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Washing Efficiency of Blood-Soiled Fabrics in Various Conditions of Washing
- Focus on Washing Temperature, Fiber Type and Blood Aging -
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Abstract: Experimental research is needed to provide information on the removal of bloodstains since washing clothes
contaminated with blood is necessary for medical related fields (such as ambulance workers and doctors) as well as for
women of childbearing age. This study investigated efficient washing conditions for the removal of bloodstains with a
focus on washing temperature, fiber type and blood ageing time. Polyester/cotton fabric showed the highest detergency
from among three fabrics that were influenced by the composition of the fiber and the structure of the yarn and fabric.
When examining the effect of detergent, it was concluded that the alkalinity over pH 10 was essential to remove blood-
stains and that auxiliary agents such as soil antiredeposition agents and bleach had a significant effect on the removal of
bloodstains. Washing temperature showed the highest detergency at 20°C due to the activity of the enzyme without the
denaturalization of blood. Blood-ageing influenced detergency by inducing changes in the adsorption area and chemical
bond. A combination of methods such as quick removal after contamination, use of alkaline detergents including soil
antiredeposition agents and bleach, and low-temperature washing could help remove bloodstains.
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2.1. A2

211 A&

A 100% AL, ZESE/M 65%/35% S A8,
ZH 100% A= =4 ddor 9HAXl CFT H#49%
3 A4S =3t ARstd 42 3%, & 650 ALY E
(Testfabrics Inc., West Pittston, PA, USA)E Fufled, 5cm x
10cm Z712 22} ARSI, ZF29] sample codeS Table
10 VERAATE.

2.12. AA

AAE 7HEEEe] gt AlFlek AxFele] Fd AA A8
AIAIE ol gsti o, Z ALl 4E-S Table 20 YERNATE
ANk AAe] g Blo]& ARBAIA|S} ol AHEAIA 7}
3] 3, 2ARA 4, =, TUA|, A GUA A, ¥
BSWAY o] N, HE MAL] g vlo]2 AHE
Aot g4, g7, wlolFarh, WA Sol 3= o] k. 7 Al
Ale] WAl wal B 700 m/ 2, Lk AAE 0.59g,
AL AAE 049 g8 AR-ESIT

Table 1. Specification of blood-soiled fabrics

Szgr;pele Fiber contents ::;i(; CFT code name
CcCu Cotton 100% Unaged W-10PBU
CA Cotton 100% Aged W-10PB
PC_ U Polyester 65%, Cotton 35%  Unaged W-20PBU
PC_A Polyester 65%, Cotton 35%  Aged W-20PB
PU Polyester 100% Unaged W-30PBU
P A Polyester 100% Aged W-30PB

Table 2. Composition of the general-purpose detergent and the special
detergent for blood stains

Special detergent

I-
General-purpose detergent for blood stains

Surfactant (5~ 15%, nonionic,

anionic, linear alkylbenzene Surfactant (15~ 30%,

sulfonate, alpha olefin sul- nonionic), enzymes,
Components  fonate), enzymes, fragrances, fragrances, sodium

alkalies, bleaches, soil antirede- hydrogen carbonate,

position agents, fluorescent antiseptic

whitening agents

pH 10 8.5

2.2. MIEt

Algr2ol| mE AlFAde] Hr7ie IR A 8471 (DLS-6000,
Daelim StarletyS A3t 8 Ao MY 208,
B0 %o 700 m/, AHLEE 45 pmeE YA A
£ 20°C, 40°C, 60°CE ZeJ3siletl, -% 45 Aol 4%
o S MXA A=F AE AF A mE] B 2EE 44
2xo] BE F ES Yo Ag F 2%t =
ok Algz i 22
Ago] 4 F &7]9)

S A7t A A5 A olga SThaY Al A
o

=
£ AAA oA e

2.3. MIEd "ot

AL Hrkel] el B4 wA] CM-2600d(Koica Minolta
Inc., Tokyo, Japan)9} ¥4 X273 Spectra MagicS ©|-&3}
o] Algt AF oAF| K/SFS 520 nm 3ol =339
o} K/S#e edxe] o 2303 SlW 23, & 430X &4
alo] BAES ARESIATE KSES (1) Aol tidsted A1
3& ALFEFAS (Yun et al, 2018), ©] w AREE H 100%
A&, ZTol2H 665%™ 35% A&, ZTol2E 100% JE
EWzo| K/SFE 77 0.0133, 0.0146, 0.01500]t}.

_ (K/S)S_ (K/S)w

b= &s)—(&s),

x 100 )
D : detergency

(K/S),: K/S value of the soiled strip

(K/S) : K/S value of the washed strip

(K/S),: K/S value of the original strip

24 2o BH #F

Agto =2 Qg AEe] ¥ WstE #Esl] s, gutA
2ZHGalaxy Note 9, Samsung), ¥ )7 (Kyowa Biolux-12 binocular
microscope(Kyowa, Japan)3} ProgRes C10 plus digital camera
system(Jenoptic, Germany), 123l FAFAAFE P 7 (Scanning
Electron Microscope S-3200N, HITACHIAHE ARSIt =+
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Fig. 1. K/S values of blood-soiled fabrics before washing.
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m Special detergent for biood stains @ General-purpose detergent

Fig. 3. Detergency of unaged blood-soiled fabrics according to detergent
at 20°C for 20 minutes.

Before washing After washing

Fig. 4. SEM images of unaged blood-soiled fabrics before and after
washing.
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Fig. 5. Fabric images before and after washing with a special detergent for blood stains and a general-purpose detergent at 20°C for 20 minutes.

Table 3. L*, a*, and b" values of fabrics before and after washing at 20°C for 20 minutes

CU CA PC U PC A PU P A

L 43.88 42.66 42.76 44.08 47.90 44.18

Unwashed a 15.47 14.77 15.73 14.49 14.74 16.16

b 22.11 22.12 20.85 20.16 19.21 21.23

L 85.23 81.65 88.68 79.07 86.65 87.86

Special detergent for blood stains a 0.26 1.27 -1.14 2.66 -0.90 -1.06

Washed with b: 12.55 14.98 9.03 17.14 11.80 9.69
L 90.73 90.35 91.71 90.01 91.00 90.97

General-purpose detergent a -1.17 -1.30 —-1.40 -1.51 -1.65 -1.27

b 5.56 6.12 3.46 6.31 3.70 3.09
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Fig. 6. Detergency of unaged blood-soiled fabrics according to washing
temperature for 20 minutes with a special detergent for blood stains.
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Fig. 7. Detergency according to blood-ageing using a special detergent
for blood stains at 20°C.
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