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#1 REYERODENX
oM/m'/d
Carban JCxygen
Pand 1 Pond 2 Pond 1 JPond 2
0IC doc POC SUM DIC 0oc POC SUM Do )¢}
Water Exchange
Inflow 60.6 11.1 1.0 72.7 60.6 1.1 1.0 72.7 10.4 i0.4
Qutflow -43.9 -13.9 -16.9 -14.1 -39.6 -18.3 -i8.9 ~76.9 ~-18.5 -20.0
rain (in) 0.2 0.0 0.0 0.3 0.2 ¢.0 0.0 0.3 0.9 0.9§
rain (out}) ~4,2 -1,2 -1.3 -6.8 -3.8 -1.5 -1.2 -6.5 -1.3 -1.4
SUM 12.8 ~-4,0 -17.1 -8.3 17.3 -8.7 -19.1 -10.5 -§.5 -10.0
Gas Exchange 19.4 19.4 21.5 2.5 -45.0 -80.9
Sedimentation -14.31  -14.3 =7.1 -7.1
Photosynthesis -174.0 -317.7 176.3]  345.3
Community Res. 127.4 265.8 -118.1] -270.1
| -d/dt 14.3 -1.4 -11.3 1.5 12.9 -5.0 -17.2 -9. 4 -3.7 -4, 1

FHT1.04, 1,09, HIRIIZ0.73~1.85, 0.65~1.51D

@HTH->7=. POCLIRBOCMHAFKEEXS,

101,

4 8 (Production/Chl-a)  HHEOMEEZRX1 1,

127 %,

R, BAEICRAOEERIASE DYHNE 2R
11253, DOBLUD I COF— i MmEIENESR
POHELEEOT, DOCELITPOCOF—¥ ik
Ak B ETFERAADIMFE, RIS S OHBER B
UPond2iZ DV TR EROHEOMMBD SHBEL LS
DTHB. DOBLUD I CHABARD S S UMK

BB B, HAREEREBETS, FATRTA
Bl AE R HEDS, WL, FihE & HNORE,
Ay BptR—HLE.
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o BE - A R BESEL - BRERES
(IHFKERE, 2K LBERES, StEBREHEI V- 7)

1. Biwic

MBS BT 2BEEMYOER Y LTIR, BATER
X h 3Pt EFE Y (Autochthonous DOM) & #lsktd:
MMM (Al lochthonous DOMMC KE S AWM T E S,
Z20OM, PAXEBTFERDOERL LTI ZS V2
b RkERMYY SOHE, BYMTS L  + olt,
WE@@&%#B@%&%,%%ﬁﬁ#ﬁ%%ﬂ@tﬂ
FoE#EY, AHNHEORASNEIShTV3, #
NDBEHEHEME SRS OBRP LR L, BaMiED
HEB/MBLS L, LrLans, EARMEEMMoRE
MLTHZEAYBEER:EIoOTVEES, 2h
LAORBRICE T WA DRV, LSBT, kR
BITIBRSBEBTEEMDOLEME, ¥8), Mo
LTHFBEANS L, O TREEZBRSRLIER
T ORSREEBFELRY  BARGBHEAHYORE)
EowTHET S,

2. Hik
2. 1 %BH®

G R EARRERC 5 5% B0/ RKER i
ERLTRBE Tk, Th2hORRIZ—006
BEELTHD, B 51750, GRG0, B
MACRRIEAFHEEHENTE 2RBLTH 2. =
BELHEN/PLES10, ERBIEA(SE)EANLZNR,
R AR ARERE Kok, KRILI9IESHIE
»EAFEIEUAE TRV, “HE I ERALTAESE
MYOEHEW~ . Sampleld T H500°CTHE: = GF/F
filterT 2iltk, 1LHS A BRB(FHCCTHVELD)
AR, REZ5COE R TSI T 00815 8%
BEiTor. 1000MRE, ARSNEBTEERYE D
SRILEEE#ML-D0C), BE L EBTEENEES
BT AR (R-DOC) & L, B AN SEE
RN A AAA 22 S B A (iR, TOC-5000)T, M
FH R (POC) I CHNA SR (M, MT-5)T, Chl.a i
R IZONESCO/ SCOREEL & - THISE Lz

2. 2 $nmEaRTFHEDOLER

KB B 2 BB BEEREY O L ERIE RO
TRDE. )

V.dCr/dt=V.Prodr+Q{Cir-Cr) (n

ZIT O HAKE(D /day), V: HEMERD), t:
B8 (day), Cr: EEAMADR-DOCEAE (mgC/1), Prodr :
R-DOCD % PE B (mgC/1/day), Cir: HAKDR-DOCEE
(mgl/1)TH 3,

3. ERRUER
3. 1 HBEBIIIBRTFERDOLRER
BEGHYON, NP FIFICLD B LB WLERMD
® B8 AEE Y {(Labile-DOC), A8 LB Y
AR B YE H M (Refractory-DOC) & HET & 5,
DWW TDOM(Dissolved Organic Carbon)d 4 #E 8
BREOPHEINTHH(H]). BARMBTHERY
DHTHEABEOPTVERYOSEEE k1 & hEn
SEIABENEMMOMEERER2ESITTRS AT
WA(RL). #wIc BT 5 9MEE Kk 1(rate constant
of decomposition)i0.01-0.009(1/day), #MB T
0.007-0.028(1/day)Tdh o 7=, SRIDERNL, BER
HWTHh2ETHROL-DICAHBEE R ID LMK L DG
TRV Dok, HUBRBHMTH2HPBLD
k1591 /40 {E{Total-DOCIR B IL thiE 3. 8mgC/1, &/
3. 4ngC/ ) B R LA, HERBEHOBOHE(T-DOC 0.7
mgC/ N kIMIBFRUHETH o2, CORBRPSHEY
WOBEEHMNON, BrEEEETHY(L-DCIDH
TLLI0%NLT, BHIZE A KSR BEEHY(R-
DOC) T3 B T L MBS ok,
ERHTOREEMNEZOSHERZAN LD, »
RVREThRVEBWERAE, ABVLRVWARTIE,
BTSRRI LTESTS L7 R
AR D, BEHROATRERDERRL DD
o, LIPL, ADWALEMTS L 2 L OB8BEHD
L, 9750 b ORFRHMI . COBIM



£l BHEEHDOSIBEEE (1/day)

Samples k1l Reference
Derived from Scenedesmus 0.0052 0.0004 Ogura{1972a)
The East China Sea 0.005 Ogura(l1972b)
The north-equatorial Pacific 0.033 0.0052 Ogura(l1972c)
Tokyo Bay 0.01-0.09 0.001-0.009 Ogura(1975)
Shibakusa-drira mountain bog 0.028 0.0018 Satoh(1987)
Nakanuma, eutrophlc lake 0.027 Watanabe(1984)
Lake Kasumigaura, eutrophlc lake 0.007 0.003 This work
Edosak! Bay 0.013 0.004 This work
Lake Yuno, oligotrophic lake 0.007 0.001 This work
Experimental Pond 1 0.022 0.004 This work
Experimental Pond 2 0.042 0,005 This work

DOC(mgC)
[ ]

20 ' 2I0 4I0 BIO 810 1(;0 11.’0
Day
BEHRDOMERBER

(k1, k2 ; rate constant for decomposition)

& 1

MTS 7 b LOREEBYERBLBMLE, L
EHoT, AXVIERBOKRIMAI VRV ERH X
bRz,

BEASYORN, SRERBBNEBIOMMEEFEK?
WO L #8, £0120.001-0.005(1/day) B8 CH E h &
bhldlabroiz,

3. 2 ERMCBIINCREOERL

S (Pond) IZ B 2H AKDOPOC (Particulate
Organic Carbon)EEIIRBEMOKI0-15%BETH o,
DT, BERGOPICRBIIFLAYEN TS 7 v i
WOPCLEZ R D, Lizd-T, R TEEZH
F=L-DOCEHE LR-DOCREIHEN TS >/ + ek b HE
Thi=.

PLIABASTUWRWOTHI TS > ¥ L POCIHIE
EB TS VY b OBAIC L > TL-DICER-DICIC T D
ok (M2, 3) . PICOL-DCEEREN TS »
VEBHA AR, 2OHOL-DICEEZ0. 8ngC/
L840 U = o R-DOCHEE & L-DOCEE > 2 {k & Rl &%
TSy LB DR R Y, ZOROMMER
0.50gC/1TH o, PLRDBWVWARR)TCREM TS24 b
L OB EDHEIESTPIE DR h Dlapot, &
D7=BChl.aENHE S 20 (M4) , L-DOCLR-DOCIE
EOMMERE 2> (E5) o L-DOCHEA »R-DOCIR
B RABIEPL & L~ T #245(L-DOC 2.0mgC/1, R-DOC
0.90gC/ DR ED e ABVRLPILYADBEL S
FTBP2TIREREEOPOCHIE 2, R-DOCLERL & (%
(1)TEHE) SWABIEDbhok (F6, 7).

& EERH T OPOCH 5L-DOC & B-DOCH: 5 B iR £ POC
HEE/DRFOPOCH /D & » L-DOC, R-DOCIMEH» 5K
(M2, 404 108 ) . BTSN ORSE
ERERIFPITIHPOCHL B D S S L7 L-DICAD
ERFRIZ2L% T, R-DOCADE M BIZHNYTH
Fo ABVBPITIRPICRDBA S D22 LhOER
HIRIEL-DOCAL0% , R-DOC~15% &Pl A TEN 2=,
BOVE, VARVESEOBNCL b ERSHRIAE (R
Totze L-DOCLR-DOCERIZH T 2 AOEE L LTH,
POCA 5L-DOCER-DOCAMD EMURITE F X ¥ 52, POC
WREEERTE2 LI L > TL-DOC L R-DOCH: B BRI 7
FHIEDHELDICR S,
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The effect of goldfish on the presence of dissolved organic
nitrogen ( urea and dissolved free amino acids ) in eutrophic
experimental pond water.

Rokaya H. Goma', T. Fukushima®, M. Aizaki’, A. Otsuki' and Dong Soo Kong®
ITokyo University of Fisheries, > National Institute for Environmental Studies and
' 3National Institute for Environmental Research in Korea

1. INTRODUCTION

In Lake Kasumigaura dissolved organic
nitrogen (DON) represented more than 90 % of
dissolved total nitrogen (Otsuki et al, 1993).
After heavy blooms of Cyanobacteria during July
to November, relatively high DON concentrations
(more than 0.5 mg ') were observed.

The DON pool contains a large number
of compounds, but the exact components are
unknown.
amino acids are known to be significant
components. Processes related to aquatic animals
activity provide an internal source of these
compounds. The role of zooplankton excretion in
the presence of DON was confirmed in the
previous report (Rokaya et al., 1993). For more
understanding about the importance of excietory
nitrogenous materials by aquatic animals, this
experiment was conducted from August to
September 1993 for 40 days to study the effect of
fish on the presence of DON (urea and dissolved
free amino acids) in eutrophic outdoor
experimental ponds.

2. EXPERIMENTAL

In pond (2) two thousand goldfish of
average 2.86 g wet wt per one fish were released,
and pond (1) was kept without fish. Duplicate
ponds of 1.75 m in depth, and 40 m’ in volume
were used. Renewal rates of water were adjusted
to 20 days wsing lake water excluded large
particles. Water samples were filtered through
GF/F glass fiber filters and kept deep-frozen

(-20°C) before analysis. Urea measurements were

made by diacetyle monoxime method using a
Technicon Auto-analyzer system (Price &
Harrison 1987). Dissolved free amino acids
(DFAA) was determined by high performance
liquid chromatography. Amino acid analysis
followed the method given by Clements and

However, urea and dissolved free .

Hilbish (1991), glycine being used as the standard
and DFAA concentrations given as glycine
equivalents. For each sample two replicate
analyses were carried out for both urea and
dissolved free amino acids. Long column bottle
samples of both zooplankton and water were
taken near center at the same time, the former
sample being screened through a 100 um mesh
net and preserved with formalin. Zooplankton
biomass was estimated by multiplying the number
of individuals by mean individual biomass {dry
wt) of each species determined by Kurasawa et
al,, (1971) and Dumont et al., (1975).

