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Extended All Present Theory of the Elements and Biological Trace Elements

Hiroki HaracucHI, Kazumi INAGAKI, Akiko HOKURA and Hirotaka MATSUURA
Department of Applied Chemistry, Graduate School of Engineeving, Nagoya Universily,
Furo-cho, Chikusa-ku, Nagoya 464-0083

In 1936, Ida Noddack proposed a hypothesis called “All Present Theory of the Elements”, in which she
predicted the presence of all elements in geological samples (minerals and rocks). Based on the Nod-
dack’s hypothesis, the present authors are proposing a new concept of “Extended All Present Theory of
the Elements”, which indicates that the All Present Theory should be extended to all the biological sys-
tems including human beings. In order to elucidate or prove the Extended All Present Theory of the Ele-
ments, the experimental results for the determination of all rare earth elements in human blood serum,
and multi-element determination of major-to-ultratrace elements in black and green tea leaves were intro-
duced together with the chemical speciation of trace elements in black-tea infusion. Finally, the correla-
tion of elemental concentrations between human blood serum and seawater was discussed from the view-
points of chemical and biological evolution of the life in seawater. It should be stressed here that the re-
cent research for trace elements has been supported by the development of high-sensitive and

multi-element analytical methods, especially ICP~MS (inductively coupled plasma mass spectrometry).
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Fig.1 The elements in human blood serum and plasma, which have been determined or
detected by various analytical methods such as AAS, NAA, ICP-AES, and ICP-MS.

The elements such as H, C, N, O, Na, Mg, P, S, K, Ca and Cl are known as essential major

and minor elements.
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v b IiEFEHE K Sml 2 AR & BIEER Y H OB R AT, IM SR 100ml ICEM L7, 2D
SR 90ml VT, FEFETELY F L — MBI (Chelex100) ZFIH L Tirfa ¥ 2 #R1EA" Fig. 2
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FiE 4 B 2T > C, ICP-MS il it L7z MiEsAHC A LB TR 2 BML T, LRioms s
L O AT - 7O BRI, $RTOFEHETFEICH LTI5~100%TdH Y, ICP-MS IZ X 54T
ORLEIRIEE LT3R TE A HETH -T2,

Table 11213, BF2AS L0 SR L METOFLETEOERMEL $LH Y, Tablel 55
B E S, BMEEu O 1ppt (ppt =1X10"%g/ml) 7 % HAME Ce DF 200ppt DI EFHFHPITT
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l The digested (90 ml) solution was further diluted to 300 ml. |

! The pH of the solution was adjusted to 6. l

| Chelating resin (0.5 g of Chelex 100) was added. I

Stirred at 80°C for3 h
(Adsorption of REEs on the chelating resin).

L

The resin was filtered with a the glass filter.

The resin was rinsed with 10 ml ammonium acetate to
remove Mg and Ca adsorbed on the resin.

1

| REEs were eluted with 10 ml of 2M HNO,. ]

)

' The eluted solution was heated almost to dryness. ’

]

REEs adsorbed on the resin were dissolved with 2 ml of 0.1M
HNO, containing the internal standard elements (Rh, Re).

)

Determination of REEs by ICP-MS.

Fig. 2 Chelating resin preconcentration procedure for the determination of rare earth ele-

ments in human blood serum by ICP-MS.

Table 1. Analytical results for rare earth elements in human blood serum de-

termined by ICP-MS after chelating resin preconcentration“)

unit: pg/ml (ppt)

Element A B C . D E Detection Limit
La 73.2 58.6 66.8 56.0 59.0 0.1
Ce 235 187 235 195 216 0.2
Pr 13.5 10.0 11.4 9.6 10.9 0.04
Nd 39.8 31.6 35.4 28.4 33.5 0.1
Sm 7.4 4.6 6.2 5.1 5.5 0.2
Eu 1.1 0.7 1.0 0.7 0.7 0.05
Gd 8.6 6.0 7.0 5.8 8.7 0.2
Tb 1.6 1.1 1.1 1.2 1.4 0.02
Dy 11.2 8.9 8.8 8.8 10.3 0.1
Ho 3.4 2.2 2.1 2.3 2.8 0.04
Er 12.4 8.3 7.8 8.7 10.3 0.04
Tm 2.3 1.3 1.4 1.6 1.8 0.03
Yb 17.8 11.3 10.4 11.4 15.4 0.1
Lu 3.1 2.1 1.9 2.1 3.1 0.03

