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Poab ryMycoBbIX KHCAOT — OCHOBHONO KOM-
NoHeHTa opradH4eCKoro BEWECTBa NMPHPOAHBIX
BO4 H NOYB —~ B HaMeHeHHH 6GHonoruueckon
AKTHBHOCTH (TOKCHYHOCTb, GHOAKKyMyaAuHa,
6Honornoluetne) pasayuyHbIX XHMHYECKHX Be-
IECTB, 3arpa3HAIOWNX OKPYyMalollyl cpeay,
A0 cHX nop Mano Hayucna. Mo anTepaTypHbIM
AaHHbIM ryMyCOBbIE KHCOTHI 06bIMHO CHHXKAlOT
TOKCHYHOCTb KaK THMENbIX MEeTaNno0B, TaK H
OpraHH4YecKHX coeaHHeHHA (1-3), B TO Xe
BpeMA B HeXoropbix paborax onHcaHo npotH-
BONONOXHOE AEHCTBHE MYMyCOBbIX KHCAOT (6,7).
llHpoKkoe pacnpocTpaHeHHe 3THX BeilecTB B
OKpYyalolleH cpeae obycnapnrpaer BO3HHKHO-
BeHHEe ABYX OCHOBHbIX Mpobnem:

Bo-nepssix, eobxoanmMo paspaborarb np-
HUHNbI KOK4YeCTBEHHON OUEHKH BAHAKHA TyMy-
COBbIX KHCAOT Ha BHOMOTHYECKYIO aKTHBHOCTL
OCHOBHBIX K(acCOB OMHCAHHbIX XHMHYECKHX
3arpA3HHTENEN, TAKHX KaK TAMKenble MeTanasl,
NecTHUHALI, HedTAHble, NOAHAPOMATHYECKHE
H XAopHPOBaHHbLIE Yrnesogopoabl. Heab3a He
Y4HTbIBATh TOT ¢aKkT, 4ro OHonorHdyeckas
AKTHBHOCTb XHMHYECKHX BELIECTB CHALHO Me-
HAETCA B NPHPOAHBIX Cpeaax, No3ToMy Mogenhb-
Hble 3KCNEepHMEHTbI B cpeae AHCTHANHPOBaH-
HOH BOAbl HAH YHCTOTO NECKa B OTCYTCTBHH
FYMYCOBbIX BelLIECTB He NO3BONAIOT aNeKBaTHO
npeacKkasbipaTh GHONOrHYECKYI0 aKTHBHOCTb.
HayyeHHe B3aHMOAENCTBHA 3arpAaHHTeneH C
NPHPOAHBIM OpPraHH4YeCKHM BELIECTBOM O3B0~
INT OLEHHUTb PeanbHYIO GNACHOCTh XMMHYECKHX
TOKCHKAHTOB H co3faTh Gonee oBOCHOBaHHYIO
crcremy 4K,

/v

rd

DETOXIFICATION OF HEAVY METALS, —
POLYAROMATIC HYDROCARBONS

AMD PESTICIDES BY HUMIC SUBSTANCESIN
WATERS AND SOILS

L |

V.S8. Petrosyan,

LV, Perminova,

D.V. Hovalevskiy,

" N.NY. Danchenko,

N.Yu. Yashchenko,

G.F. Lebedeva,

N.A Rulikova,

O.1. Fhilippova,

F.S8. Venediktov,

V.A. Polynov,

D.V. Vavilin.

