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Abstract This pgper reports data on the disolved and colloidd organic carbon in the Zhujiang
(Pearl) River eguary. DOC concentration was 142 to 2394 mol/ L in the freshwater taken in March 1997
from the four Zhujiang River tributariesflowing into the Lingd ngyang esuary. High concentration was ob
served in the Humen tributary located near Quangzhou. The rgpidy increased DOC concentretion at low
sinities ( 5) may be attributed to the exchange between macroparticulate and disolved organic metter
during the early sage of eguarine mixing. DOC concentration overdl followed the mixing line until sinr
ty 25, where the Deegp Bay is located and where DOC was devated. This devated DOC may sugged a lo
ca organic matter ource from Sherzhen. Usng a crossflow utrdiltration (CFF) sysem eguipped with a
Millipore Prep-scde CHF 1 kD regenerated cdluose membrane , we do separated the oolloidd organic
matter from the truly disolved fraction ( <1 kD) . CFF membranes were carefully eva uated for their o
plicahility (retention characterigics, blank level and mass baance to sgparate colloida organic matter.
QOC in the gudy area ranged from 5 to 85U nol/L , representing 3% - 32 % of DOC. The highes QOC
percentage was found a low sdinities ( < 5) in both winter and summer. Bvidence suggedsin stu pro-
duction of colloidd materid a this slinity range. Beyond this point , a very nodes renmova was observ
able until high slinities. Again, an increase in QOC ooncertration was shown in the sanples taken from
the Deep Bay.
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INTRODUCTION

Egtuaries conmprise a major biogeochemical interface connecting the land and the sea (Marr
toura, 1987) . The behavior and fate of a particular river-borne substance introduced into an estuary
is determined to a large extent by the biogeochemica properties of the subgance aswell as physcal
and chemica characterigicsof the etuary (Chegter , 1990) . Knowledge of such behavior isof great
importance to our underganding of the marine DOC cycle. The Zhujiang River isone of the largest
rivers in China and the mog inmportart river floning into the Suth China Sea.

Recent sudies reveded that a dgnificant fraction of DOC is actualy represented by high nmolec
ular weight materials that are ot truly disolved but colloidd (1 nm- 1pm, Vold, R. D. and
Vold, M. J. ,1983; Carlon et d. , 1985; Dai , 1995; Martin et d . , 1995; Cawvet and Sdorov
1996; Dai et d. , 2000) . Sudieson esuarine colloids have d o improved our undersanding of the
processes that influence DOC behavior in esuaries (Dai , 1995 and references therein) .
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We report here a prdinminary data st on DOC and oolloiddl organic carton (QOC, defined here as
the fraction between 1 kD and 0.4 or 0. 74 m) . The meinfocusd this pger isthe behavior of DOC and
QOC during esuarine mixing. Sme essentid issues rdevart to crossflow utrdiltration (CFF) technigue
that we used for islating colloidd partides will a9 be addressed.

METHODS

Sudy area

The zhujiang River esduary is a weak-tide etuary with numerous idands. The river nouth has
a characterigtically strong runoff (10525 i’/ s annualy) , weak tide energy (mean tide range of 0.
86- 1.6 m) , and low slt content (0.1 - 0.3 kg/ n on average) . The mean annua discharge of
sugpended load was 8745 x 10" tons between 1955 and 1980. The bed load di scharge was egtimated
to be 900 x 10* t/ a, nore than 90 % of which was discharged in the flood period. As a conse
quence, sugpended particle concentration may become a mgjor limiting factor for the primary produc
tivity and the lower primary production is usually observable during the flood season (Huang et d. ,
1994) .

The Zhujiang River has eight mouths (Humen , Jiaomen , Honggimen , Hengmen , Modaomen
Jitimen , Hutiaomen and Yamen) and enpties into the Suth China Sea through three estuarine areas
(Lingdingyang , Modaomen and Huangmeohai) . The Lingdingyang estuary chosen as a primary focus
for this gudy is the larges eduary in Suth China and 70 km long and 4 - 58 kmwide. The regon
has cormplicated topogrgphy with channds, dods and tidd flats; and has ot beenfuly characterized ,
but was conddered to be a tiddly-cominant esuary (Ye and Johnon, 1994) . River water d scharges
from its four tributaries (Humen , Jisomen, Honggimen, and Hengmen) average 1740 x 16° i/ a. The
annual sugpended load is 3728 x 10* tons , of which one third comes from the Humen rrouth.

