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SOIL;UTIER MICROCOSMS 

B. UGHTR\ ... ~ T md :H. BOND 

Vur:onai Ecological Resear-::h. [aborator;, C,yr;a/[is Envircnmentai Z?..esearch Laboratory, 
c·.s. EIIY:r-:nmental Protection A enC'J, Cur'lallis. Oregon 971.30 (U.S.A.) 

Suti ticter :n.icrocosms ·-vith ''life sup-port" syste maintain and monitor oxygen con
sumpc!On, Jnd commurucy :;arbon dioxide 1nd heat generation over extended time intervals. 'v{ean co
~:nc:ent .Ji variation for OX"Jgen consumption and ·:arbon dioxide generation rates of replicate ;>rocessed 
1.11 t<!ffiS N'lS 6.5 percent. An initial 1djustment penod of rap1d respiratory rates and oacterial growth '.\las 
obserred fvr 10-14 3ays afteto microcosm prepantioo and incubation 1t ~o·c. Soil and !itte:- l"1o;s;·u•e 
h;1d ;nark:ed 1nd e:tpected ~:T<!ets ·Jn :mn.r::1c:nicy •esprRt;on. C oaditions oi high mo•sture favored bac~ria: 
{ung1 were more :;>revatent under iow moiSture cooditioo&. 

Cadmium treatment of microcosms elfe.'"'ted inrtia1 1timuJatial at. tapiratioa at 8.1)1 ppn CdC!, and 
a .ie!ayed reduction (40 ~t) of respiratica at 10 porn CdCl.z. The combinatioo of selenium pills cadmium 
caused more than m additive inhibition of respiration. :'<umbers •Jf bacteria and fungi 1howed no de· 
ta:tabie -::1dmium treatment effects. 

io'tiRODCCTION 

fs\,'1ll btotogical ;,ntuition. laboratory e.:tperiment51 

_.; :ieid measurements~ it is apparent that ~
tll(ll!JlenraL pollution ufects soil decomposition 
~- It tlas been <!Sti:mated that 3(}-90 percent 
~ tie 1et primary ?roduction in terrestrial eco
fi'«<DS :s :.l.ittmately acted on by decoi!lposer 
41fUUSIDS;-, iF'gure ! !. Pollutants :nay .Uier the 
.an! rate , Jf decomposition in these systems 

Simplified 1y1tems diagram of the organic 

5l 

with un.lmowu. but cruddy predict.able. con
requences. At low pollutant concentrations a 
3timulation of the decom-position rate could result 
;n more rapid rem.ineralization. At higher con
centrations, lethal. eifects on decomposer organ
isms result ill cessation o( deromposition and 
resultant plant growth in the affected areas. Thus 
plant growth rates and standing stock of aaima1s 
might be exPected to vary as a function of soil 
decomposition rates. 

The study of poflutant stressaats ou decom
position in extramural laboratories such as fie.ld 
plots suffers from several shortcomings that make 
the ase of laboratory microcosms attractive. 
Variation over short d.istances in natural or me
pared soils confounds treatment effects anal:~sis, 
oiten negating definitive results (e.g.. Bond.. 
Russell and Shimabu.kn, tmtmblisbed). To sohe 
thitJ problem large and numerous field plots must 
be 'lsed creating the problem of site decon
tamination after use of toxic and persistent pol
lutants. Even if an acceptable extramural site 
were found practical, this is only one of an almost 
infinite variety of soil types that would need to be 
studied and the use of many sites would be im
practicaL Soil/litter microcosms can and have 
been designed small enough to allow many treat
ments with replication to be performed in a single 
experiment and the contaminated soil/litter is 
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S2 8. UGHTHAR.T AND H. BOND 

relatively easily disposed of. Further microcosm 
Simulating a soil and/ or litter system may be used 
to study nutrient or pollutant webs. pool sizes 
and transfer rates. Those data may be useful in 
.:onstruction of predictive .:cmputer :~imulation 
models of the >ystem. 'Stotzky, 1 \tfacFayden.: 
McGarity. Gilmore and 3oUen~ .1nd Pramer" dis· 
.:'!lSs var:ous aspects Gt >oil microcr::6ms. 

