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Fig. 1. Relationship between unrinary Na* and CI” in
20 students(control group) at different time of
the day, 8AM, 4PM and 12MN.

Table 1. Urinary Na®, K', and CI™— activities of
subjects in day shifts at the beginning and
end of work(mM/d).

hour 8AM 4PM T
control{n=20) 119+17 158+18 -2.87*
Na* day shift(n=4) 137+22 206+8 -3.45*
t —-.46 -1.20*
control(n=20) 2542 HU+d  -240
K* day shift(n=4) 4£2+6 4611 -.19
t -3.17 -1.23
control(n=20) 163+25 223+8 -2.56*
Cl~ day shift(n=4) 234+51 344+£47 -1.86
t -1.18 -1.9

p<.05*

Data are expresssed asmean+S. E. inmM

T when compared to the beginning and end of work
t when compared to control group

Table 2. Urinary Nat, K, and CI™ activities of subjects
in evennig shifts at the beginning and end of
work(mM/d).

hour 4PM 12MN T
control(n=20) 158+18 136418 1.30
Na* eveningshift(n=5) 117+£27 140+37 -.59
t 1.07 -.11
control (n=20) 34+4  29+4 .90
K" eveningshift(n=5) 2245 3247 ~-1.14
t 1.48 -.26
control{n=20)  223+27 186+28 1.56
Cl” evening shift(n=>5) 169+37 270+58 -1.31
t .94 -1.36

p<.05*

Data are expresssed as mean +S.E. in mM

T when compared to the beginning and end of work
t when compared to control group ¢

Table 3. Urinary Na™, K*, and CI™ activities of subjects
in night shifts at the beginning and end of
work(mM/d).

hour 12MN 8AM T

control(n=20) 13618 119+17 -1.02

Na* night shift(n=5) 128+17 161+22 -.89
t .19 -1.19

control (n=20) 29+4  25+2 -1.13

K* night shift(n=5) 429 42+7 -.05
t -1.46 -3.3

control(n=20) 186428 163+25 -.88

Cl”  night shift(n=5) 303+62 355+65 -.72
t -1.9 -3.2

p<.05*

Data are expresssed as mean+S.E. in mM

T when compared to the beginning and end of work
t when compared to control group

Figure Legends
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$olAe qigleh =3 4 1249} o} 84] % v shed
= EAF 42 Atk Ao APHE 2
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o2 Algglch

2. NTEXL 25 HaE gdze| HEl

s TR vy, 23, Wb A E e 48

2% Na", K*, Cl o 84 %71 (F 1,2 3)ol =3}
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A E4rtHP=0.004). Na*3} CI" 5 i zFo| v o}o:l
2 AL Bigeon) FodL Qo
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ol 3k 124) 9} S F7 A7kl o} 84 vl sl =
frelAdgle Wstrt gk el Wbl 254 &
7} Bube ol 84l o B4 d#E AzEE
fzFol vl3ted KY3} Cl7 o B4 =7 dA3HA £k
oH(P<0.005). 5 A7 AF2| o] & o] 29 HEHE
Na*& A1 9}g K*3 Cl o] slzZ e 2kern] Ko
7% A F5AE HFA ) 2k
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FAE AN TF A FA 9} vlmste] ZAX S 83
7b o} 29| oko] Zr}eke Aol Yot FA42 $g
o} AA el Wt S vEe Ame] 471 =S A
S BAAE Foldol dolx& Aol Jlong ZF A
Zhefoll AIGle] <FE 1, 2, 3ol Y& BE F TR 5(n=
14)9) %83 TF A7 A2 242 pro] 27|
whg d st 32 2GSk 7R 4P 25 A
A7kl 2% Na¥, K%, Cl™ o &4+ 25 7&44
FAEE AR 2 3>oﬂﬂ£}1}°l H 3HE o 7o)
Foll o] & o} 29 wjA o] FrlslE FAS nGg ot
A4 F 4L wskeh,

