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12.7)mg F1(962.9 £210.8) , (1046.7£269.6), (112.4+26.3), (38.0+10.5)pg, 4. 40 45, &k 8 HWEEEKRE
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Sweat- and urine-related water and mineral metabolism among workers
with occupational heat exposure

HUO Bing-qing", TANG Yong-mei, LIU Wei-tian, et al (*School of Public Health, North China University of Science

and Technology, Tangshan, Hebei Province 063000, China)

[ Abstract] Objective To examine water and mineral metabolism related to sweatiness and urination among workers
under various levels of occupational heat exposure. Methods Sweat and urine samples were collected among 226 workers
engaged in operations in heat environment in an iron steel company in Tangshan city between June and July 2014. The
amount of sweat and urine were measured and mineral elements in sweat and urine samples were detected. Sweat amount of
the workers was estimated by measuring body weight before and after working. Results The total sweat and urine excretion
for all the participants was 3 560 + 550 ml and 86.5 % of the excretion was via sweating during a work shift under the
workplace temperature of 30 — 43 °C measured with the wet bulb globe temperature (WBGT). In sweat excretion, the
concentration was 174.4 + 39.6 mg/L for potassium (K), 1 229.2 + 264.2 mg/L for sodium (Na), 33.4 + 6.6 mg/L for calcium
(Ca), 6.0 £ 1.11 mg/L for magnesium (Mg), 310.0 + 60.8 pg/L for iron (Fe), 290.2 + 68.4 pg/L for zinc (Zn), 29.9 £ 6.2 pg/L
for copper (Cu), and 6.3 + 1.5 pg/L for selenium (Se). The total mineral excretion via sweat and urine for a participant during
a work shift was 586.5 + 136.9 mg for K, 3 982.1 + 831.0 mg for Na, 164.9 +25.4 mg for Ca, 61.2 + 12.7 mg Mg, 962.9 +
210.8 pg for Fe, 1 046.7 +269.6 pg for Zn, 112.4 + 26.3 pg for Cu, and 38.0 + 10.5 pg for Se, respectively. The excretions of
K, Na, Ca, Fe, Zn, and Cu were mainly via sweat (81 % — 96 % of total excretion) and did not varied with the change of
workplace temperature, but the excretion of Mg was mainly via urine (70 % of total excretion). The excertion of Se via sweat
differed by the change of workplace temperature, with the proportions for total excretion of 36.5 %, 58.9 %, and 67.0 %
under the workplace temperature of 30 — 34 °C, 35 — 39 C, and 40 — 43 °C, respectively. Conclusion During working under
high temperature, the excretion of sweat and mineral elements increase with the rise of workplace temperature but the urine
discharge decreases, and excretions of body fluid, minerals such as K, Na, Ca, Fe, Zn, and Cu, and Se (under the workplace
temperature of > 35 °C) are mainly via sweating.
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i 39.4 %. 60.6 %, I i L T A28 Th A5 BE 55 3
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2.1 AREAELRIEE FHURF HEEHL (K1)
WBGT 30 ~ 43 C [ @i AE M A58 T, LA T E
PRHEH S5 R (2150~ 5 110) mL, “F 3 (3 560 +
550)mL, Ho i T[] ¥ (1 513 ~ 4 932)mL, 3%
(3078 +662)mL, IR & (0~ 950)mL, V-4 (482 +
205)mL, i 5 R SR 86.5 %; K ) 57
FF 30 °C ~ . 35 °C ~ F1 40 ~ 43 °C WL AT 5% FR HE
RS 20 (% P<0.05), B35 1F L3 WBGT
T8 ECT &, AUt T RG220 IR W A D
20 ~ 25 C AR ERAEAL B BT, LR TR L R HE
N (1177 ~2459)mL, 3 (1 764 +285)mL,
Ta (122~ 1 797)mL, 1 (699 +350 ) mL,
PR R (634 ~ 1 606) mL, “F (1 065 +272)mL, J&
T 5 IR BB 60.4 %, [R) SR AR 1 35 3
T, R TN TR TR R AR TN
TRERE R TIESR T, ¥ P<0.05,

=1 AR LA | B R O

WBGT(C) PAL o : IR ; I PRI
X £s(mL) % X £+ s(mL) %
30~34 i 89 2489 + 3152 79.4 645+ 124 20.6
5 14 3003 + 143 83.5 592 + 151 16.5
35~39 & 85 3253 +414b 89.7 375 + 160¢ 10.3
40 ~ 43 o 38 4091 £ 275¢¢ 93.1 302 + 157 6.9
20 ~ 25 h 39 699 + 350 39.6 1065 +2722 60.4

