 ! ] } [] '
i : t
LASY i 3 3 5’-9' 112010,° 7,6] 1201439 [10,0] 73,6159 49¢ 9,0 -
MED ' 7,2 1185 $%0 Jo,V |7,0 |29 193 0,9 (7,0 |22 28¢5 0,6 —i -
- Eficiénc:as de Remocao: Valo de oxidacao Aerador Flut.
DPEO: 84,0% 87,8%
OG- €7 ,3¢% 51,8%
.- Periodc e 21/0%° a2 7/11 1983; onde foram utilizados
s0tme/. ce sulfato de 2luminio + Img/l poiieletrolatc.

} Efjuerte dc Efluente ¢r e2centtliirgintz aou decant. ]

! dacantador nrimérie SECUK hns Jedosagel.sec.r. . lezr. fivt.) !

L s2 jpBo ooo |s.oips  om  mcis. .z P | poo |s.o.

: {rg/ Deme /2 M ime' s e Mpepe oomz - eesinac/ling /)

1 : ! H i
MIN P ! 6¢ [200 fe,0 fe,5 pro v .0 )& a! 19 284 jo.0
: ' L : . '. ' i .
- 44 (e j* i .0 ! ) ; 506 5,06 i 7.8} 24 k77 114
: H H ‘ " i
ME. : : |'.u. T T ',:*i',:’ 2701 0,4 6,-;!27 she j1,¢
) s ' 5 j 3
¢ henocdo: Valo ée¢ U:.:éscac herador Flut

DBO: € - 77,5%
DOO; L4 1‘.,7‘

——y  cmmy
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>~ Pexipsode ES11 2710 15963; forew usados 200mg/)l Je sul-

. favo Ge aluminic - L. »c/: de polieletrdlito nc priméric.
Efluente ao Ffluente do dec.se-|Efluente do decant.
cecanzadcr primario und. ;v2lo oxid. sec. ;aer. flutuante.

o b Ipoo V's.olpn naol poo|s.p. l
g/l mg /1l Mea F1 ), K /) 1Jing /1) FoR.° DE
1
| ¥iw 7,0 lite 207 e,6}15,9 € 156 10,0 OPERACAO
, »ry g,5 j30% Ro2 1,417,721 2% 03,5
Lm:n‘ 7.7 {165 | 750 1 0,3] 6,5] 14 | 244 o.z_
- eficiéncies de remocido:
- Para o valo de oxidagao,
- DBO: 91,54
- DQO: 57,2%
4~ Periodo e 5/12/&3 a 21/02/84; nao foram adicionaiécs prodv- !
tee quimicos no primario.
ft:luem.e €o Eflvente do GecC.Ee- Esﬂ 2nz2 G0 Céecent.
decantador prisaris cund, ;valo oxid. lee=.; z=:. Zlutuente
2 fowo | peo §oeopl pn jpEn dmre fnouly
bonc /B Jimc. 7Y ) e /3 L ameA)ing L Ems
; ' : . 1 | 1 FIRA OE
l vIRp v .2 i BE !226 C,Lg 5,9: z H 207' {,0 OFERACAD
i T T
Dowan t,. ¢ Vzosnigene Vov,sf .7y 35 | 760] 7,0
. opE 5,71 |ez0 iwoo 6,3{ 6.¢] 21 | 440] 1.6
- ificiéncies de remocic:
T - Pars o valc de oxidtcéo:
- ]

- DRL: €%,
£

- Do, [4
- pte v re

[R— l
™ b
-

t

i

[ESee——y
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-  COMPARRACACL DOS -RESULTADOS.

1¢ Feriodo 20 Periodo 3¢ Periodo. 49 pexiodo
v.oxié. |a. Fluz v.oxidA. Flx. v.oxie. |AFlw  V.Oxid. [h. Fbu.
l .
DBC < ' L] Yi,4€177,5¢% €1,5% Fora aé 92,3§ Fors a<
® \‘i 67,8 ' ' . = =t operacdo. operasaz
DOO: €3.0% | 51v,Bv  se.6n)sz,? £5.2%