Lomonosov University

The role of humic acids - major constitu-
ent of organic matter of natural water and soll
media - in mediating biological activity (toxi-
city, bioaccumulation, uptake) of different che-
micals released into the environment is still
poorly understood. While they are usually
prescribed by exposing mitigating impact on
the biological activity both of heavy metals
and organic chemicals (1-5), the opposite
observations are reported as well (6, 7). Given
ubiquity and abundance of these substances
in the environment, two main problems here
can be considered as follows:

- It is necessary to develop principles of

- quantitative estimation of humic acids impact

on biological activity of main classes of harm-
ful chemicals released into the environment
(heavy metals, pesticides, petroleum, polyaro-
matic and chlorinated hydrocarbons). The fact
that biological activity of the chemicals changes
greatly in natural surroundings and can' be
hardly approximated by the forecasts of mo-
del experiments conducted in distilled water
or pure sandy media, can not be skipped
any longer, Expanded studies on interactions
of the chemicals with natural organic matter -
main factor altering biological activity of
ecotoxicants in the environment ~ can improve
the existing system of «maximum permissible
levels» followed by much more realistic
predictions of danger from the released
chemicals,
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Bo-BTOpbIX, Ha Gasze AOKa3aHHOTO AETOKCH-
uupyoutero adgdgeKra ryMycoBbIX KHCIOT H
cnenrdHyecKof aKkTHBHOCTH NO OTHOLLIEHHIO K
oTaenbHbIM KNACCaM 3arpA3HHTeeH, 3aBHCH-
weft or THna Topda, MoxHO paspaborars
HayMHOOGOCHOBaKHbIE peKoMeHAalMHH Mo
HCroNb3oBaHUIO TOpdoB M APYrHX OGorarbix
rymycoM MaTepHanoB B KauecTse [AeToKCHKak-
TOB 1A BOAHOH H NOuBEHHOH cpeabl. Cylue-
cTBOBaHHe 6onblUNX 3anacoB MPHPOAHBIX HC-
TOYHHKOB TyMyCOBbIX BellecTB, TaKkHX Kak
Topd H canponeab (03epHble AOHHbIE oCagKn}
C 0AHOW CTOPOHbI H PA3BHTONO NMPOH3BOACTBA
yaobpesnii ¥ GHOCTHMYQATOpOB Ha OCHOBE
ryMyca ¢ ApYrofl CTOpoHbl, AeaaeT AAHHYIO Npo-
6neMy NpaKTHYECKH 3HA4YHMOH. Kpome TOrO,
nHdopMaLHA O «CPOACTBEr OXapaKTepHaoBah-
HbiX TOPQAHBIX TYMYCOBbLIX KHCAOT K onpeae-
NeHHOMY Knaccy CoegHHeHHH MOoXKeT ObITb HC-
nonb3oBaHa ANA AanbHEHIWHX HCCneaoBaHHA
O HanpaBieHHOMY CHHTe3y CMeuHpHYSCKHX
AETOKCHLHPYIOILKX areHToB Ha OCHOBE Topda-
HOro rymyca.

lNpuHHMas BO BHHMaHHe BblllleCKasaHHOE,
Mbl nofnaraeM, uTO TNpeACTaBleHHble HHXKe
peaynbTaThl 3KCMepHMEeHTANbHbIX HCCNeaoBa-
HUil MOXHO CYHMTATh MepBbiM WAroM K petle-
HHIO A@HHBIX npobnemM.

B nacToRlled paboTe Haydanach crocob-
HOCTb Pa3IHHbIX NYMyCOCOAEPMKALUMX MATEPH-
anoB CHHMKaTh BHonormieckylo akTHBHOCTD Ta-
KHX SKOTOKCHKAHTOB KaK TAMelble MeTanlbl,
nonHapoMaTH4eCKHe yrnesocaopeabl (TIAY) n
NecTHUHabl. JKCNEepUMEHTb! C TAMENbIMH Me-
tannaMn H TIAY npoOBOAHAMCH B BOAHOH, & C
necTHUHaaMn — B MOYBEHHOH cpeae.

