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Abstract

The organic biodegradable carbon is one of many constituents in water which defines its quality. Determination of
Biochemical oxygen demand (BOD) is a favorite technique to evaluate these biodegradable organic pollutants contaminated
in the water. This conventional technique is tedious and time consuming, moreover, it can not distinguish sources of such
contaminants. Treated effluents of which discharges to natural waterways from food processing and Concentrated Latex
Industry, which are the two main industries in southern Thailand, may contain significant amount of organic pollutants. This
study was conducted to determine the applicability of synchronous fluorescence spectroscopy in monitoring and
differentiating organic constituents in both wastes. The synchronous fluorescence spectra of final effluent samples from both
industries were recorded at offset values of AL = 10, 20 and 40 nm (AA = X - A,). Both types of effluent gave different
spectral structures, which were unique and reproducible, at the offset values of AA = 10, 20 and 40 nm. For frozen seafood
effluent, the major peak was 387-388 nm at AA = 10 nm, 393-398 nm at AA = 20 nm and 400-405 nm at A\ = 40 nm. For
concentrated latex plant effluent, the major peak was 385-388 nm at AA = 10 nm, 338-393 nm at AA = 20 nm and 405-410
nm at A\ =40 nm. These results demonstrate the possibility of using synchronous fluorescence spectroscopy in detecting the

presence of organic constituents from different industries in surface water.

Keywords : synchronous fluorescence; organic pollutants; seafood industry; concentrated latex industry

Introduction

Gross discharges of untreated effluent are common forms of surface water pollution. One of the main constituents is
the biodegradable organic carbon. This biodegradable component is traditionally measured by a series of wet chemical methods
such as BOD test. The BOD test requires at least 5 days to complete the test, and is difficult to get consistently accurate
measurements [1]. In the past three decades, a fluorescence spectroscopy has been applied extensively to characterize,
differentiate and classify of natural organic matter, domestic wastewater and industrial wastewater [1-4].

The synchronous technique was first suggested by Lloyd (1971) [5]. In this technique both excitation
wavelength (X)) and the emission wavelength (A_) are scanned synchronously with a constant-wavelength interval
(AA=A_ - }A). The limitation of this technique is however the same inherent to the basic fluorescence technique. The
most crucial limitations in multi-component analysis by synchronous or any other luminescence technique is spectral
overlap. The chances of spectral overlap increase when more components are present, which may lead to problems such
as distortion of synchronous signal [6-7].

Recently, the synchronous fluorescence spectroscopy (SFS) has been used in various water research studies such
as for characterization and identification of natural organic matter from various origins [8-12], for tracing sources of
dissolved organic matters (DOM) in natural waters [13], for analysis of wastewater [2, 14], as a biomonitoring tool of
environmental contamination [4, 15].

In this study, we applied SFS to the effluents from frozen seafood and concentrated latex industries. The
effluents discharged to surface waters may contain significant amount of organic pollutants. Our objective is to evaluate

the possibility of using SFS as a tool to distinguish sources of biodegradable organic pollutants in surface waters. We
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hope to obtain fingerprint spectra of DOM derived from different types of wastewater which are subsequently can be used

in the identification of the sources.

Material and Methods
Sampling

The water samples used in this study were treated final effluents from frozen scafood and concentrated latex
industries, which are the two main industries in southern Thailand. Three representative samples from each industries

were collected and analysis immediately.

Instrumental and materials

Synchronous fluorescence spectra of the samples were recorded using a 1 cm quartz fluorescence cell and a
commercial spectrofluorometer (JASCO Model FP-750). Both conventional and synchronous fluorescence spectra were
initially run on representative samples. SFS were run and investigated at different constant offset values, AA, of 10, 20

and 40 nm. The pH values and temperature of effluents samples were also examined prior to analysis.