: 20 ~ 25 C MAEERAEL; 5 20 ~ 25 °C 4L, a P <0.01; 5 30 ~ 34 °C AR SR 4L, b P <0.05, ¢ P <0.01; 5 35~39 °C wARSE AL,

dP<0.05,eP<0.01,
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39.6)mg/L. (1229.2+264.2)mg/L. (33.4+6.6)mg/L.
(6.0 £1.11) mg/L F1 (310.0 +60.8 ) pg /L. (290.2 +
68.4)ug /L. (29.9 £6.2 ) ug /L A1 (6.3 £1.5) ug/L,
TR 157 SKE R, MU S R AR R Al A
BE Bk BERIAR TR B = TR R, T R AT i
TR, 5 P <0.05; &S & RAE R,
HUATT A4 | BErk 35 ~ 39 °C 4 T 30 ~ 34 °C 4,
BN LS BRI MR EE 35~ 39 °C HE T 30 ~ 34 °C Al
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YEMV B AL PR i S T 2R B0 L L 45 L BE DA R T
R B SRR YU EE 435 (117.8 + 31.0) mg/L
(501.1 £161.6)mg/L, (131.3 +43.6 )mg/L. ( 86.8 =
30.2)mg/L 1 (68.6+21.5)ug /L, (322.8+93.7)ug /L.
(41.5+22.3)pg /L F1(39.5+15.6) pg /L; Ak 3 35 5
N S K N 1) 7 N N/ 73 A e [ =1
AR, TR o v B TR m R AR, ¥ P < 0.05;
AR T = AR M ATLAAR R S v B I IR R ) T =
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®2 ARV R TR (x £5)

WBGT(C) pAL A2 W TEE (mg/L) 1;”;1('5&77:?(;@&) _
B ikl 5 B B B il ]
30~34 LR 89 179.4 +31.7 12003 +178.5 31.5+59 5.6+1.1 321.9+£59.2  267.5+70.7 28.7+5.2 55+1.1
o 14 151.0+12.8 1067.2+64.4 31.4+4.6 51+£0.7 279.3+£16.7 27434322 28.0+3.0 55+0.9
35~39 B g5 175.9+42.1 1323.1+338.14 36.3+7.1¢ 6.6+ 1.0d 311.1+£61.9  310.7+62.7 31.4+6.6 7.1+1.64
40 ~ 43 B 38 168.1 £44.8 1 146.5+ 143.3f 31.9+4.1fF 58+09¢  290.8+62.6 303.4+76.5 30.3+6.7 6.4 &+ 1.0de
20~25 ik 39 1454 £57.5>  788.8 +303.5P 23.6+12.3b 4.2 +3.6b 1349+444> 197.0+61.8> 222+7.7° 7.3 +£2.4b

:20 ~ 25 C HIEE R ; 5 20 ~ 25 C LA, a P<0.05,b P <0.01; 5 30 ~ 34 °C FAASVE LHK, ¢ P <0.05,d P<0.01; 5 35~39 °C &

e LEL, e P<0.05, fP<0.01.
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# i ILE (mg/L) W ICE (pg/L)
WBGT(C) PAL A% y 5 : y ”L K

#p i 5 B B B i il
30 ~ 34 89 118.1+324  536.5+201.7  109.5+33.6 953+£29.7  763+18.5 321.1+108.9 46.0+31.9  40.1+16.1
T 14 116.6+350 4592+ 156.5 92.7+21.4 77.6+266  764+33.7 3358+ 1317 399+122  403+156

35~39 B85 118.6+28.5 473.5+109.5  1452+39.9 829+32.1  652+21.7 31924722  389+102 374=%117
40 ~ 43 38 115.8+329  495.1+1423  1652+44.4bc  788+237  553+11.10d  3303+822 37.6+11.8 422+204
20~25 39 2043+514a 911.3+195.00  111.3+48.8 88.6+28.7 1545+42.8  2464+79.50 4174212  413+153

220 ~ 25 C RAERREAE; 55 20 ~ 25 °C VRV HEER, a P< 0.05; 15 30 ~ 34 °C BT fFL HE#, b P<0.01; 5 35 ~ 39 °C FAR SI/EML LS, ¢ P< 0.05,

dP<0.01,

222 ERELHUATT . JRICHIERHE =R (3R 4.5)
L A 1 % N 1N I AN SN 7 QN = N
B, ALY PRAE A 5505000 (419.0 ~ 1041.7 )mg,
(2756.1~ 6 787.6)mg, (108.1 ~ 226.7) mg. (38.4 ~
91.1)mg. (641.9~1920.8) pg. (452.0~1965.3)ug.
(60.1~191.1) ug. (27.3~50.3) ug, V14 (586.5 +
136.9) mg. (3 982.1 £831.0 )mg, ( 164.9 +25.4)mg,
(612 £12.7) mg. (9629 £210.8) ug. (1 046.7 +
269.6) pg. ( 112.4 £26.3 ) pg. ( 38.0 £10.5 ) pg;
X BE 5T R By T AR B0 ] R (528.0 + 146.8 ) mg.,
(3724.8+876.1)mg. (101.0+ 23.6)mg. (18.4+ 4.8)mg.
(927.7+208.6)ug. (888.1+274.6)ug. (91.5+25.7)ug.
(19.1 £6.0) pg, JRAHHEH I 43 510 (58.5 +15.8 ) mg.
(257.3+124.9)mg. (63.9+17.2)mg. (42.8+15.1 )mg.
(352+144)pg. (158.6 +50.8)pg. (209 +13.2)ug.
18.9+ 7.4 pg, W& 155 shitHERRAE L S = iR

