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A Comparison of Gases and Heavy Metals in Blood between
Urban and Rural Teenager

Sang-Sook Lee, M.P.H. and Doo-Hie Kim, M.D., Ph.D.

Graduate School of Public Health, Kyungpook National University,
Taegu, " Korea

This paper is carried out to determine the venous blood gas components and heavy metals,
such as lead, cadmium and copper, in blood between urban and rural teenager. The subjects

were 34 in urban, Taegu city and 37 in rural, Euisung-Gun. But smokers were excluded.

The specimens were sampled in May, 1985.

The heavy metals were analyzed by atomic absorption spectrophotometry (IL. 551) and
carboxy-Hb, Met-Hb, Hb, O, and CO,, blood gas analyzer (IL. 1301) and CO-oximeter (IL.

282).

In urban group, PO, and O,-Hb were significantly lower than in rural (p<0.01, p<0.03,
respectively), and HCO;~ and TCO, were significantly higher than in rural (p<0.01, p<

0.01, respectively),

CO-Hb concentration was rather higher in the rural group than the urban (p<0.03),
other Met-Hb was higher in urban group than in the rural (p<{0.01).
Lead and cadmium were also significantly higher in the urban group (p<{0.03, p<<0.02,

respectively).
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#gee TR 15del 4 BT X S 38 F A
Y& g o, HREECR BRHR JMIET

7 Rk B4 73R sgiet. viut WEEE BRI

9t 291 RBE #EES 0#S Heparino)
AeR UnE FA12 A SEEA smlA i
mstgoH, B =R S =] $1s8 Silicon
2.2 upby B& Abnbeba, GEi(icebox) R e
ERES Hgsty

I AE (pH), o] Akstet4RH(PCO,), Ak R4k
(PO,), ZErAL o] &(HCO;™), & o] 43tek 4 (TCOy),
g 44 (Hb), Oxyhemoglobin(0,-Hb), Carboxyhe-
moglobin(CO-Hb), Methemoglobin(Met-Hb) R A
4 (Vol% 0,) &8¢ CO-Oximeter(IL. 282) 7} M52
W7t& 43 (blood gas analyzer, IL. 1301) E 4047
st BB R(Pb)e] 442 Instrumentation
Laboratory(IL)it A} E£¢] Deuterium background
corrector & Zt& Pk EIE)6HE (flameless furna-
nce atomizer, IL. 655) 8, s}=E(Cd) 2 $#H(Cu)<
B¥% EF ®/B¥ KEHF(flame atomic absorption
spectrophotometer) & 447 o},

Pb o Z#7 @8-& 1L k] ek JEk'Pel w2} Fig.
15} el A 3=, Cd & Cud 347 53 £ Lud-
milla'»8] Jigkol| #este] Fig. 29} Zo| ety
el 3 iR S A-2 Table 13} el

. B #®

WE B FEY Hc Table 29F o} #w
S} el BEshe BAR 2% 1987 SH3 soket.
M7tz s)l Q| 2E2ule] &S Table 35} o] pH
g PCO= #iEtE B4R BREMS BAEz
R 2R dgla, ¢z Voly O,: fNEME
BBAERe] AL BERHLT th BV, HEtE
o2 FET £+ g '
PO,= BH EB4ftl A 29.34+7.37 mmHg = #1ly
BAEFES 24.04£7.99 mmHg B} F9ko o (p<0.01),
gl HCO; 9} Hb-& #ii/EE AR #7
28.01+1.58 mM/L, 14.80+1.63g/dl & MEfffE(E &2
AR 26.48F1.55mM/L, 13.72+1.47¢g/dl e} &

skl (Z7+ p<0.01, p<0.01).
TCO,, O,-Hb, CO-Hb © Met-Hb o ZFiy 4BL

Blood (25 pl)

Triton X-100 0.1%
l Solution 600 ¢l

Mix (625 1)
«Take up 2541
Insert graphit microboat on hot plate

Dry

Insert furnace cuvette by boat holder

|

Flameless atomic absorption spectrophotometer

Fig. 1. Schematic diagram for flameless analysis
of lead in whole blood.

