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In Vivo Preperation of Standard Reference Materials of Lead in Blood
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This report describes a preperation and characterization of canine blood lead(Pb) standard
reference material(SRM). Three adult beagle dogs(A, B, and C)were orally dosed with gelatin
capsules containing Pb(NO;),, equivalent to 10~80mg Pb/kg body weight. Blood was drawn 24
hours after the dose from the cephalic vein into lead free 500m! Pyrex beaker in which EDTA.K
was contained as an anticoagulant. The amount of lead given to individual dog was varied
arbitrarily.

Three month later, 3 canine animals were orally dosed with lead secondarily to make mixed
SRM(D1) which was mixed different concentrations of lead in bloods with Al, Bl, and C1 in
vitro. The SRMs for A, B, C, Al, B1, C1, and D1 were distributed 2m! each into more than 300
lead free bottles, and were stored in refregerator at 4C.

The amount of lead in canine whole blood samples were determined using a Varian 30A
atomic absorption spectrophotometer(AAS) with a model GTA-96 graphite tube atomizer with D2
background correction and a Hitachi Z-8100 AAS with Zeeman background correction. The
sensitivity and detection limits for lead determination of Varian 30A were 0.464g/L, 0.34ug/L,
and 0.56ug/L, 0.144g/L. of Hitachi Z-8100, respectively. Day to day variations in determination
of blood lead concentration in a certain sample were 31.112-1.364g/100m! by Varian 30A, and
33.0840.824g/100ml by Hitachi Z-8100, showing the difference of 3% between the two results.
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At the blood lead concentrations of 56.31- 1.984g/100mi(A), 40.8940.80ug/100m!(B), 59.01+1.
38ug/100mi (C), the precisions of replicated measurements by AAS were 3.52%, 1.96%, and 2.

34%, respectively.

Coefficient variation(CV) of SRMs(A, B, and C) within a standard sample were ranged from 0.
92% to 7.50%, and those between 5 standard samples were 1.21%, 2.64%, and 1.11%,

respectively, showing inter-vial variation of 14g/100mi.

Lead levels in SRMs during one month storage were unchanged. The overall recoveries were
89.6~100.4%, 91.6~101.9%, 90.3~100.0% for A, B, and C SRMs, means were 56.4612.69ug/
100ml, 39.35+1.89g/100m!, 57.40+2.314g/100ml, and measurment ranges were 52.88~59.26ug/
100ml, 37.47~41.68ug/100ml, 54.80~60.694g/100ml, respectively. Those results were laid within

confidence limits values.

The lead concentrations in the mixed sample(D1) stored over one month period were fanged
from 32.764g/100m! to 33.54ug/100ml, with CV ranging from 1.2% to 2.7%. The results were

similiar to each of single samples(A1, B1, and C1) in respect of homogeneity and stability.

Results of the mixed blood sample analysed after 1 month storage at 4C by four other
laboratories(L1, L2, L3, L4) were similar with those of our laboratory( L5 ;31.18+0.24ug/100ml,
acceptable range by CDC ; 25.18~37.184¢/100m! ), showing the concentrations of 25.9141.19ug/
100mi(L1), 34.16+0.224g/100mi(L2), 35.68+0.854g/100m!(L3), 30.95+0.464g/100mi(L4) in a

each samples.
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Table 1. Optimized instrumental and analytical parameters for the determination of lead in canine blood by
Varian 30A Hitachi Z-8100 atomic absorption spectrophotometer

Parameters

* Calibration Mode: Standard Additions,

Sample volume: 104

Dilution: 1% Triton X-100 1%HNO3  St. Sol Sol 10% (NH4)2HPO4 Blood

Add 1 1600u! - 100(30ug(dl) 200 100

Add 2 1600 - 100(60ug(dr ) 200 100

Add 3 1600 - 100(90ug(d!) 200 100

Add 0 1600 100 - 200 100

Sample 1600 100 - 200 100

Blank 1700 100 - 200 -
Instrument: Varian 30A Hitachi Z-8100
Lamp Current: 5 mA 7.5 mA
Wavelength: 283.3nm 283.3 nm
Sample Introduction: Sampler Premixed Sampler Premixed
Replicates: 2 2
Background Correction: on(D2) on(Zeeman effect)
Argon Flow: 3 L/min 0.2 L/min

Drying Temperature:
Ashing Temperature:
Atomization Temp:
Sensitivity:
Detection Limit:

85-95-120-300 T(60 sec)

