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SUMMARY 

This report contains a description of the most significant 

activity undertaken in accordance with UNIDO Contract N° 

85/48/MK carried out during a nine months' period from July 

'85 to December '86. Our Team worked in close collaboration 

with Mr. David WINTERS (*), UNIDO Chief Technical Adviser, 
• 

and with the Servi~io Nacional de Aprendizagem Industrial 

(SENA!) R. S., as Co•mterpart. 

The activity and the results of the first phase of the Project 

are described in our Final Report, dated July 1984, and are 

briefly summ3rized in paragraph 1 of this paper together with 

the causes that have induced UNIDO to extend the Project and 

the Republic of Italy to provide the necessary funds. 

The first phase was characteri~ed by the following activities: 

- experimental tests in the ~ilot plant at Estancia Velha 

R.S. and demonstration, under local conditions, of the 

effectiveness of the different treatment units and equip-

ment ; 

training in tannery wastes treatment of the Brazilian 

personnel of the Project and other techn~cians belonging 

to State Er ·ironmental Institutes, Tann~ries and Consul-

tin~-Engineering Companies; 

- dissemination of tannery effluents treatment techniques 

and Pilot plant results; 

- assistance, generally consisting in design and modifica-

tion of primary treatments, tc t~nneries principally lo-

cated in Rio Grande do Sul. 

The second phase, to which this reporti~ related, has been 

characteri~ed by: 

- a maspive deffiand for technicdl assistance in effluents 

treatment projects from tanneries located throughout in 



Brazil 

an increase of ~he extension also to secondary treatment 

projects; 

- a more active parti~ipation of the Brazilian Project Team 

in preparation of projects: the activity of the foreign 

experts was limited to designing outlines and "cleaning" 

the prepared projects; 

a limitation of the Project Staff activity in the pilot 

plant to day by day survey of a plant that operated more 

for demonstration than for experiments; training activity 

was limited to the new units (ultrafiltration and flota-

tior. tests; 

- a series of theoreticai-practical courses probing secon­

dary treatments and solid waste ii~~·~sal in tanning. 

The predominant activity of tl1is second phase was clearly 

the assistance to Brazilian tanneries. The results were 

superior to expectations as to create some difficulties: 

the tanneries' requests for assistance have almost oustrip-

ped the availability ~f Project Personnel. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

The Brazil map reproduced on pag. 3 illustrates the tanne- I 
ries for which the Project has furnished technical a~si-

stance and gives an idea of the quantity of work accomplished. I 
More than one hund~e1 factories were visited and investiga-

ted, and close to 7: outlines of effluents-treatment projects I 
or project modifications prepared. Near 30 of these outlines 

have ~ince been drawn iP detail by the Brazilian Team, and I 
about 10 are in course 0f preparation. 

I 
(•) During the prepara·;ion of this report we learned of 

the uPtimcly death of Mr. David WINTERS whose guidance I 
in this work was raramount to the f'roject's success. 

I 
I 
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1. BACKGROUND INFORRATION AND CONTRACTUAL DUTIES ---------------------------------------------

The original Project drawn up in 1979 was formalized in 

October 1981. It come to an end in March 1985, when the 

donor's (the Republic of Italy) funds were used up. 

At the time it was recognized that, despite some initial 

difficulties, the Project had achieved its main goals: 

- the installation of a pilot demonstrative plant for 

tannery effluents at Estancia Velha where a relevant 

part of the Brazilian tannery industry is located and a 

SENA! Schoool which trains tannery technicians from through-

out Latin America exis~s. This pilot plant, unique in the 
3 

leather sector, is capable of treating up to 100 m /day 

of tannery effluents and includes a primary treatment 

system, four parallel alternative biologic treatment units 

and two sludge dewatering systems. The plant facilities 

also include environmental processes such as chrome reco-

very and lime baths recycling. Many of the conve~tional 

treatments were tested and evaluated ~nder local condi-

tions. It was shown that all t.he system adopted in the 

pilot plant, under correct design and 0o~rating parameters, 

can reduce the level of tannery pollu~ents and so are to 

be recommended to tanners. The Project's philosophy was 

never ~o i~pose nn Brazil treatments usad in Europe or 

in other developed countries, but to offer the industria-

lists and the ~ocal authorities a wide choice of 3lterna-

tives tested under local conditions. 

- The labo~atory and the equipment of the Schnol were am-

plif~ed in order that all relevant effluents and s0lid 

wastes might be analysed. 

- The Project Personnel served effectively as liaso~ between 
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local dUthorities (especially in R.S.) and tanners. 

- The Project became a centre of knowledge and e~pertise 

which could offer technical services to the tcnnery in­

dustry in orazil and the entire Latin American region and 

could train personnel to introduce better environmental 

processes, treatment and control of tannery wastes. 

- The SENA! Team (8 persons), fully trained in tannery 

effluents treatment, was available for extension and dis­

semination services. 

- A large number of tanneries were visited by the Project 

Staff, who prepared detailed modification and/or implemen­

tation projects. 

- Efforts had been spent in spreading pilot plant results. 

This activity was crowned by an "open week" at Estancia 

Velha in March 1984. About 130 part~cipants {tannery in­

dustrialists and ~echnicians, environmental authorities, 

consulting engineers) attended the meeting and heard over 

20 lectures on tannery efflueGts and solid wastes treat­

ment. 

However, in order that the !or.al tannery industry reap be­

nefit from these results, the Project's activity in the ex­

tension service area must cnntinue. The original Project 

had been designed in accordance with sectorial requirements 

(1979 D.M.A. regulations for waste water discharge in the 

State of R.S.) and subsequent!~ other Brazilian States had 

prepared their own regulat~ons. 

Under such circumstances the need was felt for further ac­

tivities princioally in those States where a significant 

number of tanneries exists. Furthermore, the tanners'delay 

of implementation of pri~ary treatment plants limited the 

ac\ivit/ in the secondary trc;.tments (a secondary trcalme~t 
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I 
cannot be dimensioned or installeJ witho~t a reasooably I operative primary one). 

Since it was evident that the Brazilian Staff would soon I 
be subjected to a vast amount of work and responsability 

the assi~tance and the presence in field of foreign experts I 
for an additional minimal period of 9 months would be requi-

red. I 
For these reasons UNIDO decided an extension (2nd phase) 

of the original Project, and the necessary funds were again I 
provided by the Italian Government. 

The Studio Tecnico Dr. Giuseppe CLONFERO, Florence, whose I 
expertise in tannery effluents treatment had a relevant 

part in the success of the first phase of the Project, was I 
sub-contracted by UNIDO on 5 June 198S to provide the tech-

nical assistance and support to this second phase. I 
1.2 Contractual duties I 

The contractual duties are reported in term of reference 

in Annex I. I 
The Sxpert Team provided 10.5 man/month work (9m/m in field 

and 1.5 m/m at home base) spread over 17 months ca. I 
The personnel assigned to the Project w~re as follow: 

- Mr. Giuseppe CLONFERO Chemist (Team Leader) I 
- Mr. Piero NINI " 

- Mr. Giovanni FRANC! ~~ologist I 
- Mr. Manuele BACCHI Biologist 

I 
The Studio has submitted to UNID0, before this Final Repo~t, I 
the reports listed below: 

- Flash Report July 198~; I 
- First Progress Report March 

I 
I 
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- Second Progress Report 

- Third Progress Report 

- Draft Final Report 

- ., -

June 

July 

January 

----------0----------

1986; 

1986; 

1987. 
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2. PH.OT PLANT I 

During this second phase, the pilot plant was f~lly opera- I 
tive even if more for training and demonstration than for new 

experiments. The layout of the pilot plant is shown in fig. 1; I 
for the characteristics of the equipment installed and treat-

ment units see our first phase Final Report dated July '84. I 
The treatment stations used during this period were the fol-

lowing: 

Stations Utilization 

---------------------------------------------------------
- primary treatment 

- secondary treatment: 

. oxidation ditch 

. conventional activated sludge 

areateCI lagoon 

- sludge treatment: 

• thickening and filter press 

• sand drying beds 

- chrome recovery from spent 
tanning baths and sulphide 
removal and proteins preci­
pitation from spent unhairing 

baths 

- ultrafiltration and flotation 

units 

continuous 

continuous 

continuous 

concinuous 

periodically for 
demonstrative tests 

continuous 

periodically for 
demonstrative tests 

periodically for test 
activity and/or demon­
strative and training 

purposes 

The pilot plant's everyday activities were controlled and 

monitored hy all members of Brazilian Staff on rotation. 

The main operative performances of the various station and 

th~ mean analytical rcsul'.s ar~ reported in the fallowin~ 

t.able:>. 
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a) Daily volume of waste -ter pumped from the external tannery and 

treated in the pilot plant: 90 + 105 113/day 

- feeding pump cape.city • 13 113/h 

- pumping tiae • 7 + 8 h /day 

b) Primary treatcier.t 

- screening: (brushed selt--cleanine; type) 

• holes • f 1.6 mm 

• flow • 1; 113/h 

- homogenei%ation and sulphide oxidation: 

two tanks each of 50 113 (two ?"Otary blowers and diffusers): 

• total air supplied • 300 Hm3 /h 

• total installed power • 6 kV 

• specific power • 60 V/a; ca 

quantity of catalyst (MnS04 ) added • 20 mg/l • i.e. 2 lcg/dFy as hn++ 

• mean retention time • 25 h 

- lifting PU5!: 

• flow • 4 + 5 m;/h 

• pumping time • 20 + 24 h /day 

- EH control Wlit: no addiDg o! cheai~ 

- flocculation: 

• one 1,000 litres tank 

• stirring device • 0.7 kW 

retention time • 10 + 15 min 

- ~~!!?1.-§:!!!E!!!!~ dosin!~: 

• one 1,000 litres tank 

• stirring device • 0.7 kV 

• dosing pump • 0.2 kV 

dosed quantity • 200 + 300 mg/l , i.e. 20 + 30 k~day of commercial 
product 

- ~~!Y!!!~!~!!!!-~~!!!:S_!!!!!!: 

• one 200 litres trnk 

• stirrin~ device • O.YJ kV 

• dos1n~ pump • 0.2 kW 

dosed quantity • 0.5 + 1 m~l , i.e. 50 + 100 ~r/day (anionic powder) 

- E£!~!!2-!!~!!!~!!!!~~: 
• one vertical sedimentation tank • ~ 2 m ca. (cone 60°) , 

volume • 8 m3, retention time • 1.6 + 2 h 

• sludr,es removal pump (helicoidal pump) ' flow • 6 m;/h , power • 0.55 kW . 

I 
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c) Secondarv treat•ents 

1. Oxidation ditch 

• influent !lov • 1.5 + 2 •3/h (24b/dQ) 

• tank volwae • 60 •3 ca 

• retention time • 30 + 40 h 

• organic loadinv; • 25 + ?'-0 kg BOD5/da1 ca 

• volumetric loaQUl(I; • 0.4 + 0.5 kg BOD5;a3 per da1 

• F/H ratio • 0.10 + 0.14 kg BOD5/kg "1SS per da1 

• rotor oxygen transfer capacity • 2.2 kg O;lh 

• MUiS • 3,500 mg/l. ca 

• OD_ • 2 + 4 mg 02'1 ca 

• total installed power • 2.2 kV 

- secondary sedimentation (oxidation ditch): 

• verticai sedimentation tsnk: J 1.!\6 m 1 volume • 4.2 E3 1 

retention time • 2.1 + 2.8 h 

2. Conventional activated slwlre 

• influent flov • 1 •3/h (24 b/day) 

• tank volume • 19 •3 

• retention time • 19 h. 

• organic loadinr; • 15 + 17 kg BOD5/da1 

• volumetric loading • 0.7 + 0.9 kg IIOD5/m3 per day 

• F/M ratio • 0.24 + 0.28 kg BOD5/ l[g MISS per day 

• MI.SS • 3,200 111(1;/l ca 

• blower with diffusers: air !low • 80 Nm3/h 

• max.oxygen transfer capacity • 2.0 kg o2/h {1~ or efficiency adopted) 

• OD • 0.2 + 2.2 mg 02'1 ca 

• total installed power • 3!0 kW 

- ~~!:.!_!!~.!!!!!!!!~~ (conventional activated sludge) 

• vertical sedimentstion tank: • 1.2 m , volume • 3.2 m3 

retention time • 3.2 h 

3. Aerated lagoon 

• influent flow • 1 m3/h {24 h/day) 

• tank volume • 215 m3 

• retention time • 9 days ra 

• organic loading • 15 + 17 kg BOD5/day 

• volumetric loading • 0.07 + 0.08 kg BOD
5
;m3 per day 

• specific installed power (floating serator) • 3.5 W/m3 
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PILOT PLANT: laboratory analysis (average data) 
July Equali:ati"" • Pri-ry OzidDtiOll ConT.:ntlor.al 19f~5 tant trt•t-nt Laf:- ditch actiw•t.,d "l...tr.e 
Aut~ust 1t(fl.ent .,rn...,nt arrlucnt ern-nt e1fl...,nt 

pll e..o ?.9 7.7 ?.6 ?.2 

I 
I 

Sulphid1t, -r./l TRACES ABSE?l'l' ABSEN'l' ABSE?f'l.' A!t:>Et.'T 

Cbr.:.wiua. 
(Crllll 

srft I 
Chloride, mg/l 3,8..."6 4, 109 3,4?9 3,621 3,Cfoo 

Suspauled 
Sol ids - rt«/l 320 951 ?50 I 
S.,ttl1tabl1t 106 4.2 43 0.6 C'.2 Solids. al/l 

c.o.D., 111"./l 4,581 2,562 ?63 449 1,422 I 
B.O.D., ag/l 2,425 1,006 97 91 315 

I 
September Equalbation Praary Lat';oon Oxidation ..:onv~uc :...,r~.i 1 

1985 tank t~ac.ent ditch ;lCtivatea ~l\14;.'~ 
October 1tfClu..nt errluent effluent c!Cluent C'ffl\;~;it 

I 
pH 8.0 ?.6 ?.6 ?.? ?.5 I 
Sulphide, •/l ~RACES A.BSEH'l' AllSEN'r ilSEH'l' ABSElt""T 

Chromiua. "l'"/l 42.60 5,05 0.?5 0.50 (CrHil I 
Chloride, 1111"11 3,22? 3,251 3,9?4 3,904 3,250 

Suspended 2.'?53 535 264 234 ?8 
.::Oltd"· :111"/l I 
Scttlcable 13? 9.e 3.6 6.3 1.0 
Solid~- •Ill 

C.O.!i., •;'"./l 5.~2 1,26? 453 '011 515 
.... 

1'.0.!l., "'l"./l 1, 938 ?53 ?8 39 154 I 
I 

-.-
November 1985 £qualiHtion Pri .. ry :C...:oon Oxidation ...!onvcn~ianal 

tank treatment ditch :ivat~d ::lud&:~ December ernuent effluent effluent etrlw,nt ertluenc 
I 

pH ?.8 ?-5 ?.8 ?.3 ?.'+ 

Zulphide, 11g/l TRACES ABSENT ABSENT ABSEll'l' Al!SE!IT I 
Chromiwo, air;/l 11.a 1.5? 0.14 0.?2 0.?2 
(CrIIJ) 

Chloride, l'f'./l ;,721 ;,8?1 3,54? ;,611 4,001 I 
Suspended 2,053 380 548 290 }00 
r,"1 ;r1, -.·/l 

Settleoblo ff~ 1.; 2.6 2.1 :>.~ 
Coluts al/l 

I 
c.o.:>., .. r:/1 ~,A?.f1 1,61? 541 }t>O 4fa.~ 

n.o.D., Olr:/l :!, 1}? ?~7 100 2'1 10~ I 
I 
I 
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Januar.:~ £quali:ati0ft 1'1-i-r:-
i:..::-

Oxusat ion Conw~nt l011Al 
1•1tl6 tanlt treat.mf'nt di.tch act.tw•tl!'d slua!t:c 

i'ebrua~ .,rn ...... t .. rn .... nt err1-nt RfCl...,nt .,rn,,.,nt 

pH 7.7 ., " 6.? ?.1 1 •• 
'-~ •I 

. 
::i11lpllid ... -r./l TRAC~ A!lSEN'r AllSEliT .i\h!ir:il'l' .n.~Er!'l' 

ChroaiWI.. ~ 1.f\il 0.88 4.37 0.53 
lCrIIIl 

Chloride, •ft 3.U60 ;5,423 3,406 2,753 3,'>56 

Sus.,.nded 2,104 516.5 90 Solids -=fl 

SettlHble 46 0.6 0.4 2 3-3 Solids al/1 

c.o.u .• "r"..fl 2,614 1,589 745 621 ~ 

B.O.D., llg/l 910 603 27-7 21.8 165 

fiarch EqualizatiOCl I Pri.99.ry I.agooa 
OxidatiOCl t:onv1?ntional 

1986 tant: treat_,.t ditch ~tiwated ~lucl;c 
April .. rnuent eCCluent eCCluent .. rn-.nt r.fil~nc 

pH 8.2 7-7 7.4 7.1 7-5 

5ulphide. 111:/l TRACES .lBSEll'r .lBSE1IT ABSENT ABSE:.'l'r 

Chro~tum • 
.-c .. rrrl 

_./1 8.6 1.02 

cr.loride., '¥./1 2,209 3,28.? 3.~ 2,961 3,5..0 

sus,...ndecl 600 750 3'+2 
:i:olicl:. ..-/1 

Settl .. abl'" 100 3.? 1.2 7.8 2.c; :>.oh<to: 111/l 

c.o.!> •• 1111"./l 3,027 1,306 11-85 i 331 495 

l!.C.!l. • ...-Jl 1,2A1 ?03 19 13"'! ~S'.:' 

l':ay 1906 Eq11Blization Pri•ry Lar;oon Oxidation Conventional 
tan Ir treat•nt di tell octivated sladi~ June .. rn11ent .. rn .... nt ern .... nt ern .... nt drl,...nt 

pH 6.3 e.o 8.0 ?.3 7.o 

s .. 1phide, ..,,,1 TRACES Ail.SENT ABSENT ABSENT .t\!:ISE:IT 

Chro01!U11, 
(CrIJil 

•r/l 

Chloride, •r:/l 3,fl43 3,518 2,357 2,160 2,ot:.O 
·-

Suspended 550 336 2 .. 2 
!;i'l td:!I •dl 

Settleal'lle 100 1}.4 2.6 1.5 1. C) ......r:· tds 111/l 

C.O.!l., •r:/1 4, 111\ 1,~ 290 34} 571 

11.0.D., Bf"/l 1, ~14 t>54 60 9'• ~-~ 
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.Tuly 
1"ho 

i.11•.u.li1aLi~n rr1car:r 
i.,.-

Oxidation ..:or.'l:'Cnt.t'11lC.l 
t ..... trtL<t-nt ditch actiw3tc:d slllllee 

ri.U{U!)t ern ...... t crri-nt errl-lll erc1...-.. t "11 luent 

I 
rH ti ., 

I 
e c .. • 7.9 7 .F. 7-1 I 

:iulphide, ..-.Ji 'l'Hl~ES AMEJIT ABSi:llT AllSElt'l' A~ 

~~\'"" mog/l 24.80 2.13 0.60 I o.·N O.tiu I 
Chloride, •.fl 4, 1'16 3,572 2,97/ ;,}45 '>,078 

Susl'""led 
Solids .:/). 