2 A ~ E indicate individual male students who donated the blood samples.
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Fig.3 Concentration distribution patterns of rare earth elements in human serum, coastal
seawater and open seawater.
~—{ 1 Human serum  —@— Coastal seawater =~ —(O— Open seawater
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TEHEDHERCIEENHU L TH D I EDBEIFON L, Fig. 30F/FL/8Y — T, k& MiLiE LK TR
ELSWIERLR LA, 7 —UaSEBL T I b, EGOBERAR P XHIAHMmELEZI LN
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T AW ECTH D, HMRBOLTESE, TOMRE AL TFEMENER 2\ LIS
H OB A, $72, Bl T, W% EGEERREIIO VTS, ZOHIHEET AHMETED
AL WTETEICREIC B+ A 779812 “chemical speciation”, “elemental speciation” &IRIEH, DHALED S
B S G L 2 5 T B2, 228, chemical speciation |3 BAGETIE “(LFTBEER S0 LIFIE
Nb, FHOWRECTIE, SO OLTLHESI LALFTEREH G 1T > TV B, AT
REHA (MAB LURE) OWEEENT 2,

FEF O, FEB L UHEDWFIIIDOWT O WEEZ AV 2%, 7 v (LKERBUE 217 5
THE P ICHEIES B A BEOEESMEITH S L%, & B A R E 7 ToFE T2 W CIERE R 54T
%155 DI UEDRETH AW, 7 v KRS L, HHEEREE LT v LkELIESR
Bz, RS % IMBSERICEMR L ClEBEH®E Lize £ L TCICP-AES & ICP-MS # H\WC, ERH
OEBMER S YT BHA0TED TR 21T o 720 Fig. 41213, HEEBEIOVWTLEROFHEILL -
THONZERMEEZ 7Oy b LERERT. KO#H 2 %55 Tm Ofy 2ppb (10 °g/g WREE L/ 0)
DMOTFED T — ¥ BF o N, SR TLENLVIREHATEINTD I LG b, AL LHREET
WHTETRETETOEND L0, TERAEEL LTREREBEREZEIRON G -7,

REGHTF R EDOR) 7 27 - VELEWEES, ViELERE I OAME LTEESN T A,
FEOHBILERIZIZERA 4 Y OBES5 L RIBINTWEDT, Fig. 4 ITRTETENT— 71X, Pk
LEHE DBETHYSEIR A EBbA, Lo L, TOL) RAEHEEE OBBEZ#ERT A2, &
SIMBTROGERELZHEHT LI ENLEE L, 22T, FRBHIOWTHRR DL 54T %
- SEC (WA XHkbrra~< v 7574 )/ UV, ICP-MSBEESH T AT L2 W TIT- 7,
COEEFNY AT LI NE TERLPRBKPOMETEDFEHREIAATIICH L TEb 0L
FIZFR LD D TH B DT TIRFEMZ R LA, RFFECHV2 SEC 5 4135 FE#iH
3,000~70,000004 4 X5 WATHEETH Y, SEC THH & 172508 on-line T UV BRI X 2 HHEW
O, Bl EFEE ICP-MS 12 X ATLEEIREM B 217 - C, ZRENOBRI 7 0~ b 7T 4% FEEH
ETDHIENTED,

Fig. 5124%, SEC/UV/ICP-MS &MY A7 & ClIE L2ALZEMB RO BE#RY B L OBETED ¥
U b 75 A %R e SRR L, B AR RATIE SR 2 % 100ml DBAKIT A, 5 50
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Fig.4 Total concenetrations for diverse elements in tea leaves as dry weight basis.
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2001 % SEC /1 9 LIZHEA L, BEMICIE IMEERET v E="7 4 (pH5.8) MW/, Fig. 5@)D UV
Bl 7 O} 7T L2135 OERINY — 7 PSR STV ADS, REFOH 7 x4 Vid, BRENER
FREAE 2Unl O¥— 2 & LTRINE iz, —7, Fig. 5bIIRE LB ICP-MS B & UFICP-AES Tt
FRIRICRIE S N METTE e b /5 A TidBa, Y, Al, Mn, KOBIERLA, ThHDTTHE
® > b Ba IR Sml & 12ml ORLEIZE — 7 2B S, 5 TF870,0003 & U25,00042 5 D H
ey LS UL OEEATRE SNz, $72 Fe & Culd Y & R UHRFFEE CRIE S iz, BIED
LI A, IOL) HTEMLERE, LSBT ESEES LAY ZIZ LA CHRHSNTHRV,
WY Ic BT O METER, BATFRARLEY L EREERLBR L THFETAIIDEEI LN L,
WEALEH L OMEE LT, ChOMEBTELATF Y REDOR) 72/ - VHELEOMEER SHREH
THbo
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3T, b Mg E MK ORTETEDRE Y — 0, EMEEDEVHETHDZ & DOWH
PEIZ D W TR~ MK OMEBETEICO W TCLEER NS TbR, 3L A ST XTOTEIL
DT EDRIE L OV E N (KT KTEE) 2B 2RSS S — Y LN EhD0H 5™,
SOk R, FOIEE A LIHERILE, WA CFRER R D O HEE BB TEROSG L ER,
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Fig.5 Chromatograms of black-tea infusions obtained with the combination system. (a):
UV detection at 260 nm (b): ICP-MS (Ba, Y) and ICP-AES (Al, Mn, K) detections.
column: Superdex 75 HR10/30 (Pharmacia), mobile phase: 1 M ammonium acetate (pH 5.8),

