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HENRYK LUBNER

COMPARATIVE INVESTIGATIONS OF SEWAGE SLUDGE
DIGESTION FROM THE CITIES OF GNIEZNO AND POZNAN

The run of methane fermentation of the sludge from the city of Gniezno has been inve-
stigated by periodic and coatinuous laboratory methods at 308 K. The sludge investigated
contained excess amounts of chromium and sulphides if compared with the sludge from
Poznan, whose fermentation in isolated digestion has not displayed any disturbances. An
attempt has been made to elucidate the reasons of inhibitory action of toxic components
in the process of digestion.

1. INTRODUCTION

Dynamic development of the industry in particular that of tannery in the city of Gniezno
in the period of 1955-1970 has created a serious and ever increasing problem of sludge
treatment. The wastewaters from the expanding tanning industry contributed to the decrease
in the efficiency of the municipal wastewater treatment plant, and to the deactivation of
the tricklingfilters. Excess of chromium, sulphides and calcium compounds in studge distro-
yed the biological slime and a structure of the filter media [11].

The primary treatment part of a new municipal sewage treatment plant came into
operation in 1973. The concentration of pollutants in raw sewage was maintained on a high
level, despite a new installation for an in-plant preliminary treatment, such as equalization
basin, drum saturators, settling tank and industrial sludge drying beds. At the oulet to
the treatment plant the sewage BOD; varied from 440 to 1100 mg of O,/dm3, COD — from
884 to 1640 mg of O,/dm?, chlorides — 210-530 mg of Cl/dm?, total suspensions — 280—
-1596 mg/dm?, fats and mineral oils — 84-152 mg/dm? trivalent chromium — 2.8-3.3
mg of Cr/dm3, sulphides — 5.8-14.6 mg of S/dm3, phenols — 1.41-7.84 mg/dm?3 [13].

Sand sediments containing 259, of calcium, by weight, as well as large quantities of
trivalent chromium- and sulphides (mainly iron sulphides) were collected in a detritor of
the municipal treatment plant [13].

Investigations of the efficiency of preliminary settling tank with a mechanical sludge
collector have shown that in result of sedimentation of suspended solids, 68.6%, of chro-
mium from the sewage passes into sludges which are then pumped to nonheated, isolated
digesters.
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Both construction of the secondary treatment part of the municipal wastewater treat-
ment plant and pilot-scale culture of activated sludge were started in 1975 [25].

According to the design, heated digesters will be also built, whereas the existing open
digesters will be used as a second step of sludge digestion.

The purpose of the investigations was to establish the course of methane digestion of
sludges from the town of Gniezno, characterized by a distinctly toxic composition, if
compared with sludges from town of Poznan, which do not show any disturbances in
normal conditions.

2. TOXICITY OF MINERAL COMPONENTS IN WASTEWATERS

Toxicity of metal ions is determined by their structure and physico-chemical properties.
According to SEIFRITZ [23] the most important characteristics are: ionic mass, valency,
electrochemical series, electronegativity ionic hydration, and ionic mobility adsorption
capacity of ions, the two last features being the most essential from standpoint of toxicity.
Hydration, the value of which is inversely proportional to atomic mass and to ionic radius,
forms a kind of a protective envelope inhibiting ionic mobility.

INGoLs [5] attributes the phenomenon of toxicity to some disturbances in a cell meta-
bolism which depend on the environmental factors and on time of contact with toxic
compound. These disturbances, however, may have a reversible character and they need
not lead to the death of cell. The literature data concerning the effect of the metal ions
on anaerobic digestion of sludge are discordant and may evoke some objections.

According to Hoover copper ions in concentration of 0.5 mg/dm?® copper in raw sludge
do not affect the sludge digestion. Starting with the copper concentration of 1 mg/dm?
inhibition of the process is observed, and at 3 mg/dm? copper it is entirely stopped [9].
Budgal has shown that the concentration of copper in sewage as low as 0.7 mg/dm? resulted
in the accumulation of the metal in a raw sludge as high as 226 mg Cu/dm3 (0.37%, on
a percent-of-solids basis) and caused a 11.3%, decrease of gas production [9], whereas
copper content in the sludge of 0.59, and 0.99, reduced the gas production by 359, and
50%,, respectively [18].

BUCKSTEEG [4] has stated some ligher gas production decreases (by 159, and 60%,, res-
pectively, at copper contents of 0.4%, and 0.8%, on a percent-of-solids basis) as a result
of copper hydroxide accumulation in the sludge.

On the other hand, MCcDERMOTT et al. [17] have observed that even concentrations
as high as 10 mg Cu/dm? in form of CuSO, in raw sewage, corresponding to 280 mg Cu/dm?
in crude primary sludge, do not affect the anaerobic digestion of the sludge.

After Barnes and Braidech [9] the content of nickel in sludge as high as 500 mg/dm?
decreases gas production by 109,, whereas according to BUCKSTEEG [4], 0.29%,, 0.5% and
1%, of Ni in the sludge solids reduce the gas production by 30%,, 55%,, and 70%, respectively.

