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Abstract

The qualitative and quantitative composition of water and suspended matter hydrocarbons
was assessed. The transformation of these compounds during their migration in the «water-
suspension» system of the river delta in a tropical climate was studied on the example of one
of the deepest branches of the Mekong River (Ham Luong River) in Vietnam. The material
for the study was samples of surface and bottom water taken along the riverbed in November—
December 2022. The physicochemical parameters of the environment were measured
using a multimeter in situ. The qualitative and quantitative composition of hydrocarbons
in the water and suspended matter was determined by gas chromatography on the basis of
the Scientific and Practical Center for Spectrometry and Chromatography of the FRC IBSS.
Biogeochemical markers of the origin of hydrocarbons were used to identify probable
sources of organic matter. Individual physicochemical indicators of the aquatic environment
(pH, O, salinity, temperature, concentration of suspended matter) were characteristic
for the rivers of the lower Mekong River and were within the limits characterizing
the favorable state of the reservoir during the wet season. The content of hydrocarbons
in the water of the Ham Luong River averaged 0.061+0.019 mg-L™'. These indicators were
quite high, exceeding the sanitary standards (0.05 mg'L™") for fishery reservoirs, or ap-
proaching this value. The concentration of hydrocarbons in suspended matter averaged
0.019+0.009 mg'L™'. An increase in the content of hydrocarbons in the suspended phase
was noted in the area where the river flows into the sea, in comparison with the sections of
the river located upstream. Hydrocarbons in the water were of mixed origin, and contained
both biogenic components of autochthonous and allochthonous origin, and traces of oil
pollution. In suspended matter, along with biogenic compounds, there are also biodegraded
petroleum compounds. Organic compounds, both of allochthonous and petroleum origin,
coming from the catchment areas of the Ham Luong River, which is especially pronounced
during the wet season, as well as from the surface of the river, further undergone biotrans-
formation during the transition to a suspended state. As a result, the composition of
n-alkanes in suspended matter differed significantly from that in water samples.
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AHHOTaANUA

[TpoBeneHa OlleHKa Ka4eCTBEHHOTO M KOJMYECTBEHHOIO COCTaBa YIJICBOIOPOIOB BOJIBI
1 B3BEILICHHOTO BEIECTBA C YYETOM HMX TpaHc(OopMaluy NPy MHUTPAllMU B CHCTEME BOAA —
B3BECh JIEJIFTBI PEKH HAa NPHUMEPE OAHOTO M3 CaMbIX ITOJHOBOAHBIX PyKaBOB MeKoHra
(p. XamiyoHr) Ha TeppUTOpHH BpeTHama B yCIOBHSX TpONMHYECKOro Kimmara. Marepua-
JIOM JUTSL KICCJIEIOBAHMS TTOCITY KN TTPOOBI MOBEPXHOCTHON M MPUAOHHON BOJBI, OTOOpaH-
HBIE BJIOJIb pyciia peku B HosOpe — nexadpe 2022 r. du3nko-XUMHUYECKHEe mapaMeTphl cpe-
JIbI U3MEPSIIH in Situ C TIOMOIIbIO MyJIsTUMeTpa. KadecTBeHHBIN U KOJIMYEeCTBEHHBIN COCTaB
YIJIEBOIOPOJIOB B BOJIE M B3BECH ONPENEISIM METOAOM ra3oBoi xpomarorpaduu. st uaeH-
TI/Iq)I/IKaL[I/II/I BCPOATHBIX MCTOYHUKOB IMOCTYIUICHUS OPraHMYCCKUX BEIIECTB HUCIIOJIb30BaIN
OMOreOXMMHUYECKNE MapKephbl MPOUCXOKICHUS YIJIEBOIOPOIOB. 3HAUCHUS OTICIBHBIX (H-
3UKO-XMMHYECKUX IoKa3ateneld BogHoi cpexasl (pH, O, coneHocTs, Temmeparypa, KOHIIEH-
TpaLysi B3BELIEHHOTO BEILECTBA) SABJISIOTCS XapaKTEPHBIMHU ISl HCCIIETyeMOH p. XaMIIyOHT.
OTH 3Ha4YCHUs] HAXOMWINCh B MpEIeNax, XapaKTEepU3YIOMINX ONarornoixydHOe COCTOSHHE
BOZIOEMA BO BIAKHBIN ce30H. CoaeprkaHue yriaeBoJOPOJOB B BOJE P. XaMIIyOHT B CpEIHEM
coctaBnso 0.061 £0.019 mrn!. JlaHHOe 3HAYeHHE SABIAETCS JOCTATOYHO BBICOKHM
¥ TpeBBIIacT canutapHbie HOpMBL (0.05 Mr'm ') mus peIGOXO3SHCTBEHHBIX BOIOEMOB
WK NpubImKaoTcs K HUM. KOoHIEHTpamus yrineBoJopofoB BO B3BEIICHHOM BEIIECTBE
cocrasnsua B cpeaaeM 0.019 £ 0.009 mr- !, B paiioHe BlaneHus peKu B MOPE COIEPIKAHIE
YIJIEBOJIOPOJIOB BO B3BELICHHOHW (ha3e ObLIO BBIIIE, YEM HA YYAaCTKAaX PEKH, HAXOMISIINXCS
BBIIIC I10 TCUCHUIO. YFJ'IGBO[I,OpOI[I)I B BOJC 6bIJ'II/I CMCIIAHHOI'O MMPOUCXOKICHUA. Bo B3Be-
IIEHHOM BEIIECTBE Hapsay C OMOreHHBIMU COEIMHEHUSIMU OTMEYAIOTCS TakXke Ouojerpa-
JVPOBaHHBIE COEIMHEHMsI He(TAHOW NpHpoabl. B pesynbrare GmorpanchopManum cocTas
H-aJIKaHOB B ITP0O0axX B3BEIICHHOTO BELIECTBA U B MP00ax BOJBI CYIIECTBEHHO PA3IMYaeTCsl.

