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Abstract Humic substances (HS) in Kaschin-Beck disease (KBD) affected regions were analyzed based on
parallel factor analysis (PARAFAC) of fluorescence. Total organic carbon content of HS did not show significant
difference between endemic and disease-free areas. Five fluorescence components were identified with PARAFAC,
i.e. component 1 (oxidized quinone-like), component 2 (tryptophan-like), component 3 (terrestrial humic-like),
component 4 (reduced quione-like) and component 5 (tyrosine-like). Component 1 (p<0.10), component 4 (p<0.05)
of aquatic fulvic acid (FA) and component 4 (p<0.10) of aquatic humic acid (HA) in endemic areas showed higher
content than disease-free areas. Lager differences of the quinone redox system in aquatic HS between endemic and
disease-free areas exhibited in reduced quinone state than that in oxidized quinone state, and in FA than that in HA.
HA showed higher content of reduced quinone than FA, but smaller differences between endemic and disease-free
areas for its weaker influence on KBD due to extremely low carbon content in drinking water. Sediment HS
showed mutual transformation with aquatic HS and higher content of reduced quinone, but no significant diffe-
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rences between endemic and disease-free areas. Intensive understanding on the differences of different fractions of

HS and different state of quinone between endemic and disease-free areas can help guiding water improvement

project in endemic areas.

Key words three-dimensional fluorescence spectrum; parallel factor analysis; Kaschin-Beck disease (KBD);

fulvic acid; humic acid; quinone redox system
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Fig. 2 Content of organic matters in water and sediment
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Table 2 Characteristics of five fluorescence components
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Fig. 5 DOC normalized fluorescence intensities of humic substances
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Fig. 6 Percent of humified fluorescence components in humic substances
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Table 3 Difference of quinone-like components between
endemic and disease-free areas
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Fig. 7 Relationship of transformation between fractions of humic substances in water and sediment

X AR X 2 ] R 2 25 5, T 9 Al o R
HiREES

I DX 7Kt FA B 20 LR 26 6 143 (p<0.05) . 2K
A AL 28 6 1L (p<0.10) L K HA B 2838 JUER 2¢O
B (p<0.10) 38 B 5 T X FEA, JF BLAF 76 B 2%
25, RKPIEMRNRALIERE S ’RES K
B ATRATAE B OCF o R B K R g R R AL A i
ARG X AR X Z A f) 22 5, R IE R B IE 45
B2 R R TRMABIES, FABRARSGMER KT HA
Tl R 4

TR e 85 58 I A T ST I 2R G 7 S8 b 4%
P e B v TR R T, L5 K R A A — R
FREE AR B Ak, PR TER X 5 R0 DX ] 3R 20
25, FRUVURY B 5 O R 5 A B
B RZI .

FA il HA H 259 S 2 B L B A7 AR 22 5. FA
AALTREE S, BRALIE IR RGN & 5 T HA. HA
W JEE S, R E R R, AUk HA BT DOC
Fr ARG, X AR AR AR S, AR X S AR

X 2 8] 22 55/
WIFFELE SRS I3 B R 1 A T B DX AR K R 2
AT B AU DL S bk TR Y St BAT 45 5 8 o

S % 3k

[1] Peng A, Yang C, Rui H, et al. Study on the pathogenic
factors of Kashin-Beck disease. Journal of Toxicology
& Environmental Health, 1992, 35(2): 79-90

[2] XUz, X, X075, & [ R 5 e 9 15
G50 M 5 AR AT B AL T, T B T B R
ZkE, 2011, 26(4): 259-264

[B] W&, ZEh, /e, % WA 3R2ERET
9o 42 Tl 0 BRI AN 5 2R B PR BE A I 2 AR
2017, 33(4): 355-360

[4] Winterbourn C C, French J K, Claridge R F C. Supe-
roxide dismutase as an inhibitor of reactions of semi-
quinone radicals. Febs Letters, 1978, 94(2): 269-272

[5] EIRME. KBTI 4 Fom K2l iy W 2B B 5. %
Al K2R (BE 22 R, 2005, 26(1): 1-7

[6] EH, E T KEFHKEXHRE DALY
rF ] M O 9 7 ¥R 2 7, 1990, 5(1): 9-11

725



LR (A SR B2 R

H55% B4l 201947 H

(7]

(8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

726

He W, Hur J. Conservative behavior of fluorescence
EEM-PARAFAC components in resin fractionation
processes and its applicability for characterizing
dissolved organic matter. Water Research, 2015, 83:
217-226

Kennedy M J, Gandomi A H, Miller C M. Coagulation
modeling using artificial neural networks to predict
both turbidity and DOM-PARAFAC component remo-
val. Journal of Environmental Chemical Enginee-
ring, 2015, 3(4): 2829-2838