2,700 '?35 16-1 160 ;29 I 
Setcleable 146 4.e 0.8 3-2 1. c: 
Solids al/I 

C.O.D., arJl 4,178 1,965 490 c86 673 

8.0.D., ~ 2,02'1 801 60 45 199 
I 
I 

September Equalization Pri-ry I.aft-
Oxidation ~or.Y.?r.t1"'r..al 

1986 Lani< tnat..-n~ errluellt ditch ac~iv•cea. slud~~ 

October .. rn .... nt efrlllf'llt err1 .... nt ,..fflut"nt. I 
pl! 7.9 7-5 7.1 6.9 

Sulphide. mr:/l 'rRACES ABSENT .lBSEll'l' ABSDIT I 
Chrooiua, 111"/l 
(Cr-III) 

~Aloride, mr.11 4,}06 4,478 4,8~ 4,833 I 
SUSP"nd~ 3.400 660 280 140 
Solid:;. mr/l 

Se:tle;ohle 43 0.?5 AllSENT ABSEH'l' 
~ol 1,ts .. ~11 

I 
C.O.?:i., r~/l 4, 155 1, 1'70 890 535 

il.O.:l., "'f'/l 1,5'.!0 660 207 160 I 
I 

llove:1ber 
1~ Equalization J'riaa<7 Lap;oon Oxi.Sation Conventional 

tank creataent ditch activated sludrc Decea:ber errluent er fluent effluent efrluent ernu .. nt I 
pll f\.O ?.2 6.9 ?.1 

Sulphide, a,:/l TRACF.S AflSENT ABSENT AllSE1'T I 
Chroaiwa, •dl O.t.4 
(C:i-III) 

Chlorld•, '"!".fl 3,630 3,72? I 
!"'.11::.p,.nfied 2,f.?O f.23 ?OO 3~,o 
:;ohd:s Sl"./1 

Settlcat,le f;) An:;Effl' Al\,<;Effl' 0.6 
~.nlul~ •l/l I 
c:.C>.O. • ~/1 ~.K'~ 1,0(,6 %1 I '•9~ 

1\.0.~ •• llf"/l ;> ,1 ",v ~;..o 6'.) 1~ I 
I 
I 
I 
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In this second phase the pilot plant was endowed with t~o 

new facilities: the ultrafiltration and the flotation units. 

The choice, made by the U~IDO C.T.A., of these processes 

to complete the demonstrative and experimental possibili-

ties of the pilot plant was, in our opinion, fully justi-

fied. 

Even if these techniques appear rather sophisticated for 

the tanning industry, they represent neverthless two treat-

ment alternatives which a demonstrative plant, especially 

on~ located in a tannery school, must have. 

Before starting practical tests, it was deemed necessary 

to give some lessons on the theoretical aspects of ult~a-

filtration and flotation. Short summaries of the treated 

topics are reported in Annexes II and III. 

f!!~!-~~~££!~!!~~ 

a. Ultrafiltration unit (see fig. 2) 

The ultrafiltration unit is constituted by: 

- n. 16 (8+8) tubular membranes; 

- n. 1 centrifugal pump: flow 16 m
3
/h, max. working pres-

sure 4 bars; 

- n. 1 holding tank with level control (capacity 100 l); 

- n. 1 temperature control; 

- n. 2 manometers (inlet and outlet pressure); 

- n. 1 permeate flow meter. 

2 
The unit can work with 16 tubes (filtering surface 1.6 m ) 

2 
or 8 tubes (filtering surface 0.8 m ) by means of a series 

of valves. 

The membranes (Abcor type HFM 251 FEO) are arranged in 

tubular modules; thiG arrangement ha~ given the be~t re-
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I 
sults in the treatment of spent unhairing baths and in I 
general of waters with high content of suspe~ded solids. 

A cut-away view of a tubular module is presented in fig. 3. I 

'-IR VENT 

FIGURE 2 

IPOXY H•INfOICID 
fllllOlAH tAClllNO 

FIGURE 3 

SUPPot;T ~RAHE 
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.. 
Each ~ube. 1.5 m long. has a membrane surface of 0.1 m . 

In table I are reported t~e =haracteristics of membrane 

Abcor type HFM 25l FEO. 

table I 

Internal diameter: 2.54 cm (l inch) 

Nominal cut off: M.w. 18.000 

Clean water flux: 
2 

100 l/m h at 1.5 bars and 25°C 
2 

up to 1,000 l/m h at 3.5 bars 

and 25°C 

Working pressure: 3.5 bars (max 10 ba~s) 

pH range: 1 - 13 

Max. working temper?ture 90 •c 

b. Other plant facilities 

screen: self cleaning screen (Hsdrasieve type) wedge wire 

openings 1 mm; 

- holding tank: diameter 0.95 m, height 3 m, capacity 2 

3 
- lifting pump: screw pump (Mohno type), flow 2 m /h. 

!£~~!~~~!_£l£!~ (see fig. 4) 

3 
m ; 

The spent unhairing baths coming from the School are screened 

and collected in the holding and settling tank and. after so-

lids sedimentation, the surnatant is pumped in the holding 

tank of the U.F. unit where it is mantained at a constant level 

by means of a level control. A centrifugal pump feeds the U.F. 

modules and the concentrate rct11rns continuously to the holding 

t a n k . fl n h c a t. <' x c h a n p, c r , w o r k i n s~ w i t. h r u n n i n g w a t. c r , h a s b t' (: n 
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insert~d on the return pipe in ord~r to avoid excessive heat-

ing of the bath. 

The permeate is continuously stored into a separate tank from 

which it is drawn for the analytical controls and the subse-

quent reuse. At the end of a processing cyclP. {generally one 

day) the content of the process tank would be concentrated 

to the minimum volume and discharged for further treatments. 

The membrane m~dules are flushed daily with water and a weekly 

detergent cleaning is given. 

The fresh lime bath employed by the ~chool, was prepared in 

the following way: 

- material processed: wet salted hides, 22-25 kg each; 

- unhairing bath: 200 % water 

- rinsing baths: 

4 % Ca(OH)
2 

3 % Na
2

S (52 %) 

300 % water. 

The unhairing and the rinsing baths were collected and ul-

trafil trated, t·~e permeate was returned to the School for 

reuse. During these tests the recycle was effected with a 

100 % of processed liquor (permeate) reintegrating the li~.e 

(4 % Ca(OH)
2 

on hides weight) and the lost sulphide. 

Test results 

The results obtained are reported in tables II and III (hy-

draulic data) and IV (analytical data). 

In comparison with Ab~or's data, which point out a membrane 

flow (at standard conditions) of spent unhairing baths of 
2 

60-70 l/m hand with the values that we obtained in an indu-

~trial plant in 
2 

ftaly, R0-100 l/m h, :. he v a l u <' !: oh t. a i n e cl i n 
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2 
the firs~ serieb of tests. 3~-40 l/m h are rather lo~. 

These results can be attributed. in our opinion. to the 

following causes: 

!!£~_£[_££~=~~~!~~~!!!!£~_£!_!~~-!£~~!_!!~~-~!!~· Owing 

to the School's work time and to the necessity to have 

daily some permeate to prepare the lime bath. the spent 

bath were filtered af~er a simple screening. 

~£~-!~!~!_££~!~£~· In the Italian tannery the pressure 

values were 5.2 bars (inlet) and 1.2 bars (outlet). 

Thevklues obtained in the second series of tests (especial-

ly n. 7 and 8) on spent baths after 4 hour~ sedimentation 

are closer to the Abcor specifications but lower than those 

achieve~ ~t the Italian tannery. 

Probably this is due to some differences in the characteri-

sties of the two unhairing ba~h~ and/or in the two plants' 

operational conditions. 

Anyhow, the tests may be considered satisfactory, and the 

Brazilian Team will continue them in order to defi~~ ~ptimal 

performances. 

The tests at Estanci~ Velha had confirmed the following 

criteria: 

i the spent lime baths must be pre-settled before ultra-

filtration; 

ii the optimum liquor temperature is near 40 °C and the 

flow inside the membrane 4-5 m/se~ to reduce clogging; 

iii a careful cleaning of membranes is also necessary at 

the end of every working cycle; 

iv from 100 parts of initial raw lime bath may be cxpec-

t<!d 10-1~· parts of pre-Gett.led slud~~cs, 10-1'> parti; 

of ~onccntrate and 70-HO part~ of pPrmcnt.e. 

I 
I 
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TI.HI II - FIRST SEHES OF '!"En'S 

I 'fest 11• Tnahd liquid Vorking Inlet Outlet h:n;oeate 6pecir:!.c liea&rka 
Tecperature Pre••ure Prr.~SSUZ"t r10 ... !lo"(•) 

- Clean "-ater 24 •c 3 bare 1.5 bars 200 l/b 1')0 l/D2h !lov control test 

Spent 
1.8 bars 62 lib l/D2b 

indicati-wt test on 1 unbairing 30 •c 3 bars 49.5 uncontrolled unbairin£ batil bath or the Sct..ool 
I 

2 a• •boYe 30 •c 2.8 bare 1.5 ban 51 lib 45.5 l/c2h 
ne ... bath accorcliLE; 
to the operational 
performance (pa£. ) 

3 as above ~ •c 2.8 bars 1.5 bani 23 lib 20.1 l/c2b bath cominE rroc 
1 i::t recycle 

I 
I " a• aboYe 28 •c 2.8 bare 1.5 ban 37.5 l/h 3".6 l/a2h bai;h co:lling .froc 

2 nd recycle 

- clear. nter 2" •c 3 bare 1.5 ban 188 lib 181 l/c2h !lov control test 

The averap:e values obtained an: (on_ •pent unbairiro£ bathe) I 
- U.F. unit permeate rlov • 43.4 lib 

I - Kecb:rsne •peci!ic flov (•) • 37.4 l/~2t 

I 
I 
I I 

!Test •• Treated liquid llorking Inlet Outlet Permeate -Speci.fic 
Temperature Pre••ure Pre••ure !lov !lov (•) Recark• 

TABLE III - 6""..CO!l!I SERIES OP TESTS 

- Cle&.11 "ater 211- •c 2.8 ban 1.5 b&ra 200 lib 1c;3 l/m2h Clean "ater 
' !1011 control test i 

! Spent unhairing 
l/m2b 5 bath erter 4 bra 21+ •c 3 ban 1.5 'bara ~lib 11-2.5 16 me111branea 

I aedicentatic.n 
I 

I 

6 aa above 40 •c 3 I bare 1.5 b&ra 58 lib 40.2 1/m2b 16 membranea 

7 aa a'JOVe 28 •c 3.11- b&ra 1.5 bare 40 l/b 6'.8 l/a2h 8 membr&.11ea 

I -
8 u &b<>ve i+o •c '·" 'bare 1.5 b&ra 47 l/b 60 l/a2b 8 11eo:branea 

-
The average value a obtained ares (on spent unhairing baths) 

- U.P. unit permeate !1011 • 47.25 l/h 
- Membrane epec1!1e !lov (•) • 51.8? l/a2h I 

I (•) • Standard condition•: 25 •c - '·5 bara 

I 
I 
I 
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I 
table IV: U.F. tests analytical data (average values) I 

Sulphide COD TKIC Suspended Solids 

s<-- mg/l mg/l z:ig/l c(;/l I 
Raw bath (0) 1,560 23,6CO 1,500 2,600 

Permeate 1,225 6,950 550 56 
I 

Concentrate 1,335 54,400 3.775 16,?35 I 
( 0 }. after presedimentetion I 

I 
The analytical data (see table IV) show an average reduction I 
of 70% of COD, 93.5% of suspended solids and 100% ca of set-

tleable solids. These data are similar to the ~ean values I 
obtained in the afore mentioned tannery during two years 

I of U.F. utilization: 

- COD reduction = 80-32% ca; I - suspended and settleable solids reduction = 100% ca. 

Comments I 

cellent technique which permits a clear and constant re-
I The J.F. of the spent unhairing baths is doubtless an ex-

usable liquor. I 
This reduce considerably the inconveniences (grease stains, 

dirty grain, irregularity of the leather characteristics) 

sometimes occuring with the more simple "settling and reuse" 

technique. 

On the other hand, the choice of the operational conditions 

and the membranes' maintenance represent, in our opinion, 

the biggest difficulty for a wide use of U.F. in tannery. 
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The money return from recovered chemicals (approx. 5-8% of 

Ca(OH)
2 

and 25-30% of Na
2

S) is low if compared to the invest­

ment and maintenance costs. 

For example, 

cessed hides 

per day, 60 

in the afore mentioned tannery (60 tons of pro-
3 

per day, 120-130 m of spent lime baths treated 
2 

m of U. F. membranes surface, plant working 120 

h/week with only one cleaning operation per week) the value 

of the recovered c~emicals hardly covers the maintenance 

and invcst~ent costs (no profit\. 

This lack of profit is mainly determined by the membranes' 

life (max. 20 months) and their initial cost. 

The advantages of this technique are more evjdent if one 

considers the efflu~nts treatment cost aspect. As before 

said, this process provides a big COD and solids reduction 

and concomitantly 'n abatement of the effluents treatment 

costs. 

The problem remains to find a system for treating the pre-

settled sludges and the concentrate which are very diffi-

cult to dewater. At the moment a definite technique is not 

available, and we maf only indicate some possible alterna-

tives: 

- proteins recovery; 

- dewaterirg after heating; 

direct utilization in agriculture (no chrome in these 

sludges); 

- anaerobic digestion. 

-------0-------
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2.2.2 Flotation unit 

The unit is a Dissolved Air Flotation (D.A.F.) unit (see 

fig. 5) with the following characteristics: 

- pressurizing tank: 

. volume 140 1 

• max working pressure 6 bars 

- pressure releasing tank: 

• volume 40 1 

- net flotation zone: 

. 0 160 cm 

• height 65 cm 
2 

• surf-~e 1.8 m 
3 

. volume 1.2 m ca. 

Two inlet points are foreseen: 

alternative A : the raw influent is pressurized with or 

without addition of part of the treated effluent accor-

ding to the following scheme: 

recycle 
r--------------
1 treated 

raw influenu--'--­ press1...rizing releasin flotation effluent 

inlet outlet 

- alternative B: only the re~ycled treated effluent is pres-

surized and subseqiJently mixed with the raw influent before 

the pressure releasing zone: 

r;:iw influen~ 

r·,~cyc 1 <~ 

treated 
effluent 
outlet 

I 
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EFFLUE!fr~ 

I 
I 

AIR 

I 
11'.JECTIOl'I 

I 
Il'IFLUEKT 

(alternative A) 

I 
I 
I 
I 
I 
I 
I 
I 1 Pressurizinr, tank 8 Floated sludp;e box 

2 Air !low-meter 9 Floated sludf:e draw-off 

I 
~ M11110111eter 10 Motor ond veriatile speed gear 

4 Safety-valve 11 Ch~micele addition JIOinta 

~ Pressure reducinr. valve 12 Heeav;y sludye scraper 

I 6 Coarse bubblea rele11sinr. zone 1} Heayy eludr.e draw-of! 

? Floated i:ludp:e scraper 14 F;ftluent weir 

I figure 5 

I 
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Th~ flul~lion tank is equipped with a variable speed mecha-

nical scraper for collection and removal of the surface 

and bottom sludges. 

- Treated effluents recycle and holding tank: 

. volume 1,000 1 

- wedge wire inclined screen (Hydrasieve ty?e): 

. opening size (slot openings) 1 mm 

2 
• surface 0.5 m 

- air corpressor with flow-meter (0-500 Nl/h): 

• max. working pressure 10 bars 

. max. capacity 1,800 Nl air/h 

- feeding pump, screw pump (Mohno type) coupled with elec­

tric motor 4 kW and variable speed gear (5:1): 
3 3 

. capacity at 0 bars from 1.5 m /h {70 rpm) to 8.0 m /h 

(350 rpm) 

. max working pressure 6 bars. 

Flotation tests ---------------
Since the unit was installed in the pilot plant at Estancia 

Velha near the beginning of November 1986, only a part of 

its possible applications could be tested in the two remai-

ning months of our activity in the Project area. 

In these tests the flotation unit was employed in the pri-

mary treatment as a suspended solids removal device alter-

native to the sedimentation one. 

The waste water from the external tanner1 were, after scree-

ning, homogeneization and sulphide OAidation, partially by-

passed to the unit. (see fig. 6) 

note to fig. 6: the two existing pumps were ulilizecl only 

for a better use of the existing piping Hyst.cm nnrl, further-
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more. th~ second screen was installed more for security 

than need: an eventual full scale plant will be more 

sim.,>le. 

Two series of tests were carried out according with alter-

native A: 

te!!_!= a part of the treatEd effluent was recycle~ and 

mixed with the influent before pressurizing; 

test 2: the raw influent was treated by direct pressurizing 

{no recycle). 

