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ABSTRACT

. »\ ‘ .
n investigation was conddéted into the effects bg an

accidental o1l spill on the anaerobic microflora and their

bt
associated Npo—fixation in a northern Alberta muskeg. The

°

;nves igation was d;vlded intq three sections.
-lchaxono-lc Studles. An increase in the number of
anue;nbes c}asslfied ns‘clostrl&lal type in the oil ..
impregnated soil was ﬁbserved, as previously reported. Of
thése isolates, about 17% (13/77) wére tentatively '

identified ns Clogtridium perfringens and an additional 10%

(8/77) were shown to‘produce‘ﬁt least one clostridial

exotoxin,

¢

2-‘N£—tlxaflon by pure cultures of Qlﬂﬁ&:*ﬁlﬂl :

Qggignzignun '5. Optimal condltions for C,H, reduction by

wvhole cell cultures included incubation at 379c, pH 7. 2,,

C>H, concentratlon.O.I'At-. and a gasa: ligquid ratio of 10:1.

Under thege conditions, Czﬁé redqctlph’vhsrllnear with time
for at least four houra..onlf'SEtlveyy growing cﬁlturaa
rdduéed.CzH{{ The amoﬁnt of nltrogenhse‘(czﬁz) actl?l;f

. present was proportional to cell conc;ﬁtéation- ft v;g also
o oy ‘ - :

demonstrated that crude oil in'concenfrutions‘up to 165'

(v/v) had ver} 1ittlf effect on the Czﬂz—roducin&‘ablllty of
actively grovlng‘cultufeb-” |

5. Nz-flxation by mixed cultﬁres in oil spilt and
’-uqkeg aolla..Tdhperaturee‘ln thiinuakeg ranged from 760 to

is°c and the pH of muskeg samples was as low as 3.7. The oil

S TP,

Nedme
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spill tended to raise the pH of samples slightly. Although

these conditions differ &reatly from the optimum conditlions

for C. nggjguhlgnum w5 nltrdﬁenaso, they 'e;e duplicated as
closely as possible in the 1abo;atory. In Bitu
C2Hz-reduction assays fndlcuted that the o0il spill was moge
active (4(9 n mcocle/h/g) than control slfes (0.6 n lee/h/g)
on the:a;grage. lLaboratory exﬁerlnents however showed the
reverse frend, with average values of 0.5 n.mole/h/g in
éplll samples and 1.0 n ﬁoie/ﬁ/ﬁlfdr gontfol samples. The
ﬁet.l;ng term effect of the olI 3p111 on anaerobic
Nzef;xatlon appears to'be ne&llglble-

Unde; the ponditions of-thls stddy, it wus_founq that
the usé of actlvatéd steel wool to obtain anaerobic
’ conditions was incompatible with tﬁé C2Hz~-reduction assay, .

as the steel wool alone redﬁced»Csz abiologicallylln'

.

signirlcant qhantltlda.
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INTRODUCT ION

In this era of fuel shortages and energy c¢rises, the

&

transportation of northern crude ollﬂ by pPipeline through
regions of tundra and muskeg has beco;eka virtual certainty.
Along with this is the certalnty that some of this oil will
be spilled onto the tundra and muskeg, resulting in clean-up
problems of immense proportions. Once physical means of
plcking up the oll have been exhausted, it Becomes the Job
.0f the hydrocarbonoclastic bacterla and fungi to convert the
0oll into harmless substances and té allow the regrowth of
plants. Fortunately, the ability to degrade af'leasf Some
fraction of éilnis fqund within several genéra and these ‘ \
genera are widely dispersed in na ture80 99, : ;%;

~The mlcroblologlcai étudy of the effeét of oil gpills"

’ «
falls into two major divisionse. The first is the microbial
biodegrada tion of the crude or refined hydrocarbons .
\

Equally as lmportant ls the study of the effects of the

hydrocarbons on the normal actlvltles of the microbial flora

of the ecosystem?, guch as the decomposition of protein,

cellulose "ipids and chitinl17°124 .4 other organic carbon
‘compoundc, the transformation of n{ffate .. trite and
ammonia, '~ t o fixation of qtnospheélc . #nd nitrogen.
The curren-~ -k will concentrate on No-fixatlion in.g

sl tuation where hydrocarbon bl odegradation is %Xnown to be

occurringl29,



I. Biodegradation of Evdrocarbons
The microbial biodegradation of crude and refined
hydrocarbons haé been under study for several decades both
from the point of view of broduclng protein or other ~
economically important metabolic producté‘ and of try;ng to

spesgd “up the clean—up of accidentally spilled petroleum.

araomatic hydrocarbons were found to be toxic to

~

non—hydrocarbohoclﬁstlc bacteria of the genera ﬁenfn{%g and

Vibrio 1'® and crude and fuel oils were toxic to many{kypes

. ;
Py 4

of bacterialZ2*’S, Grif!in and Calder‘s have hypothesized
that this toilc effect is bacférlostatlc, cﬁused by a
mémbrune effect, ratherrihan bacterliocidal in nat#re,.and
have demonstrated its revers@blllty by addition of organic
nutrients. Some aromatics, such as naphthglene73, bgnzodte
saz; catechol, phenolt, and ortho, para and

and methylbenzoate

‘meta cresol®S were however readily broken down and used as a

carbon and energy source by some species of Pseudomonas,

Achromobacter and Nocardia & °67°73°81, The pathways,
1nterned1ates“'1°7\and regula tory mechanisms 4982795 *112
have been 1nvesfiqpted for aerobic blodegradation of
aro-a%lc compounds, and straigﬁt'and,branched chain alkanes.
This bieakdown'is primarily yia an oxygénaee—dependent
attack: Anaerobic breakdown of .aromatic hydrocarbons 109 *112
occurs by ﬁn unknpin mechanism poséibly 1nvolv;ng the
anaerobic 1ns;r;lon ot'6xygena Attack on aliphatic

hydrocarbons 19 112 gy occur by way of a dehydroge ise wi<h

nitrate as the terminal electron acceptor in speciles cf



b ~

Pseudomonagy but evidence for a similar dehydrogenation of

hydrocarbons by sulfate reducing anaerobes has so far been

inconclusive and contradictory 53 °112 gxcept for the very
N - . )

short chain n-alk. oas, CH§{ CoHgy and possibly n-octadecane

26, The reac tions by which h drocarbons are degraded

)

. blologically are summarized as t&llovs;

A. Aerobic.
Aliphaticse. ,
@
CH3(CHy )y ¢CHjy + Qp ——————m——r—=> CH3(CHj )y (COOH

n—hexadécane ‘Oxygenase n-hexadecanoic acid

Aromatics.

OH . ' OH
+ 0p ————m———m=> [ ~
Oxygenase
OH v ‘ COOH"
, ’ ~ CHO '
Catechol ' 2-hydroxy muconic
semialdehyde

B. Anserobice.

CH3( CHz )§CH3y + X —————————====—=> CH3(CH, )¢CH=CH, + XH,
n—heptane dehydrogenase n—hept—}-ene

Vhen crﬁde oils are attacked by bacteria, tﬁe medium
chain n-alkaﬁes; nC‘6-nC37'~are the first to be dpgfaded
folloved-by the aromatic tract}oh 56, Generally the
suscgptibillty of an oil to bacterlai attack vaé rela ted to
the quality of the oil 20'2";5'11?'123'130 A high-quallty
o0il contains a lowvveight‘percentage of sulphur, has a io'.
&ensity and a high saturafes content 55, Initially at least,
there is an increase in the quantity of long chain n-alkanes

and asphaltenes during bacterial attack 119 *120 °121°122 = ,¢

least p&rt of which appears to be’treehly synthesised



natgrlal.

In as much as oil is very high ;n carbon but low in
nitrogen, it is easy to appreciate that blodegradation ot
oil and recovery of soil after olil spills 15 considerably

B b
advanced by the application of fertilizers containing
available nitrogen and éhosphorﬁs, such as urea phosphate
H57""25f129. Any N, fixed by microorganisms in the vicinity
of the spill will decrease the amount of fertilizer that
vould other&ise have to be added. It is theregor of interest
to discover the extent of Nz—tixutipn in the ecosystem and

= . 5
the effect of the oil spill uponi it

II. Nitrogen Fization

Since the earliest recorded speculations by Dnve& in
1813 that legumes obtained "Azotgﬁ from the air, to the
first experimental demonstration ot hacterlal N2~f1xation by
Jodin in 1862, and the proof of synblotic leatlon in
legumes by Hellrlegel and Wiltnrth in 1888 as cited in Burns
and Hardy 15, and Quispel %!, the emphasis 1n_the study has
been on the 1egume—Rhizghiym symbiosise. Hovever.'since the
subject has been extensivly reviewed elsewhere
2°15°36°74 86 92 *114 132 L.y gince Iegupés are not a
éigniflcunt part of the muskeg flora, they vlll_not.be
dlscussed.turtherbln this theslg.

Non-symbiotic Nz—folng qrgunisps can be divided into
four groups, the aerobic photosynthetic biﬁefgree; bacteria,
the anaeroblic photosyhthetic bacter1a, and aerobic- ﬂﬁd

anaerobic~ non-photosynthetic bactéria.'The photosynthetic



N>-fixing bacteria 104 lnclude species of the In;ganﬁngng
and A.thlsu:hsutmng and possibly the Mn?mmum

These bacteria fix N, onl!y under reducing conditlons and are

probably of significance only In deep merbmictic lakes. The

ngngnbxcegé or "blue-green algae" fix significent amounts

) :
of N, under aerobic or microaerobic conditions 10¢,

Heterocystous filamentous genera such as Apnabaepna, Nogtoc

and Tolypothrix make major contrlbdtlo;s to the amount of

Nz-fixation in muskeg 10 °*3  and tundra soils 3°¢ *4e as well

-

as many othetr ecosystems 5"5976‘. Certain stralns of the
Cyanophyceae are-ﬁble‘¥o form symblotic associations witﬁ
higher plantsA‘i. In contr:st to ghe legume-gnizgnikh
synbiosis, the bucter{a‘nre not taken inside the plant célls
in nodules, although special receptacles may develop to hold
the bacter&n and allow gfeater surface contact 9"‘°é; This
association may also be very simple, involving merely an
adherence of the bacteria to the plant rooté, as hAs been
shown to occur in muskeg, between blue green chfer}ﬁland
the moss Sphagsh- ‘9, or slightly more intimate with the
bacteria being epiphytically or 1ntrhc§11u1nrly dssoclatedr

asg 1is thé case between uggjgg and Sphagpum llﬂﬁhﬂ&ﬂil 03? In

any eventy, the bacteria do not change form, and are capable

>

- , :
of Nz-fixation in the non-associative state under
. 3 - ; ;

environmental conditions. R
~

'Aeroﬁic, non-syhbiotlc and non—photOﬁynthetlc

-Nz—fixntlon is the province of the A;g;_hggigggggng 213 79
vlth some contribution from xxgghggjggjum 24 °133, gome of '



the Methvlomonadacaea '23°133 . and at least one SnlgLLlum

84 °85 *133, Nitrogen fixation by Ppeudomongs sp. has '
occaélonally been reported, but tngée.report; are discountqd
by Mglder and Brotonegoro 79 asg being due ‘to lncorréét
classification of bacterl; belonging to éther genera.

.There are also some bacteria faat grow aerobically but
-fix N 6n1y under anaerobic condltloﬁs.'Foreﬁost amongst
these are the Nz—fixlng strains of Klgpglgllg ‘33 but also

v
1nc1uded are some strains of Bacilluyg !5 °5% and the S
N2~tlxlng Escherichia coli ﬁybrld developed by Dixon and’
'Postgate 32, which conta?ns the nii gene from KU iell
epneumonjae.

) Anaerobic fixation ls-carried cut by Desulfovibrio,
Desulfotomaculum !5 "133 ang by four species of Clsaa.tnl.ﬂlumi
€ butvricum, C. blederinckil, C. sgetobutylicum amd c.
pasteuriasguan 3. C 2

élnce -uskega are prlmarily anaerobic environ-ents, the
annerobic and fncultatively anaeroblc bacteria can be
expec ted to predénlnate except at the sgrtace- Aérobes, and
in,éartlcular fhe annnnhihzns account tofva major portion
'Qf‘fheANz leéd by the surfacé Iuypré of ; muskeg 10,
Although Christensen 18 found no:organlsns in Albérta

muskegs cabab@p»d! fixing N, under aerobic condltioné using
nitrogen free -annitol -edlu-, several- types 0f mire from
Scotland were shown to be able to reduce C2Hz in the

presencé?pt oxygen 128, fn an oil spill situation, ho'evér,‘

the blue-green bacteria and other Strict aerobes would be

T . \‘,



largely killed off by the oil ©3 and would reappear only

slowly.

IIT. Nitrogenase
9
Fhe struc ture and tunctlon of the enzyme system
" referred to as ni trogenase, has been the sub ject of several

recent reviewg 11 °15°8°10¢ °108 °133 [, will therefor be

dealt with .onlytbrletl:'?\\P

,Nltrogendees_frdn the various dlazntroéhs each exhibit
unilque properties, but most or them are surprisingly
similar. The dirterence; tend to. be related to how the
enzyme is adnpted to the unique physlology nnd metabolism of
the produclng organismy while the similarities are related
to the enzyme func tion ‘sy:The enzyme sysfen known as

, ,

nitrogenase mediates thevbyerall reaction;

Nz + SHZ 4“) 2NH3v -

,It consists of two non-haem, iron-sulphuf proteins 11 °133

Conponent I bas a -olecular welght of 220, 000 and
\four subunite ot two” types, two of 50, 000 MeW. an
5C, 000 M.'., along vlth t'enty to thirty Fe%*t ion

lai. "~ sulphur groups and'two-lof+ ions, The Mo** and some

of ;-o Fe** are contglnéd on a small co-factor 11 and the
IMO“* - tbnbe involved ;t the active site of the
enzyo~. nent it w'eighé 55,000 to 60,000 daltons and is
compc .oc > subunits of equal weight, vlt&”fqur Pet** and
-ncld lab. ’m‘gr‘“”oups Per moleculé“asn’Both components
as well -« e enzyme .r¢ oextremely sensitive to

oxygen 63  -c- kot wh- er the source bacteria are
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4

C '

T~
aerobes or anaerobesg. This caused consldarnble'dltflculty

during early attempts to isolate the enzyme !7. For example,

Component I from K. ppeumonige loses 60% of its activity 1in

ten minutas at 0.2 a‘roppheres of Oz and Component II loses
70% of its activity after only one minute at the same pO; .
34, Component II frq; most systems is cold labile and must

be stored at room fe-perature. Thla'is.especially important

~

with cell free extracts and purified enzyme preparations -~

68 °76 77,

’

Both components are required for the reduction of N, to
NH3z. Generally speaking what happens is i1llustrated in

Flg&re 1. Component Il is reduced by passage of biectrons'
: ,‘-5”‘\ R

from ferredoxin or another suitable reducing agent [1]. The
reduced Component Il then binds ATP and un&ergoes,d

confbrﬁatlonal cﬁaﬁgé {2] thatgresultsvln a lowering of the
Eh fron“ -280 withgut ATP to -400 mV with ATIP 133, At the

same time, Compoqent I binds molecular nitrogen [3] at a
. ) O

Mo*t fon 1n a configuration that weakens the interatomic

’

bonds. The two components then come together [4] in a

cgpplex'and in an energy requiring process, electrons are

¢

passed from Co-ponqnt II to Component I {5]c In a second
énergy réqulrlng afep-[6] the electrons are pamssed from

Cé-ponenf I to N. Ammonjia and orthophosphate ar§ then

rdleased and the two coiponenta separa te [7). Six electrons

re requifed for the reduction of_one molecule of N to NHz.

Cugyént‘thoory proposes a step~wigsé reduction with a
3 .

‘dfllide, HN=NH, as '&n 1nte§-ed1ato, but if any internedlﬁte.



THE SEQUENCE OF EVBNTSASN NITROGENASE ACTIVITY
¥ e . B

FIGURE 1

« k \
- \
V'\‘)
I = Co-ponent I, the complefe Mo-Fe~profe1n-
I = Cd-ponent I, the Fe-proteine.
1. Reduction by feﬁfedoxin.<flavodoxln, SO0,~,
hydroquinone or viologen dyes. . .

a+. ADP replaced by ATP.

be Conformathnnl change.

Binding of noleculaf nltrogen;

Components I gnd Ih,cbmbine.

Protein-Protein eleqtron'trganar.‘

Proteln-suhstfate électron transrér and
'rqlease of producte.

Separation of components.

R4

* The point of ADP release is uncecrtaine.

.

Adapted from Yates, 1976.
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is formed it is not relemased from the actlive site.

'

One of the points on which the various systems differ

.

_ls in the source of reducing power. In saccharolytic

clostridia and probably other anaerobes, redﬁclng power

P ’

comes from the pyruvate phosphoroclasth sysfen.‘5, with
ferredoxin as the‘carrler 68 pnsslﬂg eiéétrons tofCo-;Bnent
IT two at a tl-e..Ia cases of Fe ii@ltaflon. flavodoxin can
subatlfuto tor ferredoxin 1n-v1tro at least. In Azotobacter
and other aerobes the'electron source is probably NADPH>

8 "4 0 and ¥he electron carrier can be elthér an iron—sulphur
proteln (Azgighggjgg Ierredoxln) or a flavop"otein
(azotoflavin) 58,

The reduction of atmospheric nitrogen is an

energy-consuming  reaction. Energy is required to generate

reducing pover‘and_turther energy is required for the o

enz&natlc reduction of N,. This energy is supplied in the

tofm of ATP 3%, The additional.ﬁzqulre-ent for Mgttt auggests

that the active form of ATP is the -Agneulum:ATP chela te.

