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— Abstract —
Hematological Changes and Immunological Function in Children Living

Near the Petrochemical Estate in Ulsan

Choong Ryeol Lee, Cheol In Yoo, Ji Ho Lee, Hun Lee, Yangho Kim

Department of Occupational and Environmental Medicine, College of Medicine, University of Ulsan

Objectives @ To evaluate the hematological changes and the immunological function of
children living near the petrochemical estate in Ulsan.

Methods : The study subjects comprised of 238 children who consisted of 143 children
living near the petrochemical estate and 95 children living in a suburban area. We con-
ducted the hematological examination 3 times, in April, July and October. Also we evalu-
ated the immunological function of some children in July. To confirm differences between
schools repeated measures ANOVA of generalized linear model was done controlling age
and sex as covariates.

Results : The blood cell counts of children showed differences between schools in accor-
dance with the survey month. The total WBC, neutrophil. and lymphocyte counts of chil-
dren living in a suburban area decreased in July and increased in October again, but
those of some children living near the petrochemical estate did not changed distinctly.
The RBC counts of children living in a suburban area decreased in July and increased in
October again, but those of some children living near the petrochemical estate decreased
as time passed. The changes of the amount of hemoglobin of all study subjects were simi-
lar with those of RBC. The platelet counts of all study subjects decreased in July and
increased in October again. In the generalized linear model, school was a significant inde-
pendent variable for the total WBC, RBC, and platelet counts, and sex was a significant
independent variable for the RBC counts. Age was a significant independent variable for
the lymphocyte and platelet counts. P values of all blood cell were statistically significant
in interaction variable between the survey month and school, and those of the total WBC,
neutrophil, and lymphocyte counts were statistically significant in interaction variable
between the survey month and age. The immunological function showed no significant
difference between study groups.

Conclusions : The total WBC and RBC counts which would be easily affected by
volatile organic compounds(VOCs) in the atmosphere showed differences between schools
in accordance with the survey month. This suggests that the amounts of exposure to
VOCs are different among each school children in different months. To ascertain the
hematological changes by VOCs, an additional study evaluating the concentrations of
atmosphere of VOCs and biological monitoring of some VOCs is needed.

Key Words : Volatile organic compounds, WBC, RBC, Lymphocyte, Children
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Table 1. Age and sex distribution of study subjects

A B C Total
Age(year) Boy  Girl Subtotal Boy Girl Subtotal Boy Girl Subtotal
8 18 6 24 24 24 48 22 24 46 118
11 14 8 22 25 24 49 25 24 49 120
Al 32 14 46 49 48 97 47 48 95 238

¥~test was done, but there is no significant difference between schools

fek i
dstel 2ASIITE
283 g A17E 2
AAEG T 2Y o
Ak 79 102604 79 149744 AAERen 3
A A 102 2264 109 5274 AAEA,
12} ZAF W} = oo S g e R slgor)t o
Bk A% A4S @ el Yol HE AT

o s

p

Ae A 25 46% (44 329, o4 14%), B
259 979 (44} 499, ol 48%), C 25y
9578 (A} 479, oA} 48%), F 238W & tiFoR
ST, o|F WS A B 2 C 25
A 1A e 242 259, % 503l distel A4

