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Abstract To assess whether differences in concentrations of trace elements between diabetics and controls

can be regarded as significant, V, Cr, Ni, Cu, As and Se in urinary and serum samples from diabetics and

healthy volunteers were determined by dynamic reaction cell (DRC™) inductively coupled plasma mass

spectrometry. To obtain lower background of each element, DRC™ conditions such as ammonia used as

reaction cell gas and rejection parameter g (RPq) were optimized for the measurement.

This method with

optimum conditions was validated by the analysis of standard reference materials of urine and serum. The

results were in good agreement with the certified values. Urine samples supplied from patients (n = 29) with

diabetes and from healthy volunteers (n = 11) were analyzed by this method, and the results were assessed by

Students #test at significance level of 0.05. As a result, no statistical significance was observed for urinary V,

Ni, As and Se (P > 0.05). However, the concentrations of urinary Cu and Cr in the diabetic group were higher

than those in healthy group (P < 0.05). On the other hand the concentration of Cr in serum (n = 19) from

patients with diabetes was lower than reference value of serum Cr in controls.
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RESE A B & 23T B AFZRIT £ 724 720, Forte B 1 g%
—X Y UIREBREDEEZIZEEND Ca, Cu, Fe, Mg,
Si, Zn JEFE% ICP-AES {2k ¥V, F72 Bocca b PI3E,
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Table 1  Operating conditions of ICP-MS

Nebulizer gas flow 1.04-1.07 mL min™

ICP RF power 1300-1500 Watts
Lens voltage 6.0-10.5 Volts
Pulse stage voltage 1100 Watts
Dwell time 150 ms
Sweeps 3 times
Readings per replicate 3 times
Flow rate 0.75 mL min™*
Sample preparation 1:10 dilution
Diluent 0.6% HNO;
Internal standard 5ugL™" Ga,Rh

2-2 PRI

ABFFETIE, T Elix-UV B EGEER (AA
URT) ZHWTHELNBMAEZFERLE. V, Cr,
Ni, Cu, As, Se DIEYERRIRITIFNILMIETIER DT+
JEFREERSR (1000 ppm) ZEMAH L7z, WIEHETTRIL
FYEHEEE TR OJFF R H Ga HRYERK (1000 ppm)
KO Rh iR HESSR (1000 ppm) Z M Lo, BEAHRO
T2 D 0.6%HRIE, BE R R DME ST A m AL
HRZ AW CHRE L.

Wang & 2 ODHEICESNVTATREZFAR L. AT
MiF? D, UToL ) ICRR Sz, #HEF Y oA
8g, FHEE I U U A 0.13g, FREE T V3 7 AT KFIH) 0.06g,
RERAKFEFT FY T A 035z, VUBBTAKET N DA
0.35g, R 0.1g, REE 0.015g X TKIZEDL, £
BHZ1LELE Table 2 IR ENZATRECAT
M3E DILFER R Z R T
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Table 2 Chemical constituents of artificial urine and

artificial serum

Urine® Concentration Serum”  Concentration
/ mM / mM
Na 134 Na 146
Cl 122 Cl 137
67 P 25
P 20 HCO5™ 42
Mg 32 Ca 2.5
Ca 2.6 Urea 1.7
Urea 310 Uric 0.01
acid
Creatinine 98

a) Reference 20; b) Reference 21

2-3 =k

B PR IP B O BRI R RIE 29, MG ASIZ 19 TH 5.
REEORBREIL, MERORT T 4T 1L L0
Ba Tz, IS N RE OMLIEAR 280 C DI
FECTHRELEZ. Zh b0k DRC™ICP-MS D#lE
RTIZBESR 2 2292 DR B UCRTMEE L7z, %975 4
oz O HE (3000 rpm) ZATVY, B AR & ARIATR

(5ug L™ Ga & Rh & e 0.6%FHERMAR) T 10 {577
WL~

2-4 PRYERUE

PREEIHT 2T 5 BEOREREROREL, V, Cr,
Ni, Cu, Sel%0, 0.05, 0.1, 0.5, 1, 5ugL™, AsiZo0,
05, 1, 5, 10, 50 yg L™ & L7z, MmiERBIOEE TIX
V, Cr, Ni, AsiZo0, 001, 0.05, 0.1, 05, 1 ugL7,
SeiXo0, 0.1, 05, 1, 5, 10pgL™, Culixo, 1, 5, 10,
50, 100 ugL™* & L7z,

ARY 2 FR T OFEE 0.75 mL min™ (15 rpm) 125R
EL, #BHATK % DRC™-ICP-MS ~EA L. Hbh
7ok RO BT A T2 AT R O RINLARIE, 'V, PCr, N,
BCu, PAs, ®Se & LT-.

3 RREBE

3-1 DRC™ o &3l

ICP-MS DAY MFHEHRT 5 Z & 2 EHME
T ALYV ay VT a rEVRERIN
TV 529, AR5 TIE DRC™? 92 D AW TTFET5
LT A A DEERR .