The investigations have shown that insoluble iron compounds, such as oxides and
hydroxides, have no effect on anaerobic digestion, whereas acid salts of iron, like FeCly,
delay the biodegradation process [9].
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Ruporrs and AMBERG [22] have shown that solutions of sulphides at concentration
higher than 50 mg/dm® S exert an inhibitory effect on anaerobic digestion resulting in
359, and 90%, gas production decreases at sulphur concentrations of 80 mg/dm?* and 250
mg/dm?3, respectively.

AULENBACH and HEUKELEKIAN [2] have found that insoluble sulphides, such as FeS,
F,S; and CasS do not inhibit the digestion within pH range 6.3-6.5. Of the soluble sulphides,
such as Na,S, (NH,),S, H,S, the highest toxicity has been stated for H,S at pH 5.6.

From other investigations it follows that the toxic effect of dissolved salts of copper,
lead, nickel, cobalt, and zink disappears as soon as these metals are precipitated in form
of sulphides [8, 9, 18].

Lawrence and McCarty took advantage of the properties of sulphides [8], by feeding
the digesters with sulphates, which in optimal conditions are reduced to sulphides neutrali-
zing toxic effect of cations. Toxicity of heavy metals was manifested again when the sul-
phates were no more supplied.

In case of the simultaneous presence of several metal ions their toxic effect on bacteria
is either intensified [4] or weakened, especially when there is an interaction of antagonistic
cations [I, 8, 12, 15, 16].

ABELSON and ALDONs [1] while observing the growth of E. coli during digestion have
stated an inhibitory effect of magnesium on toxic activity of Ni, Co, Cd, Zn and Mn ions.

Antagonistic interaction has been also stated among the ions of calcium, magnesium
and sodium [12, 16]. LUBNER [12] while studying the antagonistic effect of Ca™* on Na*
has shown that for the sludge whose salinity amounted to 10 g NaCl/dm? the optimal dose
0. calcium 2g CaCl,/dm? yielded the increase in the efficiency of gas production from 85.3%
to 93.7 with respect to the reference sludge sample.

McCarTY and McKINNEY have stated [16] that chlorides of alkali light metals exert
a toxic effect on methane-producing organisms, which increases according to the follo-
wing sequence (in equivalent concentrations) Ca™ ", Mg™*, K™, Na™, NHj . These authors
have also stated [15, 16] that the toxicity of Na™ depends on the accompanying anion
the lowest being for CH;COONa and NaCl, somewhat higher for NaHCOj;, and the
highest for Na,SO,.

LUBNER [10] while investigating the effect of the brines from spa of Ciechocinek on
the digestion of municipal sludges has stated that toxicity of saline water decreases with
the increase in the temperature of biochemical reaction. The brines apart from their basic
component (NaCl), contained also considerable amounts of calcium (2159 Ca/dm?®) as
well as magnesium, strontium, barium potassium, lithium, manganese, aluminium, and
iron combined with SO, PO,’, S”, Br/, J, CI.

At the sludge salinity of 3% NaCl, the gas production at 285 K amounted to 489%,
and at 305 K it increased to 59%, with respect to the sludge containing no salinity.

Toxic effect of chromium — which is an amphoteric element and ist structure is parti-
cularly complex — is the least known of all the heavy metals. For bacteria and other low org-
anisms the toxicity of hexavalent chromium is much higher than that of trivalent chromium.
On the other hand, higher organisms, like fishes, are more sensitive to trivalent chromium [18].
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SPANDOWSKA et al. [24] have stated, that in case of anaerobic digestion toxic dose of
chromium*° for acid-forming E. coli is 7 mg Cr/dm?®, and for Pseudomonas fluorescens
it amounts to 3 mg Cr/dm?. According to BRINGMANN and KUHN [3] the threshold con-
centration of Cr*° for E. coli is as low as 0.7 mg Cr/dm?® and that of Cr™* as high as 100 mg
Cr/dm?®. PAGANO et al. [20] have demonstrated that the inhibitory effect of Cr*%on methane
digestion of acetic acid starts at the concentration higher than 1.5 mg Cr/dm3. In short
time, however, Cr*° is reduced to Cr*3, and then precipitated, hence the digestion is
no longer delayed. According to these authors the inhibition of the digestion due to higher
doses of Cr*? is only transient, i.e. it lasts till the complete precipitation of chromium.

MOooRE et al. [19] have found that at the daily dose of six-valent chromium, amounting
to 50 mg Cr/dm? and applied in the process during 42 days, the gas production decreased
to 11.5% with respect to the control. A single dose of 300 mg Cr/dm? resulted in a com-
plete inhibition of gas production for 7 days, and the dose of 500 mg Cr/dm3 caused the
irreversible inhibition of gas production.

According to BUCKSTEEG [4] 0.19, concentration of Cr*° in the sludge an a percent-of-
-solids basis results in the decrease of gas production by 359, and 0.3%, content of Cr+®
— by 559%,.

According to Strell even 3%, content of Cr*? in the sludge on a percent-of-solids basis
has no negative effect on biodegradation of organic substances [18]. Saboon et al. have
established that the content of chromium ™2 in fresh sludges cannot exceed 5 mg Cr/dm3, [9].

Hoover and Wise, however, express the opinion that in fresh sludge the concentration
of Cr*? higher than 1 mg Cr/dm3, is harmful for sludge digestion. At the concentration
of Cr*? equal to 200 mg Cr**/dm3 the digestion decreases distinctly [9].