3. RESULTS AND DISCUSSION

There was little variation of the urea
concentration in the inflow water; the
concentration was almost constant during thé
period of study with an average value of
0.407x0.058 pmol 17. However, in pond |
{without fish) at the first week of the experiment
the concentrations were close to inflow water,
then suddenly increased giving the first peak of
0.889 pmol 1" on the ninth and eleventh days of
the experiment, declined to lowest value of <0.5
umol 1" and again increased gradually reaching to
the second peak of maximum 1.864 pmol ' on
the twentysecond day, falling thereafter (Fig. 1).
It is noticeable that urea peaks were observed
when zooplankton biomass was high, the first and -
second peaks were coincided with maximum total
zooplankton biomass of 1.563 and 3.037 mg dry
wt I'', respectively (Fig. 2} . Zooplankton species
composition were in genera Brachionus, Bosmina,
Cyclops and Moina (Fig.3). Reverse relationship
was found between zooplankton and
phytoplankton (expressed by chlorophyll a), i-e
maximum abundance of total zooplankton had
been observed during low algal standing crop due
to zooplankton grazing activity (Fig. 4). Clearly,
the peaks of urea would have resulted from
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Fig. 1. Urea Concentrations in pond 1 { without fish )
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Fig. 2 Zooplankton biomasa and urea concentration
in pond 1 { without fish ).
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Fig. 3. Zooplankton species composition
In pond 1 ( without fish ).

excretion by herbivorous zooplankton. It is
interesting to note that urea concentrations
followed a similar pattern of variations with
almost exact timing of the peaks showed in the
previous study of 1992. Therefore, this result
reconfirm the excretion of urea by herbivorous
zooplankton as an important source of dissolved
organic nitrogen in Lake Kasumigaura,

Concerning dissolved free amino acids
(DFAA), in general, concentrations in pond |
(without fish) showed slight variations ranged
from 1.232 to 2.248 pmol I'' with concurrent
small differences in concentrations of inflow
water (Fig. 5). Relatively high concentrations of
DFAA forming two small peaks of maximum
2.232 and 2.085 pmol I were observed when
zooplankton biomass was high, coincided in
occasion with urea peaks. The relative abundance
of dissolved free amino acids would be due to a
number of processes. These include release by
phytoplankton, excretion by zooplankton (Webb
and Johannes, 1967; Small et al., 1983) and
"sloppy” feeding by zooplankton as defined by
Lampert (1978). Williams and Poulet (1986)
found that increased in concentration of amino
acids corresponded to the zooplankton maximum
abundance, assuming that zooplankton feeding
releasing the amino acids into the water
Therefore, this relative high concentrations of
DFAA were probably caused by zooplankton
feeding activity. However, we could not get clear
result like urea excretion. '
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Fig.4. Zooplankton biomass and chlorophyll a
in pond 1 ( without fish ).
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Fig. 5. Concentration of dissolved free amino acids
in pond 1 { without fish } and inflow water.




The releasing of goldfish in pond 2 has
resulted in a significant increase of urea and
amino acids, but trends of variations were similar
to those of pond 1 as illustrated in figures 6 and
7. Urea concentrations showed the first peak of
3.48 umol I, representing about twice the highest
peak in pond 1, and two others peaks of low
concentrations (1.864 and 2 pmol I"'). Distinct
peak of DFAA with maximum 3.667 umol I"* has
been found to coincide with the timing of the first
peak of urea. Despite zooplankton biomass was
extremely low in this pond, the highest
concentrations of urea and amino acids were
correlated with maximum abundance of
zooplankton. In general, the increasing of
dissolved organic nitrogen (urea and amino acids)
could be resulted from fish excretion. The
estimated specific excretion rate of urea by fish
was 8514 pmol. g dry wt' day' which
represents 67% of the total excreted nitrogen.
However, zooplankton activities such as excretion
and grazing definitely contributed to rise up the
concentrations of urea and DFAA shown in first
peak. The presence of fish in pond 2 changed
zooplankton composition, Cyclops and Moina
which have been observed in pond ! disappeared
due to fish predation and other species of small
size like Trichocerca and other Rotifers became
dominant (Fig. 8). Banazato et al., (1990)
explained the increase of Rotifers in the enclosure
experiment due to the secondary effect of fish
predation which lowered the Cladocerans
population and released Rotifers from feeding by
fish. The highest urea concentrations observed in
this pond would be excreted by small size
zooplankton. The specific excretion rate of urea
by zooplankton can be estimated:

Urea flux =
zooplankton biomass x specific excretion rate

Specific excretion rate =
urea flux / zooplankton biomass

Where:
Urea flux =dc / dt
(the increase of urea concentration after t days)

The averages of specific excretion rates
of urea calculated in this manner during peaks
time are shown in table 1. The excretion rate by
small zooplankton in pond 2 was quite high,
comparing to the rate by larger species in pond 1.

25
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Time (-days )

Fig. 6 Zooplankton biomass and urea concentration
in pond 2 ( with fish ).
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Fig. 7. Concentrations of dissolved free amino acids
in pond 2 ( with fish ) and intlow water.
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Fig. 8. Zooplankton species composition
in pond 2 ( with fish ),

Higher specific excretion rate of urea (0.590 umol
mg dry wt'. day') was also found in pond 1
during first peak when Brachionus (body size 0.2
ug) was dominant(98 % of the total zooplankton),
but in the second peak where larger zooplankton
Bosmina (body size lug) was abundant (73 % of
total zooplankton), the excretion rate reduced to
0.153 umol. mg dry wt''. day”'. From this result,
it appears that the specific excretion rate of urea
nitrogen by small size zooplankton is several
times higher than that of larger members. The



Tablel Estimation of specific excretion rate of urea nitrogen by fish

and zooplankton

Fish excretion
(umol/g dry wt/day) (umol/mg dry wt/day)

Zoop. excretion

This study
Pond (1)
Pond( 2)

Eppley et al., 1973
{marine water)

8514

0.372
4.109

0.24 - 4.50

— = 0.19285 + 0.42987x A= 0.71813
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Fig. 9 Relationship between urea ahd zooplankton
biomass in pond 1 ( without fish ).

range of excretory rates of urea by fresh water
zooplankton reported here is consistent with those
values obtained by Eppley et al, (1973) for
marine zooplankton (Table 1). It was found that
the excreted urea represents 17 and 27% of the
total nitrogen excreted by zooplankton in pond |
and 2, respectively. The correlation between urea
concentrations and zooplankton biomass was
significant (p < 0.001) indicating that urea
increases with increased zooplankton biomass (r
= 0.7 and 0.8 for pond 1& 2, respectively) as
shown in figures 9 and 10.

In conclusion, this experiment
demonstrated that dissolved organic nitrogen
(urea and dissolved free amino acids) in lake
water can be provided not only by fish excretion
directly, but also indirectly due to activity of
small size zooplankton resulted from selectivity
feeding of fish. So, changes in zooplankton
species composition resulted from fish predation
is an important factor in providing dissolved
organic nitrogen into the water.

[y =0351+0.0123x R= 0.836

1

U-N [pamol /]
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»
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Fig. 10 Relatlonship between urea and zooplankton
biomass in pond 2 { with fish ).
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ZHEA - Al A KIS (B ESPD-6AV) , RV, 7 &

ML RFP LA (SERSPD-MEA) BEALE
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AT OHRBRABCOWTEZBRLR, FEEBLEO
At EBOMAKIZ DLW TBEI R (Hiddel 1988) .
LLizds, BRACBTIHERCEOEEONA
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2CH.CHOH CO0™ 45047 — 2CH,C00™ +2HCO:™ +

[ Complete Acetate Oxidation ]

CH:C00™ +504%" — 2HCO, 4+ HS™ woevennes ()
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FMEIF19935F 4 A~194FEIA OHRIC BN TRIEL
Feo BEH AL H RO BER R E T
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Methods of Dissolved Inorganic Carbon Measurement for
Natural Waters

Richard S.J. Weisburd', Masao Ishii?, Takehiko Fukushima® and Akira Otsuki'
"Tokyo University of Fisheries, *Meteorological Research Institute and
*National Institute for Environmental Studies

1. INTRODUCTION

For a variety of reasons, it is often
necessary to monitor the concentrations of
dissolved inorganic carbon (DIC = the sum of the
concentrations of carbonic acid [H,CO,],
bicarbonate ion [HCO;] and carbonate ion [CO}f})
in aquatic ecosystems. For example, the oceans
are thought to be a significant sink for
anthropogenic CO, emissions. However, in part
because of the difficulty of making accurate and
precise DIC measurements, knowledge of the
temporal and spatial variations in the marine
inorganic carbon system variables is not adequate
to definitively assess the size of the marine CO,
sink. DIC fluxes are also useful indicators of
ecosystem trophic status because the dominant
metabolic  reactions, photosynthesis and
respiration, consume and regenerate DIC.

The concentration of DIC can be
determined either by direct measurement or by
calculation from measurements of any two of the
other three aquecus carbonate system variables:
CO, partial pressure {pco,), carbonate alkalinity
(the sum of the bicarbonate concentration and
twice the carbonate concentration) and hydrogen
ion activity (as measured by pH).  This
calculation also requires knowledge of the
appropriate dissociation constants, k, and k,, for
the equilibria between carbonic acid and
bicarbonate (1) and between bicarbonate and
carbonate (2), respectively:

k

1
H,CO, = H' + HCOy h

k
2
- - 2
HCO, = H" + CO," o
While well known for pure water, the variations
of these constants with changes in the ionic

composition of natural waters, particularly fresh -
waters, are significant.

Carbonate alkalinity cannot be measured
directly and is usually calculated by correcting
the total alkalinity, measured by titration, for the
other proton acceptors in the sample. Similarly,
discrete Peo, Measurements require equilibration
of the water sample with a headspace gas of
known volume and CO, mole fraction followed
by determination of the CO, mole fraction in the
equilibrated gas. Continuous p., measurements
are similar except that the equilibration occurs in
a flow through configuration. pH measurements
with  electrodes, although operationally
straightforward, can be subject to a variety of
artifacts caused by dissolved organic acids in the
sample, differences between the ionic strength of
the sample and the calibration buffers or other
factors. '

Unfortunately, problems remain in the
measurement methods for each of these aqueous
carbonate system . variables. Here, we show
comparisons of direct DIC measurements made
with the present instrument of choice for analysis
of DIC in natural waters, the CO, coulometer
(DOE 1994), with a commercial dissolved
organic carbon analyzer which uses a non-
dispersive infrared detector (ND-IR) to quantify
inorganic carbon. We also discuss the relative
merits of the various available methods for
measurement. of the aqueous carbonate system
variables for cases where the ultimate goal is
determination of total [DIC).

2. EXPERIMENTAL

DIC  standards  Both gravimetric sodium
carbonate standards (primary) and natural water
standards (secondary) were prepared.  The



gravimetric standards were prepared by drying
anhydrous sodium carbonate (Asahi Glass Co.,
primary standard grade, 99.97%) for 50 to 90
minutes at 500 to 700° C, cooling over a strong
desiccant and dissolving in fresh pure water
{Milli-Q.SP.TOC) in a calibrated volumetric flask
under a nitrogen atmosphere (Goyet & Hacker
1992). The temperature of these standards was
adjusted to 20 = 0.1°C prior to fina] volume
adjustment to 1 dm® and then the flasks were
capped with greased glass stoppers. During
measurements, the standard flasks were flushed
with nitrogen gas and maintained at 20°C. These
gravimetric standards were used for up to one
week following preparation. The natural water
standards were prepared in advance by filtering,
poisoning (HgCl, final concentration >=0.02%
v/v of a saturated solution}, aging (1 week or
longer at =20°C) and then carefully bottling
North Pacific sea water and Lake Kasumigaura
water. Many sealed bottles of these standards

were prepared once for each batch and their

[DIC]’s were stable to within a few pmol dm”
over periods of up to six months.

DIC measurements All ND-IR measurements
were performed on a Shimadzu TOC-5000
organic carbon analyzer (Shimadzu Corp., Tokyo,
Japan) at the National Institute for Environmental
Studies” Lake Kasumigaura Water Research
Station (Rinko). For both the TOC-5000 and the
coulometers, samples and standards were always
brought to 20°C by immersion in temperature-
controlled water baths prior to analysis. Samples
were introduced through a needle-tipped teflon
tube into the TOC-5000"s automatic sampling
syringe. After placing this needle into the sample
to be measured, replicate sampling (up to 10
times) is completely automated. After four or
five syringe washes, aliquots of 0.15 to 0.5 cm’
of sample is injected into a sparging chamber
containing a phosphoric acid solution
(concentration 0.1 to 25%, pH always <3). The
inorganic carbon contained In the sample is
stripped by bubbling the acid with high purity
cartier gas (20% oxygen, 80% nitrogen). The gas
stream is dried and introduced into the ND-IR
sample cell and measured against an air reference
cell. The output of this ND-IR is linearized and
sent to the instrument’s display screen and
printer.

All coulometric measurements  were
performed on either of two Model 5011 CO,
coulometers (UIC Inc., Joliet, IL, USA) at the
Meteorological Research Institute in Tsukuba.
Each of the two coulometric systems had its own
water-jacketed sample introduction system with
sampling pipets of =0.023 dm’ volume. The
measurement efficiency of the coulometers was

- always >99%. Counting of the coulometer cutput

was halted when the counting rate reached the
background rate. This procedure yielded better
precision calibrations with both gravimetric
carbonate standards and gas cylinder standards
than did the background subtraction approach
recommended by Dickson and Goyet (DOE
1994).

To verify that the coulometer and ND-IR
primary standard calibrations were in agreement,
we exchanged between labs two vials each of
pre-weighed sodium carbonate powder which had
been prepared to vield standard solutions near |
and 2 mmol dm”. Both labs dissolved the
received carbonate samples in the same way
normally used to prepare the primary sodium
carbonate standards. These sclutions were then
analyzed as unknowns.

