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Changes in the Characteristics of Dissolved Organic Matter by Microbial
Transformation and the Subsequent Effects on Copper Binding
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Abstract : Microbial changes in the characteristics of dissolved organic matter (DOM) and the subsequent effects on the conditional
stability constants of copper were investigated using 14 day-incubations of Pony Lake fulvic acid (PLFA), Suwannee River fulvic
acid (SRFA) and the mixtures of the humic substances and glucose. After incubation, dissolved organic carbon (DOC) concentrations
were diminished, and specific UV absorbance values and DOC-normalized fluorescence intensities increased. The microbial changes
were minimal for the samples contaning humic substances only whereas they were much pronounced for the mixtures with glucose.
The extent of the changes increased with a higher content of glucose in the mixtures. The same trend was observed even for glucose
solution. Our results suggest that labile organic moieties may be transformed into more chromophoric and humidified components by
biodegradation. For the mixture samples, the copper binding stability constants did not change or even decreased after incubation.
Therefore, microbially induced enrichment of the fulvic- and humic-like carbon structures in DOM appears to result in little change
or the decrease of the copper binding coefficients.
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2.1. X =

AR 0 AR #7123 dElg #7128 gl
Arog 7+7F ZE=(D-glucose, Aldrich)¥} PLFA (Pony
Lake Fulvic Acid, IHSS), SRFA (Suwannee River Fulvic Acid,
[HSS)E A}&8-5Fith PLFAY} SRFA= ZHZF S U Y&
AREH7IY, s W S g2 5= o Aw
7HA) FaBA Aol FHSIEA AHEE B-olth Y AR
of S floll 2= F9=2(PLFA, SRFA)S 217} 4
12 Zgsto] QIFAlRE A|=£8H3ith PLFA 9 SRFAE= =
A| &8} (International Humic Substances Society, [HSS)Z
2¥) Tsigrh
H Lo A= PLFAQ} SRFAS 717} PL A, SR A=, &
=47 2= 23S PL BoF SR BE 3#7|531Hh

2.2, HYQE Z=H]
U] HjoF A #u]E PLFA % SRFAL SH42 34
sto] 27] 57t oF 45 mgrCL JEHEE shgick ARe]

o]23} A|7]& 0.01 Mo| EEE NaClS AHg319lch 0.1 N
HNO;¥} 0.1 N NaOH g4 o2 2% pH7} 6.00] HEE %
Akt wj 717 F HEE v =l gt FFE Al
3 7hsAde wEste]l HEA R C:N: PO Aol
100:2.5: 10| HE2 NHNOs9F K.HPOLS H71sE & 8
¥ 100 mL AH2y EepAaE FH|sho] 2 kiAo Al

£ 50 mLA A @t nE ASS A ARe T
FeR stg e 5 um 3= 845 B E(55 mm, Advan-
tec)E ©]&3te] ¥Rt 5 0.2 pm HEH Q! HEE A
skl HFAS 108 F=5HUch 24w St w5

A FFAS F AR $9) 1%} HES 715 §]

Analyzer, Shimadzu V)2 A3} 3131 118 3G %= (SUVA)
ZA o= &34 LT A|(Evolution 60, Thermo Scientific)E A}
ke ¥% S48 F5% 28A(log K5 5171
3] &34 37 (Luminescence spectrometer, Perkin-Elmer LS-
S0B)E AREStth 574 Al B 2dAS of 7] upA ) 1
S0 FAA7IE 2AsH= E36li)E 22 10 nm= 31
8t 3itt. Synchronous &3 AHESHS 7] Qs W
AT of 7| g A; 2FOJ(AM)E 30 nm=E LA SF] 1A 250
nmof| 4 600 nm7}A] 57 sFich. v o (Blank) o 2 L E
Ad 4= e F FEAVIE 2dsr] s W S At
o} 32t SRS ARESHY FFSAS AAISHL AR F
BAZI25E o5 Atsigith £33 FFA7 = 5% 59