TJ obviare ':.he fcregoing 9roblems and to take 
advantage of the ;:mcrocosm potential in the study 
of pdlutant stress :n .:iecomposition processes. it 
was ;e:ISoncd that :f ':dentical" microcosms ,;ould 
be prr::pared that cne might be able to more readily 
dctl!ct the effectS of stressor treatment on the 
protvty?e. Stressants :mcb as cadmiillll and 
se!enium were ;:hosen for these e.xperiments be· 
ca:.:Jsc they 1r~ bick·gic3.lly a-:t:'re"·:1 dements that 
are found as sou .;ontaminants in relatively high 
concentrations from 3everal industrial and agri
cultural processes. "·!J '!'bey w~ also chosen be
cause of their handling convenience in aqueous 
iolution. 

This report gives ?relimin.ary results from a 
soil 1itter microcosm system in which- oKygen 
.:onsumption. heat seneration. aad .:arbon dioxide 
produc...<>d was monitored over .~tended ,eriOOs ol 
time after cadmium :md /or reienium treatment. 

METHODS 

Criteria fcilowed durin@ the desip and develop-
ment of u.'le microcosm system were: (a) simplicity 
of design and operation. {b) minimi7.atioo ol cost. 
(c) minimization of instrumentati.all si=. (d) 
operation for exended time periods. (e) ability to 
measure biological "integrator·iDdicaton."t (f) 
ability to measure ''dilferentiated-indicators,"t 
and (g) to study soil/ litter microbiology. 

1. S:ntem Dnif'J 

The system described here consiats oi a micro
cosm vessel inserted into a ••life aupport•• system 
(Figure 2). An. earlier version of the system has 
been described.1 The "life support" ~tem con
sists of (a) reactor chamber, (b) temperature 

t Integrator-indicators were defined as the community 
heat. oxy!JCtl, and carbon dioxide measurements. 

; Differentiated-indi~o":lters were defined as the organi!!m 
groups responsible for the changes in the integrator· 
indicators. 

maintenance and heat generation 
module, (c) carbon dioxide ?reduction 
module, (d) pressure monitoring mallOl!Delll!i 
(e) oxygea l~~el maintenance and 
monitonn1 module. 
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F!GliRE 2 Sy,tems diagram of the !IUC:nx~• 
~!ife mpport'" sy'ltem. (Duhed line ..:ollnp!:llllil .. l 
future develo\)lllCDt.) 

The reactor chamber module c~ 
liter Dewar flask large enough to acc:pt 
microcosm insert ( 600 ml gia.ss neaur).. 
were sealed with a foam 3topper 
;1 mlail bore jlas& ttdle oonnected 
generator module. a thermal 
wires to a heating resistor connec!ed to 
cury bulb of the thermal regulator. 1.1Je 
regulator ~ lleat.iq resistor were 
iBtef~ to maintaia the 
the .reactor chamber above the "set 
thermal regulator. Reactor heat loss 
lleating constants were measured and 
evaluate heat production in each 
logically generated heat (in calories) 
culated and used in Equations 1 and la ~ 

biologically 
generated heat 
from the tnt 
microcosm 
(calories) 

= Test/control 
reactor heat 
loss ~onstant 
ratio 

x Heat Generated 
in control 
microcosm 

test microcosm ., 
~,g_ 
;·~ .. 

fVWR, P.O. Box 3200, San Francisco, C2lil. 
No. 61845--009. • 
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i X (Rc X tc) - (Rr X lr) 

(Eq. la} 

= Biologically generated neat 
(calories) in the test reactor. 

b. eat loss rate constants ( cal1hr) 
for the test reactor. 

hear loss rate constant (calihr) 
for the control react-:~r per.od. 

heat production rate (cal; hr) 
constant for the control resistor. 

heat reprcduction iate (cal1 hr) 
constant for che test resistor. 

hear time (hrs) the control 
reactor resistor was heating. 

heat time (hrs) the test re:1ctor 
r'!sistor was heating. 