KiouyeBble cJ0Ba: yIIEeBOIOPOBI, H-aJIKaHBI, BOJIA, B3BECh, ONOTCOXMMHUIECKHE Map-
Kepbl, TPOIIUeCKas peka, peka MeKoHT, peka XaMiIyoHr, BeeTHam
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(®ULL NuBIOM) «MonucMonornieckne 1 OHOreoXnMHYECKHE OCHOBBI TOMEOCTa3a MOp-
ckux skocuctem» (Ne roc. peructpamuu: 121031500515-8).

Jdasi nuTHPOBAHUS: YIIICBOJOPOIHBIA COCTaB BOABI U B3BecH peku Xamiyonr (FOro-
Bocrounas Asust) / O. B. ConoBséBa [n ap.] / Dxonorndeckast 6€30mMacHOCTb MPUOPEKHON
u menb(oBoi 308 Mopst. 2023. Ne 3. C. 129-142. EDN DHTIBX.

Introduction

The total area of Vietnam's inland water bodies is about 6 % of the country's
territory, so water resources are essential to the region's economy [1]. The Mekong
River is one of the most important river systems in Vietnam and the twelfth longest
river in the world [2]. One of the Mekong’s branches with the highest water content
is the Ham Luong River, which is 70 km long and 2800 m wide, it has an average
depth of 11.3 m and an average water discharge " of 10.2 m's .

There are more than three thousand rivers and streams in Vietnam (over
a hundred of them flow into the sea), many of them are characterized with a high
degree of water pollution. The most polluted (due to various causes) are the Cau,
Dai, Thi Vai, Dong Nai and Mekong Rivers. A 2018 report by the Ministry of Nat-
ural Resources and Environment of Vietnam notes that in the river catchment area,
water pollution occurs due to mining activities. In the middle and lower reaches of
the rivers (in these areas, cities, industrial areas, and rural settlements are usually
located), their ecological state is deteriorating due to all kinds of waste entering the
water. The pollution degree depends on hydrological factors (their influence
increases in the dry season), as well as on the degree of control over pollution
sources. In almost all ecologically unfavourable areas, organic substances are the
cause of pollution [3].

