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DESIGN AND IMINARY RESULTS FROM
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Soii litter mictocosms with “life support” syste &d to maintain and mgm‘tor oxygen con-
sumption, and commumty carbon dioxide and heat generation over extended time intervals. Mean co-
eficient >f variaticn for oXygen consumption and arbou dioxide generation rates of replicate processed
systems vas 6.5 percent. An initial adjustment period of rapwd respuratory rates and bacterial growt}; was
observed for i0-14 days after microcosm preparation and incubation at 20°C. Soil and litter moisture
nad marked and expected effects on community cespuraiioa. Coaditions of high maowswure favored bacteria:
fungi Wwere more prevalent under icw moisture couditions. ‘

Cadmium ‘reatment of microcosms sffected initial stimufation of respiration at &8 ppm CdCl, and
a2 delayed reduction {40 percent) of respiraticn at 10 pom CdCl, The combination of seienium pins cadmium
caused more than an additive inhibition of respiration. Numbers of bacteria and fungi showed no de-

tectabie cudmium treatment effects.

feom Dicicgical intuition, laboratory experiments'
o deid measurements' it is apparent that em-
wonmental pollution affects soil decomposition
. It has been <stimated that 3090 percent
d the et primary sroduction i ierresirial eco-
seems s ditimately acted op by decomposer
sgunusms’ ™ (Figure {). Poilutants may after the
mtaral cate of decomposition in these systems

PRODUCEAS
(piants}

AT ISERS E/ i CUNSUMERS |
{

;:mmargamsms)i {ommaisi :
E ]

ALRE  Simplified systems diagram of the organic
ey cvle.

with unknown, but crudely predicrable, con-
sequences. At low pollutant concentrations a
stimulation of the decomposition rate could result
in mcre rapid remineralization. At higher conm-
centrations, iethal effects om decomposer organ-
iymms cesuit m cessation of decompesition and
resultant plant growth in the affected areas. Thus
plant growth rates and standing stock of animals
might be expected to vary as a function of soil
decomposition rates.

The study of poflutant stressaats cn decom-
position in extramural laboratories sach as field
plots suffers from several shortconings that make
the nse of laboratory microcosms attractive.
Variation over short distances i natural or pre-
pared scils confounds treatment effects analysis,
often pegating definitive resuits (e.g.. Bond,
Russell and Shimabuku, unpubiished) To soive
this problem large and numerous field plots must
be used creating the problem of site decon-
tamenation after use of toxic and persistent pol-
lutants. Even if an acceptable extramural site
were {ound 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. Sou/litter microcosms can and have
been designed small encugh to allow many treat-
meats with replication to be performed in a single
cxperiment and the costaminated soil/litter is
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relatively ecasily disposed of. Further microcosm
sumulating a soil and | or litter system may be used
to study nutrient or poilutant webs, pool sizes
and transfer rates. Those data may be useful inm
comstruction of oredictive computer simulation
models of the system. Stotzky,' MacFayden,
McCarity, Gilmere and Boiler’ and Pramer’ dis-
CUSs various aspects of 301l microcosms.

To cbviate the foregcing problems and to ks
advantage of the microcosm potential in the study
of peilmant stress n decomposition processes, it
was reascued that if “dentical” microcosms could
be prepared that coe might be able to more readily
detect the effects of stressor treatment on the
peototype.  Sirsssants  such  as  cadmium  and
seleninm were chosen for these experiments be-
cause they irz biclogically active™™ :2lemeats that
are found as sod contaminants in relatively high
concentrations from several industrial and agri-
cultural processes. 2 They were also chosen be-
- cause of their handling convenience n agueous
solution.

This report gives preliminary results from a
soli : litter microcosm system in which™ oxygen
consumption, heat Jeneration, and carbon dioxide
produced was momitored over axiended pericds of
time after cadmium and/or sefenium Weatment.

METHODS

r
* -

Criteria fcilowed during the design and develop-
ment of the microcosm system were: (a) simplicity
of design and operaticn, (b) minimization of cost,
{¢) minimization of instrumeniation size, (d)
operation for exended time periods, (e) ability to
measure biological “integrator-indicators,”t (f)
ability to measure ‘“differ=ntiated-indicators,”?
and (g) to study soil, litter microbiology.

1. System Design

The system described here consists of a micro-
cosm vessel inserted into a “life support™ system
(Figure 2). An ecarlier version of the system has
been described.! The “life support” system con-
sists of (a) reactor chamber, (b) temperature

+ Integrator-indicators were defined as the community
heat, oxygen, and carbon dioxide measurzments.

