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VRN, FERRAREIRA I AT I ZiiE
FH, IR L EHE T FTIR Y6 e JR A1 5 M M & 5 4 #f o
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T H. s T A — Uk [R) i i 4 A A 0 PR A b LT T A 1
JEHE . HIy ik, fogt Y,

FAr15 R XPS Fl XRD B 43 M58 T 1 R4 AR L
TR AT AE R B PR A LAY o TR 1~ (&1 3 43 531 Ohy e R 4 4
PR TR 45 A MV TR A5 - WR IR AT R & B 45 A B9 XPS 3 K K 20T
R WA . TERIRAS A5 A 10 XPS LA 1o ], H

Wi B 2004-09-23, EITHHEI: 2005-02-20

XEHS: 1000-0593(2006)02-0365-07
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Fig. 1 XPS survey scan for CaOxa stone (a) and

the narrow scan of C;, (b)[3 *
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Fig. 2 XPS survey scan for uric acid stone (a) and the narrow scan of N, (b)1>#
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Fig. 3 XPS spectra of mixed urinary stone based on calcium oxalate and calcium phosphates (a) and

the narrow scans of Ca,, (b), Mg,, (¢), and P,, (d)?" ¥
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H Mg, IS5 G RER 44.0~44.3 VLB 3(0) ], Py, &5 & RE
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SR +2, —2, F2f+5 4, N AHLN,
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Ho, Y, AEFL, LoASE AT RMEmA, S A% 40
EMWRHEHF, Sci, = 0.31, S(‘;‘ZP = 1.88, Spy, = 0.51,
SM“Z/: = 0.16, Sy, = 0.49, S\, = 0.72,
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i, RIAT A A Ak 2= i . PIXE 2B @R EILR
FTEM —FhiRA 30 F B, 7T DL BB 7R IR FE [T,

4 1 Bl 2454 1 PIXE %57, RUIHEH A Ca, Fe,
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ROV RTFIRA R Ca LURBE KA . 1328 A o 58RI XA
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Fig. 4 PIXE spectrum of a renal stone™
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Fig. 5 The PIXE data for calcium. magnesium and phosphor
along the radius of the urolith segment. The calcium/
phosphorous ratio is shown as a percentage'®
Table 1 Summary of the percentage by mass of

the three elements of interest®’
) 45 Bk ety 7 Ca/% Meg/% P/%  Ca/P
[ ya MgNH, PO, + 6H,0 0 9.8 12.7 0
KA Ca(PO) s (OH), 39.8 0 18.5  2.15

3 ML IRE WY

R B B A AT CEPMAD J2 ) F 28 20 i 3o 1 23R 48 1) A
A FIR(ERLY 0. 1~1 po) VE NS, 580k R o 5
— /NI (H SRR X S T E % XSRS A
SR DT 2 X BRT  #Y O0 2R AR 8 M BUE B 23 AT, EPMA
AL TR R LA S oK BORE B . Bk H. He, Li. Be 4§
JLABERICE S, HA o R JL-F# T f] EPMA #4758 58
T

Ohnishi 557 Ji EPMA A [ 4 51 K B 9 IR A7 e %
ORARHEAT T O3 S BRAE IRAG R T B P AL S AT KRG
R s P ORI Ca EE G TEIRAHISNRIZ

P 6 S LR £1 5T 19 43R J2 R a5 1l IR A A0 B SR
Brilf4ity S, K. P A1 Ca DU AP JC R 19k B AR Ll 28777, 14 6
(a) PSSR FNIE L 43032 S A P iy ik 8 A8 Akt £k, &l 6(b)
SEERFHEL A K F1 Ca Ik BEAE MLt Ze, T 0L, 72 R A
e Ar S AN K B BB . M AE R AT 43R, PRl Ca 5 &
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Fig. 6 Relative intensities of the elements as a function of the
position which from the surface layer to core
(a), Solid line: sulfur; dotted line: phosphor;