flow rate: 1.0 ml/min, sample volume: 200 1.

EMENOBRLH I LA TERW DL OBADP SCHENREEDO TV A, Fig. 6 I2IEF0—Hl& LT,
NETHLNZHKE  MLEFOTLEREOMANERT,

ﬂgGkTLf%ﬁﬁﬁ% WTHY, HEXY EChHATHFIIL MILETICBWT L ) ERETH
D, MEXDTIHELFZMERTICBNCTIVERETHS L ERT, Fig. 6 1ZBTIX, Zhe
NDOTTFEE, TEOMIKILFSRANC X 2582y, @BF#kTE (O), OFRATH (@), (c)F
TFE O, BERTEICHT, TNENOREFCTHYTABREMBEIC 7Oy hLALDOERLTH A,
DL BTEOHTEOMIKFN R ER LV LERITROEY TH 5,
(a) ##TF (sidelophile elements) :

WERFLOMIBDERD & 7 5T b Fe, Co, Ni BLUZ DHERIZHEM L TWATHE, HikE LT

FIEFE IR L OBNREOREVWTERERETH L,

(b) #WAHILFE (lithophile elements) -
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Fig.6 Correlation between the concentrations of elements in human blood serum and in

seawater.

it i L TV A TR, BRLBMEOREVWTHERTH S,

(¢) BEATF (calchophile elements) !
P TR L & LCRERSNATE, BLUHIWE T ICREL TWATHE, 147 L DH
FEORKEVWTEERTH S,

(d) #MEITFE (atmophile elements) :
HRHAE <, REAFCRETFELZESTELTHEETA2THE. H, C, N, OBLUBIATH %,
Fig. 6 IZIZ/R LT\ ze vy,

EE(a)~(QDSEDII D, [EMOELMBRITE, BLUEY P CAEBENEREETLIHMETLE] *
#AETEFE (biophile elements) & LCHHTAI L bd b, TOHRETLEIE, BATRLEAFETLES
L UVEMETRICHS T A UHERF L TIT—H L T 5,

Fig. 6 k& MiLiE & KR OTEORENFAEEEZ, L@ ~CIAMHINLTHERICER L TER
T2 L BED DBRESRVINEN L, WKFOERRS (ERS100~1 %, PEES1~0.01%) T
HBHNa, K, Caldb FIEFRTHLERETHY, FIFLVHBEEZRL, 2OMMOTVL)TETH S
Rb, Cs bMiZICBWTLViEEY»H L, LA L, Mg, B, F, Sr, LiiZilEKPITHIRE L 2o TV,
FOMOTFIZONTIE, —RIICEEHE L OBMESKE WHASTRB L UBHATR IS FEESNDTE
B I VWHBEERLTWS, SO iE, ThH6DTEIFe M & #kFTIRITE CRETHFELT
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WBHZEERTOIDTHL, TDLIIZ, HPLH, BATESLVHEERTOIH LT, EET
EZkid, HIMTECTH D Zn, Cu, Se, Cd, Ph, Hg, AgZr &3k MIFEFTHhLR)ERETHL
ETHD, BITHRICHEEINS As, S IIFNTHAFRELIZIZFC LNV E R o TWDH, RO
£, BENITEIEA A EHHMUEOKREVWTRECTH S, ZLC, PITETH S Zn, Cu, Se i3k
UAMETRE LCabsh, ERNOEBERLERIBERL TS, —7, Cd, Hg, Pbld&Eics
WTHEENIEL, 4194454, KER, $hPHELREONEMEORRE R/ L2L, Zh
LOWIRIEHR, AELELE L TAONETLENL MIUFEFICEREL 25 TWAHI L, ITNLDOTE
DERBFERBAKRE N L ZRY e SO L) BAKRREIRENT &1, 447 L OBMEIKE N
CERHRTEEEZON, FUNVHPFTCAATEELT I VB THHIATA Y EDREEIZE DD
DEHEME NG,