The source of ATP ln saccharolytlc clostridia is the

'pyruvate phosphoroclastic syste- aud in Azgxghnglgn it is

oxldatlve‘phosphorylatlon. Both co-pononts of nltrogenése

are required for ATP hydrolysls but the hydrolytlc sl te

b_appenra to be on Co-ponent Iy 11 The enzyme complex vlll

- Y
hydrollze ATP in the nbsence of both a Bubstrate and an

electron source at a slow rate s‘o'In the presence of a
reductant the hydrolysis of ATP results in the passage of

electrons to protons at normal rates and the evolution of
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mo lecular hydrogen at a ratio of 2ATP per Ho 5‘. The
reducfnnt'1s,ﬁ§t.conau-ed and H, is not evolved in the
" absence of ATP. Even in the preéence of N, some H; is s{lll
evolved.. For every two electrons passe?/through the
nltrogenase sy!te- in xlinn anyvhere’dron two t0‘tvenf;;
molecules of ATP are hydrolized to Apﬁ undlorthophosphafe,
however the ratio ls,uaﬁally bet;iigké and 5 ATP/2e~ 68,
'This.is gffected by temperature, pﬂ, an;‘the ratio of
' ~C;-ponept I to Co-ponent IX. Yatﬁé 133 potes that 15 ATP a;e
requi red to completely reduce oﬁ; N2 molecule {pn !ngg but
epeculates that more’ nlght be requlred ln yivoe .

Ni trogen reduction by nltrogqnase i8 competitively
inhibited by H, and co 89, All'funct.lons, ATP hydrfolysis-, |
electron transfer and sugstrate reductlon are Inhibited by
ADP. which may indicate that ADP has a regulatory role 78, 1n
addltlon, nitrogenase 13 co-petltlvety lnhlbited by a whole
sérles of alternate suﬁatpates. The enzyme, lt seens, is
proﬁlscuogs and will recognlze and reduce alnosf any trlple
bond, and specifically those shown lﬁvTabie 1. Of these, the
feductlon of CZHZ to C-H, ﬁas proven to be‘$h§ most usefull,

IV. THE Anmumz REDUCTION ASSAY

Dilworth 3! and $ch311h§qn and Burris °7 ; working
lﬁdqéendently; discovered that CzH> 'ﬁs‘a co-petltive
"1nhibi tor of Ng—flxatlon. They reasoned that since Czﬂz is
the closeat unalogoua co-pound In the cnrbon series to Né,

"being bot@;lsoelectronlc and lsoeterlc to Np, it might

function as an inhibitor and aid in the study of the iode of

2
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TABLE 1

REDUCT IONS CATALYZED BY NITROGENASE

Reactantg Producta

1. N2 + 6Ht +6¢ \'\ 2NH3
2. CH3N=C + 6H* + Ge— CH3NH, + CH,
- ’ (CoH, + C2Hg )
3. HCN + 68* + e~ o CHe + NHj;
4. HCN + 4RB%* + 4e- : , . CH3zNH»
- Se HN3 +2H* + 2¢- ' N2 + NHj
6. NpO +2H* + 2e” Nz + H,O0
7. C2Hp + 2HY + 2o— , » ' CoH,

8. 2H% + 2e- N H>

Adapted From: fgtes, {976.
a¢t19n of the aésny- Dll'orth used manometry to measure the
lnﬁlﬁlflon and infra-red spectfoscopy to shév the conversion
of CZHZ to CZH. by the ¢jig addition of two protons.
Schollhorn and Burr;s 28 uge.; -a§a~spectrometryvqnd gas
'chromatpgraphy’towdetocf a i ¢ua£tltate CaHg productlon, but
lt"aﬁ left to Stewart, Fltzgerald and Burris 1035 {5 point
cout the uae!ulness of thle reactlon ag an’ 1nd1rect assay for
qitrogenase uctivitY. Within two years.ot its dlscovery, the
use of CyH, reductlon ;s an assny had been proven and B
extended to almost every'conceivable sftuation 43105,
- : _ : . o é

In,briet} a sample to be aae&ied,}é placed in an
"alrtight contniner and the at-osphere_lé repléced by oné
containing CzKH,. ih? sample is lncﬁbated under the dogired
condltlona‘for a pe;lod of flne then th§ reaction is étophed‘

and a sa-ple of the gas phase is analysed by gas liquid

chro-atography where the C2H, and Cznt,are separated and
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or Ar. Incubation time verles from minutes 65 to days

14

measurede.

The source of nitrogenase may be anything from a8

purified enzyme 1¢°25°132  to a whole cell culture 27,
detatched legume nodules 7% °102Z, entire plants 63, graés
roots 27, rice roots 1347133, Mangrove leaves 42  wood 100,

soll 46 110 *115, prheotrophic peat 127  .and rumen contents

62

Nitrogenase tolerates frén 1% ©5 to 20% % C2H2 during
the assay, with 10% 132 peing mos t fregquently used. Oxygen
is either r}dgldly excluded or added in amounts up to 40%
35, and CO2 ls‘so-etlmes added 1n amounts up to 5%

7 *100 *102, The balance of the support ges may be air, Nz, He
127
and the role ot otﬁer parame ters such as water content,
temperature and illumination 60°61°113 dgepend upon the
system belng qssayed. ¢

The most frequent means ‘of terminating the>aasaypls

removal of a sample ot the gas phase 48 yhich is stable and

may be stored for analysis {n gos tight contalnersx°°"z°

for several weeks. However *his is not always convenient and’

'lnvSUCh cases the reaction ha-« been stopped bY injection of

s0% trichloroacetic acid (TCA) 193 or 6N H,S0; *% and
gatorage of the gas in the incubation chambers For work with
pure cultures in liguid this method 1s adequate, but in
samples contaiﬁlng,large amounts of solid matter such as

nodules or soil, slow genetration of the acld into the

sample can result in error .7,



Gas chromatographic analysis has been done with several
types of columns *7., One 61 the most popular is PorapaklR
105, which is typlcally used as the packing material in a
6mm by 2m column and run at an oven tqmpérature of 559C with
N> carrlervgas at a flow rate of 60 cc/mln; The injector
port and detec tor tempenatures'are 809C and ASOC
respéctlvely 93, Phenyl lsocyagute/Porasll Cis p?eferred
for studies of aquaticlsyStems because it resolves CH, which
is produced in these systems and can lnterfere,vlfgw

o
measu;ement of CoH4 37, Detection 1s by hydrogen-f lame
ionization, and quantitation can be by mgnsurlng peak height
° or érea by Q&nual methods or electfonic in;egra¥lon-
Acetylene can be used as an Iinternal standard 48, but the
use of high puri ty Qzﬂ. as an external stanﬂardvié much more
usual 1%, Hanson *% used C2ﬁ° as an 1ﬁtérna1 standard which
can be adjusted to the range of fhe expec ted CZH.‘
concentration.

Since six electrons are required to reduce one molecule

of N> to 2NH3 and only two electrons are requ;red to reduce

one molecule of CZHZTto Czﬁ., a molar ratio for C2H4:N2 ot
3:1 could in theoryb;e‘used to‘convert béﬂz reduction da ta
into Nz—fixdtloﬁ dat;-_In praétlc;, a ratio of from 3:1 to
A.S;llwas found for Azgxgnn#jgg a8,

"The C,Hj, reduct;on_asaay-has sgveral advantages over
the earlier methods of measuring nitrogenase activity ‘3,“

but recently certain limitations have been revealed.

A marticular case that bears on this research is that
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‘of the interactjion of alkane-producing and-metabolizing )
bacteria with C,H, @nd CzHy. Both CpH, and CpH4 Inhibit CH,
production in marine sediments 88 and these same sedlmenté
are belleved to reduce C;H,; to C>H4 by a mechanism other
than the nitndgehgee system. If the methanogenic bacteria
1nvolvgd are capable of Np—fixation, a point that has yet to
be decided, the inhibition:of CH4 production might also |
indicate an inhibition of nitrogenase; §yste-s containing
methanogenic bacteria muet.thereto; be handled with
discretion as they may cause Qgther an over or an
'under—esti-atlbn'of hit;ogenage activity.

Nitrogen—-fixing bacteria which grow wifh CH4 as the
sole carbon source fail to produce C,H, when exposed to C2H>
29, They would not grow on elfhér C2H, or CLH, aygne. When
growing with CH. as a carbon sourcey, they co-oxidize “CZH.
to Qater.soluble non-volatile pnoducté, possibly including

ethylene glycol 3%, It was later shown that although these

bacteria cgnvco—oxidizq m#ny of the iower alkanesg 30
anludlng Czﬁq, Caﬂavvcsﬂxoy and C6H1¢v as well as CZH; an
CO, the& are totally lnhlbited by'the presence ot Czﬁz and
their only likely effect on the C2H, reductio:r :ssay is that
the Nz—flxat;on for;:;;g& thqj are res?onsibln wouldvnof'pe;
measurede.

Bacteria have been isolated which will grow on C,He as

: ; y .
a sole source of carbony but CzH, completely inhiblts these
organismg. Bacteria were also tﬁﬁ;;‘vhlch'wpuld grow at the

expense of CpH, 28 but these are not No-fixers and fhe
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amount of CLH, used by them Is not likely to prejudice the

results of tbg assay for nitroﬁenase. They do not co-oxidize

w

CoHge

Soil bacteria and fungi produce C,H4 in the absence of
CoH; %0 and Cook and Smith 22 shoied‘tﬁat the amount
produc ed ﬁué.greateet in water eaturnted‘solls. They
attributed the production to anaerobic spore forming
bgcterln. Ethylene is produced by gréen plants as a hdrmone

90

Commercial supplies of C2H, may contain detectable
‘amounts of C,H, a7, . |
: e .

Van Straten and Séhmldt 113 demonstrated that excess
wa ter 1nh1b1ts CoH, reduction by detached séybeun nodules
and suggested that it might be due to restriction of gas
diftusion into and out of the nodule. Rice anq Paul 93 9130
pointed out the d;fference in-dltfgslon rates through water
of CyH, and’Nz and suéaested that ln-waterloggéd-solls
,hltrogenase activity vuS’limited by'the a;ount of N
penetrafing into the soll colunn vhereas Csz which is much
more soluble in water vould not be llniting- They note that
because of this, the C2H¢:N, nolar ratio used for converfing
C2H> feductlon assay results to Np-fixation valuee '111
probably be much greater than the theoretlcal a:1 vhen‘
waterloaged soils are involved. They caution that CoH
reduction should be backed up by direct measuremént;

"15N2—1ncorporation ueasureﬁents'deteénined the ‘//

actual nitrogen-fixation under the given

- conditions, whereas the Cz2Hz reduction assay-
o :

S
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measured the nitrogen-fixing potential of the
organisms."

'lFlgftrgi'Q;_37 have indicated that CpHe is 8.1 times
more soluble in water than N, is and cautioned that
aglitation of all samples should be uni form as it affects the
rate of gas exchange. The ratio of.sn-ple'volune to gas
phaqe vélume‘can affect the sensitivity of the assay 37 with
a larger sample giving greater sensitivity vl{h the same
size gas~vplune- A sample size of'no_greaterlthun one tenth
of the gas volume is recommended by 'aughman 126 In order to
minimize variation between samples.

Finally, it has been shown that szz inhibits both cell

'

proliferatlon and nitrogen accumulation in C. pagteuriagum
12 regardless of whether cells are growing on N, or combined
nitrogen. In No-fixing cultures the inhibition is relieved

only when the amount of CyH, preseht has been reduced to

0.025 Atmy, an amount much lower than the usual substrate
levels. v »
' V-PQQQERBEHQE OF CLOSTRIDIUN SPECIES IN MUSEKEG -

YA siﬁnlflcantlj greater number of clostridia were found

Ba}

to occur in tﬁé sollror waterybélov oilrépllls thaﬁ in
slni}ar sa-pleﬁji1¥hoﬁt oll“?’?VSIhée thé anaerébigfb
breﬁkdownlof oii by ngﬁjxiﬁign 1§ unllkely>l‘2 it was felt
that they ﬁust be:péeseﬁt to take advant&ée of_so-e dther |

feature of the 611-sp111. This‘doulﬁ bé aomethihg as slnple.
as a change in the pH, or as'conplex.A§i¥t11125t16n of

. secondary me tabolites produced'by bacteria that did utilize

L



the oil.

The followiﬁg s tudy represents an investigation 1nt6
the effect of crude -0il on anaerobic NZ—I}xatién and is
treate& in three sectlons} i. an é%ulhnt(on‘of conditions
and bacteria Iound‘in the.-uskeg, including a survey of
pathogens, 2. field studies o¥ the effect of crude oly on
nitrogenase activity in iuskeg under anaerobic condltlons;
4inéluding dn ai;u studles-and laboratory assays of fileld
samples, 3.‘12 Yitro studies of the"eftect of crude oil on .

the nitrogenase activity ot pure cultures of Ce Qngigg;ignn!

WS under controlled condi tions.
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MATERIALS AND METHODS
: I« Materialg
All reagents usedl'ere reagent'grade and were obtaiheq‘
trom‘co-ﬁerclal sources,
Elotln was purchased from lebiochem,'p;amlnobenzolc
,qcld,from.ggxthkerlChénlcal Cody 3,3-d1ﬁethylglutprlc acid
from'xldr;ch'Chgmlcal Company, Inc., and L—cystglne from
.Sigma.
< ATl guses used were Linde taﬁk gases supplied by a
local suppller. Tﬁe acetyleée was ntomlg absorbtion grade
and the éthylene was O8% CzH,. Thé'eth}lénevvas éas
cgroﬁntogrnphléally_puré. but the acQtylene éhdwed trace
amounts of methane and.ethylene as contﬁ;iqamts.
~ II. Organisms .
| 1. Stock in.xma‘ Cultures of leugm m.
Clostridium novyi ananum P__r.lx:l.nx_ng QLsza_tx:Lnan
tetani and ngg;zlglu. gggxgnginnna VS were obtalned from

L=

the Unlveralty of Alberta, Department of chrobiology

culture collection. ’ , , s

) Field lgglgigg All leolates were anaeroblc rods,

and were obtained ‘from varlous nuskeg and oll splll 8l tes in
. the foliowinglnqnner. -

i. isdlatpé:i - 24 vé;é ébtglntd by Gﬂrichmént ;nd
selection as Grgm“;psltivé;vsporoapgpga, SOg?‘ reducers and
were provided b& Dg. F.D; Cook; J:part-ent of Soil. Sclence,

'Udlverslty 91 Alberta. A listing of the source of these

isolates nay be found in Appendix } § @

20
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" 1i. Isolates 25 < 29 were selected by survival of
pasteurization followed by repeated streaking on reduced

blood agar (RBA).

iii. Isolates 30 - 45 were obtained by enrichment as
sporogenous organlisms able to grov in the absence of
. , :

combined nitrogen, on Nitrogen Free Medium B ( NFB), nn&A

~

purlfied\gy streaking oﬁ Nitrogen ?reé*Agpr (NFAi‘;nd on
. SN . '
_RBA. .
ive Isotates 46 - 72 were selge%ed as Gram-positive
sulfite beducergmﬁ .
v.nIéo}at;s-7§ - 77 were enrlcﬁed an& selected 19r.
growth in the absence.of'comblngd nitrogen, on Skinﬁé;s

Medium (SN). 2

IXT. Growth Nedia

The formulae of all media used along with their .
respective abbrévlatipnsvﬁre given In Appendix I.
+ Incubation anniilnn&
1. Time gng Ig.nggniyn_ Stock cultures and isolutes

were. maintained as streak plates on RBA and/or NPA 1n

nnaeroblc Jars held at room tenperature (23°C). Cultures

were transtered to ne' plates every 60 to 90 duys- Liquld

cultures of C. Qggigyglgnyn WS were lncubated at 37°C for

from 12 to 133.houra as required for the various

experi-ents- TSN agar plates were lncubated for 48 hours at

’

46°C, and ‘EYA plutes were lncubated at 35°C. Cultures on all

other medla were incubuted at 30°C tor 24 to 48 houra-

NY 2. lgnl;gglng of pH: The pH .ot the various media,
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cultures and qmssay materials was measurec with a Radiome ter
PH Meter 51.‘

3. Conditions of Anseroblosis: Anaerobic conditions

‘were obtained in the following ways.
1. Gaspak. Syatem: Anaerobic Jars (BBL) were used with

5 . .
‘the gaspak system (BBL). The methylene blue impregnated

Asfrip 1ndlcafor lﬁsured that a redox potential of at .least

¥

-49 mVv. 53 was obtalned with each incubations. These indicator
strlps were also used 1n the large deslccators and assay

JYOBSGIBL

¢

i1 G;évReplacenent:'Large déslccatbya werévevacuated
to a vacuum of 20 mm Hg and filled with 0, free &2. Thls'vas
rePeated'three‘fi-es and a small amount of CO;
(approxl;ately 3%) was then 1ntrodu¢éd and the deéiccagif
4scéled. Liquid cuituies of'N;°tixlnz org;nlsns wvere
continuously gurged vltgﬁt§is s&me,gas miiture.-The gases
. werae rendened iree of oxygen by pﬁgsége through a columnhot
hot (350°C) copper turnlégs'sz'§°. |

| iii. Steel Wool: Resldual oxygen was removed from the
large’ &esiccators and aesny ;essela by placing pads of steel
wool vhlch had beer? activated with copper eultate 89 *101
lnto_the containers before sealing.
ive Nitrogcn, Ar¢on Flush® Vessgels uséd for the

°

.acetylene reduction assay were flushed with elther scrubbed

N2 or scrubbed Ar for five minutes.

ve Purging: quuld cultures of Q. nggigngignnn "5 were

Ve
grown in Erlenneyer flasks (250 al or 1000 ml) vlth a

3
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continuous floy of O> free’gas being bubbled thrqugh the
culture at a rate of approximately 250 nl/nln. and exiting
via a Bunsen valve. ihe purklné gas conslete& of No with
Lrom 3% t§ 5% éoz.‘Each gas-waa separately passed through a
Hungate column, then fhrouqh a rlaék\of sterile ﬁlstllléd
vatéf to allow re—hﬁmlditléution'before'being mlxed.Just'
prior to enterlng the growth fiask.

| The use of pre—reduéed medla 33°51 ., “d to be of
no benefit with the isolates obtained in thi v 2cte.

vie Indicators: In all cases where an Ina a<+~ 1of

¢

" anaerobiosgia wag used, 1t was methylene blue, eitr - . g a

pu

Gaspak indlcakor strip for anaergplc Jars and’iarge Tl
reduction assay veaselg. or as a boiled solutlpn-ot
methyieﬁe blue (0,065 mg/ml). This solution was not added to
vnedla, but vhegg;er the state of reduction of a cultu;e an
requlre&, an aliquot of the culture wvasg pluced into a
Hungate tube and a drop of the methylene bluye . solutlon
in jec ted. ‘
Eatimation of Growsn .
1. Most E_m_gm Number (MPN): Five tube MPN counts
i :

"were conducted using either B 10 + 5032~ or sx. Blackened -

tubes were counted as positives with ‘the B 10 + S032~ medium "
.and tubes showlhg @rowth plus gas in the inverted Durham

vial were posi tive in SM¢ Numbers of posltives were

-converted to bacterial counts accordlng to the tables found

~
in Standard Ketbods For the Exanlnation of Vater and

'astevater 39,
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2, anlggl Depajity (QD): Eati-atlone of gro'th of
- liquid cultures of C. gggj_ggigngg WS were mnde by -easurlng

comprising the upper 50 c:v of the sﬁll‘and 1iqu1d were
removed by shovel and stored at 40C jp plastic bags from
ihich most of the air had been squeezed. Samples were

normally analyzed within 14 days of removal.

