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Photochemical and Microbial Degradations of Dissolved Organic Matter
and Their Influences on Excitation-Emission Matrix

Masayuki HACHIUMA *, Takehiko FUKUSHIMA **, Noriatsu OZAKIT*,
Akio IMAT*** and Kazuo MATSUSHIGE***
* Graduate School of Enginecring, Hiroshita University, 1-4-1 Kagamiyama, Higashi Hiroshima, Hiroshima 739-8527, Jzpan
** Graduate School of Life and Environmental Sciences, Tsukuba Univerzity, 1-1-1 Tennoudai, Tsukuba, Ibaraki 305-8571, Japan

*** Water and Soi] Environment Divisiop, National Institute for Environmental Studies, 16-2 Onogawa, Tsulouba, Tbaraki 305-0053, Japan

Abstract

The influences of the transformations of dissolved organic matter (DOM) on the excitation-emission matrix (EEM)
were investigated for the samples obtained from Hiroshima Bay, the rivers inflowing into the bay, sewage treatment
plant, etc. and then subjeoted to photolysis and microbial degradation. We found that Peaké of the EEM changed most
markedly and that the difference in irradiation sources between sunlight and black light made negligible difference in
EEM transformations. Distinct changes in EEM were not observed for the microbial degradation, except Peakd for the
samples characterized by prominent Peak4. The pesk positions of EEM remained within =+ 10nm through the transfor-
mation processes by photolysis or microbial degradation. The rate constants of RFI/DOC (relative fluorescence
intensity divided by DOC) at Peak3, Peakq and Peaké exhibited positive values for photochemical degradation and on

the other hand negative values for microbial degradation.

Key words: dissolved organic matter, excitation-emission matrix, photolysis, microbial degradation

oLk
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Tablel Sampling points and sampling dates.

Sawnpling point Sarnphing date (M/LVY)
Hiroshima Bay St. 1 surface layer 9/13/2600 11/16/2000
Hiroshima Bay St. 2 surface layer 8/29/2061
Ota River {Oshiba gate) 9/13/2000 11/16/2000 8/29/2001
Kurose River (Rengezi bridge) 5/18/2001
M WWDF influent and effluent 10/17/2000 7/17/2001
K landfil] site leachate and effluent 11/2/2000

5 STP influent and effluent

WWDF :Waste Water Disposal Facility
STP: Sewage-Treatment Plant
MR L, 7T w2754k (BL:Black Light) & v 7=
ENRER L EMSRERELTI LS DOMOEE
PEEMIZ & 2 BRI LT,

11/16/2000

2. MERUERG®

2.1 HFY T ERnE

ERICH UV 2 b, Table LW HLA R TR B B
CHr TV STk, 2B, MBKLBER M
WWDF) RBEAOAEZRBR S L L BKLERR
(120n-day”, IFHEBRE) THY, STAMABE (S STP)
B, AR C—HOTHEASBRENSE L L TX
SLIEFERY (86,300m?-day?, FEREISIIE) TH 5, £K
BEE ¥ — (K landfill site) i, $EHK, BATIa
EHROBRE, 77 AFy 7 BEHOEI 2T T
PEIBZBTHY, ThOOBHA (70m day') X
BEEEEC L TREBEEANTHS,

P FAALPC (R Y B —RER— R BRICAR, K&
RETELFREY, ZOYBIC450C T4 RFEBAE L
GF/F 7 4 % — (Whatman # : Br FR#80.7um) T5
BEL, BEEY AL LE,

TEEBRWOCEF L IADOHESER®E (RFI
Relative Fluorescence Intensity) RUNEERH#MRE
{DOC : Dissolved Organic Carbon) ¥ % Table 212 37T,
723, RFIRUG'DOCBEORHEFEIL 23 BRI 3,

2.2 EBH®R .

BERF AL, BUTFOL 3 RDOMEPERE W
HRBERE L,

-SLAyHE 400miD /I T 7 A RSV T AKE AR, 25
C—E, BERETT, SL GEEAEL) 2EOW”
HAOAY EFTRENLE, 23, EREm/ T 4[E

Toi,

*BL A 400ml DRET F Az ¥ I ki AR,
25C—7E, HHRETT, BLZ 4BMBH L,
Tk & BLRIE L OB 20cm & Ui, 2, ERE
Z60miF-o5E (ERRKRER, 3, 6, 12, 24 M%)
RV AV, &5 208

cEMHRE  UDOPCERICY T ERD, PC&%@E‘
0COETIORRBELE, Zhid, EBETELS
ﬁ&%ﬁﬁ:’bf%@?ﬁ;é s, RBEI60mI P07
El (%ﬁﬁﬁﬁ’*réf& 1, 3, 7, 13, 21, 30 H) ¥
VP efTot,

