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Analysis of Trace Level and Correlation of Lead in the Plasma of
Field Workers and General Public by ICP-MS
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ABSTRACT

Objectives: This study attempted to develop a method to measure ultra-trace lead concentrations in plasma using Inductively
Coupled Plasma Mass Spectrometry(ICP-MS) and to test whether plasma lead can be used as a biomarker for the biological
monitoring of exposure to lead.

Methods: Lead concentrations in 160 plasma samples of field workers and 42 plasma samples from the control group were
measured by ICP-MS. Blood zinc protophorphyrin(ZPP) concentrations and urinary &-aminolevulinic acid(6-ALA) were
measured for correlation analysis with plasma lead.

Results: The mean lead level in the plasma of the workers exposed to lead at work were 786.1 ng/L. Plasma lead levels were not
correlated with blood ZPP or urinary 6-ALA concentrations. Otherwise, plasma lead levels showed a good correlation coefficient
of 0.400 with blood lead levels, and their correlation coefficient had a better value of 0.552 for the non-smoking and drinking
group. In the general population group which was not exposed to lead in the workplace and was considered the control group, the
mean concentration of plasma lead was 123.1 ng/L. The plasma lead levels for the general population group showed a good
correlation coefficient of 0.520 with blood ZPP and urinary 6-ALA concentrations.

Key words : ICP-MS, lead, plasma, biomarker
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Aetarzl sk A RS 919 3483t 1.9 H] USA) 54 =285 o]-83sto] dAgAe] @4 2
&2 IAsto] AxstFon, 4 Wel 882 A= 2Apel dukele] tieh o &A%, @ F F =
al7] 9late] ztzbe] A& ICP-MSE H43te] 3 ol tigt Aol & A E3 o eEA 3, FA
FES BASICE BRARE U9k 22 PHOR 3w w5 aAbavel 4urle 17 Skl @4
2ZE Sefol BHL ALgTIo] EEE APHOR Al % ¢ BES BHU4E 4511 Eguss 49 &
251900, 20-2,000 ng/L Wl AR AT P b €2 7PP BE 8 % GALA HAZ A
A2y =9.079x 107x + 2.540x1070] QT ARASE  w, AP §2HL, A, 23 S| Ak tsto]
r = 1.0000]%th 20 ng/Loj| A 2E 2,000 ng/L 5% cheAbT BAS 2=sodct
oA dlole ghel du) 9 AZE 24 o] A
= (RSD)E= 4% olUger, 35482 92.3~101.3% 1L, 912 Z 3}
o] ltH(Lee et al., 2012).
4. XAI22| A Table 1& & ==& A% 224 1605 Ao =
ALz 0] EAL PASW statistics version 18(IBM SPSS, =23t Pearson®] ATTAEA Aafo|ct. FAM &
Table 1. Summary statistics of study subjects by lead concentration in the field workers
Variable Unit r (vs PPY) Mean = S.D. Median Max Min
Total (exposed to lead): 160
ZPP’ ng/L 0.085 48.92 + 15.58 46.0 135.0 26.0
ALA" mg/L 0.121 2.34 + 0.84 2.30 6.11 0.48
pB* pg/dL 0.400 18.8 9 + 7.03 17.90 40.60 5.90
pp* ng/L 1.000 786.07 + 846.27 550.3 7506.0 147.5
Smoking and drinking 71/160
ZPP' ng/L 0.096 49.85 + 17.23 46.0 135.0 27.0
ALA" mg/L 0.132 2.46 + 0.98 2.29 6.11 0.64
pB’ ug/dL 0.347 19.98 + 7.63 19.10 40.60 7.40
pp* ng/L 1.000 859.76 + 1024.7 512.8 7506.0 147.5
Smoking and non-drinking 21/160
ZPP’ ng/L -0.034 51.71 = 17.08 51.0 99.0 28.0
ALA" mg/L 0.071 245 + 0.77 2.58 3.55 0.74
pB’ pg/dL 0.477 19.26 + 6.73 17.55 37.50 9.10
pp* ng/L 1.000 780.14 + 507.41 662.5 2508.0 275.2
Non-smoking and drinking 41/160
ZPP’ ng/L 0.090 44.37 + 8.39 44.0 61.0 30.0
ALA' mg/L -0.158 2.21 £ 0.67 2.17 433 0.48
pB* ug/dL 0.552 16.90 + 5.26 16.20 31.50 5.90
pp* ng/L 1.000 603.44 + 441.21 513.0 2909.0 163.9
Non-smoking and non-drinking 27/160
ZPP" ng/L 0.017 51.22 = 17.66 47.0 104.0 26.0
ALA" mg/L 0.247 2.16 = 0.75 2.30 3.71 0.65
pBf ug/dL 0.429 18.76 + 7.69 18.70 35.00 6.40
pp* ng/L 1.000 874.23 + 950.92 537.8 5056.0 298.7

