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Fig.3 Temporal and spatial variation in planktonic algal biomass in the pond
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Table 1 ~ Correlations between water quality parameters and chlorophyll in the pond
LEPSEEY 4 EXy KR pH HLFR A MR
. ERlESN 1
KR v e
FIE-UUK RS 1
- TRFREG 0. 082 1
p e e .
FIF-UUKREG 0.533 1
TRiFRE -0.037 -0.691"* 1
SR e e N ‘e
TFIE-UUK RS -0. 250 -0.759"* 1
iR 0.389" 0.580" " -0.459" " 1
A e ot e . - .
FIE-UUK RS 0.371%* 0.677%* -0.318" 1
FIFRSE 0.430" " 0.386" -0.019 0.580" " 1
ey e 2 ‘e o .
FIE-UUK RS 0.755 0.516 -0. 169 0.475"" 1

e x FIRTE 0.05 KB 1 i A G + + FRARAE 0. 01 7K (RUM) | 8 25 AH 56
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Fig. 4 Temporal and spatial variation in submerged plant bio-

mass in the pond
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PR B T 2R 1R FE AR A AT DR 7K A A %) K AR
4R W SOR B LB 22 57

KRR TR EESFHE (F2), EHR—IF
i RS A TR MR B A3 {E 5 3 Ba>Fe>Mn
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PAAL, Hoax 8 st o R A KA i o vk B2 14 b
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Table 2

Average concentrations and significance of trace ele-

ments in two aquatic systems

(e ) p, ¥IfE/ N
S, RN T R ok B
LR (pgeL™h)
FiE 40 0.78 0.06
Voo -0.500 0.618
TFIF-UiK 50 0.82 0.06
FiE 40 0.36 0.63
Cr ., . -3.946  0.000™"
IFIE-UiK 50 0.59 0.39
FiE 40 8.10 0.71 )
Mn 2.120  0.040"
FiF-UTK 50 2.35 2.44
FiE 40 0.07 0.38 _
Co .. . 3.050 0.004*
TFIF-UiK 50 0.04 0.62
FiE 40 0.34 0.40
Ni 3.863  0.000"
UK 50 0.20 0.67
RE 40 0. 60 0.14
Cao ., . -1.182 0.240
FiF-UiK 50 0.69 0.13
FE 40 20.33 0.72 _
Fe ., . 7.371  0.000 "
TFIF-UlK 50 5.73 2.55
FiE 40 7.15 0.55
Zn 3.750  0.000 "
FIE-UiK 50 3.25 1.20
FiE 40 40. 63 0.00
Ba = 0.006 0.995
FiF-UiK 50 40. 61 0.00

L FOR B KO0, 05T (RUI) RIS T ARR B E MK
F0. 01 (AU 24 5
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Fig. 5 Temporal and spatial variation in the average concentra-

tion of trace elements in the pond

AT KA FP R 1Y Fe FI Mn i E AR,
K 5 W] LAF Y, Co,Ni,Mn, Fe,Zn 7t 7K o -
P e e B AR 1 Y B PR P — R U R G B VR
—UUKILAE R GERRAR AR, 22 7 e - UK A R
gixt [k 5 Mmoo R B A U RBRVERA ., A,
I -UUKISAE RG] 5 P o 2 i Wk
I, M PRI AR KB B SUIMIEE T, T
UCULH T R e 28 S 0K A ) B 52 5 LA SR AR )
Xk 5 A T 2R B IOR 5 2 BRARON . REKIT
25 2 S AL R A B e UK R X Min, Co, Ni, Fe Al
Zn SEARAEAE — B B ZBRBOER Y T UUKE Y
LA e 1 ) B LA g W S R > SR IOk
PRI AT DIEHELL b 5 FhoCR B9, Rtk Al
D30 3 e R T /K A 0 34 e 4 T 19%) W AC DA T 3 1)
KR H B,

