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Water chemistry and greenhouse gases emissions in
the rivers of the “Third Pole”/“Water Tower of Asia”
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The Tibetan Plateau

=  The “Roof of the World” and the
“Third Pole”,

R
PR P

The world's highest plateau, average i sinatpem

7

elevation exceeding 4,500 m a.s.l.,

2,500,000 km?.

= “Water tower of Asia”
Head waters of more than ten large

rivers in Asia.
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Work during master program

SNICAR (Snow Ice Aerosol Radiative)

—— SNICAR, pure snow

O Measured, Grenfell et al., 199
X =|---SNICAR, 500 ngg”' BC

new snow

old snow : 0.2}

8.3 05 07 09 11 13 15 1.7 19 21 23 25
Wavelength (um)

<«— 1d0sSsIa

SN HE 5 SNICARAR A £ 3R B9 X EL 3 1IE

(Flanner et al. 2007)

(Gardner, A.S.and M. J. Sharp 2010)
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Work during doctoral program

Water chemistry in
: lons and trace
rivers of the
Tibetan Plateau

elements

Riverine dissolved To present an overview of the
NEEIEE ISSO_ Ve environmental risks on the

carbon and nitrogen waters of the Tibetan Plateau

concentrations and take the first step to
provide information about the

D|ssol\{ed carb.on Isotope compositions effects of climate change on
and nitrogenin : . o
: : of dissolved organic the riverine carbon and
rivers of the Tibetan . .
carbon (DOC) nitrogen issues of the plateau

Plateau
Greenhouse gases
(GHGs) emissions
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Inland river
watershed

Yangtze River (P-YZ)
Pacific Ocean | Lancang Jiang (Mekong, P-
Water System | L)

Yellow River (P-YL)

Kathmanda } India Ocean Indus River (Indus I-1)
Water Yarlung Tsangpo (I-YT)

Shule He (IL-S)
Hei He (IL-H)
Buha He (IL-B)

80° .o
@ sampling sites_DC&DN Rivers s o SyStem NUJIang (Salween, |'N)
@ sampling sites_isotope [ Mountain Permafrost
¥

@ cities [ predominantly continuous and island permafrost Robinson Projection .
% ing sites. } | antiy . P Canral MengRs: 100.00 E

S ! s
& sampling sites_GHGs [_] Tibetan Plateau_boundary
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Water ionic chemistry in rivers of the Tibetan Plateau

TDS (mgL™)
/ T d T . } T J ¥ T 5 y \
Yarlung Tsangpo River (mainstream) a |
Yangtze River (upstream on the Tibetan Plateau) a | |
Yangtze River (midstream and downstream) b, ¢
Nujiang (upstream of the Salween River) d
\Longchuanjiang (upstream of the Mekong River) d /
Asia average median e [_Ino,
Europe average median e [_IHCo,
2
Africa average median e I so,
B !
North + Central America average median e B«
South America average median e C_Ina’
I Mg®
Oceania average median e Blc:"
Global averages median e
Global discharge-weighted average f
T T l T T l T I T T
0 200 400 600 800

Concentration (mg L")

Average concentrations of major ions of the rivers on the Tibetan Plateau and in the
world.

Data source: a. this study; b. Miiller et al. (2008); c. Chen et al. (2002); d. Huang et al. (2009); e.
Meybeck and Ragu (2012); f. Meybeck and Helmer, (1989).
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B The Yarlung Tsangpo @ The Yangtze River
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Water quality assessment in rivers of Tibetan Plateau —

concentrations of several elements in rivers were higher than that of

WHO guideline for drinking.
——nmnmm----

Mainstream 1.1 6546 19 4.2 69.5 46.6 2.6

| [ MnJC | NifCulzn] Cd | Sb[BalPb]|U]|Mo

Yarl
Mainstream 30.7 28 28 19 205 3.6* 43 153 15.8* 24 14
Tsangpo

Lhasa River 19.4 35 09 31 22 0.2 41 121 16 23 1.8

Doxung
Yarlung Tsangbo

Tsangpo XiabuQu ~ 265.0% 12.0* 11.9 7.4 266 02 19 208 51 07 0.1

24.3 1.1 20 13 69 0.9 25 213 47 22 16

tributaries

Nianchu River 3.2 31 12 07 83 0.6 18.4 111 34 24 0.7
Nyang River 0.8 1.7 1.7 11 34 21 25 86 93 13 038

Note: unit for Hg concentration is ng L1, others are uyg Lt
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Waters quality assessment in rivers of the Tibetan Plateau

—arsenic concentrations in rivers were higher than that of WHO

guideline for drinking.

b 1000 5

Non Monsoon

As C
a %1 1 Monsoon s
Non Monsoon
(] Monsoon I:::i ]
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E gf ] - et
m WA
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ot 14 =
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| & Ni Cu — Q U :.—.‘::=
== é —rC |
0 a T T |_-T- _.‘-_ T T T T T T T T T | || I I I | | | | | I | || I I I
Elements Elements