B, VU ER T 57 3 m i AE Ik 30 ~ 34 €L 35~ 39 C
140 ~ 43 °C Z 8] Fb A, ML TR T 80 L 0, 45 .
BELCERLRELA R 2 BE WBGT $8 B0 T i
B 2, T [ DR X e T R HE R R, AR
JE A HE B2 P<0.05, &AL LRSS
TCEMIT R ERIBRHT, B0 4085 2 B
TP HEH 5300 5 S HE ) 81 % ~ 96 %, HEETE
PRAHEH 5 EHE B 70 905 WAEAS R VRV R 2 4%
WA, 30 ~ 34 °C VRV I A | SR F7 55 S LR AT
G E R S HE 4 O (37.1 £9.1) pg
(39.3 +2.3) ug, H o R 4k 82 43 51 i 64.7 % FN
55.8 %, 35 ~ 39 CHI 40 ~ 43 °C B HLATT . JR Pl 2
HEH 050 (382 £ 11.0) ug A1(39.3 + 14.1 ) ug, H
HE R HE R 0 58.9 % il 67.0 %, 3F E TRAE
b B AL PR T 4% o0 28 HE B 2 R R HE Y
60 % ~ 97 %.

R4 S IRFALHLRTT ST R A AL (x £5, mg)
WBGT(C)  pAL A% el RER T R T PR T PREE
30~ 34 89 438.7+66.8 73.0+11.8 2929542449 348.1+1424 77.1£134  692+218 13.6+20 575119
T 14 468.1+429 64.8+47  32849+368.1 273.2+£809 933+126 553+80 150+18 43397
35~39 T 85 560.1+£101.9° 49.9+73¢ 4197.4+697.5¢ 197.7+36.2c 115.1+15.6° 61.6+104> 21.5+2.1c 33.7+4.8¢
40 ~ 43 H 38 6872+172.54  41.6+9.0¢ 4692.4+529.4d 171.8+38.2«d 128241599 59.7+95  23.8+33d 285+ 52
20~25 39 1285420012 204843593 619548520 9552+ 184.08 192493 106.7+33.00 3.1+£1.5 86.0+17.5

1: 20 ~ 25 °C MAERIRAE L 5 20 ~ 25 °C fE AL, a P < 0.01; 5 30 ~
#,dP<001,

34 °C FEIESE AL, b P <0.05, ¢ P<0.01; 5 35~ 39 °C EE SR IL

&S5 AR LA RO TR HE DL (x + 5, pg)
WBGT(C) pPAL A% AR XS T PREE TH4f PR R PRAIG
30~ 34 89 77341019 479+10.5 657.8+173.1 197.4 +57.6 70.7+11.8 282+174  13.1+29 240479
14 837.6+369 41.8+8.1 828.7+94.0 171.8+17.3 83.6+4.3 22.6+4.3 174+22 21.9+29
35~39 H 85  988.0+983 27.5+8.1> 9853+ 116.4c  134.0+13.7¢ 99.8 +11.3¢ 16.3 +3.0¢ 22.5+£3.6c  15.7£3.1¢
40 ~ 43 H 38 1187.4+229.1ed  20.1+3.60 1232.1+270.7%4 117.9+14.7d  1243+£26.3¢d  13.6+3.50 263 +4.2 13.0 £2.0¢d
20~25 39 1051432490 1552+24.32  160.0 £31.12 244.1 +48.12 18.4+5.72 44.5 £ 14.62 6.2+ 1.62 41.4+11.5

e HAEERE S, a P<0.01; 5 30 ~ 34 C RS SR, b

P<0.05,cP<0.01; 5 35~ 39 C EENEIRE LK, dP<0.01,
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I o 905 ) A B v 2 2 PR PR S WBGT $8 4%, FH R 5k
{05, T E WBGT = 25 C i R VE 0~ 12 4
AR R 22 A T T TR K R E i S
B Ak IR AR L 2 i TR A 2 A . —, A F
A BN R AE L LR 7E 25 5% WBGT 484130 ~ 43 C
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HIHRIE . BT 30 ~ 43 C 94k B IR AR b it Bt 25 4
MV BE T, AU TR ek | e B A AR AR, HE T
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28 pg/L, ¥ F E AN 55 . 2007 4F Brice % %}
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8, VR R B R EE 4 5 Dl (711 £ 45) mg/L
(474 + 196 ) mg/L; Montain U2 38 ¥ v 4k . 89 (4 v 2
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By BE AR T AN SR, I gl R e T AR K
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