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DissoIved organic copper compoundsin seawater

Yoshimi SUzUKIl

Abstract：TheconcentrationsofcopperOrganiccompounds dissoIvedinseawaterin the west－

ern North Pacific，Indian and SouthernOcean were determined from the collection of XAD－

2　resin followed by atomic absorption spectrophotometry．The average concentration of

totalcopper dissoIvedin surface wateris O・5pgrlfor the western North Pacific，0・7Llg

1－1for theIndianOcean andl．3FJgl‾1for theSouthern Ocean，reSpeCtivly；60to90％of

this copperis organically bound．

tral or basic organic compounds

Theintimate correlation between

acids adsorbed on the XAD－2resin

POunds might t光POlymer organic

ganic compounds suggests that

COmPlexation．These amino acids

POlynucleotides accompanied with

Most of the copper Organic compounds areinvoIvedin neu－

with a m01ecular size ranglng from　2×103　to　2×104．

the organically bound copper and the combined amino

indicate that theorganicligand to thecopperOrganiccom－

matter．The composltion of the amino of the metal or－

few speCies of amino acids are concerned with metal

are not free butin a combined states，in polypeptides or

Carbohydrates．

Key words：COpper，SeaWater，meta1－0rganic compounds，mOlecular size

lNTRODUCTJON

Since the first report of BUGLIO et al．（1961），

who used ultra－filtration and dialysIS teChniques，

many researchers have tried to find evidence for

the existence of organically－aSSOCiated copper dis－

soIvedin sea water（ALEXANDER　＆　CoRCORAN

1967；　SLOWEY　＆　HooD1966；WILLIAMS1969；

BUcHAN1967；FoATER＆MoRRIS1971；SUGAI＆

HEALY1978；SUGIMURA et al．1978，1980；HASLE

＆ABDULLAH1981；MIIIES＆QUINN1981；BATLEY

＆　FLORENCE1976；KREMLING et al．1981，1983；

HIROSE et al．1982；VAN DENGERG1984，SUNDA＆

HUNTSMAN1991，1992）．

The source and nature of this organically associ－

ated copper remain unresoIved，but thereisincreas－

ing evidence that an appreciable amount of dis－

soIved copperis orlglnallyinvoIvedin organic com－

pounds as a dissoIved form，and that the organi－

cally bound copperis not a secondary artifact of
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the analytical procedure（KREMLING et al．1981，

1983；SUGIMURA et al．1984；HIROSE et al．1982，

MoFflETT eとα7．1990）．

In contrast，reCently much smaller amounts of

copperin sea water compared with those of previ－

ous work（cf：BREWER1975）have been found．

This copper has been reported as“total”，after

uslng Carefulsampling，aCidified storage and simple
APDC／DDTC or dithizone extraction（BENDER　＆

GAGNER1976；BoYLE＆EDOMOND1975；BoYLE et

al．1977，1979；BRULAND et al．1978；BRULAMD

1980；MooRE　＆　BURTON1976；MooRE1978；

MUROZUMlet al．1980）．Based on the result，they

claimed that the high　concentration of copperin

the previous works might have tx）en derived from a

proceduralcontaminant．

However，Careful examination of the procedure，

and an equilibrium calculation，indicate that the

chemicalspeCleS determined by APDC or DDTC ex－

traction areionic or only weakly bound copper

with stability constantless thanlOlO，nOtlO30as

lInstitute of Geosciences，SchoolofScience，Shizuoka University，8360ya，Shizuoka，422Japan・
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given by KEMP－NIELSEN（1972）．This mistake was
CauSed by an erroneous use ofl028・8for the stabi1－

1ty COnStant Of’DDTC－Cu asinstead of the true

value oflO8・8in the“Stability Constant Table”

（1979）・Therefore，therefspresentlywidemisunder－
standing of copper SpeCleS determined by DDTC

HIROSEetal・（1982）repprtedthatthestability
COnStant Of naturally occurrlng COpper Organic com－

plexesislOl tolO3fold higher than that of the
EDTA－Cu complex．This resultindicates that the

dominant speCleS Of copperin sea wateris organi－

Cally bound and only a small portion of the copper

is present asinorganicions，COmpOunds or com－

plexes．In this connection，the electrochemical

Study revealed that about10％of copperin sea
waterlSininorganicion from at pH8（SUNDA
＆HUNTSMAN1992）．Thecalculated amOunt Ofinor－

ganic portion of copperisin qulte gOOd agreement

with that of the recent paper on the chemical spe－

cies of copper（SAAGER et al．1992）．HIROSE　＆

SUGIMURA（1983）presentedacomprehensive．model
which can be applied universally forinorganlC and

