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Duriﬁg the pasf year we have continuea thé developfnent‘-;)f.
_a general ”gfadéd"- life detection appr'oé,ch ranging fro_fn énviron_-~
mental and in situ observations to spécific mejta'bolic expériménts;
In addition, we have attempted tb fufthér 'eipand the écope of available
' biblogically-orientéd'measurementé‘,v piacing particuia;r emphasis on .
‘the‘ develoipment of soil anvalys‘es ‘wh'ich are compatible with our techniéai
coﬁst_rai_nt_s. | . |

We have‘.also made 2 good dea.i of progress in solving some of the
technical aspects of this program, Tﬂe vdeVellopment and construction
’.of a zero-dééd-volume leak and the comput‘er-‘mediated data acquisition
system, in particular, gréatly_ increased the scopé of our experiméntal

capability.



* A detailed description of this work appeared in Inorganic Chemistry

o N I. The E'xchang.e of vaygen between Sulfate .aﬁd‘Water*‘ :

_ L During the Pas‘t yeer,We reopened a study on the inorganic |

excha.n"ge of 6xygen from sulfate to water which was initiated several

~_years ago. (See Annual Report for NASW-1735) A fundamental require-

ment of any anion used in assays involving the transfer of oxygen atoms

 is that it have a negligible exchange rate with water under the conditions

-used for the bicassay. E. G. Behrman (Ohio Sta.te)‘reopened the

Question of i'norganic_SO4 - HZO oXygen exehange 'in a personal comrnlinieé—

~ tion, suggesting that sulfate might undergo nucleophilic attack by water

and/or OH, We consequently have re-examined this question.
Our investigation suggested tha..t,. using HZO-as a nucleophile,
the second order rate constant k, <3.3x 10712 M gec™t. Th.i_sk

corr'esponds to a half time tz > 120 Yeai's at 100°C. Similar expefiments

v also showed that, using OH as a nucleophile, the Second order i'ate

constant k, <2 x 10710 M1 sec!. Bj way of comparison, we .f'c_aund
kZ =5.3x 10—45 M.1 sec"1 for the acid-catalyzed exchaﬁge reaction

at 100°, a value in good agreement with data available'in the literature

(J. C. Hoering and J. w. Ken'_ne'dy',' J. Amer. Chem. Soc. 79, 56

(1957)).. It thus appears that sulfate oxygen does not undergo appreciable
exchange with the oxygen of HZO by any mechanism other than acid-

catalyzed dehydration under these condiﬁo;is.

?
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- IO Phosphate-HZO Exchangé Experiment

. During the past year, many experiments have been pérfdrmed

-in which the éxchange of 180 between phosphate and water is monitored
18 .

'_"b'y the appearance of ""Oin fhe'.COZ pfesent i..n.the reactidn‘ vessel.

- Oniy ‘rarély has this ‘experimentr attained a bi’olo'gical »sénsitivity which

is comparable to that obtained 1n the experivrn‘ent from which it is derived
(KOk and"Va»rner, ‘chience 155, ‘1110 (1967)*. These diécrepancies
 could be due to the use of éé)ils which rriight, for ~exax':np1_¢, cause“the

‘precipitation of the added P18.O4 by heavy metals or the dilution of the

" added label phdsphate with unlabeléd_ phoSpha.fe present in the soil.
Alternati.velby, the modified method nday be éomprornis ed by the presence

- of factors which inhibit the COZ-H @) ‘oxygex.'l ékchange reaction and/ or

2

the appearance of other species at masses 44-46.

-~ Experiments performed to determine whether added phbspha.te.—

180 might be precipitated or otherwise sequestered in the soil demon-

strated that at least 60% of the added ph.osphéte could be recovered by
éktraction with HZO’ . Similar experiments also showed-fhat_ there is no
appreciable water -extractable phdsph_afe (or silicate) in this soii._ This |

suggested that a) there was no signifi_ca-nt Hilution of the labeled phosphate

* In the experimental method described by Kok and Varner, the H O
is recovered from the soil by distillation and analyzed for 18’0 content.
_ In the variant currently being tested, the 180 content of the H,O is :

" deduced from the 180 content of the CO,-pfe_sent in the vesselz. S



: by unlabeled phosphate and b) ‘the expe'riment \-vhi'ch was done to determihe v |
the recovery of the phosphate from soil was not:confou.nded_ by the presence
of silicates. (Silicates can interfere with the Fiske;SubbaRow phosphate
determinatioh used in these experiments.) Thus, it appears that the

