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il & STRUX 10 fofi 5 X oD & St A B L HR A 5
B WNICERM L7 EORE I H T, F2,
B RN o & —12 ) JLREARRE 19
THHAME SN TEY, ATP EIX2EICER
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M7=k ) DAL, Bit & RIS

THIE LT=FRWBIBEN O TETOKRESE ., K
T 1L Z2AFF L TKROEHNEE LT,

2.4 FHEOFNOEY - BIE
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Hand washing methods designed to save water

Yoko ARAKI™1-2, Maki SASAHARA™, Atsuko ISHII™,
Ayako MIKAMI*3, Hideaki KUMEMURA™

Water shortages have become a global problem. Many countries have difficulty in obtaining
sanitary water for daily use, and water supply shortages are expected to occur during
disasters. Previous studies have focused on two methods of washing dishes “washing under
running water" and “washing with stored water”. In this study, we applied these two methods
to the hand washing process and investigated the effects of cleaning hands and saving water.
The hands were washed under running water for 5 seconds before using liquid soap. After
scrubbing with soap, the hands were rinsed for 30 seconds with water at a constant flow rate
in the "running water washing" method. On the other hand, in the "stored water washing"
method, the hands were rinsed for 15 seconds with 1L of water stored in a bowl, and then
rinsed with running water for another 15 seconds. The cleaning effect was evaluated by
measuring the amount of ATP derived from dirt and bacteria remaining on the surface of the
hands before and after washing using ATP-dependent luciferase activity. As a result, the
average ATP values for "washing under running water" were 1599 RLU after washing with
water only and 422 RLU after the final rinse, while the values for "washing with stored
water" were 1369 RLU and 418 RLU, respectively, showing that both methods have the same
cleaning effect. The amount of water used in "washing with stored water" was about 60% of
that used in "washing under running water," so the same water-saving effect as with
dishwashing was observed in hand washing. These results confirm that "washing with stored
water" is an excellent method for keeping hands hygienic using less water.

Key Words: sanitary ; water-saving; hand washing ; ATP test ; collected water

*1 Department of Food and Nutrition, Nitobe Bunka College
*2 Tokyo University of Marine Science and Technology
*3 Urban Life Research Institute, Tokyo Gas Co.,Ltd
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(A 202449 1 30 A /%B 20244 11 H 18 H)

VEIESERE- "1, OHRRHE =72, #ergcr™1

BE  ARBERAESFNCCE 1 PHEABINC I S 5 42928 T, Fiske-Sabbarow ¥ % AV Tk
B P ERERNCIS © 7o W EFEE RS X 2 SOGIAR & /ERC LT D, Ly L Z O J5 15 T AR R s JiE 73 i s
WL, AIFRETHLIFAEOTH THELIIAD Z ENTET, SUSBRIERIZ I TRA O BFRfE 1K
AU Tz, ABFZEIIWSEE S Lo T ) 75 v 7 — DA GRRE 2 B2 4 5 HiEE L5 2
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U U REHENR O R A BT L7z, 30 pg/mL U AREHER (BEMEE O 3 5 &) Tik. FIEIHIERED S 60 53
DOREKTET—H L TRILED L5 (0.643, 60 531%) 258D H AL, FARFAED /NI U E S 412 WOk B
WIZINE o7z, ZHOOFREFEI D, BIOANRE &V UAEEIROREZFHE L CHEEBEEFSETHIZ LItk
T, MIFHETHIR O FEH RN TR OBIEE & FOGHIBRER A FIRRIC /R 2 Z E N S, %
B H M U7 EEAS~OWRZE X, SOSHBROIER L, 7 — 2 O b L W o T BRIRE O i & 5 2
ENTE, FHEIZESTIOLRDIHADES EHFMODERNRE DL Z LIS ND,

