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L Introduction

In this century, the importance of environmental issues has steadily been increasing, and a personal clean
environment (PCe), we believe, is now exactly in the same situation as
the PC was back then in the last century. Since we have experienced
COV-19, the new environment-conscious high efficiency clean space
will surely gain much more importance not just only for hospitals,
houses for elderly people but also for all the generations of ours.
Bringing a clean space at low cost in the world of consumers will
realize “The PCe for all of us”. We have been developing clean unit
system platform (CUSP) as a promising candidate of the PCe. The
CUSP is a closed (isolated) system in that there is no net air-flow
exchanged between inside and outside. Also, to exchange the gas
inside and outside, GEM (gas exchange membrane) has been provided.
It can easily exchange designated gas molecules. We have developed
a new compact CUSP-GEM system named Nap Box as shown in Fig.
1. In the CUSP, a fan-filter-unit (FFU) is in the room decoupled from
outside and takes away the particles inside the CUSP/Nap-Box being  Fig. 1. a) Outlook and b) inside, with some air

.. . . . sensors, of a high air-quality Nap-Box based on
free from clogging in quite short time. Nap-box provides a clean space ~ CUSP.
for people to take a nap. Based upon scaling rules, CUSP-GEU can be
applied to any closed space, not only for sleep assessment but also for medical treatments for COVID-19 or other
infectious diseases.
11 Experiment

We have done the dust number count experiment and CO» concentration experiment.

The dust experiment use air filter to clean the air that box inside. We have counted the number of dusts in Nap-
box. Then use filter to clean the air and absorb dust and see time-dependence of particle count. Filter has 3 flow
modes, high, medium and low. The mode means filter’s ability to clean the air. After the fan filter power on, the
system dust number will tend to stable. The lower flow needs more time to get dust number stable. On the other
hand, we tried to measure the CO, change by igniting alcohol (3 g of CH3OH) experiment. Alcohol burning and
produce CO,.The CO; can go through GEM and exchange with the outside air.

I11. Results and Conclusion
a0 3um 1000 We can infer that
. o Qoum Nap-box is  very
2 2 effective to decrease
o~
S » g 100 dust number, as shown
wn i e ~ . . .
ER XMQ N in Fig. 2. The time cost
\ o -
c ‘4;‘\ Ao A RPN ponrs | © is not very long (about
R N uE L 14min), and the particle
N e o1 number will  soon
DL Bl as st da it
el LS i ; ; ‘ become low and stable.
0 2000 4000 6000 For the gas
o " " - o Time (sec) exchange capacity
time (min) Fig. 3. Result of alcohol burning experiment, as shown
experiment in the Nap Box. Increase ) .
Fig. 2. Cleanliness in the Nap Box. Particle count decreases rapidly after in COa.concentration (ACO2.=1n(t)- n Flg 3, carbon
its FFU turns on. The black, red, green line represent the particle with o) is plotted as function of time. dioxid :
diameter at 0.3um, 0.5um, 2.0pm 10x1de concentrations

are well controlled after the 2-minute-long combustion

process. When the combustion is over, the concentration of carbon dioxide can quickly decrease. The concentration

of carbon dioxide in the Nap-box reduces from 1500 ppm down to normal level(below 600 ppm) within 50 minutes.
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1. Introduction

Recently, heavy metal pollution is becoming a very
important environmental issue. Copper is a heavy metal that
can be harmful if ingested in excess. When Cu exceeding it is
critical level might bring serious toxicological concerns such
as vomiting, cramps, convulsions, or even death. We
demonstrated two optical interferometric techniques to
monitor the biological activities of plants. Firstly, biospeckle
optical coherence tomography (bOCT) was proposed. In
bOCT, the temporal speckle contrast variation of the OCT
signal is used as a parameter to characterize the internal
activities of the aquatic plant (Myriophyllum). [1]. Next,
Statistical interferometric technique (SIT) was applied, and
SIT is a highly sensitive, high speed and non-invasive optical
technique developed by our group capable of measuring
instantaneous sub-nanometer displacements. SIT applied to
plant growth has revealed nanometric intrinsic fluctuations
(NIF) that are reliable and sensitive to variations in the
environment making NIF as a measure of healthiness of the
plants.[2]. In this study, we demonstrated the validity of
propose optical methods on detecting the effect of heavy
metal copper, on aquatic plants by monitoring the NIF by SIT
and bOCT observation together with traditional biometric
methods.
2. Experiments and results
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Fig.1 Biospeckle Optical Coherence Tomography (bOCT) system