Results and Discussion

The pH values of treated final effluents sampling from frozen seafood factory were 6.9 to 7.4, and from
concentrated latex industries were 7.3 to 8.0. The temperatures of effluent samples from {rozen seafood factory were 25.7 to
26.4, where as concentrated latex industries were 23.3 to 28.2.  The treated effluents before discharging to natural waterways
of frozen seafood factory were lower than those of from the concentrate latex industries.  The conventional {luorescence
spectra were found to be generally quite broad and do not show observable differences of fluorescence emission spectra of
the representative samples.  SFS of treated final effluents collected from frozen seafood and concentrated latex industries
exhibited from the offset values off Ak = 10, 20 and 40 nm showed in Figures 1-3. At A% = 10 nm, the effluent spectrum
features of the frozen seafood has a maximum intensity peak at 387-388 nm, while the one of the concentrated latex industry
showed at 385-388 nm. At Ak = 20 nm, the frozen seafood exhibited the major peak at 393-398 nm, whereas the
concentrated latex industry displayed at 338-393 and 407 nm. At AA = 40 nm, the major peak showed at 400-405 nm for the
frozen seafood effluent, and 405-410 nm for the concentrated latex industry. These spectral features are in agreement with
previous works [2, 14].

The results demonstrate the capability of SFS in detecting the presence of organic constituents in the effluents.
Although the intensities of the SFS peaks varied from sample to sample of the same industry, it is further demonstrated
that their wavelength positions are highly reproducible. The different of spectra somewhat suggested the possibility of
using S5FS in differentiating organic substances of various origins compare with the conventional fluorescence emission
method. According to BOD test, the effluents using in this study were fairly clean. The BOD values of the effluents were
even less than receiving surface water. Thus, the clearer fingerprint spectra different wastewater could be obtained if

more concentrated wastewater being study.
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Figure 1 SFS of treated final effluents water sample from seafood processing and concentrated

latex industry offset value ofA}u =10 nm.
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Figure 2 SFS of treated final effluents water sample from seafood processing and concentrated

latex industry offset value of AX =20 nm.
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The study indicated that SFS could be a great tool for qualitative evaluation of the present of organic matter in

the effluents. The fingerprint spectra showed the possibility to be used to identify the sources of DOM in the surface

waters. However, further investigation in higher concentrated wastewater is required to establish the clear fingerprint

spectra of each wastewalter source.
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v

Y Y
M3 R-1 A1 pH uazaA1 BOD luthnassgazimaniiiaie) awaduiinlaied
- - : fi1 BOD Ny
a1t 318021089 f1pH .

(mg/1) PGERR

1 aasllon thuddanwaes o.mialug v.aevan 6.58 6.79 9.00 U.

2 Aavsoy thudnnaes o.malvg) v.d9va 6.61 6.01 9.20 U.

3 aavsou thudnnass o.malug) v.d9wa 6.67 7.37 9.40 U.

4 Aassriuman W thuaasalen o.1malvg) v.aeum 6.63 5.43 10.00 .

5 Aaosriuman vl thunasslow o.11alna) .a9van 6.70 7.76 10.20 u.

6 101994 0.M1a 11y v.89vn 6.80 8.15 11.40 .

7 Ja19ge 9.4a Tne v a9 6.99 8.92 12.00 U,

8 unasng o.malvg) 9. a9 7.26 233 12.20 .

9 thunasng o.malvg) 2. a9 7.63 3.10 12.40 U.

10 thuaaesns 0. malvg) 2.asvan §.23 504 12.50 W.

A& ' - ooy o o s A
AT N N-3 ANVYINAU NUINADIPASINIADTUAN (@NLL@@]HUTﬂ\‘]ﬂﬁTﬂUT) unNsanauy
a3 uv N']ﬂ‘ﬁ'q@ LLazﬁ’]ﬂ’]ﬁﬂﬂﬂau%’lﬂﬂ”liﬁﬁ')’ﬂijﬂ ﬁ?ﬂlﬂ?@\i UV-visible
Spectrophotometer
. 3509 laiinsos
GORIY

Wavelength (nm) ABS Wavelength (nm) ABS
1 290 0.223 292 0.360
2 292 0.206 292 0.366
3 292 0.213 291 0.359
4 292 0.203 293 0.427
S 291 0.218 291 0.358
6 292 0.216 291 0.388
7 291 0.213 293 0.417
8 291 0.244 293 0.384
9 290 0.240 292 0.376
10 292 0.226 292 0.402