ALREOCANLIERRE AN, V77 a v A
LLTOT VE=T HARBEOKRNZITo72. £3, A
TREOCATIERERZ 2-3 2508 L7 FREE T 10
BRML, bz ANy 7 7T 70 ROREL VAN
. =7, NTREOCALIERIKIC 6 T63R DIEERK
EEML, HHREBRTI0OMFRRLEE. TUE=T X
WEZ 025 1 mLmin™ ICZ(LS®, 25 OWIKEH
LV T FABRE R i L. N TROKEE% Fig. 112,
NLIfyE DfER% Fig. 2 1R 7.
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Fig. 1 Effects of flow rate of NH; as reaction
gas on signal intensities for (@) artificial urine and

(o) spiked artificial urine.

Ny 7 7500 RRHHITEL, hofEEREl o v 7
NIBEOR S EBR LT, EuBICT A 5ELT VE
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Effects of flow rate of NHj; as reaction
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3 Dynamic reaction cell (DR

urine and serum analyses

CTM

) conditions for

Artificial urine

Optimum
Element LOD LOQ?
3./ . RPg®  /pgL?'  /pgL’
mL min~
\% 0.6 0.7 0.0035 0.012
Cr 0.6 0.7 0.0044 0.015
Ni 0 0.7 0.0064 0.021
Cu 0.3 0.7 0.0016 0.005
As 03 0.6 0.0089 0.030
Se 0.3 0.6 0.060 0.20
Artificial serum
Optimum LoDY L0QY
NH; /
RPq® /pgL™! /gL
mL min™
\Y 0.7 0.7 0.0048 0.016
Cr 0.7 0.7 0.0042 0.014
Ni 0 0.2 0.0009 0.0030
Cu 0 0.4 0.0004 0.0014
As 0.5 0.5 0.0069 0.023
Se 0.5 0.5 0.066 0.22

a) Rejection parameter g; b) 3o limit of detection; c)

100 limit of quantitation
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3-2 HRHRA K OER TR

BESE TICW T, ALR~ Y v 7 AR GA LML
B~ MY w7 2T 2R Bo) KOEETIR

(100) %Rz (Table 3). HBONIEIXFA CEES
/A L7z D’llio & "WORRLFERE 2D, [KRESRT
DEBNFHRETH 5.

3-3  INENEES

BB T C, NLRE O AT 2 AV THIEIR

EBREITo =, HONTEINES Table 4 |Z/RF. JRT
91~105%, MLiET 91~101%MDEINEE 720, BiF/

DV,
Table 5 Determination of reference materials of
urine and serum
Element Seronorm™ urine blank
Found” Certified
/ug L™ /ugL™?
\% 0.52+0.06 0.53+0.08
Cr 0.49+0.01 0.56+0.15
Ni 2.5£0.3 2.4+0.6
Cu 18.6+0.4 18.6+2.1
As 9242 85+5
Se 23.9+0.5 21.74£2.8

SeronormTM serum level 1

FEELAVE D F Found” Certified
/ug L /ugL™?
\% 0.89+0.05 0.8+0.2
Table 4  Recovery test for spiked elements in artificial Cr 0.87+0.18 0.7+0.1
urine and serum Ni 6.7+0.2 5.9+£0.7
Artificial urine Artificial serum Cu 955+11 1060463
Element Added Recovery Added  Recovery As <LOQ” <0.1
lugLt /% /ugl™? /% Se 75.7+4.5 72.8+6.1
A% 1 92 1 96 a) Three determinations; b) Less than 3¢ limit of quantitation
Cr 1 105 1 97
Ni 1 91 1 91
Cu 5 100 100 95
As 5 104 1 95 Cr, Ni, Cu, As, Se ZE&E L7z, Table6 TG0 NT=4
Se 5 105 10 101 LR OWHIE, BEFPE, LOQ RiDEI&ERT. LOQ

3-4 RO ST

FEYE PRBUB R OR HE M 7R 2 O TEE ST 21T
o 7= ERE SR Seronorm™ Urine Blank (SERO #1),
FEYE I 7EEBHE Seronorm™ Serum Level 1 (SERO #f)
Z AW W S e AR OEREREN S, Bk
ENZ CHMRESE%, 23 100ER LEFmRERE AV
TIOREAR L7z, JIEME & ARFEEIZIEIE — B L7z (Table
5).

3:5 JREOCUHFEREHO 6 5ok OE R

PERFEE (h=29) LEBFEE (n=11) ORI

K OEIE &1L, FIAIFERFEERD V OBRIERR
BT, B 29 O 13 B (945%) 23 1L0Q kK
WM ChoTmeWHZ L THD. £, RON—EVF
AMEPDETF oy L= (Fig. 5). ZOORICBT
B ITHROWEME ¢ e CHE Uiz, A E/KHENL 0.05
L L. HEMEP X, #hZ2hV, 035, Cr, 0.04,

Ni, 028, Cu, 0.001, As, 027, Se, 0.09 Th~-7.

