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Blood and Urine Lead Levels in Non-exposed Group

Sirivarasai Ir , Kaorern S* , Wananukul W*, Srisomerarn P**

Abstract :

Obiectives : To report blood and urine lead levels in non-exposed people and to study the etfects

of sex, age, smoking habit, alcohol consumption and socioeconomic variables on lead levels.

Materials and Methods: Blood and urine lead concentrations were analyzed by graphite furnance

atomic absorption spectrophotometry. Urinary lead excretion was expressed per gram creatinine

excretion.

Results : The average blood and urine lead levels (X+SD) ot all subjects (n=320 : 172-male ano

148-female) were 5.5512.51 pg/dl and 10.35+7.50 pgy'gor, respectively. Male has significantly

higher blood lead level than female (6.18i2.56 vs 4.8S2.26 pg/dl, p<0.05), while urine lead was

statistically lower (9.22*6.63 vs 11.5918.20 p.g/gCr, p<0.05). There was no association between

increased blood and urine lead levels with age. Male with cigarette smoking and alcohol drinking

had higher blood lead concentration (6.3512.69 pg/dl and 6.41!2.44 pg/dl, respectivety) than

non-smokers and non-drinkers (5.39+2.45 lrg/dl and 5.221:2.46 pg/dl, respectively). This

differences were not found in urinary lead excretion. subjects with the highest income had the

lowest blood lead value.

conclusions: Although the trend of the blood and urine lead in Bangkok population are lower than

the previous studies, there is a need for conlinuous monitoring of lead exposure and its chronic

effects in the population. Bull chi.n8 Mai A$o{ Med sd too2. s6: 8e-ee.

Key word : Lead exposure

' Division of Clinical Pharmacology and Toxicology, Department of Medicino, Faculty of Medicine, Ramathabodi

Hospital, Mahidol University.

" Fesearch Cent€r , Faculty ot Medicine, Ramathibodi Hospital. Mahidol Universitu.



Bull chi.nt Mai Asso( Med sci VoL 36, No 2 Mry ,ool

un6'odo: :cffuncffrlut6ootuovtllaaracto.tfl uiln6fi'k'kifrlrYafiuar:ncffr

6usrur fiirlfrs*, cil rrilo?tu*, iriu aurrlga't, fitv flilhtta,**

ilmnouo

israrJ:ga'rri: rdof,nur:rniuorrn-r'lu16anun:ilaa.rrtoroudtuldtir'.trud-ra-atiuar:ntrirun"f,ntn

inGnato,cmn orq nr:4uqni nr:dluoanaaad uacfloasyr't'tri'tunrrftu[ac{'tntJfifioio:crtt"u

n3n?tut1\tn1u

iaquo;iinr:: r"nun"ridu16oorunailadrr: {nlndtdrnioria graphite furnance atomic absorption

spectrophotometry rirta'::roiuowrirlurlaarr::rtr':rflufi il':tjto.'tniiltolnirofi fi u

Hanr:f,nur: ndldnuriruru 320 nu rvrFltrlu 172 Ru rrallnfl fi': t +e nu ata:*t'j'to t z-ss fl

nu'jr rirroder!n:drurdu.'rruurrn:5ruzo.'t'iro"uorrridu16oorun:ilddmc virniu s.sslz.st llln:nil
4o?6or: uac 10.3517.50 hln:nirlniltarnirafiiiu nrl6roiu nratrgfiFirrodu:ctiuncn-tlut6aFr

(6.1812.s6lilIn'rniuoi6on) q.:n'lrwrnut!.r (4.8312.26lilln'rniuorfi6nr1 aejrrfiriafirn"rg 1p.o.os1

d,ror:ldrlriudor:rqviuluilaam" {{rrcr : s.ze+o.os uru {u{'r : 11.s9+8.20 llln:nir.r/nirta'r

nirafiiu, orrtlfrro.-u, p<o.os) hjviun?rrua'ln-ud'icfi'jr.in.r,firdrotot"t-uorcfi2ht6aoua:Jaamc
- J tr A L a J I I . a - Jq a , dr 

