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Priority Axis 2: Exploiting the environmental and
cultural potential of the South Baltic area for blue
and green growth.

Specific objective 2.1 : Increased development of

natural and cultural heritage resources of the
South Baltic area in sustainable tourist
destination.

Specific objective 2.2 : Increased use of green
technologies to reduce pollutant discharges in
South Baltic area



https://southbaltic.eu/tourism
https://southbaltic.eu/greentech
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@ Project budget

R
e
Univeristy of Technology- Szczecin 251 580 22
Bornholm 207 700 18
Municipality Ho6r 199 125 17
Goleniow 309 850 27
Klaipeda 191 400 17
SUM 1 159 655 100

- Zachodniopomorski , Goleniowsiie Refinancing for partners from Poland: 85%
Interreg Uniwersytet Technologiczny i Kanaligacia
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Construction of project budget (expenses)

f

BL1 e Staff costs

BL2 e Office and administration

BL3 * Travel and accommodation
BL4 e External expertise and services
BL5 e Equipment

BL6 e |nfrastructure and works
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1. Analysis of the impact of sewage
quality on sludge composition.

2. Comparison of sludge management
regulations.

3. The use of sludge in agriculture.

®

= WP3 — Clean sludge

1. Sludge as biofuel in sewage treatment

. - plants
g \VP4 - Energetic efficiency / 2. Energy- efficient composting
B \\/p5 — Reusing nutriens 1. Guidelines on composting technology

2. Analysis of modern deodorization

\ technologies
3. Database of sludge use and

=M \\/p; — Knowledge transfer management technologies.

1. Sludge management guide.
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Pilot installations M

i 7

* Intallation of optimization and deodorization of the composting process— optimization of
nutrient content, proces hermetization and a modern system base on a non-thermal plasma
reactor for exhaust air deodorization, the deodorization system will be made available to
other interested entities.

* Pilot installation for drainage and sludge management from external suppliers ( home
sewage treatment plants)- technological and economic assessment of the possibility of
sludge managing ( use as biofuel) from external partners and the impact of the installation
on the local community- the possibility of sludge management from individual customers.

Zachodniopomorski 3 &uﬂl::(i;qws_kie
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@ STEP - Pilot instalation for drainage and sludge management from
external suppliers (home sewage treatments plants)
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.STEP - Pilot installation for deodorizing process air from

composting
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.STEP - Pilot installation for deodorizing process air from
composting
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<§,P/)STEP - Pilot installation for deodorizing process air from

composting
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STEP - Pilot installation for deodorizing process air from

compostin
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STEP - Pilot installation for deodorizing process air from

composting I
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' Average reduction of malodourous substances- 41%
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STEP - mobile sampler
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‘ STEP - composting process at the sewage treatment

plant in Goleniow
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. STEP - - composting process at the sewage treatment

plant in Goleniow
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. STEP - - composting process at the sewage treatment

plant in Goleniow
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@ STEP - studies on the impact of the composition of a mixture of
various organic raw materials on the composting process of
dewatered sewage sludge

m—

J— Harmonogram badan, etap |

2018 r.
Maj Czerwiec Lipiec Sierpien Wrzesien | Pazdziernik

pl |p P P p e pryzma nr.1
p p p P p p pryzma nr.2

- faza przygotowania pryzmy
- faza gorgca, 1-2 miesigce
- faza dojrzewania, 3- 4 miesiecy

- skiadniki (proporcja masowa)

odwodnione inoculum
osady stoma zrebki (kompost
sciekowe dojrzaty)
4 1 0.5 0.5 (4:1:1)  pryzmanr. 1
8 1 1 1 (8:1:2)  pryzmanr. 2

Zachodniopomorski & glnl::::;?wsik'e
lnte reg Uniwersytet Technologiczny K I_ﬂ!l .
E ropeanuion | w Szczecinie i Kanalizacja



