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CEM ) ; Smart Spec™ Plus ( BIO-RAD ) ; 100 kD ( Spectrum
) o
(Z°U/7*U=0.00431 ) (
) ( Agilent U /ARU=0.00725) ; DNA (
) ;10% ; (=18.2 MQ * cm) .
BALB/c ( 18~22 g ) (22+
2) C :50% ~65% .
2.2
2.2.1 10 DU HNO, Na, CO, pH 7.0
40 mg/L DU 4 C o 0.5 mL HNO, 10 mL
Na,CO, pH7.0 50 mL 4 C o
2.2.2 (0 3
6 12 24 72 120 240 480 h) 9 5 o 20 mg/kg DU
o 10% 0.05 mL/
10 g . NN . -80 °C
2.2.3 DNA
50 ~ 100 mg 3 ml.  HNO, 110 C 100 4 C o
DNA N DNA. DNA 70%
N N o DNA DNA
DU. DNA Ao /A gy o DNA 2
x10*pg/L. 20 °C . DNA 1x10*ug /Lo
2.2.4 DNA DNA ° 0.01% (V/
V) Triton X-100; 1% (w/V) HNO,  0.01% ( V/V) Triton X100 4 °C .
2.2.5 2% ((w/V) HNO, 00.050.2 1.
02.04.0 8.0mg/L o 100 pL 100
pl( 1x10*pg/L DNA) 2%/ (w/V) HNO, 10.0 mL 0
0.52 10 20 40 80 pg/L o Pt 2% (w/V) HNO, Pt 1.
0 mg/L .
2.2.6 ICP-MS i Y "Ce  "TI (1 pg/L)
. RF . 1500 W; . Babington; 2 C; 8.0 mm;
:1.22 L/min; ( He) :5.0 mL/min; :0.12 r/s; :0.5 mL/min; 1
2V, 2 .—125V; 1 =30 V; . =38 V; (Ni): 1.2 mm;
(Ni):0.4 mmo. ; ' 5; Ratio
»urrtu 1.5s; 'S; U/P*U=0.00725
3
3.1
o Pb
1400 1 : Th/U
>TI/U>Bi/U>Pt/U.

195];)t

. Pt
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1

Table 1 Ratios of semiquantitative concentration of different internal standard with uranium in tissues

/
T Concentration of internal standard selected/concentration of uranium
e PU/U /U Pb/U Bi/U Th/U
Blood <0.152 <0.135 1403.226 1.935 1.5
Liver <0.117 0.565 17.391 0.174 56.552
Kidney 0.07 3.108 36.486 0.082 14. 865
Spleen 0.081 0. 406 57.813 1.516 62.5
Cerebrum <0.061 0.125 18.636 0.568 61.364
Femur <0.09 0.264 43.636 <0.075 26.364
Testicle <0.109 0.674 30.233 <0.091 21.628
Lung <0.108 0.667 25.641 <0.090 30.769
3 2 235U/238U
10 3 (3s)
( RSD) <3% RSD<5% 10
( RSD) RSD<5. 0%
; 20 NN
(220 40 pg/l) U 3 10% .
10 (RSD) ;
U 100% +10% 2
2
Table 2 Analytical validation of uranium concentration in tissues
Tissue Correlation coefficient Detection limit Stability RSD Precision RSD Recovery
o (r) (ng/ke) (%) (%) (%)
Blood 0.9999 0.0022 4.26 1.05 101.2+1.9
Liver 1.0000 0.0981 3.39 1.09 96.7+1.4
Kidney 0.9999 0.0039 4.63 0.92 107.4+£1.8
Spleen 0.9999 0.0098 3.17 1.85 99.6+2.0
Cerebrum 0.9999 0.0041 4.53 0.94 94.5+1.2
Femur 1.0000 0.0041 3.26 2.01 98.7+0.5
Testicle 1.0000 0.0027 2.93 1.90 102.2£2.9
Lung 0.9999 0.0019 3.10 2.13 93.9+3.0
o ICP-MS DU BUtU
0.00236( a-Spectrometer)  0.00249( ICP-MS) 6.0% o
3.3 DNA
~ DNA 260 nm DNA o DNA
Ayo/Ayy 1.7~1.9 DNA RNA o Triton X-
100 o DNA
. ( 3) U
47.3% £3.9% o
3 DNA
Table 3 Analytical validation of uranium concentration combined with DNA in two diluents
Diluent type Correlation coefficient Detection limit Precision RSD Recovery
ot pe (1) ( pg/kg DNA) (%) (%)
Acidic diluent 0.9997 0.0152 4.35 47.3%3.9
Neutrality diluent 0.9999 0.0016 1.06 98.3+7.3
HNO, ICP-MS