3. RESULTS

The masses of carbonate carbon in each
of the 'unknowns' mentioned in the preceding
paragraph were calculated from the measured
concentrations of each solution.  Although
Standard Operating Procedure 2 of the DOE’s
CO, measurement handbook (DOE 1994} states
that "it is typically not possible to make up a
single solution with an uncertainty of less than |
pmol kg'", the carbonate masses calculated from
the measured solution concentrations differed
from the masses of carbonate powder previously
determined by careful weighing by 24 to 134 ug
(n.b. in this case 134 pg is equivalent to =1.3
pmol dm’; for typical fresh and marine waters,
umol kg will differ from pmol dm™ by less than
5%). It is noteworthy that this agreement of
determinations for these individual 'unknown’
flasks is as good as that reported for calibration
regressions using between four to six gravimetric
standards (Goyet & Hacker 1992).



In the first coulometer - TOC-5000
intercalibration experiment, the DIC
concentrations of the lake and sea water standards
agreed (Table 1} to within the 4 umol kg target
specified by the US Dept. of Energy’s CO2
Analysis Handbook (DOE 1994). TOC-5000
measurements are usually somewhat more
variable than those made on the coulometer,
however they are easier to repeat.

Table 1. DIC Concentrations (pmol dm™) of
natural water standards prepared with Lake
Kasumigaura or North Pacific water as measured
by both TOC-5000 and coulometer.

standard [DIC], pumol dm™
source instrument mean  standard dev.
Lake TOC-5000 997.1 4.8

Lake Coulometer 994.2 0.6

Sea TOC-5000 20283 2.2

Sea Coulometer =~ 2026.5 0.6

The TOC-5000 has three measurement
ranges to optimize sensitivity over a broad range
of DIC concentrations. We obtained highly linear
calibrations with output peak areas below about
44,000. Inclusion of standard peaks >44,000 in
the calibration regressions increased the standard

80

701

60
y=34127[DIC)-162

301 12 = 0.99999

401

Peak area
{Thousands)

304

201

0 0.5 1 1.5 2 25
{Na2CO03]), mM

Figure 1 Carbonate standard [DIC] calibration on
the TOC-5000; 200 ul injections, range 5.
Regression for standards <=1.04 mmol dm .
Differences  between individually plotted
replicates (2 to 5/standard) are generally smaller
than the symbols.

error of the slope and decreased the regression
coefficient {data not shown); response above
44,000 is clearly not linear {Fig. 1). Best results
were obtained when the measurement range and
injection volume were adjusted so that the output
peaks were between about 17,000 two 44,000.
Scaling sample peak areas to different ranges or
injection volumes résults in errors on the order of
0.5 to 2%. Smaller peak areas are reliable but
with higher relative standard deviations. The
calibration illustrated in Fig. 1 is particularly
good but regression coefficients >0.9999 are
common. Average residuals for each standard
used in the calibrations are usually <+2 umol
dm™. The slope of the TOC-5000 calibration line
can drift on the order of 1% h' and corrections
for this drift are necessary for precise work.

4. DISCUSSION

The choice of which methods to use for
DIC measurements depends on the sampling
requirements, which instruments are available and
the purpose for which the measurements will be
used. We have evaluated the relative accuracy
and precision of the coulometer and TOC-5000
for direct DIC measurements. The coulometer
remains the instrument of choice in situations
where absolute accuracy is the priority.
However, the TOC-5000 provides results which
are almost as accurate and precise (to 2-3 umol
dm™) as those of the coulometer (0.5-1 umol
dm™). In addition, the TOC-5000 is easier to use,
can be used to measure DOC and does not
require the hazardous reagents used by the
coulometer. In situations where the primary
interest is in relative changes in [DIC] over time.
the TOC-5000 can produce excellent results.
Unfortunately, neither the TOC-5000 nor the
coulometer is suitable for automatic, long-term
DIC monitoring.

Pco, measurements can also be made with
great precision. In addition to discrete sample
analysis, continuous measurements are now being
made on ships fitted with pumping systems,
equilibrators and ND-IR detectors. Automation
would be difficult due to the great sensitivity of
equilibrator performance to leaks and small
changes in temperature (both air and water} and
pressure as well as the need for frequent
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calibrations. These characteristics demand a great
deal of attention by the system operator.

Even the best alkalinity measurements are
Jess accurate and precise (6 ueq kg™ and 3 peq
kg!, for between and within cruise precision,
respectively; DOE 1994) than comparable direct
DIC measurements. In addition, the results must
be corrected for non-carbonate sources of
alkalinity before they can be used for calculation
of other carbonate system variables. Thus the
concentrations of dissolved inorganic nutrients
and other potential sources of alkalinity must also
be known. One of these other potential alkalinity
sources may be weak organic acid anions which
seem to take up protons thereby increasing
alkalinity (Herczeg and Hesslein 1984).

Of the four carbonate system variables,
only pH is suitable for routine automatic
monitoring and it has been used in free water

productivity studies to follow DIC changes for

more than 40 years {Verduin [951). Most
commonly such studies have used periodic
manual alkalinity determinations to follow
changes in [DIC] over time because carbonate
alkalinity is unaffected by gas exchange or the
DIC uptake and release associated with organic
metabolism. In other words, it is often
reasonable to interpolate between alkalinity
measurements and then use these interpolated
values with the more frequently gathered pH data
to calculate [DIC] for each pH measurement.

How well does the [DIC] calculated from
pH and titration alkalinity data agree with directly
measured data? Unfortunately, there is often an
offset between directly measured [DIC] and
values calculated from pH and alkalinity data.
For example, we automatically monitored pH and
regularly titrated alkalinity to follow productivity
in the Rinko experimental ponds during the
summer of 1993 (Fukushima et al. in press). The
slope of a model 1 regression between [DIC]
calculated from the pH and alkalinity
measurements and [DIC] measured with the
TOC-5000 directly was close to unity (Fig. 2).
However, the pH-alkalinity derived values were
consistently about 24 pM higher than those
measured directly. There are several factors
which may have contributed to this discrepancy.
Small changes in the ionic strength and
composition of water can significantly affect the

carbonate system dissociation reactions which in
tum lead to large discrepancies between the
actual [DIC] and [DIC] calculated from pH-
alkalimity data. These errors due the effects of
ionic strength on the carbonate dissociation
reactions can be minimized by determining the
concentrations of the major ions in the water and

cotrecting the dissociation constants (k, and k,)

for ionic strength. The dissociation constants
used to calculate the [DIC] results in Figure 2
from the pH-alkalinity data were corrected for the
ionic strength of the water.  However, the
titration alkalinity data was not corrected for non-
carbonate alkalinity other than H* and OH and
this may contribute to the discrepancy in this
case.  Particularly in soft-water lakes, high
concentrations of organic acids can, in addition to
their alkalinity contributions mentioned above,
alter pH electrode response yielding: measured
values which are lower than the true pH values
{Herczeg and Hesslein 1984) and calculated
[DIC] vaiues which are higher than the actual
concentration.

0.60
=
g 055
ol
o
[+ 8
2 0.50
=
E
O
& 0.45
y=2.4324e-2 + 1.0481x RA2=0.981
0.40 L . !

v.40 0.45 0.50 0.55 0.60
DIC {mM); TOC5000

Figure 2 Model 1 regression of [DIC] calculated
from pH and alkalinity data versus [DIC)
measured directly with the TQC-3000. After
Fukushima et al. in press. ‘

Although these potential errors can (and
shouldy be overcome with  supplemental
measurements and calculations, direct [DIC]
measurements (together with pH) might be a
better and easier choice than titration alkalinity
for calculation of carbonate alkalinity which in
turn is  used to calibrate the pH-[DIC]
relationship. In cases where titration alkalinity
data must be used to estimate carbonate alkalinity



and [DIC] from automatically monitored pH data,
then the effects of the water’s ionic composition
on the carbonate dissociation equilibria, the
relationship between titration alkalinity and
carbonate alkalinity and the effects of organic
acids on both pH and titration alkalinity should
be carefully considered.

Despite the importance of DIC in ecology
and biogeochemistry, high precision
measurements remain relatively time-intensive
and problematic. Some of these difficulties are
common to other dissolved gas measurements.
Others are unique to the aqueous carbonate
system. Clearly direct DIC measurements are
preferable whenever practical. The CQO,
coulometer provides the best [DIC] measurement
performance now available. Commercial ND-IR
instruments such as the TOC-5000 can also
produce good results provided that sufficient care
is taken in sample handling and instrument
calibration. pH remains the only one of the four
carbonate system variables suitable for routine,
unattended, automatic monitoring. Although the
titration alkalinity measurements traditionally
used together with such pH data to follow DIC
changes are convenient, correcting for the
potential errors discussed above are not. peq, can
be measured without bias and with good accuracy
and precision (but considerable effort). We
recommend the use of periodic direct DIC
measurements  together with  automatically
collected pH data to estimate carbonate alkalinity.
These carbonate alkalinity values can then be
interpolated and used together with the pH data
for convenient DIC estimates with high temporal
resolution.

ACKNOWLEDGEMENTS

RW is grateful to the Japan Society for the
Promotion of Science for a postdoctoral
fellowship.

REFERENCES

DCE (1991) Handbook of methods for the
analysis of the various parameters of the
carbon dioxide system in sea water, version 2,
A.G. Dickson & C. Goyet, eds.

Fukushima, T., Matsusige, K. and Weisburd,
R.S.I., 1995 in press, Estimation of the rates of
primary production, respiration and gas
exchange with continuously measured DO and
pH data. Mizu Kankyo Gakkai (in Japanese
with English abstract).

Goyet, Catherine, and Hacker, S. D., 1992,
Procedure for calibration of a coulometric
system used for total inorganic carbon

measurements of seawater. Mar.Chem., 38:
37-51.

Herczeg, Andrew L., and Hesslein, R. H., 1984,
Determination of hydrogen ion concentration
in softwater lakes using carbon dioxide

equilibria.© Geochim.Cosmochim.Acta, 48:
837-845.

Verduin, J., -195], Photosynthesis in naturally
reared aquatic communities. Plant Physiol., 26:
45-49,



BEREFOEBRICR

E9N/PlLo R

BEEE - FEEAN - AEE— - BME-X° - BREES
(RAEXRZ, 2HBTRBEHEI NV —7)

1. Ui

Bttt K O RBEEEDBREEIDMEIIBNTIZ
HEMBIENTH hAKERBEBEATHRL. JHiTH
BOHEM, TRbbAREEICCIRIEEFRETD
b, EIHEREETIHKOE (FA43) oRENEE
DESTRLND. ERROULEWABL UTRRNZE
7T Anabsena /&, Microcystis B, Phoraidium
&, Oscillatoria BPHRELUERICII->TIhEDE
AERTHOTEER NG, ERIEE, Merocystis
BHELb L, FhicdboT Oscillatoria B, Phor-
pidindEBOFREFERESRBML TV I 2 0bhTY
b, ChoOBRMEORMBMEING T HICIZRAEMME
MEEREEL, YOI RETFHREEMEIIED> T
LZOPEETILEDSS D, TOEBHIZE, ChoDE
BEPHELTHRETZ LS, BERERTOMEE
M, ERflTof% - VooRIEAFONREEH
L, HERESEHVESERARICBITHESLOMHEE
eI TELENDE. THET Merocystis B,
Phormidiua B HBRBELSERL, NP LXFEVWRET
T Microcystis BY, BWRHETT Phormidiun B
BETBILARPEPLTER D, KBETHIA
SOHRELEL, EMBILEWRETT NP HICE
->T Hicrocystis B & Phormidium B, Oscillatoria
BEOARMERECHTRLIMOEBMEI 20
DWTRENBAT T o,

2. A¥ .
FHETRBACREBELTH I RBEAEEHOTER
EiTol. ARROEMBIIH VW RELIIBNICEEL
THAHRDEES, KEREFEFEBORMFCHENT &,
EHEKEERATLI:, EARRUBETIERH
HBTCRELTWA2EEEERT AL TH 2,
KRICIEVRERAFTENRREER 7 U —2—2
AR L TH A0, X050, KEUOKEKEE
Huwihk. R Microcystis B, Phormidiun 1%,
Oscillatoria &k REMACBREAS ¥, BRB#MAE

FRBEREZES L2 FERE0H THAZ ¥ TIT
of. KRBERIRF L LTHaNG:, U & LTKHPO %
BHIL, EALALOTY LHEY V@& (L1 FPO.-P)
0.2mg-17", WHEAMEFRE (LATNO-N) %1, 2, 4, 8
mg-1 4R EE (N/P Koo 5, 10, 20, 40) C@ELE,
F - #iiE e LCFe-citrate EREHA L DESHE 1ng:
1"z 22 L B RM L. RHIZAE /e L = A hk
BA—N—7 DI oTiT>k. £k, AHOKICE
EOREANFDEEXHenll LS TBESHE.
ZDESRENTF, UFORBET >R,
EER] : WAk N/P bE 5, 10, 20, 40D4ERRE A
EL, BRMICOE2HETIToR. ¥ N, P RERE
THRICBENTP0-P - 0. Img-1"", NOs-N:lmg-1"'& L
e BHEE S MO LBETRR LU= erocystis B
(Phormidium |&, Oscillatoria B& &) 2 EBHEE
Smg- 1 Mo AL ATk,
EER2 : HAON/PHES, 10, 20, 40D4EEIZ&EL,
BEFCOEEALLUERERENR) BLELZOR
i, N, PEBEERAOCEBELRCKEE L.
RERIZ, Phormidive &, Oscillatoria ME S EUKIE
FKICEBHEBOSAEH T 1" ICRBLSCBr
DT HBETERP LS Microcystis BREELUBHKBLE,
EER3 : WAD NP LE#ES, 10, 20, 004BREICEE,
2TEALT CEXRR0%) , RBE-K (KERO0.15m)
EFS3RLRLVERBIE-ALR0RER . #18 K,
PEEBRIBRACREERCICHREL L, BB, Phor-
aidiun B, Oscillatoria % &T:BUKIERAKIZEMEE
OSSHESH T 2ng- 1" R 2 L5 KB r MO T B TR
B L7z Microcystis BEEHE LB LE.