(Mbon diotide within the reactor W33 tra~ 
• 1o.o ml cf 0.60 N NaOH.. Every 24 or 43 hours 
_..ng an ex~riment the remaini~ NaOH in 
til vial was withdrawn through a permanently 
,-:r:d needle .and valve in \he reactor v~. top 
_.t titrated. ·'·'5 Data are iJresel:'ted as m.illilit~rs 
<lftloO dioxide generated dlll".ng t.he tra~ng 

~- !' . t' th • an ear 1er version o e system, oxygen 
kid maintenance and monitoring was performed 
_. a hydrolytic oxygen generator similar to that 
~ by '.tkGarity. et. a/.1 Oxy~en consumed 
..,.Jlg mic:-ocosm respiration in tlie closed 
..oor >ystem resulted in reduced internal press
• activating an electrolytic switch that causes 
-ncn cO be delivered to the reactor. Hydrogea 
a *'Chiometrically generated at the cathode. One
W ~ the hydrogen voinme gen.:rated is ~ual 
• die oxygen produced at the anode. 
ne 1mem described here bad a «Xlium sulfite I 

rp Jalt bridge embedded in frittered glass be· 
the hydrogen and oxygen generatiJis 

~--.lie, eliminatift8 ktuatioaa iJl the electro
mtch due to barometric pressure changes. 

" ~IJlther modification in which o.xygen will be 
;:jllaued at the anode and copper P'ated out at 
II atbode is now being tested. Ozone or other 
... cenerated during the electrolytic reaction1

' 

1 1npped in activated charcoal and nickel 
impregnated g.Jasswool 

«aced in a L-tube between the oxygen electrode * ructor chamber. 
a.. ~s leaks in the slightly positive pressure 

maintained system was monitored with a dosed. 
water manometer. 

2. Experimental 

Four "life support" i)'$tems were constructed llld 
the following five experiments performed to deter
mine : ( i) variation of respiratory rates and 
.Jrganismal growth betwet!n triplicate microcosms 
.vithout pre-mcubation, (2) variation of resptntory 
rates of four replicate microcosms after 14 days 
pre-incubation. 13) effect cf 5otl moisture a~ l 0, 
30 and 60 percent or ddd water holding ;;apacity 
on respiratory rates and vrganismal growth in 
tripiicate microcosms, !4) effect or three levels '.)f 
cadmi!.!m (0.0, 0.0!. and 10.0 mg CdOl,<'kg dry 
soil) treatment on ;:espiratory nues and orga.rusmal 
Z!'')wth. and (~'l eff~t:ts :{ 1 c:;mbin:J.c:cn o~( 

~e1eruum and cadmium ~ l 0 ppm SG01 and 25 
ppm Cd02) used singiy and in combination en 
respiratcry activity. 

Microcosm vessels contained l50 grams of 
homogenized and sifted 10il. overlain with 15 
grams of sifted litter. Replicate microcosms were 
prepared by simultaneously sifting moisture· 
adjusted soil and litter componenf3 ilto a battery 
af microcosms until a predetermined weight of 
material was added. Compaction of the soil and 
Jitter was carried out by setting a lead brick on 
top of the material for ooe minute alter each 
small addition of soil or 1itter. 

Analyses for soil and litter moisture were deter
mined gravimetrically on l05"C oven dried 
samples. Surface spread plate counts ol toW 
hetertrophic bacteria and microfu:agi were counted 
in triplicate on plates ot 10-foid sterile pb.CJS~te 
buffer dilutions of agitated iOil and litter samples 
on the rono. in& media : Acidified Potatoe 
Dextrose Agar'1 for fungi. and Bunt and Rovira's 
mediunt" for bacteria. Incubation was at room 
temperature for two weeb. Reactors were mam
tained at :zooc m a ccastaDt temperature room 
hdd at 17 to l8°C. 

[n the soil moisture experiment soil was 
moistened to tbe desired fraction of lield water 
hol<fins capacity prior to microcosm loading. 
Toxicants for the cadmium and selenium experi
ments were introduced into the microcosm by 
injecting an aqueous solution of CdG2 and SeO, 
into the soil and litter with a syringe. Inadvert· 
ently, water to be injected into the control reactor 
at the time of heavy metal addition to the 
selenium containing experiment was deleted. 
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RESULTS AND DISCUSSION 

Results and discussion are organized for each 
experiment to present the integrator-indicator data 
(i.e., oxygen consumption and carbon dioxide 
production rates). and wllere data was collected. 
Lhe differemiaced-i.ndicators \i.e.. organism 
,1umbers). 

Micr()(;osms >howed 10-l~ Jays of ·:Om!Jara
'iveiy tligh resptrawry rates. thereal'tcr remamed 
relatively constant at the lower rare for at lea:>t 
another 400 hours (Figure .3). Variation of :Jxygen 
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P.GUllE 3 . .o\ceumulated oxygen comsumed through 
time ill three "identic:ally,. prepared and im.-ubated 
coniferous forest soil/titter mil:rocosma. 

consumption and carbon dioxide generation rates 
changed with time among replicate microca;ms. 
and between experiments (Table n. The coefficient 
of variation for these rates ranged from 9.9 percent 
to 3.7 perceat with a mean of 6.5 pero:nt for Ow 
and CO, rates. The maximum ab!lolute diJiereace 
:n rates of oxygen consumption and carbon dioxide 
JeDe:ration was 600 percent between experimenlS. 