Sampling

Seawater sanples were collected in the Zhujiang River esuary during a cruise in July 1996 and
one in March 1997 (Fig.1) . Sanples were oollected by punping with a submersble gainless sed
punp during the firg cruise and an dl- Teflon punp during the seoond cruise via Teflon tubing.
Sanples were then prefiltered through pre-combusted dassfiber filters (GF/ F, 0. 74 m) during the
firg cruise and through acid-cleaned 0. 4 4 m polycarbonate Nuclepore filters during the second
cruise, and subsequently passed through the CFF system.

CFF processing

Detailed CFF procesd ng procedure was described in Dai et d. (1998) . Bridfly , our CFF sys
tem was composed of a Fojet polypropylene digohragm punp , plumbing (nogly of teflon) and Mil-
lipore Prep/ Scdle T™M- TFF RLAC regenerated cellulose CFF membranes. The prefiltrate mentioned
above was continuoudy passed into a 4 liter fluorinated polyethylene hottle while the CFF was runr
ning progressvely. During operation the membrane pressure was maintained at 96 - 110 kPa. Subr
saples were oollected at various times or concentration factors () from the permesate and retentate
lines for OC andyds. CFF was dopped nodly a o =5- 8 while ome CFF experiments were pro-
cesed until  >10. The potentid inpact of different CFF o on the cdculaion o find GQOC conr
centration was discussed in Dai et d. (1998) .
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Stations in theq 1996 cruise

Stations in th¢ 1997 cruise
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Before and dter a typicd sanple run, the CHF sysem was deaned by flushing with > 20L naro
pure Qwaer (Qwater herefter) followed by 0.01 nmol/L NaOH and 0. 01 nol/L HA solutions mede
from the same Q-water. The base or acid lution was recircuaed for & leas one hour followed by rins
ing with Q-water until pH 7 was reached. Preconditioning with prefiltered seavater (4- 6 L) followed
these deaning geps. The deaning was conducted jug prior to each sanple run.
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Cdlloidal concentration

We ddfine the colloida fraction as the material that passes through a 0. 7l mor 0. 44 mfilter
and is retained by a 1 kD CFF membrane (Usng sandard nolecules, 1 kD cutoff is eguivalent to a
pore sze of 1 nm) . When andyzing data from the sanmpling mode , the concentration was calcul ated
at each sapling point when sanples were oollected. At each sanpling point :

[olloidal ] :I-Laem""“ﬂ;dL'Q""”ImLel (1)
¢ _ Ietentate volume + permedte volume )

retentate volume
and,
Sum concentration = [oolloidd] + [permeste]
The mass baance can then be calculated by conparing the sum with the initiad source solution corr
centration.

Analysis

Qubsanples for OC andys swere oollected in either 125 ml precombugted gass bottlesor 20 ml
dass <tintillation vias with precleaned Telon lined cgps. Sanples were acidified with 50 % HPO, to
pH 2 (5000 | for 100 i sarple) immediately ypon collection and poioned with HgQ,(at 1 ngy/L) . OC
concentrations in the permeate , retentate or prefiltrate fractions were andyzed , in duplicate , with a
high tenperature cataytic oxidation (HTQO) andyzer (Petzer and Brewer , 1993) . Ingrumenta
blanks (typicdly < 10M nol/L) were edimated daily usng UV-irradiated Q-water with very close
to zero carbon content. Calibration was a9 run daily usng potassum hydrogen phthalate di solved
into aged seawater as dandard. The precigon of OC measurement was < 2 %.