F—U— R EEY . KOs, Fiske-Sabbarow %
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ISR Z AR 2 5EE ) 2FE ML T\ D, ORI, R2EADPIEHEE & BIZET D7D
MR Y v OERIEIE N E TICHE < O FIER ISP ORIERH 2 —EICT 2HERDH Y |
WEEINTEY, KALCTEY 7T 7 —I2 & IEfEIZ 15 0 L ED BTV D,
DALFIE L ) VBRI R 2 W TR IER D, W1 PAEAE RS L LA R EE o B,
ZFDIBLEY TT T N—F HWTALFEEICIE Y o OEE TR < WOLEEORIE R % Bk
Fiske-Sabbarow i% V., Allen i% 29 Lowey & Lopez #® (IEME) (2570 . JIE U7z EE 2 & SO B
1% 9, Hurst % 9<° Boltz & Mellon % 072 U3 & EERTHZ2ETHD, TOBE, £V TT VT
. ZnbiFMwsEIH (1,2 4,77 V=KD BBDOEARLEMEDOBE L P& T
N—V AV B, Rifge KT Vv ks, T 119, LZAN, ZOEITRTARNEZICE Y
AN UFE) OEWVIZE - TEIIL, BROR TT TN — DRI ERD BHEIZETT 5700,
TEVE IS EDOREN R S TWD, ZDH b, BOSHIOWSEEZAL RO TRE W, Y
Fiske-Sabbarow %13 & iy 2> > — 8972 J7 DOERIEE LTI, FRFRICETCKSE /& T IH,
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WHEMBTH D, Lo LSRR OMERS B & 72
LEBETIE, BHIEITTOEY T T T A—D
EREPFEECOHLIFAOTHTIIR AL Z &0
TEY. 777 ECORISIBAHBR TR E
AR ZLZb, ZOXIBRERNPDL, K¥
DALZFZE BT, ZOFkEE WS
BERRIZ DWW TRADO PRI KBNS A4 U T,
AWFFETlE, Fiske-Sabbarow ¥ DV CHW A& T
L) VBEERORELZREIL, £V 7T T
N— DR EBRNIHEITE® D Z LT, WIFEE
T WAL OB L) 72 SOS HEHR OVERLAS
AIRE & 72 Dk, WIERDOBRET 21T Z L2 HAVE
L7z,

2. XRBELUVHE

2.1 #HE
1) 10 pg/mL U FEHERR
KH2POs (&7 A /L ARtk )
0.432 g Z#li/k 100 mL THEMEL, D95 H
10 mL Z#fi/k T 1,000 mL & L7z,

2) 3N Hifg
MK 1,900 mL (IZHiEE (& L7 A v AFneh
PR S4E) 167 mL 2z 7=,

3)25¢g/dL Y 7T URT =T LRI
FYTFUBT R A (ELT7A 0L
SRR 4E) 2.5 g Z#iK 100 mL CiEfiF
L7,

4) EILA
15%EAAE T NY v A (BL7 A v/t
FIBRFR A S 1,950 mL C, 1, 2, 472/
T 7 b= ROV ol (RO TRkl
th) b g HUEMR L1z, D% 20% HkiEE ) b
U oL (Fotflisk TS 50 mL 200
ZINREMRL.0.25%1,2,4-7 2 /F 7 h—
IV AVIR IR (LLT, 0.25% ANS) % 1{E
L7, WrEJRIC TmisiRfrE L. BEHRRZIE
TE L7,
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2.2 EERMSK
st EEEE (UVIDEC-50, JASCO)

2.3 H1E

# 1 OREZNURBRE (AL, £ OWMER
L7 (FRUEE) O,

EITAIRING | 2 c AR (HaPOs+ 10MoOs-
Mo:20s5) DER SIS, £ 2T lME%, 1, 2,
3. 4, 5, 10, 15, 20, 40, 6047 IZBIT S
WeGEEZ 660 nm CTHIE L7z, 7272 LiddEEs
AR E Lc, IEIXENEI 3 BTV,
FERIITEMEZ R LT,

2.4 BERE
1) EITAI O E I E O
F2E Y 1 O VR ST 13 0.25% ANS Th 5 728,
INEMATHERL. 5T 5 1,2,47 3/
F 7 b=V AR % 0.025%.0.0125% &
L7z, ZNHOFHKR L& THZH O TEEF
O 2 ]E L, SOS##R A Rk L7,
15 & A7 SO R A A e & Ll LT,
2) U EUER DOYRE DRt
FEAREE D Y AR T 10 pg/mL T 503,
20 pg/mL. 30 pg/mL D U - FEAEE & VERL L |
ZTnENE AW TARF R OWSEE 2 817E L,
BOGSHIBR 2 VERL UToe 15 B 7z RO Ml 2 1%
WYL L i LTz,