Natural waters are a complex mixture of solutions of mineral salts and gases,
as well as organic compounds in suspended and dissolved forms. At the same time,
the content and qualitative composition of organic matter in a water body are
determined not only by the natural features of the latter, but also by the nature and
degree of influence of human activity on the water body [4]. Among important fac-
tors affecting the redistribution of organic matter in water, including hydrocarbons
(HC), there are also physical and chemical parameters such as pH, salinity, temper-
ature, etc. The pH level determines the development and activity of many organ-
isms, the aggressiveness of water impact on metals and concrete. The water pH
level also influences the processes of transformation of various forms of nutrients

D Phung Thai Duong, 2015. [Ecological and Geochemical State of the Mekong River Mouth
(Republic of Vietnam) Based on Studies of Bottom Sediments]. Extended Abstract of Doctoral
Dissertation. Tomsk: NITPU, 26 p. (in Russian).
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and changes the toxicity of pollutants 2. Oxygen dissolved in water is one of the most
important biohydrochemical indicators of the environment. It ensures the existence
of aquatic organisms and characterizes the quality of water [5] used for various
economic purposes. Oxygen deficiency is more often observed in water bodies
with high concentrations of organic pollutants and in water bodies containing
a large amount of nutrients and humic substances. In addition, oxygen concentra-
tion determines the direction and rate of processes of chemical and biochemical
oxidation of organic and inorganic compounds .

HC genesis can be identified using various markers. In order to differentiate
allochthonous and autochthonous origin, the ratio of terrigenous and autochthonous
compounds C31/Cig, C31/Cy7, the ratio of low-molecular-weight and high-molecular-
weight homologues (LWH/HWH) is often used [6, 7]. Some biomarkers allow
specifying the biogenic nature of compounds, in particular to assess the contribu-
tion of herbaceous and woody vegetation to the formation of the allochthonous
component of HCs entering the bottom sediments. These are, e. g., C31/Cy9 and
ACL ratios [7]. To differentiate the petroleum and biogenic origin of detected
HCs, such ratios are used as the carbon preference index (CPI), in particular CPI,
(calculated for the high-molecular-weight part of the spectrum), ACL, LWH/HWH,
and the ratio of isoprenoid alkanes (pristane and phytane), both one to the other and
to individual normal homologues (Pr/Ph, Ci7/Pr, Cis/Ph) [6, 7].

The work aims at assessment of the qualitative and quantitative composition of
HCs in water and suspended matter of the Ham Luong River given the transfor-
mation of these compounds during their migration in the water—suspension system.

Material and methods

The material was water samples taken in November — December 2022 along
the Ham Luong River riverbed (Stations 9-/3) taking into account the location
of large industrial and urban facilities along its banks (Fig. 1). Sampling at each
station was conducted in the cross section of the riverbed at three points (the right
and left banks, the centre). Bottom and surface water was sampled in the central
part of the riverbed, while near the banks, only surface water was sampled.
The numbering of stations was retained in accordance with the schedule pro-
gramme of Vietnamese rivers studies jointly with the Southern Branch of Joint Vi-
etnam-Russia Tropical Science and Technology Research Center (JVRTSTRC).
Chemical and physical characteristics of surface water (pH, Eh, salinity, tempera-
ture) of the Ham Luong River were determined in situ by the staff of the Environ-
mental Analysis Laboratory of the Southern Branch of the JVRTSTRC using a YSI
Professional Digital Sampling System (ProDSS) multi-parameter probe. Sample
preparation was carried out in laboratory conditions by extraction of water samples
with hexane *. The resulting extract was purified on a glass column filled

2) State Standard, 1978. [Nature Protection. Hydrospere, Use and Protection of Waters. Main Terms
and Definitions] (in Russian).

3 Barabashin, T.O., ed., 2018. [Guidance Manual on Chemical Analysis of Aquatic Ecosystem Ele-
ments. Primary Toxicants in Water, Bottom Sediments, Hydrobionts]. Rostov-on-Don: MiniTaip,
436 p. (in Russian).
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Fig. 1. Map of water sampling stations in the Ham Luong
river (Vietnam) during the wet season, 2022

with aluminium oxide to remove polar compounds, concentrated to 1 mL and
transported to the FRC IBSS laboratory.

Suspended matter was collected by vacuum filtration using a vacuum pump,
Bunsen flask, filter unit and nitrocellulose filters with a pore diameter of 0.45 pum.
The volume of filtered river water varied according to the rate of suspended matter
deposition on the filters and was taken into account when calculating the hydrocar-
bon content of the suspension. The filters were dried under natural conditions,
stored in a desiccator, and transported in airtight ziploc bags.