B, ERIOBRFPEFRAL T QL -h7Y) 22
TOAMIZERR L~

3. ®RBLUERE
3. 1 RRIEHD AEREOAUR

LB EE&D S Microcystis BMKEIICELEL,
@%BﬁfgéﬁifﬁL,(ﬁ’P_bto + 2 THBERIAHEI



wREAL7 QUL-h7') 2RELELZAFW Hicro-
cystis BhEMLED, SHEKEERTIZ L OMX
BELL, BUELLEDE. 2L TI4EEIZIZE&RS
O Scenedesmust®, Coelastrum BHEML, hilik
REREMNESE L Microcystis BHBUEST AL
X0, Phormidiun B, Oscillatoria BIZ¥IETE
BEMBPRNILLRALEXSh I FEBEL bk,
ERARCBOTEFHLOKRFICUETH -,
Microcystis ROBDLOERE LTIV I L5
&, 8%, VI OFRTEBOTHRBRICEH, V>0
BERPICATIZ L, BAHELZIT I, REM
DA PRI RNLEBEL SRR,

3. 2 SR BHIEWRONHE
EEITRERIOEREME L, NP kEFE2z0F
FioL, WREBER ¢ OBEHRRIOUDEN L — T
K LA R - RERITE, £, 2UCIDEER
BT 30 DI Y REEFDEPE0. 8017 R B
&3 I EZERHAARE IR L. Microcystis MO ¥
T RI4x10%cells - nl ' ThonM, BWHLZWE
TiddEEER T, 2HEMBELS<HPLIHBKIE
910 cells - ml " T FCHED L, B UERTIEME
iIme 2 HBUBEL Lo LoEI G,
F B LWRIZEAT Mcrocystis MOBKIZR
i S NSE BT H#10%eel)s - 0] ERX AT
J=o Microcystis BIX N/P LLABLEMIZBWTHRE
ITHBShZEATH 2. ZFRTEEBITBNTP0.-P
130.04mg- 1" L, NO.-N: 0.2mg-1"' A EBRAELTHY
RBEESIBRIC 2o TNk, RN S KRR
26 CLLETEHoEZE, IV O0BLEIREANICLD
M2 shEZ b Merocystis BHEEXLERTHE
b Lieh o - ORER RIS DEHX T — M &
WA AR BRI 2okt L EZ o, Phornidiun
B, Oscillatoria BIL2HBLIEE/D L, BIT22 &
Fletpof., CORBICLD, B — I b HMiero-
cystis MOBNYABFRH L HBTEZI L, HY
OFEMCE DI I0RERMETEZLHFHLD
Llaoi,

3. 3 HERICBITIZRMOHAR
EEITIHEBIOBREEEE L, NP BEFRZOE
2oL, ETORBTEXL Mcroeystis &, Phornmi-

dium &, Oscillatoria BOBMMPEERIZ 2SN
SITMARESRE LTRBRET % Sk Oscilla-
toria BIBESEIBVEBTREET LI HEY H
HBILPLBAORGEEETIILEANELTHE
RELZUUMATRBE-K[ETSRLBER L 704
OFREFIT . Microcystis BOVIER & EIZ4x 10¢
cells - ml ™' THofed, ERE-EF2To-REEH
- 2T NP LOORMSTAEHHE T Mero-
cystis RO ERMIZHEL, N/P 20, RBIE-RR
BWTHEEKDRA (10°cells - nl™') &hok. L
» UAB BLBEAK ATV S U BRI 2 -
o TRLUAOCENTIIIEE ETRIEERIIVTSH -
EBENLUBEDEA TS 2. oA LRVWETRE
DEEPHE <, 105 Ei:!atl()‘cel]s n]TTFE R,
Zo G UERTIRIZE BIC BV T b IEFENBEES S
BUTB S EGEOENE, #ECEHTHRY
THHIEHhhrotk, dEBEFTKENHUCTH -
ADLUBRBICAEME T LMR20CIT -kl e, X8
BEMI2EEIZ BV TP0.-PA0.04ng- 17 1 E, NO5-N

0.4mg- 1" 'LIEBFELTWEI S Merocystis B
mmukEELLERRE LTE, KBOETHELDL
ha, COEBRICBWT Y Phoraidiun &, Oscilla-
toria BidEmLz2dhot,

LHSBOBEIE N/P ok >T Microeystis B,

Phorpidium &, Oscillatoria BETHOLXENES 2
PEShERBETZCLTH =N, KENT Micro-
cystis PR BN & 3 T & HT & 4 Phorai -
dium &, Oscillatoria BiZoWTHETOERIIBEN
THMEE2I L BPTETFREOBNERRT 2 &
TERbdpok. LL, BEY— ML IBREOHM
DOME, BhFEIE BV 20REOME, R
L% Microcystis BOBMOELE, EEOBEFOH
RRIhDoBHAERETS FTEERARIIRLLE
Aohzd., SHEEY, NP LA D Phorsidium B,
Oscillatoria B AREE B BE ASHMAAE L 72 5 TR
it (REER, #EM, BERHESF) 2ROLELTY
SN/PLLOMBRIIRIZTEEC DL TR T 2 L8N
hrLELONE,

4. F&»
OREAEEA N EEFARRBII BOTHRRIEERFH
ey, NP L Z2EREMOMOERIZRONRY



=¥ I

@HMicrocystis BiZiEx, BE, HhACRMSTLY
BB OMR, WBEORENTHEEZE2Z b0,
@ABKEEANEREDS S RREERBOMMIIE N
/PtE, KELAIC S RBER, XEHE, BERESOR
HREMEETH LI LBbhok,.

B8& XK
1) BREE - RHAIE - RS E - AlfE— (1994)
t Microcystis MEFLE LEEBRHOERERA
B 2@ SR, S28EHAKBEESES
i boge

2) BaARmE - 2k - BEKT - Fekls— (1994)
CBRRASEREERVWEERSOBR I TSA A
TAROERICRIEIN/PIL, KBORESE, Ak
iy aE A ENE

3) G. H. Harpis (1986) : Phytoplankton ecology,
Chapman & Hall.



BrECBITARES

BB OHEMESRYE

RARBE - AILBE - EFEBT  BHBE X - SiBg:e
(I7k LB RS, 2B AEEE)

1. H®

BAEROBRBLELUERMBTREB L LTEL O
iz Microcystis X Anabaena FiZ & 2K DEM K5
EL, RDO~AWE, BEROEE, $KIBIZBIT 228
MEFXIISECURERMABLR>TWA, KD
EREMATIHREOP B YEEERT A0S
<, KOBROHELZRETZ LHEERHREL ST
Wh. B, By HEOWCI BT Mcrocystis DL
DBELSHL U, RbbizOseillatoria, Phormidium,
Anabaena EHERELTWIZI L H0, HOBEOER
RSP LI LEANE, REOHENEYEID
WTHRHEMZ =,

BECIREBRER, EYOMBIIHRFRMEICLE
TV V-—EvbkDRMERERE LE—BoE
MRETH 3, $Rbb, BAhOBREOBRAEBERE
WECLR2ALORBRYHACRNMRIZ L >THRES O,
EFHIICOMBRRYEETHNIFEMU =BEITE, &
HWERICHIB e 22PBEOEERICAG LB £ Tk
T 2. COXIICHKCIEHORRYELHNT 2
CEiZdh, HKPOHBRARMBOREDTEEL 2 2,

DEDES5R2BRAPE, ErmoWls (5t.9) LBE
Ab (St.1) DEROEKIIDWT, $EOEHER
EFEADLLRCBRERABRC L 2 RENENRYE
oW THatEmi r,

2. BHL

2. 1 BrHEOEROFHEY

199284 A 51992 128 c»i3 T, By oW
(5t.9) LEEAD (St.1) DRMOEBAIZ T,
Hi—E, @EOMERERE L,

2. 2 SBusRIB

1) s

BorE>S 28U~ Anabaens spiroides X5-1,
Microcystis aeruginosa k-5, Oscillatoria tenuis

KS-1, Phormidium tenue KS-1 £kD4¥E% i 1o Phor-
midiup tenue KS-18kD A EHHATH b, LOIKTHUE
BTH 3,

2) #k

19924 S 1992 F 128 $ TOMMIc A -, &7y
THDS. IR TSt 9 S M L Sk R ERAVE, &
DEKET Y bR UGFADOHS A7 4 & —TRERIC
WAETWERBERICEALE, ZOBICHWERI Y
BT ANE AN~ A - 2L ~Ticd p120
C, WHEBELELDOEMERLE,

3) HBMREHEYE
RBEEHMEL LT, €%, V>, &%, EDAZH
Whe BoDUBHIheORMEROI00S% 2T L,
A= 7L -TTHERTo2HOEBY, Thenk
MEBHNHZOFRNBHBRROIZ, BHL LTNaND %
1.0mg-N/1, V& LTKHPOLZO. lmg-P/1, kL LT
FeCls « 6H:0%0.2mg-Fe/1, Na:EDTA - 6H.0% 1.0mg/1&
2% &3 ICEKICHML =,

4) BRA® _ _
ATLER % 7 - R Bk 100m1 % 200l D=7 5 2 2 i it
EMIZMEL, ChICHMESRE2EMLE®, 1@
AR L A3E20.0nl =5, MMTEEL:, fitt
BTN 128202 Bl o REERSHZ25°C, 2,0001x,
HEESEATEMBENT CREER L L,

5) BEBDHE

#ERBOPEITIL, FHBRAEHEM (Mean Cell
Volume Computer){t&m— 1% — At & —(Coulter
Counter Electronics Inc., Healeath)® Mt 7=, 0.5pl
HlzbOMERE THMBEAREELL, IHERLT
BUERBRICL h BEOSRERS KO-, Phorai-
dium tenueld, HRBOBEICGEB T 215, NETS
BRCRU AR Y EAWTERICHE LT W A RIAEES
Boltf, IS AL b —TCREELE, RBEE
DERBRIE, BEBMET Y P LF/CHIRT 4 VF
~TRABL, 120C, BEMLRECERE(L D RDL.



3. BRBIUER
3. 1 #rMicBloasoBE

$t.1 TIABIZEEEMESLEY, SAKRIRWS
ESUREMFHRUBRBEAELE, AICAB L
Microcystis D@5 L, TRIZIE, Mcrocystis 135
U& &2 Anabaena, Phormidium, Oscillatoriz ¥
U, BRIz Microcystish ERTR R L %2 b Anabaena,
Phormidium, Oscillstoria L@ EHE Tz o%, 9HI28
B & oM ERLE, 108t Microcystis, Phormi-
dium, Oscillatoria, Anabsena B 5L = NEEREZ
B0 ULk, 118, 12BidMicrocystis W EHBY o,
HROELILET L, BRICBE 2 Merocystis O
i3 ED &%, Anabaena, Phormidium, Oscilla-
toriza DRIFROBAHBBHoIE.

