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CHEMICAl.  PR()('ESSES ill Ihe ocean and at its in- 
terfaces ~i th the atmosphere and the seafloor pla)  
a major role in regulating global  b iogeochemical  
cyc les .  Pred ic t ing  the impact  of  human dis tur-  
bances on these cycles requires a fundalnenla] un- 
ders tanding of  ho~ they operate  over a range of  
time and space scales. Unl\wtunatelv. the chemical 
properties of the ocean have not been sampled ad- 
equatel  5 lit p roper  scale,,, or in some cases  with 
adequate calibration standards,  to create compre-  
hensive global data sets for such understanding to 
be developed.  Remote sensing of  chemical  para- 
meters from aircraft and salellites is limited to le~v 
a n a k t e s  and to lhe lop layer of  the ocean. Ship- 
based sampling has accompl ished  relativel~ few 
sampl ing  t racks spread  o~er t ime and over  the 
ocean surface. The restllting hick of data limits our 
understanding of such processes as the air-sea flux 
of carbon dioxide ~l~lr under,qanding global warm- 
ing) and tile factors reguhiting oceanic prinlary 
p roduc l i on  o11 a global scale. 

Member nations of the International Oceano- 
graphic Conllnission are designing a global ocean 
observing svslenl IOOO.ql 1o iulplenlenl rouline 
nloniloring of ke~, oceanic para lneters for  even tua l  

nlonilorillg and prediction of global climate, ocean 
health, and oilier factors important to ~ociety. The 
inlpielnenlation of man\ GOO,~ conlponenls ~,~ ill 
depend till lhe deveh.lplneni and depio)nlenl  of 
nov, c h e m i c a l  s e n s o r s  fo r  I t ' lng- ternl  ( l l l o n t h s  to 

years  i, con t in t ious  use  i l l  the ocean .  

A group of anal\,tical chemists and ocean scien- 
tists was brou<,ht to<.z, ether by the Commit tee  on 
Oceanic Carbon of the National Resealvh Council 's  
I NRCI Ocean Studies Board to identify: techniques of 
anaktical  chenfistrx that could be used in ocean sci- 
ence. The result of the cominitlec", deliberatiom, is 
an NRC report. Applicatilm,~ of Analytical Chemistu  
to Oceanic Carbon Cxcle Studies INRC, 1993). The 
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repot1, smninafized belm~, lbctises on sea~vater ;illa- 
I~tes thai are important fi~r understanding key aspects 
of the ocean's role in the global carbon cycle and on 
in xitu measurements of these analvtes. 

The following is an ideal in situ sensor: manu- 
facturable in hlrge qtlantities, cost effective, fully 
automated, long lasting, stable in its calibration or 
self-calibrat ing,  resistant to environmental  condi-  
tions, and selective. Increased research and devel- 
opment activity will be required in design sensors 
with these attributes for deployment  on hmg-term 
remote  nloor ings ,  i l t l l o n o m o u s  vehicles,, a n d  

prolilers. S ta te -of  the-art measurenient technologies 
(no t  necessar i l y  SellsOrSl t l lat  t ire n los l  p r o m i s i n g  
for in situ use include e l ec t rochemis t ry ,  spec-  
t rophotometry,  and flow injection and continuous 
l tow-analyses .  The most dif l icult  problem in de- 
signing sensors may be to achieve the desired se- 
lect ivi ty,  s tabi l i ty,  and sensi t ivi ty  for measur ing 
dissolved analytes in the open ocean, where analyte 
concenlr l i l ions are ]my and sensors mnM operate 
unat tended for weeks or months at a time. Once 
sensors capable of measurenlenis under these con- 
ditions have been developed, adapting them for use 
in coaMa] areas,  s ed imen t s ,  and other e n v i r o n n l e n t s  

in which analvtes  are found at h ieher  lalthou<,h 
more variable) concentrations should require only 
design modilications. 

New biosensors  based on select ive  immune-  
chemical and other reactions are being developed. 
The development  of  such sensors will require the 
coopera t ion  of  specia l i s t s  in synthet ic  organic  
chemistrx, polymer chernistrv, oceanography, elec- 
trical and mechanical  engineering, lind sensor de- 
sign. Chemometric techniques CalTied OUt by micro- 
compute r -based  ill situ instruments could enable 
optimized sampling and chemical analysis, remote 
data analysis,  and more c f l i c i cn t  c tunmun ica t i on  o f  
data  to ships and satellites. 