3 45 &

(1) BIFFE XK AR R T /K, 4% B oe 2 B A
W TEARATE . S 7KACZESERK A AR A= Py i )
B[] 5 R 3t i AR fb T 7= A 22 5

(2) V7 e SE 25 A0 i A B v 32 o i 5, 3 2
T4 SRR pH (H 52 B3 IEAHC, FRIE-TT
IKIEAERGEN Chl-a /NFH—IFHE RS, UL T UL
KA GIF IR R LR,

(3)Cr,Mn,Co,Ni,Fe Hl Zn 6 FpisiE e R e
E2NRE TR EZS, TRIF-TUKIEE RS
YT H 4@ Mn, Co,Ni, Fe Fl Zn AW USR] FH B8 = BRAE
FE T3 R G, U AEvE TR X &5 DIC 75
N TR DO SR K PR BE 45 0F TR 5 42 )
(R 225, M X K A K v A A 2 SRR (P

PRAAR A 72 R A A Bk R

The authors declare that no competing interests exist.

SE .

(1] SKRZELL EREAR, /D A5 VY R o I X R ks

QR BamAe[)]. K R Fri 4z, 2014,34(2) ; 245-
249.
ZHANG J Y, WANG L C,MA X X, et al. Groundwater
pollution in karst areas of Southwest China and its control
methods [ J |. Bulletin of Soil and Water Conservation,
2014,34 (2):245-249. (in Chinese with English ab-
stract )

(2] BBSEAL, TP, ARG, A5, St SRS DR VA b
ORISR [T ], v FE R S PR A, 1999,
10(1) ;82-88.

321



R PEAR

2024 4F A543 % 13

[6]

[7]

[10]

322

YAN G Q,DING J P,WANG W ], et al. Karst groundwa-
ter pollution assessment in typical karst areas in Guizhou
[J]. Chinese Journal of Geological Hazards and Preven-
tion, 1999, 10( 1) ; 82-88. (in Chinese with English ab-
stract )

HARGUINTEGUY C A, CIRELLI A F,PIGNATA M L.
Heavy metal accumulation in leaves of aquatic plant
Stuckenia filiformis and its relationship with sediment and
water in the Suquia River( Argentina) [ J]. Microchemical
Journal ,2014,114.111-118.

MD S I, MASARU T. Impacts of pollution on coastal and
marine ecosystems including coastal and marine fisheries
and approach for management; A review and synthesis
[J]. Marine Pollution Bulletin,2004 ,48(7/8) :624-649.
A BASKESRE ], #7458,2006(3) :96-97.

YANG W L. Minamata disease in Japan [ J]. Environ-
ment, 2006 ( 3) : 96-97. (in Chinese with English ab-
stract )

TS ARXSPREE T e B SRR [ 1] LT HHE
2EBEA 4 ,2000,17(5) :29-31.

HUANG ] H. Research on the pollution of cadmium to the
environment and its countermeasures| J ]. Journal of Lia-
oning Institute of Education, 2000, 17 (5) : 29-31. (in
Chinese with English abstract)

af Rl KR, B . HE A TR S Y nh B K 4 R K
AR R [T ], SEM AR OLREA, 2008, 36 (3) : 147-
150,153.

HE G,GENG C G,LUO R. Treatment of heavy metal pol-
lution and effects of heavy metals on aquatic plants[J].
Guizhou Agricultural Science, 2008, 36 ( 3) . 147-150,
153. (in Chinese with English abstract)
O, AR L KRR R S Y i AR RO S )
HINLT]. PUJIPREE,2005,24(4) :29-33.

CHANG J N, QU J G. Ecological effects and biological
monitoring of heavy metal pollution in water[ J]. Sichuan
Environment,2005,24(4) :29-33. (in Chinese with Eng-
lish abstract)

FIEAR 7RG R T5 . T KR R T e
RGBT, ARRME T EF,2010,17(1) 1 14-18.
WANG H D,FANG F M, XIE H F. Research status and
prospect of heavy metal pollution in water in China[ J].
Guangdong Science of Trace Elements,2010,17(1) : 14-
18. (in Chinese with English abstract)
BN, X8 SC, E AR, 5.\ R K A R0 8 45
EARRE I LT TS [ )] A28 24 A% A, 2006,25(5)
541-545.