organic sea water systems，and polnted out that

the“ocean0－graphically consistent value”represents

only theinorganic portion of metals dissolvedin

sea water．For a better understanding of the pre－

sent marine environment，itisimportant to know

much more about the chemical speciation of trace

metalsin sea water．

In this report，IglVe the results of a study on

the concentration and chemical form of copper dis－

soIvedin sea waterin a wide area of ocean from

surface to the deep，along with the results on the

molecular nature of copper organic compoundsin

Sea Water．

SAMPLES AND METHOD OF ANALYSIS

Water was collected uslng a Niskin non－metallic

sampler during cruisesin the western North Pa，

cific，Indian and Southern Ocean on board the M．

S．Ryqルーmaru（Japan Meteorological Agency），

KdL－maru（Hakodate Marine Obervatory），良的一

maru（Maizuru Marine Obeservatory），CnqftL－maru

（Nagasaki Marine Observatory）and Lhnitaha－maru

（Tokyo University of Fisheries）．　The surface

water was collected at′the bow of the ship txefore

arrival at each station．

Immedately after sampling，201iters of the

water was placedin a precleanedlow density poly－

ethylene bottle andit was pumped through　an
inline O．45　FLm pOre Size filter（Nuclepore）．The

waterin the filtration system was allowed to con－

tact only with glass，the filter，and teflon，and

there was no exposure to the ambient air．

OrganjcalJy assocjatedcopper：Fifteenlitersofthefi1－

trate were used for the determination of copper－

Organic compounds by means of XAD－2adsorptlOn

Method of analysis

Fig．1A schematic diagram of the analytlCal meth－

ods for total and organic copper compoundsin
SeaWater．

（SUGIMURA＆SUzUKI1980，1983），and the51iter

remainder was used for the analysIS Of total dis－

soIved copper by using Oxine－XAD－2（SUGIMURA

＆SUzUKI1983）・AschematicdiagramOftheanチー
lytlCal methodsis shownin Fig．1．Copper organlC

COmpOunds were separated from the seawater by

PaSSlng the sample through two successive sets of

XAD－2resin columns（25mm dia．and15cmlong）

at the pH（8）of natural sea water and at pH3．

The species absorbed on thelst column were named

‘‘neutral and basic”copper organic compounds and

those on the2nd column were termed acidic copper

Organic compounds．　Elution of the compounds

from the resin was done on cach200　ml of eluatc，

methyl alcohol for thelst column and dilute NH4

0H（pHlO）for the2nd column．

The eluate was evaporated to dryness on a hot

plate and the residue was dissolvedin O．2M HNO3．
The concentration of copperin the solution was de－

termined by atomic absorptlOn SpeCtrO－Photometry．

Total copper dissoIved：For the determination of

total copper，20mleach of conc．HNO3　and H202

were added to the solution and the mixt．ure was

boiled for one hour on a hot plate．After neutrali－

zation of the solution with dilute NH40H，5ml of

1％　0Ⅹine solution was added and the mixture was

passed through　the XAD－2　resin column（25　mm
dia．20　cmlong）at a flow rate of　4　ml per

minute．The resin was washed with deionized water，

and elution of the metal oxinate complex was done

uslng200ml of2M HNO3．The eluate was evapo－

rated untildry on a hot plate，and the residue was

dissoIvedin O．2M HNO3．An aliquot of the solu－

tion was assayed for atomic absorptlOn SPeCtr0－

photometry of copper．
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The blank value of the whole procedure waslO

Flg1－1，Which was carried out uslng XAD－2resin，

methyl alcohol，dilute NH40H and other reagents．

Every procedure was carried out under HEPA fil－

tered air and uslng PreCleaned glass，plastic wear
and chemicals．

Organic anaJysis：The totaland free amino acid con－

Centrations were determined by fluorometry

（SUGIMURA＆SUzUKI1983）．Determination of pro－

teins was carried out by fluorometry using

hypochlorite－thiamine．reagent（KINOSHITA et al・

1976）・IndividualamlnO aCids wer？determined on

an automatic amino acid analyzer（JEOL，JLC－

200A）after．acid hydrolysis and Cu－Chelex resin

Pre？OnCentratlOn（SIEGEL＆DEGENS1966）・Or－
ganlC nitrogen was determined by hightemperature
CatalytlC OXidation method forliquid samples using

a Sumigraph Model N－200　analyzer（SUzUKI et al．
1985）．

RESULTS AND DISCUSSJONS

Prior to the presentation of the results，itisim－

POrtant tO Clarify the meanlng Ofinorganic and or－

ganic systems，aS the dissolved metal species vary

widely their size and chemical nature．Therefore，

to obtain a meaningful result from a chemical

analysIS Of sea water，information on the physICal

and chemical nature of dissoIved speciesis required

PrlOr tO a decision about the analytlCalprocedure．

The XAD－2　adsorptlOn methodis one of the

methods that separatesinorganic and organic metal

SPeCies by using van derWaals force of hydrophobic

comPOunds dissoIvedin sea water（SUGIMURA＆

SUzUKI1984）．Another approchis gel－filtration，

in which the separation of dissoIved metal speCleS

is done by their molecular size．　For gel－filtration，

Sephadex gels（G－10，15，25，50，75，100）were usedin

glass columns（15　mm dia．30　cmlong）．The

voidance effluent from each gcl－COlumn was co1－

1ected and subjected to the analysIS．For the frac－

tion with molecular sizeslarger than　700　daltons，

most compounds are observed to have sizes of
5×103　to3×104．

Itis noted that the“reactive”Cu thatis extract－

ablePSAPDC／DDTCcomplexisinvolvedwiththe
fractlOn Smaller than700daltons，and the remain－

der does not react with the reagent butis quantita－

tively adsorbed on the XAD－2resin．

The amount of Cu adsorbed on the XAD－2　resin

at pH8and3is the same as that of CuinvoIved

in the macromolecular fraction．Therefore，it can

be concluded that the dissolved copper species ad－

sorbed on the XAD－2　resinin the two solutions

With different pHs are organically bound，Orlgl－

natedin seawater，and were not formed as a seconr

dary product on the resin during the analyticalpro－

Cedure．
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Comparison with other methds