- poor results of the experiment cannot be‘ attributed to the loss or dilution.
of labeled phosphate. |

Because 180 is such a "mobile'; uisotope., we also performed a
study to determi.ne the degree to which metabolic exchange kinetics

m1ght be confounded by non- b1010g1ca1 exchange of the 180 label. This

. type of reaction would be part1cu1ar1y S1gn1f1cant in cases in which the
soil contalned large quantities of silicates. | |

- Measurements »using the mass Aspectrometer vand 18O labeled
water have shown that it is very difficult to predict the amount of avail-

‘able exchangeable oxygeh present in a sampie. For example, in one '
experiment in which there was a large excess of sﬂicate the signal was
degraded only 30% after six days, suggestmg that only a few percent of
the oxygen i in the sand was ava11ab1e for exchange

A computer stud;r was also initiated to study some of the "worst

.cases;'" that is, cases in which the exchangeable oxygen in the so1l is:
much greater than the amou.nt of 18O label orlgmally added By using
rate constants for these exchange reactlons avallable in 11terature and/ or
determmed in our laboratory, we were able to- study some of the kmet1c

v aspects of these "worst cases." For example, in cases in which the

| ex.c‘hange of oxygeu is slower with the "'soil exchangeable oxygen'' than

lelo)

R e - | 4~ 3 K -
with the CC, used or the isotope in the agueous phase, one would



~ expect to sée a "transient, ' provided fi’lat the r‘ateA of H2180 productiqn :

is éoinpafable to the rafe of exchange,in’co. silicate.. These numbers were

then translated into metabolic rates requii'ed to get a fn'easurable signé.l

in the pre.sencé of di_fferent amounfs and tﬁes of exchangeable oxyge'n'. .

' In this way we were able to deternﬁhe the theoretical senéitivity 6f
‘these assays under these particuiar compromisiﬁg conditions. _Thesé

studies suggested that the kinetics of the HZO-CO2 exchange reaction

should not confound the results and'interpretétion of the 18O excha.nge_

experiment under the conditions employed.

In an effort to déterfnine whether. the sensitivity of the P1804-H20

exchange experimeri’c might be affected by the appearance of species

other than CO, at masses 44 thru 46, the experiment was -ﬁerformed_by

2

two different methods: a) a method in which the CO '180/‘ 16O ratio

2
was. determined in the experiméntal ;res s_ei; and b) a method,déscribea
i)reviously (Annual Report, May .15,‘ 1969, NASw 1735), in which the

watc_ef was distilled off.and- e_quilibfétéd with CO2 in a separate vessel.
Thesé expgri;nents sho§ved that there was, indeed, a significant dif- |

‘ference between the CO2 oxygen isotope ratio measured in the vessel

and the ratio measured in CO equilibrat_ed with .HZO which was recovered 4

2
. from the soil by distillation. Thus, ‘the most likely.hypothesis for the

poor results obtained in the.PO4-H20 exchange e'};perimentsAis ﬁhat
another épecie appears at mass 44, ithle‘reby sﬁpbfessing the measurable
46/ 44 isotope ratio. Al_thbﬁgh it ap'peafs"that the modified |
'.PQ4'HZO oxygen exchange exj:erim»ehtv as 'curréntly 'conceived r:nay_ still be
-féasi‘bie, it is not a p’a.rticula.rly sensiti_\(‘e life detection assay and,

compared to some of -the other bioassays we have described, appears

to be a low priority "expériment'.



II1, Temperature-Progi‘amméd In S1tu EXperimeht

- During the past year, a good deal of effort has been e_xpended

on results related to a bioas say which we call a temperature-programmed

in situ. This assay is an outgrowth of the in situ control and the:

desire to increase the amount of information obtained from in situ
incubations. The basis of the bioassay is the use of a temperature
regime to analyze two soil samples, one before and one after incubation.

Any differences between the released volatiles (and possibly pyrolysis |

' Aproducts)“of the two samples would be an indication-of,biologi;al activity.

'The experiments that we have done to date suggest. that we are on the -
right track. However, these studies have been severely hampered by

a massive data-handling problem. Because of these difficulties we have

‘been unable to determine the biological feasibility of this experiment,

- although we have learned a go_o.'d deal relating to its technical imple- |

mentation. We have therefore acquired a PDP-8 minicomputer as an
on-line data reduction system for this experiment (see below). We have
suspended work on the biological aspects of this experiment until all

facets of this data-hanalmg system are in operation.



