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SPECTROGRAPHIC DETERMINATION QF TRACE ELEMENTS IN HORSE HAIR

Lol Chandra Chandols and Antonlo Robarto Lordello

ABSTRACY

A mathad hat been deveoped for the detarminatien of treco slements [n hors heir The hair B clasead with
scwtane and EDTA and drisd Tha clean heir & sshed imice w mufile fornace The arh b dissalved 0 pura nhrle seid
amd tht miution & dried on praphite powsder Standards are prepared on Qrephfth powdie synthetically, Standards and
swmpling sre loaded im0 urkdhir eul shallow cup slactrede of Scribosr Mulling type A DC are sxeltrtion W ussd snd the
spactrs ank racorded on n Jaimel Ash greting spsctrograph Elsments fourd in tha helr sra Ag Al B Ca o Fi My
M Na P Pb 51 Ty ¥ and Zn Tha precian of the detarminattons has baan calcumed

1~ INTRODUCTION

Tha analyas of human hair hos been reported m Iterature sxtensively On the ather hand therse
It 8 lack of knowledgs ahout tha trace alements in the hair of farm ammals Ifke hors In vatarinary
seiench  the knowledge of trace elements tin biclogical materials of farm animals s important from tha
point of viaw of ther production feeding and health requirements The trace elament analysis of hair
has & further possibility of helping forenst; sciencey as hair seem ta be capabls of storing the quantities
of elamants In excess conceniration

11— Scopa

Tha method ¢ ntended for the quarhitative dotection and subsequent guantitative
datermination of trace slements o horse hair By adiusting the amouni of heir being aghed tha
detorminaticn tange can ba vaned If proper ashing methods are wsed the method will be useful for tha
snalyss of all biologeal rmamrials ke human har trssuss urine blood etc

1.2 — Praviods Instrursamital Mathods

Many nstrumental methodt have baan uisd for tha analyas &f human hair snd other biological
tarnples Tha methods include among others the atomic absorption spectrophotomstry [AAS), opticsl
amission spectrotcopy (DES), meds spectrometry (M5 nauwtron sctivetwon analysic (NAA) and Xoray
fluorescence (XRF) spactrometry O thess, tho AAS snd NAA hava bean more fraquently Lied

Table ! give the eluments detsrmined by various workeen using AAS The number of slemants
deterrunad by AAS dapends on the availsbilty of hollow cethoods lemps (HCL) 1t In necapery
changa the HCL ewery timie & nww slsment iz 1o ba determined and thus the AAS has » 1imiond xcope for
multiglemenial analyss

Table 11 lists the slemanty denirmnined by NAA mathod For NAA snalysis the samplss have to
be irradinted in a reactor, at times for s long ;. 2 10 3 days Though sangitivitiss obteined Jn NAA

-—Apraveda pars puldiceciic em Agosto/1078



Table |

Etements Oetermined in Biologlcal Materiats by Atomle Abmrption Spectrofotometry (AAS)

No Aarthar/s Refarence Elsmimts Detarminad
1 ALDER,JF 1 Ag Al Co Cr, Cy, Fe, Mn
Ni and 5i
2 ALDER,JF er el 2 Al Cp Cr, Fa, Mn, NI, Pb
and 8l
K| ANDERSON, D H et alil ke | Hg
4 BACKER ET q In
[ CLAAK AN and WILSON, D J 2 [y 1]
a GIOVANOLL, T J stalii 12 Ha
7 GAAEF ¥ 13 M
8 HARRISON, WW ot all} 17 Ca, Cu, Fu, Mg and Zn
] HARRISON, WW et alif 18 Cu, Fe, Mpard Zn
10 HELSBY GC.A. 20 Hy
11 HEMDZEL, M A b Hy
12 HILDEBRAND, D} amd ] Ca, Cu, Mgard Zn
WHITE,OH
13 HOELLERER, G 24 Ha
14 LAN, H K Y and ASHMEAD, H 28 Cy, Cd, Ca, Gr, Cu, Fo, K, LI
Mg Mn, Na, Poand 2n
16 SORENSON, J Rt 41 Cu, Cdt, Phand Zn,
18 ULLICI, P A and HWANG, J Y 43 cd




Tabala I

Ewments Duterminad v Bwvlogical Materials by Nswren Arctrwtion Analysis (MAA)