Blood (4 ml)

Triton X-100/APDC(5%
«Triton X-100+2%
APDC) 1ml

Mixer by Vortex mixer

| Water-saturated MIBK
-
| “4ml
Mix over 10 minutes period

Centrifuge for 3 minutes at 3,000 r.p.m.
Organic phase

Flame atomic absorption spectorphotometer

Fig. 2. Schematic diagram for analysis of cadm-
ium and copper in whole blood.

Table 48} 7}, TCO.o} Met-Hb & #7F EB4:Foll 4]
2tz 29.66+1. 69 mmHg, 0.36+0.24% 2 £ B4
z£s] 28.2-41.64 mmHg, 0.150.19% 8t E3k2(F
2+, p<0.01, p<0.01), O;~Hb s} CO-Hb-& #Eif B
@A b 48.30415.23%, 1.82+0.36% 2 il
B2 BES) 39,48--18.19%, 1.62:10.39% 2t Eoket (4
7+, p<0.03, p<0.01).

B #iRe) =& M Pbsl Cd & Cudl ¥ &
Fo Table 591 Zv}. Pbx} Cdg #H LA
247 0.14240.084 ppm, 0.029710.007 ppm 2.2 A
BAEFES] (,099-H0. 082 ppm, 0.0252-0.006 ppm Xr}
¥ood (F4, p<0.03, p<0.02), Cut #ii B4
Boll A 1.43740.333 ppm O R B4R 1,392+
0.131ppm 2o} & =¢tovt HiFHEHeE FED
Ze dglch
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Table 1. Analytical condition of flameless and flame atomic absorption spectrophotometry

Metal
Pb Cd Cu
Condition
Wave Length(nm) 283.3 228.8 347.7
Lamp Current(mA) | 5 5 5
Purge gas Argon(30 mL/min)
Integration time 8 sec.
Analysis mode DB. A-Bkg DB. A-Bkg DB. A-Bkg
Readout mode P/H Auto Auto
Temperature program Dry at 400°C for 25 sec.
Ash at 650°C for 25 sec.
Atomize at 1,900°C for 10 sec.
Air pressure(psig) 40 40
Air flow rate(SCFH) i 13 13
Acetylene pressure(psig) 15 15
Acetylene flow rate(SCFH) 4 4
Table 2, Age distribution of subjects studied
Urban Rural Total
Age(yrs.)
No % No % No %
17 — — 5 13.5 5 7.0
18 10 20.4 13 35.1 23 32.4
19 20 58.8 15 40.5 35 49.3
20 4 11.8 4 10.8 8 11.3
Total 34 100.0 37 100.0 71 100.0

Table 3. Comparision of venous blood gases and hemoglobin in urban and rural teenager

Urban Rural
Significance
Mean-+S.D. Mean+S.D.
pH 7.30710. 021 7.29740.030 N.S.
PCO,(mmHg) 55.26714. 89 53,83714.68 N.S.
PO,(mmHg) 24,04£7.99 29.34+7,37 p<0.01
HCO;~(mM/L) 28.01%1.58 26.48+1.55 p<0.01
0:(Vol2) 7.8413.76 9.2713.06 N.S.
Hb(g/dL) 14.80+1.63 13.72+£1.47 ' p<0.01

N.S.: Not significant

I Pb ¢} &&=t CO-Hb, Met-Hb 2 pH 2le] 4 i g AR BEEEY b 58 4879
FAtE-e Table 63 7o) #i BhiiR BEBEE ohite] #EBALE-e Table 73+ e}, Pbst Cde &gt
3 MRkl glgich W, BRI EEE A7 r=0.599, r=0,52224 #

— 131 —



able 4, Comparison of total carbondioxide, oxyhemoglobin, carboxy-hemoglobin and other methemo-
globin concentration of teenager in urban and rural area

Urban Rural
Significance
Mean—+S.D. Mean-+S.D.
TCO,(mmHg) 29.661-1. 69 28.1214- 1.64 p<0. 01
0,-Hb(%) 39.48+18.19 48.30+15.23 p<0.03
CO-Hb(%) 1.62E 0.39 1.82+ 0.36 p<0.03
Met-Hb(%) 0.36+ 0.24 0.15+ 0.19 p<0.01

Table 5. Comparison of blood levels of lead, cad-
mium and copper between urban and ru-
ral residents