(A)
(B) Statistical Interferometry Technique (SIT) system;

The experimental system of bOCT and SIT systems are
shown in Fig. 1. The OCT system used a source of
wavelength of 840 um, we used a 2048-pixel line-scan CCD
camera with a 25000 line-per-second acquisition rate. A two-

dimensional image of 1024>2500 is collected at the
acquisition rate of 10 frames per second.

SIT system used diode laser of wavelength 660 nm was
used as a light source to illuminate the sample. First, using a
specially designed prism, P1, the laser beam was divided into
two beams. Next, a right-angle prism, P2, mounted on a
piezoelectric transducer (PZT) stage was employed to

introduce path difference between the two illuminating beams.

Interference speckle patterns generated from the two
illuminating points (on plant stems) were acquired by a CCD
camera for every 500 ms and stored in a frame memory [2].
The Phase difference was measured by using this equation,

21
— AL sinf

Ap = 7
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Where A is wavelength of light, 42 is in-plane elongation
of leaf and @is the angle between the illumination and
observation direction.

Plant stems were observing point using the bOCT
technique after 7 days of exposure to copper solutions of three
different copper concentrations to 0, 30, 100 mg/l. For SIT
technique it is just 3 hours of experiment time, we observed
that the plants were receiving heavy metal stress in the copper
solution. Under the same heavy metal exposure conditions (7
days), Traditional biometrics method (H202, CAT) are also
measured.

By calculating the contrast of a specific region in the bOCT
image, the average bhiospot contrast of the aquatic plant for
each treatment can be obtained. The average contrast of
aquatic plants in copper solution was significantly lower than
that of the control, and the average contrast of aquatic plants
treated with 100 mg/l copper solution was the lowest.

Standard deviations (SD) of NIF were calculated to
evaluate the dependence of NIF on the environmental
conditions. After we normalize the data, it is easier to see the
range of NIF changes. When the copper concentration is
30mg/l, the decrease rate is 23.5%. When the copper
concentration was increased to 100mg/I, the decrease came to
51.8%. Fig 3.

Normalized NIF SD

23.5%
=, 51.8%

30mg/I 100mg/|

Fig 3 Decline rate of Standard deviation under three copper concentrations of control,
30mg/I and 100mg/I.

1.2

e =4 o
= S 1 -

Standard deviation of NIF

o
o

0

Control

From the experiments of H202 and CAT, we can clearly
see that when the copper concentration increases to 30mg/l
and 100mg/l, these two indicators were increasing, indicating
that these two concentrations have imposed stressed on the
plant.

3. Conclusion

In this study, we proposed to use biospeckle optical
coherence tomography (bOCT) and then used Statistical
Interferometry Technique (SIT) to monitor the effects of
heavy metal, copper, on the aquatic plant Myriophyllum.
Hydrogen peroxide and catalase amount obtained from
traditional biometric methods. The increase of copper
solution has a significant effect on the activity of plants. It
was not possible to observe the effects of 7 days of heavy
metal exposure on plants by measuring their length or the
color of their leaves. Compared with traditional bioassay
methods, SIT technology is the fastest, followed by bOCT
technology. Both technologies are advanced and can be used
as a new method for the determination of plant bioactivity.
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AHFFECIE, NIF OfFIZE S Z & % B LT, R 700-800 nm @ lEAfREY: (FR)) & X UOMEH O
BRRICTE L BM%RT A R R) (JEE 660nm) BN ORIMIC S % 5 B EHE LT