(b), Solid line: potassium; dotted line: calcium®’
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AT S 5E ok, {ESR A EDX Ml FTIR 64 40471 3l 3o )
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TABIRA I LU,

5 T ATk

J5 R G CAES) 2 AR 4% 52 WOR 19 5T & 5 0 0l
T oA ) BT 40 B I LA o 2 AL TR A (o) B9 TR 2 B 41 e 1
W AN BRI BRI RE (E) , B TR S, MK
BEFATEE . LIRS 08 2B e 1 5 BR AT 2 IR AE 25X
HA . MTARFITR W FEARR, 28O0k 5 T A 40 5
R 2 RN TR AR X — R AE A TR e AT

AES I Tt o0 i, 32 ry s BE (D 58I oc &R Wk
O FHEMTRR: I=ac”, K, a 50 HEE, o« 5
L PR R R RS KM S 0= ARRE

Paluszkiewicz 251" ] AES E & 4047 T /R A By IE & T
R, O TR E SRR R, SRR A
R R A h & A RS i Ph(ILER 2), BETM & & 5K
AR, FEERA P E m MR RR A,
XATAESE B T PbT g Ca® R E MBS . A PbTT (0. 12
nm) 5 Ca*" (0. 099 nm) & F {248 22 Jlth A K, TR A
i) Ca’* W4 P BUAR Tk .

NIEHRNAAE SR TR, IFEHAREWIER B
firp i % B 2 £ (0. Hofbauer &M\, IR &I % Al fE
0 o H A A A B o R e R R A T R e B A R
15 E T80 R AT A7 TR 13X SE IR 1 70 R = A5 S DASR R 7 B 99T
TRV e B 33 86 0 32 02 75 52 00 55 /0N 46 A4 L P9 85 1) A o R AT AR
WA M, BTG R A F TR B M EEM, A

Table 3 The content of Mg, Zn, Cu, Fe, Cd and Pb in different type urinary calculi

% 26 %
Table 2 Lead concentration in different
categories of renal stones'*
PRAT T E A 5y B R BECE S/ % Pb ¥ /1076
BEFR 5 6 42.5410.5"
HE R 5 I
e 40 37.9+4.6
WRASIRAY
— K RS
SRS 23 17.24+2.5
KRR SRS ?
5N 10 7.340.9
R A A IR R R A 7 7.041.2
SRR 14 2.240.6
* Mean=+ SD

W SAFTE—SEA 30K, Gl I E M E i T IR A T T A Y
JRE TR . BETE IR PR _E A B2 i FOT E IR A0 B R

6 T oL

JE T W T CAAS) S 3 F MIEIR & H 9 77 0 5T 2 19 4R
AIE %8 S0 T A R 2R SO BRI T B S R T R i, AR A
R S A R 5 R R b R o B A T R Rk
JEREVE R AR . M R R Ik i RO R 100 )
107" g, ASBYPETF WML R L 10" ~10 " g,
Pt AAS AT F bR PR 6 1 e R E AT

Durak 575 ] AAS 23 81 T 29 13 IR 2R &5 4 P BT & /Y
Mg K H AR 86 % Zn, Cu, Fe, Cd fil Pb (% & &, I 5 {#
FENSK KPR E X ST R A AT T, 3k 3 in,
EE—HERE LS AL ARG IRRIEGE AT, Zn
B ST 89 e o Sk & P R VR AR . (H Mg & A L H Sk &
g, 4 a Mk & Cu, Pd, Cd Ml Fe AWk B A W W 2%
S R CHERS-RSRASS A, Zn, Mg, Cu, Cd
B Fe (Wi e 2 L3k R b i i . E P i B2 22 IR K5 58
VUL R S BE A AR, Zn R Mg MR EE L R . (1
Pb 1 Fe i) ¥ B ZAR 3k & rh vk B2, Cu A Cd i i 2 2% 51
AR EHAMEBRE A F, Zn, Cu, Pd, Cd & Fe (¥ 1k B
B R MML, Mg W LM 225, N LR A LA
W BRBEERR LS 4ok, HA LA S5 A BT & A 1 Mg i ¥k BE ¥R
sk B Ry . XA B 7R B Mg 76 25 41 8 it A8 v 473 il
HEMMO, AEME, b TEBRTREMERTANZES,
RN EITENEREZRER, RAOAMWERMETRESZH
P