IV. The Nonrbiological Gas Exchange of Soils -

One of the most' important phenonﬁena Which limits 'the pro-

L ~~posed b1olog1cal exper1ments is the non- b1olog1cal gas exchange of
-soils due to external pertur_batmns These adsorbtion- desorbt1on

. phenomena will have a_particula_rly significant impact on the & :

situ experiment, since in this experiment we may be limited as

" much by background reactions as 4bytechnical performance.

- During the early phases of this contract many exper_iments

" were performed in an attempt to determine the effect of partial
":pressure changes on the adsorbtion-desorbtion reactions of soil. -
.- During the course of the se studies (and those related to the

]_detection of trace organic compounds (see below_)) we found that

our method of ga's handling could significantly affect the compo-

Lo S1t1on of the gas phase Consequently, these stud1es were sus-
pended pend*ng the development of a zero-dead volume inlet

- vaIve (see below)

Although-the data we,acquired were co_mpromised: due to the
aforementioned gas handling difficulties,- thes_e experiments did .

suggest that under the conditions t'ested'adsorbtion would not

g profoundly affect the validity of the b1olog1ca1 measurements, We -

~ “plan to repeat these expenments uS1ng our recently improved

gas handhng system to obtain a more prec1se determmahon of

'any of these adsorbtxon effects



V. Factors Affecting the Detection of Trace OrganiCaCc-)n‘qpound»s

| ‘Oheof the strongest arguments for the pfesence of '"life" v{;ould
' b_e-the observation Qf.newly-formed or.geni'c'eompounds after vthe in- .
cﬁbation of a soil sample. We have therefore attempted to determine
some of. the parameters which llimitb .the de't.ecticvm' of these compouhds. .
]'Duering the .eafly phases of this project we performe_d many
egperiments' in an e.tterhpt to deterrrﬁne the minimum deteetable quanfity
of ofganic corﬁpoﬁnds of Biological interest, .sucih as formic, acetic and
propienic acids, bute.nol_, ethanol; etc.r' undef incubation'e_onditions. -
Hewe\}erv, we found that -the rhethod 'of'.samplirig could have a prefound '
effe_ct on the sensitivitir of th.ev-mass _spe'ctromefer for the deteetion'of‘
Qrgan'ic -comppunds prelsent.in the _v‘apobr pheSe. . In particuiar, the
ads'.orption of gases and _volatiles-lv)‘y'.vthe svarnple >lin'e significantly
affe_cte_d the attainable sensitivity;
After the deeign and fe.brica.tion of a suitab-_le gas handling
system (eee ;below) we repeateci an.d exten(dedI this series :Vof' experiments.
" We found that: 1) the \;'apor presedre, and cohsequently; fhe minimum
‘detectable quantity, of an organic ceml.)oun‘c.i was not stroﬁgly affecte‘d_by
1ts milieu (sand, humus; etc. ); and 2) the‘:va.per' pres sure of organic .
ceméounds at vefy low concentfati._c.ms..devie.ted r'narkediy.vfrern' that
| ‘pre’dicted by Raoqlt.' s law, i.e., ‘P;XPO, Where P is the parﬁal,'

. .0 : - ' e
vapor pressure above a solution, P the vapor pressure of the pure liquid,



and X its mole fraction), or: Henry's ll.aw,' (i.. e‘. ‘, P= kx,'- Whe_fe P

| and X are thé same asﬂ m Raoult_'.s lé.w, '.a.n_d k (#. Po ).‘a const.a‘mt. )

W-e ‘recently obtained a publication from the National Bureau of
Standar_dé ("Thermodynamic .Propertiéé of Compounds of »B.iochemic..:al'
Interest in Aqueous Soluti.,on“'). which may g'reatly enhance an under- |

standing of some of the important factors related to this problem.



- VI SarvnplevInlet System

- - Many experir_ne_nt’s' thiéh-we Bavé attempted to i;)erf_orrn during
the éarly phases of this v’contract Qere stymied by the lackAof a suitable
svc:>i1 sa.mble-gas handiing system; . The principal :disadvanta.ges of the
systém being used were: A) each measurement requirévd ca. 5 ml bf
gasv (at ~ 1 atmOSphere pressure) which  in turn required that the soil
sample Be large; and B) in some céses the gas sampling Systém per-
terbed fhe composition of t};e gas being r‘neas'ured due to fhe adsd:btion
of species by the evé.cuated éample volume walls. These problemé
_ were due largely to the presence of a sample line volume betwéen
: tize leak valve on the mass épectfometer and the seéling point (valve)
on the sample vessel when it is atfaéhed to the mass spectrometer.

