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*—5.2.1 TIBHKEEAREREA
BOD COD SS FEHE(T-N) [ZT (T-P) |
Bk No 8 % |HKkg ST ] el
45 FS I j=: XA I(Eﬂ;% FREAT J(ﬁ;k/% JREfT J(ﬁ?l}% FREGL !(E_;};% FREGL l(ﬁﬂ;ﬁ JREGL 3)’%7 | " %
ME m ng, 113 ()4
T ke/ha TIRBOE
13 {1311 | (GEIREEIK) 162.5 G -1 & b AEE
A& bo THHo
12 (1225 (3B C) 395.5
"R
12 [ 1271 (re) 123.45
5-2 Bl |lsy—=vs 102. 7 mL
%3
20 | 2094 (eBt & 22. 15
(%=
20 | 2097 ) 34
e
20 | 2038 | (I~ 8lm 7.95
=
20 | 2054 (KD 5.25
3 @ THHK AR
%7kl 12 11293 THEHE 21.9 41.9 g/t {8 /N
KE . Vo cHSlE T
N E) EX S i} %\9 37 30.3 pESE B #9100 A
AL EE TS L 58~ 106%R,
5-3 | S.58.8~ TWi R HE7K 21 16.7 ”
S.59.6 DKHE o i - 3, 300m2
i -§% Rt 3.2 0.3 ENEHR:
° o THn 3.5t/H
N2 Z Dfith o gEk 3.9 0.8 k%G 1.45t/H
.+ 1.23t/6H
23 32.4 38.3
4 &W:gﬁw oA g
o PkEmAKLL 12 L1252 | AREEEHEK 0.2] 2,800 0.56] 1,980 0.40 180 | 0.04 n3/t
5-4 | AEEH PKERBZE o ” kg/t{% R B8
S.59.12.12 BEHEo R 1.44 150 | 0.22 109 ] 0.16 280 | 0.40 0 1 -
E “é%t& HEK 0 at0 | 0,93 12| 091 #956. 000u2
] 0.48 ] 1,200 .58 | 1,940 . .
T m. 80 33 KL ! T gmm‘;g
HaE (4 | 12 Betiln 181 165 19 9 1.5 W8
T, 41%) % 29 32 12 3.1 0.7 [T BY:
B BEKER |14 st 426 402 122 46 3.4 g/m2 TIRHER
oy N T slicHt g 56 72 114 2.9 0.2
Hr ick 33/ 18 SN T 897 1110 1820 46 3 R X]
5-5 Ty g My TEZE 19 25 12 3.7 0.1 ” HHE7k B 100m3
EER L. B 202 (1) 53 218 174 98 1.1 DL E D T %X
S.46.1~3 PKEAR%E b= 325 113 85 13 0.4 o
Mo B 203 (H&) 1,150 1578 236 15 1.1
7K iR E| ] 1 1 1 0.1 0.01 /Ny R
Lol 21 ot a1 22 23 33 3.2 0.2
o 44 60 96 9.7 0.2
HEx—2| 2 A 443 §20 874 91 2.8




#—5.2.2 TIHHOKE B8 2 IE AL

] EOD COD 5SS =z T-N) [ZUJY(T-P) | I
[Cik Noj RERM | AESE xE T |HKE L ek d
-~ RU 5 HAE IRESG | FUKE | RE6r | BUKE | REG | FKE | FB6 | 5UkE | FEb | FokE | K | F-2 H &
BB i (mg/1) (ng/1) {mg/1) (ng/1) DEE|& 7|
5-6 14 1419 B 850 108 81.3 ML
5-7 12 (5. 52-33fA" -3) 3 15 0.5 01| ®mL | D
5-8 ¥ 146 | BN T8 65 218 108
89 | 8991 Eig 1,081 492 143 34.9
12 {1212 EE 1, 400 446 240 104 17.98 4.48
12 {1211 AmT 1,200 363 259 198 42.19 20. 85
1371322 v—n T8 | 8 000 1,212 482 441 40.91 8.46
5-9 12 11231 | 34 e | 1,500 558 500 247 11. 86 1.83
12 | 1251 flpE 850 457 548 692 41.13 12.25
12 11271 EU AR 1,000 1,418 553 536 60.3 10. 36
13 11311 | iR 2,000 572 428 21 2.4 1. 44
12 11296 &l v 250 | 2,487 1,502 880 6. 75 16. 38
12 {1244 | P2 FOT 800 662 2,614 45.15 4.38 1
12 b 128 oYl 7,000 32 36 171 1,13 1.32
EIEtidis ] b3/t ke/t-Bia o
K. 5. Eﬁ?kﬁ}tﬁ 12 1279 | e - e | 18~64 21,3 4.1 9.9 ks ~=2
5-2 4| kFH . NI A DIHE JBEF| B 3/t ke/t-
V' y:AB ~] 1211296 S5 A 19 31.1 7.3 21,3 HEx—2
] H. I~ TARL h3/ TR ©
B, H P sERfm | 12 11292 | (Bh WL &) 15.2 17.8 kg/t-FE WS
5-25) 2.11.4.9 IRKSH (—cﬁabs:/u) ” B :Zt—!ﬁﬂk\é
%'\‘—x 12 11292 £ 20 34,2 t—gﬁ ‘b
I bl 72 m3/t- 2
Hp BE pkoair. & ke/t-FEE
5-27 NEF cRELT| 121279 ¥o5Lbw |50~60 219.5 146. 3 19.8 16.2 L B E~x—2
HE. IR
B2Rlicy | 12 | 1231 AL 61 217 24 8 ke/t- 5
E4.BE |1 sEm _
FHH. D Bk 121231 | be bhAE 2.1 1.1 0.6 0.2 SIYFINRE 2 |
5-2 8| KH. 48 B Eic EKE
AR TE] 12 (1231 | s h AR 44 10.3 EHb| B
A x 0. 117 0. 36
LBt 12 | 1281 ftiY sl 0.046 0.34
HEx—z
12 11224 | Ma-y-t-y" 42.5 47 15 32




*£—5.23 TITHEKkEBAMEFREAC
, BOD T
Sk NofR 2 BBRRR A o i ¥ E & ~— 2 | [REGL F-% w %
RU 5 WS (m 3 /JFKHE (k g /JKE
E — ~— ) Kmg/1)| == R)Kng/1) B3l
—
13 | 1322 NEND S U k] 18.4 2.7
T V3T — b SCRR: LBt 77 Fvhayy 2T
13 1324 HL & ot 2 14.1 . 45(4) 16P :
1313241 &35 LhFE #_ b.5~9.5 82 6.6 3.6 -
13 [ 1324 BEEET » l3~s.5 81 2.6 L1 = o pLE
12 (1241 HAEE(RE-K) 8Dt 20 0.9 0.16 ik /MR E R THH18
- AL (1) XD HETE
12 | 1242 Ledw U k1 4.2 0.1 0.02
TAE, LT VY * iﬁE%Elkg%lt‘ -4
o - LR BEE % | WE ¢ 150 240 23 1.9 E%ETCOD“’“’AF}
20 494
20 | 2061 % BIS kg 0.5 3 0.3 0.06 ] L B61 (" 71)
] .
12 1231 DA Bt 39 14.3 0.5 0.05
” . CZ#k: IR B e
FHS 12 ]1231 B v 52~15 23.5 3.2 0. 46 v BEC )
5-10)xX @k BEEN - Z
5| FIfE 12 11231 P2 b ” 50 16.5 0.175 0.15
- Sk pg &g TR E
12 {1225 hEIFC BALER ¢ 33 145 10 0,667 z
12 | 1252 g@p%ﬁiﬁ HEEE ¢ p5~100 1.4 0.3 0.2 TR7KBEK JE R
12 [1221 SAE Bt 40 150 i 1.2
12 | 1221 {L> ” 40 40 2 0.35
12 [ 1212 4 1.6 0.16 0.085
RS FKESR |
12 0.41 0.024 0.0012 jé&
24 53 82,2 16.1 0.66
KRE';QQ Fﬂzgu;
24 0.44 0.62 0.0067 0.0027 :
INET D
14 1491 10 60 6.4 1.3 7K _2(10)1( 80)
14 | 1422 840 25 2 0.33
14 ; 0.63 0.035 0.0045
i B SR : A3
18 | 1811 zf;bi%’;“é% STt 400 450 1.6 0.006 jEib-¥ 1970
P 7 5 7 . PO4-P
18 | 1811 N TRGEE z 400 50 0.44 0.004 P
(CP-Na) STHE /N
18 1811 ” 150 180 4.4 0.013 4) 367(C 1)




#x—5.2.4 TISHOKE A EFREAL

Ea - BOD COoD 5SS T-N) [ZJC(T-P
[k No| FHEAR &S B & ~—z | R TRERRL TREGL TRERHL | [ BEfT B e d " *
kU 52 [ E (m3 /| FKE [(kg/|BKE | (kg JFKE |(kg/|RK*E (ke /|BKE |(kg/ 7%
F i3 Ty =2 (mg/1) | ~— )| (mg/1) | <~ 2 (mg/1) | ~— 2} (mg/1) | <=2 (mg/1) | x—R) DHEHR|E i
FHS 18 | 1811 LTt 150 180 0.0 0.030 #NE BT 49
5-101 X @k (CGP) 4) 367( 1)
SIFfE P -2 18 | 1811 ” 100 120 1.2 0.005
L TEMIE oK BB B |
1%8 GHEED | HAHM 0.645 0.1795 0.034 0.002
13 a8 | &M 1.530 0,100 Fﬂﬁ?ﬁﬂﬂ ’
14 ik o ” 0.550 0.056
18 7S . ” 0.726 0.019
H L3R e -2 20 %3 ~ 6.425 0.358
5-22 BEiC
LTk 26 8 ” 0.206 0.004
N
21 FHL R ” 0.087 0.008
25 0¥ 21 ” 0.067 0.007
24 R ” 8.065 0.251
29 iR ” 0.188 0,046
12 BHGREE B | 0.129 30. 6 3.9 5.66 | 0.73] 3.55| 0.46 oW Tik, (4
. ) RN RERBE
14 SoBlE ” 0.196 7.8 1.5 3.87 0.76 1. 55 0.30 . BRF05 34 R
B, MR
15 KRG B8 ” 0.049 ¥ 2.3 0.11 3.87 0.19 1.551 0.076 BOL K E K
REf% 5 U TR
16 A RBLEE ” 0.031 43.3 1.3 9.42 ) 0.29] 1.30] 0.040 7o
17 B ” 0.029 2.3 0.067 13.50 0.39 2.10 [ 0.061 k: TOfbDBIEE
MUTR 5 DEIETKBEH
5-1 1 BRASH 18 th] 18 8 & ¥ ” 0,027 40.0 1.1 2.63) 0.071 ] 0.61] 0.016 TWwW3,
E X R A" -2(2)
19 kR - ENRI ” 0.032 * 2.3 0.014 5.00] 0.46] ©0.30] 0.010 HRORBA T
- ; ¢/B/EAH
20 eETE ” 0.063 3.6 0.23 1.5 ] 0.10) 1.22 0.077
23 EPN V) ” 0.160 8.1 1.3 13. 54 2.2] 0.51] 0.082
24 B % ” 0.014 115.3 1.6 30.00| 0.421 1.50] 0.021
25 EELE ” 0.141 2.6 0.37 0.72| 0.10] 0.23] 0.032
26 % & ” 0.055 #2301 013 3.44 ] 0.19] 0.21] 0.012




#—5.2.5 TIBHOKEEEMRIFEAL

] Eﬁ ] [ BOD T__coD 1] SsS “NZT (T-P
ik NopE 2 ABSRE & 5 5 ¥EE |~z |RR& TRERL lﬁ TRERL lﬁ
RU 4 KSR n3/H/ EKkB(g/8/ FKB(g/8/ FkE((g/H/ fRAKBEI(g/8/ FRAKBlI(g/8/ |7
E ~— Z2)ng/D| ~—2)Kmg/Di ~— ) Kmg/ Dt X — Z)Kmg/1 ~— 2)Kmg/1) X— R )
21 E#SE |EAHM] 0071 4.8 0.34 2.69 0.19 Jo.43 [ 0.031
28 FoA T ” 0.068 8.21 0.56 9.02( 0.61]6.13 1.1
29 Bk ” 0.028 7.4 0.1 3,98 | ©0.11]1.50| 0.042
5-11/EX |8 ] 30 B ” 0.0517 9.6 0.55 4.99| 0.2840.48] 0.027
BT (A -2(D) ]
31 [P A ” 0.053 6.1 0.32 6. 25 0.33]0.23( 0.012
32 HERR ” 0.036 12.2 ] 0.44 3.83( 0.14]0.48] 0.017
33 o 3 o 0.055 - — he. 41| 0.90]0.041{0.0020
72-
34 e DfhayEE - 0.150 2.31 0.35 1701 o0.26014.631 0.70
12 (1231
BEIn T HEoK | BEEE ¢t 28.4 30
” ” 51.1 21.6
” ” 53.4 22. 6
” ) 15.6 20.4
” ” 64.4 21. 5
) 31
TR A . ” ” 10.7 14.4
5-1 2|51 H BREA-A FSouthgate Greory
SHRE ” ” 9.6 12 1948)
E. B. Besseliever:
” ” 10.0 13.2 5.9 ndustrial treatment.
1952)
” ” 5.4 6.9 6.8
” ” 10.3 25.8 6.1
57
” o 1.5 10.2 4.5
SA-EPA
” ” 21,5 28.6 3
P\ =
” ” 25.5 43.4 4 N Lyl 3 974
SEIEME ” 28.81 7221 208 194 5.8

%1 B.A.Southgate:Treatment and Disposal of Industrial Wastewater (1948)
%2 W, Ruddfs.:Industrial Wastes, Their Disposal and Treatment (1953)
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] BIKE 0D T-N T-P
REHE E 3 JRERT TRELL [TRE iz 7 5
5348 m3/E12/ (g/Eix/) g/E/) (z/E!/) g%é_ | &
~N - N — ~N— R A - R E E
Pl V37597 71 . 3/ tIR T
T 7513 Fyb Y- REsEW ¢ 29.3 9.4 kg/tIR%}
%K) f®L 937 SIE
1Y) 7511 | k=457} U= 36 26.3 k-h AJE
£l TEEER ﬂ’-*?2 1E
i 7513 77b° Y- 60 26. 4 I\ -3
2% wwl1z- 0.058 J:
b5 55 13 0.33 0.0059 0.0052 3.9 0.83 %E« -2
TE3E 0.026 T B
¥ ic x| 121 0.41 0.0022 0.0027 1.4 0. 11 EH:B'\ -3
Trvh-+ 0.16 i
UKER] 122 0.71 0.022 0.018 16 2.2 P04-P, NH3-N
SEEATN 0.024 02-N, NO3-N
B I3 127 0.58 D. 00066 D. 00066 0.2 0.14 rg-ND7 -4
HEER 0.22 o
B %Rl 20 1.5 0.011 0.018 18 5.2
370 0.23
BE T 1240 | 206 1.7 0.0057 0.027 32 6.5
TR 0.056
5T E M| 202 2.4 0.0036 0.0061 25 10
bRk B 5 12 0. 36
TKAKE D] 208 1.2 0.012 0.0077 5.7 1.1
B8 s K & 0.18
& FA8 & 209 0.79 0.022 0.024 3.6 2.3
ATEIR 0.0035
B 5N 2E| 30 0.34 0.003 0.0016 2.2 0.34
Worg 0.0063
i sso~3 31 0.057 D. 00091 0. 00099 0.88 0.25
5 R LA O 0.15 .
5-15|HR, |[boka~| 14 0.52 0.044 0,051 20 0,089 ” B
F L pE/9, 2 [T2- 0.73 EiCD7 — 7
i1 B| 13 4 0.078 0.069 51 13 HERYHE
1 Ele 0.72 BELLE
121 5.9 0.055 o.osg 30 20 oW TH
I.
122 7.2 0.24 0.19 . 180 25
! 0.16 i :
127 0.71 0.013 0.008 2.4 0.36 E7k B AT
2.8 n3/8
20 17 0.12 0.18 190 43 iz 3=t
7.1 i BIRE b
206 14 0.088 0.29 200 41 g/H
] 0.62 Vi 3=t
202 32 0.048 0.036 460 120
5.1 B
203 19 0.15 0.14 13 6.6 FEA -2
7.4 Bt:
209 1 0.22 0.19 16 63 PEtiA" -2
0.014
30 2.2 0.016 0.013 2 2.9 04-P. NH3-N
0.095 02-N. NO3-N
31 1.2 0.022 0.022 17 6.6 rg-NO7 -4
0.95 Do
14 3.6 0.29 0.33 48 0.62




*£—5.2.7 LTEBIOKEBARERBEAM
BOD COD 5SS z T-N) 120 (T-P) ]|
ok NopA A #RB8| & L& [ D 28 & ~-2z | HkE RIZE| 7 — 5
BU 4y W5 BEG | EAE | Eas | BUKE | mEssr | BUKE | e | FUKE | RBRG | BKE |REf |7 -2 " =
| (ng/1) (mg/1) (ng/1) (ng/1) (ng/1) DFE | & Bl
BB /H
146 | 1461 |(KBBE X 7 B k/%:%—%’-mz
BHEEOTE ” 32.8 24.6 1.1 fﬂﬂ.—%‘mz
ypry b TEE ” 2.0 6.8 0.7 L Sk B K
__Eg;lj; 5.8 8.2 1.8 %%Eﬁggi
BpTiE 7- 9 12. 1 0. 6 %{iﬁfﬁﬁtﬁ:
i X . . . E‘B&@ﬁg/‘l}
Ti: ” 0.1 0.2 0.03 (s
& 2HES
146 | 1461 #Y) $.52.3
BHTiE ” 23.0 29.5 3.1
ypra b THE ” 0.4 0.2 0.5 ”
BRI ” 8.2 10.2 0.6
BT ” 1.9 12.7 0.6
5165’?/&%%&'1 LT 0.1 0.2 0,03
kA G ' ' '
146 | 1461 &Ef)
BEEQTE ” 28.8 26.6 1.9
ynry b TER ” 1.3 0.5 0.6 ”
BRI ” 7.0 9.2 1.2
BRTE ” 7.9 12.1 0.6
Tig ” 0.1 0.2 0.03
146 | 1461 [ FEETIE ” 2.3 2.3 0.2
BgTIE ” 6.1 6.1 0.3 ”
[t A o 11.4 10.0 0.9
ft: I;I#“ ” 0.1 0.1 0.0}
35 Ed
146 | 1463 [#EL » > Ti2 ” 12.3 8.2 2.1
BLwHTHE ” 0.5 0.2 0.5 ”
RBRTIE ” 9.4 4.1 0.8




£-5.28 TEHKEBETEESE

- BERE BOD. COD 55 [ZEFER(T-N) [EVV(T-P l
[ #k Noj ﬁi&,ﬂﬁl A&REHE| D (¥E L |~-=|FEBRfA TREART TRERL [ TRE HZE 7 - 5
RU 5y M n3/B/ | FUKA (g/H/ | BKE (e/8/ | RKE (g/H/ | RKE (g/8/ | BKEB (g/8/ | 7% " &
E S 20 (mg/d) | x— )] (mg/l) | = 2] (mg/1) | ~— )] (mg/1) | <—2)] (mg/D) [ ~— )| oFm |8 5
n t-
Y 146 | 1463 | %, A Y+ 2 g/H/t-MIT A&
5-16]|5 A KRRMXD Y Sk B E
XHkfE KFE 6 & quis T 42 18.5 16.1 3.5 |mL BeHE~— 2
AT ¥ X [6%=;
b5 Ti b 11. 6 16.8 5.0
ED 7K
E LT 146 (H{ovZef)
N34
T4 % B gy & _1kg 13 1.8 0
:?E;E ffE g 14 1.4 0.69
7 ” . . ”
Ef @%%?ﬁ M 3 3 2
A =¥ha i ” 1 1. .0
5-17 D E-
BIERGI Fig ~ 13 L5 0.90
ARKR G NGVEE)
P RETk iz o] 146 it 14 0.05 0.04
YT COD.N.
% HE REg S 1kg 55 0.65 0.04
HEN—2 rxEGp ” 29 0.41 0.04
FRfa g ” 39 0.67 0.04
S 4] ” 34 0.45 0.04
3 7K (FH7KE) [3E
i lie | FWTE |44t 85 11 4 KB n3/EHK
ANl BRIE 553 19 39 KR ke
T i2 ”
HHE g _ KESoRag
5-19 -z BIZETIE ” 85 72 38 ” 1% SEEIc & &
51 H febD,
Xk 45— i 85 :
Z i ” 42
wne ” 850 110 85
12+ Pk D
13 a5 1.410 306. 9 189.1 69.0 13.5 3.81 ) v O IFBLT,
BBE 1914
14 i 0.840 135.3 83.0 50.4 4.11 4.84
20 L% 4.490 183.1 114.5 94.2 11.9 0.71
= Hig) 25 ZEE.-1F 0.988 2.0 3.6 17.4 1.84 0.20 ”
5-2 3 FH_H/\"—Z ]
26 S 2.090 10.5 5.0 1.1 0.83 0.49
21 SR 0.544 0.7 1.5 0.6 1.06 0.10
28 SRS 0.656 1.3 1.0 1.8 1.69 0.09
29 — A EBREE A 0.167 0.4 0.5 6.8 0.46 0.13
32 MEBR 0,196 3.0 4.2 1.1 13.01 0.16
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®—5.2.9 THEPKEEEHEREA

j ] BEKE BOD COD S5 _QE%T-N) ZJO(T-P
SCik Nof SAATHRAI | &L | D ¥EEE |~-=2|FER4 TRELTT | Sk ) I
L SR ol O i K e B s TR s K A P
R = ng ~—Z) (w ~—Z)| (mg N mg, N—=Z) (m ~X—2
gp\.lbjgé) ~ §~8 20~18 1T~19
181 | 1812 | FAKGE A7t 7 24 58
100~ 120 T50~210] p40~350 18~125
usp ” 110 180 300 22
50~ 500 F50~700] “F¥J P00~ T2~84
DSP ” 400 600 | 1,200 {400 15
30~ 120 Ti~14 21~126 13~20
UKP ” 100 12 22 16
(40~ 200 31~145 50~13 11~25 L
BKP ” 150 33 52 18
FEHEA" -7 50~ 120 [30~350] 250~ 700 T4~30
scp ” 100 200 400 20
30~ 110 120~ 180 E10~300 16~23
cGP ” 100 140 250 20
45~60 1~20 1~122 7~24
182 [ 1821 | $FBARIME ” 50 12 13 13
) 100~ 190 1~120 5~31 T~91
182 | 1821 K ” 150 12 18 50
30~ 200 T1~29 18~43 38~60
BAEIE 182 | 1822 bt ” 100 20 30 50
' 5-20| 51 H 00~ 200 12~20 32~48 30~50
Xk 182 I a 170 16 40 40
© 30~81 70~ 31
= 181 | 1812 | GP, RGP, TMP ” 50 25
140~ 370 ' 85~92
| usp " 260 87
780~ 600 00~ 165
DSP ” 460 125
35~110 10~28
UKP ” 60 13
80~ 220, 30~ 60
BKP ” 140 43 ”
T -2 12~512 10~50
SCP_CGP ” 50 42
15~1200 30~56
DIP ” 95 36
20~ 115 T~20
182 BRI ” 60 12
182 [ 1821 | H#BARIAE [ 30 12
) 31~360 7~15
182 | 1821 R ” 95 6
41~100 5~13
182 [ 1822 R ” 50 7




#—5.2.10 LIHHOKGEARRREAL

ok No| Fmzaeny | smEa ¥ m2 |Ren R RER R i e e b mared] 5
kU 5 a2 E (n3/H/ | FKE (g/8/ | RKE (g/H/ | FKE (g/8/ | FKE (g/B/ | FKE (g/8/|7¥-% " %
TETE _liﬁ ‘ BHAMD] (mg/1) [ EHAED] (ng/1) | HAHED] (mg/1) | HHED] (mg/1) } A (mg/1) | HH] OFE | ! r
KO 13 B 1.81 0.41 Eﬂ:-&‘/i—
k%%i 14 WETE 5.81 0.54 £
e 15 BEWS 0.31 0. 035 AR
16 AH - ABIF : 0.32 0.014 RS it
18 AR 3. 36 0.078
19 HiAR - BB 0.37 0.052
20 A=A 3 15.7 1.4
21 E ki1 0.9 0.062
- N TABE 2. 36 0.037
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BFRENROHEE L LTHRESH & h 5,
ARBETHE, FICREN - 2RNCEREE AT - 7,
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X~ 6.1 OBHEORH DI TOFBMOEHERE LTEL SN S bDIC, FIROKMED [FHi]
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O FHEEH
® kL BE ®
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EVEZ OIS,
LIFICEHIOR L TH BEKE, READFRMEZOBREICE DB EREDL HICH B,

£—6.1 F& - FZSAOHBARBFRLOFEREEDOHH

TIER IR Kb - KEADHEBEFREBL (¢ /5, B) 5 ®
6-1| & 3.3 ~ 467 17~ 450| 23~1360| 28~ 570 20~104 | 06~677 821~
6-2| ‘4 | 85~ 60 | 160~1020| 690~6240| 40~5460( 10.1~378 | 065~ 65 |0 ;"
6-3| B 3B~ — | 198~ 220|4700~5640| 71.5~ — | 37~ 167 | 101~412 | 6.4.1 ®
6-4| % 25~ 150 2~ 10| 7~ 27| 5~ 24| 02~ 23 |0003~ 3 | 6.5.1
6~ 5 | K - 27~ 28| 115~4658| 35~ 882 1.8~466 |0068~ 25 | 6.6.1
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#£-6.21 REFBAFEBRBMLORBERET - (KW

