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'?he State of ~i has long recognized the need for a more diversified
econccmp. One area with excellent potential for new tn3ustry is the ocean.
'Ihe acean has great untapped food, energy, and mm~mal rest;mrces. 'Ihe State
of' Hawaii Marine Mining Pmgram was develaped in an effort to examine fully
the potential in the area of minerals. Cther State prcgrams are similarly
exmining ocean energy arxi mariculture possibilities.

Manganese nodules and crusts as sauces of strategic minerals have
generated interest cn the part of gammmemt and industry for many yearn.
Since 1972, ~i has been considering the advent of a marine mining
irxlustry in the Pacific eazly in the 21st century. Such an industry cauld
use Hawaii as a minerals prat~ing site, a ~ly base, a research center,
a transshipnent point, or any cambination of these activities.

In 1975, the State legislature provided furdirg to begin a milanese
nodule program to assess the potemtial of a nodule pronmsirg industry in
Hawaii. The goal of this pre@ram was to attract to Hawaii a mmcynese
~e industry which was envireemmtally saund, socially acceptable, and
economically beneficial to the peaple of Hawaii. The program objectives
included ixxhmtry interactian to identify Hawaii's resaum~w and the
requirements of a new industry, assessment of envirormental, social and
econceic impacts which the industry cauld have, and the dissemination of
information abc', this potential mar irdustry to gcve~mt agencies,
private businesses, and the general public.

In 1982, Peasibili
the K6hala 'stricts of Ha ' was released hy the

State af Hawaii and the National Oceanic and Atzmsgheric Administration.
'Ihat report recounted the development of the industry and described several
possible sceearios for a processirg industry on the island of Hawaii. To
provide a more detailed assessmmt of the pvtemtial impacts of a marine

I l~~', ~ bl
specific hvzestigations. ~ studies were supported by the State of
Hawaii, the County of Hawaii, the University of Hawaii, the University of
Hawaii Sea Grant Oollege Pmgram, and the Oman Minerals Compare.

Qua report is the fifth in a series of envtrcemental menographs
sponsored under the State of Hawaii Narine Mining Program. Zt is be~ on
wark by Craig Rice oceyleted for the degree of Naster of Science from the
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~ gg~:ts cn «gggpggygg in ggggeteri is of major signifi BzK
dealing with p~ntial negative effects of dissolved msng«nese on

t

mimicry of «eeymese nodules or crusts, and especially the ocean disposal M
taQ,hays fresh marine minerals peermmhg, is the dissolution of conteineK
maL'als in the seamtar and their effect m miccoplankton.

8«nyanase, hewn to be zeRUJ.y adsorbed mt' particles in seawater and
! I!It~i l I, 92
far such a study. Rica found that may very high ««mane«e carx:entraticms>
above 5 gm far eemal. hcucs, have an inhibitirxy effect an plar&Mn.

be peasant dua to «dnhg or ocean dispceal axe likely to be M this 3.mm'
Rania. IUD's vade aayyests that uptake of dissolved ««mgenese may nct be

tltll! ~ ~ I I I
'jha Week 9selved M exlallfrg end cceyuter simulatirq the disch~ge pl~
5R' ~ ~ |N«s cc«gketsd by De, Charles L. 5kmy«n of the Department of
Business and Eaexaic ~~ent.



Dur~ the course of this rese~+ ~~al indi~idUB1s contributed
their efforts without ~ggnerati~ ~~~ti~ ~ir suable help
desires reaagnition at this time. 'Ih th is ~ttee aug~ising this

ized by Dr. Neith Ch ~ ~i~ ~~nce and was
» W

~id Karl, also a mesbew of the ~ttee, ~arouslY awned his laboratory
for the KeeP~tion of biological samples, pmviding ~ naoessary equipment
and mKPlies The third camLttee >~her was Dr. Fred. Kaakenzie. Dr. Zed

~ all~ use of his laboratories at the Hawaii Tnt.itute of Marine
Biology whose then acting direcb:c, Dr. George Iosey, ~ao generously
prcvided a radiochmical ~gcessing laboratory at the ~~bation site. Bob

~ and Anita Taff assisted in collectian oS the offshore water

~orovgh in~=tion and timely ac@rice on numercea chemi.~ preparations,

the original master's thesis manuscript was undaetah~ ~ Dm. John
Milt.~a and Charles organ of DBED's Ocean Rescuers Hr".mch.

%his research project was fundal jointly by the ~~ersity of Hawaii
Sea Grant College Prcqram [Grant No. NMIAA-~0070; ~ject ~-3j, Ocean
Mimxals many, and by the State Reine Affairs Gm~izmtor {sul~~~tly
the Ocean Resouo~ Braxxh, State of Hawaii Cmegertmerxt oZ Business ard
Ea~md.c Development! .



Te! asi~ka of the mle of Ian",pmese in aaeanic surface waters aze

Mhi46teua maxi' of dissolved M{II! concentrations measaumi in the photic
%%0. Xn additive, although Mh is Rnawn to be an ese~~al micro-nutrient
Oe' eidetic avgenisia, Idahoan levels taxic to marine microbial pcpulaticIMI
bR% IN' been deteemirai. Reeults of radictracer experiments using '~~
~ly' Ihaw that light and natural marine dissolved organic carbon  DOC!
c85 ~stacks. to ~it adamptica of Mh II! onto pelagic carbonate ~~
ILNg~ices. Affinity of dissolved Mh for such particles remains high intbsp-4kgjc, hut leach slower adsorption o~ with eppes to sunlight in tb

I%NO Of MC. It is proposed that sunlight and Doc shift the partiti~ill< OC Rl %thin the phatic zcme tcxscri the divalent species and thereby
aQer rebILtively high Mn{II! ac~mtraticns to persist in the surf~

M 92 bd I M4in 4 li"z polite bottles with added m II! . over eight hours, ~
end ~ %~nisi eden~inc 5' triphaefMte  ATP! concentrations
ard "C~'tIL!'+ were stored. ~ data do not delineate a discase level
4t ~ ~{II! limits W~h. Mditicea less than 500 pazts per billical

~~ bet ea 500 unct 2000 b g8vB 8zxRtii ~ ~ 5~ PPbi ~ II! 4~. illhibitory. A oceputezg ~~~ ~ o«diverge plume ~ a ma .~ pm ~~ ~s~
+ PPb would @K4rt & the water column only withinless than 30 Illst8rs ~ the outfall



Previous scientific res~mrch has revealed interesting properties of
marx~me in the marine environment. ~ observations include a concen-
tration of manganese in pelagic sediments significantly in excess of that
found in crustal rocks, a hydroth~ supply associated with active
spreaciirxy centers, a pcttential for efficient scavenging of other metals
because of large surface areas of mamyanI~me hydroxides, and susceptibility
to reduWion and mobilization from the solid phase under anly slightly
subaxic ooncKtions. Water column profiles of dissolved Nh in the ocean
generally shaw surface enrictm~ and law values at depth in cantrast to
other transition metals  such as nickel, copper, cadmium arxl zinc! that
gener'ally exhibit surface depletion and enrichment at depth. In addition,

and crusts, a valuable potential mir~al remruxce. PLrhrre metallurgical
processing of nodules or crusts, particularly if dane on or near the ocean,
cauld gea9uce significant amcents of divalent, water-soluble marx~anese in
waste strams. The fates and effects of this species in the marine environ-
ment are therefore potentially of great practical as well as scientific
interesW. Despite a plethora of literature on the subject, the unique
geochemistry of manganese remains for the most part unexplained.

Nost mmearoh to date has focuseR on marxpnme in contention with
y, k d i

'Ibis research focuses on the photic zone where divalent Rn pre9aminates
 Klirdchammer and Bezxler, 1980! and is eox:hanged rapidly with solid oxide
g1rases  Surxla and Hunts', 1985! . A review of the geochemical literature
indicates two major unresolved problems concerning raanganese in the phatic
zone. 'Ihe first ccm~s the oxidation state and speciation of manganese
and its association with dissolved particulate organic matter ard inorganic
particles. 'Ihe secand d.irectly involves marine biata and the role of
divalent mangan~ma as a nutrient or as a toxic substance.