According to Vryburg dosage of 500 mg Cr*3/dm? to the sludge after 10 days of dige-
stion at 303 K reduces gas production by 50%, and the dosage of 1000 mg Cr*3/dm?3
by 85% [9].

According to Polish regulations (Decree of the Prime Minister 29.11. 1975) the concent-
ration of chromium in wastewaters discharged into municipal sewer system cannot exceed
0.2 mg Cr/dm®, and the total concentration of heavy metals — 3.0 mg/dm3. According
to these regulations the admissible concentration of sulphides in municipal wastes amounts
to 3 mg S/dm3.

3. MATERIALS AND METHODS

The investigations of anaerobic digestion of sludge were performed under laboratory
conditions in batch and continuous flow systems at 308 K, applying air thermostat. Fresh
sludge after preliminary filtration through a sieve with mesh diameter of 4 mm, and heating
up to the temperature of 308 K was introduced to a digester.

In the investigations using batch system preliminary thickened fresh sludges from pri-
mary settling tanks of the sewage treatment plants in Poznaf and Gniezno were applied.
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Their characteristics are given in table 1, series 1. As a seed the digested sludge (306-308 K)
was used from separate digestion tanks (SDT) in Poznan.
Investigations in a flow-through system were conducted on sludges, whose characteri-

stics are given in table 1, series 2. At the first stage of the process, they were seeded with
digested sludge, from batch system.

Table 1
Characteristics of the sludges
Origin of sludges | Poznan | Gniezno
Run No. T | rm
pH 6.8 6.9 6.6 6.8
Alkalinity meq/dm?3 36 32 51 47
Volatile fatty acids
mg CH;COOH/dm?3 648 450 792 720
Ammonium nitrogen mg N/dm?3|132 142 154 134
Phenols mg/dm?3 56 4.1 7.8 6.2
Water content % 93.89 93.14 | 94.16 92.93
Total solids 9, 6.12 6.86| 584 7.07
— organic solids % 438 5.12| 3.76 4.85
— mineral solids % 1.74 1.74| 2.08 222
Organics, % (on percent-of- 71.5 745 | 644 68.5
-solids basis)
Mineral solids, 9, of solids 28.4 25.5 55.6 31.5
Sulphides, % S of solids 0.10 0.13| 0.47 052
Calcium, % Ca of solids — 332 835 7.18
Magnesium, % Mg of solids — 072 — 1.38
Iron, % Fe of solids 2.14 245| 3.66 3.37
Chromium, % Cr of solids 0.06 0.08 | 0.64 0.56
Copper, % Cu of solids — 0.07 | — 0.12
Nickel, % Ni of solids — 0.04| — 0.08

The fresh sludge was stored in a refrigerator at the temperature of 275-277 K.

As a control parameter of the digestion process gas production at normal conditions
(273K, 1000 hPa) was applied.

From the comparison of fresh sludges it follows that the respective contents of chromium
sulphides, calcium, magnesium, and iron in the sludge from Gniezno are 9, 4, 2.5, 2 and
1.5 times higher than in those from Poznan, being, however, poorer in organic substances.

The investigations included also the sludge from Gniezno, extracted from isolated di-
gesters operated at 287-291 K and at detention time 80 days. Its characteristics is the
following: pH 6.7, volatile fatty acids — 2100 mg CH;COOH/dm?3, solids — 9.529%,,
organics — 59.6%, sulphides — 0.52%,, calcium 8.12%, and three valent chromium *+3
— 0.71% Cr on a percent-of-solids basis.
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4. RESULTS AND DISCUSSION

4.1. DIGESTION PROCESS IN A BATCH SYSTEM

The results of the anaerobic digestion of sludges has been presented in table 2, and

in figs. 1 and 2.

From fig. 1 it follows, that anaerobic digestion process of the sludge from Gniezno
city is inhibited with respect to the sludges from Poznan.
The parts of curves representing the adaptation period of methane bacteria are mani-
fested in the decrease in gas production with respect to the starting point. For the sludge
from Poznan the lag period is not very distinctly outlined (curve ,,a”), for the fresh sludge
from Gniezno it is well pronounced and it covers the period from the first till the twelfth

Table 2

Daily (a) and total (b) gas productions fromt the fresh sludges, at 308 K, in cm?3/g of organics

! Fresh Fresh Sludge
“ sludge sludge ggn_;
Day of | from from

digestion  poznan Gniezno fiom
| Gniezno

{ a b a b a b
1 312 312|175 175 | 42 42
2 484 79.6 261 436 | 3.8 8.0
3 47.3 1269 |19.2 62.8 | 2.7 10.7
4 |43.7 160.6 ' 104 83.2| 0.0 10.7
5 51.5 212.1 {10.2 934 | 0.0 10.7
6 58.7 270.8 | 10.0 108.4 | 0.0 10.7
7 60.8 331.6 | 10.5 113.9 | 0.0 16.7
8 63.2 394.8 | 139 1379 | 2.5 132
9 59.2 454.0 | 15.7 153.6 | 52 174
10 53.2 507.2 |{17.8 171.4 | 5.8 232
11 45.3 542.5 123.7 205.1 | 6.9 30.1
12 35.8 578.3 | 24.5 229.6 |21.6 51.7
13 27.6 6059 |31.1 260.7 |24.1 75.8
14 20.8 626.7 | 35.2 2959 | 27.9 103.7
15 14.7 641.4 | 36.4 332.3 |33.8 137.5
16 10.4 651.8 }40.8 373.1 | 37.0 174.5
17 6.8 658.6 |44.8 417.9 |37.5 212.0
18 5.4 664.0 | 48.6- 466.5 | 37.3 249.3
19 4.2 668.2 | 34.7 501.2 | 37.2 286.5
20 2.9 671.1 |28.0 529.2 | 33.1 319.6
21 2.4 673.5 | 23.3 552.2|27.2 346.8
22 1.8 675.3 | 19.8 572.3 | 21.0 367.8
23 1.4 676.7 | 14.5 586.8 | 18.7 386.5