4+ Differentiated-indicators were defined as the organism
groups respoasible for the changes in the integrator-
indicators.

maintenance and heat generation
module, (c) carbon dioxide production mom
module, (d) pressure monitoring manom 3
(e} oxygea level maintenance and consumg
monitoring module.
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FIGURE 2 Systems diagram of the microcomm: j

“Yife support” system. (Dashed line :ompom
future developmem.)

The reactor chamber module consists gt R
liter Dewar flask large =nough to accepe
microcosip insert (600 mil giass beakeri.
were sealed with a foam stopper equ
a small bore glass tube conmected to the
generator module, a thermai reguiaroe
wites 10 a heating resistor connecied io e
cury buib of the thermal reguiator. The &
regulator and heating resistcr were cig
inter-connected to mamtam ?.he empr

heating coumstants were measured and
evaiuate heat production in each rea
logically generated heat (m calories)
culated and used in Equations |1 and ia

biologically = Test/control
generated heat reactor heat
from the test {oss constant
microcosm ratio
(calories)

Heat generated -
test microcosm

x  Heat Generated -
in control
rmicrocosm
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K x (Re 19 - (Re x 1)

1e3t KC
«d (Eq. la)

Biologically generated heat
{calories) in the test reactor.

X- = heat loss rate constants {cal/hr)
for the test reactor.
£- = heat loss rate constanr (calihr)
fot the control reactor peried.
- Re = feat production rate (cat;hr)
_ constant for the control resistor.
- Ry = heat reprcduction rate (cal hr)
constant for the test resistor.
: ~; 'e = heat time (hrs) the control
NI reactor resistor was heaiing.
-— i . .
' = heat time (hrs) the test reactor

rasistor was heating.

¥ (arbou dioxide within the reactor was trapped
| 100 mi cf 0.60 N NaOH. Every 24 or 43 hours
B g a0 experiment e remaining NaOH in
| g vial was withdrawn through a permaneatly

needle and valve in the reactor vessei top
o ttrated.>* Data are presented as miililiters
arboa dioxide gemerated during the wapping

tm an carlier version of the system, oxygen
B vl maintenance and monitoring was performed
wh 2 hydrolytic oxygen generator similar to that
sngn by McGarity, ef. al’ Oxygen consumed
arng  mictocosm  respiration in the closed
gecicr svstem resuited in reduced internal press-

#open o be delivered to the reactor. Hydrogen
g sochiometrically generated at the cathode. One-
Wil of the hydrogen voinme generated i8 squal
e oxvgen produced at the anode.
The system described here had a sodium sulfite/
B @ it bridge emoedded in frittered glass be-
B mees che hydrogen and oxygen generating
“shwode, climinating factuatioms in the electro-
B8 Yec wiich due to barometric pressure changes.
A lunther mcedification in which oxygen will be
'gmenated at the anode and copper piated out at
‘88 athode is now being tested. Ozone or other
S P generated during the electrolytic reaction'
i ? tapped in activated charcoal and mickel
B wyidithic-carbamate impregnated glasswool
" euxd in a U-:ube between rhe oxygen lectrode
4 ractor chamber.
My 215 leaks in the slightly positive pressure

e activating an electrolytic switch that canses

- SOTL/LITTER MICROCOSMS : : 53

maintained system was monitored with a closed,
water manometer.

2. Experimental

Four “life support” systems wers constructed and
the following five experiments performed to deter-
mine: {i) varation of respiratory rates and
arzanismal growth berween triplicate microccsms
without pre-incubaticn, (2) variation of respuatory
rates of four replicate microcosms after 14 days
pre-incubation. (3) effect of sol moisture at 10,
30 and 60 percent of feid water holding capacity
on respiratory rates aad organismal growth in
triplicate microcosms, (4) effect of three levels of
cadmizm (0.0, 0.01, and 10.0 myg CdCl,; %z dry
soil) treatment on respiratory rates and orgamsmai
growth, and (&) effects of 1 combdination oC
selenium and cadmium (10 ppm SeQ, and 25
ppm CdCly) used singly and in combination cn
respiratery activity.

