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The Monitoring of Heavy Metals in Human
Bloods of Middle School Students
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ABSTRACT - This study was conducted to estimate the contents of heavy metals including lead, cadmium, zinc,
copper as well as iron status(serum iron, total iron binding capacity, ferritin etc)in blood samples of middle school
students(n=300). The contents of heavy metals were determined using the GF-AAS (Graphite Furnace Atomic
Absorption Spectrophotometer). The microwave digestion method and dilution method were compared. The dilution
method showed the better recovery and detection limit than microwave digestion method. The values of toxic metals
in whloe blood of boys & girls were 3.46 & 3.05 for Pb, 0.063 & 0.065 for Cd respectively (ug/dL). Also the values
of trace metals in serum of boys & girls were 105.9 & 92.6 for Zn, 98.3 & 99.0 for Cu respectively (ug/dL). The
prevalence of iron deficiency was 7.5% in 146 boys and 14.3% in 156 girls. The mean values of lead in girls were
higher in iron deficiency, iron deficiency anemia and anemia groups than normal group. The mean values of lead
and zinc were higher in boys compared to those in girls(P<0.05), the mean values of cadmium and copper in boys
were similar to those in girls. Our results of toxic metals such as Pb & Cd showed lower to CDC's(Centers for
Disease Control) blood lead levels of concern for children, 10 ug/dL.
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SO Q7] Wl thoE FIEUT L A
B A7 wA gou, £9 2343 Ao el
B9 AT MES Aol AIA 2EAS oz

o

S5 olde] Aloke A2, Triton X-1002 Sigmadl|
Al st ARR-3IGATE. 71718R1S 1§t Certified Reference
Material CRM)2. = Seronorm(Osio, Norway), Bio-rad(Cali-
fornia, USAPIA FUslEe™, 7+ 94 modifiers Perkin
Elmero| ] 7dste] A8t

AlefzA B A AMEE RE 2ATE 20% it
o 24X B2 ¥ 257 FHTE A8 AH] AN

sk,

2} FE8Y
zZt Fa&e ZFEHLe EFYY (Waco Pure Chemical
A Fieol| whA| F435}]

T TEE U g AR UF JAWY Fael B3] AMSET
Jade] 8% ¢ § 8% w7 UE dre vE :
St EG NP Gholr] % AR clolo] ol w4s  EEI||
T RO UEA ger)) 1 AQe FE BFEE 4 74 BA717] 2 2R
A, M 48 5L 5 5 AT UESe] JANE AT F3S 0 /WS BAG) A8 AR STl AAS
F Jddz 2aET lew, =3 dH A9 Al A g & Z Perkin Elmer Analyst 800(Model 800, Perkin Elmer,
FE 281 1w Qub D ek, B e = Co. USA, with zeeman corrector & THGA)Z ©]&3%t
S d, Y 30088 tdes o9 dE ¥ |, Jl=s, flameless WS AMEERoH, AxE] ¥ZE {5t
84 T HE, 78, ofd 5ol sl &S Y3 microwave digestion closed type(Mile stone, THaly)Z
I, @A FE5F vt 3Ed 2 WEFe] 4 ARSI
3 55 B s mrteE A VIR 285
A T Table 2. The operating condition of graphite furnace-atomic
absorption spectrophotometry
Mz o gby Metal AAS (Perkin Elmer Analyte 800)
etals
Classification Condition
AlBxE Wavelength (nm) 2833
7}, ZARA Tem;l)erature 0
. - N N pyrolysis 600
o)X A Z3= Z8kA 28k .2 Jjako = D
:;‘{‘ ]oﬂ_}]—ro}v‘ ?__1 §< 1-2% ‘300 o= ]_:H 0= T Pb atomization 2000
5 % REHAE 2ES 9 55 ArTsiieH, o Modifier PO, + Mg(NO,),
A7) e AR Table 191 VERARITH Wavelength (nm) 228.8
Temperature (°C)
BRI PAR=E pyrolysis 500
- tomization 1500
4= o, A = &
o =g, e, ok, 2 S cd Modifier PO, + Mg(NO,),
Wavelength (nm) 213.9
ok AJek @ Al Temperature (°C)
B Aol ARggt AR BF f3lEEs $XE, BEA pyrolysis 700
atomization 1800
. . . Zn Modifier Mg(NO,),
Table 1. Physical characteristics of subjects Wavelength (nm) 324.8
Variables Female(n=154) Male(n =146) Temperature (°C)
Age 13~ 14 13~14 pyrolysis 1200
Height(cm) 156.1 £ 5.4 1597+ 8.2 Cu atomization 2000
Weight(kg) 49.5+88 539+ 11.9 Modifier Pd + Mg(NO,),
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o 23l AlEe B4 A L70°CelA EEES sisle
o, Age W, =g Bl Agsd ¥ 2, o,

ofd EAe ARR-BIUT.

L EdAg HAe
1) Microwave 23

78 2 g3 7 1mlE s FE 2L microwave

digestion o]-&3le] Eajrizlon, Ba|AIZ] HE 25 ml ¥
2ZxTd $713 B2 ALl % 34 AT A

F2 ARG
microwave £412718 Table 30 Yehi%ic).