138

v Y

Y Y
MIND2  MIganaunds UV veuinaesgazimianiiiaie (@wadauiinalatein) o

ANVENMAAUAI) N 1AINNITATIVIA AI8ATBY UV-visible Spectrophotometer

- N304 linseq
anu
Wavelength (nm) ABS Intensity Wavelength (nm) ABS Intensity
1 227 0.178 228 0.350
235 0.172 239 0.296
244 0.182 268 0.327
256 0.180 275 0.310
266 0.217 292 0.360
277 0.162 338 0.308
290 0.223 356 0.274
333 0.195
355 0.161
2 227 0.032 227 0.299
245 0.024 234 0.293
266 0.105 258 0.344
292 0.206 292 0.366
336 0.174 338 0.334
354 0.149 356 0.267
3 229 0.013 226 0.306
245 0.061 234 0.334
259 0.108 255 0.317
268 0.161 268 0.373
292 0.213 291 0.359
334 0.193 334 0.322
369 0.129
4 232 0.006 227 0.192
257 0.083 235 0.173
268 0.161 268 0.301
292 0.203 293 0.427
340 0.172 333 0.375
356 0.134 357 0.318
368 0.128
5 240 0.046 227 0.320
259 0.134 246 0.244
291 0.218 259 0.274
333 0.175 268 0.266
356 0.140 291 0.358
334 0.321

357 0.257
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A1519 R-2 (AD)

. N304 liinseq
a0
Wavelength (nm) ABS Intensity Wavelength (nm) ABS Intensity
6 228 0.047 229 0.377
243 0.002 268 0.367
257 0.099 291 0.388
292 0.216 334 0.343
337 0.183 358 0.291
356 0.151
7 227 -0.030 233 0.280
244 0.035 258 0.328
257 0.075 267 0.284
269 0.090 293 0.417
291 0.213 336 0.390
338 0.175 356 0.305
355 0.151
368 0.120
8 225 0.203 226 0.152
235 0.134 238 0.152
256 0.246 267 0.213
266 0.205 293 0.384
291 0.244 334 0.323
336 0.205 357 0.272
358 0.160
9 225 0.136 226 0.149
237 0.088 234 0.145
251 0.120 246 0.114
258 0.138 258 0.222
266 0.134 267 0.216
290 0.240 292 0.376
340 0.185 339 0.329
355 0.155 354 0.279
10 225 -0.040 228 0.084
240 -0.030 238 0.130
267 0.115 246 0.157
292 0.226 259 0.258
340 0.172 267 0.261
292 0.402
338 0.346

353 0.310
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v Y I
s a-4  madasundasvesa pH luindeneenninszuuinyavesIseue1msnga
[~ Aa o 9 < Ao o " o o ~ (=t A
uFude vsEnneudu Isadanivialuegl $1da umrw) 1ldnens uaziiens

50% Tasuuas linue1nea

v pH

W 50% 50%-+air 100% 100%-+air
1 - - 7.14

2 - - 7.15 7.98
3 - - 7.04 7.84
4 - - 7.03 17.77
5 - - 7.06 7.96
6 - - 7.08 7.86
7 - - 7.08 7.90
1 7.02 7.67 6.87 7.71
2 6.89 7.78 6.88 7.87
3 6.90 7.65 6.89 7.83
4 6.9 7.56 6.92 7.75
5 6.92 7.54 6.91 7.70
6 6.89 7.53 6.91 7.71
7 6.94 7.49 6.96 747

v

4 : A da . Yoo d

AT N N-5 myasundasvesninnuenaunng excitation LAY emission UDIUUTYN
o w 1 3 a o < a o J
i’]ﬂﬂﬁ]']ﬂ'igUU‘]J”I‘]J@"U@QI?Q\i'lui‘]']ﬁ'lﬁ‘vlglallslﬂl‘]]ﬂ usymﬁ}mqu%mmu