Cory R M, Mcknight D M. Fluorescence spectroscopy
reveals ubiquitous presence of oxidized and reduced
quinones in dissolved organic matter. Environmental
Science & Technology, 2005, 39(21): 8142-8149
Leenheer J] A. Comprehensive approach to preparative
isolation and fractionation of dissolved organic car-
bon from natural waters and wastewaters. Environ-
mental Science & Technology, 1981, 15(5): 578-587
Thurman E M, Malcolm R L. Preparative isolation of
aquatic humic substances. Environmental Science &
Technology, 1981, 15(4): 463-466

Ma H Z, Yin Y J, Allen H E. Characterization of
isolated fractions of dissolved organic matter from
natural waters and a wastewater effluent. Water Re-
search, 2001, 35(4): 985-996

Swift R S. Organic matter characterization // Swift R
S, Sparks D L, Page A L, et al. Methods of soil
analysis. Part 3. chemical methods. Madison, WI: Soil
Science Society of America, 1996: 1018-1020
Sierra M M, Giovanela M, Parlanti E,

Fluorescence fingerprint of fulvic and humic acids

et al.

from varied origins as viewed by single-scan and
excitation/emission matrix techniques. Chemosphere,
2005, 58(6): 715-733

Sanchez N P, Skeriotis A T, Miller C M. Assessment
of dissolved organic matter fluorescence PARAFAC
components before and after coagulation-filtration in
a full scale water treatment plant. Water Research,
2013, 47(4): 1679-1690

Zepp R G, Sheldon W M, Moran M A. Dissolved
organic fluorophores in southeastern US coastal
waters: correction method for eliminating Rayleigh
and Raman scattering peaks in excitation-emission
matrices. Marine Chemistry, 2004, 89(1): 15-36
Lawaetz A J, Stedmon C A. Fluorescence intensity
calibration using the Raman scatter peak of water.
Applied Spectroscopy, 2009, 63(8): 936-940

Stedmon C A, Bro R. Characterizing dissolved organic

matter fluorescence with parallel factor analysis: a

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

tutorial. Limnology & Oceanography Methods, 2008,
6(11): 572-579

4%, M, fL#E, 5. 3T PARAFAC 4r#Ti
T2k DOM RAAFR RIS, T E IR,
2015, 35(2): 427-433

Holbrook R D, Yen J H, Grizzard T J. Characterizing
natural organic material from the Occoquan Water-
shed (Northern Virginia, US) using fluorescence spec-
troscopy and PARAFAC. Science of the Total Envi-
ronment, 2006, 361(1/2/3): 249-266

Carstea E M, Baker A, Bieroza M, et al. Characteri-
sation of dissolved organic matter fluorescence pro-
perties by PARAFAC analysis and thermal quenching.
Water Research, 2014, 61(18): 152-161

Wei H, Jin H. Conservative behavior of fluorescence
EEM-PARAFAC components in resin fractionation
processes and its applicability for characterizing dis-
solved organic matter. Water Research, 2015, 83(44):
217-226

R, RN, B, 4. RSB ORE TR oK
P09 R R T RBOKBRIRR . hEB R, 2010,
37(3): 594-599

A, BN, MER, &R X YOk T
B H A E. BREEfkE, 1988, 7(5): 12-17

E, R, M E, & ORE IR KKK
NS TR B G Y03 8 e A SRR E . BRI AL
2%, 1989, 8(2): 44-48

Chen W, Westerhoff P, Leenheer J A, et al. Fluore-
scence excitation-emission matrix regional integration
to quantify spectra for dissolved organic matter.
Environmental Science & Technology, 2003, 37(24):
5701-5710

Stedmon C A, Markager S, Bro R. Tracing dissolved
organic matter in aquatic environments using a new
approach to fluorescence spectroscopy. Marine Che-
mistry, 2003, 82(3/4): 239-254

Stedmon C A, Markager S. Resolving the variability
in dissolved organic matter fluorescence in a tempe-
rate estuary and its catchment using PARAFAC ana-
lysis. Limnology & Oceanography, 2005, 50(2): 686—
697

Scott D T, Mcknight D M, Blunt-Harris E L, et al.
Quinone moieties act as electron acceptors in the
reduction of humic substances by humics-reducing
microorganisms. Environmental Science & Techno-
logy, 1998, 32(19): 2984-2989

Whitby L M, Schnitzer M. Humic and fulvic acids in
sediments and soils of agricultural watershed. Cana-
dian Journal of Soil Science, 1978, 58(2): 167-178