'nualunrl'uJflLl u0nalnunariflnu'ln1Fl!'rgvl6uu lunln tra1 rllnunln?tulnanenn?'lna TlltJ

arur.riunvlildlrudr ro.ss+z.eg \az 6.41+2.44 llln:n:"rnoti n:. 5.39a2.45 \az s.22jz.4c

llln:niilnoi6n:, orrl6roriu; n4rudfi:rdd'riar6au4rdqo firitods:cn"uor:rirlurdoodrdqo uol

hjyiu n':rru uorn drl'[uilaarrc

apJ: nr:6nurdlruuurlrirzarnr:aoa'rro.r:"o-uor"ridurdaoua:r1aamc?o.onulunornltnrtlrunr

rdonjisurfiauriunr:finr*rdldilrul'r otiril:fiorrnnt:rflt'i"1"':unca:cilfn6'!fiEto.iar:n"n"tlflu

r4o,:trrir-u unsdarfinr:drrriunr:odrroiordar rdarlolniuo"uor:rado*fiorduoioqtn'ln rrrsr:rnaia

ntt$ nutl0{ ll|ll 2646: 96: 80-99.

drrria : fiuar:owrir

' nrjrarn{tirtnndfinua:fivivrar, nrnitrara:nrani aru:uruanrani l:,tfisrura:rur.g!n', rfirinurag

rfiaa

" irrinmlio'u no;unn aRr anf I':rn urura:rrr6ufi , !fl rirsra"u!fi nn

m



2r:m'tniiinn tnndrio.thJ

Introduction

Environmental pollution occurs wodd de,

including Thailand as a result of rapid indus-

trial and economic dev€lopment. Th€ adverse

health effects from heavy metals were rebort€d

widefy. Lead toxicity was one of the major healy

metal poisoning in Thailand.

In general population (non-occupation_

ally exposur€s), several sources of lead have

been identified such as lead paints, traftfic

exhaust ,umes, atmospheric emission in

industrial area, soil and foods. The principal

routes of absorption are contaminated food via

gastroinlestina I tract and inhalation of

tetramethyl lead in gasolinel-3. The level of

lead in gasoline was declined from O.4S mg/L

in 1983 to 0.15 mgA during 1990-1991., leading

to lowing lead concentration in ambient air to <
'I pdm". The decrease in exposure to tead

from inhalation and ingestion of food contami-

nated by atmospheric lead deposition were

reflected in falls of mean blood lead levels ob_

served in several population studiess-7.

Lead is toxic to several organ, including

lhe nervous, hematopoietic, renal, endocrine

and skeletal systems. The lead toxicity

d€pends on the age of subject and the

quantity of the doses-e. The concentrations of

lead in blood and urine have been widely used

as an index of body burden of lead, diagnostic

criteria of lead toxication and/or estimation of

degree of exposure in epidemiological field and

laboratory studies of lead toxicityl-3'8,r. Most

studies in Thailand have only reported blood

flii ss lrJuii r qrnrrlr ,r.b

lead concentration'*tt. One roport describ€d

data on blood lead levels in normat (5.54 pg/-

dL) and risk group (7.60 trg/dL), and found the

difference of lead levels in these groups't. Only

a few researches studied both in blood and

urine lead in general populationls. Ther€fore,

the aim of this study is to report blood and

urine lead concentrations in non-exposed

people and study the eftects of sex, age,

cigarette smoking , alcohol consumption and

socioeconomic variables on lead levels. These

results will be used for the background data

and for further monitoring lead levels in

generat peopte, especially who live in

Bangkok and metropolitan area.

Materials and Methods

Three-hundred and twenty healthy

subJect, aged 17-55 years, participated in the

present study. All of them have normal renal

function and non-occupationally exposed to

lead. Al the time of th€ sludy, lhey were

interviewed about occupational and health

profiles. Ten milliter of blood were collected

and determined for hematocrit, urea nitrogen,

creatinine and lead whereas 20 ml of urine

samples were analyzed for lead, urinary

analysis, and creatinine (by the method of

Bauer JA'5).

Lead concenlration in whole blood, urine

and quality-control specimens were analyzed

by Zeeman graphite furnance atomic absorp-

tion spectrometer. Lead was measured at 293.3

nm by standard addition method. Certified
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atomic absorotion standard of lead was

obtained from E. Merk, Darmstadt. Standard

of low concentrations wore freshly prepared by

serial dilution with 20olo(w/v) nitric acid.

