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Analysis of Solids in Runoff to Prevent Solids Pollution
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Abstract

The fate and transport mechanism of pollutants which have affinities to particles, such as trace metals
and some petroleum product based compounds, can be effectively explained by the movement of
sediment. The sediment release from lands to adjacent water bodies due to rainfall events was
investigated in an effort to predict the total suspended solids (TSS) concentrations in runoff. The
contribution of sediment from land origin to the river TSS can be better understood by the relationship
between TSS concentration and particle size in runoff. The sieve analysis was used to determine the
particle size distribution and these results were incorporated into statistical models. The critical size of
particles was set to 74 1m which contributes to the river TSS concentration since fine particles (wash load)
of the sediment in the runoff play the key role in constituting TSS in a water column of the river. Empirical
relationships were developed to predict TSS in runoff from the percentage of the critical particle size and
were proven statistically to be valid.
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(Dunne, 1978). EAZ} §&=He™ A4 &
AL EAME $49H8 & sle duixzl ad o
AP & EAZF Ao sl g8 2
shE fé&olth, Wy EAl ol F3 BHEE Al
© A%, AR, BSAGNTRE P e 7
S s, HAJA(EA), AFAA Fo] st
(Jansen, 1979; $-&A], 2001: Das, 1983), AEAH o
2 EgEA L AdAde 42 U dFF
& A2 E o] &8t ZAl(coarse sand) 8 A AH{fine
sand) B2 FAE EAol gl Z7] v 7 eheet
A% B8 QAR7E EAMR &l nlA T g go] 1
Ha, g2 Al BEFAA I BEAREEAE 9
o Aol AU, AF7A Wl A] (bare
soil) ol A ] BEANGEol i gt tf & gloke] APEFA}
Y 3742 BEYfAE dAE] 43 YR 24
oA A (FEHE, 1976; Kim, 1990),

MHESY AF AdAY B FHAN o F
88 Aol n g 9o 9@ BEAMRA L AR
#4442 B8 23 e Aedx & 9%E vAA
ot ol ojdted A EAle s bl
E Aol 3ite] g4 % f29 W3, #49
BEHUE 5 o)A o8 WE ¢ WEL
AR ool 4 glen P} M FHed
go2x gt 7o osie A= /2
EANE vlAjizbe vt sletekr) ¢gn ZEn
A ARE ol FEHA HRE Rl A9 +4
of MEE dosln 2o Ayiste s ¢
o AW A YA Fhe B Qg gERAd
o] JAE FAE st 5 B 9% 144
A S FaARIG, o] 2 Q& £5 AejA9] o
Aol o] d@ Aol MY 4 Slon £5 AejA
H27kx] olojd = it

YRESS] A4 o3 BEFHE ol Mo
E f&H e BAe 52AY 3RS Ydix| oA
71918t Aol vk, B8 FAHEFY YoiAelA &
25 e EAME d0v)(mulch) & o] 83 7to] BAMS
& AL S Y et A A AY 2 T
HZ A EE e A7 gol 3 9 gl o]
A gHolth, FAEAM FEE EAle I4AHA],
FAA, vNEA B& Frakste] A3 Al FYE
= 25A dAse BEA 25U skRelEe &2
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¥ 27 (total suspended solids: TSS) FEo) 33 n|
e AL ohd Ao geA . F A4 F4
Z YAl EA e EALY] 43t 1 4 BEANG
o] A1 FHZE FYUHUE W TSS Fxo 7|93ke
FEE EE 2ot i By oflE} FA
Yoo A FAYste ol 43 BEAMFE L FAM
3 ojof Ak FAGGH ) el EEFA AL
ted old EAMGEE 9 2] TSS S/t
% dFan o AFRAL AAG F 1 Aol
ot ol& Y3t dAe EAGEY AHF
Al A9 MdE Abgete] EANLAZE AEdln
BFAEAE o] f8 FESFE ANT H 21 F
HE FHet FH ke W& AL A 4
& e 7ide] B Aot ¥y #3YYH
7tel] A ese 499 ME e BEAMES AAVL #
2579 TSS wxd 7|qdthe 714 & TSS ¥
EE PP A4 RE Joigrtete Aol A
o A7 FEEA S f9Y SR gelA b o]
A3 FE YAEE TSSY = 7|48 & F U
3 4] A8 gloka & e gioh gEid féo
el Ryt A7) Hid F& dAER 4
A FFFULE o) BAW F& Y4B dAEL
A A ER g g fdshed A g e
xohe Aoz dBA g BY FEEA AA7)
TSS Bxof 7| gche 713 ol TSS 558 33
& 75 Z2AA9 e BA, 1A F Ad 870 g&
ASo H & 59 TSS ¥& 7|9EE Ve
A HeR e o217} gl