[2. EBaFHE] Fig. 118, AEBRTHEA L7 SIT OXFRTHSH. L—P =3k (660nm) iE, 2D FITE— LI
SEISH, BORTMO HEREICHENTS. ZLT BENSHEZ S0 008ELICE VAL 2o0 22y
INGOBEREDORICLD, T X LT —12% CCD I ATIZLVEYATe. SIT TiX, D 250D
BUHEMOEDMEZEEEICRET A ZENTES V. Fhr 3IMBERM MM EEE (Relative
Elongation Rate, RER [nm/mm/sec]) | % &3 U, IE %175 72. Z4UE 5.5 B O MR 0 sl R % 3R ),
LR R BRI ORE B Z 2 LW o, Lmm b7 0 O E#HE TH 5 2. (Fig. )i~ T X 5 12 RER I1X,7/
A=V AT =L THLWG L EZR LR BREMICLOREPHE (T2 5 NIF) Thd. o7 i
R e A R OE OBE (FEEEL 2-4 Hiim) & 7z,

[3. R & ZE] FiE ORI S, 50 pmol/m?/s OYeETHEE (PFD) @ FR BH (JE 730 nm) 23, 1 %D
#ED NIF D KX & (P 5 X DOEHEFE) 24 50% I & 87~ (Fig. 3, ALV A)—F5T, BLEOFEL (B)
(FiF 470 nm) %S LT%, NIF ICZ{b R & e dvo7- (Fig. 3, M) Y KEBRCIL, A RxD¥#IC, PED £
50 pmol/m?/s @ R Z H{KHH L7z & = A NIF DK & X ZS%,30 /0~1 R I S g LTind o
LR TE 7= (Fig. 2). O RIL, T 5 L5 63% Th-7-. (Fig. 3, 7). MWL HEETOR &
FR %A RFR)ZZFIETHD [7 4 b v b TEML,BH~ONREREEZFH L T D AR R )
b, 74 bruvl] OLOMEMGIZIFENBEFFR L FTREMCm RFR BREL, D F D AEWIZ & > TIE, H AW
D ERER LT o DB E S BRI Z S o T A REMEN B 2 L. S DICHIEI O FEBRAE RN 5, FR &
FREDED B 2[R 9% 2 & TFRIZK % NIF OBMEF B L TW5D 2 LR Tx 7= (Fig. 4) =1
3B ZREkD 7YV 7 ek (B
ZRAM LT, ORI EETf
Hl2)) R ENMEE LEREEL S [y p— !
Z b5 L O R AR E 2 T A VoS :
NIkt (2 SR A227 b
) RFEFLTEBY, £ NIF (2
LRBENTWDH LI ThDH I L%
TRELTWS. —FTHWIZE > T N
FR ﬁ{ztiﬁﬁ%fct »t R ﬁﬁgﬁg‘%@ﬁ 3 %ﬂihcn1aticof511 system.
DA R L TIE, BUVDOERMFIC D Il s
B4 53 NIF 238 L. 2 o Bl &
LU CRBERARUSIC & AR E & &6 .
ZRETOERAZEBRL TV D ATHE g0
HERE Z BN,E %S B D& o
BTV FIETHD. Lo w;:m R P wt:[h] Lr

Normalized SD (NSD) of RER valucs FR50+B30-RER(black line) and SD of NIF (orange circlc)

RER[nm/mmfssc]

50 of PERInm/mm/sec]

P\dv\Hde““\ /,‘" ) Time{h]
- R50-RER(black line) and S of NIF (orange circle)
120

2 = m e
5 & 8 g

g

5D of RER [nm/mm/sec]

=

0

[1] Kadono et al., J. Opt. Soc. Am. A 18, 1267-1274 (2001). [2] Kabir et al., Plant Biotech. 37, 1-11 (2020). [3] L fth, %5 70 [EliG4%#F 15a-A405-1 (2023).
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REBTOERICKD T 74 /N\—RERTIEHERIEDER
Twisted Fiber Microfluidics: A Cutting-Edge Approach to 3D spiral Devices
HALKZRRRR !, 0IST?