An aliquot of the extract (1 pL) was injected with a microsyringe into the
heated to 250 °C evaporator of a gas chromatograph Kristall 5000.2 with a flame
ionisation detector (FID). HC separation was performed on a TR-1MS capillary
column 30 m long, 0.32 mm in diameter, and with the stationary phase film thick-
ness of 0.32 pum (TermoScientific). The column temperature was programmed
from 70 to 280 °C (rate of temperature rise: 8 °C-min'). The carrier gas (nitrogen)
flow in the column was 2.5 mL-min' without flow splitting. The detector tempera-
ture was 320 °C.

Quantitative determination of HC content was carried out by absolute calibra-
tion of FID by HC mixture (ASTMD2887 Reference Gas Oil standard sample
(SUPELCO, USA)), that of n-alkanes — by a paraffinic HC standard sample in hex-
ane with mass concentration of each component 200 pg-mL™" and of pristane +
phytane — 100 ug-mL™" in hexane (SUPELCO, USA).

Determination of HCs and n-alkanes was carried out at the Scientific and Edu-
cational Center for Collective Use “Spectrometry and Chromatography” of
FRC IBSS. To process the results for the determination of HC concentrations,
Chromatek Analytic 3.0 software was used (absolute calibration and percentage
normalization method).
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US-EPA indices ¥ applicable to water bodies of different climatic zones were
used to assess the well-being of waters of the study area by individual indicators,
which allows using them for tropical water bodies as well [8, 9]. Correlation analy-
sis was performed using Microsoft Excel 2010 analysis package. The strength of
the correlation relationship was estimated based on the correlation coefficient (R).
The approximation coefficient (R?) was used to estimate the reliability of approxi-
mation of dependencies by a linear function.

The markers of HC genesis were determined according to the following ratios:

— CPL, (Carbon Preference Index) = (1/2){(Cas + Ca7 + Ca9 + C31 + C33+ Css) /
(Cog + Co+ Cog + C3p+ Caz+ C3s4) + (Cos + Co7+ Co9 + C31 + C33+ C35) / (Cas + Cosg +
+ C30+ Cs2 + C3a + Csp)};

— Pr/Ph — pristane to phytane ratio;

— LWH/HWH — low-molecular-weight homologue to high-molecular-weight
homologue ratio;

— (51/Cy9 — n-alkane Cs; to n-alkane C9 ratio;

— (51/C17 — n-alkane Cs; to n-alkane C,7 ratio;

— (51/Cy9 — n-alkane Cs; to n-alkane Cyo ratio;

— C17/Pr —n-alkane C;7 to pristane ratio;

— Ci3/Ph —n-alkane Cis to phytane ratio.

Results and discussion

The water temperature in the study area was around 29 °C (28.83-29.33 °C).
Salinity ranged from 0.08 to 0.23 PSU and corresponded to fresh water. A regular
increase of this parameter was observed while moving downstream (Fig. 2).
At Stations //—13 the salinity was the same (0.08-0.09 PSU), at Station /0 it was
0.15 PSU, and at the most seaward Station 9 it increased up to 0.23 PSU. Together
with salinity, the suspended matter content of water was increasing (R = 0.97,
R?=0.93), growing approximately twofold in the mixing zone (Station 9) (Fig. 2, a).
The suspended matter content at the sampling stations varied from 23 to 110 mg'L"
(Fig. 2, b) with a tendency to increase as we moved towards the river mouth.
It should be noted that in most parts of the riverbed the suspended matter content
in the bottom layer was on average 1.9 times higher than that in the surface layer.
The exception was Station 9 located at the river mouth, where the suspended matter
content at the surface was 1.4 times higher than that in the bottom layer.

Thus, a joint increase in salinity and suspended matter content was observed
while moving downstream of the river. The marginal filter phenomenon formed
in the river — sea mixing zone is described in the literature [10], where an increase
in suspended matter content is observed as salinity increases up to 5 PSU while one
moves towards the salt-water areas. This fact is associated with active processes
of coagulation and flocculation, when dissolved organics, iron, aluminium,

Y US-EPA, 1986. Quality Criteria for Water 1986. Washington, DC, USA: Office of Water
Regulations and Standards, United States Environmental Protection Agency, 394 p. Available at:
https://www.epa.gov/sites/default/files/2018-10/documents/quality-criteria-water-1986.pdf
[Accessed: 27 September 2023].
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Fig. 2. Salinity (PSU) and concentration of suspended solids (mg-L™!)
in the water of the Ham Luong River (Vietnam) during the wet season, 2022:
a — the ratio of salinity and suspended matter concentration; » — salinity (dots)
and suspended matter concentration (triangles) at sampling stations

and a number of other elements pass from solution into suspension under the in-
fluence of electrolyte. Probably, we observed the increasing intensity of this very
process in the study area even at an insignificant increase of water salinity.