Fresh Fresh Sludge

sludge sludge from

Day of from from SDi

digestion,  poznan Gniezno ffom
Gniezno

a b a b a b
24 0.4 677.3 | 10.4 597.2 |17.9 404.4
25 0.9 678.2 | 9.0 606.2 |13.8 418.2
26 0.5 678.7 | 8.2 614.4 |13.3 431.5
27 0.2 6789 | 7.6 622.0 |12.9 444.4
28 0.4 679.3 | 6.4 628.4 |10.2 454.2
29 04 679.7 | 5.2 633.6 | 7.3 461.5
30 0.2 679.9 | 4.0 637.6 | 6.9 468.4
31 2.6 639.2 | 5.8 474.2
32 1.5 640.7 | 4.4 478.6
33 0.8 641.5 | 3.6 482.2
34 0.8 642.3 | 2.8 485.0
35 0.4 642.7 | 3.2 488.2
36 0.8 643.5 | 2.4 490.6
37 0.4 6439 | 2.4 493.0
38 0.4 644.3 | 2.0 495.0

39 0.4 644.7 | 1.7 496.7 |
40 0.4 645.1 | 1.4 498.1 |

41 1.0 499.0
42 0.8 499.8
43 1.0 500.8
44 0.8 501.6
45 0.8 502.4
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Fig. 1. Twenty-four hours increase in gas from the sewage sludge digestion at the temperature of 308 K

a — fresh sludge from Poznan, b — fresh sludge from Gniezno, ¢ — sludge from SDT from Gniezno

Rys. 1. Dobowe przyrosty gazu z fermentacji osadéw $ciekowych w temperaturze 308 K

a — osad surowy z Poznania, b — osad surowy z Gniezna, ¢ — osad z WKF z Gniezna

day of the digestion process (curve ,,b”"), and for the sludge from isolated digesters a com-
plete lack of gas production is observed for full 3 days (curve ,,¢””). The rate of acclimated
biomass growth exerts direct effect on the rate of biochemical reaction. For the sludge
from Poznan the maximum gas production 63.2 cm?® of gas per gram of organic solids,
was reached as early as after 8 days, while for the fresh sludge from Gniezno the correspon-
ding maximum value 48 g of gas per gram of organic solids was observed not earlier than
after 18 days.

The cumulative curves of gas production in the digestion run of the sludges from Gnie-
zno with respect to the sludge from Poznan are given in fig. 2. Final quantity of gas produced
from the sludge ,,¢”, being lower with respect to the sludge ,,b”’, indicates that the latter
was partially digested during its 80 day stay in isolated digesters.

The digestion time for a 909, of the total gas production, 7y, is equal to 13 days for
the sludge from Poznan and 23 days for the sludge from Gniezno.

Assuming that the digestion of the sludges investigated proceeds according to the
kinetics of the first order reaction, the reaction rate constant k can be determined from the
equation:

G, = G, (1—107") (M

4 — EPE 3/78
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Fig. 2. Course of methane fermentation of sewage sludges at the temperature of 308 K

a — fresh sludge from Poznan, b — fresh sludge from Gniezno, ¢ — sludge from SDT from Gniezno

Rys. 2. Przebieg fermentacji metanowej osadow $ciekowych w temperaturze 308 K

a — osad surowy z Poznania, b — osad surowy z Gniezna ¢ — osad z WKF z Gniezna

where
G, = 90%, quantity of gas produced after time ¢,
G, = 100%, quantity of gas produced after the digestion is completed,
t— duration of digestion.
Transformation of the eq. (1) yields:

k 1 | G : 2

-7 %®6—c¢ 1 @

The reaction rate constant values for sludges from Poznan and Gniezno are equal

to 0.077 d=* and 0.044 d— ', respectively. Under optimal digestion conditions at the tem-

perature of 308 K, the corresponding value of the rate constant for municipal sludge is
usually 0.1.

During the digestion in a batch system the pH of medium varied between 6.6-7.5, i.e.
within the optimal range for biochemical processes of this type.

It seems that in case of sludge from Gniezno, presence of large quantities of calcium
and magnesium compounds, especially in form of carbonates and hydrocarbonates, is
particularly advantageous because of their buffering properties in combination with gaseous
CO, produced during digestion.
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Partially soluble Ca(HCOj;), and Mg(HCO,), play also an advantageous role as
antagonistic ions with respect to ions of toxic metals occurring in sludges from the city
of Gniezno [1, 12, 16].