2. For agmsay do sity: Samples were removed by shovel

‘and 1m-ed1utly placedvlnto larqe polye thylene containeré

(9«5cm diameter x 21 cm high). Immediately thereatter the

samples were nssayed for nitrogenase actlvlty by the CZHZ

v

reduction aseay- Gas samples were returned tp the lgbornfory

for‘annlysis. Large samples (700 g) were weighed upon return .
: : ‘ . 2

to the laboratory after amsay, while small (150 E) samples

wvere weighed into the containers in the field uelng a three

l

beam balance.

'

Ve

VII. Muskeg Analuu

1. pH: Approximntely 10 ¢ ot each‘sa-ple were'welghed

3

into a 50 ml beaker. comblned with an egual amount (w/v) ot

water nnd stirred thoroughly then allowed to atand at room

temperature for one hour. The pH of the nqueous porflpn was

then measured with a Radiometer PHMS1 pH meter.

L)
i

e et
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2. Temperature: A recording thermome ter

(Tempscnlbe;Bacharach,?ittaburah) was placed in the muskeg
for 24 hrs.or 13 days with thé.probewburled in the 10-20 cm

layer.

3. Molsture (Dry FWeight): Duplléhte aliquots
(approximately S g) from each sample.were welighed lnto
pre*velghed alu-inuu toll pans and placed in an oven at
809C. The pans were removed from the oven after 48 héurs and
At irregular intervals thereattér, allowed to stand on the

-

Vbench top for one hour t§ re turn té ro?n tempeia ture an@
rehyd;ate, then weighed. Affer weighing the sﬁmples were
ret;fned fo the ovén;tor turfher heatinge. Thie p;ocess
continged until a constant weight ias.achieVed, which in
éo-e cases ;as.45 d;ye. Thg dry 7eight.and 5.moisture.of the
sanpleb was calculated.

4. 0il anlgnx Allquots of soil from oil spill und
control sunples were weighed (approxl.ately S €) into 63 ml
serum bottles. Each bottle‘?ecelved 30 ml of chloroform, was
stoppered, thoroughly shaken tﬂen alpoved to stand at room
.te-perature for 48 hrs. The sample was thenvemptied on to
 'hutnaq f2 filter in a Buchnet funnel (9 cm) and the liguid.
phuse drawn off by vacuum. THe boftle was washed with'af
‘least two waghes of chlorof;r- which were poured through the_»

!

’funﬁiiy and addf%lonal chloroform was used to’ vnah the

‘sa-ple_unflt the filtrate ran,clear, The tiltrate was then

-transterred quantltativ" to a 500 ml separntory funnel. The

'vacuu- flask was rinsed tvlce with chtororor- then once with
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water. The washings were added to the separatory funnel

which was then ahaken thorop;hly and allowed to stand until
BepnrntlSnvhad occurred. The cﬁlorbtor- layer was drawn off
into ; pre-weighed 250 ml beaker and tﬁe agqueous layer was
washed at least tvlce wlth 25 ml aliquots of chloroform. or

antil the lnfertace was clear of visable oil. Thqse‘vashlngs

were added to the beaker which was then covered loosely with

. ’
! =

aluminum foil and set’ in a fume hood where the chloroform

was allowed to evaporate to dryﬁesa. The beakers were

reweighed in 14 days and again in 16 days to ensure constant g

wveight. The percent oil in the samples was calculatede.

Se ﬁgll xuigignjg Two au-ploa.‘ one control and one

trom the 0oil spill, were aubnltted to the Soil and Feed

. Testing Laboratory of the Albertu Depart-ent of Adriculture

for routine soil analysise. fheae ga-ples were ahalyse& for
coytenf of nlitrogen (as NOg‘_&ﬁd_aa NH.*), phosphorus,i
potassium, sutphur, afuilﬁu- and manganese, as well as for
salinity, organic matter content and\te;;p}e.
| | VIH-!umunwnAu,' |
The N, Fixing capacity of thé various sanple; Qus

eéti-ated by deaéurlnz the nitrogenase activity, using

-odltlcatlons of the C2H; reduction assay technlque of

Stevart and Hardy 8 105 ... quantitating the amount’ot CoHe

produced by gas liquid phase chro-atography (GC).,

l-aunlgtxun:um .

i« In the Laboratory: Aliquots yor§ asoptlcally.taken

from within the bulk of the stored samples and placed in

)
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'either 1;qge (1500 ml) polyethyleneicontalners
(Frig-0-Seal), (150 g msample) or in 63 ml smerum bottles, (S
& sample). ¥Yhen liquid cultur;s of C. gggigggigngn w5 vére
uged, S ml allquotg were csaayediln Hungate tubes (18 ml) or
serﬁm bottlés. The serum bottles vere‘sealed with rubber
eerunlstoppe}s and the large'contniners with lids thted.
with serum stoppers., Snnples»whléh h;d b;eh stofed at 4°C
yére routinely pre;ncubate& with an atmosphere of O, free N
for two hours to allow for temperhtur? equilibration. The
head gas 'aé then removed and replaced v;th a mixture
containing 90:10 air:C,Ha, 90: 10 Nz:C2Hz, or 90:10
-aréon:Czﬁz. Removal of he@ngas was either by Qvacuatlon
with a vacuum puap to a.éreaaure of 30 mm H? followed by
iﬂJectlon of the required amounts of fhe othervgnses, or by
constant fluéhlng wi th the'-aJpr-gas for five minutes then
replacement of the requlfed amoun t ylth.Czﬂz py syringe- fhe
contnlnerﬁ_vere then incubated at elther 23°C or 309C for
‘trén;one f; 24 nours.

11. In Sity In the Field: Aliquots of either 700 g or
150 g were placédvln large polypfhylene containers and
qqaled as deécrlbed previously. The containers were then
placed into the hole from which the sample had been removed
.and.tﬁe head gas was removed uslhg a hand operafed Natgene
vacuum pump and repl ed with é;ther a 90:10 air:Czﬂz
lixture.or a 90:10 nrgon202H2 mixture. The samples were.
incubated in gitu for perlo&e ranging from 24 houfgdto two

weeks.
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Handling of Gag Somples: At various times during and

at the end of the incuba tion periods, nquuots of the head
gaBses were removed for analysis. These €88 phase samples
were\haﬁdlod in one of threeo ways;

i. Immadiate Analysia: When practicaly, a 0.5 cc aliquot
of the head gas wasg renovod from the assay with a 1 cc
plastgc disposable syflnge and Iinjec ted directly into the

gas chro-atograph-

11.‘Dlsélacenent and Capture: When GC analysis lagged
behind sample assays, an aligquot of the head gas was
captured by injecting 20 ml of distilled water lhv'to the
serum bottle and forcing the g8as into a‘second syringe., The
gas was then 1nJected into a Hungate tube which had been
previously fllled with distilled water, and allowing the‘
water to be forced out through a‘22 gauge needle. When
samples were to be taken before the end of the assay, Scc
head gasg sa;pfaé were removed by sy;lnge and placed in
Hungate tubes ov;r wvater. Head gas samples (S50 cc) from
large containers, both in the field and the lab, were
removed by syringe and injected into pre-evacuated serum
bottles. In" all casgeg whére gaoo; later to be assayed were
held in serum bottles or Hungate tubes- Needle pﬁnéturea in

the septa were sealed with silicone high vacuum drease.

iii. Delayed Sampling: End time samples of assays of _,

)

pasteuriapum ¥YS were held in the reaction vessely after the

reﬁctlon had been stopped by injecting t -1 of S0% (w/v)

tr.chlorcacetic acid (TCA).

-~



3. Gas Liguid Phage Chromatogra.uy: Gas chromatographic

analysis was carried out on 0.5 cc samples on a
Hewiett—Pn;kurd S700A Gas Chronntogr@ph with a H, flame
ionization detector, combined with a 3370B Integrator and a
7127A’§tr1p Cha Recorder. A 6' by 1/8" glass column packed
with Phenyl Isocyanate on Porasil C (80-100 mesh) was used
».th N> carrier gas at a fiow raté of 10 cc/min. The
injector, oven and detector tgmperntures were 1509¢, 270c
and GOQOC respectively. Retention times were 50, 80 and 145
seconds for methane, ethylene and acétylene résﬁecti?ely.

4. Aspay lpn the Pregence of Qil: Nipisi crude dil was
dissolved in benzene to yiel& a 10% (v/v) solution, and
dlspenseﬁ into serh; bottles; 30 as to dellver'rroy>0.001 to
1 ml of oil per.bottleo The benzene was then asoved by
continual flushing wité alr until no visual or olfactory
traces remalned. Culturesg to be assayed were injected into
‘the serum bottles aﬁd prelncubaﬁad for twé hours with the
oil to allq' dispersion of the oil in the culture mediqm and
uptﬁke by the cells of any soluble oil co-ponents-'

flasks (200 ml) were

/ :
16;/:;;e then poured

in until the water rose to the top of the neck, allowing for

. S« Stapndard Qun!g{AQOIHI tric

filled to the mark with water, glass b

the volume occupléd by”thz internal part of a serum stoppere.
The~wafer was~then poured oﬁt and a gerumlstopper was
fitted, resulting in a flask with a gas volume of exactly
200 ml. A volume of ethylene, calculated to contain 4x10“

moles of ethylehe allowing for variations in barometric
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pressure and the purity of the cylinder gas ‘9R%) (JeLeNeal,
Agriculture Canada, Research Station, Lethbridge: personal
communlcafion), was injected into the first of a series of

flaskse ¢ ‘larly, 4x10~%5 moles was injected into a second

flask. From these two flasks 100 fold serial dilutlions were
made s6 that a étandnrd series was achleved from 10! pico

mole/0.5 cc to 1x10% pico mole/0.5 cce From thesevflasks 0.5
écvaliqubté were re-ovgd and analysed by gas chro-atography

and fram the integrator output a standard curve was drawn

'retntlng log mV to log p moles C2H4s Each experiment was

converted using the standard curve which had been run at the

same time in order to eliminate any variation in the

v : r
detector response with time. :

6. Calculations: The millivolt integrator output from
acetylene reduction assay samples was converted to p.moles
of CoHy by a computer program using the slope and intercept
ot‘the standard curve in the formula y=ai+$ where a=sl§pe,
S:lntercept, x=log p moles CZH.,.and'y=Lpg mV. The program

also allowed for subtracting blank valués from experimental

‘values to compensate for the C,H, contaminant in the CaHz

supp[y, n6d for calculating the amount of C,H4 produced per
4 b} ml of sample b} ua;ng the ratio between the voluﬁe,
injected and the head space volume of the container, which
it also calculated,”b@sed upon.;xperimentally determined
veight.to‘volu-e ratios fo: the samples and the measured

volume of the assay container. When also given the percent

moisture and incubatlon time,.the resul ts were expressed as
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p mwoles/h/g dry weight, as veli as p moles/h/g wet welght.
IX. Acetvlene Reduction hy Activated Steel ¥ool
‘Samples of commerclal grade 00 stqel wool were
activated a8 previously described then placed into 1.5 litre
assay vessels which contained no.other sample. They were

then assayed for acefylene\reductlon for a perjiod of two

hours.



. RESULTS AND DISCUSSION
I. Evaluation of Microflora and the Enxlr_nnnmnl Parameters
of the Muskeg

1. Sample Sites: A sketch of the main features af the
Nipisi No.1 oil spill 1svgiven in Figure 2 which also shows
the location of the various sample sites within the-sptll
and -ost‘ot the control si tes. Sambtes were taken téom
several of the sites at mor; tﬁun one time. Detai{s of each
sample, including si te, &ate, depth and a descrlption.ot the
'mutefial ;aken can be found in Appendix IXI. The Niplsl No.?2
splll.ls located approxlmutely two kllo;eters west of the.
Nlplsl No-l!splll along a feeder blpe}ine that runs pgarallel
to the road past the ;vovspllls. The Rainbov apill is
appromeatgly one kilometer nprth of the two Nipisi séills
on anofheb boa&.'The Norman Wells spill 1is locate& &t\g:rman
vells in the No;(hvest.Terrltories, along the MacKenzie N
River valley. ’ )

2. mu'mmwummmm

i« Temperature: Te-ﬁeratube was nogifoféd at site B
with a recording thermémeter, at a depth of 10 - 20 cm, over
a seven day period in June and again f£ér one day in
Septembef. Figure 3 gives the results of the warmest and
coldestidays Irom‘June'and the da& in September.

ii. pHﬁ The pH was determined for many of the samples
obtained from spill and control sites. These values appear
in Appén@lx 1V alohg'vith a classification of the sa-pies ag

to thelir physlcal na ture, lé; organic, inorganic, or

32



FIGURE 2
OUTLINE, MAIN PHYSICAL CHARICTBRISTICS, AND SAMPLE SITES DF

NIPISI NO. 1 SPILL ‘

'S = source of the spill.
A - W = gample sites.
T
———— POTimeter of spill and retaining
ditche
— . road.
ie— e cutlinee.
Approximate scale is 1:5000.
Distances outgide the spill are not to scale:
a. from site A to the road is about 100 m.
b. from the road to site d/ls about 100 m.’
The perimeter of the‘spilt is approxlmatelyv240 m and
. , A
it has an area of about 14 ha. It is located at Pt.LSD
6—-24-79-8-¥W5.

Adapted from Westlake and Cook, 1975.

\
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FIGURE 3
DIURNAL TEMPERATURE FLUCTUATIONS IN

THE NIPISI NO. -1 OIL SPILL

The probe. of a recording’ thermometer was placed 10 cm
below the surface at s8ite B Iin the spill and the temperatureé
was rec&rded for seven days .ln June and one day in September.

i
of 1975,

—;t—«--n— June, cool day
~-----e--o June, warm day

O——oO0———o0—September.
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aqueous, and are summarized in Table 2. Mugkeg and the soill
and water assoclated with fhem are acidic. The océurencg of
an oil spill has caused the average pH of each annp‘e type
tg lqcrense tévnr&‘neutrallty, Al though tﬁe pﬂvalone is |
prébably not the only cause, 1t could well. be one of the
-ore'inportanfit;étore 1nvolvédAL9 the "Clostridial Bloom'",
since most bacterla, lncludiﬁg thé~clostr1d1n, prefer_n pH
near neutrality 2. : o

{iji. Water Qonfenf: Dry wglght déter-ldatlons on.a
g:bup of samples re?eﬁled tﬁat thé moisture contqnt ranged
from 10% for a éduraé é;nd through 95% for moss samples.
Most sdﬁples contained more than 50% vafet (Appendlx IV).
The control sampies Qere.etgnlticantli wefter thaf ée
from the‘sylll, with an averaée of-82% moisture A ared
‘to SG%.VThls reflects the dlstqrbed Ahture of ihelsplll,
where the'vegetntlon;has_all been knock;d,down into the
‘nuékég and the bottom detrltls and clay have been brought to
' the sprtace. The control qites on the other hand tended to
be open with lots of moss hummocks and standinﬁ watere. In
some ca;es thc -eﬁaufe& -olsture_content ﬁay be higher than

the true value for the spill samples, since the method of

determining dry weight (809C) tends to drive off not-only

O

water but also some of the volatile components of the oil.

This is exemplified by the values for sample S/58b which are
70% moisture and 38% oil, which is already over 100% and
does not include the solid matter.

>

ive 01l Content: The amount of oll, as chloroform

.

[PPSR SICE TN



TABLE 2

SUMMARY OF PHYSICAL PARAMETERS OF SANMPLES

38

So'il

Iypex* 1

H \

A+ Control Samples

o

I/0
A

ALL

4.51 + 0.46
(13 )%

5.70
(1)

5.28 + 0.04
2y

5.62

(1)
4.73 + 0.59
(17)

Be Qi1 Spill Samples

)
I/0

ALL

4.89 + 0.62
. (23)
7.32 + 0.63
(15)
5.87 t 0.29
(6)

6.35 t 0.27

(6)
5.91 + 1.19
(50)

Percent

Moinmture%?

89.00 + 14.09
(11)

22.38
(1)

77.10 + 24.10
(3) :
(0)

82.18 + 22.85
(15)

72.05 ¢+ 23.55.

(17)
18.12 .+ 8.74
- (11)
65.01 + 18:63
(5)

. 0
$3.00 + 31.28
(33)

p

Percent

0} 1*2*3

0.240
(1)
(0)

0.475
(1)

-

(0)
0.358

y €2)

v 14.012

-(6)
4.576
(5)
8.323
(1)
(0)
9.606

t 0.166
t 15.620

+ 6.872 (?‘j
)

/

+ 12,260

(12)-

*1 A=Aqueous, I=Inorganic, O

ALL=a mathematical avera
*2 Each value us'ed fo
" the. mean of duplicatesn,

=0Organic.

The soil types
are more fully described in the footnote to
Appendix IV,

g&e of all of the sampleg.,.

