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Bycompilingmanyelementalcompositiondataformarineandterrestrialplantsandani-

mals,Bowen（1966,1979）noticedaremarkablesimilarityamongthem.Basedontheso-called

biologicalstandardreferencematerials（SRM）,Li（2000）confirmsthisobservation（Figure1）.

Theplotofelementalcompositionsoftheaveragesoilagainstthatofspinach（asrepresenta-
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Figure1 Plotsofthecompositionsofspinachversusthoseof（a）algae,（b）kale,（c）oyster,（d）
tomatoleave,（e）pineneedle,and（f）aquaticplant.DatabyGladney（1989）,andBowen
（1979）.

Areallcreaturescreatedequal?（GeochemistryofBiosphere）

Yaun-HuiLi*



TransactionsofTheResearchInstituteof
OceanochemistryVol.19,No.2,Nov.,2006

tiveoflandplants;Figure2）ortheaverageshaleagainstthatofalgae（Figure3）nicelysepa-

rateselementsintobiophobe（solidcirclesandtriangles）andbiophile（opencircles）groups.

ThebiophobeelementshavetheenrichmentfactorEi
Alofaboutone,andaremainlyA-type

ions（withelectronconfigurationofnoblegases）andlanthanides.Theseelementsarealsothe

very sameelementsthatrepresentthefactor1（F1）in thefactorloading plotsof

Yamamoto・s（1983）algaedatainfactoranalysis（Figure4）.Mostoftheseelementsareproba-

blyincorporatedintoorontobiologicalcellascolloidalorveryfineinorganiccoating.The

biophileelementshavetheenrichmentfactorEi
Alofgreaterthan10,andaremainlyA-type

ionswithlongmeanoceanicresidencetimes（i.e.majorionsinseawater）,B-typeions（with

outerelectronconfigurationsofd10）,andsometransition-metalcations.

Partitioningofelementsbetweensolidparticlesandsolutioncantobeadequatelyex-

plainedbythesurfacecomplexationmodel（Stumm etal.,1970;Schindler,1975;Jamesand

Healy,1972）.Themajordifferencebetweeninorganicandorganicparticlesisthatinorganic

particlesmainlyhavehydroxylegroup（�OH）onsurfaceduetohydrationprocess,andorganic

particlescanhavehydrophilicfunctionalgroups（suchas�COOH,�NH2,�SH,inadditionto

�OH）onsurface.ThesehydrophilicfunctionalgroupscanformstrongbindingwithB-type

andtransition-metalcations.Thismaypartiallyexplaintheseparationofelementsinto

biophobeandbiophilegroups.
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Figure2 Plotofthecompositionaldatafor
spinachreferencematerial（SRM1570）
versusaveragesoils（Li,2000）.

Figure3 Plotofthecompositionaldatafor
averagealgaeversusaverageshale

（Li,2000）.
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Thecorrelationplotsofvarioushumanorgansagainsthumanmusclecompositions

（Figure5;datafromSnyderetal.,1975;Hamilton,1979）againshowtheirgeneralsimilarity.

Itisnotsurprisingtofindthattheaveragecompositionsofhumanbody,dietandspinachare

alsoverysimilar（Li,2000）.Humanbreastmilkfrom severalcountrieswasstudiedbythe

WorldHealthOrganizationandtheInternationalAtomicEnergyAgency（WHO/IAEA,

1989）.Afewtraceelementsdoshowsomeregionalvariation,buttheoverallcompositionsare
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Figure4 Factorloadingandscoresobtainedfromthefactoranalysisof
Yamamoto・s（1983）algaedata.
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similartohumanmuscle,exceptthatCa,F,andIaremuchhigherinmilk.

Resultsfromfactoranalysisoftheorganic-richBlackSeacoredata（H.Brumsack,per-

sonalcommunication）areshowninFigure6.Factor1（F1）representstheelementsassociated

withaluminosilicatephases;negativeF1carbonate;andF2biophileelementsassociatedwith

organicmatter.Surfacesediments（0�66cm）areorganicrich,andthesamplesbeloware

mainlyamixtureofshaleandcarbonates.

Accumulationofterrestrialplantmaterialinswampsandsubsequentburialandaltera-

tionthroughpressureandheatovergeologicaltimehasresultedincoaldeposits.Petroleumis

thoughttooriginatemainlyfromlipidicfractionsoforganismsandtohaveundergonevarious

maturationandmigrationprocessesthroughgeologicaltime.AsshowninFigure7,theele-

mentsfallingonornearthestraightlinehaveEi
Alvaluesofnear1forIllinoiscoalrelativeto

shale;thus,theseelementsinIllinoiscoalsaremainlycontributedbyshalecomponents.Most
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Figure5 Plotsofthecompositionsofhumanmuscleversusthoseof（a）blood,（b）
brain,（c）kidney,（d）liver,（e）lung,and（f）lymph.
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biophileelementsplusBe,Fe,Ge,andUareenrichedincoal（Ei
Al＞1）andareassociated

mainlywithsulfideandorganicphases.

ThecompositionsofaveragecrudeoilsandAlbertacrudeoilsareplottedagainsttheshale

compositioninFigure8.Theelementsnearestthedashedline（solidcircles）inthefigurehave
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Figure6 FactorloadingandscoresobtainedfromthefactoranalysisofBlackSeacoredata.

Figure7 PlotofaverageshaleandIllinoiscoalcompositions.Opencirclesrepresent
theelementswithEi

Al＞2relativetoshale.
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Ei
Scvaluesofabout1relativetoshale.Therefore,theseelementsincrudeoilsareagainmostly

contributedbycolloidalclaymineralparticles.Otherenrichedelements（opencircleswith

Ei
Scofabout10to105）incrudeoilsprobablyexistasmetallo-organiccomplexes.
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Figure8 Plotsofaverageshaleversus（a）averagepetroleum,and（b）averageAlberta
crudeoilcompositions.SolidcirclesareelementswithEi

Alaroundonerelativeto
shale.
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