OB ik B!, =TI W H—LYY?L,IAS—Q >z 3 B!
FRIS, Tohoku Univ. !, Okinawa Institute of Science and Technology. 2
°Shunsuke Kato!, Daniel W. Carlson?, Amy Q. Shen? , Yuanyuan Guo!

E-mail: amy.shen@oist.jp ; yyuanguo@fris.tohoku.ac.jp

v A 7 ALY A 7 A=V OREEBIE USHT 2805 TH 0 . EfmElEoby,
MBI L7 EDG B CIAK SN TWD, 1RO~ A 7 miitfhkT A 2D L XM B
UV T T 74 Ko THRESNTEY , IR A M < T & 55, MO B HIBR M
WTROBEMES , PEEEICRESND E Vol A ®H 5, AT, KEBET 7 A4 3—D
BIERIN CHHEGEM T n A2 %R LT, ZbOBEEMR LoD, FieFihke LTER
TCMRERBUNRIR 2 F5 O AR = —7 7 A N—ZBAFET 5 Z LTIV AT

BN EIR LI 7 7 1 A= BRT DD ET, Fre © vl
FNEFFORY v —WOT ) 7 4 — L% LT=(Fig.1(2)). 7V \ ; v
7ok — BEBMEMT S LT, MRS A MR L7 EEAE v ) F 3

pull

y

BYDT 7 A A— BT 5 2 LR TE . NEBOF ¥ oL b Ry =
NS, T 7 A SNBSS T ERTE B, & ¥ 1
rotation

BT, HEEIC 7 7 A A2 AEHAICEG S5 = & TRERD spial diameter

B 2 I S (Fig. 1 (b)), =W OBMEIE & TERL L 7= (Fig.2(0)), s

= OEMERBILI S 0% % 2 TE TS 2 &40 k> T & 72T sion i "
S IBHE Y T A FEo SRV A BT B T LRI L adhesive W\ ...............

OMERL LTz~ A 27 iR T 73 A A (Fig 202k LT =Rociitd oA st

. R BRI HCED)IC SRR S S = L— 1 VR \}Eib (’(*

H(Tomographic PIV)Z 1TV, Vi ONOIRN ORI 21T > 72, i x wutlet f
24 P o 72 S PNIC I Dean flow!! 2 TN 5 R OIA R ET 5 |
L 75)9:_” %ﬂf% v . Kﬁ%f@i:/ Sal—igud 3’%%%%0) Fig.2 The microfluidic device

normalized velocity
magnitude

M /7 C Dean flow DFAEZTER T D Z &8 TE /= (Fig3), ZDH
R~ A7 BART A ADRIEFIEIZ LY | 1EROT A ATl
EHTE Wi oA Rds JOHIERA IS D,