Sampling improvements  Knauer arxL Martin, 1973; Fitzwater et al., 1982!
4 ~ 6

 Kingston et al., 1978!, provide impraved accuracy and detail to our knowl-
edge of the spatial distributions of dissolved manganese cceoentratioes in
seawater. 'Ihe resultant data base has enabled investigators  Klinkhmmer
ani Bender, 1980; Pedersen and Price, 1982; Grill, 1982! to projpcjse kinetic

ion, Nh H20! 6 has been suggested as the most li3cely form of Mh II! in
seawater. CMer aqueous species might include: [Ãn H20
QH]+,
[Zrl H20! 3  GH! 3], [Nn H20! 5HCD3]+, [Nn H20} ~4], etc.  Morgan, 1967! I



Turner et al. �981! propc~l a significant �7%! associatian beO~~m
~cultus and chloride ians in ~ seawater. Furthermore, organic ligards

consideratians, harm~, favor the tetravalent Mn ZV! � particulate form
assuming equilibrium at the ~ and Po2 of axygenated seawater  Ahrland,
1975! . Lhus, ane ~d mgpeM precipitatian, adsorption, active uptake and
biaaocumulation processes within the ~ic zane to enrich the particulate
fraction in Mn�V! at the expe~a of the dissolved Mn II} -pool. Oansidering
all of these potential retral mmhanisms, what kinetic barriers allow
Mn II! to predominate? Except in limited cases wham the axic-anaxic
interface concurs within the water column, particulate manganese majam up
less than 10% of the tatal Mn in seawater  Bischoff and Piper, 1979; Bvaar
et al., 1974}.

Mn II! = Q2 O2

+ 2H20 > MnCGH+ 3H" + e  la!

! Mn304 + 8E + 2e   lb!3Mn~ + 4H20

MnDx + Mn�I! �!> Mn MnOx

�!Mn'MnOx + 4-x/2 02

Pacific open-ocean surface waters  <20 meters  m! water depth!
contain between 0.031 and 0.1 parts per billion  ppb! � ~ 57-1.8 nano-

Oxidation of divalent, aqueous manganese is krxam to involve complex
reactian mechanisms  see Stumm and Morgan, 1981, for a review! . Adsorptian
 equation 2! and axidatian  equations 1 and 3! take place simul~musly at
the irCerfaces of the solid oxides. The value of x abave varies hMeaen 1.3

an2 1.9 in semper. 'Thus, practucts of manganese oxidation are nonstoichio-
metric, yieldirg a mbture of ionic species at variaus degrees of axidatian.
Specifically, equatians la and lb are th~lh.t to control manganese solu-
bility in the oceans  Klinl hammer and Bencier, 1980; Grill, 1982! . The
reaction is first order with respect to Po2 and shaws a strong dependence an
pH. As oxidation provae9s, protons are liberated ~ch lower pH and red'~
the reactian rate. Overall, the reaction is autocatalytic. The various
solid oxides that form as punctuate, such as manganite  MhOQH! or hausmanite
 Mn304!, catalyze further oxidation  equation 3 ! . In natural waters, these

y K~ 'MM Wu
al., 1982! . Also, the presence of detrital organic matter  Martin and
Enauer, 1980; Hunt, 1983! and certain ino~c surfaces, especially
q-FeOOH  lepidocracite!, can significantly i've-Lse the rate of savnmping
of divalent manganese by surface catalysis  Smg and Morgan, 1981! .



mole per ~ogram  ~along!! dissa1ved  particle size less ~ o 4
mLLcrcmeters  >!B ! ! marx:~~  Zones and MUrray 1985 r BerXdeZ ~ |LL ' < 1977

1980! . 'Inhere follows a gradual deere;~a in dissolved
Mn with depth to ab!basal values of about 0,02 pub. ~jhmr va1ues often

4

adsorbed marx3<Lnese. Some irmrestigators find rLid~ter Mn X?! maxima
associated with zones of low dissolved Qxppcn  Klinkhexwr aLnd Bender.
1980!, which might be expend because merxganese is suasible to re9e-tian
in suboxac conditions. This pattern, hoxm~, is not oans~rrtly c~>ad-
Zones and Murray �985! dete~ other subsurface raxxima ~ch may be

spree~@ center. Martin and Enauer �982!, irnmstigating Mh fluxes in the
Pacific Ocean, found maxima in suspended particulate Mn g~ ~ ox.'Herl
mitra~ with no correlation hMaxen dissolved ox.gym and Mn ZX! c~en-
trations. ~ ~@gest that rmlrx3cmxse dissolves in naxrslmrxx s6cii3errts
where the oxjgen mirdzoum ~+senex the continental slcpe. Divalent
xerxganese is released arxR a>~xi laterally along iscpjcneLs out into the
deep ocean where it is rapidly emmape5 by sir&My pertic1as and sub-
sequently accumulates in pelagic sediments. As sinking pa~cles approach
the tcp of this zone of low oxjgen, the pzeyartice of labiLe. Hn associated
with them irxxeamm sharply. Microbial activity may contrcZ this ymocms
because low O2 concerrtrations favor coddation of xmuxganese hy marine
bacteria {Neahmn, 1977! . 'Ihus, if particle flux is high ~re aeppen is
low, the mid-water smroe of Mn XI! within the ax.peen minimum zane may
becmxx depleted. Zn any case, the net flux is daeserd mxi cannot explain
the obsezmd ubiquitous surfaoe rse~x of dissolved xerqaneese in the open

Both light and dissolved angelic aelecules are found in relative
almxLmce, in the photic zone. Many organic molecules such aa phenolic
ccaIpcvrds, mrbonyl groups and con!ugated systems contair6ng arcxxatj.c rings
can absorb light energy in aguets solutions. 'Ihe energy Xa transformed
irrto excited elec~ states. Hc@olytic bond cleav8lpe may rx suit if suffi-
ciently high energid quanta are ek~orhed bJJ the molecule. Pree radicals are
f~ by such anlecular fragnentaticn. A transition metaL with multi.-
valent bmiirxg characteristics would tend to collect ~ ~hly reactive
spxMx as free radicals and becca' a~ed. Sunda et % �.983! and Sunda

of the sees as previ.cusly descried in favor of inn'caser% activity of the
~9ecz6 species at redox equilibrium. Tbis %~cess would ~ delay the

tion of Mn�1! species dissolving frcNL aerceols depose~ at ~ sea



surface. 3ha net effect could explain the ckeevrecl Mn II! enrichment at the
surface of the ocean.

'ihe activity of divalent mangle that is toxic to natural pcpulations
of marine gtv~lar&~ and bacteria has never been deteenimecl. The bio-
chemical role of Mn as an en:~pre co-factor and for electron transfer during
~l
marine organisms  VillogxcKRFif 1953! > but can also be toxic at high levels

of ~~lazQ~  Martin ard. Phauer, 1973! show enrichment by as much as
10' aver ~~can surface ccm~trations. Nutrient-limited ger~ of the

low ambient Mn II! concentrations typical of the deep sea  Ruwebara, 1982!.
Other researchers  Harvey, 1947; Sunda et al., 1981! have stimulated
~~latlkton gzcK~ by adding small angvnba of Mn I1! to algal cultures
grown in deep, nutrient-rich seawater collected and brought to the surface.
It has been?mgothesized that, under certain upwelling conditions, patterns
of production in the ocean may be go~ad by the availability of Mn II! .

present ~ has been designed to provide data on two a~cts of

divalent amylase at which ph~lanI«m and bacterial gnash is inhibited,
and to characterize the toxic response. Free the general literature, my
hype~is is that this level will be high. The sa~nd is to determine
whether light and natural levels of dissolved organics affect the
partitioning of maeymese between a solid phase, specifically pelagic
calcite sedhnent, and seawater.