St.9T 1K, 45 560 RERRFESHTS -7,
TRiCiX Oscillatoria, Phormidium D@ 5L, Micro-
cystis bREL%, 8H, 1BLABROMERETL, 8A
5 Anabacna BB L. 1081213, Oscillatoria,
Phormidium, Microcystis @& L=, 1170,
Microcystis & Phormidiua @& L, 12HIZid Phormi-
diup HEEHEE B ok, T, LSBT
Oscillatoria ¥ Phormidiug OB Bk E, 118
Microcystis BBAXOEEMAL s RERII DY

o7,

3. 2 ¥R

4HBHOFAKZ AV BEERABE R 2R LIZRL
f=. P. tenue MOBPE StADHEKTIE, UV LEDIA%RE
RICHRML =B &Ic25ng/ | ECHEARS N E, LE
HoT, UV eETANBEHENECR-TWESDE
i ohdz, SLODEATS, V) LEDTAR BRI BN
LEBaicTng/l L BMEREWD, BMEROBASE
BHohk, U EETAYMERENEIC RT3
boLE2LBNE,

O.tenuis I, St.1, St.9k &IV L RBM ML
FBEITT~Bog/ 1 E THBERDHAERD Sk,
St.1, St.9e SV U EEERMEIC RT3 8D
LEIhR,

M.aeruginosa i, St.1Cid, V> CEDTA% RIBSIC
MU 7=BA1230ng/ 13 < ETHMBHIMALELED, V
¥ CEDTAFBMHHEMEIC 2 >TWddD L HELohk,
St.9TikY >, BR, EDTA% BIRIC &I L 21841 33ng

J1ETHEELEDEhERD, UV EELEDTAL A
HEMEIC -T2 bDEEAShE,

A.spiroides i, St. 17XV >, B, #%, A4
TOWMEEHRNLUEBSCOABESEEX R -8,
CchoOPEMERKIHHE 2T 2b0eEL BN
o —H, WOTRECHBEEMUTLHEERITE A
ERHohabrok, AerOMBEHEMESEELT
NEDTIRNDEEL SR, TOBMIEONTR
FEHTH 3. .

IWATEOR/RER 2T L. P tenue i, St.1T
Y > LEDTAZ BRFICERM U 2B 5 1 2Tee /10 AR
ok, ) LEDANRRHCEMERIRMEI 2o
TWaHOEE L LRk, St.9TIT Y L L BE LEITA%
BIRFIZERN0 L= S 1ome/1 £ THRB ARS8,
U ZRLEMAMAR MR EI L Z-oTnDd
DEEILNE,

0. tenuis i, SLITIRERMORTone/1ETHML
=, U RINTHBEEEDRM D SRR, SLITIR
BRE) UHREABICHBRIC RS TR,

Mawwaa@,nJ“ﬂin,wm&ﬁﬁtmmr
LRSI, St.9TiY >, BER, EDTAD FRINTE
MEMMALE,

A.spiroides i, St.1, St.9& &2V v “EDTA [HIH:
CENMUEBSIIEMLTW 280, ) CEDTAMEA
HEBEMETHD ELIONE, _

INETHRAT EMMHEME &« L, HAkpizE&iE
OPEEEMTHRMULBIC, BENORLIEELTHE
ABRERMEEI2VETHD, ARELTomg/ll LD
REBRDBANFRO SR =BE2BHERNBEYHETH 2
L. $RHMTRNLTLRERIIBNPBRD I
WIBEHE, CHARREMICENL, REROHMMAR
bhElE, CO-HAEHMERMBEHNETHI L LR,
IDESRFIOD L AREORAKOHBERY L
ZlicEeot. 410 HITT, P.tenve,
M.aeruginosa, A.spiroides |ZB% 28t. |OMBHI R
BiEVH20WXEDTATH o= 55, StLOOHBERY &~
EDTACMARRPWAERBYETCH L. — 7,
O.tenuis WHLTR, T/, Vo, BEDI10EIHK
HRMEIEHETH D, DDTAIL T UL HEHEYNET
xiatpot, £, A.spiroides I ERBAFEEE TS
¥, ERAMBMEHBMBIC LS sidRbok,
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#£1 Zr@afomEHHEYE

Samplimg time Phormidium Oscillatoria Microcystis Anabaena
st. 1 §t. 8 St. 1 St. 9 St. 1 St. 9 St 1 St. 9
1992, 4 P.E P.E P 4 P.E P.N.E P.N.Fe.E -
] E P.N.E P P.N P.E P.N.E - -
7 P.Fe P.N.Fe.E P.Fe PN P.Fe P.N.E P.E P.N.Fe.E
P.E REV
8 E E Fe P.Fe E E E E
E P.E
Fe _
10 P.E P.N.B P P.N P.E P.N.E P.E P.E

4. AW

BECHESHROBEF WS HNTREET 2. £

DR, 6, 7, SHORATIX, RRBEERD, KA
ZTO. tenuis DI BHONEY, 6, TAHOHKIZ
YORUBHERERMT A LD L D HBOREDSED S
. —H, 6, 7, 8AIZ&, P.tenue, M.aeruginosa,
A.spiroides i3, EDTAR TR > OEINT & - T MR
#xh, SOk, O tenuis aDIEE IR -
HEEESEEELTVWALOEELI SR,
EDTADZHRE F L~ MERICL 33D L EI ST
Do LkEHoT, VreFL~MEMMKBEING L
P.tenue, M. acruginosa, A.spiroides ORMMIZEL <
REZhIBDLEIBND,
EDTADINAR(ZERRIZ, ¥ L - MERIC L AHDTHE
{2 & BRI ABDEE, BDNE, BLEOBY

EETIRAILEHSNTNE, BROFMAMBOMK
LRETZE, SRMHBEDTARM & A0SR AT T8
BB BN, KORNDRE, 0. tenis DHIRD S
NEBHOBETRAED O 2= Ehs, HOR
hAHEZERELTWALOTIERBWEEZI SR D,
ZUER, BRRECFRICH L, oEak b
BEASEVE S, EAPEMEEMRERTEDOLELS
ha. '
O.tepuis i, EDARGZM L2 TH V>, BEROR
MTEMEREShA I EE s, REPICEETIES
Bd A uiEBEHEECEMBEC 2V LEEEALTWS
HHBZNRFL - IEEZELSESRTAENEELT
WaDHE Lk, TRhEDMI DV TIRSHED R
HETH D,



BVHTOBEERDOBE

EaKE - ME—-X'-

SHER - HSFRA - b BES

(IS BRBRARI NV -7, 2KLBERBEE, IWHKEKRT)

1. geak

HEABICIRSEEELERNEELEL, AEE#HD
BEAZT A2 I, biogeochemical RfERET-T
Vi, CORBBBERDICHL TR, TOEHEMAK
MTHooh, HACEMBEBICL VEAMSTNEDLD
OP, SEOAEFEICLoTREICRSTSAT
W3 (EBf, 1986) » ThICM L TEERBEHDICD
WTREBREFFRERTVWELDO (Salonen
ot sl (eds), 1992) , ZOBERIZUB, WA, iR,
BhRE, BEEICBL TTRBLANE(BIATLS (BB
- K - SFHE, 1993) .

ICTH, BUYEOBERAMBII o WTLREY, £
YHEZR A EIT-EERE D &IC, TORR, £
SN, 8B LTOBRICOVWTHMRLEDOTHRE T
%o

2. Bk

199242108 A 51994597 M2ER, B isthas ([
1) T2noHh S ARKBERHNVTRAKEf T2, 7
WZHS ZARBIEDH, BRRBICLTRLERE,
GF/F (Whattmantt) Z 4 VF#—TABL, TOAHEH
UHS BRI, HICTRE L2, DCOLTILE
BEMe L bpHE2LI T LS ZICBREARZE

140°30°E

A6*10°N

3} N
|
R, .!olu Takahamairl Bay

Tauchiura|Clty

—38'00'N

1 Y
R, Hilazhilone
-

®1 FEHRRE

8, HRBEMKEHAAA Y Shinadzu TOC-5000C#)
FL. BIEL, ERMEHRYOKEGPERLTHE
DT, UTFONCRIFMENEMRRERL TV S, )
BTN DOWTIEMEEE L, BEECEDHEIL
RKBAOT L TWTIREUTTH ok £k, VBAE
(3260 nmoDik FT 1 emD 2 V% VT Beckman DB-7 (2
&b, BABERIEC—VHRE SN2 Exitation 260 mm,
Emission 450 nmT Shimadzu RF-540iC & - THIE L 4=,

R 2 TN DESBEMARIZLUTOLSIH o5,
F9', AEAKE 100 nl2 A5 RICD®, BARED
WormdkE 0.5 nl MEL, 200C, BATICEVE. £
10, 20, 30, 40, 60, B0, 1008 —8ik8| =ik =,
DOC DELEF<, EEOHSE ¥ AMIC (Geller,
1983) , RSO 7 Tid S0EMBICEL DR
ok, SZTHE L00EEODICE BAREM DOC (R-DOC)
Lk, 7, DO AR-DICEZ LB E DR BHE
$#£D0C (L-DOC) kL. %2, HEOIC~DEEI D
RONEVDT (0.1-0.2 mgl 17 BE ; AARBEF —
&Yy, TCTIRMmELE,

Z D5, BEEY Y ZVOBEE (Lowry-Folin i ;
i, 1972) , RAKIEd (PR ok i,
1972} , Vo —F = a8 (tungustophospho-
ric & molybdophosphoric acidsi: ; APHA, 1985) , COD
(B> H B L oREN DRSS e Y
AR, 1971) BRIE LA, E2, HFEOBEMMLNALE
WENERCI ==Y v VICAHEEEKL, 2RIZH
N2 ODC, IWVIREE, BXBERZREL,
ENSDA—~F I vV OfIEREET L. BT
e Ltk VR PR Sep-Pak Plus PS-2 (FU X+
L oilE, E9E50un, NETRE M6 g7', A—h
Vw2 b OFEREB265ng) LtC18 (C18& PSS L
YURTIL, Fhet4bun, 2760° g, 400mg)} EH
Vize B TWIMEDERFRITEEM (1994) 228
Thizl,



3. BREER

(1)DOC, R-DOC, L-DOCEDHAE & UHHELL
BEhEIERERILUTOARITHS (R1, 2) .
1) DOC, R-DOCIRH FICMAVIIIL TV B, BAFN
KBOEE (REHES) sEFAIIWIEdS, #
ATRAMEROESMIEES A, AT HECERSD
TVBDTHRWP LRI NG, EMOEE, HE,
WA ARTRARL AN EES R D OIEAKRIL
THRBINTLSH (M, 1994) , ZOEE B4R
WA R0 PRE SO>I EHE, BITTS 5,
2) UVIRIGEE, SURRABIRHT AFICIZMM LRV,
(2)THWMT B &> TARMOREIC X DG T 5t

ENRRLZENRRALT D LEL TV Be Eh, U
L RMEOHAEN DR LD ERED
EROSERCH D, AP TR IE N L SERTSH
%3,

3) 1-D0C, BUkiLdy, BEELMARNS DRV, Sh
Bl WERLBEEREESEEINILOTHY,
POC (REEEMEE ; SEM, 1993) ONAENSD
BOCLBELHDUTEL DY, WNTERICEESA
LRI MBI T VB0 EELSN 2,

4) DOCIAPOC & o~ B IE <, & 7S B
BT (©2, (1),(2)) o L-DOCHPOCOBILIC B
LTWBE3uBAEHEE00, TRIEXIE-ED b

How—-=

Rl BrACHRTOBERRYOMBE

St DOC uv Fluo Lignin*1_Carb-*1 Protein't DOC'i R-DOC'1 L-DOC*1 R40-DOC*1__POC*1
mgC/l cm-1 mgC/l  mgC/Al  mgCA  mgCAa mgCA  mgC/ mgCh mgC/l

1 2.76£1.04 0.065£0.029 29.7+129 0.21 0.45 0.84 2.55 1.79 0.76 2.01 4.8642.62

2 3.00+0.83 008510021 2813103 022 0.40 .74 2.85 197 0.88 2,24 4.78+2 11

3 2.19+0.71 0.065+0.017 28.518.2 0.21 0.47 0.70 3.18 2.27 0.91 2.76 4.82£1.72

7 3.0510.57 0.065£0.015 27.846.5 0.22 0.46 0.80 3.07 2.22 0.85 2.48 3.5841.32

9 3.38£0.38 0.06210.012 26.816.3 0.19 0.44 0.59 3.41 281 0.79 2.98 4374111

12 3.4310.40 0.064+0.010 27.816.4 0,20 0.47 0.69 3.48 2.79 0.68 3.06 4.58+1.07

DOC; dissolved organic carban, UV; 260 nm, Fluorescence; exitation: 260 nm, emission: 450 nm, relative concentration, Lignin:
lignin or tannin-like compounds, Carb-: Garbohydrate, R-DOC: refractory DOC which remained after 100 days-incubation,
L-DOC: labile DOC which decreased during 100 days incubation, R40-DOC: DOC which remained after 40 days-incubation,
PQG; Particulate organic carbon, *1: 1992,10 - 1993,9, others: 1992,10 - 1994,9