F i | ESg Ll TKE & ) F—FD|7-3
[Z#k No | RO | @AM | RU JREAT | BOD CoD SS T 7 B p & =
(kg/5A/H) T-N__|NH4-N_ [ NO2-N_[N03-N_| T-P | P04-3 g 7
=] C Dl |
< & B HIHEI5, 0008H 35 ) 1,274 454 | 1,218 233 B2 F3
N 3] Wit 147 32| - 281 TkE%NI211/15
o i ic —B 10/16 588 503 | 1,098 126 T12/174, 53
] e ” 13 213 | — 196 BLE, & Off1is.
A7, BF it L 11/14 1,313 567 | 3,550 140 i [ 4 % 3 o
BALKRF BhH, % ” 157 376 206 161
6-1 | TEHL graicl 11715 Z, 597 794 | 3,082 149
ATHEH 54 BIA ” 204 297 296 2117 o
$43.9 Pk, A7k 12717 2,763 | 1.180f - 215
~544.1 ks ” 203 1881 — 223
12721 = as | - =
6L me/l ” - 05| - -
T.764 | 1,202 [ 1,404 -
306 300 — -
= 1T — 350
- 278 154 214
T 18 .
1 0.
20 .
3 .
6-2 . D
1 .
L.
1 0.0
Z .5
N, P .0 24
6-3 |BHER .0 . D
(2] .0 75,
T 3 . 2.
A .0
R 1 6 . 24,
=3 -] 0. . .
6-2 7| BEBERE . . . D
o BT Il .
$36~ Hfr Z . .
Bkl e/50/H . ; ; (7)
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E2E-L:1 j} ) HKE F-3 0D
ik No | RO | #EMik | RU | #@EAE| X 8 Jﬁ(&;ﬁz BOD COD v ] 1;/043 % N
5 o . -
%ﬁ&w B EE H (7T, 545 | 77, 107 74, LTy i BA3KE
I 1, 4235 987m2[ (/SH/E) 0. 41.0 | 109, .0 g/
S.50.9/8 JeE 71288 n2/H) 0. TE. 0 79. 0 .6 BZ#51. 6kg/H/!
/Ni%0. 588 Z9::H ~
& BED 0n3/B /71250
fFH 18, 340,
EE180) 28 S
6-4 B pk&E{LENREF
2 5B, BB &
BE& > B 2 53 B
IR R
JKIE T R
& (BRMRICE
3 BN RE)
) 1981
- _EE: H 0 J07, 936 | 23, 804 [135, 242 | 15,428 9,50 0 C 5 CIBRT C
” S. 50. ” > 1, 1895H 98 m2[ (/E1/H) 0. 82.0 | 40. 78.0] 26.0 16. B REFcHER.
@ | u/s 5943 /m2/H) 0. 09, 240 | 13T 0 15 B
7 ” —B=, B 12. 1 [ 44,219 [ 13,047 [ 45,142 | 6,27 5. 54 [Eh X 3kg/ B
bk 10088|  181m2 [ (/BA/H) 0.12 8.0 72.0] 224.0)] 34.0 0 ;145n3/58
$.50.9/8 ni/H) 0.09 210 55.0] 171.0[| 26.0 3 40,
” B
(3)
=, =f T4 0 [12,083 | 3. 096 | 1,218 | 6,257 751
” ” X 11988  t31m2 | (/SE/H) 0. 11 4.0 62.0] 82 88.0 16.0
S. 50. k n2/H) 0. 10 93.0 | 56.0 | 74. 80.0 14.5
11/18
” B
)]
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E ; ESE R ] BIKE F-30D[F-F
ik No | RO | @Atk | RY | AEHE | 2H iﬁ(ﬁéﬁl BOD 0D - 7 Py04 : B & s
= n - o LT
E BEGEN B H 0 J00, 000 J124, 000 F40, 000 | 48, 50 15, 00
bk 1, 5995 3, 531 (n2)[ {/5/H) 0.125 | 250. 77.5 | 400. ~30. 3 .4
6-4 | S.50. X [ 1058 m2/H) 0.057 [ 113. 35.0 | 181. 13.7 .3 B
9/13
(5)
” e H) 27 50, 800 | 92, 800 P35, 200 | 92, 80 20, 80
” S.50. 11. ” k1, 60088 3, 531 (n2)| (/SH/E) 0. 23.0) 580 247.0] 58.0 13. B
(6) J25~26H (/m2/H) 0. 0L0 ] 2 12, 26. .
=z, H 00 J198, 647 | 62, 674 B17,036 | 27,08 16,12
” ” bk 83FF|  965(m2)| (/ER/H) 0. 387 67.0 | 121.0 | 420.0 | 52.0 3.0
S. 50. LT n2/H) 0.207 | 197.0] 65.0] 225.0[ 271.9 7.1
3/13 JRE 42858 B
(1) .
&, H) 00 | 94,848 [ 25 410 | 67,716 } 26, 162 5, 980 P Z TR CERr |
” ” ” 965(n2)| (/887 H] 0. 467 | 222, 59.0 | 158, 61.0 14.0 B [CRFEE
S. 50. /m2/H) 0.209| 99.0] 26.0| 7L.0] 27.3 .3
(8) 11/26
[ (758/ 6 0.244 ) 249.0 ] 75. 251, 46. 16.- F—2 (1)~ (8)
” 2 ~ /B 0. 144113901 46 144 29 10 B FTOEKE
Y VE (K& 10kg (/98/H 0
AES »0kg ” 0 0
ﬁ*} ” 0 g ” 0 0
” 0 g ” 0 40
” 0kg ” 0 0
“ 0kg ” 0 0
6-5 7 0kg. T~ 0 0 0 B
7 Bkg. # 0 0 0
” 0kg ” 0 0
” 0kg ” 0 0
Z 5Kg 2 0
»_170kg ___~ 0 I, 10
” 0 g ” 0 3
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Bk No | RO | SEHME | RO [@AHE|] HEH [H#Hr [ BOD COD SS T v BN %
A EE T-N__[NH4-N_JNo2-N_[NO3-N | T-P [Pod-3 JBSRiEify | & 5|
3 A RIREAL D |
7 WE&; 118.8 228 163 150 54 3.1 HAiz1/88/8
6-6 KEEAL 18.9] 114 52 23 29 1.0 D EramdEEs
_;%mé L E 3RS
K& 3.3 49 26 58 24 1.0 )
HiEst 13.5 200 130 700 40 2
I - E3Z 1o 3 T . 70,
6-7 o | EROGRF) i E K 2 ) D
By iz 13 4.
HR R E % PBEARE 20K
KE 5 AL PR DTEL 3s 1.5 50 25 120
[BasE g, 40k
3 3.0 90 45 240
K;iiﬁOkg D
3 4.5 140 10 360
E%wkg
A 5.5 170 85 440
6-8 SAIE 5, 2 1 5
= % 5 & FERET 3 A 1 0 b 2
LT ER 233025
HREES 2873 0 ] I 1 b 2 D
fé?ﬁaﬁﬁ (200) (s} (700) (40) (28)
X ;-G — NS 186 3 7
6-9 5 D
H 700 3 7
224781
$50 11hEr
< 2 [E] T 64.8 80.3 15.6 5.0 b
37.8 19.4 21. 4 4.9
6-28
4.1 2.8 2.0 -
$57~58 73.4] 38.0| 40.0| 35.1 7.7 D
$57 89 10 104 31 4.2 D
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. ERBL |
BEER 73
40 25 D
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S.51 37 24 D
6-1 0(REERA ” )
1S, 51 39 25 |
F o . BEWRER |
BHRE | (BEH ”
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HEEE ” D
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BT 0.0 0.0 0.0
EEES Y ” %t&?ﬁifé ?gg Zéigé %g D -
FALE . . ) EEMIE s 52
T, &2 D
fapA 40~80 ) 6.0 200 130 700 D
19738 kg/8H
& 0 18 3
23 E&tE 0 1
R E S &5 & .0 20 3
5 A ] 2
6-12| 1974 ” B2 e R ) D
a5 3 . 2
A 0.
” meRsE | 7.4 7.4
&5 & 7. 43,4
BET , 200 40 25
EEM 4 317 24
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#—6.2.6 XHREBANEFBALORAERE T -4 K
Eop=14] Ea E€ ] K 5 SR/ H) F-29]F7- %
bR No RU Bt KU |#@ESHE =Kt [REfr [T BOD COD SS T~ BN B o=
B £ EEH kg/8E/8) T-N NH4-N_[ NOZ2-N | NO3-N T-P PO4-3 BRI E 31
oore 2/ 8B/
1969 E%0. 001 0.51 0.32 D
Taiganides 0. 42~ 0.29~
fth 1966 ” 0.60 0.32 D
Hart
1960 ” 0.53 D
Hart & Turner E. J. Middlebrooks:
1965 ” 2.0 7.6 0.32 0.24 0.25 D hnimal Wastes
Taiganides Management and
1964 ” 1.3 5.4 0.64 D [haracterization,
Clark Water Research,
1965 ” 4.7 D 8(10)697~1712,
Little 1974
6-12 1966 ” 2.5 D iR
Poelma FrH. BI7k & BE7k
1966 ” 2.2 0.70 D 17(12) 1975
Dept. Sc.
” 5.6 D
Vollenweider
1968 ” 0.41 0.55 D
Humenik
1972 ” 3.1 6.4 D
Schmid {8
1969 ” 2.0 5.2 D
Townshend 1
1969 ” 3.2 9.3 0.44 0.67 D
Fig i 3.1 8.4 0.54 0.24 0.42 D
S A 1.9 114 51 418 19 7.6
6-13| hREES & 3.5 18 12 16 18 1.4 D
& & 5.4 130 63 430 317 9.0
A. S )% %
6-14 2, 00058 2| Bhr 3,428 1,292 B
$49.7 B mg/1
LS08H 3,000 4,703 606
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#-6.2.7 FEHHARERBEMOAERE T -5 K
¢ g ) F-30[7-3
Sk Na kU | A#E [REifr 1 BOD | CoD [ S§ v v 15 w oz
: Z (kg/88/H) T-N_|NH4-N [ NOZ-N | NOS-N | T-P |Poi-3 | B B2
4. f0 123 700
6-15|557 200 700 D
TREE T30 [ 7, T I10
, s 0
\ 870 0
6-16|5s63 \ — B
140
0 130
M=o - NE
HIFK 5 §R 145 380 26| 6.9 C ML D E
S52.7
$52-53 ~§52 142 523 314 6.2
S$53.6 :
PIBK105H | ~S53 90 430 23] 4.5 10.0 ”
S83.2 C
6-18 ~§54. 86 240 4] 3.0 5.1
L 509
BBE [F&R 60H .0 [
K 2008 .
$54-56 BRY . c
803 .
B 5 SLTE >
2365H /
9.11.18~11.2 1
FiRR 3 0. 0.19~ 3. 7
5088 0. 6. L~ 0
$49-50 0. 11. 5 C
S50, 4 T 9.
6-19 BT VA
FiEE B’ 1,500 K HE
$51-52 wRJIET | 1, 00088 §51.4
15-20 ~$52.3 c
6L A8l -y
360- 215- T60- Hby
9,160 2, 200 4,300
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) HERE ES 1) - BIKE KELE® —30[F-%
CEK No | RO | S5z kU RERE el | =BGy [TBOD [ COD | SS D /N
3 T-NTNH4-N [N0Z-N [NO3-N| T-P_ ] P0i-3 & 5
AR A 49 (X BLNT A (kg/58/ ] 1= ] 2. ;3. 1.
BE. k. oRA 23 0.94-1.08
PRI PRI PKI[S55.9.28 | BKIT0.97=i.%
$55-56 *E (k) ~10. 2| & .20-1.59
53~64 0§85, 10713 X1 . 50=1. 80
~10.17 T 2-0.81
T X RKTI[S56.2. 14 1[0.750. 81 B
#E  (kg) ~ 2.18 1/88/ B 1758/ H) FK-4. 26 %X:5.85 :5. 89
68~81 H[S56. 2. 24 | 8 .68-2. 88
. ~ 2.28 [T . 56-4.82
BT B0 [F1]55.7.20 | X . 48-4.57]
k& (kg) ~ 1.25 &7 . 08<5.17
62~84 S8 8 [ B 1 . 41-2.98
~ 8. 8 %n L 61-4.67
1. |0, T & 5/ - TR
bE b 2%, BT EE BRK kg/58/H k&
[ 5 H | SHEiM B6SH 5488 [555.8.10-13 ] 8.9 g
6-2 0[S55-56 258 2788 [S56.316-09 8.8 c £
EEK 60088 ” 2§ 3.4
6098 ” 3.3
. . X g/8H/d
1) =1 1, 00088 A 1.0
$56-57 ZiEH] §7 o
N 2 5 5 [ $56.8.25-9. 1% H] 3.51 23 2719
S8T. 2. 1-72. 79 X 2.97 29 381 i0.0
O 4. e X K
b R BER 467HH g/58/H c
$56-57 I By 53958 S56.8. 1-31 5l 3.4
%%% $57.2.9-23 X 3.0
LTI 4 t hEﬁK@ZZJ
O HE | BAM 615R] S58.1. 10-3. 10 .
$58 M # ,E%ms_m‘a ....... (60D | . 2.51 C
60 358.7.257—9. T EH
5168 40 4.62
T T kg
4 BAX 3 5-2 LHD#K[E | /5]
6-2 1|s52 (3t 1 288) 2 g . c
4 g 4
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BB EE 3] - =
RU RU REHE
3 T-N_ | NH4-N [ NO2-N
sk kgé@%,ws gl $56.5.13 | { { }
$56-57 ] ~$56.9.7 |
28 3 3
LW15H, w388 $56.9.24 ] ] I
LW 5 ~$57.1.16 | ] |
T 5~ F U — X[557.8. 11
| S & ~11.3 0. 219 1. 43
$57 & 53 |1 R(av)U-HEK). 0. 3 \
A EaE 2 K-+ A 1. 0 0
i 1 88 FR5YRE)
3 X (£mE5 )
BN 5 Fr—2z2f I X ie-N)
At K AFH $58.6.8 600
58 ~ 9.5 4
2X
$58.7.17 4
~10. 27
3IX
$58.8.30
~11.22
4X
$58. 6.8
~ 9.5
&
K5H 6,820
$60.2.15 3,862
~3.
?i:‘kii,
$59 ® S60. 7. 25
LW 58 ~9.12 |3 7,839
& (DCP12%.| 3 1
DN75%) L. 8kg/HA
Egﬁﬂytcﬁ}h"c.
T T K% 3 i =)
2L L W5 B 0% 1] 3 2
S61-62 75. 8kg 0
5 §f B % i AR 1 7
13 Tkg AR 0. 0.13.54
6 58 P12%. TDN BAER T / 714,70
55. 2kg [15%) 2. 2kg 814, 30
4 5 if/H %8
50. dkg e 3 TR T
6 88 55 o
88. 6kg BRI
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B 5 /H) F-FD|7—73
K Ni U mEE | RU | #@EHE =Hr JRE6L [ BOD COD SS ] 7 B w =
Pk No %E (kg/88/H) T NEA-N | NO2-N_[NO3-N_[I 1- poi-3 | mkpgmy | &8I
T 3 X $40.0 212.0 .
6-2 4 T E M K, 5:g ; .0 . D -
E: jL - 1 6: ;
6-3 B rﬁﬁeﬁ 4 Eyf ; g & D DILE & F
TEZoE = A AN IR OO0 | 735, 1R f
6-27 LS O S EBRME] IK 5.0 4.0 30. 0 41.5 . D £l N-PIIN, PHE&R
1956 &D:kggt & & 30.0 | 600.0 7830.0 | 276.5 48,0 HEER LD
6-26 i R _ 4.0 44.8 1.0 D
1988 = 9 §
FAY A 70 0| 1,040
AES ~_200 820 2.0
& S “ 33 . 8 ,
Z 0| 4. X
6-5 2 1,020 g D
WA - :
»_400 4 \
7500 0| 3.4
il R T 0 T L
EX /35128 -

6-7 % B & 2t 6 0 0. D BREHRLEEHA
BET mrm i 526 785 1 B (X0R) 2
:§=y::5 W T CE 200Kg gicE
x ¥ AR 12,0 300 170 ] 1,200

K 400kg D
AR 24.0 600 340 | 2,400
I # 5 X EEE600ke
CAFROE] HA 36.0 900 500 | 3,600
L F EAaER 200kg
6-8 2 17.0 340 200 | 1,700
100kg D
HABR 34.0 680 400 | 3,400
X 600kg
- 3 A . 1.20 g 0 ggr ; :
5. TRE S dehamms : r o - 1 NREES:
& ik B2 0, 7 100 | 4,00 P 65 D RESAROL
3 5 iEEA HERMAL D5
| Gib H
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£-6.3.2 FEGBAMBFECOFEHRET -5 ()

) EDEy: 3] g - BFKE 5 T) =10 G
BCHE No &U% RNEMK | RO |#EFHE| X M klﬁ/jﬁﬁia) BOD COD S5 SN S SS—— P'J };/04 ; §fﬁi§gi_ | w
. 4 HEZ e hed = = = = E E,[
i Z'Eﬁ > A 600 7.9 7% 50 [FAR. TH/KBE/K |
6-9 20 0 ~ D hrr7u2kp
E 620 3,000 265 50 gt
BT 4 290 50 D (g/88/H)
2z ” 378 56 D d
q_% ”
) » 218 50 D ”
6-10[$ 533% - 280 50 D »
s.51 ” 211 43 D ”
L = E ”
gIEsS 51 ” 190 52 D ”
& T FHRERL |
S. 48% 4 28 5.6 D (g/5E/H)
S 53%E 2; 28 0,65 D ”
6-11 e |23 9508 10.1 L.19 D kg/BR/%E)
TH, X% | TR = 401
b 500~600 30 600 500 | 2,900 D (g/88/8)
1973 ke/8f
= A 7 5 7,938 ;
& 0 D (e/8R/H)
6-12] 1914 el 3 3 3028
| R ” 640 290 50 ~
D (g/88/8)
| BREH ” 630 378 56
EEj ” 211 49
L3 B HED WE 5583
6-28] 857 2§ 3 i3 FHE 630 952 | 1,268 198 33 D (g/
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#-6.3.3 RHEHAFGEFRBMLORERSET -5 ()

HEEW . EE ) 1 KA KER €3) =713
B #EK No 43 FEMR KU HEHE K FREGL BOD COD SS T v = 7N i =
oA E (kg/B8/H) T-X NH4-N_[ NO2-N_ [ NO3-N T-P P04-3 efimafr] & P
Moore /2810 |
1969 N H#0.001 0.36 0.115 D
Taiganides 0.35~ 0.11~
1966 ” ” 0.44 0.12 D
Hart
1960 ” ” 0.29 D
Loehr 1t 1. 1i~ E. J.Middlebrooks:
1967 ” 4 2.22 10. 0 0.26 D inimal Wastes
Witzel 10 fanagement and
1966 ” ” 1.02 3.26 0.26 0.11 D Characterization,
ollenweider| Water Research,
1968 ” ” 0.41 0.25 D (10)697~112,
Townshend 974
1969 ” ” 1.87 15.0 0.16 9.31 D H
6-1 2Dale and Day T H, H7,
1967 ” ” 1.84 D 17(12) 1975
i ” ” 1. 61 9.42 0.32 0.11 0.18 D
Hart
1960 4t ” 0. 30 D
Jeffery i
1963 ” ” 1.53 19.1 D
Hart and
Turner 1960 ” 4 0.31 1.53 8.4 0.38 D
Witzel fto
1966 ” ” 1.32 0.23 5.8 0.317 D
Dept. Sc.
1964 ” ” 0.44 0.49 D
Townshend
1969 ” ” 0.95 5.1 0.16 D
Eig z 4 0.31 1.15 9. 9.8 0.34 D
SN 30 720 360 13,600 5 g/ B /8
6-1 3| PREESR LS 53 20 ) 0 00 3. D
: =i 50 800 4207179, 700 5
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#-6.41 FEGHANBRRBMLOFERST -5 (B

B & /5] 7= % -3
2k No | RU | #A&EME | KU |@A#ESE | HM JREAfr [T BOD COD SS T v & w =
4 FEX kg/88/E) T-N__[Ni4-N_]NOJ-N [ Wo3-N | 1-P _[poa-3 |epgmty 15 Hi
i3 X T45. - 10.1
6-2 5 .0 .0 D
5 1 138.0 10.
N, Pot B 1 5, 600 4L B RBRIRD |
6-3 |fEWMEE ;3 |7 . 0. B &M (BK
& |H&bh 5 & 220.0 5.5 I 1L D ZER):AKE
il L s ik 0
~ 5. 43,
SEE] E
6-5 AES PR 500k 4,700 135 23 D
=&
6-10 j 167 41 D
") . -% i:ﬁ?’fii
oA 500~ 600 35 220 715 | 5,600
1874 ke/BR
6-1 2fREEZ > A 164 5.0
5 24 6 D
1974 & &t 220 5.0
EEH 5 31 41 D




£-6.51 FEEBANRRULOBERET-5 B

— 8¢1 —

EDE R RaEal | ] ] TKE KEE [CTLEVA=D) F-30[7F-7%
_RU | #EAEMER B U AEAE| & | REf [ BOD 0D SS T B b =
BEE HEX g/E/H) T-N T WA4-N_TNoz-N TWNO3-N | T-P [P0i-3 |ukpHmfy |8 5
BT i 6.5 L5 0.44 D
] o REERD |
N, P Emaﬂmaw
LHMEE be: 3 A 0.2 0.3 D BER) K & B
Ko UK Vol.10(9)
5. 43 R . £ 0
VERE] K& 0. 0kg T 0. 0.
AES EEpNE 7 1. 0kg] 3 0. 0.
' ” 8 g 0 ) 0. D
L 0.
Todf35— ~ 0. 5kg] 0.
AN i 0.
5 HEY ERERER, |
&’ 6Py h RS
3 SEHEIEB & A - - 23 2 3 C [ ZESARDOL
1 5 5B %ézﬁ H,
D) EREE R
CE 15 i At - 2.0 0.003 D EEEE A
Lk B Lbg|Ho
- FHI 3 H/KBEK |
A e 5 A 10 20 2 2 D AT Ry
aw=
5.53 7 2.3 0.1 FAAE AT
z z 0,23 .04 HEH R £y
R, K g
mEAh, 1.6 150 10 7 20
1973 kg/F]
EEH 28 2.28 0.57
60 25 EEDRES 3 A 116
To45— 5 A 65
e & A 150 o
Zu435— 3 A 130
(10&E % ©)
Zod5~ 5 A 25
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— 6¢1 —

. 5 > D ] —90) —9
X# No HHR | BEHE g S BOD [COD | SS —7——'@- v /]
T-N_NH4-N_N02-N N03-N [T-P_P0i-3 J
AR C_ | FREg ,
ey 20 | 6. 26
Memund 16 | B¥%) 8:00b 1.7 3.3 0.06 0.93 C
6-29 ALK 1001
%il! 8:10] 1.6 2.9 0.12 0.03
9.5 2.2 6.3 0.58 0.06 B
BEZ] 9:40
Y EE[3.57 W H [ L SRR 5. o7
PrILEE R (ER) S.57. Kic &k 58| 4.20~21] 20.2133.611.371 ) 4.71 0.15
S.57. DA 6, 70088 4;0.068| HREAE 9 1=~9 [3I 02507 5. 804 [ AT 5.90 73304
4.9 |#HREB| 4: 9;0.091 ~S.58 s Bk
8068A | 786 < BREHEL 4] 7.00~11 ] 20, ) 41, . 2 HRE
S.59. - $.59 S. 59. By o1/ 8. 0~ 6. 4132, 1 ) i A
6-301 7.8,10 FR (R 750, 146] # v oMy [0.24~25 1 10. 3.0 ) 0. D |[-5.59; 316
11,12 60958 8;0.115 » 1. 92~33 ) 13,4 435 i 0. W ; Bk
(FRD %) 10 ; 0.090 12,6~ 8719.87.]0.5 -9 0. BAR
6, 93658 11 ;0. 094 RAW
g 12 ; 0.089 gEEDE R it
3765A $t] oRE T
(n3/8) HHL. =
Lz
TEAR I EER g | Bk T~ B T~ BY ¢ kg/ha/ 5
(I ALokk %Eﬁﬂ 2.3 5.4 0.02
B | RS R 4 Ad 5 D AE .9~ g~ p. 02~ JUN BB i
HoRAd | g 21 3.9 8.0 0.99 & B Eoks
- A DRV | EREE i3~ 8.6~ 0. 02~ o 5 10 X 18 B
REM eS| BRI 2.3 4.0 0.03 HEHE
T-N; 36.1 FORTR= g . D |.
6-31 T-P; 22.9| 11~334 » oD AHEH s
- FEA B DE Ry Sl
B BERo% BIRFES 4
T-N; 8.6 1 BAsY i
~27. 4 T C0D=1 .
T-P; 4.3 T-P=0. 02
~8.1 L
(kg/ha)
RBE | F () B : o/H/B
Briml. . 288A.| 18.2 FUE|. & 28.0.188.2.4.658.] 46.86 2.5 D
s.57~ | e | QKB
6-28 ] S.58 9908 F: A E) 11.0112.4] 389 ) 58 0.11
_ QO 12
3, 300§ 90.0 : 6[ 3.9 37 11,51 1.8 D.088
B 11 B g/H/ 0|
3,55088 | 110.8 @ % epll K& 2.7] 3.5] 25.5] 5.0 0.11
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£-6.6.2 O OEBARRFEMOFEERE 7~ 5