MATERL'UB AND METHODS

Equipment and lab~ used in pre~Wivt,ty experinents were of non-
metallic, in neat cases plastic, constzucCion. gree& vessels were sub-
stituted when plastic was not suitable  or not available! and because glass

All latrate was cleaned as follows: washed thoroughly in LiquinmPl
so&x6 for at least ane week in separate 10% hpdra~oric and 10% nitric
acid baths; arx2 thorcaghly rinsed with glass~stilled, deionized  Barnstead
UltrapuvH'! water  DDw! before and after each socQcim! period. Shen
organic-free water was desired, DIÃ was redistilled under a filtered laminar
flow hoad at ~boiling Omnperature in a still made entirely of qu~
 QDW! . Productivity battles were given a final cleans with 0.25
equivalents per liter  N! sub-boilirxy distilled HCl, then rinsed with 3.5
nLLlli~le per liter  raM! Na2CO3 in QIÃ to en ~ that no residual nitrate
ar acid remained. All chemicals were Baker Analyze & reagents.

le 1 ectian and Mani atian

Samples of seawater were collected in November, FehnLary and May, 1982-
83, fram statians 8-l4 kilametmw  km! N.E. of K~wha Bay, Qahu. Qn the
first two dates  Experinents I and II!, sout2mrly "Kana" wind canditians had
prevailed for 48 hours  hr} prior to sampling and the sea state was calm.
In May, very light trade winds preceded Experimont IIl, resultiny in light
chap. A stardmd Go Flo bottle  Ccean &pumice! was lowered an nylon para-
~ chord or polyprapylene line, weighted with 20 pcamds of plastic-coated
cLLve weights, to a dexrth of ~raximately 60 meters. %he urnm9ified bottle
was aczuhhed out inside and filled with 104 HCl overnight, then rinsed and
filled with HN until just before use. Multiple casts were combined in a

I t ~ Il
Destitute of Marine Biology an Moku o Lo'e Island  Figure 1! . Collectian of
seawater took 20-30 minutes and the return trip to HIMB xee[uired 30-45
1KLrnxtes  min ! ~

Once in the lab, the sample seawater was screens through Nitex@ mesh
directly into clean four-liter polycari~nate battles  Nalgene 2200! . For
the first two experimnts, 35 pm mesh was used. 'Ihe mesh size was
incvmmi to 102 pm for Experiment III, and only Experiment III  which was
designed to measure "C-productivity and H nucleotide @+thesis simulta-
namsly! included a dark bottle. 'Ihe volume of each prodeWivity bottle



Figure l. Iacations of Collection Statims for Biolcqical Zxpezhmnts.
Winchrazd Oehu. Station Times are PST.



Control samples received no added man:ynese while
divalent m'mganase was added to a duplicate series of 3-4 battles, frcia a
cancentrated stack solution of nan-radioactive MhCL2 in MR. The value of
this first addition varied heOemn 10 microliters  pJ! and 5 milliliters
 eZ! to provide a wide range of ambient Nh II! concentratices �-5212

t tl

hattl.es were incubated in the small lmyam outside the HIMB facility. 'ILL
were kept under a floating dock in the shade and suspended about one-'hal.f
meter below the surface.

tian of Ra anuclides

Immtiultely after fill~ and adclizg Nn II!, all prcductivity battles
were spiked with 2.0 ~X of a [2-'H] adenine stock solutian. 'Ihe radio-
tracer stock was prepared hy diluting ane part [2- ~H! adenine in sterile
water � millicurie per milliliter  mCi/raJ!, 15 curies per' millimole
 Ci/mmol!, NEWER England Nuclear! with nine parts filtered �.22 pm pore
size! autoclaved seawater. ~ stock was sbvred fromm until use  nat
langer than cne month! . '?he adenine addition was tq~raximtely 3.3 ~
moles/liter  aM! .

During Exper~ III, "C was added as sodium himrbonate. Dual.
radiotracers were used anly during Experiment XII. Fitzwater gt; ~. �982!

I

Rlzsans �972! far measuring ' ~C gefm~p peeduction. Specificallyg
warn against the use of soft glass storacje ampaules and the diluted "C
solutions that. amtain variable and unknown quantities of heavy metals.
'Xhsrefcre, no stack "C dilutices were prepared. Instead, 2 x 100 pX
aliq'uats fence an ampoule containing 1 ICi/ran �2.4 mCi/mmol Na8~! were
injected just belch the surface into each full battle. 'Ihe final p~m9ure
was to cap and im~rt each bottle seieral times and withdraw 2 ms to
deters~ the tatal activity initially added. 'Ihe battles were then sealed
and injected as descrJIhed previcvsly.

af seawater, 50 pX of a "MhC12 stock solutian were added. 'Ihis ~ was
pcrepmxl by diluting 100 pX of "HnC12 � ~ci/mz, 10 micro~es per
mic~ale  pci/~ol!, Near Erryland Nuclear! to emactly 25 II with
filtered �.22 ~m pore size! artificial seawater  K'erdlrup ~ gg., 1946! .
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 ~~! ~these at which the gnat~ of microbial populations endemic to
Hawaiian waters was affected, and to characterize the response. During time
~:use incubations over eight hours, the zeslmnse of the natural ccmmunity
to aBei Mh II! was umitoxed in terms of chmges in concentrations of
adsncmine 5'~iphosphate  aTP! associated with the particulate fraction,
rates of total microbial RtQ, and KIA @mthesis and, in Experiment III,
bicm~ate ~~ into organic matter.

Samples for ATP analysis �00 m/! were filtered by lair vacuum  <15
pounds per squaxe inch! thzmxp. glass fiber filters  Nba~ GF/F! . As
the ~ of the mmniscus reached the filter, it was immediately remmci frcII
the filtration manifold and m~actad by plurging into a test tube contain-
ixg 5.0 eR of boiling phmgihate buffer. Lba mx~od follows that of Earl
and Crivmn  l980! . A stock buffer solution was premiered by cxxabining
volumes of 0.6 ~lar KH2PD4 and 0.6 molar K2HEO4. 1' stock was diluted by
a factor of 5 with KX% just prior to heatirxy  pH 6.8!. Tubes were kept
shed in order to min~ze ewporative loss. Hgcdexmic needles were
used to vent pressure. No suRmepmnt volumetric co~sWions were made.
After extmcting for 5 a~tee, needles weze zeauved and the tubes frozen
until assayed.

Samples for "C analysis were prepared in acaardmce with the pro-
b I

Parmons  l972! with prsvimsly diamssed modifications suggested by
Fitzwater ~ ~.  l982! . After at least fear hours of incubation, 250 raP
aliquats were vacuum filtered. as in the ATP pvmaduze. To emxrm excess
inorganic "C, unfiltered aeamter left over in the polyethylene tank t@d.cb
held the entire water cast was used to rinse each cylinder and filter ap-
gxcadmtely 10 mX of the samples. Instead of acid ~p, filters were
placed inside glass scintillation countizxp vials to which l mX of 10t
 volume per voluma! h~~oric acid was added. The vials were left cpen
and placed under a fume hood at roan temperature for 30 minutes, then sealed
and kept at 4'C.

At least three times during each incubation period duplicate 250 m2
aliquats were pcamed out into separate volumetric flasks and filtered in the
sam mmner as for ATP and "C sampling. The unrinsed filters were Mizzen
in test tubes and later g~~t for the isolation of 'H-labeled RNA and
QQi mex~mlecules, follawirxy the procedure develcped by Karl  l979 and
l982! . Ib e~ efficient recovery of the acid insoluble materials, 200 ps



of stock solutions containing 5 milligrams per milliliter  mg/eX!
sterile water of yeast RNA, and calf thyme EtQi  Sigma «hauical Caapany!
water were added to each sample tube immediately before extracting the
filters mrernight in 5%  weight per volund! tri~orcecetic acid  TcA! at
4'C. All trichloroacetic acid solutions were mixed fran cr~talline stock
immediately before use arxL precautions vere talam to ensure that. wash
solutions remained near 4'C. 'Ihsse precautions included use of ice baths
durizxg hcnzxTenation, p~hillirg all solutions, and refrigerated centri-
~tion  IEC Centra 7-R!. Residual ethanol washy were evaporated in a
water beth  95'C! . Nucleic acids were first hydrolyzed in warm �7'C!
l N sodium hydzccdde for one hour, 4' acidified with mmess HCl in 54 TCA
and chilled �'C! to separate RNA fran CtlA  Iklnzo and Fleck, 1966; Karl et
~., 198l! . ~aguerxt hydrolysis of IXX vas done in boiling 54 TCL for 30
minutes  Karl, 1982! .