STEP - studies on the impact of the composition of a mixture of
various organic raw materials on the composting process of

dewatered sewage sludge

e o
number of samples
parameters scope of analysis method raw materials compost
stage no. | stage no. |l
sludge barley straw chips no.1 | no.2 | no.l no.2
dry mass (d.m.) PN-R-04006 4 4 4 10 10 11 11
ohysical and organic matter (o.m.) |PN-Z-15011-3 4 4 4 10 10 11 11
chemical C org. PN-Z-15011-1,3 4 4 4 10 10 11 11
N tot. PN-R-04006 4 4 4 10 10 11 11
P tot. PN-Z-15011-3 4 4 4 10 10 11 11
Cr 4 - - 10 10 11 11
Cd 4 - - 10 10 11 11
heavy metals | Ni (AAS) 4 - - 10 10 11 11
Pb 4 - - 10 10 11 11
Hg 4 - - 10 10 11 11

- \ Zachodniopomorski ) gf;::g;’;ime
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STEP - studies on the impact of the composition of a mixture of
various organic raw materials on the composting process of

dewatered sewage sludge

e
Zn- fr.| 4 10 10 11 11
Zn- fr |l 4 10 10 11 11
Zn- fr.lll 4 10 10 11 11
Zn-fr.IV 4 10 10 11 11
Zn-fr.V 4 10 10 11 11
Cu-fr.l 4 10 10 11 11
Cu-fr.ll i _ 4 10 10 11 11
speciation analysis | Cu- fr.llI ngzgg;nﬁq;mgd 4 10 10 11 11
Cu-fr.IV 4 10 10 11 11
Cu-fr.V 4 10 10 11 11
Ni- fr.| 4 10 10 11 11
Ni- fr.ll 4 10 10 11 11
Ni- fr.llI 4 10 10 11 11
Ni- fr.IV 4 10 10 11 11
Ni- fr.\/ 4 10 10 11 11
: FA according with 4 10 10 11 11
humic substance HA IHSS method 4 10 10 11 11
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@ STEP - studies on the impact of the composition of a mixture of
various organic raw materials on the composting process of

dewatered sewage sludge

—
m— /
number of samples
compost
parameters scope of analysis method raw materials P
stage no. | stage no. Il
sludge barley straw chips no.1 | no.2 | no.1 no.2

sum 108 20 20 270 | 270 297 297
total 1282
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initial OM- series 1 and 2

o OM-series 1
1. OM-series 2

OM decrease:
series 1- 15%,
series 2- 20%
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| COUNCIL DIRECTIVE

of 12 June 1986

on the protection of the environment, and in particular of the soil, when sewage sludge is
used in agriculture

(86/278/EEC)

Regulation of the Minister of the Environment
of 6 February 2015

on the municipal sewage sludge

\ Zachodniopomorski > glol:::::l;wsikle
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STAGE I, | the sample Zn, Cu, cr, cd, Pb, Ni, Hg,
series 1 |[identification| mg/kg d.m. mg/kg d.m.. mg/kg d.m.. mg/kg d.m. mg/kg d.m. mg/kg d.m. mg/kg d.m..

M1 | 40550+ 4,24 182,50 +4,95| 34,75+ 0,35 | 1,00+0,00 | 29,25+ 1,06 | 12,75+ 1,06 | 0,420+0,066

172 |431,75+ 22,98/ 202,50 + 2,83 | 3575+ 0,35 | 1,00+0,00 | 29,50+ 0,71 | 13,00+ 0,00 | 0,382+0,045

/3 |439,00 + 27,58 192,75+ 1,06 | 37,75+ 0,35 | 0,75+ 0,35 | 36,75+ 0,35 | 13,75+ 0,35 | 0,379+0,021