Table 7. Correlation matrix between heavy metals
in urban and rural residents

unit: ppm Area Pb Cd Cu
Urban Rural Signifi- Urban Pb 1. 000
Mean+S.D.  Mean+S.D, @1 Cd 0. 599** 1.000
Cu 0.022 —0.010 1.000
Pb 0.142-0. 084 0.099-+0. 082 p<0. 03
Cd 0.02920. 007 0.02540. 006 p<0.02 Rural Pb 1. 000
Cu 1.43740.333 1.39240. 131 N.S. Cd 0. 522** 1. 000
N.S.: Not significant Cu 0.117 0.052 1.000
**p<0.01

Table 6. Correlation coefficient of lead content in

blood with CO-Hb, Met-Hb and pH

Pb
Urban Rural
CO-Hb 0.142 —0.175
Met-Hb 0.087 0.001
pH 0.018 —0.067

HEgye 2 FEY MEMFAT k(47 p<0.01,

p<0.01).

V. % 2

Anel #in, EXb R Bk HEoz ARYH
Aol 3% BEES MK HEIAE ZE Wk
v, RS BRI BT B K 5 BEe
Rl Btstsl Bt BB Hidboleln 44
= ek HEW JEER digelet dAAE —1 &
MHRERE HROR stgon ok BEGHH &
3 B8-S Mo 8s mES KRl e EHx B4
st 7 Bfebeh A—#E Ad EES HHow mE

ARG ik BB S sl BEER
o 3 S o SEERY Sfid 48 RES RE
HRES @S B BRshe

BfiEa BAHS BAEE BERY %t 42
s meE S8 Biknd AHE #HRAY HGE B
¥R oze B gdo, MBS KEERE W
stelel A= KEBHRES R Esldtn g
AR B BAHAA BREE B4R
Zebile] & (HCOHRE M ARESIA ko, ol4kst
B BH(PCOH L HEHLE FED £+ gt
Wi BAEHEANA AAZ A dEpytos, AP
(PO & K2 BAFRMIRAA FEA A bt
oA ARG FREES Rudcte 4A4sch

BIRME 24 F51984)12] gigel PO, 27.6+
1.36 mmHg, PCO, 52,24-0.81 mmHg, HCOs~ 28.1
+0.23mM/L £ & J\{EY R vlxd HEDS
o, 85 (1983)128 PO, 20.8+1.22 mmHg ¥el: c}
& =2 BEg o), PCO HCOy & 7 52,2+
0.80 mmHg, 27.740.29mM/L 24 X ZApRiEs
A2l Fraskgch

MRS MR B4 14.80+1.63 g/dl
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E ARG 13.72+1.47g/d1 ¥} BESA A

Jehd HES iR BERS SERET RMe

B BEREe 9 A HENLR dEFL et
3z A7

#itigel A TCO7t Al Vbt A= .Og-Hb o}
A Ebd AL EHTIRS FHel o Aol obd
7} A==, Met-Hbeo] #miRel A =A vebd A
o IR HRESR —t EXNO0)S Met-Hb
AR I e ZlQlatths RESS o B A
e AR

CO-Hb-& CO 7t&7} <ol Seo]7} Hemoglobin
3 HEAT AoE mES MR BZS fRsd H
fasl BESURE, BTRES deose, $elvetd kKEH
—EfbEE B E®e AR FBEs 8ppm o] 3,
8A 7 FigfEe] A 20ppm & HelAE abslH, o
e ] 33]o] 4 BHEAAE dEE ALE He
Qop®, FHHHA gL KEFY —~BLRIRBE:
0.025~1ppm Qle] e, EE REH HHE AF
HHZ 92 wellE BEHEE ST Ak dvuR
e don 2820 A 847 BEY 0.1%
SAREEMEF 10~40ppm o] X $2]vhele] 7% 84
7k MBS 0.1%fEx 7HE %2 A% AlgEe &5
ppm, HA4ke] 10ppm =)=k, A28 FFLEHE 18 ppm
ol ejZam 9ol AEe —ELRE FHfiel ghel HRE
e ARBREHL 2L Kigd pAs
g 2-g o 5 eb®,

v B Bggel A i CO-Hb o) Hol HiiiR
B Sanich BNBREE BaBdA A4 deb
W AAe] EHAS. o KAHRA oW pERd
L o) MR BEERS REEEA Jde A
o2 AAAT. &, AN FTOE MK AL BE
R Hik 344 @R E HRA AT
HeEE 7o 2 EHRTeEd HERENE dubtEst &
HE 4 gk Xl REKESR 93 d2s W
£ A, BELRE COALrt &8 FE & JddPE
oA SRR B B4R 4 CO-Hb &80 A v
Bl Faht Hele) Hh.