Nae] 7% 2% 1495 % 109 0] 25 FAA ol
13:7]._‘:_01,0‘3% lnqo 3435]_7]_ 4 3,33
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Hol F7tE Jellz 69 245 wch e
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13mMeol A 7t 2 3¢ 2% 4419 322mM, Cl™ 7}
84] 2] 47mMo)) 4] 841 9] 410mM = (1% 2A, B, C) A
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gzl 209 A4S 25 Na"a K*, CI™ 7]
ADBAE 230 2l Zof ohA] F A Fhe] AgAE A
237 259 (2E 24, B, C). {8 2A)l+& &
Zo| Na*3} Cl ] ok& Akt z g A 3tgich g
o wel 2% Natsl #4457} 24419 12.9mM 2 #-H
16419 322mMz ¥3bst @gkow, ClTE 8419 47
mMol 4] 84] 2] 410mM & & YA Jelydch o] Xy 8
Z Na"# Cl79) o3 S =7 Alolel] whe} 2 RS
RolAut 287} o) ZH A A Q] 2 A 847 ol A&
3 8(0), 25 44 (o)} 4k 124 ()l A7 20l
A} A 7k o) 4741%101 2% Na©” 84 F71¢ 2%
Cl” 8459 715 FE Mo Fo} 7 A
2 % o] &7tel A% 4741 2 » by oA 84l H 3
3 2(O)e)He F o]29 Pearson A#H Alg r&
0.91(P<0.001) o] Z, 1641(A&) 8} 24A1{[ ot AT £
ool % o]&el AmMdAs 7z r=0.86(P<
0.001), r=0.82(P<0.001) & SL3}A ek A 7kel
BAAYe) mE A3 S Este] BA st ABA S r=

500

0 100 200 300

80

300

Fig. 2. (A, B, C) Relationship among unrianry Na®, K*
and Cl~ in 20 students as a control group. Open
circls(Q), open triangles(4) and plus signs
(+) represent data obtained at 8AM, 4PM and
12MN, respectively. The dotted straight lines
were the regression lines determined by
least-squares linear regression. The Pearson
linear correlation coefficient r in panel A, B and
C were 0.87(P<0.001), 0.55 (P=0.001) and 0.49
(P{0.001), respectively. The solid line is a 95%
confidence area ellipse based on the bivariate
normal distribution.

0.87(P<0.001) °1ich

K'el A% s AAE o 1249 4.4mMoi 4 BAE
24419 7TmM 2 A QA7 W) 2 A vebgo v K¥ 3t
Cl™ A3 Aol Natst Cl7ef 2A 2} vpabrla) 2
Kte] wid S =7 ¢« Cl o vl 4955 24
vehdeh( 2@ 2B), Aubd ez Natsh Cl7of) w)shed
WAl B 23e o 4 glch o] Ktel wld gzl vl
st A7t 27 wjFoz A7k K 3 Cl7 o) 4
BAAAE B4 AgaEE AR Algre] 22 oA
8A1(Q), 0.41(P=0.076), 2% 44(a) s} 33(0)
0.44(P=0.052), 4 1221(O) 0.68(P=0.001) & Na*}
Cl7 ol vlste] 23 @A et ort, 2E A E F
sl r=0.55 (P<0.001) & A#AA 7} 3l-50] A4
et

9e) AFSL B2 vl 8F Foledl Nat =
Kte] #4957} 58 o So|l2al i s w2k
S 49tk 9% Fa Aol edNa"H K2
2 (Na*+K") e} Cl7 01 2(C17) Y A& vimsid
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A 84, L& 44, w1240 ABAFE rol 7+ 0.91
(P<0.001), 0.87(P<0.001), 0.85(P<0.001)& o]&
& A A& ot T s

Natzt Kteo] amtabAlol4 = Nat= C17, K*s CI™
o HAS oA AZ 2 YA FAHNL
= 73 %0) ul kel W 3ks} 24 Yebke(2d 2C). Na©
FK'e Hlﬂ%‘ 74-$ 11124 (P<0.005) & A 98 oA
8419} 2% 4A|ollE ARBA S 2EFL ForHP=
0.09), 7} A174eh o] zt g & Z3ete] L4 b AnA 4
ro} 0.49 (P<0.001)2 2% NaTe] 5594 Kol 35
= ulelge &4 Uk 5 Natol g4 =shgod KT
o Y Ex Fourth

Bzgold um wjadsE o] &5 AR WA=
refol] A gl FAG AR e, 2FA
Z2 Sa7 Arld o] (), Adu(a), 1
(H)& A7 A7yl s 243 A EA = AFHA
ol Aol AA| ZEA 14 o] AEF A7l s FHA
%3 B3t =A% 4ARAS 2GR

=

500

0 100 200 300
Na®* (mM)

80

AP E e A A28H A4%

300

Fig. 3 (A, B, C) Relationship among unrianry Na*, K*

and ClI” in 14 shift work nurses. Open circles
(O), open triangles(2) and plus signs(+)
represent data obtained from nurses of day
shift, evening shift and night shift, respectively.
The dotted straight lines were determined by
least-squares linear regression. The linear cor-
relation coefficient rin panel A, B and C were 0.
65(P<0.001),

0.60(P=0.01) and 0.24(P=0.23), respectively.
The solid line is a 959 confidence area ellipse
based on the bivariate normal distribution. Note
that the data obtained at the begining and at
the end of the work were presented with the
same symbols.