% moisture or oil is iteselr

each is shbvn‘in/Appondlx IV.
*3 Percent 0il is the amount of chloroform

extractable material in th

total weight of the sample, -

welight of soil + oil + water,
** Numbers in Parenthesis are the

lhcluded'ln each average.

AN

e sample divided by the
which includes the

times 100,
number of wvalues

>

the astandard deviation of

extractable material,
4 -

in selec ted

Appendix IV, Since chloroform was & -

‘wmples 1s shown in

to extract some
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material from.the organic frncfion of the control samples,
.1t can be assumed that similar quantities were extracted
fromuthé organlc/gatter 1n'the spill qnmples- Those spill
samples which contained ;e;y low amounts of :
CHClz-extractable material con;;lned, in all ngelihood, no
oil-

ve Soil Nutrients: Aﬁalysls for plant nutrients of one

sample from a control site and one from the spill was

conducted by the provinclal soil testing lnbdratory- The

7
results appear in Table 3. There is considerably more

TABLE 3

SOIL TEST REPORT - /
. ¢ ﬁ
. . .. “Control . ASplll
- ' ‘ Sample ) Sample
S/27 S/726
Nitrogen
NHe*-N (ppm) - , 59.5 15.6
"O03” =N (ppm) ' 0 1
Phosphorous (ppm) - 1 2
Potassium (ppm) T . TeS 20
Aluminum ( ppm) 3.8 1.8
Manganege (ppm) 4.0 - 10.8
Sulphur ' . ’ Low Low .
Sodium Very low Very low
Organic matter - Very high “"Very high
Conducdtivity (mmhos) 0.1 h 0.1
PH , _ , 4.5 : 5.0

/

ammonia-ni trogen 1in tpe.confrol éa-ple'than in the spill
i ’ X

sample. The control values of 59.5 ppm for an air dried -
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qnnplé cbnverts into 22 k#/ha.-vhlch would be considered a
‘hlgh ;evél in a -inernl soil ( Bulk density of about 1). The
bulk dedalty of the muskeg sd-ples.however is only aboﬁt 0.1
(90% moisture) which would mean an actual conéqntfntlon of
about 2;2 kg/hay, or 6 ppm in the muskeg. In peat soils, only
gbout 10% of fhe ammonia presenf is in solufloh, wlfh the
gest being held oé the exchange complex of the soil
('.B.icGlll, University of Albertd, Depaftuent of Soil
" Science: éersonal co-municntlon)- This would .mean that there
would be approxlnately 0.6 ppm nm-onla-nltrogen in solution
in the control areas and ;nly 0.16 ppm in the sbifl areas of
_the muskege Both of these valueé.are low when compared to
nlheral aoilé, but are estimated to be gt or above the
-1n1-u-vlevels”requ1red for bacterlal.ﬁ;take (i.B.lccill,
personal communication) | |

The level of nlfrate-nitrogen ls'negllglble in both
samples. The other mineral nutrients (P KyS) are a{l 1low by
'agrlcultural standards. Aluminum and Mn are presgnt in
amounts that would be toxic to cereal érbpé according to the
information received with thé soil test report.

ummn'mmmmmnmm

i+ Clostridia: In order to confira the exléteqce'qtva
"Clostridial Blooﬁ",.béuntg vgré carried out on a series of
spill and control sgnplego Pivg tube MPN counté, the results
of which appear in T;ble 4, were done using B10 +'Sbg
.mediums Growth with blackenlng was lnterpreéed as the

ablllty to reduce sultlte and the ability to withstand

et
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Pasteurization at 809C for 20 minutes was taken asfevldence

that spores were present. Anaerobic, sulfite reducing, spore

formers were assumed to be members of the genug Qlﬁgi:lﬁln!.

A8 can be seen from Table 4, there is an increase of

approximately twenty fold in the number of'clostrldia in
samples taken from the spill over those tﬁkeﬁ from contfol
s8ites. This is not,henrly as'pronoﬁnced as ?he'"Bloon"'
reported by 'ég;lage and Cook !'29 which showed increases of

as much as three thousand fold. The increase is not as great

for aqueous samples as for soil samples. The_fotal

population of gsulfite reducers is the same inside the spill

as 6utslde.
As pointed out by Westlake and Cook 129, this technIdue

givqs a count of spores present rather ‘than a nuaber of

‘'spore formlng‘organisna preeent- There does not appear to be

any cc :stent relntlonshlp between the total populatlon of’
sulfite recicers in a sample and the number of mspores.

To confirm the pregenqe.ot clostridia, isolates (46 -
72) were obta;ned by enriching for éulflte rédUQtion.

Standard taxonomic tests, listed in Appendix V, were used to

.
-

characterize the isolates.

.

411. Nitfogen-Fixing Anaerobeé: It was hybotheslzed that
since several specles of Clogtridiym are able to tix
némospheric N2y and since large nu-bers of clostridla have
been found in ;ssociatlon with oil spills, that clostridia
of the Np-fixing varileties might also be enriéhed, and that

they might make significant c>ntributions to Np-fixation in
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TABLE 4

A

NUMBERS OF SULFITE REDUCING ANAFROBES IN SAMPLES

42

*x2

%3

Most Probable Number Counts expressed as counts
per gram dry weighAt of soil (0 and YT samples),

ag counts per ml/ (A samples).
20 minutes oc.

Counte*?/Gram dry weight or /al

Sample Sample Before Aftter
Number  Ixpe*} Pasteurization Banteurization®?
A. Coptrol Sampleg.
S/16 A 3.3 x 102 1.7 x 10?
s/19 I <1 <1
S/727 o 1.8 x 10 6.6 x 103
S/28 o) 2.1 x 103 1.1 x 102
S/30 o) 4.0 x 10* 2.8 x 10%
B. Spilll Samples.
s/10 A 7.9 x 10t <1
s/13 A 7.0 x 10? 2
sS/14 A 2.2 x 101! ]
S/ 15 A 4.0 x 101 <1
sS/17 A 7.9 x 101 3.3 x 10t
"S/18 A 3.3 x 102 4.6 x 101
s/7 I 2.4 x 106¢ 4.2 x 105 ?
S/8 1/0 2.5 x 10* 1.2 x 10 s
s/11 0 1.4 x 103 1.6 x 10%
s/12 0 1.6 x 10* 1.3 x 10*
S/20 0 1.9 x 10* 3.4 x 10?
S/21 0 1.5 x 10* 4.4 x 103
s/22 1/0 2.4 x 10% 2.4 x 10*
s/23. ¢ 1.3 x 102 4.0 x 10°
S/24 1 ‘4.1 x 103 4.1 x 10%
s/ 25 1 9.0 x 103 2.9 x 10*
S/26 0 1..2 x 109 1.9 x 104

*1 Symbols are explained in Appendix IV.

or

the eplil. Five tube

. . i *
Skinner's medium, as described in Materialms and Methods.

Parallel counts were

detect spores. Table

conducted on pasteurized nanbles,to

S reveals that relatively few of the

-MPN counts wegre thereforae éonducted in
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\

. .
anaerobic diazotrophs were present as spores and that thelr

TABLE S

o,
) "\.\ )
VIABLE COUNTS$ OF NITROGEN—-FI XING ANAEROBES IN SAMPLES OF
' MUSKEG SOIL

Sample = Sample Before After

Number*! Typex2 Pasteurization Pasteurization*3
A. Control Samples.

S/ 31 I 5.4 x 104 2.0 x 102
S/32 r 2.1 x 10% 2.0 x 102
S/33 o 3.5 x 10 <1

B. Spjill Samples.

s/ 34 o 7.9 x 103 <1

S/35 o 1.7 x 105 5.0 x 102 .-
S/26 o 2.4 x 104 <1 v

*1 gee Appendix III for descriptions of samples.
*2 Symbols are explained in Appendix. IV,
*3 20 minutes at 800C.

h -2
numbers_wgre approximately the same in the .spill gsamples ag

in control sqﬁplea;

.

To confirm the presence of clostridial diazotrophs

cultures were pnriched and isolates obtained and

a

characterized as previously described.
-Three Ny-fixing isolates (73,76,77) were obtained ?ron
controllsa-ples which were tentatively identified as

Clostridium sp. on the basis of'thelr Belng obligately

G

anaerobic, Gram-posi tive, spore formers. Another two (74,75)
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were obligately anaerobic No—-fixing bacteria, but were not .
spore formers and were of uncertain Gram reaction. One
isolate (72) was a possible Klebsilella spe., a Gram negative

asporogenous rod whlich fixes N anaerobically but grows as a

facultative anaerobe in complex media.

Isolates fré- the spill samples fall into three
classes. Five isolates (31,33,34,45,54) are el ther
aerotoleqant-clostridia or‘facultative B :1llug species.
They a;e Grnm—positlve, spore forming rods that fix N2 under
anaerobié conditions, but are able to grow Iln the presence

of al on a complex medium. Four others (41,44,48,63) were

i\\

possible Klﬁh&lﬁllé types and the remaining two were

Gram—-positive rods which do not form spores. One (46) 1is
obligately anaeroblc and the other (35) is facultativelv S0
111. Paﬁhogens: Ifnclostridld'are‘present in large
numbers,'it is algo probable that some of them would be
pathogenic, since many species of nggixiﬁinm show v;riing
o degrees of pafﬁogenlcl?y for man 13, Ali 1solates.on hand
'wefe screened for possible pathogenicity by growing them on
/ ' | RBA to test for haemolysis, and on EYA to test for lipase
and lecithinase production 33 °S1, Some'add{tionai isoiates
(25~-29) were obt&lged by enrichment on RBA, and many but not
‘all of the isolates were tested for proteolytléa ' ;vity and
for the ability to grow and reduce sulfite in the presence
e -f neomycin at 469C 72 ghich is lngicatlvéfbffg.
~eprfrin jaQ Appendix V contains the detailed ;esults and a

su: an is resentecd in Table 6. All igolates that were
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positive on TSN agar were alsgo negative for lipase, positive
* for leclthlnase and g haemolytic with the excepflon of

isolate No. 10 which differed only in being a haemolytic.

This pattern also fits C. Derfringens. The total number of

’ TABLE 6

SUIKARY OF ISOLATES F ROM KUSKEG SOIL SHOWING - PATHOGENIC
CHARACTERISTICS

Number ot 1aolates glving ﬁbsitlve fesults

By
i N

Sites Haemolysig#l Inagex? nignﬁg*3£;£§ﬂ*‘

Spill 11 o ) 16 © 3 12

*1 Growth with haemolysis on RBA.

%2 Growth with opaci ty on EYA.

*3 Growth with a Pearly layer on EYA. -

*%* Growth with blackening on TSN agar. Sece Appendix V
for details. ’

lsolafes is too low to allow any stctements to be made about
- | : D
relative nu-bersgof pathogens in the splll as cdmpared‘with

outslde the spill, hcwever, the occurrence of Q. nggzningggﬁ
appears to be qulte consistent- A further study vould be

required to determlne if enrichment of pPathogens in general

or specifically of Ce ererfringens were occurringe.
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IT. NITROGEN FIXATION
A. PURE CULTURE ANALYSIS
l;Exnlnn.thnnir.mms_nza:

1. General Principle: Analysls for Np-fixation was in

’
L
!

all cases done using the CH, reduction assay, which depends
!

upon the non—-specificity of the enzyme nitrogenase. This

allows the subse.itution of C3H; for N, and subsequent

measurement of the CZH. produced. Bécﬁuse it is an indirect
v .

assay and subject to the variations menfioned in fhe

introduction, caution must be exercised in the
interpretation of the results. rhle is especlally true for
fhe choice pf a conversion factor for translating moles C,H,
prdduced 1ntoviotes N> reduced.

ii. Anaeroblosis: Condiilons of anaerobiosis were
obtained as described in Matggials and Methods.

ae Deéree of Anaerobiosis: Since the Eh of methylene

blue at ﬁg 7 is —-49 mV at the point at which all color is

6st 53, at which point 1% or less of the lndiqator is

‘
N

oxidized, #11 cultureg and assays were hsaurea of being
reduced to this point or lower. Jacob 53 has shown that
purging with Oz-frée ﬁa lowers the << ox ~sotential of a
hqtrlenf s61ut1on to -250 mV and trat <ne oxygen

t

concenfr#tion simultaneously drops to 5% or less within

minutese. Althdugh'a low redox potential is rdéutinely used as

an indicator of anaerobic conditions, this is not

"necessarily so 37°t16, Tt jg pdéalble(to experimentally

maintain a low Eh and still have ;jﬁh lévels of Oz present

N

N
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in solution, or to have low O, levels and a hlgh Ehe Und?r,
nbfunl cul ture condi tions hoyever the two ?actoré usdhily
parnllel‘each other, and except tér work vlth fastidious
anaerobes it shou1¢ not be necessary to resort to
potentiometric monltoriné of dissolved oxygen.

Many ;lbstrldla 70 7S are able to tolerate fairly high
levels of oxygen (c%- 3f5% 02) and during §r0w¥h will dpfve
the Eh’downwards to -250 mV or. lower, thus_helﬁing to] ¢
j

maintain their preferred environmente. ]
I

be Stéel Wool: Some e;;ly CoH, feducti%n assays were
attempted using the activated steel wool technique f& obtain
anaerobloéls. It was later shown hov;ver that the activated
steel wool alone resulted in the réduction of Czﬂz.to CéH.
(Table 7) in suttlcient qﬁantltles to Iintroduce ﬁaJor
errors. fron has\ﬁ%gm shown to/form llneaf‘comﬁlexes with N
15 which alter‘tﬁe N-N bond pr?perties.frgese tvo'fechnlques

e

were theré!ore'not used together.

iii. The Effect of Physical Conditione: In order to

ine the optimal conditions for the CgHé reduc tion

,30n whole cell cul tures of Ce pasteurianum ¥S, several

experifients were conductediusingycolls grown on either NFB

or VW medium.

ae Time: Thrqe experiments were carried out to

- determine the relafionshlp between Csz reduction and the

length of the assay. Cells were grown overnight in NFB,
experiment C, or ¥¥ nediun,”experlnent A and B, then

di spensed into sterile pre—evacuated Hungate tubes (5
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, TABLE 7

NON'BIOLOGICAL'ACETYLENE REDUCTION BY ACTIVATED STEEL wOOL

vglhht of : . Acetylene . Ethylene Produced
Sieel Yool Added o molea/h/g
0.0 R 001 Atm. ' O
0.0 0.1 0
21.64" 0.0 : —%
21.86 0.0 - 0
5.53 . 0.1 157
5.23 .k 0.1 68
10.52 0.1 66
10.45 0.1 ] 164
14.56 0.1 )
14.92 0.1 0o -
21.92 0. 13y 51 : -
22.02 1) 93 o

5
.

. Gas phase losts .\ _

S

coe L
ml/tube). Experiment B used cells from the same culture asg

expe¥iment A which were dlluted 1:2 with fresh medium
»

l--ediately prior to commencement of the nssay..gn f

at-osphere of 10% cznz and 90% Ar was lntroduced 5h
o
incubation wasg staftpd at 379c¢ (ASB) or room temperature

(C):-At the designated times, rep[lcate tubes (3 in A And B,
4 in C) wvere removed from lncubation and the reactlon wag
stopped by inJectlon of TCA. Analyais for 02H. revenled
(Figure 4) that there was a linear relatlonshlp between time
and CzH. production between 60 and 90 minutes (experiments
AEB) and that dilution of the cultuée éguse& a decreage in
C2Hy4 production which was proportional to thb.dliution
factor. The slope or'llné Als 4.7 vﬁéroua that for line B

13'2.5; Experiment C however shows that the relatlonehip



FIGURE 4

KINETICS OF ACETYLENE REDUCTION BY.

. CLOSTRIDIUM PASTEUBIANUK WS

Actively growing cul tures of Ce pasteurispum VS were

:lncubqt§d<vlth 0.1 Atm. C,H, as described in the text.

a Experiment A.

X Exporl‘ent B.

® Experiment C..

Error bars represent % one astandard deviation. Lines

were plotted by the least squares lineur’regreaslon method.

N
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between tl;e and reduction &slllnear between 90 and 240
m}nu;es but erratic beloy 90 nlnuteé} It was suspected that
this' irregular beﬁavlor ;n experiment C was possibly due ‘o,
the reaction not being stopped instantaneously, since in
this experiment only 1 ml of 10% (w/v) .TCA was uséd whereas
in the other experiments, 1 .ml of S50% (w/v) TCA was
inJected.'Regardleés of}tﬁe possible explanation, 120
mldates was chosen as the length preferréd for assays, since

™.

all three experiments show a linear relationship in this

/
regione.

¥

be Temperature: Cells were grown in NFB at room

\

température to an ODe¢go of 0.3, then dispensed into Hungate
tubes as before. Acetylene and Ar were added and replicate

tubes were incubated in water baths at; various tempera tures.

‘

After one hour, reactions were stopped é}th TCA and analysis

for C,H, was c@rrled out. C. pamsteurianum ¥5 shows (Pigure

J

S) a distinct an& fairly ah@rp temape ra ture bptlmun for.Csz
reduction in the region of 37°C..Th;s is alﬁo its optimunm
tor/grovth 13,

Ce Conéentratlon of'Cellst Cells were grown in ww

medium at 37°C to an 0D66° of 0.6, then dlapensed into °
Hungate tubes in allquotq ranging from 0.5 ml to:S.O ;T;¢E:;“\\\\\jj
brought to 5 ml by addition of fresh éedia. The actu;l
relative concentratlon was deternlned tor each tube by
measuring its ODggqge Incubatlon was for one ho&r at 370C
i

under 10% C,H,, 90% Ar, after which the reaction was stopped

with TCA. Figure 6 shows a linear rélatloﬂzhip between cell
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FIGURE 5§

THE EFFECT OF TEMPERATURE ON THE REDUCTION OF Kﬁg}YLENE BY

CLOSTRIDIUM PASTEURIANUM W5

Kbtlvely &rowing cultures ova. ragteurianum VS were

lnc%pd¥;d with 0.1 Atnm. Czﬂf\as described in the text.
\

Each point represents the mean of five replicate

samples and the error bars are t+ one standard deviationa
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FIGURE 6
THE FFECT OF CELt NUIBER ON REDUCTION OF ACETYLENE BY
CLOSTRIDIUM PASTEURIANUM VS

Actively growing cultures of C. pagteurianum ¥S were

incubated with 0.1 Atm. CzH» as described in the text.

