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Vertical Distribution Characteristics of Heavy Metals in Lake
under Different Hydrodynamic Conditions

Lu Jian’gang' Zhong Xie> Wu Haizhen'® Wang Hua’
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Abstract; The movement of lake sediments under different hydrodynamic conditions was simulated, and
vertical distribution characteristics of heavy metals in lake under different hydrodynamic conditions were
explored with self-designed circulating flume and sediments sampled from Xingzi section of Poyang Lake.
The flume device was composed of inlet tank (0.5 m’), test area (2 m in length, 1 m in width, and
0.5 m in height) , outlet tank (0.5 m’), storage tank (1 m’) and pump (maximum flow rate of 100 m’/h).
Prior to testing, sediment was spread at the flume bottom, and lightly pressed and flattened to a thickness
of 8 cm. After remaining it untouched for 0.5 h, water was added into the device. Water depth in the
flume was controlled at 140 cm. Water was pumped from the storage tank into the inlet tank, and flowed
through the test area, the outlet tank and eventually returned to the tank. During the test, the flow rate in
the flume was gradually increased from 0 ecm/s, and its flow rate was set through the control of the gate as
0cm/s, 5 cm/s, 15 ecm/s, 25 ecm/s, 35 cm/s, 45 cm/s and 65 cm/s. To ensure that the water flowed
through the flume at least once, the testing period was maintained 1 h under each flow rate, and then
immediately proceeded to the next flow rate until it reached the maximum flow rate. During the test, the
incipient motion characteristics of sediment, including critical motion state, slight motion state and plenty
motion state, were initially simulated. The water depth in the flume was divided into four layers. The

total heavy metal concentration and dissolved heavy metal concentration were measured at different flow
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rates and different water depths. In order to minimize deviation, heavy metal concentration was measured
three times and the average value was taken under each group of water flow and water depth condition.
When the sediment was in critical motion state at flow rate of less than 25 ¢cm/s, a diluted suspension at
the sediment surface was appeared with the increase of flow rate. The total heavy metal concentrations
were similar at different water depths in this period. When the sediment was in slight motion state at flow
rate of 25 cm/s to 50 cm/s, water became turbid, with part of the sediment washed up. Shear stress at
sediment surface was obviously larger than that in critical motion state, and the total heavy metal
concentrations were increased from water surface to bottom, although it was not obvious. When the
sediment was in plenty motion state at flow rate of 60 cm/s to 70 cm/s, a large amount of sediment was
washed up, and water became turbid in a short period. Large quantities of heavy metals in the sediment
were released into water, and the total heavy metal concentration was increased obviously along the water
depth direction. In addition, by analyzing the concentrations of dissolved Cu, Zn, Cd and Pb in each
layer with curve fitting method, vertical distribution characteristics of heavy metals under different
hydrodynamic conditions were revealed. The basic formula was established between heavy metal
concentration and height above sediment surface. The results showed that when the hydrodynamic
condition was strong, the concentrations of dissolved Cu, Zn, Pb were increased logarithmically from
water bottom to water surface. Furthermore, to detect the applicability of the established formula, the
testing results were applied to measurement of Poyang Lake, water samples collected from Poyang Lake
Bridge section and Xingzi section at 0.3 m, 0.8 m, 1.3 m and 1.8 m above sediment were used to
measure the dissolved heavy metal concentration. Flow rate at the two sections were 39 cm/s, 75 cm/s
and 44 cm/s, 68 cm/s, respectively, when the samples were collected. By substituting the measured
data into the established formula, the obtained result showed that the relative error between calculation
results and measured results was within + 15% . The formula was applicable at flow rate of 65 cm/s to
75 em/s in lakes with sediment grain size of 50 wm to 200 wm. The established formula was basically
reasonable. The device was feasible for the experiment with strong operability. The research results could
provide references for revealing heavy metal release characteristics under different water conditions.