Since the report of BoYLE　＆EDMOND（1975）

and others，the concept of alower concentration of

COpperin sea water compared with that of previ－

OuS WOrks has been widely accepted andis regarded

as an“oceanographically consistent value”at pre－

Sent．However，in their work，nO attention was

glVen、to the chemical species determined by

DDTC／APDC extraction．Acidified preservation of

a water sample at ambient temperatureis not rele－

Vant to thedecompositionoforganically bound met－

alsin sea water，but providesinformation only on

favored conditions for the preservation of organic

matter agalnSt microbialdecompotion．In this con－

nection，BERNHARD（1975）indicates that the disso－

ciation and association of metal－Chelate in sea

wateris reversible against the variation of pH of

As stated before・．SpeCies of APDC／DDTC ex－
tractable copperislnlnOrganic or only weakly

bound organic complexes at the selected analytical

conditions．

A comparison was made of the concentration of

COpperin sea water uslng different methods：DDTC－

extraction，APDC－eXtraCtion，OXine－XAD－2，method

and chelatlng reSin．

As shownin Tablel，Without oxidative treat－

ment Of the organic matterin sea water，the re－

Sult of oxine－XAD－2is much higher than those of
the others．After oxidative tretment，eVery reSult

Shows the same value．　Furthermore，after pre－

treatment with XAD－2　resin，Which means the re－

moval of metal organic species from the solution，

the result of the oxine－XAD－2　methodis the same

as that of the others．

Therefore，thereis every reason to believe that

the result of oxine－XAD－2　represents the“total”

COnCentration of copper and that the results of

Other studies are concerned only with theinorganic

Orlabile organic species of copperin sea water．

Concentration of copperin ocean water

The results of determination of totaland organi－

Cally bound copper dissolvedin surface sea water

from the western North Pacific to the Southern

Ocean are shownin Table2．

Surface djstribution

（A）Western North Pacific：The surface con－

Centration of copper organic compounds ranged

from O．18to O．77　〃g1－l with an average value of

O．17to O．49　pgl‾1．As shownin Fig．2，the sur－

face concentration of copper Organic compounds

along1370Eis relativelylowin subtropical waters．

The concentration of total copper ranged from O．3

to O．9　FJgl．lwith an average value of O．5　to O．3

FLgl‾l The ratio of organic to total copper

ranges from O．6tol．O FJgl．1and the major part

Of the copper organic compounds are neutral and
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崇告t。慧㌘誓言諾霊霊霊悪霊JOig霊　喜一00
Water．

Prelre tnnent T II III IV

Dire⊂t

AHer XAD

Afler oxidatjon

0．49　　　　0．05　　　　　0．05　　　　0．06

0．05　　　　0．05　　　　0．05　　　　0．05

0．50　　　　0．50　　　　　0．50　　　　　0．50

Method：Ⅰ．XA0－Oxine H．APDC－MfBK

llI．DDTC・CHC13　　　lV．Chelex－100

Fig．2　Distribution of dissoIved copper、concentrations
in the surface oceanic water．

basic organic compounds．The concentration of the

neutral and basic organic fraction ranged from O．28

to O．69　FJgl．1，With an average of O．17　to O．42

FLgl‾l and the average concentration of the acidic

Organic fraction was O．07　FJgl．1．

（B）Indian Ocean：The total concentration of

copperinIndian’ocean water ranged from O・37to

1．05　FJg1－1．The higher concentrationis observed
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Fig．3　Latitudinal distribution of total and organic

copper compoundsin surface water．

in the water along the west coast of the Austra－

lian continent．With respect to the copper organic

SpeCleS，the concentration of the neutral and basic

Organic speCies ranged from　0．20　to O．55　〃gl．l

and that of acidic species ranged from0．03to O．09

〃gl‾1．

（C）Southern Ocean：The water south of400S

COntained a high　concentration of copper ranging
from O．69　to2．04　pg1－1，Whereas the concentra－

tion of organically bound copperis nearly the same

as thatin other waters north of the Antarctic Con－

VergenCe・

Ⅰn the Antarctic water，both total and organic

COpperincreased up to2．04　Flgl‾landl．24　Flg1－1，

respectively．It should be noted that most of the

Organically bound copperisinvolvedin the neutral

and basic organic fractions．

（D）Okhotsk Sea：The concentration of total

COpperis on the same order of magnitude as seen

in the western North Pacific，but the concentration

Of organically bound copperis muchlower than
that of other areas of the ocean．Thelow concen－