bR o 7ho oste] EFfale] B o
27t g HEZ e EQdME Azt HE
Zo| Aol £ 9] E}F ol thdt Mol Ho] FA
71 A% AdE g9v. @9 A 2art god Eo
&g oA o] el z n AR #7180 e
BFole EFY 40 g Agde] An B 9
T olFAE ol Aoz YHHH(FGA,
1976). A471M EFH Y 9% viAe ARzE
1%, BA, A 9 884 5€ E 5 ed &
2 A& FHUNA BEAREFE 348 Wde
SR AY EAMGE 999 ARl slu EE
AT EFHAY BAAEE o) fdte WY o
Universal Soil Loss Equation(USLE) 798 o] &3}
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Wo] sk EAY A% T ESFAFE 329 ¢
dolvt Y 5 EXol8¥H Y EFE ARSI F
dAE71edFdAA AEH o2 do|Huo|AE
A5t 9len USLEx: EAMZZ 33 L 9o
e e HEF F2 o]t (Dunne, 1978; ©]74,
1994; AR 2001). 7|N EFE FEA7= ¢
FEe AR, AAE, AAE, ESVE Ay 2
EAQ 5 98 7R 2471 g A $39 BA
ol ojdte] EYHU FYAE o|EAZCEA &
HHES Yoy A9AET ARSFE EH AL
7M. AR A AP 82 HA o
AW 9] 3F0] FHAN EFRA] FRle
397t BAw AARsL wold We EFRAES
P4 /A e ¥v Aoz Bng u Jth($R
H, 1976). N EEE 40| $39 §AHY & g3l
#A EYA Y olgE AR EFRES LA2AT]
E 29} 9 BEAL REASGE EQRZo] AA
dojutz NELSFE 7ol g3t f&o] 44 4

ot} olEl g o] 71 AASo] By oy g
3ol BAY frE2d e o] 8488 USLEY 34

o 2§l EAMFEFE d338HA do. o] USLE
T4 9 dte TAHe BAREZOIRE BEAL
7t FAZ Fh=o TSS7F He H32 FH31710
€ o AL 4ol Fdast. watA £ d7
Me FEEAY] YEEXd £&75F TSS 5529
9 BBBAE =& FAE A FA EAbL
#Fdslo] st TSS xRt vjAe 4L £
sl

Table 1. TSS concentrations from different soil types (MOE 2001)

Aad visl Zo] FAIEANM Z$A fEHe

Froe B &9 EAPE #HEOl dAR o EA
2E7t sFE 5%6}04 a3l TSS Fxd 7]
oq3te AL otk dRE F& 4AE /R EAL
T HF2Y AR § f&ol = FLAM At
A o] AAZE )¢ 2L Y] EAMTo] TSS ¥
3t J3e FAE(Jansen, 1979). 37t A
o] A AR ojutetF|Ee YA A 6,400~
27,000mg/Le] TSS fr&E5=r #H2HYx 929 =
?3%@1 TSS %7} 270mg/Lo 2 #AZHAG(4F
&, 1993). webA JdiRd A 2A3E EALY BE

r

t AAdFdelA B3t EALY 20-1008 7)1k
FAE BA} ol AAE A/ Fx9 xpoldA
7108 Ao 22X BEAME BREA $EE 80% ©f
o] 64um olste] MY AES HEZ FAHA gl
T Aoz 334,