2

Each point represents the mean of four reﬁlicates and

‘the error bars are + one standard deviation. The liné was

plotted by the least squares linear regression me thod.

)
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number (ODg¢p) and CoH, reduction.
d. Age of Cells: C. pasteuriapnpum ¥5 was grown for one
growth cycle in NFC -e&lun (250 ml) in a1 1 flagk in which

1 @ of CaCO3 had been placed before autoclaving. The CaCO3

acted as a buffer nnd'é& a source of COz. Inoculum {10% v/v)

-

was from a stationary phage culture in thi same medium.

Incubation was at room tempera ture. Growth and nitrogenase
\ (O
activity were monitored for i33 hours by perlodic removal by

syringe of 5§ ml aIIQUots which were placed in Hungate tubes
and amsayed for CpH; reduction over a 1 hour incubation. The

tubqé‘vere shaken at fﬁe ocltart and nkaln S minutes before

the end of the assay. At onb hour, growth was estimated by -

e

measuring ODgoo? blanked against uniroculated media vhldg

§ e

hkdlréceivea exﬁctly the same ‘treatment. Acetylene reductloq
wag then measured by removal of an aliquot of head gas

T

fﬁilb'ed by immediate analysis. The results are shown in
Fl&urb Te

'Thq.rather lengthy lag}perlod was probably caused by
th7/sub-$pt1-al-to-peratu;e anﬁzby f@g use of an o}d
Idoéulum which likely.conql;te¢ 1;?301# @f spores. Heat
shocking was n#f employed. The slgnltlcané obaerQntion from
th}s eipgr;-ené-vas that nltrbgena;e Actlvlty occurred -ily

. Iy , :
during active growth. When the rate of increase in ODggo

N,
- . ~ ; ,
. )
dropped between 30 and 40 hours, the C2H,; reducing activity

also dropped to just de tec table love}a- éitﬁough active

-

grov;h and C2Hz reduction were both fln)éhod by 40 hours,

‘the Oﬁ‘oo contlnuod'to,ria. in a more ¢rahual manner until
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FIGURE 7
THE EFFECTuOF THE AGE OF CELLS ON THE‘REDUCTION OF ACETYLENE
 BY CLOSTRIDIUM PASTEURIANUM V5

Ce pagteurianum ¥5 was grown ar< assayed as described

in the text.

Cell growth as "T- -5, . j_

Ni trogenase activity.
T,

—
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it had reached a value of 1.5 by 133 hours. It is, difficult

-

to explain this increase in ODgago since growth without
additional input of combined nitrogen seems unlikely. Some
additional growth may occur on the products of autolysis.

however thle/ls probab v Insignificant slnce it reflecte

. Y 7‘9."‘
only a turn over igse It i8 more likely due to
reabsorption of NH.* excreted during the perlod of "¢

No-fixation. Alternately, the increase ln ODgoo may simply

D
reflect a change in the llght scntterlng propertles of the ST
. Q}" (ﬂ
|cells a8 they mature and begin to form Spores. i’ o
. . ,,&n

Qe Acetylene Concent-~ation: Five ml aliquots of an

actively growing culture in WW medium at 37%C were placed in
pre—-evacuated Hungate tubes and an atmosphere consisting of

1

from zeroxto 96% (v/v) C2H, with the balance,being Ar was

- i)
/
introducede. Incubatlon was for onJ hour at 379C and a¢tlv1ty

was stopped with TCA. In addition to the standard analysls»
for C2H4 produced,; the quantity of C,H, in the herd gas was
determined by gas chronatography\fplgure 8 shows that an

optimum concentration of C2H, exists in the region of 10%
N 3

with a very rapid rise in activity ag Czﬂz concentratlon’

creases further. It is obvious that in Order~to minlmlze’

’

2H2 into the agsay vessels, concentrations-of CzH must
8) 2 )

/s

be kept above SS- Sl-ilarlyy in order to avoid ‘inhibitory

effects, cdncentratlons above 20% zshould be aioldeq;vrhe

second line on Figure 8 ghows how mich C2H; was actually



FIGURE 8

NS

THE EFFECT OF THE CONCENTRATION OF ACETYLENE ON THE o

REDUCTION OF ACETYLENE BY CLOSTRIDIUM PASTEURIANUYM W5

~_" Actively growing cul tures of €. pasteuriapum wsivere

§

incubated as described in the text. : . S v \\\

- ~o----o----- Ni trogenase activity.

-——t————eo— The amount of Csz.aptuailyffound in

the assay vesselfifpfter

ey

. the dssay;

Each point represents the mean of triplicates and the

error bars are + one standard deviation. ’ S - A

R34
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PERGENT C, Hy IN HEAD GAsS.
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dellivered into each tube and i1llustrates, especially at the

h\é&er concentrations, how the variations in concentration

“

of CpHy between replicates influences théi?ggroe of
. v J‘
variation in the replicates when C;H4 is measured.

f. pH: Aliquots (15 ml) of culture actively growing in
0 ’ :

YY medium af¢57°C4vere dispensed into Ar filled Hungate
‘tubes. This and all following manipulations were currlgd oﬁt
at 49C mo as to minimize growth dﬁrlng handlinge The tubes
were then centrifuged 1of 15 mlqutes at top speed in a
"clinical centrifuge. The supernatant was drawn off by

syringe and replaced by 10 ml of WW medium in which the

-

phosphate buffer had been replaced by a 8yf8'dimethylglutamic

acid:NaOH buffer at various pH values between 3.2 and T.6.

4

The pellet was resuspended and a S ml aliquot from each tube

wasg tr;neferred to an Ar filled 63 ml serum bottle. The head
: . <
gas was adjusted to 10% CoHZ*3 90% Ar and the cultures
‘I“‘. ’ - .
asgayed for two hours at 379¢c, then stopped with TCA and

’

analysede.

.
o

A falrly.broﬁd‘pﬂ optimum occurs near pH 7 (Figure 9)
and no nitrogenase activity was detectable below pH S,

g+ GasiLiquid Ratio: Later assays were done in serum

bottles rather than Hungate tubes to allow a greater volume,

'

W

of Cz;H, to be used and thus reduce the effect of measuring
error. Flett ot al 37 have shown that the ratio of head gas
to agquéous phase affects the proportion of Czﬂ‘ in the ﬁas.

phase, and indicate that when thé‘kas phase is small, very
. P . .

little of the CzHy is in the gas phase and that &t this

.



FIGURE 9

' THE EFFECT OF pH ON THE REDUCTION OF ACETYLENE BY

CLOSTRIDIUM PASTEURIANUM WS

Actively growing Eultures of C.. pagteurjianum VS were

incubated” in the presence of 031 Atm., CH,; as described in

the text.
7 | ’

Fach point representé the mean of tflpllcates and the

error bars are % one standard deviation.
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strongly affect the balance. However when the liquid phase

estimates of the active population can be made from C,H,
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point swall variations in the ratio oflgasito liquid can

is keptvhelov 20% of the total volume, almost all of the

CzHqe 18 in the gas phase and minor variations of the
gas:liquid ratio will have little effect.

he Summary: The condi tions chosen for ﬁhe assay of

nitrogenaséaactlvity in C. pasteurianum W5 by C2H; reduction
. .

include; 1. a two hour agsay period, 2. growth and as~ay

both at 379C gince this is the optimum tempefaturé for Woth,

3. an atmoaphere‘contginlng 10% C,H, and 90% Ar, 4. a pH of -

72 and S. actively growing cells. \

s
Under these conditions, the amount o?fczﬁ reduced 1s

-

proportional to the population of No~fixing bacteria and

production measurements.
‘iv. Interfering Reactions: To investigate the

posaibllity ot7thé production or consumption or either CoH) $'
il "J{%:,»‘ ) B -

6r CzB‘ by sdzg co-petlng‘non4blologlca1 reactlon(s); Se

various combinations of the assay reagents as specified in

Table 8 wore tested for the ablllty'to change CzH.'T

concengratlons in the headspace gag. The support gas was Are.

Reaction was for ﬁio hours at 37°C and was stopped with TCA.

AN Y]

Neither ézﬂz nor CH, are evolved by any co-blhatlon of

non-b{ologicai components of the assay system (Teble 8). It

is possible that a very small amount of CpHe was absorbed by

P

/ ) : ,
the o0il or by the cells, but if so, the amount was within

experl.enfﬁl'error and therefore is not of significance. The

< - A
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*2

*3

INTERFERENCE WITH THE ACETYLENE REDUCTION ASSAY
415
. ' ‘ . , Ethylene Produced
tiopn*! D molea/ml/p*2

oil " 0. t ' 9
Nedium 0o + 0
Medium € 0il 0 + 0

. Culture 0 % 0% 3

" Culture § 0Oil 0 + 0%3
Ethylene 17,307 t 1,346%3
Ethylene & 0il . 16,471 t © 946
Ethylene & Medium 18,779 + 322
Ethylene & Nedium § Oll 18,323 + 952
Ethylene & Cul ture 14,238 + 2,039%3
Ethylene & Culture § 0Oil 13,215 + 719%3

P
Acetylene 1 + : *.\1*3
. Acetylene € 0Oil 0.8 «4
Acetylene & Medium 5 1e1 %
Acetylene & Medium § 011 1.1 ¢ 0.5
Acetylene € Culture 967.1 ¢ 117.8x3
Acetylene & Culture € 0Oil 808.1 ¢ 13-9*3‘
*1 0il = 1 ml of Nlplsi crude oil, untopped.

Medium = ww medium, § ml aliquots.

Culture = ‘Actively growing Q. nggiguxlgnnn WS 1in
¥ medium, R«nl aliquots.

Ethylene = $§ cc of 98% pure C,H,.

Acetylen = 5 cc of C2Hz. v

Ethylene was m -sured and calculated as if all
assays were o1 biological nature and producing

"C2H4 by reduction of CpHs,.

Mean of dupllcates, Plus or minus one standard
deviationy, and corrected to an assumed S ml sample
volume. Assays not -arked by *3 were
quadruplicates. : i

véupply of C2H, contained a measurable amount of CoHe,y

'y
d

-

which @ovunce must be made.

Culture: In order to test the. hypothepls that oll inhibits
) S

2« mmumm».nua_mmmm

for
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nitrogenase activity, various amounts of Nipisi crude oil
were dlspensid as a 10% (v/v) solution in benzene into seru
bottles. The bottles vero,tlﬁshed vltﬁ air unt}l all of the
benzene had been re-;ved, then flushed with Are Aligquots (5
ml) of an actively growing cul ture ;f C+ panteurianum ¥S in
W medium were injec ted and allowed to e&uillhrate for two
hours at 379C, An aligquot oY head gas wag then'rcplnch wit
C2H; to create an atmoéphere of 10% C,H,, 90% Ar and i
incupation was éoinenced at 37%C. After two hours the assay

was stopped with TCA,

Three controls were Includ-d. one receive

‘and,s.!p of sterile medium butino bactorig- This ensured

that no C,H, was present in the o0il or produced during
incubatione. The second contalned no 011,‘but received ‘10 ml

of benzene which was then evapora ted off. This served as a

'check that no inhlbitory or stiqulatory trace substances

were provlded by the solvent. The 1inal control recelved no
oil or solvent and waa assayed tor nltrogenaae activity

lmmedlately, vithout the ‘equilibration period. This sBowed,
: ‘ A

L2

that no serious loas-pt activity was caused by

pre-iﬁcubatlon under Ar for two houte-'

-

The results in Table 9 indlcate that there may be a
slight 1nh1bltory effect at hlgher concentrations ot oil.
This effect -ay however simply reflect the tact that both

’

C,H, andezH._are soluble in petroleum.

7

N

h
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THE EFFECT OF CRUDE OIL ON ACETYLENE REDUCTION BY PURE
CULTURES OF CLOSTRIDIUM PASTEURIANUM W5

Amount of Qi1 (%)*1!

0.00
0.02
0.05
0. 10
0.50
0.99
2.91
3.85
4.76
9.09
16.67

Solv -1t Control*3
Preincubation Control
No Culture Control

Ethylene Produced
n melea/ml/n*2

149
165

180

181
149
190
16
)
15
167
141
9L

164
199
0

sk W HH R

Lo 2

+
+
+

13
22
18
15
at
11
13
12
10
4
14
217

12
11
0

.*1 Amount of oil as %X of total Liquid

plus oi'l.

volume, cul ture’

*2 Mean of tripllcates, plus or minus one standard .

devlatlon-

*3 See text for explanation of cqntrols.

B. MIKED FLORA ANALYSIS

1. Evaluation of

i« General Principle: In working il%h natural samples

Buch a8 muskeg it is not possible to eatabllah optlnum

conditions as was done for the pure culture experiments. The

best that can be done is to measure these parameters in the

field or in the aaiplea-takon andvvhere possible to

reproduce them in the

laborafory.

'11. Time: Slnﬁe the population of No—-fixing anaerobes

Q
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$
is considerably less in the muskeg than in pure culture, the

two hour assay time eatablished in mec+! II,A,i11,a is
insufticient, Twenty four hour a5 3AYE ™ - onvenient and
have been shown to be successtul wWwekeg systems 10,

i1i. Temperature: Although the optl-u- tenperature for

Qggjgunlgnn. WS 18 37%C, the temperature of the muskeyg

goes thfough a diurnal cycle and also varies’ from day to day

-~
as ghown in Figure 3. The summe tenpernture~runzes from
~

about Beven to sixteen degrees with a normal day tlme_
fe-p;raturé of 12 to 13 degrees. The Iabérntory aas#ys of
muskeg s§mples.vere'therefprevconduqted At 1350.

lv-_Age ot Celle:'S!nce the muskeg ecosy;fem is
Approxlmafely a steady ;f&te ayatem, there will be cells
present at all stqgeé of growth., As shown iq/FT/urQ 7y only
cells that are actlvaly groving wlll have ltrogbnnse
present, Spores or reating cells will. notirontribute to the
va lue ot CzH,; reductiocn obtalned. |

. \
. \,
* Ve dbncentrhtioq of Acetylene: Sinc¥€ the atmoapheric

—

concentration of 10% CzH,; (Section I¥,Ay1,1i1,e) was optimal

for cells in pure culture, it wasg used as a first

epproximation for the same cella in mixed cultures in

-

natural naterlals.

vi.lpH:‘In pure éuitufo, Q- nggigﬁgighn. WS has a pH

optimum of 7.2 and tixatlon is totally lnhiblted below pH

S~2 (Figure 9). Since the -uakeg and oil splll samples have

"

PH values for the -oqg part below 7 (Append{f IV) and many

sanples are below 5.2, lt la obvious that either other

\ . ~

"
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organisms are contrlbutlng‘to No=-fixation Iin th. eg or
that other unknown taclora are involved which allos the
clostridiatl nitrogenase to function at lower PH levels than
nornal-v |

‘yli. Sanples Removed ;o the Laboratooyt In theory,
samples-;hlch are assayed 1h altu in oots‘placed in the hole
from which the sample was }akon have the advantage of
-aIJtalnlng environmental conditions. In practice however,
samples removed. to the laboratory foa assay are equally as
good, slnce it is relatively easy to maintain a tenperature
in the range shown (Figure 3) to be -aintained in sity. In

.

fact there is an advantage to laboratory tenpcrature control

in that pots Placed in the tleld are subject to a greenhouse
;e ) .o

éffect which iends to raise the te-perature. There are also
"-\"3 , .
the aAdditional advantages of belng able to haqole large

numbers of samples more convenien- in the laboratory than

in the field where such thlngs as accurate balances and

cyllndera of &a8 are dlftlcult to tfansport and opera te.

2-mmmunmgm“numnummnx

Muskeg Samples: - j_ : ‘ ¥

i. In sl;u Experiments: Two oxperlnenta were conduc ted
to measure tPe in aity Nz-flxation Ifn the oll spill as
compared to control areasg. In the firgt, ga les of
approxlmately 700 g (see Appendix VI tor, locatlon and.
descrlption of lndlvidual sanples),Jvere placed in'large

(1500 ml) polyethylene congalners. and the containers Y

Y

replaced in the hole from which the samples weore removed,
\

5.




CzH, :

Ten percent of the head &as8 was replaced by C2Ho. At ze}o

time and again in 13 days, duplicate S0 cc samples of the.

‘head 8as were removed and returned to the laboratory in

pre—evacuated mserum bottles for analysise.

90% Al!‘u

Table 10.’

TABLE 10

IN SITU AEROBIC ACETYLENE RTSDUCTION

the head gas was restored to its former composition of

The results of this experiment appear in

'

After samplin,,

10%

0y

o
N

¢

BY MUSKEG AND OIL SPILL

it was masked by a peak from the volatile portion

of the oil.

SAMPLES
- Sample CoH> : Flapsged Ethylene Produced
Number Recelved Time (h)_' molea/g Wet Wt.x1
R . . 9
Conirol Siteg
F4 0+l Atmd -0 J
; ) 312 -48.¢ 81 ¢
F6 ' 0.1 Atm. . 0 0
312 . 118 0
- a7 f"& .
20 . Yy 0 s
312 -%2
A .0 ov - °
TN 312 23+ 5
‘F3 0l Atm., ™ O 0 .
NIRRT , ) T312 - 0% 3 L -
FS 0«1 Atm. 0 0.
312 —%4
" %1 puplicate gas phase samples from. the same assay
vessel, plus or minus one st&ndqrdsdevlation.
*2 Lost ‘ s -
*3° Control Container, received no sample. - 0
*% A small C2Hy peak may have been ‘present, but if so

=
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"The second experiment vus'essentlaily-the same as the

firat excep{ that the samples were approximately 150 g of
sub-surfuce -aterial (Appendii VI)e The containers were
evucuated flve times with a hand operated vacuum pump and

e v ,
reifls ed wlth Ar Irom a beach ball, The final atmosphere was

A

flOﬁi&’tﬁp: 90% Ary and a control vas included at each site '

"} LY "
Lto'chegk for CpH4 being produced by plants or 3011 bacteria.