HGBERIIBOWTEEIFAa2ANWEOR, A%
MDO7F R, EAELES - TERROKEOLE
100%3F < BT 3 HEEH 2 Sy mERICH VL BL

E350mmiT RS PvdBRERD, TOUV-A (315nm

~ 400nm) FEELL 11.3W m? Th o 7= (FEILHFEH: MS-
211-D). T D BLERRBH L 2HS OUV-ARS &iZ
1080kJ-m?-day! TH D, THIXSLOEED 1O

UV-ABMELISERBRECh- = (FESTIZEITS
20004F 7 A COEHD LR B H BRI 19.5MI-m? day”! T
HoW UV-ARNBREESRANEBRDS.METSE, R
I BIT5 UV-ARSEEIX 1093k -m? day? £ 72 5) . E
BEYEO2XBFERVUV-ARKNES Table 31TR
+, _

i, AR RICB T 2 £EHSREERIZERREICTY
REBTORSBICLERVVELOXEEZAELY, X
SR EDEEEE BT S EEMHE L. L
L, ERFEFLTROLSHBEAEFLTVC, B
REE P COBDREETB/AFE L T FTREER S
5. 57, 7Y oY BICHSEBEREToRE, ST
AALBBTR ARG B LU TR DOCRECEDFE
BRI fedh, ¥ TABEK T h - - AT RRERE
Zbh3, Kz, L TCHERLTD?, 0.7um0 5
EEBERLEANIZTITREDSHBE L, £4BER
DEEIT, 0.5°°0.7umD SEEBE LEL D (KBEHO
R ER) RHEERELTAABRBh AR, 25
LA-EROBCER A7 I 72 L THREOREILT
SETWS, Lokd, AERERIRS, SHoEE
EEBIFHELTHWD EELONS. 2B, £HHHEE

(A OHAED, 128, 158, BOADE) 7Y r% ROBEECEL TR, 88)(F 72 HRIcBRE
Table2 RFIofeach peak and DOC concentration of each original sample.
Relanive fluorescence intensity (QSU) boc
Sample name Fo | Pae | T | Ped | Pes | Peacs | Bea? | (me/l)

Hiroshima Bay St.1 (Sep. 2000] 0.2 ND 07 06 ND ND ND 13
Hiroshima Bay St.1 (Nov. 2000 0.1 ND 0.5 0.5 ND ND ND 13
Hiroshima Bay 8t.2 ND ND 0.7 05 ND 0.3 ND L3
Ota River (Sep. 2000) 0.1 ND - 27 ND ND 1.5 ND [.3 )
Ota River (Nov. 2000} 0.1 ND 1.6 ND ND 09 ND 0.8
Ota River {Aug. 2001) 0.1 ND 14 ND ND 08 - ND 0.8
Kurose River 0.7 ND iL3 ND ND 88 ND 6.6
M WWDF influent (Oct. 2000) 45 79 202 21.0 ND 394 252 1.8
M WWDF influent (Jul. 2001) 7.8 79 286 36.2 ND 682 96 15.6

" M WWDF effluent (Cct. 2000} 1.2 3.1 17.2 6.3 ND 351 73 48
M WWDF effluent {Jul. 2001) 0.6 19 103 43 ND 25.5 20 34
K landfill site leachate ND ND 513 ND 76,6 ND 85 315
K landfiil site effluent ND ND ND ND 53 ND ND 6.7
S STP mfluent 75 93 ND 61.8 ND 29.6 9.6 39.6
3 STP effluent ND ND 15.5 14.3 134 13.5 6.6 5.1

QSU:Quinine Sulfate Unit
52— B S<eR  Journal of Japan Society on Water Environment
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Table3 Sampling and experiment dates (M/D/Y)} and globat solar and