800 T(50 sec)
2300 T(2.3 sec)
0.46 g/l
0.34 4/l

80-85-95-120-300 T (90 sec)
300-600-600 T(50 sec)
2000 T(4.0 sec)
0.56 g/l
0.14 pg/L
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Table 2. Comparison of atomic absorptlon spectrometer of Varian 30A(D2) and Hitachi Z-8100(Zeeman

system) for determination of lead in blodd

Varian 30A(V) Hitachi Z-8100(H) H-V
Date Subject
Mean S.D.(C.V.%) Mean S.D.(C.V.%) Mean
1 1 28.57 0.32(1.1) 31.97 0.66(2.0) 3.40
2 31.07 0.45(1.4) 33.72 0.82(2.4) 2.65
3 30.07 0.27(0.9) 33.18 0.36(1.1) 3.11
7 4 32.95 0.73(2.2) 34.67 0.80(2.3) 1.72
5 32.46 1.25(3.8) 33.45 1.59(4.8) 0.99
6 3217 0.40(1.2) 32.49 0.29(0.9) 0.32
14 7 31.05 2.51(8.1) 32.31 0.34(1.1) 1.26
8 31.40 1.07(3.4) 33.27 0.79(2.4) 1.87
9 30.22 0.65(2.1) 32.70 0.44(1.3) 2.48
Total 31.11 1.36(4.4) 33.08 0.82(2.5) 1.97

« H-V, difference of concentration between Varian 30A(V) and Hitachi Z-8100(H)

Table 3. Precisions of replicated measurements of lead in canine blood by furnace atomic absorption

spectrophotometry
unit : pg/100ml
SRM’ Replicated No. Mean S.D C.V(%)
A 10 56.31 1.98 3.52
B 10 40.89 0.80 1.96
C 10 1.38 2.34

59.01

« SRM, standard reference material
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Table 4. Precison of intra-and inter-vial measurements for concentrations of lead in canine blood.

Blood lcad concentrations in vials(ug/100 ml)

SRM n

Intra-vial Inter-vial

1 2 3 4 5 total

A 15 Mean 53.70 53.42 53.10 54.43 54.63 53.86

S.D. 1.83 1.39 1.98 3.38 242 0.65

C.V.(%) 341 2.60 373 6.21 4.41 1.21

B ' 15 Mean 40.70 39.13 42.10 40.34 40.22 40.50

S.D. 2.02 1.66 1.44 1.09 1.00 1.07

C.V.(%) 4.96 4.24 3.42 2.70 2.49 2.64

C 15 Mean 57.09 56.09 57.09 57.33 55.98 56.72

C.D. 428 1.37 1.35 0.58 1.29 0.63

C.V.(%) 7.50 2.44 2.36 0.92 2.30 1.11

Varian 30A7} 0.9~8.1%, Hitachi Z-81000] 0.9~4.8%
olglen, & RFAEE 39 #A% HE B&=
Varian 30A2] 7% 31.11+1.364g/100m/©| ™, Hitachi
Z-81009) 73$- 33.08-0.824g/100ml C.2H 5 71717k
o] HF B Aol 1.97ug/100ml(0.32~3.40g/100ml)
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Table 5. Stability of lead in canine blood during one month storage at 4T

unit: u#g/100ml

Lead concentrations in canine blood(Mean+ S.D.)

Date .
A B C

1 59.04 + 3.88(100.0) 40.91 4 0.73(100.0) 60.69 + 2.08(100.0)

7 55.33 +0.64( 93.7) 37.47 + 1.35( 91.6) 55.93 £ 1.02( 92.2)

14 55.80 = 0.95( 94.5) 39.03 & 1.46( 95.4) 58.58 £ 0.26( 96.5)

21 52.88 £ 0.51( 89.6) 37.66 + 1.66( 92.1) 54.80 £ 0.91( 90.3)

28 59.26 + 2.31(100.4) 41.68 + 1.82(101.9) 57.02+ 1.35( 94.0)

note : Numbers in parenthesis indicate recovery rate(%)

Table 6. Lead concentrations in canine blood analyzed in our laboratory and acceptable range recommended

by CDC
Lead concentrations(ug/100 ml)
Samples Acceptable range recommended
Mean S.D. n Range 95% C.L by €DC”
A 56.46 + 2.69 15 52.88~59.26 51.08~61.84 47.99 ~64.93
B 39.35+ 1.89 15 37.47~41.68 35.57~43.13 33.35~45.35
C 57.40+ 2.31 15 54.80~60.69 52.78~62.02 48.79 ~66.01

*  :95% confidence limits(Mean = 2 S.D.)

