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Abstract High anthropogenic N loads and abundant bac-
teria are characteristic of highly contaminated urban rivers.
To better understand the dispersal and accumulation of
bacteria, we determined contents and isotopic compositions
of suspended particulate organic matter (SPOM) and bac-
teria in a highly contaminated urban river (the Nanming)
and effluents in winter and summer of 2013. Relative to
SPOM, bacterial biomass in the river was depleted in B¢
and "N and its C/N ratio was lower (513C:
— 33.2%0 & 3.1%0;  8"°N:  — 1.5%0 £ 1.2%0; C/N:
4.8 £ 0.6), while effluents showed higher 3C and PN
contents and C/N ratios (8]3C: — 25%0 & 2.1%0; 8'N:
~+ 8.5%0 £ 1.1%0; C/N: 8.1 £ 1.2). Source recognition of
SPOM was based on carbon isotopes because they are
conservative and distinct between end-members (effluent
detritus and bacterial biomass). Using a mixing model,
bacterial biomass in the river was calculated to account for
< 20% and < 56% of bulk suspended particulate organic
nitrogen in winter and summer, respectively. An N budget
showed that bacterial N was a small proportion of total
nitrogen (< 7.4%) in the riverwater.
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1 Introduction

Raw human wastewater usually contains high concentra-
tions of nitrogen, phosphorus, and numerous other pollu-
tants. Through the estuarine food web, sewage-associated
contaminants transfer to aquatic consumers (McClelland
et al. 1997; McClelland and Valiela 1998). Additionally,
the sewage load often leads to high concentrations in the
receiving river of fecal coliform bacteria that are patho-
genic to humans (Han et al. 2005). The role of bacteria in
carbon cycles has been examined in some aquatic ecosys-
tems (Coffin et al. 1994). The ability of bacteria to act as
links between organic and inorganic nutrients and between
dissolved and particulate matter influences the production
of other organisms in the microbial food web and the
general cycling of nutrients in the environment. Chin-Leo
and Benner (1992) found that bacterial production exceeds
winter phytoplankton production in the Mississippi River
plume. Because of the difficulty of isolating microbial
biomass from environmental samples, direct studies on
stable isotopic compositions of microorganisms have been
limited (Macko and Estep 1984; Chin-Leo and Benner
1992; Coffin et al. 1994; Kelley et al. 1998).

The proportion of bacterial nitrogen in total nitrogen
(TN) provides clues about the dispersal and accumulation
of bacterial biomass in a receiving river. Bacterial biomass
assessment also helps clarify the structure and function of
aquatic ecosystems.
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2 Experimental methods
2.1 Study area

The Nanming River watershed (Fig. 1) has an area of
1433 km?. Its headwaters are in a relatively pristine area
near Huaxi. In addition to Huaxi, the Nanming River
passes through two towns, Xiaohe and Wudang, and one
city, Guiyang (population approximately 1.5 million,
30 km downstream of Huaxi). Around Guiyang, several
man-made dams store water along the river. Downstream
of Wudang, the river, running northeast, flows into the
Wujiang River, a major branch of the Yangtze River.

About 450,000 m® of sewage effluents are discharged
each day into the Nanming River without any treatment,
accounting for about 40% of the annual flow of the river.'
To address this pollution, a project of “comprehensive
improvement of Nanming River water environment” with
a total investment of 4.28 billion yuan has reduced Inferior
V class water bodies to 7%.

The sewage outfall at Shuikousi (SKS) has been in
operation since 2003. Two relatively smaller outfalls are
located downstream at Xiaohe (XHD) and Wudanggiao
(WDQ). The river experiences water quality problems such
as low dissolved oxygen and high counts of fecal coliform
bacteria (Han et al. 2005).

! Cited from: How to control the environment of Nanming riverwater
under the PPP path (in Chinese). Available at http://news.qx162.com/
yc/2016/0802/143538.shtml.

2.2 Sampling and analytical methods

Water samples were collected from 16 sites along the
Nanming River (Fig. 1) and its two tributaries, Xiaoche
River (XCR) and Shixi River (SXR), in winter and summer
of 2013. In addition, sewage effluents were sampled from
the SKS outfall. After sampling, water samples were
immediately filtered to collect suspended particulates using
Whatman glass filters (GF/F).

