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A X-ray fluorescence analitical system has been developed for the measurement of trace elements in

plasma or serum. Measurement samples are prepared by drying 0.2 ml plasma or serum, and con-

centrations of trace elements such as Fe, Cu, Zn, Se and Br are simultaneously measured for 600 sec,

Trace elements in plasma have been measured in 10 nondialyzed, 18 hemodialyzed patients with

chronic renal failure, and 19 healthy volunteres as a control using this method. Disturbances of trace

element concentrations were obsereved in plasma of nondialyzed and hemodialyzed patients with

chronic renal failure.
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Fig. 1 Intensity of exciting x-rays (left) and a
sample holder (right).
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Table 1 Energies of the exciting x-rays and
fluorescent x-rays for various elements.

Exciting X-rays

Secondary target - Energy(KeV)
i — & |
- Ko 17.37 |
Kz 19.61 |
Koo | 19.95 _|
Characteristsc X-rays [
Element ! Ko (KeV) Ku(KeV) |
""""" Al 1.49 | 1.55
Ti 4.51 | 4.93 |
Cr ‘ 5.41 5.95 |
Mn 5.90 | 6.49 |

Fe 6.40 7.06

Co 6.93 7.65

Ni 7.48 | 8.26

Cu B.05 8.90

Zn .* 8. 64 9.57

As | 10.54 | 11.37

Se | 11.22 12.50

Er [ 11.92 | 13.29
| Sr I 14.16 | 15.83 |

DRI A 75 LT,

X, JFEAXH HEXHRO=1F -0
MENZ LY, BERhoch b XBOBER
W2RHD, 1), 2) DT ORI DHIE ORE
MRAEFE LT 5. Table 1 i APFE A Lic
FEA X o= 3L F — LAEXERO=F 4 F —
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Fig.2 A fluorescent x-ray spectrum of a standard
sample.
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Fig. 3 Values of Gy, for various elemenis. Inter-
nal standard element is strontium.
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Table 1 BB X 5T, WEXEO=3
AFE—ARY P AEBWTIRRETFESD Za T
DOLHED Ko FRL FTFHEZRLDZCEED OTG
FEDOK i L= AF¥— R L TRY, Hic
DESAREMESRHB. 8. DTHBT I AR
TRk iy, mdEeR oER fB/ctKEIL Fe, Cu,
Zn, Se, Br THH, = DH & Se, BrizonTii,
CDEIEY O BB FEE LRV, gFe, ,Cu ic
BIL TIZ 2sMn, 5Ni o [fi§, Mk o J#RE 5
Fe, Cu £ HRTPpEWT &, EbHic K fio
emission yield {1 K, ffie< Hhn 45 E/hE
Wz kXbh Mn, Ni @ K, g0 B8 @Rk
5. MIRE Zn © K. e w35 Cu o K; fi
DERYTHD. Ky i Ko it & < bl
emission yield 25 /N~ Zidvk, I, M
® Cu, Zn PR U BEFIET 50T, K
TR Uiz Si(Li) #HE © =% ¥ — HffEE
Tk, ZOERYVVEE LTS, COHIG
DXk 5 LCHEHG Lk, Cud K, fiE
Kj o5& Evd 3k o BRI A e i~
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2a—Z— X DiITBHEh B,
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felinz, 4. 0XETHERRENC LT, BEEERMN
BERE & o7

Fig. 4 /i Cr & Ni %einx - S8
Wik a x9. Fig. d BB Hinin X 5 Cr, Ni
OHFEXFHHEE L Cr, Ni O JRE I EHANC KA
LCish, & O, TlRERGE
DEHIRZ EHRLTED, F-EERROMHIE
bOEI N LR LT WA, Fods Fig. 4 o Cr,
Ni OFE#} % BERHERIMATR W AME Lic L & o Ta/
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Fig. 4 Calibration curves for chromium and nickel
Zs in a serum sample.
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Ib OfEE C DR @ D BFEE LT 5 Cr,
Ni I2k5dDTH 5.

2uCr XY FFHERE oK EVEE B LT
Table 1 2 753 < MEXFR O=% L F— Cr
DEN IV KEL, TOMKE, REFoATRIN
& Cr DAEXOBE LD dh I &, e
Fig. 3 w3 < PERRIIAE {5 0T, A
7t &b 2,000pg/dl OYREGRFE TIE 4. TR~
WEREHC 2. TR~ BRI HIGTE 5.
3T b R ETH - .

2)  MIERR AR

5.0F — 2Ty 2 V5 v FERA VLT
fb&hick, FHEE LTHREIRDN, Ry 2
75V FD5HBDERSILT — 2 MIBHIT LB
TWwb., TOLLDEFENPIERNYE2 5, <
w275V N DREF v VREALTOfH%EN &
HE, CORSOFHBEBREIVNTEL LR,
AT REDEY NEA A 275V FDLL
DENE BT L, ETEORIXBOF 5+ vi
NTODN g 775V PRGOSO EIRY, &4
DEFEXBROF » v EATHLS L, FTTHK O
RS Ui b DR JER R & 20 Lic.