: Acceptable range recommended by the Centers for Dlsease Controls is = 15% of target for vials over than
values 40ug pb/100mi, and + 64g pb/100m! for values less than 40yug pb/100m!.
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Table 7. Homogeneity of lead concentrations in mixed and individual canine blood samples during one month
storage at 4T

Date

Lead concentrations of canine blood samples

D1’
Mean S.D.(CV%)

Al
Mean S.D.(CV%)

B1
Mean S.D.(CV%)

C1
Mean S.D.(CV%)

1
14
21
30

32,92+ 0.45(1.3)
32.96 + 0.74(2.3)
33.54 + 0.89(2.7)
32.76 + 0.39(1.2)

23.87 + 1.18(4.9)
24.58 + 0.43(1.7)

" 22,59+ 0.10(0.4)

23.21 + 0.56(2.4)

19.06 + 0.25(1.3)
19.87 + 0.99(5.0)
17.63 + 0.30(1.9)
18.00 + 0.99(5.5)

50.19  0.51(1.0)
52.46 + 0.43(0.8)
52.52 + 0.50(1.0)
52,63+ 1.62(3.1)

(<]

J

~:D1=A1+B1+C1

Table 8. Comparison of blood lead concentration in an identical standard reference materials analyzed at- five
different laboratories

Laboratory SRM Acceptable range
\% V2 V3 Total(C.V.%) by CDC
L1 24.65+ 1.81 27.02+1.92 26.05+ 1.71 25.91 + 1.19( 4.6)
L2 3387+054 34.40 + 0.75 34.10 + 0.83 34.16 + 0.22( 0.6)
L3 36.66 + 0.52 3518+ 0.67 3519+ 0.38 35.68+ 0.85( 2.4)
14 3144+ 224 30.90 + 2.13 30.52+2.92 30.95 + 0.46( 1.5)
Ls' 3117+ 0.64 31434091 30.95+0.72 31.18+ 0.24( 0.8) 25.18~37.18
Total 3158+ 4.46 31.79+ 324 3136+ 3.58 31.58 + 3.75(11.9) 25.57~37.57

+: D1 =Qur laboratory
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6ug/100m 9] 2FE Q1A 31m, 40ug Pb/100ml ©]%tel]
e SR +15%9) BAOAE e 95
A el 25 2HE = AS L T ‘}14(— 6). o1&k
734 4 "@‘ﬂé% Bee] st 5

o] ofel o] Bol, 0431 THANA B A %
of @ okol BFAFARE T ¢ o) gith. o]
g 22 o 3nz]e] A Az thE wE9] F(10~
80mg of Pb/kg of body weightye 3 Fislo], &
7} T2 Al, Bl 2 Cl9] A ZAFE S A8 T
N2 vxo £3 EFARDHE A2
sen, £ BFARY] 724 Y A%E
AESAHE 7). £F BEA 29 IR 23 WY
= 32.76~33.54ug/100mio] 1, WO Al 1.2~2.7% &
Uehlo] © IZA 8 Al B2 2 C1 212t 2 ¥
137 fARSE AlRe] #AAE Jepdct 3k 9
H

A 3t

EFA DY RolME ddA 59 npyRE &
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& EOW Sl
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& HABIRTHE 8). olu] FL3}HA
A zg i‘t—?.:—/\]i V1, V2, V3 7}zte] A8 n}u} g

B2 573%ke] HolA|Fr) 0.6~4.6%8 K

B Agas X8 57) 78ty &3 Hﬂol?:ll
11.9%% Jehl 713#3te] S3dolrt 588 OJ@‘AI
Aok w3 B A7aY SHEE VTR ¥ o
CDCY] & &% % MYE 25.18~37.184g/100m  ©] %)
on, Sl 7B HF LS Eges AHPL &
L5 WO=2557-37.58ug/100ml 2 B2, T 7]Zzk
el ZE 718o] 3-89l 23Ut

Aot 22 A7 AW Azl 23 F o BFA
He ZFANE Ul 2 EEAET Al #d40) ¥
xkow, & 7 Bk 4T WEDA A8 Aol
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F—iN

ol e 3 ¢ BRARR ol Adsitn
ARFo], AF Seluet 430l AL e 5
42 2715 A e Uig BEel 8 g B

ZAE 2850 ARwrwe) Uiz 2 K3
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7N 3utel & ol &ste] AU F& AT lgs 10~
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AT XA w27 T2 Al B, C194 A 3
A8 ghee] AldddAM £33t DIo &3 #3
AR E Az

EFA Y @ TEE 7|27 Rt dAE T &
B71E AHBsle] Ao, ofefje} o] EFAE
2] A 4 Qe 7 26 A s
1. ZFA59] ¢ 5% B4 AMEE °JZI~—%F i
1+ Varian 30A$} Hitachi Z-81002.2 5 7]&<] 7]
7] = 247 0.46ug/L, 0.56ug/Lo|H, Z&3H)=
27k 0.34ug/L, 0.14ug/LoIATt. 387 22 =9 &
FAE2E B3 23} Varian 30AE 31.11+1.364g/
100m!, Hitachi Z-8100 33.08-+0.824g/100m =X, 5
71713t & F % &bl 9F 3% n]gkol ]t

2. JAET 71 W Z (n=10)e] oigh FE
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%::_% /\]_g_‘,] -?,L7J/3.Q_ 50:11;}.
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