In order to quantify the contribution of bacteria to the
suspended particulate organic matter (SPOM) in the river,
microbiomes were collected using the bioassay technique
reported by Coffin et al. (1989) and Kelley et al. (1998).
2 L of 0.2-um filtered water samples collected downstream
of Caihonggiao (CHQD) and at Tuanpogiao (TPQ), as well
as summer effluents, were inoculated with 20 mL of 1.0-
pum filtered water samples. After being covered with black
bags, the inoculated samples were incubated in situ for
48 h and then filtered through precombusted GF/F glass
filters.

Suspended particulates and bacterial biomass on the
filters were freeze-dried and then frozen to — 20 °C
prior to elemental and isotopic determination. Nitrogen
and carbon isotopic ratio samples were prepared using
sealed-tube combustion and analyzed in a Finnigan
MAT-252 mass spectrometer after purification with lig-
uid nitrogen. Isotopic measurements are expressed as &
values, which are %o deviations from standard reference
materials:

0X = [(Rsamp]e/Rref) — l} X 103
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where X = 3C or N and R = C/'?C or '"N/™N.
Analysis of potassium nitrate standard (MOR2386-01,
8'"N = + 1.92%o) provided by Shoko Co., LTD, Tokyo,
Japan, gave a mean (& SD) 815Nai,. value of
+ 1.9%0 £ 0.2%0 (n = 5). IAEA-C3 (3"°C = — 24.91%,
cellulose) was used as a standard for 8'*C and the analyt-
ical precision (n = 5) was < 0.1%o.

Organic C and N contents of bacterial biomass and
suspended particulates were determined by elemental
analyzer (PE2400II, USA) with an analytical precision of
0.1% before removal of inorganic carbon with acid.

Fractions of bacteria-derived suspended particulate
organic carbon (SPOC) (F},) in bulk SPOC were calculated
using the mixing equation:

F, = (Xer)/ (Xb*Xe) (1)

where X, X,, and X, are the 8!3C values of the sample,
effluent end-member, and bacterial biomass end-member,
respectively, and F, and F, (given by 1 — F,) are the
respective fractions of bacterial biomass and effluent-
derived SPOC in the sample.

3 Results
3.1 Carbon/nitrogen ratios

SPOC and suspended particulate organic nitrogen (SPON)
contents in waters of SXR and sewage effluent were high
while those from XCR were low. From Wuyangiao (WYQ)
to Xinlukou (XLK), SPOC and SPON contents decreased,
suggesting little SPOM input (e.g. algae production)
between the two sites; the downstream increase from
upstream of Caihonggiao (CHQU) to SKS may be due to
effluent feeding from SKS outfall. The highest contents of
both SPOC and SPON in the Nanming River were found at
SKS (Fig. 2a, c).

C/N ratios of SPOM were high at XCR (8.7) and SXR
(6.4) relative to those in the mainstem Nanming. The C/N
ratios of sewage effluent detritus ranged from 7.3 to 8.9
(averaging 8.1), lower than that (12.5) reported by
Andrews et al. (1998) and Thornton and McManus (1994),
reflecting N enrichment. Similar C/N ratios of bacterial
biomass to those reported by Nagata (1986) were observed
in the river (4.8).

SPOM in the river showed low atomic C/N ratios
varying from 1.7 to 9.7 (averaging 4.7 £ 2.5) in winter and
from 3.0 to 9.2 (averaging 5.6 + 1.6) in summer, signifi-
cantly lower than the typical value of land-derived OM
(> 20; Meyers 1994), and even lower than the reported
range of 6-9 for freshwater phytoplankton (e.g. Bordovsky
1965). In the domain of Guiyang (GY), the C/N ratios were
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especially low in winter (< 3.5) and in summer (< 5.5),
comparable to planktonic bacteria (4.8).

3.2 Carbon isotopes

SPOC in SXR exhibited similar '*C content to that in
effluents. '*C contents of SPOC in XCR were in the range
of — 27.1%0 to — 25.9%o0, comparable to values upstream
at Pingqgiao (PQ) and Tielugiao (TLQ). The 313 Cspoc 1n
sewage effluents at GY was — 25.0%o, close to that
reported by Andrews et al. (1998: — 24.8%o0 £ 3.2%o),
slightly heavier than that by Thornton and McManus
(1994: — 26.7), but lighter than that by Van Dover et al.
(1992: — 22.8%0 £ 2.9%o0). Bacterial biomass in the river
was highly '’C-depleted — 33.2%0) when compared to
sewage detritus.