Seasonal variations of dissolved trace metal levels of Lhasa River (a)

and Duilong Qu (b) (Li et al., 2014).
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Atmg(s)pheric Nz0 emission to
2
atmosphere . .
/r p Air-water interface
Snow
Lake
degassing ———— — T
/ T
Old soil - 5
Lake-sterge —
C Lake-ater .
= Dissolved N,0
Erosion g .
River degassing
Soil storage N20 from direct Nz0 from other NOs export in
denitrification sources (e.g. 4 : Pﬂ
- groundwater, Qam _'_E‘f}
/’ ] \ N, indirect o
NOz export in denitrification and
River IG OG stream flow nitrification)
export \
! \ N Stream sediments

Dissolved nitrogen and GHGs emissions
from aquatic system, figure is modified
from (Beaulieu et al., 2011).

Carbon emission and discharge from
rivers, figure is modified from (Raymond,
2005 Nature).
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a. Concentration distributions of dissolved C and N in the rivers of the Tibetan;
b. Mean concentrations of dissolved C and N in river of the Tibetan Plateau and the global

average Plateau (Qu et al., 2017).
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Correlation between riverine C and N in rivers of the Tibetan Plateau
and the related influential factors

Natural Cultivated Water TDS  Runoff
vegetation vegetation temperature (n=27) (n=19)

(n =27) (n=27) (n =27)

DIC  -0.105 -0.034 -0.038 0.415° -059%0""
DOC  0.100 0.021 -0.548" 0.457" -0.015
DIN  0.048 0.452" -0.229 0.326 -0.031
DON  -0.403" 0.408" 0.297 0.174 -0.145

TDS: total dissolved solid; DIC: dissolved inorganic carbon; DOC:
dissolved organic carbon; DIN: dissolved inorganic nitrogen; DON:
dissolved organic nitrogen.
* Significant at 0.05 (2-tailed);
™ Significant at 0.01 (2-tailed).

(Qu et al., 2017)
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Distributions of A*C and 6*3C of dissolved organic carbon for rivers of the Tibetan

Plateau and other regions in the world.
(Qu et al., 2017).
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1000
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Q Significant relationship
‘5 4004 between permafrost soil
:’%’; area as a percentage of
O g watershed area (%) and
- 14C age of dissolved

organic carbon (DOC) in
04 » years before present (ybp)
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Permafrost soil area/watershed area (%)
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40°N 0°N
35°N- [35°N
Permafrost Table, m TTOPR °C TP&:" °C
Site 1996 2001 1996 2001 1996 2001

MNumber | site at Kunlun Pass 1.09 1.50 —3.05 —2.68 —3.19 —2.90
MWumber 2 site at Kunlun Pass 1.22 1.40 —3.08 —2.78 —3.06 =277
Mt. Fenghuo 1.26 1.60 —3.73 —3.36 —3.67 —348
Wudaoliang 2.53 2.75 —1.82 —1.75 —1.63 —1.50
HohXil 1.64 2.00 =214 —1.63 =201 — .69
HMS 66 1.94 2.40 —0.82 —0.63 —0.91 —0.83
Cumar Riverside 3.24 3.50 —0.43 —0.30 —0.56 —0.40

“TP# denotes permafrost temperature taken at 6 m depth.

v e we o

The thickness of the active layer has increased by 0.15 to 0.50 m and ground
temperature at a depth of 6 m has risen by about 0.1°C to 0.3 °C between 1996 and
2001 (Cheng et al., 2007)
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Summary and perspectives

GIobaI warming
Polluted wet deposition
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Water chemistry in the Himalayan region was influenced by the natural process
(e.g. global warming, snow/glacier melting, runoff and soil erosion changing) as

well as anthropogenic activities in the surrounding area.
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Global Warming

GHGs emission
would feedback to
climate change.

Temperature

With the global warming and more intensive

* T"le Tibeta“ Plateal.l anthropogenic activities, the temperature,

precipitation and land vegetation will increase

PEI‘mafI'OSt on the Tibetan Plateau, the permafrost which
More bioavailable carbon with a huge amount of carbon storage will also
transported might result cal"bOI'l Storage melting in an accelerate speed.

in an increasing GHGs
emission from rivers of
the Tibetan Plateau.

As the factors above, an increasing riverine

Low C/N carbon and nitrogen might be transported in
the rivers of the Tibetan Plateau.

The C/N in rivers of the Tibetan Plateau is ~6.5,
much lower than the world average (22.1). Lower
C/N means riverine carbon is more bioavailable.
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Future work
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Meteorological Building,

Yale-NUIST Center on Atmospheric Environment

Nanjing University of Information Science and Technology
219 Ningliu Road

Nanjing, Jiangsu Province, China 210044
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http://tv.cntv.cn/video/C10616/605a6ac3284c462d9d736709168 .

1524 Email:

http://news.cntv.cn/2013/05/02/VIDE1367465282138989.shtml bin.b.qu@outlook.com
(2 1 47H38)
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