NT A uthor fa Antarence Elormsnts Datarmined

1 BADER H and HEDRICH E 6 Hg

2 BETTERIDGE D a Se

3 AYAME A R 7 Sn

4 COLEMAN A F steln 8 Ag Au Be, Br, Cu, Cl, Gr, Cu
Mg |, Mn Na 5b, Sc and In

b HEALY W13 and BATE LC 19 Mo

g HUANG C W st aln 25 Ag An Au,d Co Cu Fe Ga
Hg In La Mn M1, 5b 5¢ 5S¢
ard Zn

7 JERVIE R E etaln 26 Cd

a MAGND PJ and KNOWLES FE 30 Sr

| MINAGAWA Y and KAMEGAYA K. az As

0 NAUMANN M snd ZVMMERSCHIED K = Pb

n QUITTHER P et slu 36 Al Cl Mg Mn and Ne

12 RUF, H and ADHDE H 37 Hg

13 SAVEL P x A,

14 SMITH H 40 Se

16 SIVERSEMN, TM snd SYVERESEN, G B a2 Cd

14 WYTTENBACH A st alil 48 Ad

17 YEH 3 J nt i 47 Hy
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Tenalysis are very fow tha associsted problems of activity md chemical separation necessitiie the
determination of only ong gr two elemants at 3 nme

Table 111 grves the slements determined in ;hiplogcal sampls using XAF MS
spactrophatometry cambustion and other mathods

Taalelll

Ements Determined n Biological Samples Using X{fay Funrecanca {XRF),
Mam Spectrometry [MS) And Other Method:

[ Authorfi Aefarence Muathod Used Elsment Datermirad
1 CORTIVOD, LA D ot alii 10 Spactrofotometry F
2 FLITA M et ali 1 Cambition Hg
3 GRIFFON, H 14 Ay
4 HARRISON WW and 18 M5 Cu Fu, Mgwend Zn
CLEMENA GG
L) HEN FENS CH and 22 Mn
MEBIUS LJ
8. KAMEL 5 H 27 Calorimetry Cannd P
7 MENKE, H #t all n XRF &MNAA Campariten
B MNISHI & et alli a4 Cormbustion Hg
g VOLKOVIC, WV at alii a4 XRF Traca along hair
10 WALTER, R L at ulll 46 XRF Lo, Cu, Ph, Mnand Zn
1 YURACHEK, J P ot ghii 48 M5 20 aslamentes,
12 ZEITZ L &t slii 49 XRF Ca, 5 and In

Using OES anly four mwthods are reported for human hair analyus Thees & no mathod
reporting the analysis of horse heir

SAKAMOTO38! hax detarmined At, Cd Cu, Pb and Zn in human hair by evaporsting them on
u flisment sxciting the samphs vepour in an electrodelnss discharge tube (after mixing it with arienl by
indcrowenes soyrce and subssquent OES anafys

LICHTE?®? has deturmined only As in water, blood, hair snd lsaves by converting It to AsH,
paging it through & microwsve plasms in & siica tubs and measursment ot 2350 A

PAAKASH and HARRISON'3S! hava detsrmined Pb in hair wnd liver thisues smploying &
damountable hallow crthods tube for the sxcitation of the residuss of thess samples and further DES

analysis

HAMBIDGE'1S) has used an AT arc batween grephim sisstrodes for the OES dstsrmination of
Cr in mrum ved calk har and urlne



2 — EXFERIMENTAL
2 1 = Outline of the Method

The hair ¢ clearsd with acetone and EDTA {Ethylens diaminetstracetic Ackd) sl drisd The
clean hair 15 ashed i 4 muffla furnaca and the ash ts dissoived 10 nitric scld Purs graphita powder B
ackled to the acd solution and dried on a bot plata The graphie which now contaims the trace slements
from har s loaded in an under out shallow cup wiectrode The sample i sxeted 1n a DC are and the
hght fram 1t 1 dizpersed by a 16 000 (nesfinch grating and subsequently recordsd on photographlc
plates The wtenaities of trace alemunts ere comparsd with those of standards prepared synthatreatly
Palladum 15 used & an inrnal stenderd The working curves are praparsd by plothing the aloment
concantration againet tha intanuity retio of the sement to that of irternal standand

Intansities of the slament ine and the internal stendard hre are calculated

2 3 — Clwaming of tha Sample
Ay there was na literature on the cleaming of horse hair o remove 1tx grease and superficisl

Contaminants contaminanty a survey waa done 10 fimd out the maethads ued for clearing the human hair
for anetytical purposes Table |V shows the reagents used for cleaning human hair by previous workers