Key words: heavy metals; flume; sediment; flow rates; vertical distribution characteristics; Poyang
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G LR T, g A R Y KA oK By et
MR T T S K FE T, PR UE K A P K A AR R R K A
ALK AR

K R G R 7K AR S i g 7K, 328 U0 B i AL
FEBOURY i s LR, LAY b Cu Zn (Cd [ Pb
W1 UE H 43 B 34. 84 ,104.50 0. 58 . 43. 50 mg/kg.,
WG R RTTE KR i A E R E 2 )E 8 em,
SRJGHRE 0.5 h, 2k 17 7K A6 17K R v 4238 586 7K, 7K
TN KB RILE 140 em, # & 24 h J5 I 61050, 1K
5 i 308 3 9 T A SR K D KR 56
IR 4350 oA 0.5 .15 .25 35 45 .65 em/s, 2 56 i 3
T G 12V I K L 2 e e i 1, R DR IE I B K 2
DGR 1, & T B R R 1 h
1.2 BEFESSH
L2.1 WA

Wi KR N KRy A 4 2RI, 4 T 1y
B 4 245 N BRI S KO [R] 25 2R 46 45 2 K
FAETLAA R K KR JG B F € 5 min 5 B,
FU RIS B R AT R AE 3 (P AT SRR
ff EUCRFELE HS 5 min 64T ), RD45 R R 75 R 4R
IKAE 12 A RAE I [A] B C SR A R B K TR o SRAERT
KK A e T A R IK g B — Ik, R KT BE LR,
SRS B W) K AE 43 Ry JE K RN K TR K& A 25

AT A 30 (9 7K, i WK e 2 i FL A2 K 0. 45 um JE T
VBT UG K RE . BATEE I B o R A, &
0.45 wm YU S5 K KE & A 1 R A T4 R, 20 5
JEK i K T R i, W KRR R R TR A A RS
F4E L ST SR g
1.2.2 5t H 5 )5k

BEHX Cu Zn . Cd . Pb {E M43 #7350 H , ¥& i ICP —
MS 2 0 5 7 4, 45 Y IBURE IR /K B SR 4B 1 000 mL
JE A 10 mL G5 R (M @198 5 26 18K AR R L g 1)
PR AL AL TR, A S A 45 A0 1 A6 2 IR ORI B K
WA ) (4R

2 HREHH

2.1 R

pR O SCk T YR v R B2 s Bl ok
BCME N 0 ~25 em/s) D E (L #E A 25 ~
50 em/s) i B (60 ~ 70 cm/s) 3 FUR DS, A5 IR,
BUIRYIZ R AE 5 i iz S RSB AW &, A R
HOARFKIR T & EER TR & 5 R 1A i
TEEGESREN GBI 2, HEEN S,
15 em/s IFAN R K IR AL T 42 @ & B S5 OK T & & 2%
AR, W N 35 em/s BF 45 T 42 @ & BEAS AL AL AR
545 em/s B, BURBEAT 2047

x1 AEAREARKR(KEENRYNES) TESEERESAE
Tab.1 Content of heavy metals at different flow velocities and different water depths
WS KIS Cu/(pg L") Zn/(png-L7") Pb/(pg-L7") Cd/(pg- L")
(em=s™') em  HERE HEMS BES BEE O BAmMS BEL HER BERES BES O BeR BmEy BEd
125 35.20 26.90 8.30 52. 60 40.90 11.70 4.46 3.94 0.52 1.03 0.77 0.26
90 36.70 27.20 9.50 53.20 41. 30 11.90 4.40 3.98 0.42 1.08 0. 80 0.28
0 55 34. 60 27.30 7.30 52.30 40. 20 12. 10 4.45 3.92 0.53 1. 06 0.79 0.27
20 36. 20 26. 40 9.80 53.50 40.90 12. 60 4.43 3.95 0.48 1.09 0.82 0.27
125 37.30 27.80 9.50 53.40 39. 60 13. 80 4.53 3.26 1.27 1.12 0. 84 0.28
90 36. 80 28.40 8. 40 54. 10 40. 50 13. 60 4.59 3.43 1.16 1. 09 0. 80 0.29
» 55 38.70 27.90 10. 80 56.90 40. 20 16.70 4.52 3.61 0.91 1.16 0.82 0.34
20 39. 40 26. 80 12. 60 58.20 41. 80 16. 40 4.73 3.12 1.61 1. 18 0. 86 0.32
125 43. 60 30.90 14. 00 62. 40 36.90 19.70 4.63 3.37 1.26 1.28 0.97 0.31
90 44.90 30. 50 15.50 62. 80 36. 60 20. 90 4.78 3.32 1.36 1.32 0.98 0.34
45 55 47.30 29. 80 19. 50 68. 30 35.80 27.50 4.86 3.21 1. 65 1.36 0.98 0.38
20 52.40 26. 60 24. 80 76. 90 30.70 36. 60 5.12 2.95 2.09 1.57 1.23 0.34
125 37.30 28.50 15.90 73. 80 42.90 30. 90 6.93 6. 05 1.35 1.49 1.12 0.37
90 49.20 27.60 22.90 75.20 39.80 35.40 7.17 5.89 1.71 1.56 1.21 0.35
63 55 54. 60 24.40 31. 10 89.30 34.60 53.70 7.67 5.57 2.85 1.73 1.47 0.26
20 65. 80 16.20 48. 60 117. 40 21.70 95.70 8.48 4.93 4.72 2.18 2.10 0.28
2.2 HERSW Mo B2 47 s WA T 25 ~ 50 em/s Z[A] I, YR AL T