HUANG Y J,LIU D Y,WANG Y B, et al. A comparative
study on the accumulation capacity of heavy metals in

eight aquatic plants[ J]. Journal of Ecology,2006,25(5) :

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

541-545. (in Chinese with English abstract)

MOHAMED Z A. Removal of cadmium and manganese by
a non-toxic strain of the freshwater cyanobacterium
Gloeothece magna [ J]. Water Research, 2001, 35 (18) :
4405-4409.

TIHIMG 2725 5. X i i 19 YooK IR i B g 5
[J]. WhEERl23E R | 2007,26(1) :56-67.

JIANG Y B,JI H B. Bioremediation of heavy metal pollu-
ted water by algae[ J]. Advances in Geography,2007,26
(1) :56-67. (in Chinese with English abstract)

W 2 UK X ) B SRR S MLERATSE[ D . AT
M HTVTR %, 2014.

CHEN G L. Characteristics and mechanism of arsenic ac-
cumulation in submerged plants[ D ]. Hangzhou ; Zhejiang
University,2014. (in Chinese with English abstract)
Zemi . JUR UK AP XS e i R 4 L RE e AR
FBIBTFEL D] UM HT LI R 27, 2013.

YAN L R. Remediation effect of several submerged plants
on cadmium , copper,lead and zinc in sediment[ D ]. Han-
gzhou ; Zhejiang Normal University, 2013. (in Chinese
with English abstract)

SR R A P. Land use and climate change[ J]. Science,
2005,310;1625-1626.

XU S,LANG Y,ZHONG ], et al. Coupled controls of cli-
mate, lithology and land use on dissolved trace elements in
a karst river system[ J]. Journal of Hydrology,2020,591 .
125328.

BAO Q,LIU Z,ZHAO M, et al. Primary productivity and
seasonal dynamics of planktonic algae species composition
in karst surface waters under different land uses[ J ]. Jour-
nal of Hydrology,2020,591:125295.

R, WRSCEE  BliSE g, 5. B2 T CCM ML 1 7K AR B3R
RO DAL e FRAC G TS RERE [ )] SN I R~
FAR(ARPIERT) ,2022,40(2) :19-26.

CHEN B,CHEN W J,LU P R, et al. Research progress of
aquatic carbon pump effect synergistic eutrophication miti-
gation based on CCM mechanism[ J]. Journal of Guizhou
Normal University ( Natural Science Edition ), 2022, 40
(2) :19-26. (in Chinese with English abstract)

S BLE X DB SN I S0 R b DX A O BIF S - Bk PR
ETR IR B K SCHUER I ZARIE [ ) ] R B 0
2005,20(4) :394-406.

HAN G L,LIU C Q. Research on rivers in karst areas of
Guizhou ;: Hydrogeochemical characteristics controlled by
carbonate dissolution [ J ]. Advances in Earth Science,
2005,20 (4): 394-406. (in Chinese with English ab-
stract )

MICHEL M. Global chemical weathering of surficial rocks

estimated from river dissolved loads[ J ]. American Journal



2k A

I 2

FEIA IR KA S A GBS M AR LR E A F R

[21]

[22]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

of Science, 1987,287(5) :401-428.

WU W,QU S,NEL W et al. The impact of natural weath-
ering and mining on heavy metal accumulation in the karst
areas of the Pearl River Basin, China[ J]. Science of the
Total Environment,2020,734 :139480.

JIANG Y,ZHANG C,YUAN D, et al. Impact of land use
change on groundwater quality in a typical karst watershed
of southwest China; A case study of the Xiaojiang water-
shed, Yunnan Province[ J]. Hydrogeology Journal, 2008,
16(4) :727-735.

YUE F J,WALDRON S,LI S L,et al. Land use interacts
with changes in catchment hydrology to generate chronic
nitrate pollution in karst waters and strong seasonality in
excess nitrate export [ J]. Science of the Total Environ-
ment,2019,696; 134062.