In the river, SPOC had 8'3C values from — 26.6%o to
— 24.9%0 in winter (averaging — 26.0%o £ 0.6%0) and
from — 29.6%0 to — 24.4%. in summer (averaging
— 26.7%0 £ 1.5%0). The &7Cspoc values at outfalls
(WYQ, SKS, and WDQ) were similar to those in sewage
effluents (Fig. 2b). Around GY, SPOC was depleted in '*>C
in the downstream direction. SPOC in summer was enri-
ched in *C relative to winter. At sampling sites beyond the
domain of GY, 8">Cspoc values were seasonally similar.

3.3 Nitrogen isotopes

8"°N values of sewage effluents (4 8.5%0) were heavier
than those reported by Thornton and McManus (1994:
4+ 2.3%0), Van Dover et al. (1992: 4+ 3.3%0), Owens and
Law (1989: 4 1.4%0), and Sweeney et al. (1980: + 2.5%o).
Because of large discharge fluxes from sewage outfalls
(accounting for ~ 40% of river flux), effluent SPOM may
be an important OM source. Similar values to those of
effluent detritus were found at XCR (4+ 8.3%0 ~ + 9.0%o),
while  lighter  values were found at SXR
(+ 2.4%0 ~ + 4.3%0). The 8'°N value of bacterial bio-
mass in the river was — 1.5%o, the most negative of the
above potential sources.

3" Ngpon values at most sites along the river
(Fig. 2d)— + 2.5%0 + 2.1%o0 in winter and
+ 3.7%0 £ 2.0%0 in summer—were lighter than those in
sewage effluents (+ 8.5%0) and heavier than that of bac-
terial biomass (— 1.5%o).

4 Discussion

Potential SPOM sources in riverwater usually include
aquatic plants (e.g. phytoplankton), bacterial biomass,
zooplankton, terrestrial plants (C; and C,), soil OM, and
effluent detritus. Data of all potential sources except
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aquatic animals were plotted in Fig. 3, along with SPOM
values from this study. Bacterial biomass was the most
>N-depleted OM and had the lowest C/N ratio. This sug-
gests that SPOM contained a fraction of N-rich bacterial
biomass. Although aquatic animals, including zooplankton
and benthic fauna, may also contain high contents of N,
they likely contributed little as evidenced by their more
positive values than phytoplankton (Gearing et al. 1984;
18. Peterson and Fry 1987). 8'°N values of soil OM sam-
pled at Guiyang and reported by Liu et al. (2006) averaged
4+ 5.7%0 £ 2.0%0. OM in surface soils (0-20 cm) in Huaxi
had atomic C/N ratios between 9.3 and 19.5, and 313¢C
values between — 26.4%0 and — 22.3%0 (Zhu 2006). In
Fig. 3, soil OM lies above and to the right of the SPOM

Distance from Huaxi (km)

range, suggesting a minor contribution. Sediment resus-
pension was not important to SPOM in the river because
the former showed much higher C/N ratio than the latter
(Xiao et al. 2017).

The contribution of bacterial biomass to SPOM is often
neglected, though bacterial biomass has been reported as
contributing more than 20% to total POM (Harvey et al.
1995). In the Nanming River, SPOM C/N ratios of river-
water (winter: < 3.5; summer: < 5.5) were lower than
those of freshwater phytoplankton materials (6-9; Bor-
dovsky 1965) while comparable to that of bacterial bio-
mass (4.8), indicating that the N-rich SPOM might contain
large quantities of bacterial biomass (C/N = 3.8-6.5). This
is consistent with Han et al.’s (2005) finding of an