e AR fFrste gFlkd kil BEP
o dE Fiise] gt AR HiEE AR
o fEEe B, fRbke A 2 XE BRE B
7+ glo= Kehoe 529 $3¢] F HWEL F#H 0.33
mg/day 2} #i&kstgdel. -2 Mgk FHEEE 64
Bies =, B B9 30+-10%EE MiE S A
Bl AER. FHEES 5% BkE F BRE

5~10%73 Eol =, Mol 95%7F kel #Eas o]
9).“/}5'—- 3‘1_1%_18).

B A WERRF Y WRBFARHKE 39
HuaH, #ES e st Bhitsich. 8R4
B RS el #Eslel Wk, WELE &
Ad e HEES S5ld mKSE Sost B
o2 o] Mgl glA = =820, Hirchler (1964)%
= BmE 53, HoHY XEE BEHEY Pt
SER e &3t BRIz ddn Jod EEY
Sterling (1964)22] #Ed oaid Hme HRER
KEERY FRETEe 0.0018 mg, 14 0.0432 mg 9
e AR givl. Henberg(1979)20= WHO #
LA g BEE HA wHol ALz &= EEH
8 A.C.G.IL.H. (American conference of governmn-
etal industrial hygiene)?] FHAFKIE(E R} & &
Al A E Aol BEES Vebd F dleln EET
vzl WHO A+ &4 RS $HRES Fraiiqd
0.15mg/m®*& 0.05mg/m3e 2 WAt AEsHEY
2& A B gk

B Fgeel Al EHIE B A M fhEol 0.142
+0.084 ppm & = EifHuiERe] 0.0994-0.082 ppm Hr}
HESA A vebd AL BRER 20 kR
A BEHET grbxw 3 Philip(1973)2¢8 #fiE=
—Fae.  ES(1982)9 0.2640.18 pg/ml, F
(1981)72] 0.238+0.103 pg/ml &} AiffER o= G,
BHR RS A42E & £50198D%9 21~30
B2l 0.055+0.076 pg/ml Brps =2 BIEES JEb
Welsh olaldr ERE OWLE BHE 2 s BH
o whel A = 9= Aejzlt A

FEES B FRWERA Al BEE 4o
L REMC FE BESESY 2 g glen,
KRS 72 AL BENE AESA (FHH
R A RE: WEE, BHER. S0k, %%
T, MubEse BE FEd BESE s A s
g}230 Yokohashi(1974)%¢) &15l=l BAAS] 9o}
A —RERY JtEE BHES HES 2d A K
H, X%, FW%5L B89 Aol 50~60pg/day
8 JlEbEg FEET ol F 3~4 ug/day o] BA B
At b, Lewis(1982)%d {£3t" 30~60 pg/
dayo] 8ol ETole} 3pg/dayel gl Eis e
40~B0%E 4¥ESE Fako] 30mgeo] HA A= #
Halx v+t »

B HEEAA M JFER BET iR BAR
A 0.029-+0.007 ppm o] =, EFfHUIR BAFLE 0,025
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+0.006 ppm 224, WELEe HWHEoR ST
Kubota(1968)3”2] 0,05 pg/ml, Friberg(1950)#¢]
0.05 zg/ml, Yun £3¢] 0,06 #g/ml, Imbus 5 (1963)
®e] 0,075 #g/ml, Bowen(1963)4¢} 0,085 pg/ml 2.
ohi whok o) AR5 (1983)94 0.03 xg/ml, 2 5-(1982)
¢} 0,031 pg/ml o= L SLG o, KT (1979)104
—BHERS HHo2Y REAE FASIE R, BN
1% EBgic] wste] BB AESA L BE
ekl RS EriuRe BHREST B ¥l s
o 4 Wavte EmE ohish, &M ALEH,
afEe] W, &% BIESY #HEW EAAEA oz
i ER de Aoz Qs

