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The dehydration processes of biological tissues investigated
by terahertz time-domain spectroscopy
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Abstract: The continuous dehydration processes of adipose, muscle and skin from pork were investigated by transmitted
terahertz time-domain spectroscopy (THz-TDS). The changes of terahertz spectroscopy during the dehydration have been
observed, and the difference of absorption coefficient and refractive index at the beginning and end of the dehydration a-
mong three biological tissue samples were compared. The results show that terahertz spectroscopy is sensitive to the change
of water content in the fresh tissues, and water content is the primary factor to influence the absorption coefficient of fresh
tissues. Moreover, there are significant differences in the absorption of the terahertz spectroscopy for different tissues, indi-
cates that the transmitted THz-TDS enable to distinguish different biological tissues.
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Table 1 The change of thickness and weight of three tissue
samples before and after dehydration
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Fig.1 The change of time-domain spectroscopy of three bio-
logical tissue samples during the dehydration. (a) Reference
signal of N, at the beginning and end of the experiment, (b)
the spectra of adipose during the dehydration, time is 140 min,
(c) spectra of muscle, 190 min, (d) spectra of skin, 130
min. The peak value and shift of position at the beginning
and end of the experiment are marked
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Fig.2 (a)The change of the peak value, (b) time delay of
three tissue samples during the dehydration
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Fig.3 The spectra of THz frequency-domain spectros-
copy of three biological tissue samples during the dehy-
dration
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Fig. 4  Absorption coefficient and refractive index of adi-
pose, muscle and skin before and after dehydration

Absorption coefficient/cm™

3 Wit

B IR 240 B R R IR ISR 1, LA 2H 41
(RBEA B A ILET 4k 36 1. 2R 15 B 0 45 # L i
AT T /K B | SR TN e 7 25— 2R 900 X A 2 ik
TR AR A e R A 2l 157 4 R R L 7 K
250 BON P B AE LR e e ) 9 EL7E 2R 4 4
PR AR 45 ] FRLK AR S B IR ok SE 2 4540 I
SHE R R 2 0 R WA s . 25 5 S W 1 g D7 2 i =
B IR A , HEAR GEA AR 00 K i Il g
1R =5 LA RS (9 34 A7 T IR 05 4 e 3k = 1
FVA F R A KB, SR T S
At AR B K01 AR e H: T BB AT R 435 3 K AR 2D
IR T2 20 5 1 Jok UL PR 4 2 A W e R B b R B
T 2%, Singh R S 2 i 2 3 s 2% &
B 75 1 P IE 25 1 JUIL PR A 5 g i 2 40 X Sl A 7 A
WS, 25 9% s LAY 28 28 3 AR X T g 7 2 41X L
A S S S R R A0 e R 2H 4 R
RO B 401 0, A B o B K, PR 3 1 4
Ay S PoiR g s LN 1) R i (A & o 2
IRk Z AME R 2515 5 22 S BN E

R I URILIA 2 8 TE L 8L 454 1 X 5
ARKE = WK S A W i 22 8 - A PR AR
A 2 55, 6 W 20 2 455 0 1) 2 S5 X AR 2 18 2 Wi %
FCH AR /N He MY LK Wilmink G J1°) 45
PP 3 A ) 25 3 0 4 KL ) 2L 2 2 R HL R 2
W BT, WAESE T X — 2518

TESZURTF AR B B, 5 7K 3 5 (058 e UL IA) 20 4L RN
B R A SR BT SR Bl 8 B S A
FEREAG, F madir S R RS A 1. X TR I ZH 2R
A R LT et BARRI R K T
VETEY) F 257 1 1T L3 fe 7K 09 T 418 , 1H 356 26 b 241 ]
s 2 S0 3 6 20 2 B KA RS R L R b, (3T
i 2] 2PV 1) 0 A 2 B R ) R R bR 2%
RGP e — E R E R T i S
.

S B gt AR AR AR — S R 2 T AR I 1
Yo KRR RE S S A G T B S T A 2 B
AR Ak T B R 5 A TR A B G RS, Jn R
TEHA 2 7 v R A S B 3 SRR SRR I 44
YK A R 2 15 2 B A B 0 A AR 5, K AE
RSN 7 R (D SRR ER s iyl | =

4 g
TR 325 5 A 2% IR S8 8 3 A o 6 1) 4 UL



31 B A 2 BB KRR A 2 B 267

P B IR 1D LR I 7K R EA T S B4 4, 25
B WA 2& B S LU & K B AR A+ o3
BRURK. T 3 BT LG AR i R I 7K 2 2B I AT 2R O
it AR ARAY RS F 7K AR T2 5 W 7 i 4 210 Kk
2R TR MIAEBOK TSI , AU A
ZH LB A LR M AN R 2 2R T (1 S B A K
PRI , ) FH R 25 1 H AR T LS S AN ] f) ZH AU
B BRI I SRR FEACR A B — J A, g N E
R AZEIE M B = ST DAL, (RS IR A AT IR /R R
REE AN T IR K T 4T (1.

References

[1]He M X, Chen T, Yang J L, et al. The application of tera-
hertz imaging in tumor diagnosis[ J]. Tumor. ({ifBH&EE, [
W M e, 55 RO 28 WU AR SR TE MR 12 W D T 4
JH. BhyEg) 2012(12) . 1039 —1042. )

[2]Wallace V P, Fitzgerald A J, Pickwell E, et al. Terahertz
pulsed spectroscopy of human Basal cell carcinoma[ ] ].
Appl Spectrosc. 2006,60(10) : 1127 —1133.