ARG V2 v B AT Kk g F
25 cm/s RUBAL T 8 3 A 3 AR AS I Bl O EE A %
AR R UUR ) 3% 1 Hh e b 80— 2 B

CEEET RS I KA B R S KR S
DU ik , DT AR Wy  Th FT 32 B U 0 A B — R3S
W38 O AT T 60 ~ 70 em/s Z [a] I, i e 4k T
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Fig.2 Total content of heavy metals in different water depths under different flow velocities
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Fig.3 Relationship curves between content of dissolved heavy metals of different water depths and distance to sediment
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Fig.4  Distribution curves of sediment particle size
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Tab.2 Basic parameters of sediment at Xingzi

section and Poyang Lake bridge section

S HEo R/ (mg-kg™") oK
e/8
Cu Zn Cd Pb /%
43.16 ~ 63.57 ~ 4.23 ~ 41.53~ 96.0
BETE
71.54 98.12 17.46  85.51 0.4
95.7 +
FOPHWI A MR 41.23  78.17  4.90  36.38

(1) 7K 3l 3 AT 2 i U0 RR W) 149 78 0, 4k
T UL AR A TR 4 e 2 B B K AR R, Cu Zn
Ph 8 DUR MR, Cd F % DU IR AR, BT
DR 2 W B K P rh i i 25 I EE s, W B AR S
BEFRUIRYEA K,

(2) okl Sy Fnas K s I3 R KRR RS Cu
Zn Pb & MR JZE KM 2 32 K M50 B0 K

(3) %P BH W) 7 A1 3 4 3 W], A SR 57 1 56 AR 5K
ARG B, TSR S S DU AR A AR O IR 2ETE £ 15% 38
Bl P, 0 B A a0 2 A 5 T A R

(4) B FADFIE = N KM LR P 3
A BT AR, 1 B i At N7 1) O AR ORI T R L
P AE 50 ~200 wm i Hl AE A, 10 H AR A2 i e A
PR KR i S R S R T I R G R A
frit— e
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Tab.3 Comparison of calculation results and measured values under different hydrodynamic conditions and water depths

JK I/ m
ik S8 0.3 0.8 1.3 1.8
(em-s™")

Cu Zn Pb Cu Zn Pb Cu Zn Pb Cu Zn Pb

HEM/ (pg- L") 18.7 24.4 2.7 25.9  31.8 3.9 27.4  35.7 4.3 28.6  36.9 4.4

39 S/ (pg-L7") 17.3  21.5 2.3 28.4  29.3 3.6 29.6  38.6 4.8 26.1  39.5 4.8

AHRT R 22/ % -7.49 -11.89 -14.81 9.65 -7.8 -7.69 8.03 812 11.63 -8.74 7.05 9.09

HEM/ (ng- L") 23.5 317 3.1 32.1  39.2 4.7 35.7  43.5 5.2 36.8  44.6 5.4

75 ST/ (gL 1) 21.1  28.2 3.5 35.9  36.4 4.9 31.4  47.8 4.8 39.2  48.5 5.1
AR iR 25/ % -10.21 -11.04 12.90 11.84 -7.14 4.26 -12.04 9.89 -7.69 6.52 8.74 -5.56

HEME/ (pg L) 21.6  26.5 4.3 27.2  32.7 5.7 29.4  35.2 6.1 30.1  37.1 6.3

44 T/ (gL 19.6  28.9 4.1 28.7  35.6 6.2 31.9  38.4 5.7 33.4  38.6 6.8

X R 2/ % -10.20 8.30 -4.88 5.23 8.15 8.06 7.84 8.33 -7.02 9.88 3.89 7.35

HEM/ (ng L") 27.2  33.6 5.9 35.6  39.8 7.3 37.4  44.1 7.8 38.1  46.2 8.0

68 S/ (g L") 28.7  30.2 6.3 331 43.5 7.2 34.3  43.8 8.3 36.2  44.7 8.5

AHRT 15 2%/ % 5.51 -10.12 6.78 -7.02 9.30 -1.37 -8.29 -0.68 6.41 -4.99 -3.25 6.25
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