En order to chtain a maanmgful estimate of the rate of nucleic acid
emesis, it is necessary to ma.awe the specific activity of the immediate
precursar: intracellular and extracellular pools of structurally ze1ated
ccmpcauda which serve to dilute the radioactivity of the labeled nnlecules
incorp~ted into chemically stable nucleotides  Karl, 1982! . In this case,
RHA and ~ are labeled via ATP and cheutezated ATP  mTv!, respectively.
Activity of ['H]-ATP  mmceuries per milliliter  nCi/m2!! vas deter-
mined by thin layer chrana5vc~6c separation of a 10:1 concentrate
�0' C, in vacua! of the 60 mM phosphate Ruf f ered ATP extract described
pzevimsly. The methodology folly that of Karl ~ +.  l981!, Karl
�'979!, and Cask;el ~ ~. �969! . A total of 20-50 pP of the ccnmntrate,
alcmg with a 20 px portim of non-radioactive ATp stock �.3 mg ATp/mx
solution!, was added to a 5 mZ teflon lxe!~. After mixing, two 10 pJ
portions vere carefully spatted onto PEI plates  Bric&zan Instrument
OMpany! . The plates were rinsed twice with IxN, a~ied, developed in
0.85 N P04 buffer QK 3.4!, visualized under UV and su!~ently eluted with
a magnesium chloride solution in a glass scintillation vial. Intracellular
specific activity  nanocuries per piacamle  nCi/pmol!! of the ATP pools

c~mtrations as detezmiizwnd by the saethcd of Karl and Holm-I~an �978! .

le ~ 64

The partiMcniap of mmganese heb~ a solid phase and the solvated
divalent state vas investigated hy methocls similar to ~ of Emrsma and
Bosch �970! . Artificial seawater premiered as described previously and
natural surface seawater ~ Kansobe Bay samed as the experunent Q test

Both solutions were equilibrated with pevcxi~eaned reagent



Cmlciuml OmzhO~t �0 ~ per liter  g/2! ! to a final pH of 8.2-8.3,
~5  Milli~M HMP, 0.22 pm pore size! directly into auto-

~~p ~. fitted with ground~lass st~pere. A suspension
teOIhlli~ ~ ~~ uming pelagic cart;gxgtte ooze  HZG 79-2, EC 09, 580-

Of arly matter by heating tO 55p'C for semEal haurs, rinsed with gal,
and tbmrl ~~stantly stirzed in 3~ +~pal peroli~ foz' two hours in dial t
natuXZLX Zalnlight. Analysis by X-Zay dif fxacticn folloWing this treatment
~~Ied ~ Sediment tO be essentially pure Calcite With trace azeunts Of
quartZ. 9 fter argyther Qpg rinse, filtetring  MillipcEee HANp, 0.45 pm pere
size! eLXld aven drying at 105 C; the cleaned sedilmmlt was dry-sieVed
~~ Syeoe >400 mash and suspended in artificial seawater to a ccncen-

~ of 30 m~z in a 25 mp cpachmted cylinder. This stock calcium
cmzb"-Iwa~ suspension was kept sterile by lowering the cylinder inside a
tubulax. 1cx» premlure mercury vapor ultra~iolet lamp. A 200:1 di1uticn
�M eS m»adilImntA8 seawater! was mammal>y used in the reaction flasks.

ona met of flasks was kept in a darkened hood. Red light was used for
illuaLiZMLtiCel during sampling. Another set was exceed to Constmlt iU.umi-
naticm ~ a sunlmp  Syl~mdae BBN, 275 watts!. %he radiaticn spectrum
of thea acxmee closely ZeseIIIbleS that of natural sunlight  D. C~by,
persca~ aommamlicatiCn! . A OonStant-flow water bath fashioned out of a
PJre!Ie ~y Was iZposed betI Ml the light scLlZIm and the reaction flasks to
absorb izlf~zi radiation and yneWnt ling of the flasks above zcan
tempera~. A block of insulaticzl 1.5 cm thick sepm-.ated the flasks frcmI a
four~3.aLoe mLQ.ti megnetic stirzer  Tab-Line Xnstruaents, ~ 1262! .
Duplicature Samples Were taken iumdiately befoze addition of sedLimelt for

~ I w. ldll
hour a~ aidding sedizmnt and at various times during a ten day period.
Solid ~ ao ueous phaees Were ~crated by filtration. Several branks and
types of' filters weze tried including HQlipmP aaWp and HAVP, and
g~~ metricel. All gave erratic and xelatively large blank zeadinIgs
beoause of edmorpitiIzl and retenticn of variable and emoessive ammtS of the
spiked ~water. ~ problem was ctÃpletely eliminated by the use of
Nucleoparejs poly=axhonate >mmbrane filters �.4 ~m pore size! . After
three laiJ'Me4as of sui tion these filter discs �5 millimeter  mm! diameter!

p 1ittle of the liguid phase and were easily blotted dzy an the nom-
filter~ aide. ~ filter was plaoed inside a glass scintillation vial
alacg wi~ 0.5 mX of 104 HCl, capped and allowed to stand for 30 minuItes
before i?sBL'~g the liquid scintillation cockt2L'iQ. Blank values us3JKJ this
pro~~ ~ net elise~ twice the ba6xpxnd level of 10-20 aouIIts per

~ order to calculate the "rI'~ai~r distribution coefficient"
Ed! ~ sa that a cxxplete radiochemi~ ixlvent~I could be kept, samples
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were also prePared ~ l ml each of the filtrI<es  acti~ity in soluticmI!
Radiocbemioal budgets agreed to within +a%.

cancentraticms of total ~ in the ~~te-~lff~ oell ce~ets
J ~ ~ F

1966! HcElroyi 1947! ~ RefihesMaItS in the preparation of' ~lde luciferin
luCiferase rIeaymlt  FZZ-50! devel~ by resear~rs ~1 and HOlaMansen
�978! were ~lted FOr all samples, a 200 pg porticmI oZ eIctract WaS
in/ected iJIto 1 ral Of enzyme milCture. Light emiseiCNI waged Quantified using
an ATp photmaeter  sAI Technology, ~ 2000! by msasurirxt IsL'tciIslm peak
heights on a strip chart reoazdez  Hswlet-aacl~i, ~ 71558! ~y
initia1 �-3 MKceds  sec!! nix&g of reac&Lnts. The aves."aW values

I
values obtund fry standard solutions of adenceine 5~-~iphosi~te  di-
sodium salt, Sigma Chemioal OmgerIy!. 'Ihege Stanchrds ware prI~eed by

dll~ ~ ~ ~ /
All diluticnS Were made up in gkIOSphate buffer identiCal tO that used in the
initial ATP extraction. Oon~aticns of standards ranyai free 1 to 10
M~gnam per milliliter  ng/mX!, and they wme assayed before and after
each set of seawater extracts.

ATF, [sH]-RNA, [sH]-ENA, "~y~~ and s'Mn! were amQ.yzect with a
sciIItillation ccuntiIIp ~~  Pe~rd MiQadP, ~ 4640! .  zmlnel

Jw ~ I -: tW
eXperiments with 3H and "C. Sam@lee Caeh~p "HtI were oourIted far
ten minutes aver a 2-625 ZeV energy range. To corz~ for variations in
been& among samples, a series of 7-10 vials was spijced with equal activity
and a variety of quexmhirKJ ageIIts added including fil~, seawatm', l A
HCl, TCL, etC. An unCjIIenched sample Was prep~9 from high activity stoc3c
and ueed tO Calculate mMd3ll1R RRKhill8 effioienoy QIBhperecX tO StaILIards of
Wreak activity. Efficiency data were correlate el~>Mcally stored, and
uSed to cXKl~ CCMAtS per llliILIte  cPI! to dislntegz2lticna per I~~
 cpm! ~ A staff for ~~Nn WaS not avaDBMB and AVt cOQAajderec! neces-
sary ba-tuse the Value Of Xd dslxMIds m the relative ~mrtion of activity
jn the solid ~ to the activity in soluticlli TtKls> ill the case of sc~,
the data Were corrected for c}Ustxh with the assQIIptictl that oc~ing
efficiency remained ccm.ytzLnt. In all cases, the sciIrtillator used was
Aquasol I~  New England Nuclear!: 10 mx into ~ glass via1.