: We'havé récently' deéigned and cénstructedva soil émpoule-
gaé handling system which circur_nveﬁts these prqblems_. In the new
design, é. series of sample vessels.wl;ich contain both the sealing p§int
~.and leak at the saﬁe position are éonnected to a manifold ‘whiAchvfe’eds
i' direcfly finto the mass’ épectrofneter and is -keptv at mass spéctrdméter A
| preséure.‘ The heéft of this assémbly is a Nupro éS_-4AS needle v%\lve :
- which, é.lthough designed fbr metering, cé.n be closed ébmpletely_if
f:-aution is exercise:d.b (In’criticé;l exper‘ivxl'n»ents we plan to ﬁs.ev goﬁld-’

plated valves). This valve is connected to the mass spectrometer

~



and the sample vessel using Sﬁvagelok ﬁttingé with 'i‘eflon £er1fuies.
The sample vessel itself is é Kirﬁax-éSOé test tube ( 6 x 50 mm,
.'total vc;lume ~ 0.8 ml ). E#plﬁdéd and asserﬁbled viéws of this
apparatus are showﬁ in Figure 1. These .v'alves can then,be‘ attachéd
. directly: £o” the high~vacuum rﬂass spécti‘ometer inlet b;r é manifold
as illustrated in F-igure 2.

Becaus.e this system has no volumé of sample line which is
alternately filled and-eva.cuat:ed, the compositién of the gas; phasé
entering _tﬁe mass spectrometer will more accurately I;efle’ct the -
gas phase above the‘-soi.l.sampl_e, since .the“sample gas will not be
: altergd due to adsorbtion on Atﬁ‘e walls of the sample inlet. In addition, ,
much smaller gas volumes will be required for analysis. In.'the old.
rﬁethod, ca. 5ml of> gas at afﬁpbule’ pressure was r'equiréd; the new

-.system requires ca. 05 p,.ll'sec.

~-
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VII. Computer-Mediated Mass Spectrometer Data - Handling System-

- During the past year we completed the design and development
of hardware and software for a computer-mediated mass spectrometer |
readout system. This system allows us to acquire a_véra.g’ed mass

spectrometer data over the entire dynamic range of the mass spectro-

‘meter (~ 6 ofde_rs of magnitude). - The system reé.ds and stores the.

background and sample spectra, subtracts the backgr_ouhd from the

- 'sample, and normalizes the amplitude. at each mass number to the

amplitude at mass 40 (Argon). Both sa,fnple' and background are currently
analyzed at six attenuations with five répetitions at each attenuation to

provide some signal averaging. Wit}_i minor modifications, this

.appa:atus will also allow us fo*process and analyze the massive amount

of data acquired.during the tempera‘tu‘re‘p‘i'qgrafmmed i_rls_iiy._experi—»
ﬁlents d'esc_lf_il;ed ‘above. |
Tile hearf éf this dafé.-handiiné systém is a PDP -8'E‘vl>‘ni’ni-
compﬁter._- This .compute'r has a fi;:ed' 12—b1t Woi‘d‘length with-éOOO yvordé B
of c<.)r'e' memory.' Input de.vices'. to fh’e "machine consist of a t.evlefype -
(ASR-33) and a 10-bit A/D é'onvertéii.
o The algofithm usé_d during the jcéurse of ﬁ.scan is aé followé: _

After receivirig an initial starting pulse, the _scé.n voltage and the signal

13



amélitude_ from the mass s'p.ectrom‘eter' are ‘measurevd' and digitiée_d
' vBy‘the 10—bit AtoD '_clqnverter.. By the usé'of a tabulé.r ».lo'ok—up_‘ |
fout.ine,. the fnass spéctrometef thAevrll determines Wh_e;the,r the
ll'nea..sured. scan voltage corresponds to 'b'pveak” or "valley" in the :
_spectrurri. If the position does corréspoﬁd- to a peak,‘ vthe? masé
- number‘ is then:iaeterminéd.in a '_sivmil.ar 'rnar.mer.‘_ T'he‘c:omputer then
étq-res the maximum signalbamplitude_obtaiﬁed in each peak ”Wi‘ndow”
| 1n a location corresponding to .its mass jnmnber. |

.*Aftér‘ ea_ch:.scav.n, ‘the attenuators _6n'the ma‘ss_s‘pectrométei‘
oui:put are au’comaticallyv_sbv.vitc’:hed ;and‘ the 's_vp'ectrum is a’.gain.processed
aé ciescribed above. | We aré _currénfly usi.n.g a system in Wl';mi'ci:.h-six
#t_tenuatiohs are sequentially scar;ned fivei fimes each, fér a total of
~ 30 scans.’ At the end of these 30._scans, fhe acQui;‘ed data are scé.led,