The tests operative conditions are reported in table V. 

table Y 

TESTS 1 TESTS 2 

Parameter ?.L"lge P.a.."lge 

?.av influent, 2.0 ... 2.9 3.6 
!loo:.r m3/h 

Fecycle, percent 50 - 100 -
Total !low, c3/h 

3.8 - 4.1 3.6 
(in!luent + recycle) 

Air !lo._., Nm3/h 0.30 - C.45 0.05 - 0.10 

Pressure. bars 5 2.5 - 3.0 

Air to influent 0.10 - 0.1? (•) 0.014 - O.C28 
volur.:e ratio, rrci3 /m3 

Air to solids ratio, 0.04 - 0.10 0.008 - 0.016 
kg/leg 

Surface hydraulic 1.1 - 1.6 ( •) 2.0 
loadinP', n3/ct2h 

Float Detention, !l!in. 25 - ~~ (•) 20 

D'!tention in the 2.0 - ?..2 2 
pre!limri:in;-: tank, min, 

r:ote ( 0
): ralculatr.d on the rn.,, inrlurnt flow - rcc:rcle not ir.cludci!. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

- ;:'9 -

The suspended and settleable solids content and the COD of 

the raw influent and the treated effluent were analysed 

and. in the test 1. also compared with the data of the ef-

fluent from primary sedimentation. The mean values obtained 

are reported in table VI. 

table VI 

Iu.~ Ir.TLUEHT FID'l'ATIOM F.EDUC':'IOH E..'C?LUEN'l' Fr<OH F.EDUC'!"Iv!> 

FA."W'.F.i'E.'i FRG> EQUAL!- EFFLUEH'l' FU.~ SEDif{E?:TATIOr~ FEiiCil!T 
ZATIOfl T.UI!': 

TES'i'S 1 : 

Settleable Solids 102 0.4 99.6 1.0 99.0 111/l 
Suspended Solids 

Sf;/l. 2.680 640 '76.1 430 63.9 

COD mg/l 2.110 1.1so 56.5 1.31e 49.2 

TESTS2 : 

Setteable Solids 
95 1.0 95.9 Note: no comparison d/l data because all the 

Suspended Solids raw influent waa 
mgl 2.090 410 cO.O treated b7 flotation 

COD J::f'Jl 2.~ 1.030 56.0 

Test 1: different dosage of alum (up to 1.500 mg/l) were 

tested. The most ~uitable efficiency/cost ratio was found 

for a dosage near ~00 mg/l. No polyelectrolyte dosage. 

Test 2: the alum anti polyelectrolyte dosages were respecti-

vely 300 ~g/l and 0.5 mg/l. 

Discussion of the results 

The following preliminary conclusions may be drawn from 

results obtained in the Estancia Velha conditions: 

i. flotation is an alternative technique well applicable to 

the primary treatment of tannery effluents; 
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ii. the process may be carried out directly on the raw influent 

(recycle is unnecessary. very probably because of the syner-

gism of the surfactant substances held in the tannery wastes); 

iii. the quality of treated effluent appears similar to that 

from a primary sedimentation save, perhaps. a higher content 

of suspended solids depending from the floes shearing by 

the action of the pressurizin~ pump. For this, coagulant 

dosage (alum or iron salts) is advisable and must be added 

after pressurizing; 

iv. the sludge blanket is not too stable: also under light sha-

king forces part of the floated cake easily settles; spe-

cial attention must be given to the scraping mechanism con-

figuration and speed. A do~age of polyelectrolyte improves 

this stability considerably. 

The air flow control is also important: a high air flow in-

duces turbulence. In fact during the test 1, a large quan-

tity of the produced sludge (up to 50%) was settled, whereas 

in the test 2 no significant sludge deposit was noted. 

The potential advantages of flotation in comparison with 

sedimentation are: 

1. higher surface loadings. hence smaller tank size (impor-

tant where space is critical). In the tests carried out 

3 2 
a maximal surface loading of 2 m /m h and a retention 

time of 20 min resulted (it means a two-three times re-

duction of the tank size in comparison with clarifiers) 

but these values may not be considered the better perfor-

mances; in fact during the test 2 all the waste waters 

flow from homogeneization tank was by-passed and treated 

by flotation (no more influent available to increase the 
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I 
I plants. of installing a package unit (pre-assembled) 

instead of more articulate and complex devices (impor-

I tant in areas in which specialized labor for the assem-

bly is not available). 

I 3. The dry content of the floated sludge is very high and 

comparable to that of a tannery primary sludge after 

I thickening treatment. The dry content of the floated sludge 

in the test 2 varied between 4 and 10% o~ weight, with an 

I average value of 6.2% against the average value of 2.5% 

{ max. 3.3%, min. 1.1%) obtained by the primary sedimenta-

I tion tank of the pilot plant in more than three years of 

work. 

I The principal disadvantages are: 

I 1. higher ir-vestment and operation costs of the pri~ary treat-

ment; indicatively the coagulants consumption may be 50-

I 100% more, and the energy consumption 10 times more. 

2. Device that needs more care in operation and maintenance. 

I Future activities 

I The following work program with flotation unit will be under·-

taken by the Brazilian Team: 

I a. continue the tests according to alternative A without re-

cycle, to check the better operating parameters incl~ding 

I the upper hydraulic loading of the station (for this it 

is necessary to increase the influent flow); 

I h. test the alternative B; 

I 
c. test D.A.F. applications in secondary treatment and prima-

ry and secondary sludges thickening. 

I 
I 

------- 0 -------

I 
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3. TRAINING AC~!VITY 

Since a high level of competence was achieved by the Bra-

zilian Team of the Project during the first phase. training 

consisted principally in improving professional capacity 

and removing theoretical and practical doubts. This "expe-

rience transfer during the presence of the Italian Team in 

the Project area was continuou~ and capillary. 

Some summary talks on the tannery effluents treatment in 

general were given to the new personnel of the Project. 

As said befcre, the fiotation and ultrafiltration processes 

were theoretically treated before starting the tests in the 

pilot plant. Furthermore particular emphasis was given. in 

accordance with the Project's aims, to the secondary (biolo-

gical) treatments and to the disposal of the solid wastes 

in tannery. 

In this second p11ase, all the aspects of the secondary treat-

ments of tannery effluents were resumed and examined closely 

on the basis of the results obtained in the first phase (see 

our first phase Final Report). 

Particular care was addressed to those biological treatments 

which seemed more adaptable to local conditions: the exten-

ded aeration activated sludges and the aerobic-facultative 

lagoons. 

All the theoretical and engineering bases were fully explai-

ned; furthermore, the microbiological and biochemical aGpects 

were trea~ed by a qualified Italian expert (graduate in Bio-

logy) in a series of theoretical-practical courses. A summa-

ry of these courses is reported in Annex IV. 

Two arguments of this activity deserve to be mentioned here. 
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Aerobic racultative lagoons di•ensicning 

Since there was uncertainty on the design parameters for the 

aerobic-facultative lagoons. they were calculated on the 

basis of thP data obtained from the pilot plant lagoon (in-

let and outlet BOD • water temperature etc.). 
5 

The biological kinetic of this kind of treatment may be re-

presented by the following equation: 

s 
e 1 

:;: ----------

where: 

s 
0 

Se = outlet eoo
5

• mg/l; 

S
0 

= inlet BOD
5

, mg/!; 

- t = detention time, day; 
-1 

substrat~ removal rate coefficient, day 

(a) 

The experimental parameter to be defined to design a lagoon 

is K: 

K 

s s 
o e 

= ------------
s 

e 

1 

t 
( b) 

Furthermore K depends from the temperature, according to the 

following equation: 

Q 
(T - 20) 

( c ) 

where: 

- K = sub3trate removal rate coefficient at T; 
T 
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- K ~ubstrate removal rate at 2o~c; 
:!O 

- T temperature of the lagoon; 

- g = temperature coefficient, which is equal to: 

log K
1 

- log K
20 

log g = ------------------- ( d) 

T - 20 
l 

The values of K and g obtained substituting the lagoon's 
20 

data in the preceding equation~ are: 

= 

Q = 

-1 
1.512 day 

1.016 

3 
note: the specific installed power in the lagoon was 3.5 W/m . 

These results has been successively utilized by the Project 

Personnel in lagoon dimensioning and also adopted by the 

O.M.A. (Departemento do Meio Ambiente) Technicians to evalu-

ate the correct size for the lagoons projects submitted to 

their approval. 

Nitrification and denitrification of tannery effluents 

+ Ammonia nitrogen (N-NH ) in tannery effluents derives both 
4 

from the degradation of skin proteins (mainly keratins from 

unhairing baths) and from ammonium salts utilized in some 

processing phases (e.g. ammonium sulphate from deliming bath) 

and very often its concen~ration, even after a complete 

treatment (chemical-physical and biological) may be around 

100-150 mg/I against a discharge standard which generally 

is 10-1°J mg/I. 

T h e r e mo v a I s y :.; t. e m m " r e f r e q u e n t. 1 y u t. i l i 7. P n a r e b i o l o g i c a 1 

t. r ca t. m 1~ n t. :; i n w h i c: h t. hf! op~ r a t. i v <' con d i t i on:; a r <~ adj u :; t. e d 
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so as to allow the "nitrification-denitrification". that is 
+ 

to say the microbial conversion of N-NH to nitrate nitro-
4 

gen (N-NO-) - first step - followed by the conversion of 
3 

N-N0
3 

to nitrogen gas - second step. 

Plants of this type are in action in several kinds of indu-

stry (e.g. fe~tilizer and agro-alymentary industries) and 

in the sewage treatment works. However. at present, no indu-

stria! plants to carry out this treatment in tannery exist, 

so there is a lack of data on possible o~ rating conditions. 

For this reason. after the theoretical trea~ment of the to-

pie, it was deemed useful both to start a practical series 

of tests using the laboratory equipment and to formulate a 

hypothesis of possible utilization of the pilot plant for 

nitrification-denitrification. 

In these tests, which are now going on, the bench scale acti-

vated sludge plant of the laboratory (see fig. 7) is used. 

fed with the effluent from the primary treatment of the pilot 

plant. 

figure 7: bench scale apparatus 

'Sl:.""fTUN~ 1Lt<K 
(,~,:;II,),._ 16 

f\[~t..TIOtJ J~ 
~;,/,• 10 'I- °33• 

,<~Y1"'411J· 
~:s..w 
'tJr: ... 1r .. 
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The operative conditions used are those typical of an 

extended aeration plant which ought to be the most favou-

rable for obtaining nitrification: 

- influent flow 

.. 

.. 
BOD 

5 
+ 

N-NH 
4 

400 ml/h 

500-700 mg/l 

100-150 mg/l 

- total organic loading 

+ 
- total N-NH loading 

4 

4.8-6.7 g BOD
5

/day 

+ 
1.0-1.5 g N-NH I day 

4 

retention time 34 h 

- MLSS 4,000 mg/l (adopted} 

- volatile sludge content 60% (adopted} 

sludge recyc:!.e 100% (adopted}. 

The results obtained after a 25 days plant running show 

that the nitrification has started; in fact, there is a 
+ 

gradual increasing of N-NO and a reduction of N-HH in 
3 4 

the effluent. 

Naturally, this first period was too short to draw precise 

conclusions so the tests will be carried on by the B~azilian 

Staff in the next months. 

The possibility of using the pilot plant to make ~ests of 

+ N-NH removal, was weighed. The two processes steps require 
4 

different operative conditior.s, and separate b~sins for 

nitrification (aerobic process) and denitrification (anoxic 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 

process) are utilized. I 
The most common flow sheet is the following in which the in-

fluent is mixed with the recycled sludge and the recycled I 
mixed liquor into the denitrification tank. (,.<>c next page) 

Ac c o r d i n g t o t. h 1 s f: c h c m e , a n e w a r r a n f'. e m e n t. o f t. h e p i 1 o t I 
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Mixed liquor recycle 

Denitrification 
tank 

Sludge 
recycle 

Nitrification 
tank 

Settling 
tank Effluent 

Sludge draw-01-f 

the oxidation ditch for nitrification and a tank actually 

used for a conventional activated sludge treatment, for de-

nitrification; (see fig. 8) 

:figure 8 

,-------
1 -, 
I I 

: I 
I !fluent 

I 
Influent r-----1 I 
---~~-==-~~] ~ I ',· 1---,-1, ,-----..__----,,-1;-1. 

Oxidation ditch cb ~ 
j Denitrificat. I 
i tank e _ __... ________ ..____, 

I . 

L. ---·-. -·- ·-· -·--· _!'~UdF:~_!:e_cz=~c-. _. _. _. -· _. -·-· +tt-~-tlf. sl':'~~­
draw-o!! 
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- influent flow 1 m /h 
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+ 
- influent N-NP. 100-150 mg/l 

4 

- influent BODS 500-700 mg/l 
+ 

- total N-NH loading 
4 

- total organic loading 

Oxidation ditch: 

- tank volume 60 
3 

m ca 

- retention time 60 h 

- MLSS 3,600 mg/l 

+ 
2.4-3.5 kg N-NH /day 

4 

12-16.8 kg BODS/day. 

- sludge loading 0.07 kg BOD
5
/kg MLSS day (adopted) 

- volatile sludge content 60% (adopted) 

- oxygen requirement 1.8 kg o
2
/h ca (calculated, see note). 

Recycles: 

- sludge recycle 100% (adopted) 

- mixed liquor recycle 400% (adopted). 

Denitrification tank: 

- tank volume 
3 10 m (regulated by floating switch) 

- retention time 10 h. 

note: oxygen requirement calculation 

( ~ BODS. a ) + ( b . SVC . MLSS ) + ( 6,, N-NH: . c ) 
O.R. =-----------------------------------------------------

24 

where: 

• 
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- _6. BOD 
5 

a 

= BOD
5 

removed (90% adopteJ) = 13 kg BOD
5
/day 

= oxygen utilized for BOD
5 

oxidation = 0.8 kg o
2

/kg BOD5(adopted) I 
b = oxygen utilized for endogenous rc:;;iiration = 0.15 kg o2/ 

kg MLSS per day (adopted) 
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- SVC = volatile sludge content = 60% (adopted) 

- MLSS = m5xed liquor total suspended solids = 216 kg (adopted) 

+ + + 
N-NH = N-NH removed (90% adopted) = 2.7 kg N-NH 

4 4 4 
= 4.57 kg 0 /kg 

+ 
(adopted) - c = oxygen utilized for nitrification N-NH 

2 4 

O.R. = 
( 13 • 0.8 ) + ( 0.15 . 0.6 • 216 ) + { 2.7 • 4.57 ) 
---------------------------------------------------- = 

24 

= 

-------0-------

The tanning industry produces large quantities and varieties 

of solid wastes; the disposal of these materials is, in our 

opinion, a problem difficult to solve, more difficult than 

the effluents treatment one. 

As ai';. ,example, in table VI I are reported the data on the so­

lid wastes produced by an Italian upper leather {bovines) 

tannery. 

table VII solid wastes from 1 ton of processed hide 

Type of waste quantity, kg humidity % dry material, kg 
(on weight) 

Sal-t 15 - 20 - 15 - 20 (hide sectioning) 
Green trimming 32 - 35 40 - 45 18 - 20 
Lime-!leshinp.; 80 - 100 70 - 80 18 - 27 
Shaving 120 - 130 55 - 65 44 - 56 
Buffing dust 10 - 20 15 8.5 - "7 
Blue split 

48 - 50 trimminp; 50 24 - 25 
Grain trimming 8 - 10 15 - 20 7 - 8 
Effluents treatment 

2,000 92 -plant sludr,es ( o) 94 120 - 160 

Other wastes -:5 60 - 70 4 - 6 
Total weight, kp; ~.;2e - 2,3eo - 2c;8.5 • 339 

(
0

) after thicY.cninr. 
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It must be emphasized that from one kilo of processed hide, 

2.3 kg ca of wastes are produced (this quantity may be re-

duced to 0.7 kg if the sludges are dewatered up to 35% dry 

material cake). 

Research carried out in 1982 by the METROPLAN (Fur.da~ao Me-

tropolitana de Planejamento) on the tanneries located in the 

Vale do Sinos, R.S. \around the Project area), results in a 

58 tons/day production of solid wastes from 13,000 daily 

processed hides (325 tons/day ca). See table VIII. 

table VIII solid wastes produced by tanneries in Va~e do 
Sinos. 

Municipality production (hides/day) solid wastes, To!f day 

Novo Hamburgo 4,?80 21.5 

Estancia Velhe 4,1?5 18.8 

Sapucaie do Sul 2,150 9.7 

s&o Leopoldo 1,779 s.o 
Campo Bom 100 0.4 

Total 12,977 58.4 

This figure (17.8% of the weight of processed hides) does 

not consider the production increase since 1982 and further-

more, does not include fleshing. In fact, most of the Bra-

zilian tanneries make a partial grease recovery from flesh-

ing; neverthless the employed method (dissolution with di-

rect steam or by autoclave - surnatant grease recovery and 

subnatant liquors discharge) is a only means to eliminate 

this waste rather than a real recov~ry system; consequently, 

with the construction of effluents treatment plants, it may 

become uneconomic because of the high costs for the treatment 
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of the discharged highly polluted liquors. 

Furthermore, there has been a sensible increase of solid 

wastes with the introduction in Brazil of treatment pl~nts 

for tannery effluents. Calculating on the same quantity of 

hides a 15% of sludge as dry material, result 5 tons/day of 

sludge, i.e. 125 tons/day of liquid sludge (4% on dry mate­

rial). 

It is necessary to distinguish between process solid wastes 

and effluents treatment sludges in dealing with the final 

disposal of these materials. 

a. Process solid wastes 

There are several techniques for their complete reuse. An 

outline of the possible use of these materials is reported 

in scheme 1. 

Many Brazilian industries utilize tannery wastes as raw ma-

terial for their production; the above-mentioned research 

of the METROPLAN reports that almost the totality (70-80%) 

of these wastes is withdrawn by specialized industries and 

the remainder (20-30%) is burned or disposed on land (sani-

tary landfill and/or uncultivated lands). 

Recently, the imposition of improved sanitary regulations 

has made the final disposal of such w3stes more difficult 

and has shown the need of improved methods to reuse these 

materials. The Sanitary Authorities has forbidden disposal 

by burning (widely utilized) both to prevent air pollution 

and possibly toxic substances in the residual ashes (e.g. 

chromium). 

Consequently both an increase in the number of industries 

which utilize these materials and the creation of areas by 

the Sanitary Authorities (landfill) where these wastes may 
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be disposed are highly t0 be recommended. 

These wastes are those which present the biggest problems 

for final disposal. Although several te;hnical solutions 

to r~use these materials have be~n proposed, until now no 

large scale solution exists; the only disposal method used 

is landfill. 

Among the alternative solutions. the best known are: 

in agriculture.as fertilizers; 

- in brick production; 

in anaerobic digestion (bio-gas production). 

The last two alternatives, in our opinion. will improbably 

represent the final solution of the problem both for techni-

cal and economical reasons. 