According to monitoring studies ”, suspended sediment concentrations
in the Mekong River branches, particularly the Ham Luong River, vary consid-
erably ranging from 2.3 to 593 mg'L™' with an average value of 80.6 mg-L™".
Suspended matter concentrations depend on the season greatly: they decrease sig-
nificantly from April to November and increase as the monsoon season begins.
Thus, the average value” for the dry season is 36.9 mg'L™', and for the wet season
it is 124 mg'L™'. In the material we sampled in December 2022, the average sus-
pended matter concentration was 58 mg'L ™.

The water pH at all stations ranged 7.4—7.6, which corresponds to drinking wa-
ter. According to the monitoring survey data®, pH values in the lower reaches of
the Ham Luong River are in the range of 6.3—-8.7 (average 7.7). The values we ob-
tained fall within this range and correspond to the target values (6-9)* of WQIhh
(Water Quality Index for the Protection of Human Health) [11].

The dissolved oxygen content also varied insignificantly within the range
of 5.14-5.57 mg'L™'. The oxygen content in the water complies with the health
standard values ® for fishery water bodies (> 4 mg'L™"), though it was slightly be-
low the steady-state concentrations for this temperature range (7.62-7.52 mg-L™")
[11], which is suggestive of active biological processes in the river waters.

) Mekong River Commission, 2018. Lower Mekong Regional Water Quality Monitoring Report.
Vientiane, Lao: Mekong River Commission.

90n the Approval of Water Quality Standards for Water Bodies of Commercial Fishing Importance,
Including Standards for Maximum Permissible Concentrations of Harmful Substances in the
Waters of Water Bodies of Commercial Fishing Importance: Order of the Ministry of Agriculture
of Russia dated December 13, 2016, No. 552 (in Russian).
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The oxygen concentration in the lower reach of the studied river ranges from 4.12
to0 9.27 mg'L™! (average 6.45 mg'L™")*. The obtained values are typical for the wa-
ter body and correspond to the target indicator (not less than 5 mg'L™").

Thus, the studied indicators were typical for the Ham Luong River and were
within the limits indicating the favourable condition of the water body during
the study season.

The HC content in the water of the Mekong River brunch under the study (Ham
Luong River) ranged from 0.042 to 0.076 mg'L™" (average 0.061 = 0.019 mg'L™")
(Fig. 3). These values are quite high and exceed the health standard limits
(0.05 mg'L™") for fishery water bodies® or are near this value. Since the river un-
der study is used both for fishing and aquaculture, these indicators characterize its
unsatisfactory condition. The content of n-alkanes in the water was 0.015—
0.043 mg'L™" (average 0.028 + 0.012 mg'L™"). The proportion of n-alkanes to total
HC content ranged from 31 to 57 % (average 44 + 8 %). The reduced proportion of
n-alkanes from HCs was at Station 9 located in the area, where the river flows
into the sea. In general, HC and n-alkane concentrations changed synchronously
(R=0.91).

The HC content in suspended matter was in the range of 0.011-0.37 mg'L™’
(average 0.019 £ 0.009 mg'L") (Fig. 3). It is noteworthy that the HC content
in the suspended phase increased near Station 9 compared to upstream river sections.
This fact, as noted above, can be associated with the transition of substances from
the dissolved to suspended state with increasing water salinity in the river — sea mixing
zone [12]. The HC content in the suspended matter correlated with its total amount
(R=0.78), which indicates a substantial contribution of biological processes
to the suspended matter formation.