'averagéd a.nd-..stored as ﬂoAa1.:ing. i)oint numb.é-rs”. ' S,

Ai.'-1\:'er_ both the backgrvound and safnple épectra have been

" - . acquired and processéd in this manner, the data are presented

in the f'ollowinbg format: for each mass number, the background amplitude,
-the saniple amplitude, and '"(sample minus baékground)/ Argon 40"

(normalized signal), ai‘e p‘rintéd out on fthé_ teietype;

14



VIII. . Soil Analysis

During the past year we éﬂ:ended vsever.al meetinésf ;nd'
confe_rénces- on Vikiﬁg and post-Viking experiments. We came
| awa}} Withvthe impression that_ a biologi_c'avlb.exp'erimen.t slanted to or
_combined with soil ‘analysis might be the preferred approach to later
.Q"Viking nﬁissions from bqtﬁ a sciéntiﬁc band. pqliﬁcal viewpoi.nt..
iConséquyently, we havev iﬁ_itiétéd*a program to study and dex}elop
, bbiqlogically oriented soil as sayé which will be compatible with our
" mass spec':tromieter—é.mpoule configuration. |
~ 'Because of the_ cur‘rentAinterest 1n the scientifi_c cofnfnﬁnity'
.cvdncerning the status of nitr:o.gen on Ma.rs,. a good deal of .ou_:t" .wo_rk. on
this prograrﬁ has been devpté& to the detéétion and measufement of
varioﬁs ni’c_roéen comﬁoﬁnds in tﬁe soil. In this way 11: may be poésible
to 'determine the\jnitr'o_gen baiante von Ma.;‘.'s..' .
For éxample,-‘ we hé.vé.exémined and tested the use of sbulfa.-mic
~acid as a 'redu;ing ‘agent fér the détgrmihaf:ié’n of.‘ nitrite and nitrate
in soils. In a; mildly a;idic .s'o.lu_'cion of ‘suflf_ami.c acid nitrite 1s reduced

at room temperature to N, which can be measured mass spectrometrically.

15 .



: Nitre.te ca-n.be determined in a“'si‘milar.' ﬁ:enne;' except that

a cohcentfated a‘cid‘ sOletion i.s used. | Frorh»the fneasﬁrement of :
| NZO (M/ E=44) the amount of NO':'5 can'be‘ determined.fﬂ('kI“o_ some
extent, fhe above reaction will 'a.,lso,‘co‘nve.rt'the more aecessiblee
- .v,.NHZnitrogen into N). This overall pro‘c':edure will thus yield the

- total amount of nitrite e.nd nitrate present in the soil sample.
Wé ‘ha_.ve also étudied the conversion bof seil ammonie. int:o '
- molecular nitrogen by oxidatioﬁ with hypobromite. In these |

experiments soil'samples were reacted with a solution of sodium
hypobromite for 30 minutes at 70°: The i’eleased NZ was then
measufed mass spectrometfically. | _ _
| - We fe'sted a modification Van Slyke 'method to determine the »
‘ vameunt of amino nitrogen present iﬁ the soil. Experiments to date
'have been quite promising although we have encountered seme

. difficulty in coiping with the lafge amounts of NO released dﬁring

" the course of the reaction.

In addition to the soil assays related to the status of nitrogen
- on Mars, we have tested some of the more obvious soil parameters
-such as 'tl;ve'acid release of CO2 an& SOZV from carbonate and sulfites,

the determination of total organic carbon by Wetf oxidation, etc.

16



X. Pa‘rame'fric,Studies of Bi‘oass‘ay-s‘ -

W_it.h the dev'elo'pment'df thé‘ “s1.'na1'1' sarhple handling system

described above, we were in a position to do parametric studies using

~ some of the more '"'precious' soil samples received from Ames. In

addition, we could perform many experiments using expensive isotopes

at a great saving in cost. The use of the computer mediated mass

- spectrometer readout system greatly facilitated this work.

' We have performed most of the ""standard" bioassays (_}g situ,

| | 13, 15 . "
addition of yeast extracts, C, ~NOs3j, Hp - Dj) on the six test soils -

obfained from Ames. In addition, 13¢ - acetyléne récen’tly _bécame

available at a reasonable cost, and we thus were able to perform some

soii nitrogenase assays (i. e. F‘CZ H, —zﬁ) CZ H,4 ) with greatly .

~ improved sensitivity. = = = - o o e

~_
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