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Assessment on Purification Capabilities of Heavy Metals and
Nutrients by Different Plant Combinations in Medium and
Small Rivers Water and Sediment
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Abstract: In order to explore the impact of rural tourism and its surrounding domestic wastewater on
heavy metals and nutrients in water and sediment, and whether different plants can alleviate the pollution,
taking Huanglongjian village as research object, the contents of heavy metals and nutrients in the water
and sediment of 6 local rivers were analyzed. The potential hazards of the local water and sediment to
human body were assessed by health risk assessment and potential ecological risk index methods. Redundancy
analysis and correlation heat map were used to reveal the internal relationship between heavy metals and

nutrients in the water. The rivers with different plant combinations were used to explore pollution
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mitigation. The results show that the upstream, midstream and downstream of 6 rivers in the study area
generally meet the National Standard Class V for Surface Water Environment of China (GB 3838—2002).
Health risk assessment shows that all rivers in Huanglongjian village are within the acceptable range
except the control rivers. The carcinogenic risk values of heavy metal exposure are higher for children than
for adults, and the drinking water route is the main cause of the risk. The potential ecological risk values
of heavy metals in sediment are in the order of upstream, midstream and downstream. The single pollutant
risk value of Cd in the sediment is the highest, and Cu may cooperate with the nutrients in the water body
to induce the deterioration of the water quality environment. It is necessary to strengthen the treatment and
restoration of Cd and Cu in water, and timely investigate the surrounding sources that may cause high
heavy metal pollution. Metasequoia gly ptostroboides, Broussonetia papyrifera and Paraf fin can be the
first plants for ecological restoration of heavy metals in rivers in the study area.

Key words: rural tourism; heavy metals; Cu; Cd; nutrients; health risk assessment; redundancy analysis
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Table 1 The values of physical and chemical parameters in upstream,
middle and downstream in river in Huanglongjian village [(ng+ L")
EZS pH* ey k= o0 i TR R 45 B AR T BA GE
/MY 8. 36 7.84 1.51 0.08 0.05 1.49 3.43
PN 9.12 9.36 4.10 0. 34 0.12 6.55 4.76
iR S A 8.61 8.76 2.23 0.16 0. 10 4. 60 4.33
A S 2R 0.24 0.51 0. 96 0.08 0.03 1.72 0.42
AF S A T i 2~ 2.82 5. 82 42. 89 51.31 31.78 37.50 9. 81
i /IME 8.23 7.72 1. 06 0.08 0. 06 2.69 2.01
SN 8.79 9.91 5.37 0. 46 0. 20 6. 62 4. 63
b V-1 8.53 9. 00 2.61 0.18 0.12 3. 80 3.29
AR SR 0.18 0.75 1. 37 0.13 0. 05 1.32 1.17
HE B AR 2% 2.17 8.32 52. 61 71. 44 43.22 34. 77 35.56
/M 8.45 8. 49 1.22 0. 06 0. 04 3.33 2. 37
R 8. 67 9.52 2.73 0.16 0.35 6. 60 5.11
N A 8. 54 8. 90 1. 81 0. 10 0.11 4.59 3. 86
P A S R 0. 09 0.31 0.58 0.03 0.11 1. 00 0. 96
AR o 7 i 22 - 1.01 3.50 31.79 30. 45 93.57 21.79 24. 96
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Fig. 1 The concentrations of heavy metals in upstream, middle and

downstream in river in Huanglongjian village
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Fig. 2 The concentrations of heavy metals in upstream, middle and

downstream in sediment in Huanglongjian village
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Table 2 Risk factors of exposure to heavy metals in river