BT KB, EHCE 5. SN B R AN TE £
Mo G 175 e 2 6] S A e R S [0 ], St M Uil
WERAFAAR (A IRBLERR) ,2021,39(4) :39-45.

WEI X Y,YANG Y Q,WANG ] F,et al. Spatial distribu-
tion characteristics and evaluation of heavy metal pollution
in different land types in the Caohai watershed of Guizhou
[J]. Journal of Guizhou Normal University ( Natural Sci-
ence Edition ) , 2021, 39 (4):39-45. (in Chinese with
English abstract)

COOPER S R. Chesapeake bay watershed historical land
use ; Impact on water quality and diatom communities[ J].
Ecological Applications,1995,5(3) :703-723.
ARBUCKLE K E,DOWNING J A. The influence of water-
shed land use on lake N : P in a predominantly agricul-
tural landscape[ J ]. Limnology and Oceanography, 2001,
46(4) :970-975.

NGOYE E,MACHIWA ] F. The influence of land-use pat-
terns in the Ruvu River watershed on water quality in the
river system [ J |. Physics and Chemistry of the Earth,
2004,29:15al8.

WANG B,LIU C Q,WANG F,et al. The distributions of
autumn picoplankton in relation to environmental factors
in the reservoirs along the Wujiang River in Guizhou
Province,SW China[ J]. Hydrobiologia, 2008,598 (1) .
35-45.

WANG F S,WANG B L,LIU C Q,et al. Changes in nutri-
ent ratios and phytoplankton community structure caused
by hydropower development in the Maotiao River, China
[J]. Environmental Geochemistry and Health, 2014, 36
(3) :595-603.

QU S,WU W,NEL W et al. The behavior of metals/met-
alloids during natural weathering: A systematic study of
the mono-lithological watersheds in the upper Pearl River

Basin, China[ J ]. Science of the Total Environment 2020,

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

708(C) :134572.
FRA  PNER T Tk AR, DU AR P I X W R
JEUURR ) o 42 8 15 Y AR AE 5 A S KU AT [ T]. Hb
FHH iz ,2021,40(3) :204-210.
GONG J,SUN Z T,FENG L, et al. Characteristics and ec-
ological risk assessment of heavy metal pollution in sur-
face sediments of main lakes in Dongxihu District, Wuhan
City[ J]. Bulletin of Geological Science and Technology,
2021,40 (3):204-210. (in Chinese with English ab-
stract )
HL DH R TR AR BIIRE )] TR S
WF5%,2003,20(3) ;41-44.
XIA M. Physiological functions of essential trace elements
[J]. Trace Elements and Health Research,2003,20(3) .
41-44. (in Chinese with English abstract)
R XA, TH &, 5. bR IS fb X w4k
PRI AR TCHL A | S RSB 1 1 520« DA SN 3
VOISR IO I R[], HEK 5 FREE | 2022,50(4) ¢
547-557.
WU Y,LIUZ H,YU Q C,et al. Effects of land use change
on the output of dissolved inorganic carbon, total nitrogen
and total phosphorus in karst waters: Taking the Puding
Shawan simulation test site in Guizhou as an example[ J].
Earth and Environment, 2022,50(4) :547-557. (in Chi-
nese with English abstract)
XIA F,LIU Z H,ZHAO M, et al. High stability of autoch-
thonous dissolved organic matter in karst aquatic ecosys-
tems : Evidence from fluorescence [ J ]. Water Research,
2022,220.118723.
LI L,LIU H,LI H X. Distribution and migration of anti-
mony and other trace elements in Akarstic River system,
Southwest China[ J]. Environmental Science and Pollution
Research International ,2018,25(28) :28061-28074.
WRT G, BRIT 77, . IR 2R a I E 1Y
ROl K HN E R 2 AR [T, WA R 2,
2006, 18(5) :550-552.
CHEN Y W,CHEN K N,HU Y H. "Hot ethanol method"
for the determination of phytoplankton chlorophyll a and
its measurement error [ J |. Lake Science, 2006, 18 (5):
550-552. (in Chinese with English abstract)
TREAR VRS, ORI B e i A KX pH B S %%
SCERAENAL ). P EEREEIEIN ,2004,20(4) :49-50.
ZHANG P L,SUN C J. Effects of algal growth on pH and
dissolved oxygen content in surface water[ J]. China Envi-
ronmental Monitoring, 2004, 20 (4 ) ;: 49-50. (in Chinese
with English abstract)
Wit L. W B IR KA UK ) 5 0 e B AR 5
FIBFFELT]. AR, 1996, 8 (B5HI 1) 17-24.
YANG Q X. Study on the competition between submerged
323