3. faR

3.1 BEZOBMERIZDOWNT

0.25% ANS Z# /MM Z 7E#% XV, 10 pg/mL YV >
FEHERR & DL 2 1R (%, 1. 2. 3. 4. 5.
10, 15, 20, 40, 60 %3) ICHAEREL, £ D%
JEDEAIZIE S E SOSMR 2R L7z (K 1),
EICH ZMA T2 ER (BOSBS) 726 1 3% ET
OSB3 RD TR E | SUSEEIE 5.1X
102 (AOD/min) Toh-o7=, L2>LZ 15 60 4
% (HEKRT) ETOBLEZEITIZE A LB
ERnT. MO E L 1.67 X 108~2.00 X 10
(AOD/min) % H#Ef% L7z, Z D7 KR 1
BN BIRITERE R L. (2, K1),
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(R1] R HEAELEFME

AIE M ik
(mL) (mL)
HlizK 10
10 png/mL U > FE ik 10
3N ML 10 10
25g/dLE) 757 UBET L E = ABIR 10 10
#lizk 16 16
#ITH] (0.25%ANS) 4 4

(% 2] T8 EE DM X D BOCHE & FROSHEE D 2L

0.25% ANS (*x1)

0.025% ANS (% 10)

0.0125% ANS (% 20)

BRI - N —

0 0.177 0.053 0.025

1 0.228 5.10%107 0.107 5.40% 107 0.066 4.10%10?
2 0.229 1.67%10° 0.146 3.93%107 0.102 3.60%10”
3 0.231 1.33x%10° 0.172 2.53%107? 0.126 2.37%10?
4 0.231 3.33%10* 0.188 1.60*107? 0.141 1.57%10°
5 0.232 6.67x%10" 0.197 9.67x10° 0.151 9.67%10°
10 0.236 8.00%10* 0.216 3.67x10° 0.173 4.47%10°
15 0.237 2.00%10* 0.226 2.00%10° 0.186 2.47%10°
20 0.238 3.33%10* 0.228 4.00%10* 0.193 1.53%10°
30 0.242 3.33%10* 0.230 2.33x10* 0.204 1.07%107°
40 0.245 3.33%10* 0.235 5.33x10* 0.207 3.00%10*
60 0.250 2.33%10* 0.236 1.67x10° 0.217 5.17%10*

3.2 ERXFIDREDRE
BICHIOWREIZONTHRTTT 578, Bkl %
A THAIRNL. 0.025% ANS, 0.0125% ANS %
UWNTC AR L RIARIC BOG IR 2 AERR L 72 (K1),
BOGBRAERD D 5 4tk £ T T 2 LRI Kl DAy
RIEED BT E U E RN BN -T2, b % E
TORJEHE % g9 5 & 0.25% ANS (FEHER
) 1% 2.32X 101 AOD/5min, 0.025% ANS (10
EAB) 1% 1.97X101AOD/5min, 0.0125% ANS
(20 f£#7HR) 1% 1.51 X 101 AOD/5min T&H - 7=,
0.025% ANS (10 f5#AH) & H 7= #lliE T, 5~
10 3% O CTHRIGHEE DE LVWME T (9.67X103
M5 3.67X108 AOD/min) 2338 Hil, Dk,

11 -

WGEEDY 0.216 705 0.236 (15~60 2314, A i
0.02) EZ&fkicZ L<, ROGCHIBITIZIZERR Z =
L7z (3 2), —JF. 0.0125% ANS (20 f574W)
Z FHWTZE Tl WL EEAS 0.186 225 0.217(15
~60 /3%, AfE0.031) ~LZfbL . ZDRIGHE
FEIE 2.47X 103725 5. 17X 104A0OD/min % HEHF
LD, BTGS2 Z LR b
7= (F£2), Bz 20EHNLI-Z L2k,
SOSBAtE 40 &R X 72 & 2 AW D SUSE EE A
3.00X104A0OD/min &< 7220 | FFRREITIX
HHNDHODIZIEEFIRREICE LT,
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0.300

0.250

0.200

0.150

Absorbance

0.100 --0.25% ANS (x1)
0.025% ANS (x10)
-0-0.0125% ANS (x20)
0.050
0.000

0 5 10 15 20

3.3 YURERDREDKE
BRAEARNLZZ EICXD, BRXADPTHED
BV TTUTN—OEREDED L, ERIREERE
DOWIEEEN 0.217 (vis. JFK 0.250) LR Z R~ L
Too HENEEFHT K DWOLE ORIEMIL, i,
K & IR EDREL RE<ZITHZ LI
RHZENHMLENTWS, TV TT T A—0D4%
AP S, FIXIFRZED D Te N & S DR
Z0.3~0.7TICHEFFCE D L9, MEXMGRLE DY
VIEER DR A < T OB AT o T,
ARETCrE, 0.0125% ANS (20 574 8) D&
Fl e W7o, BROSBHART 60 53123817 % 10 pg/mL
U EER (R & WG 0.217 Th
LD L, 20 ug/mL U HEHER (2 f5E) TIX
0.414, 30 pg/mL U HEAERK (3 f5&) TIX 0.643
Tholo, KISELERT (043) 75 60 3% ETO
WOtEZAL (AME) X, 0.192, 0.381, 0.609 (&
NZ4 10 pg/mL | 20 pg/mL |, 30 pg/mL UV >
EAER) ThoTo (33, X 2),

