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Mikrobialni ekotoxikologie pri hodnoceni ekologickych rizik

Formulace problému
na lokalni ¢i regionalni Grovni

OMistné specificka ¢i regionalni charakterizace zadjmové lokality ¢i regionu

OKvalitativni hodnoceni vstupii, migrace a osudu stresoru (polutantu)

Oldentifikace:
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-expozi¢nich cest

-znamych ucinka

aVybér vhodnych koncovych bodt

OSpecifikace objektivnosti a moznosti

Hodnoceni multisloZkové expozice Hodnoceni ekologickych ucinku

OKvantifikace vstupti, migrace a osudu — OLiterarni a databazové informace
OCharakterizace receptorti OTestovani toxicity
OMeéteni nebo odhad expozi¢nich bodovych koncentraci OPolni studie
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Charakterizace rizika

OSoucasné Skodlivé ucinky
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OAnalyza nejistot
OEkologicka vyznamnost
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Management rizik, nipravna opatieni




Mikrobialni ekotoxikologie Bi"i hodnoceni ekologickz’ch rizik
d TGty o & T (@)
Hodnoceni ucinku

Priklady mérenych parametri: - - * klesa realita
- terénni pozorovani (polni, terréni studie) — ahyn urcitych * vZrusta nutnost extrapolace,
druha (ryb, ptaki..), zmény ve strukture spoleCenstev : modelovani

- terénni testy — mikro- a mezokosmy, studie v klecich.. * klesa moZnost zanedbani
faktoru

- laboratorni tésty — jednotlivé dfuhy, multidruhové testy

: * vzrusta kontrolovanost testu

- modely — osud a transport, bioakumulace, uc¢inky :
.. atd.
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Terénni studie, priklad. puda:.
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Mikrobialni ekotoxikologie Bf'i hodnoceni ekologickz’ch rizik

Retrospektivni hodnoceni ekologickych rizik, terénni studie, bioindikace - pudni
mikrobialni ekotoxikologie:

- Silné heterogenni systém v ¢ase i prostoru (sezonni
SPECIFIKA charakter déjii; smés minerdlnich a organickych
komponent s koloidnimi roztoky; prostorova variabilita)

A. Hledisko vstupu litek

Latku aplikovat dle mozZnosti danych jejimi chemickymi
vlastnostmi (vhodny organicky roztok, fumigace), nejlépe v
podobé odpovidajici redlné situaci.

JAK
TESTOVAT
—ep

B. Hledisko ¢asové

Lze testovat vliv jednorazovych ddvek nebo postupnou
kumulaci zatéze. Systém testovani by mél vychazet z
charakteru expozice hodnoceného zdroje.

Zakladni nebo roz§irena sada parametri

CO MERIT V Sir§im pohledu je vhodné mikrobiologické testy doplnit

o testy mobility litek v plidnim profilu (vyplachovani) nebo
jejich dostupnosti pro rostliny (testy s rostlinami).

PRIMA / NEPRIMA |Dle redlné situace je cenné testovat vedle piimé
APLIKACE aplikace do pudy i vstup kontaminantu spole¢né s

organickym substritem (napr. s listim).
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Retrospektivni hodnoceni ekologickych rizik, terénni studie, bioindikace - pudni
mikrobialni ekotoxikologie:

» t¢méf nikdy neni k dispozici kontrolni lokalita pti praktickém hodnoceni ekologickych rizik

« systém hodnoceni nejéastdji zalozen na korela¢nich vazbach mezi ab10t1ckym1 (kontammacn) a
biotickymi parametry pudy = analyza kauzality

* v podstaté jde o komparativni posuzovani stavu mikrobnich spolecenstev piidy

parametry kontaminace
¢i
abiotickych faktori

mikrobialni parametry

KORELACE
¢i

vicerozmérné statistické hodnoceni

¥

interpretace vysledki
‘)




Mikrobialni ekotoxikologie Bf'i hodnoceni ekologickz’ch rizik

Retrospektivni hodnoceni ekologickych rizik, terénni studie, bioindikace - ptudni
mikrobialni ekotoxikologie:

Vyznamnou ulohu hraji parametry pudy viz. nasledujici priklad.