UV-A radiation.
. . Global solar] UV-A
" Sample name Sag;;i ling Exp;:trencnt radiation } radiation
-e Mi-m?) | Gg-m?)
Kurose River 5/18/2001] 5/19/2001 26.43 1480
M WWDF influent |7/17/2001] 7312001} 20.49 1147
M WWDF effluent {7/17/2001f 8/3/2001 22.54 1262
Ota River 8/29/2001] 9/5/2001 15.23 853
Hiroshima Bay St. 2{872972001} 9/9/2001 16.04 898

TIRFIERETo/-. TORKR, EEM TREENT
p— ik Peak3, 6 THV, ZOP Peak3 1130 B DK
HENIFRFIOEHTCI3REETHY, IRFIOLTEMR
Brix10 A1k, 30 A3 4.7% ChH o7, Peak6iZEAL
Tik, 0 BEOEBLERDLTIINEETHY, £E
OIS o, BIERBZ LS R TE RN
T, BEMEROTSRNLALE, TOREPDL, &
HEDEMIMERIFAMERD L LEXLRE,

2.3 AR

HV S ADEEME, 150WHE /) V7 7 2R LT
SHIMADZU RF-5300PC43 e Y Y 83T CRIE L Milli-
Q7 (Millipore #Milli-Q SP.TOCIC L W HEBIL7=K) @
T I R ETRESELE lon X lem R EOER LR
BEAETIVKT2EE LE L, TOEF TN
AEANBEICGE LR, Y27 o FEBIIEHE, %%
EE LD Sim, A2 FIBRZHFN 5om, BIEEER R
i F 220nm ~ 600nm, #H¥*FE 230nm ~ 600nm & L
o, A% ¥ EERS1600nm/min T, 1 TAOHE
WETSERIMISSThot, 7D RFIIE,
OIN-HSO VI RIEE X = — R 10w BB SR BB L E
B E UTHY, BEER 345nmm, K E 450nm T
OE F 3 E % 108U (Quinine Sulfate Unit) & LTRD &=,
28, Mili-QAxoREERTW, Thi27F7+0LT,
FTRTOBEEPBELIIVE,

DOCEEIX, AHIZ2MHCIZEM L, pHEK 2T
&Lt‘b‘/s";whﬂéﬁ&iaﬁb ERRRERELE
%, %@Eﬁﬁ%#ﬁa;&»t SHIMADZU TOC-5000 % Fi
b\'C:ﬁ'JiE%ﬁo 7=

3. RRELEER

3.1 EENOE—2EE
AWE TIL, Table 42 FTToORBHAR L~ 2128

B LB &1To7, 728, Moran bif, EEMIZZ=&ERD
E—2 OMED, OB TIEBE - #XERE L b 10nmiE

BEREMCBE L, EMSBETIRIZEAEBE LR, £ .

RSB EZTLE, EOFTRERTEY I AERE
WEEM Snm, BREEDS IOnm EEEABEH LR
ELTH3M, LALAFRTE, Feg 1EFRTIIK
LOFEIIBLYE, EMHRL LIZ-EOFEARR LN
T, BB LARE - EREEREBLAYOF L TATE
10nmu?\1“6§>5 ERFEERENT, L, 20006698,
HAEENZAF LAY S LEEBBSL | Fr7a
DPeakd ICHL T, £WAMICBVTEREENZA
ZH35nm, 40nmEHRFAICBE LT, SLARIZB VT
LRBHEBLOBLAB TH 7 (F—FE), 20T
o, RGBER AW SRRIZ L SEEMO B — 7 LB O
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Table 4 Positions of the 7 peaks and their origins®.

Peak No. |Position:Ex/Em (nm) Origin
Peakl 225/295 Protein—?i'ke_(Tyrosine-iike)
Peak2 230/345 Protein-like (Tryptophan-like)
Peak3 250/435 Fulvic/Humic-like
Peakd | . 270/350 Protein-like
Peak5 320/390 Marine fulvicfhumic-like
Peaké 335/435 Fulvic/Humic-like
Peak7 495/515 STP efiluent-like

Ex - Excitation wavelength
Em:Emission wavelength
BEITEHAICRTAI O EEZLORD 0, EEMOR
HEERERE L DR LIcRHFEIZE o7,
3.2 SLofEBLOEBOLE