water of different combinations of plants

MYAHG REERRE N HI
As Cr Cd Pb Cu Hg Zn
LUN 5,033 2.38E—2 3.29E-2 2.47TE—2 2.04E—2 4.83E—2 2.06E—4 0.14
Yok A
JL#E 2.18E—2 1.05E—1 9.41E—2 9.51E—2 8.26E—6 1.84E—1 8.74E—4 0.51
LUN 5.25E—0 2.26 E—7 3.76E—7 5.52E—9 4.52E—10 1.26E—9 2.36E—10 6.15E—7
A B R A fi
JLE 9.31E—8 1.33E—7 2.26E—7 3.24E—9 2.60E—10 7.54E—9 1.37E—10 4.64E—7
LUN 5.03E—3  2.38R—2 3.30E—2 2.47TE—2 2.04E—3 4.83E—2 2.06E—4 0.14
HQ
JLE 2. 19E—2 0.104 6 0.094 137 9.51E—2 8.26E—3 1.84E—1 8.74E—4 0.51
PN 3.28E—3  2.29E—2 1.71E—2 4.92E—2 7.47E—4 5.67E—2 2.10E—4 0.15
POoKEERA
JLE 1.43E—2 1.0l1E—1 4.87E—2 1.89E—1 3.03E—3 2.15E—1 8.89E—4 0.57
EPN 3.42E—9  2.17E—7 1.95E—7 1.10E—8 1.66E—10 1.47E—9 2.40E—10 4.28E—7
B J A fi
JL# 6.06E—8 1.28E—7 1.17E—7 6.42E—9 9.55E—11 8.84E—9 1.40E—10 3.21E—7
PN 3.28E—3 2.29E—2 1.71E—2 4.92E—2 7.47E—4 5.67E—2 2.10E—4 0.15
HQ
JLE 1.43E—2 1.0l1E—1 4.87E—2 1.89E—1 3.03E—3 2.15E—1 8.89E—4 0.57
PN 1.18E—2 2.08E—2 4.30E—2 3.08E—2 3.68E—4 9.33E—2 2.25E—4 0. 20
KA
L 5.12E—2  9.14E—2 1.23E—1 1.18E—1 1.49E—3 3.55E—1 9.53E—4  0..74
A 1.23E—8 1.97E—7 4.91E—7 6.87E—9 8.18E—11 2.43E—9 2.57E—10 7.11E—7
C B K fi 5
JL#E 2.18E—7 1.16E—7 2.95E—7 4.02E—9 4.70E—11 1.45E—8 1.50E—10 6.48E—7
LN 1.18E—2 2.08E—2 4.30E—2 3.08E—2 3.68E—4 9.33E—2 2.25E—4 0. 20
HQ
JL#E 5.12E—2  9.14E—2 1.23E—1 1.18E—1 1.49E—3 3.55E—1 9.53E—4 0..74
LN 1.68E—2 3.11E—2 1.21E—2 2.40E—2 8.30E—4 1.18E—1 2.36E—4 0. 20
Yok EA
JL#E 7.29E—2 1.37E—1 3.44E—2 9.23E—2 3.37E—3 4.50E—1 1.00E—3 0.79
LUN 1.75E—8 2.95E—7 1.38E—7 5.35E—9 1.85E—10 3.08E—9 2.70E—10 4.59E—7
D B Bk 42 i
JL#E 3.10E—7 1.74E—7 8.26E—8 3.14E—9 1.06E—10 1.85E—8 1.57E—10 5.88E—7
LUN 1.68E—2 3.11E—2 1.21E—2 2.40E—2 8.30E—4 1.18E—1 2.36E—4 0. 20
HQ
JLE 7.29E—2 1.37E—1 3.44E—2 9.23E—2 3.37E—3 4.50E—1 1.00E—3 0.79
LUN 1.16E—2 3.24E—2 1.66E—2 3.07E—2 1.52E—3 1.13E—1 2.68E—4 0.21
YooK A
JLEE 5.02E—2  1.42E—1 4.75E—2 1.18E—1 6.18E—3 4.31E—1 1.14E—3 0. 80
YN 1.21E—8 3.08E—7 1.90E—7 6.86E—9 3.39E—10 2.95E—9 3.06E—10 5.20E—7
E B A fik
JLE 2.13E—7 1.81E—7 1.14E—7 4.02E—9 1.95E—10 1.77E—8 1.78E—10 5.31E—7
PN 1.16E—2 3.24E—2 1.66E—2 3.07E—2 1.52E—3 1.13E—1 2.68E—4 0.21
HQ
JL# 5.02E—2  1.42E—1 4.75E—2 1.18E—1 6.18E—3 4.31E—1 1.14E—3 0. 80
WA 1.40E—2 3.43E—2 7.39E—2 8. 13E—2 2.28E—3 1.22E—1 2.65E—4 0.33