One of the motivating factetzs for this im'estigaticn, as outlined
above, is the potential for future mmt-made scut~ of divalent laangarMtse ~
be intzudutmi into the marine ertvirctntttent in the form of wastes fram mrins
aze processing plants To derive a first-order estitttate of the primary
fates and effects of this tttanymese, a two ditttensional finite el~

dl I

dispersion dsvelcye5 by Bzandsma  Brandsttta ~ ~, 3.973; Brarxhana and
Divoky, 1976! ~ Advectice with surface curt.ents, turbulent disparsicm, and
zetwval by sero order pmcmsses aze included in the ~ and described
below.

Pritttazlf Algorithm: A 130 x 130 matrix of elettmnts is defined with ~

em~ of Mh ZI! is inMxhced into the ambm of the upper left quandrant
of the matrix at the beginning of each time step  90 sec! . During the time
step the appropriate ataounts of Hh IZ! are transferred fram eaW matrix
el~ to each adjacent element to represent ac%rection by currents and
turbulent dispersicrt. A flux of 266 grams per seed  8/sec! of Mn ZZ!
used in this sitmtlation. 'Ihis represents the estimated untreated output
fr@en a fully � million metric tons per year thrum@~ of oze!

'1w

1987, p.181! ~ After these transfers, a constant am:unt Mn ZZ! is ~ved
frat each element which aarrtairts sufficiertt Mh ZZ! . 'Ihis simulates Eero-
order oxidation and adsorption vmmal processes. To sitttplify the hook"
~tW, ~ I tl
previces and pzesent data ocefiguratians. The constants selected to ~~l
these transfers auxt zemmQ, aze as follms:

Turbulent dispersicxt: As disotxtsed in Nihoul �975!, natural dis-
persion coefficients are highly variable, but a~ear in scene studies to be
vmghly proportional to samt power of the larch scale under ctnsideratitxt.
Zn particular/ Okubo �968! notes that A - kf1. 15, where A is the
disp~ion ceefficient  units of latch ted per unit time!, k is a pro-
porticrmlity constant ard 2 is the length scale. Zavelle and 0:~gut
�981! and Lavelle ~ tel. �980!, in a study of dispezsian of particles trcaa
an experimenta1 deep~ mimir@ zegect dieMtn~, found that a value of 10
msters squared per mound  a /sec! for A was ctxtsisbmt with ckeezvations
made of mining slpstettt tests with a larch scale of about one km. 'Ibis
value, scaled usizxy Okubo's relatitxtship to a 15 m length, is used in this
sitaulation �.08 m /sec! .



Current speed: Current speeds in surface waters are also highly
variable, and would have to be measured extensively at any specific site for
adec uate prediction of discharge pluna diaperaal. A speed of 0.1 m/sec is
typical in many open ocean sites and selected for use here.

Remral of Mn, II!: As discussed abave, the detailed fate and effects
of Mn II! in marine surface waters are not fully understccd. It is clear
that large inputs fromm te~mtrial runoff  e.g. Riley and Chester, 1971

1985! are rapidly removed in erne. marner to result in the low ambient levels
observed in marine waters. In an investigation of a chord pymocline,
Bmrsan ~ ~. �982! found that the Mn II! mixed upwards fvm below the
p}~~inc was renmM frcm the oxygenated surface waters at a rate of 60 x
10 mo3./m -day �.82 x 10 ~ g/m -sec!. 'Jhmlgh this zate is li3cely to
be hach lcaer than that which would occur in relatively wellweioad and
o~~n~~tuzated open aman surface waters, it is used in this simu.-
laticn to provide a consemrative first estimate.

In t &My a~serrative values for am~ speed and Mn II! removal
coupled with high values for Mn II! influx, the resulting model will tend to
err on the side of avevmtimatirg the avaunt of Mn II! which would be
intrcduced into marine waters.
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vidually by experiment in Tables 1-3. Synthesis rates are extrapolated fromm
ac~~ration of 'H-label and specific activity data, and represent mean

production of HNA, and KNA by the microbial aammunity aver the time indi-
cated. In general, the data shaw that high corxxntratians of Mn II! can be
tolerated by ocxenic microbial papQ,atians without signi.ficant1y affecting
either total or biamass-specific  not sheen! rates of pol~eotide
synthesis during eximsure periads as lang as eight ~. Only the highest
ambient Ãn concentration �232 ppb, 9.5 x 10 ' N, Table 2, Bottle IV!
shcam a marked decrease in gra'M by this method. '1he lawer Ãh II!
additians frcan 1 to 485 ppb �.8 x 10 ~ to 8.8 x 10 6 8! either have no
effect or slightly stimulate the rates of HNA s~thesis. Syntheses of MA
seem to proceed at a uniform rate despite the presence of manganese ar the
absence of light  Table 3, Battle V! . Intermediate values of added Mn IZ!
result either in a synthesis rate reduction at latter time points �042
ppb, Table 2, Battle IZZ! or shaw vtrtu&ly no diffevmce fram the austral
 Table 3, ax<pare Battles I and ZV! . 'Ihe general treni of the ENA�/$5A rate
ratios  exp~~ed as percent! is increasing thraucpaut the course of each
e:~~~~. Ratios that range fram 0.1-0.2, increle by 30-504 after 5-8
hours. Ihe "dark bottle" in Experiment IZZ exhibits a marked imavmse in
the rate ratio values, the result of a re9uctian in the HNA rates while
rates of DNA. sprthesis are not affected. Manganese additians have little
effect on these ratios relative to control samples.

Despite an order of maepdtude variation in the range of total label
incorporated bebmen experixamts, indivictual experiments shaw a remarkably
constant uptake rate. All but the most Mn-enriched savile take up 'H-
adenine into RNA and MA pools in a linear m;oner. Figures 2 and 3 are
abeam as ~les. Fm~<ion of 'H20  Figure 4!, a metabolic by-product,
is also linear. Ttd.s pattern is aLeerved during all 'H-labeling experi-
ments and indicates that turnover rates of adenixm are much greater than the
time of the incuhatians.

Enough 'H-radiatracer stock was added initially to spike the working
solutians in all experiments to a calculated activity of approximately 50
~ci/l. lf this initial spike becatnes exhausted, a drop in specific
activity would. occur; hcx~mver, no such phenamaon was aha~i. Pebml
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raci/2!, wbeL~ bottles in ExperUmrrts I and III cantaina5 60-70
aci/l. 'Ihis low level of activity during Experiment II caused problems

92

ATP extracts and hydrolyzed KM. solutions were often so Lmr  less than 100
and less than 1000 cpm resp~ively! as not to be cons&ared reliable.

Vnfortunately, the duplicate RN, arxl tNL sample set was lost during ~e
prceessing. 'Ihe specific activity and B% data fran Experiment II shcmhi
therefore be interI~ted with cauticn. labeling of all samples proceacLaxI
rapidly during the period between a9cUnc[ radicMa~ stock and the first
t!

sequent specific activities remained esaeetiaLLy constant. 'Ihe specific
activities of bottles with added manganese were mxxce variaLQe and tenchad to
incraxmaa during the incubation such that by the Last sampling periad, values
for the controls were ym~~ly lmer than the Ãn-treated replicates.
bottle with the highest Mh col~ increa:~ dramatically in specific
activity betmen five and eight hours after +Mine! label.

'Zbere a~ears to be no significant pattern to the ATP values other than
that they are Lmr a+i typical of prmvicm data frcal oceanic envtrcns  Farl
and. Winn, 1984! . Oancentrations of ATP remain relatively ccnstant during
the first exper~, show a steady damease at the higher Hn. additicns made
during Experiment II, amR in met cases, incvaMe very slightly during the
final experiment. No influmme is ckmerved an ATP until mace than 1000 ppb
Mh II! is added.