[ 3 ]Fitzgerald A J, Wallace V P, Jimenez-Linan M, et al. Ter-
ahertz pulsed imaging of human breast tumors[ J]. Radiolo-
gy. 2006,239(2) . 533 —540.

[4]Chiu C M, Chen HW, Huang Y R, et al. All-terahertz fi-
ber-scanning near-field microscopy[ J]. Opt Lett. 2009,34
(7): 1084 —1086.

[5] Wahaia F, Valusis G, Bernardo L M, et al. Detection of
colon cancer by terahertz techniques[ J]. Journal of Molec-
ular Structure. 2011,1006(1) ;. 77 —82.

[6]Joseph C S, Yaroslavsky A N, Neel V A, et al. Continuous
wave terahertz transmission imaging of nonmelanoma skin
cancers[ J ]. Lasers in Surgery and Medicine. 2011, 43
(6): 457 —462.

[7]Hassan A M, Hufnagle D C, El-Shenawee M, et al. Tera-
hertz imaging for margin assessment of breast cancer tumors
[C]. Microwave Symposium Digest ( MTT), 2012 IEEE
MTT-S International. IEEE, 2012 1 —3.

[ 8 ] Bruehlmeier M, Roelcke U, Bl A Uenstein P, et al. Meas-
urement of the extracellular space in brain tumors using
76Br-bromide and PET[ J]. Journal of Nuclear Medicine.
2003,44(8) . 1210 —1218.

[9]Pickwell E, Cole B E, Fitzgerald A J, et al. Simulation of
terahertz pulse propagation in biological systems[J]. Ap-
plied physics letters. 2004 ,84(12) : 2190 —2192.

[10]Suen J Y, Tewari P, Taylor Z D, et al. Towards medical
terahertz sensing of skin hydration[ J]. Stud Health Techn-
ol Inform. 2009,142. 364 —368.

[11 ] Kindt J T, Schmuttenmaer C A. Far-infrared dielectric
properties of polar liquids probed by femtosecond terahertz
pulse spectroscopy[ J]. The Journal of Physical Chemistry.

1996,100(24) . 10373 —10379.

[12]Stanley H E, Buldyrev S V, Canpolat M, et al. The puzzle

of liquid water; a very complex fluid[ J]. Physica D; Non-
linear Phenomena. 1999 ,133(1) . 453 —462.

[13]Starr F W, Nielsen J K, Stanley H E. Hydrogen-bond dy-
namics for the extended simple point-charge model of water
[J]. Physical Review E. 2000,62(1) ; 579.

[14]Yada H, Nagai M, Tanaka K. Origin of the fast relaxation
component of water and heavy water revealed by terahertz
time-domain attenuated total reflection spectroscopy [ J ].
Chemical Physics Letters. 2008 ,464(4) . 166 —170.

[15]Wang Y, Minamide H, Tang M, et al. Study of water con-
centration measurement in thin tissues with terahertz-wave
parametric source [ J ]. Optics Express. 2010,18 (15)
15504 —15512.

[16]Wang Y Y, Notake T, Tang M, et al. Terahertz-wave wa-
ter concentration and distribution measurement in thin bio-
tissue based on a novel sample preparation[ J]. Physics in
medicine and biology. 2011,56(14) ;. 4517.

[17]Zhang Z, Yu X, Zhao H, et al. Component analysis to i-
somer mixture with THz-TDS[ J]. Optics communications.
2007,277(2) : 273 —276.

[ 18 ] Duvillaret L, Garet F, Coutaz J L. A reliable method for
extraction of material parameters in terahertz time-domain
spectroscopy[ J]. Selected Topics in Quantum Electronics,
IEEE Journal of. 1996,2(3) . 739 —746.

[19 ] Hoshina H, Hayashi A, Miyoshi N, et al. Terahertz
pulsed imaging of frozen biological tissues [ J]. Applied
Physics Letters. 2009,94(12) : 123901.

[20]Liu C, Cui E, Liu W, et al. Analysis on the characteristics
of biological tissues based on the terahertz time domain
spectroscopy system[ C |. International Symposium on Pho-
toelectronic Detection and Imaging 2011. International Soci-
ety for Optics and Photonics, 2011 81951M —81951M —7.

[21]Sun Y, Fischer B M, Pickwell-Macpherson E. Effects of
formalin fixing on the terahertz properties of biological tis-
sues[ J]. Journal of biomedical optics. 2009, 14 (6) .
64017.

[22 ]Ebbinghaus S, Kim S J, Heyden M, et al. An extended
dynamical hydration shell around proteins[ J]. Proceedings
of the National Academy of Sciences. 2007, 104 (52) .
20749 —20752.

[23]Singh R S, Taylor Z D, Culjat M O, et al. Towards THz
medical imaging; reflective imaging of animal tissues[ ] ].
Stud Health Technol Inform. 2008 ,132. 472 —474.

[24] Ashworth P C, Pickwell-Macpherson E, Provenzano E, et
al. Terahertz pulsed spectroscopy of freshly excised human
breast cancer[ J]. Opt Express. 2009,17 (15): 12444 —
12454.

[25]He M, Azad A K, Ye S, et al. Far-infrared signature of ani-
mal tissues characterized by terahertz time-domain spectrosco-
py[J]. Optics Communications. 2006,259(1) ; 389 —392.

[26 ] Wilmink G J, Tbey B L., Tongue T, et al. Development of
a compact terahertz time-domain spectrometer for the meas-
urement of the optical properties of hiological tissues|[ ] ].
Journal of Biomedical Optics. 2011,16. 47006.