Environmental study carried out in 1999 by RECETOX and co-operating companies
Total 34 soil samples from different ecosystems (grasslands, arable, forest ...)
Sampling at several distances from the highway (1 - 500 m)
Also contamination with heavy metals and POPs was measured

- 13 soils with
GOOD

biological
quality
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13 soils with
BAD
biological
quality




IGHWAYS

soils with GOOD - - - : - : - soils with BAD

biological quality biological quality
* mostly forest and |  mostly arable soils ol

grasslands soils * near to highway Bx.cio 2
 farther from highway * lower content of C,, .m,o%%m
* higher content of C,, _ * lower content of N,
* higher content of N, * lower content of clay - e
- * higher content of clay * more neutral pH -

* lower pH * lower CEC
* higher CEC ' '
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NITORING OF SOILS AROUND CZECE

CONTAMINATION: surprisingly, soils with biological quality display higher
values of heavy metals and POPs !

‘ Cd (mg.kg™) H Hg (mg.kg") H Pb (mg.kg) \ ‘ Zn (mg.kg) \
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* Is there possible long-term stimulation with slightly higher contamination?

* Is this only co-occurrence of both events caused by higher C

and clay contents?

org




Mikrobialni ekotoxikologie Bf'i hodnoceni ekologickz’ch rizik
Prospektivni hodnoceni ekologickych rizik, identifikace nebezpecnosti. (ekotoxicity) latek -
nebezpeci pro pudni mikroorganismy:
a) Umély substrat (napi. OECD, 1984)
- 70% kiemenny pisek; 20% jil; raselina 10%; Voda: 40 - 60%
NA CEM |WHC; pH 6,0 0,5
TESTOVAT |b) Piimo na zasaZenych (nebo potenciilné zasazenych)
vzorcich pud (nutna znalost: C,,, pH, obsah jilu, pisku, KVK,
® pudni typ)
Latka (latky) pridané do pidy podle své chemické podstaty
(vhodny roztok, smichani, fumigace, v organickém
rozpoustédle).
JAK Nutno zalozit relevantni kontrolu simulujici i zpisob aplikace.
TESTOVAT |Pokus uspoiddat dle pozadavki ve formé "ddvka - odpovéd™.
Pokus lze usporidat jako laboratorni (mikrokosmos,
°- mezokosmos) nebo i polni.
JAK Iy méfit akutni atinek Iatky (hodiny - dny) nebo chronickeé
‘DLOUHO pisobeni v dlouhodobych inkubacich (mésice - roky)
CO MERIT Zakladni sada parametrii, pripadné doplnéna dalsSimi testy s
é vhodnymi substraity
VYHODNOCENI / Krivky "ddvka - odpovéd™ pro jednotlivé parametry.
INTERPRETACE |[Potencidlni vliv testovanych latek
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Effects and risk assessment of linear alkylbenzene sulfonates (LAS) in agricultural soil.
1. Short-term effects on soil microbiology.

« autofi sledovali u¢inek LAS mikroorganismy pisé¢ité zem&d&lské puidy b&hem 11-ti denni laboratorni inkubace

