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Characterization of Dissolved Organic Matter in Stream and Industrial Waste
Waters of Lake Sihwa Watershed by Fluorescence 3D-EEMs Analysis
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ABSTRACT : This study is conducted to examine spatial variations of Dissolved Organic Matter (DOM) in stream and waste
waters of the different watershed areas (agricultural, residential, and industrial complex area) by using fluorescence 3D-EEMs (3
Dimensional Excitation Emission Matrix Spectroscopy). Furthermore, the research investigates the changes of DOM
characterization by synchronous and 3D-EEMs during a rainfall event. The characterizations of DOM obtained by 3D-EEMs show
two noticeable peaks at humic and protein-like regions. Humic-like substances (HLS) are found in rural and urban areas, and humic
and protein-like substances (PLS) are shown in industrial area. According to the fluorescence peak T;:C ratios, it is observed that
high amount of HLS was discharged from Banweol Industrial Complex (3TG). Additionally, linear relationships (Regression rate,
°=0.65, r2=0.66) have been shown between PLS (peak Ty, B;) and biochemical oxygen demand (BOD), which indicates the impact
of sewage. For the rainfall event (30 mm), no remarkable difference of DOM was found at rural area except increment of
fluorescence intensity comparing dry period. In contrast, HLS at urban area is highly discharged within 30 minutes from the
beginning of rainfall. Also, there are high influences of HLS and PLS within 20 minutes at industrial complex (4TG). Fluorescence
3D-EEMs has not only verifies a watershed of DOM origination but also monitors diffuse and point source impacts.
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Table 1. Naming formats of common aquatic fluorophores

Fluorophore

Fluorophore type Ex/Em wavelength(nm) at

(Coble, 8) (Parlanti4)) (Marhaba a, 10) max Fluorescence intensity
A a Hydrophobic acid fraction(HPOA) Humic-like 237-260/400-500
C a Humic—like 300-370/400-500
M B Marin Humic-like 312/380-420
B ¥ Hydrophobic neutral fraction(HPOA) Protein—like(Tyrosiine-like) ~ 225-237/309-321and 275/310
Hydrophobic base fraction(HPOB)
T 6 Hydrophobic acid fraction(HPIA) Protein—like(Tryptophan-like) 225-237/340-381and 275/340

Hydrophobic neutral fraction(HPIN)
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Fig. 1. Fluorescence EEMs showing common EEM features
and the position of peaks A, C, B and T as named
by Coble.8)
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Fig. 2. Location and sampling points for the Lake Sihwa
watershed.,
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%ro] 392~402 nm H$Z Raman peak intensity+= 40,72
=2 AEE FAEE 319 2™, Rayleigh scatter
wavelength 1, 2= 349.5 nm, 550.0 nmollA &&3}%ct &
5], 32+ F AU EY Z4E 913t scan range parameter
2+ Emissions 280~550 nm, excitation 200 nmZ F%}
o lite 10 nmZ Ex/Em= 2t} G451t} E3] Al7 2
4 = (Intensity)7} 1,000 a.u.& =34 Z $of
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AL 2= BA7)(SKALAR, SAN' Analyzer5000), DOC
C E47](Teledyne Tekmar, Apollo 9000),
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ol Esto] Z12hg B4t
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3.1. &% 3D-EEMsE S5t DOMe| 37t 2x EM
%34 3D-EEMs S =3 Vet Alﬂi 9 344 DOME]
F8 EALS ZuASAHLY)Y HHAASAPLY)E A

T-EE| %IcHTable 2). HLSO| &6k Peak C Y Peak A &3
o] 8 &9 o4 W9 47 Ex.80~360/Em.401~439
nm, Ex 240~244/Em.397~448 nm®] %ol A “1‘94 =
S EtHTable 2, Fig. 3). 183 PLS A€ &3l=
Tryptophan® 8 £3 H<9+= Peak T2 Ex.244~
228/Fm.313~355 nm, Peak T Ex.272~296/Em,314~
376 nmollA ZHz} YEeldth Tyrosinedl 3= Peak B&
Peak By Ex.228/Em.310 nm, Peak B Ex.275/Em.310
nm)9] A gk 2 tHTable 2, Fig. 3). & ol2igh a4
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Table 2. Excitation/emission ranges, and average intensities of DOM characterization

Peak C Peak A Peak T2 Peak T4 Peak B2 Peak B

Area Ex Em Int. Ex Em Int. Ex Em Int, Ex Em Int. Ex Em Int. Ex Em Int
nm a.u. nm a.u. nm a.u. nm a.u. nm a.u. nm a.u.