£2 BrHeMATOUWREE/DC, HHMWE/DC, BIUH—F Vv OilRE

St

Lake water PS-2 trapped rate {%) 1C 18 trapped rate (%) .
UvwDOC FDOC DOC UV Fluo UWDOC FDOC DOC UV Fluo UVWDOC F/DOC
1 0.023 21.4 49.8% 51.6% 55.4% 0.024 239 453% 433% 51.7% 0.022 248
2 0.022 183 48.9% 53.4% 56.7% 0.024 225 459% 452% 354.1% 0.022 232
3 0021 17.9  49.2% 55.1% 58.3% 0.023 211 47.2% 46.4% 55.0% ~0.020 2141
7 0022 185 47.8% 503% 57.2% 0.022 2241 46.3% 43.4% 55.2% 0.020 22.4
9 0018, 158 47.9% 565% 58.8% 0.02% 192 48.7% 488% 556% 0.019 18.3
12 0.019 16.1 - 483% 56.0% 59.7% 0.022 198 48.2% 487% 57.0% 0.019 19.2
10 o (1) 7. (2)
9 °
6t ° 9 8
— ? :‘. 5
c § =
g 4 g 3t
af ®© Sl
2
[ 1
0 ~ . . e 0 L. .
E§f ¥ Enfk 8 Fef€ § -4 ¥ EofE § 8 8 Fefc
SERRLAERRE RN SESRLER SRR

M2 MBEEHYMPOC), BERAHIOC), B, EHMEEELGHRY(L, R-DC)DEMEL

(1) St. 2, (2) st. 9



LEgdbTitizv, R-DICOFHEMLIZE SITHHEHE
L, POCOETHE—BL TV AIBELE . DOCIC
FPOCOERE, HRICL W ABHI BB LTINS
DOFRABOEHIDH Y, FOFHEMLERALCILTY
5H0ELELON B,
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r*;St. 1:0.91, St. 2:0.84, St. 3:0.58, St. 7:
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T, BIOB®RZET 282 L WA 3,

3 4 IR RBRERCBAERIC BT 2000
Wik EOMFEE T $ (19934H, aMecERB LY
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EeXhb0TH2D, BRADHEETFDI LA
BEEMRICBT2UV/CHEERLTWV D, FOMI
0.012 (em '/mgl™ ') BETHH, Byrmst. 1, 280
0.022-0.023 (em™'/mgl™') LIL~XTHBDTEL. 2O
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#£3 SEEBRGHOEICSTIRTREROEDLL

St.  Ratio of 100 d to initial

DOC UV 260nm
i 0.66 0.84
2 0.68 0.82
3 0.71 0.88
7 0.72 0.86
9 0.75 0.88
12 0.77 (.88

1992,10 - 1984, 4

4) MEEBRTEROWRXEZHEL, 28BCLS

HOREHE UL ZBDCLEARPR D NE ok
(#3) . PAESt. 1OAERBRR TROUW/DOCHE
0.029 (cn'/mgl™!) THok. Thbb, BHBMEE
S & BA RN A BEC LUV /DOCH DB R B = L BT
XNBOT, UV/DICHIZEER 5 i HMIED 28 TH%
ZiFRIER SR,

(3) H—1 Vv AR, HRE

1) PS-2, tC18: &, HMMRMEITBUEMMA, UVIRER,
DOCONETREV DS, EhEhOEE TRMAZIIEDT
Wi, HAKBHOY L FIVTR, EARIEE ML
RHEEECIBERDE R AEMH B (B,
1994) , By ETIRZOREOELMHE HRE LW
CERRELTW D,

2) BARKARYBEH— b)Y VCHRIAEHE
HYRIDITOHBEAS D (M5) , BARESEY
BUBRRIIERETS S (0°20.02) . SORD, M
RRBSBEERYEERTZ DOBBLEL5.

3) FEIRRMSHEMRE, UVIREE TOOCE h VLS

= g St
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DERR
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KRAELTWH I L2EBRYT 5. UL, 3XTEHE
LD TR,

(4) B EEERMT SNBSS & D-C0D
& DR

6 (1)zidst. 1, 2, 3, SCORAMEBELENY
£D-C0D (B8, 1993) LOBRERTIME 52
BESEShEL. CRICHLTEARBTIEENE
DOEBRESRSA2L00, BHETEZELTNS
(FE(2)) . Thbdd, BoREAMIED-CODELT
BEEL->TWWE, EEETICIESE 1, 2, 3, 9TDBEE
H e D-CODL BB ERT Y, Bt BEENY
LEBRICEEER s, M EOER, D-COMED
BRTHLOPR->E D43, KEOREFROIIHH
BIZDOCDE, BAMMICEALEADNIVESL S,
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(5) MNBEEMBOSE
ZITRUTOLI RMBREEEZBEERNSS, BEE
MHoAEERATHL S,

1) #KFOBEAEYEAEEOR SRS (Ped
-R) , BAEHEES (Ped-l) , AREESOENEN
B4 (Aqu-R) , BoREES (Aqu-l) O 4EHIST
3,

2) EFBOSt, ITIRAREENIEE > TRECESR
BHEHRVWOTAu-REIYOEd 3, £k, §t. I~
PRI Y TI0EE RECHI S I L 5Ped-Lid
toedd,

BECR1IOBEZLSTIRDS E, St 1TiEPed-R :

1.79mg/1, Aqu-R :0mg/l Ped-L + Aqu-L:0.76meg/1, St.

9zizPed-R : 1.79mg/1, Aqu-R : 0.82mg/1, Ped-L : Omg/
1, Aqu-L: 0.7%mg/1F DRERABON B,
Fh, WW/DOCLLIZDOWTH ) SLUTOREEZEL .

3) Ped-R:0.029 (cm™'/mgl™') , Aqu-R¥&Aqu-L:
0,012 (em™'/mgl™*)

COXEEB LI, St. ITOMKDUV/DOCIL £ %R
OEAEBISTFRLTHADL0.020 {cn'/ngl™!) &
M b, EH@ED0.018 (en '/ogl ') LIEFEF-RTED
v, Db IS5 RAEREIEMEELI R, 28,
St., 1TPed-LEAqU-LEFT 2 EDICEEZOMTAE
K BLaRRORENLERES, BEok 22036
sh Tl

4. BbO i
BUETOBHERMOLNBREL LIZ, 2O
th, SRtiEhAREREER WS BROBEEZDLIZSE
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HHS3BIEETRLE. ¥SCHBYREOREL LT
&, EREEMYOER, L2NSEFEE ORIGER
REXLIIBITREREBE

BE XK
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of Water and Waste Water. 16th edition,
Washington D. C.

fhEEf (1994) BAERMIC BT BB REES
WMo, ZHEH

WERB—R (1994) B WSEEATRs, ErREH
KA, F-61-" 94/NIES.

BREEM (1986) HExEOMBLTFREF IV 2.,
KEFERR, 9, 775785,

BEEREM (1994) S=h— M) ouPASLEICL Bk
ROBEAMYOMREIE L S o, KEEESE,
B ‘

BEEE - AR - SHmME (1993) 51 EHEY
—Yvay7-KRoEHY—, EREHRAME
¥ F-48-' 93/NIES.

Geller, A, (1983) Degradgbility of dissolved
crganic lake water compounds in cultures of
natural bacterial commmities. Archiv fiir
Hydrobiologie, 99, 60-79.

NMUETIES - LEBE - BAHTE (1972) ¥K - KO
arift, 294pp., Wit

BESTEZ L EERIE (1971) koS4, 398pp.,
PN

Sélonen, XK. et al. (eds) (1992) Dissolved organic
matter in lacustrine ecosystems: Energy source
and system regulator. Hydrobiologia, 229.

Zumstein, J. and Buffle, J. (1989} Circulation of
pedogenic and aguagenic organic matter in an

eutrophic lake.Water Research, 23, 229-230.



#AK - WKk P OBERBRY OLFERTE

SHER - BERE - B
(17k TIBERELE  2MBBEAE IV — 7, IEFIKERE)

1. e

BB — BT, BEFRER (000) &
REEBEE (DIC) BEADIZF UREORE THE
42 FANKOEHARE, DOC # 7 ng C/L, DIC 12
ng C/L} (Perdue and Gjessing, 1990) . DIC DiEA,
ZOEEMESHBEIR{BEIhTWE, —F, B
RAEMBOBRSYNEERI -2 FTHh 2D0C 12
DWW, FREYeN, bty mEZMNsiR+a
CERIR TV, R, M0 X, HL{ETHIHER
R 2 OMERTH D, BETISHEMYBRERT
T ER V. DIC ORH, B, MEiionwToERE:
E B0z, D0C #HBOMEEEHH>ABIIC ST &S
ERSDOREEERT L LEYD 2.

ERELE, By@E#k, Syr@mAdIkEYy7
Ve LT, Bkl -8k, BB oRnIED
WTDOC RERTV, FABEMSOEEL, B, £
B oWTHRE LT VR, o7, BHEETiiEs
hESERBRUFRIIODVWTHET 5,

2. KRBT

ALY a1 3
140*30°E

\ 4 A8°1'N

i
A. Koise

Tauchlure

ls

Cilty

aetoa'w

| L
R. Hitachilone
]

i

M1 @r@yr7urrts

— 61

(B 7] r#kizontl}, LIcRTEY
6 ATIN4AE 5 AR SEBAIMOR-ZITLS A
BABERWTRART 2%, AIIKIZ2NTIE, @
WICHAT D 10 WIENRELTINE 5 HicH
FY L ERIToR, HUTNEHS AR LS Z0idH
Uh—f3 4 bR VCERLE, 0.45un AV TV
TANZ—~BHBNE GFF FSRA7 74 8—7 4 W& —
THRBE, 8 D00 OoAEET ok, Bk, BB
EBRTERWVWEEIE, AR PV ARRELE
(#) 3C) »

A 2w TiE, 100 Ao 2 REERE (A
19) , BotE®RiE S 7L LT OC SEFER
AHL, @k DOC ofbZettBENREMRIZLIDED
LA ELTEPRE LS. ‘

(b2 AT FE] 1A 2 0h—5 285
(Amberlite XAD-8) , B 7> % SMAAS (Bio-Rad AG-
MP-50) , Ba-f A > aziais (Bio-Rad AG-MP-1) ZAuW
T, DOC %BikicE: (73 B+ 7 VBB , Bkt
A, BAMEREME, BUKMEEE, SRS, SkiEd
MmED e I N—7ICAELE (F2) (Leenheer and
Huffman 1976 ; Leenheer 1981) . AEFHEOFEIL :
200 Lo % 3 nml DXAD-8 B S5 AZiEAT S ;0.1
HOl #AMlikd 2 (MR 20ERBAMIERE,
XAD-8 BifsicHR T hE O DEIRBKEYE) | XAD
B ASAEBELUREEN] 7 opH 2 IHBL, H
TXAD-8 13 LiClik 2 ;0.1 1 Nall &AM E
k33 (BHTZHEEEKMERE, bbb T I VEE
7B S XAD-8 AZARBUEARALEY L TAER
43 Ve, A4 L BECEE TEES
ToONT AIIEATE (B4 ERBRICHES L
DOITEAEIER, B/ AL ZERpRICEEzh 20K
BkHE, “he 0S5 BiETh v OidBk
BMEME) o 3 FESOWE L LAY ) —LEOHRER
& BV Y 2L, HCI ® NaOH #64%, 1
Liter DL EDEEB k¥R, 200 oL 4 > HEAKRE



Step 1: Step 3:
200 ml. Sample filtrste DOC?2 SamplentpH?2 DOC)
DOC | "
mc) | 1
g 3 mL XAD-8 Resin
A3 rB/RTr 2 ¥ 50
Adjost sample DA% WA
—— pH o pH 2 *——j | Step &
with HCl Flute with
Step 2: ——— 0.1 M NsOH
Elute with
0.! MHO
3 mL AG-MP-50
— H saturated Cation Exchange
Resin
& mL AG-MP-1
OH satursted Anion Exchnge
Resin
CALCULATIONS
Hydrophobic DOC Img /1] Eydroghilic DOC [mg/)
Toual=DOC 1-DOC 4 Total = DOC 4

Bases = DOC 2 1 _¢lutant volume

sample volume

Acids = DOC 3 z _clutant volumg

sample volume
Neutrals = Total - Bases - Acids

Neutral = DOC 6

K2 DOCAHEFEDHRE

TOREL . F2ERECES BlED SODC HHIC
LE2HFERMEDI, RAAVEBARETS VL
THRWE,

DOCOH 4TI, HCl B X hpHELUTE L, BRH
A BRI BB ARE % 4 AIAA 72 Shimadzu T0C ~ 5000
L DEBELRE,

3. XRERRUER

(B w#ik DOC 1] & iW#lk DOC OB
LT, BukEAT, BARAEL ICHMMI AT
DI ERoR, 1994 £ 5 BhS 8 HET
OB 6 HASSEK L MKICOESEDEE
—E FOBBEERLICRT, BAEE, $2bbr3
EIEIXE DOC I LTAR-T1% %S , EkEE
125% —57% & . 2 DOC OM%LLEIZT I M
BB EEOZ>OREE KD, HHEBOLENR
Mk DOC ORMEERMT 2 LEEEh=, DOC i
BIFD7 I oMELBEREERBO SR, W - Al
ARz L TR R FHER O THDOhETRER L ES
32 {(Cronan and Aiken 1985 ; David and Vance 1991)
S, Brifik DOC ICHLTHREFSBE, 73
VOB ERAMBIIEREB S LTRREINE,

#&1 BWriElkoDCsHE
]| St. 1 St.2 St3 St.7 St9  St12
FAEL (%]
Mt 1-2 1-4 1-3 1-4 1-3 1-4
Bk R 39-53 36-71 39-57 39-42 34-56 32-62
Bkt it 0 0 0 0 0 0
Pt 0-14 0-18 0 0-1 0-5 0-3
HAKMER 25-45 27-44 37-57 36-53 43-55 30-49
BoAtEpi 0-6 6-1 0-13 2-3 0-8 5-13

.....................................................