#3 SAAgH NN di) ALHE EAGS
71&9 3R] 4y W F2EA AAE A2
Ao FYHE Fo g /HPstn o) J|FEoR 3§
el TSS Walg A FTHIA Y, 2001), o] 710

o3 FA} @A F9A TS EANFS U
WA FEA A e EAMEY] b 200-
400m*/(ha - year)& {3t 2] vt d9F 25
ZE 1,200mmiyear® Ho} EAMUE 2.65g/cm’S A
235ta] AAHSIA 44,167-88,333mg/Lel EAVyET}
U 11 HHghe 66,250mg/lolth. #H EAE A

B EY A4F 2 /E5%FS 7€ EASRE
£ A4z A3)7} Table 19 Veh} gled 1 89

O/\oxat

T8S

(ton/(10ha) - (year)) (kL/(10ha) - (year)) (mg/L)
HEE 202 453 44592
(Clay ioam)

AR E

(Sandy loam) 107 380 28,158

= 184 415 44,337
(Loam)

HE 1561 463 32613
(Clay)

Hz 37425
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Table 2. TSS concentrations from different rainfall intensity (Woo 1976)

&y UYL EAREY PLRER 78S
{mm/hr) {kg) (m3) {mg/L)

e 2ol 100 ) 27201 269.1 10,108
{Coarse sand) 75 1,796.5 1786 " 10,059
50 909.1 913 9,957

MEEZ 100 4,206.4 3286 12801
(Clay ioam) 75 30736 2262 13588
50 14791 1118 13230

€ 28,158-44,591mg/Lol 11 B H L 37,425mg/Lo}
o B¢ Y] e EYCM BAEd ©0E EA}
f2%o] 9,957-13,588mg/L B4 9] TSS BE& K1
¥ u} Slo] Table 2 GEPYTH$RES, 1976).

ol AT Aol ofsd 2L A9 Fo dhiq
50-100mm/hre] HAWel X 8P er} HElde B
AHréEsEE 204 & 988 ¥4 g Reg v
Bxth. & 2943 xe 34 del EARE 3 ¥
BfirETFel 93 v &2 vHdd e AY g4
3] TSS Fx AHdle 2 ¥l gge ¢ 5 9
o mEt FeAl FARRCIN Q2 FAE fUHE
1SS sov A3z Ethe BEY o 938 ¢
on ol FEEAE @AHYA olsle AU & AW
42 o] sFatHe EAVEES Bol AEE
AAtete Aol

2. AT WUy

2.1, AMEx{#

FAPEAAM EASE BEALGE A7) H8E A
BERHe A7 94 | BF A9 Ao BMA
A A FAEE 2 ddeR g oM B4
A} AR FAE 2001de] AEsha] 20049 27}
A = FA 4RE SRR e FARA 94T 9
F S AME A AEE AU A8
AH A 13 AH 73 2y A2 A5 9A
WALE 3K FAHFCl T AlgAA A 4= F4A
AT =&MW JEA 0N A8 A4 5& 39
9 8 72E TGl YRR E B4 9
T EAMEE 2002d 29 23]0) ZH ghe do] A
sk AN S NFHAR, B$A A YA
8 Zefrasd TSS £4¢ A8 Ar4HE 2002

25

d 749 23] AjYsigch,

2.2, o ¥ 24

5o 93ty fEHe EAY YEEE 43S
metsly] et AEME A AEY L A3}
€ 7179 o] S et e FEEA 4
WHo g AYstgn 2008 EEANE B33 vAQ)
2o A7 FAYA LR 4T A7 #A
U7 olate] FEEAL U2 FAE $U5o Be
AH(wash load) 7} ® ¥ 89 TSS & F7HA9)
v o2 H3Yd, YEEIE FFFLAAF3E
KSF2308¢ Tt =o] levt 4d9 A& $948 E
AR REYHE TH HEEE JeR Ao
2008 54 ] £%) 37) (nominal size) & 0.074mmo]
H($-&4, 2001 Das, 1983).