stk W AEIZ, AYIHERAT) P& A
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14|
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o] AlgEw dWrdAAA, WIFUES IgG,
IgA, IgM, CD3, CD4, CD8, CD19, CD56 5<
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Table 2. The results of hematological examinations of study subjects Mean+S.D
Month Variables A school B school C school Total
April WBC(/#) 6,816+1,773 6.599*+1,767 7,255+1,420 6,903+1,659
Neutrophil (/) 3,246+1,407 3,298 +1,469 3,652+1,173 3,428+1,353
Lymphocyte(/#) 2,893+688 2,713*+635 2,969+648 2,850+659
RBC(10"/4) 463+30 458" +33 473+34 465+34
Hg(g/dl) 12.7 £0.8 12.6* 0.8 13.0 £0.9 12.8 £0.9
Platelet (10"/#) 36.8 +£6.7 29.0* £6.3 36.2 +7.6 33.4 +7.8
July WBC(/#) 6.123+1.330 6,601 +1,509 6.196+1,381 6,348+1,436
Neutrophil (/) 2,927+1,069 3,318 +1.226 3.028+1,101 3,128+1,117
Lymphocyte(/#) 2,649+549 2,707 =568 2,611+598 2,658 +576
RBC(10"/4) 445+25 448 +30 45527 450+28
Hg(g/dl) 12.4 £0.6 12.6+0.7 12.7 £0.7 12.6 £0.7
Platelet (10"/#) 26.1 £5.6 27.5 £5.8 27.0 £5.2 27.0 £5.5
October WBC(/#) 7,040%2,040 6,464 +1,430 6.683+1,521 6,664+1,612
Neutrophil (/) 3,375+2,024 3,081 +1,008 3,185+1,226 3,180+1,343
Lymphocyte(/#) 2,750+607 2,631 =600 2,730+586 2,693+594
RBC(10"/4) 445* +24 469+31 481+29 469+31
(g/dl) 12.5*+0.7 13.0 *=0.8 13.3 £1.0 13.0 £0.9
Platelet (10"/#) 33.5 £5.6 35.8 £6.7 34.3 £6.0 34.8 £6.3

*P<0.05, ANOVA with Scheffe method of post-hoc comparison comparing each school with C school was done

(Saunders 5, 1988).

4. SHXME|LHY

SPSS for Windows release 10.0& o838}
ArrATe 8 TP E sten, A7) e
7t gt ofdolEe] A} WstE A5ty ¢k
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z o
1. 2lgt HohziAl
Ak FoabelA 4ge] 13 24} e FuEs
S71 "ol 1 W A, B, C 258Ho] 217} 6,816
0. 6.59971, 7.255712 B 25L& C 2534
o vlste] frelsh SRTHPA0.05). °|F BT
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Table 3. The results of hematological examinations of study subjects by age Mean=+S.D.
A school B school C school

Month  Variables Age(year) 8 11 8 11 8 11

Aril WBC(/ ) 6,215+1,049 7,442+2.147 6,773+£1,482 6,429+2,009 7,091+£1,309 7.415+1,517

Neutrophil (/) 2,820+744  3,689+1,775 3,287£1,165 3,309+1,727 3,429+1,034 3,870+1,268
Lymphocyte(/u)  2,706+664  3,087+671 2,780£660 2,647°£609  3,025+£703  2,915+592

RBC(10"/4) 457+30 470£30 451" +34 464+31 477+38 46930

Hg(g/dl) 12.4 £0.7 13.0 £0.8 12.3*+0.8 12.9 £0.7 13.0 £1.0 13.1 £0.8

Platelet(10'/4) 37.4 £5.8 36.2 £7.5 30.3"+5.9 217.7 £6.4 37.2 £9.2 35.2 £5.6
July WBC(/#) 6,408+1,522 5,812+£1,029 6,931"£1,649 6,285+1,299 6,060+1,315 6,326+1,444

Neutrophil (/4) 3,041£1,273  2,802+803 3,394+1,331  3,245+917 2,827+1,016 3,221%1,154
Lymphocyte(/u)  2,734+636 2,5561+430 2,891+561 2,530+521 2,644+564  2,580£634

RBC(10"/4) 449+29 442+21 444424 453+34 45124 459+28

Hg(g/dl) 12.4 £0.7 12.5*£0.6 12.5 £0.7 12.8 £0.8 12.5 +0.6 12.9 £0.7

Platelet(10'/4) 26.8 £5.9 25.4 5.3 28.8 £5.9 26.1 £5.3 28.0 £5.5 26.2 £4.8
October WBC(/#u) 7,431£2,305 6,632+1,717 6,843+£1,638 6,116+1,113 6,931£1,584 6,450+1,438