[nNR 2KCnepHMEHTOB B BO/HON cpeae HcC-
MoNb30OBANHCH BblaeneHHble H oYHUIeHHbIe o6
pasup! pedHbIX, MOPCKHX, NO4BEHHLIX H TOp-
@AHBIX TYMYCOBBIX KHCAOT. Kak K3BeCTHO, B
nprpoAHbIX BOAOEMAX TyMycoBble BelllecTsa
cocTaBnAloT or 60 Ao 90% or obiero
KOMHM4YeCTBa pPacTBOpEHHOTNO OpraHH4€CcKoro
pellecTBa (8).

TOKCHYHOCTb TpeX onacHblX AaA BOAHBIX
2KOCHCTEM THXKENbIX MeTannoB - KaiMHA,
MeAH M CBHHLIA —~ PerHCTpHpoBanachk B MPHCYT-
CTBHH NepeducneHtblX Bbllie TYMyCOBbIX KHC-
f1OT pasnHYHONO MPOHCXOMACHHR. B KauecTse
recr-ofbeKTa HMCIOAB3OBANH KYAbTYPY 3ene-
Ho#t BoaopacnK Chlorella Vulgaris, a B Kaue-

- The other aspect of the problem under
consideration, which can bring investigations
on potential detoxifylng properties of humic
aclds directly in the field of practical agricuitural
research ~ is related to the existence of large
natural resources of humic substances - such
as peat and sapropel (lake bottom sediments)
and, besldes, quite good developed industry
of both humic fertilizers and biostimulators
production. Under conditions of proved detoxi-
fying impact of peat humic aclds and, moreo-
ver, known specific activity to certain chemi-
cals depending on the kind of peat they were
extracted from, motivated use of peat and ot-
her humics-enriched materials as detoxicants
for water and soil media can be developed.
Besides, information about «affinity» between
characterized peat humic acids and certain
kind of chemicals can be used for the fol-
low-up research on directed synthesis ol
specific detoxifying agents on the basis of
peat humics.

Having in mind the given considerations,
we believe that the presented below experi-
mental results can serve us as an Initial step
in approaching the discussed field.

In the presented research different humics
containing materials were checked on thei
abllity to mediate biological activity of such
ecotoxicants as heavy metals, polyaromatic
hydrocarbons (PAHs) and pesticides. Experi-
ments with heavy metals and PAHs werc
conducted in aqueous media .with pesticides
~ in" soll media.

Purified isolated samples of riverine, marine.
soll and peat humic acids were used for the
experiments in aqueous media, where iu
natural conditions these substances comprisc:
from 60 up to 90 % of the total dissolved orga-
nic matter (8).

The toxicities of three dangerous for wa-ter
ecosystems heavy metals -~ cadmium, copper
and lead - were registered in the presence of
listed above humic acids of different origin. As
a biotarget was used green algae Chlorella
vulgaris, as-a test-function - photosynthetic ac-
tivity, determined by the fluorimetric method.
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© TECT-PYHKUHH - (DOTOCHHTETHYECKYIO
iBHOCTb, omnpeaeneHHyio ¢payopHmerpHyec-

1 MeToAoM.

BauaHne peunbix MK Ha ToKkcH4HOCTb [MAY
ACCNenoBanoCt Ha npHMepe dayopaHTeHa H
eHAHTpeHa. B KavecTse TecT-06beKTa HCNOMb-
3oBainch Chlorelia Vulgaris n npeacrasuTens
pakoobpasHbix - Daphnia Magna; B Kauecree
TeCT PYHKUHH ~ (POTOCHHTETHYECKAR H MHLLe-
Baf aKTHBHOCTHL AnRr Chl, Vulgaris n D. Magna,

cooTsercTseHHo. [lHlieBas AaKTHBHOCTL pe-

FHCTPpHpOBaANach NO H3MEHeHHI0 POTOCHHTETH-
HeCKOM aKTHBHOCTH BOAOPOCAH, KOTOpas ciy-
XKHNa MHILEA ANA paYKoB.