tration of copper Organic compoundsin this areais

mainly duc to thclow concentration of neutral and

basic copper organic com匹）undsin water of the

（E）East China Sea：The concentration．of
total copperis highin the water off the rlVer
mouth of the Yangtze River andit decreases gradu－

ally with distance from the river mouth．Since the

COnCentration of organically bound copperis nearly

COnStantin these waters，it seems that the de－

CreaSe Of totalcopperis mainly due to the dilution

and removal ofinorganic orlabile copper species

（F）Japan Sea‥　TheでOnCentration of copper
dissoIvedin surface waterln the central part of

theJapan Sea ranges from O．20to O．30　〃g1－1and
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Table　2　Concentrations of total and　〇rganic copper

compoundsin surface water．
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the valueis alittlelower than those of other

areas of theocean．Thelow concentration of organi－

cally bound copper，Whichisless than20％of the
tota1，may be a characteristic of the water of the

Japan Sea water．As seenin Table2　and Fig．3，

in the open Part Of the ocean，mOre than80％of
the total copper dissoIvedin the surface wateris

in organically bound forms，bf which most arein－

VoIvedin neutral and basic organic compounds．

Vertical distribution

The results of determination of copper concentra－

tion withdepthareshowninTable3．Among17se－

ries of determinations，7　arein the western North

Pacific，2in the East China Sea，2in the Okhotsk

Sea，1in theJapan Sea，1in theIndian Ocean and

4in the Southern Ocean．As seenin the table，eX－

cept one or two stations，the total concentration

of copperis nearly constant with depth，Whereas

the concentration of organically bound copperis

highestinintermediate water・
An example of the vertical distribution，from

the surface to very close to the bottom，Of copper

in the western North Pacificis shownin Fig．4（a

and b），tOgether with the disLributions of salinity，

water temperature，dissoIved oxygen，reaCtive nutri－

ents，amino acids，prOtein，Organic nitrogen and car－

bon．As seenin the Fig．4（a and b），the vertical

distribution of total copper Shows three maxima：

surface，near the salinlty minimum and very close

to the bottom，and nearly constant values for

other depths．The highest value was observedin
the water very close to the bottom，aS highasl．5
〃gl‾1．

The concentrationoforganically boundcopperde－

creased gradually from the surface to　5，000　m

depth，With a smallmaximum near the bottom of

the seasonal thermocline，and the concentrationin－

creased from5，000m to the bottom．

The causes of the decrease from the surface to
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Table3　Concentrations of total and organic copper

compoundsin the verticalwater samples
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5，000m depth■aremainlydueto the decreaseofneu－

tral and basic copper organic compounds．A maxi－

mum Observedin thelayer］uSt below the seasonal

thermoclineis the result of anincreasein neutral

and basic copper organic compoundsin thelayer．

The concentration of copperincorporatedin the

acidic organic fraction shows a nearly constant

Value with depth from the surface to　5，000　m，

A small maximumis also observed near the salin－

lty minimumlayer．

In the deeperlayer from　5，000　m to the bot－

tom，the concentration of both the neutral and

basic fractions and the acidic fractionincreased

with depth，and about60％of theincrementis due

to theincreaslng COnCentration of neutral and basic

COpper Organic compounds near the bottomlayer．

The concentration ofinorganic copperislow at

the surface and reaches a maximum at the salinity

minimumlayer．In theintermediate and deeplayer

the concentrationis nearly a constant value．As

Seenin the tables，eVeryWherein the ocean the

maJOr fraction of organically bound copperin sea
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Fig．4　The vertical distribution of total and organic
COpper COmpOunds at the differnetlocations（a and
b）．

waterisinvoIvedin the neutral and basic fraction．

The subarctic watersin the western North Pa＿

Cific arecharacterized by arelativelyhighconcentra－
tion ofinorganic copper concentration，and this

mayl光due to the highconcentration of copperin

the salinity minimumlayer of the subtropical

Water．The concentration of totaland organic cop－

perin theJapan Sea wateris similar to the concen－
trationin the subarctic water．

In the Southern Ocean water，the concentration

both of total and organic copperis higher thanin
any other area of the ocean，anditis also notable

that the majOr fraction of organically bound cop－

perisinvolvedin neutral and basic organic matter．

MoJecular size distribution of copper organic compounds

As describedin the first section，mOSt Of or－

ganic copper SpeCleS areinvoIvedin the macr0－

m01ecular fraction and these are adsorbedin such a

Way On the XAD－2resin that they can be analyzed

quantitatively．To obtain furtherinformation on

the organically bound copperin sea water，the cop－

per Organic compounds adsorbed on the resin were

examinedin more detail uslng gel－filtaration chr0－

matOgraphy．

Surface water

The results of the molecular size distribution of
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Fig．5　The molecular size distribution oforganic cop－
per compoundsin surface water．

organic copper adsort光d on the XAD－2　resin are

shownin Fig．5　together with the UV absorpt10n

value as anindicator of the presence of organic

matterin the samples collectedalong1370E．

As seenin the figure，SeVeralgroups of organic

matter were observedin the neutral and basic or－

ganic species，With molecular sizes ranglng froml

XlO3tolxlO5．

In the acidic fraction，there are a few groups of

Organic matter with molecular sizes ranglng

XlO3to2×104．

mOr
r

AlthoughSeveral groups of organic matter with
different molecular sizes were observedin surface