Microcosm vessels contained (S0 grams of
homogenized and sifted soil, overlain with 15
grams of sifted litter. Replicate microcosms were
prepared by simuitaneously sifting wmoisture~
adjusted soii and litter comporents into a battery
of microcosms until a predetermined weight of
material was added. Compaction of the scil and
fitter was carried out by setting a lead brick on
top of the material for ome minute after each
small additicn of soil or litter.

Analvses for soil and litter moistiure were deter-
mined gravimetricaily om 105°C oven dried
sampiles. Surface spread plate counts of total
hetertrophic bacteria and microfung: were counted
in triplicate on plates of 1Q-foid sterile phosphate
baffer dilutions of agitated soil and litier samples
on the following media: Acidified Potatoe
Dextrose Agar? for fungi, and Bunt and Rovira'’s
medium® for bacteria. Imcubation was at room
temperature for two weeks. Reactors were main-
tamed at 20°C in a constant temperature roca
heki at 17 to 18°C.

[n the soil moisture experiment soil was
moistened {0 the desired fraction of field water
holding capacity prior to microcosm loading.
Toxicants for the cadmium and selenium sxperi-
ments were introduced into the microcosm by
injecting an aqueous solution of CdCl, and Se(,
into the scil aad lster with a svringe. Inadvert-
sntly, water to be injected into the control reactor
at the time of heavy metal addition to the
selenium containing experiment was deieted.
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RESULTS AND DISCUSSION

Resuits and discussion are organmized for cach
experiment to present the integrator-indicator data
(i.e., oxygen consumption and carbon dioxide
production rates), and where data was collected,
the differentiated-indicators  {i.e., organism
aumbers).

Microcosms showed 10-14 days of compara-
iively high cespiratory rates. therzafter remained
relaiively coastant at the lewer rate for at least
agother 400 hours (Figure 3). Variation of oxygen

lZ’O{F 1
i
s !
]
— IQGr a&_’a
- Q L
£ 23252
rd SOF ”;;aag i
o , 3237 |
e Wy .
% 8ok g4 3% |
¥ & |
o K | !
4 33 ;
« 40F 5 -1
s 3
_ 3
20 P |
™ |
| :
DL L A i H i ~ :
200 420 300

EXPTRIMENT TIME {4r)

FIGURE 3 Accumulated oXygen cousumed through
time in three “identically” prepared and incubated
coaiferous forest soil, litter microcosms.

consumption and carbon dioxide gencration rates
changed with time among replicate microcosms,
and between 2xperiments (Table I). The coefficient
of variation for these rates ranged from 9.9 percent
to 3.7 percent with a mean of 6.5 perceat for O,
and CO, rates. The maximum absolate difference
‘n rates of oxygen consumption aad carbon dioxide
zeneration was 600 percent between experiments.

The data indicate an initial rapid respiratory
period of 10-'4 days under our soidl and in-
cubation conditions before relatively constant
respiration in the microcosms occurs. A partial
explanation of the rapid initial rate is the con-
current rapid bacterial growth (Figure 4a) After
{4 days pre-incubation the variation of O, and
CO, rates within replicate sets of micrucosms

R

resuited in less than 10 percent’fs
variation; while between experiments 3§}
50 great that large treatment effects
served to substantiate conclusions.

As expected, variation of scil and &

soul ;s iitter mucrocosm (i.2., 10 percemgt
fclding capacity), respiration ncreased
mately 200 percent and 400 percent for .4
litter systems at 3 and § times the water§ s
caspectively.  This was  redected 1n mqm
abundaace. and presumabiy metabolic activia:
the microtlora under wetter conditions. g R
sotl and litter, the microdal quality a ‘
shift toward the bacteria in wetter
zmd toward f.he funm in drver micT

microcosm cmfoundmg is to bc
ment comparison demonstrating i

as many naturai variables as possibie
if imter-microcosm variation is i
Controilable vapabies include: -
matter Juality and quantity, and 3o
distribution.

Respiratory response, but aot
crobial response (Figure de, ) varied
of cadmium added to microcosms
with time of observation. At lows
centrations {0.01 ppm CdCl,) 3
iarory etfect {increased respwratory rate}
for the imial 200 hours after i
foilowed by recovery to control rates,s
at high cadmium comcentrations (15
squaled thatdtheccntroitora -

at high cadmium levels is un
no decrease in aumbers of cutturabie ;
fungi or bacteria, althcugh there
increase i oxygen consamed over
produced (Figure 6) suggesting
oxidative phosphoralation; a commoa
effect.” Stimulation at low levels,
at higher levels by heavy wmeialy
microbial response to heavy metads: ¢
action.” :