STV, Ni, As, SelZDOWTIZP >005Thh,
RIFBER L EFEF CHEETRVEHBSND. —
F, Cr & Culz D\ TIEP<0.05 THY, BEENHD
EHIBT L7z, Cr & Cudkls, Fig 51077 X 2 ICHERKE
BEHOBENREVEREZ TR L. Cr IHERHICESE
BREEERT 20 D, ERFBETIE, C BRICE
CHEMESNTWAREEMERH 5. FTz, Cu OPERRE
IIEE 2@ U CIThhb 720, IREICHEL & -7 X9
RIREND B L, BOBEED b O CugEE S N 5 .

41



49 B TERF AT JE S S, 5 11 5, 2009

RIS B R YEIC DD BN N K ambhnT

. N . . Table 6 Comparison of urinary elements in diabetics and
WaDT, FIZIXEEREHFETNIE, IR Cu HHlEA
N s . e healthy persons
BN 5 RIEEMERE 2 DD, FRES R DD &
Element Diabetics®
TRV,
Mean®+c Range <LOQ
/ug L™ /pgL™? /%
v 0.14+0.13 LOQ-0.72 45
03
® ] Cr 0.77 + 1.02 LOQ - 3.80 14
0s } V:P>0.05 2 1 Ni:P>0.05 J .
. Ni 39+32 0.1-124 0
o . Cu 43+50 03-216 0
02 3 As 115+ 75 0.7-324 0
o & 0 Se 36+25 2-119 0
. b)
5| crip<0os o | As:P>008 Healthy persons
= Mean“+c Range <LOQ
2
':;? ? o /gL /pg Lt /%
g 300 / o v 0.11+0.06 LOQ - 0.23 45
<
© 0 Cr 0.30+£0.44 LOQ-1.37 55
20 | Cu:P <005 20 | Se: P>0.05 Ni 2.9+20 06-72 0
- . Cu 11+9 2-32 0
o 100 As 240 + 343 26 — 1162 0
0 50 _,w"’/ Se 74£72 7-229 0
o 0 a) 29 samples; b) 11 samples; c) Concentration less than
0 20 40 60 80 100 0 20 40 60 80 100 .
) LOQ was estimated as LOQ/2
Percentile / %
Fig. 5 Comparison of percentiles of urinary
elements concentrations of (o) diabetics (n = Table 7 Comparison of urinary elements in diabetics and
29) and (@) healthy persons (n = 11). healthy persons

Element Diabetics found by this work®

Mean®+c Percentiles Range <LOQ
—7, MEABHIFERFEETE h=19) OLOHEE a 4
/ug L /ugL /%
1Tolz. HaROREMEDIEEME, 25 KONT75 33—k
VH AV, JREEFEE, LOQ LL T DEIA % Table 7 127 25%  T5%
T 2P, Table TIIRSNARBEEDV, Cr, NilZxt v 0092+ <LOQ <LOQ LOQ- 89
T HRESEH LN 25, 75 N—& U A /L DfEIT Bocca 0.033 0.19
b YOXEETHD. Cu DIREEFFHIL Nischwitz 528 f 028+006 024 032 0.18 - 0
DXHE T, Se DIEEEEIL Cauwenbergh 5 2 DTk 0.46
ETHD. Cr < 5 TR T, AFERICEIBERBE N 256+127 19 2.7 1.6-6.7 0
e o ST 2 prs A < S 3
BEHOUEME L REEZOHREETITLALENRDL Cu 851 + 203 603 1025 531 0
Nighotz. Lo L, Cr i3FERBEERORIERK RN, 1264
L) Al % -
TRRIZE A EFEHEOMEL Y BIRWERE o7 T722b As 136 % 0.55 11 16 0625 0
5, Cr i, FERFERERLEEEH L O OEIKER
Se 68.0+17.6 55 84 46 — 105 0

23, R & ME TIXHDORER & 2o Tz BERFBE OBE,
i Cr 23 fRICZ < PRt Shvic L HERI 5.
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Table 7 continued

Healthy persons found by other work

Mean+c Percentiles ~ Range
/ug L9 /ug L7
25%  75%
v 0.15+0.07° 009 021 NA
Cr 179+ 1492 105 162 NA
Ni 337+£288Y 122 567 NA
Cu 993 + 3409 NA 579 — 20449
As NA NA NA
Se 84.3+£9.49 NA 51.4-121.79

a) 19 samples; b) Concentration less than LOQ was
estimated as LOQ/2; c) Reference 12; d) Reference 28; e)
Reference 29

4 i

bl

AWFFECIL, BERIF A QR K OMLIERBHIC BT 5
V, Cr, Ni, Cu, As, Se DE&% DRC™.ICP-MS IZ X
VATV, BEIRIRBERE L @EFRHE L L, W< DhD
MEBTTE O RN & 2o 7o, REH O FIX
FERFEBERED Cr, Cu BENEWVRER 2o (P <
0.05). MIEFRFCITHEIRBFRED Cr JREEH SCHVE &

HARTIERONRER & 720, JRAABH S KT D ERB B O

AHFZEIL, SCERHER R T v T o TR 21
ffnZE X 2 B2 OMEIOBRFE—BRE, =31 ¥X—, 1§
WITET DHRIBAFRE D 7= DRI LS S FHHRT
S ZADBAZE & ERL—] (2007~2009 4F) IZ LB H D
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