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Introduction:  The exploration of the possible 

emergence and duration of life on Mars from landed 
platforms requires attention to the quality of measure-
ments that address these objectives. In particular, the 
potential impact of terrestrial contamination on the 
measurement of reduced carbon with sensitive in situ 
instruments must be addressed in order to reach defini-
tive conclusions regarding the source of organic mole-
cules. Following the recommendation of the Mars Ex-
ploration Program Analysis Group (MEPAG) at its 
September 2003 meeting [MEPAG, 2003], the Mars 
Program Office at NASA Headquarters chartered the 
Organic Contamination Science Steering Group 
(OCSSG) to address this issue. The full report of the 
six week study of the OCSSG can be found on the 
MEPAG web site [1]. The study was intended to de-
fine the contamination problem and to begin to suggest 
solutions that could provide direction to the engineer-
ing teams that design and produce the Mars landed 
systems. Requirements set by the Planetary Protection 
Policy in effect for any specific mission do not directly 
address this question of the potential interference from 
terrestrial contaminants during in situ measurements 

Scope of the Study: Four primary areas were ad-
dressed by the OCSSG: (1) identification and quantifi-
cation of the contaminants of most concern with regard 
to their possible adverse impact on the goals of lander 
missions, (2) methods of quantifying residual contami-
nation, its abundance and transport during all stages of 
lander development and operation,(3) possible con-
tamination mitigation options, and (4) use of controls 
and facility-provided standards to be analyzed by lan-
der instruments after arrival at Mars. Although the 
contamination issues are relevant for the Phoenix Mis-
sion [2] that will have the capability to detect organic 
molecules and for a Next Decade Astrobiology Mis-
sion that has been considered [3], the study was pri-
marily directed toward the benefit of the investigations 
to be selected for the 2009 Mars Science Laboratory 
(MSL) Mission. 

Contaminants of Concern and their Threshold 
Abundance: The contaminants of concern include not 

only molecules that might be important for biotic or 
prebiotic processes, but also molecules that would be 
predicted to be present from meteoritic infall. It will be 
important to search for these species delivered to Mars 
from space and for their likely chemical reaction prod-
ucts since similar processes, such as reactions with 
photochemically produced oxidants, may have trans-
formed species on Mars that are important for life. 
Table 1 is a summary list from a more detailed table 
found in Appendix A of the OCSSG report [1] of spe-
cies of concern. Consideration of possible sources of 
organics and their chemical transformation led the 
OCSSG to suggest contamination thresholds for MSL. 
Samples delivered to the Analytical Laboratory of this 
mission would not be considered clean under the defi-
nition or this term used by the OCSSG unless the con-
tamination level (in nano grams of contaminant per 
gram of collected sample) for selected proxy species 
was below the thresholds given in Table 2.  

The OCSSG identified various potential sources of 
contamination. These include organic materials con-
tained in spacecraft hardware such as lubricants, oils, 
sealants, adhesives, plasticizers and other materials. 
The molecular contaminant types that would be pro-
duced by these materials were identified by the 
OCSSG. Additional contaminats include materials 
transformed from assembly of spacecraft elements by 
humans and microorganisms that are either dead or 
alive. The planetary protection requirements only ad-
dress the number of live microorganisms found on a 
unit area of spacecraft surface. Even dead organisms, 
however, have the potential to introduce protein, RNA, 
lipids, and even DNA to a Martian sample. 

Contamination Quantification: The OCSSG re-
viewed analytical techniques and sampling strategy 
(on Earth, before launch) that might be used to quan-
tify contamination. Existing techniques such as Fourier 
transform infrared spectroscopy, gas chromatograph 
mass spectrometry, ion chromatography and other 
methods can provide both chemical functional group 
identification and identification of specific species. In 
addition to these techniques, the OCSSG proposed that 

Lunar and Planetary Science XXXV (2004) 1385.pdf



DNA assays should be carried out over the course of 
the MSL development and rapid methods of monitor-
ing bioloads be implemented.  

