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Abstract

Chromium has diverse oxidation states, the charges of +3 and +6 for chromium occur the most
commonly within chromium compounds. Trivalent chromium (Cr(III)) is not toxic and is essential for living
organisms. On the other hand, hexavalent chromium (Cr(VI)) is known to has the strong ability to oxidize and
to be a carcinogen. Therefore, it is important selectively to determine of Cr(VI) for the analysis of chromium
due to the difference of toxicity between Cr(III) and Cr(VI). 1,5-Diphenylcarbazide (DPC) is a reagent which
selectively reacts with Cr(VI) to color violet complex. We have developed a simple and sensitive analysis of Cr
(VI) using a micro fluidic paper-based analytical device (4 PAD) with the DPC colorimetric reaction. The
fabrication of 4 PADs was carried out by melting wax with an oven after the pattern was printed with a wax
printer. The detection spots were dropped DPC solution and dried. Then, the sample solution was dropped
into the sampling spot and wicked to the detection spots. u PAD was scanned with a scanner, the color
intensity for the detection spots was analyzed by an image analysis software. The RGB intensity of the
images was analyzed, and the highest sensitivity was obtained when G-intensity was used. The detection limit
of this device for the Cr(VI) analysis was 26.2 u g/L, the sensitivity for present method has been enhanced
compared to the previous method (30 mg/L).

KEY WORDS: Microfluidic paper-based analytical device, Hexavalent chromium, Diphenylcarbazide
colorimetric reaction
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Fig.1 Photographs of the pPADs.

A: after printing, B: after melting, C: after

analysis.

2.3 uPAD IZ& 3 Cr(VI) DA HRFIE

Fig2 1256 L7z u PAD 12X % Cr(VI) ®H TIE
2T B L2AKD 4 oI, <4270
Ry ¥ —%v, DPC#HW 1ul, HEEO05ul 2T

DPC soln. HCl soln.
3L\ = 3£
Sample soln.
(Cr(Vl)soln.) &
Image
analysis
R

Fig.2 Analytical procedure.



uPAD 2 X BRI 2 T 2 0 T R 3

L U720 RIS, Cr(VD) % &Eilkai 2 0 os

BHETEICHE T35 &, AR 4 BOBRIERIZER
&L, Cr(VI)-DPC $EADEK T A Z & THRAICEM
3 % (Figl C)o Wi # ® uPAD % X ¥ ¥ F —
(Epson, GT-S650) THih Ak, ZEfiifiod RGB i
Z WAL Y 7 b Image] (NIH) 12X 9 fi#dt L7z,
B, HFMEIE 4 BHE LS 0ERFE L, ToRtt
% RD72,

3. ®R

3.1 ERI VA AT EDOEET

2 L7 uPAD OWREZINET 5720, 387
MY ¥V H A5 (Panasonic, DMC-LS80), 73 %
V—IRL 7% X5 (Nikon, D5100) KA ¥+ F —
(Epson, GT-S650) Z#H\WILikE4T -7z, B, T
W ETFIINARATROETTINV—R_RLTH AT
BLTIX, EBATHEVWEZEY, 20T Tl
bor, WAy 2 X (¥—7+—A SEA FORCE,
PX-260) WTIRFE L2 DIZOWTHME L 72,

Table 1

correlation coefficient for the calibration

Comparison of the slope and

graph of each image capture.

| sl Correlation
ma ope
ge P coefficient
capture 1

Table® Box Table Box
Compact® 1.95 2.31 0.973 0.976
DSLR" 1.24 1.56  0.994 0.772
Scanner 3.39 0.983

a. compact digital camera, b. digital single-
lens reflex camera, capture condition: c. on
the table without the cover, d. in the lighting

box.

Cr(VD) #&F, 0, 05, 1, 5 10 mg/L D& %= 3k
WL L, 2. BICEEA L2 AL ) BB EEX1T-
720 WY A A 72RO B 2 MR Y 7 M2 D,
RGB BRETHNIT L7z & 25, G MEIRDBVILE
winL72o L7235 T, G 9EEZFHEEE & L CER
L7z —J7, TNENOEGIHR )2 dH il 5 720,
C ZTUEAS Cr(VD) HREE & MH{RIAT A B8 b7z G il
Ex7uy PL, BEOHZTH ZHEMOMEE KT