[12,14]

H—Hn=9 % (n=5) 9= (n=5) SN (n=5) BT (n=5)

JRAT 5y R A 4 HRE-RBIBGE A WRE-HRBRAS A BRERESA il 2 4 e e rpl1s]
Zn 82.7+17.3" 58.0+7.1 4754140 239422 12.442.2 226.64102.8
Mg 602. 9£30.0 510.0£27.9 1557+104 5 317£529 155.1+£15.3 173+£54.5
Cu 17.0£1.6 15.3+1.8 37.845.1 16.1+2.5 7.0+1.2 11.943.0
Fe 82.0+12.8 73.3+8.6 161.44+16.4 40.9+5.2 28.443.1 78.8+12.9
Cd 2.0£0.3 1.840.2 3.1£0.5 1.540. 4 1.040. 2 1.940.0
Pb 58.9+8.9 31.1%+1.3 35.944.1 18.0£2.2 3.240.8 44.740. 30

* mean= SD
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HEWRIASE 1T AAS SR SIE T R IR A
PRAT S8 R B S0 5 T A b IX 398 v A 3 40 A ST R B A
HULER O, BT =HZEIMEER. RAH Pb, Cd XM F
A EICR WS B WS TR R B R R X A
KICHRM &, Y] Pb, Cd T AEAL HE R f7 B9 JE 1ie; Bl AL 5Y
B 20 {31 DR % 485 11 05 NI 20 {0 1E BN B9 KR . R I N R AR
# Ca. Na. Mg, Zn, Fe MM TIEFADLE O, HEHR
W Z R (P<C0. 01)+ AJCIR A 1 75— 2 B I . IR AR
KRS RS R P AT G, RN EEENA

HEEf

FAAE Ca BUACHE 52 . SN E% AR Ca A BE B AR 4 1 4 ¢
W BHIAE D s BRES HE R 3G 0 T R A AR TR s
SEOMIE I, F5 A m KX R EEE5 8 . Zn, Fe, Mg S50k
TLE ARG W A I B A AR M T R A WA A Y
AL HAR AR POKHR TR PRI, s Ca® Wik
B, SBUME Ca Fhe, WIS RS, SRR A, H
b 2R [A] I 2 5 B A 45 A7 AT 1o TR SoF 3 i 4 78 1 b IX
BONTE T8 Y BRES B SR T RN R D R B i X
55009 19 TR AT BE A S5 B B L

Table 4 The content of related elements in urinary stones, patient with urolith and control

as well as carbonate soil in Jinlin province, respectively, (wy/107¢)LS: 16]
NN
. O o YN v ) g . s 4 (kiR
3 7 — K L, ZOKFERE o W * A8 .
75%\ /: J’E@‘% AJ(LF' TR iR J(:F’M % A 1EH N K HE bR KRR e SPLAE |- )
i iz % 45 -+ Bk R W e A

Ca 178 299 824 299 627 700£100 71.14+12.8 4.5
Na 274 171 200 196 182 36040 7.6941.10 1.2
Mg 538 0.9 1.0 0.9 0.5 135+20 1.37+0.21 0. 34
Zn 46. 2 12. 8 17. 2 26.5 53.8 130+20 2.0440. 24 31.9
Fe 10. 5 3.6 2.5 5.7 2.5 4010 0.59+0.18 1.67
Cd 34 20 8.3 48.9 19. 2 <0.1 15.1£1.23 0.092
A Ph 187 4.5 89.7 184 6.1 <10 18.44+5.9 10. 8