Fig. 3 Plots of §"°N vs. 8'*C
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abundance of bacteria in the riverwater. However, selective
degradation of OM components has the potential to modify
the C/N ratio. Degradation of POM by bacteria generally
includes two processes: N efflux from the complex and
bacterial nitrogen production (microbial immobilization of
nitrogenous materials), with the dominant process
depending on bulk C/N ratios. On one hand, microbial
decomposition of highly nitrogenous particulates (low C/N
ratio) commonly results in nitrogen efflux from the bacte-
ria/detritus complex exceeding influx via biomass produc-
tion, thereby increasing bulk C/N ratios (Herczeg 1988;
Meyers 1997). On the other hand, C/N ratios of nitrogen
deficient debris (high C/N ratio) tends to decrease during
decay as bacterial nitrogen production supersedes efflux
from the POM. In waters with high dissolved organic
nitrogen (DON) concentrations such as sewage-polluted
waters (7.3 mg/L. DON at SKS: Fu et al. 2007), bacterial
production is supported more by DON than by PON
(Gardner et al. 1994; Kritzberg et al. 2004). In Nanming
riverwater, therefore, biomass production through “free”
planktonic bacterial biomass might be dominant and its
attachment to SPOM reduce C/N ratios of SPOM.
Heterotrophic bacterial populations have been demon-
strated to have carbon isotopic ratios similar to the dis-
solved organic carbon (DOC) they used (Coffin et al. 1989;
Norrman et al. 1995; Hullar et al. 1996). At SKS, effluent-
polluted riverwater was abundant and rich in DOC, with a
concentration of 5.10 mg/L (Fu et al. 2007). The 613CDOC
value in Guiyang effluents was about — 30%o (Liu 2007),
comparable to that in a leachate close to an anthropogenic
source (landfill) (van Breukelen et al. 2003). So, planktonic
bacterial cells supported by this DOC might have '*C
contents of ~ — 30%o, which coincides with our deter-
mined 8" Cpucieria value (— 33.2%o). Investigation results
by Han et al. (2005) that the number of bacteria increased
from upstream to downstream are also in good agreement
with our findings that 613CSPOC decreased downstream.
However, Kelley et al. (1998) reported that some bacteria
(e.g. nitrifying bacteria) could also use dissolved inorganic
carbon (DIC) as their carbon source. Therefore, incorpo-
ration of '*C-enriched DIC (— 10%o to — 6%o; Liu 2007)
into bacterial biomass can partly explain the comparatively
lower winter 8" Cspoc values (Fig. 2b). Methylotrophic

Table 1 N budget in riverwater upstream of Caihonggiao (CHQU)

bacteria may appear in highly anoxic waters, but the
observed more negative 8'°C values in upstream waters
(within the domain of GY) should not be attributable to
methylotrophic bacteria that consume strongly '*C-de-
pleted CH,; from methanogenic reactions because CHy
might be more abundant in upstream waters due to more
anoxic environments adjacent to the effluent outfall
(XHD).

During microbial immobilization, attachment to detritus
of the “free” "’N-depleted bacterial biomass may decrease
8!5N values of the microbe/detritus complex (SPOM) in
waters because bacteria biosynthesis is associated with loss
of >N (Macko and Estep 1984). Lehmann et al. (2002)
found that after 21 days incubation, a decrease in 5°N was
associated with decreasing C/N ratios due to contribution
from 'SN-depleted bacterial biomass. Bacterial biomass
may thus be an important component of SPOM (8'°N:
4+ 1.1%o0 to + 3.9%o) as it showed isotopically depleted N
(8"°N: — 1.5%o) within the domain of GY relative to initial
SPOM.

For an isotopic ratio to be successfully used as a tracer
to determine the relative contribution of two sources, it
must satisfy two requirements: (1) be conservative and
have a distribution in natural systems that reflects only
physical mixing of materials from end-member sources;
and (2) have isotopically distinct end-members. In this
study, these requirements were met as effluent SPOC and
bacteria cells keep their original signatures after mixing
with each other in the river and the §"°C value (— 25%o) of
effluent detritus was significantly distinct from that of
bacterial biomass (— 33.2%o).

3'°N may be not an effective and sensitive indicator of
SPON origins because of nitrogen isotopic fractionation
during aqueous SPON decomposition. Generally, break-
down of pure OM preferentially mineralizes "N, poten-
tially causing an enrichment in '°N in the residue (e.g.
Thornton and McManus 1994). Preferential mineralization
of more labile algal materials relative to terrestrial mate-
rials can also affect chemical and isotopic signatures of
OM. This may cause a decrease in '°N content because
algal materials tend to be more "°N enriched (~ + 8%o)
and more labile than terrestrially derived materials
(~ + 1%o) (Meyers and Ishiwatari 1993).

DIN (mg/L) DON (mg/L) SPON (mg/L) Fraction of bacteria-N
in total N (%)
Sewage-derived Bacterial biomass
Winter 16.94 0.2 0.42 (80%) 0.11 (20%) 0.6
Summer 1.54 0.1 0.11 (44%) 0.14 (56%) 74

Data of dissolved inorganic nitrogen (DIN) and dissolved organic (DON) concentrations are from Liu (2007) and Xiao et al. (2017), respectively
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Fig. 4 Bacterial biomass contribution (F}) to bulk suspended partic-
ulate organic matter (SPOM). GY and WD refer to Guiyang and
Wudang, respectively. Other acronyms represent sample locations
described in text