In the combined selenium ' cadmium?
ment, as with the high cadmium at
experiment, there was a delay of seves
aours beforg an inhibitory efect on cx
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FIGURE 4 Graph of the hetertrophic hacterial and fungal propagules (cfu=colony forming units) in
soil and litter in three “identically” processed microcosms ia and b): 3 “identicaily” processed microcosms
:qcubgted at 10, 30, and 60 percent feid water hoiding capacity respectively (¢ and d); and three
identicaily” processed microcosms injected with distlled water 0.0, 0.0f, and (0.0 ppm iinal mean
soncentration CdCl, respectively {e and f).
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TABLE I k.
Tabulation of oxygen consumptmn and carbon dioxide production rates during the experiments and incubation | -
intervals indicated. )
Carbon b
10 to 14 Oxygen dioxide e
days Incubation uptake generation
ore- inrervaj rate rate v
Eaperiment Replicate Treatment ‘ncubation (days} (mi/hr) {mi/hr) (jaﬁ A

1 1 None — 4 0.25 0.40 :
i 2 None —_ 14 0.24 3.36

1 3 None — 14 0.22 2.36

i 1 Nune ~ 10 09.16 2,19

t 2 None - {9 Q.15 Q. 1

H 3 None - H 0.13 0.18

2 1 None - 14 0.68 0.67

2 2 None + 14 0.67 [+ Raje

2 3 Noue - 14 0.51 054

2 4 Ncae - 14 0.55 8.87

2 NA®* None - 27 0.31* NA

2 NA 25 ppm Added Cadmium Chioride - 27 0.43 NA

M NA 10 ppm Added Selenium Dioxide + paj 0.41 NA

2 NA 15 ppm Added CdCl; -~ 10 ppm SeO; - b .25 NA

3 NA 10 Field Water Hoiding Capacity -+ 12 0.03 0.0%

3 NA % Field 'Water Hoiding Capacity - 12 0.08 9.12

3 NA 60‘,’,{, Field Warter Hoiding Capacity - 12 9.12 219

4 NA 0.0 ppm Added Cadmium Chioride - 7 0.14 0.25

4 NA 9.01 ppm Added Cadmium Chioride -~ 7 0.18 0.26

4 NA 0.0 ppm Added Cadmium Chioride - 7 2.13 0.21

4 NA 0.9 ppm Added Cadmium Chioride  + 24 0.4 J.16

4 NA 0.0l ppm Added Cadmium Chioride + 24 0.14 0.14

4 NA 10.0 ppm Added Cadmium Chioride +- 24 0.08 Q.10

5.75%.

* Mean CVo, = 6.227%, Mean CYco,
> NA = Not available or appucable
* Control water injection madversantly dejeted.

sumption was observed (Tabie I, Figure 7% In
the selenium-only treatment, =ffects were seen
almost immediately after poliutant amendment
The interaction effect of selenium and cadmium
on oOXxygen consumption rate was greater than
either toxicant alone and amounted to aporoxi-
mately 55 percent of the effect when the metals
were added singly. The reduced respiration in the
control reactor is presumably due to the imad-
vertant deletion of distilled water at the time of
pollutant addition. Previous resuits (e.g2., see
Figure 5) indicate respiration remains constant
with water addition to the contrei microcosm.
Additional methods to measure teatment sffects
on biological comporents in the soil; litter systems,
through gnotobiotic addition of cultur=d micro-
arthropods, nematodes, bacteria and fungi has
been initiated. The bacterial and fungal com-
ponents to be added to the microcosms wouid be

typical representatives of clustens™ ™
prevalent isclets for which fuorescemt
systems can be prepared® or specile
procedures would allow their em
Studies in progress wiil measure
bacterial and fungal floca and to a limifes
changes in microarthropods and acmang
ootical scanning procedum

surfaces of multiparameters wiil bc
in 3 x 3 treatment experiments usmg A
systems. Four systems will be used in m

in design development research.
Data from the microcosm systems w

in  response  structure compater
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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 kinetics between pools.

The goal of his research is to develop and use
the kncwiedge zained to predict the ccnsequeace
of poilutant addition on soil decompcsition
processes.
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FIGURE 7 Accumulated oxygen coasumed through
time in four “identically” processed coniferous forest
microcosm irezted to a fnal mean concentration of
sothing for the control, 25 ppm cadmium chioride
and/or 10 ppm selenium oxide. ’
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