APb, wB/10-9; * mean+SD

7 H

5 1 A B R R e i

HL R G e S B T S O i (TCP) B iR 7 55
FHOGIR O (EREOC R & O R AR K AR T, RS
DNt G B2 T 6 A 5 1 2 T R T 8

Ohnishi 7 ] ICP $ A X W42 HF T A 74 51 LK 4
RAWIMAICEM T RLE S, HREXWH, K, S, Caf P
SR MNA O ETILHE, Mg Ml Nakz, Hp K 8%
o5 2 R R R B v A TR LA R B AR = oA
4-F2 HETR I -o- i IR B T 3L
Table S  Content of inorganic elements in urinary calculi in

male and female rats determined by ICP""

. T/ %

TLE Mtk (n=3) WP (n=2)
(KD 9.7440. 25" 9.19, 10. 40
i (S) 8.0440.35 7.70, 8.78
5 (Ca) 5.1740.89 8.60, 4.31
(P 4.0140.94 5.05, 3.02
B (Mg) 1.402£0. 41 0.72, 0.83
#H1(Na) 0.1440.02 0.46, 0. 14

it 28. 50 31.72, 27.48

% Mean+ SD

X W R (TPA) W] 75 S R BU™ A I BE 45 £+ I i 25
HUBRCR 35 | 76 T O 98 55 5 5 . % A0 B AEUURI T ICP 46y vk
ST T TPA B R BRUR A i 20 45, R BRUBE bt &5 4 AL 'S 45

A EEICHE Ca(161~175 mg + g '4547) . P(561~453 mg
cg A HMEAR B, MEmEITRAMBA AR, 4ET
ROPMLADGE I ai 8, kUi aF%dh C, H, N,
Ca, PAITTRM AL, PIRNEE A 88 & A 0 G AR R IR L &
W, WAL A YL R BRIRER A, (AR KM TPA i
JEEAE, KU TPAYERN & TR, K584 LURJE HE
4,

8 X P& HLiE
FIF e & 2 0% 00 X 9T 4k (B i ) JASTRE &, TR ok
B X 2R . R X g9 2652 63 (XRE) 4381 £ AR ]
YERA TS OTE, W BN T IR IR A RE A 0 R AT IR
&, AHBERD: BB TRINRBE ST, BAZ T
RNWAWME ; ok, XRE L EH D, K MR 7 78
R, SA2Earik e, &0 P,

Cesareo 217 St T8 &% XRF X ELFRRAE | BERRAS . IR
1% B It 2 1 46 DU ol AN () S T8 4 bR A T & IR i JC R Fe, Zn,
Pb, Cr il Mn #4757 @ W E =T S5 2R W, 76 ke i
B 5 191 TR A5 45 A0 R 7 BB R S 45 A TR AR A U B T Zn, HOF
Ve BE 43 350 R 35 F1 20 pg + g 'y R ECREIR G 45 1 FIBE IR
BESE AP ERAT P AE A s MR R AR R 45 A P MR e R &
s 7> 7 R R A5 R R 5 25 4

Singh %1% ] XRF X EP B 3 £ L 0 X 0 34 A9 B 485 4 of
TT RSN, RIHLPEH Mg, Ca, P, S, K, AL #l Si 4§
TTERULE D,
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Fig. 7 XRF pattern of a renal calculi-'*’
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Application and Research Progress of Element Analysis of Urinary Calculi
Using Modern Instruments

OUYANG Jian-ming

Institute of Biomineralization and Lithiasis Research, Jinan University, Guangzhou 510632, China

Abstract The analysis of elements of urinary stones can provide significant reference for the treatment and prevention of recur-
rence of urolithiasis. In the present paper, the application and research progress of element analysis of urinary stones by means
of modern instruments were summarized. These techniques include X-ray photoelectron spectroscopy(XPS), proton induced X-
ray emission(PIXE), energy dispersive X-ray analysis (EDX), electron microprobe analysis(tEMPA), atomic emission spectros-
copy(AES), atomic absorption spectroscopy(AAS), inductively coupled plasma spectroscopy(ICP), X-ray fluorescence(XRF),

and ion selective electrode. etc.
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