Whereas the possibility of brick production use of tannery 

sludges (10-15% on clay weight) has been proven, the eco-

nomical validity of this process is still in doubt. 

The sludge treatment by anaerobic digestion does not seem 

to be, for the present, a technique economically applicable 

on industrial scale because of the high content of inorganic 

matter and the presence of potentially toxic substances (e. 
3+ 

g. Cr and Sulphates) in the sludge. 

Consequently, the only alternative whose recent progress 

{even if sti 11 on experimental level) deserves to be mentio-

ned is the use in agriculture. 

Furthermore this solution is, in our opinion, particularly 

suitable to the local Brazilian conditions {large country 

areas); it could prove, if well carried out and controlled, 

the closing of the "prcduction-depollution" circle. 

The agricultural use of residual sludges is widely adopted 

in European Countries: in the German Federal Republic 43% 
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of the sludge is employed in agriculture, in France 23%, in 

Denmark 45%, in the United Kingdom 45% and in Luxemburg 90%. 

The fundamental reason for the choice of this kind of dispo-

sal is its low cost in comparison with other systems and its 

offering the possibility of recovering valuable agricultu-

ral resources: organic matter and fertilizing elements (es-

sentially N and P) contained in the sludge. 

On the other hand, industrial sludges present a drawback: 

they may contain noxius substances which are pollution risks 

both for agricultural and the general environment and there-

fore they must be evaluated costantly. 

The most recent information about agricultural use of tanne-

ry sludges concerns the results obtained in Italy after a 

parallel two-year experiment carried on by the Universities 

of Pisa and Piacenza and financed by two important joint 

treatment plants for tannery effluents located in Tuscany 

(S. Croce sull'Arno and Ponte a Egola). Table IX reports 

the characteristics of the sludges produced by these plants. 

table IX 

Fa~metera S.Croce sull'Arno! Ponte a E£ola £ 

Total Residue on Evaporation at 105 •c, ~ 38-3 32.0 

pH (in H;>O) 9.1 ?.8 

Total Fixed Residue (550 •c), " (0) 61.0 5?.2 

Total Volatile Residue (organic matter), ,:(") 39.0 42.8 

Organic Carbon (Springler-Klee), ,: (0) 21.0 22.0 
. 

Total Nitrop;en, ,; (D) 2.1 2.2 

Total P2o,.,, ,: (D) 0.42 0.40 

Total JC;>O• ,; (D) 0.01 0.023 

Total Ceco~, :.: ( D) 41.4 38.1 

Chroi::ium VI (0) abae.1t absent 

Total ~hromium (extraction vith HCl E.N), ~) 2.23 0.33 

Sludge dewaterinr. system !11 ter-press band-pre as 

! : centralized plant treatinp; for the 11oat rart chrome tanneriea effluents. 
b : " " .. .. " .. " vep:ctable " " 
("): on l>ry ~;uh!:t.ancc 
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The cultivations subjected to treatment were: Indian corn, 

wheat and rice, and the quantities of sludge employed as 

fertilizer were on an average of 40 tons/hectare (one appli­

cation). 

The first results of these tests have been recently published 

with the prudence due to their being preliminary data: 

I the fertilizing value of tannery sludges is not negli­

gible: two plants treated with sludge (A) have shown 

a production larger than the control plants (0 - no 

fertilizer) even if lower than the plants (B) treated 

with the same quantity o; N but utilizing a mineral fer­

tilizer; the proteic content follows the same relation: 

0 <A <B. 

II The chromium content in the plants (O=A=B) remains with­

in physiologic values so an accumulation of chromium has 

not occurred (perhaps with the exception of the roots). 

III The water of soil leaching has shown a N content bigger 

for the soil treated with mineral fertilizer than for 

those treated with sludge (O<A<B), that is to say that 

in the soil treated with sludge there is an accumulation 

of N and, consequently, the sludge has slower and more 

protracted fertilizing effects. 

IV The chromium content of the soil has shown an increase 

(particularly using the sludges of S. Croce sull'Arno) 

in comparison with the 3oil treated with mineral ferti­

lizer (O=B <A). For this reason more and more efficient 

methods to detain the chromium in tannery (high exhau­

stion tanning methods and/or chromium recycle) are recom­

mended in orjer to limit the chromium content of the 

sludge. 

Furthermore this agrees with the sanitary regulations 
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I 
of many Countries which set limits to the maximum quan- I 
tity of chromium disposable onto the soil (see table X). 

I 
table X : use of chromium-containing sludges on land. 

European acceptance levels I 
t-:ax Cr content of t-";u Cr content Cr added to soil 

16lUdf:e • mg/kg of soil, at;/ks lcg/ba per years I 
Italy 500 50 2/ ye1>r 

France 200 150 30/ 10 years I 
Switzerland 1,000 - -
Ger::iany (t:) 1,200 100 - I 
Poland 1,000 - -
Holland 500 - 100/60-100 years I 
Sweden 1,000 - 1/ year 

Finland 1,000 - 4/ year I 
United Kingdom - - 1,000/30 years 

E.E.C. directive ?50 50 100/10 years I 
(proposed) 

It must be emphasized that in using industrial sludge I 
in agriculture both the technical-agricultural as well 

as the sanitary aspects must be considered. I 
A~ the moment Brazil has no regulation on industrial slud- I 
ges and their destination; however, it would be advisable 

that an experimentation similar to that in course in Italy I 
and other European Countries (France, U.K. etc) begins soon 

in Brazil too. I 
Landfill 

As afore mentioned, this is the system of solid wastes dispo- I 
sal most used in Italy. Generally, this methods is impcra-

tive, imposed by the Italian Sanitary Authority regulations. I 
The E.E.C. directives on th~ disposal of solid W3stes contai- I 

I 
I 
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ning toxic and hazardous substances (E.E.C. directive 28. 

lJ.78 n.73/319) lists a series of toxics that generally 
3+ 

are not present in tannery sludges (Cr is not included), 

so the restrictive directives of the Italian Sanitary Autho-

rities, which impose high-safety landfills, is explained mo-

re by a prejudice against tannery sludges than by their to-

xicity. 

The Italian local situation - densely inhabited areas, high 

seismic zones, many torrent-like rivers flowing into the 

Mediterranean {enclosed sea witn slow water replacement) -

only partially justifies this rigour. 

In fact the disposal of tannery sludges is authorized only 

in high-safety landfills which have high implantation and 

maintenance costs. The expences for this service depend on 

the tannery location (distance from the landfill - carria-

ge costs) as weel as on the landfill rates which vary from 

15 to 25 U.S. Dollars per ton of sludge. 

Furthermore, in some landfills, sludge with a dry matter 

content lower than 35% are not accepted and so, in this ca-

se, tanneries that have installed band-presse; are obliged 

to effec~ a Cao dosage on the sludge cake in order to in­

crease the dry matter (or to change the equipment with a 

filter-press). 

A further problem is the landfill location; Municipalities 

preposed for this choice often come under pressure from ci-

tizens' committees (many people fear landfills ~!most as 

much as atomic power plants) so creating the needs for more 

and more guarantees and higher and higher costs. 

For these reasons, it is commonly held that landfill is on-

ly a preliminary phase, one necessary for the lack of defi-

nitive technical solutions at the present moment. 
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It is unrealistic to start with a politics of effluents 

treatment without having an exit for the produced sludges. 

In the Brazilian situation, which is quite different from 

the European and particularly the Italian ones, landfill 

may represent, in our opinion, a transitory solution accep­

table both from a technical and economical aspect. 

Our activity in this field was to make a critical analysis 

of the legislation operative in Italy and to give general 

information on the constructional and safety aspects of 

landfilling. 

These arguments were illustrated by a geologist of the Ita­

lian Team since most part of them pertain to Geology: 

landfill site selection: 

. geologic analyses; 

. geotechnical analyses; 

. hydrogeologic analyses; 

- sludge characterization; 

- conventional methods for controlled landfilling; 

- ground waters protection and analyses. 

A detailed summary of these arguments is reported in 

Annex V. 

-------0-------
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In the area of training activity may also be considered the 

assistance furnished by the Italian Team during a study 

tour effected in Europe in September - October 1985 by three 

Brazilian members of the Project Staff: 

- Mr. Paulo JOST 

- Mr. Frederico WEBER 

- Mr. Jose Luiz ROSENBACH 

(chemical engineer - Natiooal c.oordinat.or); 

(chemist); 

(chemical engineer). 

During the Italian itin~rary of this tour, accompanied by 

the Italian Team Leader, they visited: 

1. S. Croce sull'arno: centralized plant (400 t~nneries + 

municipal effluents) - Passavant; 

2. S. Croce sull'Arno: chrome recovery centralized plant 

(150 tanneries) - Agip Nucleare; 

3. Nuova David: tannerj effluents treatment plant - Idronova; 

4. Organazoto: fertilizers from chrome shavings - own technc-

logy; 

5. Lapi S.p.a.: greases and proteins recovery from fleshing -

own technology; 

6. Salami S.r.l.: tomato juice factory, biological treat-

ment with liquid o
2 

- Siad; 

7. Florence municipal plant for drinking water - Degremont; 

8. Italprogetti S.r.l.: equipments for tannery and tannery 

effluents treatment; 

9. Gozzini S.p.a.: equipments for tannery; 

10. Ponte a Egola: centralized plant (150 tanneries + munici­

pal effluents) - Acqua; 

11. Ponte a Cappiano: centralized plant (15 tanneries) - Pas-

savant and Termomeccanica; 

12. OttJ S.r.l. ecologica: band-presses and other equipments 

for treatment plants; 
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13. Spaccatrice Arzignanese (wet blue tannery): chrome re­

covery, sulphide recycle by ultrafiltration and effluents 

treatment plants - Studio Tecnico Dr. G. Clonfero; 

14. Arzignano, Chiampo and Montorso: centralized plant (500 

tanneries + municipal effluents) - Passavant, Termomec­

canica and CPC; 

15. I. C. E. (chrome ta:n~ery) : chrome recovery and effluents 

treatment plantE - Studio Tecnico Dr. G. Clonfero; 

16. Gruppo Conciario Bassanese (chrome tannery): chrome re­

covery with MgO and effluents treatme~t plants - Studio 

Tecnico Dr. G. Clonfero; 

17. Presot (sole tannery): effluents treatment plant - Stu­

dio Tecnico Dr. G. Clonfero; 

18. Cogolo S.p.a. {chrome tannery): chrome recovery and ef­

fluents treatment plants - own technology. 

------- 0 -------
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4. LABORATORY ACTIVITY 

During this second phase of the Project, the laboratory has 

been daily engaged in the control analyses of the pilot plant 

and of the samples of waste water (on the average of 3-4 for 

week) sent by external tanneries. 

Here are reported the activities in which the Italian Team 

Technicians directly intervened, both to f Upport new tests 

in the pilot plant and to complete theoretical courses. 

During the ultrafiltration tests it was necessary to make a 

ccnsiderable quantity of analys~s on the feeding bath, the 

permeate and the concentrat?, in order to verify the effec-

tiveness of this technique. Some of the analyses were routi-

ne analyses in the Project labora~ory, on the contrary the 

analysis of sulphides requested a preparat ·y setting up. 

In fact the standard method (sulphides are stripped from the 

acidified sample with an inert ~~s - N
2 

or co
2 

- collected 

in zinc acetate solution and then titrated with iodine) in-

volve enough complEx equipments and long execution time, so 

more practical and rapjd alternative methods were tested: 

a. direct iodometric method; 

b. titration with Potassium Ferricyanide (1); 

c. titration with Mercury Acetate. 

The results are rerorted in tables XI and XII 

table XI : solution 10 g/l ca of Na
2
s x 9 H

2
o 

MeU1od 52- mr;/l prr cer.t deviation 

B 2, ?3A + 6.6~; (iote) 

b 2,512 - 2. 3~; -- c colour chanr;e point not well apprrciablr 

Standard 2,5?2 .. 
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2-
note: in this case we also precipitated the S with Zinc 

Acetate and determined the sulphides by difference 

between the total 1
2 

consumed by the solution without 

2-
prec i pi ta ti on of S and 1

2 
consumed after precipita-

tion of S 
2-

table XII sample of spent unhairing bath of the School 

t~ethod s2- mg/1 per cent deviation 

a 3,056 + 27.3% 

b 2,176 - 9.3% 

c colour change point not well appreciable 

Standard 2,400 .. 

On the ground of these tests, the titration method with Po-

tassium Ferricyanide, was considered acceptable to control 

the sulphides in the spent unhairing baths and was also em-

ployed in the ultrafiltration tests. 

References ----------
(1) Jour. Amer. Leath. r,hem. Ass. - Vol. 53, n.5 - Oct.1977. 

This course had the aim of preparing the Brazilian Project 

personnel in the correct use of the microscope (magnifica-

tions, illumination, staining procedures etc.) to analyse 

and control the perfor(Tlances and the "state of health" of 

a biological treatment. Practical exercises were execJted 

in laboratory on the following arguments: 

a. !h!_!!£~£!££2!: objectives (air and oil immersion) - eye­

pieces - light sources (lamp, condenser and diafragm) -

mechanical parts - microphotography - measurement with 
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micros~ope (eyepiece micrometer and stage micrometer 

slide) - phase contrast and dark field observations; 

b. ~!£!£~££e!£!!_e£~E!£!!!£~~: (the material to prepare 

the slides were drawn from the biological phase facili­

ties of the pilot plant) 

living organisms observation: vital staining and exa­

mination in hanging drop of Protozoa, Algae and Fungi; 

permanent preparations of Bacteria of activated sludge: 

pr~paration, fixation, staining and mounting of wet 

smears (simple staining: methylene blue, carbol fuchsin, 

safranin, gentian violet and lugol; complex staining: 

Gram stain, capsule stain, slime layer stain). 

4.3 ~~~~~~-!!~~~!_!~!!Z!!! 

As complement of the applied geology course it was treated 

the control of ground waters since it involves analytical 

methods generally different from those utilized for waste 

water analysis. In fact the physical, chemical and biologi­

cal quality of ground waters, generally change very slowly. 

For this reason, to prevent an eventual contamination it is 

necessary to value series of analytical data taking into 

consideration small differences of values among the various 

groups of parameters. Tha sampling and the analytical proce­

dure must be very accurate, swift, reproducible in order to 

avoid wrong interpretation. 

The parameters most commonly analysed are: 

- Alkali, Alkaline Earth and Heavy metals; 

- Sulphate; 

- Chloride; 

- Carbonate and Bicarbonate; 

- Nitrite and Nitrate; 
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- Phosphate; 

- Silica; 

- Fluoride; 

- Ammonia; 

- Boron. 

The analytical methods for the determination of these pa-

rameters were described in detail and some practical tests 

were made in laboratory. 

Furthermore, to control a ground water analysis it is impor-

tant to consider the Anion/Cation balance, that is to say 

that the summation of total negative charges (Anions) and 

the summation of positive ones (Cations) must not differ 

more than 5%. 

Another method to test the accuracy of an analysis is to 

compare the Anion/Cation balance (mEq/l) with the Electro­

lytic Conductivity at 25 °C (mSiemens), the Anion/Cation 

balance must be about ten times the Conductivity: 

L: Anions (mEq/l) 

Note: 

- ~ = summation. 

References 

:L:Cations (mEq/l) = 10 x Conductivity 
(mSiemens) 

E.P.A. - Seminar Publication: Protection of Public Water Supplies from 

Ground-Water Contamination -

Environmental Protection Agency - 625/4-85/016; Washington 

1985. 

------- 0 -------
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5. EXTENSION :>ERVICE 

5.1 External services to tanneries 

In the second phase, the Project activity directed towards 

the Brazilian tanneries outside Nio Grande do Sul was remar­

kably increased. In the meanwhile, in fact, other Brazilian 

States had prepared their own regulations for waste water 

discharge; the lack of local specialists in tannery effluents 

treatment counselled a Project's assistance also in those 

States where significant tanning activity exists. 

The major component of the Project activity in R.S. was in 

the area of secondary treatments; the first phase was spent 

in the implementation of the primary treatments often poorly 

designed and dimensioned (a secondary treatment cannot ope­

rate without a reasonably efficient primary unit). 

Following the publicity received by the first phase and the 

action of the Sanitary Authorities who were increasing their 

press~re to make tanneries comply with discharge regulations, 

a massive increase in demand for assistance with individual 

tannery projects characterized this second phase. The tanne­

ries' requests have almost outstripped the availability of 

the Project personnel. 

More than hundred factories were visited and investigated 

and something like 70 outlines of effluents treatment pro­

jects or projects moiification prepared; near 30 of these 

outlines have been detailed at the moment and transformed 

into executory plant projects by the Brazilian Team, and 

other 10 are in course of preparation. 

The list of the visited factories from 1983 to 1986, in R.S. 

and in other Brazilian States is reported in Annex VI. 

A detailed plant study that foreseen varinus alternatives 
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of treatment has been taken as typical case and repvrted 

in Annex VII. 

The projects were prepared according with the needs of the 

tanneries and the existing local situation. 

The equipment foreseen in the plant projects is available 

on the Brazilian market (see table XIII) and QUCh of it is 

on an European level of reliability and performance. The 

equipme~t is the same utilized in the pilot and demonstra­

tion plant at Estancia Velha. We have encountered some pro­

blems only with oxidation ditch rotors which are not easily 

available in Brazil. For this reason the secondary treat­

ments employing oxidation ditch were seldom proposed even 

if this unit works very well in the pilot plant. 

We did not have particular difficulties ~ .. project design 

even though existing facilities were nJt always adaptable to 

rational utilization. 

The tanners are aware of the ne~d ~o s~r~guard the environ­

ment but they think that the treatmen~ ~fficiency level must 

be proportional to the real pollutional impact of the tanne­

ries. Many tanners agree with chrome and sulphide recycle 

(philosophy of recycling in Brazil is more diffused than in 

Europe) so, in general, they want to install first these 

pre-treatments and successively the primary and secondary 

ones. 

As regards the secondary treatments generally they prefer, 

when possible, the aerated or aerated/facultative lagoons. 

The sludges dewatering and disposal (as happens in every tan­

nery in the world) is the biggest obstacle to overcome: 

- the sand beJs (where location is favourable and area avai­

lable) are suitable, also considering the Brazilian clima­

te, only for tanneries up to a maximum of 10,000 kg of 
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process~d hides/day ,1,500-2,UOO m- of beds circa). facto-

ries of this dimension are uncommon in Brazil where 20,000-

30,000 kg/day is the most representative production; 

the sludge mechanical dewatering (filter or band presses). 

at the present, implies in Brazil very high investment 

costs that ~ay be supported only by industries with large 

production (more than 40,000 kg/day. n~t very common). 