ZF1YEA(TSS) ¥4& Standard Methodsel] < &
Aol ofste Alglalg]n HiolE B 3
BAE AHEstd JBBAE =23 THAPHA,
1998 Neter, 1985) .

2.3, dyEHEY

AYHAEN o3 mdAELe FddA AL
(n) R 2RASE), 249 71&7(h) % y& 29
(a)o] A 7MAHAZAEE AA o] FolH 1 o] B
L BEARWYE E3b] o] FolF th(Neter, 1985).

H:p=0 )
H:b#0 )

4714 HEe AF7Heln He d@rideln, 7t
AHBN FE2HHE 18T ttestE o] 4P
95% WHEE 7t 71949 RAFE ()L ¥
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Table 3. Results of the sieve analyses and TSS Table 4. Results of the regression analyses
P(%) a b 2 r
P Po o3 y=a+bx  -143623 103157 095 097
Iny =a + bx 7.01 0.21 0.91 0.95
St 341 367 289 Iny=a+binx) 620 123 088 094
S2 579 277 428
33 6.44 387 459 In: natural logarithm
4 970 989 1053 a:y intercept
S5 808 592 465 b: slope
12 the coefficient of determinationr : correlation coefficient
TSS (mg/L)
T1 T2 73 ° - =
Al A TSS 32 13] A5 23] Al 44 23
S1 2,400 1,100 1,750 94 ﬂ_%xg ‘&O]E}'
S2 3,500 4,100 3800
S3 2,600 2,400 2,500
54 7,900 11,400 9,650 3.2. Mysy M)
S5 2,900 2,300 2,600

%)
(composite samples)

P 74um Ol5t X Bt%
P3AI2 11 AIR 298] B8 A
T3 T1TF T29) MEEHR

HlZwt
=3

72} 2.5% 10k, o] A AL 2§ 2do] 2
E oulE 2008 EEAE SHE vAGAS FHE
2 &3 TSS Z4-fr& e AHSE A5 WY W
M 95%9] A28E Za gitke Aol & FAt
o FAL AE Foll DA BEAMEO] A2d

] TSS Z71 7198t 5L 2 =3 o 95%2
AYEE 23 o RdE AHEE & Uoke onlol
o},

3. 9T Zat

. HEM 9 TSS AEZdant

(QE.’\L‘E AL 239 ZAA AP MBS F A
BE 3] REAF ANE 5 EF A A As
of thE AMENE ATt AR s F3o
Vel on 13] A8 ZA$ 347-9.70%7%, 23] A&
o] AL 277-989%7}, BN B 38 e T4
A g2 139} 23]9 ABE Pt A2HE A
A ed o] A% 2.59-10.53%7} 74um ©]&te] U
AEAZ Yelgdth §&559 TSS £4 2% =3
Table 3¢] Jehtgled 13 ANg9 2% 2,400-
7,900mg/L, 23] A8 7% 1,100-11,400mg/L, B
57} 1,750-9,650mg/Le) ¥ 2 vehgth

26

AEAN A2 947 74um 0|3t v AIY AL HAEA]
2 x%202 TSS ¥2& y2o2 3t 2do| Ady
%t Table 4ol F W4E dW@A (normal-
normal relationship), ¥+ 2 2 & A (semi-log
relationship), & 1-2 2#7) (log-log relationship) <]
A 4 A%l el E4en 2zte) yaa, AE
7}, ARAS, BBASF & Jeln 22 @& B
T AAZD #E AHEEIAY. AR AHEE x,
yAt 8= Table 304 Al WA g2l P39} T3& dlE 3k
oz Ag3ET.

