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The influence of heavy metal on microbial biodegradation of
organic contaminants in soil
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ABSTRACT

The influence of adsorption on cadmium toxicity to soil microorganisms in
smectite—rich soils and sediments was quantified as a function of solution and
sorbent characteristics. Adsorption and surface complexation experiments were
conducted to infer Cd sorption mechanisms to a reference smectite and three
fractions of a Veritsol soil, and to elucidate the effects of the surface
complexation on Cd bioavailability and toxicity in soils and sediments. Cadmium
adsorption isotherms conformed to the Langmuir adsorption model, with
adsorptive capacities of the different samples dependent on their characteristics.

Equilibrium geochemical modeling (MINTEQAZ2) was used to predict the
speciation of Cd in the soil suspensions using Langmuir and Triple Layer surface
complexation models. The influence of adsorption and surface complexation on
cadmium toxicity to soil microorganisms was assessed indirectly through the
relative change in microbial hydrolysis of fluorescein diacetate (FDA) as a
function of total Cd concentration and sorbent characteristics. Adsorption
decreased the toxicity of Cd to soil microorganisms. Inner—sphere complexation
is more effective than outer—sphere complexation in reducing the bioavailability

and toxicity of heavy metals in soils and sediments.
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EY 2 FE EdoA 24T 5 e gt ¥ vX+= FE ZW
Zg7)e HEFE Yo A5 basal plane ¥} edge site (aluminol & silanol), &
Abgh FE, U ASEE g8ln fU1EC EAET E£¥ EY Ho EAEs
Fo5%59 speciation & EoFel ZF A FHd dA4ste T HAdel s
A 9%& $E=tr (Sposito, 1989). 53] E%elA sorbent®t soil solution ¢
Fo] w2 FZ£9 F2A surface complexatione EYF|YEC] it FF&e
%27} bioavailabilitye] 9% w3 4 9t}

Mixed wastes WolA] organic contaminants® bioremediation < ©]&3}9
AYg A§ EGuAAE] dig =Y 5L £ Zol o|AHZE
ZA3AY uncomplexed® M"),, 9 activity & Z& A7 Uk oy $
A& = free ion activity model (FIAM) 2 ALH1 ATHo] gt} (Campbell,
1995). AF7HA FIAM & EIUEY F5459 5A4L  solution—phase
complexation® A Jgo=zvt AHFsgon FF&£9d FFI  surface
complexation®l] thaAE ATFEHAR vl7t gloh

B AdFE clay minerals $ smectite® Vertisol W9 F&9 Fo AEQ
ESH71E, Fe A83E, Mn A3EEY 359 F%9 mechanisms 3 surface
complexation, 12|31 ©o]zlo] Egu|AE Ut FF52 5A T bioavailability 2
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Smectite, untreated—Vertisol, DCB—treated Vertisol, HyO,—treated Vertisol 4
MY o E AES Mdste] 712 4HQ soil characterization® 3ttt o] & ¢4
XRD #4, = #

AZE AR BY 58 %ok £33 pH ¥Hste] @& 47] sorbentsol] e F&

A3¥ Li—Cs 9] selective affinity ©] wW& surface charge measurement, back—

A, 18 E Y, $F%5 4, surface area ¥4, Fe&Mn

titrationg ©]4€3% inner—&outer—surface complexation measurementZ s} t}.
9le] A ZAFHE Chemical equilibrium model (CEM) % Surface

complexation model (SCM) & o|£3lo] EF F8Ao] EA3= speciationd
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E% EWY functional groups® o 7|&e#n FEe sdozm A9,

surface complex® A& & 4 9l¥ oJ8 chemical model & MINTEQA2 & &8}

geochemical model®] AF&7FsA %9 soil solution Aol dojd = Y=
surface complexE AtE3H o]E EUE 7z} EGAROA A= Tz 9

surface complex?® mechanism& ¥3| 2} it}

SCM ¥ triple layer model (TLM) 7]£¢] Double Layer Model (DLM) °]i1}
Constant Capacitance Model (CCM) B4 w2 Fae AYyisdy §8349,
&S APy FH A|7]Zinner- and outer—sphere complex®
EFOZHA surface complex@A4E Hoh A3 Hd¥a £ dA ot TLM &
DLM 3 CCM#} 22| inner—sphere, outer—sphere, and diffuse layer ¢37]¢]
T2 TAENeH TLM ¢ &9 charge—balance 342

=

c=oy tostops [1]
o, toptos = 0 [2]
Charge % potential Alo]e] #AIE &3 Zrh(Hayes et al, 1991; Goldberg,
1995):
Yo - ¥ = 6,/ Cy (3]
Wp-Wa=~04/Co (4]
64 = — (8RTceoD) ? sinh (F Wd/2RT) [5]

TLM ©] solid—liquid interface 9 °]&E& 9] F3& 2¥3 ¢ o, 99
ATEL EA dgFojol v 1 AFEE T8 el linear extrapolation
double extrapolation, 7223 numerical methods £°] Ut} (Litzenkirchen, 1998)

%9 £33 surface complexation®] EYu|AE e EAjo) JFS
U 2E AL DHAHCE fluorescene diacetate (FDA)2 hydrolysis$} bacteria

populationg ©] &3] =A 33t

7t ¥ &4 Langmuir FFEHe| Z FHEHHoew Mz g
F&AsYol AS5S ¥ F UMY = 7 EGJEY permanent$} pH—-dependant
charge® & AAstel 18 EWE inner—sphere complexation® outer—sphere

=2
complexation® %%& F3ch 71 EYAEO] ZE charge & complexation®
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zpol g BAslE F29 o] 2EdE & 4 Ut I 5 smectite® 7MY &
23} inner—sphere complexation& #Ad L Hy0,—treated Vertisol©]

189 AA=Z gsted 713 2 F&2 593 complexation A4S 3t
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2 AFA e smectite®}t Vertisolo] tdt triple—layer model (TLM)
Langmuir model & ZA3}E pH 6.5 olFtoXE EFAE 5 smectite®] basal
plane°lAl 7} F 2% complexation ®¥Hgo] FAsH pH 6.5 olFelA= edge
sites % AIOH®t Mn At3FEolM 2% complexationo] HAs= A&

AR

, Added

+ Cd-conc.
no

Cd 0.5ppm
Cd 2.0 ppm

40 Cd 5.0 ppm 4.0
Incubation time (hr)'20 240 Incubation time (hn)'20 40

40 120 40
Incubation time (hr)12% 240 Incubation time (hr)'2% 540

Fig. 1. Hydrolysis of FDA in nutrients—plus buffer solution by reference
smectite (A), untreated Vertisol (B), DCB-treated Vertisol(C), and

H,O,—treated Vertisol (D) as a function of Cd added and time.
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Smectite®} Vertisol ¢ 7t=F9 &7} inner—sphere complexationo] A
gt EYrAES die FT5&59 B4 bioavailability% HEAn B
#71&% Fe AgFE 181 Mn AgFES AAGRE wele t=EY £
inner—sphere complexation®] A FA43] EYFv|AE i FI3&%9 =
bioavailability & ¥c+ (Fig. 3).

FDA hydrolysis & Ati¥#&2 &4+ smectite > untreated—Vertisol >
DCB-treated Vertisol > HyOj;—treated Vertisol €°]gltt (Fig. 1). o] 439
AYREL 7t EYFA AR wel F23 surface complexationd 3= 53 o)
22t o]Z QU39 mixed wastes ©°lA microbial activity®} Cd toxicityel
FE¥FE & 7 Ute B A7Y HES F 2 FUTh
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