Neutrophil (/) 3,714+2,479  3,022+1,374  3,206+1,138  2,965+866 3,306+1,248 3,072£1,206
Lymphocyte(/s) — 2,735+708  2,765+496 2,833£614 2,445+521 2,836+550  2,630£606
RBC(10"/4) 442°+24 448" +25 462124 476+35 47721 484+30
Hg(g/dl) 12.3*£0.7 12.7*£0.7 12.7 £0.7 13.2 £0.8 13.1 £1.1 13.5 £0.8
Platelet(10'/4) 33.8 £4.1 33.1 £6.9 37.3 £6.6 34.5 £6.6 34.7 £5.7 34.0 £6.2

*P{0.05, ANOVA with Scheffe method of post-hoc comparison comparing each school with C school was done

Table 4. Proportion of study subjects according to classification of normal and abnormal ranges of the

total white blood cell count Person(%)

Month A school B school C school Total
April WBC under 4,500 2( 4.3) 7(7.2) 10 1.1 10( 4.2)
(/u) 4,500~13,500 45(95.7) 90(92.8) 94(98.9) 228(95.8)
July WBC under 4,500 4( 8.6) 5(5.2) 7( 7.4 16( 6.7)
(/u) 4,500~13,500 42(91.4) 92(94.8) 86(92.6) 222(93.3)
October WBC under 4,500 10 2.2) 4( 4.1) 4( 4.2) 9( 3.8)
(/u) 4,500~13.500 45(97.8) 93(95.9) 91(95.8) 229(96.2)
Subtotal 46(100) 97(100) 95(100) 238(100)

¥~test was done, but there is no significant difference between schools

(P€0.05). w3+ ?"5*/\-‘?}’“_-_ 27y 37,49/, 30.3 C ZSgAA 3| 2’3]?4
W/, 37.2%/ Mz B 2530l C 253 H] (P<0.05)‘ 11419 A=

sto] frolsiAl SATHP0.05). 114E HZ447} L 12.8 g/dl, 12.9 g/dl2 A 9}
747} 3,08770, 2,647, 2915702 B Z&53He] é%i*ﬁOﬂ Hlgto] ygtom o] A 2SS C
C 253l Hlate] FelstAl wkeh(P0.05). 258yl Bl feletAl EATHEP0.05).

T4%9 23} A} A 8Al9] A dut iy 10¢€9] 32k =AF A= 8419 B¢ ﬂﬁ?#—t—
Al FHETE7 dY 1 W A, B, C 258 A7 4429/, 4629/, ATTH/ M= A 3 B 2%
Aol z+zt 6.40870, 6.93170, 6.06070= A 258 Aol C 25l vt m}@% 53 A 2%
A C 25 Bgte] gokot B 253 A felsAl Rth(P(0.05). @A AYE 7hzt
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Fig. 2. The mean value of the results of hematological examinations of study subjects according to the
survey month

12.3 g/dl, 12.7 g/dl, 13.1 g/diZ A%} B 258 = 7Jr7Jr 12.7 g/dl, 13.2 g/dl, 13.5 g/dl& AS}
Aol C 25T Hlste] Hgtom 53] A 2538 B 5ol C 25 vlgte] Eon 53
AL fFstAl FATHPC0.05). 11418 A5 A8 A 25T F3HA EATHPK0.05) (Table 3).
TF7b 2 4489/, AT6RY/ pl, ASAY/ Wz A 2 Wy o] Wsls el RIS flske] ¥
B 2580l C 258 Hlgte] wten 53 A 1 W FHIAFFE 4,500/4E 7IEo2 75
A 25 FolsiA SUthP0.05). EMAY 3 F BEyxZ wwdt JJr 499 12 24} "=
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sto] E&o] =T 10€9] 33k 2AF w= 4,500/
w mel AL B, C 2580l 242 2.2 %, 4.1
%. 4.2 %= B9 C el B3