AR R BB H & LA T GG =% | 7-7%
XfNo. | RU | WEMIE | XREER dihF) ferkt pEHR | W|ERHE HBRGHE O ) BOD [ cOD | SS y v B/NBS [ H =
HAEE (kg/ha/yr) I-N ;NH4-N [NO2-N | NOS-N [ T-P 1Po4-P| B8 fr | £ Bl
(nn/yr) Kan/yr)}{ During each runoff event,
6 — 3 2| Schepers, | Nebraska |N 67 562 0.2 |discrete samples were ¥ithout J
et.al. {1976) collected automatically Livestock 2.4 6.1 0.30( 0.02| 0.21 | 0.02] 0.05{ 0.03
U.S.A. 35-45 cow-calf from the grazed and control Grazing
1976-78 pairs areas. The sampling
1,026 80.9 | sequence provided for sample
(1977) collection at 5, 10, 15, 20
& 40 minute intervals from
the initiation of runoff, With
480 | 34.7 | followed by sample Livestock 0.2 8.8 0.20 0.02} 0.16 | 0.02 | 0.06 | 0.04
(1978) collection at 60 minute Grazing
intervals upto a maximum of
14 samples. kg/ha. event
kegN/yr  kgP/yr| (an/yr)Kmn/yr)| Grab Sample Reduced N
6 — 3 3| Taylor, Ohio 1335 649 |Farmland - 111 269 1866 1.67 0.59 | 1.08 p.o312 G Fertilizer
et.al. 123 ha Sampling performed every 2 Rainfall [nduced Load 17.5 applied only
U.S. A veeks and during periods to cropland
1967-1969 255 313 | 25% forest 88% 344 | vhen high runoff occurred. 1967 3. 11 0.94 | 2.17 p.oso1
Samples were taken manually Rainfall Induced Load 20.0
50% pasture at the weirs which are '
515 372 889 339 | located at the foot of the 1968 10.61 1.54 ] 9.07 P.0665
25% rotation vatershed, where flov is Rainfall Induced Load 20.0
crops continuously metered. |
200 371 | (corn, vheat) 927 | 328 1969 4.38 2.60 | 1.78 p. 0767
Rainfall Induced Load 20.%
40 dairy cows '
kg/ha/yr
Wo fertilizer o/ /| : 197571
6 — 3 4| Owens, Ohio ¥inter input :}Grazed pas- 610 47 | Watershed equipped with Growing 132 0.3 0.2 0.1 <0.1 18 J kg/ha/bmon
et.al. N:297 from hay| ture before a 2 : 1 broad-crested (May-0Oct)
U.S. A Area : 28.2 ha] initiation 381 76 | weir and a rotating Dormant 96 0.3 0.6 0.5 |0.100
1975-80 1975-77 : no |of grazing nn/4E nn/%F| vane sampler which {Nov-Apr)
cows 991 123 | continuously delivered a Annual 228 0.6 0.8 0.6 (0.100 kg/ha/yr
1977-78 @ 22 o/ hn/2E 8] proportional sample of 1977-80
Charolais | Grazed pas— 667 79 | runoff water and suspen- Growing 759 1.7 0.6 0.5 ]0.100 kg/ha/6mon
beef cows | ture after ded sediment to a
1878-80 : 17 |initiation 527 124 | refrigerated container Dormant 518 0.7 1.1 1.0 <0.1
Charolais | of grazing nm/5F nn/4F| during each runoff event
beef cow¥s 1, 204 208 Annual 1277 2.4 1.7 1.5 [0.100 kg/ha/yr
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F-6.6.3 Rh SOBEEARRRPLORERET -4
: BREOH & — REHID b oM S R 7—% | 7—75
X#kNo. RU | WEMR | XeBER TR MERE R Ak ® M BOD | cOD | SS y v /N6 A " =
BAE (kg/ha/yr) T-N_|NA4-N [No2-N [ NOS-N | T-P |PO4-P | & 3
1975-76 Org-N [ Min-N
6 — 3 5| Owens, Ohio N @224 Sumpmer Watershed gaging station Growing suamer| 1.2 0.4 1.6 2.0 18 F&J
et.al. pasture equipped with a 2 : | vinter| 0.5 0.2 0.8 1.0
U.S. A Growing : broad-crested weir and Dormant sunmer 0.8 0.5 1.0 1§
25 Charolais |Winter a rotating vane sampler winter| 1.8 1.2 2.6 3.8
1975-80 beef cows Feeding which continuously 1976-177
rotationally 526 10 jdelivered a proportional Growing summer| 0.3 0.3 0.4 0.7
grazed over 20 | sample of runoff water winter 0.1 0.2 0.2 0.4
4 pastures 341 5 | and suspended sediment Dormant sumaer| 0.9 0.6 1.0 1.6 -
in summer; 29 | to a refrigerated vinter, 0.8 1.0 4.0 5.0
removed in container during each 1977-78
winter 582 14 { runoff event Growing summer 0.5 0.3 0.7 1.0
56 vinter 0.2 0.1 0.2 0.8
Dormant : 486 S Dormant suager| 1.8 0.3 2.2 2.5
Summer 83 winter| 2.2 1.0 3.9 4.9
350 cow-day/hal 1978-79
654 65 Growing summer| 2.2 1.1 3.2 43
Winter 94 vinter| 0.4 0.1 0.5 0.6
1509 cow-day/hal 503 18 Dormant sumner 3.1 0.3 3.5 3.8
85 vinter| 2.9 1.0 5.3 6.4
1979-80
721 131 Growing sunmer| 6.3 2.9 9.0 11.9
19 winter 3.1 0.7 7.3 8.0
418 54 Dormant summer; 2.6 2.1 2.8 5.0
63 vinter| 2.2 3.3 4.2 1.5 kg/ha. bmon
1975 Rainy season
632 For comparison with above datal Growing 14.5 7.1 3 Jan - Apr
and to estimate the amount of
437 nutrients originating in Dormant 10.2 5.8 TN = NH4-N +
precipitation 1976 NO2-N +
526 Groving 13.9 6.1 NO3-N
Rainfall Induced Loading
341 Dormant 8.3 4.8
1977
582 Growing 9.6 4.6
486 Dormant 14.3 8.8
1978
654 Growing 13.5 (i
503 Dormant 8.4 5.5
1979
721 Growing 12.9 6.0
418 Dormant 6.9 4.2 kg/ha/6mon
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£—6.6.4 D S OHEEMBRBLOBFERE T — 5

PREoRR lﬁ BRE D 5 0 kg/ha/yr) 735 [ 5-5
X#kNa RU  |#H# [ X EER | THAR | RkR gl | 3uks | SBys| % BOD | COD [ SS y_ ¥ B/No§ R ® %
HEE (kg/ha/yr) (mn/yr) Kmm/yr) T-N_|NH4-N | NO2-N | NOS-N | T-P [PO4-P | B %
Dornbrush, J.N., Ander-
6 — 3 6] Khaleel, }S.Dakota Pasture 1.52 0.25 sen, J.R. and Harms, I.
et.al. L. (1974) Quantification
U.S. A Grassland 0.97 0.10 of pollutants in agri-
1974 cultural runoff, EPA-660)
Cultivated 1.28 0.30 /2-14-005, Superinten—
land dent of Documents, U.§
Govern. Printing 0fficef
Wanielista, M.P., You-
Florida Pasture 5.30 0.30 sef. Y.A. and McLellon,
1975 ¥.M. (1975) Transient
U.S.a. vater quality responses
froa nonpoint sources,
Proc. of the d48th
Annual conference of
the WPCF. Miami Beach,
FlLorida, U.S.A.
Control Site 6.0 3.8 0.6 Robbins, J.W.D.
. Carolina) 200 sows 200 sows on 1.2 ha dry| Site L0 2.8 3.0 Hovells, D.H. and Kriz,
lots & wastes on 2 ha G.J. (1871) Role of
1971 U.S. A 200 hogs 200 hogs on 2.5 ha Site 18.0 2.8 animal wastes in
of drylots 3.8 agricultural land
Dairy covs 22 ha of pasture & Site 34.0 [ 276.0 14.1 runoff, Water
' vastewater from milk- 9.2 Pollution Control
ing area folloved Series 13020 DGX
directly into stream 08171, U.S.EPA,
Dairy cows $ ha of pasture and Site 260.0 p918.0 145.0 Washington, D.C. U.S.A.
vastewater from milk- 143.0
ing area followed
directly into stream Note : Milking
Poultry $4 metric tons of Site $.4(117.0 3.7 2.0 area indicates
poultry wastes & possibility of
shavings spread on inclusion of
6 ha, yearly point sources
150 sows 150 sows on 4 ha of Site 429.0 78.0 40.9
drylots & discharge
from 100 confined hogs]
35 dairy 35 dairy cows on 6 ha {Site 17.0 | 264.0 2.1 2.0
covs pasture
20 metric tons of Site 679.0 1395.0 158.0
Poultry poultry wastes spread
on 1.6 ha., once
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(1) FKHFPkoLHE

REDSAREI, PHE - REHOATIK XN, BII59F 1FRITH 7,500 77 tiIcoiXh (FHBIELE
WE, TBELABINEDHOKEAM], BEIRFLEEN, M) BEIKRFES, 1987), KE
B (850/7t), Tk (T5771), LRARE (2551), ARTHEEN (927t) (RRHE -
EAKRESE, “avEX T 5/ b OFEFERE", BREAREYO VR MCEAT LR YT LA
HEE, TABEREBRMAGH#S, pp-44— 51, 1985) I NTIF B MICKEBEARL TV B,
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B ENABICE AL HIcEn TV 3, &KIC, JHSARKFEENOBRITHFIANIDREL#IES 2

T LTk ->T, IFMEMEMIC L 2R BEREEL, ZOBORBRICIDREREDOLR « AR
HOHFRMOLENER > T b, FBEPKEEL » THHINIZKZSARICOVTE, B
FHT 5 EHRER LT, JOKOMBRNAENIGEICEIBRIE EDA /X7 bAKRELHLBZDT,
EERMEAAP LR LSNP TH b, B, COLHBRRT, RbLA{HOSATL
BDBIEREBEREOSEELETH 50, ONBEISESEREEENEZEL VW3 Lic, &%
BHIBEVHEHTRAICEREZEILTIBEPEITETCVLEIEEDRTV S,

(2) FRAALSY IRy DR

AR TR K S ICKBHKORRMLS S, BEFANKREL LD TS, oY, XE
KoL TR ZOHBEFESER, KERENFHINAES/NS L, 2L OB E2HD
EF HKEBEBTICEVT, Z0FER GRHE) 20 1LUTELTORHHBE 0,

X— 6.1 DX EHKOFRE, HilEEIcsoND Lo, BEMRAOIDDa vE2 MEZEODBR
BT, BARLL CEHANYER, LTV, ZoREE, KBEPHTAREL TV 3,

X, FEmiERic, M A~ORKRAICK 2RE LIROMR, FREMEE»SOFELETLHERA
RIBEAKBEEARE LTV 5,

BT, MIEH%, BEFKBEANGHEHL TS, —#icid, HESOEMD S OEBEMRL,
HIEICBIMR T 3 2l 6 DRBRE LTAY v F SATHY, REICLS b0 EOAMASTEOA
TRV DM, EEFTH S,

CNoREBEZGOE T, AEOHRER 0.1 PRYETHEHrER, FHiKRiFTsncboRIEE
AEHONT, 5% BHAREDS L, KHBICERT 5602582507 — 5 OERBIE TN 5,

(3) REF - kLB B R B AL
® ({kE5

 RENICAFSRRBASELLZCEE, R-6.3THHLMTH S, &4, KE bEEIRL,

RITERINCTHEML T 5,

D12, KEBBEBITECBOTREFRELREL, EMFETORITHNE, Z0F

HRE, »AHERROBITTHIUL, ZOEBTOEIRESAHTT AL OMEEEL L b,
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LIRS BERILIC X DEAREI L 3FEHSEHEEH TV BBRTRERE LTR
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WS4 OB L, EFRELETILENS S LT 5.
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6.4 SEM

6— 1

6— 3
6 — 4.
6 — 5.
6 — 6.
6— 1.

6 — 8.
6—9.
6 —10.

6—11.
6—12.
6 —13.
6 —14.
6 —15.

6 — 16.

6—17.

6 —18.
6 —19.
6 —20.

A, it BEREHKERROBREREEIC VLT, TR TKERERELEHE,
pp-256 — 258, (1970)

R EXECTHOZLAT - KEGREREIR EF RO BRI AEREE, (1976.3), BEFAEH

AR
N. P. iREBRIEEEER, (1982)
BATKERS « BRB(LIETREEMEAFERES, (1982.3)
KE AES &k}
BATKERS © RS TKERMRA B & B8 (1983)
BRASH T v 7 2EHHEF B HEBANAASSRAFTEEHRES, (1986.3)
I | BEREYO R, BEEM, vol.7, N3, pp.63— 68, (1978)
RUSRIYER @ K& 3 ARMLE”, 7K, vol.28— 7, No.387, pp26— 28, (1986)
heh, FHCHNBNRATIER - ) Y OBEBAMBN, BTRGERS, vol.10, No 10,
pp.831 — 840, (1978)
B34, ML HBPOKROISELRE 202", BEEHE, vol.14, N2, pp.59— 64,
NG, HIRM 0 BREE - BRI & ERBEE, T4 -y —, (1977)
PREFES | FRIGKOILEE N & HHIE, (1989.3) GhFek)
ke, EHHfth: IROEEHRMLE", BEESEAREMAERSEE, pp.92— 100, (1974)
B, TR EEERLEER ORI ORE, SERRIEMITRES 392,
pp-89 — (1982)
IKFRICH T B KIROMEA R ICBT 5058 7, THEBEXBIEEIHEE 162, ppb,
(1988)
TE, SRR SRR S TR - RS S A RLER HEERE -, HAR
BIEEARGIFAMES 515, pp.129—  , (1985)
WENEHEABRIGHES 295, pp. 6— 13, pp. 4147, (1982)
RREEEABRISHE, pp 36— 101
IR, RR0ME RS OMEREE IR AL, EREEERARRISTIRRE,
C (FBFE) H#1%, pp-23—26, (1982)

Ao, HOM: “BRSAROBIRTEER IC X 2 IR O EERE ", ”

, " » pp.72=77, (. » )
s &, HE M RESARLEEROEERE (E18)7, ”

, C (BE) %25, pp.93— 96, (1983)
- HO, Al “KESARLBEROBEETFEGE 28) ", EREBERAABRIBTRRE,
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6—21.

6 —23.
6 —24.
6 —25.
6 —26.

6 —29.

6 —30.

6 —31.

6 —33.
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- ECELAN P& R - K] Gi TEI (meq/100cm2/12day) F—FD | F—7
Bk No | U | S i jﬁ_liéil;%) ARG HEFHE ¥l [ BOD COD SS N Noﬁ - T')P PO{P ﬁﬂﬁﬁ & 3 fi& Z
5 mm - = bl — = b H
PRI
i 9=hit] 226 313 331
R
T & 204 507 605
RIAE
g % 174 328 325
BEN
. FHET 166 184 240
ARTE G
B & | BAE
AT 154 360 266
Bk 153 651 375
o2 BT 188 329 207
[ EHEE KOMBHE (1280 &3)
XHTH 175 1~ 3an® 45 BIKGEE 580 503
8-11 &, IBkEREE 7k & 2K (&M T
1985.6. 17 [ R EL ézﬂ%ﬂfnuaﬁ SWLALREER
~28 | mfoTh 195 o 425 443 T &
Bam 189 398 445
e 123 248 323
ITEE
iR 151 : _ 312 146
it 186 : 109 342
TEE
LN 194 261 507
@E’\ﬁz
FREX 137 521 395
i)}lﬁz
ZEEH 164 606 612
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BBk No | &% U | SR | Lk | #AERE HAEAE =& | BOD 7 2 5B I & Z
Z (nn/126) NO3-N_| T-P__|poa-P JExRHHIfr | §8 Rl
Bt
[::E 53 148 98 205
e 303 1,054 526
Z (=
wEm | 266 §01 248
e | 187 526 329
A B :
¥ 2 [T :
] 262 368 322
BT 57 §0 13
%ilg*g\
EET 113 190 145
Y LY T )
s 1~ 3amd 55l (12EM 0B
g at=Lil 76 tbﬁé%&?%%% 154 99 K & & R EIT
-11 Al " FE7
985, 6. 17 [ TOSNEL ' TH 5o Euum&é&f:
~8 | HEH 151 F 243 231 i
KA 169 : 163 364
—ET .
EHH 153 81 55.
EWE
E@EH 98 189 75
EHE
= 2 212 161 114
BT 321 153 103
! .
s 273 238 160
BEE .
BRI 399 323 498
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- 841 WKEEAWNBRFRERBEMOBERSE T -4
j Eﬁ Eﬁ - 7] e B R B (kg/ha/) F— 9D~ 3
Aaii | RkE BEESGEAS S| E6 [BOD [C0D SS 3 P 7 1] £
{mm T-N__NHA-N _N02-N NO3-N | T-P_P04-P pyRimifriE 5l
Torrid BX:Miller
cities 1,638 8.04 4.77 3.217
| (IAR) #k : Allison, P.E. ;Soil
Tomperate itrogen, pp. 573-606, ASA
1905 (ci%-eas) 734 8.03 6.5 2.53 (1965)
213t 5
®k : Low,A. J. et al;
Pouth-Africaj Plant and Soil, vol. 33,
1950 1, 245 11.8 | 10.6 1.2 1.8 pp. 393-411, (1970)
ik : [nghmn
Germany 28.1
1951 { : Scharrer, et al
Rothamsted 730 4.5
Leeds 685 9.2 [k : Eriksson
1952
Germany 457 22.4
Sweden 4.8 4.0 0.8
1954 { : Emanuelsson
8-1 22.2 0.27
1957 Germany #k : Gericke et al
9.9 0.13
1958 L : Von Krzysch
Australia 381
v Bk : Hutton, et al
Israel 353 14.4 [SC#K:Yaalon, D. K. ;Tellus
1962 16, 2, pp. 200-204, (1964)
England 1,476 15.0| 9.6 4.4 BCHK : Syers, J.K. ;Tellus
1962 [i8, 1, pp. 146-147, (1966
Delhi [k : Kapoor, R. K. et al
1967 963 4.5 2.5 2.0 fellus 26,6, pp. 575-579
(1972)
Sum Nigeria 1,219 4.56) 2.54 2.02 PCHEK @ Jones, M. J. ;Tellus
1969 P3, 4-5,459, (1971)
(other >
England 642 19.6 9.4 -N) 3.111.02
1970 7.1 k: Low, et al
CHK : Miller
1.98 [k : Allison, F.E. ;Soil
1905 1,458 (kg 1.24 itrogen, pp. 573-606, ASA
/ha) (1965)
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£-8.42 FABBENRERELOBERSE -5

o |43 tilE]
BCEE No | B U | \EE | £ | BERE Eﬁﬁﬁ& BOD | COD S$§ Y
%E kR 0T-N [ T-P
Aurora, Eo
N. Y. &atiE 0.06
Geneva, ”
8-14 N Y. 0.05
Cincinnati ' ” 9.6 5.2 0.6
Ohio (NH4-N+
NO3-N)
;. E. Likens
U.S.A ,G.E.,
8-5 - 16.1 - 0.1 1:Biogeochemistry
1963~ New (T-1N) f a Forested Eco~
1974 Hampshire ystem, Spring-Ver-
g, (19177 _
8-13 FKELE ETUma 1. 40 0.08
h yryti- 1.68[2.91 | 1.68/0.26 0.21
963. 8~ HREX
1964 11 05 1,075605 g2 16
LS 2 g/me/
Weibel ::7k@77~‘:=\téﬁﬁg
N/ S 10 1 #X : R.A. Vollenwe-
B3 oA 7K er, #KE &L Y
[E.2 e H7K 64.10.9 18 D E R B{LOECDIK
1967 S A M) HAHE, (1968)
b8 O it 7K 21 |07 ER_:ﬁ;ﬁ%‘éﬁmrfEﬁ
£
8-17 arpenden | (en/a5) | s B &K B : g/m2/5F
132 74 285  BETHR 0.03 HKEBTEWLAZE
Garfoed SRR brh
140z 68 3 ” 0.72
Flahult
AX-7"Y 83 ” 0.37
[ironingen
1375 70 ” 0.51
Purban 1B .
7704 UE ” 0.45
Ottawa
iz 60 102 7 0.50
Ithaca
- C7 75 L1%E ” 0.41
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S = S TVE =
#—8.4.3 FMKEBAMBFERRMCORERET -7
il %ﬂ Eﬂ ] i 7] B TR/ (kg/ha/&) 7 — 7 DF — 7
Sk Na U JEuiE | RBkE PEESEPIESEIBD [C0D | SS 7 2 I\ 1 %
& T-N_| NHA-N__N02-N FO3-N | T-P P04-P BSRIHAfriE 3!
5.2 BTHR -
(0. 8~ Development of a
7.0) Mathematical Model to
¥World mean 8.1 Predict the Role of
(1.8~ Burface Runoff and
22.2) Froundwater Flow in
D.8~2.1 verfertilization
Europe and (NH4-N+ bf Surface Waters
U.S. NO3-N)
6.8
Temperate (NH4-N+
zone NO3-N) Johnson J.D
Humid ull.No 35
temperate 5.6 fater Resources
zone esearch Center.
niv of Minnesota
New York 10.0
United 0.27 DR © Nutrient
Kingdom 8.2 (0.2~ Balances in Rivers
Upland 1.0)
8.1 0.2 Dwens. M
Northern ~ ~ Water Trd &
1.9 L0 Exam 18 (" 70)
8-14 | XBE T
Netherlands 8.5 olenbrander, G.j.,
Rural The Eutrophication
bf Surface Waters by
16 hgriculture and the
Industrial ~ rban Population,
100 Btikstof 15 (172
[k : Matheson, D.H.,
Canada 6 inorganic Nitrogen
Hamilton, Ont. (NH4-N+ in Precpitation
NO3-N) hnd Atmospheric
1.7 Bediments
Ottawa (4.8~ Con., Jour Technol
12.9) 19 ("51)
12.9
Ceylon (NH4-N+
NO3-N)
0.5 [CRR @ Stewart W.D.D
Western ~ Byracuse Univ. Press
Australia 3.2 Byracuse, N.Y.53( 68
0.45 pC#k : Crisp, D.T.
Scotland 8.2 ~ our. Appl. Ecol 3
0.7 (" 66)
7.4 @k : The Chemistry off
Ithaca, N. Y. (NH4-N+ 0.05 recipitation in the
NO3-N) entral Finger Lakes
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£-8.4.4 FKGBAWRERLOWERSE 7 — 5

] ESEEE1 am% ] 2K g F-20F - %
Kk No | & O BaEiig| k2 FIESMEIE A B0D [coD | SS 3 T T B’
HEE {mn/%E) T-N_] WA4-N T N02-N_NO3-N [ T-P P04-P hiisifrfs %
H
242 1,193 JHIE 352.00 | 175.58
700 781.85 | 282.55
7 vy ”
502 372.66 | 341.82
AR Y- 580 453.71 | 320.72
1,565 1,029.19 | 929.32
3-oy1 2,227 768.67 | 595.38
F[E P
Rvbo-y 1,045 127.80 | 84.05
13- 440 54.40 | _ 54.186
4817 159.15 | 116.39
201 76.62 | 47.08
941 : 135,59 | 84.5] &
3-16 - ?
1981. 4~ 160 812.15 | 469.87 5
1982.3 { 437%° ”
684 902.23 | 472.95
913 613.36 | 443.08
765 526.29 | 407.43
B9 7 606 302.00 | 167.26
538 199.97 | 101.26
430 543.19 | 306.73
757 208.58 | 184.95
b4 7574 921 , 763.37 | 378.95
616 531.90 | 569.56
1,706 462.06 | 397.04
FEMDS ” .
512 459.55 | 358,25

X#K : Summary report from the chemical co-ordinating center for the second phase of EMEP, EMEP/CCC-Report 2/84, April 1984.




— 891 —

#—8.4.5 FIKEEHARRFEBEA D
} HERER - i & % - . nmﬁgﬁ”gﬁﬁﬂuymﬂﬁ) 7?;70‘ 5
BCEK No | K v ERE-3:ubs ] Kt PEEE|#AERE SS | 3 N & #
o 04 P By bl _
BED | KQ&HD %Aﬁhﬁﬂ%
USA, lowa =1 V-8 Ui li'xeschman(wlg)
Nigeria - ” lonse (196 )
alH
New Zealand ” ” 11‘91 r(1961)
8-15 ’
England/Scotland ” ” h1len, et al(1968)
v al
Brazil ” ”

Ingemach (1972)
13 H

Q

Lake Ontario

”

”

”

Bhiomi, et al.

(1973) & v 9{H

USA, I1linois

”

’”

Murphy (1874)
OGN

F:OEDOF -y OBEXRI

(3)Murphy, T. J.,

(1)Allison,F.E. :Soil Nitrogen, 573-606 ASA(1965)
(2) .,et al:Plant and Soil, 33 393-411(1970)
et al:PBRep. pp. 22(1974)
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MKBEAMRFEBAOHAERSE 7~ 4

BB {7k 5 # B3 B R AT [¥—27 F-7%
Bk No | K U | A& | BkE ALY BEAHE ¥t [BOD [coD | sS = _# Y ¥ RU/NESR w =
#HEE T-N__NH4-N No2-N [NO3-N [T-P Po4-pP | &8 fi o1l
Rainfall samples collected NO3-N
8 — 1 9| Hubbard Georgia 12,410 | between 1975 and 1978 by a 1975-78 2.17 - 4.53
normally closed rainfall- Mean = 3.09
1975-80 U.S. A activated sampler located
(Total mm | adjacent to the agricultural 1979-80 12.06
between |site (TKN + NO3-N)
1969-78) | Daily grab sampling during
and after rain events kg/ha/year
(mm/6mon) 1975 H4-N + Rainy season
8 —~ 2 0] Owens, Ohio 632 | Sample collected after Growing 02-N 14.5 7.1 Jan - Apr
et.al. each storm +
U.S. A 437 Dormant 03-N 10.2 5.3
1975-80 Grab sample 1976
526 Growing 13.9 6.1
Data reported in 6 months
341 Jinterval Dormant 8.3 4.8
1977
582 | Rainfall collected from Growing 9.6 4.6
standard recording gauges
486 | placed in beef-cattle Dormant 14.3 8.8
pasture land 1978
654 Growing 13.§ 7.1
503 Dormant 8.4 5.5
1979
721 Growing 12.9 6.0
418 Dormant 6.9 4.2 kg/ha/6mon
(mm/yr) |Grab sampling during the  month rainy season
8 — 2 1| Siegfried, |Californial 850 { rainy season 9.5 0.96
Samples collected in standard
1978 U.S. A. 8 in bulk rain gauges kept )
near a mountain reservoir
Monthly reported kg/ha/year
(mm/yr) TKN Summer rain -
8 — 2 2| Riekerk Florida 1,542 | Precipitation measured and 1978 19.72 [2.76 [12.57 4.39 12.88 10.39 1,400 mm
sampled by a 7 station
1978-80 U.S. A, Thiesen Network kept TN = TKN + NH4-N
1,262 | in a flatwood area which 1979 10.19 [ 1.91 |5.95 2.33(0.06 |0.02 + NO3-N
is 44 m above MSL
1,261 | Grab sample 1980 7.179 1.8 [4.04 1.85 10.3510.07 kg/ha/year
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£-8.4.7 WUKGBANRERLOBERE 7~ 5

ERE=F2 3] /KR B B BR AL (kg/ha. yr |7—-25 -2
ik No | & U | EEtiE | RBkE AERE FEHFHE . & |BoD jcoD | SS = % Y v /N ]
HMEE (mm/yr) T-N__NHA-N No2-N [ NO3-N [T-P Po4-P |8 f¥ |
Weekly Sampling Elevation, m MSL| TOC
8 — 2 3} Reynolds Upper Wye, 6 bulk precipitation collectors
3,310 | comprising of a 15 ¢m (dia.) Site 1 420 p1.42 3.95 1.8 J
Jul. 80 - |Wales, polypropylene funnel assembly and
Sept. 81 3,474 | a 2 liter bottle enclosed in PVC }Site 2 475 R3.19 : 4.26
United drainage tubing. The collectors
Kingdom 3,142 | were located in pits and Site 8 493 [19.50 4.26
surrounded by antisplash grids
2,882 | such that the rim of the Site 4 383 9.19 3.54
collector was 40 cm above the
3,127 | surface of the grid. Located in |Site § 500 19.03 4.00
an uninhabited sheep grazing areal
2,890 }in an open moorland. Site 6 510 p1.22 3.85
The precipitation collector
8 -2 4 ) Hendry Turrialba, consisted of a polypropylene
funnel (70.4 cm diameter) 1979-80 51 1.2 0.4{0.19|0.08 1.8 J
Mar. 79 - ]Costa Rica connected by a 4-L polypropylene
| Mar. 81 reservoir by tigon tubing. The Florencia
— reservoir was attached to a Norte
53 vapor trap, and a vapor barrier |Forest
| was provided by a loop in the Elevation -

tubing to prevent gas exchange 650 m MSL
between the atmosphere and the
sanple and evaporation from the
reservoir. A teflon wool plug 1980-81 51 1.1 0.6 |0.21 (0.10
in the tubing prevented insects
from contaminating the sample
The reservoir and tubing were
enclosed to exclude sunlight
from the sample. The collection
funnels were aproximately 3 m
above ground, with no overhead
obstruction above an angle of
45", A "bird-off” ring was
installed on the colector to
eliminate contamination from
from that source.