{il

SRIE - R EE O BARYE O WY 2R A BAR B 2 R Tz
ZFOMER% Table 1 ISRT, ZhEhar s by
ZIvH XF (Compact) RO—IRLV 7 FI N AT
(DSLR) 1%, %Erd& (Table) TOHWE LIV LRy 7
Z (Box) WTOZDFH, MEMOBEE 3R K
EVWREREE LN, ZREADLS DDA ARE
DB ZTT, BOMOWEIITAI720EEZD
Nbo —J7, MBEREUCE L TId 09 BRELRE LN T
WBA, Ky 72 ARFHL—RLIFIVINVI AT
TOHEIE 0772 L ROHBF GO G o7z, —HR
L7 TFTF VA AT, WoeskheRkeT& 2HED
%<, wBLTIUIRKE - BEZEoWwENAbNS L%
AONAEN, SRIOKRETIE, Iy 7 NFIFIVH
ATOHBRVERE RS —FH, AF ¥ F—
(Scanner) 12X MY AR, H A FIZHRTHEH
15~27 FER&EL, BREICKRESHELZEZ LI LN
Brolie AX ¥ F—IINAONOREEZTHIL
B MR ERY AL I ENTEL2D, L) EKELR
GBI E o/ EZObND, SEMEH LA
FxF—iF, PCIZUSBH#mT LI LT (VA
7—) k#3554 7 THY, ACL00V OB Z L
L Lawkw, /=1 PC REzAMHTNE B
THEROWY AR ELTH 2 EDWRETH 5o SR
FLEDDERLDLEMEDON A TR A% v F— DR
W& %, WEE (&EE) ~OEBENHLEEZEZLNLD
RERAE LT LG BR R WALEIC L RE L R DR T
I Lo 2 ik, BfomELoltz st
T (R, BEFIRE L 2 Wi s TaE & 2 5
LEZoNS, ULofErs, 5%, mEED7:
DOWROIY AARIE, AF ¥ F—%2HnbI il
720

3.2 FHTAEEORE

HWE, SAICBIT 5 EREAD 72012, BiEOT
EAHWSN S, BIZIE, Cr(VI) Oihig: & Uit
9 R A F VR IE & T\ 7205 L O3k 10
PHESNTWD, LELARDVS, 20X Rl
AT T b % K ERBEALATRE & iU, BREDVEEE
Lo, R RIED LEL L wilifieFke 2
bo FIT, AWFZETIE, uPAD 239 % sURMAR,
RN S B WAL R BT, BRI LA RE 2 ET &
1To72 WM FEEIZL D G BENDOREIZOWTHK
LR T Fig 31T d. &8, KM, 77>
I OBEEELIIWAE AG ELTFay PLTw
o TNXD, WMARBOBMIED vy, IR



4 (el

B ()

RNTIEDHHH, WILTVDEZ Ebr b, i Mk
RO NIRE S 10 E$ 525, 05520 5#
TITOMBLET L, L2H-T, 22T, 35
DELDRL, BRI EN R, WFAREOuL &
BEIRL 726

40

N w
o o
T T

o

AG (arb. unit)

=
o
@

0O 20 40 60 80

Volume of Cr(VI) soln. (uL)
Fig.3 Effect of sample volume on AG.

100

3.3 HRHERERDEH

3. 2THEFLZZ8ERED S, Cr(V]) % &t ilRAE
O TR EZ 60ul L L, TERL7-MEf% Figd 12
R¥e TNED, 100ug/L FTERVCEREZRL,
100 u g/L DIBEIZRRBM L TL 500, % Cr(V])
BEEICBWTHBEZBESLANAONZ, TRXD,
100ug/L $ToMER (Figd 41 vty 1) ol

20
I ¢
=" [ ¢
g B
. ,}0 L y=0.076x
210 [ § c8 er2=0.9982 p
& ' 26T
G) ; 34
<95 / 02
' S|
: 0 &
| 0 20 40 60 80100
0 ‘ :! 1 1 1 |Cr(|VI) (lug/lL) 1
0 500 1000

Cr(V1) (ug/L)
Fig.4 Calibration graph for Cr(VI).

