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Chemical transport from soil into surface runoff under
different ground-water tables
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Abstract: [Objective] The study was conducted to prove chemical transport processes under different
soil hydrologic conditions. [Method) We developed a laboratory flow cell and experimental procedure to
quantify chemical transport from soil to runoff water by each of the individual process:1) erosion;2) Ber-
noulli effect;and 3) diffusion under groundwater table with the same height, 5 cm,and 10 cm beneath the
soil surface by 4-kinds of surface runoff flow rates (90,120,200,250 mL/s). [Result] Our data proved that
soil chemical loss aggravated as runoff flow rate increased;nevertheless, we had additional quantitative data
describing the contribution from each individual chemical loading process under different surface runoffs
and soil hydrologic conditions. When surface runoff velocity was less than 200 mL/s,Bernoulli effect and
diffusion had a great contribution to chemical loss from soil to runoff. On the contrary, erosion was the
dominant factor for chemical loss. After 60-min surface runoff, when groundwater table was 5—10 cm low-
er than soil surface. Bromide concentration increased in soil profile as soil depth increased. According to our
data,the mixing zone depth reached between 0. 9—4. 6 mm when the under groundwater table was of the

same height with soil surface,and less than 2. 5 mm when the under groundwater was 5—10 cm lower than
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soil surface. [Result] Chemical transport has a significant relationship with surface runoff flow rate and

groundwater table.

Key words: soil; ground-water table;soil chemical;surface runoff
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Fig. 1

Experimental setup

A. Soil layer;B. Gravel layer;C. Drainage holes; D. Connect tubing with supply water tank;E. Supply water tank;

F. Deionized water;G. Collect water tank; H. Soil box
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Table 1 List of runoff experimental treatments
e e + eI KR/ SR e 3
3 K f i LREE/ (m® + m3) AL % BRAE "/ K
Ground-water table (g cm ) Soil saturation Soil porosity (mL - ) Repetition
Soil bulk density ) Runoff velosity
water content
90
5 FF 120
TR 1.35 0.56 49.0 3
Surface 200
250
90
;5 120
f&F #8035 om 1.35 0.56 49.0 3
Subsurface 5 cm 200
250
90
10 120
fEF % 10 em 1.35 0.56 19.0 ‘ 3
Subsurface 10 cm 200
250

TE e AU AR T 178 S R B 100,

Note: * . The variation coefficients of simulated runoff flow rate were 10%.
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Table 2 Total soil loss and bromide flux from soil erosion during the initial 8 minutes under different runoff flow rates

H N KA E Groundwater table

16 s L L F5F Surface K FHLZE 5 cm Subsurface 5 cm X FHL#E 10 cm Subsurface 10 cm
Index
90 120 200 250 120 200 250 90 120 200 250
mL/s mL/s mL/s mL/s mlL/s mlL/s mL/s ml/s mL/s mL/s mL/s
2 925 e o4 1/
LaRK LA/ 2.91 4,26 25.22  152.60 1.00  20.45 100.59 0.54  0.59  15.41 89.51
Soil erosion
S RAL P T R
i/ (mg s m™?) 0.01 0.02 1.12 5.13 0.01 0.52 2.54 0 0 0. 25 0. 34

Bromide loss flux

TE R B 3 UG Y .

Note: The value of total soil loss was the average of 3-time experimental data.
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Bromide flux from soil erosion per min during the initial 8 minutes under different runoff flow rates
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Fig. 3 Bromide concentration in surface runoff and bromide mass loss from soil to runoff
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Fig. 4 Distribution map of bromide concentration in soil depth profile under different runoff flow rates

A. Subsurface 5 cm;B. Subsurface 10 ecm
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Table 3 Partition of transport path to bromide loss under different runoff flow rates

TR AR RO S R Y AR ) i
A3 IR RS A 51,290 ~80. 6 %0 ; Fifi % b
F R FETE R BB (120~ 200 mL/s) . {A1 5% F %500 1
UG 2 NS TR 5 em B A 55 RN 5|
AL 11 A HE R A % T VR AR R K o 1 E 4B
M\ 40,6 %0 FH 2 47. 5% ; B R KK T HE R 10 em
L IZ BN 48. 8 %0 T 253, 0% 5 76 Hb A2 i Wi 1 Ay
90~200 mL/s B}, 4= 3 4= 1o it i 1) 4 38 I A 4 i 2R
D AT DL 2 AN T 5 Y M R AR A T A B 250
mL/s B, R oV A G, i S i A+ HER A
TG B B 50X L

B E MR LR

Ui ﬁ %

mg/(m* « s )

Hb R KA 5 R R T AKAAEFHLE 5 cm T KA FHL K 10 cm
THER Surface Subsurface 5 cm Subsurface 10 cm
Transport path 90 120 200 250 90 120 200 250 90 120 200 250

ml./s ml/s mlL/s mL/s mL/s ml./s mlL/s mlL/s ml/s mlL/s mL/s mlL/s
3 ET
ﬂj%iﬂ)‘i’ﬂ 0. 029 0.073 0.135 0.279 0.025 0. 065 0.126 0.227 0.021 0.041 0. 087 0. 094
Bernoulli Effect
P #k Diffusion 0.117 0.107 0. 085 0. 080 0. 100 0.095 0. 089 0.077 0.042 0.043 0.057 0.062
+ iRl Erosion 0. 000 0. 000 0.070 0. 530 0. 000 0. 000 0. 050 0. 460 0. 000 0. 000 0.020 0. 335
41t Total 0. 146 0. 180 0.290 0. 889 0.124 0. 160 0. 265 0. 764 0.063 0.084 0. 164 0.491
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Mixing zone depth when under- groundwater was lower than soil surface

m. Surface (2) ; a. Subsurface 5 ecm (Y) ;0. Subsurface 10 cm (W)
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