
MINERALS IN THE HUMAN BODY

&U\VWDO�FKHPLFDO�DQG�VWUXFWXUDO�PRGL¿FDWLRQV�RI�HULRQLWH�¿EHUV�OHDFKHG�ZLWK�VLPXODWHG�
OXQJ�ÀXLGVÁ

!"#$#%&"$$'(")#*+,+-%").%/0#(/'"%1"2033'*+4

!"#$%&'#()*'+,-#,./#)*0),-)11%,2)&&%3,.%$#)*0%,4*#5)&6#'7,-#,8+(%3,9#%00%1),:;,<+&+,=3,>?@@!A=,8+(%3,>'%1B
CD%E+&%'+&#+,8)''+&%1),F#E&),),9%&'#/+1%'+,>*+&G%*#/+3,.%$#)*0%,4*#5)&6#'7,-#,8+(%3,9#%00%1),:;,<+&+,=3,>?@@!A=,8+(%3,>'%1B

"&53("13
>*H%1%'#+*,+I, )&#+*#'),H%6,E))*,$&+5)*, '+,E), 'H), /%J6),+I, 'H), )K')*-)-,)$#-)(#/,+I,(%1#G*%*',

()6+'H)1#+(%,+//J&&#*G,#*,L)*'&%1,:*%'+1#%3,2J&M)B3,%*-,+I,/%6)6,+I,1J*G,-#6)%6)6,#*,'H),4;.;:;,>'6,
/%&/#*+G)*#/#'B,#6,'H&)),+&-)&6,+I,(%G*#'J-),G&)%')&,'H%*,'H%',+I,&)GJ1%')-,%6E)6'+6;,N)&),O),&)$+&',
WKH�UHVXOWV�RI�WKH�LQYHVWLJDWLRQ�RI�WKH�VWUXFWXUDO�DQG�FU\VWDO�FKHPLFDO�PRGL¿FDWLRQV�RFFXUULQJ�LQ�HU?
LRQLWH�OHDFKHG�ZLWK�DUWL¿FLDO�O\VRVRPDO�ÀXLG��$/)��DQG�*DPEOH¶V�VROXWLRQ��$/)�OHDFKLQJ�SURGXFHV�D�
(#G&%'#+*,+I,P%Q,#+*6,I&+(,L%!,'+,L%C,)K'&%I&%()O+&M,/%'#+*#/,6#')3,O#'H+J','H),+//J&&)*/),+I,%*B,
VLJQL¿FDQW�PRGL¿FDWLRQ�RI�WKH�FKHPLFDO�FRPSRVLWLRQ�RI�WKH�¿EHUV��,Q�FRQWUDVW��OHDFKLQJ�ZLWK�*DPEOH¶V�
6+1J'#+*,#*-J/)6,%,/+($1)K,#+*#/?)K/H%*G),$&+/)66,&)6J1'#*G,#*,%,')($+&%&B,$%&'#%1,&)$1%/)()*',+I,P%Q,
EB,L%CQ��FRPLQJ�IURP�WKH�ÀXLG��ZKLFK�LV�¿[HG�DW�D�WKLUG�&D��FDWLRQLF�VLWH��6XEVHTXHQWO\��WKH�H[FKDQJH�
$&+/)66,&)5)&6)6;,>*,I%/'3,L%CQ�LV�UHPRYHG�IURP�&D��DQG�1DQ,(#G&%')6,E%/M,'+,L%!3,'H),6'&J/'J&),E)#*G,
#*-#6'#*GJ#6H%E1),I&+(,'H),6'%&'#*G3,J*1)%/H)-,(%')&#%1;,.J/H,$&+/)66)6,6))(,'+,E),%//+($%*#)-,EB,%,
SURJUHVVLYH�DPRUSKL]DWLRQ�RI�¿EHUV��3UHVHQW�GDWD�FRXOG�SURYLGH�YDOXDEOH�EDFNJURXQG�IRU�D�PRUH�GH?
'%#1)-,/+($&)H)*6#+*,+I,'H),(+&$H+6'&J/'J&%1RE#+1+G#/%1,%/'#5#'B,&)1%'#+*6H#$6,#*-J/#*G,$%'H+G)*#/#'B;

.H\ZRUGV��(ULRQLWH�1D��PDOLJQDQW�PHVRWKHOLRPD��00���VLPXODWHG�OXQJ�IOXLGV�6/)V��OHDFKLQJ��
8#)'5)1-,()'H+-

')3(#.613'#)
S&#+*#'),#6,%,I#E&+J6,0)+1#'),E)1+*G#*G,'+,'H),6+?/%11)-,:TL?