waters，it seems that only alimited number of

groups oforganicmatterareassociatedwithcopper－

organic complexes．Most copper－Organic compounds
in the neutral and basic fraction have molecular

sizes ranglng from5×103to2×101．

In tropical water，about　30％　of organically

bound copperis associated with macromolecular or－

ganic matter with a molecular size of about

lxl05，and water near the equator，atlOON，COn－

tained a smaller size of organic－COpper COmpOunds

with molecular size2　to3　×103．

Unlike theorganic matter distribution，Water be－

tween30／ON and150N contained only one molecular

size group of copper－Organic compound，It thus ap－

pearS that the molecular size of copper－Organiccom－

Poundsin the surface water of the western North

Pacificis distributed zonally．

In the acidic organic fraction，tWO grOupS Of

copper－Organic compourlds were observed from35ON

to the equator．In water from　350N tolOON，

COpper－Organic compounds wereinvoIvedin organic

matter with a molecular size1．2×104，and a

Slightly smaller size group of copper－Organic com－
pounds was observed（5×103）in the waters from

50N to the equator．

The molecular size distribution of copper－Organic

COmpOundsin surface water might be controlled by
the balance of biologlCal production and decom－

position of organic matter，the stability of metal

Organic compoundsin sea water andlateral mixlng

Of water from different source waters．Therefore，

the distributionin surface water might reflect the

biochemical nature of watersin the source regions．

Vertical distribution

An example of the vertical distribution of m0－

1ecular sizes of copper－Organic compoundsis shown

in Fig．6．Asseenin the figure，the major part
Of the copper－Organic species dissoIvedin sea water

isinvoIvedin neutral and basic organic matter

with a molecular size of　8×103　from the surface

to5，000m depth．

A small maximum Observed just below the sea－

SOnalthermolineis a consequence of the appearance

Of copper－Organic species with a slightly smaller m0－

1ecular size of5×103．

In theintermediate water，the concentration of

COpper－Organic species gradually decreased to O．15

FJgl‾1．Below5，000　depth，the concentrationin－

creased toward the bottom，anditis ofinterest to

note that the species of copper－Organic compoundin

the deeper water are not the same as thosein

upper water，but most of them areinvolvedin or－

ganic matter with a molecular size of2×103．

With respect to the acidic organic fraction，

most of copper－Organic compounds arein the form

of macromolecular organic matter with a molecular

size of2×104from the surface to5，000　m depth．

A small maximum around the oxygen minimum

layer may be due to the addition of a slightly
smaller size of copper－Organic spccies sizc of5×103．

In the water below5，000　m depth to the bot－

tom，the copper－Organic species with higher molecu－
iar sizesin the upperlayer were replaced with

other comPunds with molecular size of2×103，and

the concentrationincreased toward the bottom．

SummarlZlng the vertical distribution of copper－

Organic speCleS dissolvedin the total water column，

50％ofcopper－Organicspeciesar？aSSOCiatedwitha
organic matter with molecular sIZe Of8×103，30％

with2×103，16％with2×104and only a smallfrac－
tion with5×103．

3．4．Refation between copper－Organic compounds and com－

bined amino acids

Because of the similarities of distributionin sea

Water and elution behavior from gel－Chromat0－

graphy of the combined amino acids or protein－
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Fig．7　The relationship between amino acids concen－

tration and oTganic copper compounds absorbed on
the XAD－2resln．

aceous matter with thosc of copper－Organic com－

pounds，itis ofinterest to examine the relation－

shipbetween organicmatterandcopper－Organicspc－

cies dissoIvedin sea water．

Asseenin Fig・7，anintimate correlation was
observed between copper－Organic compounds and

combined amino acids or proteinaceous matter adT

sorbed on the XAD－2resin．This suggests that the

organicligandofcopper－Organic speCleS dissoIvedin

sea water may be related with some of the com－

bined amino acids or plypeptide－like matter・In

this connection，itis reported that after chemical

orphotochemiCaldecomposltionof theorganicmat－

ter，nO detectable amount of copper WaS adsorbed
on the resin or some other adsorbent（SUGIMURA

⊂omposilion ofamnoaCidsin eaCh m0le⊂Ular size
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AA Cu
M・W・　　　　AA COmPO扇＝0n nM

（N・B）

8xtO3　Lys9Sel。Pro9Gly33Ala詔l－QCys3M叫3　180　8・8

2日03　ArgSLy㌔AsplOGLykAIa26日elOLeuITyr7Phe9150　9・6

2日0‘Gly58Leu之。Met了「P一一　　　　　　　　60　0t9

2xlO3　Arg7LysSAspTiGly51Leu12TrPll　　　　160　3・8

Fig．8　The compositions of amino acids abosorbed
on the XAD－2resinin each molecular size fraction．