The data indicate an initial rapid respiratory 
period of 10-t4 days under our soil and in
cubation conditions before relatively constant 
respiration in the microcosms occurs. A partial 
explanation of the rapid initial rate is che con
current rapid bacterial growth {Figure 4-a). After 
14 days pre-incubation the variation of 0, and 
(Q~ ratt:S within replic:Ue sets of mic·•xosrns 

resulted in less than 
variation; while between cAJ~UU<t;J:R~, 
so great that large treatment effects 
served to substantiate conclusions. 

As expected, variation of soil and 
.::ontent resulted in large changes ill 
activity tTable l) and to a :esser 
..:hanges t Figure -k. d). Cumpared t01 
~otL litter mtcrccosm (i.e.. lO percoa 
holding .;ap:Kityl, respiraticn 
matdy 200 percent .md 400 percent 
l.irter systems at 3 and 6 times the ,.,.,.,-.~.~~ 

reso..:~:ti veiv This was rd_t:,~~<!d m · 
ab~ndaace: '"d presumably m<tabolic..;;: 
che microfton 1.1nder wetter .::cnditions. -'G':. · .111 
>oil and litter, the microbiai quality a~ ( 
>hift ~oward the bac_teria in wetter ~- i 
and toward the fungt in dryer mit..-n_~'' 
rncisture must be cardully conw)J.~ 
microcosm confounding is to be 
ment<:om~~ 
as many natural variables :J.S paiSit*" 
if inter-mi(.."'0CC6lD var..aticn is tQ. 
Controilabie variables inclt.ldc: 
matter ~ualicy and quantity, and 
distribution. 

Respiratory response. but not 
crobiai response \Fi.gure -*e. 0 
of cadmium added to microronas 
witb time of observatiQIL A£ lo. 
centrations (O.l)l ppm Cde'lw). 1 

larory errect (increased respuatorj rue) 
for the Lnitiai 200 hours a.fta 
foilowed by recovery to control 
at high cadmium coocentntions 
equaled that ol the control for 
bours after amendment; . 
decreased by 40 pen:ent ~ · 
The mechanism ol the dr:amatic 
at high cadmium levels is 
no decrease in numbers of cultur"lbk-
fuagi or bacteria. although ~ 
increase in a«.ygen comumed 09CI', 

produced (Figure 6) sugge:s~.ng 

oxidative phosphoralation; 1 '"u'w.u'v"•-"" 
effect. '' Stimulaticn at low levds 
at higher levem by heavy metaa · 
microbial response to heavy metlis: 
action. Lt • 

In the .:ombined selenium ··cact11lt'1HB 
rnent, as with the high cadmium 
experiment, there was a delay of 
iours lx!fore an inhibitory eife::1 :)n 
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FiGURE 4 Graph of the hetertropbic bacteria! and fungal propagules (cfu=colony forming units) in 
soli 1nd litter in three "identically" processed microco~ms 'a and b); 3 ":denucally" processed microcosms 
incubated at 10, 30, and 60 percent field water aolding ;;apaclty respectively (c and d); :1nd three 
"identically" processed microcosms injected Nith distilled water 0.0, 0.01, utd 10.0 ppm final mean 
concentration CdC!~ respectively (e and f). 
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TABLE l 
Tabuladon of oxy11=11 consumption and carbon dioxide produdio11 rata dwill1 the experiments and iDcubatica 

. interVals indicated. 

