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Vermikompostovani

zizaly rozkladaji organickou hmotu a
organické polutanty

celd rada procesu: rozmélnovani usty,
provzdusnovani, Cinnost
mikroorganismu, jejich enzymdu a
enzymu zizaly

produkt vermikompost je bohaty na
nutrienty

mozna stabilizace a dekontaminace
Cistirenského kalu

1) Vermikompostovani a vermiremediace obecné



Vermiremediace

- remediace polutantt pomoci
vermikompostovani

- tezké kovy, PCB, PAU, ropné
uhlovodiky

* mikropolutanty?

Shi et al., 2020. Vermiremediation of organically contaminated soils: Concepts, current
status, and future perspectives
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~ 100 000 chemicals
on the market

Mikropolutanty

~ 500 chemicals
extensively characterised for
their hazards and exposures

~ 10 000 chemicals
fairly well characterised for
a subset of their hazards and exposures

~ 22 600 chemicals

with a use over ~ 20 000 chemicals
with limited characterisation for
LR EPTEED their hazards and exposures

~ 4 700 chemicals )
with a use over ~ 70 000 chemicals

with poor characterisation for
100 tc_mr!e.s pEI: szl their hazards and exposures
prioritised in

hazard characterisation
and evaluation
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Mikropolutanty

Mikropolutanty

- Casto noveé se objevuijici latky, které nelze ucinné odstranit béznymi
procesy Cisténi vod, které jsou detekovany ve velmi malych
koncentracich napric planetou

Farmaka a latky z produktl osobni spotfeby (Pharmaceuticals and
personal care products)

- skupina polutantt (vétSinou mikropolutant(), které jsou
detekovany v ZP - farmaka, kosmetika, hygienické prostfedky apod.

Nové se objevujici polutanty (New emerging pollutants)
- obecné Siroka skupina latek antropogenniho plvodu, nové se
objevujicich v ZP

2) Problematika mikropolutant( eko




Design experimentu

* 2 Cistirenské kaly (SS — sewage sludge) pochazejici ze 2 rGznych Cistiren
odpadnich vod (WWTP1 a WWTP2)

* kal smichan s vihcenymi slaménymi peletami v rizném poméru— 0, 25,
50 a 75% kalu

* triplikaty

* Zizaly Eisenia andrei

20 Zizal/200 g substratu

* kontrolni vzorky — bez zizal
* 6 tydnd

* textilni sacky

* stabilni teplota a vlihkost

°tma
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Analyza mikropolutantu

lyofilizace vzorku

extrakce methanolem (ASE extraktor, Dionex)

odpareni

i

cilend analyza na LC/MS trojitém kvadrupdlu

14 endokrinnich
disruptoru

37
per/polyfluorovanych
latek

37 farmak a
produktd osobni
péce

4) Postup analyz
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Cytotoxicita

° imunitni buﬁky iiial Coelomocyty A Methylene blue Phase contrast SEM
hyalinni g
granularni
B
:
4
(o]

hyaline amoebocytes

Di Marzio et al., 2005. Improved Single-Cell Gel Electrophoresis Assay for

Detecting DNA Damage in Eisenia foetida Prochazkova et al., 2020. Pattern recognition receptors in annelids
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Baterie testu cytotoxicity

* expozice in vivo

* extrakce bunék: extrakcni pufr —
neinvazivni chemickd metoda

* fluorescencni barveni (viz dalsi
slide)

* analyza na pritokovém
cytometru

P ——
0 50K 100K 150K 200K 250K
FSC-A

Control

Semerad et al., 2020. In Vitro Study of the Toxicity Mechanisms of Nanoscale Zero-
Valent Iron (nZVI) and Released Iron lons Using Earthworm Cells
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Fluorescencni barveni bunek

* viabilita — propidium jodid

* reaktivni formy kysliku — 2',7'-dichlorofluorescein
Dead Cell e diacetat
DCFH_-DA deacatylation DCFH, oxidation
Propudlum : I: : I:

https://www.rndsystems.com/resources/protocols/flow-cytometry-protocol-analysis-cell-viability

using- propldlum iodide

*apoptdza/nekrdza — annexin V

Reiners et al., 2012. 2’,7' -Dichlorofluorescein is not a probe for the detection of reactive oxygen and nitrogen species

* fagocytdza — Fluoresbrite mikrosféry 1,00 um
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Apoptotic cell
https://www.abpbio.com/product/annexin-v-binding-assays/