wialug 109 i) Tasduuaz Lidue1ns uaza1 fluorescence Intensity

9

Aa R
NINAVU
v 4 100% waste water 100% waste water + air
A3IN U
Ex Em Int. Ex Em Int.
1 1 257 439 96.7 261 437 107.3
2 269 439 85.5 245 436 over (?)
3 266 439 67.0 272 437 209.0
4 265 439 61.5 260 436 over (?)
5 265 438 54.1 269 438 37.8
6 267 437 54.4 268 440 31.9
7 - - - 279 421 98.9
2 1 263 434 126.4 267 435 113.0
2 266 435 127.4 273 430 69.2
3 260 432 100.1 273 433 61.8
4 263 436 72.9 267 442 41.6
5 269 437 59.1 268 434 273.0
6 266 439 55.0 274 435 43.3
7 265 440 52.0 267 431 32.2
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ra
) lirdnermea (V) tRxeIMA

Warrelength | Warrelength |

Warrrbength | Tarebagthfum|

AN =40 nm

3 1 a-1 Synchronous fluorescence spectra 1 Off-set wavelength Al = 10, 20 tiag 40 nm VD3
o 1 3’ o 9 < av 4 3 o ' o A
@l’)f]fl']\ﬂ!'ﬂﬁ'fl@f]ﬂ“ﬂ'lﬂ‘i%ﬂ‘ﬂ‘u']‘]JﬂTi\‘]ﬂuﬂf]\iLElUTﬂ)'Gl’Jmu %']ﬂﬂ']ilﬂ‘]JGl’Jf]EJ'l\iﬂi\‘]ﬁ
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Ta
™ lidnerma (V) AN IMF

AN =40 nm

3 i n-2 Synchronous fluorescence spectra 1 Off-set wavelength AN = 10, 20 tiag 40 nm VDY
@ 1 :’ o o < ao 4 S o [l :;l !
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= U g’ A A o W ] I

1IN R-6 msdasunasvesm pH Gluuuﬁﬂ‘ﬂ@@ﬂﬂ’]ﬂiﬁUUU’]U@%’[’]QI?QQ1HW3W81]
[} d o w [ 4 ] Jd o o w A A A

AUNNY I1NA L!,azuh/IEJﬁiJL‘}J’e)immﬂﬁlfﬂq‘}J 1NN V]‘lllﬁ]’[’]fl]'m UHAagR99 N 50%

uag 70% Iagauuaz limueime

. pH
e 50%  50%¢+ air 70% 70%+ air 100%  100%-+air
s unsSwuefiaving — 1
1 - - 7.96 7.32 7.96 7.32
2 7.63 7.98 1.77 8.09 8.22 7.41
3 7.83 8.22 7.88 8.29 8.27 71.72
4 7.63 7.96 7.71 8.17 8.21 1.7
5 7.86 8.37 7.98 8.4 8.43 7.9
6 8.04 8.31 8.07 8.4 8.43 8.05
7 8.07 8.2 8.15 8.27 8.42 8.09
Tsenuniwedfiavingg — 2
1 1.27 7.68 - - 7.26 7.91
2 7.23 7.56 - - 6.97 7.98
3 7.24 7.63 - - 7.01 7.95
4 7.06 1.7 - - 7.18 7.99
5 7.16 7.81 - - 7.22 7.97
6 7.28 7.73 - - 7.24 7.89
7 7.29 1.7 - - 7.3 7.83
Tsvnu'lnesuluasannnaniil
1 7.74 7.53 - - 7.64 7.68
2 7.14 6.99 - - 7.21 7.34
3 6.85 6.97 - - 6.83 7.08
4 6.76 6.88 - - 6.82 7.02
5 6.72 6.68 - - 6.73 6.78
6 7.01 6.51 - - 6.98 6.58
7 6.78 6.16 - - 6.65 6.19




{ J 4 { a oy { o w oy a v o d
TN N-7 ﬂ"lﬁ!‘ﬂa‘c’J‘LlL!ﬂﬁﬂﬂlﬂﬁﬂTﬂ?WﬁJﬂT?ﬂﬁﬂﬁ!ﬂﬂ excitation Ll1 emission ‘UfNL!H’?ffJﬁ’E)@f‘lﬁ]1ﬂ§$‘]J‘]JiJTLIWUfNTiN'quWfJN‘IQJ}u UTHN NSNIH