’
~

L experiment was planned as a 48 hour assay but persistent
j l‘:‘. . . ) .
h

edvy rains made access impossible, The results, shown in

:

Table 11, indicate fﬂaf th°m§;t°-°f C2H£ reduction decreaseé_

. . : \ X
with tlmé and shorter assay per \ds*would be deslrable- Very
4.‘: % ,A‘

{ \Bhort aseuys durlng the heat ‘ot the daynvou d . tend to give
@

!
-

\\hlgh eatimates ot flxati?n" ut a 24.ﬁ6ur period would

ek
resul 8. E

probably give.rensonable e
Three of the four pots“'bich’had not. received CpH,
\;\' s B v .~ "
showed measufableﬁamounta'of :C2Heay indicating that the
‘E,;»}r_. [} CoL ’ . Lo

e

1nd1¢enous soil tlora ld ﬁ?oﬁuclng CpH4e The aidﬁhté hoﬁevera

-

are not lagge and can bex”q;;ensatedofor with sultabb

controls. The appearance of ‘C2H4 in pot P8_'h1ch had

<
received CH, but not a sa-ple indicates that there nay be

diffusion .of externally produced CaH, lnto the containers .or

that the polyethylene containers the-selvea are releasing

=y

CzH4y probably when warmed by the sune.

The tvo experiments show contradictory tre; . wltﬁ

©

reapect to the o4l spill, wlth the aegoblc assay showing'

less tixntlon in the.. apill than in’ control 81 tes, and the

[

-
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TABLE 11

ANAFROBIC IN SITU ACETYLENE REDUCTION BY MUSKEG AND orL
SPILL SAMPLES .

Sample - C2H, . Elapsed ‘ Ethylene Produced

Number_ Received Time (h)_ n_moles/g Wet ¥t.

Control Siteg L

F7 \ 0 0 0 .
3.85 o N @
22.08 0
- . 400.83 0
F8 2 071 Agm 0 0
\ . 73.83 ° 11.1
T , 422,07 26.6
- . 400482 74.4
F13 -0 N 0-
. . ERTONIST 2.0
i F14 < 0ol Atm T gQE™ Y .0
i ' '376.52 % , 414.4
Sei ' | . B I jv
: Fg‘{ . . K o .. 0 o 0
R ‘ Rl 9.75 | ‘ 2.9
,“\,3 F10 0.1 Atm o~ 0
B ] ' 19.37%  163.4 “
‘ T 398.62 _ 1§621e5
F11 oA, 0 , : EAS 0
o S “379.05 : 1.8 ,
e P12 7 @ "0 Thaem - 0 o - - r
- * 378.83 . 2,132.5 ¥ B

. ) , ..
Controly No Sample*! : A . ' . :

N O
.
0o
-

Cd . S . Ny
*!ﬁﬁtg amount of CpH, produced/g is calculated on the
‘hasis of’an assumed 150 € sample. |

.t »

v

”

anaerobic ussay'showing a four fold 1néfea307w1fh1n the|

spill. The small number of samples in elther,experlnentﬁ

‘makes 1t diftlcult,to form any conclusions aend points out

one additional advantage to 1aboratory assaya over tleld

assgsays in locations where -otllity of the researcher ld  \
j

~ .o ’ T

O
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inhibit~d,.

Tie Luboratoﬁy Experiments: In order tb conduct a more
exte- :ive measurement of the CoH, reduclng ability of the
mQ» 2g and oil splll, sa ﬁf&d“ /38 throuzh S(§9d gere

‘ ned and removed to tha 1 boratory. Six (5 €) subsamples

’

‘e welighed into serum bottles and sealed. In each set of" 6
subsamples, three were designated as controls. One, a

sterile control was autoclaved for 60 minutes at 1210°cC,
’ L2
incubated at room temperature for twelve hours then

re=autoclaved. The .8econd control wag a blank and received

no CZHZ. T he thlrd control received 1-ml of (NH.)ZSO. at a iﬁ%ﬁ

‘concentratlon or 11 792 mg/ml wdkfh corresponds to + e
Rat) iy ,

approxlmately 0.5 mg NH‘°N/g'Of samplea This is well above

the level shown to inhibit nltrOgenase ‘synthesis 10°103, ,q1

. R
confrols and samples 'ere thqn flushed for tive minutes thh
»,

0 . n
o PY tree N> containing approxlmately 3% CO» and allowed to

i

¥ equillbrate for 24 hours at 15 C.)All were then flushed for

five miﬁutes with oz free Ar and with the exceptlon of the
. s

Blanks. 10% of the head 888 was replaced with CZH20 After an

T ;‘\ » . .
" incubation of 24 h at 13%c, the Jgsay was stopped by : P

« |
’ \
[}

displaclng and capturlng 126 the head geg with water, ‘ . \
A\l

'S N ‘ Qhe results as - shown 1n Appendlx VII; and summarized. in | ,

| c 3
ey |
.7 Table 12, lndicate that in most cgses the ammonia eontrol

f

totally inhiblted Nzrtixatlon. In a few ceses (eg. S/39b.
-~ - . iy " [

Appendlx VII) the lower vaLue ‘after subtracting the - annonla e

control as compared to the value with the sterile coantrol .

subtracted suggests that a 1ov level of nitrogenhse wvas

.
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TABLE 13
suuuARY OF ACETYLENE REDUCTION BY MUSKEG AND OIL SPILL
SAMPLES - ~
o o | ‘
: - . oo
‘ Exnxlsnz_zxngussg_(Minun_aisnLln_anizgl) :
Site R_meles/h/g Wet Wt. n_maLga/h/x_an_!;-
Control . 1 895 + 1,385 ' 10,653 + 18,058 i
Spill %2 v 533 t 972 3,580 + 7,133
Ratio Spill:ControL 0.54 \ 0.34"
L Eihxlgn&_zxannsﬁd_(xinna_Anmgnin_Qﬂnian)
.g;xxg_ .n_mnlgﬁ/h/g_lﬁi_li-_ ‘R_moles/h/g Dpry Wt.
Controlxl 950 + 1,401 © 9,654 + 18,361
Spilil*x2 523 ¢ 975 3,563 + 17,193
Ratio Spill:Control 0.55 0.37 ‘
. _ ot
» *1 Mean of 15 samples, plus or minus one standard

"deviatione.
%2 Nean of 33 samplqgu'plus or minus one standard

deviation.

slow rate of turnover wasg occurrlng. R
| ' \

The resulte with the\sterile control values subtracted \!

£ o <
are the valueas which are used in comparlsons with other data

since they repreaent total 1evels pt nltrogenaae activi

not Just thut syntheslsed durlng tﬂe experiment. Only on'e

sample, SASZb, produced any CzH, in the absence of’ Czﬂz.

4
.

o The Ievels otxnlttogenase act&vitylbxpressed as p

'
-

molea/h/g dry weight (Appendlx VII,A) are lncluded prtma?ily
‘?;;wtoc gonparlsoh vlfh the work of other resoarchors. Howevar,

the vet velzht values (Appendiz VII,B) are more -eunlngtul

‘

oot



\
RIS e ;».wr-mym..,‘\.'.-.qﬂ.-,‘_-.\...,-,qmv--.,-\v.“...\-p.....-,}-,....awmm‘m,“—« B e it i U e PN A e - v e

76

there are vast differences in the water content of the

samples. As can be meen from Table 12, when the results are

expressed in terms of dry welghf there is an apparent 1urge

a . ';5."‘3
inhlbiflon of ni#pogenase in the spill, h6vever when these SOy
ke o
same results are put in terms of wet welght, the 1nhlbltlon B
is not nearli 80 pronounced. Table 13 shows the breakdown qﬁ“‘
g
nltrogenuse activlty with depth ln the mﬁskeg. Only'the ) Hor o
-"»v N - (S0 . R
) A
{TABLE 13- '
A ACBT?BENE REDUCT ION ‘ BY MUSKEG 'AND OIL SPILL SAMPLES -
& hccoRDING TO SAMPLB DEPTE
‘ R Ethvlepne Produced -
o 5 n~mnlzn/h/x_!g1_!17_p_mnlza/h/x_nnx_lio .
Q!n!tﬂ]‘ﬁl:lﬂ“ \ :.;*. |
0 -\10 cm - 568 +¥5254 - 10,368+ 5,268
10 - 20 em - 657 £ 766 . 6y838 + 7,746
20 -50em - 1,323-% 1,819 13,171 + 24,633 = o
over 50 cm 57. - 6,343 ¢ - -
Seill _Sites
0 - S cm . 620t 1,349 3,569+ 7,568 -
5~ 10 cnm 444 + 738 1,966 + 3,812
10 - 20 cm 507 + - 763 4,570 + Y,291
.20 - 50 &m 55 £+ - et 97 -
; . , » )

&

u&itterence. Thls Ievel lncludes the 1ntertace between the

Y
e

.

&

20-50 cm level in the control sites shov a marked,

vator colu-n, which conigghe‘only grass and clumps ot moss,
@

o , .
and the clay botto-,‘whlch has a mixture of 1nor3anlc'aoil

o

with roots and detrltuq,ln varylng stages of decayo 5!,

: . K
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A

proposed by J-W-Costertop (beparfnent of Microbiology,

University of Calygese +, permonal co-nunicatlon), most

7/

‘bacteria in natu..i: er ‘ronments are attached to surfaces,

.then fhlhﬁlayer could ve expected to have the richest

populution sldce the decaying plant material would provide

both substrute andfsﬁrface tor adheelon. In general however
.J " *

there is little variatlon ot nltrogenase activlty within the

upper layers in the control sites. In the 57111 sltes, the

ay \

. ugtlvlty was lower overall und dld not increase in the 20-50

c- layer. This probably reflects the tact thnt the sp.lll‘P

u,'

@rea is much disfurbed and the stratlficatlon does not exist
\';/ s u " . .

ﬁs 1t does ln the cﬁntrol sltes., . S
At 4 ’ '. ) ' ‘;’5‘
An attempt to correlate the nltrogenase activlty vlfh

-

other pa;ametars obserVed revealed that there were no close

. .
. J"

correlations, but that sone*trends did 6ccur.,samplés which

contained over 1% chloroform extractable oil did not

d q\v
W

.ppreclable amouna of nitrogenase nctlvity,

the highes vbelng sample S/53h which contained 8. 3% 011 and

produced § 4 P molea‘czﬂélh/g wet v,ight. IndlviduulLsanplas

TN

whlch did t contain oil were not necessarily more active,

but the ﬁpper ii-lt for these was S,QQZ/p'moleszczH’/h/g,vet

4

both caqés'vas zeko. There was no correlatlon hetveen

’
.

mbigture content andbnltrogenaae activity but most of the
more active sunples were of hlgh moisture contente. Thla

appeara to be only a retlection ot the hlzher water content

-

An the control samples, Contrary to what vould be expected
. W R
) N . . \ kS .

N
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' ¥
from the stRdy of C. pasteurianum ¥S, samples in the neutral
) 6
to aslightly alkaline p?/pog{qQ showed very little acetylene

reduc tion aétivlty. All of the sd-pleg containing

significant nitrogenase actlvlwﬁmfell in the range from pH
4.1 to pH 6.1 with thé most uctlvefsa-ples being between pH

4.5 and S.5. This trend towards more uctlvity -lght sugzest

i

that organisms more acldg tolerant than Ce. rasteurianum ¥S
are Tesponelglehtor No-fixation in the muskeg moil. It is
Also possible tg;t the samples.ot the tybe of soil vhléh‘for4
other reasons be;t ;upported"Nz-fixing anaerobes all had,

Iortultlously, a‘lov pPH. The few samples whlch had pH values
! "» PR

of 7 or hlgh034 e all lnorganlc soils vith Low molsture

Y, /\ g

B (Appendix IV). oOf this group, only

content, 21% 0;

e

sample S/59d had any nltrogenase actlvity.

v

N Vnen the results are compared with the type of soil
involved (Table 14) -1+ 6)comes apparent that tHe maJority of
the tlxation is occurrlng ‘at the clay—d&trltus intertace

layer” ln the control sltes. The‘pure 1qorgan1c soil samples

L.»
( e
shpw very little actl#lty regardleae of source and a-ongst‘

samples of organic p\\ﬂgre s actually a. sllght 1ncrease‘

N
‘w -

in'qggivlty'ln the plll as compared to the control 8ites.

This very. drnmaflcally@molnts out that" in studies ot'

‘

.
- \"

this nature it lse not autricient to eimply conpare a control

5 F

area with the spill area, but rather a co-plete survey of

-

the area should be conducted and only those samples. vhich

are qlmllgr in charaeter=shqﬁld be compared. B

\ ’

¢

(,1\.. T o o
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TABLE 14

SUNNARY OF ACETYLENE REDUCT ION ACTIVITY ACCORDING TO SOIL

- TYPE
Site (p_moles/nh/g Wat_ ¥Wt.)
’ *x1 Q 1/Q
Control 268 (1 )*%2 491‘(11) _3!083 (3)
Spill . 247 (11) 790 (17) 287 (5)
All : - 249 (12)Y 673 (28) 1,336 (%&? .
*1 Symbols are explained in Appendix IV. . v - . //’

*x2 Numbers in brackeés uré the number of samples used
to arrive at each value. Each sample is itself the
mean of triplicate & g8aysy see Appendix VII,B.

i
]




80

wiv

w.
¥
IIr. Qﬂmf%xmm

The exletence of a "Clostridlnl Bloom" in oil spills asg

proposed by Westlake and Cook 129 has been supported by the

present study, however it was not nearly so pronounced in
¢ 9

this study as indicated in their report. It is probable that.

.the very existence of a bloom as well as its magni tude .y
- N 1
mntvagy’

Y N . .

varies with the season and with local conditlonsge. . It-is not

surprlslng therefore to tlnd vaﬂlatlons ln the numbers of .
. ) clostridia found in dltrerent y;ari. ,
It should be pointed out that 1n all of these tests,
only thoge unaerobes capable of reducing sulfite w;;e

counted. This technl,%i}'le would .ﬁrefore" not distinguish

V:ﬁi " y
el i

y nor would it include

those clostrldia unubté to reduce aulfite.' S

.

Although no. special effort wns made to enumerate the

pathogens in various areas of the muskeg, apprdxlmhtely 17%

of the laolates obtulned by all uethods, have’ tentatlvely( -

) been 1dent1tled as Qo ggnxxlngggg and qp additionml 10%
I .
- shovn to produ&e at least one recognlzahle toxin. with ong)i

g

° . quurter of the anaerobic Ys0laten showing»élgns ot

-
pathdgenldltﬁ, 1t is not unreasonxﬁle to conclude tha t

. l
pathogens 3%2 common ln the muskeg and. 011 splllog jif Q ;

o (

The -uakeg ‘wha found to be a relatively hogtile

i

h Y
- environment, with low pH and low levels ot lnorganick> 7
. . % . Q"
nutrients. The spillace ot oil resulted in a slight lncrease
N ‘ >

‘in pH, ‘and concentrutlon ot P,K, and Mn and a slight

o

| £
reduction 1n’Al and - NH¢-N. The water content of the oil . t?

B | ' N . ' . s
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_vére from the same assay vessel (Table 10).,Theﬁprobleﬁ was

&l

Y ’ Y

o i »

covereq-muskeé was also reduced. .
Muskeg is an aquatic ecosystem. In as ﬁuch as the

average sample of muskeg hag A moisture content In excess or
. v
S0% and the Samples vary,extenslvely, the use of wet weight

is preferable to dry velght for comparison of snmples fron
1
‘this kind of soil. If CoH; reduction values are expressed

reletive to‘dry velkht, the dltrerence ifa nolsture content

1fJ . ~

between test and control eanples will 1ntroduce a false

-,

variatlon. This will also occur if, dﬁy welght mensure-ents

/

-‘;v‘ 4 .
g . S ‘s ;‘- "'t« RS TP
The standard deviatilon for mosg, -&{? wns&Carge,
s ' ;‘c'\v B )
(Figures § through 10) even where the analysed g€as samplesg

‘.

-,

partly alleviated (Flgure 9) by the use -of

allowed a high Bas 11qu1d volune ratla 37, buf it uppenrs

that, substantial variation is introﬂuced by the nethod used -éti)
to handle the gasegus sanples. It v gound that the plastic

dlaposable syringes used have a pronoﬁnced “hemory" tor both
CZHz and C,H,, therefore a neﬁ\ayringe was used for egch ! A

v

sample. Although thesge syringes'ure callbrated to 0.01 cc,

| Y ) S 5,

meesured- As the standard inJectlon wag O 5 CCy a variation .
of only 0.01 cc would résult ln an’ error ot 2%. It\yys

theretore sugzeﬁged that gas tlght glass eyringes be used ’ )

'tor Czﬂz reductlon assays, ‘or that quantltation pe agalnst'



an internal standard such as ethane.
It was €enerally found that the variation between
samples from within the control or spill areas was as great

as ¥fhe variation between ‘the twd areas. There were evan %

pParameters such ag tgnperd’ture. pHy- molsture content u’.nd
) 1‘{0

&

Blasco and Jordan U’ reported valuee ot 6 4 5.3/1 76 4 -
+ 14, 2, 27.8 t 25. 9 and D56.2 :t 3.8 n_ moles/h/g dry veight -
for anaerobié C2Hz reduction in rét'xskeg“ii;.n »Ont‘hrio. The
Nipisi control samples by co-parison vére n.of as acy’ive,'
‘with 10. 3 £3.3, 6.8 + 7.7 and 13.2 t 24.6 n moles/h/q-*dry

wveight ror samplea rt-o- sluilar depths, however the

actlvity in the-\soll is difficult "‘to assess. The pdré

culture vork vith Coe uﬂmﬂunl LES shovs that there is

tittle bptfect on the alreudy formed enzyme in growing cells,
. ‘J-. Danrorth (Depart-ent of" chroblology, Unlvqrsi ty of .
"Alberta, tﬂ')publlshed data) denonstrnted uaing Azmm
nnlm in the presence of oil 1n concentrationq up to 1.%
‘l(v/v) that the oi.l. ha.d, ir unythlng, a slizbj}y\stinulptor}'

P ' i

|
L



83

effect on acetylene reduction by cells grown lﬁ‘the presence
o)

of oll.