/4 |378,50 + 21,92 170,00 £+ 8,49 | 5400+2.83 | 1,00+0,00 | 27.75+2.47 | 19,25+ 1,06 | 0,312+0,033

compost| V15 [423.25+1520 19375672 5775672 | 1,00£0,00 | 32002071 | 20,50+ 0,71 | 0,375:0,034

| @101 e 393753005 17550 £ 0.71| 22504212 | 075035 | 2975£035 | 8254035 | 0.325:0,016

/7 |400,25 + 20,86| 179,50 £+ 2,12 | 50,75+ 1,06 | 0,50+ 0,00 | 31,00+0.71 | 16,50+ 0,00 | 0,364+0,025

/8 | 421,00:8,48 | 184,25:0,35 | 33,50+ 0,71 | 1,25+0,35 | 29,75:0,35 | 13,25:0,35 | 0,347+0,020

179 | 429,00+1,41 | 190,25+1,06 | 4500 +£2,12 | 1,00+0,71 | 32,50£0,707 | 15,75£0,35 | 0,377+0,020

11110 | 453,50£12,02| 201,25+1,06 | 47,75+0,35 | 1,25+0,35 | 32,25:1.06 | 17,00:0,71 | 0,371:0,003

sewage sludge | 55175+3,18 | 225251247 | 26,25:1,06 | 0,50:0,00 | 48,50£0,00 | 10,50+0,71 | 0,551+0,075

86/278/EEC 2500+4000 | 1000+1700 - 20+40 750+1200 | 300+400 16+25
DzU. poz.257,2015r.| 2500 1000 500 20 750 300 16
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EUROPEAN UNION I South Baltic




STAGE |, | the sample Zn, Cu, Cr, Cd, Pb, Ni, Hg,
series 2 |identification| mg/kg d.m. mg/kg d.m.. mg/kg d.m.. mg/kg d.m. mg/kg d.m. mg/kg d.m. mg/kg d.m..
21 | 441,50+4.95 | 189,00+353 | 37,75+ 247 | 0,05+0,00 | 3375:035 | 13,50:0,71 | 0,386+0,064
22 | 47525+1.77 | 204,25+0.35 | 5325+ 1,77 | 0,05+0,71 | 34,50+071 | 18,25:0,35 | 0,508+0,054
I2/3 | 482,75+16,61 | 208,75¢1,77 | 4600+ 141 | 0,05+0,35 | 36,50+2,12 | 16,25+0,35 | 0,466+0,076
214 | 4845041980 | 212,25+2.47 | 4800+2,83 | 1,00£0,71 | 37,004141 | 1650+141 | 0,428+0,042
compost | 25 |800.31418,12| 219,08£2.94 | 71,34£4,72 | 079030 | 4013:371 | 22474208 | 0448£0,035
(8-1-2) | 126 |532,50£18,38 | 238954550 | 72.25+3.89 | 125035 | 410:0,00 | 2425:035 | 0,449:0,014
127 | 548,71+2,53 | 235,50+0.71 | 3568+025 | 1,01+0,01 | 41,71+1,00 | 14,07:0,81 | 0,491+0,064
I2/8 |533,50 + 44,55 24575+ 177 | 4375+1,77 | 1,00£0,00 | 40,50 +0,00 | 16,00 + 1,41 | 0,531£0,033
2/9 |562,00 +30,41| 255,25 +2.47 | 4050+ 141 | 025+0,35 | 41.75+035 | 1525+ 0,35 | 0,513+0,033
2110 |555,00 + 31,11| 253,50 £ 4,95 | 58.75+7.42 | 050+0,00 | 41,25+0.35 | 22,00 + 2,12 | 0,548+0,050
86/278/EEC 2500+4000 | 10001700 - 20+40 750+1200 300+400 16+25
Dz.U. poz.257, 2015 r. 2500 1000 500 20 750 300 16
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COMMISSION DECISION
of 28 August 2001

establishing ecological criteria for the award of the Community eco-label to soil improvers and
growing media

(notified under document number C(2001) 2597)
(Text with EEA relevance)

(2001/688/EC)