POKEEA
L 6.09E—2 1.51E—1 2.11E—1 3.13E—1 9.26E—3 4.62E—1 1.12E—3 1.21
TN 1.46E—8 3.25E—7 8.46E—7 1.81E—8 5.07E—10 3.16E—9 3.03E—10 1.21E—6
YRR R Bk EEf -
L3 2.59E—7 1.92E—7 5.06E—7 1.06E—8 2.92E—10 1.90E—8 1.76E—10 9.87E—7
WA 1.40E—2 3.43E—2 7.39E—2 8. 13E—2 2.28E—3 1.22E—1 2.65E—4 0.33
HQ
JL#E 6.09E—2 1.51E—1 2.11E—1 3.13E—1 9.26E—3 4.62E—1 1.12E—3 1.21
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Table 3 The carcinogenic risk values of heavy metals exposure in river
water with different combinations of plants
s . Eg o) .
Y4 & W i A% N TCR
As Cr Cd
EUN 4. 48E—6 1. 59E—5 4.33E—5 6. 37E—5
oK 3
JL#E 3. 72E—6 1. 33E—5 3. 67E—5 5.37E—5
[N 1.01E—12 1. 45E—11 1. 98E—10 2. 13E—10
A J % fi 5
JL# 3.71E—12 1. 71E—12 2.35E—11 2. 90E—11
M A 4. 48E—6 1. 59E—5 4.33E—5 6. 37E—5
payill
N JL#E 3. 72E—6 1. 33E—5 3.67E—5 5.37E—5
LN 2.92E—6 1.53E—5 2. 24E—5 4. 06E—5
oK HEA
JL#E 2. 42E—6 1. 28E—5 1. 90E—5 3.42E—5
LN 6.84E—13 1.39E—11 1. 02E—10 1.17E—10
B J R A fih
L& 2.42E—12 1. 65E—12 1. 22E—11 1. 63E—11
4 JLUN 2. 92E—6 1. 53E—5 2. 24E—5 4. 06E—5
pyill
L 2. 42E—6 1. 28E—5 1. 90E—5 3. 42E—5
LN 1. 04E—5 1. 39E—5 5.65E—5 8. 09E—5
RoKEEA
JLE#E 8. 70E—6 1. 16E—5 4.79E—5 6.83E—5
PN 2. 46E—12 1. 27E—11 2.58E—10 2. 73E—10
C B % fi
JLE 8. 70E—12 1. 50E—12 3.07E—11 4.09E—11
. A 1. 05E—5 1. 39E—5 5. 65E—5 8. 09E—5
LN
N JLE 8. 70E—6 1. 16E—5 4. 79E—5 6.83E—5
PN 1. 49E—5 2. 08E—5 1. 58E—5 5.16E—5
KA -
L 1. 23E—5 1. 74E—5 1. 34E—5 1. 32E—5
PN 3.49E—12 1. 89E—11 7.23E—11 9. 48E—11
D J T % fi 5
JL#E 1. 23E—11 2. 24E—12 8. 61E—12 2.32E—11
. [N 1. 49E—5 2. 08E—5 1. 58E—5 5.16E—5
- L 1. 23E—5 1. 74E—5 1. 34E—5 4.32E5
[N 1. 02E—5 2. 17E—5 2. 19E—5 5.38E—5
WK
JL#E 8. 54E—6 1. 81E—5 1. 85E—5 4.52E—5
LN 2.41E—12 1.97E—11 9. 98E—11 1. 22E—10
E J R A fih
JL#E 8. 54E—12 2.33E—12 1. 19E—11 2.27E—11
. LN 1. 03E—5 2.17E—5 2.19E—5 5.38E—5
psyill
L 8.54E—6 1.81E—5 1.85E—5 4.52E—5
PN 1. 24E—5 2.30E—5 9. 71E—5 1.33E—4
YOKBEA
L 1. 03E—5 1.92E—5 8.23E—5 1.22E—4
) PN 2.92E—12 2.09E—11 4. 43E—10 4.67E—10
Xf HE 4 W % fa
JLE 1. 03E—11 2. 47TE—12 5.28E—11 6. 56E—11
PN 1. 24E—5 2.30E—5 9. 71E—5 1. 33E—4
S
N JLE 1. 03E—5 1. 92E—5 8.23E—5 1. 12E—4
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Table 4 Potential risk values of heavy metals in river sediment