25

30 35 40 45 50 55 60

Reaction time (min)

(1] ETHREDEVIC & 2HEEDZELL

4. BE

MY IBRE T CEY T VBT v E =Y
LEMzxdE, 6 MDY T TTUMBERD,
INE 1,2, 47377 M= ANFEEETE
TTbHE, HAWETHD 3 Mo TTT
N—ZEHT D D, ZOFEOWNEZL 660 nm
DWETHETSZ LIV ERY V2T
D EMTEDLN, IBEEEOETHIRE (0.25%
ANS) TIIEUSHE DSE =D, RSB 14y
BT E FIR A L UG MR S LR AR
T FIFETHDLFETREZTINL TN B0k
SRR OO E A TE T D E TICKRIZZE L, 1
DHBROWEEZRTZ L HZ WV, TD D 2 RITERK
FOSITRGRICHEIT T 5720, 1 A2 mE 5 & I3F
EFRIRRE L 720 | FAEOIERNT D OGS h# A E#R
ZoRT &V RIBEAENE T TV,

OF D ERELE W TESA . DT 1y TR
WCROG I, WIFEOFEITEY 7T T —
DERRIZ L D22 RRELEBET 52 N
LV, T TARIFERICEBNT, EAls U AR



BT SUL R MR E 25155 (2025)

[3R3] 0.0125% ANSIC BT 5 ) ARERERE DEVIC LS RCEDE(L

AN RS
(min) 10 png/mL 20 pg/mL 30 pg/mL
0 0.025 0.033 0.034

1 0.066 0.077 0.094
2 0.102 0.135 0.183
3 0.126 0.185 0.267
4 0.141 0.223 0.339
5 0.151 0.244 0.376

10 0.173 0.291 0.459
15 0.186 0.325 0.515
20 0.193 0.347 0.547
30 0.204 0.373 0.585
40 0.207 0.390 0.611
60 0.217 0.414 0.643
0.700
—e
0.600
0.500
o
g 0.400 J
g
g 0.300
=~
=
0.200
0-100 =10 pg/mL ®-20 pg/mL =30 pg/mL
0.000
0 5 10 15 20 25 30 35 40 45 50 bd 60
Reaction time (min)
[X]2] 0.0125% ANSIZ BT % V) U EERRE OEWIC LB OZL
IR DOREZRFTL, BTV 7T T — BN, ZDEY) TT T —DHE
DERPF LN DRI RERE L, KO FHRF ST b TWRNEDOEE RGBT S
R SRR L 2 FAENBIE TE | SR ME EMMTATRE L T o T, FNIEE TILER R 23 52
T & % it 70 R A MG LT 60 3 RICIR B D28, WO Al DR EICE
FTUEICHIE 20 fFICAR L CREZIKRS L, WThH, Y 7T T IL—O G BR OV EE R