Weekly sampling
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K- 8.4.8 FKGEAMNRRHLOBERE 57— 5
HERERY 7K 75 & £ 4o 8 57 B A1 77— F-7%
DK Na | & U EEE=3:ubc fE7k 2 HERH HAEHE | 6 [BopD [cop | sS S * Y v | B/ w %
HEE T-N_NH4-N NO2-N | NO3-N [T-P Po4-P )} B f7 & 3
Brezonik, P. L., Hendry, C. D.,
8-2 4 |Hendry Florida Weekly 1979-80 .51 2.5 2.8 0.5] 0.3 18 J Edgerton, E. S., Schultz, R. L.
sampling and Crisman, T. L., "Acidity,
Mar." 79 - JU.S.A. nutrients and minerals in
Mar. 81 atmospheric precipitation
over Florida : Deposition
patterns, mechanisms and
ecological effects,” EPA
project completion report
for Grant 805560, USEPA.,
Office of Research and
Development, Corvallis,
Oregon, USA, 1982
kg/ha/%E
Brydges, T.B. and Glass,
North Weekly 1979-80 0.8- 1.1-8.0 18 J |G.E., Aquatic Impact
America sampling 6.4 Assessment, United States-]
Canada Memorandum of In-
tent of Transboundary Air
Pollution, Interim Report
I1, Section 3, U.S.E.P.A.,
Washington, D.C., 1981
kg/ha/5E :
nm/yr | Grab sample twice a month . Mg
8-2 5 | Iwatsubo, Kyoto 1,867 1976-77 18.5 7.11 0.9 0.91 0.5 28 J 1,338 mm/yr
et.al. 1,019 | Rainfall measured by 2 sizes | 1977-7§] 11.8 5.5 1.5 0.8 0.7 534
1,301 | of plastic gutter 200 cm x 1978-179 11.1 6.8 1.2 2.81 0.4 575
1976-81 1,457 [ 10 em (for light showers) and| 1979-80 9.2 .41 1.6 3.5( 0.6 882.
1,846 | 100 em x 10 cm ( for heavy 1980-81 11.3 7.1 ( 1.8 3.2 0.2 1,328
showers) in forested
watersheds 397 -~ 430 m MSL kg/ha/E
Rainfall collected Growin 8.8 0.2
8-2 6 |Chichester,|Ohio from standard 1974-7§
et. al. rain gages after Dormant 7.1 0.2 F & J
U.S. A each storm Growing 10. 2 0.3
1974-176 1975-176
Grab sample Dormant 9.6 0.3 kg/ha/6mon.
mm/109 d | Grab Sample
8 -2 7 |Dunigan, Louisiana 335 | Sampling after every rainfall] Mar. -
et.al. 413% | Rainfall was measured by May ° 76| 1.913 0.217 D.043 F & J{ kg/ha. 109 d
U.S. A, recording rain gauge
1976 mm/115 d | and collected and stored
309 | in 3 polyethylene containers,] Jul.-
397% | 10 cm x 30 cm by 40 cm, Nov. " 76 1.986 0.316 p. 009 kg/ha. 115 d
wvhich were placed on wooden
¥total rain includingf structures, in an area of
that which did not forage plots
cause surface runoff
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FEE-E- 1] : 197K 75 8 B 4o £ SR B T 7—5 BF-2
ik Ne | & v FEE=geul Rk HAERE JFEAE | A% |BoD [cop | SS = * Y v | B/ A
HEE®E (mm/yr) T-N__NH4-N No2-N [ NO3-N [T-P Po4-P | B ff bl
8-3 0 |Goettle, Munich Urban areas 150 60 10 1.0
et.al. F.R. Germany|
Zurich - 103 | 151 3.610.06 8.2 0.8
Switzerland kg/ha/E
Precipitation samples were 13
8-3 1 |Halverson, Pennsylvania 213.4 | collected with an automatic |storm 10.5 1.5 {0.05 J
et.al. Aerochem-Metrics sampler that|events
U.S. A opened a cleaned collection | between|
1980 - 81 chamber during a storm and B Jul 80
closed the collector at the |and
end of the storm event H Jun 81 kg/ha/1lmon
8 — 3 2] Glandon, Lake Lansing 842 hal Rainfall collected from a D.585 D.023 J kg/ha/96 d
et.al. Michigan rain gage set at the lake
Lake Skinner 3,813 ha] Rainfall collected from an kg/ha/231 d
1979 Indiana automatic precipitation 5.965 p. 180
| recorder located near the
— U.S. A lake
3
8 — 3 3| Hobbie, Hubbard 1,230 | Precipitation sampled in disturbed area p.099
| et. al. Brook, a forested area (deforested)
New containing beech, birch,
1971-72 Hampshire, and maple trees undisturbed area p.108
U.S. A 1/3 - 1/4 of precipitation
is in the form of snow kg/ha.yr
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= ke /ha/®E | 90~1722| 8156~6300 | — ~ — 3.80~5.1 0.2~059 | 9.2.7
|9-2/E #| ke/ha [0.002~072 | 0.09~203 | 044~52 0.03~0.143 | 0.001~0.01 | 9.3.1
9— 3! #BiIER | kg / ha /5 10~900 2.22~2340 34~1800 2~200 | 0.003~66 9944115
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Soderland kg/ha/d
s 100 —11,185] 5.1
B, TGN | KRR
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. #1108
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ARRE BRE | e BHD b O RE R B A 17-2 |77
bzt No|l RO | @A RAEXE PRToR REH® Hfr BOD | COD SS x % Y v /NRg w &
WA E g (om) | (£t3) T-N__NH4-N NO2-N No3-N [T-P Po4-P |81 fir |f 5
221.76 Fall - spring
Asplund, | Washington,|Sampling 243.8 | 33,600 | After every ) 1H |E& I |Sitel (I-5)
9-26 |et.al. after : major storm |kg/ha/day 171. 36 Winter
U.S. A, rain event 668.0 ] 74,000 ] system has
Sep.’ 19 - 119.4 | 26, 100 | passed or 304. 64 Fall - spring
June 80 runoff has Site 2 (I-5 w/grit)
184.7 | 16, 400 | ceased and 151.200 ¥inter
the pavement
245.4 | 2,530 |is dry, 486.08 Fall - spring
all the Site 3 (SR-520)
614.7 [ 7.120 | runoff, which; £38.560 Winter
has been
406.4 | 5,310 |collected in 64.96 Fall - spring
the composite Site 4 (Vancouver)
T41.7 | 5,980 | tank is 52. 640 Winter
first
442.0 | 18,600 | measured to 424. 48 Fall - spring
| and is used Site 5 (Montesano)
1,262.4 | 35,900 | to calculate £93. 440 Winter
> the total
— 65.0 | 7.040 | runoff volune] 95. 20 Fall - spring
| from the Site 6 (Pasco)
55.1] 10,600 | storm event. 199. 360 Winter
The tank is
76.7 | 1,250 | then mixed by 266. 56 Fall - spring
means of a Site 7 (Spokane)
148.8 | 4,500 | paddle until K12. 160 Winter
the complete
98.6 | 2,120 | resuspension 31.36 Fall - spring
of the . Site 8 (Pullman-9)
‘| particles has| ¥Winter
been achieved
292.1 ] 4,430 | (approx. 5 85.12 Fall - spring
min.), after Site 9 (Smoqualmie
772.2 | 15,200 | which sample 448. 00 Winter Pass)
is taken
Zurich : Impervious 90 815 2.1
9-18 |Goettle, |Stuttgart surface kg/ha/yr. 873 1.6 G
et.al. Birmingham runoff 172 6, 300 -
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#%—0.26 ERHOOODHEHAFNBFREMOHEERE T -4

—_I_Wﬁ 5} BRED 5 OB e BB [7=>T7-7
Kk No| RU HEME | AERE fpkg || #WEHE Bafr BOD [COD SS 2 % Yy v RS " %
B & E T-N_NH4-N _NO2-N No3-N [T-P_Po4-P 18 &r|f@ R
(mn/H) [m3/H)
9 — 2 7| Hedley, Birmingham | Weekly 81.1 ]| 2,928 | automatic kg/ha/mon. 8.3 129.7 158 jra ) |luly
et.al. 36,000 m2 | sampling 23.0 829 | sampling 2.5 30.8 August
of road 38.8 1,398 | device, a 6.6 197.8 September
surface 38.7 ] 1,395 |flow 10.5 291.9 October
Jul.” 73 ~fimpervious | 66,000~ 48.9| 1,762 | proportional 1.9 267.8 November
June ' 74 { length = 71,000 29.0 ] 1,045 | sampler, 18.3 649.8 December
800 m vehicles/d 102.0 | 3,676 | Warren 65.8 P,653.6 January
Mon-Fri & 64.2 | 2,315 | Jones W.J. 31. 4 1,058.6 February
50 % 26.9 969 221, placed 8.6 316.6 March
reduction 9.1 328 {in an 3.0 51.9 April
on Sat/Sun 32.5 1,171 | isolated 12.5 391.7 May
39.2 | 1,413 | manhole 2.5 248.6 |, June
(o, %) {(m3,/4E)
533.4 | 19,224 kg/ha/yr. J72.2 b.288.6 G Total
9 — 2 8| Grandon, {Michigan (nm,/£E) sample kg/ha/yr. B.802 D. 595 2H
et.al. 1,908 3 times
1978 U.S. A a week
Dust samples taken
Dong, ¥isconsin fin 2 places on street Street 1 3, 450 18 F
9 —2 9]et.al. in front of fire
U.S. A hydrant to avoid Grab
Sept. - possible interfe- sample kg/ha/
Oct. 1977 rence from parked : everyday 24 days
cars and not swept Sept-Oct.
by municipal street
sweepers. The sites Street 2 1,562
were carefully
swept 3 times by
vacuum cleaner and
the collected
samples weighed
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x—0.2.7 EEL»SOBERAFRREBMOFABTRE -5
BRb 0D & (kg/ha) F-70F -7
ik No| RO | BEM HAaRKH I’&ﬂ(glﬁtﬂg FEFE | 8 [BD | coD | SS T v B /N w =
3 (nm) T-N_NHA-F_Ji02-N No3-N | T-P Poi-P Benisifuls i
W93 REEDZ L R S = Relnertsen, I. K. :Quali ty]
bornds  EBRDIBE UR=T0p- 26.0 | 185. of Stormwater Runoff
EEHOE N from Street, 2nd Conf.
- iﬁg@%iﬁ 13.0]..90. on Urban Storm Drainage
RaEobinn (1981)
BB oBE 18.0 ) 139.
REEOPIN
9-4 iﬁgfbéﬁ 9.0 |.58.
#Hi
12,0 ] 175,
2%:¢)
e 11.0 183.
FEHN G ERE 00| 8
BITEEHER
8.0 54
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#— 931 EBHRLrooBEBAFRBERBEMOBERE -

7 I;& 5 ; Y0 5 k —F0F-%
AERE KE| g RERE Xk [T BOD ] COD | SS S S— T' y4 /] ' " =
TH&: |ERO LRIADIL L < 5.10, 15,20,
H/ 5.034] B, v - TKEE LT EREKL, S
XK E*Eﬁﬁm 66m2 10: 7.468) &, FWECHEKT Lo /o, 7947 590
ez (4.8nx 2. 22m) 15: 7.438) 5 EVWSHET. 0.228 {0.259 [2.17 | 0.093 0.006 5~10 BRKORKL., 7
B | &7 SHEERE 20: 8.386| BiLICT 447" YT stk 2o
30:16. 488| Zk& L 7-
42:17. 983
Uy by
& | A1 T 15Ta v [ERES 5. 2., ARNEED O
S.55. |/ |- MYEIR. gAY &b MO ER | 12,23 0.51 1.0 5.2] 0.11 0.01 10REERML. SHL
12.23 FIREE 10nm 30Yy bV DE Y0 kY (KN) 7
ERmR14. 96m2 | LILE B &, BRKlnn
S. 56, (2.2mx 6. 8m) HWIG1s) i | 2,23 0.72( 0.81| 3.00.136 0.003
2.23 i‘%ﬂdm;ﬁ: FEFI 2 2T BTN IIE (KN)
B& b 100mDER | L, K.
R {ftLrtT
%UMSBﬁa‘iﬂfﬂ%Fﬁi EY i T 20 DR
AQBEU oo, 6HH] Wik st
289. Smm
9-31 [REFT [HAm | A & FKIL~ 5 =X, 10, 20, 40, 50%F
S. 54. < 1)-MRIR T AFKEE | 8.27 0.29| 0.1t | 4.5 0.12 0.003 TEiTiRKL. B LA
8.27 HKERTR BT -~ : 10~20
9.4 262. 4n2(16. SmX b3 1 e )
}g;gm%mmﬂ%m 9.4) 0.09] 0.62{ 3.2 0.11 0.004
. 16 o 3 T
» 2 {IT Smm
(BB PLoun |- 7% NG D 51,2, . 1851527, 26513 |
S. 55. < 19Y)-MER 3,4, 5mmBS O AR | 11.21] 0.48 | 2.03 }3.52 [0.143 0.007 53, 385453, 4B 4353, THE
11.21 BKEREE H ST K 43@_:;&2%1,__,_61 L7
11.28 155 2m2(14 5m X ERKLUL BHEEE0%3, uE 54y
m) 11.28 0.10 | 0.35)1.68 [0.033 0.001 , 665404}, TB595, 18540
. ‘ﬂtn .5_555}&}%@171 SiIcREAKL. L.
-2 FIIJ nm
[ REF [ LB oL " SO 2 % D13 D ST, 10853037, 1155 |
S. 53, - 177ERR : ERmRKEFTEL | 9.20] 0.01 | 0.15]0.44 | 0.05 0.003 3053, ok L. 2L
9.20 ﬁmEtﬁﬁﬁ - D 20Ys kv DE YRy T5o e eemiopeenen
11.13 118m2{(11. 6mx 10 u.%kulﬁmw = d S E ST X0 M S
. 2m) EHRAKL 72 11.13§0.002 | 0.09 (0.81 ] 0.03 0.002 B§3043, 98550453 iRk L
. 31E:13ﬁl] 8mm, 4HH] N> Tl V% o
mm
AHRT i 5mm
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50D & kg/ha F— 7 D — 7
Bzik Nop RO | WEMIER x| ABERG HAELE 3 ¥ [BOD [coD | SS T v N : @ =
i ) T-N_NHA-NNO2-NNO3-Nl_1-P_P04-P Bsrim{yks 3
T [T | RORRE | AT TR | ErbE & 3. 3%, BTT7 : ke/ha
25H i 135}~746ﬁﬁ§1 11.21} 5.0 5.0 1oz ] o.27 0.10 c BRAR (I AVMR)
S. 55. 14. 9ha 27 6mm __|- (FIH : FFEB S
11.21 {L=1750m TR S. 55, BRAROKH R &
11.28 | B=200m 2H i 11.28] 1.2 1.8 9.7}o0.137 0.085 z o, BIEER
S.56. IE/0B=3.8 7. 4mn 30@/}% Vol.14,Na1(1985))
1.24 28R
EEAD; TR |- AR Al S.586.
2,054 A THH] 2053~ 24553 1.24 | 4.4) 3.3|27.2] 0.48 0.034 PSR 18%
38.4nm |- 29(BI/RERR (10096 &5%%)
25
= W TE mﬁm T :ke/ha
g.27) 1.7) 2.7]23.2] 0.39 0.064 )
S. 54, 12.37ha oy s SRV AR)
8.217 1 ”
9.4 |L=950m 9.4 10.44]0.67] 1.9] 0.14 0.02 HEREERII%
10.18 |B=130m 9 mm . (100% 55%5)
9-11|11.4 /0E=T.3 B S. 55, EHmEmE%
=K 10.18 | 0.83 |0.39 jo0.42 | 0.08 0.01 (MIZEEH)
TR W :
1,997 TR S. 56.
| 1587 11.4]0.50 {o0.82] 1.3} 0.18 0.02
— 26. 5mm
oo " 1G] %R | S 54 FATL : kg/ha
o 132Eiﬁﬁ 8.30 |1.75 | 1.57429.1] 0.30 0.045 SR UE ()
S. 54. 13. 69ha mn . . i 1 {7V %
| 8. 30 TAER | R S. 53. ”
L=1600m 3E A 9.20 | 0.04 |0.03 |o0.05|0.007 0.001 HRER12%
S.53. gﬁgsm ) 8 mn (1009658 %)
9.20 [R/B=19 EAEN S. 53, BiREH25%
11.13 AL Y=k 11.13) 1.4 1.2 6.9 0.17 0.045
12. 4~ H 1. 5mm
1,089 A TR S.58.
(REAL 2HE] 2.0mm 1B%Fsﬁzoﬁ~24sﬁf'a‘i 12.4] 1.7]0.83) 8.7] 0.14 0.03
SS@ 1. 5mm |+ 3701/ R
AERT1L. Omm
3 THE M |- BIGmE |4 GO E‘Fq_aki T |- W& Ga4s HTT : ke/ha/F
1.68 ha | E9fA 1, 499 (A)| BEdhic4 E]{T':f' 191 34| 735)] 4.5 1.6 )
i E ﬁbk@?‘ HREE # 150m3 BEAL < R UF AR
13.69 12.0% TSR 988 K, EEREE
8. 49 (ha) |- EE, 5| 1.200mn FHRFEY R, SR
BA [ ;890 | BB TiTok
REm |- & 4 EDF BEIAL ; G
9-6 5.70 ha | ¥9f 9, 300 (A)|- EFoAEFRIIZ, 166 | 102 ) 562 |14.1 1.3 s RFAIE ATNR)
Pk | miR g 2, 440m3 EEALD; TAF04ATERR B E
17,17 33.2% [FMEREWR 2,699 ZOEBRFRR CEBEIR, mTHE b
(ha) |- {E%, B&IE.| 1,367mm EMBREY 4 QoEgRHE 100% 553
HREEE (EHEE ; 450 3 1
£135.47
IR EM
XL b)
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&—9.4.2 #WEL» O OEBAMRREEAD

HEARST -4

HERN RhEs 5 OBBE R AR (kg/ha/in) =7 [7-%
X#kNa RU EEE-3:151 T RA fekg | MHER HEXRE FEHE [ BOD | COD SS E 3 Yy v B/ [
HEE nn/5E) | (on/4E) T-N_| NH4-N | NO2-N [NO3-N | T-P [PO4-P| B {7 |H 3
Samples were taken from
9 —1 5{Melanen |Finland 1185.6 296.4 | separate system with 10 ~ 100 - 2 - 0.2 ~ 15A G
closed conduits by 100 1000 10 2
1981, 82 modified Palmer-Bowlus
venturi flume pipes.
Automatic sampling device
SAM 120/ took flow-
proportional sample - one
for each rainfall event
Monthly observed
Composite sample
TOC Total
Hameenpuisto | Commercial Aerial Deposition Samples | 18.25 Heposi- 7.1 0.316 G Impervious : 67 %
1977-179 tion
13.2 ha An emission inventory 340.17
Motorway of particulates, hydro-
Herttomiemi Underground carbons, nitrogen oxides, | 32.85 352.8 6.8 0.279 " 35 %
Railway oxides of sulphur,
14.7 ha vanadium, cadmium,
lead was performed
Kajaani Commercial by using 2 deposition 17.03 352.8 [ 4.62 0.316 " 64 %
Center gauges of the NILU type
18.5 ha
Pakila Residential 25.55 255.5 | 7.54 0. 365 " c29%
20.2 ha
Kontula Residential 24.33 279.83 | 8.39 0.292 " 40 %
22.9 ha
Kaukovainio Residential 11.68 146.0 | 5.72 0.252 " : 30 %
40.5 ha
Hasting Frequent Composite TOC Impervious Data
9 — 1 7| Novotny USA Residential street sample 26 144 0.39 G excluding
13.27 ha s¥eeping Sampling by 52 % winter
1980-82 | Burbank Occasional equipment
UsA Residential street with a 23 147 0.38
25.32 ha sweeping flowmeter 51 % N
Congress Frequent and a
USA Residential street sequential 12 95 0.17
13.34 ha sweeping water 50 % "
Lincoln Occasional quality
UsA Residential street sampler 30 132 0.24
14.61 ha sweeping from storm 57 % "
State Fair Frequent drainage
Usa Commercial street at the 8 163 694 1.33
7.36 ha sweeping study sites 95 % N
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£-9.4.3 i SOBERANRRBLOAERE T~ 2

= BB & 0% R B RBa F—7 [5-%
X#kNa RU | HAEME ootk ) fEkE | FHE RAEARE F&EHE | BOD | COD SS ES #* ) v R/ NEER W &
HAAEE (nm/%E) | (om/%E) T-N_| NH4-N [NO2-N T-P_|PO4-P | B fr & %I
State Fair Frequent Impervious Data
9 — 1 7| Novotny UsA Residential street 20 106 0.23 G excluding
4.37 ha sweeping Composite 1% winter
1980-82 | Wood Center Occasional sample
USA Commercial street Sampling by|] 160 984 1.6 :
9.43 ha sweeping equipment 98 % M
¥ood Center Occasional with a
Usa Residential street flowmeter 20 105 0.44
6.27 ha sweeping and a 55 % "
Wood Center Occasional sequential
Usa Industrial street vater 60 537 0.37
2.46 ha sweeping quality 82 % "
Rustler Frequent sampler
USA Commercial street from storm 126 1,220 1.93
2.50 ha (rough) sweeping drainage 100 % "
Rustler Frequent at the 8
Usa Commercial street study sites 43 360 0.67
2.50 ha (smooth) sweeping 100 % "
Post Office Occasional
USA Commercial street 137 7584 0.66 100 % -
5.0 ha sweeping kg/ha/yr
Data
9 — 1 8| Goettle |Zurich Runoff obtained 64 296 664 17
et.al. from from other (+ aftpr settlfing) 1
Aachen separate German- 90 2774 1,064 194
system language ) 12
Munich references 92 944 | 1,224 19 g/m2/month
Finland Composite sample
9 — 1 9] Melanen |Kontula MFR# Rain : Sampling after every storn|
et.al. 22.9 ha 40 % imper. 400 - Pipe venturi flume instal-} 0.3 2.5 3.71 0.03 . 007
Pakila SFR¥¥ 500 led through a manhole of
1977-78 20.2 ha 29 % imper. Snow : the storm sewer system, 0.1 1.0 1.5] 0.02 . 003
30 - with an electronic liquid-
Herttonienmi motorway 40 % level transmitter placed
13.4 ha 33 % imper. | of rain] in a stilling well beside 0.2 2.1 3.1 [ 0.02 . 004
the manhole and a control
Nekala industrial unit located in an instru-]
14.1 ha 40 % imper. ment shed located above 0.4 1.8 6.71 0.03 . 008
the ground. An automatic
Hameenpuisto | MFR# water quality sampler
13.2 ha 67 % imper. takes samples from the 0.6 4.2 7.4 0.06 . 011
Kaukovainio MFR* middle of the manhole, a
40.7 ha 30 % imper. few centimeters above the 0.1 0.8 0.5 [ 0.01 . 003
Kajaani bottom of the pipe, so as
Center MFR# to ensure sampling even 0.2 1.9 3.4 0.02 . 004
18.4 ha 64 % imper. during lov flows kg/ha/rain event

#MFR - multi-family residential

++ SFR - single-family residential
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K- 9.4.4 il o OBBAFNRFEBMOFEERE 7~ 5