Dual radiolabels were added during Experiment III to ~ere pm9ucticm
based on autv~i6c carte+ fixaticn to total microbial growth estQaates
extrapolated ~ rates of EN% @mtbasis  Table 4!. A linear regression of

t! ! ! y!
adea~~ ia~poration into I%A. per liter. This value is then multiplied by
a factor of 6.62 x 10-' to change the units to ndcvrgmea of cartee per
liter per hour  pgC/P/hr!, and again hy 24 to obtain a daily rate of
ammunity carbc~ producticn  wc! . The "~rbahe data  in nci/2! are
amerted to carbon prc:duction by linear rapessicm as above, divided by
4.4 x 10' nCi/X  the ammnt of ~~C Label initially adcM! and then
Mlltiplied by 2.0 x 10-' M, the natural ccacentratim of inovganic carton
assulm9 to be present. Inovganic aarbon ackU.tice frcal the label  8.4 x
10-' N! is negligible in ccapariam to nabs. Levels. 'Iba g~iuct is

!

Parsons, 1972! and units cosxemted to pic/2/hr. No ccera~on for
respiratory loss was made. A factor of twelve was used to chtain daily
"~zeochcticn  ac! . Far bicmass estimates  +!, the three corre-
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axvverted to cazb~ based on a ~ATP ratio of 250. Qcmmaxnity specific
specific gnaM rates  day-'! aze then calculated accordixg to tha
formula:

1n t Co + aC!/Co

'Ib obtain "daublings per day"  not listed!, two is used as the logarithmic
base.

cazban predation values for the cantvo3. and for the least Hh adcKtian
 Table 4, Battles I and II! azs eraentiaDy the same over the curse of
Experiment III. Estimates based an MA synthesis are genezally about 13'
greater than estimates based ce "~tales. 'Ihe bottle containing 485 ppb
Mh II!, hanover, sheen a higher rate of pn~icn based on "uptake than
the rate based on IKL synthesis. Foz this bottle, "Mounts are signifi-
cantly lower than ccartrol values at the fc~xmr sanplirxy period and
significantly Mph' after eight hours. Unlike the KkR data, no duplicate
"C-am~les were taken and the M~ rates of production in this case may
be an experimental artifact. M general "C~zoductivity data show more

! !

KHA. aver time. 'Ihe lac@eat Mh additicm shows a increase M autotra~c
growth while total mi~&ial proctucticm increases. Of particular interest
are the dark production values which irxiicate that microbial pza9+Mon of
redyed carbon based an extrapolations fma I synthesis is the aaae as ia
the light while, at. the sana time, no iam3anic c"adxm fixaticm ocx:uzs.

t!! IW !
fine calcite sei9imant show that dimmlved Mn II! has a high affinity far
these particles. Pzevims literature has do~ented the pazticle-reactive
behavi,or of agunous nsrgansee on surfaces such as siliceous clays, metal
oxides and hp9xoxides, especially those rich in iron  Nilson, 198O! ~
distribution coefficients  Id! at~ad for calcium aazbcrmte also show a
stzmy pattexn af adscepMm, where:

F is a f'actar that nazmlizes the neasuzeR "Nh-activities per unit voluea
to mass so that the units af M aze dimensicmless. 2m masuzed values of
Kd cktaine9 in the dark aze shawn in F&yme 5. In the natural seawater
treatment, dark sorption ocn~rs nacre rapidly aver the first hours of the



experiment. A period characterized by a more gradual lixxear upt.&m follows
for approximately 5 days. At this point, the value of M is greater than
4 x 10' without any evidence to indicate that equilibrium has occurred.
'Ihe same general pattern was akeerved for artificial seawater treatments
except for an app-~ lag in uptake.

A marked shift in the distribution ocefficierxt o~urs when the s~m
is e:~med to acextiiznwus artificial sunlight. 'Ihe effect is mast pranmxnced
an the natural seawater treatmIxt  Figure 6! . Under light canctitians, the
value of Fd rises to just aver 1.3 x 10' and remains fairly constant during
the remainder of the expewixnent while after ten days in the dark, the va1ue
of Fd for the natural seawater system is aver 4.4 x 10'. A less pro-
nounced but significant effect is also abc~red an dark vs. light treatments
in the artificial seawater.~cite system  Figure 7! . In both cases, values
of Ri in the dark significantly mmee2 those abtained in the light.

After ten days in the dark, artificial and natural seawater suspensians
M 43 +1 9! 4 and 41 y2 1! g of the si

there was essexxtially no differexxce between adsorption of divalent, mme~~
frcan artificial axxl natural seawater anto suspended calcite sediment in the
dark. For samples expressed to cantixxuous illuminatian, however, adsorption
of Mn II! bath fromm the natural seawater~lcite system and, to a lesser
extent in the artificial seawater treatment, was inhibited. At the ca@-
elusion of the light experiment, only 16 +1.4! 4 of the initial "Ãn-spike
in natural seawater had been rerraved by adsorption while cxounts remcved fram
the artificial seawater suspensions averaged 30 +3.4! 4.

The salinity of Kaneohe Bay semper averages 3.5%  Smith et al.,
1981!, camp~ad to 3.434. for the artificial seawater. Measured pH va1ues
were all bette~ 8.2 and 8.3 and temperatures in the dark averaged 3'C
less than in the light treatments that were maintained at 25'C. Bath
seawater samples were analyzed for tatal dissolved organic carte@  DOC!
after equilibration with pera.dde-cleaned reagent calcite but before
addition of the 5'Mn-spike. 'Ihe seawater fram Fhne"ihe Bay contained
0.64 +O.l! tIgc/2 arxi the artificial seawater contained 0.23 +0.1!
milligraxns~Mxm per liter  mgc/2! .

Di ion Model

Figure 8 repreI<mts an essentially sb-=+r-state diction plurne
generated us~ the fini~ement algorithm described abave. In this run,
a time increment of 1.5 mixxutes was used for 85 iterations  total duration
21.25 hr! . Runs of 600 iterations produced virtually identical results.
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'Hm dischavge point in this figure is in the upper left-hand corm' and the
O,l m/sec current mmes diepmallp tawed the lcwer right~ ac~~.

l4 tl N
a Umitatian an the lineprirxter pitch a+i line-spacigyy ccetmls. 'Iha ratio
af the x to y inare~ in the plat is 0.898.
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DZ~KgSSICN AND CCWCLIJSIGHS

�983! llschsllDBd the adscaptive Up~& of Ahtq~s
i ~ ~ calcite surfaces at concentrations of Rn II! freer lp-~ to

ed water aced seamter at saturation with respect to
~ detsrIainsg that variations in initial Nn II! concerrtzaticma did