4.2. DIGESTION PROCESS IN A CONTINUOUS FLOW SYSTEM

The process of continuous digestion was initiated in digested sludges, after the experi-
ments performed by periodic method had been completed. The adaptation period of met-
hane bacteria in case of toxic sludges from Gniezno was extended to 45 days. The averaged
results from the digestion in a continous flow system are presented intable 3 for 4 diffe-
rent ranges of the digester loading.

Table 3
Characteristics of the digested sludges (averaged results)
Origin of sludges I Poznan Gniezno
Average residence time in a
continuous flow system, d 25 16.7 12.5 10 25 16.7 12.5 10
Digester | volumetric % 4.0 6.0 8.0 10.0 4.0 6.0 8.0 10.0
loading kg of organics/m3
of digester. day 2.05 3.07 4.09 5.12 1.94 0.92 3.88 4.85
Gas m? of gas/kg of
organics 0.560 0.530 0.490 0.438 0470 0.440 0.395 0.310
pro- m? of gas/m?® of di-
duction | gester. day 115 1.63 2.01 2.24 0.92 1.28 1.53 1.50
pH 7.6 7.5 7.3 7:1 7.4 7.1 6.3 5.8
Alkalinity meq/dm?3 63 63 64 66 68 69 71 74
Volatile fatty acids,
mg CH3;COOH/dm? 630 690 780 1020 960 1500 2280 3420
Water content % 87.45 8796  88.52 89.28 88.88 89.38 90.06 91.14
Total solids % 1255 12.04 1148 10.72 11.12 10.62 9.94 8.86
— organic solids %, 5.81 6.17 6.40 6.52 5.60 5.58 557 524
— mineral solids % 6.74 5.87 5.08 4.20 5.52 5.04 437 3.62
Organics, % of of solids 46.4 51.2 55.8 60.6 5.04 52.5 56.1  59.2
Mineral solids, % of solids 53.6 48.8 44.2 39.4 49.6 47.5 439  40.8
Biodegration of organics, % 70.5 64.1 56.6 47.5 52.7 49.0 40.8 24.6
CO, content in gas, volumetric % | 22.8 23.6 252 27.4 25.4 27.2 30.8  36.6

For all the cases the degree of organics biodegradation was determined from the for-

mula of Korolkov

where

R(%) =

100 (b—a)
b(100—a)

a — Y%, of mineral solids in total solids of fresh sludge,
b — 9% of mineral solids in total solids of digested sludge.

€)
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Table 4

Chemical characteristics of the sludge stored in a
basin of the former lake Bielitko in Gniezno

Sampling depth, m | 03 | 20
Specific density g/em? 1.19 1.07
Colour gray black
Smell eastry |bitumic
pH pH 7.8 7.3
Acidity meq/kg 10.0 12.0
Alkalinity meq/kg 1500 420
Water content % 66.81 76.36
Total solids % 33.19 23.64
Organics, % of solids 33.04 38.78
Mineral solids, % of solids 66.96 61.22
Total nitrogen, % N of solids 1.77 1.76
Total phosphorus,% P of solids 0.68 0.60
Potassium, 9% K of solids 0.08 0.21
Calcium, 9% Ca of solids| 19.26 10.75
Iron, 9% Fe of solids 3.82 3.56
Natrium, 9% Na of solids 0.24 0.40
Trivalent chromium,

9%, Cr of solids 1.56 0.58
Copper, 9% Cu ofsolids 0.14 0.11
Nickel, % Ni of solids 0.09 0.06

From the shape of curves (fig. 3) it follows that in the case of sludge from Poznan the
gas production for 1 kg of organics in fresh sludge, decreases regularly with the increasing
loading of the digester (curve 4,), and it increases (curve B,) if the factor is calculated
for unit volume of the digester. It is of a great importance from the technological point
of view and it is worth noticing that even at the highest loading applied (10%,) the gas pro-
duction curve still shows increasing tendency. It should be also emphasized that at the
volumetric loading of 49%, i.e. at the average digestion time 25 days (table 3), the biode-
gradation degree of organics was high (70.5%) and in agreement with the empiric data
according to KEEFER [6].

Despite the fact that the increase in digester loading results in a gradual decrease in
the pH value and in the decrease in the degree of the organics degradation, the digested
sludges have favorable characteristics from standpoint of dewatering.

In case of fresh sludge from Gniezno, a regular decrease in the gas production with
the increasing loading of digester is however, observed solely within the range of low loa-
dings. For higher loadings the drop in gas production for 1 kg of organics, has a progressive
character (,,4,”), and the biodegradation degree decreases down to the value of 24.6%
(table 3).

The effect of overloading is also expressed by curve B, showing a characteristic maxi-
mum of the volumetric gas production (calculated for unit volume of the digester) at the
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Fig. 3. Efficiency of gas from continuous fermentation of fresh sludges at the temperature of 308 K

Ay, By — sludge from Poznan, 4,, B, — sludge from Gniezno

Rys. 3. Wydajno$¢ gazu z fermentacji ciaglej osadow surowych w temperaturze 308 K

Ay, By — osad z Poznania, A5, B, — osad z Gniezna

loading of 89, and it drops at higher loadings. Hence, it follows that the digestion of sludge
from Gniezno can be conducted solely at the low digester loadings.