E

When natu{al mdterialé vere studied, due to the great

. varlabillty of +the samplee,‘some experlments show an
‘ o

lncrease whereas qwrs show a decrease in nitrogenase

T act%ylty. For in 3133 aAssays, aeroblc assays show
- e Y ) .

S J%.M repression by o0il whereas anaerobic assays show an
. “. . qnhancénent- When su-ples vere moved to the 1aboratory, the

. N ) . g
overall 1nd1cat10n was that a small decﬁhase in enzyme

D

actlvlty occurred in the ‘spille ¥When thesé data ‘were brokeén
» . .u{

3 wn, according to the type of. materlal in each sanple, it

¢

2 T3 found that 1norzun1c soilg’ contulned ‘e same level of

nl-roﬁfnase actlvlty l* the spill as oufslde- Theuorganlc

o st

'samples from wlthln the spill exhlbited slightly more

<)

actlvlty than thoee frqi control sltes, and the mixed
lmorganlc/organlc samples were quite a bit mere acthe in

. .
control sltes. . :
' ce T ; : e
D. Ce Jordan (personnl communication) found that

~

=

aﬁrlicatlon of 90 welght crankcase oil to Devon Island>
tundra resulted ln an 87. 3% inhlbltion of nLtrogenase
‘activlty within.24 hours- Since Nz-tixation at this 1ocatlon
'vas due almost entirely to btue-gpeen bacteria, ;he
inhlbition was: likely due to 1n1t1a1 kllllng of the
Cyanophytes. Studies on the 1ong fern ettects of this

Jﬂ .artlficial apill are contlnuing.‘ *. )

' ’

It appeare thnt, although there ls an lnltlal decrease

in Nz-ilxatlon when an’ oll spill occurs; over a period Qt a

. . o



few months or yYears, the overall level returns to very

nearly the normal value 1in the strata below the'oil.
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APPENDIX 1

Formula of Media.

BLOOD AGAR ( BA)

B 19

Trypticame Soy Broth ( BBL) a0 g

NacCl 5 g

Agar (Difco 15 g
Diatilled water A50 ml
Autoclave for 15 min at 1219C then cool to 47%Cc, adda s0
ml of sterile sheeps blood and di spenme into slanta or
platen,

¥ S0ax2-

K, HPO, , 0.8 ¢

KHZPO‘ 0.2 €

MgSO, 0.2 g

NaCl 0.2 ¢

MnSO, 0.05 g
NaMoO, 0.05 g

CaSO, (Saturated solution) 10 ml

Yeast Extract (Difco) S g

Peptone (Difco) 5 g

Ferric Phosphate 4.7 g
Distilled water to make 1000 ml

Adjust pH to 7.3 with NaOH, then autoclave for 15 win.

After cooling, di spense into sterile tubes (10 ml/tube)
and add 0.1 ml of 10% (w/v) NapSO; (filter sterile) to

each tube.

QUFFERED THIQGLYCOLATE QL UT [ON

( Marshall et al, 1965)

Solution A

K>HPO , 5.7 g
NQHCOJ 2.8 [ 4
Distilled water to make 100 mt
Solution B

HSCH; COONa 13.3 ¢
Distilled water to make 100 ml

Autoclave solutions A and B sepurdtely then mix 35 ml

of solution A with 15 ml of solution B, and add to TSN
agar at the rate of 25ml per litre after the agar has

been autoclaved and allowed to cool to below 470(C,

DILUTION MEDIUK (Dx)

NaCl ” 10 g
X2HPO, - 0.8 g
KH,PO, ‘ 0.2 g
Na~Thioglycolate 2 g
Distilled water to make 1000 m1

AdjJjust pH to 7.0 with NaOH, dispense into tubes or
bottles then autoclave. These dilution blanke were used
immediately, or heated in a boiling water bath for 10

86
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uning.

annutﬁs and coolw Jv ¢t prior to
. . . . R )
F3G YQLK AGAR (EXA) . N : -
(Dowell and Haw!: nr, 1074) .

"Trypticase (BBL) Co - - © 40 g
Na,HPO, 5 g,
NaCl 2 d
NgSOe (5% agueous wroiution) 0.2 ml
Glucose ; 2 ¢
Agar (Difco) 25 g
Digtilled water to make 1000 ml

Adjust the pH to 7-3 then autoclave for 1S min at
1219C, cool to 600C, then add the yolk of two eggs, mix
and pour the plates. The. -eggs must be from chickensa. on

an antibiotic free ration. The ‘egg ahella were
decontaminated before the yolkes were separated by
immersing the eggm in a bheaker of O5% ethanol for one

hour.

NITRQGEN FREF AGAR ( NEA) D o ,

) - )

Glucose 10 &
Sucrose 10 g )
CacCl,; j}lO mg 5
MgSO, . CJ10 mg’
FeSO, 3 mg -
NaMoO4*2H,0 ’ ‘1.5 mg
K2HPO, 15166 g
KH“)PO‘ 1.36 [*4
Biotin 2 ugk*
p—Awml nobenzolic Acid ’ L . 0.8 mg
Na-Thioglycolate b 2 &

Agar (Dilfco) ' 15 g
Phenol Red 10 mg
Distilled water to make 1000 ml

*The vitamins were filter eterillzed and added after

the autoclaved medium (1S min at 121°2%C) had cooled to-

approximatly 479C. After gentle but thorough mixing,

plates were poured.

NITRQGEN FREE MEDIUM B (NEB)
NFB is 1dent1cu1 to NFA except that the agar and phenol
red are omitted. '

NITROGEN FREE MEDIUM & (NEC)
NFC iIs identical to NFB except that the K ;HPO, and
KH,PO, are omitted. When used, an excess of Cald3 I8

-added to the flasks

nuffer

system and a

prior to autoclaving to provide a

mource of COp.
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NUTRIENT GELATIN (NG)

Bacto Beef Extract (Difco) 3 g
Bacto Peptone (Difco) S g
Bacta Gelatin (Difco) 120 g
Distilled water to make . 1000 m!

The solid ingredients were disolved in the distilled water

@ then warmed to S09C to melt the gelatin and poured into
tubes 10 ml/18x150 mm tube) then autoclaved for 15 min at
1210c,

REDUCED BLOOD AGAR ( RBA)
Reduced blood agar is the gsame as blood agar (BA) except for
the addition of 0.5 g/liter of L-cysteine HCl to the broth

before autoclaving.

SKINNERS MEDIUM ( SN)
(Skinner, 1971)

KzHPO‘ 0.8 [*4
KHZPO. 0.2 £
NgSO,4*7H,0 0.2 g '\
NaCl , 0.2 @ !
FeSO,4*7H,0 . T 0.01 g
NnSO¢ *7H>0 N 0.01 g
CaCl, v 0.01 g
Sucrose 10 g

Yeast Extract (Difco) ' ' ' 1 ng
Na>MoO4*2H,0 ' 0.025 mg
Trace Elements Mixture : 1 ml

Soil Extract . 10 ml
Na-Thioglycolate 1 g
Distilled water to make 1000 ml

The medium was dispensed into tubes (10 ml/tube), Durham
tubes were added and the medium was autoclaved for 15 min at
1219C. If not used immediately it was heated for ten minutes
in a boiling water bath then cooled Just before usinge.
Incubation was in an atmosphere of Nz which was free of 0,

g H2 but with a trace of CO, added.

=1L EXTRACT (SE)
(Skinner, 1971)
z- 3l =eights of garden soll and water were heated at 5590C

fo minutes, filtered through Whatman No.1 paper then
autoclaved and stored until required.



IRACE ELEMENTS MIXTURE ( TEN)

(Skinner, 1971)

Na2M00‘°2HZO . 0.05 [*4
Na>B4072+10H,0 0.05 g
CoClze6H,0 0.05 ¢ )
CdCl,+2.5H,0 0.05 ¢
CuS04+5H,0 - 0.05 g
ZnS04*7H,0 : . 0.05 g
MnSO,4 *H,0 0.05 g
FeClj3<6H,0 0.05 ¢
Distilled water to make 1000 ml

The trace elements mixture was stored saturated with CO -and
used at' a rate of 1 ml per liter of media to give final
concentrations oM Sx10-8% g/ml of each compound.

ISN AGAR (ISN)
'(Marshall gt a1, 1965)
TSN agar (BBL) was pPrepared and used in accordance with the
ingtructions on the bottle. Buffered thloglycolate solution

was added after autoclgving.

YESTLAKE AND WILSON MEDIUN (¥¥)

(Wegtlake and Wilson, 1959)

Sucrose ) 20 g-
KZHPO‘ . 15.66 4

KH; PO, C _ 1.36 ¢
NgSO, 0.25 ¢
CaCl, ’ . 0.05 g

Fe (as FeSO0O,*5H,0) 3 ppm

Mo (as NaNoOj3) ' 1.5 ppm
Biotin ’, ‘ 0.002 mg *
p—Amil nobenzoic Acid 0.8 mg *
Distilled water to make : 1000 ml

* The vitamins were filter sterilized separately and added
to the bulk of the medium after autoclaving.



Isola teg pProvided by Dr.F.D.Cook were obtained tron the
curces (F.,D.Cook; Personal Communication).
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APPENDIX II

Sdurce of Isolates .

Source

Nipisi bog water, oll free.
Surface of 48" pl pe sec tion,
No.13 Interprovincial Pipeline.
As for 2.

As for 2.

Swan Hills plot 18, 10-20 Cma

A colonial variant ot 5,

Nipisi spill No.2, 8-20 cm oily. .

As for .
Nipisi spill No.1, water under oil,
As for 9.

Nuskeg 1/2 mile north of

Nipisi No.l spill.

-Nipisi bog water, oil free.

Tar sand, Fort McMurray, Alberta.
Imperial Oil; Formation water,

North Cantel field.

Liard River Hot Springsy. T

Mile 495 Alaska nghvay{”B.C. _
Scraping from Ralnboq_pipellne No.3.
As for 16 ' ‘
Scraping from Rainbow pipeline No.1.
As for 18, ,

As for 18,

As for 18,

As for 18. }

Scraping from Interprdvinclal Pipeline,;
48" pipe, site No.1. :

A colonial variant ot 23.

100
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S/1

S/2

S/73

S/ 4

S/5

S/6

s/7

s/8

S/9

APPENDIX III

Sites and Descrivtions of Muskeg Sampleg

18/10/74 Nipisi spill No.1. North end of the
l splill in an area di sturbed by a tracked
vehicle. The sample was taken from 10 c¢cm
below the surface of a ridge between two
tracks. (SITE A, FIGURE 1) Sample
consists of olly moss but is fairly well

drained.

18/10/74° From the same site as S/1, but the
Sample was taken from 10 ¢cm below

surface of the hollow of the track.
(SITE A, FIGURE 1) Sample is moss with

N ——

much flowing oil.

18/10/74 oOutside the dike at the east side
spill in the seismic line, 0-10 c¢m

(SITE N, FIGURE 1)

18/10/74 ,;From the same site as S/3, but Sample is=
decaying moss and mud from the 10~20 cm

level. (SITE N, FIGURE 1)

18/10/74 Nipisi spi{ll No.l. From the eagt gide of
the spill, just to the north west of a
pile of straw bales. Sample is water
saturated moss from the 0-10 cm level.

‘(SITE M, FIGURE 1)

18/10/774 In the bog just south of the road at the
Texaco lease, about 1 km north éagt of
the spill, along the seismic line.
Sample consists.of decaying moss from s
the 10-20 cm level. (SITE N, FIGURE 1)

9/6/175 Nipisi spill No.1, oil,soaked surface .
- 80il from near the collecting pond, 0-10 -

cm- level. (SITE By FIGURE 1)

9/6/75 Same site as S/7, sample is sﬁbsuvtace
(10-20 cm) moss, clay, grass. (SITE B,
FIGURE 1) ’ )

8/6/75 ; Nipisi spill No.1. Oil~ from the
collecting pond.,. .

101



S/10

S/11

S/712

sS/13
S/14
sS/15

S/16

s/17

S/18

s/19

$/20

s/21
s/22

S/23

102

Obtained Location and D?ﬁgnigilgn

"9/6/75 Watcr f.oom the trench by the "bridge" at

the north of the spill, contains some
oile (SITE C, FIGURE 1)

W/6/78 Nipisl spill No.l, material from the
10-20 cm"level-undeq standing oll in the
region of dead trees in the western
bulge of the spill, Sample is& moss,
spruce needles and  twigs, all very oily.
(SITE D, FIGURE T? '

~

v / ) _
6/6/15 ~ Material from the 10-20 cm level just
outpide the dlkeLat the west of the

sp]ll. (SITE O, PIGURE 1)

¢

9/6/715 Nipisi spilV® No.2. Pond water from east
. of the plots in a burned area.

9/6/75 Nipisi spill No.2. Pond water from north
of the plots in the burned area.

9/76/75 Nipisi spill No.2. Pond water from north

- - east of the plots in the unburned area.

A ‘ ‘

9767175 Rainbow spill. Water from a pond in the
splll area (north of the shed), but
8howing no 01l on the surfaces.

9/6/75 Ralnbow spill. Water on oil soaked solil,
southwest from shed.

9/6/775 Rainbow splil. Water{trom below oil in a
pond at tpe end of the causeway, 5
south—~southwest of the shed.

976775 Nipisi spill No.2. Control soil .

) (clay-sand) from near the woods on the
path to the spill.
" 9/6/75° Nipisi spill No.2. Oil soaked material
from the burned areae.
. ’ ' /

9/6/75 * Nipisi spill No.2. Oil, soaked material
from the unburned areaes

9/6/175 Rainbow spill. Bog material from below
oil (moss and c¢lay/mud). -

- 9/6/175 " Rainbow spill. Soil (gleyed clay) from

below oi'l, southwest from the shed.



S/24
S/25

)
S/26
5727

S/28

s/29

s/30

s/31

S/32

S/33

9/6/75

9/6/175

\

9/6/75

7

22/6/75

22/6/75

22/76/75

14/9/75

1479775

14/9/7s

103

Rainbow spill. Soil (clay) from below
oil, southwest from the shed.

"Rainbow spill. 01l soaked surface soil
from northwest of shed.

Nipisi sblll No.1l. 0Oil soaked muskeg
material from Jjust west of the plots,
north of the collecting pond. (SITE E,
FIGURE 1)

Nipisil spill No.l. Oil free muskeg
material from the edge of the cut line

25 meters north of the dike at the \\
bridge. (SITE'P, FIGURE 1) ~—.

Control. Subsurface muskeg material
(moss) from 20 meters west of the road

at a point approximately 3 km east and
north of the point where the Peace River
Pipeline crosses the road north of the .
Nipisi No.1 spill. (SITE Q, FICURE 1)

Nipisi spill No.t. Oil soaked muskeé
from just north of the collecting ponde.
(SITE F, FIGURE 1)

C&htrol. Subsurtace dead and decaying

. moss from 30 meters west of the road y
approximately 2.4 km west of Nipisi No.l
spill, Just after the road turns south,
(SITE R, FIGURE 1)

* Control site. Approximately 100 meters

north of the road in the middle of the
Mitsue pipeline cut line, and directly
‘north of Nipisl spill No.1. Sample’ is
clay from belov‘approximntely 30 cm of
water. (SITE T, FIGURE 1) :

Control site. Approximately 1 meter east
of S/31. Sample_ls.grey:(gley) mud from
below 30 cm ot water. (SITE T, FIGURE 1)

- Control sjite. Two meters east of S/31.
Sample is sphagnum from 10-30.cm below
the surface of the water. (SIIE T, ,
FIGURE 1) ' '
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Sample thnlngﬁ

S/34

8/73s

5/36

s/37

S3

8,

5/39

S/-

-

1479775

- 14/9/75

17/10/75

§7/10/75

"4/10/76 - .

4/10/76

e

e 104

Lgnnilng and Degcription

Nipisil spill No.l. 0il soaked sphagnum
from 10420 cm below the surface of a
ridge between two trncks. (SITE A, \\_ﬁ
FIGURE 1) l

Niprsl spill No.l. Sample is oll and oil
soaked sphagnum from the depresslon of a
track (10-20 gm level )e (SITE A, FIGURE
1)

Norman Weltls Spill No.2. Sample 18 <
control tundra (2-2).

Norm&n Wells Spill No.2. Sample is
tundra from within the spill (2-8).

‘Control~Slte. Approximately 100 me te rs
north of the road at Nipisi spill No.l.,.
b tweérn the Mitsue and Peace River
ipelines. The site is just into a clump
of dead bush at the east of a grassy
clearlng. Five samples. .were taken at
this site; ‘ , ’
_a; surface moss (0-10 cmiy living
sphagnume. b -
b; subsurface moss (LQ-2O cm), dead but
not decaying moss. IR ,
c; bottom mucks. At a dep‘ﬁ_ water of
approximately S0 cmfa «6 lay bottom
appears. The interflace from which the
sn-ple was taken i
of mud and decaying\grass }nd sphagnum. ’
(SITE U, FIGURE 1)
d; bottom clay (below S50 cm of water).
e; bottom mucky similar to c. '

~

One meter west of S/38, in an area of
tall grass standing in S0 cm of water.
(SITE U, FIGURE 1)

a; grass and water from upper 40 cme.
b; grass and moss from the 40~50 cm
level.

. e~
Two meters west of S/38, sample is8 roots ’
and decaying grass from the 40-50 cm

Level, Just above the clay. (SITE U,
FIGURB 1)
"hree meters west of S/38, in the centre
of a grassy clearing. Sample is bottom

~
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S/44

$/ 45

s/46

s/47

S/748

L

S/49

S/S50

Obtained tgéffix;n nné Deacrintion

4/10/76

4718776

- 4/10/76

4/10/76

4/10/76

N Y
N

W

L

N

~—
4/10/76

4/10/76

4/10/76

4/10/76

G, FIGURE 1)

C

N

grass. ( SITE U, FIGURE 1) ?