M, 7727 ORERED 3 EOREES RS
Cr(VI) i, $abbimhRA 2B L7z, TR,
Cr(V) ORI, 262ug/L &% D, DIRICHE
L 7= BRSE 30 mg/L @ 1000 f5 &L A3 A 1 L 72,

ARBFSETIZ u PAD % 72 Cr(VI) O R & ik
WCOWTHE 21T 5 720 TORER, WEHMAEZ 60uL
LT B LT, MIMBAR 262 ug/L HF5HN, LEiC
W L7z Fi2 5 1000 BRI EEDS A B L 720 FERARIC
&, FEH TV HICEE SN ARG OB, AR
ST IR L OB D 53 AT 1502 & 2 F234 & TV o
EOHBEEOBET 21T 9 LED D 5o AT, R#Mi%
ORI LE LT, MBI EH F T 572
T, i Cr(VI) SRR TH S 0Hr
Wiz T2 2 &AM WERTH L7720, 5hr
BT Tt U4 MR B%EE LEZ ETog
M FEE N5,

2
ABIFFE L 1L B /INEF T S TSRO B AR R A M A 5
TR 782 S O 1L By /N B FE T3 N2 1L TS R R~ e 3 A
HWHEOMR 2 Z 72D TY, ZIZRLT, BtRE
FRACRCHEZER LTI,

SE

1) HHRE  KEOEALY  MEmITE, HAHEH,
47, 83-89, 2005.

2) K. Yatera, Y. Morimoto, S. Ueno, S. Noguchi, T.
Kawaguchi, F. Tanaka, H. Suzuki, T. Higashi:
Cancer risks of hexavalent chromium in the
respiratory tract, /. Uoeh, 40, 157-172, 2018.

3) A. Sai, K. Ohashi, K. Motojima, and K.

Yamamoto: Adsorption behavior of chromium

(ITI,VI) on activated carbon and

oxine-impregnated activated carbon, Bunseki

Kagaku, 31, E361-E366, 1982.

K. Pytlakowska, K. Kocot, M. Pilch, M. Zubko:

Ultrasound-assisted dispersive micro-solid phase

o~

extraction using molybdenum disulfide
supported on reduced graphene oxide for energy
dispersive X-ray fluorescence spectrometric
determination of chromium species in water,
Microchim. Acta, 187, 542, 2020.



uPAD 12X A7 O 2 OB RIEE

e
o

o)

6)

8)

9)

10)

C. Cui, M. He, B. Chen, and B. Hua: Chitosan
modified magnetic nanoparticles based solid
phase extraction combined with ICP-OES for the
speciation of Cr(iii) and Cr(vi), Anal. Methods, 6,
8577-8583, 2014.

PELFREE A HE L DURCHT)  BOEEEE (4- X b
Fyr=)vitksrzun (VD) ofbFRNE=
BT NH)BEMORNRE , 7165 (Bunseki
Kagaku), 60, 585-591, 2011.

C. Pasquini and W. A. De Oliveira:
Monosegmented system for continuous flow
analysis. Spectrophotometric determination of
chromium (VI), ammonia and phosphorus, Anal.
Chem., 57 2575-2579, 1985.

T. Ozer, C. McMahon, and C. S. Henry: Advances
in paper-based analytical devices, Annu. Rev.
Anal. Chem., 13, 4.1-4.25, 2020.

H. Asano and Y. Shiraishi: Development of
paper-based microfluidic analytical device for
iron assay using photomask printed with 3D
printer for fabrication of hydrophilic and
hydrophobic zones on paper by
photolithography, Anal. Chim. Acta, 883, 55-30
2015.

H. Asano, A. Akinobu, and Y. Shiraishi:

Development of multichannel u PAD using

11)

12)

13)

14)

15)

16)

pH-responsive gold nanoparticles, Bull. TUSY, 1,
25-29, 2018.

H. Asano and Y. Shiraishi: Microfluidic
paper-based analytical device for the
determination of hexavalent chromium by
photolithographic fabrication using a photomask
printed with 3D printer, Anal. Sci., 34, 71-74,
2018.

H. Asano, T. Maeda, and Y. Shiraishi: Bunseki
Kagaku, 2021. (in press)

W. S. Rasband: Image], U. S. National Institutes
of Health, Bethesda, Maryland, USA,
http://imagej.nih.gov/ij/, 1997-2012.

BTG  EARARDR, BRI ©in situ flHHA)
AR RIS S I 7 i BEiEIC X B 7 1 A
(D) &7 v (V) OG5 RIER , SH1LS (Bunseki
Kagaku), 58, 693-591, 2009.

S. Matsuoka, Y. Tennichi, K. Takehara, K.
Yoshimura: Flow analysis of micro amounts of
chromium(IIl) and (VI) in natural water by solid
phase spectrophotometry using
diphenylcarbazide, Analyst, 124, 787-791, 1999.
PELFRE | ARSI | B B - SR KIRILY
ke w2708 (V) Oo7ua—A Y73
VONT, PTE S (Bunseki Kagaku), 55, 781-786,
2006.