At the volumetric loading of 49%,, i.e. at the average of digestion time of 25 days, the
degree of organics degradation amounted to 52.79%, (table 3), whereas, according to Keefer
for 68.59%, of organics in total sludge solids (table 1), it should be within the range from
62 to 649, [21].

At high digester loadings the digested sludge from Gniezno has disadvantageous
properties.

At the digester loading of 109, the concentration of volatile fatty acids increase up
to 3420 mg CH3;COOH/dm?3, and pH decreases down to 5.8. The excess of the acids gives
the evidence to the violation of the balance between complex metabolism of saprophytic
acid-forming bacteria, (such as E. coli, Pseudomonas fluorescens, Bacillus subtilis) and
methanogenic bacteria, (such as Methanobacterium suboxydans, Mathanobacterium pro-
prionicum, Methanococcus mazei). Methane bacteria, characterized by lower population
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and a higher sensitivity to the sludge overloading and toxic agents, can hardly cope with
the processing of fatty acids, aminoacids and other compounds produced by sparophytic
bacteria which are more resistant to external conditions.

With the increasing digester loadings and toxic components concentrations the gas
production decreases, and moreover content of CO, in the gas increases at the cost of
methane. This is due to the fact that, first of all, the activity of bacteria metabolizing higher
volatile fatty acids, (such as valeric acid, and butyric acid characterized by a high methane-
- forming ability) is inhibited [6, 12, 14, 21]. Results of investigations indicate that the decrea-
sing pH value is accompanied by the raise in toxicity of sulphides, heavy metals, and in
particular of amphoteric chromium, which show an increasing tendency to pass from
insoluble into ionic form considered to be toxic [2, 8, 9, 17, 20, 22, 28].

Due to the technological processes in tannery, and to some secondary processes in
the sewage system of Gniezno, considerable amounts of chromium precipitate in form of
Cr(OH); at pH range 7-10. For pH value lower than 7 amphoteric Cr(OH); shows the
tendency to be transformed into soluble chromium salts, while for the pH value higher
than 10 it may form soluble chromates. Under advantageous conditions Cr(OH); is gradual-
ly dehydrated and transformed into insoluble and more stable oxide (Cr,03) [11]. Thus
it seems possible that at pH > 7 chromium in the digester occurs in the form of stable
and possibly non toxic Cr,O5; and in form of unstable Cr(OH);, whereas at pH < 7 in
result of the reaction with acetic acid (product of saprophitic bacteria) Cr(OH); may pass
into soluble and toxic chromium acetate Cr(C,H;0,);.

Thus, it should be concluded that the toxicity of chromium depends on actual content
of unstable chromium in form of Cr(OH);, and on pH rather than on the total content
of chromium in the sludge. The sludge may also contain toxic chromium in the form of
CrPO, which is soluble in acetic acid.

Toxicity of sulphides occurring in digester chiefly in form of FeS and Fe,S; [13] depends,
first of all, on the pH. The concentration of toxic H,S increases with the decreasing pH
values [2].

It should be also expected that iron ions will be activated toxically with the decompo-
sition of iron sulphates which at low pH are unstable [9].

Copper and nickel sulphate appearing in relatively small quantities should not play any
significant role as toxic agents, because of their high stability in form of GuS and NiS
in acid solutions.

Sludges from Gniezno stored for many years in the basin of the former lake Bielitko
were the subject of the investigations conducted since 1965 by former Institute of Local
Economy in Poznan. The investigations were aimed at agricultural usage of the sludges.

The sludge samples taken from the lake at the depths up to 2 m contained 23.649%, to
33.199, solids, as well as 27-50%, of calcium as, calcium carbonate, 1.77%, of nitrogen,
0.609,-0.68%, of phosphorus, and 0.58-1.56%, of chromium on percent-of-solids basis
(table 4).

Because of so high content of chromium the sludge was not recommended for agricul-
tural usage.
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5. CONCLUSIONS

1. In fresh sludge from Gniezno the contents of chromium Cr** (0.56-0.64%, Cr on
percent-of-solids basis), sulphides (0.47-0.52%, S), calcium (7.18-8.33%), magnesium
(1.38%), iron (3.37-3.66%,) are respectively 9, 4, 2.5, 2 and 1.5 times higher than those
in the sludge from Poznaf. The excessive concentrations of chromium and sulphides in
the sludge of Gniezno are due to the low efficiency of the industrial wastewater treatment
plant installed in the tannery.

2. During the digestion at 308 K in a batch system the maximal daily gas production
from the sludge of Poznan (63.2 cm3/g of organics) was attained after 8 days of the process,
whereas that for the sludge from Gniezno (48.6 cm3/g of organics) was reached as late
as after 18 days. Digestion time for 90%, of the total gas production amounted to 13 days
and 23 days for the fresh sludges from Poznan and Gniezno, respectively.

3. In continuous flow system the gas output from the sludges of Poznan decreased
regularly, with the increasing loading of the digester, from 0.560 m®/kg of organics at
residence time 25 day — to 0.438 m3/kg of organics, at residence time 10 days. At the same
time the daily outputs of gas, at the same load range, increases from 1.15 m3/m* of the
digester to 2.24 m3/m*® of the digester.