AERH % YO ek Bt Lt F—% |7-%
XENe | RU | St T #F A Bk | stid HERH RAEHE BOD | CoD sS EEE y v BN # %
AEE nn/%E) | (mn/F) T-N [ NH4-N [No2-N |No3-N| T-P JPo4-P| B f |@ %
Finland MFR¥ Hokkanen, H., Melanen|
9 — 1 9| Melanen |Kontula 40 % imper. Dry Fallout | Sampling 288 | 12.0 0.4 158 F M., Ilmavirta. A..
et.al. SFR## interval Bergman, P., Tahtela
Pakila 29 % imper. 30 days 288 | 11.4 0.5 H. and Hojer,R., (1979)
1977-78 motorway Summary : Emission
Herttomiemi 33 % imper. 336 7.2 0.6 inventory in the
industrial test areas of the
‘ Nekala 40 % imper. 192 5.4 0.2 Finnish Urban Storm
MFR% Water Project 1877-
Hameenpuisto | 67 % imper. 456 8.4 0.5 79, Div.13.Division
MFR# of Water Engineering
Kaukovainio 30 ¥ imper. 180 5.4 0.35 Helsinki University
Kajaani MFR# Otaniemi
Center 64 % imper. 432 4.2 0.47 g/m2. month
48 bottle automatic
9 — 2 0 Simpson | Pinetown Commercial sampler was used and the
et.al. sample intake in the RB4-N 4 TKN
South Africa | Storm Runoff manhole was fixed on a TKN +
1978-80 splash plate, which NO3-N
created turbulence,
Dec. 78-Nov. 79 686 289 | ensuring representative 52 358 363 | 8.86 | 0.42 | 6.84 1.6 ] 1.51 0.2 18 G
sampling
Dec. 79-Nov. 80| 849 165 | Weekly composite sample 86 513 601 9.97 1 0.38 ] 8.29 1.3 1.91 1 0.15
In the first year, 2 fall-| TKN + TKN
Dry fallout out collectors, one placed NH4-N +
on the roof of a 4-storey NO3-N
building and the other
Dec. 78-Nov. 79 placed on the roof of a 216 {11.62 { 2.97 | 5.65 3.0 0.65] 0.18 18 G
single storey building,
Dec. 79-Nov. 80 contained plastic funnels 222 110,49 | 2.66 | 5.82( 2.01 | 0.48 | 0.09
(0.29 m diameter), support-
ed on § liter containers.
In the 2nd year, only one
site was used as it was
observed that there was no
real difference between
samples from the two sites
in the first year kg/ha/yr
9 — 2 3| Halverson| Pennysylvania| Business 215 Composite sample 2.41 17.79 [ 11.16 15H G
et. al. district 8th July "80 - Monthly interval
U.S. A storm sewer 4th June "81
1980-81 inlet kg/ha/yr
288 Composite sample 2 [al,/ A
9 — 2 5]Striegl |lllinois 2.217 1 B G
- Single Family res. - 80 % Sampled ina 1.2 m x 1.4 n
Apr. 19801 U.S. A. Multi-family res. -3 % rectangular culvert that
July 1981 Commercial -5% drains the commercial
Parkland & Open district of the village
space -7% and residential areas
Institutional -5 % (73 % of the watershed) kg/ha/yr
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B ‘—5@2—9
[k No| RU PR LHRIA fekg |RhE | #BEH&® okt BOD | cOD .| SS I /N qu H =
- - B
BN MR 5 R T.468 |IBREFIC® | 82 12.17
KEE | dali 11. 91 (m3/sec)] ¥ 5 ZHA (&) 3.303 BT - g/kn2/sec
T | Xel | EE LIS | BLEEHE [ 887,25
.4 8.36 - |& (H) 1.780
1982~ T it 174987 kil ; [ 83, 7.31
1983 PRIRER 3. 385 » | 82;AM 11:00 (&) 0. 542
9-7 24.32 | mEM 148,860 ~PM 2:00[82.6.6(H) : E
(km2) 0.71 (n3/EH)] 83:PM 0:00 | ~T7(H) 129.1 BAfT : kg/km2/H
(km2) 78,408 ~ 3:00 B3.750(&)
| B 18R ~31(L) 28.74
4 [EgEKA]
HoEEK
R Bk
(7%”—1)
LS | EHT [ RBOETEEZE |- BKE 1 T7KES i BT ; ton/H
REXT. KE | (8 B a@E | FKE 5 1 43| 2.8 0.1 .
% HF HEER agseEko 8 ek 3) HizkEs | FkBr ORI, 43.9(
920 |EELD B, 90 mm FAEMAUE | 7.1;14:00] 213 | 821 |14,397| 77 17 w3/B)ThHh, hid
1979. | (km2) TRELERAIERT | ~3;14:30 : 1967~ 19785 D £ (B
7.9, 10 (BB - Wik 2 Bdb B RE [HKE 2 WEH) R, KER
| AN (BRE128) EBLT, 9.4:10:30] 77| 506 | 7.480| 51 6 1975~ 19185E DG H D
Oh»s 86 mm WL DFE | ~6;10:30 . TE B 81818 o F 39 (R ik
— L) K%1~28 | HKE3 EHE)ER W
® - HikEg 3 RESELRE | 10.19; 458 |3, 941 | 57,341 | 185 40 :
it 9-8 (BR205) L 17:30 I | BRE -7 HBiTA D
| 166 mn ~20;7:30 145m3/%, 9H $549203
®, 10H»166n3/BhT
RBIEBIT 5 HBEBD
BRI (S. 14~47, N=34)
icEhif, #hEh2 |
F, 1.1E, 6. 9F<1E]
DHFIROHIKTH 3,
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#£—9.4.8 #WihE, SOGFEARBREMOBERE T -4

HERH EHEL &5 o BBy (kg/ha/yr) F—% [7-7
Xi#kNa RU FEE=3:ubc 1 MR ek | RUR HERG #&EHAHE | BOD | COD SS 3 y v -GN
AAEE on/%E) | (mm/%E) T-N_ [NH4-N [NO2-N [NO3-N | T-P [Po4-P] Hi fr |f 5
13 rain storm events
9 — 1 3| Zukovs Ontario Urban Combined system runoff 10.4 1137.0 | 242.0 0.2
’ et.al. stored in surface ponds,
1977 Canada released without treatment
86.8 mi2 (224.8 km2) drainage |Sampling from numerous
9 — 1 4] Bedient Braysbayou area, vith lower half totally |points in a 4-nile 1,804.0 8.0 11.80 | 4.30 1,H
et.al. developed, with an imperviousnes| segment of a concrete-
U.S. A factor of 45 %. The upper half | lined portion of the
Aug." 75 - is undergoing rapid development| channel that contains the
July " 76 and construction activity is effluents from 4 sewage
high. Overall, 38 % urbanized |treatment plants. 10 storm|
vith 25 % imperviousness factor| events were sampled at
15 to 30 min intervals
Grobler, South Africa
9 —16]et.al. Urban/
1980 A2M12 Indust. 3% 76.4 | Daily to Grab 1.20] 0.93 |1 H—28 G
1981 Igneous Rural 97 % 65.8 | two-weekly sample 1.10 | 0.89
1982 Upper Limpopo River 52.5 | sampling 0.93] 0.81
1980 A2M13 Rural 100% 45.3 0.04 |10.012
1981 Igneous 41.8 | sampling was 0.03 | 0.01
1982 Upper Limpopo River 11.5 fdone from 0.0110.008
1977 36.1 | flow gaging 0.88 | 0.70
1979 AZM27 Urban 3 % 36.1 | stations 0.83 | 0.68
1980 Igneous Rural 97 % 30.2 0.98 | 0.64
1981 Upper Limpopo River - 0.82 [ 0.68
1979 A2M28 I Urban 39 % 60.0 0.05 | 0.02
1980 Igneous Rural 61 % 43.0 0.11] 0.31
1981 Upper Limpopo River - - 0.07 ] 0.02
1979 AZM29 I Rural 100% 10.0 0.01 |0.003
1980 Igneous 29.0 0.02 |0.009
1981 Upper Limpopo River 3.0 0.004 ]0.002
1976 53.0 1 0
1977 C2M61 11.0 0.08 }0.014
1978 Highly Rural 99 % 24.0 0.24 10.044
1979 Erodable Urban 1 % 4.0 0.012 [ 0.002
1980 Sedimentary 9.0 0.07 0.012
1981 Vaal River |’ 12.0 0.11] 0.02
1971 C4M04 2.0 0.005 [ 0.003
1978 Highly 7.0 0.021 | 0.01
1979 Erodable Rural 100 % 1.0 0.003 | 0.001
1980 Sedimentary 2.0 0.005 | 0.002
1381 Vaal River 5.0 0.006 10.006
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% 0.4.9 Wil > OBHANREEHLOFERE 7~ 5

HER i FXoY e, htoh: Lot F—5 |75
X#kNo | RU AAEMIR LHFA  |BKE | RER ABERE #&HH | BOD | COD SS T % y v B/ w %
nnE Kmn/4E ) T-N_|NH4-N [No2-N [NO3-N| T-P |PO4-P) B3 fr |5 3
Residential 8000 m/ha] Runoff
9 —1 9] Goettle Stuttgart imper. areaj from Data 900 | 1,200 ; 1,400 200 66
et.al. Residential combined obtained
Munich & Commercial system from 1,800 | 1,500 200
Upper Level other 130 400 2000 35 12
F.R.Germany |Residential German-
Lovwer Level language 60 290 66 17 2 kg/ha/yr
Rural references . 5-3.3
Urban B.3-6.3 Dustfall rate
Large urban 5.5-30
Industrial 10-6 g/m2/month
Commercial 1300 Sampling from combined 50 296 338 10 6.0 | 3.50 2.0
9 — 2 1|Wanielista | Florida 11.4 ha sewer system 1»H |F&J
et.al. Residential 74.6 | 442.3 195 | 3.98 2171 2.2 0.8
U.S. A 6.5 ha Average from 3 month data
Apr-Jun 1975 kg/ha/year
F.R. Germany Drainage Area million mB
9 — 2 2| Rehm Bremerhave 338 km2 25.14 | Grab sample 0.37 G
Weddewarde 127 39.21 | Samples from 2. 18
Nov. ' 82- Wremen 12 3.70 | 10 locations 6.17
Oct. 83 |Dorum 28.17 8.86 | in Weser River| 10. 80
Spieka 35. 6 11.00 | Estuary 1. 54 kg/ha/year
Roof Composite Monthly Rainfall
9 — 2 3| Halverson |Pennysylvania 215 sample interval 5. 70 11.14 | 0.64 between
et.al. Residential Sample collection points 1A | F&J |8th July 1980
U.S. A street were chosen such that each) 2.69 5.41 ] 2.54 and 4th June 1981
1980-81 Shopping point had only one type
center of surface (e.g. residen.) 2.04 10.75 ] 2.60 kg/ha/yr
Residential area 1 Low density area 2.92 0. 547 Hydrologic Engg.
9 — 2 4| Haith New York ( 5- 12 dwellings /ha) Center (1977),
et.al. Residential area 2 Medium density 11 0.839 "Storage, Treatment
U.S. A (12 - 25 dwellings /ha) Overland Runoff
Residential area 3 High density area 10. 22 2.664 Model ' STORM’
( > 25 dwellings /ha) US Army Corps of
Commercial : 87 5.329 Engineers, Calif.
723-S8-L7250-
Industrial 85 4.015
kg/ha/yr
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£-0.4.10 Hiligio b OB B R REREL OBEHE 7 — 5

} : - l.‘é . N EH{i o D o] 3 N -ha - D -3
X#K Neo &UE,E FE iR BHEKERKRPE R FEHE s BOD coD SS - ; - N TUP yPOA m@mgz i " &
70-7 eSS R Mance, G. :Factors Affecting
FETKERV - 268 | 252 the Quality, Ist Conf. on
/s v¥A b Urban Drainage System
Fa-Tat DRETEREE (1982)
&7 71 268 454
N YLY]
90 - 39
N
9-5 66 347 739
FELE] FEHOGRE Ahern, J. J. :Stormwater
94 217y R EE 429 | 6.39( 0.90 1.48 | 1.12 | 0.34 Loadings in Runoff from an
M Urban Storm Drainage (1978)
LEM P RED=x— 7 Mance, G. : the Quality of
Stevenage] Vs TD) /R 98 0.864 0.265 3.0 Urban Stormwater Runoff, 1st|
A4 v b DFEEE Conf. on Urban Storm
” BARER . Drainage (1978)
Shephall 148 0.966 | 0.171 1.2
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#-9051 [Fk#»ooEBARMBRECORBARSET -2
i 3 LS: L& ] [ — RIKEE F-30F-%
it No | RU | AEE | AERA "71;5 "#‘%é HEHE iy 8 BOD | COD [ SS T N . B =
2, m m -
W Eh | IR M7k | LA | LR | & P08 7] 1 [BOD5 | 5- [0)) )
m%l’lg.fta v;ﬂﬁ}é‘rﬂ?) 0.175 {0.085 7L’&‘E75)-779 ;%%g% *wlsa) . o 0.1 (%%%gigg%
S. 49. 8 i 5 1A < 10 7" 04} B 113.6 A X 7 -
3. 18~ o ;10 | 28R | 2t | KvaR OB OFK, [ (g/kef )] 155 8.5] 50.7 BUKE
3.25 17 B REE] 0. 167 [0.037 | o) AN ERER | 2HIA(. 19)
HekE UKE, BB\ T ” 60.5] 46.1] 51.9 554 | 5.59
sffify o 4 | S | 3MER | SWEEIT - Ko HER 7 FAC A YN AT
AdhZ . 8 10.030 | 0.054 | MDIRERE &I, /i | 3HEAR (3. 25)
SHEA : 10 KeAZY sby, bV % ” 5050 29.51 19.2] 232].2.88
1918 | athAR | AMER | IRk D IBKIEBEZ T ” 8.8 ] a5 63,6 Ji.526)
HhiA A | 0,214 |0.039 | 2 U2 08 B SHIAR (3. 20)
T 5 255 UHHEHEOD ” 122.8] 86.9 | 44.812,4991 6.13
AL REEHH SHIA | SHER | D7k AVt A ” 1307 4.9 46.7 Ki.1788)
K& oM |0.167 [0.079 | EE LB RO 3] SHEA(3.23)
A&y B MylcH117ETAN ,, 66,10 4741 17.211,871 ] 5.08
40 iR | oS |EIEETHRBLT ” 11.5 19 472K 741
et : 10 0.123 [ 0. 113 |17 So8v vE & - [6HIR(3.22)
THIE : 10 foo LRIKIZAYsIN ” 54.6 | 44,2 52.3.1 566 4.80
L | THhe | T | EEI oW TR 2YE ” 6.9 5. 0] 36.4 Ki.621)
Pik®  10.172 |0.133 [ MEE Lo [ THER (3. 21)
8« 10 ” 36.2 ] 11.6.] 92.41 965 7.26
83t | 83t ” 8. 4L 64 53,4 Ki828)
0.081 }0.123 8H RS (3. 25)
9-31 ” 1,84 768 12.6] 133 1.26
" 187770 8 17 R 329)
EEm | BRRIAG BB KIE MEARERE. & | KE&S _ [B0Ds [oD(Hn) KN BT : g/ke
< TRTIA RicEzhAEE 4 —-BHES
A5 E- JE—KE &L T10 1-5 50 ) 197 30 1.1 HEEIE
LTHY L 7 oy it D WTAT - 1o
RIS & 3% FAH > K 21 IX) 80 3.9 0.05 - HERXEE 6. 320cn
gEaxhTn Z %63, KD
) Pk, HERE, 1@ 3-12 38 48 3.0 1.2 - HRYE
DEXEHRIEL., H 0.010523 m3
BYOH 2 bDILy: 4—6 8.8 10 0.170 0.61 crWIAR
AT T TR IR 8.537 cn
WML 5-2 1.8 41 2.9 1.5
6—3 2.5]..1.5 1.9 1.2
T—4 4.2 30 2.3 0.79
8—1 3.9 13 2.2 1.4
9—3 5.8 66 4.1 1.5
10—1 2.2 12 0.70 0.71
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BESBNSNTED, TTiCsHT 5,
HHE TR, RENLEEBTE2ZEL TREE L TAH2ERETVELIDBEEDRB Yy — V2 &
ML, HEORHAMORIANMICEE S & LIcWEENE T VICKIIE N5,
zhong 3, HEAMQs, MEQLET 5L,
Qs=a-Q* (a, bEFHO
ORIFRAERE LTHY, HHARISHEONSTICHHIL THEINT 5, 2F0, b> 1SN
BOWMALELIKENSRELNITCEERRALI>ELTV S,
@ £—9.6ICHEFADEAT LHMERL, £- 9.7 CHBRERT,
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STORM |(1) #iFEEO#MRAFOHHZEBRRC (1) MHEANRG, VIERATEL BN
I > THERASESIEH T 5L % | BoBHTRINS,
* 1 2 Tnb, (2 AMRHOEESROATERDIES,

SWMM |(1) TABATRZEBAZEREL. X (1) ThkEv27 200Kt /K LEHLD
»HRMOERARERGE. 1 D8Ox | HMiKy . IVv—v s ¥ TELHXET
7o 7ENARRKHARMNREML | ~»Thh, ava—27a 754038
b on b, MHATRER LK 12,000 27—} A ¥ b O o TN B,
HREARREEMNEF IUEMTO |2 KB, KEOM BEALHEINS,
WG - MHATTEL Mk LAWHEINRE |68) TAKEY 27T 2sROAHROBE LD
*2 R BEE LTS, AR UEEERL TN,

THEFL |1) AREBERATKECAREK, H (1) BOD, COD, SSoth¥hico
Y AOBE, BRFIUMNA~2% | wTEHR, EHANRIN TV S,
ONE: LORAFMIBEERL TS |2) COD., S SOBLABTND LOAR

@) WREAFNEY L7 7 xAHE | 805250, BODOBEIARMRE
WMABRANRL TEALA~1 F2AFE | Hiwn,

*3 EVIHIBETRIALTW S,
RLEBRAH (1) HEMAHE T2 c MBI 1) AFEHLHEEQOEMEI L - TEb
'-Efﬂ" _%Lfmbmﬁo LTV‘}Jo

2) ThEY2F2E2KE221DO0/E |2) BRABES—ETH 5,
BT, TOFOAFEOBEABEMY |3) »ABMNOQUE—ETHHE LTH
hoZibd, ThER  hCHEET A o

* 4 AR KT 5,

277 (1) MEESEREML, PRKH, # (1) F2«OMBRAKL > THEINLE
A (IBEE | TAEHO3 ODKATTELTR S, FiE% B4 CHHE T 5,

=T N) (@ W2 EEF 2> 20BN LR |2 BREEDHOMEAFERER., FHHE
i, T&2 5PHEME, #hTF kR AL IWMEICHFITLERELT, 20
WO 5 L BEL T B, BEEATRLTW S,

6) BEUWHOATED., EBHR L HE
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ARG (1) WRBOMMAR 2 WMOML L2 (1) M, PR, il L ge AR
£2-vER | FTWAR FHRHAR Al LB | 2, AFOESHR, EHRAIC L > TRR
ofitieT | ARCHTTEL, ThOLrBENED | T5,

r(F0HE | WAMRH, AFRHOREICL > TR () MHAFOMRICL hHRE L BEH

Fa) +. LLTN5,
B) BRAMEBETHRBEORERE. Vit
*6 BHbRLTN S,

*1

*2

*3

*4
*5
*6

Storage, Treatment, Overflow, Runoff Model, “STORM” (1976)
U.S. Army Corps of Engineer, 723 -S8—L 7520

Short Cource Proceedings Applications of SWMM (1977) U.S.EPA

FEHk BARILEY 2EHATKEREE 2 OREORIK” § 7 68K FRUBENERLSLSHE
0-2-23

Bl “ARATKECED 5MANKLAHROME” F 1204 THMRRE, 1976

BEES 5 7 2T NERCIBRRRRN AR FKEBEK, 12, 1979

A “ BRSNS - v EZR UACRKERNAN R S17TEHE TERRRIE, 1981

— 198 —




£—-906 WMABRHEAREFTVOEZIHEEH (202)

—

€T N

£ A bl

¥ o

BREHRA
it e 7
» (FnE =
F )

* 7

1) VB EHREIRFATRE I
R Ih ZARROMTER T,

2) #RLAAHERD > 2BERETR
b3+ 5,

@) BEBRTERT S,

@) BEIhAPHBEERELEEE
BAMOEDHR, HHERLE L3 ICHN
5o

(1) VHBEEREOREECHAT, B
MR, BRHRLEL TN,

2) %% n AMOHROHF O F DO DON
THEERXBEL b Tk,

3) MPREHEREOEER LBEKHA
HOEEK, EHERC L VERIN S,
4) BEAHAHTRCHEH#RATR:E
MEE OB TRING,

Ay ¥V aE
7o

ETFr

*8

Q) #HiE#%x A » ¥ (10mx10m ) TH
L, &Ay V2 BICHALEBHLT
n{dDOTH5,

@2 MAkBE=rr—ricfiAL. TAE
ERTFLTHALEDET B,

B) =v*k—rBOWANM Vo s>z
DEBICERE #<,

1) BABCABEXRY*RLAIOEHR
R LT3,

2) Avva2MOMKOBEIREIE L
LTH— A RTEHT D,

B) HYBERE, #» =20 HID8DOD
Ay vaDoblhh—DfitTAE
LTwn3,

@) TAEROMHEELEGbEELY An
5o

6) FTABROEBRERLTVARW,

#REA R
BT e 7

n

*9

1) MR TAEORKE TR, FENR
HEARFBEBITEAEZNWRD, R
MHARE., WREBREOREL M
25,

2) MBOEBREICL b, WHTEE
BAMBRIRZ T 5,

1) #HERAFROLIRELZRL TV 5,

@) HESEIRIEC 3 58 & BWAREEIC
5 BEEOAMOMBREOEL ZE LT
nh, '

@) MELHHATEOEREL =7V
AP HEIAA TN B,

@) MHE—208%EY HFakn, #h
BOBRELTo T 5,

2 Biii=E

F

= 10

1) AWK TAED» SRREFICHE T 5
AHRAMENEENCEET AITH
BaE, KEBARFAFRESER
ToHEAL bEEENhE, tELLN
5,

2) MPEFAFEL, BREME TO
HRATR L BRSHEOBR: bR E
Bt AT v 2 vARE LTEL B,

1) EBHBRXNPORKMAEL HKEXOHIR
B BRSE L VEHTESL Y, B
EEBITIC L VREEHERNERD TN 5,

2) MPERATEEECENT, Bi:
FROHBATEL RS C L 8REE%
e, EtAHRECET-E: 1 £R
HBRAFEOLEL H 00 LOROTH
W, PHERAFEEEHR LTV S,

*7 FIE G EAFAMCE Y 2 RAERAMOERE G Y ¥ 2 V—va ¥ BITHEETEHNRIE,

1981

*8 I “WEABOEBAFMANE F VT 5ER” &9 RIBEME Y v £ VY LHBERE
9 FIAS “HHROFTKEKE, BEREETNVEZ0ER” £00LKRESHETEBRNTHS, 1984

F£1H

x10 FIE S “ FRATAREORVKFA LIS BBAMNFKH T F v & TOHEA” LAERRXE, H3695,
0—5, 198645 H

— 199 —




£- 0.7 WMREHHEHREFTVORAEXR (20 1)

=Fn 18 b = X F | KA XFEFORH
STORM | ®Qgg=Sy{ 1-exp(-Ksr+St)}/St St BATERM
WM o (C'V)n+l=(C.v)n+(Cin'Vi“)‘:'(c“\'vin)n+1 C |b/ewtt|mE
- 5 v cusft (&S
-(Couz'Vout)n;'(Cout *Vout Jn+1 a A7, 7
_ A
~St-D, (CV )+ (CV)n+1 . sqeft |ETER
tDy 2 1t |HRR
D
= N ' R
(Sa-Cn)Vn+(Sa~Cp+1 )Vn+1
¢ b ST o
@ (Cout )rrb-l'Cn'i-l , (Cout Jn=Cn st I
@ (Vout n+1/8t=(Qout Jp+1, (Vout )p St =(Qout I SURGE! .1y | mEssmm
. WELL # 2 7 HOBR
@Cn+|=ECn{Vn(S-t'(D|+D- ) >~(Qout Yn}
+(CinQin )n+(CinQin)n+1
+D, S(VR+Va+1) )
/A Ta41 (S +(Di+D1 ))+(Qout Jo1 }
1 @1 ERTn=1(Aj,n*Aq+1,0)2
Vo+1=1(Aj,n+1+Aj+1,n+1)2
2) = v h— g L FHRER
Vn=SURGEI, Vp+1=SURGE2
3) ¥~ 73 Vp=WELL1,Vp+1=WELL2
+®eF~| 1) BOD ©Qs=K, S*(Q-Qe) S g | BRHEMATE
BRI BR - Tk 28
@ds/dt=DWF-Q, SR kg D MRATR
2) COD @QS“K-S'(Q'QO)‘*'&LGCI‘SR-r e 1/mm | E#
¢, (COD)=010 (H/Ip8
@ dS/dt=DWF-K, * S*(Q-Qc) ), 015 (RIFIIRETE )
¢, (SS) =020 (HH7EK
®dSR/dt =4, '3,L5 & *SRer W), 030 (RFLEE)
3)8S  @Q=Ki*8:Q(Q-Qe)+ 5 cv*SRer . g5 | ERA ek
a, (COD)=10(A#D
@dS/dt =DWF-K, *S-Q(Q-Qc) DPENER )
1 =50(A@ hD
@ dSndt =a, - 5 BNER )
8.(SS)=10\A DD
LN ER)
=50 (ABHD
BAER )
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Atk
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S=S4+5.+ rf, g/s | ERMBATR
©S=8+5 45, Ot g/s DK WO FEAGTE FHR
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LL m/s [ FRo30n (23 31:30:
+ dt - Qs d
JoWE.dr - fQs,d¢ CL | n/s | MASREOPHE
@S =%: +f Odt+ [DWFdt - [Os,dt K i
® =S, +f0,dt+ [DWRdt - fOs,dt
2)RARER
@Qc,=LL
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©®Qc,=LL+2CL
BEERA | OWAOLVBE(n<N) No g B T TR T R
ot e s (1-e-kom) n B | %fRE2 L0688
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(2)

EST L O OTE AR

HERARROHNTIBEETORAERD 1 Dic, ABWIEBICHE - THRAES 2 FEEY O LS HAS

»H 5o

CNSDENRIEAD E, FKEROES, &-— 9.8 ICRd & 5 ICIBFI60ERE THERK 214
TmMOREDS S, L, BEELOMETTIBICEEL T S,
FrTIRDONTAHBEE, £ 997Dk )i, BAICOETHI2AL/HOBEHED S HH26%iC
25 3t/ BESEMAS STV BIRKICH 5,

#— 9.8 TIKERDMSIRI (60.4. 1~61.3.31)

(UL Fm’/%F)

N4y i HE =
i by | TS | AHAA | € 0 | B
Bk & o— & 845 430 183 63 %3%}
C 279
g % K| 165 | 103 7 o] 2
w R B R 24 0 130 4| %8
M1t - BHETSTR 0 0 0 180 | (1%
2 1,034 533 320 251 2,138
W | U (25) (15) (12 | Goo
%) CREBRICRHEREATERE ST,
#—-9.9 CHMEORE (£2H)
A B * E 56 56 87 58 69 60
[OF A =} (FA) 117,429 118,143 118,960 119,733 120,444 121,267
QHELAEXEAAD (FA) 116,678 117,660 118,681 119,210 120,166 120,774
OH B B & & (t/8) 87,711 90,809 93,230 92,629 94,740 96,940
@OHE £ & A B (/B 26,017 19,400 22,026 18,447 17,850 16,842
®8 X 4 B2 & (t/8) 6,643 6,609 6,601 5,888 6,32 6,269
®C & & B 8 B (t/8) 120,371 116,818 121,867 116,864 117,916 119,041
@ 1A% D Z2BHER (2/AB) 1,032 993 1,028 980 981 986 _
N ” 20 (1/8)] 68,739] 60.4%9 71,102] 64.679 75.264] 6.3 75,022 67.6%] 77.841| 69.19 80,370| 70.67
- o Ctsm)| 42,039 ara | 35651 32.3 | 37,261 323 | 32.841] 2906 | 31,536 | 28.0 | 20,007 26.4
" B OX M B { (t/B) 213 0.2 97 0.1 121 0.1 148 0.1 134 0.1 172 0.2
. 2 t « |8 (t/8) 78| 0.0 4| 0.0 | 0.0 63| 0.1 72| 0.1 12| 0.0
e o £ (tom)| 2659 2.3 3316] 3.0 | 256 22| 2901| 26| 3.008| 27| 3,221] 28
® M (t/my| na72s| 100 | tio,200| 100 | 116,266 100 | 110978 100 | nz.s90] 100 | 13,782 100
@ HRPFERLACCE (o) 94,354 57,418 99,831 9,417 100,086 102,199
@ 1 B1AYKLY B & (g/A-H) 809 828 842 826 833 846

R%) 1. FEEAS,
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@L@I®%ﬁ,BOD,COD&%@I%Mﬁ%ﬁK%@%EﬁE<,BOD@%%1~L5¢T
BEETHELVS, COD i3 2 EEBWE, 57 DBERT /A4 5N 5,
~ﬁ,ﬁﬁﬁﬁ®%6,%EﬁT@EEﬁ@L@EKWL,%ﬁﬁ@ﬂ@@ﬁﬁﬁﬁﬁi,5~
6 FIRRR b HBHNEBEDRHEBEKE S - T 5,

*1  “HEFI62GF HADTKE” BATFKEGS

*2  “FHFI63LERR BEBEOE” KEEHIRIE

*3 BEEMNHICE D B RO (B 5, MkEEK, Vol 20, Noll, 1978
* 4 “ﬁ@i®@i@ﬁ%wﬁﬁéﬁ*®ﬁﬁﬁﬁ”%*&%m,VMJQNML]WS

(3) BEFIW CARICA B TS, > OEBANROME

HEEFN OB T HREH B TR CARDOKIMCER SNBSS, ¢ hbI3+HFIRREC
LB LERIT, EPFHICLBHE - BHEHOEI LEBES LB,

£—9.10, M- 9.8 ~[X— 9.9 KKEM LB T IX CABOEBIR O ANOE A TS, 2h
ém;nw,ﬁmmmﬁ%%ﬁﬁg@%m,ﬁm,mﬁwu%ﬁﬁg@@wmmﬁﬁf@%Twm
CABRDHREOZEL LTRATH 3 LRI, HLIBTOL S ic, BEMBTEEEDR 54 4 4
1Y DEEBNPRKENTEBHSHATEH 3,

HA COLBTIEV CARTORS (B) bHBESsEL Oh, Kifuc52 2584, BOD,
CODHicRES B ERIEWEH T & 15 20, BRSO MERYEHFIEE 15 2 085, fx
EE A Do

Lo, KARSHEEICI NS TIEV AL 3 HEBANEL 2R 2 B,

i BFEBTEE L Lotiss (8, B)
« MUK D AR DS (B
A HCHE L Th LB H B,

£—0.10 FREEFICHEF BTV CARDOHE GETEH)
a, e8I 3B TEVWCAR (t/kd/8)

o TR 50 | 51 | s2% | 534 | 54 | T
AR (b sO*| 139 | 128 | 94 | 157 | 153 | 134
@Wevs-)| 88 | 81 | 58 | 80 | 58 | 73

* R

b. WRGHE) KBTI BB TV LAR (t/kd/B)

F 274 50 4 51 4 52 4 53 4E 54 4 Ty
BTEoLARg 8.8 7.7 6.1 6.2 5.6 7.1

C. HRBRFEHOBTECCAR (t/ b/ A)

E " 51 4F 52 4 534 | 544 T 1y
BRI L AR 8.68 9.48 8.18 7.58 8.48

23X D Max. HE# 10.71
(HHH : BEXHR 9 —33)
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KEEQ (£/s) OBIEE LTRDESICRHTY B
K= (a* Q+b) X (2LBATE(g)
M= (c* Q+d) X (2UBEHER(g)
a, BOD; 1.57, COD; 2.10, SS; 1.78
b, BOD; 0.42, COD; 0.24, SS; 0.22
¢, BOD,; 55.2, COD, 478, SS; 57.1
d, BOD; 8.61, COD; 1.01, SS; 0.83
37, FABIDOEROTMAHOKIEIICELT, COBEELLEICROL S BEHRETLT
" B
— BARAKBRODL TR, FAROEROMLERICERANSSD, RAKRSAS 152
Kot FHBED C— 7 OHBEBHMINICR 5D, €— 2 hoRHBEOET b5 145,

9.4 ZBENM

9-1 FMALE “HOHEEERSSRbcBT 25%0)7, MKEBEK, Vol.23, N6, pp.28~
34 (1981 ).