R PEAR

2024 4F A543 % 13

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

324

plants and planktonic algae in eutrophic waters[ J]. Jour-
nal of Lake Sciences, 1996, 8 (S1):17-24. (in Chinese
with English abstract)

LI H,LI Q,LUO X, et al. Responses of the submerged
macrophyte Vallisneria natans to a water depth gradient
[J]. Science of the Total Environment, 2020,701(C)
134944,

ZHU J,LIU B,WANG ], et al. Study on the mechanism of
allelopathic influence on cyanobacteria and chlorophytes
by submerged macrophyte ( Myriophyllum spicatum) and
its secretion| J ]. Aquatic Toxicology,2010,98(2) : 196-
203.

JONES J I,YOUNG J O,EATON J W, et al. The influence
of nutrient loading, dissolved inorganic carbon and higher
trophic levels on the interaction between submerged plants
and periphyton [ J |. Journal of Ecology,2002,90(1);12-
24.

ZA . K WA 1T 2 5 K0 8 IR AR R AT T
[J7. WAk 2020,32(5) :1229-1243.

QIN B Q. Limnology of shallow lakes and eutrophication
control of Taihu Lake [ J]. Journal of Lake Sciences,
2020,32(5) :1229-1243. (in Chinese with English ab-
stract)

A BLII PG R I R AT SR N R DT R B E
FELD]. AN ATk R, 2015.

LI M. Study on the phytoplankton community and trace el-
ements in the west half of Chaohu Lake[ D ]. Hefei; Hefei
University of Technology,2015. (in Chinese with English
abstract )

5. e SRR AR AK K AR S B T R Tk B o) S HE B A5
B LA SE VBRI 7 I [ D). SEFH b E R
FBEHLERAL AT, 2021,

BAO Q. Carbon limitation of aquatic photosynthesis in
karst surface waters and its environmental effects: A case
study of Puding Shawan simulation test site [ D ]. Guiy-
ang: Institute of Geochemistry, Chinese Academy of Sci-
ences,2021. (in Chinese with English abstract)

ERIK J, MARTIN S, MORTEN S, et al. The structuring
role of submerged macrophytes in lakes[ M]. New York
Springer, 1998.

SCHEFFER M,HOSPER S H,MEIJER M L, et al. Alter-
native equilibria in shallow lakes[ J]. Trends in Ecology
& Evolution, 1993,8(8) :275-279.

BORNETTE G,PUIJALON S. Response of aquatic plants
to abiotic factors; A review|[ J]. Aquatic Sciences, 2011,
73(1):1-14.

RET, XIZLHE , # T, 55, SN 0 50 AR 4 1) I 25 4%
JALTT R 24 ( H AR AR , 2011,39(3)
102-107.

[49]

[50]

[51]

[52]

(53]

[54]

[55]

XIONG F,LIU H Y,DONG Y H, et al. The spatiotemporal
pattern of charophytes in Fuxian Lake [ J ]. Journal of
Jianghan University ( Natural Science Edition) , 2011, 39
(3):102-107. (in Chinese with English abstract)

ZEAR B, XA A A TR K — AT PR DL
YK R AU i) (7 2 R (87 C-AMC) Sk Rl [ T]. Hh
2FR%%,2022,29(3) : 155-166.

LI D,ZHAO M, LIU Z H, et al. Double carbon isotopic
characteristics (8 C-A"C) and carbon footprint of water
in Puding karst water-carbon cycle simulation test site
[J]. Earth Science Frontier,2022,29 (3) :155-166. (in
Chinese with English abstract)

FERE, T R AT s 5 K R w5 TR Al
MISCER T ]. RILRBHE IH 5 PR 85, 2014, 23 (5) £ 693-
699.