- DNA o
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3 4 235U/238U
4 235 U /238 U
~ ~ 3
6 h 303 &
3h 235U/238U 235U/238U
(0.00431) ., 480 h FU/”U o 0.00597
o 6 h 130
480 h 180 ; Burtu
235 U /238U
235 U /238U .
4 Bystu (n=5)
Table 4 Results of uranium concentration and **U/**U isotopic ratio in tissues ( n=>5)
Time (1) (2) (3) (4) (5) (6) (7) (8)
(h) Index Kidney Femur Liver Spleen Lung Testicle Blood Cerebrum
U( pg/ kg) 16.98 12.14 5.423 7.839 4.873 3.497 2.551 2.413
Control By /8y 0.00715 0.00725 0. 00809 0.00783 0.00827 0.00811 0.00843 0. 00860
0 U( pg/ kg) 16.89 12.46 5.335 7.673 3.394 3.669 2.549 2.387
By sy 0.00716 0.00723 0.00828 0.00781 0.00848 0.00800 0.00857 0.00868
3 U( pg/ ke) 2577.25 239.41 15.03 13.08 22.905 7.406 6.292 2.640
- By 8y 0.00462 0.00471 0. 00645 0.00671 0.00575 0.00742 0.00794 0.00835
6 U( pg/ ke) 5169.94 1574 27.58 34.87 43.96 18.57 10.425 2.420
By /BU 0.00458 0.00451 0.00583 0. 00650 0. 00529 0.00579 0.00734 0.00818
12 U( pg/ ke) 4593 1732 39.59 58.94 52.868 22.957 8.659 2.720
By /BY 0.00462 0.00458 0. 00556 0.00617 0.00511 0.00572 0.00785 0.00834
4 U( pg/ kg) 4429 1770.13 43.31 64.42 41.157 15.393 6.906 2.740
By /BY 0. 00460 0.00455 0.00539 0. 00499 0.00531 0.00628 0.00732 0.00831
7 U( pg/ ke) 2883.51 1956 33.88 54.23 40.118 13.03 4.544 3.300
By sy 0.00453 0.00452 0.00632 0.00509 0.00532 0.00682 0.00826 0.00779
120 U( pg/ ke) 2097. 86 2068.5 28.37 43.31 35.515 10. 863 3.138 2.060
By sy 0.00458 0.00450 0. 00640 0. 00645 0.00563 0.00700 0.00793 0.00861
240 U( pg/ ke) 475.7 2146.9 11.68 31.55 32.404 7.313 2.536 2.120
By sy 0.00462 0.00455 0. 00667 0.00615 0.00558 0.00747 0.00820 0.00848
4580 U( pg/ kg) 35.83 2167.7 6.490 18.16 10. 831 3.624 2.521 2.210
23y /28y 0.00597 0.00450 0.00729 0.00618 0.00711 0.00839 0.00844 0.00859
3.5 DNA Rl 0 0|
5 24 h DNA (6 h)
mgDNA 9.34 ng ; DNA (120 h) (24
h) o 480 h DNA DNA
o DNA DNA
DNA o
3 6 235U/238U
Fusu o 0.00725
8 235 U /238U
1.
235U/238U IOOHg/kg 235U/238U
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5 . DNA By /Pu (n=5)
Table 5 Results of uranium concentration and >’ U/** U isotopic ratio combined with DNA in liver and kidney ( n=5)
Kidney Liver
Time DNA DNA
(h) Concentration of uranium BBy Concentration of uranium By
combined with DNA ( ug/g DNA) combined with DNA ( ug/g DNA)
Control 4.26 0.00722 4.51 0.00730
0 4.98 0.00707 4.73 0.00716
3 5.09 0. 00687 4.93 0.00708
6 7.52 0.00675 5.02 0.00678
12 8.55 0.00667 5.44 0.00662
24 9.34 0.00567 6.07 0.00684
72 7.45 0. 00646 7.89 0. 00652
120 7.33 0. 00669 8.89 0.00652
240 7.29 0.00664 7.45 0.00690
480 7.23 0. 00664 4.81 0.00739
0.00431 DU PUu/su. Busstu
o 0.010
0.009 T .
JAR T UR%U: 0.00725
480 h 0.008 2BUMAU of natural uranium (DU): 0.00725
Burrtu 0.00597 o
i 23515 /238 @5 _
8 0.004 FHFULSU: 0,00431
0.003 U2 of depleted uranium (DU): 0.00431
. 0.002
0.001
ICP-MS 0.000
- - 0 1000 2000 3000 4000 5000
~U/°U N Hhi#¢ FZ Concentration of uranium (pg/L)
o ICP-MS 1 By
23577 /238
DU DNA u/=u Fig. 1 U/ U isotopic ratio associated with concentra—
bU tion of uranium in mouse tissues
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Determination of Depleted Uranium and **U/**U of Tissues
and Combined with DNA in Mouse by Inductively
Coupled Plasma Mass Spectrometry