9 -2 FMAZRE, BRM= “AAMESRKMEREMOERSSME", RAKEBEK, Vol 26, N
7, pp.35~41 (1984)

9 -3 HATKEHS BXRBEMPETKEEHEARREOTFF| (1984.8)

9— 4 BHEF FEFFEBRFUICK BERM I RAAREE —HERE— (1985.1)

9-5 FALRE “/vEA Y EREORENIZ”, K, Vol.29 — 7, pp.72~74 (1987.6)

9 — 6 FEEEMEUKER, FEHE  RERICLEs S EiliE, o OB BAM KL ", H11EFKERERS
B, pp.62~64 (1974)

9 — 7 PEAZE, LEE dUNMEHE OFRYRHBEEI OV T, B2AETRERRERS,
pp. 429~ 431 (1984) |

9 -8 BEOAN BHEEZ ERNcBT3HKEOBEKLICOVTI)”, MAKLEEK, Vol
23, No 11, pp.59~65 (1981) |
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BT B Y Y RY Y L, ENLAERER (1984.3) _
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DS, KEAGEHR F6%, %25, pp.93~103 (1983)

9 —11 BHATKEWHSE BRB(IETERHEARRAREE (1982.3)

9-12 EIRE, WAk v REEEHEICHKSCILEIERETASRESE (1979.3)

9 —13 Zukovs, G., Weatherbe, D.G. and Marsalek, J., Urban Runeff Control Techno-

logy, Civil Engineering, American Society of Civil Engineers, 1982.
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KEAOEE, B S OKOREICES bDTHB, CDI 5, KEREEEOKEBHELS
25603, REKEEHTEBICLBKORIETH 5,

wic, HEICEE SN NORBABRN S, BIEASTIRRREN L, EICHEEN £ BUNF
4 5. BAEMRNOBAOFRAETS S, —F, LEhOERETHELETIMENR, N.OF
HECENDAS, FIF L% GIRENORETHRICEREY 20 370, BIEPOECHO—HIZIHE S hY
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LN OOGMIEN, TERAOEBREEEMICEDFASH, B8l CHCIEICRTS NAES
N5, ,

MM T U, BLEEEH L > TV ADT, WRIENIE NO:—N OBREL 155 T EH% L,
NOs—N R HETOREAZ I m ks & bICBB LT RET 2H&HE 0 EEPNTY 5,

KETE, BRI, TEEBAEIRKDOBEEREDIIIC £ 0 BILBREE R > TV 515,
TRTHETIREL L >TW3, D, EHTE, BRENE, NH,(—NEZETNO:;—-N I &
TBLShBDICH L, THTHHEEIERYEREL LT, NO:—N, NO.—N BT ZEHKE
LT L, N2 N.O O RKIGRTL, b OHESE 3,

Pii, +ERTFLOREEIAE L, NICHXPORBEDPREONIVEEDA TV S, LEDD
T L =Y a0k, ANV D AREERIBLTHRICEEES N TARBLYT 5. LrL, i
DHED, BRICH S RERILSRET 2158%, THTEL AT ICEbH B, £, HEIE
Eikic, BRPEKDIDIC, BIREPELTOERICHES MBS b,

0.2 NERERR

BEHO /A OB R RERAICE L TE, KB, BHT~NTHBERT L5, KRICHEL
T3, BERE: - RECEBAAE > T Bo €T TR, KEMMEDEWV S FFETHEBA DT TH
D, 5iz, KHE, MELGELETSEEMHTO—ELLFEEANGTRML TS, FHIT &L OFEME
MEREINTNEHDIEF, TOT—F7E&RLTWV S,

LTI, MODESLF— s ARETHCEEL, ZhEhOEPIC LITR~T & S R pEIEIHIR
T AEMAERLTE L& ET B,

#£-10.1 E#tkoBHamRREMORERSEEDNR

| BORE mAﬁwmmﬁﬁﬁﬁ§@$m<§/;mﬁmu 1t ®

5 5| BOD SS COD T-N T.P ERE
10-1 | /% H| - ~ - — ~ — | 102~129 |0043~884 |0012~138 ['%Zi7
10 ~ 2 1 - ~ - 1.0~6,909] 399~ - 0.0 ~ 186 0.0~354 | 937
10-3 | BEtg | - ~ - -~ = - ~ - -~ - S L

DTS EEBHIkoBFRAMNRRBEAEZRICE LOTRT,
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K ERBEK 7% 8 Lol B R BT DS A RS 7 —

Ecr EMoEI BRI VW TORMRIBH AL TULIE L,

7 7K EE7] & TL F—7 o - 7
Pk No | RO | S | AESH REER |RU Lﬁtﬂi HWEHE & [BOD JCOD | SS 7T v BN 1§ £
Ez3 7k T-N_NHA4-N N02-N_NO3-N | T-P_P04-P | J
IR Eﬁ 6 knD| N, P20 TRIE L C D 7 : ke/ha/%F
Byl XA 60~80 B 8 7k5%£$ii%& LTD
FAEI (%7}@}? (kg/ha/%) S, EER 8.7 3.9 0.4 KH, [kE T (WIR—
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. a o a
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#—10.2.3 JKHIKEHARGRFERBROFEERE 57— 4

i EoE- g 1k h@ lﬁ ) TKEREK] 5 (kg/ha/H) F-70F -7
[k No | RO | @t PREASGRER| KU R AMAEHE % [BOD [COD | SS 3 UEECZEE - 3\ w %
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B{yE& (ha) 25 pi. 2% i. HEHK. O
© Il [8.19km2 COD7K H 5 B fir = . : ETRPABV
(24 H B+ H/KE . DIKXEMH LA
—JEH A DSV . 1054 S EHEN B,
” " R $FEDABOVH .
199 A 8B ) FE)KE) /BEEOK )
A | KENE | 0. 55km2 & —;. 0
v/
(T—-N) F0. 10
" ” SHORH Fo# 273 0.1 -0
[ EfE (ha) X3 b T-N 6_H 4. 81 0. 30
BE) | 5. 96kn2 Pk HE =5 H O it 8| 0., 14 KECE 5,
10-4 +(SHT-NKH-6~8 . 14 F BIKHEIR L 3
$.58.4-8 [ O IT-NKE) / - &
” ” pk EHE K (ha) H 8.8% 0. 88 (1» AEDAE)
n BB L7 NOFEJI7K 9. 02 0
#ARN |5.93km2 ~DEE LG T H 0
bOEL. £hid 0.4
B8 D I A 15O B 0
” ” (5H) &5, 0,78 0.8 =)
H 3.66 o)
WE | 4. 45km2 (T-P) -0
P3MEEORETC|8 F 0. 5344
BESEC, CO 3
” ” O, BRahiy 7. 43 1.80 0.
ik A BV IR 7,29 0.
BN | 9. 05km2 e LTVWa &[T A )
BESNhd. L T8 F .
0D & GO FET F0. 1254
" ” ~8H D P OMAD 5,02 098 ;
‘EEK ORI 25 6 H [15.59 A
—@#JIl | 7. 00kn2 LTWw3, E 0. 4
1
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E 1 7] SRR SRt
BZ#k Na kU ﬁﬂﬂﬁ%ﬁ%#kﬁm‘jﬁ RU priis BAEHE &kl [BOD |COD SS T v
F A7k T-N_NH4-N J02-N NO3-N | T-P__ POL-P
» B Eﬁﬁg\
10-5 12.9 9.3 0.1
$.56 E% E
EEH 0.043 0,012
(8 » H¥H) 174 0,135
5 » ) 2,08 0.182
(3 ﬁﬁﬁ” 3.23 0.050
(4 » f2)) 0.41
4.55 0.113
— EOHE P
(6 » HEH) 8.0} 0.650
10-6 (5;:5%491) 3.12 ' 0,553
(6 » H¥H) 4.42 0. 480
4.00 0,770 ‘
H] 01 10. 0.0  kg/ha/=
e 23 S I : 188 # L AT
T “EEEE | 20,2~ o~ N TYTY
EE 28.1 1.9 L FH
g/ha/H
B4. 9 6. 65 s S,
£2. 1 3. 417
ikt 121 7.1 0.047
- 69 5. 0.5 5§ 52
13.5 I 3 0. 064 knZ/ 2
10-7 7 1L b 1.0 0. 0. 024 S DR
EZERH 13.3 T 5. 1 oW,
b 5.0 piiAes 0 .0 KBk
Ficg | : ll_Z[_Fn 6471, i) .4 .
KA 6B DS b 0. : kg/ha
10-8 kf? 5‘% LEGE sosEREgDl. [ 0. 4 0. 470 Eﬁég%ﬁmiﬁykm
_ iy ‘ { e
—ﬁ% b171-7- sB, EmEwE
EFE 25 o Figkh RRA B2.2 138 544~ 5 —{EH
EEDR 1977%@ i il 10, 0 49
JKH TR
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£-10.2.5 KEPKGE AR REBEAORERE 7 —
mgkﬁ ) IR 5
g o kU Wi B HAEH & Xkt [BOD [ COD SS
AZK T-N_NH4-N NOZ-N
70 OB 120H
(N zs 5 g/ha/E)
BEH ﬁw 245E!’(‘Eﬁ5° 1.4
(N=7.0 ~,P=0.1 ~)
0.5
Em T kg/knZ/H
28.2 | 96.4 [158 1.3 1.0 B ESE
HRFOS8% 3A & D
F % V
430 | (A A kizE L) 0 8.6 52.6( 4.9 0.1
mm/’
S. 57~ K B i i T _
10-9 ] s.58 8.9 ha 1, 430 | (A B IRELL) 0 12.1]85.8 1 6.1 0.06
nm/ |
bk H i
2.6 ha (HHAFEREL) 0.01{39.7(68.8| 7.4 0.04
0 : kg/km2/8
Pk EH T £ PABVEHDOA TR &) - (
17.4 ha sHEOES TR 5.4 [26.1 200 4.3 0.37 AR O B KA
HOERIIL)
S.57 bk EH B [ 3H
5.8 ha (HiFEiREL) A |2 4| A 6.9 AN R : kg/ka/El
NEPERY -t
TRITAREOTER YRy TYSE
e 5 HERE . !
PADVEBEE PR E r L E
BEE (T-N=14. 4t/88H) EFsEh, BrmnEm
HHEH s A 5 W B RS o R DIED A SV 73.9139.5 1. 87 IR &, (1975)
S. 50 . . BERE X b 51 Fe
ﬁ&b\u@ﬁﬁ
t%mﬁﬁ%ﬁbf
) [o]

E:2TrAXVHMO IBZ0HEE GIER SA~10ADXEM & LTHE)
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— 612 —

7K B EE ] B THEN (kg/10a/8 » 7
TR BEH* $xl [BOD [COD | SS ] 'E‘)j_—EI ~
! _ T-N__NH4-N K02-N NO3-N
; k7K I FERE | CERERC)
: > Sid Lo .
(8-8-6) [z, RE% R B REHAL 0.15
N 8.53 RERHEBE. XK TV, NP
P 3.29 kbR, Y58 FEF s 4 B
1E = A AsOIKRIE, Lo E
, (3 Bifw EABEERITT 1 %5 Tho| REFMH 0.74
10-13| Kt BIEX (341 n2) RTHUE vyoHBIEELE. [GLEEE Y5
RBAZE|E Lo 7+ %1750 HIRMAKRE, o,
5. 51. 5~| B _ . sk BIat 23k BI &kl (FEE)
52.1 [REBBEBANOHFKERK GBI RE L 72, XEREL )
R7KH & L TRV, K% 2HKER L, KA , KB & kAL 0. 44
o N L56 EFTTHIEL EK HBELE :
(1EE) EhoRREHR%E > CHEFEX
BUSEHSLEIWN 196 ELFIWTKRD, pr 7o, RBEHH
( 2EIE) PE7K&R DHEK D B & b0cn] RBEH 2.52
BR e Lo ﬂﬁbtﬂ
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A Eﬁﬁgﬁ & L@ I!& F-70F -7
ik No | BT BEREEEIERREKBETR|] FERS BOD | COD : I - S\ " %
E T-N_NHi-N N02-N NO3-N [ T-P_ P04-P pypimf ]
11 0.0819 T : kg/knZ
S%?ﬁﬁﬁ il. 0. 0551 . e
53R i34 0.1 , #H:
B30 . B i A ER AN
S. 48 | EEi 3 : 20. 2 0.3989 PRI, Tk
/37118 P E&ER L ®Y
3 12 0.159 (1979) B2
) 1. 20 0.129 P, pp. 547 69
JEE, 4 =M ~ ~
1 . 6.00 0.271 H
’ IICTEL | 257, 5.81 0. 181 2
g Y EH. BHHE |1 eH ~ ~ #
X | 8.25 0.384
- 1.84 0.115
X ;w o?u
iiﬁi;' m : EEF7E(7)ﬁ. é
auil| 100 % fm itk 7K O 5
K& & IKERS]
Y vERRIX S OREh © Darcy
10-1 : e A WEF 7 L oRIEF VT
(D 28. 5 b cnwﬁAﬂ
DS A3t & HEHER o
H F v IR 7K K'E D 3%
[F Imlic k=~ %%%U'Eﬁ
l//—‘l‘ ’&}gb ug’&g&'xo
A S BFEIK%E
FE2ikEi, )
] EEYOLAEA5]
&, . £%:3:3 7104
o BIEY DWT D N, PREEIEY)
HHR 32 DT % & &
. W 1o k8 B o
bt
LI
4i7s, i
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BEET . | e — 7
X#K N &UE A RIS (k%&E%E) kR R WA AL K [BoD [COD | SS ; %
i B/Km -
. BRE S 2] 1 i - ke/km2/ Bl
s 23-07 ke bie .2 ~ o ¢ A B B
Wi 4.1 0.08 | B, 1t -y-"11&b
=% 6. 36 1.4 0.10 BT : kg/knZ/H
fFisconsin ~ ~ Bwayer (1947) X b 51 Ho
ﬁi"% %A 3.21 1.9 0.12
5] Z2R — FET7 : kg/km2/ &
1linois - 0.11 issinghum(1967)
oskaskia %/L 3.21
EJE 22X -
% Yy ho-4 1.6 0.52
Miami —
X B %% 274
tytoay 5.5
Miami hA 6.9
ohnstone | >k B LN P il 3.10 0,01
. R 0. 0.15
Lalifornia R BO.
10-1 ‘r 0.27
Bylvester | X H ZEHR 6.36 KE ~ -
KA 1.21
Washington 0.77
i n i
HE ER% 1.8
Great DA 521 5.07 0.2%
Ousell]
TERETEES BRI © kg/Kkm2/H
i 5 K L. 1 0.553 ¢ Eck et al
1957 Ftnay 896 4R} = ylvester
1 5 Rk 5.53 0.154 v - 7 : ABI B
5 EEAE & YERY,
Ko Hip R L L,
i oD M & 0.768 0.277 e 24 E AR, pp. 54 69
s A DB ~ ~ (1979) )
1960 7.38 1.20 H : ﬂ('ﬁ(‘i?ﬁ@ﬁi%‘?”—?—‘
YERRERMERE,
p. 193 202, 1972 £ b
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— ¢¢C —

EREgE1] 531 Izz; lft ] 7K 5 : F~ 7 OF — 7
Xk Na &OE EERRER [EERERRE R AR | F&EHE | &8 [BOD [COD [ SS S SN S Tu ,04 - /N 1 i =
’ (] 01 .05 0.299 \/ : kg/ha
KEHHE %@a‘.‘ﬂj £1.25 0.201 : BEYIBEBHER
& it 4530 0.500 S.53
] : kg/ha
HEE BHHE 30. 99 2.427
REH S. 48
” 13.13 1,458
4f  kg/ha/5H
. ” 43. 80 0.580 x
Lo 15. 4~ 0. 47~ E{fz T kg/ha
-6 EH ” 21.9 0.99
WO 2L 2~ 0. 66~ g, FH
s |42 ” 30.1 1. 40
_ 6. T~ 0. 42~
2 ” 9.6 0.89
i/ : g/ha/H
202 3,99 A5 48
B, 24 \[ : g/ha
< b 0 18. ; S.53
1 121 L1, 0.8 : g/ha
f 69 11, 0.5 I3 5,52
TR » F DB | i : kg/km2
b it ha (el S B M 46 ,
660 k< 1.7 ha BEHIEIS 2 o rREE
e/ S KEH) ARERE L 0.08( 1.3 34 14.4 0.09 BAF0S9EFE 3H
MEER [TV 5,
10-9 99.3 ha
Eh 12 z»/um\m
S. 57~ pit | ha (GRIEPNRC > W TR ST
S. 58 42.8 §212.3 ha fEHICIA D
/P KE)  HERCTCHE 12.9 6.0(31.8 5.8 0.12
BB L7
170 ha
EY0] R : 0L kg/ha/FF
K a4 1,200~ [ ¥ 2REB SRR B o
N: oo 1,350 mfEFERR O HER MEEK (BEET
ETFE E#ig | 309 jRERME T ow~HF -5 %H KBS . HEEEE
HEL pix -120) P: Ocmid, BEMv7co AR HOR
10-21 /NELER Evyivo110] 197 1, 100 Y3 9KILEE ) ARA 103 0 B4 2 8%
1972~ | BLEHET pi#d : 80 tTeHopicki s EBE19T) DFE
1973 [EEERERE Y: 40[(kg/ha| nn/E| hmoKkKE%:, N:12.0g/A/H,
(ha) | /%) Y BRI 9T A sk U P:1 g/ N/
SE LWV, |1~ 2EF > H) ofHBEZEL
5 o [WTkRDH,
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X#k N ERR ‘%7)@ W #ASs | |AKE EE[B0D [ CoD
EBER BEKE | yi-9-
X BHEKE
pEIRzZEE 37.8 1,192.8mn] _ ~
” 54.0 1,014, imn ”
” 54,0 887. 7nn! ”
10-10 »_145.8] ”
” 75. 6 1,256, 8mm ”
»__108.0 1,005. imm o~
» _108.0 890. 9mn| ”
&2 ” 1 ” 291. 6 ”
” ’” 1 7
.52, 3~ 8 ” ” ” 15. 8 1,318, 6mn ”
5. 52. 9~53. § ” ” »__ 108.0 1. 141. Son “
5. 53, 9~54. 9 ” ” ~__ 108.0 993, 6mm ”
O ” ” ” 291. 6 ”
0-5 y = _gﬁ-ﬁ ﬁf - 3.99 27.9 0 :kgggﬂ{;%’&
10- . . .23 =1
S 564 PN 1S 86
wm, 35 > & 29.8 ha/F
D i 7K % ~
= [ 4.1
A 29.0
10-20 [ BHX [03.0
HEH W6 F % A @ kg/ha/
] 1 » A 13.3 12. 0.1
Bl
fI : kg/ha/=
X 37.0
TRIBIT = 1985, 1~ ‘kg/km2/H
10-19 @ 1986. 6
1985 m®)1| A 26 I E 14.1 9.26 0.313
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AU B L&ﬂlﬂgl%mglﬂtﬂggﬁﬁﬁiﬁ

—-s0F -7
T~ E | & xz

X#k Na
T-P bl
[CRA: Javorskl, N. A, "Relative
contribution of nutrients to
the potomac river basin from
Latoctin Creek 80% fih 1.8 various sources” .Proc,

10-20

(Potomac)Il) 20% FIE

Agricultural Waste Management
Conf., Cornell Univ., Ithaca,
N.Y. 134(70)

TFVX | FEH O

:Kolenbrander, G.J., "The
Eutrophication of Surbaca
Wastes by Agriculture and the]

1974 Psifest

R Urbon Population”
P - S B Stikstof, 15, 56 (' 72)

. [CH: Schwab, G.0., "Pollutants
Canadaragoi] in Drainage Water.” Paper
(=a—3-7) .19 presented at 1969 ¥inter

Meeting of Amer.Soc.of Agr.
D& RHH Eng. . Chicago, I
RS TR S o O K#:Owens.M. "Nutrient Bal-
freat Quse Ji| | HEvk 0.06 ances in rivers” Water Trt. &
4 FY R 0.6~ Exam (G.B)19,239(' 70)
| Z ofthd FE]I 2.3
[ Hk: Keeny, D. R., "Source and
___byimayEfE ] RSN I S N B U W AR SO S S Fate of "Available’ Nitrogen
in Rural Ecosystems” in “Far
B~ 0= =T AN SO AV SR SRR (Y A S: N3 A AN S A Animal Wastes, Nitrates and ni
Phosphates in Rural Wisconsinl
VAP PET) I TN S 0=, < AN D R AU U AN DS SN 1 S N SO Ecosystems.” Brevik, T.J. and
(loam soil) Beattey, M.T., (Eds), Univ.
_____ FLE e I Extension, Univ of Wisconsin
22~40( T1)
R P st
2423799 M [k :Sawyer, C.N., "Fertiliza-
Mononaif i< /& <| Mtz » 5 0 tion of Lakes by Agricultural
PEKDT BEk and Urban Drainage” Jour., New
9423777 Eng}and)Vlater Works Assn. 61,
faubesaif ~ ” .3 109( 47
9{2177 /W
egonsajf ~ ” 245
X BK:Gearheart., R.A., "Agri-
cultural Contribution to the
Eutrophication Process in
Watershed 80% .3 Beaver Reservoir.” Paper pre
Arkansasiiy agriculture sented at 1969 Winter Meetin
of American Soc. of Agr. Eng,
. Chicago, 1N
PCHA :Wang, W. L., and Evans,R.L.
EERYEt 080% ) “Nutrients and Quality in Im-]
.06 pounded Water” Jour. American|

Water Works Assn., 62, 510( 70)
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WEEW L :
X# No &ﬁvﬁ AT AT EER RkRpt i BEE RS HESE e 2 BOD L1 *
U. S, FPOED Y il : kg/ha/%
Cropland |#7a%-alfalfa . . :Cywin. A. “Agricultural
underdrain | Alfalfa 14 . . .12 pollution of the Great Lakes
Bffruent No | Alfalfa 25 . .07 Basin” EPA Rept. 13020( 71)
fertilizer ot EfE . .28
Uegrass so [T - ke/ha/ &
Fertiliger added]
FoED I 13.
u.s. 173 -alfalia
Alfaifa 1%
Alfalfa 05 )
10-20 oI 17,
Bluegrass sod .
ylvester
. (43 6.7
~186)
Cyvin A ~ERAKX ) 011
Hi B L 0,11
Stewart 0.1
~33 ~0.9
Graudina 4.5 0.6
~101 ~5.6
Johnston 13
~111
Owen
18.5 0.9
10-7 T4 &, K€, N 6.0 0.035 0.017
P Motaay P 3.0
3.5 0.018
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H TR HE K E R G B ( ke/ba. yr) -3 |7-%
XHikNa Ry | WEmR | REES) RER Rkl | mtil | WMERH HBHE | H BOD | COD SS = & Y I a1 o =
AAE (kg/ha/yr) | (em/yr) | (mm/yr) T-N_[NH4-N | NOZ-N | NO3-N [ T-P |Po4-P| 8 f¥ |&E 51
Normal Automatic sampler
10— 2 2|Hartigan,|Virginia { Low tillage year placed in Occuquan and | Normal 9. 43 0.77 G
et.al. cropland 1,041 ¥are rivers and Pequeal Wet 8.423 1.822 Simulated
U.S. A Vet Creek which collected Runoff
1979-81 High tillage Year runoff from the water- }Normal 15.93 5.02 G
cropland 1,387 shed. Grab sample ¥et 55. 80 17. 64
Sampling was done ever Org-N
1 0 — 2 3] Caporali,| Italy Wheat N 100 -150 950 361 | day and sometimes after| 15.65 | 0.24 | 4.97 [10.44 10H G
et.al. forages storm events. Sampling
vineyards from streams that run
Oct. 78 olivegroves through the watershed
Sept. ' 79
Both plots
1 0 ~ 2 4] Baker, lowa, Corn N 250 947 181 | were drained | Compositej Tile 1 31.3 18 G
et.al. U.S. A 1974 by adjacent |[sample
N 100 216 | tile drains Tile 2 32.3
1974-78 that were 1.2
Soybeans NO 112 146 | o deep. Sumps| ~ Tile 1 11.6
1975 vere instal-
NO 167 ] led to permit Tile 2 40. 4
access for
Carn N 240 600 84 | sampling and " Tile 1 3. ¢
1976 flow
N 90 93 | measurement. Tile 2 21.4
The automatig|
Oats NO 943 109 | sampler took | Grab Tile 1 67.2
1971 daily samples| sample
NO 90 | After 1977, Tile 2 18.0
frequency of
Corn N 80 : 887 101 | sampling was " Tile 1 37.6
1978 changed to 3
N 90 114 Jtimes a week Tile 2 21.1
Biweekly grab sampling | 1977-78 . {NOZ-N + NO3-N
1 0 — 2 5 Peverly, |Nev York | Red Maple 1,017 577 { except during winter. site | 0.59 1.42 Area :
et.al. 842 | Water samples were site 2 1. 70 19.4 258 G Site 1 = 388.4 kn2
U.S. A 1,160 | taken from the middle |site 3 1.25 75.8 Site 2 = 56.7 ~
1977-19 Cotton vood of the stream, approxi- | £1978-79 Site 3 = 19.4 "
villow 1,076 361 | mately 15 cm below the |site 1 0.14
853 | middle of the stream, site 2 1.61 §0.9
664 | and upstream of bridges] site 3 2.53 21.1
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R K 75 £ AT B R BT D

XHENa

EEL L
RU
AEF

A

fEEs
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{kg/ha/yr)

Rk B

it R

HERH HEH &

s

BOD

CoD

S$

HERET -7

F-%

Y

v

T-N_[NH4-N | NOZ-N

T-P

PO4-P

B/ R
L

7=7
& 5

10-26

Hubbard,
et.al.