The concentration of n-alkanes varied from 0.004 to 0.10 mg'L™' (average
0.006 £ 0.002 mg'L™") representing 2841 % (average 36 + 4 %) of the hydrocarbon
mixture. Based on the small standard deviation, this fraction was quite constant, which

0.10 A 0.10 -
= Cn-a]]v; a a Cn—a]k b
o o
0.08 Cre 0.08 Cre
006 006
S 0.04 G 0.04
0.02 0.02
0 0
9 10 11 12 I3 9 10 11 12 I3
Station Station

Fig. 3. Hydrocarbon concentrations (mg-L™") in water (4) and suspended
matter (B) of the Ham Luong River (Vietnam) during the wet season, 2022
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in water and suspended matter of the Ham
Luong River (Vietnam) during the wet season,
2022
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n-alkanes/HCs,

may be a consequence of the uniformity of HC input sources and conversion
mechanisms at the different sampling stations. The contents of HC and n-alkanes
in the mixture varied synchronously (R = 0.98). For both water and suspended mat-
ter, the proportion of n-alkanes from HCs decreased in the area, where the river flows
into the sea (Fig. 4).

The share of HCs in suspended matter accounted for 20 to 75 % (average
34 £ 21 %) of HCs in water as a whole. That is, the range of values was rather
wide. This indicator for n-alkanes ranged within 13—-68 % (average 29 + 20 %),
which also characterizes the instability of this indicator.

At all stations, n-alkanes from C;7 to Cs, were identified in the unfiltered water
sample. At Stations //-13, the compound C;; was also identified. In general,
the distribution of n-alkanes was uniform, which may indicate the presence of
compounds of petroleum origin (Fig. 5). A C;7 peak was noted, which is associated
with planktonic production [6]. Another group of Cy—Cy maxima stands out.
The odd-numbered compounds in this range are genetically associated with terres-
trial vegetation (Ca7, Cy9) [6]. The even-numbered compounds (Cas, Cas) are proba-
bly related to bacterial synthesis ” [13] and also correspond to the presence of hu-
mus admixture in organic matter and macrophyte production [14]. Given that sam-
pling was carried out during monsoon rains, the washout of humus compounds
from the adjacent territories is not improbable.

In the suspended matter, n-alkanes were present in the Ci7—Cs; range. Com-
pounds with a higher molecular weight were not recorded. At Station /3, the heavi-
est homologue was Cs, and at Station /0 it was C3;. The main peak in the compo-
sition of n-alkanes in the suspended matter corresponded to Ci7 (19-27 %).
It is due to active primary production [15, 16], which intensifies in the wet season
because of the active input of biogenic compounds and high oxygenation of water
[16]. The analyzed suspended matter probably had a significant number of phyto-
planktonic organisms in its composition. At Stations 9 and /0, the second peak cor-
responded to Cy (13 and 16 %), also of phytoplanktonic genesis. In general,
the graph of n-alkane distribution in the suspended matter was smoother than that
in water, which may indicate a deeper transformation of organic matter in the sus-
pended matter. Thus, n-alkanes present in the suspended phase are predominantly
autochthonous in nature and are associated with phytoplankton and bacterial
production.

7 Poshibaeva, A.R., 2015. [Bacterial Biomass as Petroleum Hydrocarbon Source]. Extended
Abstract of Doctoral Dissertation. Moscow: 24 p. (in Russian).
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Fig. 5. Distribution of n-alkanes in water (a¢) and suspended
matter (b) of the Ham Luong River (Vietnam) during the wet
season, 2022: St. 9 (=), St. 10 (——), St. 11 (—=—), St. 12 (

), St. 13 (=)

To identify potential sources of HC inputs, individual markers of organic mat-
ter genesis were calculated (Table). For water, the carbon preference indices for
the high-molecular-weight region were almost the same and slightly exceeded
a figure of one, which may be a consequence of the presence of oil contamination.
The pristane to phytane ratio was also characterized by low values, which is typical
of the presence of oil. The ratio of n-alkane C;7 to pristan, C;7/Pr (Table) character-
izes the presence of fresh oil. At the same time marker C;s/Ph = 1 (Table), which
indicates the presence of both fresh and degraded petroleum products.