3.2.1 EENBRBUSBEERNIZLSLE

SLAGME UBLABERZITY, ZOEEMOBRELL
8L, EEM O#i% Fig. 2 IZ57 T, Fig. 2 FOEEHIIT
REIGERFRL, F3F - a vkl oBELRTH
(3E4yAERT RFY 871 RFL) 25+, 72ds, Fig. 2R D
SL&#EOEEMIY, SLEBOHMPLEDA D ETRHAL
= RF D UV-A B8 B % 1080kF-m?-day? (BL % 24 B5HI R
HUEBROUV-AKSE) wBEL, FE2IToEH0
=F Lk,

Fig. iR 7A0OR, BENY - TRSLS
2 LBLAMR T OBEECRIBERRETH S MIBEK
NBRERAEBEAY - F T, SLA#E L BLYBEOEEM
FHET D & Peald, 6T IEDERBREBRBERDZ LIS
Bx3%, LHL, PeakdfHiFiCE L THEA WK (F5F —
a ) BpbanB L i, SLORE, BLAMREICRFIO
BIEEA TRV, Peakd HEOERBRIIT
Peak6 FEDEBMHBEHROELOEEIT L > TRLED X
SIRXLEZADND, ElPeaké CBLTIT, B
EREFELRZLARERTHLAN, BLkor—r o
B (FF37—352) HSLAE, BLOEE: LAY
LB TH B, SL & BL TIRIXFREORKF A7 bAdb e
bLBBICER T WS, Thbb, SLi¥200nm ~
2000nm O HFFE T 500nm fHEICBA &b, BLIX 300nm
~400nm D FE R CI50nmi T ICB R EF LAY P L%
HT3i b B 6T, EEMOBREITISLA#E, BLY
R L HIT, Peakd fHENRFHIEHEAL TS, ZoZEh
+, SL4Y#E & BLAYHRIC X 5 EEM OB R L 12300nm
~400nm DEDOEEBRKE WD L4505, L, SL
SREOBE T Peak?{HiIEBFA LTS, ZhiL, BLT
 400nm BL R BE 2 DIinH L, SL Tk 400nm BLE
DRETHIZELTWAZLCEET 2 0L BN
5, LinL, Peak7 iRl THBMMABNOT, #oO

— 7 ~OREREETRENENZS, '

7=, BN, MiGKAERRMABKEAOT T
TiL, EBESt 2RBLXRBNO L 3 22¥EK, F)IAKY
YT, BENYTALRABOEREZTLE, M
EADBRRRAKS > 7ATH, ABFIRICBITAX
ERERRR MBALEBERAEKY AL AR
o, Peak6 T O EEBHRBRLRDI LS IKREAMN
SEOE—7 OAEIISLSHE, BLSEE LR UAE
Thot,
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600
Original sample . . .
¢ v Microbial degradation
sample (30days) >,
500 + o L F
'-:g,."- i
Peak7 Peak?
400 |
.. Peaké .
s g Peaks ..-e'-.f‘"akﬁ
H ..E."'-.-d" :".i ;-"'-,,..-'.
. 00 - Bﬂkﬂ...‘:’,}-..,-".".w'-,. Pcak_d_"_":: e,
= ;"&D. --.’“_. + '&_Peak} {& -.} / -.'Peak_'i
5 eal ",&. ) o :.’m ": Pe akl R 0.:‘.._.".'..‘ H _&"
| e/ PN I
E P 200 300 400 500 .auo
& .
g Photolysis sample (24hours) T
k= X R 3 Ota River (Sep. 2000y B Ot2 River (Nov. 2000)
2 by black light / . _—
S s00} X A Hixoshima Bay St 1 (Sep. 2000) & Hiroshima Bay 5t. 1 (Nov. 2000)
e oy .
~Deak? | | OSSP et ®SSTP. efffuent -
©M WWDF influent &M WWDF effigent
00 + X landfill site leachate . XK landfillsite effinent . ;
— Peak shown in Table 3
300 -
200
200 300 400 500
Emission Wavelength (mm)

Fig. 1 7 peaks positions in EEM.

Table 5{Z SL4#8, BLARIC L3 F{FE— 2 OofRE
ER¥ (dC/dt = 4C Dk, T2 LCIZRFD) %73, Table
SIERT LA, ETOYF A BV TSLaEE, BLSY
BFEIT4RT Peak6 O REEEFRENE <, WV VT Peak3
DETNERBNIEBGD D, Fletothor—rf@L
TH, W< ohRWIRREREELTFTTLOLH DM,
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A:M WWDF effluent water sampled on July 2001.
B :Kurose river water sampled on May 2001.