Considering that the solution of the sludges problems is es-

sential for the success of every effluent treatment plant, 

sometime more simple and economic sludge disposal system 

were proposed for tanneries placed in isolated zones with 

large availability of uncultivated land: the sludge ponds. 

This solution, which can be criticized from st~ictly tech-

nical standpoint, may be tried in order to overcome the pro­

blem temporarily. 

In our opinion. plant costs limitation is essential in Bra-

zil in any realistic approach to tannery effluents problems. 

At the present the Brazilian leather industry has some dif­

ficulties (lack and high prices of raw hide, necessity of 

improving production to make head against international 

competition). For this reason, all investments are now direc-

ted to improving productiJn; in future, when this situation 

will be overcome, the leather industry will also be able to 

face the costs of effluents treatment plants at European 

levels of efficiency. But now, in our opinion, to press for 

an unrealistic strategy in tackling the pollution problems 

would be not only unproductive but could even produce the 

opposite effects, indeed, technical and economical diffi­

culties could provide an alib: for some tanners for not 

doing what they can and must do. 

~e believe that th~ Br~zilian Government could encourage 



the tannt>rs' efforts by l!lt-<tns of economic aids (low interest 

rate, financings. subsidies to industry etc.) as happens in 

other countries. 

In fact the ~nly flaw of the Project's success is linked 

to the delay in the plant's installation ~only three of 

more than 70 projects are at the ffioment installed and opera­

tional); this delay mqst be principally imputed to the high 

plant installation costs. Other causes (lack of experiences 

in the tar.nery effluents treatment, sometimes ambiguous re­

gulations, Sanitary Authorities' bureaucracy etc.) may be 

considered only secondary causes. 

This delay has had two negative effects: 

the lack, for the Brazilian Team, of a practical veri­

fication of the validity of the dimensioning parameters 

utilized in the projects and of a direct experience in 

implementation and operation of full-scale plants; 

- the accumulation of a large number of projects which will 

be probably realized all at the same time, so that an ac­

curate assistance service to the tanners in this important 

phase will be impossible. 

The Project's activity of serving as liason between Local 

Authorities and tanners was also strongly increased in the 

second phase. 

Each Brazilian State has its own institute designed to sa­

feguard the environment, and their regulations are often 

at ocds. Apart from the D.M.A. (Departemento do Meiu Am­

biente) in R.S., wit~ whom the Project personnel had con­

tinuous technical exchanges, we met with many other State 

Environmental Ins~itutes to illustrate the Project's aims 

and activities. Oi~cussing technical solutions, we also 

o u t. l i n t:' rl d i f f i c 11 l t i <: s i n ma k i n r. the t an n e r y e f f 1 u (' n t. s com p l y 

• 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



• 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

with exis:..ing legislation. 

Outside Rio Grande do Sul, the following Institutes were 

contacted: 

- CHA (Centro de Recursos Ambientais) Bahia; 

- ~Q~~~~ (Superintendencia de Recursos Hidricos e 

Meio Ambiente) Parani; 

- f~!~~~ (Compar.hia de Technologia de Saneamento Ambiental) 

Sao Paulo; 

- f~!~~ (Fundacao de Amparo a Tecnologia e Meio Ambiente) 

Santa Catarina; 

- FEEMA (Fundacao Estadual Estudo Meio Ambiente) Rio de Janeiro; 

- ff~!:! ( Companhia Pernambucana de Recursos Hidricos) Pernambuco; 

- £Q~~~ (Companhia Protecao do Meio Ambiente) Minas Gerais. 



table XIII: 

List of ti!e equi p!'!!ent and thC>ir a"\;ailet-ili ty 
on Frazilie.n market 

Equipnent Usar:e Availability Performa.'1-
.~ ces & reli-Cle 

supplier~ abilit:'.1-· 

Screens 

- c.anual coarse tannery 0°1'.'Yl ++ 
solids production 
renoval 

- self cleaning solids Yes 
( wedge-1o1ire) - removal (A) +++ 

- brushed solids Yes +++ 
re::toval (A) 

Pur.:ps 

- sub!!lersible lifting Yes 
& pumping (AA) ++++ 
in l!'eneral 

- helicoidal sludges & Yes 
pu.":lping in ( ...... ) ++i+ 
~eneral 

-

- centrifuF:al pu:npinr; Yes +++ 
in ~eneral (AA) 

- dosinr; coagulants Yes ++ 
dosinr (AA) 

Electric stirrers 

- slow speed floccula- Yes ++++ 
tion & che- (-) 
l'licals dis-
solution 

- hi!:'h speed chemicals Yes +++ 
dissolution (AAA) 

?ihrerlass tanks chemical Not ++ 
storar;:-e and so easy 
dissoiution 

Vertical Primar;.• Yes ++ 

f:edime:!tation sedimentat. onlv in steel 
and sludr:e (not in fibre 

tanks thickeninr rlass)(A ... A) 

Subr.1ersihle Sl•.idre con- f :1 ++++ 

r.:ixers ditioninr,, 
spent lime 
bat:hs 12ix:i.n£ 
etc. 

nf!-neters p!! control Yes ++ 
("A) 

• 
I 
I 

Cost I 
I 

0 

I 
I 

000 

000 

I 
00 

00 I 
oc I 
co 

I 
ooc 

I 
cc I 
000 I 
00 I 
000 I 

I 
0 () I 

I 
I 
I 
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I 
I Cont. 

Elov.ers 

- centrifure.l sulp!iide ox. , Yes +++ 00 

equalization, (--) 1-
sec.treatment 

- lobe rotors sulphide ox., Yes +++ 000 

equalization, (--) 
sec.treetment 

I 
Air diffusers -
- coarse bubbles equalization Yes ++ 00 

(non-clot-) (---) 
I 

- r.iediW!l e.nd sec.treatment Yes ++++ 000 

fine (--j I 
Surf ace aerators 
- high speed equalization, Yes 

sulphide ox., (---) ++ 00 I 
sec.treatl:!ent 

- lo....- speed equalization, Yes 
s~phide ox., (--) +++ 0000 I 
sec.treatment 

F.otors for sec.treatment ~:o ++++ 0000 

ox.ditdi ~enere.lly 
imported I 

Scraners for primary & se- Yes 
circular clarifier condar;v sedi- (--) +++ 000 

mentation I 
Scraners for slud,:es thi- Yes +++ 000 

sludre thicke::1er cl: en inf (--) I 
Filter Eresses sludr:e Yes +++ 0000 

dewaterin; (-) 

F'ar.d nr-esses slud~e !·:o ++++ 0000 

de\":aterinf: r:enerally I 
I 

I imported 

I 
Perf or:7ia~ces and Local ootential Cost(in co~narison 
re 11ah1I1 tv sunPHers : ~ith the european one) 
++++ = very rood :: oan~: 

0000 = very hihh 
+++ = rood :: enou~h 000 = hi~h 
++ = fair = fe\.: 00 = eoual 
+ = poor 0 = low I 

I 
------- 0 -------
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5.?. Miscellaneous activities -------------------------
a.From 11 to 13 September 1985 a meeting on industrial 

solid wastes (1° Encontrc Sobre Residuos Solidos Indu-

striais) took place in Porto Alegre, R.S •. The meeting 

was organized by CIENTEC (Fundacao de Ciencia e Tecno-

logia), a State Institute of applied research and engi-

neering, and was host to several Industrial Associations 

as well as technicians belonging to specific fields: 

- chemical and pharmaceutic industries; 

- leather and shoe i~dustry; 

- cellulose and paper industries; 

- fertilizer industry. 

The presence of about 230 technicians from various indu-

stries at this meeting shows the great interest of this 

subject in Brazil. 

The Project was requested to participate with some lectu-

res on solid wastes from leather industry. A technic~an 

of the Italian Staff at that moment present in the Project 

area together with a member of the Brazilian Team delive-

red two lectures concerning "The final disposal and the 

possible utilization of tannery sludie'' (Mr. Piero NINI) 

and "The chemical conditioning of pr1~ary treatment tan-

nery sludge" (Mr. Jose Luiz MER IGO). 

The relevant part of Mr. NINl's lecture is reported in 

this paper (see paragraph 3.2 "Disposal of tannery solid 

wastes"). 

b.On July 1986 together with Mr. P~ulo JOST (Project Natio­

nal Coordinator) and ~r. Hugo SPRINGER (Director of SENA! 

Sr.hool at F.stancia Velha), the Italian Team Leade1 took 

part in a meeting in s;o Paulo or~anized by the Leather 

Industry A~sociHtion of this ~tale. In this meeting, the 

• 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



• 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

- 63 -

aims and the activities of UNIDO/SENAI Project we~~ il­

lustrated. 

c.From 14 to 15 November 1986 a short course (Seminario 

Sohre Tratamento de Efluentes du Curtume) was held by the 

Italian Team leader at the SENA! School of Water Control 

and Protection, Curitiba (Parana). Seventeen persons took 

part in this course: 

- technicians of local tanneries (Adriatico and Curitiba); 

- technicians of SUREMA (Superi11tendencia de Recursos Hi-

dricos e Meio Ambiente do Parana); 

- technicians of SANEPAR (Companhia de Abastecimento de 

Agua e Saneamento Basico do Parana). 

------- 0 -------
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I 
6. CONCLUSION AND FINAL OBSERVATIONS I 

We believe that the objectives of the Project have been achie-

I ved and that we have fulfilled our assignment. 

- The pilot plant and the installed eqi~ment have demon-

strated their reliability at the same European level I 
under local conditions in the treatment of tannery ef-

fluents; furthermore, the secondary units show better per- I 
formances for climatic reasons. This pilot plant was ne- I 
cessary to train local consulting engineers able to design 

adequate projects and to facilitate the tanners' choice of I 
the most suitable solutions. 

In addition many local constructors have visited and stu- I 
died the pilot plant. Equipment formerly unavailable in 

Brazil is now locally produced. I 
- The training of Brazilian personnel is finished. They are 

able to support the Project "inheritance" and to continue I 
and improve the technical assistance to the leather indu-

stry. I 
- The new laboratory of the Project (inaugurated on March 

1986) is fully operative and able to make all the most im- I 
portant analyses of effluents and solid wastes. 

I This important service is more and more requested by tan-

ners of Rio Grande do Sul; in the nedr future it will be 

increased at the same rate of plants installation. I 
- The totality of Brazilian tanneries and allied industries 

know the Project, and a relevant part of them have already I 
u t i l i zed th e P ;· o j e c t s er v i c e s . 

I 
With the expiration of the UNIDO Project US/BRA/80/166, the 

sr-· .• 1\I School of Estancia Vclha has taken entirely in its I 
hnndn the management of the Hrazilian T~am, the pilot plant 

and I.he lahorntnry. I 
I 
I 
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Now the S~NA! Counterpart must continue the Proj~ct acti­

vities and be prepared for the moment when all the projected 

plants will be install~d and put in operation. 

In the next future the number of technicians involved in 

this activity must be adequate to the tanners' demand for 

assistance (the availability of personnel is now inadequate). 

Furthermore the activity must not be limited to the tannery 

industry of Rio Grande do Sul but continued in the other 

Brazilian States and extended throughout Latin America. 

0 

000 

00000 

OOOOJOO 

00000 

000 

0 



• 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

- VI -/~s 

A N N E X E S 

I - Contractual Duties 

II - Ultrafiltration rrocess 

III - Flotation Process 

IV - Microbiology Applied to the Treatment of Tannery Effluents 

V - Geology Applied to Solid Wastes Disposal 

VI - List of Visited Factories 

VII - Tannery Alianca S.A. Project 



• 
I 
I 

AMNEX I 

I 
Contractual duties 

The aim of this Contract is to establish a pilot demonstra-

I tion plant for tannery effluents treatment capable of: 

- assisting the Brazilian tanning and allied industries to 

I obtain a reduction in the levels of pollutants of their 

effluents and to achieve the norms established by the com-

I petent authorities; 

- assisting both the local authorities and the tanning indu-

I stry in the preparation and evaluation of the technically 

feasible projects necessary to achieve such lower pollu-

I tion at low economical cost; 

I 
- evaluating, under local conditions, the effectiveness of 

a variPty of effluents treatment techniques; 

I 
- conducting a systematic programme of training to develop 

a cadre of qualified personnel in this field; 

I 
- carrying out a programme of applied research in the treat-

ment of tannery wastes and the economic recovery of mate-

I 
rials from such wastes; 

- preparing major outlines of the most suitable system to 

I be applied in individual tanneries and joint municipal 

effluent treatment plants in Brazil, and 

I - preparing recommendations on how better dispose of/utilize 

the tannery sludges and other solid wastes. 

I Contractor's service --------------------

I 
For the performance~ of his obligations under this Contract, 

the Contractor shall make available a total of ten point 

I 
five (10.5) man/mnnths nf pPrsnnnPl sPrvi~Ps as snP~ifiPd 

in sub-paragraphs a) and b) immediately hereafter. 

I 
I 
I 
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I 

Nine (9) man/months of service shall be carried out in I 
the Project area. I 

b) Home office services 

One point five (1.5) man/months of service shall be carried I 
out at the Contractor'~ Home Office. 

I 
I 

The personnel provided by the Contractor and the duration I 
of their assignment were as follow: 

Duration of assignment (m/m) I 
Name Function Project area Home Office 

Mr. G. Clonfero Chemist 4.0 I 
Mr. p • Nini Chemist 2.9 

altogether 
Mr. G. Franci Geologist 1.4 

1. 5 
I 

Mr. M. Bacchi Biologist 0.7 I 
Total 9.0 1.5 I 
Grand total 10.5 I =========;================= 

I 
------- 0 ------- I 
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ANNEX II 

Ultrafiltration (UF) is a name given to a form of suspended 

solids separation which employs relatively coarse membranes 

at relalively low pressures. The process should be distin-

guish€d from reverse osmosis, which is a similar process used 

for dissolved solids separation using fine memtranes and high 

pressures. Ultrafiltration, using a thin semipermeable poly-

meric membrane, is reported most successful in separating 

suspended solids as well as large-molecule colloidal solids 

(0.002 to 10.0 pm) from waste water. 

Fluid transport and solids retention are achieved by regula-

ting the pore-size openings. Thus, the ultrafiltration pro-

cess is a physical screening through molecular-sized openings 

rather t~an one controlled by molecular diffusion. 

The size of the pores determines the £~!=£ff, that is to say 

the minimum diameter of the retainable particles. Really the 

efftctive filtering layer is made, in addition to the mem-

brane, by the !!~!!_l~l~£ which develops on the membrane it­

self as the plant runs. 

By ultrafiltration is possible to separate from the solvent 

colloids or macromolecules with a molecular weight between 

1,000 and 100,000; the permeate flow varies between 500 and 
2 

5,000 l/m of membrane µer day. 

In a UF system (see fig. 1), a feed water is introduced into 

a membrane module. Water and low molecular weight solutes, 

passes through the membrane and are removed as permeate. 

Suspended solids, and high molecular weight species are rej-

ected hy the membrane and are removed as concentrate. 



-· -

--· . 
- .. -:-: -

- . -... ... -

- 72 -

--
· · ~:--: .. _ - :·: :nmt.JUJtMEMBRANEOL.TitAFil.."IlLUION -

Cigure 1 

In ultrafiltration, the feed stream flows across the membrane 

surface. This characteristic cross-flow differs from the per-

pendicular flow of ordinary filtration. In ordinary filtra-

tion a filter cake builds up on filter surface and requires 

frequent filter replacement or ~leaning. In ultrafiltration 

cross flow prevents filter cake buildup, and high filtration 

rates can be mantained continuously. 

Ultrafiltration membranes are thin films of proprietary non-

cellulosic polymers. The most utilized polymers are poly-sul-

phonated and polyamides, which show high chemical, mechanical 

and thermic resistances. 

The poly-sulphonate membranes, employed in the recovery of 

sulphiae from spent lime baths, are able to work in a range 

of pH from 1 to 14 and can resist to a 2% Sodium Hypochlorite 

or 10% Hydrogen Peroxide solutions •nd to a temperature up 

to 100°c. 

~~~er permeability is utilized to characterize the porosity 
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of th~ m~mbrane. but does not represent the stabilized, 

long-term flux on a process fluid. In t~e waste treatment 
2 

field. fluxes of 15 to 20 l/m of membrane surface per hour 

are typical. 

Membrane life is a function of fouling and requi~ed flux rates. 

E.P.A. standards indicate that a membrane may be considered 

acceptable for a lifE span of 6 months in continuous operation 

with a minimum injtial flux of 30 and a final flux of 15 

2 
l/m per hour. A plant must be designed for t~e lower figure 

and the membrane replacement made when the design figure is 

reached. 

The driving force for transport of water through the membra-

ne is pressure. Operation is achieved at pressure gradients 

of approximately 2 bars. Total system pressures do not exceed 

5 bars. 

Ultrafiltration modules 

The ultrafiltration membranes may be assembled in several 

manners. This aspect of design concerns the amount of mem-

brane surface area which can be incorporated into a module. 

Because of low membrane fluxes, it is imperative to design 

the module to maximize membrare surface area. 

- Tubular: diffusely employed, especially when the suspended 

solids are high - prefiltration not always necessary - easy 

regeneration - quick replacement of the membranes; 

- multitubular: high flow of permeate - with the same permeate 

flow, the energy requirement of the multitubular type is 

lower than that of the first type; 

- spiral: employed with low content of suspended solids -

high performances and low energy requirement - high opera-

tive pressur~ and temperature; 



c;ipillary: ~oploy~d both for liquids and for gases - mini-

mum energy reqJirement careful prefiltration required. 

The best working parameters will be stated everytime conside-

ring: 

a. type of membranes; 

b. feed characteristics; 

c. circulation flow (i.e. tangential velocity of the feed in 

the modules); 

d. differential pressure of the liquid on th~ two surfaces 

of the membrane; 

e. eventual pretreatments; 

f. eventual recovery process of substances from concentrate. 

The parameters which characterize the membranes are: 

retention: is the per cent of solute which does not pass 

through the membrane: 

[x] feed - [xJ permeate 

rete~tion of solute X =------------------------- x 100 

[x] feed 

- :l~.!~: is the per cent of a solute r£c '•:?red in the concen-

trate: 

yeld 
total quantity of . =------------------- - ·-

1 te in the concentrate 
x 100 

total quantity of ·- Jute in the feed 

~~~£l£l£_£.!£~: is th~ volume of permeate which passes through 
2 

thr. unit surface in th~ ui1it of time: l/m of membrr.ine per 

h o 11 r . F u r t. h c r m o r <~ , t h P f 1 o w o f p e r m e a t e d c p e n d s o n t. h e l i -

quor tcmrerature, I.ht:' workinr, pressurr., and the final con-
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centration of the feed requested. 