of different combinations of plants

Wwma  fom = RI
As Cr Cd Pb Cu Hg Zn

i 4.95 0.38 103. 88 1.65 1.14 4. 80 0. 32 117.11

A rh 4.21 0.33 95. 63 1.63 1.01 3.35 0.29 106. 45
3 4.03 0. 30 92. 27 1.59 0. 96 3.00 0.27 102. 42

i 8. 80 0. 34 97. 59 1.85 0. 92 5.30 0.35 115.16

B b 8.38 0. 34 113.63 1.85 0. 84 3.81 0.35 129. 20
T 8.59 0.28 94. 78 1.77 0.77 3.28 0. 32 109. 79

o 4.02 0. 36 84. 94 1.40 0. 99 5.73 0. 30 97. 74

C b 4.36 0.33 76. 88 1.42 0. 86 5.95 0.26 90. 06
T 3.62 0. 36 78. 56 1.37 0. 88 4. 82 0. 24 89. 85

i 6. 14 0. 40 94. 50 1. 60 1. 04 6.89 0.29 110. 88

D b 5.43 0.42 60. 84 1.51 0. 96 4.89 0.28 74. 32

T i 4.78 0.41 50. 34 1.48 0. 83 5.09 0.29 63.21

ot 7.67 0. 40 93. 00 1.32 1.15 5.51 0. 30 109. 34

E i 7.22 0.31 94. 88 1. 20 1. 04 3. 50 0.28 108. 42
i 6.18 0. 26 65.16 1.16 1. 04 3.06 0. 24 77.09

I i 6. 81 0. 36 84.19 1.79 1.28 6. 82 0.32 101. 57

X AL b i 7.03 0. 36 96. 84 1.97 1.11 7.16 0.38 114. 86
it 7.83 0.38 96. 09 1. 69 1.14 6. 24 0.26 113. 64

2.4 AEEYWAESHHNIEKEREREREER

AL BE R

AT X b YA iR T 3 (8] 3D,
AR ESE & o B> i > TR, X F
U P A A A ) T AR RS B A2 B — 2R A T i D
G, MRS H AT BR T KM E 4R S TR
UG 5 S AE PR KA o B 4 0 R ORT U 2% 2
MoK R ESEES T —EBENE-. mE 3T
LT 2 % e JGAE BT 3 » T R AR 0 20 A X K AR
hESEYAWMEEN P CHAMELBLG G
k% RE ) fenit . Hokoh D 410 B AR Al & kB
X Cr BB BRI g% . CHNTHEARRES AN, =
KR R S AE LR A Ak R A
KONEEEREY) . D AU B i, R K (BB B
FEHS P AL RO R R X0 4EVE S BT g th R,
KEZ R R RERS K i\ S E & BT R W UHME R &
EELRIG AR ESE WS T, FK
SEUOEIEINR S K AZ L B ZE R AL B B 4 R
MIRE JT 3K X A IS ARAF . 87 2 B S0 X6 /N i
MR A R AR AT R SR A R L R A HE

THNESEEERFENERT 7T HE 10 . K
TIKAZ KR BN Bt A 0 X T 4 B R
ok AR WA N E LR E SN, W
WS IKAZ KGR BN 05 T A1 S A Ol Bl WA A ) A 2
BEELSENAEGHY.

LRy QN - - REB. R A S Ay SN2 U
M 4a FE 4b H ok BK R B E FXF Cu Fi Cd
MK, Hh BA L ZALMA S Cu 2 IEHX,
EBRFFEDINR, Ca AT 58S 5 KR BA
T St 22 TR A7 25 W S 3 1 I M 06 36 &R R PR SR 45
A& Cu 5UCHY g SR80 200 1 3 00 A G
P U B K MR B 3R AR TR B ) v A 4 1 g TR
Prrp Cu KRB KBS . Bk, Cu AT RE & 5K
PR H g FRER U R . 2E 7 2 K R G 4
HRT R B9 b B & Bk Rt Cd 2 i 8 J7 14k
WG AR AR Z i g AR DA L K iR Cd 2
FE O 2 NFL B A T — . 45 TR
21 3 R ORI T T 0 5 X5 K A& Cu F Cd iy 36 B K
&5 5 I it HE A 8 20 AT BE o B E A RS Y
Wk,
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Fig. 3 The retarded effects of different plant group on heavy metals in rivers
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