WANG H Y,YU D,NI L Y. Analysis on the relationship
between charophytes and water eutrophication [ J ]. Re-
sources and Environment in the Yangtze River Basin,
2014,23 (5):693-699. (in Chinese with English ab-
stract )

T, O, AR, AF. DOKAE P 7 RO B A K
PMEE SR T]. LR AR 5% H,2018,35(12) ;
62-64.

WANG A L, WANG F,SHANG S B, et al. Experimental
design of the remediation of chromium-containing
wastewater by the submerged plant S. japonica[ J]. Exper-
imental Technology and Management,2018,35(12) : 62-
64. (in Chinese with English abstract)

SRR, KB 8%, 4 5, 45, DOKAE 4 5% K A e £ 44 T
FEHERELT]. BHE T4, 2012,30(27) :72-79.

ZHANG Y J,LIU X P,JIN J,et al. Research progress on
water purification by submerged plants[ J ]. Science and
Technology Review, 2012, 30 (27) : 72-79. (in Chinese
with English abstract)

AYSEL S,EMIRE E,FATIH G, et al. Removal of cadmi-
um by Myriophyllum heterophyllum Michx. and Potamoge-
ton crispus L. and its effect on pigments and total phenolic
compounds[ J]. Archives of Environmental Contamination
and Toxicology,2008,54(4) .612-618.

BUNLUESIN S,POKETHITIYOOK P,LANZA G R, et al.
Influences of cadmium and zinc interaction and humic
acid on metal accumulation in ceratophyllum demersum
[J]. Water, Air, and Soil Pollution, 2007, 180 ( 1/4) :
225-235.

JEIGE . K AR S WA AR S R R )] A
R IT,2008,39(6) :88-91.

ZHOU ]J,ZENG C. Effects of aquatic plants on lake eco-
systems[ J |. People“s Yangtze River, 2008,39(6) : 88-
91. (in Chinese with English abstract)



PR ORAE. BMBHR K AERSEMBERENURA LRI L LN

Summary for “ B B F X IK A= 'G5 Az YU RE I8 2510 20 1 B R it S R 1 52 e

Composition of the aquatic photosynthetic organism community and its
effect on trace elements in karst areas
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Abstract. [ Objective | Trace elements are an important factor affecting the water quality of karst surface waters.
Aquatic photosynthetic organisms can absorb and remove harmful elements in the process of photosynthetic metabo-
lism. However, little research has been conducted on the absorption effect and removal potential of trace elements
by different aquatic photosynthetic organism community structures. [ Methods | This study was conducted at the
Puding Karst Ecosystem National Observation and Research Station,which constructed a vegetation-soil-groundwa-
ter-surface water simulation ecosystem consisting of five types of land use; bare rock land, bare land, cultivated
land, grassland and shrub land. Among them, the surface aquatic ecosystem was taken as the research object to
carry out research on the removal potential and control mechanism of trace elements by the composition of aquatic
photosynthetic organism community structure. [ Results] Results showed that (1) The surface water chemistry pa-
rameters and aquatic photosynthetic biomass were significantly affected by seasonal changes and land use types;
(2) The concentrations of Cr, Mn, Co, Ni, Fe and Zn varies significantly in different aquatic photosynthetic eco-
systems ,and the absorption and removal of Mn, Co, Ni, Fe, and Zn by the planktonic-submerged coexistence sys-
tem were better than those of a single planktonic system; (3) The formation of a highly dissolved inorganic carbon
(DIC) environment in surface water bodies was promoted by the restoration of natural vegetation ( shrublands and
grasslands) in karst areas, which was conducive to the growth of submerged plants, simultaneously increasing the
impact on Mn, Co, Ni, Fe and Zn removal potential in surface water bodies. [ Conclusion ] This understanding will
contribute to research on the regulatory mechanism of trace elements in surface water by the structure of aquatic
photosynthetic organisms in karst areas.
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