Normal cell

Jaumouillé, Grinstein, 2016. Molecular Mechanisms of Phagosome Formation
7
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Dalsi ana

* analyza tézkych kovu
* analyza mikrobialni biomasy pomoci sledovani PLFA (fosfolipifové mastné kyseliny)
* analyza malondialdehydu — ROS

* genova exprese vybranych molekul - MnSOD, CuZnSOD, lumbricin a fetidin-lysenin

4) Postup analyz



5) Vysledky

Vysledky

VvV I/V |

Biomasa ziza

* u obou pouzitych kald (WWTP1 a
WWTP?2) stejny trend

* pokles biomasy zizal v 0% kalu
(jen slama — 0SS) po 6 tydnech

* narust biomasy Zizal ve
variantach s kalem — ¢im vyssi %
kalu, tim znatelnéjsi narlst —

nejvyssi v 75% kalu

earthworm weight (mg)
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Farmaka a EDs v sume

. poklgs Y prlpade, , - b) . WWTP2
vermikompostovani, ale u vétsiny ] R
pripadl ne statisticky signifikantni 5000 “ticiosan

u tramadol

OprOti kO nt r0|e 4000 u telmisartan

u sulfapyridine

a) a = mirtazapine
8000 WWTP1 =z = metoprolol
‘ = 3000 b lamotrigine
a = venlafaxine o b = genistein
7000 m trimethoprim g c = equol
u triclosan s 2000 b u diclofenac
6000 = tramadol 3 a = daidzein
b u telmisartan g u clarithromycin
idi italopram
5000 w sulfapyridine e 1000 mCi llop
: : miazapie 8 - = coammazagine
% 4000 : Imetotp .ro.IOI . . . = u caffeine
> ) . .‘a)mo nfgme 0 T 7~ mbisphenol F
o Ibuproten & @ S & @ & > S = bisphenol A
< 3000 ® hydrochlorothiazide 6‘56@ %ﬁ‘ 000\( %:5%@ %40‘ & %q,"} 6“0@ cp‘\\s azithromycin
S b m genistein P .-lfoe’ qf’c"% & @e’ ‘:)Q%% A -\‘J% ,\6%6 = atorvastatin
£ 2000 b m diclofenac = amitriptyline
5:09 b m daidzein = acesulfame
§ 1000 I [ clarlithromycin
m citalopram
o = - ! L

! u cetirizine
S m carbamazepine
¥

3 ) caffeine
6'5 GOQ 69 ‘\0 00 6 00(\
57 P o = & P s » azithromycin
R SR+ 5 S A & S y
VP 7§ Ao = atorvastatin
® amitriptyline
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Farmaka a EDs jednotlive latky WWTP1 25SS

- detekované latky, jejichz a) WWTP1
koncentrace poklesla, a to bud'v 120
kontrole nebo ve vermikompostu

* WWTP1 - signifikantni pokles (P <
0.05) pro diklofenak

100

80

S 60 i
s 1]
I=
8 40
c *
o
(5]
g 20
£
o
> 0 ilﬁ i * .lI‘
. . A A
S S Ry I R S SN R SRS AR S SN S SR
O N A O A S N A X S St P
TP PP ST FIFT TIPS ESE LSS
NN S TP TP FEFEES ¥ T &
) \0
_\b
\Q
m25SS vermicompost 025SS control

5) Vysledky eko




Farmaka a EDs jednotlive latky WWTP2 25SS

- detekované latky, jejichz b) WWTP2
koncentrace poklesla, a to bud'v 80
kontrole nebo ve vermikompostu 70
* WWTP2 — signifikantni pokles (P < 60
0.05) pro metoprolol, telmisartana _ 50
. 2
triclosan 5 40 ]! _ .
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Farmaka a EDs vermiakumulace