RESUL TS AND DISQUSSIONS
Eval uation o CFF perfor mance

1. Blank evauation

A CFF blank tes represents an essentia firg order check on the performance of the CFF mem
brane. A low Qwaer blank suggests adequate desorption or degradation of the membrane OC
foulants and furthernore attests to the lack of carryover of sanple ol ution.

Table 1 showsone exanple of the evol ution of OC concentration during the cleaning and rindng
geps as the CFF sysem was treated progressvely usng Qwater , base, and acid lutions dter a
typica sanple run. The source Q-water OC concentration = 2 nol/L. Hevated OC concentrations
(27. 2 nol/ L for the retentate and 7. 44 mol/ L for the permeste when d =2) in the fird Q-water
rinse (recirculation for 20 - 30 minutes prior to collection) may be related to the release of OC that
was retained by the CFF membrane due to omtive processes, and/ or sanple lution carryover due
to inconplete draining of the sysem from the proceeding CFF sanple. The OC concentration irr
creased in the retentate to 36. 61 mol/ L as CFF processng progressed (o =4) , indicating the conr
tinued rdease of OC. A subsequent base rinse appeared dficient a lowering the OC blank of the
sysem (OC=17.6M nol/L) . After the base rinse, the blank of the sysem was indi ginguishable
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Table1 Organic carbon concentrations in Q@ water and in rinse solutionsfrom the Millipore CFF sysem

! ) OC {nol/L)
Rinse olution d
Permeate Retentate
1¢ Q- H0 7.4 27.2 2
8.3 36.6 4
NaOH? (0.01 nol/L) 5.9 N/ AP 2
6.4 17.6 4
HQ (0.01 nol/L) 2.3 6.0 2
1.2 2.0 4
lat @ H,0 1.8 2.0 2
0.2 0.8 4

d = concentration factor ; @) Rinse the sysem with Q-H,0 urtil pH 7 &ter the base and acid rinses; b) N/ A = ot available;
Surce Q- H,O organic carbon concentration 2K nol/L. The wolume of each rinse lution used was 4 liters.

Table2 Szefractionated organic carbon concentration in the Zhujiang River
esuary and the CFF mass balance

gaion ity d BS Rameae Retertate ac DIDXL o
Uml/L) {mol/L) {mol/L) {mol/L) (%)
9601 0.1 29.4 261.5 200.5 517.5 10.81 4.1 80.8
%4 05 6.4 240.3 229.1 38.8 21.73 9.0 104.4
%06 14 105 108.7 9.2 293.0 19.28 7.7 100.7
9606 6.4 5.8 314.5 245.0 307.0 10.64 3.4 81.3
9608 1.2 6.6 162.2 157.2 301.6 22.12 13.6 110.4
9609 9.0 7.5 171.8 165.2 239.1 9.80 5.7 101.9
9610 51 5.8 195.5 192.6 259.1 11.44 5.9 104.4
9611 12.9 5.1 189.2 182.2 223.4 8.11 4.3 100.6
9613 15.7 7.2 248.2 226.8 306.5 11.09 4.5 95.8
%14 248 13.9 198.7 165.2 4.8 2.10 6.2 8.6
9701A 0.17 8.1 141.7 101.1 442.3 42.2 29.8 101.0
9701 0.28 6.2 238.5 208.9 447.4 38.8 16.3 104.0
9704A 1.3 5.8 150.4 140.9 337.6 33.9 22.5 116.0
9701-5C 4.3 6.0 266.0 179.0 N/A 87.0 2.7 NA
9702 9.9 8.9 191.1 158.5 554.4 4.7 23.4 106.0
9705 15.1 9.1 150.5 131.8 236.0 11.5 7.6 95.0
9710 24.0 3.3 125.9 117.9 159. 4 12.6 10.0 104.0
9706 24.0 8.5 193.2 177.6 219.2 4.9 2.5 4.0
9713A 26.1 8.0 169.4 152.4 333.2 22.7 13.4 103.0
o711 2.8 48 109.2 102.4 147.3 9.3 8.5  102.0
9713 32.0 8.5 151.8 123.5 338.1 25.3 16.7 98.0