- CONDIGOES DI GPERACAOG LA PLANTA.
VALG DI GXIvACKO

- COLUME TANOUT AERATKO oo
(25 )
- VRZAD DL ALTMENTACRO 2
(»3m1)
- GARGS ORGANIC: TOTAL 3,5 -5,5
{ kG DBO/DYL:. )
- CAR3. YGLUMETRICA ¢,06 - 0,1
{ X pBOG/1PR1a )
- TEMPO D RESIDENCIA 60
{ 6!
- es !/ MIXNED LIO0UO 1150 - L40OO
SUSFENDZD SOLIDS .
- TEOR DE VOLLTEIS o - 7r
{95
<Y ZLTDGE TOLATS - 50 - 1.t
LY INDL:)
- TEMPEZRATUNA MEDI. 1% - 25

DO TANOUE ¢ ¢ ),

ATKADOE FLUTUARTE
50

0,07 - 0,11

115¢ - 2200

-

]
‘-
.

Ty e e e e

| et
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FILTRO PERCOLABOR COM ENCETMERTO PLASTICO

infleeat frem "Effleent from
primery sedimsntation secondary sedimentation
Date |Air tem~| pit Inoo cm | sols.s jpu |sop con s.b. | s.s.
und!CJ { - _(-m_(nuh-m,(-mj

211783 | 2425 2,7 720 | 0,3] 436 8,3 468 -
23/i/83 | 17-22 | 8 160 | 63| - 8,4 69 | 490 -

26711783 | 20-22,5|7,4 0o | 297} - 8,4 5! | 30 -
25/v1/83 | 20-24 17,5 225 | 658 | 0,5 8.3 50 | am -

23711783 | 23-26 |7 616 | - 8,1 352 -

29/11/83 | 2:2,5-28|8 s80 | - 8.4 420 -

30/11/83 | 22-33 17,8 305 | 893 | - | &rw0}j8,2] 77 |sn - 93
1/12/83 | 23,5-23]7,6 | 100 | 482} 0,3 8,21 a5 | 375 - (13
2/12/83 | 20,5-21|7,4 1o { soo} o0, 8,5| 37 | 455 -

snasy | -6 2.8 %9 | 2,5 8.2 312 | 0,5
6/12/83 | 22-26,5|7,5 367 | 0,7 8,3 468 | 0.1
9/12/83 |2,5-29,517,9 1.640 | n,5] &20] 8,1 40 | 0,3
12723783 | 24-28,5]8,% 2.620 | 1,5 8 1240 3

13/12/83 | 23,5-27]8.3 2.220| 0,8 8,2 1780 | 1.6 270
1w/v2/83 | 24-27 l8,3] 222 [r.780 | 0,1 8,2 61 h.oso -
15/12783 | 23-23,5(8,4 1.808 | 0,1f 225] s 998 | 0,2
19/12/83 | 15-25 |8 930 | 2,5 7,6 979

20/12/53 | 23-30 |7.8 956 | - 7.1 512

3/0v/86 | 25-24 {7,6 1.800 | 0,8 8,1 1600 | 2,5
4701784 | 23,5-28 860 ]2.580 | - 8,1} 200 | 760 | 0,5
s/01784 | 25-28,518,3 |1.000 [2.096 ; - 8,31 290 jo978 | 0,7
12/01/84 | 26-24 [7.,9 632 | - 7.9 S04 | 3,5
13/01/86 | 27-32,5|7,7 856 | 0,s] 210} 7.8] 456 -
31701766 } 24-25 17,91 136 ] sk0 | 1,0 7 20 | 405 | 0,7
2/02/8% | 25-25 |1,9 86| 950 | 4,5 7,6 80 | 970 | 0,2
3/02/84 | 26-28 17,61 206 | 86t - 7,6) 42 ] 360 0
9/02/8% | 24-28 |7,0| 385 |2.120 | 0,1 7,0] 100 |hso2 1,0
10/02/84 | 2%,5-34172,2 [2.250 |4.825 | 0,1 6,5( 320 p378 | 1,0
14/02/84 | 28-35 {7,2 3.682 | 0.5 7.7 1372 | 3.¢
15/02/82 | 27,5-33[{7,9 1 280 |1.506 | 1,0 7,8 150 11046 1,5
16/02/84 | 28-33 72,7 | 430 |1.305 | 3,5 8,0/ 8 {602 |o0.5
17/02/84 | 26,5-30]72,51 290} 711} - | 3e0| 7.8] 7 20 580
20/02/84 | 28-31,5}7,7 635 | 10 7,6 586 6
21/02/8% 7,5 1.457 4 7,5 568 | 0,5
22/02/84 | 30-33 |7,4 [1.000 |1.948 | 0,1 7,8 686 ! 0,1
23/02/84 | 30-30,5172,8 1 515 11.660 | 0,5 7,91 147 | 538 | o,
2470284 | 272-33 2,0 ] soo | 96 | - 7,71 250 | 280 |} 4,5
21/02/84 | 31-32 7.6 1.928 | 1,0