4. In a continous flow system, the gas production from sludge of Gniezno decreases
with the increasing loading of digester from 0.470 m?/kg of organics, at residence time 25
days, to 0.310 m3/kg of organics, at residence time 10 days. At the same time the daily
gas outputs increase from 0.92 m3/m?* of the digester to 1.53 m*®/m*® of the digester at
a residence time 12.5 days. The increase in a digester loading results in the drop in the
volumetric gas output. For these reasons the full-scale digestion process of sludge from
Gniezno should be conducted at low digester loadings.

5. Toxicity of trivalent chromium depends more on the content of chromium in unstable
forms (Cr(OH); and CrPO,) at low pH, rather than on the total content of the element.

6. Toxicity of sulphides occurring in digesters mainly in form of FeS and Fe,S; de-
pends above all on the pH. With the decreasing pH values the concentration of toxic
H,S increases.
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BADANIA POROWNAWCZE NAD FERMENTACJA OSADOW SCIEKOWYCH Z GNIEZNA
I POZNANIA

Przeprowadzono badania laboratoryjne nad przebiegiem fermentacji metanowej osadéw z Gniezna
zawierajacych nadmierne ilosci chromu i siarczakow w pordéwnaniu z osadami z Poznania, ktorych prze-
bieg fermentacji nie wykazal zaktocen w WKEF.

Wykazano, ze podczas fermentacji periodycznej w temperaturze 308 K maksymalny dobowy przy-
rost gazu w osadzie z Poznania wynosi 63,2 cm® na gram substancji organicznej po 8 dobach procesu,
natomiast w osadzie z Gniezna maksymalny przyrost gazu w ilosci 48,6 m3/g nastepuje dopiero po uplywie
18 dob. Techniczny czas fermentacji odpowiadajacy 90% wytworzonego gazu dla osadu z Poznania wynosit
w konsekwencji 13 dob, natomiast dla osadu z Gniezna 23 doby.

W warunkach procesu fermentacji metoda ciagla, wydajnos$¢ gazu z osadu Poznania obniza sie wraz ze
wzrostem obciazenia komory od wartosci 0,560 m3/kg subst. organ., przy 25 dobach przebiegu, do 0,438
m?3/kg, przy 10 dobach przebiegu, i jednocze$nie w zakresie tych obcigzern wzrasta wydajno$é dobowa
gazu od 1,15 m*/m? komory do 2,24 m3/m? komory. Wydajno$¢ gazu z osadu z Gniezna obniza si¢ ze wzros-
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tem obciazenia komory od 0,470 m?/kg subs. organ., przy 25 dobach przebiegu, do 0,310 m3/kg, przy 10
dobach przebiegu, a jednoczesnie wzrasta od 0,92 m*/m?® komory i dobe do 1,53 m3/m? komory i dobe
przy 12,5 doby przebiegu fermentacji. Wigksze obciazenie komory powoduja spadek wydajnosci gazu row-
niez w przeliczeniu na m* komory. W warunkach technicznych istnieje wigc mozliwo$¢ prowadzenia fer-
mentacji osadow z Gniezna tylko przy matych obciazeniach WKF.

Z przeprowadzonych badan wynika, Ze stopien toksyczno$ci chromu trojwartosciowego zalezy nie
tyle od ogdlnej zawartosci Cr3+ w osadzie ile od aktualnej zawartosci w komorze chromu nietrwatego w for-
mie Cr(OH); i CrPO, przy jednoczes$nie obnizonym odczynie pH. Stopien toksycznosci siarczkow wy-
stepujacych w komorze fermentacyjnej gtéwnie w postaci FeS i Fe,S3 zalezy przede wszystkim od odczynu
pH. Wraz z obnizeniem wartosci pH Srodowiska zwigksza sig stezenie toksycznie agresywnego siarkowodoru.

VERGLEICHENDE UNTERSUCHUNGEN DER METHANFAULUNG VON ABWASSER-
SCHLAMMEN AUS GNIEZNO UND POZNAN

Untersucht wurde im LabormaBstab die Methanfaulung zwei verschiedener Abwasserschlimme.
Der Schlamm aus Gniezno (G) beinhaltet iibermiBige Sulfide- und Chrommengen — im Vergleich zum
Schlamm der Hauptkldranlage von Poznan (P).

Im stationéren Versuch, betrug die maximale Gasausbeute beim anaeroben Abbau des Schlamme P
nach 8 Tagen 63,2 cm?3/g org. TS bei 308 K, die Gasmenge aus dem Schlamm G aber nur 48,6 cm3/g org.
TS nach 18 Tagen. Die technische Faulgrenze (90% Gasausbeute) wird beim Schlamm P nach 13, beim
Schlamm G nach 23 Tagen erreicht.

Im kontinuierlichen ProzeB, war die spezifische Gasmenge von der Faulraumbelastung abhingig.
Fiir Schlamm P ergaben sich nach 10 Tagen 0,560 m3/kg org. Substanz und nach 25 Tagen 0,438 m3/kg,
was einer Tagesmenge von 1,15 und 2,24 m3/m3 Faulraumvolumen entspricht. Fiir den Schlamm G betra-
gen die entsprechenden Werte:

0,470 m3/kg org. Substanz nach 25 d,

0,310 m3/kg org. Substanz nach 10 d,

0,92 m3/m3d bei 25 d und

1,53 m3/m3d bei 12,5 d.