�� IDPLO\� �*RWWDUGL� DQG�*DOOL� ������$UPEUXVWHU� DQG�*XQWHU�
������XVXDOO\�RFFXUULQJ�LQ�YROFDQLF�DVK�DOWHUHG�E\�ZHDWKHULQJ�
$&+/)66)6;, >', #6,H)K%G+*%13, 6$%/),G&+J$,!U�"##$3, '+$+1+G#/%1,
FRGH�>(5,@��%DHUORFKHU�HW�DO���������7KH�IUDPHZRUN�FRQVLVWV�RI�
FROXPQV�RI�GRXEOH�VL[�ULQJV��'�5��DOWHUQDWLQJ�ZLWK�FDQFULQLWH��H��
/%G)63,%*-,/+1J(*6,+I,)&#+*#'),/%G)6;,>*,'+'%13,%,J*#'?/)11,/+*'%#*6,
'O+,"U83,'O+,H3,%*-,'O+,)&#+*#'),/%G)6;,:*,%5)&%G),/H)(#/%1,
I+&(J1%,VC�1D�&D@;=�AW:1!@.#CUX��@ā��+CX,H%6, E))*, $&+$+6)-,
I+&,)&#+*#')3,EJ',+O#*G,'+,%,&)1)5%*',/H)(#/%1,5%&#%E#1#'B3,'H&)),
-#II)&)*', 6$)/#)63, )&#+*#')?V3, )&#+*#')?L%3, %*-, )&#+*#')?P%, %&),
UHFRJQL]HG��&RRPEV�HW�DO��������

>*,'H),$%6',I)O,B)%&6,)&#+*#'),H%6,E))*,'H),+EY)/',+I,6)5)&%1,
#*5)6'#G%'#+*6,E)/%J6),+I,#'6, 1#*M#*G,O#'H,(%1#G*%*',()6+'H)?
OLRPD��00���,Q�IDFW��LQ�YLYR�VWXGLHV�KDYH�XQDPELJXRXVO\�SURYHG�
'H%',)&#+*#'),#6,=@@ZA@@,'#()6,(+&),'J(+&#G)*#/,'H%*,/H&B6+'#1),
DQG�FURFLGROLWH�DVEHVWRV��&RIILQ�HW�DO��������DFFRUGLQJO\�EHLQJ�
#*/1J-)-,EB,'H),>*')&*%'#+*%1,:G)*/B,I+&,8)6)%&/H,+*,L%*/)&,
�,$5&�� LQ� WKH�*URXS���+XPDQ�&DUFLQRJHQ� OLVW� �,$5&�������
�������7KH�KLJK� UDWH� RI�00�RFFXUULQJ� LQ� VHYHUDO� YLOODJHV� RI�
&HQWUDO�$QDWROLD��7XUNH\��KDV�EHHQ�XQHTXLYRFDOO\�UHODWHG�WR�HU?

