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Study on Neurobehavioral Function and Health Condition of Workers under Power Frequency Electric
Field QIN Jing-xiang, LIU Wu-zhong, ZHOU Min, WENG Wei, SHEN Fu-rong, ZHU Jun, ZHENG Ai-guo,
FU Ying-ying( Baoshan District Center for Disease Control and Prevention, Shanghai 201901, China )
Abstract: [ Objective ] To evaluate the possible effects of power frequency electromagnetic fields( EMF )( 50 Hz )on the
health condition and neurobehavioral function of workers in transformer stations. | Methods | Intensity of EMF at transformer
stations of 18 factories was measured with HI-3604 EMF radiation meter. Neurobehavioral function of 105 electricians and 110
controls were examined with Neurobehavior Core Test Battery ( NCTB ) recommended by World Health Organization ( WHO ).
Some neural discomfort symptoms of the two groups were recorded by questionnaires. Hematological indices of the two groups were
determined including IgG, IgM, IgA, leukocyte formulae ( neutrophil, lymphocyte, monocyte, eosinophil, basophil ), erythrocyte
indices ( hemoglobin, hematocrit, mean corpuscular volume, mean corpuscular hemoglobin, mean corpuscular hemoglobin
concentration )and platelet. [ Results | Electric field intensity of 220 kV transformer stations was significantly higher than that
of 35 kV transformer stations ( P < 0.01 ), but the magnetic field intensity in the two kinds of workplaces were not significantly
different ( P > 0.05 ). It showed that in the exposure group the emotional state of tension, depress, anger, fatigue and confusion
appeared more obviously than those in the control group( P < 0.05 ), but the score of vigour was lower( P < 0.05 ). The average
scores of Benton visual retention, correct tapping dots and sum tapping dots of electricians were all lower than those of controls
(P < 0.05). The prevalence of headache, dizzy, insomnia, dreamful and hypomnesia in electricians were higher than those in
the control group ( P < 0.01 ). Average lymphocyte count of electricians was higher than that of controls ( P < 0.05 ), but mean
corpuscular hemoglobin concentration level of electricians was lower than that of controls ( P < 0.05 ). There was no significant
difference of IgG, IgM and IgA between the two groups. [ Conclusion | Neurobehavioral function of electricians working under
power frequency electric fields may be impaired to a certain extend. Long term exposure to power frequency electric field may
induce neural symptoms and slight alterations in some hematological indices, but it is not concluded that occupational exposure to

50Hz EMF can influence their immune system.
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Neurobehavior Core Test Battery
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Table 1 Measurements of electric and magnetic fields in workplaces

. e EE (Vi) RESAWE (T )
e Hrlll Electric field intensity ~ Magnetic field intensity
Workplace Total number —~ " - "
o L BlEA | ERDAS Bien | EROAS
categories of detection
Range Medium Range Medium
35kVASHLE
35kV transformer 27 0.35~170 5.45 0.020~9.1 0.15
stations
220 kV ASHL i
220 kV transformer 23 0.38~6250  34.00 0.012~18.8 1.00
stations
V4 — — 2.686 — 1.637
P = = 0.007 — 0.102

22 IA—HERL

TR 105 A, B, Fi#(37.91+10.06) %, 5[/ 23~59
% T 13.95 £ 10.53 ME, JE[H 1~39 4, XTRRAT 110 A, Sk,
AE(35.78 £ 11.58 )%, JEIE 20~52 %5 TH#A(10.63 + 11.37 )4,
T 1~404F . WAL A DUAERS . U 2 R TRGTF2E L

(P>0.05),
2.3 gEKENF
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BINAEHEBR B ARAS (LR E S5 ) ML F , BRI .
R RIR . 28 02D ER AR AR 9 & A R 0 BH S )
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2.4 AP 24T A Rl
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Table 2 Comparison of discomfort symptoms prevalence hetween the two groups
S151( Group) SL9f ( Headache ) 3% ( Dizzy ) 2R ( Insomnia ) %45 ( Dreamful ) 242 71988 ( Hypomnesia )
NE(n)  RAER%)  NE(n)  RAER%)  NB(n) RER(%)  N(n) RERE%)  N(n)  KEE%)
FFE4 (Exposure ) 38 36.2 46 438 48 457 61 58.1 66 62.9
X HEZL ( Control ) 21 19.1 23 20.9 28 25.5 36 32.7 37 33.6
Va 7.888 9 12,9272 9.648 5 13.9617 18.380 1
P 0.005 0 0.000 3 0.001 9 0.000 2 0.000 0
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Table 3 Comparison of profile of mood situation( POMS )scores between the two groups