BT 2558 RS E 2K T ST, £ ORER, L DEFIREBIZR D ETEBET D L08w



T = SR R 2R e R

BBTholz, ZHIZL - THIFETHLIFATH
ERGERREE 72D RAKNEBIET D 2 LA L
oo, LL, BrAIORELZ 0.25%0 56
0.0125% ~ME T & 72 Ltk v, ExIhizt
UT7TF T A—0EREDRD L, EFIREICE
T BWIEED 0.250 205 0.217 ERfEZ R LT,
WEHEE X 0.3~0.7 (T CHIRIFAZEN /NS 725 9
ZEMD, EEIREE ol L X OWRENRZ O
HFANIZINE 2 L 9 S biHEteER, KRE
HEOWSERE DRI 660nm TH 5 2%, 780 nm T
BEST D EWMMNENREL 2D, LLBRRLY
YOER LW FHMEND 660 nm AHELE X 1T
WD D, SRIOBF TITHERRITE X T,
U YR DS IZ O W T DIAET 21T 72, 30
pg/mL U UAEHERR T, ROGBHIEDN D 60 432D
BIERE T £ TR D L3580 bivE
FARFBIZEE Ls o 7228, 60 23 O WG X
0.643 £ T LH L7z, 30 pg/mL U > FEHERR 2 F U
HZET, FYTT T N—DERENREML,
Wb E L B 2T < Rolc, ZLTHLR
oW SERE L, ARFRRZEDN /NS W & S D RIE DFE
FHANE72o7-, b &b L Fiske-Sabbarow ik VT
AW bi 58l L BRIEOMAE TIL, 2an
P & & I L, RIS TERIT I E LR
W EBHMBNTND, ZOOERETIEL, Eit
FIEME N HRES D £ TORRZ —EIZT D4
Find 5 67, Fiske-Sabbarow £ Vid 1925 i
BAFE SNV TUIRE, S E S F AU BENRHRE ST
W5, MBBMETCTEY 7T U7 — ARSI ED
72912, Fiske-Sabbarow ik ViZffilE % HW T\ 5
Py, BRETCITmERRS 28, HEE 9, —HbEIRE
W07 EAEH SN TWD, FELANCB W T,
1,2, 473 /F7 Fh—NLALKREEEIT TR
miEgsk WA Lz FiEbiE s Tngd, 2
D OHE T, PERROK TIZ 60 7Ll ETH
L0 &[RRI, ARFTTH, EEROFEE TITME
B 2% 60 DICRONTWAH T, EV 7T
=D i R O FEEEAL DR R 2 BT 5 2
EMEFRBMANICTE Y, ZiLiE Fiske-
Sabbarow (EDORFETH VD . ARFHIBWTEH 30
png/mL U AZEHERL CTIE, 60 73 ORITER T £ TIZ
FOSDEFIRREIZ 2 B o 7o, 5 1%I1% Fiske-
Sabbarow EDEEE L THE SNIZEMHETTE
DR O EITV, FEE TS TE DR %
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w52 LB L Lz,

£
[=]

5 #a

ARG B | BEICHIRE 2 0.0125% ANS & L,
U U REHE L & 30 pg/mL (ZFREE L CHIEEE
BWETHZ LICL-T, PIFEETHRON-FH
E PN CEEME Y REIC R T DRG0 #]
22 LU e SOS I RR A2 AERC T 5 2 & 3 ATRRIC 72
DT ENTREEI NI,

6. B

AW 2B RHCHIZD ., LRETEE T
S ELARZORAFTICHE FEHHF L E
afij_o

PSR B o - ST RE bkl
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Examination on creation of reaction curves for beginners
in the measurement of inorganic phosphorus

Mihoko NISHIZAWA*1, Shozo ITOH*2, Atsuko HACHIYA*1

In our biochemistry practical training (first year second semester), we use the Fiske-Sabbarow method to
create a reaction curve for molybdenum blue (product) following to a strict measurement time. However,
under this method, the reaction rate of production is extremely fast, and beginner students cannot capture
it by hand, which has caused difficulties in training them how to create a reaction curve. The purpose of
this study was to establish a method for observing the gradual production of molybdenum blue suitable
for beginners, and we examined the concentrations of the reducing agent and phosphorus standard
solution. First, when the reducing agent (0.25% 1-Amino-2-naphthol-4-sulfonic Acid) was diluted 20 times,
the reaction rate slowed down (standard method: 2.32x10°! vs. 20-fold dilution: 1.51x10' AOD/5min), and
after 60 minutes it reached a nearly steady state. However, dilution of the reducing agent caused a
decrease in the product, and the absorbance was significantly lower (0.217, after 60 minutes). Next, we
examined the optimal concentration of the phosphorus standard solution. For the 30 pg/mL phosphorus
standard solution (three times the amount used in the standard method), a consistent increase in
absorbance (0.643 after 60 minutes) was observed from the first measurement to the end of the
measurement 60 minutes later, falling within the absorbance range considered to have a small relative
error. These results suggest that by modifying the measurement method by adjusting the concentration
of the reducing agent and the concentration of the phosphorus standard solution, it is possible for
beginners to create a reaction curve of inorganic phosphorus within a limited amount of time. Modifying
the measurement method to suit the purposes of the training enabled students to learn the fundamentals
of clinical testing, such as how to create reaction curves and visualize data, and is expected to further

solidify knowledge and deepen their acquisition of skills.

Key Words:Inorganic phosphorus; reaction curve; Fiske-Sabbarow method

*1 Faculty of Clinical Laboratory Sciences, Nitobe Bunka College
*2 Department of Clinical Laboratory Science, Nihon Institute of Medical Science
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