It is known that the suspended matter is characterized by CPI values > 1 [6].
In this study, this ratio was below a figure of one for the high-molecular-weight
region, which indicates the predominance of biogenic and transformed petroleum
HCs in the suspended matter phase. The pristane to phytane ratio Pr/Ph (Table) is
indicative of the presence of oil, and C;s/Ph shows the predominance of its biode-
graded components.
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Calculated biogeochemical marker values for water and suspended matter of the Ham Luong
River (Vietnam), 2022

Water Suspended matter

Marker Station number

9 10 11 12 13 9 10 11 12 13

CPL 1.2 1.2 1.3 1.4 1.4 0.5 0.7 0.7 0.4 0.6
P1/Ph 0.2 0.1 0.0 0.0 0.2 0.3 0.2 0.1 0.1 0.1
LWH/

HWH 0.9 0.3 0.5 0.5 0.4 14 1.2 1.0 0.8 14

G/Cro | 0.7 35 1.7 43 2.0 0.3 0.3 23 1.0 0.0
G/Ci7 | 02 0.8 0.3 0.9 0.5 0.1 0.1 0.2 0.2 0.0
C/Cy | 04 0.6 04 0.6 04 0.5 0.2 0.5 0.8 0.0
Cww/Pr | 21.0 492 1034 438 195 57 251 640 243 302
Ci/Ph 0.9 0.9 1.0 0.7 1.0 0.3 0.6 0.4 0.3 0.5

Thus, there is a situation when water contains both fresh and degraded oil,
while biodegraded compounds of oil origin prevail in the suspended matter.
It is known that during sedimentation oil components actively degrade [17], which
is the reason for the presence of transformed compounds in the suspended phase.
It is natural to expect active biodegradation processes of introduced organic com-
pounds in the warm waters of the Ham Luong River. In some cases, even in Arctic
ocean areas, in spite of low temperatures, the transformation of anthropogenic hy-
drocarbons goes so quickly that natural compounds dominate in the water and bot-
tom sediments [18].

The markers allowing differentiating between autochthonous and allochtho-
nous compounds (C3i/Ci7, C31/Cio) indicate the predominance of compounds com-
ing from land into water. In the suspended matter, based on the marker values, al-
lochthonous compounds are of subordinate value, which links the suspended matter
to the productive and destructive processes in the riverbed. The LWH/HWH ratio
(Table) for water corresponds to the predominance of terrigenous HCs [18].
In the case of suspended matter, this marker has high values, which can sometimes
be a sign of fresh oil input. The main contribution to the sum of low-molecular-
weight homologues in this case is made by Ci7 and C,;, the share of which is
by times higher than the specific weight of other n-alkanes. Therefore, we can
speak about the predominance of autochthonous compounds, which indicates
active production processes in the water body.

The HCs in water are of mixed origin and contain both biogenic components
of autochthonous and allochthonous nature and traces of oil pollution. In the sus-
pended matter along with biogenic compounds, biodegraded compounds of oil nature
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are also observed. Organic compounds of both allochthonous and petroleum origin
come from the Ham Luong River catchment areas (which is especially pronounced
during the wet season) as well as from the river surface. Further, these compounds
undergo biotransformation after becoming suspended. As a result, the composition
of n-alkanes in the suspended matter samples and integrated water samples differs
significantly. This process is active, in part due to the high water temperature typi-
cal of the tropical region. Active biological processes in the river waters are also
indicated by a slightly reduced oxygen content relative to steady-state concentra-
tions, which is probably intensively consumed for oxidation of organic compounds.

Conclusion

Values of some physical and chemical parameters of the aquatic environment
(pH, O, salinity, temperature, suspended matter concentration) were typical
for the Ham Luong River and were within the limits indicating the favourable con-
dition of the water body during the study season.

The HC content in the water of the studied branch of the Mekong (Ham Luong
River) ranged from 0.042 to 0.076 mg'L™', averaging 0.061 + 0.019 mg'L™'. These
values are quite high and exceed or are close to the health standard values
(0.05 mg'L™") for fishery water bodies.

The HC content in the suspended matter ranged from 0.011 to 0.37 mg'L™",
averaging 0.019 + 0.009 mg'L™". An increase in HC content in the suspended phase
was observed in the area where the river flows into the sea compared to the up-
stream sections of the river.

The HCs in water are of mixed origin and contain both biogenic components
of autochthonous and allochthonous nature as well as traces of oil pollution.
In the suspended matter along with biogenic compounds, biodegraded compounds
of oil nature are also observed. Due to active washout from the catchment area
of the Ham Luong River (which is especially pronounced in the wet season) and
from the surface of the river, organic compounds of various origins undergo signif-
icant biotransformation during transition into the suspended phase. As a result,
the composition of n-alkanes in suspended matter samples and in integrated water
samples differs significantly.
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