Permeate: < 1kD; Retentate: find concentrated ol ution from the CFF processng; OOC: colloida organic carbon (1 kD - 0.4
or 0.7um) ; d : concentration factor ; R: Recovery; N/ A: not availadle.

from that of the source Q-water (OC=2- 3u nol/L) . The lag Q-water rinse had an OC concertrar
tion equivaent to that of the ource Q-water. These results derrondrate that a low bulk OC blank is
achievable for the CFF membranes dter careful cleaning. Due to differences in our sanple media
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and Q-water , these OC blanks could not be directly gpplied as a correction to OC results for seava
ter processed by CFF, as noted by Buessder et d. (1996) .

2. Retention characterization

The retention coefficient (RC% = (1 - [permeate]/ [ retentate]) x 100) of a CFF membrane
mug be known prior to making any determination of sample sze digributions based upon CFF data.
Moreover , membrane RCs could change with use, and therefore the RC for a CFF membrane mugt
be edimated frequently.

We used prefiltered ( <0.2U m) ssawater sanple giked with nnol/L levels of fluorescein
tagged dextran (3 kD) sandard nmolecules to edimate RC. Tests were run in recirculation mode
and the RC was caculated ug ng the data when o further lossesof gandards to the membrane could
beobserved. Results (Fg. 2) showed that the obtained 93 % retention codficients for the CFF
membrane used in this Sudy acoords with the manufacturer’” s gecification.
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Fg.2 Recircuation node tes uing a 3 kD fluorescen tagged dextran sandard.
Thisfigure shows the variation of the fluorescein both in the permeate and the retentate fractions.
Retention codficent of the CFF membrane for the dextran sandard can be then caculated:
RC = retention codfficient (RC% = (1 - [permeate]/ [retentate]) , the average RC from this experi-
ment is93 %

3. Bulk organic carbon mass baance

A showing of proper mass balance represents an essentid firgt order check of the performance of
any CFF experiment. Table 2 shows the mass baance of organic carbon from the CFF processng.
For nog sanples processed , we obtained quite acceptable recoveries (90 % - 110 %) asfar asthe
CFF sygem was preconditioned. The low recovery for the sanple 9601 was probably due to losses of
OConto the membrane a the high concentration factor. Usng a permeation nodd , Da et a.
(1998) noticed high nolecular weight breakthrough a high concentration factors. The low recovery
for sarple 9606 was odd , omething we canrnot fully explain.
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DOC and COC concentrations

DOC ooncentration observed in this gudy was sgnificantly lower than thet obtained by Cai and
Han (1990) . In this sudy , DOC concentration ranged from 1424 nol/L to 239 mol/ L (March,
1997) in thefreshwater taken fromfour tributaries o the Zhujiang River flowing into the Lingd ngyang es
tuary. Hevated concentration was found a Humen located near Quangzhou. DOC concentration at
Humen was the highes armong the four tributaries. This elevated concentration might suggest ome
extent of anthropogenic input at this regon. Trace metal concentration was d< highest a Humen
(Trincherini , personal communication) . For example , total dissolved Pb and Cd in the Humen trilr
utary were condtently higher (by afactor of 2) than those in the other three tributaries. A very
griking feature a Humen was the very low pH (6. 96 at the suface and 7. 05 at the bottom) ob-
erved during the March , 1997 cruise. In the other three tributaries, pH ranged fiom 7. 86 - 8. 03.
This drametic pH drop was due probably to ome point ources of acidic wage discharges that could
increase the concentrations of metd's and likely of organic metter. It is a9 noteacithy that the ni-
trate concentration (di ssolved oxygen concentration) a Humen vies rearly 10 (half) that at the other
three tributaries. Th= iow di solved oxygen content is not surprising given the higher DOM concerr
tration a Humen.

During the July 1996 cruise , we took only one freshwater sanple from Humen , and $ were ot
able to make any compari on with the other three tributaries. However , DOC at this region (Sation
9601 in Table 2) was 261 nol/L , close to the concentration observed in March 1997 (239 nol/
L , Sation 9701) .