2) FAH

Z43staat o}~ F2of] Wt 02% triton-X 100 ©]
gl zZhzh A 23 Fee dXsk FFEX7PH
we} 2Fsigon, 3% 94 EENY Fx Table 4
o e,
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Aol o, =R BEAL B 3

Aol &, 72, o}

Table 3. Microwave digestion condition

Step Time (min) Temperature ("C) Microwave power

l‘_&

FFAEe HArlsld 94 FE7t HES ZAS F 74 Al
o] wet AAFele] Jeae S I v
Seronorm(Osio, Norway) 2 Bio Rad(California, USA)°l
A #oj3kE blood CRME ?‘m?ﬂ"ﬁ g, FrEgel S &
Hupa A4S Frafgon, g SEARE 3N

:
T

Ij/}- 3 o_l\.__

AEHAEM ) o)gste] FAo] HEIM hemoglobin
(Hb), hematocrit, mean corpuscular volume(MCV), mean
corpuscular hemoglobin(MCH), #&+ 2 Iadrs A

sion), @4g #ejsted A, feritin 5& AT

al, ZAA 2]

ANgzA 2 BHe nE juEo = P om, datas
JMP Software(Version 4.02)% ©184-3t9 &4 F, ANOVA
testS AL 3l HApE7rel F94E HASIAT(P<
0.05).

Zn o DE

goo| Mxj2lH|m H AYHWY HE

YodA| 52| MA]WH O 2E microwave digestion HH
witon-X 1008 °|-&3}e) P2 gl 2ol 843ie} 33
e WS HAAE oW, 1 ZZE Table 5, Table
6ol VERITH 24247 dAdL sXsle) T WOl
microwave dlgestlon PRt 23 AA00d, T8, 3, 7,
°]'°ﬂ)°ﬂ’\1 34 2 HAEIAL BT Srden, £F

RM= °]%‘°‘P°5I 18 Az hsjaygo] Akt 7

-4 SAKE AE Be] microwave digestionTHETH B ¢
53 23S Jepliich 53], 8 1H 3, 7IERY e
mj& v} 2 Al AETA 2 I5go] ¢ FLH Al
Zo] Aol J3FS Fo| Wt Td AL AFS
Joz A Bormg HHs GF-AASE S W
Hol fElstelzt Azdn

1 2 85 up to 1.0 watt

2 35 135 up to 1.0 watt

3 45 230 up to 1.0 watt Table 5. Detection limit & recovery of heavy metals in blood

4 15 230 up to 1.0 watt using microwave digestion & dilution method

Detection limit (pg/dL) Recovery (%)
Table 4. The standard calibration concentration @ (ug/dL) Metals Microwave | Dilution | Microwave | Dilution
Pb Cd Cu Zn Pb 2.5 0.1 73.8+0.56 | 101£0.33

Std1 0.5 0.5 1 1 Cd 0.25 0.01 76.9+0.79 | 105£0.04
Std2 1.0 0.75 3 3 Cu 25 0.5 782+1.02 | 100£3.05
Std3 1.5 1.0 5 5 Zn 2.5 0.02 91.2+0.49 |102.1+1.19
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Table 6. Comparision of Dilution method/ Microwave Digestion method using the CRM unit (pg/dL)
Metal Seronorm batch 1 Seronorm batch 2 Seronorm batch 3 Biorad 1
etals
_ recom mended  analyzed  recom mended analyzed recom mended analyzed recom mended analyzgd
Pb (dilution) 34 3.6 68.5 389 66.0 66.8 0.84 0.80
Pb (micro wave) (3.1-3.9) 2.7 (37.5-39.3) 28.0 (66.1-68.7) 48.7 (0.67-1.01) -
Cd (dilution) 0.07 - 0.078 0.64 0.80 1.07 1.07 0.43 0.46
Cd (micro wave)  (0.067-0.076) - (0.63-0.79) 0.51 (1.06-1.15) 0.71 (0.34-0.51) 0.30
Table 7. The trace metal concentration in whole blood and serum unit (ug/dL)
Male (n=146) Female (n = 154)
Metals
Mean Max Min Mean Max Min
Pb 3.48* 9.58 0.46 3.06 7.05 0.08
Cd 0.06 0.25 0.02 0.06 0.23 0.03
Cu 983 1547 59.5 99.1 162.1 10.8
Zn 105.9° 3314 374 92.8 239.3 21.5
Fe g 98.1 1822 23.1 93.2 254.0 17.0

*Significantly different from the normal (P<0.05).
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Table 8. Concentrations of Pb, Cd, Zn, Cu and Fe in the blood of subjects unit (pg/dL)
Male (n=146) Female (n=154)
Metals

Normal (n=125) " Anemia (n=21) Normal (n=122) Anemia (n=32)

Pb 34515 3.50£2.02 293+ 1.39 348 £ 1.66

Cd 0.06 £ 0.02 0.07 + 0.005 0.06 + 0.03 0.07 £ 0.04

Zn 106.39 £ 52.11 102.92 +48.6 92.3+429 93.59 + 8.37

Cu 97.61 + 20.68 102.27 £ 16.85 99.39+ 18.99 97.73 £ 18.52

Fe 101.17 £ 32.74 80.29 £31.17* 100.25 £32.71 65.38 £30.33*

*Significantly different from the normal (P<0.05).
Anemia: IDA or ID or Anemia

Table 9. Correlation analysis between heavy metals

Correlation coefficient

Variable
Fe Pb Cd Zn Cu
Fe 1 -0.1937 -0.0644 -0.0648 -0.1808
Pb -0.1937 1 -0.0811 0.2543 0.1108
Cd -0.0644 -0.0811 1 -0.0747 -0.081
Zn -0.0648 0.2543 -0.0747 1 0.0969
Cu -0.1808 0.1108 -0.081 0.0969 1
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