Contamination Mitigation: Several approaches to 
meeting the contamination goals of Table 2 were re-
viewed by the OCSSG. These included identification 
of sensitive areas, materials selection, use of contami-
nation barriers, implementation of cleaning procedures 
specifically adapted to reduction of organic contamina-
tion, and isolation of MSL mechanisms such as the 
sample acquisition and manipulation tools that come 
into physical contact with the samples. Since the MSL 
sampling strategy under consideration includes sample 
crushing and grinding, significant physical contact 
with terrestrial materials is unavoidable and transfer of 
contaminants during this step must be minimized. The 
OCSSG proposed that witness plates be used during all 
phases of the hardware development for MSL to 
achieve a more comprehensive understanding of the 
contaminants that might be introduced to martian sam-
ples. Once on Mars, miti-
gation may be achieved 
by strategies such as 
diluting the contaminants 
by processing several 
aliquots of the samples 
through the acquisition 
and manipulation system 
prior to introduction to 
the instruments of the 
Analytical Laboratory. 

Standards and Con-
trols: The majority view 
on the OCSSG was that 
the use of a facility-
provided organic-free 
blank standard on Mars 
should be examined by 
the MSL development 
team after the selection, 
through competition, of 
the investigations. The 
blank material 
would ideally be 
readily distin-
guished from mar-
tian material and 
would allow the 
extent of terres-
trial organic con-
tamination transfer 
from the space-
craft to be estab-

lished. However, the effect of the use of such a blank 
material on other investigations, such as Mars miner-
alogy, not directed at life detection, should be carefully 
assessed. 

T

Summary: Attention to the reduction and quantifi-
cation of terrestrial organic contaminantion is an 
essential element in the quest for an understanding of 
the potential for present or past life on Mars, through 
measurements of the organic compounds that may be 
found near the surface of Mars. 
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Table 1. Contaminants of concern for Mars landed missions 
Molecular class Examples  Molecular class Examples 
C, H aromatics benzene, toluene, 

higher molecular 
weight aromatics, 
PAH 

 Carbonyl  Esters, ketones, 
aldehydes and their mw 
distributions 

S, N, O 
heterocyclic 
aromatics 

furan, pyridine, 
pyramadine, 
benzothiophene 

 Sulfonic, 
phosphonic acids 

Methanesulfonic acid 

Carboxylic acids 
and their salts 

Alkyl & aromatic 
acids, fatty acids 

 Lipids and 
derivatives 

HC chains, fatty acids, 
fats, phospholipids.  
Hopanes, steranes 

Non aromatic 
hydrocarbons 

Alkanes, alkenes (i.e. 
isoprenoids such as 
pristane, phytane) 

 Sugars and 
derivatives 

glucose 

Nitrogen 
containing 
compounds 

Amino acids, amines, 
amides, purines, 
pyrmidines, 
porphyrins 

 Proteins Polar and non-polar 

Alcohols Methanol, higher 
molecular weight 
linear and branched 
chain alcohols 

 Nucleic acids, 
nucleotides 

DNA fragment 

 

a b le  2 .  M a x im u m  a m o u n t  o f  c o n t a m in a t io n  in  n a n o g ra m s  (n g )  th a t  c a n  b e  t ra n sfe rre d  to  
o rg a n ic  a n d  m o le c u la r  a n a ly s is  e x p e r im e n ts  p r io r  to  th e ir  d e liv e ry  t o  th e  in s t ru m e n ts .  
 n g  /  g  sa m p le  N o te s  
B e n ze n e  o r  a ro m a t ic  h y d ro c a rb o n s  8  

C a rb o n y l a n d  h y d ro x y l c o n ta in in g  
c o m p o u n d s  

1 0  

A m in o  a c id s  1  
A m in e s ,  o r  a m id e s  2  
N o n - a ro m a t ic  h y d ro c a rb o n s  8  
D N A  1  
T o ta l re d u c e d  c a rb o n  4 0  

M S L  w ill d e liv e ry  
a p p ro x im a t e ly  5  g  o f 
s a m p le  to  t h e  p ro c e s s in g  
sys t e m . 
In d iv id u a l e x p e r im e n t s  
m a y  r e q u ir e  o n ly  a  fe w  
m illig r a m s  o f s a m p le  fo r  
t h e ir  a n a lys is  

A ssu m p t io n s :  S t a t e  o f o rg a n ic  c le a n lin e s s  c a n  b e  a s se s se d  b y  a n a lyz in g  sp e c ific  r e p re se n t a t iv e  
m o le c u le s .    
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