~ aff~ th p~srrt of m II! adscWed over time. aan=entrati~ of
~~~te ranged fzcar 2.5 to 10 grams of Ca~ pez liter of suspension, mxh
~ than the 150 >~g calcite sa9immnt used in this study. Nevertheless,
the data are closely ccmp~ble Sgdl AgzBIBBEnt supports the conclusi~
that tbe psrcerrtage of mangarmse rem~ad fran seawater is irimeper&mt of the
initial ~ II! ~~tza~  ~xcuLunately 10-' N in this study! and of
the agggnt of solid calcite added over at least two orders of magnitude.

in seamter differs frcaa N~ptake in distilled water in that tbs
latter adsorp~ isotherm is affected by the ratio of adsozbate to sotuticn
volune pfcBride, 1979!. A close similarity in adsorption characteristics
bebiean meant calcite axxl pelagic carbonate sediment is also recagnigM.

Adsorption of Mn II! onto the mineral surface presumably occurs by
coordination bonding bc~re the metal ion and surface hydroxyl ligands. A
stet@ by Wilson �980! cb~dned that. a variety of surfaces, inclu5img
o-PeGCH, particulate cmpud.c matter and silicems clays, all catalyzed the
etidation of manganese in natural waters to scIM. extent. Surface ca~sma-

~~rable conditions, may urdevgo further oxidation. Alternatively, Nn XI!

soluticns of $~$~ are !mown to occur during co-precipitaticA of these
species in seaMater  Gals mi Christ, 1965; Fed~El and price, 1982!.
'Ihase two mecharmmss are not mxbually exclusive, Pmremt', and pnkebly occur
simultammsly. In arry case, ccmp~~tion with ~ II! for available bc'
sites slews the erotica in seamter by factor of 4xlO' ~Wered to
edsorpticn rates imasuved in distilled water  Frar&Q.in and Norse. 1983! ~

period of relative1y rapid upta!ce was obs~'ed in the
It is assume that this represents adsorption of ~ II! crrto

+ surf'~ of the suspended secIimant. In natural waters belch pH 8.5i the
~ics of manganese oÃidatim  equation 1! are too sitar to accc~ for the

~< up~a rate  Stum and !fjgggan 1981! . In the dark, this adso~xl
~ ~ %9~aately five days and resulted in the rete~cQ. of 4% of

ted sanples adsorbed only about 204, augh this
e'~ artificial and natural seawater treatments  see RESUME! and

otic of the first phase was proximately ~ day in the light
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treatxments. Thereafbw', values of Fd in all cases inixeased vary m»xch mare
s3.caxly. A rEdu~Wian in the reactian rate may be due to precipitatim of
maxmymme ca ides  equations l and 3! after initia1 adscrpticwl of Rl II! orIto
the mineral surfaces. 'Ihis seoimX phase lasted thzc»mgxaxt the renaixdar of
the experiment and remxved about 14 of the initia1 spike per day.

simLilar work with dilute soluticmm» of Mh XI! and calcite  McBride,
1979! suggested that the erratum may take on different solubility character
istics WXW respect to both JIIanganese 8lxl calcium carbcBRte cLspendiHlp on tbe
relative pregoztions of e~»cps manganese and calcite surface area. If the
latter greatly predcsunateS, Mn II! Cmcentratians may fall below values
calculated fr<am pm' mineral equt1ihria. When Mn II! conoentraticns are
high relative to calcite surface area, the surface bendix»g sites, eeoc
occupied, beccam» coated with the formic:~ adds axxR are thus effectively
isolated from the a~tarn. Once all the calcite cvprtals are ccate9 in this
mewl, the system may hearne under- or avi~turated with respect to
Ca~. Surface cxm»plexatian with organic matter allcae the latbm condition
to exist in most surface seamter  Qmve, l965; Qmve and Suess, l970!.
Ultimately, the a~ of Nh IX! that rsl»aine in solutian is controlled, in
part, by the solution chem~a of the incipient mineral phase. Other
physic~bead.cal variables affectixmg m»nganese solubility and cntidation rate
aze temp&8tuze< pressure< pH and ~e 8% data $K88EIYted in this study
indicate that light may also play a significaxxt role in determiinixm3 the
partitioning of miamganme in the photic zam».

rsdiaticn enters the ocean through the air-sea interface and is mme than
90t abscckied within the photic zone. This energid interacts with aiNec»xs
~lecules and is converted to other forxs» of energy such as heat.
Indivii~ radiation quanta ~»sess energies in excmms of the activation
energy s may~»d for most zelevant ~cal riaactixmm» {Zgfirjc»x, 1977! .

I

pv~ss in the sea, has had a profound effect on the biology and chemistry

of avganic matter that is living. 'Ihe ooean cantains vast quantities of
lved organic and inoiriganic molecules capable of interacting with light.

W1

light field  espe~y in the ultraviolet! is lack~, althing interest in
remate sensing may soon cbarxya this situatiim. Aa a xxaessary preri~ite
to the intezpretation of satellite data, the cytical piroperties of seawater
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«zs bexs6eg batter urdcesbxd with the aid of aaaputer aede1~. Algo-
ritlma thus derived aze cogently cephloyed to relate mxltibeLnd spectral data

I& tl
III CII, ' ll &, I. ~ t
the natuze and stzuctuze of marine DOC ~ has yet to be resolved in any
xkpaecea chaakcal tery. Soma cxa~mds are often termed "GeUmtoffe" or
~edc eketancea" a tenn R~xeeO trna soil science, and are ~ ~-
Xsotively Ry their prainanad effects rather thm by quantitative scientific

tt tl

«I I
chsnistry ia just beginning to enanzyn ~ infancy, ~ of this discuss~
weal he of Ieeaity, apeulative.

I ~ t&1 l&t
zaUAKUcA ~5 ta with the vihza&mQ. ele~nic austen of the re~Mr
W ~ I It

5'~ azs chsnical entitles wbcse cpevtized ele~eic s~r levels are so
acefkguted that, under tameable cxeditiin, adeorg~cn of photon energy can

~ pcs'~ results in excitaticn of me of the bound ale~ms to
a ~9hsr ~wiy state. Although icllizclticn can occur, the initial pzodL~
of light abeaqpthn, in geeeel, aze electorally excited molecules. aux

istic of pbo~ancitathm is that it. is a selective prceess active
cnly within a ns~ zenge of ~Wee~ that chpend on the nature and

t

~ is poorly described. Zn seawater, 820, Doc and both living
I I ~  ll»7>! ~ a %~e oni~w o~tusnta of amNatcu' that. have been isolated>illisssi »»! azs not ~ ahsccbnra of l~t but the ~ reactivity of

~ fficient would ~ to hnnp their cxexxmtzations law, perhaps
Vi~ ~ is cna aeeple of a

~ ~, Itlin «sumter sagest to sunl~  Cariucci + +., l969! .

Il
cited ~~bore- For a nst chendaal charsye to oa~! .& I

~ ensue say be transferred to another&

raacticmn of the elec~xMy encysted states <mal their dissociation
pzodL~ such as free rascals. 'aha latter mechanism is often terna% a
secern~~ or "dark" zeactice.
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In the context of the payment study, it ~~ thag ne:tural levels of
dissolved avganic matter initmlly serve to incnaase the ~ adsorptim
rate of Nh II! onto calcite surfaces  Figure 5!, If adnnaryticm JcinnMM

!

for mmianase oxidation in natural waters  at ocnstant p0; ax+1 po2! as
derived by Morgan �967! of tha fore:

- d~l'~+2 QfMh+2j + ]el[~+2] ~]
dt

k

constant, then Qcmplexation betxA38D DOC and aqueous mangel,st, partially
zsmcvtng scam of the free ~ ion fran tha s.~, wc' trerd to reMm
the ae~Q.l reaction rate. An inverse depmchmce of the maaalticm rate on

I

ized "humic acid" extracted fnan soils was added to susLmnsicms of cLay
minerals in borate buffered solutions  gH 9! of low ionic: ~~gth
�.01 M! . 'Ihese results may not be valid when applied, ta aeawater myrtslsn.
Xt has been ahmm that calcite suspensions in seawater se.lecMvely adsorb
surface-active organic axnpcvncLs such as amino acids, peuteims, lipids,
fatty aloahols, cstars and polypeptides  Suess, 1970! . The Imthad of
calcite equilibraticm empl.oyed in the pre.mt study may tlM.zafaee have
vmmW as much as 14% of the cmganics fzcln the scenter ~r to ack6ay
~'Hn.  Suess, 1970! . Loss of DOC is suyyesteB by the zeleMve3.y low'
cancxntzatian �.64 parts per millice  ppm! measmnd in ~ Inurfaoa sea-
water fran Kaneobe Bay following equQihration with clearxncL celcite ocmy~nd
tO typical values of 1-1.5 ppm  T. Walsy, persceal ccINnurliaaMon! . In this
regard, when ~ing the quality ar quantity of natura1 DOC is undesirable,
a better nethai of achieving CaOO3 satuzaticn might be by ancalinity ~ust-