＆SUzUKI1984；KREMLING et al．1982）．
The meridional distribution of copper－Organic

compounds and combined amino acids along1370E
in the western North Pacificindicates that the

highconcentrationof copperin surface watercorre－
sponds with the high　concentration of combined
amino acids adsorbed on the resin．Thelow concen－

tration of copper－Organic speCleSin waters between

lOON and200Nmaybeconsistent with thelow con－
centration of combined amino acids adsorbd on

the resinin the water，although　the total con－

centration of amino acidsis highin this reglOn

（SUGIMURA＆SUzUKI1983）．

3．4．1．lndividual amino acid composition

The detailedreportonthecompositionofindivid－

ual amino acidsin sea wateris glVen elsewhere

（SUGIMURA＆SUzUKI1983）．

The ma］Or fraction of copper－Organic compounds

isinvolvedin macfomolecular organic matter with

molecular sizes of8×103and2×102in the neutral

and basic fraction，and2×104　and　2×103in the

acidic fraction；theindividual amino acid composl－

tion was determinedin each molecular size group．

AsShownin Fig．8，amOng the14S匹Cies of
amino acidsin the orlglnal fraction，Only eight　－
Lys，Ser，Pro，Gly，Ala，Val，CysH and Met－are
detectedin the neutral and basic organic matter

with molecular size8×103．

1n the deep water，Organic matter with molecuT

lar size2×103is anotherimportant compoundin

the neutral and basic organic matters．The amino

acids consisted of Arg，Lys，Asp，Gly，Ala，Ile，

Leu，Tyr and Phe．

In the acid organic fraction with molecular size

2×104，four species of amino acids　－　Trp，Gly，

Leu and Met－Were Observed．In the deep water，

Arg，Lys，Asp，Gly andLeu were detectedin the
fraction with molecular size2×103．

These resultsindicate that only alimited num－

br of speCleS Of amino acids are concerned with

metal　Complexation in combined formsin sea
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water．Itis ofinterest to note that the sulphur－

COntaining amino acidsin surface water are2to3

％　of the totalin molar ratio，but jn the meta1－
0rganic fraction，the ratioincreased tolO to15％
in the neutral and basic organic matter．The higher
Stability constant of sulphur－COntainlng amino acids

With copper relative to that those of other amino

acids may suggest a role for these amino acid resi－

duesin the cause of theintimate correlation ob－

SerVed btween combined amino acids and copper－

Organic compoundsin sea water．

Jnorganic copper and reactive nutrients

Recently，the distribution of trace elementsin
sea water has often txBen discussedin relation to

those of the reactive nutrients，Whose concentration

islow at the surfaceand highin theintermediate
and deeplayer（C．f．BRULAND1983）．However，nO

COnSideration has hBengiven to the existence of or－

ganic speCleS Of trace metals and nutrients．
As revealed by the recent work（SUGIMURA etal．
1978，1980；SUGIMURA　＆SUzUKI1984；KREMLING

et al・1981・1983；HIROSE et al・1983）・eyery ele一

ment dissoIvedin sea wateris presentinlnOrganic

and organic forms．The total concentration of the

element［M］is expressed as follows：

［M］．。．d＝［M］喝．＋［M］軸．　　　　　（1）

The relationship between the total andinorganic

forms of elementsin sea wateris expressedin fo1－

lowing equation for the case of Cu and carbon，ni－

trogen and phosphorus（HIROSE　＆　SUGIMURA

1983）：

［Cu］in。，g＝［Cu］b／［C，N，P］b X［C，N，P］如曙

＋［Cu］．。．d－lCu］b／［C，N，P］

×［C，N，P］t。血 （2）

where the subscrlPt b represents the concentration

in marine organisms．

If the oceanic residence time of these elements

islong enough　Compared with the ocean mixlng
time，then the totalconcentrations of carbon，nitr0－

gen，Phosphorous and copper Should not slgnifi－

cantly vary with depth．Therefore，aS Seenin Eq．

2，the concentration ofinorganic forms of copper

would belinearlyrelatedwith that of reactive（inor－

ganic）nutrients．

As seenin the previous section，the totalconcen－

tration of copper dissoIvedin sea wateris almost

constant from the surface to the bottom，though
the vertical profile ofinorganic forms shows sur－

face depletion and a deep water maximum．

In Fig．9is plotted the concentration of reactive

nitrate（NO3－N）against that ofinorganic copperin

sea waterin the western North Pacific．　As seen

in the figure，thereis anintimate correlation be－

tween reactive nutrients andinorganic copper from

the surface to the oxygen minimumlayer，but no

positive correlation was observedin the deeper

layer．　One of the causes of these differences

三
1

⊃
U

d　5
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Fig．9　The relationship betweeninorganic coppercom－
pounds andinorganic nitrogen（nitrate and nitrite）in
Sea Water．