Carbon 

Experi.ment Replicate T:-eatment 

10 to 14 
days 
?n:· 

:ncubation 

Incubation 
interval 
(days} 

Oxytm 
aptalce 

rate 
(ml/hr) 

dioxide 
generatiOil 

rate 
lm.lihr) 

None 

2 :"'one 
3 :"'one 

~one 

2 :"'one 
3 :"'one 

: 1 ';"one 
2 2 ~one 
: 3 'i;Jne 
2 ~ :-icne 
2 NA- None .. NA 2j p~ Added Cadmium Chloride ... 
! NA l 0 ppm Added Selenium Dioxide 
: NA 15 ppm Added CdCh - lO i'PID Se01 
3 NA to•,~ Fidd w·ater Holding Capacity 
3 NA 30~~ Field Water Holding Capacity 
3 NA 60d,;; Fteld Water HoldiJ!g Capacity 
4 NA ().0 9PID \dded Cadmium Chloride 
4 :"'A O.ot ppm Added Cadmium Chloride 
4 NA 10.0 ppm Added Cadmium Chloride 
4 NA 0.0 ppm Added Cadmium Ctioride 
4 NA <lOt ppm Added Cadmium Chloride 
4 NA !0.0 ppm Added Cadmium Chloride 

''dean CVo~ = 6.:2.2'~~ Mean CVco1 = 5.75•~. 
' NA = Not available or applicable. 
• Control water injection inadver.antly deleted. 

sumption was okerved (Table I. Fi.gure 7). !n 
the selenium-only treatment. effects were seen 
almost immediately after pollutant amendment. 
The interaction ~ffect of selenium and cadmium 
on oxygen consumption rate was greater than 
either toxicant alone and amounted to approxi· 
mate!y 55 percent of the elfe..."t wb.en the metals 
were added singly. The reduced respiration ill tbe 
control reactor is presumably due to the inad
vertant deletion of distilled water at the time o{ 
pollutant addition.. Previous resuitll (e.g_. 1ee 

Figure 5) indicate respiration remains constant 
with water addition to the ~"''ltroi micr(X.'OSm. 

Additional methods to measure treatment effects 
on biological components in the soil! titter systems. 
through gnotobiotic :1ddition of .;ult~J micro
arthropods, nematodes, bacteria and fungi has 
been initiated. The bacterial and ~ngaJ com
ponents to be added to the microcosms wouid be 

.,... 

T 

..,.. 
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14 

14 
14 
iO 
10 
10 

14 
14 
!4 
14 
27 
27 
27 
27 
t2 
12 
12 

7 
7 
7 

0.15 

0.24 
0.22 
0.!6 
0.15 
0.13 

0.68 
0.67 
O.!il 
0.55 
O.Jt• 
0.43 
0.41 
il.25 
0.03 
0.08 
0.12 
0.!4 
0.18 
0.13 
0.14 
0.14 
0.08 

0.40 

O.J6 'Cleo. .. 
O.J6 =6.8 
·1.19 CV~ 
J.i3 = J.a"'j:j; 
O.H! CVco1-·~~ 

= 9.93':· 
().67 cv~ \i:':i( 
o. :':! rv~tM 0.~4 '- '- J~ 

0.67 

:.'llA 
NA 
NA 
NA 
0.0:5 
0.12 
0.19 
0.25 
0.26 
0.21 
0.16 
0.1-4 
0.10 

typical representatives of dusters»-- ·: 
prevalent iaolets for which 
systems caa · be pre~ or 
~ would allow their 
Studies iB progress will measure 
bacterial and fungal flora and to a . 
changes in microarthropods and nerDall~ 
~ scanning procedure!. 

Fourteen 3ystems. with moQifialiol!il 
•.)xygen generator and thermostat rnc:cfllll!t 
automate tbe microcosms for ....... w,.._oo; 
ment. will be operational in the 
3urfaces of multiparameters will 
in 3 x 3 treatment experiments tJSing 
systems. Four systems will be used iB 
parameter experiments. One system _,,,," ...... _ 
in design development research. 

Data from the microcosm systems 
in response structure -:omputer 

-~~,· 
~·· 
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be estimated. These experiments are anticipated 
to evaluate transfer through food webs. estimate 
organizmal pool sizes. and provide information 
on toxicant kinetia between. pools. 

The goal of h.is research is to deveicp and use 
the k:ncwiedge gained to predict the consequence 
,)f poilur.ant 1ddicion 00 mil decomposition 
processes. 

vo 200 400 600 

EXPERIMENT HME 
300 
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~ ;..JOAIIUM 

:c:1J ~·c;_£,VtU1tl 
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FlGURE 7 Ao:umulated OXYICD coosumed tbroqJt 
time in four "identically" ptOCeSScd eonifcruoa forest 
microcosm treated to a final mean cooca:ntraticn of. 
nothina for the control, .Z.S ppm .:admium chloride 
and/or 10 ppm ~Jenium oxide. 
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