Bio-Rad lymphocheck and Seronorm trace

elements whole blood and urine conlrols were

performed for quailty control of lead

determinations. Diammonium hydrogen

phosphate was used as matrix modifier. Other

analytical conditions and procedures were as

previous describ€d't't. Urinary lead excrelion

was €xpr€ssed per gram creatinine excretion.

Statistical Analysis

The results were Dresented as mean

Table 1. Characteristics of the subj€cts (Mean t SD, %)

vol s5, Na r Mrt toog

tSD. Difterencos betwe€n means were

analyzed by l-test and the analysis of

variance. Significant differences ot various

paramelers were accepted at p-value of lsss

than 0.05.

Results

Three-hundr€d and twenty non-exposed

subjects in this study consisled of 172-male

and lzlS-lemale, and av€rage age of each

group were 31 and 32 ysars, respectively.

G6n€ral characteristics were shown in

Table 1. The meaniSD of blood lead level in

all subjects was 5.5512.51 pg/dl with a range

of 1 .86-17.85 pg/dL. The mean urine l€ad was

Male Female

Age,year

Body weight, kg

Height,cm

Systolic blood pressure, mmHg
Diastolic blood pressure, mmHg

Hematocrit, 7o

Blood lead, pg/dL

Urine lead, , pdSor
Educational level, 7o

Matayomsuksa or lower

Colleg€ of Occupation

Bachelor or higher

Occupation,7o

Student

Government official

Private ofticial
lncome/month,7o

< 5,000 Baht

5,000-20,000 Baht

20,001-40,000 Baht

>40,000 Baht

3119
72.91€.0

168.915.8

123.1113.8

79.213.0

46.513.5

6.1812.56

9.22rtr.63

43.5

28.2

28.3

45.9

4.1

50.0

18.5

34.0

40.0

32i8
74.*10.7
157.314.8

116.5t15.0
74.1+10.7

39.713.8
4.83d2..26

1 1.59t8.20

31.0
25.0

40.0

9.5

4.7

85.8

14.7

38.0

25.3

22.0
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10.3517.50 pg/gor (range 0.77-06.S0 ttg/goO.
Mal€ had significantly higher blood lead level

than female (6.1812.56 vs 4.8312.26 Fg/dL,

p<0.05) but urine lead valu€s were lower (9.22f

6.63 vs 1 1.59+8.20 tlg/gor, p<O.OS). Atl

subjects were divided into four groups

Table 2. Blood and urine lead levels in different aged group (MeanlSD)

flfi so oriuii r qur u 2b.b

according to ag€. Subjects with aged 31-40

year had the high€st level which was signifi-

cantly higher blood lead level than group of

21-30 and 41-55 years whil€ there was no

statistical ditference in urine lead between all

aged groups. (Table 2)

Age range (year) Number Blood lead, pg/dl Urine lead, pg/gor

17 -20

21-30

31-40

41-55

All aged

39

102

133

45

319

5.40!2.40

5.1312.37"

6.06t2.77

5.15+2.16"

5.5512.51

9.1016.99

10.46+7.84

11.14!7.76

9.0e16.17

10.35t7.50

' significant difforent when compared lo a group of ags 31_40 ysar, p<0.05.

It was found that some significant

ditferences of blood and urine lead levels

between ago groups in male, but not in

female. In the same range of age group of

male and female, there were significant

difference of blood lead values obs€rved only

in aged 31-40 and 41 -SS year and urine lead

levels in aged 17-20 and 21_30 year
(Tabl€ 3).

The influence of cigarett€ smoking,

alcohol consumption and socioeconomic

variables on blood and urine l€ad levels were

roported in Table 4. Ther€ were significant

difterenc€s in blood lead levels botw€en male

with and without cigar€tte smoking (6.35f2.69

vs 5.39+2.45p9/dl, p<0.0S) and having

alcohol intak€ (6.41+2,44 vs 5.22X2.46

pg/dL, p<0.05). Urine lead levels were found

no statistical differences on these variables.

There was 18olo of smoking group who were

alcohol drinkers whereas 29.6% of those

having alcohol intake were cigarette smokers.