AnA  no4BeHHOH Cpeabl HCMNONB3OBAAHCDH
cogepKaliHe ryMyc NpHpoAHble MaTepHarbi
(Topch H canponens), a Tak e NPOHIBOAHMbIE
NPOMLILINEHHOCTBIO TOPp(AHbIE T'HAPOAH3ATDI
{rMaporyMar H oKCHryMar), HCnonbayeMble B Ka-
yecTie 6HOCTHMYnATOpOB. HecaeaoBanock BaH-
AHHE YKa3aHHbIX MATepHanoB Ha TOKCHYHOCTb
CoBpcMeHHoro necthuvaa aWH, oTHoCALIe-
roca K Knaccy cynb¢oHHamMoueBHH. B kKayecTse
TecT-0bhekTa 6bina BbIGpaHa Kykypysa; 6wo-
AONIIICCKHA OTKAHK DETHCTPHPOBANH CpARHE-
HreM GHOMAacChl DacTeHHH, BbIpAllEHHbIX Ha
coaepxallen NecTHUHA NOYBE B TIPHCYTCTBHH
ryMycocoaepMmalivx mMarepHanos H Ges HHX.

fnA OUEHKM [ETOKCHUHMpYIOLER Ccrnocoh-
HOCTH H3Y4YeHHbIX rYMyCOBBIX BEleCTB HaMH
6bin BBEeAEH MapaMerp «MPOLEHT ATOKCHKa-
UHH», KOTOPbIH PacHHTBIBAACA NO CleayloLIed
dpopmyne:

R,(Ry~ R, + 1)

D-1- + 100%

Ry (o= R)
rac

D - npouenr AETOKCHKALIHH;

R - 6roaornyecknit oTkauk (ana BOAOpOCAH
- (OTOCHHTETHYECKA AKTHBHOCTb, AnA
PaykoB - nNHIEBAd AaKTHBHOCTh, AAA
KYKYpy3bl — cyxaa GuHomacca);

R, - BHOMOrMYeCcKkHit OTKAMK B KOHTPONbHbIX
IKCMepHMEHTaxX ~ TECTHpYeMan cpeda Kak
6e3 TOKCHKaHTa, TaK H 6e3 4eToKCHKaNTA:

R, - 6HONOrHYECKHA OTKAKK B MPHCYTCTBHH
I€TOKCHKaHTa;

R - 6HONOrM4ECKHIA OTKAMK B NPHCYTCTBHM
FOKCHKaHTA;

R,..~ BHONOrHYECKHIA OTKAHK B NPHCYTCTBHH
KaK TOKCHKaHTA, TaK M AETOKCHKAHTA,

The influence of riverine HA on PAHs
toxicities was tested for fluoranthen and
phenanthren. As a biotarget was used Chlorella
vulgaris and aquatic crustacean Daphnia magna,
as a test function - photosynthetic and grazing
activities for Chlorella and D. magna respective-
ly. Qrazing actuvity was determined by mesure-
ment of photosynthetic activity of algae —a food
for D. magna.

For the soll media, different humic acids
containing materials of natural (peat, sapropel)
as well as artificial (hydrohumate and oxyhu-
mate - peat hydrolysates, commercially avail-
able biostimulators) origin were used for the
experiments aimed to elucidate impact of these
materials on the toxicity of modern super
pesticide Giean - representative of sulfonyl-
ureas. As a biotarget was chosen corn, the
biological response was registered by ‘compar-
ing biomasses of the plants grown on contam-
inated soll in the presence of humics-enriched
materials and without them.