Fxzo] wet SHAE HE HEo] e 5 Jens
o]t o] W2 3L weislr] $I8f 0.05 M sulfuric
acidE &2 quinine sulfate dehydrate 100 pg/LE A X3}
o FF 4 Al 75} W= 450 nmof| s
FBAZIE A= FZA7] gholl sl Lol Fo2A 2
E A 79 &3FA7]19] TS quinine sulfate equivalents (Q-
SE)& ®23} stk B 2 2o o8 vl 2t
2HE o]z Qs A7|= AupollA o] 22} e Abet
(Raleigh scattering) E7}2 2135t & ALV &2 JFE
4 2 S AAS] 915 290 nm 5 o]ste] Wl
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T H3E v s ckFig. 1). ZF 719 Al&29] DOC &+
2 T grasiRet $71% 44l ve 2
Z° IA it 100% <4 EZ=F(Glucose) Al =22
L 46.1 mgC/LOJA] HJSF B 3.80 meC/L
ok 020 LAsk 4 FUEAL PL A SR AL
HjoF A 45.1 mgC/LL} 42.0 mgC/Lo| A vljoF & 35.0 mgC/L,
33.9 mgC/LE Z}Z} 22%, 19%9] Eal&S Rt S9&
23} glucose £3+91¢91 PL B, SR BojA9] DOCH A& 7+
74 79%, 18%EA] T 74 719 Abo|9] ZHAagols 2 zjo]
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(a)-OOriginal @ After incubation

DOC concentration (mg/L)

PLA SRA PLB SRB Glucose

(b) OOriginal EAfter incubation

SUVA (m-L/mg C)

PLA SRA PLB SRB

Glucose

Fig. 1. Changes in () DOC concentrations and (b) SUVA values
for humic substances (PL A and SR A), humic-glucose
mixtures (PL B and SR B), and glucose samples by 14-
day microbial incubation,
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ol e} 300 nm ofa} TPol Al tehhis Mg whalo}
1] 1= A4 (Protein-Like Fluorescence; PLF), 350 nm F-Loj|A]
el E 935 Fu]AHA|(Fulvie-Like Fluorescece; FLF),
350 nm o]0 A YEl= 535 F9 A (Humic-Like Fluore-
scence; HLF)2 &ZEAS JLH3E 2= Qlrt? B o TLof A
= A= ol wE 2+ A= 9] synchronous F3FAHE
H 54 vwstlckFig. 2). vAE v & g FolEd
(PL A, SR A)®] PLFEAS 7haat7 L) 2hakel 2] epokon]
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Fig. 2, Comparison of synchronous fluorescence spectra of humic substances (a) PL A, (c) SR A, humic-glucose mixture (b) PL B,
(d) SR B, (e) glucose samples before and after 14day-microbial incubation.
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Table 1. Relative changes (%) in the characteristics of PLFA,
SRFA after microbial incubation

PLA SRA PLB SR B Glucose

%PLF  -386 0 -183 - -

%FLF 2.48 -1.44 -5.90 218 -

%HLF 0.16 1.26 126 -20.8 -
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Z9F Adol lom Aupgor A4s WSy 42 o
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Table 2, ®C NMR and elemental compositions of PLFA, SRFA

Table 3. Value of conditional stability constant (log K) in a titra-
tion of Cu”* on Pony lake fulvic acid (PL A), Suwannee
river fulvic acid (SR A), humic-glucose mixture (PL B,
SR B) samples by bio-transformation

Incubationtme PLA SRA PLB SRB Glucose

534 500 534 519
Before -
(0.05)" (0.06) (0.12) (0.13)
log K
533 503 549 467
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(0.11) (0.09) (0.06) (0.15)

(p=0013). |3 Ak vl Wste] o3k By 2L F
A BREAY SV FE4 299

oX,
I =2
mo_;

8
N
By
fr tlo o=
ol°¥@>%
i1t
o~ B
_?d_‘>:l‘lnl
S ol
j,'ililiu
oﬁi?g‘w
RN

Ot
W 2 S
N rr

N

X =
T
z
E
A=)
o
=)
lo

A
1

o=
Shs
:?L
2
OUR=)

lo T

SUVAGLS S71stsint
o £ vl4E vl
VAR $7HE0l A Uebgth oled Ant vgE
7k olele FEEA uoh 44 RelEE e wx
oF

=)
i
g
@)
@)
off
1
o3
B
1o

225 AA FUSA A st S gagx
ES AJAFEH). Synchronous &) ] A8

off ofsf ulia o kTR Aol SAMAOR syl

&,
(m
ol
Y,
=)

Carboxyl Aromatic Acetal

Hetero aliphatic

Aliphatic
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