The calculated results by Eq. (1) at CHQU are shown in
Table 1. At the site, F}, in the Nanming riverwater is 20%
in winter and 56% in summer. The relatively higher F, in
summer is likely caused by the (observed) more abundant
bacteria in that season (Han et al. 2005). Upstream to WYQ
from CHQU, contribution of bacterial biomass decreased
(Fig. 4). At CHQU, a site far from the upstream outfall, the
high F), meant a strong bacteria activity occurred, and more
N immobilized by bacteria (higher production of bacterial
biomass). However, even in summer, bacteria-N accounted
for only a small proportion of the TN load (7.4%) in
riverwater at CHQU (Table 1). On the other hand, nitri-
fying bacteria, which possibly used '*C-enriched DIC
(— 10%0 to — 6%o; Liu 2007) as their C source, might be
enriched in winter compared to summer because of greater
nitrification in winter (Xiao et al. 2017). These findings are
in agreement with investigation results by Han et al. (2005)
that bacteria were more abundant in summer than in winter
and in downstream than in upstream waters. Using less
negative data for 8" Chacteria for the winter calculation
would amplify the calculated differences in F), between
winter and summer (Fig. 4).

5 Conclusion

Effluent-contaminated waters in the Nanming River con-
tained high concentrations of bacterial biomass, which
showed highly depleted '>C and '°N and lower C/N ratios,
while isotopic values and C/N ratios of effluent detritus
were higher. Carbon isotopic ratios were believed to be
conservative and distinct for end-members of SPOM, and
thus were an effective signature when identifying OM
provenance. According to estimates from a mixing model,
bacterial biomass contributed 20% and 56% to the bulk
SPOM in winter and summer, respectively, at CHQU.

Upstream at WYQ, the contribution of bacterial biomass
decreased. However, as compared to TN in the waters, the
proportion of bacteria-N remained small (< 7.4%).

Acknowledgements This study work was kindly supported by the
National Key Research and Development Program of China through
Grant 2016YFA0601000 and the National Natural Science Founda-
tion of China through Grant 41425014.

References

Andrews JE, Greenaway AM, Dennis PF (1998) Combined carbon
isotope and C/N ratios as indicators of source and fate of organic
matter in a poorly flushed, tropical estuary: hunts Bay, Kingston
Harbour Jamaica. Estuar Coast Shelf Sci 46:743-756

Bordovsky OK (1965) Sources of organic matter in marine basins.
Mar Geol 3:5-31

Chin-Leo G, Benner R (1992) Enhanced bacterioplankton production
and respiration at intermediate salinities in the Mississippi River
plume. Mar Ecol Prog Ser 87:87-102

Coffin RB, Fry B, Peterson BJ, Wright RT (1989) Carbon isotope
composition of estuarine bacteria. Limnol Oceanogr
34:1305-1310

Coffin RB, Cifuentes LA, Elderidge PM (1994) The use of
stable carbon isotopes to study microbial processes in estuaries.
In: Lajtha K, Michener RH (eds) Stable isotopes in ecology and
environmental sciences. Blackwell, Oxford, pp 220-240

Fu PQ, Wu FC, Liu CQ, Wang FY, Li W, Yue XY, Guo QJ (2007)
Fluorescence characterization of dissolved organic matter in an
urban river and its complexation with Hg(II). Appl Geochem
22:1668-1679

Gardner WS, Benner R, Chin-Leo G, Cotner JB Jr, Eadie BJ,
Cavaletto JF, Lansing MB (1994) Mineralization of organic
material and bacterial dynamics in Mississippi River plume
water. Estuaries 17:816-828

Gearing GN, Gearing PL, Rudnic DT, Requejo AG, Hutchins MJ
(1984) Isotope variability of organic carbon in phytoplankton-
based, temperate estuary. Geochim Cosmochim Acta
48:1089-1098

Han LZ, Pan H, Cao JJ (2005) The condition and analysis of bacterial
pollution on Nanming River. J Mt Agric Biol 24(1):37-41 (in
Chinese)

Harvey HR, Tuttle JH, Bell JT (1995) Kinetics of phytoplankton
decay during simulated sedimentation: changes in biochemical
composition and microbial activity under oxic and anoxic
conditions. Geochim Cosmochim Acta 59:3367-3377

Herczeg AL (1988) Early diagenesis of organic matter in lake
sediments: a stable C isotope study of pore waters. Chem Geol
isot Geosci Sect 72:199-209

