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ABSTRACT

The paper provides recommendations and a practical approach for selecting starch papers
for the iodine-paper technique, a method used to measure the number of active sweat glands
in the skin in active or passive heating environments. Twelve types of papers were selected
for the present study. All the papers were dehumidified and saturated with iodine 6-30 h.
A subject participated in the heat stress test (20-min exercise) and active sweat glands were
measured on the hand and finger. Papers numbered 1, 2, 4, and 5 showed the best results,
which varied according to the saturation time with iodine (6 h for sample 4, 24 h for sample
5, and 30 h for samples 1 and 2). The minimum absorbed time for all samples was 6 h.
The surface properties of the paper were crucial for clear imprinting. Active sweat glands
were observed on smoother paper without visible surface fibers and bumps, which hindered
the accurate counting of sweat glands. The imprint quality did not depend on the paper
thickness, weight, density, or hydrophilic properties. On the other hand, the changes in iodine
saturation time and storage conditions affected the imprint quality. In addition, when measuring
the sweat gland imprint, they were more distinct during the daytime (morning and afternoon)
and fibers should be selected. In addition, one skilled experimenter should conduct the
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than in the evening. In conclusion, white starch papers with smooth surfaces with no
bumps measuring procedure to avoid deviations in pressure at an identical time.

Key words: iodine-paper technique, active sweat glands, local sweating,

non-invasive indicator

I. A2

ol sweating)> RE 55 5 Z{FoU &
Aot A2zxd 7];‘4015} R 2RFe= 2
5 54 FRlofAnt ek IYA7|= Ao Hls)
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A= Qi

ZulE ARE & 48412 B ASAL EF

E A& 871 Hof Hatslo] Fol Aol e 4
B2 AASFALAAE 48 0.03 £ 0.01 mg;
Fig. 1a), 48A1ZF & (& dAAolE (glass
desiccators set 210 % 320 mm with P/orcelain
Plate, Soda-Lime Glass, ScilLab Korea)2] 4%
olE 9lofl AxHE N=(12F x 54 = 60H)
29t} %2l SAoTE ] W ol uhetof
8 @=(Duksan chemicals, Korea; 26 g)
742 & dEsto], Fd 3041t 5%
| ae=gRE FEE 7IA 2257} Ed0]
Aol AAE AR ARl FEI] FSFEHES
StAcH(Fig. 1b). AR b flsf, tlAlAlE
HE ol PAAZICH(Fig. 1c), A
2= 225 FA Al Al B A} mhs
I 5 MRIEZFE A8t 82E F5 ARE
of & JFS A s & F5 6 Al
7k 12 AZh 18 A7 24 A7 30 Az 2AES
B WS ATHFig. 2). S5 ARt mE Fol EH
o] A4 Wsk= omAE YHte® F9hA A

l;:l TR

olff’
flo
-{Olt

m 1~;1 it

=18 F

Table 1. Physical characteristics of the paper samples used in the present study
4 Name S;[rrizce Thickness Sample 73?3;22% Density3 Volur?e SA/IZ\/Iass Produced
(mm?)’ (mm) (ing/piece) (ng) (mg/mm’) (mm’) (mm*”mg) by

N1 Southworth Business 1,600 0.18 0.15 0.0343  0.00054 288 10,667 USA
N2 100% cotton paper 800 0.18 0.08 0.0201 0.00057 144 10,000 USA
N3 KFP student filter paper ~ 800 0.22 0.07 0.0319  0.00040 176 11,429 Korea
N4 Sketch book 800 0.21 0.09 0.0361 0.00055 168 8,889 Japan
N5 Line Cover 800 0.21 0.10 0.0239  0.00060 168 8,000 Japan
N6 Hanji (RFA]) 800 0.16 0.03 0.0043  0.00023 128 26,667 Korea
N7 Ar’é’licfr%ﬁ: ?;::;ble 800  0.63 020 00227 000040 504 4000  USA
N8  Blotter paper 800 0.40 0.08 0.0221 0.00025 320 10,000 China
N9 J1 (Art drawing paper) 800 0.13 0.04 0.006 0.00038 104 20,000 Japan
N10 J2 (Art drawing paper) 800 0.36 0.11 0.0148 0.00038 288 7,273 Japan
N11 J3 (Art drawing paper) 800 0.34 0.10 0.0153 0.00037 272 8,000 Japan
N12 Absorbent paper 800 0.74 0.25 0.0433 0.00042 592 3,200 Japan

“Sample size: 2x4 or 4X4 cm
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Fig. 1. Dehumidification in a plastic-sealed container (a), saturation with iodine and storage in a
glass desiccator (b), and saturation with iodine in a glass desiccator and fume cupboard (c).

(@)

(b

Fig. 2. Paper saturation with solid iodine inside a glass desiccator according to time
:0hf), 6h(b), 12 h() 18 h(d), 24 h (e), and 30 h (f).
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Fig. 3.

“ImageJ” software for counting the number of dots (representing sweat glands).
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Fig. 4. Optical microscopy images of starch papers used in the present study (Papers N1 and

N2 are identical to each other).

Paper #1

(@ 0h (b) 6 h

(c) 12 h

(d 18 h (e) 24 h (30 h

Fig. 5. Changes in the surface color of Paper #1 according to the iodine—absorbed time
6 h () 12 h(b), 18 h (c), 24 h (d), and 30 h (e).
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Paper #1_30-h absorbed

Paper #6_30-h absorbed

Paper #4_6-h absorbed

Paper #10_30-h absorbed

Paper #5_24-h absorbed

Paper #11 _30-h absorbed

Fig. 6. Active sweat glands, which were imprinted on various papers from the right thumb after
20-min exercise (subject: 29-year-old female) (0.5 x 0.5 cm in size)
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Table 2. Active sweat gland density from the right thumb after 20-min exercise using iodine—papers

N1 N2 N3 N4 N5 N7 N8 N9 NIO N1l  NIi2
Southworth ~ KFP Arnold
Business  student Sketch Line ani Grummer Blotter n e B Absorbent
100% cotton filter ~ book Cover " Reusable Couch paper paper
paper paper Blotter Sheets
Todine-
absorbed hour 6 6 - 6 6 - - - 6 6 -
ASGD
116 104 - 112 84 - - - 164 152 -
(glands/0.25 cm?)
ASGD 464 416 - 448 336 - - - 656 608

(glands/cm?)
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om? B Fo] FF 7 2 WA wAHg
(Table 2). 248 S5 28 w9l @z
(cm) 02 BASFA YA 712t vhetae] S50

A 7N B 493 + 135 /em’dct. S5
Kol A%H 639 Folo] sl Folo| A, &
9 Fo, W, ASET AR Folo] 43 SE
8 A% 7 SOl HBe TS
ARZITHO e SSEM 49
Aol we SEakAle] WAk Aol Hlmal
57] 918) N1 Fol(6AKt 895 FH)E X485
of @A 7A] 30&, F 13A] 30&, AY 194
308 25 F 248 S LAt of
Hurks 44 Akl B ekt Yol 24
SEeHo] A9 254 gkret

om, Hojl=
(Fig. 7).
a. Morning b. Afternoon c. Night
(07:30) (13:30) (19:30)

Fig. 7. Active sweat glands on the thumb measured
in the morning (a), afternoon (b), and
night (c) (a subject: 29-year-old female).
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