AWFFE1X OIST-SHINKA, JST-FOREST(JPMJFR205D) D %1% % %

T CEE R ST,

orthogonal pla

primary flow  secondary flow

Fig.3 The simulation study

[1TW. R. Dean, Proceedings of the Royal Society of London. 121 (1928) 402—420.
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VMR FABROD T OO ZUTI#S XBMAREEL
Changes in Small-Angle X-ray Scattering
Associated With Shear Thickening of Silica Particle Dispersions
BERR' FEANE’ EREIL? FARKBIRREGPEMNET Y SURKEMRE®
OliM #EX' #HE F82 XKAR B—M° AR &F—* DMEHEX AR’ PR BES
FR EE' HHEE-—?
RIST!, Grad. Sch. of Pure and Applied Sci., Univ. of Tsukuba 2, Sumitomo Electric Industries, Ltd.’, Grad.
Sch. of Sci. and Tech., Univ. of Tsukuba*, Faculty of Life and Environmental Sci., Univ. of Tsukuba’®
°Tatsuya Yamada', Keishi Akada?, Soichiro Okubo®, Ryoichi Ishibashi‘, Takamasa Onoki’,
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BRS U MRLFO=F Lo 7Y a— b~ BikiE, & AWHERE @) ORI S T R E
(Mapp) PR E VNS =T vy 7 =0 VBIRERT, ZOMMABEZBAT M L LT, Wik
SR, 0N, BT RGO/, RO, B 2 B0 ARLT= A h—2 AB)J)%(SD)
YIal—va UPMEIBE I,y RO EB A8 L TE O ERRIES 7S (R, Mari et.
aulmmmwgm@oLﬂb\:@ﬁﬁ&ﬂ%bf\yz??ya:yﬁﬁﬁfwﬁ%M%mﬁ
b U 7o BERIIAR 72420 TliE e, X # A TEL(SAXS)HIE (Fig. 1-1)DFE R, R Al % X
M9 %, FRZ, RIEDY O, =7 vy 7 = JAERORI THiiR D SAXS /N —
NAR Y MR D HBRR A~ E B D (Fig. 1-2), T2 TAMETIE, =T vy 7 =2 72E)
SAXS /¥ =L DEBIZONT SD ¥R =2 b—ra AT, FEBRFER LB L. y—an,p, HIFRO
FEL &3R8~ 72 5T, Mari BT & - TIRE SN A DORGEE 1T - 72,

FP. IS & U CER L REOREL 560nm+28nm DOEIK T U TR 2016 A AFEy =R
53%& 70D X OEFENIZT X NTEE L. RICEDOFABEE10~100 s 5272, 35
&L ORI II BRI S TR TRELE 2 0 5 BT 72 o I- R R 2851 L. SAXS /3% — L DOFHELRE
BE UTEREFBED ARy 3B (Fig. 1-2), 51 X650 T, RICK X 20t AWidEE(1200s1) %
QT E 25 & RHIRRIE(~20ms) & & & ICTEEE AL, ROREIL EA U7o(Fig.2-1), AL
D EFITES T, SAXS AT FUIFE ARy FOHBIRIEN S HBIREE~E (L LTz, Dz &
L, R TEEDPRFOH HDHEEN DT & A EERRFIRRE~EB L LT 2RLTEBY, 20
BRERSIBAIE, ERREE R & K< & LT (Fig.2-2), 7=, #MEEAZZE LW EADOSD V2 =
L—ya VORRTIE, =7 vy 7 = Z3EEP, MToEREBEISMHESN, ARy ME
HEBL LT 7o, LEORERD G U R0k O =7 >y 7 =0 7 ORI, R
F W OB ) W E B /e B a R o> TV D Efbim LTz,

. . (2-1) @ 10
(1-1)  Expt. (1-2)  Simulation : E
A\ ™ o © Dot
: i s b e, )
: 2 /
2 | C 7
B01 %= . . .
0 > 0.0 5.0 10.0 15.0 20.0
ﬂ ] (2-2) Time [ms]
Screen F(Ak) = A Z pjexp(—ilk - 1)) SE =
0 7 SAXS - T '
- pattern J =
n (,E) S 10.5
Qx i ( (a-4)
V- (’ e (o)
L
2000 ms
Fig. 1-1. SAXS pattern measurement system using a cylindrical rheometer. Fig. 2-1. Time-series change in viscosity of a .panicle
Fig. 1-2. Snapshots of a Stokes dynamics simulation result and calculations suspension applied an abrupt shear rate. Fig. 2-2.
Comparison of SAXS patterns between experiments
of SAXS patterns. and simulations.

AWFZEIL, B T 22 PR B E AR AF FCHELE R L TPJ004596, M TN, FlE KFrH R AN > &
—DEBRILFERH T 0 7T AOL AT THERM LT,

© 2023%F [CHAMEZS 01-014 1.1