For the estimation of detoxifying ability of the
tested humic substances we introduced a
parameter «percentage of detoxification», which
was calculated by the developed formula:

Ry(Ry - R, + 1)
D= 1 -

- 100%
R, B, R)

where

D - per cent of detoxification;

R - biological response, for green algae -
photosynthetic activity, for D. magna -
grazing activity, for corn plants - dry
biomass;

R, — biological response registered in the
control experiments ~ tested medium
without either toxicant (heavy metals,
PAHs or Qlean) or detoxicant (humics
materials);

R, — biological response in the presence of
detoxicant;

R, - biological response In the presence of

« toxicant;

R, biological response in the presence of
both detoxicant and toxicant In the same
tested medium.
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[laHHan ~¢opMyna NO3BONAET BbIMACHHTD
TOBKO AESTOKCHLMPYIOWHA SPDEKT, NOCKONbKY
apdeKT yaobpeHHa no4s rymycocoaepia-
WHMK MarepHanaMi Mnpi TAKOM cnocobe pac-
yeTa HCKAOHaeTCA.

PeaynbTarhl NpoBeAeHHbIX 3KCNepHMeHTOoB
npupeaeHbl Ha puc. 1-4.

Kak BHAHO M3 De3ynsraroB JKCnepHMeh-
TOB, NpoBeAeHHbIX B BOAHOH Cpeae, coaepma-
Wwel TAMenble MeTanabl (pxc.1}, B NPHCYTCT
BHH FyMYCOBbIX KHCAOT ToKCHUYeCKHHA addeKT
Ha BOAOPOCHb 3HAYHTE(BHO CHHMKAETCA. 2Ta
ocHoBHas TeHaeHuna Habaogaerca AnA Beex
yeTbipex THMOB HCCNEAOBaHHbIX TYMYCOBbIX
kucnoT. O4HaKo, cheayer OTMETHTD, HTO MOpPC-
KHe ryMycOBble KHCNOTbl OKa3blBaIOT ropasao
6onee cnaboe ACTOKCHUMpYlOULEE /AEHCTBHE
KaK Ha Meab TaK H Ha KaaMHH,

D,%
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20

0 .
0 5

2+

Cu

10 15 20

D.%
100

80
60
40
20
Q

2+

Cd

-

10 15 20

KonueHtpaumn K, mr/n

~ Use of the given formula allows to evalu-
ate a pure detoxification effect, - effect of
additional fertilization- caused by inducing of
humic materials into the tested media is
eliminated by the given technique of calcula-
tion. ’

Results of the conducted experiments are
presented in Fig.1-4.

As can be seen from the results of the ex-
periments conducted in agueous media con-
taminated with heavy metals (Fig.1), in
the presence of humic acids the toxic im-
pact on algae is greatly reduced. This gene-
ral trend Is valid for all four kinds of humic
aclds tested. However, while the detoxifica-
tion efficiencies of peat, soil and riverine hu
mic acids are very close one toc another,
marine humic aclds stand out of this series,
exposing much weaker detoxification impact
on Cu, as well as Cd. This can be explained
by the structural peculiarities of marine hu-
mic acids, which are characterized by the
predominance of aliphatic structural units
(9), followed by the reduction in chelating abi-
lity of these substances in comparison with
such highly aromatic structures as peat, soil

or fresh water.

]
D,%

100
80
60
40
20 ‘

0 : —

20 30

2+

Pb

—o— TOpdAHwe MK
—— pedHbie 'K

—&— NOUBEHHLIO
rk

|—*— moperue 'K

PHCYHOK 1. KoHueHTpalHOHHAA 3aBHLH-
MOCTb AeTOKCHUHpYlollero addeKra ryMmyco-
BLIX KHCAOT (FK) pasnn4YHOTO NPOHCXOMARHHA
[0 OTHOLIEHHIO K TAXENbIM Merannam (sKcre-
pumenTbl ¢ Chlorella Vulgarls).