txetWeen the surface and deeplayers may be ex－

plainedif most transformation from organic toin－

Organic forms of the elements occurrs in the

upper1，000m of the ocean，andif the mixlng Of

Water between surface and deeplayersis rather

slow．

The proposed relasionship between metallic ele－

ments and reactive nutrients glVen by previous re－

SearChers（cf．BRULAND1983）is valid onlyin the

CaSe Ofinorganic species of metallic elements and

nutrients．

CONCLUSl0N

The average concentration of total copper dis－

SOIvedin surface wateris O．5FJg1－1for the west－

ern North Pacific，0．7Flg1－1for theIndian Ocean

and1．3FLg1－1for the Southern Ocean，reSpeCtivcly；

60　to90　％　of this copperis organically bound．

Most of the copper organic compounds areinvolved

in neutral or basic organic compounds with a m0－

1ecular sizeranglngfrom2×103to2×104．Theinti－

mate correlation between the organically bound cop－

per and the combined amino acids adsorbed on the

XAD－2resinindicate that the organicligand to the

COPper Organic compounds　might be polymer or－

ganic matter．The composition of the amino of

the metalorganic compounds suggests that few spe－

cies of amino acids are concerned with metal

COmplexation．These amino acids are not free but

in combined states，in polypeptides or polynu－

Cleotides accompanied with carbohydrates．Itis con－

Cluded that most copperin sea wateris present or－

ganic metalcompounds．



DissoIved Organic Copper Compoundsin Seawater

ACKNOWLEDGEMENTS

The author thanks Mr．Yoshio Ishikawa of

Shizuoka Universlty for his good help．This paper

is supported partitially by a grant of the Mitsubi－
shi Foundation．

REFERENCES

ALEXANDERJ．E，＆CoRCORAN E．F．（1967），The
distribution of copperin troplCal sea water．

上imJlOJq汐αJd Oceα几昭r（p毎，12，236－242．
BATLEY G．E．＆FLORENCE T．M．（1976），Determi－

nation of chemical forpIS Of dissoIved cad－
mium，lead and copperln Sea Water．MariTuf
肋mfSかツ，4，347－363．
BENDER M．L．＆　GANGNER C．（1976），Dissolved
COPper，nickel and cadmiumin the Sargasso
Sea．JoM∽g q／ルねrよ眠月e8eαrCん，34，327－339．

BERNHARD M．，GoLDBERG E．D．＆PIRO A．（1975），
Zincin sea water，an OVerView1975．h：
GoLDBERG E．D．（ed．）7‰　Nature qF　鹿a
肋ter，Dahlam Konferenzen，Berlin，43－68．

BoYLE E．A．＆　EDMONDJ．M．（1975），Copperin
the surface waters south of New Zealand，Nか
自〟で，253，107－109．

BoYLE E．A．，ScLATRE F．＆EDMONDJ．M．（1977），
The distribution of dissolved copperin the Pa－
Cific．丘brth and PklTWtaTy良ience LetteT・，37，
38－54．

BREWER P．（1975），Minor elementsin sea water，
1h：RILEYJ．P．＆SKIRROW G．（eds．）CVwmi－

cal0ceanogrqphy，Academic Press，London，
2nd．ed．，415－496．

BRULチND K・W・（1980）・Oceanographic distribu－
tlOn Of Cd，Zn，Ni and Cuin the north Pacific．

丘br摘αdPαngαけ旋ienCe　エefねrS，47，176－
198．

BRULAND K．W．，FRANKS R．P．，KNAUER G．A．＆
MA上汀1NJ．H．，（1979），Sampling and analyti－

Cal methods for the determination of copper，

cadmium，Zinc and nickel at the nanogram　per

literlevelin sea water．Ana＆tical CVzemical
dcとα，105，233－245．

BRULAND K．W．（1983），Trace elementsin sea
water，1n：RILEYJ．P．＆CHESTER R．（eds．）
Chemical　0cean呼rqPhy，Vol．8，Academic
Press，London，2nd ed．，157－220．
BUcHAN S．，FLOODGATE G．D．＆　CRISP D．J．

（1967），Studies on the seasonal vチriation of
the suspended matterin Menai StraltS，I．the
inorganic fraction．Limnol喀y and Oceanogra－
pわ′，12，419－431．
BUGLIO BリRoNA E．＆　HooD D．W．（1961），The
chemistry and analysIS Of trace metalsin sea
water，U．S．Atomic Energy Commission，Re－

POrt Of Reference．61－19A，52pp．
FoRSTER P．＆MoRRIS A．W．（1971），The seasonal

Variation of dissolvedionic and？rganically
associated copperin the Menai StraltS．Deq）一

鹿α月e8gαrCれ18，231－236．
HASLEJ．R．＆ABDULLAH M．I．（1981），Analytical

fractiopationofdissoIvedcopper，lead andcad－
miumln COaStal sea water，MariTW CumistTy，
10，487－503．

HIROSE K．＆SUGIMURA Y．（1983），Relationship
between metallic element and organic matter

55

in marineenvironments，軸rs qFMeteoroIQgy
αJdGe（pわ′Sks，34，291－306．

HIROSE K．，Y．DoKIYA　＆　Y．SUGIMURA（1982），
Determination of conditionalstability constants
Of organic copper and zinc complexes dissoIved
in sea water uslngligand exchange method
With EDTA．塊r主催地mよぎとり′，11，343－354，