Subjocts with both smoking and drinking

(20 cas€s) had btood tead tevet (6.4O12.98

pg/dL) as nearly the same level as only smoker

or drinker (6.35t2.69 and 6.41+2.44 pg/dL).

Education and income were considered

as affecting tactors on lead levols in this study

population. The result showed no correlation

betweon both of blood and urine lead levels
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Table s. Lead concentration in blood and urine of male and female subjects (MoantsD)

Age range (yeaO Numb€r Female NumberMale

Blood lead

oddL)

Urine lead

01dsc0

17 -20

21-n

31-40

41 -55

All aged

't7 -20

21 -30

31-40

41-55

All aged

5.3t1.77

5.2C!2.06

7.0312.85'"b

6.5812.33to

6.1812.56',

7.8315.89'

8.4516.12'

10.7t7.48"

7.94t4.61

9.2216.63

s.6712.88

s.0612.62

4.8012.09

4.1 1t1.29

4.A39.26

13.32+8.99

12.19!8.74

1 1.6518.13

9.6716.98

1 1.5918.20

30

47

47

19

171

o

55

RA

26

148

9

58

.tu

47

47

19

171

zo

148

" significant different when compared to a group of age 17-20 year, p <0.05

b significant ditfersnt when compar€d to a group of aga 21-30 year, p<0.05

significant ditferent when compared to a lomale subiects, p<0.05

among different €ducational l€vels whereas

there was a significant drfference in blood lead

b€twssn the groups of lower (20,001-40,000

Bahvmonth) and high€r income (>40,000 BahV

month) (5.9812.80 vs 4.96d2.37 pg/dL, p<0.05).

Discussion

Blood lead is widely regarded as the most

available indicator ot rec€nt exposure to lead

and it is thus appropiated lor use in studies of

the r€lative importance of the l€ad to which

people are currently exposed to ditferent

sources from the environment.

Blood lead of subjects in this study was

5.5012.51 lrg/dL. lt was comparable to data

on the blood lead concentrations of adults in

oth€rs countriss; e,g. in Denmark, the median

blood lead of non-exposed people was 7.50

pgy'd'e and in Taiwanese gen€ral population

was 6.50 lrg/dL4. Healthy Thai populalion in

Bangkok (b€twe€n 1994-1995) had ths mean

blood lead lev6l of 7.1 1 pg/dlt3. Currently,

Sansrimahachai at a/." presented the average

blood l€ad levels in general people and traffic

policemon wer€ 5.9 and 7.60 pg/dl, resp€c-

tivoly. The downward trend in blood l6ad l€vel

94
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Table l. Lead in blood and urine

ilfi sc ofli r trqrnir 15{6

-related to various variables (MeantSD).

Number Blood lead

0r.ddL)

Urine lead

(trdsc0

Living location :

Bangkok

Bangkok metropolitance area

Smoking habit' :

Non-smoking

Cigarette smoking

Alcohol consumption, :

Non-drinking

Alcohol-drinking

Educational level :

Matayomsuksa or lower

College of Occupation

Bachelor or higher

hcome/month :

< 5,000 Baht

5,000-20,000 Baht

20,001-40,000 Bahr

>40,000 Baht

ltJ

106

116

55

c.c /=2.b5

5.5b2.43

5.3912.45

6.3512.69"

5.2b2.46

6.41+2.44b

5.6812.39

5.5512.50

5.44-+2.66

5.20!2.64

5.69t2.46

5.9812.80

4.96t2.37"

10.00t7.60

1 1 .06+7.28

10.59t7.83

9.3215.73

10.61+8.02

9.6445.81

10.18+7.85

'11.23+7.19

9.89+7.34

10.2b7.60

11.4818.05

10.35+7.01

9.46!7.46

a1

dv

120

91

107

46

100

on

41

analyzed only in male group.

" Significant ditference when compareo ro a non_smoking group, p<O.OS.
b 

Significant ditfersnce when compared to a non ddnking group, p<O.Os

' Significant difference when compared to a group ol income 2O,OO1_4O,OOO Bahvmonth, 0<0.05

could b€ explained by three factors : an

increased public awareness of lead sources

and lead toxicity, a decreasing amount of lead

in food and a reduction in the gasoline

conlenl.