LRQLWH�ILEHUV�LQKDODWLRQ�LQ�WKH�ODWH�����V�E\�%DULV�DQG�FR�ZRUNHUV�
�%DULV�HW�DO��������$UWYLQOL�DQG�%DULV��������)RU�D�IHZ�\HDUV�WKLV�
)*5#&+*()*'%1,$&+E1)(,H%6,E))*,/+*6#-)&)-,%6,1+/%11B,/#&/J(?
VFULEHG��XQWLO�LQ������WKH�ILUVW�1RUWK�$PHULFDQ�FDVH�RI�HULRQLWH�
UHODWHG�OXQJ�GLVHDVH�ZDV�LGHQWLILHG�LQ�8WDK��5RP�HW�DO��������DQG�
VHYHUDO�RWKHUV�ZHUH�VXEVHTXHQWO\�UHSRUWHG��,OJUHQ�HW�DO������D��
����E���6LQFH�������WKH�FRQFHUQ�ZLWK�WKH�FDUFLQRJHQLF�SRWHQWLDO�
+I,)&#+*#'),6'%&')-, '+,/%$'J&), 'H),$JE1#/, #*')&)6', #*, 'H),4;.;:;,
RZLQJ�WR�WKH�IDFW�WKDW��VLQFH�����V��JUDYHO�SLWV�ZHUH�H[FDYDWHG�LQ�
DUHDV�ZLWKLQ�WKH�8�6�$��FRQWDLQLQJ�HULRQLWH��6KHSSDUG��������DV�
P+&'H,"%M+'%3,%*-,'H),G&%5)1,J6)-,%6,EJ#1-#*G,(%')&#%16;,S$#-)?
(#+1+G#/%1,6'J-#)6,&)5)%1)-,%,/+&&)1%'#+*,E)'O))*,+//J$%'#+*%1,
H[SRVXUHV� WR� HULRQLWH� ILEHUV� DQG� OXQJ�GLVHDVHV� �1''+�������
5\DQ�HW�DO���������%LRORJLFDO�DFWLYLW\�RI�HULRQLWH�VDPSOHV�IURP�
GLIIHUHQW�ORFDOLWLHV�KDV�EHHQ�GHPRQVWUDWHG�WR�EH�VLPLODU��&DUERQH�
HW�DO���������+XPDQ�PHVRWKHOLDO��+0��FHOOV�H[SRVHG�WR�HULRQLWH�
UHOHDVH�KLJK�PRELOLW\�JURXS�ER[����+0*%���DQG�VHFUHWH�WXPRU�
*)/&+6#6, I%/'+&?D� �71)�D��� VLPLODUO\� WR� DVEHVWRV� �<DQJ� HW� DO��
�������������%HVLGHV��LWV�WR[LFLW\�KDV�EHHQ�SDUWO\�DVFULEHG�WR�WKH�
)II)/',+I,#+*?)K/H%*G)-,#&+*3,#(E#E)-,%I')&,#*H%1%'#+*3,%&#6#*G,
IURP�SURWHLQ�LQMXU\��&DUU�DQG�)UHL��������7KHUHIRUH��LURQ�PD\�
$%&'#/#$%'),'+,F)*'+*,/H)(#6'&B,)5)*'J%11B,G)*)&%'#*G,&)%/'#5),
R[\JHQ�VSHFLHV��526��SRVVLEO\�LQGXFLQJ�'1$�GDPDJH��+DUG\�
DQG�$XVW�������(ERUQ�DQG�$XVW��������7KH�FKHPLFDO�DQDO\VHV�RI�
6)5)&%1,)&#+*#'),6%($1)6,&)5)%1)-,'H),$&)6)*/),+I,#&+*3,%1'H+JGH,
WKLV�]HROLWH�LV�D�QRPLQDOO\�)H�IUHH�SKDVH��(EHUO\�������'RJDQ�HW�
DO���������+RZHYHU��LW�KDV�EHHQ�VKRZQ�WKDW�LURQ�ZDV�ORFDWHG�DW�
WKH�]HROLWH�VXUIDFH�DV�LURQ�R[LGH�QDQRSDUWLFOHV��%DOOLUDQR�HW�DO��
������RU�DV�D�WKLQ�FRDWLQJ�RI�LURQ�EHDULQJ�VLOLFDWHV��&DPHWWL�HW�DO��

%#&'($)*+,(*&')-./(012+3.-4#&+5662+7)/&0+56689565:2+:65;

��������;��������±�����������'2,��KWWS���G[�GRL�RUJ���������DP����������� ����������

�(�PDLO��SDROR�EDOOLUDQR#XQLURPD��LW
��3UHVHQW�DGGUHVV��,QVWLWXW�I�U�*HRORJLH��8QLYHUVLWlW�%HUQ��)UHL?
HVWUDVVH����&+������%HUQ��6ZLW]HUODQG�
Á�6SHFLDO�FROOHFWLRQ�SDSHUV�FDQ�EH�IRXQG�RQ�*6:�DW�KWWS���DPPLQ�
G)+6/#)*/)O+&1-;+&GR6#')R(#6/R6$)/#%1#66J)1#6';KH'(1;