1974-176

Michigan

U.S.A.

Corn

N 356
P 112

Bn/yr

662

mn/2%F

348

Soybeans N 258

P 112

288

321

Stainless steel 90-cm
standard type H weirs
were equipped with
continuous vater-level
recorders for runoff
measurement. Propor-
tionate samples (1/5.

1974-175

64.90 | 4.50 [57.80

31.50

1.80

1/50, 1/100. or 1/1000)
vere diverted by a 45-
ca Coshocton wheel and
sample splitter to a

stainless steel pots

(11 liter/pot capacity)
carousel. The carousel
held 24 pots. Sample

sequences vere related
to an event rainfall by
an event recorder con-
nected to the floating-|
trip switch at each

carousel and to a tip-
ping bucket rain gauge

1975-76

72.80 | 5.70 | 64.70

41.20

1.50

kg/ha/2yr

10-28

Hubbard,
et.al.

1969-78

Georgia

U.S.A

1968

1970

1871

1872

1973

1974

1975

1971

1978

1976

Corn N
Corn
Corn

Corn
Oats

Peanuts
Oats

Soybeans
Oats

Soybeans
Oats

Soybeans
Corn

Rye
Corn

17

k=

206
195§

289

22

224

VAT

12,410

3090

sub-
surface]
flow

(mn,/
106F)

810

surface]
runof f

(mn/
10%)

Surface runoff from

the area vas directed
through a 0.30 o H-typ§
flume with a sloping

floor. A stage-recorder
was used to record sur-f
face runoff hydrographs|
Shallov-subsurface flow|
moving from the area
was intercepted by a
73 m by 18 cm gravel-
packed, terra-cotta tile
drain set at the top
surface of the dense

sub-
surface
flow

sandy clay loam. Sub-
surface flow was direct
ed through a 15 cm, §0°
sharp crested V-notch
weir. Subsurface water-|
stage was recorded at 5
min intervals to the
nearest 0.03 ¢m by a
digital stage recorder

surface
runoff

kg/ha/yr

10-29

Kauppi,
et.al

1865-76

Finland

(£ED

yearly estimated

12.0

0.57

kg/ha/yr
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Bk 75 B A B IR AL o

BEHE 7~ 5

E R T S =35 | 7—%
Xi#kNo RO | HEE fieg: R & Fak |oil | mERs SRR Hi BOD | COD | SS ? y v /Ny RA @ %
HEF Kkg/ha/yr) | (mm/5E) (mn/5E) T-N_|[NH4-N | NO2-N | NO3-N | T-P |PO4-P | Bl {r &3
¥isconsin U.S.A. Onmernik, J.M., (1976},
1 0 - 3 0| Clesceri.|Landuse ¥ F ¥ A% Area 1973 data Grab sample "The [nfluence of Land
10—33|et.al. km2 Use on Stream Nutrient
Site 1 6.0 6.0 80.3 15.1 960 Water quality and other 4. 64 0.29 | 0.12 Level™. EPA-600/3-76-
1973-82 data vas obtained from G 104, U.S.E.P.A.,
other studies and data Oregon, U.S.A., pp. 105
Site 2 6.3 0.0 887 6.6 960 bases 4.84 0.27 | 0.13
United States
Geological Survey, 1983
Site 3 9.4 1.1 7.5 38.9 940 L1} 0.11] 0.04 Water Resources Data :
Wisconsin-Water Year
1982. U.S.CGeological
Site 4 9.7 0.0 88.4 25.7 1,090 5.54 0.15 0.07 Survey, Water Research
Division, Madison,
Wisconsin, pp. 426
Site 5 10.0 12.2 717 61.0 850 5.49 0.45 | 0.18 Wisconsin Departament
of Natural Resources
(WDNR), U.S.E.P.A.
Site 6 0.0 0.0 99.1 4.3 850 16.39 0.29] 0.21 Storet Data Base
# F - forest; W-wetland; A- agricultural kg/ha/yr
Sampling after every All runoff
1 0—3 1|Antosch | [ova Agricultural 73 % rain event goes into 8.5 J
Tvo streams drain the the lake
1979 U.S. A Urban 25 % 831 vatershed and bring
runoff from the agriculturall Southern stream
and urban areas into the bypassed; 4.1
lake. The Northern stream Northern stream
drains the agricultural into lake
areas of the watershed, Southern stream
vhile the Southern stream bypassed; 3.0
drains the urban areas and |Northern stream
and brings in runoff to detained in_lake
the lake. .
Simulation for future All runoff 1.9
scenarios based on bypassed
possible conditions
kg/ha/yr
Composite sample
10— 3 2|Glandon |Lake Agricultural 97 Skinner Lake receives 9.602 0.333 F&J
et.al Skinner, [ land runoff from 3,813 ha of
Indiana rolling agricultural water-
1979 shed. Runoff characteristics
U.s. A vere determined from data
collected from the Rimmel
stream which carries water
to the lake from approx.
3,090 ha of the watershed kg/ha 231 H
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E B KSR w b =% | 7—7
X kN0 Ry | WEMEA | REEN e g Rk | HEE | HERHE HEH i =¥ BOD [ Cod | sS = E y_I» B/Ne5R &
AEE xg/ha/yr) | (em/yr) Kam/yr) T-N_ | NH4-N [NO2-N {NO3-N I T-P [Po4a-P| B fi & 5
Smith,C. N., et.al.
1 0 — 3 4| Tubbs, Georgia P2 N 272 1,230 280 Grab sample 13.0 6.1 0.3 I Transport of Agricul-
et.al. P 54 tural Chemicals from
10— 3 7|Haith, U.S.A Corn Sampling after Small Upper Piedmont
et.al. rain event Watershed. EPA-600/3
P4 N 279 970 197 5.8 1.9 0.3 78-066, U.S.E.P.A.,
May " 74 PS4 Athens, Georgia,
Sept. ' 75 U.S. A (1978)
kg/ha/1Tmon.
- Klausner. S.D.,et.al
Jan." 72 | New York | Corn and N 107 1,890 160 | 6 tile Grab saople 3.05 0.40 J Design Parameters forj
Dec. ' T3 TYe P 33 drained the Land Application
U.S. A fields, Sampling after of Dairy Manure. EPA-
0.3 ha each |rain event 600/2-76-187,
U.S.E.P.A., Athens,
Georgia, U.S.A.
(1976)
kg/ha/yr
ha.
10— 3 5]|Haith, Pennsyl~- | Hay - 10,211 213 | 35 storm events were analy- 9.10 .70 J
et.al. vania Area = zed in 16-month period. THe
Corn - 4,850 | 391 km2 sampling point was located
1976-78 | U.S.A. at lower end of the water- 88.40 35.40
shed. Post-event sampling.
Small 6,232
Grains 24. 60 10. 50
kg/ha/yr
The flow structures utilized
10~ 3 6|Daniel, |W¥isconsin| Corn 19 % K1 756 at sites K1 & K2 were 1.07n 0.2 0.1 0.1 0.2 G
et.al. Hay 32 % & 0.61m broadcrested weirs
U.s.A. Oat 33 % (5 : 1), respectively. At
1977 site K4, a 1.22n HL flume
Corn 11 % X2 was used. Sites were 0.5 0.8 0.2 2.0
Oat 53 % instrumented with automated
Hay 34 % equipment capable of
providing a continuous
Corn 32 % K4 record of discharge volume 2.2 1.8 0.4 14.0
Hay 62 % and collecting samples of
water discharged as a
function of flow volume kg/ha/yr
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X kN0 RU
AEE

AR

FIBER B R

kg/ha/yr)

1 0 — 3 8] Jacobs,

et.al.

1980-83

.Carolinal

Grain crops Winter cover

Rk
{om/yr}

[ideh-:¢
{mm/yr)

AERK HE

e

BOD

CoD

K AR A AR R ORERE 7 -4

I

BB KB R AR RBh (ke/ha/
55 Z %

b4

TN

NH4-N

[N02-N

NO3-N

T-P

PO4-P

=7
BB
LM 04

73
bl

100

U.S.A

Vegetables No winter cover

78

Grain crops ¥inter cover

224

Grains + No winter cover

| vegetables

Grain crops No winter cover

520

Grain crops No winter cover

432

Grain crops No winter cover

493

Grain crops No winter cover

490

Grain crops No winter cover

£

kind of cover crop is grown in
vinter too.

Winter cover indicates that some

493

3 different drainage systeas
vere identified : a natural
stream without improved
drainage, crudely improved
drainage with ditches cut
across fields, and Y-ditches
with drain tubing emptying
them. To measure movement of
N in subsurface drainage
vater, a transect of shallow
groundvater wells was placed
on the slope between the high
est elevation in the ditch
to which it drained. Each of
the transects consisted of 3
or 4 locations with 3 to 6
different depths of wells in
each location, with the
deepest well at 4.25 m. The
soils were described and
vell casings of 38am poly-
vinyl chloride pipes instal-
led. A well point was placed
at the top of each restric-
rive soil layer where a color]
change indicated potential
differential water movement
through the horizons. The
bottom 0.25 m of the pipes
were perforated with 4.7 mn
holes every 50 mm. Soil was
repacked around the pipes
and then the surface around
the pipes and then surface
around the pipe was packed
with a 2 :1 expanding clay
to prevent channelization
from the surface. Pipes were
set with 0.25 m protruding
above the surface and were

stoppered between samplings

0.9
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; lﬁ TP K m A B b (kg/ha/yT 73 | 77
X#kNa RU | HAEME | REE5 pichah o Rkt i AERE BRI He 80D | COD | SS v B/ 4
o B E kg/ha/yr) § (mm/yr) T-N | NH4-N { Noz-N [No3-N | T-P {Pod-P{ B8 fI & 3
n3/hal Runoff was collected using 1980
1 0—3 9{Angle, Maryland } Corn ¥ 90 316.6 B5.54 | 0.61 cm H-type flumes cons- | Conventional 10.7 [ 1.20 }0.270 0.640 | 0.160 | 0.015 J
et.al. tructed of plywood and lined]
U.S. A P 200 7.66 | with stainless steel to mini|No-tillage 1.0 0.09f0.002 0.046 ] 0.025 [0.010
1980-82 mize the adsorption of nu-
X 200 trient. The flume had a slope 1981
56.3 p4.69 | of 14 X in the drop box in- | Conventional 405.4] 0.91 {0.050 0.290 }0.099 | 0.024
let to create a hydraulic
0.85 | jump that ensured mixing of | No-tillage 4.7 0.24 [0.030 0.069 10.008 |0.025
the sediments carried by
the runoff.The runoff flowed] 1982
256.9 K1.90 | through the H-flume and Conventional 370.4 [ 0.74 J0.210 0.140 10.151 | 0.009
across a 0.61-ca Coshocton
4.43 | wheel. The Coshocton wheel |No-tillage 94.2 | 0.03 }0.005 0.020 | 0.008 §0.003
collected 0.5 % of the total,
volume of runoff which flow-
ed into 40-L glass carboys.
Grab sample, taken after rain)
Point samples were collected]
10—40|Miller, |Ontario |Cultivated in the field from the Site | 1.65] 0.33 G
et. al. crops & hay natural concentration of the
Canada runofi flow, taking care to |Site 2 0.65 ] 0.06
1975-17 avoid disturbance of the
rivulet valls. The area Site 3 0.56 | 0.49
from which runoff was
occurring was noted and the |Site 4 0.78 ¢ 0.29
surface soil was separately
sampled. Site § 0.811 0.26
Grab sample
Site 6§ 0.31 0.10
Site 1 0.31 | 0.00
Site 8 1.09 ] 0.3%
Site 9 0.00 | 0.28
Site 10 1.43 | 0.14
Site 11 0.321{ 0.24
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6 tile-drains wvere installed at 10 cm spacing in each plot at a depth of approximately | m. The drainage flows from the individual plots converged at a central station
common to all plots and thence directed to a collecting well with a pump. Water samples wvere collected directly from the incoming pipes. A lysimeter was also installed.
These lysimeters, consisting of rubber sheets with vertical sides extending up to the topsoil, were placed in pits $ x 3 x 1 m, i.e.,covering a surface area of 27 sq.m.
A drainage pipe placed at the bottom of each lysimeter was connected via a plastic pipe to the individual measuring stations. The soil was replaced in the lysimeters
layer by layer, in accordance ¥ith the original stratification of the soil profile. Water was pumped out of the measuring stations using electric pumps controlled by
electrodes. The samples were collected by vacuum handpumps directly from the incoming pipes to avoid contamination. The discharge rate from each individual large-plot
and large lysimeter was measured with a tilting vessel. The number of emptyings was recorded by a mechanical counter, which was read 3 times a week. 2 additional
small-scale lysimeter types were installed during the spring of 1982. Both lysimeter types contain a soil profile equivalent to the 2 uppermost layer of the
Kjettslinge profile, the topsoil and the sand layer. 6 of the lysimeters, hereafter referred to as medium lysimeters (MLY), had a diameter of 1.20 m and a depth of
0.75 m. All 6 were filled with disturbed soil. A previously established grass turf was planted on 2 lysimeters in April "82. The walls and bottom of the lysimeters
vere made of concrete and sealed with rubber asphalt on the outside to prevent water movement into the concrete walls. A drainage pipe was placed at the bottom of

each lysimeter, with layers of drainage gravel (4-8 mm) and filler (0.02-0.2 nm) were placed on top of the pipe. The discharge was collected in plastic bottles located
in the same pump that was used for the large-plots. The amount of discharge was determined by weighing the bottles once a week when discharge occurred. 12 small
lysimeters (SLY) with soil cores were installed. The lysimeter casings bad i.d. of 0.295 m, length of 1.18 m, and were made of polyvinyl chloride (PYC). Soil cores
vere drilled and the bottom plates were installed, after placing layers of filler (0.02-0.2 mm), drainage gravel {4-8 mm) and gravel (8-12 mm) between the subsoil

and the bottom. in each bottom plate, two holes were drilled and provided with plastic pipes through which water was pumped out with a vacuum pump. The lysimeters

vere pumped dry weekly and the amount of discharge was determined by weighing the samples.

HEER TP KSR E B MR (ke/ha/yr) 7—% | 77
XikNo RU | ®@ENE | REEs HEER Bkl [ RHE | MARSE AR A& F=g 8 BOD | COD, | SS E Yy v B/ )
BEE (kg/ha/yr) T-N | NH4-N [NO2-N [NOS-N| T-P |Poa-P| B fir ) £ 5
Sanpling from the West Water quality
1 0 —4 5} Delwiche. | Nev York | Corn - 11. 44 4.48 | Branch Delaware River 6,809 | 23.99 9.36 ) 0.35 values are those
et.al. 3.340 ha. hillion pillion |at 3 water quality predicted by
1980 U.S. A L K] n3 stations at Beerston vatershed model
Composite sample
on/yr Jon/yr
1 0 — 4 1| Bergstron] Sveden Grass ley N 200 666 187 1981 17. 40
10-47 453 112 |8 (given below) 1982 4.60 G
1981-84 546 3 1983 0.20
639 62 1984 7.10
116 1981 8.20
Lucerne ley NO 93 . 1982 .60
” 0 1983 0.00
65 1984 2.40
305 1981 22.5
Barley NoO 198 1982 7.4
4 42 1983 1.0
164 1984 2.8
205 1981 26.9
Barley N 120 202 1982 13.1
” 4 1983 0.2
1317 1984 1.6
]
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EZ] B o o B B =7 | 7-7
X#kNo Ry | MEME | f2E5 HEAE Rk Pl | MERE A & fg ) BOD | COD | SS = v BB W o=
BEF (kg/ha/yr) Kmm/yr) Kem/yr) T-N | NH4-N [No2-N [No3-N | T-P |PO4-P} B8 {7 = 5
Streamflow was sampled
1 0 —4 6|Perrson, |¥isconsind Corn 519 122 Jusing a §:1 broad-crested 1974 5.06 0.65 138 J
et.al. Qats triangular weir and a2 stage
U.5. A Hay 599 188 | recorder. Water samples were 1975 6. 71 0.51
1974-179 collected at 1/2 to 3-hour
540 205 | intervals during runoff 1876 7.78 2. 14
events with an
543 429 | Instrumentation Specialities 1977 2.39 0.28
Company, Model 1392 sampler.
785 125 1978 5.08 0.1§
Grab samples were collected
899 352 | weekly 1979 18.24 0.89
kg/ha/yr
NH4-N NOS-N
1 0—5 2} Burwell, | lova, ha + o+t Watershed 1 + ++ + ++
et.al. Corn  30.1 448 737 §65 20 | The main drainage channel 1969 0.33 0.06( 9.71 1.09 J 1969 precipitation
U.5.4 800 {56 54 |of each watershed was 1970 0.03 0.41 | 4.83 1.46 and water quality
738 | 52 130 | instrumented with a broad- 1971 0.07 2.11| 3.64 1.31 data is only from
862 | 68 38 | crested V-notch weir and 1912 0.08 0.28( 7.80 Q.65 April through
106 P08 66 | vater stage recorder. Sub- 1973 0.22 0.33|65.45 1.79 December. Hence
34 |45 2 |surface flow as collected 1974 0.08 0.00|12.19 0.00 precipitation is
at gully headcut seepage in mm / 9 mon and
sites 100-250 m upstream Watershed ¢ vater quality data
Corn  33.5 133 # 740 | 61 17 | from the weirs between 1969 1969 0.29 0.03| 1.3t 0.38 is in kg/ha/9mon
168 *# 783 | 60 45 | and 1971. After that, it was 1970 0.26 0.35] 1.02 0.53
741 | 67 98 | sampled at the weirs. 1971 0.06 1.46| 1.63 0.94 1974 precipitation
865 | 76 39 1972 0.06 0.17 [ 3.52 0.49 and water quality
1,046 pS6 75 1973 0.28 0.21(20.79 0.59 data is only from
34|78 4 1974 0.31 0.08| 5.92 0.08 January through
March. Hence
Watershed 38 precipitation is
Alfalfa- 168 # 72162 11 1969 0.33 0.07( 0.42 0.30 in mm / 3 mon and
Brome 73§67 8 1970 0.15  0.09| 0.45 0.17 water quality data
Corn 43.2 76 )72 39 1971 0.07 0.43) 1.76 0.96 is in kg/ha/3mon
95 158 21 1972 0.12 0.08 [ 6.94 0.43
103 B0 27 1973 0.40 0.17]40.09 0.93
37 | &4 1 1974 0.1 0.00 | 6.02 0.00
¥ater quality data
Corn  §0.6 4438 % 7222 3 ¥atershed ¢ of 1970, 1971, 1872
168 ## 73 por 3 1969 1.26  0.0Z}1n0F 0.11 and 1973 are in
76 40 17 1870 0.28 0.03§ 6.10 0.15 kg/ha. yr
95 146 107 1971 0.09 0.58 [26.80 16.00
102 BO5 8% 1972 0.10 0.37[28.72 3.26
35 {64 8 1978 0.35 0.35]85.46 2.§9
1974 0.15 0.00 [17.50 0.02
¥ 1969-71; #+ 1872-73 + subsurface flow +tsurface flow
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ES] 5 R B fa &f _(kg/ha/yr) F—7 F—2
X #Nn RU | WEHDE | REER EER Fekl BB | #EERH HBH fze 2] BOD | COD [ SS =z 3 Yy v BB
oA E (kg/ha/yr) Ken/yr) Kom/yr) T-N ] NHe-N [Noa-NTWO3-N| T-P JPoa-pP| ¥ fir | & %I
1 0 — 4 4| Sharpley, | El Reno | ¥Wheat N 266 P 40 Runoff from the watersheds 2.10 0.055 J
10—49]et.al. Oklahoma | ¥heat N 256 P 40 vas measured with 2.04 0.148
¥heat N 192 P @0 precalibrated flumes 0.18 0.031
1981-82 | U.S.A. ¥heat N 192 P 40 equipped with F¥-1 0.87 0.033
vater stage recorders.
Automatic water
Riesel Cotton / oats |N 90 P 48 sanplers collected from 1.46 0.036
Texas Sorghum N 193 P 38 5 to 15 samples during L1s 0.153
Rotation N 164 P 56 each runoff event. The 5.34 0.087
U.S.A. samples were composited
in proportioen to flow,
to provide a single
¥oodward | ¥heat N 222 P49 representative sample 3.4 0.043
Oklahona | Wheat N 222 P 49 1.18 0.043
U.S. A
Fertil. Manure]C : 89.3 % # TKN  NOZ+NO3
10 -5 3| Coote, Ontario, | N 58.4 TP LT X 831 260 | All sites were at the Site 1 961 1.05 ] 6.70 {15.30 50 [ 0.36 1g G
et.al. P 18.9 1L.O|¥ : 3.9% outlet of the streams
Canada C:588.7% in the watersheds,
May' 75 - N 27.9 LS|P: 3.0% 1,087 480 | and were equipped with Site 2 153 0.12 | 2.00) 6.40 | 0.40 [ 0.06
Apr’ 71 P 211 0.4 ]W : 36.3% Steven's wvater level
C:1.7% recorders. Some sites
N 35.4 35.2|P:17.9% 838 481 | were equipped with Site 3 197 0.41 ] 3.30|25.90 .80 f 0.36
P19.4 14.5|W: 7.8% automatic pumping
C:540% samplers that were
N 12.3 455 P : 37.2 % 946 387 | operated to collect Site 4 464 1.47 ] 5.00 [14.00 | 0.90 | 0.33
P10.1 14.5]|W : 6.9% samples once daily,
C: 581% except when runoff
N 456 43.7|P : 22.8% $05 428 | events occurred when Site § 274 0.51 | 4.40 |22.80 .80 0.23
P10.1 10.0 W :154% up to 6 samples per
C: 34.6% day were collected
N11.3 42,0}P : 33.4% 863 $49 | throughout the event. Site 6 80 0.12 | 3.20|12.30 | 0.20| 0.04
P 5.3 8.0{W :28.2%
C: 42.4%
N12.0 23.91P : 41.3 % 664 - Site 9 - - - - - -
P 83 S.T|¥ : 1.5%
C:744%
N 87.0 L1|P: 0.0% 851 7 Site 10 498 11T 4.10 | 19.40 .00 0.33
P 40.5 0.3i¥W: 7.0%
# C - crops: P - pasture: ¥ - woodlands
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E P KB ARG (kg/ha/yr =% | 77
x| RU | mame | ssEs RER RokE Ml | mERe | RBHE sE B65 | €D | S5 - T BN
BEE kg/ha/yr mn, (nm/4E) T-N_ | NH4-N | NO2-N [N03-N | T-P JPo4-P | #8 G Bl
Richland County
1 0—5 4|Minshall |Wisconsin| Cropland 40 % Yl LR The purpose of this study 254.4 sq.mi.
et.al. {corn, oats, 826 vas to determine the 1966 10.2 0.9
U.S. A alfalfa) characteristics in the
baseflow in the streams, 1967 16.0 1.7
1966-67 Pasture 40 % creeks and rivers in 3
counties - Grant, lova and Tova County
Richland - in Wisconsin. 120.5 sq.mi.
Water samples were coliected 1966 4.9 6.3
at the time of water flow
gagings at 36 gaging 1967 6.7 0.3
stations. There was, however,
considerable delay between Grant County - 3]
sanpling and analysis. 1966 182. 4 sq.mi.
samples were analyzed in 1966 8.2 0.5
August/September 1967
collected in 1967 were 1967 8.0 0.4
analyzed in February and
March 1968. Grant County - ﬁi
206. 2 sq.mi.
1966 10.1 0.8
1967 12.3 1.0
N P The initial installation
10— 5 5}Minshall |¥isconsin| Corn vas made in 1965 fall, and Plot 3
et.al 0.0 0. 176 consisted of four 10 ft x 1967 | summer| 2.554 N 0.908 ’
U.S. A (1966-67) 40 ft plots with metal vinter| 3.062 0.418
1967-89 0.0 0. borders, troughs for 1968 | summer 3.382 1.139
collecting the runoff, and vinter 0.053 0.009
0.0 0. pipes for conducting the 1969 | summer 1.522 0.739
170 runoff to measuring tanks vinter| 1. 949 0. 436
{1967-68) in a shelter house.
These were supplemented with |Plot 7
0.0 0. four more, two on each end 1967 | summer| 1.080 0.329
of the original group in winter 2.118 0.267
0.0 0. 658 June 1966. The eight plots, 1968 | summer 2.243 1.184
(196869} 10 ft x 40 ft, were laid out winter| 0. 045 0.027
0. 0. in pairs on a 10 % to 12 % 1969 | summer 1.273 0.383
slope on Rosetta silt loam vinter| 1.513 0.383
soil. Each pair of plots
were separated from the
other by a 12 ft wide hay Plot 1
85. 29. strip. These hay strips were 1967 | summer| 0.890 0.214
plowed in November 1967 and vinter| §.643 3.338
86.7 31 a diversion terrace was 1968 | summer 2.216 0.952
constructed immediately above vinter| 0.009 0.027
114.7 38. 1969 | summer 1.104 0. 365
Continved on next page vinter| 5.251 1.486
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2] TP S m A T MR L (kg/ha/yr) 7—% | 7—%
XEANe kU WREMK | sRs@my EER BkB |#EE | RERE RBAE = BOD CoD SS Ed y v B/NEER
B EE (kg/ha/yr) | (mn/2E) (mn T-N | NH4-N [ NO2-N |NO3-N | T-P [PO4-P ] B 5
P the plots. The group of
1 0 — 5 5| Minshall } Wisconsin] plots had six rows of corn Plot 6
et.al 85. 29.2 on each end and along the 1967 | sunmer| 1.931 0. 507
U.S.A. upper side. Each plot was vinter| p3.256 $.100
1967-69 86. 3.3 completely surrounded by a 1968 | summer, 2. 545 0.632
galvanized metal border 0.062 0.018
114, 38.4 which extended 8 in. into 1969 { summer, 0.356 0.071
the soil, leaving a 4 in. vinter| §.052 1.246
projection above the ground
to prevent surface runoff Plot 2
81. 29.4 from entering or leaving 1967 ] suamer, 0.765 0.223
the area. Runoff was vinter| 2.866 0.454
80. 35.2 collected in a trough at 1968 | sunner| 2.910 0.659
the lower end of each plot vinter 0. 000 0.000
111. 36.5 and funnelled into a 1969 | sumner] 0. 587 0. 142
condeit which conveyed it winter| 2.715 0. 543
to the measuring tank. The
collecting troughs were Plot §
covered in April 1968 to
8l. 29.4 eliminate precipitation 1967 | summer| 1. 860 2.403
falling on them vinter| 2. 946 4.621
80. 35.2 appearing as runoff 1968 | summer 2.341 0.516
vinter| 0.062 0.009
111 36.5 1969 | sumger 0. 445 0.134
vinter, 1. 460 0.258
Plot ¢
57, 23.2 1967 | sunmer 2.501 0.848
vinter| 2.029 0.392
58. 26.6 1968 | summer, 2,278 0.668
vinter| 0.000 0.000
110. 35.4 1969 | summer| 0.543 0.205
vinter| 1.878 0.454
Plot 8
57, 23.2 1967 | sumaer 0.552 0.187
X vinter| 2.973 0. 445
§8. 26.6 1968 | suomer 2.136 0.810
vinter, 0.160 0.027
110, 35.4 1969 | sumner| 0.632 0.160
vinter| 1.424 0.392
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& E A i h 5 0 AHEED —F0F 7%
Xk No | U FEEHE | DA pEIER piidashes BEHE ¥ [BOD [COD | S 3 y v N W B
74 (1043n3/kn2) : O ERTAL - '{;Ns H4-N NO2-N NO3-N ;_io 04-P pefif J ]
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ikens L] . . Tikens, G.E., et al:Nutrient-
Z2=R77" Yy 6985 & Uk (5.8) 0.10 Hydrologic Cycle Interaction
1963~ in Small Forested Watershed-
1969 k] (2.3 0.01 Bcosystems, UNESCO Symp. (1969)
” ” Likens, G. E. and Bormann, F. 1. :
” 7K - - An Experimental Approach in New
1972 England Landscapes, A.D.Hasler
edited, Coupling of Land and
it K| (2.3) - Water Systems, Springer-Verlag,
(1975)
Pierce ” kﬁ Pierce,R.S., et al:Nutrient Loss
” 7K (4.0) - from Clearcutting in New
1971 Hampshire, Watersheds in
Hi7k (2.0) - Transition.
Hornbeck ” Hornbeck, J.W., et al:Moderating
” 7K| (5..1) - the Impact of Contemporary
1970~ Forest Cutting on Hydrologic and
1972 *ﬁﬂﬂk (4.5) - Nutrient Cycles, Proc of Tokyo
Symposium LAHS, (1975)
Swank FELE] I!% Swank, W.T.and Douglass, J.E.:
11-9 J-24o34+ ThERr %7K (6.4) (0.12) Nutrient Flux in Undisturbed and
1973~ Manipulated Forest Ecosystems
1974 it Hi 7K (0. 2) (0.02) in the Southern Appalachian
Mountains, Ibid, (1975}
Gosz THI) Gosz, J.R.:Nitrogen Inputs to
PRy S VA 9pEF  PE.K 6.1 - Stream Water from Forests Along
1974~ on Elevational Gradient in New
1975 0.9 = Mexico, Water Research 12 (1978
[ambell ” Likens, G. E. and Bormann, F. H. :An
hnd Fisher| SE (2) = Experimental Approach in New
1966 [6) - England Landscapes, A.D.Hasler
Taylo ” edited, Coupling of Land and
et al. it 20 - Water Systems, Springer-Verlag,
1971 2.5 = (1975)
Cole ”
et al. NW 1.1 % ¥ PEahTunian
1967 0.6 0.02
Viro 74777F
6 .1l .
1953 2 0.3
Miller [Za-¥ -77%
3 0.3 ).
1963 2 0.03
” [EWLRS
8.2 0.6
1966 3 0.4
#:( Y RERGEDS
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3 D lﬁ EE] ) F-20F - 7%
X#k No | RO (A& | @ s fResk Bt pitth BEE A ik BOD | COD VI W&
& P gmm(%) N | T-P_P04-P Pfs bl
(23] M3 .
1969~ | HIxp- P17, Rk & 0. BT : kg/ha/TE
1876 | n -y 27 | hudk, 1, 450 2.
P15 4K 0. % : 1969~1970
BHX .0 J.H.Patric:Effects of
34.7 .9 Wood Products Harvest
(ha) ) on Forest Soil and
. Water Relation,
HRX J.Environ. Qual., 9
11-8 38.8 73~80 (1980)
(ha)
1966~ | > TS ¥5, 5~ kg/ha/’
1968 | Hubbard 7.8 iﬁk—vﬂﬂ?mkg JKHE|
Brook Wi 6~ ~ORE, BWEEEEH
3.9 BIFUATET e, 2 14~27
Likens | Z1-hy7 ¥y 1,300 : kg/ha/
: (mm/%E) Borman, F. H., Likens
11-7 |1966~ 12. 3 4.0 0.019 G.E. :Pattern and
1969 Process in a Forested
Ecosystem, Springer-
Verlag New York(198]
Cooper | K & ﬁ]?;: t7km27&
b ag 0.497.]0.018 0.27.]0.011 Cooper, C. F. ;Nutrient
RYZAI output from Managed
B 0.445.10.018 0.22.10.018 forests in Eu-
FHABEH trophication, Naional
11-20 I:21.5km2 0.01310.011 0.03 0.008 Academy of Sciences,
I :28. 5kn2 pp. 446~463 (1969)
m: 9.6km2 0.333]0.016 0.1210.014
IV: 130km2
Tole KB HLHD|- K RO 5 3| BT ¢ t /km2/ %
and Tyvby fRigH & pr@&EsLs ;b Cole, D.W. and Gessel,
Gessel YT kN bt B Sth K 7] gt 90cm) & fkEEH 0.1 0.23 S.P. ;Movements
- Boiln 0.39 0.084 through a forest soil
B (RE as influenced by tree
2. 5em) %[ 13 . removal and fertilizer
tension | {X{xil 0.097. 0. 011} ol additions;in Forest-
lysimete] . 0.0%4 0.03 Soil Relationsips in
THE North America