e AfEdl dolA A HLEBEFY shHEAY,
BOARH AR s Y FEstel #e Bk B
o i F4d HEste AR gz o, 2
4B (ER AL oldE 228 FTEEHA 94X
ort}l, Sternlief(1969)0% 77492l AMAA L oF
80mg & ge] EEHel Yx, KAl 1€ HEES}
=Y B F 25mgREEA ol BEHE T
i ol AL 40~70%7+ BT R Rikse Al
bumin 3} #E&std murhel BT ¥ KA s
= 4 MR BEF ¢3¢ Ceruloplasmine] Hejx
g}, Goodman(1970)*Vel] &3} 4Nl 8 BE
= el AT 1B =v ARTY W BEA o
B} @Y o] ZE R W wel £ B4
H AaBS BT AAdE BY ZRE Rojzm g
3 b, Mischel(1958)40-2 —fiyo 2 WHEAL A
EAd Hetd @Y BEA 2o, =T HifRe K

Aol Hsld BBEY $ehel 4fid = Bun
et

2 FEAA Y Fiy md BEE iR BE
#roll A 1.43710. 333 ppm, AFHIE BARS 1.392+
0.131 ppm © 24 £:(1984)*¢] ¢z} 1.23 pg/ml, B
£(1977)4¢] =} 1,33 pg/ml sk fAHslg 2}, Un-
derwood(1971)°9] (.70 pg/ml, Kubota 5-(1968)%"
¢ 0.89 pg/ml BebE EA vebEtel. o] & Mischel
(1958)#8] HEEAel WEAAE Ml g9 BET &
kg #Eek —%ska 3l

2 HENA U E HEHENY FEES do, @
i e R HHHIR EBE BARAA i A W
ehd A2 MRS BEAREL =5& RS
= Jdehictz g

mwt BEEB SEM BEHY oo ARG
i3t FIEE SRR #iFHEEdA r=0.599, i

Mg B2 r=0.5222 4 HEFHSE BFEDL HBEME
7F 9givt. ol & Bogden(1974)*& IR Y &&
of it AL Adl 4T BE Fihd-EolH, sl=
B st A AR RS AoE BUsida,
Clausen(1977)-& furhel Al $h3) vH& el MM
BfR7E olekwl, TR ABSLREA RES #R=
BEst glvh,

wepd B HENAY His EE Y FEL M
e 2 BAY Hholets FE5I ARBLEY ¥
B I HRR AAT - goH, 4AR EQWDH™
£ AN REHAA st shEFo] Al i
3 o F3 glch

(=]
AeE B

V. B #

HMAs BRAZY md 7t 8 BLE BEE
Eelestz] 9she] 198549 5Uel] AR A 156 0] 4F
B ¥ RSN 38BE B4 Uf HERS
EA HEE P AR B4 37H/S o ® Sl
viuk RIED REgo] o1& B4 23 gkekrh.

A= Heparin 2 xeld 131§ F4A712 TR
Mm-S Hmi k. mgkst== CO-Oximeter (IL. 282)
7} Hi#ES Blood Gas Analyzer(IL. 1301)E Z4r#7s)
goH, e FTb EEXE(flameless furance
atomizer, IL. 655)7F &S FEF B GES (atomic
absorption spectrophotometer, IL. 551) & 4r¥ishgl
I t=gs e Bk T Bk XEH (flame ato-
mic absorption spectrophotometer) & Z3#73} 4 th.

PO.¢} O-Hb & i FBERNA 77 29.344£7.37
mmHg, 48.30415.23% 2 #h BaE 2 294
(#7, p<0.01, p<0.03).

HCOy~ ¢} TCO, = #i BRI A 44 28.01E1.58
mM/L 29.661+1.69 mmHg = & F&EH 2o £9%
= (Z7, p<0.01, p<0.01).

CO-Hb & #wiEMaER 2ol BN BHEd4 1.82+
0.36% 2 ¥+ (p<0.03).

Met-Hb & #7 FERANA 0.3610.24% 2 BF
BHRY Y #9ko (p<0.01).

i EERES mF #9 JlER a8 A7 0.142
+0.084 ppm, 0.029--0.007 ppm 2.2 & JEER]
0.099-+0. 082 ppm, 0.025+0.006 ppm B} =3keH(F
7+, p<0.03, p<0.02).

ol AHY] MERE Mol i BEEKe AT HEY
F/FEER Q3 ARFHRY FES ZA vz dHE
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