Lead is eliminated mainly through urine

(75-80%) and to a lesser eritent (probably about

15%) by gastrointestinat excretion. Other routes

(hair, nails, sweat) account for less than g7o,,as.

It was mentioned that urine lead concentralion
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was more reliable indicator of exposure to

organic lead (tetraethyl lead in gasoline) than

blood lead level''. In this study, lhe mean

urinary output of lead per gram creatinine was

10.35 +7.50 pg in all subjects, 9.2216.63 [g
in male and 11.59t8.20 pg in female. There

was statistical difference in urine lead levcl

between male and female. Studying in

Belgium, urinary lead excretion of middle aged

people (with no occupational exposure) was

14pgtg)f'z, in unexposed ltalian workers was

29 +9124 hl3 whereas in Czehoslovakia an

average urine lead of 52 pg/L was foundtn. In

addition, Staessen, et a1.,25 reported the

dilference of urinary lead between sex (6.69

pg/gor in male and 6.0 pg/gor in female) as

well as in blood lead concentration due to the

higher exposure to lead in male than in

female. Data of urine lead concentration in

general Thai people is limited. A study by

Wananukul el alls showed the mean of urine

lead level in male healthy subjects of 11.11+

6.72 lLglg't . In case of different urine lead

levels between male and female subjects, we

noted that it was difficult to delermine a

biological explanation for this difference which

might resulted from diurnal variation, degree of

environmental exposure or food consumption.

In this study, we used the creatinine value for

controlling or decreasing the effect of diurnal

variation in each subiect and for the influenc€

of environmental exposure by d€tailed of pasv

current occuoations and inhabitant area

presented in questionnaire.

VoL s5. Nc 2 May zooz

Many spidemiological observations have

reported a relationship between lead exposure

and ageuu'"t. Lead accumulation in body has

been increased with age. In this study, there

were no association between increasing of lead

levels and age (Table 2). Comparison

betwe€n sex with four aged group, the results

showed some significant dttferences which is

comparable to the study in Germanfo. Age

has some influences on lead level for not

withstanding the consistency higher lead

concentration in men Oable 4). In addition'

differences in blood and urine lead levels

observed between populataon groups may

rellect different degree of lead exposure,

variation in lead absorption or in the metabolic

resoonse to l€ad or a combination of these

factors.

The association between blood and urine

lead levels and the demographic variables were

observed in this study. Urban population were

recognized as being at risk for excessive

exposure to lead. Bangkok has problems of

pollution by heaw metals. Pavittranon" reported

higher blood lead concentration of people in

Bangkok than in other provinces and the other

study in Lumphun province was 3.70 pg/dL

(range 1.4-8.2 lrg/dL)''z. But in this study, people

living in Bangkok and surrounding ar€a of

Bangkok have no ditference in blood and urine

lead levels.

Oth€r published reports revealed effects

of cigBrette smoking and alcohol consumption

on blood lead level2s28. we analyzed these
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effebts only in mat€ since all f€male studied

were neithsr sroking nor drinking alcohol. As

exp€cted, smoking male had significanty higher

blood lead concentration than non-smokers but

this differenc€ was not found in urinary l€ad

excretion. Increasing lead levels in smokers is

du€ lo lead in cigarette providing an additional

source of lead exposure. Smoking raises

hematocrit values and may depress lung clear_

ance mechanism; making higher capacity of

blood for carrying lead 2e26. ln addition, there

was statistically increased blood lead in male

having alcohol intake than those of non_drink_

ers. tt was possible that alcohol consumption

tended to affecl lead accumulation and excre_

tion4'$.

The income and educational factors were

mentioned thal high jncome and educational

people should have lower lead exposure

because of less €xposure due to better
environmenl'-ze. In this repon, the highest

income subiects had lowest btood tead l6vel

and significanty different from the group of lower

income 20,001-40,OOO Bath/month. There was

no statistical correlation in leao concentration

and educalional levels.

From our study, blood and urine l€ad

levels in non-exposed population tendecl to be

tower than ths past and both levels wer€ in
acceptable range. However, the awareness of
l6ad toxicity must be realized in ord€r to
prevent actv€rs€ health €ffscts among Thai
population. Furth€r study should concern in
affecting factors on lead levels (sex, age,

fli so oriuii r rqrnrx 2616

cigaretle smoking and alcohol consumption).
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