2151 ( Group ) S5k — fE R (Tension ) 4R - JH % ( Depression ) 151&% - RS (Anger ) J£55 — 151 (Fatigue ) 4577 - 478 ( Vigor) 1t — I ( Confusion )
&4 (Exposure ) 9.00 + 4.60 12.63+9.16 11.10+7.51 7.58 +7.02 18.68 +4.84 6.80 +3.86
X HEZ ( Control ) 7.14 £4.94 9.72 +8.03 8.56 +6.75 5.52+4.63 21.10 +5.50 5.35+3.81
t 2.860 2.479 2.612 3.424 2.553 2.780
P 0.005 0.014 0.010 0.001 0.011 0.006

242 AT R MR
R BT S | BRI PR IR 22 R LG L
(P>0.05); HEFEHMEHEEICIZEW BT XA (P

a7 B S O B A 5 G T B S BB R R B < 0.05); HBRIBEE I, IERAHT RO B T 85/ 22 2 41 Y
B AT X RLL (P < 0.01 ), EASS 5 B0 P AL I 1 22 53 1
WE (P =0.05), W4,
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Table 4 Comparison of behavioral function scores between the two groups

[Ty [BRZS1ERES
2/ 5 Simple reaction test( SRT ) NG SN BTN AAR RO Pursuit aiming test
Group braing i randing Digit span Digit symbol  Benton visual retention ERfE R AR R
Light SRT Sound SRT Correct dots Error dots Sum dots
ZR#EUL (Exposure ) 218.26+79.11 199.41 + 54.30 16.10 £ 3.70 53.07 £ 11.86 7.54 +1.47 182.17 £ 33.50 15.43 + 14.06 197.60 +40.13
XFHEZH ( Control ) 206.91 +26.04 188.53 +31.43 16.55 +3.74 55.64 £ 10.69 7.95+1.52 20647 £40.00  11.71+13.55 21827 +45.40
t 1.398 1.787 0.886 1.670 2.021 4.838 1.975 3.531
P 0.164 0.076 0.377 0.096 0.045 0.000 0.050 0.001
25 figthd HGHE L (P<0.05), &S,
251 fEH SR, WALAR WBC, RBC, NEUT, MONO, 252 #J3kEARE  BRFAM G HEMRT XL 1gA

EO.BASO. HGB. MCV. MCH. PLTF- ¥l 2 R LG it % &
o #FE4 LYMPH & F X AL, W MCHCAR T XF HE 4, 2251

P XA, (H1gG . IgM | IgA S35 1% BF 2471 7 %% 55 41 Al
Xt HR 2 e i 22 S35 R G248 L (P> 0.05 ), WLF 6,
%5 HAMEMBMERLR (T+s)

Table 5 Comparison of the results of blood cell routine test between the two groups

51 ( Group )

WBC(10°/L) NEUT( 10°/L) LYMPH( 10°/L) MONO( 10°/1) EO(10°/L) BASO(10°/L)

522 (Exposure ) 6.56+1.50 363+ 1.11 229+ 0.60 0.50+0.15 0.13+0.93 0.026 +0.013
X FE2H ( Control ) 626+ 1.35 350+ 1.07 2.12£0.59 0.49£0.15 0.12+0.93 0.028 +0.016

‘ ~1.487 -0.879 -2.039 -0.153 -0.209 1.078

P 0.139 0.380 0.043 0.879 0.835 0.282

L5 ( Group ) RBC(10'L) HGB( /L) MCV(fL) MCH( pg) MCHC( g/L) PLT( 10°/L )

B4 (Exposure ) 5.10+0.34 153.75 + 15.86 89.30 +4.96 30.57 + 143 34128 +7.95 202.81 +45.17
X} HAZH ( Control ) 5.01+0.42 153.2510.25 89.10 +4.79 30.67 + 1.88 34429 +9.89 21239 + 5291

t -1.671 ~0.266 -0.299 0.460 2407 1.398

P 0.096 0.790 0.796 0.646 0.017 0.164

Fo6 MARMFKRNERILER (X+5)

Table 6 Comparison of immunoglobulin level between the two groups
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