Water flux determination: water flux is the rate of permea-

ticn measured by circulating clean water through the ultra-

filter. Determining this rate will give an indication of 

the cleanliness of the membrane surface and effectiver.ess 

of the cleaning procedure. 

- Standard conditions and corrections: standard conditions 

for measuring flow ar~ set at an average pressure of 3.5 

bars and a temperature of 25°C. Because these conditions 

are not optimum on clean water. the measured flow must be 

corrected for temperature and pressure. Water flux should 

be taken with an inlet pressure of 1.5 bars due to the high 

rate of permeation exhibited by clean water. 

The units for water flux are litres of permeate per square 

meters of membrane per hour. 

J 
average permeate rate in liters/hour 

m 
total membrane area in sq. meters 

J measured flow 
m 

The measured flow. can be corrected to standard conditions 

using the following equation: 

where: 

P. 
in 

p 
out 

F 

6.8 

J x 6.8 
m 

J =------------corr 
p + p 

in out 

inlet pressure; 

= outlet pressure; 

x F 

=temperature correction factor (see table I); 

constant factor. 
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table I temperature correction factor 

T("C) , T("C) _,_ 
SJ I.US n 1.ns 

SI 1.105 u 1.tK 

so 1.6U ZS Lt18 ,, I.US ZS I.-.. .. , . H l.IZJ 

'1 .. ,., D 1.1'1 

" I.ISi n 1.111 

cs 1.118 II l..ltl 

" I.HZ ZI I.US 

4J '·"' " l.UZ 

•Z 1.101 " 1.111 

'' 1.rza 11 l.zlZ .. I.JM " l.Z4J 

Jt .. ,.. H 1.ZJI 

• I.JU " l.Jll 

J1 1.1n n I.lei ,. I.HJ 1..llJ 

n l.ICll l.•n 

J4 l.IZS " 1 ... , 

JJ 1.141 • 1.5411 

JZ I.ISi I l.SSI 

l1 11..111 l.Stl 

JO .... I 1.141 

n l.tlS I I.Ht . 

Ultrafiltration is not widely adopted at the present in tan-

nery because of its high cost and operative complexity. 

The possible applications in tannery are: 

A high portion (40-70%) of the total BOO and COO of a 
:i 

tannery waste water is related to the spent unhairing 

baths; by means of th~ ultrafiltration it is possible to 
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separate and concentrate a large part of this rolluting 

load and, at the same time, to recover and rtuse tne re-

sidual sulphide. For this use the membranes are generally 

assembled in the tubular ~anner. 

SPENT 
UNllAIRIHG 
BATH 

(reuse of permeete) 

COHCENlRATE 

l-~-.. ---·-r ~-~ 
HOLDING TAHIC §_ TUIULAR ~ 

- THANSl'EH 
UL.TRAFILTRATIOH 

HDDlLES 
1'1111' 

l'HOCUS l ANlt 
Hllll LEVCL 
tOHTRDLU.R 

~ 
CIRCULATION 

PUHP 

PERIODIC CONCENTRATE NITHDRANAL -- . 

:figure 2 

rERHEA TE ·TO 
HOLDING TANK 

FOR REUSE 

b. ~~££~~!l_£f_!!~~!~_f!£~-~E~~!-~~g~!!£!~_!!~~!~_!!£~!_!!g~£! 

(see fig. 3) 

Ti1e spent vegetable tan liquor is filtered in order to 

increase the tannin non tannin ratio in the concentrate 

~hich can be reused after the treatment as fresh uegetable 

tan liquor, in fact, unlike in the unhairing bath applica-

tion the ~oncentrate and not the permeate is reused. 

SPENT 
LIGllT LIQUOR 

(reuse of concentrate) 
CONCENTRATC llCTURH 

110LD 1 NG/ rnoccss 
lANK 

~ 

~ CIR~ION 
HCIJ ruH1• 
rmw 

figure 3 

TUBULAR 
UL TRAF IL TRATIDH 

HODULES 

rcnHCATE TO DRAIN 
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I 

Two possible applications o: ultrafiltration are ~resently 
I 

being experimented. The first is the remov3l of grease I 
and chemicals (surfactants and solvents) and recycling of 

brine from spent baths of goat and sheepskin degreasing. I 
The second is the chrome recovery, after flocculation, 

from spent tanning liquors; the chrome recovered from the I 
concentrate after acidification can be employed ag3in for 

tannage and the rermeate discharged or employed to P''epa- I 
re the pickle. 

I 
References 

I. Process design manual for suspended solids removal. I 
U.S. E.P.A. - Washington , 1975. I 

2. Myles H. Kleper: "A new approach for treatment of spent 

tannery liquors". Memory lecture presented at the American I 
Leather Chemists Asso~iation - 75th Annual Meeting, 1979. 
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ANNEX III 

Flotation is a clarification and/or thickening process simi-

lar to gravity sedimentation, but one in which the solids 

float to the surface of the water, where they are skimmed 

off, i~stead of settling to the bottom where they are scra-

ped to a point for removal by gravity or pumping. Obviously, 

a floating particle must have a specific gravity less than 

that of water. 

Such substances have such a low specific gravity in their 

natural form (such as oils, greases, some plastics etc.); 

they will float to the surface on their own (autoflotation). 

In most case, however, particles which are naturally heavier 

than water are made lighter by attaching many small air bub-

bles to them so that the specific gravity of the particles-

bubble combination is less than that of water (air flotation). 

The bubbles may be adced to the waste water by entrapping 

air in the liquid by aeration (diffused air flotation), or 

by suddenly reducing the pressure on a supersaturated por-

tion of the waste, causing the excess of air to come out 

of solution as bubbles (dissolved air flotation). Since the 

second method produces much finer bubbles (50-100 µm vs 

500-1,000 pm), which adere to the waste particles much better, 

it is preferred in most cases. 

In comparison with gravity sedimentation, flotation shows 

the following advantages: 

higher hydraulic loadings, hence smaller tank size with 

shorter retention time; 

- effectiveness in removing fine suspe11ded solirls which are 

difficult to settle, hence improvement in lhr quality of 
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the effluent; 

- higher solids content of the floated sludg~s. 

In the simplest form of dissolved air flotation, shown sche-

matically in fig. 1, the waste water is pressurized to a 

pressure of 2 to 5 bars in a small solution tank of about 

1 min detention time. The air may be aspirated into the sue-

tion side of the pump or pressuriz~d air may be injected 

directly into the solution tank. Since the solubility of a 

gas in water is proportional to the pressure of the gas, 4 

times as much air can be dissolved in water at the pressure 

of 4 bars as at a normal pressure of 1 bar. When the pressu-

re of the solution is suddenly reduced as the waste is injec-

ted in the flotation tank through a pressure reducing valve, 

the.saturation concentration of air is also reduced and the 

excess of air in solution tends to come out of solution as 

tiny bubbles. The bubbles tend to form readily at phase in-

terfaces, such as the surface of particles, and especially 

at sharp angles in the interfaces making the particles to 

float. Coagulants, such as aluminium or iron salts, or high 

molecular weight organic polyelectrolytes, are commonly 

used just in sedimentation and are very effective in many 

cases. 

Waste 
influent 

figure 1 from (1) 

Retention tonk 

Air 

I 
Pressure 

raduci09 volve 

(a) 

Thickcnino 
sludcr-

C·-·---, 

Flotation tank 

Effluent 
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There is a maximum amount of air, or numLer of bubbles, that 

can be effectively absorbed o~ entrapped i~ a give·, waste or 

sludge. The optimum amount of air is di~ectly proportional 

to the solids content of the waste or sludge. Thus the air/ 

solids ratio (A/S ratio) is the c~itical design variable. 

Expressed as weight of air released from solution perweigh~ 

of solids in the influent, it directly affects all three mea-

sures of performances cf a flotation unit, which are: 

- the solid content or thickness n~ the float; 

- the suspended solids content of the effluent; 

- the ascension speed of the float, wl.ich determines the 

overflow rate necessary, and the size of basin required. 

Each of these three variables is improved by an increase i~ 

ai~solids ratio up to a point which is d'fferent for each 

waste. The air/solids ratio is: 

where: 

- A/S 

c 
s 

p 

- x 
a 

f 

A/S 
c 

s 

x 

p + l 

?. 

= air/soljds ratio; 

(a) 

= concentration of air in water at the satur~tion 

at the temperature of water {mg/l); 

pressure in the solution tank {bars); 

=influent suspended solids concentratirn {mg/l); 

constant linked with the efficiency of the solution 

tank (generally 0.5). 

Since the qua~tity of air which can be dissolved in a cer-

t a i n v n 1 u m e o f i n f l u c n t i s I i m i t e d , i t i s p o s s i b 1 e t r, a t , 

whi'n thf, influPnt suspended ~;rdicis conr.entration e>:rced:.; 



1,000-1,~iO(l mg/l, the maximumvalu<:sof A/S rat.o obtainable 

are too low to allow complete flotation. In these cases, part 

of the effluent is recycled and mixed with the influent in 

order to obtain a dilution effect which determines an increa-

sing of the A/S ratio. 

Furthermore, some wastes or sludges, which eit!1er consist of 

large or stringy organic particles or which are already floe-

culated, such as waste activated sludges, would be sheared 

into smaller particles by th€ action of the pressurizing 

pump. In these cases a portion of the clarified effluent 

is pressurized and injected into the waste water or sludge 

line leading to the flotation unit or into the flotation 

uniT just below the waste water or sludge influent line. 

This system is shown in fig. 2. 

Influent waste 

CE;:.·-·~ 

I 
' 

rigure 2 - from (1) 

L_ 

Air release 
Air 

injection 

Recycle 

Retention tank 

( b) 

...= ---

Effluent 

When the recycled flow is pressurized, the equation (a) 

becomes: 
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A/S 

where: 

R C 
s 

- H3 -

~ . ( p + 1 ) - 1] 
Q x 

a 

( b) 

- R total flow to the unit (influent+ recycle); 

- Q = influent flow rate. 

Typical values of A/S rat~o are 0.02 to 0.06 and are v~ried 

in practice by varying th~ pressure, recycle ratio and deten-

tion time in the solut5on tank. Typical values cited are re-

ported in table I. 

table I from (3) modified 

Parameter Rang'! 

Pressure, bars 2 to 5 

Air to Solids Ratio, kg/kg 0.02 to 0.06 

Float Detention Time, min. 20 to 60 

Surfar.e Hydraulic Loading, J'm2h 0.5 to 0.7 

Recycle, percent up to 120 --

Rt:ferences ----------
(1) Thackston, E., W.W. Eckenfelder (editej by): Process 

Design in Water Quality Engineering Jenkins, 1972. 

( 2) Eckenfelder, W.W. (edited by): Industrial Wa<:.er Pollution 

Control Mc Graw-Hill, 1972. 

( 3) U.S. Environmental Protection Agency : Susµ~nded Solids 

Removal E.P.A. 62S/l-7S-003, 197S. 
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I 
ANNEX IV I 

I 
Studies on the metabolism. biochemistry and physiology of mi-

croorganisms. in particular Bacteria. are obviously important I 
in used-water treatment systems' planning and management be-

cause understanding of the microbiologjcal mechanisms in- I 
volved helps to improve the efficienr.y of the processes. It 

is important to realize that all microbia~ systems o e I 
on the same general principles, and that the differer,c-e::; b~-

tween the various biological systems lie in the environ- I 
ment imposed by the mechanical aspect of the system. 

I 
I 

Given the university formation of the Brazilian Technici3n 

(Chemical Engineers and not Biologists) it was deemed I 
useful to make a short survey on the following arguments: 

amino acids and prot ins; I 
- enzymes; 

- fats; I 
- carbo'1ydrates; 

nucleotides essential in metabolic reactions. I 

Bacteria are the most important group of organis111s living 
I b. The Bacteria 

in a biological treatment system. They play an essential I 
role in removi .. g the organic matter. For this reason 

Lhe course dealt widely with Bactrria and. particularly, I 
with those aspects of Ract.eriology rlirectly connec•cd 

w i th t. h P. b i o I o g i c a 1 t r c a t. m c n t !' i n t a n P <" r y • I 
Th(' principal t• Jmpon,~ntr; of a b;1ct.('rial cell wi~r~ briefly 

I 
I 
I 
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describ~d together with some physiologic3l aspects con­

nected with the operation of a biological treatment: 

- growth phase; 

- bio-flocculation; 

- nutritional requirements; 

effects of some toxic substances present in tannery 

effluents (e.g. Chrome III, Sulphides, Ammonia Nitrogen, 

Phenuls etc.) 

Furthermore, particular emphasis was given to two arguments 

directly connected with the correct operation of a biolo­

gical treatment system: 

- slime layer: is the outermost layer of the Bacteria. It 

is an accumulation of polysaccharides around the cell 

and appears to be a deg~adation product of the cell wall. 

This layer is very important in the biological processes; 

in fact, t~e sludge floe of an activated sludge or the 

bio-film of a ?ercolating filter are constituted by Bac­

teria embedded in a co~mon gelatinous matrix made by the 

slime layers of the single cells. Therefore, the formation 

of slime layer is the most important step in the develop­

ment of activated sludge because it al!ows the floccula­

tion of the cells, which may be retained in the system 

as sludge floes. Observing a fixed and stained (methy­

lene blue or gentian violet), or a fresh smear of acti­

vated sludge, it is possible, within certain limits, to 

obtai11 information on the "status" of a plan~. 

So, a~ practical test, ceveral 3lides were prepared utili­

zing the mixed liquor from the oxidation ditch and read 

on the basis of the method of Dra~ides (6). This method, 

which allows to correlate the microscopic characteri3tics 

J f •, h c ::; 1 u d g c \ s 1 i m c 1 a y e r , f 1 o c s t r u c t. u r c• c t c • ) t. u t. he 

cffiriency of the plnnt., is, on the gr-our.cl of our expc-
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rience, applicable also to the biolcgical sludge of 

tannery. 

From this analysis the oxidation ditch mixed liquor resul-

ted young and heavily loaded: a confirr.ation tnat in 

those days a large quantity of excess sludge was dischar-

ged. 

Identi£ication 0£ bulking organisms. Bulking, a condi-

tion in which the sludge does not settle well and has low 

densities (or high SVI - sludge volume index), presents 

serious trouble in secondary sedimentation and effluents 

with high concentration of suspended solids. Bulking in 

tannery waste water treatment may depend on a variety of 

causes, the most common of which are: 

filamentous bulking: caused by filame· coua organisms 

like Zoophagus and Sphaerotilus (Fungi) or Thiothrix and 

Beggiatoa (Bacteria). Fungi may overcome aerobic Bacteria 

for the following reasons: 

. low pH of the liquor; 

high BOD:P and/or BOD:N ratios; 

overload shocks; 

. toxic substances shocks; 

low dissolved oxygen levels. 

Furthermore, the preGence of tt
2
s in high concentration, 

fr e q u en t i n tannery w a s t e w a t e r , may <: 11<~ ri u r a g e f i 1 amen -

taus sulphJr Bacteria like Beggiatoa and Thiothrix. 

- 7-oogleal bulking; ~duseo ~Y the prcsenc~ of excess exo-

cellular ~ydrophilic polysaccharides (slime layer) pro-

duced by several species of Bacteria (e.g. Zooglea rami-

gera). Thus, ~!though it is indispensable to promote 

good settling. excess of i:;uch ~;ubste;nces is likely to 

cau:.;e bulking. 
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The main groups of bulking organisms in tannery waste 

water were identiried using slides prepared with the slud-

I 
ge or the oxidation ditch. The possible interventions 

to eliminate or prevent bulking (e.g. control or BOD:P 

I and BOD:N ratios, control or H S, use or Chlorine or H O , 
2 2 2 

increasing the biological sludge wastage) were explained. 

I c. The metabolism 

Since the Bacteria are the most important organisms, the 

I course dealt particularly with their metabolism. It de-

scribed the reactions of organic matter degradation both 

I in accobic and anaerobic conditions, together with those 

I 
particular metabolic cycles typical of Bacteria (e.g. 

Sulphur Bacteria) present in tannery plants. The subjects 

I 
treated are lis~ed below: 

- metabolism: anabolism and katabolism; 

I 
- autotrophic and eterotrophic Bacteria; 

- aerobic, anaerobic and facultative Bacteria; 

I 
- degradation of proteins, fats and polysaccharides both in 

aerobic and anaerobic conditions. Particular attention 

I was given to the m~tabolism of those substances which are 

most com~on in tannery waste water, e.g. fibrous proteins 

I (keratins, collagen) and fats; 

- nitrogen cycle: nitrification, denitrification etc.; 

I - sulphur cycle: Sulphur bacteria reactions. 

I 
I 

This part of the course treated the microscope as an ana-

lytical tool for the control of tannery-activated sludge 

I 
plants. The Prot.ozoa c .mmonly observed in the mixed liquor 

may be considered important for two rc~sons: first, they 

I 
a c c om p 1 i sh ;.i r. i mp o r t. a n t. " c 1 ,. ~Jn i n $~ " o f t. h c· e f fl u e n t ; i n 

I 
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fac~ their predatory ~ctivity drives to the removal of 

the m~jority of dispersed Bacteria and so improves the 

e ,;:~ f 1 u e n t qua 1 i t y . ( s e e f i g • 1 from 4) 

0 

Pt rm "olur ._ ___ __. 

lm9/ l l 

0 05 

IOO I~ 200 

C]C1hatts 
atunt 

lilt C•horu 
prntnl 

10 15 
O~'•COI d~n11ty un•h (001 

Fa<.i. 1 H1s1nrram of dl\ucial qu~hhc). from ~-~rimcntal acti .. atcd·,,Jud~C' 
umn opc-ratinr in abKncc and rrcscnc< "' c1ha1cd r!"otorna Shovldn~ '"' 1'1od.~ 
indicate ranrc' of mean\ of dfiurnt quahry. 