28702786 127,5-31,5|7,2 1.796 | 0,1 8,0 603 15
129/02/84 | 25-34 (6,7 v.h1 | % 7,9 376 | ¢,3

MED1A bb.e-za.l. ) 458 11.360%| 1,5) 343} 7,91 12 763 Iz,:. 257
VAL MAX. |31-37,% |6, | 2250 fo.B25 | 24 | 436]8,5) &5 u.nol 20 580
VAL MIK. |17-2: 7 86 | 297 | ¢ J nol 20 2! o 85

RENDIMENTO MEDIO ( DOQO ) 43,88

RENDIMENTO MZDIO ( DBO) 72,5 %

~ e~y

- - oo

. fosea

Nl =0 wrld

3
1, 5 k¢ DRCxdia/z" d¢ Tes:e30




3 DBO a’
i@m’n ne/)_

Nédia|200[1204 ]750 ;,7 [135%0

Curtume Bender Scimck /A | Mdx. 2400990 3,2 {17715

Min. 800|540 ¢,9 | 900

_ Méaia 4800} - 230 3,5 | -
IMBRAGEL Néx.
¥in.

Méaia| 00]2560{480 (8,0 3415

Curtume Leuck Hattes Mx, 54001735 9,8 |[s5250

. 1000j200 |7,12 |2240

) Méais| “50{3620{1500 ‘11,3 | 220

Cepuino (cola) Bix. s770{2300 11,9 | 425

2070} 820 9,5 70

Méa. | 9oo| 70| 380 6,7 | 125

Genuino (secgmo Acabamen-|Mix, |2)00| 860| 390 6,9 180

zo) { 640 6 | 90

Méaia| 20]|2240| 820 4,3 | 660

VBIASO Mix, 3600{1070 ' 7,0 | 890

1710| 580 ;3,2 460

méaia| 250| 730| 120 |6,1 | 450

Curtume Spengler uix, 1030| 120 | 71,2 590

Xin. s¢of 115 15,1 | 35

Méain| too0| 875| 250 |8,3 | 620

Curtume Relim S/A Mix, 1154 340 9,8 j1210

. uil._Jr 250! 150 %6J9 430

uéaial 70| 680] 30 !'6,4 | 200

Curtume bBergkan Edx. 820} 31 7,6 280

| ufn. siof 29 15,1 | 180

kéaial 200|1100| 300 {3,7 | 170

Curtume Kanrsth Ltda. Kdx. 1250f - 14,1 260

Min. 840f - 13,4 | 120

uézia] 700] 4800 28¢ Ro,3 |4590

Curtuze Rious /4 Edz. €300, - k1,¢ | 6820

Kkin. 3850 - lc,1 |3s00

-
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Os dados referem-se exclusivamente is amostras analisadas e
possuea cardter restrito ¢ especifico, podendo nao ae aplicarem a uma
populecac maior.

Assin, possiveis inferencias a partir destss dados correa /
por conta e risco de quem os utilizar,

0 Projeto SENAI/ONIDO mao se responsabiliza por danos e per-
das gque possam vir a resultar 40 emprego deste dados.

e
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K 23/02/8¢
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C., »issclvido zero zerc gerc cerc zcro zero
Bl 8,7 §,6 g,2 5,2 T8 8,4
Cloretos 994 674 174G 674 1350 320
>r 56L o74 2542 13C0 525 643
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NACOES UNIDAY
PAOGRAMA PARA C DESENVOLLVIMENTO

PLANTA PIiLOTO E DE DEMONSTRAGCAO PARA TRATAMENTO GLE EFLUENTES

DE CURTUME EM ESTANCIA VELHA (RS)

Autores: Equipe ¢o Projeto*

I - Resumg/Scumary

This peper briefiy outlines the orgarnisation and ojera-
tion of the pilot and demonstration plant for tennery effluent treatment

in Estancie Velha.