Hevated DOC concentration was a9 observed in the Degp Bay (9606 and 9706, Tadble 2) .
Due to the difference in seawater intruson , DOC varied from 314. 54 nol/L in July (sdinity 6) to
193 mol/L in March (sdinity 24) . Overdl though, the elevated DOC concentration at this gation
was evident : for exanrple, in March 1997 , DOC concentration at Sation 9710 with salinity Smilar
to that at Sation 9706 was 70U nol/L lower than that a Sation 9706 , which would suggest there
exiged ome loca contamination sources. Acoording to Qi and Zhang (1995) , there was a dgnifi-
cant amount of agricultural wage containing mainly organic manure and pegticides, discharged into
the Deep Bay. Gonddently , the highes DD Ts concentration was found in the sedimentsof the Degp
Bay' sinlet (Hong, 1998) .

QOC in the gudy area ranged from 8 - 22 mol/L in July to 5- 85U nol/L in March 1997 ,
representing about 3 % - 32 % of DOC. The overal QOC percentage was cond gent with the results
o previous gudies in various estuarine regons (Dai , 1995) , suggeding that the mgjority of DOC
occurs as low nolecular weight organic matter. Overall , GOC in March was higher than that inJuly.
Snce the dominant cormponents of the sugpended loads in the Zhujang River are minerds, river
borne oolloids could not be a dominant source for the GOC in the esuary. Hence, inr Stu production
by precipitation of truly disolved organic carbon and/or by biologica activity is the nog likely
urce for COC. In this regard , primary productivity in winter was overall higher than that in the
flood period due to the limitation by turbidity. The primary production in March , 1997 was 6 times
that inJuly 1996 (Hong, 1998) .
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Behavior o DOC and COC during estuar ine mixing

In light of the conplexity of the eduary input ources, highrrelution sanples are obvioudy
needed to fully undergand the biogeochemical processes that determine the organic carbon behavior
during eduarine mixing. Here we take the seoond cruise data as an exanple to brigfly discuss the
mixing procesxes of organic carbon.

Bed des the above mentioned two“ hot” pots a Humen and in the Degp Bay where additiond
input other than mixing occurred , DOC concentration increased rgpidly at low sdinities ( 5) (Fg.
3). Thisis conggent with the highes QOC concentrations a this sdinity , which may be attributed
to the exchange between macroparticulate and disolved organic matter during the early sage of esu
arine mixing or the in-stu formation of colloidal materid caused by coagulation of the dislved or-
ganic carbon. Indeed , the truly disolved organic carbon ( <1 kD) is rdatively low in terms of its
percentage in DOC at this sinity . Beyond this point , DOC concentr#ion overa! follows the theo
retica dilution line. For GOC, a very nodes remova was observable until Righar slinities. But
this minor remova did mot seem to &rect the bulk DOC digribution: tiough the renoval might have
dgnificant impart on particler-reective dements. Truly disolved organic carbon has an overdl trend
dmilar to that of COC & thz slinity range of 5- 25. A nmodeg devated concentration for al the
three organic carbon fractions was again observed at sdinity 25 in the Deep Bay , which might rep-
resent a loca organic matter source from Shenzhen as mentioned earlier.
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Fig.3 Didribution of organic carbon fractions as a function of sdinity (March, 1997)

SIMMARY

This gudy yieded ome preliminary results on the sze fractionated organic carbon in the
Lingdingyang esuary. DOC digributed norrlinearly adong the sdinity gradient , indicating the exis
tence of other ources of organic metter in the esuary. Due to the conplexity of the etuary sygem,
high-resolution sanpleswill have to be taken in order to better define the river-end member concen
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trations and to nore conprehendvely describe the behavior of organic carbon in the esuary. On the
other hand , the impact of human activity induced by the economic boom in the region during the last
15 years has been emergng. This is particularly obvious a Humen and in the Degp Bay. In this
oontext , the localized pollutant discharge should a0 be better identified © asto di ginguish the pro-
cesss a the natura level and the impact by the ecoromic development in the region.
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