WWTP1 WWTP2
V Ve 7 . vvzs Lo} Lo
* pro vetsinu latek nejvyssi v g g
v s s s > =)
uspora dani 2555 — 25% kalu PPCPs 0g Kaw § %\SFS gg\st $5ASFS § E?st Ec?st ??SFS
o -
Vé . 7 v [a1] m
* nezavislé na hodnoté log K_, rcesuame? T x . . x
v Vv ’ amitriptyline 4.9 X - - - X - - -
(Ove reno Spea rma novym atorvastatin 6.4 X - - - X - - -
v 7/ azithromycin 4.0 v 0.00 0.00 0.03 X - - -
korelacnim testem) bephenol A© 32 X - - - ¢ NC 000 o0a3
bisphenol F2 2.9 X - - - X - - -
caffeine -0.1 v 193 067 048 v 213 075 0.39
carbamazepine 2.5 v 0.00 0.06 0.13 v 0.14 0.02 0.05
cetirizine 1.7 v 009 006 005 v 018 0.05 0.07
citalopram 3.7 v 0.12 0.10 0.09 v 0.05 0.07 0.07
clarithromycin 3.2 X - - - X - - -
daidzein 2.6 X - - - X - - -
diclofenac 4.5 v 1.61 1.52 0.74 N 1.21 0.39 0.19
equol? 3.2 X - - - X - - -
genistein 2.8 X - - - X - - -
hydrochlorothiazide! -0.1 X - - - X - - -
ibuprofen? 4.0 v - - NC X - - -
lamotrigine 2.6 X - - - X - - -
metoprolol 1.9 X - - - X - - -
mirtazapine 2.9 X - - - X - - -
sulfapyridine 0.4 X - - - X - - -
telmisartan 7.7 v 003 003 002 v 005 003 0.02
tramadol 14 X - - - X - - -
triclosan 4.8 v 025 016 010 v 028 011 0.10
trimethoprim 0.9 X - - - X - - -
venlafaxine 3.2 X - - - X - - -
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atky v sume oo

Per/polyfluorované

* snizeni koncentrace v pfipadé nékterych latek )
30

* mozna biotransformace neplné fluorovanych latek I

WWTP2

= 73FTA
=PFOS
= PFTeDA
= PFTrDA
= PFDoDA
b mPFUNDA
= PFDA

=PFNA
PFOA
= PFHpA

mnEtFOSAA
60 a
mnMetFOSAA 5 c
50 mPFOSA > = PHxA
- =PFOS o . . | = PFPeA
40 = PFTIDA N 6‘.\\ «© & \‘{\\ «© & & ©
ab % @ o e © & % «© ©
b = PFDoDA & é;_-, 6600 <0 Q%% "::(90 & GJ%% 6600
# PFURDA v e &P e
a = PFDA
PFNA

= PFOA

= PFHpA
. . = PFHxA
N .
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(fluorotelomerni slouceniny)

20 a

* vermiakumulace v zizalach
a) s WWTP1

70 a a

= 15 a

10 b

concentration (ng-g' dw)
o

concentration (ng-g™' dw)
w
=)




Per/polyfluorované

atky vermiakumulace

. i oo, WWTP1 WWTP2
* pro vétsinu latek nejvyssi v . .
usporadani 25SS — 25% kalu o = &
, v PFASS Formula log Kow = S DESS 0SS 7588 S 5555 50SS 768
* nezavislé na hodnoteé log K, g 8 &
V4 . 7 \v4 ’ % %
* zavislé na poctu fluorovanych Sepen? T P E— .

1 o v v 5MF9oU2 . - - - - - -
uhlik( v molekule (ovéreno PEHXA CeHF 110, a5 5 X - - - x oo
Spearmanovou korelaci) PFHpA C7HF130- 4.4 6 X - - - v 351 314 394

PFOA CgHF 1502 5.2 7 v 275 183 016 X - - -
PFNA CoHF1702 6.0 8 v 268 189 121 X - - -
PFDA C10HF 1902 6.8 9 v 184 117 08 v 326 110 0.98
PFUNDA C11HF21.0; 7.6 10 v 557 230 162 v 3.09 0.00 0.00
PFDoDA Ci12HF230; 8.4 11 v 595 395 281 v 6.01 260 1.95
PFTrDA Ci13HF250; 9.2 12 v 499 951 536 v NC 460 4.15
PFTeDA? CuHF270; 10.0 13 X - - - v NC NC NC
PFOS CgHF1703S 4.0 8 X 372 183 146 v 8.16 4.42 5.04
PFOSA CgH2F17NO2S 4.8 8 N NC NC VAR NC NC
53 FTA? CgHsF1102 4.2 5 X - - - N NC NC
73 FTA? C10HsF1502 6.0 7 X - - - v - NC NC
nMetFOSAA! C11HeF17NO4S 8.8 8 X - - - X - - -
NEtFOSAA! C12HsF17NO4S 9.3 8 v 000 000 051 X - - -
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Mikropolutanty vermiakumulace

* trend pozorovany u skupiny jak farmak a produkt(l osobni péce + EDs, tak u per/polyfluorovanych
latek