Regulation of the Minister of Agricultre and Rural Development
of 18 June 2008

on the implementation of certain provisions of the Act on Fertilizers and Fertilization

— +_il z H
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STEP - studies on the impact of the composition of a mixture of
various organic raw materials on the composting process of
dewatered sewage sludge
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elements, acording with: compost after 133 days - Golenidw
mIKGAM b lish regulations | EU regulations 552;?‘_512? 1 SEEESLE_ 2

Cr 100 100 48 -

Cd 5 1 13 0.5

Ni B0 50 17 29

Pb 140 100 3 e

Hg 2 1 0,37 0,55

n - 300 453 555

Cu - 100 201 253



Sequential extraction conditions according to Tessier methodology
stage | fraction extractant
— time  temperature

replaceable
10 cm3 1M CH,COONH, ; pH=7 1h  ca 20°C
FIl  carbonate 20 cm® 1M CH,COONa with H;COOH; ca 20°C
_ 5h
pH=2
FIIl.  Associated with 20 cm3 0,4 M NH,OH-HCI w 25% (v/v) s
Fe/Mn oxides CH,COOH 5h
FIV Associated With 5 5¢ms 0,02 M HNO, + 5cm3 30% 2)2h  a) 85°C,
@ humic H,0,, pH=2 b)3h  p)85°C
substance b) 5cm?330% H,0, , pH=2 ) 85°C,
c) 10 cm33,2M CH,COONH, in20%  ©) 0.5 ¢) ca 20°C
(v/v) HNO,

FV remained . .
Marked as the difference between the total concentration and the

sum of the fractions FI, FII, FlII, FIV




Average Zn content in fractions according to Tessier methodology (stage I)

average Zn content in fractions, [mg/kg s.m ]

series 1 L
fr. | fr. |l fr_ i fr. IV fr.V total

1/1 1658 | 11700 | 16000 | 6288 | 4905 | 40550
2/1 1028 | 9075 | 18188 | 10175 | 4710 | 43175
31 1358 | 10200 | 17713 | 8550 | 6080 | 43900
4/1 1440 | 8200 | 15263 | 8588 | 4360 | 37850
5/1 1410 | 8850 | 18688 | 9425 | 3953 | 42325
B/1 1620 | 6850 | 14850 | 10550 | 5505 | 39375
711 1350 | 6375 | 16988 | 11263 | 4050 | 40025

r r 4 r r r

8/1 g 85 6950 | 16275 | 12050 | 5940 | 421.00

r r 4 r r r

9/1 9.30 6700 | 157.00 | 14100 | 5470 | 42900

- a r  F
101 {1080 | 7163 | 14825 P 44650 | 77,33 | 45350

sludge | 28.95 | 14663 | 25325 | 9113 31, 551 75
rd ~
Fr (1 +11+11)=230,7 Fr (IV + V)= 228,8

conclusion: the sum of bioavailable Zn form is 230,7 mg/kg s.m. and is less than the
- (et allowable value- 300 mg/kg s.m.

EUROPEAN UniON | South Baltic




Average Cu content in fractions according to Tessier methodology (stage 1)

average Cu content in fractions, [mg/kg s.m ]

series 1
fr. | fro |l fr. IV fr.V total
1/1 1800 | 675 M 11763 | 3488 [ 18250
2/1 638 [ 283 14550 [ 4438 [ 20250
31 713 [ 3.00 13200 [ 4688 [ 19275
4/1 608 [ 225 12025 [ 37.80 [ 170.00
5/1 608 [ 213 13300 [ 4805 [ 19375
6/1 548 [ 175 12050 [ 4490 [ 17550
7/1 413 [ 138 129038 [ 4163 [ 179.50
8/1 " 183 12200 | 5460 | 18425
9/1 213 122 , 190 25
10/1 213 éﬁzg? 66,73 1 201,25
sludge [ 27,75 3 89 13138 4825 | 22525

Fr(l+11+111)=8,7 Fr (IV + V)= 192,6

Conclusion: the sum of bioavailable Cu form is 8,7 mg/kg s.m. And is less than the
allowable value - 200 mg/kg s.m.
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Content of humic substance and values of humification indexes in samples of composts and sludge, stage |.