The plant amongst other activities curing the past 8

months has regularily preatised the catalytic oxication of sulphides to cco-

b

o

ta:.. iess thar 10 mg/l S and Ireate

2]

ter press tc obta:n cakes 3¢ some 30X cry solids.

Tc cate I secondary ticlogical systems have been crera-
ted anc mon:tcred - convernt.one) activated sludge (1) and coridation ditch

‘caricoussels (1) and aversge rcsults cver the peritod show average reduc-

£

tion ¢f of E£77 &rnd 511, tielding fine! discharyes of 23 mg’tl and

t
O
[4)

S ma’i EoU.b. well with in Derort. Moio Ambicnte of KUS Statec requ.twu-

ments

Este text: -sboca brevemente a organxzagéc e operagéo da planta pii.
t: pite o trataminto de «fluentes de curtume om Estancia Velha.

A piants entre witras adividades, durante os Cltimo: 6 TESeL, prii.s
Tepuiat et s ovidagar ..tailtica ¢ sulfetos para abter menos gue LU mEiL T e fras
Loic ri.Taric empregand. ux filtro pre i+ obter tortas de 30% de secos (solidos.

Ie.iseimenle, o ~i5ter Siolégies secundarics foran OLeie . oo D

. . - . P .
- lode ativac, Gnve! onG, .’ « .2.0 de& cxidagav fcarrtoussel! {11l ¢ a media

na dUrante o prilody moSULaT uT i iedagado medls de BOLE de E77 ¢ G177, proauiindo

s finais de 23 mpoL e 15 mp’: 5.0.L  adeguando-se as valgéncias ac Deport.a

30 ATLIERTe do RS,

s Projeto UNIDC US/EFA/ED/16E - Coorc.laternaci.nal (.7 A ):Dr Dovid Winter:, Con

denascr da Equipe do Assigténcia Tdrnica Intesracional: Dr.Ciuseppe Clonfero, - ard h,

rionel go orojeto: en, uir Jtecr Lo tans ten Lo Luppentho,

1is primary siudges employing o £:1-




11 - lactrodugac

Ewm 198l ¢ gcvernc lederal brasileiroc assineu ux acsrdo com
sz Nagoes Unidas (UNU) fara 3 impla.i.¢4o de una planta piloio e cde demons-
tragao para o tratamento de efluentes de curtuse. O projeto seria instala-
¢e na Escola de Curtimentc "SENAI" em Estancia Velha e a execucac tecmica
co projeto serra conduzida pcla Organizacao das Nacoes Unidas para o Desen-
veivimente Incustrial (OMD'l1: Este prejeto deveria meélhorar e cemplementar
a €stacac primar:s de traracentc fisicec quimice existente na i ccla de Cur-
timentc com ums seérie de sistemas de tratamenic secundario biclogicc: alter-
nativos. Durante o 3ano de 1982 as obras civis :orac completacas e os equi-
pamentos f{estranpei..s € nacionais) instalados Tor consideragGes praticas
s U.X.1.D.G. subcontratov a maior parte ¢2 ass:stincla técnica internacio-
ral a uma equipe italianz Jcm experi€ncia Neste SCI10Y, QUE COmECOU Suds G-

peracoes em fevereirc de 1685,

Neste momenic a planta encontra-se 1001 operaciceal, mas
sad2c a5 limitagoes de recursos humpenos julgcu-se conveniente concentrar
is atividades correntes ra padronizacao do sistema primaric ou fisico qui-
zicc seguido da operacao em paralelc de dols s:stemas de tratamento biolo-
gicc ou secundaric. Esta operacac durance & meses fol Intensamente contro-
Tadz € menitoradas e alguns dos dadce ctridos bem como as eficiéncias veri-

ticadas sac fornecidas abaixo
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111 - A Estacdo -~ Swa Capacidade ¢ Natureza

A - Fonte dos Efll.it‘l

O conceito basito era de que s planta piloto deveria tra-
tar os efluentes d» Escola de C rtimencto. Porém, dados os volumes de des-
cargs relativamense pequenos ¢ . saszonalidade desta fonte, decidivu-se com
plementar o volume necessario bombeando efiuentes de us curtume local (Cur-
tume Leuck, Msttes S.A.) através de uma tubulacgao especislmente instalada

assegurando a disponidbilidade 2e¢ 30 m?/dis.