* vysledna koncentrace sumy latek v Zizalach nebyla signifikantné rozdilna (P < 0.05), i kdyz vychozi
koncentrace sumy latek ve smési kalu pro WWTP1 a WWTP2 byly odlisné (P < 0.05)
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Fungi

ani

V4

Mikroorganismy - PLFA

* pokles bakterialni biomasy po vermikompostov

substratd s kalem
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Toxiclta

* koncentrace malondialdehydu vysoka v pripadé 0SS

(jen slaméné pelety)

* upregulovany gen pro fetidin-lysenin u kalovych

variant pro WWTP1 — zvySena antimikrobialni aktivita
Molecule lumbricin fetidin-lysenin ~ CuzZnSOD MnSOD
Function immunity immunity oxidative stress oxidative stress
0SS 1.10 £ 0.54 1.44 £1.11 1.03+£0.27 1.09 £ 0.50
WWTPL 25SS 1.93 £ 0.67 6.52 + 3.36* 1.31+£0.34 1.38£0.70
50SS 1.92+0.35 5.07 + 1.38* 0.92+0.18 1.71 £ 0.68
75SS 1.49+£0.70 5.34 + 1.99* 1.03+£0.60 1.05+0.63
0SS 1.02+0.19 1.08 £ 0.45 1.00 £ 0.08 1.07 £ 0.47
WWTP2 25SS 0.66 £ 0.18 0.94 £+ 0.21 0.95+0.29 0.69+0.15
50SS 1.06 £ 0.54 1.40 £ 0.40 1.33+0.55 1.18 £ 0.44
75SS 0.76 £ 0.48 1.13+0.58 1.00 £ 0.36 1.15+0.47

5) Vysledky

MDA concentration (nM-g-' wt)

700
600
500
400
300
200

100

ab ab

—_

0SS

2585 50SS 75SS
WWTP1

0SS

bc
c
&~ N §
SN
258S 50SS 75SS
WWTP2

eko



Cytotoxicita

* ve viabilité, produkci ROS a fagocytoze nebyly pozorov

ly mezi substratem s 0%
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/aver

- zizaly byly schopny prezit a rust v 75% substratu dvou raznych kalt

* oproti kontrole bez zizal doslo k signifikantnimu poklesu u diklofenaku,
metoprolu, telmisartanu a triclosanu

* nékteré latky byly akumulovany v zizalach (nejvyssi BAF u 25% kalu)

* bioakumulace sumy sledovanych mikropolutantll nezalezela na pocatecni
koncentraci v substratu — zizaly byly schopny akumulovat jen urcité mnozstvi

* Zizaly pozménily zastoupeni mikroorganismu (pokles bakteriadlni biomasy)

* cytotoxicita pouzitych kalG nebyla potvrzena

6) Zavér eko
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Koncentrace v kalu z Cistiren odpadnich vod
v CR (2018-2019)
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Chemosphere 261 (2020) 128018
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Ve 7 n
Koncentrace v kalu z Gistiren == .. vcmue i cmiomomemo
V CR (2018-2019) Screening for 32 per- and polyfluoroalkyl substances (PFAS) including | #

GenX in sludges from 43 WWTPs located in the Czech Republic - =
Evaluation of potential accumulation in vegetables after application of
biosolids

Jaroslav Semerad * P, Nicolette Hatasovd °, Alena Grasserova P, Tereza Cerna *®,
1200.0 Alena Filipova 2, Ales Hanc ¢, Petra Innemanova > d Martin Pivokonsky €,
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6000 Suma PFOS v kalu oves fapikaty celer hlavkovy salat

Concentration of PFAS in sludge [ng g™ of dw]
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Evropsky Urad pro bezpecénost potravm (EFSA) tolerovatelny tydenni prijem (TWI)

x_ efsa " sumy: PFOA, PFOS, PFNA, PFHXS na 4,4 ng/kg lidské hmotnosti
2 R 70 kg ¢lovék = 308 ng PFAS
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Concentration of PFAS in sludge [ng g™ of dw]

H PFBA B PFPeA B PFHXA PFHpA W PFOA ® PFNA uPFDA B PFUdA B PFDoA u PFTrDA B PFTeDA
W PFBS B PFHxS ¥ PFHpS PFOS MeFBSA W FOSA ™ EtFOSA B3:3FTA W 5:3FTA m7:3FTA W 9-CI-PF30ONS
H 11-CI-PF30UdS NaDONA HFPO-DA (Gen-X) FOSAA MeFOSAA EtFOSAA 4:2FTS WE2ZFTS W 8:2FTS W 10:2FTS
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