“ZPP: zinc protophorphyrin, TALA: 5-Aminolevulinic acid, ' PB: Pb concentration in Whole Blood, ‘PP: Pb concentration in plasma
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Table 2. Correlation matrix of the field workers group

Variables Smoking Drinking ZPP"  ALA PB} pp* Lpp' HGB' HCT”
Smoking r 1 182" .101 153 153 077 .080 118 120
p 021 203 053 053 332 314 139 133

Drinking r 1 -.106 045 -.008 -.037 -.097 -011 -.039
p 182 574 917 644 224 894 623

ZPp’ r 1 168" 314" 085 .180 -204" -176"
p .034 .000 285 023 010 027

ALA" r 1 132 121 142 -.042 -.008
p 095 129 072 602 920

pB* r 1 400™ 5707 055 058

p .000 .000 490 468
PP r 1 8507 118 145
p .000 138 .068
Lpp' r 1 118 145
p 138 .068

HGB' r 1 976"
p .000

*ZPP: zinc protophorphyrin, " ALA: §-Aminolevulinic acid, ¥PB: Pb concentration in Whole Blood, ‘PP: Pb concentration in plasma,
"LPP: Log Pb concentration in plasma, YHGB: Hemoglobin, HCT: Hematocrit, M pearson correlation coefficients

"p<0.05, “p<0.01
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Table 3. Summary statistics of study subjects by lead concentration of 42 general publics
Variable Unit r (vs PPY) Mean = SD Median Max Min
Total (general publics): 42
7PP’ ng/L 0.520 36.95 + 19.38 38.0 81.0 10.0
ALA’ mg/L 0.257 1.77 + 0.82 1.77 4.20 0.21
pB* ng/dL -0.063 2.54 + 0.70 2.42 4.12 1.21
pp* ng/L 1.000 123.1 £ 57.38 120.5 270.8 5.22
Smoking and drinking 5/42
ZPp’ ng/L -0.640 21.00 = 7.38 25.0 28.0 13.0
ALA' mg/L -0.170 1.45 + 0.86 1.834 2.46 0.37
pB} ug/dL 0.301 2.87 + 0.58 3.01 3.28 1.88
PP ng/L 1.000 88.16 + 30.43 84.9 129.8 46.1
Smoking and non-drinking 1/42
ZPp’ pg/L - 21
ALA' mg/L - 1.46
pB pg/dL - 2.48
pp* ng/L - 75.26
Non-smoking and drinking 10/42
ZpPp’ ng/L 0.441 28.10 = 18.59 19.0 71.0 10.0
ALA" mg/L 0.356 1.66 £ 0.80 1.70 2.77 0.21
pB* pg/dL 0.529 2.96 + 0.60 2.834 4.15 2.01
pp* ng/L 1.000 103.03 + 38.43 112.2 145.0 36.7
Non-smoking and non-drinking 26/42
ZPP’ ng/L 0.455 44.04 + 18.40 44.0 81.0 10.0
ALA’ mg/L 0.209 1.88 + 0.84 1.83 4.20 0.67
PB* ng/dL -0.001 2.32 + 0.70 2.11 3.76 1.21
PP ng/L 1.000 139.4 + 62.82 146.0 270.8 5.2

*ZPP: Zinc protophorphyrin, TALA: 6-Aminolevulinic acid, ¥PB: Pb concentration in Whole Blood, ‘PP: Pb concentration in plasma

Table 4. Correlation matrix of general public group

Variables Smoking __ Drinking ZPP’ ALA PB’ Pp’ LPp' HGB' HCT
Smoking r 1 406 -3407 -.157 156 -267 -.401 4017 338"
p .008 028 322 325 .087 A73 .008 029

Drinking r 1 437" -162 4207 -329°  -110 553" 482"
P .004 306 .006 033 486 .000 .001

ZPp’ r 1 509" -413" 520" 528" -5477 443"
p 001 .007 .000 .000 .000 .003

ALA' r 1 =211 257 283 -433" -420"
p 179 .100 .069 .004 .006
pB r 1 -.063 -.039 278 163
p 690 805 074 301

pp* r 1 880" -.424" -306"
P .000 .005 .049
Lpp' r 1 118 145
p 138 068

HGB' r 952"
P .000

"ZPP: zinc protophorphyrin, " ALA: 5-Aminolevulinic acid, ¥PB: Pb concentration in Whole Blood, *PP: Pb concentration in plasma,

LPP: Log Pb concentration in plasma, fHGB: Hemoglobin, "HCT: Hematocrit, ''r: pearson correlation coefficients, *p<0.05, **p<0.0]
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