3 d o w a o @ 4 ] s & o w a 1A J . A A d?’
AUNDY NG UASUIHN llﬂﬂilll‘].l’f)ﬁﬁ%ﬂﬂ“]fﬂiqﬂ 1NN Tﬂﬂmmmz"lumummﬁ iagA fluorescence Intensity NNAUYU

~ 50% waste water 50% waste water+air 70% waste water 70% waste water+air 100% waste water 100% waste water+air
Ex Em Int. Ex Em Int. Ex Em Int. Ex Em Int. Ex Em Int. Ex Em Int.
Tsonumsweaianing — 1

n

1 221 440 349 221 440 355 221 440 337 222 442 397 221 426 163 221 422  16.6
2 221 440 306 222 442 377 221 440 292 221 440 316 221 439 280

3 261 422 129 260 423 135 263 424 179 260 419 176 267 427 212 259 420 225
4 266 427 126 262 421 131 265 425 155 264 424 160 255 416 216 258 420 223
5 265 426 132 259 420 134 265 426 164 262 422 174 261 422 230 257 420 224
6 245 426 164 247 410 175 248 411 213 252 413 221 247 413 26.2 243 410 273
7

261 422 13.9 260 421 13.9 260 420 18.5 257 420 17.7 267 426 22.7 259 420 22.7
Tsenumsweaiawina — 2

1 249 412 15.7 260 420 15.5 247 470 28.2
2 253 414 16.7 254 415 15.8 245 411 25.3 240 425 25.7
3 241 427 21.7 263 424 14.9 251 414 245 257 417 26.4
4 252 412 16.1 264 424 14.8 255 417 24.7 248 469 26.1
5 250 412 171 243 410 183 241 423 269 242 410 283
6 238 423 175 244 425 180 244 411 273 233 426  29.7
7 242 410 18.2 238 422 18.7 247 412 26.3 234 421 30.2
Tsenulnesuuasaiingdniy
1 272 430 145 276 409 145 273 431 23.6 274 432 23.9
2 276 406 144 272 431 147 273 409 23.1 275 410 22.6
3 277 415 14.2 270 428 14.9 273 433 23.1 275 416 24.2
4 273 432 144 278 408 154 273 433 228 269 428  26.2
5 271 430 14.9 268 427 16.3 269 429 24.0 271 428 26.2
6 271 426 14.3 271 430 15.9 273 430 24.1 266 425 25.7
7 271 431 14.1 270 421 16.3 271 427 24.2 270 429 27.2
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) Ndnerma () NN

Tarrbengthbun] Tarrbengthbun]

Tarragfhlun| Tarebengthfom|

A)\. =40 nm

3 -3 Synchronous fluorescence spectra N Off-set wavelength Al = 10, 20 oy 40 nm VYD
@ 1 oy = o w o A (] J 3 o Il 09/1 A
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) Ndnerma () NN

Warrelength | Warrelength |

Tarrbengthbun] Tarrbengthbun]

Tarrbengthbun] Tarrbengthbun]

A)\. =40 nm

3 1 n-4 Synchronous fluorescence spectra 1 Off-set wavelength AA = 10, 20 tiag 40 nm UDY
o o A o w o I 3 3 o ' o A
@l’)f]EJ'N'L!']L?I’EJE]E]ﬂiﬂﬂﬁ31J‘]J1J'I°]Jﬂi‘§\N'lH“l/liWElilﬁ'lLﬂﬂ°’]f INNITNVAIDYNINATIN 2
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) Ndnerma () NN

Warebengthuu| Tavrbength |

Warebengthuu| Tavrbength |

A}\. =40 nm

3 U n-5 Synchronous fluorescence spectra 1 Off-set wavelength AA = 10, 20 tiag 40 nm VB3
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wanmsnaaaIited (pH) tazaleq (BOD)