* 10 mikrobialnich parametri:
degradace ethylenu

potencidlni oxidace amoniaku
potencialni aktivita dehydrogenazy

B-glukosidazova aktivita

redukce zeleza

populace cellulolytickych bakterii, hub a-aktinomycét

bazalni respirace plidy
obsah PLFA

jako necitlivé se ukazaly B-glukosidazova aktivita, bazalni respirace piidy a obsah PLFA, diivodem byla pravdépodobné
kombinace stimulu a inhibice rliznych ¢asti mikrobialniho spolecenstva : :
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Fig. l‘, Dose respense of ethylere degradation in agricultural soil
fofluwrng linear alkylbenzene suHonate (LAS) exposure for upprlnx-
imately 0.5 d. Data represent the mean * standard deviation {vertical
bars) of three pseudoreplicates. )
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Fig. 2. Dose response of potential ammonium oxidation in agricultural
sail after linear alkytbenzene sulfonate (LAS) exposure for 7 d. Data
represent the mean * standard deviation {vertical bars) of three rep-
licates.
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Fig. 3. Dose response of potential dehydrogenase activity in agricul-
tural seil after linear alkylbenzene sulfonate (LAS) exposure for 7 d.
Data represent the mean * standard deviation (vertical bars) of three
replicates. INT-F = jodonitrotetrazolivm formazan.
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Effects and risk assessment of linear alkylbenzene sulfonates (LAS) in agricultural soil.
1. Short-term effects on soil microbiology.

120

oo
[
T

B-Glucosidase activi,
(nmol MUF g”' dry weight soil 1.

Y/
Vi

0 8 22 62 174 488

LAS (mg kg" dry weight soil)

Fig. 4. Dose response of B-glucoesidase activity in agricultural soil
alter linear alkylbenzene sulfonate (LAS) exposure for 7 d. Data rep-
resent the mean * standard deviation (vernticad bars) of three replicates.
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Fig. 5. Dose response of iron reduction in agricultural soil after linear
alkylbenzene sulfonate (LAS) exposure for § d. Duta represent the
mean = standard deviation (vertical bars) of three replicates,
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Fig. 6. Dose response of cellulolytic actinomycetes {solid bars), lungi
(open bars}, and bacterta (hatched bars) in agricultural soil after linear
alkylbenzene sulfonate (LAS) exposure for 7 d. The number of colony-
forming units (CFU) per gram dry weight soil of the uninhibited
control were 9.1 X [0* for actinomycetes, 1.1 X 10* for fungi, and
3.4 % 10° for bacteria. Data represent the mean * standard deviation
(vertical) of three replicates.
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Fig. 7. Dose response of basat soil respiration (CO, evolution) in
agricultural soil after incubation and linear alkylbenzene sulfonate
(LAS) exposure for 1 (@), 2 (¥) 4 (H). 5 (4), and 9 (&) d. Data
represent the mean * standard deviation (vertical bars) of two rep-
ltcates.
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Effects and risk assessment of linear alkylbenzene sulfonates (LAS) in agricultural soil.
1. Short-term effects on soil microbiology.

Table 2. Effect concentrations (EC10. EC50. no-observed-effect concentration [NOEC], and lowest-observed-effect concentration [LOEC)) for
linear alkylbenzene sulfonate (LAS) toward microbial parameters in agricultural soil®

Incubation

Microbial paramcter (d) ECI0 EC50 NOEC LOEC
Ethylene degradation 05 9 NAR 24 NA NA NA
Ammonium oxidation 7 <8 (2-8) 40 (24-76) 0 1
Dehydrogenase activity 7 22 (6-47) 128 (99-154) 2 62
B-Glucosidase activity 7 47 (24-63) >488 NA 174 488
[ron reduction 5 <8 (2-6) 17 (15-18) 0 8
Cellulolytic bacteria 7 1! (0-12) 24 {15-40) 8 22
Cellulolytic fungi 7 <8 (0-20) 32 (11-76) 8 22
Cellulolvtic actinomycetes 7 8 (0-19) 80 (0-206) 8 22
Basal soil respiration 1-9 >793 NA >7913 NA >793 >793
PLFA* content 11 >488 NA >d488 NA >488 >488

> For ECI0 and ECS50. the 95% confidence limits are given in parentheses. Data for LAS in soil are presented as mg/kg dry weight.

PNA = not available.

* PLFA = phospholiptd fatty acid.
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Table 2. Illustration of the role of microbiological bioassays in setting soil loading guidelines for smelter
emissions. Shown are the five most sensitive bioassays considered for setting soil critical load limits for
atmospheric deposition of each of 6 metals/mettaloids. For each bioassay, the reference source as cited
in Bird et al. (1999) is shown and the corresponding dissolved free-ion concentration in soil (mg L) is
given. The shaded references are those based on microbiological bioassays.