(1) Original sample, (2) BL photolysis for 24 hours, {3) SL photolysis for the duration equivalent to 24 hours
BE photolysis in terms of UV-A radiation (see text).
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Fig.2 EEM transformations by SL and BL photolysis.

Table 5 The rate constants of each peak (107-4").

1
600

(1) Phototysis by SL
Sample hame Peaki Peal? Peak3 Peakd Peaks | Peaké Peak7
Kurose River 0.5 ND 15 ND ND 26 ND
Ota River 7.7 ND 20 ND ND 29 ND
Hiroshima B. 5t. 2 ND ND i6 2.5 ND 22 ND
M WWDF influent 1.0 18 34 21 ND 80 ND
M WWDF effluent 33 8.8 28 8.8 ND - 30 ND
(2) Photolysis by BL .
Sample name Peakl Peak? Peak3 Peakd § PeakS Peakd Peak7
Kurose River’ 24 ND 12 ND ND 26 ND
Ota River 6.7 ND 12 ND ND 21 ND
Hiroshima B. St. 2 ND ND 10 8.8 ND 1% ND
M WWDT influent 16 8.4 19 11 ND 41 13
M WWDF effluent] 1.6 1.6 19 3.5 ND 56 3.3
“ND:The rate constarits could not be calculated because the peak could not be detected.
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Fig. 3 Comparisens of (RFI/DOC)  ARFYDOC), . between BL photolysis and SL photolysis,
and between BL photolysis and microbial degradation.
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C: Ota'river water sampled on November 2000,

D:S STP influent water sampled on November 2000.
(1) Original sample, (2) BL photolysis for 24 hours, (3) Microbial degradation for 30days.

Table 6 The rate constants of each peak (10°+ d)

(1) Photolysis by black light

Sample name Peaki Peak2 | Peak3 [.Peakd | Peak5 | Peakt | Peak? DGC
Hiroshima Bay St, 1 (Sep. 2000) ND ND 11 ND ND ND ND 97
Hiroshima Bay St. 1 (Nov. 2000)| ND ND 12 15 ND ND |. ND 1.7
Ota River (Sep. 2000) ND ND 12 ND ND 23 ND 1.1
Ota River (Nov. 2000) ND ND 18 ND ND 40 22 1.5
S STP influent 37 25 ND 16 ND 54 72 33
S STP effluent ND ND 29 25 ND 44 47 0.5
M WWDF influent 99 21 22 13 ND 58 1l 4.7
M WWDF effluent 6.5 74 30 1.0 ND 59 42 13
K landfill site leachate ND ND 21 ND 24 ND 6.1 82
K landfill site effluent ND ND ND ND 26 ND ND 0.7
(2) Microbial degradation for 30 days .

Sample name Peakl | Peak? } PeakB Peakd { PeakS | Peakb | Peak? DOC
Hiroshima Bay St. 1 (Sep. 2000) | 32 ND 33 ND D ND ND 99
Hiroshima Bay St. T (Nov. 2000)| ND ND 3.7 27 ND ND ND 12
Ota River (Sep. 2000) ND ND 12 ND ND 22 ND 50
Ota River (Nov. 2000} ND ND 28 ND ND 24 42 6.9
S STP influent ND 1.6 ND 33 ND 16 10 76
S STP effluent ND ND 6.1 7.3 2.7 27 0.4 13
M WWDF influent 34 19 838 7.4 ND 9,0 50 26
M WWDE effluent 14 3.0 0.3 1.8 ND 12 1.7 14
K landfill site leachate ND ND ND NI 0.2 ND 0.7 5.6
K. landfill site effluent ND ND ND 1] Nb 1.1 ND ND 4.1
ND:The rate constants could not be calculated because the peak could not be detected. ‘
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Table 6 (LB VTR Z VO Peak3, 4, 61201 T,
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RFI/DOC) %3k, # DR % Fig. 7127 L7, Peak7iz
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e BEAETRTOH L FAIzB0T, DILEEER
H, BLABR TREOERR L, YD/ TIIADEET
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