1 1 a o < ao J 1 o o
AT ¥-1 1 pH iazA1 BOD U93UTEN ﬁ’mwui%mwu WWﬂGlT‘iiUU N9 (WHI¥U)

4 o pH BOD (mg/l)
NUATBYNIIN A 7 3 A A A A
AIIN 1 AIIN 2 ATIN 3 ATIN 1 ATIN 2 AIIN 3
- newdhszuiie 6.62 8.18 6.74 839.45 948.00 1836.00
- elSuaam 6.97 6.84 6.61 988.80 544.83 1275.00
- 1panaznou 6.69 6.71 6.46 6.80 7.02 -
- flalszAvg 6.79 6.71 6.38 2.34 1.63 0.48

Y
%

[ 1 Aa o an v Jd o o
M3 ¥-2 A1 pH taga1 BOD voau3m uilaamalszaldadni sida

g o pH BOD (mg/1)
INUAIDYNIN A LA A LA A LA
AIIN 1 AIIN 2 AIIN 3 AIIN 1 AIIN 2 A3IN 3
- vaeuuelsin 1 6.92 6.87 6.79 533.75 490.00 578.75
- Ysueuuelsdn 2 7.20 7.17 6.97 222.08 382.50 447.50
- oo 7.18 7.30 7.23 90.50 185.00 154.17
- lewnin 7.61 7.94 7.36 43.00 4425 38.63
- UoWn 7.56 7.61 7.44 - 16.00 17.25
- faseavs 7.54 7.55 7.52 - 13.63 28.75

)

9
M7 ¥-3 1 pH tiazn1 BOD VOIUTEN ﬂﬁﬂﬁ@‘@]ﬁ"lﬂﬂﬁiﬂﬁ"lﬂﬁ‘{l}u N4

g o pH BOD (mg/1)
INUNIDYINIMN T3 A Ta T A A o A
ATIN 1 AIIN 2 AIIN 3 AN 1 ATIN 2 AIIN 3
- udesin 4.39 4.39 4.53 5626.60 5217.39 5012.79
- §9NVINDI SRR 6.97 7.05 6.94 332.41 255.75 278.65
- 99nNTTUVIA 8.89 8.51 8.15 51.00 37.76 36.50
fl 1 Aa o I~ d o o
AN V-4 A1 pH LtazaA1 BOD ¥o9uTEN tlaiing 31na
g o pH BOD (mg/1l)
NUAIDYININ EA] A A T A o A
ATIN 1 AIIN 2 ATIN 3 AN 1 ATIN 2 AIIN 3
- udesin 421 5.09 8.92 11224.00 - -
- Us@ueme 8.38 8.47 7.81 1179.90 - -
- 9DNVINDIANATNOU 8.26 8.36 8.07 487.60 469.20 -