Cd Cu Ni P Zn

Ibekwe et al. 0.0018 Miles and 0.010 Paliouris and 0.01 Balba et al. 0.011 Posthuma et 0.28

1996 Parker 1979b Hutchinson 1991 al. 1997

Medicago Andropogon 1991 Silene Lycopersicum Enchytraeus

sativa shoot scoparius toot vulgaris root esculantum crypticus

yield dry weight length dry weight of reproduction .

reduction fruit .

0.021 Balba et al. 0.013 Smitand van  0.32 Steevensetal. 0.05
991 Gestel 1996 1972
ycopersicum Folsomia Pisum sativum
sculantum candida fresh weight
ry weight of number at 4 of shelied
fruit - weeks peas
Balba et al 0.017 Sheppard et 0.46 Jacobs et al. 0.06
991 al. 1993 1970
ycopersicum Brassica rapa Phaseolus
esculantum time to first vulgaris fresh
ry weight of bloom weight of
- fruit pods

Bingham et al. Miles and 0.03 Woolson 1973 0.07

1975 Spinacia arker 1979b Phaseolus

oleracea ndropogon vulgaris plant

shoot vield coparius root ield

dry weight

Bingham etal.  0.07 Schat and Ten 0.058 Dixon 1988 0.38 Seiler and 0.12 Sheppard et 0.55 Woolson 1973 0.13

1975 Ghreine Bookum 1992 Quercus rubro Paganelli al. 1993 Phaseolus

max dry bean Silene leaf area 1987 Picea Lumbricus vulgaris plant

yield vulgaris root rubens shoot terrestris yield

growth and root survival
growth




Table 3. Illustration of the role of microbiological bioassays in setting guidelines for
atmospheric ammonia. Shown are the five most sensitive bioassays considered,
with references as cited in Sheppard (1999). The shaded reference was based
on a microbiological bioassay.

Concentration  Plant Effect Source
(nmol NH;
mol air)
18 Grass (Agrostis Growth increase  Van der Eerden (1991)
capillaris)
35 Calluna vulgaris  Decreased water  Van der Eerden (1991)
potential after
drought
42 Bryophyte Visual symptoms Van der Eerden (1991)
(Racomitrium
lanuginosum)
55 Scots pine (Pinus  Increased Dueck et al. (1998)
sylvestris) biomass, lower

water potential
after drg@ég
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- Idealni je syntéza obou pristupu

SOIL MICROBIAL ECOTOXICOLOGY

Present trends (Garland and Mills, 1994; Powlson, 1994;
Insham, 1996, Garland, 1996):

Laboratory studies
withi soil'samples

['n vitro: studies

Approach concentrated
DN ecosystem’
lunctioning

INTEGRATION
is necessary

and evaluation of effects Monitoring or model studies

Specified pollutants vs. simulating time profile of

microbes with respect to exposure, with respect to
specified soil properties specified soil properties

[Laboratory > field] [Field studies or laboratory

\\ simulations]

Complex ecological risk assessment
Retrospective / predictive studies
Survey and analytical sampling

v

RISK CHARACTERIZATION
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Mikrobialni ekotoxikologie pri hodnoceni ekologickych rizik
Idealni je syntéza obou pristupu

SOIL MICROBIAL ECOTOXICOLOGY VS. ECOLOGICAL RISK ASSESSMENT

© S

HAZARD EVALUATION _ FIELD BIOINDICATION
Laboratory Field e Risk identification

e Toxicity of chemicals | e Exposure assessment
e Prognoses e Prognoses

e Dose-response ‘ Control sites ?
characteristics for soil | Time prognoses ?
microbial parameters ? : ‘ Set of parameters ?

e Tkl it Standardized Relevant Ecological

real soil samples ? outputs monitoring interpretation ?

HAZARD - HAZARD - EXPOSURE ‘ RISK
IDENTIFICATION EVALUATION ASSESSMENT CHARACTERIZATION
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