KEMP－NIELSEN L・（1972）・Some cPmmePtS On the
determination of copper fractlOnSln natural

waters，Deep一鹿a Research，19，899－902．

KINOSHITA T．，MURAYAMAJ．＆　TsUJI A．（1976），
Fluorometricassayof protein uslng hypochlorite－

thiamine reagent．C伽mical鋤rmarqy Bulle一
とれ24，2901－2902．
KREMLING K．，WENCK A．＆OTERROHT C．（1981），
Investlgation of dissolved Cu－Organic substances

in Baltic waters，MariTW CumistTy，10，209－
219．

MILLS G．＆QUINNJ．G．（1981），Isolation of dis－

SOIvedorganicmattersandcopper？rganiccom－
Plexes from estuarine waters uslng reVerSe－

Phaseliquid chromatography，MarilW　肋mis一
己Jツ，10，93－102．

MoFFETJ．W．，BRAND L．E．＆ZIKA，R．G．（1990），
Distrubution and potential sources and sink of
COPPer Chelatorsin the Sargasso Sea．Deq）一

曳α月e8eαrCん，37，27－36．
MooRE R．M．＆　BURTONJ．D．（1976），Concen－

tration of dissoIved copperin the east－ern

Alantic Ocean230N to470N，Nature，246，241－
243．

MoopER・M・（1978），The distribution of copper
ln the eastern Atlantic Ocean，助rth aTulPhlne一

己αJツ＆ieJ旺e上e土とerS，41，461－468．

MUROZUMI M．＆　NAKAMURA S．（1980），Isotope

disolution mass speCtrOmetry Of？OpPer，．Cad－
mium，thalium andleadin marlne enVlrOn－

ments，1n：GoLDBERG E．D．，HoRIBE Y．＆
SARUHASHIK．（eds．）1bot（pe Marine肋mis－
tTT，Uchida Rohkakuho Pub．，Tokyo，439－471．
SLOWEYJ．F．，JEFFREY L．M．＆　HooD D．W．
（1967），Evidence for organic complexed copper
in sea water，Nature，214，377－378．

Stability Constant Table（1979），Stability Con－
Stant qF脇tal－Ion CoTTWlex，Part B．PERRIN
D．G．（ed．）IUPAC Chemical Date Series，No．
22，Pergamon Press，London，450p．
SuGAIS．F．＆HEALY M．L．（1978），Voltametric
Studies of the organic associated copper and

leadin two Canadianinlets，MariTW CheTnist77，
6，29ト308．
SUGIMURA Y．，SUzUKI Y．＆　MIYAKE Y．（1978），
Chemical forms of minor metallic elementsin

the ocean，JourTWl qf－（九eangrqphic Society qf
J毎）α花，34，93－96．
SUGIMURA Y．，SUzUKI Y．＆　MIYAKE Y．（1980），
The bhavior and the chemical forms of meta1－

1ic elements dissoIvedin ocean waters．ht：A4d－

T・iTW Radioecolqy，Proc．3rd NEA Seminar of
Marine Radioecology，NEA／OECD，Paris，131－
141．

SUGIMURA Y．＆　SUzUKI Y．（1981），Determina－

tionof organic form metals dissoIvedin苧ea
Water by XAD－2　resin and atomic absorptlOn

SpeCtrOmetry，1n：＆oc．9th hternatioTml
AとOmk　劫ecとrosc叫y　α山　一　Ⅹ〝　CoJわq〟払m，
Tokyo，p．307．
SUGIMURA Y．＆　SUzUKI Y．（1985），A method
Of determination of metal organic compounds



56 Y，SuzuKI

dissoIvedin sea water uslng XAD－2　resin，劫－
per8　q／肋feorogq抄α乃d Ge（pわ′Sk8，36，187－
207．

SUGIMURA Y．＆SUzUKI Y．（1983），Amino acids
dissoIvedin・the western North Pacific waters．

軸er8q／A由仁eoroJcgyαJd Ge即妙8わざ，34，267－
289．

SUNDA W．G．＆　HUNTSMAN S．A．（1991），The

uPe Of chemiluminescence andligand competi－
tlOn With EDTA to measure copper COnCentra－

tionandspeCiationinseawat読．Marineaemis一

とり′，36，137－163．

SUNDA W．G．＆　HUNTSMAN S．A．（1992），Feed－
backinteractions between zinc and phytoplank－

tonin seawater，Liminol（杖yand（kean（材rqPJo′，

37，25－40．

SUzUKI Y．＆　SUGIMURA Y．（1981），Determina－
tion of minor metallic elementsin sea water

byoxine－ⅩAD．2resinsystem and atomic absorp－

tion speCtrOmetry，h：乃・OCeeding9thlhterTは一

房0禦　Aomk　劫ecか08CqRyα扇Ⅹ㍊r Co〟か
qM〟仇，Tokyo，p．308．

SUzUKI Y；，SUGIMURA Y，＆ITOH T．（1985），A
catalytic oxidation method for the determina－

tion of total and organic nitrogen dissoIvedin

Sea Water，Marine C伽mistTy，16，83－97．

VAND竺NBERGC・M・G・（1984），Organicandinor－
ganlC SpeCiation of copperin theIrish Sea，Ma－
rわは伽mねとJツ，14，201－212．

WILLIAMS P．M．（1969），The association of copper
with dissoIved organic matterin sea water，

エgm花OJ喀γαJdαeα花町（pわ′，14，156－158．