- penINTTUULa 8.39 8.37 7.83 - 113.85 -
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SN F-5 A1 pH uazA1 BOD vosUTHN 98V8Ia 3108
4 o pH BOD (mg/l)
INUAIDININ 73 T3 73 LA 73 T3
ASIN 1 As2  Ase3 Aseanl Asan2  Asa 3
- Aeutszuia 4.78 4.78 5100.00 -
- pennoslsuanin 5.34 5.77 - -
- ’ny’t']ﬂiﬂﬂimJ’UﬂWﬁﬂ 7.34 5.52 - 25.53
- el 7.04 7.25 2.54 -
[ 1 Aa o Y4 [~ ¢ o w
AN F-6 A1 pH uazA1 BOD VoIUTHN NSNINauNNG 3109
g o pH BOD (mg/1)
INUAIDINIMN Z 3 B B B Z 3 B
ATIN 1 AsIN 2  Asan3  Asen 1 AsIN 2  Asan 3
- Aewdnszuuiia 5.10 5.17 605125  6553.38
- Ysaneme 8.19 8.17 243338  2723.06
ST 8.17 741 2085.75 -
S TREEI 5.98 6.34 1.97 1.70
U 1 [ :’ !
MIN¥-7  A1pH LazA1 BOD GUENiw‘uﬂﬁmJqﬂﬂqmmwmmﬁmauﬂimﬂiwm
d o e pH BOD (mg/l)
INUAIDININ 73 B B B Z 3 B
ATIN 1 AsIN 2  Asan3 AT 1 AsIN 2  Asan 3
- Aeudhszuinia 6.94 6.82 6.94 41.55 17.00 34.25
- Yenin 7.06 6.99 7.01 - 22.13 24.44
- Usuw 7.14 7.85 8.31 - - 41.17
ST 7.20 7.45 7.38 - - 48.13
- datlszang 6.78 6.70 6.72 4.92 475 5.14
1 1 oy 1
TN F-8 A1 pH LasA1 BOD U83UIAND491NAADIYALLN
il pH A1 BOD (mg/1)
il P ANGEIGEL)
ASIN 1 AsIN 2  Ase 1 ATIN 2
1 azwuiiuga 8,090 ' 7.20 6.37 4.17 2.15
2 ALMUTNUUITIUN ©.019A8 6.94 6.46 3.86 1.97
3 ALMUTNULUNDY 9119081 6.98 6.54 4.62 2.23
4 azmuso Il 0.110 gy : 6.55 - 2.60
5 AZWIUNNHAWNWBIAY 43 04110 11D 6.86 6.49 4.96 2.89
6 ALWIUDFAT ©.AABI1Y 1V 6.88 6.54 3.18 3.41
7 dzmuinIuanmIng 0.11alng 6.81 6.77 1.42 2.47
8 dzmutunege o.malng) 6.89 6.76 2.89 2.97
9 AEWIUNNUAWNNYLDY 4145 6.72 6.81 1.65 1.60
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() Synchronous fluorescence spectra #l Off-set wavelength AN =20nm (3) Synchronous fluorescence spectra 1 Off-set wavelength AN =40 nm
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(M) Synchronous fluorescence spectra 7 Off-set wavelength AA =20 nm
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() Synchronous fluorescence spectra i Off-set wavelength AA =40 nm
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(M) Synchronous fluorescence spectra 1 Off-set wavelength AA =20 nm
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(3) Synchronous fluorescence spectra 1 Off-set wavelength AN =40 nm
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() Conventional fluorescence spectra i excitation wavelength = 248 nm
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(M) Synchronous fluorescence spectra 1 Off-set wavelength AA =20 nm
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(M) Synchronous fluorescence spectra 1 Off-set wavelength Al =20 nm
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(M) Synchronous fluorescence spectra 1 Off-set wavelength AN =20 nm
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(3) Synchronous fluorescence spectra 1 Off-set wavelength AN =40 nm
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(V) Synchronous fluorescence spectra 1 Off-set wavelength AA =10 nm
_IUI
2O}

Tk, 1003 7

Wavelength fum]

(3) Synchronous fluorescence spectra 1 Off-set wavelength AN =40 nm
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(3) Synchronous fluorescence spectra 1 Off-set wavelength AN =40 nm
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(M) Synchronous fluorescence spectra 1 Off-set wavelength AN =20 nm
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(V) Synchronous fluorescence spectra 1 Off-set wavelength AA =10 nm
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TueSeani  Aawdinsvuuinge  839.45 12032 14337 31146 948.00 10681 9829  108.72 1836.00  163.65 14095 328.15
Equalization pond 988.8  173.05 17406 367.72 54483  167.39 167.01 34368 127500 268.16 182.76 361.06