I

\’N'\}oo

AR 76l mpe} 7 g oo &7t AR
o zbol7F &S FHI] {8k generahzed
linear model®] repeated measures ANOVAE
A=At AR e TR Bt & I
AEFe —Cr v‘i'*’\* Teof| A Tr-J’HO] Ue AL
, AT, dadre A
SR Tr«]ﬂ zto]7F UK

A7E UL R Aolrt Ul

O

N

ztol= Itk (Table 4). = ‘“é.i?‘—rgr i ARt gt 2ol 7t
Al 24 FPgd HAAEIE AEER e UJATHPK0.05). A7) B dtwe] mEAg W
FJE BHol £ (Fig. 2). (interaction variable)e ZE A XA H2
Table 5. P values for the generalized linear model analysis of variance
i Survey Survey Survey
Model Survey month School  Sex — Age month*School month*Sex month*Age
WBC 0.006 0.032 0.761  0.787 0.095 <0.001 0.072 0.001
Neutrophil 0.003 0.117 0.872 0.814 0.921 0.017 0.323 0.005
Lymphocyte <0.001 0.686 0.573  0.479 0.020 0.001 0.120 0.003
RBC 0.001 0.004 <0.001  0.005 0.074 <0.001 0.503 0.267
Hgb 0.173 0.778 <0.001  0.503 <0.001 <0.001 0.185 0.134
Platelet <0.001 <0.001 0.094  0.950 0.005 <0.001 0.715 0.314

Table 6. The results of examinations on the complete blood count with WBC differentiation, the lympho-
cyte subsets, and immunoglobulins level in some of study subjects on the study executed in July

Mean+S.D. (Range)

Variables B School C School
Complete WBC(/u) 6.594 + 1,339(6.,020-7,159) 6,598 £ 1,250(6,013-7,183)
blood count Lymphocyte(%)  40.41 £ 5.81(37.96-42.86) 40.04 + 7.53(36.52-43.56)
with WBC Neutrophil (%) 50.97 £ 6.11(48.39-53.55) 50.55 + 8.36(46.64-54.46)
differentiation Monocyte(%) 4.53 + 1.24(4.00-5.05) 4.47 £ 1.18(3.91-5.02)
Eosinophil(%) 3.30 + 1.88(2.51-4.10) 4.13 £ 2.16(3.12-5.14)
Basophil (%) 0.80 + 0.34(0.65-0.94) 0.82 £ 0.38(0.64-0.99)
Hg(g/dl) 12.97 £ 0.84(12.62-13.32) 13.06 = 0.70(12.73-13.38)
Platelet(10*/4) 26.7 + 6.0(24.2-29.3) 28.4 + 4.0(26.5-30.3)
Lymphocyte CD3(%) 62.44 £ 7.77(59.16-65.72) 62.73 + 8.82(58.60-66.86)
subsets CD4(%) 30.75 £ 6.41(28.04-33.45) 28.65 + 5.05(26.29-31.01)
CD8(%) 26.01 £ 5.13(23.85-28.18) 29.14 + 9.31(24.78-33.49)
CD4/CD8 1.24 =+ 0.38(1.07-1.40) 1.07 + 0.34(0.91-1.23)
CD19(%) 18.85 + 4.57(16.92-20.77) 15.76 + 4.35(13.73-17.80)
CD56(%) 18.71 + 5.57(16.36-21.06) 21.51 + 8.07(17.73-25.29)
Immunoglobulins ~ IgG(mg/dl) 1,338.17+287.37(1,216.82-1,459.51)  1,413.25+254.53(1,294.13-1,532.37)
level TgM (mg/dl) 170.38+56.38(146.57-194.18) 155.15+64.27(125.07-185.23)
TgA(mg/dl) 189.00+67.64(160.44-217.56) 204.05+64.51(173.86-234.24)

Student t-test was done, but there is no significant difference between schools
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