DOC {mg/L] 3.5-44 35-44 26-45 32-42 29-44 31-435

[(Br#cBirs 7 A HEOCES] |rllosir 3
ZIVHEREOEY NS, Br#EloRed
NFEABRETRERRESELZ>TAE (F3) . § H,
6 BT, AIFRAMATO? I - MEREHHLEA
I HEL, BTARRER>THLTIERER L,

LaLiahs, 7TH, 8 Atl, RCKEFARIZH>
THEFZ LR LR, )@ko7 3 v YRIRETHBIC
BEgTAsR0FREh2EEZ N2, #oT, BY
WEMCBWTESEYETH I 7 o pEORRDO
HAMAREEIh L ERBXN 2,
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Dae

M3 Sr#cditiz oNEORS

#2 By AERADNKDDOCHE

ROk 0-3%
Bk AR 43 - 63%
okt 0%
B S 2-6%
Fok R 24 - 49%
Bkt tE 0-6%
DOC 29-6.4mg CL

(B ERATIONC £SE] 1984, 5 ACE A
KITHAT S 10 @ SRAL, 2BH, DC SEE
fTo (8R2) . HRELT, AIKDDOC 5HE SO
SitiE, ByEHAD 5 HOHET—F tie@d b 2,
BkiEEESE (7 2 MB) OFERNEL, Bkt
SEOFELIESHERERLE,

[EAROFIKER7 I oDRCRIZTRER] 138

DFIIAKEI BEECELZESRICHEL, EREROY
CTWACDOC AEFHEEEM L, FlKkERDT I
VRO RYOBSPESEAETH D I LHHHE L=
(B4) « EHMOBREANICLIDRR2okM, 73
COVHBRFRWANADIZS BEARERITOT VM
MbREF N, I OBRIE, @iikbko7 3 Y HEHD
BrMcBNTEAEI R I L 2E®RL, B/ EEA
WBITE7 IVPHONNEERSEZXRT 3,

4. ¥k8

(1] @y l#kodC ol LTikBikxiEm(7 2
R EEAMEE NS DOC DBO%LL EE S LR,

40} B 0dy

3.0+

20¢

1.0

Humic substances [mg DOC/L)

%

0.0 s
@l WwE| cHI ®HI

H4 E£H8OMIIKER7 IVPEICRIZTRE

[2] AJUmAR e B OHATIEZ I UV HEOES
K —LPREL Rizof, BERIZETHFEIZE DL,
BHSBIIPTTRETARII LR L,

(3] f@IKkFD7 I Y MEOPZ D ORI IEIE
ARETH 2 e BHLEMERo=, 73 VIHEHEENSE
WK & b EAHE DT VWARIZT L .

B XK

Cronman, . S. and Aiken, G. R, (198%8): Chemistry
and transﬁort of soluble humic substances in
forested watersheds of the Adirondack Park,
New York. Geochimica et Cosmochimica Acta, 49,
1697-1705.

David, M. B. and Vance, G. F, (1991): Chenmical
character and origin of organic acids in
streams and seepage lakes of central Maine.
Biogeochemistry, 12, 17-41.

Leenheer, J. A, and Huffman, Jr., E. W. D, (1976)
: Classfication of ﬁrganic solutes in water by
using macroreticular resins. Jour. Research
U. S. Geol. Survey, 4, 737-751.

Leenheer, J. A. (1981): Comprehensive approach to
preparative iselation and fractionation of
disselved organic carbon from natural waters
and wastewaters, Environ. Sci. Techmol., 15,
578-587.

NEEE(1994) : BA SRR B 2 o BEEB”Y
D, KiRLHE.

Perdue, E. M. and Gjessing, E. T. (1990} :

Introduction. In Organic Acids in Aquatic



Ecosystems, ed. E. M. Perdue and E. T.
Gjessing, pp. 1-3. Dahlem Konferenzen.
Chichester, Wiley.
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NHEE, F-REEHETH LDV TE. ThHOEHE
TREREWIFETZLOLH D, HBMIH L RRL
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SRS b h, KRBT TH 2T, &
RESOWBRITHOEBFFNMRIC LR b, BE
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2. RBEEROHED & REAMOBE
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DILEMED S F O - L 2RI bh 3 &3
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M2 Brgovatent . cVRABRBROERG

RICRRERELIRSAR VL. LA LI5ELBT 4
VEBHELITDE, N WML, 2OMER
DAVFHIBHI LAY - TEEHIBMML TV S,
CORMIZIBTES THL Y, 1988ECIRIOBED L
Hohiclh, 193EETT LY, ¥ . 2 vEH:
BEEXRESZLTWE (F2) .
CITUABFENY - TUEOBGELIZI165ER T
19BBEEIZH S DI ENEDBEL T D, 1965E DT
RErSOREOETHREIND, £218B8EHL0D
BERAZZF NPT N—FLOBMER —KLT
Bh, THYE, ¥ z2EHEBOEERSTTLE
YDEEIOND, IO FTVFRRAD T N—FNIZ &
DREHRBINIEZED L TEMBAIZ L2300
#15hz,
BrETREAZL 7 F AR L~ X VILIFITARKIC
WM LTERY, BELT I FNIOMMILTETS & 2
b, ZV—FNVZHED SN, RSHEBE BT L
TVABBETHOHIhRHBET 200+ M
HERT, REFETTH 3,

3. RAVADBrH~DEF L 20ES

T, WA BARDELT Y A4 7 F 52 AR &
ThTVEH, BrfTtiZI03EL hEREDR~L 1
DRMEHHEREH, SEOTHH R hO—NIc L 205
BBRIZL > TRV AYFE BB L2233,

AL ORRRELUCRS (K3) BABEET 15
HOlsen, HTL2ERD20eTH b, EGHIIHEDT
SEMEEETIEDOLEDR Y, HFEECHOED
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. Chla Phyco NH4-N NO2-N NO3-N DON DTN PO4-P DTP  T-P 55 POC PON COD BOD D-COD D-BOD DOC  UV260 Cl Si Ca

1993 iz 30 4 265 7 178 361 811 7 17 57 B& 182 O 3.45 L
514 &) 35 77 4 44 447 572 4 12 98 235 400 080 76 28 3.5 1.0 3.29 B
a7 27 17 125 3 13 406 547 7 16 66 8.0 241 043 5.6 2.5 4.5 09 3.34 P
519 42 23 145 9 136 423 712 3 12 77 156 254 049 6.3 1.8 4.2 1.2 326 445 1.7 180 L
521 44 22 207 4 80 316 607 2 11 72 168 317 058 6.9 2.0 43 11 327 446 09 171 B
524 23 10 386 3 64 40 493 1 8 56 96 169 03 6.8 1.6 46 0.7 3.97 a45.7 1.5 154 P
526 33 42 271 3 54 133 461 1 8 72 175 386 083 7.7 2.6 4.5 03 325 45.7 1.5 159 L
528 32 43 383 2 20 54 459 2 9 79 193 404 077 7.5 26 43 06 340 452 13 160 B
531 34 13 242 6 60 174 482 2 9 74 140 267 051 7.5 1.7 45 0.6 3.47 48.7 18 172 P
62 45 10 328 8 51 132 519 0 16 13 348 468 088 8.0 29 3.1 1.0 3.8 46.2 1.2 169 B
&/4 29 6 37 5 a7 443 522 0 8 91 212 367 061 73 2.4 4.0 09 347 47.7 1.0 163 B
&7 46 9 73 8 59 445 585 2 14 104 213 377 073 7.4 2.8 4.0 09 348 443 08 166 P
610 44 12 162 0 2 348 512 0 10 10 223 411 0866 8.2 3.1 39 06 3.27 45.0 08 153 L
6/11 50 10 139 5 39 358 541 0 9 148 319 501 094 8.1 2.8 3.9 04 332 48.4 08 175 B
614 46 13 12 4 42 415 573 7 22 136 323 431 074 a2z 3.7 4.3 06 3.69 48.5 i3 177 P
616 37 3 132 & 58 387 583 16 33 135 316 374 083 7.2 3.4 4.1 08 3.54 47.8 02 176 L
618 25 3 125 7 73 a7 672 9 35 80 94 159 025 5.7 21 4.2 08 351 49.8 0.1 169 B
o2t 15 5 103 4 49 489 645 16 32 7 89 146 026 5.2 23 4.6 1.0 3.54 49.1 0.1 165 P
623 20 19 139 5 64 475 683 8 27 73 9.2 154 026 5.6 2.6 4.5 1.1 364 62.6 02 170 B
625 24 25 159 6 72 283 520 9 21 51 94 1860 030 5.9 241 4,7 06 3.58 54.3 02 171 L
&28 13 3 221 6 48 203 568 2 12 86 66 110 0.18 57 29 4.7 09 3.56 51.8 04 166 P
&30 3 20 415 12 110 24 778 19 26 85 141 219 043 6.3 2.0 5.0 21 355 523 03 177 B
72 26 21 163 17 63 463 706 10 20 7 10.7 1865 0.29 53 2.6 5.1 3.69 00714 518 04 152 B
715 34 20 202 1 64 358 635 1 7 58 13.0 212 04 59 26 4.6 3.64 0.0733 524 05 174 P
w6l 53 9 0 t 487 497 1 15 82 198 416 066 7.2 2.5 3.9 3.46 0.0745 50.2 08 160 L
9 35 28 53 12 a2 502 649 5 20 80 173 217 042 56 2.5 45 3.77 00720 515 06 169 B
Mz 49 61 1 1 32 435 479 1 12 77 193 2839 053 6.7 2.0 4.2 344 0.0730 513 09 158 P
714 38 67 7 1 5 481 494 1 12 a4 149 280 052 741 23 4.1 09 359 0.0665 482 12 171 B
e 54 153 38 3 68 466 575 2 12 86 188 291 057 6.6 2.0 4.2 0.7 346 0.0710 409 03 164 B
me 27 a1 7% B 211 487 782 2 13 92 136 220 046 57 2.1 4.3 1.0 3.59 0.0757 455 06 180 P
721 66 262 6 7 32 430 475 3 11 141 245 434 086 7.2 3.0 38 0.5 340 0.0734 39.0 08 166 B
M3 N 128 66 20 255 542 883 30 70 127 124 250 046 6.0 28 4.2 0.7 3.58 0.0736 39.0 06 173 B
726 2 37 65 31 414 541 1051 27 63 122 t54 174 035 5.3 28 39 08 343 00870 313 22 159 P
7/28 48 216 4 6 60 366 436 0 18 112 185 398 078 6.8 2.5 36 05 318 0.0663 39.9 20 165 L
730 A4 17 1 6 103 436 546 1 16 80 5.7 1.6 3.8 05 5.03 0.0724 445 15 162 B
&2 45 135 10 8 139 579 736 5 20 113 186 333 061 6.8 29 4.1 1.0 3.89 0.0686 46.2 1.5 163 P
&4 45 245 11 1 2 411 425 4 14 120 205 505 095 7.0 26 36 0.7 330 0.0679  39.1 1.9 152 B
a6 61 85 9 1 0 363 373 0 10 102 27.2 464 083 71 21 3.6 06 3.08 0.0644 452 1.7 155 B
&g 40 40 52 15 460 309 836 27 40 100 134 227 046 5.7 2.8 3.9 1.3 3.50 0.0703 348 14 166 P