3 - Estrategia Cerasl

Apesar da equipe brasileirs e da U.X.1.D.0O. texr se preocu-
pado em assegurar que apends 4 sistemas de tratamento secundario fosscm
1nstalados inicis mente, a planta piloto pode ser adaptada para outros pos-
siveis sistemas ¢ tratsmento secundirio sendo que os equipamentos insta-
lados podem ser f cilmente intercambiados. Assim, em um de nossos tanques
de homogeneizacao a sedimentacio foi evitada usando um grande agitador, -
pos um asgitador flutuante, apos um sersdor submerso e finalmente sr inje-

tasdo por uma rede de difusores de ceramics sinterizada.

C - A Estagao

0 layout esquematico da planta piloto pode ser visto no
anexo 1. Os psrametros de projeto empregados se supunhs que o DBO5 dc e~
fluente seria inic.almente cerca de 2000 mg/) e seria reduzido para cerca
de 500 mg/1 de DBOS ap6s o tratamento fisico quimico. Previu-se, assim,

ums cargs diaris de 25 kg de LBO.

1 - Tratamento Primario

A unidade instalada & baseuda em ur tanque de equalizacao
(homogeneizacdo) que com um volume para retencao por 2« do 1ntluente do
qua! um fluxo controlado e passado por um asjuste de pH, tanques de flocu-

lacao e congullcio e conduzido para um tanque de sedimcentacao wertical pa

drac

2 - Tratamento Secundario

} planta 1nstalads foi dimensionads psrs permitir gue cad
unidade d¢ tratarento secundatio fosse capaz de Cratar cerca de 507 do in
fluente diario ¢ nforme os pataimet:o0s do projeto de formas que 35 dimensoe

dss unidades de tratamento secundi io s$a0:
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i A

a) Filtro de percolagao

Diametro: ém; altura util: 1,5m; volume: 19m? de reche-

[ S WY —

W BT A 4T

io. A unidade ¢ dividida em 2 metades, uma recheads com pedra britada, fra-

ca30 retida em penecira nC 2 e passada por peneira n? 3 ¢ 3 outra recheada

R RN
|

sdiaf

i cox anels de polipropilens, tipo PALL. Esta unidade trata 0,3 kg I\BO5

£’ (pedras) e 1,0 kg Dhnjldln’ nos anéis plasticos.

L) Valo de Oxidaczo (Carroussel)

Ra forma de um anel alongado (ovaloide) com seccao se-
mitrapezoidal com um volume util de 60w’ permitindo uma alimentacao de 0,2 ’
kg DBO/m?/dia, isto €, tempo de reducac de 2,5 dias. Foi instalado um ro-

tor cox 0,7m x 0,7‘ cox um wmotcor de 3,0HF.

¢) Lode Ativadc (Alta carga)

Cons:ituido por um tamgue de &m x 1,85 x 3¢ de prafun-

éidade, :ste e, 22a? permitindc 0,56k DBC/m?/dia ov seja, um dis de re-

tencac

d) Lagoa Aerada

Uma lagoas aerads com 22m x 12m x ),5m com vclume atil

de 300z’ , com uma carga de 0,04 kg/m>/dia com retencao de 12 a 1% dias.f

nperads por 2 aeradores flutuantes de¢ 1 ,5SHP cada.
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IV - 0 Projeto U.K.1.D.O. - US/BRA/BO/166

Apos um primeiro periodo dedicado a implantacao da esta-
¢&0 piloto e aos testes pre-operaciomsis, foi iniciada ex marco de 1583 a
parte experimental do programa que compreende uma série de provas de tra-

tamento que serac concluidas em wmaio de 1984,

Estas provas visar o emprcgo da malor parte decs sistemas
d¢ tratamentu de agua de descarga, sejs ¢ emprego de sistemas mecanicos,
fisice-guimicos ou os biologicos ¢ suas Jiferentes combinagoes, de mode &

tormar ur quadro bastante amplc de alternativas possivels.

Com base ne« analise c¢os resultadas obtidos, € possivel
tazer-se & seguir uma definicdo dos sistemas de (ratamentc que Sao prati-

cavels, d¢ uUm pcnto dé vists economico € técnico, dentro de um contextc

tascado na realidade brasileira.