Coopera t ive  activit ies among the federal gov- 
ernment, industry, nonprofit research laboratories. 
and academia will be required to overcome the bar- 
r iers to successful  research,  deve lopment ,  and 
transl2-r of  new nleasurement techniques and sys- 
tems to ocean science.  The federal  gove rnmen t  
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nmst lead the research and development effort for 
ocean instrumentation because government  agen- 
cies are the beneficiaD,, and ultimate consumer, of 
most ocean measurements .  A number  of  ap- 
proaches could be taken to expedite instrument de- 
ve lopment .  One approach  would  be to es tabl ish  
buoys and vessels  dedicated as test platforms fl~r 
instrument research and development.  Another ap- 
proach would  be for  federal  agenc ies  to devote  
some o f  their  ins t rument  deve lopmen t  funds to 
long-term (7 to 10 y) grants (Wunsch. 1989) and to 
mainta in  ins t rument  des ion  and ene inee r ino  
groups• 

Successful  implementa t ion  of  a deve lopmen t  
effort lk)r ocean instrumentation will require exten- 
sive transfer of  information and opportunit ies be- 
tween the ocean science and analytical  chemistry 
communit ies .  Measurement  science is one of  the 
most  act ive fields of  chemis t ry  today and could  
provide new sensors and techniques for ocean sci- 
ence. Analytical  chemists  and instrument special-  
ists welcome the oppor tuni ty  to apply new tech- 
niques to novel measurement  needs,  but need to 
know which analy tes  oceanographers  (and their  
agency sponsors) are most interested in measuring. 
The Commit tee  on Oceanic  Carbon d iv ided  into 
three levels the priority analytes that must be mea- 
sured to improve our understanding of the ocean 's  
role in the global carbon system: 

Pr ior i ty  l - - Q u a n t i f y i n g  the A n t h r o p o g e n i c  
Carbon l n p u t - - T C O . ,  pCO:.  pH. a lkal in i ty ,  and 
O~'C and .XHC of  inorganic  and organic  carbon 
species 

Pr ior i ty  2 a - - U n d e r s t a n d i n g  the B io log i ca l  
P u m p - - d i s s o l v e d  and particulate organic carbon, 
nitrate, phosphate, silicate, ammonium, iron, 0~'N. 
Meal pl=ments, dissolved oxveen, and 0E~O 

Priori ty 2 b - - T r a c i n g  Wate r  M a s s e s - - c h l o r o -  
fluorocarbons. ~Ar.  tritium, and O~He. 

Priorit~ 3 - - O t h e r  Analvtes of  In t e r e s t - -minor  
nutrient elements {zinc and copper), tracers of air- 

sea interaction (aluminum. lead. dimethyl sulfide. 
and -'::Rn). t racers  of  hydro thermal  input (man-  
ganese and )He). and tracers of  interactions with 
particles (>Wh. > 'Th.  and :mPb). 

A multifaceted approach should be used to dis- 
seminate  information to chemists ,  par t icular ly to 
analyt ical  chemists ,  and to improve com,nunica-  
tion between the communit ies .  Potential vehicles 
for a c c o m p l i s h i n g  this goal  inc lude  the Chem-  
Rav,'n (Goldberg. 1988) and MarChem workshops. 
articles in a variety of  journals that seek to bridge 
the gap  between the fields (e.g. .  Johnson e t  a l . .  

1992: Sarmien to ,  19931. and c ro s s -d i s c ip l i na ry  
sess ions  at oceanography  and chemis t ry  socie ty  
meetings. 

There are lnany exciting research opportunities 
available to analytical  chemists and measurement 
scientists in the area of  ocean-based chemical mea- 
surements. Likewise, ocean scientists have much to 
gain from collaborations with analytical chemists• 
Cooperation and communication betv~een oceanog- 
raphers and analyt ical  chemists  could be encour-  
aged by funds designated for joint  research from 
agencies \~ith interests m ocean research and/or in- 
strumentation (e.g.. National Science Foundation.  
Office of  Naval Research.  Nat ional  Oceanic  and 
Atmospher ic  Adminis t ra t ion .  Depar tment  o f  En- 
ergy. and the National Institute lbr Standards and 
Technology 1. 
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