Chia Phyco NH4-N NO2-N NO3-N OGN DTN PO4-P DTP -~ T-P 58 POC PON COD BOD D-COD D-BOD DOC  UV260 Cl Si Ca
an 46 130 4 2 76 312 394 1 10 123 186 393 080 6.7 20 36 1.0 3.50 0.0673 41.0 23 164 B
13 76 120 4 0 44 792 840 1 14 83 336 574 083 7.5 19 37 06 345 0.0693 438 a1 144 B
816 18 10 79 7 425 141 652 1t 23 89 227 043 656 22 4.3 1.3 322 0.0699 433 1.9 170 P
81e 87 162 8 1 22 343 374 2 16 80 496 0.9 6.9 22 2.7 05 3.27 0.0670 39.4 27 156 B
20 &2 99 5 1 6 346 358 0 34 72 469 0.74 71 22 4.3 04 328 0.0680 415 28 138 B
823 33 84 54 8 194 421 677 7 20 95 155 249 049 58 1.5 39 06 313 0.0704 402 38 173 P
825 61 139 20 o o0 372 392 1 15 95 175 395 082 72 2.8 4.0 3.43 00813 438 a7 145 L
a27 48 21 41 4 124 479 648 6 26 100 7.5 3.02 066 6.4 1.7 43 0.5 315 0.0689% 40.2 22 155 B
830 38 11 49 1 247 459 766 35 54 102 165 267 044 59 2.0 43 08 3.18 0.0686 35.0 35 148 P
91 56 50 5 3 22 459 489 21 38 146 200 3MM 0.81 6.4 22 4.4 06 3.8 0.0711 41.8 37 125 L
¥¥3 54 19 4 1 0 435 440 2 15 99 225 402 082 6.9 2.2 4.4 05 329 0.0689 41.0 4.1 124 B
o6 20 i8 76 17 196 536 825 29 59 82 128 168 032 5.7 1.9 47 1.2 439 00723 420 4.1 143 P
g 42 68 27 6 80 435 548 9 21 99 184 377 078 6.7 28 4.0 0.6 3.09 0.0710 388 46 135 B
910 46 63 4 3 39 387 433 4 23 101 165 408 079 7.2 4.0 4.0 0.3 3.27 0.0703 4556 46 126 B
913 20 7 a8 27 1066 654 875 26 40 85 156 202 034 57 2.3 4.6 0.7 345 0.0701 44.6 45 161 P
anne 27 9 1 3 70 480 554 1 12 67 132 289 054 56 1.8 43 03 3.38 0.0669  40.1 5.1 165 B
a7 4 12 5 4 " 452 472 0 10 59 114 3.04 054 58 2.1 4.2 06 345 0.0684 405 5.1 16.2 B
920 23 14 14 32 408 606 1160 20 37 75 93 134 023 5.4 1.2 44 08 3.2 0.0720 454 57 168 P
92z 5t 64 a7 163 184 523 957 4 15 77 175 288 057 6.4 1.8 38 3.44 0.0677 37 55 159 L .
924 &3 32 5 157 134 4693 765 2 15 76 16.1 324 057 3.01 00664 34.1 50 157 B
¥27 26 13 42 85 407 534 1128 26 40 79 88 158 0.3 3.36 0.0701 386 47 158 P
9/29 81 47 8 94 44 453 599 1 12 91 185 434 082 48 3.9 3.28 0.0657 37.8 52 157 L
101 77 105 8 43 308 441 800 3 12 94 257 430 089 3.02 0.0689 34.2 62 166 B
1014 42 28 82 39 290 573 984 18 30 101 142 269 053 3.14 0.0690 37.2 48 159 P
10/6 75 T 98 €8 68 422 656 2 14 92 225 470 084 6.0 4.0 3.26 0.0647 349 48 154 L
10/8 34 10 19 34 196 775 1124 25 40 104 125 180 033 3.39 0.06839 320 5.1 155 B
1012 38 35 96 29 517 518 1160 24 44 g6 152 250 039 3.36 0.0721 36.9 53 160 P
1013 63 44 8 37 376 408 829 3 16 83 178 436 0.7 5.0 4.2 a.51 0.0699 3563 6.0 159 L
1015 72 55 34 14 55 364 467 6 11 86 259 422 079 78 27 38 0.3 356 0.0667 37.0 52 152 B
10118 58 40 69 15 208 409 701 & 15 114 252 380 081 7.6 3.1 3.6 0.0 359 0.0670 36.0 5.1 158 P
10/20 73 47 8 24 180 364 576 1 7 87 193 433 082 7.6 3.2 4.1 0.6 3.54 0.0671 38.7 56 1631 L
10/22 67 22 5 B 10 282 303 2 8 98 198 460 086 3.43 0.0703 394 52 157 B
10/25 45 38 35 15 231 358 639 1 7 o 159 333 073 7.2 28 4.1 0.4 386 0.0679 384 53 159 P
10/27 64 25 4 14 134 448 600 1 9 106 202 396 079 78 36 3.7 05 367 0.0694 346 59 156 L
10729 59 48 2 12 m 370 496 1 5 88 202 487 080 7.5 2.7 38 05 298 0.0664 336 5.8 155 B
1N 91 340 37 16 344 540 937 2 7 158 320 647 118 9.7 4.6 38 0.7 3.4 0.0840 371 5.6 163 P
12 63 55 1 8 102 376 487 1 3 90 214 4983 093 8.6 3.0 3.7 0.4 3.06 0.0837 380 6.1 16.1 L
15 100 104 47 5 70 299 421 2 6 104 249 608 1.18 310 . 0.0650 37.4 6.0 165 B
11/8 82 112 2 15 320 536 873 3 8 127 213 420 089 6.3 4.3 4.0 0.7 3.35 0.0683 37.3 55 165 P




Chla  Phyco NH4-N NO2-N NO3-N DON DTN PO4-P DIP T-P S8 POC PON COD BOD D-COD D-BOD DOC  UV260 Cl Si Ca
1110 72 20 2 2 4 323 331 1 3 91 175 457 091 5.5 2.1 3.7 0.8 3.02 0.0664 322 57 153 B
1t/t2 56 68 2 2 4 824 832 0 5 102 231 6133 1.05 4.0 06 3.15 0.0839 328 58 154 B
1t/15 42 3t 14 9 226 431 680 7 19 97 137 3149 0N 6.3 5.1 39 05 287 0.0640 27.5 56 142 P
1n7 57 43 ] 2 6 350 358 1 2 145 183 327 0867 6.8 3.8 38 0.6 2.84 0.0986 295 60 149 B
1119 32 16 2 2 12 329 345 0 3 165 560 1035 1.84 5.9 2.0 2.7 0.0584 26.9 62 167 B
11/22 35 19 30 H 365 250 646 i3 17 103 146 289 06865 5.6 34 38 09 286 0.0603 256 59 143 P
1124 60 18 3 11 252 239 505 1 3 102 198 410 0.8t 7.0 39 36 09 272 0.0577 26.3 64 155 B
11726 56 n 44 13 197 288 542 3 18 80 168 3N 0.76 6.3 25 34 06 270 0.0633 248 66 148 B
11/20 46 112 39 8 288 289 615 2 26 76 170 458 090 61 - 286 38 03 269 0.0591 268 63 149 P
121 53 30 a7 11 195 279 522 4 14 72 129 355 0.72 59 23 38 04 260 0.0626 242 65 147 B
12/3 46 51 46 1 248 387 892 7 18 93 142 366 075 6.5 2.3 4.0 t1 3.00 0.0644 256 65 149 B
12/6 35 102 56 ] 239 353 654 7 18 98 137 328 077 6.4 2.0 4.1 1.3 317 0.0617 25.8 57 149 P
t2/8 26 56 37 7 o3 295 432 6 17 8t 202 391 075 72 2.0 3.8 03 287 0.0600 303 58 153 B
12110 42 184 ag 8 159 3386 542 6 16 108 158 368 077 6.8 2.0 35° 0.6 286 0.0600 26.2 650 143 B
1213 56 165 40 4 12¢ 315 479 7 19 93 148 390 0.88 7.7 2.1 3.6 a.0 3.1 00534 283 58 147 P
1215 38 159 39 1k 450 224 724 6 19 82 168 218 062 8.5 21 3.4 06 270 0.0623 24 69 150 L
1217 36 57 36 7 184 290 517 4 13 85 132 407 082 71 24 38 01 269 0.0571 259 62 146 B
12120 22 o1 34 9 605 254 202 6 13 83 280 318 055 56 1.9 3.1 03 234 0.0584 26.2 72 155 P
1222 26 105 40 10 630 204 884 2 11 79 246 303 051 54 1.7 3.1 04 253 0.0647 240 73 155 B
1224 35 178 37 7 7 306 521 0 8 N 177 459 09 7.8 2.1 a7 03 3.06 0.0536 31.0 63 149 B
12727 10 92 4 11 558 248 asg 2 10 ral 156 3.7t 070 6.8 1.6 3.6 03 275 0.0547 38 72 160 P
1994 1/6 11 8 69 7 339 337 752 0 3 38 8.1 1.70  0.30 58 2.3 35 05 281 0.0554 27.2 68 150 B
w7 30 42 42 7 a7 280 746 0 6 62 17.3 337 051 59 1.5 3.1 09 2862 0.0714 261 70 155 B
1110 10 1 49 5 381 353 788 0 6 41 108 198 032 4.8 1.3 3.5 0.5 279 0.0723 271 68 152 P
nz 7 17 44 7 459 an 8113 [¥] 5 64 19.2 3.08 0.46 3.4 3.2 05 258 0.0724 308 6.0 160 B
M4 20 16 42 7 515 240 804 0 8 77 267 322 050 39 3.2 2.54 0.0627 268 706 155 B
117 27 3 52 5 423 317 797 1 12 83 134 294 050 4.4 3.7 2n 00636 258 7.0 156 P
119 17 1 18 i 471 322 822 1 9 54 152 320 047 3.0 27 2.58 0.0504 204 70 165 B
121 24 1 8 5 3N 3N 695 3 8 64 13.0 259 044 34 29 2.80 0.0543 296 69 163 B
124 A 1 27 4 350 326 707 5 10 66 129 303 049 3.4 29 2.83 0.0404 309 68 154 P
1726 26 18 15 6 474 352 847 1 12 5 1141 272 045 3.1 3.1 2.81 00566 30.4 70 156 L
/28 20 16 11 6 427 304 748 2 10 59 146 241 0.37 3.3 28 2.69 0.0459  30.7 69 168 B
1131 7 1 18 4 420 304 746 1 34 36 52 096 016 3.3 3.2 2.76 0.0496 25.7 68 155 P
22 16 1 55 9 529 121 714 3 9 48 128 218 033 3.2 3.0 2.65 00450 261 65 165 B
2/4 22 13 29 7 553 267 856 4 7 63 16,0 244 042 38 33 2.68 0.0629 30.4 7.1 161 B
27 21 7 42 7 691 130 870 5 g 50 149 186 030 33 31 298 0.0647 265 69 165 P
29 20 6 16 5 487 193 701 3 6 43 114 203 033 2.7 1.9 2.78 0.0607 271 67 157 L
214 13 1 &6 8 535 230 837 5 9 63 143 170 o028 29 2.0 299. 0.0653 333 66 159 P
2116 15 1 20 4 414 243 681 4 - 7 44 116 1.88 0.32 3.8 3.4 2.68 00480 31.6 67 16.1 B




Chia __Phyco NH4N NOZN NO3-N_DON_DIN PO4P DTP _T-P S5 POC PON COD_ BOD D-COD D-BOD DOC _ UV260 Ci Si Ca
218 14 1 21 5 400 255 681 5 ) 59 161 231 038 29 2.1 275 00393 283 65 164 B
221 19 4 41 4 445 239 729 5 7 56 18.2 2.25 0.38 3.4 2.2 275 0.0460 31.3 6.5 158 P
2123 25 6 70 4 472 196 742 5 8 85 76.4 5.28 0.82 34 23 2.79 0.0483 33.2 6.4 150 B
25 % 8 68 4 488 259 819 2 8 69 27.8 263 045 3.0 2.0 280 00399 327 64 153 B
228 26 4 40 4 456 240 740 3 10 87 365 282 046 32 18 268 00444 305 63 155 P
¥z 52 1 13 4 358 346 721 2 15 91 424 332 055 34 2.0 244 00544 317 62 156 B
¥4 22 1 43 3 468 260 774 4 10 61 21.2 2.17 0.38 2.7 1.8 2.37 0.0483 342 6.4 161 B
X7 17 3 31 4 461 270 766 3 10 69 23.8 256 047 3.1 1.9 247 0.0471 36.1 6.4 6.2 P
e 27 1 21 6 406 290 723 3 12 51 195 276 051 41 33 245 00526 301 62 151 L~
I 2 1 26 6 420 288 740 2 1 58 165 217 037 45 3.2 245 00581 316 63 146 B
314 18 4 30 6 456 291 783 2 10 61 14.6 2.14 0.36 39 3.0 2.42 0.0537 33.2 6.1 t56 P
16 13 1 21 5 305 264 595 1 10 52 15.7 2.23 0.37 4.8 2.7 2.35 0.0514 35.1 586 16.0 L
s 21 2 22 6 346 324 698 0 8 63 196 284 044 55 4.1 264 00544 365 57 1685 B
23 19 8 21 8 225 257 © 5N ¢] B 67 26.5 3.34 0.54 7.0 4.1 2.45 0.0543 3.3 50 148 B
325 25 2 21 8 226 286 541 0 8 &8 14.9 3.00 0.49 7.3 4.6 2.61 0.0570 27.2 5.1 148 B
328 20 1 36 7 242 208 583 1 8 42 151 242 042 64 4.6 252 00597 286 50 152 P
3730 13 1 23 7 173 270 473 0 7 83 5.2 2.80 0.48 5.7 4.8 2.48 0.0577 29.5 4.8 163 B

pgh ug! wgl  ugh  pgd pgd  pgd oA pgl  pgh mgh mgAd  mgh  mgd  mgd  mgAd  mgd  mogA mg  mgd  mgA
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