No momento algumas provas podem ser consideradas como )i
concluidas ¢ pcr outrc lado ¢ numero de testes ja executados sao sufici-

entes para permitir as primeiras consideracoes gerais.

Seguindo um esquema logico, podemos avalisr os resulta-
6cs do tratamentc pricario bsseadc em 82 dias de amalise diaria de trata-
zento util. O tracamento primaric compreende penerramento, homogeneiza-
30 ¢ 30 mesmo texmpe oxidagao ¢¢ sulfetos, coagulagac e floculacso, seds-
mentacgao pricar:s e tratamento de lodo. O: resultados cbtidos podem ser

resumidos ReS SEEuUintes Pponkos:

a) A Oxidacao catalitica de sulfetos com & adigdo de 20mg/1 de sulfaro
de manganés no tanque de homogeneizacao levou, na sajda do decanctador pri-
®ario a uma concentracao de sulfetos inferior a 10 mg/l, sendo possivel,

+e desejade, a completa eliminacidc desta substancia.

b) A adi¢do de 400 mg/1 de sulfato de aluminio ¢ de 0,5 mg/]l de um poli-
eletrélito sintetico permitiv a eliminggao de 74,51 do DQ0 ns entrada da
estagao. O DBO na saida do decantador primaric se situa geralmente em tor-
no de 180 mg/l. Um valor muito baixo de DBO, e¢xistindo um tratamento se-
cundario posterior leva 8 um abatimento médio devido ao Lratamento fisi-
co quimigo excessivo, raziq pela qual se tensiona reduzir a quantidade de
floculante usado sLé & alimentacgao no sistoma bioldgico da agus residual

spenss com o pH corrigido e sedimentacao primaris.

p— = _

s
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¢) A filtracac diveta do lodo no filtro premsa apresentou resultados nao
satisfatorios, enquanto que um condicionamento com dkg/m? de cal permitiu ums filtracao
normal com uw torta contendo cerca de 301 de material seco e velocidade
de filtracao de aproximadamente 40 1/m?/h.

Passamos agors a considerar o tratamento secundario. v
Apesar de tcdos os sistemas implantados se enconirarem em situacao opera-
cionai, podemos no momento fazer consideragoes tao somente sobre o siste-
ma de lodo ativado ¢ o valo d¢ oxidacaa (carroussel). Nestes casos entramos
no campo da"aeracso prolongada”, onde no tratamento de efluentes de curtu-
=c z guantidedc de MLSS se¢ situa entre 1500-2500 mg/l. No sistema tradicie
nal de lodo ativado o tanque de oxigenacao ¢ comnstituidc por um tanque Ce
seccao quadrada e um aerador flutuvante fornece a agitacao e oxigénio neces
sarios ao processo. O liquido passa por um decsntador onde o lode ¢ separa
do no fundo e rerornade pars o tanque de oxigcnacio e a agua ja clarifica-
ds passa para o tratamento seguinte. Os resultados referentes as analises
efetuadas diariamente durante 52 dias de"tratamento util” mostram um abati
mento de 56X do DQO e B7 I do DBOg com um valor meédic na saida do decant:
dor secundario de 23 mg/l.

0 valo de oxidagao, constituido essencialmente de um
tanque de oxidacao anelar slongado com secao de perfil especifico, recebe
s oxigenacao e agitacaoc necessarias de uma"molinets” rotante gue slém de /
manter o lodo ativo em suspensac permite ainda 3 transferéncia ¢c oxigenic
do ar para a fase liquida. Como no lodo ativado, um decantador vertical s€
para a agua do lodo ativo que retorna pzra o sistema. Também ncste casc os
resultados atée agora obtidos sao mais que satisfatorios. Analises diarias
efetvadas ao longo de 80 dias de trscamento util mostramw 8 evidencia de wmma
eliminacao de DQO de ordem de 52% ¢ de DBO de 915 com um valor medio na sai
da do decantador secundario de 15 mg/l.

Em ambos os casos, valo de oxidagac e lodc ativsdo, o
valor do DBO ¢ significativamente inferiosr aos 60 mg/l requeridos pelo DPe-
partamento do Meio Ambiente do Rio Grande do Sul sendo que os demais pari

metros como oleos ¢ graxas, sulfetos, cromo, etc sao amplamente satisfato-

rios.