Second, since the activated sludge plants are a habitat 

i~ which (as in natural ecosystems) the various species 

are linked each other by complex ecological relationships, 

whatever produces a change at any point of the ecological 

chain influences tha entire living community. 

The microorganisms follw precise ecological patterns in 

every activated sludge system; they ~espond to chemical 

changes in the habitat (e.g. D 0 toxic substances, slud-

ge ag~ etc.) by ~lte~ations in the number of organisms be-

1 on g i n g to e: a ch spec i es . Sr, i t i s pc,~ s i b 1 e to def i n e the ope -

rating charactericticG of a plant by routin~ microccopic 

examination of the mix~d liquor. Protozoa, r .sily visible 

with a microscope, arr the h st obj~cts for such investi-
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I 
gations. 

I During the course the analytical method for the exami-

I 
nation of an activated sludge was described and shown in 

laboratory. The number of Protozoa were evaluated, the 

I 
main groups as well as the dominating species were iden-

tified. 

I 
The interpreta~1on of these results permitted us to quickly 

assess the "state of health" of a plant. 

I 
Furthermore, during the practical activity, some theore-

tical lessons were given on the following arguments: 

I - ecology of biological treatment plants; 

- groups of Protozoa and their characteristics; 

I identification of the species commonly present in tan-

nery activated sludge and their significance as indica-

I tor organisms. 
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Mc Graw-Hill, 1977. 

I (3) Mitchell, R.: "Water Pollution Microbiology". Wiley Inter-

science, 1971. 
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ti•1ees appliquee a la surveillance des installations d'e-
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ANNEX V I 

I 
Controlled landfill 

Disposal on land is the most common methcJ in use today for I 
the long-term handling of solid wastes and residual sludges. I The most common advancedland-disposal system, more and more 

that is to say, a dispcsal site constructed an~ correctly 
I utilized in industrialized countries, is ££~!££!!!~_!!~~£!!!• 

managed under an ecological point of view. The planning, a- I 
nalysis and design of contrJllEd landfills make use of se-

veral scientific and enginee•ing principles. I 
a. Site selection 

Usually are selected deserted mines or quarries to reclaim; I 
gorges, dolinas or areas subjected to inundation or under 

hydrogeologic ties, are clearly discarded. the site suita- I 
ble for landfill must answer to such general requisites 

as distance from inhabited areas but more importa~t must I 
fulfill geologic and hydrogeologic conditions in order 

I to be suitable as a landfill site. In fact, the main eco-

logical risk of landfilling is the possible pollution of 

I ground waters. 

7he selection of the area is generally subjected to the 

follo,ing analyses: I 
B!£!2B!£_!~!!l!!!: their object is to establibh the cha-

racteristics of the geologic units which constitute the I 
subsoil of the site: thickness, lithology, permeability I and porosity. Typical permeability coefficients fo~ va-

rious soils arc reported as example in table I. I 
I 
I 
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table I typical p<·rr.1eability coefficients for various ~;"ils 

(laminar flow) from (1) modified 

~:eterie.l 

Uniforc coarse sand 

Uniform rnediu~ sar.d 

Clean, well-graded sand and gravel 

Unif crm fine sand 

\-:ell-graded silty sand end f:ravel 

Silty sand 

Uniform silt 

Sandy clay 

Silty clay 

Clsy (30 to 50 percent clay sizes) 

Colloidal clay 

Coefricient of rerrr:ee.bility 

K
5 

- 1 I rn.2 per day 

406, 700 

101,500 

101,500 

4,080 

395 

89 

48 

4.8 

0.89 

0.089 

0.00089 

~!£!!£~~!£~!-~~~!~~!~: their object is to learn the mecha­

nical characteristics of the soil by means of penetrometric and other 

mechanical tests. These tests, undertaken to determine the cohe-

sion and the interior friction angle of a soil, allow us 

to know the load-limit to which it can be subjected. Th5s 

data is indispensable for avoiding deformations and soil 

sinkings which could damage the impermeabilization layer. 

~l~££B~£!£Bl£_~~~!l~!~: their object is to establish: 

depth of the water table and its seasonal vai·iations; 

form and direction of the water table and its relations 

with the superficial waters. Generally zones with deep 

water table and thick impermeable layers are selected. 

b. ~!~~g£_£~~£~£!~£i~~!i2~ 

The chemical and mechanical characteristics of the sludge 

to be disposed directly influence the engineering of land-
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filling. 

The main parameters to evalue· are the following: 

- solids content of sludge: is related to the nature of 

waste water treatment and sludge processing steps; 

- volatile content: is a measure of the organic content 

present in the solid fraction of the sludge; 

- presence of heavy metals a~d toxic organic compounds; 

- mechanical characteristics: cohesion, porosity, interior 

friction angle. 

Table II reports the values of some ~~rameters relative to 

the tannery sludges produced by the centralized plar.ts of 

S. Croce sull'Arno (Pisa) and Ponte a Egola (Pisa). 

tab 1 e I I : prinmy arrl se:xrrlary mixed slu1ges after 2) d:tYs of ageing ( 0 ) 

s. Croce Ponte a Egol~l 
- Filterpress - - Band Press -

. 
Solids content : per 
cent dry solids 30 + 35 24- + 33 

Volatile content : 
per cent by weigh 
of dry solids 

45 ·+ 50 45 + 50 

Interior friction 
16~ - 17° 40 8.l.lE;le 

Coefficient of 
permeability 

1 + 10 0.1 + 10 
l/m2 per day 

Load-!imi t: g/c_12 BOO 100+200 
,. 

( 0 ) Courtesy of Mr. L. Stano - Chief Engineer of TF:CHNOGEO 

Pontcdera (Pisa) 
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Digging: the first step in preparing a controlled landfill 

is to dig the cavity destined to admit the sludges. The 

removed material, stored, can be later used to cover the 

sludges. 

Water-proofing of the bottom and the banks of the cavity. 

If the soil is sufficiently impermeable, the bottom is 

dig so as to form a slope which allow the waters to flow 

in the desidered direction. 

If the soil is insufficiently waterproofed, it will be 

necessary to construct barriers of sealant materials. 

The most common sealants are reported in table III. 

tab 1 e I I I : larrlfill seal.ants for the cmtrol of gas arl leachate rrovement ( 1) 

Claad!ication 

Compacted •oil 

Compacted cl11.7 

Inorganic chemical• 

S711th•tic chemical• 

S711thetic membrane 
line!'9 

Aaphalt 

Othen 

.Se11lant 

Rapre•antati't'9 t7Jle• 

Bentonitaa, illitea,· kaolinite• 

Socli\111 carbonate, eilic~t~, or 
P71'0•Phoapb.at~ 

Pol.7=era, rubber latez 

Po~l chloride, but7l rubber, 
h7Palon, pol7etb;rlene, DTlon­
reWorced linerm 

Hodi!i•d '9phalt, rubb1r­
illpregnated uphalt, aaphalt­
cov.~d po17Prop7l1ne fabric, 
uphalt concrete 

Gwilt• concrete, •oil cemeot,· 
~lutic aoil c1aent 

6bcrald contain •om• cl11.7 or !in• 
•eilt 

Ho•t coi=onl.7 u.aed Halant_ tor 
laridtill•; 111.7er thickne•• Y&rie• !ro• 
6 to 48 in; lll,7er llWlt be continuou.a 
and not allowed to dZ7 out and crack 

Oee depend• on local eoil 
ch&rachrutic• 

Ezperime~~al, u.ae not vell 
eatabliehed 

f!iir?eoeive, m11.7be jueti!ied vhere 

ga!J is to be recovered 

Z..,er muat be thick enough to 
maintain continuit7 under 
ditterential letting condition• 

Drainage. To eliminate the leachates, rain water anrl 

water released by the sludge, drainar,e channels are pla-
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ced at the bottom of the excavation. Constituted by 

trenches filled with coarse gravel, they converge to 

drainage shafts where the leachates are collected and 

pumped to a treatment plant. When a digging, or part of 

it, is filled, the surface is covered with a layer of 

clay sloped to avoid rain infiltration. 

- Gas control: an important problem in landfilling is con-

nected to the organic biodegradnble components which 

begin to undergo bacterial decomposition as soon they 

are placed in landfill and give rise to such various 

gases as ammonia, carbon dioxide, carb0n monoxide, hy-

drogen sulphide, methane. The usual way of removing 

these gases is to install vent pipes in the sludge mass, 

at regular distances. 

Ground waters control: a controlled landfill requires 

periodicdl control of the ground waters by means of a 

system of monitoring weels. These are placed all around 

the landfill site to certify the effici~ncy 0f the imper-

meabilization layer. 

note: the word ground waters means the waters flowing in the sub­

soil. These waters derive principally from rain which per-

meates the soil impregnating it to a level called water ~a-

ble. Below this level (saturation zone) the waters are ground 

waters. 
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(1) G. Tchobanoglous, H. Theisen, R. Eliassen Solid Waste 
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1. Ct1rtune F.ir:us $.~,Estancia Velhe 

2. Calc;ados F.eli;.; &~,Estancia Velhe. 

:;. Curtume l-'.atiz SA,Estan~ia Vell:a 

4. Curtu.~e Sc~uck SA,Estancie Velha 

5. Curtu.~e Bender &~,Estancia Velha 

6. Curtu!!le Leuck r-:attes SA,Estancia 
Velha 

7. 

8. 

0 
.; . 
10. 

C'..lrtU!!le ~e!'Fhan LTDA,Estancia 
Yelha 
Ver.:aso Industrial de Cuoros LTDA, 
Estancia i.-elha 
Curtu~e Reinaldo Konrath LTDA, 
Este.~1cia Vel!'la 
Curtume Ir~aos Slen~ler e CIA 
LTDA,Estancia Velha-

11. Curtune Estancia LTDA,Estancia 
Velha 

12. Genuino Ind.e Com~.SA,Este.ncia 
Velha 

13. :Finilux SA,Estancia Velha 

14. Ir.i'brar;el !nd.Brasilera Gelatine.s 
e Derivatos LTDA,Este.ncia Velha 

1,. Curtur.ie Heer.:an SA,E' ... c~him 

16. Curtume roa Vista,Portao 

17. Curtume Buffalo SA,Portao 

1f .• Curtume Inter:ral LTDA 'Portao 

rodi ficc:tion o:f pri:::ary 
pro~ect a~d seco~dary 

Centralized plant at E.V. 
feasibility study 
I-:odification c:f prir:.ary 
project 

Eodificatio:-, o:f prir:ary 
prnject and secondary 
Eodification o:f primary 
project and secondary 
::odifice.tion o:f prirr:ary 
project and secondary 
Centralized plant e.t E.V. 
feasibility st,1dy 

Primary treatnent prvject 

Centralized plant at E.V. 
feasi'bility stud:--
Centralized plant at E.V. 
feasibility stud:'-

Primary treatment pro~ect 

Centralized plant at E.V. 
feesibility stud;-.· 

Centralized plant at E.V. 
feasibility stud:'--

Centralized plant at E.V. 
feasibi:!.it~· study 
Eodification of prioary 
project 
Eodificatic:J of prinar:.· 
project e~d secondary 
Primar;>• treatment project 
Viodification of primary 
project and secondary 

10 -. Curtnr.ie A.P.r·;uller e Cia LTDA' Portee r·:odification of prir:iary 
pro~ect and second~ry 

20. Curtume Alinnc;a LTDA,Porteo Viodification of primary 
pro,iect 
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21. Curtune Eusa. SA,?ortao 
22. Curtume Kern Fettes SA,Portao 
2::;. Curtu"1e ~·:inck Ely e CIA IJrDA, 

Porteo 
2h. Curtul:le !·;archini SA, I~ovo Hem burro 

27. Curturne A.Jaerer e C:A LTDA,Novo 
He.mburFO 

26. Curtune ?ier Scharlau SA,Sao Leo­
roldo 

27. Curtume Pelesinos LTDA,Sao Leopol­
do 

25. Curtume A.Buhler SA,Ivoti 

2'?. Ind.de Peles Einuano SA,Ivoti 
30. CurtW!le Fa.solo SA,Bento 11~alves 

31. FranFO Sul Agro Avicola Industrial 
LTDA,Eontene~ro 

32. Curtur.:e l'~arauense SA ,Earau 

33. Curtume Hurnmes SA,Salvador do Sul 

;4. C•.irtume Galvano Eiola SA,Erechil!I 

3c:, _,. Friforifico Zucchetti SA,Nova 
Are.~a 

3E. Pinceis Alvore.da SA,Alvorada 

37. Curtume Ere SA,Getulio Varf.a.S 

3F. Irr.iaos Frizzo e CIA LTDA, Jarueri 

3S. Curtume Ritter SA, nl'Va Fetropolis 

40. Curtume Fionbelli e CIA,Tapera 

41. Curtune Galeazzi SA,Veranopolis 

42. Curtune Closs SA 

4 3. Curtume Sander J,TDA 

4Ji. Curtume Fldorado SA 

45. Curt1~e Cjpleme SA,Pazso Fundo 

41,. Curtur.c P0c-0J GA, :'ovo l!ar.il">urr.o 

?ri~ary treat~e!'lt project 
Prinary treatment project 
r-:odification o:f primary 
project 
Eodification o:f prfr,ar~: 
project 
Primary e.nd seco!'ldar;: 
treat~ent project 
r:odification o:f prirr.ary 
project 
!-:edification o:f primary 
treatment 
Eodification of primary 
treatr.:ent 
Secondary treatment project 

r-~odification o:f primary 
project and secondary 
Secondary treatment 
project 
Eodification of primary 
treetoent e.nd secondary 
project 
r-:odification of prirr.ary 
pro,iect 
Eodificatiou o:f primer;-: 
project 

Seconder;.· treatment project 
i·;odification of prir.ary 
project 
r-:odifica.tion of prioar~· 
tree.tr.,ent 
Frir.iar;v and seconder:: 
project 
I·iodification of primary 
treetr.ie:1t 
Viodification of prir.;ar:; 
treatr::cr:t 
r·:odification of prirr.ar;y 
treatr.:ent 
f.:odification of primary 
trcotr:-:ent 
J~inar:v operational 
esziste.nce 
Outline primAr~· pro.icct 
I·:orti fi catfon of prir:lnr:v 
pro;icct 

J·rj::inry and E~<'condar;: 

pr(\,ir-r.t 
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1. Curtur:.e C0brasil L':'DA,Pernaihe. 
(Fiaui) 

2. Curtume F.e~a~onde & CIA,Fortaleza 
(Ceara) 

3. Grandes Curtumes Cearenses SA, 
~orte.leza (Cee.ra) 

4. Curcel Curtido do Ceara,Peiu~ara 
(Ceara) 

5. Curtume Aliarn;a SA,Jequie (Bahia) 

6. Curtume Campelo SA, Juazeiro 
(Bahia) 

7. Curtume California SA,Ce.rpina 
(Fernrunbuco) 

8. Curtume Inpase. SA,Joao Pessce. 
(Paraiba) 

~- Irnaos Coutinho Ind.de Cuoros SA, 
Caruaru (Pernambuco) 

10. Curtume Argos SA,Cerue.ru 
(Pernambuco) 

11. Curtume Santa Helena SA, 
Belo Horizonte (l'.inas Gerais) 

'i2. Curtume Santa Ea tilde L':'DA, 
Uba ( l·:inas Gerais) 

~3. Curtu~e Adrietico SA,~io ~erro 
(Pare.na) 

·i.:.;.. Curtume Cortnorte SA, I·iontes Claros 
(r:ir.as Gerais) 

·ic;. Curtune Y.r-a:n~.el: SA, Juiz d-: -::ora 
(T'ernam:uco) 

16. Cvrtu!:lc l·:onteiro SA ,Caruaru 
(Fernenr,uco) -

17. c~1rt1:":1il'! Vi por:~ SA, ~ac?.d0r 
(~antd CntarinA) 

'i['. C11rtu~.r' C?.ri0r.fl ri1~,1·f'r1hH 
(~in de Janriro) 

":''. (>Drtu·"!~ ~.f..!11.onin dr- !:lC"re:r.t.a, 
'ort.aJE'ui (r-rara) 

''(1 ' . C'.1?rt il'.:1(' C?.!ipO GrnndP GA. Cnr:1po 
r.rArnk (r:nto GT'or.r;o dr) i,111) 

1-iodification of prir::nry 
treatnent a!1d secondar? 
project + e.ssiEt:ance in 
ope.rational pha~e 
Pri~ar~ & secondary treat­
ment outline and Cho~e & 
Sulphide recycle pro:ect 
Prioary treatnent project 
and chro~e & sulphide 
rec~·cle 

I 
I 
I 
I 
I 
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Pri~ary treatue~t pro~ect 
eveluation + screen£ and 
ox.ditch rotor desirn I 
Fri~ary & secondary treat­
ment project end chro~e & 
sulphid~ recovery I 
Primary p:r~ject and sulphide 
E: chrome rec:·cle 
Primary treatment pro~ect 

Pri~ery treat~ent project 

Pri~ary treetrnent project 

Prinary treat~er.t project 

Pri~ery treatnent p~oject 
end chro~e & sulphide 
rec:-·cle 
Frir..ar:• & secondar7 treat­
~ent project and chrone 
rPc:-·cle 
::·ri::-.ar:-· f.: secondary treat­
r:;ent and chro!:•e 8: sulpr.idc 
rec~·cle 

r·:odificat~on to rrir:<~r:: (. 
seconder:•( fa~ulta:.i ·,·e ls­
rooi! )treatr.ent 
Pricier:,• trPat>.'e>::t p::--0 . ..: i:: ct 

! rirar:: i- i:;ru,:1de::--~: t rn~t -
n(?1t anrt c:~r('I:"";{' rcc:,·r.lc 

!:va) 11?. t. j 0? 0 f rri '."a r." 
t1~nt~rnt P~"J· rt 

J'rii-.nr·:v l :.N·01.dnr~: trn1t­
n:C't11. pr('l,iE'ct n:1d ct.1·0:·:(' 
r<"c·yr: j c· 

I 
I 
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21. Curtu:;.e J~acional SA,Rio de 
Janeiro (Rio de Janeiro) 

22. Curtu!'!e Catanduva SA,:So:n Jardim 
(Sao Paulo) 

23. Curtu~e Jacobsen SA, Indaial 
(Santa Catarina) 

24. Curtume Al vore.da LTDA, 1-ior;i Hirirn 
(Sao ":laulo) 

25. Curtuce A.Cantusio SA,Campinas 
(Sao Paulo) 

26. Curtll!:!e Firmino Costa SA,C~mpinas 
(Sao Paulo) 

27. Curtume Fasolo SA,Fernandopolis 
(Sao Paulo) 

28. J .l·iotta, Curtume Sao Francisco SA, 
natal (Rio Grande do Norte) 

29. 