Table 2 Estimated detection limits for

various elements.

Element Deteaiig{}rzlﬂl)imit
Ti 60
Cr 10
Fe 10
Co 10
Ni 10
Cu 5
Zn 5
As 3
Se 2
Br 2

TERFGRE S LRI Y, 0D LFH
S nhs, Table 2 ik iFERE0ME, mIgEE
10fE ORE 31 5 WEPR A ©_EIRfE% 7R Lis.
924% R~ T Table 2% % » T, Af§OLHE:
TOM, M OMERR & L.
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Table 3 The reproducibility of the present
analytical system by the measurements with
10 samples made from one serum.

Element| Max. | Mid. | Mean| S.D. S.D.ﬁMean
(%)
Fe 174 | 114 138 | 23 16
Cu 121 94 108 | 12 11
Zn 174 | 142 | 158 | 10 6
Br 788 | 586 | 718 | 55 8
(1g/dD)
3) F—x OB

[F]— DIt & 1020, & < Bl 2 i BURME
hxwziw, JIETHZ LRI ST, REED
—RE~>T — 2 MWILOLEE DT — 2 OFHEI
¥ XiET W8 e, Table 3 I© JIERHE * R
3. Table 3 LB b X 51T, FEF&HS O,
BWILHEERET — % OFBRMENE -,

7. BRERGCHA—EBEEREEESmEHPOMET
Z0HE
D HM

BB AR BE R MEITTHRE ORI LK
ZhMBIHE, MFEFPOBBTRBEY, AT
TR Lic s Tl Lz,

2)

BT B RERBENERR X 0B T oI
ABES vk e LT % (2R R4 e 106
(35, Zc5), MmyEdHlss (B8, «10) &
MIE & LCOfERIER ALOF (3810, & 9) TH
5.
BSR4 BB (X SE G 21~T1R (35 50
), MuF7 v7 g = v RE 5.7~12.1mgfdl (3F

HoAREFER A R g $408 75

7. Tmgfdl) TH T,

IESENTE v 21~69i% CP942%0), BEHTHAE
123 ~687 A CEH21H H) €, MEEEHIL ho-
llow fiber XA 75 A F—%{HEM L, 1[@5HF
fa], M 3 EIfEST L.

IR OEEDTEG A Bl < foddic, RS ERIL AR
T 2 A Licd Ok, 30% 2 = vy —
FE 0. 1ml % Joh 7= iES4R C Iml $ifn Lic. %
MBI 3,000rpm 154 MIEEL L, M 4
WL 7o, REASHIRSIRAEEY Lic S S Ay 2
ZE0 i, oHEL T ol o BUEIT R
L, AR LafEClE SRk, JIERR
L6008 ThH 5.

3 REE

A I3 O ITC R

B hhickf%d Table diiRd. MEEHHIC
DB BN O3 OETH 5.

Table 4 ¥o7r37n<, ¥ Zn PR JEENT
BICHIBIEFH 053%, BHT57% EHERE
fEER LI (WShd p<0.00D),

—J7, 3R Cu PE JEENIGIC EHA
120%, BEHBITI9% L HEIEEY R Lic (2
nER p<0.05, p<0.02),

I3 Br BEESIEN B TR RIETG1029% &
BREEMAR LU (p<0.001) 23, JEFHBHTHIT
IR & I U THERE e s 5 T,

M3 Fe, Se JREEBY UCikdbdEsidl, &
Bl MBIEWH w2 LT AR e 2B bdich»
.

Ti, Cr, Co, Ni, As ICBIL TIE, ThZhor
& o WERKE 60, 10, 10, 10, 3pg/dl LUFC &

Table 4 Plasma concentrations of trace elements in undialyzed
and dialyzed patients and the control subjects.

No. Fe Cu Zn Se Br
Control 19 80:30 7015 115%:21 13£6 660140
Undialyzed Uremics 10 70420 84+£15 6132 19£11 692221
Dialyzed Uremics 18 90440 8317 65420 11£5 19350

(pg/dl)
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300 |'
]:l predialysis(n=10)
postdialysis(n=10)

concentrations of plasma elements(sg/dl)

Se

Fig.5 Effects of 5 hours hemodialysis on plasma
trace elements. Open columns indicate plasma
level of trace elements at the start of single
dialysis in the dialyzed uremics. Hatched co-
lumns indicate plasma levels of trace elements
at the end of dialysis. *p<0.01

FEERicho o,

Bohicmifrh Zn, Cu B L Mif7 v 7 5=
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I i) DFEHT RIS © IIEF O EICRIEE OF
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0.01),
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I3 Fe, Cu, Se JREIBITHIZ THEIE
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T WBED 73+19pg/dl (n=6) D i H
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