X . : T O S T S T R S SRS
- o————




bt g ey ey ey ) ey ey e EY D D Y D D B BN

P

ppm—

-~ 149 -

V-ATIVIDADES FUTURAS

-Agora que o projeto esta completamente implantado e 100 2

cperacional, & proposta ums rapida expsnsic, em particular:

a)Planta Piloto

Rum futuro imediato € proposta a expansac ¢ trocs dos tipos
de tratamente secundario em operacac ¢ demonstracao. Em particular a opera-
cac de sistemas de tratamento secundario bioloegico incluindo o tratamento
pc: lodo ativado em batelada ¢ outros a serem realizados cos um minimo vu
nerhus tratamento pPrimario para aproximar-se wais da possivel situvagsc dos

curtumes brasileiros.

b)Servico de Estencao

Com o reforco de e°ngemharia da contraparte brasileira do
prcleto a ser efetivado imediatamente, serao incrementadas as atividades de
extensaoc ¢ 2SSISLENCia COm Servigos teécnicos a curtumes interessados bem co
2¢ projeristas que atuam meste Campo ¢ espera-se exercer e contribuir com u
t; posigac relevante ns pretendida estaciao centralizads de tratamento de e-

fluentes (municipio~curtumes) ew Estancia Velha.

c)Disseminagao de Informacgoes

Eov adigac acs servi.¢os de¢ eXtensaoc ¢ pPropesta uma intensa e
efetiva transferencia de recrnolcpgia O projeto propdoec a reailzagao de uvms
open veek”, uma espécie du seminiric com explamacces ¢ demonstracoes celar:
vas 30 tratamento de efluentes de curtume. Este evento seria reaixizado de
16 2 23 de marce de 1984. M: preparacao € execugzo do prograna desta "sems
na asberta” o projetc conta & ativa cclaboracdc de institvigoes técnicas bra

s1leiras irtervssadas, em particular 2 assishencia e sunorte da ABQTIC
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TRATAMENTOS BIOLOGICOS PARA EFLUENTES DE CURTUMES XA AMERICA DO SUL
COMPARACAO DAS WARIAS TECNICAS ALTERNATIVAS - 12 PARTE

Este trabalho faz parte de uma pesquisa destinads a vevificar experimentalmente

os rendimentos obteniveis com varias técnicas de tratamento biologico.

Estao sendo confrontados e reportados os resiltados obtidos, focalizando as van
tagens ¢ desvantagens de cada ur dos diferentes processos empregados ¥ testados
nz Planta Piloto para Tratamento de Efluentes de Curtumes da Escota de Turtimen
to SENAI em Estancia Velha.

A Planta Piloto que trata S50m® de efluente/dia dis;o: de :'e‘qssibil idade de r=a-
lizar varios testes com processos biologicos em paralelo. Nesta primeira parte

3erao examinados 0s Processos.

1. Aeragao Prolongada

2. todos Ativados

55 condigoes operativas dos testes est3o descritos rz tabela atsizo: -

Aeracdo Proloncada Lodo “Ativide
M VSS(mg/L) 2100 3cer
0.0. (mg/f) 2 i
Tempo Retencao(h) 50 a k0 g &'
Pot.Instalada(w/m3) ] 58 :
SVl 8¢ 126

(indice volumetrico do lodo}

Carga Volumétrica 0.2 - 1.0

(Kg DBO/m3.dia)

Carga Organica 0,08 G,3¢

(kg 0DBO/Kg MLVSS.d ia)

pH 7878 78 1.5-
Temperatura(oC) 15 a 28 16 a2 (¢

Estes tipos de tratamento foram conduzidos om riversas condigoes OPCrat ivas €
todas as técnicas utilizadas demonstraram um ~lto nivel de eficiencis. com re-

dugdo percentual total acims de 80% de DBOg de ingresto.

Nac foram constatados quaisquer problemas operacionais graves de mudo que 1510
sugere & aplicabilidade destes sistemas nas condigoes sulamericanas, dependenoo
3 escolha final da alternativa mais apropriada do estudo particular de cade ca

0.

No sentido de completar esta pesquisa testes estao sendo efetuados com  outros
sistemas como Filtros Biologicos e Lagoas (Aerada e Facultativa), no entanto os

resultados deste trabalhe scrdo objeto de va proxi-a publicagde.
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