Tohle 1V

Method Used for Clhaning the Human Haw

N© Author/fs Refarenca Reagant/s Usad
1 BETTERIDG, D -] Acetong anc Water
2 CLARK, AN ami WILSON, D J ;| Hot ethyl ethar or datergent
or EDTA
3 COLEMAN, R F st ulil ] Ethwyl sthear
4 GIOVANDOLIL, TJ ot alil 12 Detergent and watar
B HARRISON, WW st alil 18 Datergart and watsr
a HILDEBRAND, DD and 23 Normal treatmant.
WHITE, O H
7 KAMEL S H 7 Watsr and light pertroleum
-} SOAENSON,J R.J e alli 4 Watsr, acotons and ethyl siher
8 YEH, 5. mt alf 47 Agatone and metancl mixture,

We prafurnict w uer sciBval 60 removd Any grosse Troan hair and then wash it with EDTA o
mmove the supsrficial comtaminants EDTA was sarfier vsod by CLARK and WILSON'®! for the
datarmination of Py in human halr end they found it to be better then sthyl sther and detargent In
ramaving the surfecs contaminatlon



The mathod of weshung vted m the present study s that hatr v put In 8 pyrex baskoer and
immarsad 10 acetane for one hour During this pericd the hair is agitated by & spirtyla intarmittently
The acetona 1 then thrown out amd the hair s immersed In EDTA sofutien for another hour being
eyiisted interrmittently The EDTA solution 15 dreined the heir is taken out put on a filker paper and
allowed to dry

2 3 — Praconcentration of the Ssmple

Five hundred milligrams of washed sample 15 weighed snd placed 1 a plstinum crucicla Tha
cucible contarurg the semple 13 put msde a wuffle furnace [Thermolyne type 20000 Thix furnaca has
8 Dubugue |1 temperature contreller and can operate up 10 4 rmaximum temperatues af 1200°C The
wmperature of the fumace 15 Hirst adjusted to 300°C and the hair 15 allowad to bum gt this tenperature
for A0 rmunutess The tamperatura of tha furnace ¢ tham raised to 46D°C and the sample i ollowsd to
ttay st this tamperatura for 4 hours The sample 15 takan out of furnaca and dissolved v pure nire ackd
Imummum amoynt] One hundred mthgrams of pure graphite powder 13 added ta the scid solution and
B minimum amount of dishillad water ¢ added anowgh 1o wat the tampla Tha sample 15 than put for
drying on a8 hot plate The graphite 1s taken out of the crucibé amd 1t now contams trgee alaments from
hair poncsniratad five times

2 4 = Proparation of the Standards

Az the numhber of 2lemants present n horse harr was not known it wat decnded 1o use Spex
Mix powder t0 prepard standards so thet thers 15 wids scope for dstection and determination of many
ataments The Spex Mo contains 49 common alements hsted i Table V

Tabia VW
Enmments Present in Spex Mix Powder

Ag, Al Ay, 9, Ba, Be, 81 Br, Ca, Cd, Ca, Gl Co, Cr, Cg, Cu, F, Fa,
Ga, Ge Hg, |, In Ly, Mg, Mn, Mo, Na, Nb Ni. P, Pb, Rb, Sb, Se, 5i,
Sn S TaTeTITh TI LY. W Zn and Zr

In this powder tha compounds of #laments are muxed so that each slamant ix present at the
cancentration of 1 28% m the mxture When 100 parts of Spax Mix powder are added to 1130 parts of
graphita powder, this reswlts it 2 standard which contains 0 1% {1000 ppm) of each element Further
standards cortaiming 500 200 10D 50, 20 10, 5, 2 wnd 1 ppm for esch elament are preparsd by
dilution af higher standamis with graphite

2 k= Choxs of Intemsl Stendard

As the stendards contarned most of the common slements wnid the matrix slement graphite
could not provids a suftsble line wich coukd be used as an internal stendard tha choice was left to rwe
sath slyments or the noble metal elements OFf these, & nobls metal slement pallsdiom wiy preferred
from other slements s K gives only 8 Sines In the vegion 2400 w0 3300 A when premnt st the
toncentration of D001% Therefore, an Internal standard mixtues contmining O 002% of Pd, added =
smmonium chloropsliadits {(NH,}2Pd Cly), on graphite wes prepared This mixture |s sdded v samply
and sandwds in the ratio 11 to povide 0001% Pd mt Internal standard