3A, B, C). & 3Az} o] &F-ALEol oA w w4
s 93 Nats} Cl™ el A32A 7} L-&0] Felshd
(r<0.65, P<0.001) s 2F(r=0.87)o) ®lalA & 23
Aol =z A vhebukeh 23 3Bs} Zo] 2% K
Cl7 e AL = Az dAv7l FAHE 2od A4 A

c = ot z2F 3 FAshA velbgdeh(r=0.60, P=0.001).
oy E%AE59 Nats KTe A4 E r=0.24,
P=0.2322 A3Ae] @A Vel (23 3C). ol
RS KT e} Mahs} o) 2ol vl5ke] 2A et
w7] o £ Aok



RFA A AEH 2T AL 2H T &S A8

17 gal oz} wl g Ao, g2, A& 23] 8
Z 59 AAA, AAA FAE oF7) g} (Akerstedt,
1990 ; Orth-Gomer, 1983).

2 gFoAE29d 7t oz 38 w2 whE mo
FE 5 A3 A A 25 oo 2§ 3 E ol Al
2 75l oW WEE 2sexE 9F o8 FH|5
£ Na*, K%, CI” o] &) s} & 243sto] 2455t
2% AALFL =AY A Az2Feld 2F Na¥,
K*, CI” 25 o} 840l /b3 R 4245 wolrhrt 2
% 4Aol A A Fobsta 4 1246 BhA] Zhaslgl
. &, 854 78k v &5 Aol Aade %S
el gl (Z 1, 2, 3). &4 8418} 2.7 44] & v s}
o A4 feldde] ot vk 124) 9} o} 8 vlm
g AL frelAdel gle olf v L% Fok= Yl wiA
gko] Az} 3] B-5] = HA o gl7] Wi-E oz A 7Ect o
o}-e wiste s A4 oA Ao WAs =
K's} P9 4% HE(ZgA, =73-%, 1985)7% 2L
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— Abstract—
Key concept : Rapid Rotating Shift Work, Electrolyte

Effect of Rapid Rotating Shift Work
on the Urinary Na*, K*, and C1~

Min, Soon* - Moon, Dae Soo™**
Im, Wook—~Bin***

In order to investigate of the effects of rapid
rotating shift work on physiological stress, the ac-
tivities of urinary Na™, K*, CI~ were measured in 14
rotational shift nurses, during day shifts(8AM-
4PM, n=4), evening shifts(4PM-12MN, n=5), and
night shifts(12MN-8AM, n=>5) in hospital twenty
students attending nursing college a used as a con-
trol group. Urine specimens were collected in 30
minutes before and after work on the second day of
shift work.

In day shift nurses, Na¥ activity was 137mM at
8AM and increased to 206mM at 4PM, whereas K*
activity was 42mM at 8AM and no significant
change at 4PM. Cl  activity was changed from
234mM to 344mM at 4PM at 8AM. In the evening
shift, Na™ activity was 117mM at 4PM and 140mM
at 12MN, K* activity was 22mM and 32mM, re-
spectively, Cl™ activity was 169mM and changed to
270mM. During the night shift, Nat activity was

* Chosun Nursing College
* Chosun university
“* Chunnam University

128mM at 12MN and changed to 161mM at 8AM, K*
activity was 42mM at 12MN and 8AM, and Cl- ac-
tivity was from 303mM and changed to 355mM. In
general, the urinary ion activities seemed to in-
crease after work, however there were no signifi-
cant changes in ion activities except the Na' in-
crease in day shift.

The mean of the activities of K™ and CI~ before
and after work during the day and night shift were
significantly higher than those in control group(P
0.05). K" activities were also higher than that of
evening shift (P<0.05). However, there was no dif-
ference in Na% activity among the control group and
three shifts.

There was a significant relationship among uri-
nary Na', C1” and K" in the control group and
rotating shift nurses except between Na* and K% in
shift, The relationship between Na® and Cl~ was
low in shift work and there was no significant re-
lationship between Na* and K™ in shift, suggesting
that the active regulation K™ and/or Na% in re-
sponse to stress upon the shift work disruped the
ratio of urinary Na' to K" and also lowered the re-
lationship between Kt and C1™,

These results suggest that nurses working the day
shift were overloaded and under stress, and the
night shift interfered with the physiological rhythm

of the nurses.
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