GUO Zhi~Ying LIANG Yue-Qin CUI Xiaod.ei YU Shui"
( Biomedical Analysis Center Academy of Military Medical Sciences Beijing 100850 China)

Abstract The BALB/c mice was exposed to deplete uranium ( DU) solution ( *’U/**U=0.00431) . Blood
and the tissues of kidney liver spleen cerebrum femur lung and testicle were collected in different time
after the exposion. The uranium concentration and > U/**U ratio in tissues were determined simultaneously by
inductively coupled plasma mass spectrometry ( ICP-MS)  and to analyze the distribution and metabolism of
DU in the body. The extracted and purified genomic DNA in kidney and liver was dialyzed to excluding the
DU uncombined and quantified by ultraviolet spectrophotometry. Then the DNA was diluted with special dilu—
ents and the binding level of DU with genomic DNA in kidney and liver was detected by ICP-MS. Pt was
confirmed as the internal standard to compensate matrix influence. The limits of detection in tissues were in
the range of 0. 0019 ug/kg to 0.0981 ug/kg. The precision ( RSD) ranged from 0.9% to2.1% and the re—
covery was about 100% +10% . The results of *>U/**U isotopic ratio in the depleted uranium aerosols detec—
ted by ICP-MS were consistent with the results detected by a-spectrometer and RSD =6%. The genomic
DNA was diluted with neutral solution. The detection limit of uranium in DNA was 0. 0016 ug/kg and the
recovery was 98.3% +7.3% . The analytical results showed that DU could be differentially accumulated in
different tissues and most of DU was accumulated in kidney and bone and scarcely enter into the brain tis—
sue. Especially DU would be accumulated in bone for a long time. DU could combine with genomic DNA in
kidney and liver and the binding level of DU in kidney was relatively high and persistent. The uranium con-
centration in tissues had relationship to some extent with “>U/**U and the *>U/**U isotopic ratio would be
altered with uranium concentration. The uranium concentration and **U/*®U can be sensitive indicator to
measure the pollution of uranium.
Keywords Inductively coupled plasma mass spectrometry; Depleted uranium; Isotopic ratio of uranium;
Deoxyribonucleic acid
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