zt Ag A Add FaAF(NY FAA
(critical value) & 5% 2] 4= (significance level) 2} A}
$ % (deegre of freedom: df =n— 2) 3 o 0.8780]| 2.2
Table 49] A33A BARdDS 25 KAt
(Neter, 1985). o] Al 7}A] 3|A4 3 FuEdel A&
€ ek AU d& ojuter|de] vdiAldA &
23 6,400-27,000mg/Le) TSS &5 E A8t
oA A HAEAE ALATHEEE, 1993). 2
A3} gutdA 29 A$ 7.60-27.57%, W2 IHAY
o] 7S 835-15.21%, 22-2aWAA S 7 ¢ 8.04-
25.92%9) EPWF ghe] W E JehlY. web 2
A7l FAEA neo] AMSE nA Yz HAE A 9
Wyl 2.59-10.53%¢] 2 TSS 7t 1,750-
9,650mg/LY S 7t o dEe A5 43I
27,000mg/L TSS e Add A B
(interpolation) T3H& Wojub7] ool 2 A7} A
A vehget, webd A8 Zda 474 74um ol te]
oA 2 HAEIR7F 2.59-10.53%90 A$-l visted
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4o et A b AN E ALSH A F
A A Ql2stH o2 frEsle HAHA TSS e
Fgol 7hEsteh. o] Al 7R HAY FhH ~ glol
7H g2 AEA A4 HERD 2N A8
.

TSS (mg/L) = (1031.57) - (1436.23)
(fine particle percentage) 3)
oM e EAL o] BREF FREA UBE W
& 50-70um o]at& 11 A7) o]de] EANIAE FA
2 A B Z2]QAA FARHD wAdAt
F2 3] TSSel rioddles seg dalAd o
(Jansen, 1979). @714 B-fEALSG JAEALY 47
Aol WER 71Eo] flon EANY Q1A olge=
B 589 A 53 TSS 5% & ZFsle 29 29
bzt fot whebd B ApoX AR E 74um $A
U7Z L st FREAY vAUAE Wl g 3
AP A Ay TSSOl Antet g dgAR ¥
A ellA ALeE e A2 AtRETH
4. EE
FAVE iAol B sk BEAMYZo] d2ekA
o] TSSel PRl SFE getar] fstd A gAY
EFe AT FRET BHE AYstq A3t
[t FESY HAAFEAF Zo] HYA ¥
e A gaee] Agste 2489 sobg 93t
o FAY TSS ¥rv F& AR 8L g 244
Al BAMrE2 & R E Za ok 71 FAY
EAME F40 ol 48 A dg Baes] 9
sl A Y-S dAjste g3t e Aot 29
o FAPES] YAl A g shs EAL A ol
shale] TSSell 7lodgle Ae] ofi oA Az 25
g 5 gle vAYArt F98E v wed B
Aol FHY% T4ume! 2008 EEAE FHshe
oiAlgiake) 2718 $ASI o2 st AYE 4
% AA a2 EAE o] 7] oatey Eabsl
1S58} Z7tell & 482 e Aoz Wzl =9
FAAY EAlY g AY 2RE A REFU
TSS Frot 4AdA BNE & 23 dAYA ol

ol
1L e

27

o} 4 FHEol FFHEFH HHEA B2E E
e 58 ARAFY shdgol BRI o] 3
AY A3 JHBAE ol &3 AYA vinte
Yzt F&of oJstqd FrEed B i EAL 28 F
Habe Bdo] MEHATH FAF AE DA A FAL
WA Ge] EGE YE B F o] 2l A 43
A FA BAE YiACM Q3 £AR f4dH e
TSS ¥=8 FHE & UAth wapy Al 2y
A e FEEAL F Y7L A2 Al =
FatH e TSS Fxd vAe 4&FE AFsa 1
o gk A& AL aldlY ¢ g B A
FollMe AEd EAR] uAdate #i8 ol
o) 712 g 4% EFY og o] FA AF
o] AAtme}l AAdols} e APH 84F F3
AN EYPULR Frlsle FHRGE FHAY

&
ALAE

of =i 20028hdx Fedetn A7l o3t
o d7HAE.
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