FIG.1. Concentration dependencies of de-
toxification effects of humic acids (HA) on he-
avy metals in relation to Chlorella vulgaris.
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PHCYHOK 2. Monapaerne doTocuutetHuec- | FIQ. 2. Photosynthetic activity of Chlorella
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PHCYHOK 3. fleTokchkauna TAY no orHo- FIQ.3. Detoxification of PAHs by riverine
.HHi0 K Daphla. Magna peunbiMM rymyco- | HA in relation to Daphnia magna. Phen -

r-iMH KHCoTaMH. Phen - ¢enantper, 0.3 | phenanthren, 0.3 mg/l; Fl - fluoranthen, 0.13
« 1: Fl - dayopanreH, 0.13 mr/a. mg/l.
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toraa Kak 3¢eKTHBHOCTb AETOKCHKALMH
TOpAHBIX, NOYBEHHBIX H PEUHBIX ryMyCcOBbIX
KHCOT 6nM3Ka, ITOT (PAKT MOKHO OBBACHHTH
CTPYKTYPHBIMH OCOBEHHOCTAMH MOPCKHX TyMy-
COBBIX KHCNOT, KOTOPbl€ XapaKkTepH3yloTCA
npeobnaganyeM annparH1ecknX CTPYKTYPHbIX
¢dparmenToB (9), YTO MPHBOAMT K CHIKEHHIO
xenarnpyiolled cnocoBHOCTH 3THX BEWECTB No
CpaBHEHHIO C BbICOKOAPOMATH4HBIMH CTPYKTY-

humics. The conclusion which can be drawn
from these results is that marine environ-
ment can be considered as much morc
vulnerable to the toxic impact of heavy metal
contamination than fresh water or soil ecosy-
stems. It means, that at the same level of
pollution the ecological consequences for ma-
rine environment can be much more severe.
This fact demonstrates that existence of the

1

20+0.4

PUCYHOK 4. [leTOKCHUHpYIOIWHA' 3ddeKT
pasfMuHbIX YMYCOCOAEpMallHMX MarTepnanos
1o oTHoweHHo K rebuunay auH.

a — aKTMBHPOBAHHbIH Yrodfb;

b — oKcurymar;

¢ - rnAaporyMar;

d - onpbICKHBaHHE OKCHIYMaToM;

e — OMNpbICKHBAKHE THAPOryMaToM;

f ~ canponenb;

g - canponeqnb + rHAporyMar;

h - Topp No3; k - Topp NolO.

*Uycna Hag KOMOHKaMy ofoaHavaloT Ao3bl
aeToKCHKanTa (t/Ta).

FiG.4. Detoxification effect of different hu-
mics-countering materials on pesticide Glean
a - activated charcoal;
b - oxyhumate;
¢ - hydrohumate;
" d - oxyhumate by sprinkling;
e - hydrohumate by sprinkling;

f - sapropel;

g - sapropel + hydrohumate;
h - peat No3;

k - peat NolO

*Numbers above the columns mean (he
dose of detoxicant, tons per hectare.

paMh rymyca TOpga, MouBbl H MPECHbIX BOL.
Ha ocroBe MOAyYeHHbIX Pe3ynbTarToB, MOMHO
NpeAnono-KKTh, YTO MOPCKaA cpeda Gonee
yA3BMMA K TOKCHYECKOMY ACHCTBHIO TAMENbIX
MeTannoB YeM NpecHble BoAbl H MoYBeHHble
3KOCHCTEMbl, DTO O3HAYaeT, YTO MpH TOM XKe
ypoBHE 3arpA3HEeHHA SKOOTHHecKHe nociel:

same maximum permissible levels of heavy
metals for fresh water and marine ecosystems
is illogical in terms of real danger which these
contaminants exposed to the environment.
Results of experiments with PAHs in aqua-
tic media (Fig. 2,3) indicated that HA caused
50% detoxification impact on PAHs in tcla-
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*TBHA ANA MOPCKOH cpeabl MOFYT ObiTb ro-
370 6onee TAXenbiMH. CneaOBaTENLHO, Cylue-
TBOBAHHE OAHHAKOBBIX MpeaenbHO AOMY-
THMbIX KOHUEHTPAUHA TAMENbIX METANOB ANA
PCCHOBOAHBIX H MOPCKHX 3KOCHCTEM Heo-
“ICHOBAHHO C TOYKH 3PEeHHA peanbHOH onac-
OCTH AaHHBIX 3aTpA3HHTENeH A0A onpedeneH-
Off NPHPOAHOH cpeabl.