msnt with HCl and atx~eyheric 002  Franklin and Morse, 1983! . It should
also be noted that the artificial "organic-free" seawater uaed in this study
8l

vertently addecL along with the various ixmrgani,c reacLsnbs. ~ quality of

'lhe data presented here indicate a direct zelaticms~ L~esm aregmic
matter and rate of adsazgkian. 'Ihe essence mgpnsts tha< ~ether rates of
adsc!rption fry natural seawater are due to a greater abunclence of gaga+~
NWQ1ic ocsplexes with strong affinity for calcite surfhcea. The assured
M's in both aztificial and natural umber treatments ~ in the dark
ultimately affined a~coxhnately the same value in both ceases, the
incipient mineral gihases a~ to have equivalent solubilitiAas. 'Its is
interpm~k as evidence that neither the nature nor tha abundance of surface
bxxhxg sites was significantly altezecL relative to the ~~ far Mh II!
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~~ion in the artificial treatlmrrts. It is also possible that aceplexa-
ticn ta!mrs place while xs~yansse is in the solution phase {the ~ikm was
added 15-30 mirlxtes prior to ~g smdixrerrt! .

In the light  Pigures 6 end 7!, a significarrt shift is chsezved in the
vcQ.~ of Fd. The ~tude of the light effect appears to be related to
DOC cxxxxmrtrathes although the data are not sufficient to resolve the
nature of the relaticeship. Adsoi~ve upta!oa is significarrtly inhibited in
both natura3. arxi artificial treatmerrte relative to parallel samples
maintained in the dark. Sunda + g,. �983! axl Sunda and Hurrt~n �985!
clearly dancrmtrate that exposure to sunlight greatly enh~ms the die-
solutim of !zmyanese eddas in lal~ratory experimerrts performed with
offshore and coasted. nea~urfece seawater. Dissolution rates were found to
hmnaae in proportion to light intensity and with additions of isolated
marine Wumic acid". ~ data presented in ths 1983 study ~mrt tha

mis that phot~ctivation of ovganic ccapounds found in seawater
results in reduction of manganese to the divalent state. xhabmhsmical
mechludsms for reduction of other transition metals such as Cu II! and
Fe{III! have been proposed  chord ~ ~., 1973; Miles and Brezanik,
1981! . Foesible urn~see of phc~ctivated reduction may include ligand-

IM I I~i
 Balzani and Carassiti, 1970! or perhaps ia~rctly by mans of xedm
reactices between the transiticm metal and the dissa~tian geode~ of the
initial excitaticm such as free re&cele {Zafiricm, 1977! or solvated
electrons  Swallo, 1969! . Fnm the data pzeserrtly available, it aannot be
determined Wether these reactions occur at the calcite-semper interface

or in solution.

Manganese enters the surface ocean frrmr riverine influx  Tuzekian,
1971; Gibbs, 1977! by atz~W<ic fallout {Klinj&mcner and bmder, 1980! and

P
these Nm.'ces are sti11 in debate  Larxling and Bruland, 19801 Zones and
Rurao , 1985! . The atmospheric input is significarrt, especially in
locations vms~ fera land  KLink&rmmer and Bender, 1980! . Hodge and others
�978! have sheen that perhaps 504 of the x~garmge associated with aeolian
particles is in a labile form that headily leaches into seawater as Mn II! ~
Divalent mmymese is rescued fnan the photic zone by relatively rapid
adsccptim orrto particles of all kinds followed by ~ slower oxidation as
they transit the water column. %hem a well da~~&~ oxjgen m~
erxembmad, remobilization may occur. The relatively high particulate flux
~cteristic of surface waters would be eq;seta% to reduce Mh IE! amam-
trations were it not for the presence of light arxl DOC that appear to
interact in such a. way that adsorption js inhibited while dissolUtion is
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enhBIxscl  Sunda et ~ q 1983! A balance @gpss these pringgggg
in the relatively high acementzatices of diss'

iaarganese ubiquitously zeamued within the ~~c zeta.

Future actions bF man may perturb this d~c s,~z Zf sector
Ilinezal deposits aze mined and processed for their ecxzxz~ally

bio a
3~$8nese coLQd be created  Haynes and +gag~ 1982! ~ Dispc~ s cenarios f or

~1
deposits aze known to exist near the Hawaiian ~pelm  ~~g ~ ~
1982> Wenzel, 1987; U.S. DePt of the Interior, 1987!. If waste slurries of
geuoessing plant tailings aze simply pumped into oo~- surface watezs,
Mn II! aarxentrations might beccee significantly enri~, g~pye 3.ar~
enough to inhibit the gv~eth em9 pm9octfcm of natural pkvptagg.enktl and
bacterial papuLeticms. Zt was therefore aansidemd wgrttechile ta
imestigate the toxic effects of elevated axmentzaticas of diva1.errt manga-
nese on aquatic microbial ccities en%snic to ~ian waters.

In critically evaluating these zesults, it should be noted that the
anent of Mn ZI! added to each productivity bottle wes chetermizmcX hy

tzated RCl2 stock solution and then canxebed by a volumetric diluticm
factor  see MFEZRZPEB AND P~KX8! to yield the aux:entrations shock in
Tables 1-4. 'Xhe effective activity of divalent manganese actxmclly present

than the cencentrations listed. Turner ~ ~. �981} calculated that 58L of

~gamtus ion. Neaeuzed tctal aCtivity coefficients for Mn II! in SeaWater
emeage ~raxhaately 0.25  K.inIchxwer, 1980; Morgan, 1967! ~

'Jhe stock was also analyzed far possible Ch, Ni, and Pa imguxjties.
NicIasjl and iron were not detecb4 by gragkd.te fuznace AAS  <1 ppb! - A very
small amount of ocpper   5 ppb! may have been present in the stock but

actc3elly present during the incubaticm. In addition, C~r ~ gg. �983!

Mn IZ! ameliorate aagper toxicity at low ac~ oocxzz~ticzze-

The productivity data  Tables 1-4! do not clearly delineate a dispute
level at ~ Mh II! bee~ inhibitory. 1' data a~r to indicate that
oceccectrations of Mh II! less then 500 Impb  9.1 x 10 ' M! do not
Mmcrsely affect total gm&uction of the mk~ial cxmo~ties a~ed in
Hawaiian waters, hocmver, ce@Muze periods of 8N%x81 hours to Mh ZI!
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aS %NOSL&ed iIL thiS study»

Secagge Of the 1Car ~H~MVity in the cmly experimSXIt  II! that
Clearly indiLaatSS Mh-tcLxioity and the lack of duplicate samplea in this
C8$0, theme dILta pZgvtde cxLly an 8QXKÃiZLhticn of manI BAR%3 tOXioity in Cba

fg ~ lNVelm Of diValeLXt manymXIse that significantly inhibit MLrina
«iaxL&ial gzcLwth.

~ diSperziOn exhl @See to prL~~ Pigure 8 haS an initial cxaXmn-
tzmtion of 7090 ppb W II!, deteroLiXLsd by the 15 m matriX eleLnent SiZe, the
fimmd ~ ftuX �66 g/sec! and tha 1.5 minLXte time inorLILXmt. In a Zeal
C,mharge NtusticxL, this initial ammLItration would be carcefully ocXL-
trollsLi by p~iilLxticxL and geopar die~vge canfiguraticxL. If ths waste

!

101 ZsItric tcnsh cari Harvmj and AmLLann, 1987, P. 205!, the exltire altiall
flLIC Would be 0.17 m~/sec, and the initial diluticxL assLmLsd with this
particular set of modal assuugMcms would be ~ 1:220. This is a
amxmirVttiVe eetilLLate far initial dilutian, givan the vkgorcms xLildlLLg
pmCesess found in most marine Surf<Los Waters. mme saptLimtioatsd «cans Of
estimetiILLg initial diLuticm  cf. BraMsaLa and Divaky, 1976! in sizLilar
situations characteristically produce similar or higher initial dilLxtiamLLL ~

If the abaVe ~ ia a reaSCeable eStimate of a real disckLarLpa, it

iILILLLlea the followilg.
l. SuZ~Le biata drifting with the curL~ along the axiS of the

dimc~ge pluLmL Will be eagased to Rn, II! levels abOVe the
inhibitory level Of 5000 ppb far less than 5 milllxtes.

2. Surfaoa biota driftirLg with the curl~ along the axie Of the
~&arLye plume will be expaaad tO Mh II! aanaentratians aha the
2000 ppb leVel far about 30 miBILxtss.

3. 'Ihese drifting ovganisss Will be in the intenaediate Zane betLeen
2000 and 500 ppb far about 380 SLil%ltee �.4 hours! ~

4 ~ aha total sLxrfam area jn the ooMLn Subject to CCZXeIItratiCNS of
Nn{II! in the intariLLsdiate zane Or greater would be 0.4 h12.

SalS, based upan thase firstWnhr estixLLatea, it apgearS that the

turgioal prLxxeaIing plaXLt Would be virtually insignificant. Nxh wark
rWLains to be cmylLItad, hOLLmver, before lcmg~ chronic effectS Can be
evaluated CanfiLSently and befare an adequate biageocbSLLLioal eXplanation Of
Nh II! behavior in surfaoe waters is achieved.
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