Fbur meters west of S/38. Sample is
bottom grass from the 40-50 .cm level.
(SITE L, FIGURE 1) '

Five meters west of S/38, at the edge of
the grassy area. Sample is grass and
clay from the 40-50 cg level. (SITE U,

FIGURE 1) o

Six metérs wesgt 0115738, in a hummock of
sphagnum. Sample is moss from 10-20 cm ¢
below surface ( just above the water
level). (SITE U, FIGURE 1)

Control site. In a clump of live spruce .

to the east of the Peac River Pipeline

cut. Approximately 100 meters east o
S/38. Sample is decomposing moss from

'100-150 cm below surface. (SITE W,

FIGURE 1)

‘Same location as S/45. Sample is moss

P

and grass from the 0-20 cm level. (SITE .

¥, FIGURE 1) .
Approximately three meters south of
S/45. Sample is dry moss taken from the
centre of a hummock, (10-20‘°cm level).

. {(SITE W, FIGURE 1)

Nipisi spill No.l. From the disturbed
area at the north end of the spill,
about four meters east of -the bridge.

{ Sample is a composite core of the top S0

cm and is composed of 0il soaked moss

-and grass. (SITE G, FIGURE 1)

Nlpisilspill Noe«l. Same location as
S/48. Samples are;

a;- surface crust of grass, moss and oll,
Iesa@thangl cm thicke. ,

b; 1-5 cm level, oily fibrisol.

c; 5-10 cm level, oily fibrisol.

d; 10-20 cm level, oily fibrisol. (SITE

Nlplgl:splll No«.1l: Mud from the ditch
around the spill, taken at thg northwest
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S/51

S/52

S/53

5/54

S/55

S/56

106

Obtalned Location and Description

4710776

4/10/76

4/10/76%,

4/10/76

4/10/76

4/10/76

bight. (SITE H, FIGURE 1)
a; surface, 0-10 cmy, olly mud.
b; 10-20 cwm layer, no visible oil.

Nipisi spill No.l. Site is approximately
half way between the ditch and the
collecting pond, (SITE I, FIGURE 1), in
an area of oil soaked dry grass. There
is quite a bit of regrowth of grass in
this area.

a; surface crust, olly fibrisol.

b; 5-10 cmy o0ily fibrisol. i

c; 10-20 cmy o0ily fibrisol.

Nipisi spill No.1. Site is four to six
meters north of the collecting pond in
an area of tracks and ridges made by a
tracked vehicle. Samples were taken from
the op of a ridge. (SITE. F, FIGURE 1)
a; 0-5 cmy dry oily mogs.

b; 5-10 cm, packed oily moss and clay.
c; 10-20 cm, packed oily moss ang claye.

Nipisi spill No.l. In the bottom of the
rut adjacent to the ridge where sample,
S/52 was taken. (SITE F, FIGURE 1) It
wasg very wet here and the standlpg watqr
ran into the hole as the samples were
being taken so some mixing will have
occurrgﬂ. — )

a; 0-5S cm, very wet very olly moss mixed
with clay.

b; 5-10 cm, same as a.
c; 10-20 cmy same as a.

Nipisi spill No.l. Site is at the
northwest edge of the collecting po%d,
ebout 50 cm from the oil. (SITE B,
FIGURE 1)

a3 0-5 cm,'0il soaked sandy clay. .

b; 5-10 cm, msandy clay.

c; 10-20 cm, clay.

Nipisi spill No.l. Bottom mud from the
collecting ponde. Thg,pond'has S5-7 cm of
thick o1l on the surface thén water for
"a depth of about 15 cm at the point
‘sampled and a clay mud bottom.

Nipisil spill No.,l1. Soil from a mound

’
13
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Sample QObtaiped Location and Description

S/57

S/58

S/569

4/10/76

4/10/76

4/10/76

about three meters west of the
collecting pond and at an elevation of
about one meter above the oil/water
level. (SITE J, FIGURE 1)

a; 0-5 cmyclayy some plunt material, no
visiblel oil. . . :

b; 5-10 cmy clay, no oil.

c; 10-20 cm, clay, no oil.

Niplisel spill No.l. Site is about 30
mé&ters southeast of the collecting pord,
on the top of a mound of dry oily peat
moss. (SITE K, FIGURE 1)

a; 0-5 cm, very dry hoss, some oil.

b; 5-10 cm, as for a.

c; 10-20 cmy, as for a.

Nipisi spill No.l. Approximately 200
meters southeast of the collegtlng pond,
in the middle of the spill, where all of
the trees hbd been knocked down and the
surface 1 covered with an
interconnpcting mat of criss crossed

branches interspersed with oil soaked
"clumps of |dead grass and -oss. Standing

pools of oll abound. (SIT. L, FIGURE 1)
a; 0-S cm, ery oily moss .rd assorted
small twigs.
b; 5-10 cm, sa
c; 10-20 cm, sam

ag as.
asgs ™.

Nipisi spill No.l1 Approximately ten
meters east of th coilectlng pond on a
méupd of clay by the pipeline valve.
(SITE "s"*, FIGURE 1)

a; 0-1 cmy a surface crust of course

"sand and some oil.

b; 1-5 cm, course damp sand.
c; 5-10 cmy, clay with some sand.
d; 10-20 cm, clay. B ’ ‘
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APPENDIX 1V

PHYSICAL PARANETERS OF NUSKEG 'AND WATER SANPLES FROM CONTROL

AND OIL SPILL SITES

Sample Sample . Percent

M!!Qhﬁn*l Ivpe 2 pH MQ’E:"CE*J

A. Control Sampleg

S/16 A Se62 -_—

S/19 I 5.70 —_——

S/27 o) 4.05 -

S/28 o) 3.90 -

S/30 o) L 4,10 -

S/38a o) 4.50 95.18 + 0.17
b 0 4.62 86.16 t+ 0.26
c X/0 5.25 49.36 t 30.41
d G _— 22.38 = 0.01
e ‘I/0 —_— 92.84 + 0.50

S/39a 0 5.40 47.67 + 4.30

b o 4,55 94.72 t 1.46

s/40 o 4.80 95,08 + 0.55

'S/ 41 0 U 4.91 91.02 + 0.93

S/ 42 o 4.70 ° 92.62 t+ 0.37

S/43 1/0 5.30 89.11 + 1.12

S/ 44 o 4.95 - 96.41 + 0.30

S/ 45 o 4,35 90.88 + 0.18

S/ 46 .0 4.55 84.11 + 0.10

S/47 o 3.78 85.14 + 0.76

B. Qi1 Spill Samples

s/7 ' - 6.45 _—

S/8 1/0 5.45 -—

s/ 10 A 6.59 —-—

s/11 o - 4.70 -—

S/12 o 4,20 -—

s/13 A . 6.65 ——

S/14 " A 5.95 —-—

s/15 A 6..40 S —

S/17 <A 6.10 —— ‘

sS/18 A 6 .40 ——

s/20 o 6.00 —_——

s/21 o 5.85 . -

S/22 1/0 5.34 -—

S/23 I 6.55 - -

S/24 I .. 6.73 -

S/25 I L 6422 -—

S/26 o 5.15 -

S/48 o) 4.30 91.12 ¢+ 0.36

S/49a o 3.70%5 .33.01 £ 2.60

Percent

Ql]*‘

-
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Sample Sample Percent Percent
Number*?! Type*? RH Molsturex3 ol 1**
b (o] 4.15 82.10 ¢ 1.24 12.065 t 1.688
c o 4.35 88.12 + 0.63 -—
o o 4.29 89.28 + 0.3S -_—
S/S0e 0 S.30 92.85 ¢+ 0.02 -—
b o 5.08 95.33 t+ 0.01 0.135 t 0.056
S/S1la (o) S5.98 76,37 + 4.01 -
b o S.22 78.94 + 0.93 -
‘ c 0 . 4.95%3 87.59 + 0.24 0.849 + 0.028
S/52a (o] 5.20 17.83 + 0.87 28.630 t+ 0.979
b I1/0 6.20 46.86 + 7.77 —-———
c I/0 5.58 63.29 + 0.52 ———
S/53a I/0 5.95 46,91 + 0.96 -—— .
b I/0 6.08 82.00 ¢+ 0.40 8.323 ¢+ 1.199
c 1/0 5.98 85.99 + 1.27 -——
S/S4a I 744 14.14 + 2.35 -
b I T.64 20.76 + 1.23 16.070 t+ 5.544
c I 8.10 14.11 &+ 0.36 -
S/ S5 I 6 .92 42.58 + 1.13 5.924 t 0.267
S/56a I 7.54 20.33 ¢ 1.34 | ——
b S I T.42 16.94 + 0.18 0.186 £ 0.112
c ~7 1 770 18.18 + 0.91 -_— T
S/57a 0] 4,80%% 36.34 t 16.14 ———
b o 5.10%5 60.36 ¢+ 1.61 -
c o] 5.14 82.29 + 2.12 4 °55 t+ 0.155
S/58a (e] 4,42 54.20 £+ 4.50 -
b (o] 4.11 ' 7003 t 0.30 37.526 + 2.425
c o 5.15 88.03 + 0.54 - '
S/59%a ,j\I 7.43 10.67 + '0.12 0.326 ¢t 0.047
b I 7.32 11.20 £+ 0.47 - ——
c L § 8.12 15.22 ¢+ 0.49 —-—-
d I 8.23 15.19 £+ 0.34 0.374 + 0.026
%1 Refer to ‘ppendix III for detailed descriptions N
the various samples.
x2 A = aqueous, samples containing no solid matter,
I = inorganicy samples were composed of clay or
sand or a combination of the-tv -, but contained no
visable organic matter.
O = organic, samples were’ composed of mogss, grass
and decaying vegetable matter but contained no
visable clay or sand. - :
I/0 = inorganic/organic, samples were a mixture ot
the two types.
*3 Mean of Dupllcatea, plus or minus one standard
deviation. e 4 :
** Mean of Duplicates, plus or minus one standard

deviation. % 01l as chloroform extractable
material. ‘ - ! )
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bhecessnry to add twice the umual amou

In order to recover sufficlent aqueous phase on

which to perform the pH measurement, t wanm
nt of water.,

-~

Thia sample was so dry that glx times the normal
amount of water were required.
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APPENDIX VI.

DESCRIPTIONS OF JIN SITU ASSAY SANPLES

Sample

F1

F2

F3

F4.

FS

F6

F7

F8

F9

F10

Obtained Welght, Location and Descriptien

9/6/75

9/6/75

9/6/75

89/6/15

9/6/75

9/6/75

"27/8/75

27/8/78

27/8/75

27/8/75

-3

681.45 g from the north west corner of
the collecting pond. The site 1s oil
soaked 801l (clay~-sand), but the se¢ »le
is from the 5-10 cm level which shows no
visible oil.

659.89 g from two meters west of the
plots, sample is oil soaked very wet bog
material, mainly grass and moss, from
ithe §5-10 cm level.

Zero:. .ontrol, received no sample.

890.68 g from outside the spill area.
The site is twenty meters north of the
bridge over the dike. Sample is moss and
grass from the S5-10 cm level.

618.78 g from 50 meters southwest of the
collecting pond in an area of dead
spruce. Sample is very wet and ve “y oily
moess with many twigse. -

833.45 g from outside the dike ten

meters west of site F5. The sample is
water soaked peat moss which had ‘bBeen
disturbed when the dike was made. 5-10

“"cm level,

141.0 g. Approximately 1 km north east
of Nipisi Noe« 1 s8pill, and 100 meters
east of a Texaco well head by the bend
in the road. The sample is red mud and
detritus from below 20 cm of water in a
trench In the centre of a cut line.

145.5v¢. Identical to F7.

134.0 g. Twenty five meters north of the
collecting pond and 4 meters west of the
plots in Nipisil No. 1 spill. Sample is
0oil’ soaked very wet grass ‘and moss from

the 2-10 cm level.

175.0 g« Identical to F9.

114 : -



27/8/775

F11

F12

F13

Fl14

F15

27(8/75

27/8/75

27/'8/7s

27/8/75

¥Yelaht, Location and Demscrivotion

154.2 g. Ten meters west of the
collecting pond, where a plank is laid
over a trench. Sample is o0il soaked clay
which is fairly dry from the 2-10 ca
level.

150.2 g. Identical to Fl1.

150.3 g« 100 meters north of the road,
due north from Nipisi No.'l spill.
Sample i8 detritus consisting of moss
and grass from below 50 cm of water.

150.9 g. Identical to F13.

0.0 g. Site is identical to F13.

7/

)

1
|



APPENDIX VII

ACETYLENE REDUCTION BY MUSKEG AND OIL SPILL SAMPLES

A« _ Ethylepne Prodyced (p moles/h/g Dry Welght)
Sample  Mipug Sterile Control Minus Ammeonia Copntrol
S/ 38a 8,058 + 1,976 2,242 + 1,976
b 17,786 + 15,777 16,833 + 15,777
c 5,339 + . 2,918 5,242 + 2,918
d 345 +  160%! 345 ¢ 160%1
e 73,514 + 31,150 73,514 + 31,150
S/39a * 3,289 t 767 3,289 ¢ 767
b 1,838 ¢ 804 105 + 804
S/ 40 1,895 ¢ 545 878 % 545
s/41 5,468 + 7,411 4,472 + 7,411
S/ 42 5,239 &+ 4,552 4,598 + 4,552
S/43 11,730 + 8,391 11,282 + 8,391
S/ 44 6,313 + 3,389 4,829 + 3,389
s/45 6,343 &t 9,761 7,187 + 9,761
S/ 46 12,679 t 11,554 12,138 + 11,554
s/47 -38 ¢ 67 -142 % %7
S/ 48 11,450 + 2,209 11,339 + 2,209
S/ 49a . 193 't 277 . 208 ¢ 277
b 1,717 + 1,884 1,605 + 1,884
c 1,725 + 2,351 1,372 + 2,351
d -96 % 101 -5 ¢ 101
S/50a 19,522 ¢+ 2,580 - 19,453 + 2,580
b 27,552 t 14,480 28,106 ‘+ 14,480
£'31a 19,937 861 19,893 + = 861
b 11,744 % 485 11,825 & 485
c 14,883 ' + 5,594 14,896 + 5,594
S/52a -15 % 20 -9 . 20
b 211 66 189 ¢ 66
c 48 % 59 - 29 % 59
Ss/53a 1,087 762 1,000 % 762
b 3,133 £+ 1,128 3,082 + 1,128
c 1,186 + 1,342 " 1,144+ 1,342
S/ 54a .80 % 59%2 . 79 % 59%2
b 68 £ = 39 - 30 ¢ 39
c 9 = 6 -11 =, 6
S/55 97 + 18 46 + 18
S/S56e 109 = 156 . 135 + ° 156
b 484 + 125 ' 466 t 125
. c 124 % 37 : 113 ¢ 37
S/57ea 41 + 19 : 1 % 19
b 44 + 6%2 -1 + . 6%
c 68 % 31 172 ¢ 31
S/58a -9 % 20 o 44 £ - 20
b -—%3 . 109 % 29
e -12 ¢ 12 ' . 53 & 12
S/59a B 44 % 20 - 45 ¢ 20

116
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b 122 % 21 115 # 21
c : 170 + 97 : 150 + 97
d 1,942 + 588 1,923 # 588 .p57 58
B._ E&hxlgng_znagunzn_(n_nglaa h/g Vet wt.)
Sample Minus Sterile Coptrol -Minue Ammonia Coptrol
S/38a . 388 # / 95 : 153 ¢+ as
b 684 ¢ ' 606 . 648 607
c 2,704 + 1,477 2,654 + 1,477
o d 268 ¢ 125%1 ) 268 + 125x%1
e . 5,267 + 2,232 ' 54267 + 2,232
S$/3% 1,722 ¢ 401 1,722 + 401
. b 97 t+ . 42 - 5 ¢ 42
s/40 . 94 27 44 % 27
S/ 41 - 490 t . 666 ‘ 401 # 666
S/42 387 ¢ 336 |, 339 ¢ 336
S/43. 1,278 ¢ 914 ‘ 1,229 + "914
S/ 44 226 t 121. 173 ¢ 121
S/ 45 579 % 891 656 + 891
sS/46 747 £+ . 681 . - 715 £ Ry
S/47: -5 % 10 - -21 % 10
S/48 " 1,017 + - 196 1,007 + 196
S/49a - 130 ¢ 186 o 139 % 186
b 307 + -337 . , 287 % 337
c 1205 % 279 . ' 163 + 279
d -11 ¢ 11 . -1 % 11
S/50a 1,396 ¢ 195 1,391 + 185
b . 1,287 % 677 1,313 # 677
S/S1a 4,713 204 4,702 + 204
b 2,357 ¢ 97 2,373 % 97
c 1,847 .« 694 ' 1,849 + - 04
S/52a -13 + 17 : : -7 % 17
b - 1127 36, ‘100 36
c.’ : 18 £+ = 22 11 % 22
S/53a 577 ¢ 405 . 531 % 405
b 564 % 203 I 554 + 203
c " 166 + 188 , ' 160 ¢ 4188
S/S54e 69 t . 50%2 ‘ 69 £+ "7 50%2
b 54 # .31 23+ 31
e : Bt -5 -9 % 5
N¥ss : ss>; 10 26 + ‘10
S/56a 87 125 ' 107 + 125 .
b . 402 % 104 . 387 104 :
e ' 102 % 3o 93 30
'S/57a 27 & 12 1 % 12
b 18 2%2 -1 % 2%2
c . 12 ¢ s 30 % 5
S/58a -4 ¢+, -9 , 21 % 9
b o

b %3 ' 33
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- c -1

S/59a 40
b . 108

Y 144
d . 1,646

.-

H R

2
18
19
82
499

6

40
102
127
1,630

Lo Y

e

Be._ Einxlnna;xngﬂnngn_(n_ngléa/b/x_!ni_lio) ,
Milous Sterile Control Mlpue Ammopnia Coptreol

2
18
19
82

499

All values are the mean of triplicate samples,

one standard deviation.

*! Blanks were not done for this sam
6 material was available. .

*2 puplicates only, one replicate lost.

*3 Sterile control lost.

plus or minus

ple as not enough