PeayabTaTbl TOKCHKOMOrH4YECKHX 3KCNepH-
wentoB ¢ [TAY (puc. 2,3) MoKasanH 4To MpH
aoHUeHTpaunax 10-50 wmr/a,

aaloT 50% aeToKcHUHMpYlollee AeHCTBHe. Che-
JoparensHo, K ABasloTcAa AocTaTovyHo 3¢-
$CKTHBHBIMK  AeTOKCHKAHTamMH aaa [l1AY B
80qHOH cpeae.

PesynbTaThl TOKCHKONOrHYECKHX 3KcCnepH-
WeHTOB B NO4YBEHHOH cpeae (pHC.4) MoKasbl-
SAI0T, YTO BCE HMCCNeAOBaHHbIE TyMycocodep-
malive marepHanb! B 6onblUEH HAH MeHbllien
cTeneHy 06AAAAIOT AETOKCHUMPYIOWEH cro-
t06HOCTBIO MO OTHOLWIEHHIO K NecTHUHay
FAMH, NpHYeM HX aKTHBHOCTb cpaBHHMa AHbO
6onkltle 4eM Y AKTHBHPOBAHHOMO yraa - Ao-
“TaTOYHO 3IPPEeKTHBHOrO AarpoMenHopanTa
10). OaHaKko, pa3bpoc pesynbTaToB CyliecT-

“HHO Gonblle, 4eM ANA SKCMNEPHMEHTOB B
JHOA Ccpeae, YTO MOXHO OGBACHHTL 3Ha-
MTENbHbIM BAHAHHEM HEryMycoBblX KOMIO-
'HTOB AaHHBIX MaTepHanoB. TeM He MeHee,

*MMHO CAENATh BbIBOA, YTO FyMycocoaepKa-
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bons: structure-activity relationships. Aquat.
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2. Oris, J.T., T. Hall, .D. Tylka. (1990}, Humic
'ids reduce the photo-induced toxicity of
1thracene to fish and daphnia. Environ.
xicol. Chem. 9, 575-583.
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rangonyx Laurentianus. Environ. Toxicol. Chem.

141-150. :

XapaKTepHbIX .
. MA peyHbIX BOA, rYMyCOBble KHCAOTbI OKa3bl-

tion to D. magna under concentration range
10 - 50 mg/l which is characteristic for natu-
ral waters. Therefore HA are effective detoxi-
cants of PAHs in waters.

Results of toxicological experiments in
soil media (Fig.4) also showed that all of the:
tested humic-enriched materials to bigger or
less extent possessed detoxification abilities
In relation to pesticide Glean, which was on
the same level or higher than that of activa-
ted charcoal - quite efficient agriculturali me-
liorant (10). However, the results are much
more scattered than for the discussed above
set of the experiments, apparently reflec-
ting influence of not only humic component
of these materials but of the other factors
as well.

Nonetheless, the conclusion can be made,
that humic-containing materials can be used as
effective detoxicants for agricultural needs, but
the extended research is in need on the
selectivity and efficiency of their action on the
different groups of the contaminants.

HHE MATEPHAABI MOTYT 6bITh HGNONKIOBAHB!
B KayecTBe 3QPPEKTHBHBIX AETOKCHKAHTOB B
CenbCKoM Xxo3ancrse. 1nR Gonee KOHKpeTHBIX
pekoMeHaauHit HeobXOAMMbI pacluKpeHHble
HCCIeAOBAHHR CeNeKTHBHOCTH H 3¢geKTHB-
HOCTH HX AEHCTBHA Ha pa3NHMYHbIe rpynmnbl
3arpa3HHTeneH, '
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