EUROPEAN UNION
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sample

humic substance

specific, [g/kg d.m.]

non specific, [% d.m.]

C org.,

humification index

STAGE | P, [] HI, [%]
symeol HA FA Total | lignin | cellulose| hemicel. | ¥9S™ | HAFA) | (CaaCoti00

11| 17422 81,96 25618 1828  9.37 15.21 398,35 2.13 4374

12 | 15929 51,12 21041 3025 10,83 11,14 373,25 3,12 42,68

13 | 164,58 39,69 20427 2948 14,40 7,55 374 45 415 43,95

4 | 162,63 4577 20840 3426 11,56 12,87 372,20 3,55 43,69

ccreaq| VU5 | 17433 6056 23489 2294 1056 8,57 372,35 2,88 46,82

116 | 17684 57,96 23480 2941 11,54 10,31 364,70 3,05 48,49

7 | 17329 5636 22965 2490 8,12 9,63 364,25 3,07 47,58

/8 | 183,18 4402 22720 2761 10,11 3,56 380,35 416 48,16

/9 | 18823 4012 22836 3083 11,94 2.49 369,50 4,69 50,94

11110 | 17493 4960 22453 20,87 10,41 0,68 356,65 3,53 49,05

21| 16499 6939 23438 2518  11.76 5.75 387.55 2.38 4257

22 | 16043 6360 22403 2729 1123 9.49 373,20 2,52 42,99

123 | 148,81 4580 19461 3061 13,86 10,56 373,50 3,25 39,84

24 | 15020 4800 19829 2768 1153 9.43 36745 3.12 40,88

ceresn| V25 | 15295 5058 20353 2645 1353 16,43 351.70 3,02 43,49

26 | 15974 3080 19954 3183 10,81 438 359,60 4,01 44.42

27 | 17265 2040 20205 3230 850 5.54 347.90 5.87 49,63

28 | 17444 4377 21821 2696 610 414 354 .15 3.99 49,25

1219 | 17644 2766 20400 2696 540 227 347,35 6.38 50,80

1210 | 18569 3417 219.86 2631 576 258 340,60 5.43 5452

sewage sludge | 169.73 10538 27511 1427 353 13.64 339,15 161 50,04
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Conclusions (preliminary) after | stage analysis

1. In comparison to the mixttijré::(:i:r’i’biifj of’s;é\;{/age sludge with straw in mass proportion 4/1 (4-
1-1), doubling the amount of sewage sludge to the level of 8/1 (8-1-2) results in the
thermophilic phase (above 45°C) lasting 30 days longer.

2. The values of the HIl and Pl humification indexes in the compost samples in both prisms
over the entire study period indicate a high degree of organic matter humification and its
progress in the composting proces.

3. The contents of heavy metals in the sewage sludge do not increase the limits for their
agricultural use.

4. The total content of Zn and Cu in samples of composts, classified as soil improver, taken from
both prisms, exceeds the limit values, i.e:
- prism 4/1: Zn= 453 > 300 mg/kg s.m.; Cu= 201 >100 mg/kg s.m.
- prism 8/1: Zn=555 > 300 mg/kg s.m.; Cu= 253 >100 mg/kg s.m.

5. Total content Zn i Cu in samples of composts excluding the forms permanently associated with
the soil matrix (IV and V) - bio unavailable, is lower than the limit values, i.e:
- prism 4/1: Zn= 230 > 300 mg/kg s.m.; Cu= 38,7 >100 mg/kg s.m.
- prism 8/1: Zn= 270 > 300 mg/kg s.m.; Cu= 8,3 >100 mg/kg s.m.
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