30. 

Curtume Perdigao SA,Perdigao 
{l'iinas Gerais) 
Curtume Fc-... · __ ,.,:!i SA,Leme (sao Paulo) 

31. Curtume Santa Genoveva SA,Aquai 
(sao Paulo) 

32. CurtW!le Curitiba SA,Curitiba 
(Parana) 

33. Curtume Impele SA, 
(Rio Grande do Norte) 

------- 0 -------

I rir..ar~: t.re'1trr:er:t project 

Eodification o:f prir.:ary 
project 
Pri~ar;: & secondary treat­
ment project 
1-iodification of primary 
project 
f':odification of pri:nary 
project 
P.iodification of primary 
project 
l-~odificatio~ of pri!!!ary 
project and outlines of 
secondary treat~ent 
Chrome & Sw:!phide rec~cle 
projects and primary project 
~odification of primary 
pro,ject 
Technical su~gestions on 
existing plant 

Technical sug~estions on 
existing plant 
1-:odification of primary C.: 
secondary project 
Primary treatment project 
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Tannery ALIAKCA S.A. 
Avenida Lions Clube 188 
Jequie - Bahia 
H/D : Mr.Juan Llanse.r.a 
Tech.: Mr.L.Felix de Souza Filho 

Oldtannery,partially modernized,placed in the suburbs of the city of Jequie 

I 
I 
I 
I 
I 

by the side of river De Contas. 

1 1. PROJECT DATA 
- 700 hides/day(G0-7~ wet blue,30-4~ crust/finished)green and salted 
- mean weight 29 kg/hide i.e. 20,000 kg of hides/day 
- working time from O?. 00 to 20. 00 I 
- water usage 40 l/kr (the water supply is the river De Contas) 
!2:!!!!!!!~ remarks 
In the State of Bahia ~ell defined discharge standards for tannery I 
effluents do not exist,so the Federal Standard3 are adopted. 
Since the tannery is placed near a residential area,it is important 
to avoid bad smells. 
The river De Contas has a variable flow during the year(see table I), ~ 
so it is impossible to cotmt on effluent dilution;for these reasons 
it is advisable an high efficiency treatment plant(primary and secondary • 

i'AELE I - HYDROELECTRIC COKPANY OP SAO FRANCISCO 

Rio de Contes mean Q = 35.l m3/sec mean wat.lev.= 0.96 m 

min. Q s:: 0 n " min. " 
max. Q = ),160 " n max. • 

max. Q = november - april 

min. Q = may - october 

2 The area available for the plant is large (15,000 m ). 

2. PLAK'l' DESIGft DATA 
- tannery effluents volume (Q) : 1,000 m3/day 
- discharge time (td) : 13 h/day 

" = 0.30 m 

" = 7.75 m 

- mean flow (qm) : 77 m3/h 
- peak flow (qp) : qmx 1.5 • 115 m3/h (1.5 peak factor adopted) 
Primar,y treatment 

.1.:~£!:!!!!!!!!S 

- n° 1 self-cleaning brushed screen,holes ~ 3 mm,surface 6 m2 , 
capacity 120 ~3/h. 

I 
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~~~g~~!!!!!!2~-!~~-~~!Eh!~~-~!!~!~!2~ 
- treatment time 20 h/day (adopted) 
- treatment flow (qt) - Q/20 a 50 m3/h 

- tank volume : 
• holding volume (Vs) z (qm- qt) x td : 351 m3 

• homogeneization volume (Vh) : 150 m3 
note Vh was adopted in relation to the characteristics of the 

floating aerator and is ~ble to assure a good equalization 
since the lime baths are stored and discharged regularly 
during the day • 

• total volume (Vt) s Vs+ Vb s 500 m3 

- tank size 13x13x3.6 (H) m , H water= 3 m 
- mixing power : 30 W/m3(adopted) 
- total req~ired pover : 15 kW 

• installed n°1 14.8 kW floating &erator; 
• specific installed power : 

29.2 W/m3 at max level (3 m) 
43.8 " at med level (2 m) 

8?.6 " at min level (1 m). 
- sulphide oxidation calculations 

Na2s utilized for unhairing (3% Na2s at 60%) • 600 kg/day equal to 
150 kg s2-/day pumped to the treatment plant in 13 h ca. 
note:the spent lime bath,stored in a separate tank,io repumpeu 

during 13 h/day to the equalization tank. The quanti·ty of s2-
arri ving in the equalization tank is 8 kg s2-;h and the 
oxygen request is 12 kg o2/h. 
Sulphide is mainly oxided to thiosulphate : 

2 2- I 2-s + 3 2 o2 • s2o3 • 
• total o2 required • 1.5 x 105 • 160 kg/day (we assumed ?O~ of 

the employed s2- in the spent bath i.e. 
150 x O.?O • 105 kg s2-/day) 

• quantity of o2 supplied by surface aerator (2.0 kg/kW) • ;o kg/h; 
the o2 s11pplied is able to oxidize the arriving s2- also if a 
sulphide recycle will not be utilized • 

The sulphide oxidation will be catalyzed by Mn2+ added as MnS04 in the 

equalization tank : 
- quantity of Mn2+ required : 0.1 kg Mn2+/kg s~- (adopted) 
- total M~2+ • 0.1 x 105 • 10.5 kg Mn2+/day i.e. 30+35 kg of MnS04 

( commerciaJ. product) 
- MnS04 eolution and dosing unit : 

• n°1 tank volume 1,000 l ,with electric stirrer 0.7~ kW 
• n°1 dosing pump capacity 30 l/h. 
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note:if a 10~ solution of MnS04 is utilized,the volume of solution 
to be dosed is 350 l/day i.e. 30 l/h during 13 h/day. 

- lifting : 
n°1 pump capacity 50 m3/h (adjusted by means of a by-pass). 

I 
I 
I 

2.!Fl~£!!!!!!~ 

- retention time 3 min (adopted) I 
- n°1 tank 1.3x1.3x1.7 (H} m ( Hwater: 1.5 m) with slow stirrer (0.4 kW) 

I - chemicals dosage : 
• Alum 250 mg/l i.e. 250 kg/day of industrial product 
• Polyelectrolyte 1 mg/l i.e. 1 kg/day of anionic powder 

- chemicals solution and dosing units : I 
• Alum 10~ solution i.e. 2,500 l/day 

n°1 fiber-glass reinforced tank volume 3,000 1 with electric stirrer' 

( 1.5 kW) 
n°1 dosing pump (AISI 316) capaci~y 0+250 l/h 

• Polyelectrolyte 0.1% solution i.e. 1,000 l/day 
n°1 fiber-glass reinforced tank volume 1,500 l with electric stirrer 

(1.1 kW) 
n°1 dosing pump (AISI 304) capacity 0+100 l/b 

4-~~!!~~ 
- hydraulic surface loading 1 m3/m2 per hour (adopted) 

- clarifier surface 50 m
2 

• n°1 circular tank~ 8 m , Hwater= 2 m , volUJI1e 100 m3 ca., 
botton slope 10~ ca.,retention time 2 h ca.,sludge scraper 

(0.3 kW) half bridge installed. 

Secondary treatment 

- max influent BOD
5 

700 mg/l (adopted,after primary) 

- organic loading (F) • 700 kg BOD5/day 

~!!!E!!!-~f-~!2!2S!£!!_!~!!~!!~!-!!!!~!!!!!! 
1. Extended aeration 

-----------------

I 
I 
I 
I 
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I 
I 

- sludge loading (F/M) 0.1 kg BOD5/kg of suspended solids in the I 
aeration tank per day (adopted) 

- retention time (t) 2 days (adopted) 
- aeration tank volume (V) • 1,000 x 2 • 2,000 m3 I 
- total suspended solids (Yi) ?,000 kg 
- mixed liquor suspended solids (MLSS) 3,500 mg/l 
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- oxygen require~ent (Or) calculations 
(a x F) + (b x f x M) 

0 -r 24 
where : 

a • o2/BoD
5 

rate : 0.8 kg 02/ltg BOD5 oxidated (adopted) 

F • ?00 kg BOD5/day 
b s o

2 
rate for sludge endogenous recpiration : 0.15 kg o2/kg MLVSS 

per day (adopted) 
f • MI.SS volatile content : 0.8 adopted 

M • ?,000 kg 
note : MLVSS • mixed liquor volatile suspended solids • MISS x f 

0 -r 

(0.8 x ?00) + (0.15 x 0.8 x ?,000) 

24 

Aeration device alternatives : 

- 58 kg 02/h 

!~!!ive_!l1 : dome diffuser (Aluminium oxide,see fig.1) 

diameter 17.s cm 
air flow from 0.8 to 4 m3/h 
o2 transfer efficiency 25+3~(at standard conditions) 

Assumed an air flow of 2 m3/h per diffuser and an effective o2 
transfer efficiency of 2~,the quantity of o2 to be furnisbe~ is 
58 x 100/20 • 290 kg/h i.e. 1,100 Mm3 of air per hour ca. 

- n° of diffusers • 1,100 : 2 • 550 
Reiainer Boll and Washer 

R -, , 
rff- Ad1us1able Pipe Suppon 

"'l'--r---
F:ir-. 1 

!!!!!:!!~!!!_!~g : plate diffusers (Folyethylene disc,see !ig.2) 

diameter 21 cm 
air !low from 2 to 6 m3/h (medium size bubbles) 
o2 transfer efficiency 20+25%(at standard conditions) 

Assumed an air !low of 4 m3/b per diffuser and an effective o2 
transfer efficiency of 15%,the quantity o! o2 to be furnished is 
58 x 100/15 • 38? kg/h i.e. 1,400 Mm3 of air per hour ca. 
- n° of diffusers • 1,400 : 4 • 350 
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Polyt>thylene Disc 

Fi[. 2 

ThrHded 
Ret•iner Ring 

Air supply device : lobe rotors blower (see fig.3) 
- alternative a/1 installed n°2 blowers with the following 

characteristics (each) : 
capacity 680 Nm3/h of air 
installed power 14.B kW 

- alternative a/2 installed n°2 blowers with the following 
characteristics (each) : 
capacity 800 Km3/h of air 
installed power 18.5 kW 

note o
2 

transfer efficiency at standard conditions : the aeration 
devices suppliers give this datum at 20°0 for low salinity 
waters and fully disareated (DO • 0.0 mg/l). 
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!!~~!!!!~iv~L2 : low speed floating aerators(cee fig.4) 

o2 transfer capacity 2 kg/kWh 
- total necessary power s 58 : 2 R 29 kW 
InFtalled n°2 floating aerators 14.8 kW each. 
For geometrical reasons th~ aeration tank will have the following 

sizes 1?x34x4 (H) m (H~"B.ter· 3.5 m). 

?if':. 4 - ~·pical 10\·! 

speed floating aerator 

!1!~!!!!!-!l~ : oxidation rotors (oxidation ditch),see fig.5 
diameter 1 m 
o2 transfer efficiency 3 kg/h per metre of r~tor 
at 20 cm immersion 
rotors lenght • 58 : 3 • 19.3 m 

Installed n°4 rotors with the follo~ing characteristics (each) 

- lenght 5 m 
- installed power 7.5 kW (for a total of 30 kW) 
Ditch sizes : two channels 7 m width, Hwater· 3 m , cross section 

area 18 m2 ca , lenght 60 m , volume ~ 2,000 m; ca. 

:... . :;.-:;~~;_-:.1-:-:r,"t~i-'.~·~
7

·> 
. . ··· .___...._.:..&... ... 6;.:.~:;,:j ... ....:.:....:.:. ..... · ------'-'--' 

·•, .. 
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The dimensioning peremeters end p~ocedure reported in section 3.1 of 

this report ere adopted : I 
retention time (t) calculation 

t c 

s - s 1 
o e x 

Se KT 
where I 

S0 : influent BODj • 700 mg/l I 
Se : effluent Bon

5 
• 35 ~g/l (95~ removal efficiency adopted) 

KT substrate removal rate coefficient ~ 1.716 deys-1(see note) 

t • (?~35) x 1/1.?16 • 11 days I 
lagoon 
lagoon 

volume • 1,000 1 11 • 11,000 m3 I 
depth 2.5 m (edopted) 

total installed power • 1.5 x 11,000 /1,000 • 16 kW ca 
installed n°4 surface aerator!; 4 kW each. 

note : substrate removal rate coefficient calculation 

KT • K20 x g (T-20) where : 

I 
I 
I K20- substrate removal rate coefficient at 20°C s 1.512 days-1 

g • temperature coefficient • 1.016 
T • water temperature;since the tannery is placed in the North I 

of Brazil a mean temperature of 28°C has been adopted. 

KT • 1.512 x 1.016(28- 20) • 1.716 days-1 I 
Secondary sedimentation (for alternatives e/1,2,3 and 4) 

hydraulic surface l~ading 0.5 m3/m2 per hour (adopted) I 
clarifier surface • 50 : 0.5 • 100 m2 

installed n°1 circular tank ~ 12 m , Hweter· 2 m ,volume s 220 m3, 

1 bottom slope 10% ca; n°1 half bridge sludge sca'.">er (0. 3 kW) installed. 
retention time • 220 : 50 • 4.4 h 

Active sludges recycle (for alternatives a/1,2,3 and 4) 
- sludge recycle 100% (adopted) 
Installed n°1 centrifugal pump,capacity 30 m3/h , power 1.5 kW. 

Trtat:'lrnt 'Tank:i cnot1 F.qulp11•nt co1t In1toll•d power kll ~:nlntrnaneft Arf!'a 
(••C·••dl~ont~tlnn (••c.1•dl1 .. nt1t1on (8ludr.u rec1c1• cont• •v1Uabllit1 
lr.~lu~etl (or •/1/.•/V4) lr.clud•IS for 1/1/Z/V4) lnclu'1•d tnr o/1/~/l/:t) 

Ex ... ratlon w1th ..... . .... ,1.4 . .... eoo 
blo·•er• •nd tine 
bu~blu d1Hu••n 
h.err•tl"n l'lth .... '8.5 11<'0 
bl.,wor1 •M Ol•dlw:i 
bu~blf'I dl:fuGtrl 

~ ... n,r1tit>ro with 
nurftH'." "'""' f'>:I 

,1 ... r .,, 
i.x ... "'J'llltinn wifh 
<1•ld•!.lon -Slf.rh ,1.e 1,(' ... 0 

rl!J1llf r . ftr11 t•· 
tlve 1,.,C'IOn .... 16.0 1 t r"O 

.;> 
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Sludges treatment 

- sludge production factor 0.12 kg (Dry Substance) per kg of processed 

hide (adopted) 
- daily sludge production a 20,000 x 0.12 s 2,400 kg as DS 

a. Th!£keni!!fS 

- retention time 24 h (adopted) 
- surface loading 80 kg DS/m2 per day (adopted) 
- thickP.ner surface a 2,400 : 80 • 30 m2• 
Installed n°1 circular tank~ 6 m , Hslud~e· 2.5 m , volume s ?O m3, 
bottom slope 25% ca; n°1 full bridge scraper l 0.3 kW) installed. 

b. De~r~s 

!!t~~!~iy~_!?{2 : f!l!er Ere_!! 

- DS of the dewatered sludge 35% (adopted) 
- daily volume of the dewatered sludge 6,000 l ca (specific weight 1.2 
- n° of filtration cycles 3 per day (adopted) 
- filter cake volume s 6,000 : 3 • 2,000 l 

installed n°1 filter with the following characteristics: 
90 plates in polypropilene 1,000 x 1,000 mm 
cake thickness 32 mm 
filtering surface 146 m2 

filter volume 2,118 l 
working pressure 12 bars 
installed power 3 kW (hydraulic closure and plates displacement). 

- feeding pump : installed n°1 piston pump , capacity 5 m3/h , 
installed power 4 kW. 

!!i!E!!!!!!!_!?lg : !?~~LE!:!!! 
- DS of the dewatered sludge 25% (adopted) 
- :i 0 of working hours 15 per day (adopted) 
- equipment capacity s 2,400 : 15 • 160 kg DS/h 

installed n°1 band press with tbe following characteristics: 
band size 1,000 mm 
capacity 200 kg DS/h 
installed power 1.8 kW 

- polyelectrolyte requirement 4 g/kg of DS (adopted) 
- daily polyelectrolyte consumption • 4 x 2,400/1,000 • 9,6 kg. 
- filter feeding pump: 

installed n°1 helicoidal pump,capacity 3 + 6 m3/h(variable speed), 

power 2.9 kW. 
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- belt washing : 
installed n°1 centrifugal pump,capacity 160 l/min at 6 bars, 

power 2.2 kW. 

al~rnative b/~ : ~!udge cirying beds 

- loading factor 150 kg DS/m2 of bed per year (adopted) 
- annual sludge production • 2,400 x 250 • 600,000 kg DS (see note) 
- sludge drying beds surface • 600,000 : 150 • 4,000 m

2 

Installed n°10 beds 10x40 m • 
~ : 250 working days/year adopted. 

0 0 0 0 0 0 0 

0 0 0 0 • 0 
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A B B R E Y I A T I 0 N S 
========================= 

The following symbols and abbreviations are employed through 

this paper: 

Eq 
g 

h 
ha 
hp 

1 

• 
•in 

•• 
N 

- rp• 
SC 
sec 

- Sp.gr. 
y 

- " 

degree(s) Centigrade; 
centimeter(s); 
Equivalent(s); 
gram(s); 
hour(s); 
hectare(s); 
horsepower(s); 
liter(s); 
meter(s); 
minute(s); 
molecular weight; 
Normal; 
revolutions per minute; 
Standard Conditions; 
second(s); 
specific gravity; 
Volt(s); 
Watt(s). 

Unit prefixes: 

Symbol Multiples and submultiples 

- 11 micro 
-6 

( 10 ) ; 

m mi lli 
-3 

; 10 ) ; 

k kilo (103 ) . 

Other abbreviations: 

- BOD 
5 

- COD 

- DO 

- DS 

- SVI 

- TKN 

five days Biochemical Oxyg~n Demand; 

Chemical Oxygen Demand; 

Dissolved Oxygen; 

Dry ~ubstance; 

Sludge Volume Index; 

Total Kjeldahl Nitrogen. 