28— Chowcs of the Elsctroda snd Volatiwation Studim

Az tha trace sfements expected n horse hair were of both volatile and refractory nature
it was necessary to uye the complets burmn method of spactrographic analysis 1 order not to lom
any element Electrodes of Scribner Mullins type Itke L 4030 of Unien Carbide Corporation New
York are sultable for this purpose A volstihsation study using racking plate method with ths
electrode showwd that the refractory slements continue to volatihse from the graphite matrix aven
up te 75 second: An exposure of 75 saconds was oontidersd high becausa it produces sxceasive
background for the spectrum This elecrede wat therefors modified by uwnder cutting it This
modification  resulted I quicker volatihsation and most of the intesity evan for the refractary
dlaments Wiy abteimed 1n A} saconds Tabla V1 shows the comparative volatihzation bahaviow of
these slectrodes wz o deep cavity clectrode a shallow cup slectrode and an under cut shallow
cup elegtrode Tha deep cup slagtrode used in thesa volatthisation studies wag spectslly propared in
the laboratory and has a crater wall depth of 4 mm e: aganyt OB mm for commercially svallshla
L 4030 elsctrode Hased on this study L 030 electrodes were used for the anatyss after uncier
curting tham

2 7 — Exponmental Conditioms and Equipmmnt

Spectrograph Jarrell Ash Company 34 m grating spectrograph with an Ebert
maunt

Grating 15000 Lneshimch having 8 reciprecal linear dapersion of 5
Afmroin the first order and 28 A/mm i the sscond order

Grating angle oo

Wavelength reguon 2300 — 3500 A in the Sacond order

Sht Width M u

Pre axposure Ml

Exposure thime A0 seconds

E lectrodes Ancde, AGKSP L 4030 of Union Carbide Corporation (UGGH

under cut at 4 mm from the top of the cup
Pedestal, AGKSP 9063 UCC
Cathede AGKSP L 4038 UCC

Excitation Scurce OC arc from Standard Varisource of Jarrel Ash Co

Current 0 amparess

Chargu 1 mg

Analyivcal gap width 4 mm

Photographic plates Kodak SA 1 two plates

Protographic processing Pintes aro deweloped for 3 minums st 18°C wing Kodak D 19

cdeveloper fixed in Kodak F-5 flxer, weshed snd drisd

Denzitomatar Comparator microphotometey of Jarrsl Ash Co | nonrsconding
typs having both trantmission and dansity scalesy



Tabl W1

Parcwnt Volxtllisation of Impurities from Grephite for DHferant ARC Peviode Lhing

Scribrrar Mulllms Elsetriddet of Differemt Cup Depths and Shapes

Peroort Volutihatlon

E loment Arc perliod,
Saconds Dwpnp Cup Shallow Cup L #4030
L #4030 Under Cuy
0-16 ;a B5 23
15 - 30 132 183 T8
Fa 3 -4a5 136 18 0
46 — 60 164 49 o
60 =75 191 38 0
0-16 43 3 asn 92
15 =30 232 78 8
Mg 0 -45 181 348 i}
A6 - 60 B4 1 0
8d - ¥6 d9 Q 1}
0-1E b2 4 8927 233
16 ~ 30 BB a1 51
Mn 30 - 45 114 13 18
45 — B0 83 10 1]
8 - 76 41 Q9 0
0-16 a2 - "M
1% - 30 173 1 11
| 3 -45 1E.7 a3 ]
45 - O 133 76 0
80 - 75 118 " 0




Calibration of plates Emulsion §k calibrated by an iren  spectrum photogr aphd
thiowgh & s4ven stép rolating sactor with o step ratic of 21

28— ANALYTICAL LINES

Thy amalytical fines and the sshimatwon rangs in which these hines are usaful are given in
Tobke VIl Two internal standard hnea one for sach plete wera ysad and the same are alpo lsted
in this table

Table Vit

Analytical Lines and Ettimatian Renge

Arahytical E stitraticn
ne E lammant Line Range Remarks
A ppm

1 Alurninum 2567 99 100—10G0 —

2 Antrmony 2505 (8 20—1000 S0

L Arsenig 270 20 501000 &0

L] Beryliium 33107 1- &) 50

B Bismuth 3067 72 5— 00 50

. Boron 2497 73 4— 10 -

Fi Cadmium 326106 H0—1000 50

B Caloium 31588 g7 20-1009 —

8 Chramium 243563 5-1000 sa
in Cobalt 242443 101068 50
11 Copper 3273 96 1- 50 -
12 Gallium 2043 64 5— b5OO 50
13 fron 2500 67 10— BOO —
14 Lead 2833 07 BO— BOO -
15 Magnesium 217983 25— E20 20 ppm R
16 Mangenase 2605 69 1- 100 -
17 Molybdanum 3132 B9 10-100C 50
18. Nickel 050 82 10-1000 50
18 Phospharus 2534 OF 2001000 -
20 Silicon 243% 16 601050 B0 ppm R
n Silvar 3280 68 1- W -
n Sodium 3302 99 1001000 -
23 Tin 2439 99 5—1000 £Q
Fo Thanlum 21839 10— 200 -
2% Vanadium 1834 35— 226 25 ppm A
26, Zing J282 33 1001000 -
n Palladlum 2476.42 Int. Std. Low 2 plate
2B Palladlum 3242 10 Int. Sted High & piate