Hanneznau 6.80 7.56 5.44 10.83 7.02 11.61 7.05 13.22 - 9.00 4.63 10.72
Wetland 2 2.34 4.16 2.54 4,73 1.63 481 2.58 4,77 0.48 9.22 2.19 5.30
wilgila Anaerobic pond 1 533.75  99.92 114.83 199.8 490.00 120.09 170.67 21559 578.75 133.44 193.02 240.27
Anaerobic pond 2 222.08 10548 1184 142.24 3825 12594 139.84 15854 447.50 113.89 160.89 193.35
Aerated lagoon 90.50 33.64 22.23 37.81 185.00 47.60 33.89 47.59 154.17 60.05 42.78 77.44
Anoxic pond 43.00 17.00 12.67 22.73 44.25 22.95 16.55 26.72 38.63 24.68 19.15 33.58
Polishing pond 11.35 7.80 12.21 16.00 12.78 7.96 13.82 17.25 13.65 9.43 16.60
Wetland 2 18.60 22.24 10.25 13.63 11.54 7.62 12.83 28.75 17.66 12.39 21.17
anav iL&usu 5626.6 129.12  100.3 149.11  5217.39 94.88 96.02 156.57 5012.79 102.04 84.49 126.86
aanandy SRR 33241  34.55 51.09 75.38 255.75 50.20 71.91 93.58 278.65 61.98 71.74 96.00
aanannszUULnNR 51.00 238.24  32.44 42.88 37.76 32.52 20.45 29.55 36.50 200.33 22.45 32.85
wawing &5 11224 419.53 85.40 187.96 - 309.32 74.58 119.26 - 83.41 37.15 33.92
Hatfnanne 1179.9 73.95 62.69 125.44 - 74.78 54.62 112.87 - 67.58 44.93 84.33
aanangIanaznay 487.60 47165  56.79 104.78  469.2 667.70 190.40 107.89 - 46.96 27.93 49.97
aananTTUULNIR - 14453  28.34 52.93 113.85 221.14  42.06 94.96 - 223.10 18.51 31.00
dduaa Aaudinsyuuiine 5100 116.98  83.72 141.16 - 91.46 73.30 113.79 - - - -
aanandvEq tank - 371.15  49.75 88.11 - 75.04 94.02 121.37 - - - -
aan’aNNITUULNL® - 170.87 36.71 70.61 25.53 72.57 11.92 24.80 - - - -

A 2.54 12.28 8.58 5.14 - 62.14 19.64 23.37 - - - -
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AN §-1 (A0)

A% 1 %o 2 A% 3
15000 Uaita BOD 10nm 20nm  40nm BOD 10nm 20nm 40 nm BOD 10 nm 20 nm 40 nm
(mg/1) (mg/1) (mg/1)
niwef  Aaudinszuuiinge 6051.25  149.96 40549 190.87 6553.38  609.65 17457 81.49 - - - R
Hatfuannid 2433.38 503.33  65.13 14195 2723.06 568.05 162.56 143.47 . - - ;
vy 2085.75 412.83 65.17 14350 - 96.82 33.21 22.22 - - - ;
Wetland 1.97 24.33 8.20 5.89 1.70 19.63 6.75 5.32 - - - -
wiAua  Aaudinssuuiinge 41.55 31.78 16.52 24.15 17.00 30.92 14.20 17.23 34.25 30.88 16.31 24.27
Hanidn - 20.73 12.95 22.88 22.13 20.48 12.71 21.88 24.44 21.68 14.07 24.76
STRRIRY - 14.22 9.36 16.84 - 14.68 9.88 17.30 41.17 12.53 8.17 13.71
vafle - 20.48 11.3 17.40 - 20.39 11.18 16.75 48.13 21.68 10.09 15.59
fivdsehing 492 18.52 7.65 8.99 4.75 37.19 6.29 8.51 5.14 44.22 7.22 8.62
ARMTLAN 1 4.17 12.72 9.07 10.14 2.15 46.53 44.85 21.52 - - - -
2 3.86 14.89 6.13 12.22 1.97 32.59 25.18 14.56 - - - -
3 4.62 12.43 7.32 13.40 2.23 34.62 11.88 16.19 - - - -
4 - - - - 2.60 42.40 14.00 14.92 - - - -
5 4.96 21.22 7.91 17.36 2.89 60.20 57.65 16.48 - - - -
6 3.18 15.38 13.45 27.28 3.41 54.80 49.000 19.76 - - - -
7 1.42 20.9 17.01 29.47 2.47 39.86 24.34 28.87 - - - -
8 2.89 39.75 24.99 30.80 297 39.84 26.67 34.48 - - - -
9 1.65 23.3 14.29 20.98 1.60 28.75 16.03 16.38 - - - -
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