L3128 VT Lewis ORUEHRBUC L 2 &, SIBA 4 ¥ DA F » RHBD T BT & LTk
TR HEE, €RAF VIEEE, BN FEERLERING, ZOBERERMNTORMET EICIFE
TOHREBTHOZHRTHLERA 4+ V28, BFHRGERCTHLEMFIEREEZLDOTH L,
Z D Lewis Bl — A BB OMAIC T CHET LI EDTELEZHTH A,

SH1T, EA A VG LRI Ew e ERT 2B EOME * B+ 5 ET, Pearson 124 5
THEME X 7> “Hard and Soft Acids and Bases Theory” (R ERIEZE « §k & 0 W ERIEEETHES) 25 B,
BHOPWEREE, SP7, 17, CO, CN™ ZEDHH LR3Ik bR L AL AR LY TV EIE A
F ¥ C, Zn, Cu, Cd, Ag, Hg 2 AR OFMITLRIZHBINATEHTH S, —F, MBEEL I, OH,
F7, CI7, NHs, SO % &EDHHELIZ WG R X $5K 2 3 5488 1 4 T, Mg, Al, Cr,
SiREDBATRICHTEENLTLEETH Y, Fe, Ni, Co DEHTHESW RIS END, F7-,
LREDTECE - IFRGBMEZHRT, T4bbFREORGTRER AN L VLA 4+ TH D, —7,
RO PV - HESETHERRT, T2obbHAMOLEH CREICHFET S LW IH{LEIEE %o,

BFA 4 VRBAT I T2 ERROEMHERE 2% b &1, Fig. 6 Ot MLE & EkhoOTHE
DHFHERTH L, FERDDLIERAESIND, Fig. 6 12BWVT, TS DPWVERIZHY T 5 BT EREAS
EMIEFICRE SN TS Z &, b MELRTERATICH Y, KoPWIERTHL I 271~
DSHELKLDPWIRTH B Zn, Cu, CAd R EDEEA 4V ORFARENVE MR ENTHE I & R
THDTHA, & MUEHOFHTITENE T HE~/=7%, v MMUER CIEHEKROTEIRE * KoL+
DEEEL T 2HENRIN T BESERD 5, S5IZ, KOEDPVERA 4~ LK S hWEF
(TIVB,, 530 BEeEG) PIEPICHRETSHL 2 L, AGHERFICRENRE % 279 0
FICBITDEARDEDOERE, ZNIHET2EFEA 4 » ORI, MER EICEREN 2 H - 28,
% b B30~ MEERMOBFUGHEF TR 52D THHI L2 RBT L, # LT, 25BEFMBETHS
WA & BEERDOEWAIEE o 113, IFRMAM TR 0BT L, BAtRtc k- TSR
A (P % -SH) & DBARIBICL 2T, EMOEIATRI 5 CELLEEZDDIFVDITHS I D%

B DOFREEA 72 ) o B b LNz\WaS, b Mg L KFOLTEMERLS, TOHEEEOMH
B & EROCERIEE 2 ZIET 2 &, BETEEAUEE B Bt fr DR & 2 0t OALEMEAL © W
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[LIEE b - C A L AR AHERDIBOND , SHREICHIEIERL, A AR TR DA I
B A AREMBRE DB ESND 2 LR ROCICHIF LV, RROEBENZD L) BHRgERE O—B) & &
NIFEWTH b,

6.  H 1) I

%ﬁ@ﬁﬁ%%tﬁﬁéﬁ%ﬁﬁ&@ﬁﬁ,ﬁ§uzb@%$%iﬁﬁ§®%§%ﬁ,ﬁ%*wiﬁ
FOALEIGRENSHE, WIS BT DB TR O % EOBIFEI OV TE L7z, BEDHESIIHITE
DI E RS D5 BMER S £ COETEMTOERTH Y, ICP-AES, ICP-MS ZHHH¥ 22 &I
lofm~mﬁ%®%§%mﬁmﬁ%tﬁéél5K&000%60it,w%%§®m%%%%ﬁﬁ
b ESEAHIICIEE & L CHRIICEE STB Y, SEC & ICP-MS Ofis (E) My A7 A& FA
TR, MESENESTEARILEMEHE LR THET 52 E0HLPIZENDDH D,
S50z, BEAEBLTVD [HIRTESHE] bA4H%ER Sh, HIRsERYT 22 ElFL Y
2. Fhbb, b rEGDTTCOEY @Y, WY, HEY) FICbTNTOTRIHFLEL TS
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