B0 = Sam quanttative R = Rendual
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All the 26 elements {isted 1n Tabla Vil wora fooked for and out of thesw 15 waera foyund
i horsa far

29— Working Curves

Tha working curves for 15 plaments found n horse harr wera drawn and are shown in
Figuren 1 -8 The working for Al and Ca were drawn but,as the amount of thesa aigments in the
sampde wag more than ths highest standard only a semiopantitative sshmate on sxtrapolated curve
wis dont The working curves for other #lamaents lieed fn Teble VIl can ba drawn but wera not
drawn becayse theze alemsnis wors not presant i the horee, hair

3— RESULTS AND DISCUSSION
3 1 — Preacision

Tha precimion of the determinations wos caleuteted 1n termy of relative standard devistion
from 11 valugs of mtensity ratos The ralatve standard dewation values for different eglements are

listed 11 Table VI

3 2 — Anatysis of Horm Harr

The analysis of horse hawr tn ppm and percent 15 qiven in Table 1X

33 — Discusyon

It 5 sean that the capabhity of DES method to do a simuitanecus mutelementsl trace
analysis was not uyubsed il now for the analyms of harr (human or amimatl This cxpabilty of
OES method has been uytiltsed i this work In the presant work 13 slaments wara datermined
quantitatively 2 elements seruquantitatively and 11 othar slements wore quantiatvely looked for
and found to be below our detection Hmuis Tihis 28 elaments wera ‘coked for and 15 of thems
wurs found to be present and éashmated n the hovis har

4 — CONCLUSIONS

Spectrographic tace slement anafysis 15 being raporied for the horea haw for this first
fima A wvery simpls method hes bwan daveloped for the purposs This method can  flet
qualitztwvely ook for the olements pressnt and then sstimpte them quentitatively This method will
be mytabla for all types of biological sample like hyver, tiasum, urlne wetc after thess sre athed

properly
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Tahls VI

Precizion
no Elermant Stancard Deviation
%
1 Alurmhiuim 15
2 Boron 14
3 Calcium 24
4 Iren 1B
B Lead 10
3] Megnatipm 10
7 Silican 10
8 Taanum 10
) Varadium 11
Tabla | X
Analyis of the Horse Haw
Value on Value on hair
Mo £ et
graphits ppm %
1 Aluminlum® 4500 DO0 om
2 Boron 16 3 0 03
= Calcium™ 2000 400 QD4
4 Copper 5] 10 0001
B lron b L H 70 aD07
a Laad 300 60 Q008
¥ MagnesiLm 1000 200 oo2
B Manga naia 25 b 0 000G
B Fhosphorus 750 150 QoG
10 Silicon 1000 200 o002
1 Silvar BC 10 0 0o
12 Sodium 1000 200 02
13. Tiamum 25 ] )
14 Vanad ium 100 20 0 (02
L1 ding 1780 aed 0035

* only a mmiquentitative anelysis on sxtrapoiated working curee was dane.
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RESUMO

Aprosgnts-se um mMEooa pars dettrmiinalo wpectogréfica de slemanics tracos em pelo oe covelo  Livage
@ polo pom scetona & EDTA gecasa & calcinase em ums mufa Opsalvest & cn?s am Acido nitrico = sm
Hgude, scaxa 4 polcE peoltents et uma matriz e gradrta em pt O podrfies wio prepscadon plnteticamants
com grafita wn b Lnizam ea elttrodon do tipo Scribner Mullin de oraterm pouco profunda cOom corta o
baws Empregase um mgpectrigrafo de retfeulo plano da Jerre! Ash & & sxchacds sa fad por meig ds um wroo de
correantes confimiy Daiectbram sé 0f sguintdy mlémentos em uma emesira analsads Ag Al B Ca Cu Fe Mg
Mn Ma P Fb 51 T ¥V a Zn Apresentam e o1 twuliador da prcisda para viinos alsmentoy am wermas da
coafcante de vanecho
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