Hullar MAJ, Fry B, Peterson BJ, Wright RT (1996) Microbial
utilisation of estuarine dissolved organic carbon: a stable isotope
tracer approach tested by mass balance. Appl Environ Microbiol
62:2489-2493

Kelley CA, Coffin RB, Cifuentes LA (1998) Stable isotope evidence
for alternative bacterial carbon sources in the Gulf of Mexico.
Limnol Oceanogr 43:1962—-1969

Kritzberg ES, Cole JJ, Pace ML, Granéli W, Bade DL (2004)
Autochthonous versus allochthonous carbon sources of bacteria:
results from whole-lake '*C addition experiments. Limnol
Oceanogr 49:588-596

Lehmann MF, Bernasconi SM, Barbieri A, McKenzie JA (2002)
Preservation of organic matter and alteration of its carbon and
nitrogen isotope composition during simulated and in situ early

@ Springer



644

Acta Geochim (2017) 36(4):638-644

sedimentary ~ diagenesis. = Geochim  Cosmochim  Acta
66:3573-3584

Liu CQ (2007) Biogeochemical processes and surface material
cycling: eroding and nutrient cycling in the karst watershed of
SW China. Chinese Scientific Press, Beijing (in Chinese)

Liu CQ, Li S-L, Lang Y-C, Xiao H-Y (2006) Using 8'°N- and 3'*0-
values to identify nitrate sources in karst ground water, Guiyang,
Southwest China. Environ Sci Technol 40:6928-6933

Macko SA, Estep MLF (1984) Microbial alteration of stable nitrogen
and carbon isotopic compositions of organic matter. Org
Geochem 6:787-790

McClelland JW, Valiela I (1998) Changes in food web structure under
the influence of increased anthropogenic nitrogen inputs to
estuaries. Mar Ecol Prog Ser 168:259-271

McClelland JW, Valiela I, Michener RH (1997) Nitrogen-stable iso-
tope signatures in estuarine food webs: a record of increasing
urbanization in coastal watersheds. Limnol Oceanogr
42:930-937

Meyers PA (1994) Preservation of elemental and isotopic source
identification of sedimentary organic matter. Chem Geol
144:289-302

Meyers PA (1997) Organic geochemical proxies of paleoceano-
graphic, paleolimnological, paleoclimatic processes. Org Geo-
chem 27:213-250

Meyers PA, Ishiwatari R (1993) Lacustrine organic geochemistry—an
overview of indicators of organic matter sources and diagenesis
in lake sediments. Org Geochem 7:867-900

Nagata T (1986) Carbon and nitrogen content of natural planktonic
bacteria. Appl Environ Microbiol 52:28-32

@ Springer

Norrman B, Zweifel UL, Hopkinson CS, Fry B (1995) Production and
utilization of dissolved organic carbon during an experimental
diatom bloom. Limnol Oceanogr 40:898-907

Owens NJP, Law CS (1989) Natural variations in °N content of
riverine and estuarine sediments. Estuar Coast Shelf Sci
128:407-416

Peterson BJ, Fry B (1987) Stable isotopes in ecosystem studies. Ann
Rev Ecol Syst 18:293-320

Sweeney RE, Kalil EK, Kaplan IR (1980) Characterisation of
domestic and industrial sewage in Southern California coastal
sediments using nitrogen, carbon, sulphur and uranium tracers.
Mar Environ Res 3:225-243

Thornton SF, McManus J (1994) Application of organic carbon and
nitrogen stable isotope and C/N ratios as source indicators of
organic matter provenance in estuarine systems: evidence from
the Tay estuary Scotland. Estuar Coast Shelf Sci 38:219-233

van Breukelen BM, Roling WEM, Groen J, Griffioen J, van Verseveld
HW (2003) Biogeochemistry and isotope geochemistry of a
landfill leachate plume. J Contam Hydrol 65:245-268

Van Dover CL, Grassle JF, Fry B, Garritt RH, Starczak VR (1992)
Stable isotope evidence of entry of sewage-derived material into
a deep-sea food web. Nature 360:153-155

Xiao H, Xiao HY, Wu P (2017) Identification of source of N pollutant
in a highly contaminated river. Earth Environ (in Chinese, in
press)

Zhu SF (2006) Organic carbon content and carbon isotopic compo-
sition of soil from typical terrestrial ecosystem of Guizhou
Province. Ph. D. thesis, IGCAS, Guiyang, China (in Chinese)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2250
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


		2017-11-13T07:06:43+0530
	Preflight Ticket Signature