BW 328-336 411-432 141 240 406-436 248 224-228 345-350 121 276-280 350-364 66 228 310 45 275 310 37

DH 328-336 409-438 153 240-244 410-437 269 224-228 345-350 136 280-296 350-354 80 228 310 67 275 310 50

RA NJ  316-339 407-432 135 240-244 407-435 236 224-228 345-350 100 272-280 354-376 67 228 310 39 275 310 34
JJB  312-340 410-435 140 224 411-437 257 224-231 345-350 124 276-280 314-350 63 228 310 44 275 310 34

MS 292-336 406-439 188 224-240 406-434 335 224-228 350 180 280-296 350-364 82 228 310 55 275 310 35

UA HJ  312-340 410-436 118 224-240 405-429 241 224-228 345-350 164 272-280 350-354 77 228 310 67 275 310 47
AS  312-336 410-434 101 240-244 406-430 214 228-232 346-350 139 276-280 354-376 67 228 310 41 275 310 37

SG  292-336 407-437 154 240-244 401-439 329 228-232 349-355 264 280-296 314-350 117 228 310 83 275 310 67

1GS 304-336 410-433 265 224-244 409-441 645 228 339-353 1037 272-280 350-364 222 228 310 133 275 310 98

A 4GS 296-320 401-418 131 240 397-424 307 228-232 345-353 300 276-280 350-354 140 228 310 89 275 310 62
3TG  280-360 401-439 1301 248-272 414-448 1192 224-236 348-354 800 280-296 354-376 435 228 310 402 275 310 290

4TG  300-320 409-430 151 240 403-432 247 224-232 313-344 605 272-280 314-350 253 228 310 392 275 310 264

Note: RA, UA, and IA represent. rural area, urban area, industrial area

91 Cobleo] A iz Ak W Sloll A Lhehgtet® 37~50 a.u. 2] WEIE WA Leht e A B0 G9)e v
7o 7 BE E4S B BAE AL gRE 2 ZoR UEdtHTable 2, Fig. 3a, Fig. 4). 015 5%
9] 209 5H(BW, DH, NJ, JJB, MS)olA= & HLS7} o % 3719) 3H(BW, DH, NJ)°o| &FE+= JIBY 3D-
ZAstRoH, olufe] Peak C, Peak A®] Bt FFA7| EEMs E4& 2W, HLS(Peak C, Peak A)7} 2 ZA5}ta,

(Intensity)= 2+ 140~188 a.u., 236~335 nmE YERSIT
(Table 2). PLS%! Peak Ti¥} Peak Bi2 217} 66~82 a.u.,
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Fig. 3. Fluorescence 3D—EEMs for the JJB in rural area(a), HJ in urban area(b), 1GS(c) and 4GS(d) in Sihwa Industrial Complex,
and 3TG(e) and 4TG(f) in Banweol Industrial Complex.
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Fig. 4. Spatial distributional characterization of DOM.
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435 a.u., 253 a.u. 2 2 EEE B HTable 2, Fig. 4).
a8]3 PLSY tyrosine AEQl peak B2 HhH-ath 3TG,
4TGAIA 290 a.u., 264 au.2 =4 YErHTHTable 2,
Fig. 4). o]23t EAL 3D-EEMsZHE 44 & = gl%0
1GS9| 79, peak A 99, peak Ty, Ts zone®] =1, 3TG

Byslgo
-
£ 7

22 a.u.,

A, TN i

[
A
oy 1]
I I | l | .| | 1 |:'
E D OMJ LB R W) kS 0 OVOS &OE TG 470

Fig. 5. Spatial distributional characteristics of peak T1:Cy
ratio.
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AR 52 sHH A= Peak Ti:Ci ratio?} 1.0 ©lst=
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9= PLS7} o ANSHALED Al8ks f99] A9 &
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Baker®| -4} frASHA UYebdthFig. 5). g, 3
SAollA 3TGE A|Y3}aL, Peak Ti:Ci ratioZ} 0.7~1.79
HeE ol o aA 54 wut obye}, HEsid FYA =
A w9 =& AE & 5 qUrh 53], vy 3TGOA
Peak Ti:Ci ratio?} 0.322 7P W gh& Hole vh, ol
Fig. 3, Fig. 4014 A|Agt vie} Zho] o] 2]9jox] HLS =4
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Values shown on log/log scale for clarity.
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4TG(e) in Banweol lindustrial Complex.
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