Hohere Belastungen wirken sich in einer Abnahme der spezifischen Gasmenge aus. Aus diesem Grunde,
sollte man die Schlimme G nur bei niedrigen Faulraumbelastungen anaerob abbauen lassen. Die fest-
gestelle Giftwirkung von Cr+3 hiingt nicht nur von der Menge dieser Ionen, sondern auch von der Menge
des bei niedrigem pH unstabilen Cr(OH); und von der Konzentration des CrPO, ab. Die Giftwirkung
der Sulfide, die grundsitzlich in den Formen von FeS und Fe,S;vorliegen, hingt ebenso von der Reaktion
des Schlammes ab. Je kleiner der pH-Wert, desto hoher steigt die Konzentration des toxischen H,S.

CPABHUTEJIBHOE MCCJIEJOBAHME BPOXEHUS BOJOCTOUYHBIX OCATIKOB
13 I'OPOJOB I'HE3HO U ITO3HAHbBb

IMpoBenensr n1aGopaTopHbIe MCCIIEAOBAHUS TPOLECCA METAHOBOTO GPOKEHUA BOJIOCTOYHOTO 0OCajKa
u3 ropoia I'He3Ho, ComepXaliero, 0 CpaBHEHHIO C ocazkamu u3 ITO3HAHHW, M3GBITOYHOE KOIMYECTBO
XpoMa U Cynb(uIOB, y KOTOPBIX GpokeHne He OOHApy)uBamo moMex B WKF.

TTokasano, 4T0 B X0zl HEPHOIHYECKOTO OPOKEHHUS npu temnepatype 308 K MakcumaiabHOe CyTOY-
HOe mpupalienue rasa B ocaake u3 ITosnanu cocraBisier 63,2 cM® Ha 1 I' OpPraEMYECKOTO BEleCTBa TOCIE
8 cyrok mponecca, a B ocagxe u3 I'He3HO MaKCHMAIbHOE npupalleHre ra3a B xoimyecTtse 48,6 M3r moc-
THTACTCST TOJIBKO IO HCTedeHMH 18 cyTok. TexHOJIOrHMYeckoe BpeMsi OpOXKeHHs, cootBeTcTBYyIomee 90%
TIPOM3BEICHHOTO Ta3a Ajs ocanka u3 ITo3nanu, coctaBuio B pesyibrarte 13 cyTok, a st ocaaka u3 [Hes-
HO — 23 CcyTOK.
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B yciroBHAX mpolecca 6pOXKEHHsI IO HEIPEPEIBHOMY METOAY IPOM3BOAUTENHHOCTE Ta3a U3 MO3HAHC-
KOTO OCajika CHIKAETCSI C POCTOM HArpy3kum kamepsl — oT 0,560 M3/Kr' OpraHmYeckoro BeIIecTBa IpH
25 cyrkax mpornecca 1o 0,438 M3/kr mpu 10 cyrkax; OZHOBPEMEHHO, B NpPENeaXx 3THX HArpy30K IOBBI-
maeTcst CYTO4YHAs MPOU3BOIUTENILHOCTE Ta3a oT 1,15 M3/M3 xamepsr 1o 2,24 m3/m3 xamepsl. IIpoussonn-
TeJIBHOCTD Ta3a M3 THE3HEHCKOTO OCAIKa CHIDKASTCS C POCTOM HArpysku kamepsl or 0,470 m3/kr opra-
HUYeCKOTO BelecTBa IpH 25 cyTkax mpormecca 1o 0,310 m3/kr mpu 10 cyTkax; OJHOBPEMEHHO, YBEIMYU-
BaeTCs CYyTOYHAS IPOM3BOIUTENBHOCTH Ta3a oT 0,92 m3/m3 xamepsr no 1,53 M3/m3 xamepsr mpu 12,5 cy-
TOK Tpolecca 6poxenusi. Bollee BRICOKHE HArpy3Kd KaMephl BBI3BIBAIOT CHMXKEHHE NPOM3BOIUTEIBLHOCTH
rasa Taxxe B IepecyeTe Ha M KaMepbl. B TEXHHYECKHX YCIIOBHAX HMeEETCA, TAKUM 00pa3oM, BO3MOKHOCTh
IOpPOM3BOJUTL GpOXKeHHEe OcankoB W3 I'He3HO TONbKO HpH HU3KMX Harpy3kax WKF.

I3 mpOBEIEHHBIX MCCIICOBAHUN BBITEKAET, YTO CTENEHb TOKCHYHOCTH TPEXBAJEHTHOTO Xpoma 3a-
BHCHT HE CTOJIb OT obmero comepxanust Cr3+ B ocazike, YTO OT COZEPKAaHUS KaMmepe, B JaHHOE BpeMms,
meycroitamBoro xpoma B Bume Cr(OH); u CrPO, mpu oZHOBPeMHHO IOHMXeHHOM pH. SmoBuTOoCTh
CYJIBOHUIOB, IPUCYTCTBYIOMUX B GHOTEPMIYECKOIT kaMepe, IpeuMyliecTBeHHO B Buse FeS u Fe,S3 3aBucur
npexne Beero ot pH. C monwxkenneM 3HaueHUs pH cpembl HOBBINIAETCST KOHIIEHTPALAS TOKCHYECKH arpec-
CHBHOTO CEPOBOIOPOAA.