(Youngberg ed.)
pp.95-104 (1965)
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E] IRk B B0 F—-so|7-%
XiikNa RU A M ftaL Ea:0biA o Rk | R AESHE Hi BOD | COD SS z 3 Y /1N [
WA E 4%l (nm/yr)  Kmm/yr) T-N NH4-§ NO2-N No3-N | 1P Po4—P | & (s |88 31
6 discrete surface streams
11 —2 8]Glandon. |Lake Lansing | Marshland carries runoff through 776 ha . 961 0.043 F&J
et.al. Michigan 716 ha of the watershed to the lake
through adjacent marshes. Rainfail induced p.585 0.023
Mar. 79 Discharge of each marsh stream loading
June' 79 was measured 3 times a week.
The discharge and quality of
each stream was measured 3 times
a veek. The discharge rates of 4
of the streams were deternmined
with the use of standard Pigmy-
type Gurley current meter
Rectangular weirs were installed
across the remaining two streams
and discharge was calculated by
applying stage height readings
to U.S. Geological Survey
approximation formulae kg/ha/96 _H
ha Flowmeter,
1 1 — 2 9[HRartigan | Virginia Pequea Creek ¥ 2 51.8 1,041 automatic Normal L 934 0.07t Simulated results
et.al. Occuquan River # 9 30.17 sampler and
u.s. A Ware River # 8 7.0 continuous
1979-81 . recording
1,381 rain gage was |Wet LT12 0.107
located within
the Pequea ¥
2, Occuguan
River # 9 and
Ware River # 8
Grab sample kg/ha. yr
Grab sample prg-N
11— 3 0]Caporali | Italy Forest Sandstone ::30) 2,084 | 1,500 |every 10 days 68. 64 [ 1.88 FS.E& 27.08 1%5A G
et.al. chestnut & after storms
Oct. 78 - beech Sampled from
streams drain-
Sept. 79 4090 ha ing the forest kg/ha. yr
Grab sample 1977
11— 3 1]Brozka [1linois Site 1 : All flow is Site 1 2.83 0.11 1578 G
et.al. Oak- Loessial 1206. 5 directed by a
U.S. A hickory underlain retaining wall
1977-178 Clearcut by on the sites Site 2 2.29 0.03
0.76 ha sandstone to the depth
limestone of the fragi- 1978
Site 2 : pan (depth =
Oak- 68 - 78 cm.) Site 1 1.33 0.01
hickory 1,115 in an effort tol
Control collect all
0.58 ha Site 2 0.0¢ 0.03
contd. overleaf kg/ha. yr
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11—-31

Itlinois

U.S.A

Site I :
Oak-

hickory
Clearcut
0.75 ha

Site 2 :
Oak-

hickory
Control
0.58 ha

1,148

[iidi$: ¢
nn/yr)

REHB®E

=yt

BOD

CoD

B

IR SR e AR
B =

I-N

H4-¥

02-N

03-N

I-P

P04-P

7~ 9 O
B

75
|55

subsurface
flow. A V-notch
veir was
installed on
both watersheds
and an auto-
matic water
sampler instal-]
led at both
weirs, which

is activated

by water flow,
takes I-liter
samples at 4%
win. intervals
for the first

9 samples & at
90 m. intervals
thereafter

Site

Site

1879
(11 month)
1

H

1.28

1.95

0.02

0.56

kg/ha/yr

11-32

Riekerk

1978-80

Florida
U.S. A

¥atershed 1
- 64 ha
Watershed 2
- 48 ha
Control
- 137 ha

Slash
Longleaf
Pipe

Flatwoods

Sandy
soil

1, 542
1,542
1,542

518
656
583

1,262
1,262
1,262

128
213
70

1,261
1,261
1,261

146
161
175

Grab sample
Surface water
drains from
ponds and
depressions

1978

Watershed

Wate
Cont

-

rshed
rol

o~

154.2 | 2.
182.2 | 1.
310.0 (5.

30

92

0.42
0.57

TKN

1.70
0.73
4.78

o

15

oo
—
=

§7

=3

13

0.17
0.09
0.11

through mean-
dering ditches
into an exten-
sive bay of
Lake Sampson

1979
Wate
Wate

rshed
rshed

[

Control

3

@ o~

—_o -
o

.31
.24
.95

0.67

0.23

1.19

1.68

0.04

=)

03
04
02

oo

0.05

Sampling was
done from
interior road-
side ditches
leading to
long-throated
recording
flumes posi-
tioned in the
outlet creek

1980

Watershed
Watershed

03

Control

w o e
—_- o
o

83
.54
32

0.06
0.04

1.53

0.04

o

.01

=)

03
.0t
.02

oo

1A

1,542
1,262
1,261

Rain
load

fall induced

- o o
o o~

2.6
1.91
1.8

2. 57
5.95

4.0

4.89
2.33
2.0

2.88
0.06

0.4

TN = NH4-N + TKN + NO3-N

At the end of 1978
the forest was clearcut
and regenerated as :
Watershed
1 mirimum disturbance
2 maximum disturbance
and control (no change)

kg/ha/yr
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#£-11.3.10 ikdEtkBBETRERELOBERE 77— 4
IR A E B A G R GUAL (ke/ba/yr) 7~ 0l 7~ 3
X #ikNo RU A -ty L] TR Rkl |RuE | RWEH®E fze 8 BOD | COD SS ¥ R Y v /N w3
HEF 2L T-N_NH4-N jNO2-N [i03-N | T-P  Po4-P | B8 fir |f 5
Sampling from
1 1—3 4fElder Florida Wetland Silt Loam 50, 800 km2 7 sites, 4 of |Apalachicola 4.2 0.35} 0.1]14,AH G Monthly sampling from
forest which were on | -Chipola Feb. 79-June 80
1979-80 | U.S.A. the main Apalariver Sampling every 2-3 days
chicola river | (Gross) between Mar. - Apr. 80
and 3 were
from tributa-
6,200 km2 ries.Composite | Apalachicola 4.1 0.67] 0.8
depth-integra- | river
ted sampled at | (Net)
deep locations
nn/ wa/ Gullies formed | Before harvest
1 1 —3 5|Vanlear |[S. Carolina Pine Typic month month |during the {(Calibration)
et.al. hapludults period of high | lst year(1976-77) Harvest - burning of the
U.S. 4. 116 8.2 | erosion in the |Site | 41. 8 0.07 0.06 6.01 18 |F&J forest by low
June’ 76 -] 1186 10.4 | past serve as |Site 2 26.8 0.08 0.06 0.01 intensity
Sept. ' 81 channels for fires
present ephe- | 2nd year(1977-78)
144 10. 3 | meral flow Site 1 73.9 p.099 p.0g1 p.038
144 15.0 | during and Site 2 24.3 p.08% p.050 p.023
inmediately
folloving After harvest
storm events. |1st year(1978-79)
117 10.244 0.3 m flume |Site ! 151. 1 .019 D.068 p.010
117 18.1 jwas installed |Site 2 19.6 .012 p.028 D.004
on each vater—
shed. Sampted |2nd year(1979-80)
80 2.7 {with a 0.61 cm | Site 1 23.4 p.033 p.025 p.013
80 5.7 }diam Coshocton | Site 2 3.0 D. 032 D.048 D.006
vheel set
below each H- |3rd year(1980-81)
109 7.6 | flume. Approxi~ | Site 1 49.1 p.022 p.024 .025
109 14.4 | mately 0.5 % Site Z 8.6 p.033 p.028 L017
of the flow
over the flume
vas diverted
by the samp-
ling slot in
the wheel into
plastic sample
barrels. In
winter, 0.05 %
of flow was
diverted into
sample barrels
mn/yr
11 — 3 6|Baca, Lake Houston | Forest - 73.4 % 1,300 Data obtained |1973 (Wet Year) 415.5 [ 4.0 3.4
et.al. Texas Pasture - 13.8 % (900 - from the
1800 ) Public Works 1975 (Average yr) 219.5 [ 2.8 2.0
1973-75 | U.S. A Drainage area - 7240 km2 Department
1977 {(Dry year) 112.6 [ 1.6 i3
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HERE EE T K R B B B :E—yo F—7
X HENa RU HEhR M Est:obid Bk@ |HHBR | AELHE HE BOD | COD SS = 3 y v N1 [ 3
HEE 28| (an/yr an/yr) T-N__NH4-N NO2-N NO3-N | T-P_ Po4-P | & f¥ |8 3
Sylvester,R. 0., "Nutrient
11— 3 8| Loehr TKN + NO3-N| Content of Drainage
¥ater from Forested
Yakima River - 470 km2 3.3 0.83 Urban and Agricultural
Areas, In:"Algae and
Tieton River - 620 km2 1.50 0.86 Metropolitan Wastes,”
SEC-TR-¥61-3, U.S. Dept
Cedar River - 320 km2 0.36 of Health, Education and
Welfare, 80, (9161)
kg/ha/yr
Minnesota, USA] TKN Cooper, C .F., "Nutrient
Watershed 2 14.0 0.4 6.3 7.3 0.3 Output from Managed
Forests, In:
" 3 13.0] 0.5 6.2 | 6.3 0.5 “Eutrophicacation
Causes, Consequences
" 4 3.9 0.3} 2.9 0.7 0.2 Correctives, ” National
Academy of Sciences
- 6 9.5 6.4 5.9 3.2 0.4 ¥ashington, 404, (1968)
g/ha/H
Jaworski, N.A. and
NOZ-N+NO3-N Hetling, L.J., "Relative
Contribution of
Patterson 1.8 9.0 0.7 Nutrients to the Potomac
River Basin from Various
Sources. “Proc. Agricul-
tural Waste Management
Conf.. Cornell Univ.
ithaca, USA. (1970)
kg/ha/yr
rainage area, Sampling was Bob Lake
11—39]|Dbillon, Southern Forest Igneous kn2 18. 6 done in the N.E. Inflow 0.070
et.al. Ontario streams and Haliburton Lake
Forest Igneous 3.1 rivers in Inflow (A) 0.047
May' 71 - | Canada the watershed |Haliburton Lake
Dec. '172 Forest lgneous 3.4 Infiow (B) 0.063
Discharge of Haliburton Lake
Forest Igneous 12.9 the streams Inflov (C) 0.075
and rivers was | Haliburton Lake
Forest [gneous 0.4 measured by inflov (D) 0,045
standard Haliburton Lake
Forest Igneous 5.8 techniques Inflow (1) 0.050
given in Haliburton Lake
Forest Igneous 4.1 the reference | [nflow (4) 0.037
below : Haliburton Lake
Forest Igneous 12.6 Church, M. Inflow (1) 0.025
Haliburton Lake
Forest lgneous 2.9 contd. overleaf] Inflow (8) 0.060 kg/ha/yr
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E2] [3 I kTS B B B bR i Bfy (kg/ha. year) p—sol7-7
X HkNo i34 AR e TR Rkl | il | W|EHE Ead o BOD {COD 5§ I Y | SN %5
oA E o % | (om/yr) Kmn/yr) T-N_NH4-N No2-N jo3-N| T-P  poa-P |8 fr | 3
Prainage area, and Haliburton Lake .
11— 3 9]|Dillon, |Southern Forest Igneous kn2 2 Kellerhals, R. [Inflow (11) 0.072
et.al. Ontario (1970}, "Stream | Percy River
Forest Igneous 73 gaging §.030
May 71 - Canada techniques Oblong
Dec. '12 Forest Igneous § for remote Inflow 0.082
Forest (75%) . areas using Baker Creek
Pasture (25%) | Igneous 5 portable 0.081
equipment, " Kennisis River
Forest igneous 254 Tech. Bull. 0.025
Forest (75%) No. 25. Inland {Little Boshkung
Pasture (25%) | 1gneous 1 ¥aters Branch, | Creek 0.096
Forest (80%) Dept. of Tvelve Mile Lake
Pasture (20%) | Igneous ] Energy, Mines N.E. Inflow 0.083
and Resources |Twelve Mile Lake Forest marshy : receives
" Forest | gneous 0 V-notch or S.E. Inflow 0.193 sevage effluent as eviden
rectangular ced by bacterial analysis
veirs vere Buckslides
Forest Igneous 86 used for small | Creek 0.035
streams, the Gull River at
Forest Igneous 515 dye-dilution Boshkung L. 0.037
technique was | Moose Lake
Forest Igneous 4 used where N. Inflow 0.077
appropriate Moose Lake
forest | gneous 15 (using Pontacyl| Inflow (1) 0.048
Brilliant Pink | Moose Lake
Forest Igneous 4 B). and Inflow (2) 0.038
current meter §Gull River at
Forest Igneous 158 measurements Moose Lake 0.027
Forest (85%) coupled with Maple Lake
Pasture (15%) | Igneous 0 cross-sectional| N.Inflow 0.160
: areas were Eagle Lake
Forest Igneous [} employed for N.¥. Inflow 0.041
Forest (90%) most larger Hurricane
Pasture (10 %)| Igneous 1 streams. Creek 0.130
Forest (75%) Stage Burnt River at
Pasture {25 %)] Igneous, 1,491 discharge Cameron Lake - 0.095
Forest (80%) |sedimentary relationships §Gull River at
Pasture (20%) | igneous. 1,648 vere utilized Cameron Lake 0.04%
sedimentary at many Bob Lake
Forest 1gneous, 1 locations. N.¥. Inflow 0.145
Forest (75%) |sedimentary Stage Martin Creek Forest marshy
Pasture (25%) | Sedimentary 50 recording 0.205
Forest (50%) equipment was |Perrin Creek Forest marshy
Pasture (50%) | Sedimentary 49 not available, 0.370
however, so Cameron Lake
Forest Sedimentary 5 calculations E. inflow 0.092
are based on Four Mile Lake
Forest Sedimentary [ series of N.E. Inflow 0.122
point Four Mile Lake
Forest Sedimentary 21 measurement N.W. Inflow 0.067
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TEEE [ R SR E T R EL F— 5 0] 7 — 5
Xi#kNa RU TR M LR Rk | BB | HEL® g 2] BOD [ COD S§ Z % )y - /INB ) "%
BHEE 2Lk mn/yr) T-N_NH4-N NO2-N NO3-N | T-P Po4-P}H v |f& 3
sewvage Grab sample
1 1 —4 0| Ivatsubo,| Kyoto Pinus Granite prayed) Samples taken 28 G
et.al. thunbergii (on/%) from 2 points
Japan alrus 1,867 1,338 |in the main May 76 - Apr 77 9.8 4.4 0.2) 3.5| 0.6 0.3
1976-81 firma (64) stream, which |Rainfall-induced 18.5 7.1] 0.9 0.9 0.%
is 220 o in load
fength within
the vatershed
1,019 534 | At the mouth May 77 - Apr 18 2.5 1.8 0.1 1.0 0.7 0.3
(60) of the water- |Rainfall-induced 11.8 5.5 LS 0.8 0.7
shed, a gauge | load
veir was
installed with
1,301 575.0 | a right angle |May 78 - Apr 79 2. 3.5 0.1 0.7 2.7 0.2
(60) V-noteh to Rainfall-induced 11.1 6.8) 1.2 2.8 0.4
measure the load
vater
discharge
N 1,457 882 | After spraying } May 79 - Apr 80 3.9 8.5 0.3 0.9 7.3 0.3
(60) sevage, samp- |Rainfall-induced 9.2 T4 1.8 3.5 0.6
ling was done | load
3 times a week
Runoff water
. chemicals
1,846 1,329 | examined May 80 - Apr 8t 5.7 12. 6 0.4 1.2|11.3 0.1
(0) either before |Rainfall-induced 11.3 7 1.8 3.2 0.2
or during the f{load
sewage spray-
ing period.
No gauge weir kg/ha/yr
Watershed equi pped T Mineral N 1054 RBIBEIE
11—4 1|0wens, Ohio Oak. Maple, 633 47 fwitha 2 : 1 broad- Growing 412 3.0 0.8 0.7 <0.1 J kg/ha/6mon
et.al. Tuliptree Silt Loam nm/ ¥ F crested weir a nd a {May-Oct)
U.S. A rotating vane sampler
May 77 - which continuo usly
Apr. 80 ¥ooded 399 214 | delivered a proopor- Dormant 259 | 6.0 2.5] 2.4 <0.1 kg/ha/Emon
¥atershed - mn/EE tional sample oof (Nov-Apr)
17.7 ha runoff water pllus
suspended sediment
1032.0 | 261.0 | to a refrigerated Annual 671.0 ( 9.0 3.3 3.1 0.1 kg/ha/yr
nn/%E container during average
each runoff event
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E R s R B BT F—s0]7-%
XHikNa RU BEME LtpL ] i Rk | MHE | AELHZ e 'BOD | COD S E3 Y~ /I R %
HEE B (on/yr) Koo/yr) T-N_NH4-N jOZ-N jos-N | T-p _Pos-Pled & 18 3
¥isconsin, U.S.A. ¥ater quality Omernik, J.M., (1976),
11 —4 2|Clesceri,|Landuse ¥ F W A¥ Area Loam and other data "The Influence of Land
et.al. kn2 obtained from Use on Stream Nutrient
Site 1 78.8 10.3 10.3 1546  Loam, peat| 720-1030 other studies 3.93 0.127 Levels™. EPA-600/3-76-104
1973-1982 (15-"11) and data bases U.S.E.P.A., Oregon,
U.S.A.,pp. 105
Site 2 68.4 25.3 5.2 360 Loam 610-990 0.086 United 3tates Geological
(75-"82) Survey, 1983. "Water
B Resources Data :
Site 3 46.7 31.2 8.0 §8 Loam 910 3.50 0.124 ¥isconsin-Water Year
(13) 1982, U.S.Geological
Survey, Water Research
Site 4 57.4 15.4 240 2797 Loam, peat] 640-340 0. 137 Division, Madison,
(13-"81) Wisconsin, pp. 426
¥isconsin Department
Site 5 35.3 318 227 21  Loam 910 4.73 0. 151 of Natural Resources
(73) (KDNR)., U.S.E.P.A.
* F-forest; ¥ - wetland : A- agricultral Storet Data Base
kg/ha/yr
Hardwood Grab Sample Reduced N
11 —4 3|Taylor, Ohio Pine 854.0 ] 253.0
et.al. ¥ood!and Sampling every 2 weeks 1967 1.37 0.57 | 0.80 {0.0853 G
U.S. A 17.5 ha and during periods when
1967-1969 high runoff occurred.
889.0 ] 356.0 | Samples were taken
manually at the weirs 1968 3.16 1.56 §1.60 |0.0722
located at the foot of
the watershed, where it
928.0 | 320.0 §is continuously metered
1969 2.82 2.1210.70 | 0.0349
kg/ha/yr
G.F.Likens and F. H.
11 —4 4] Hobbie, Hubbard Brook 1230.0 | 1924.0 | streanflow was | undisturbed area 0.019 G Bormann, “Nutrient
et.al. New Hampshirel continuously Cycling in Ecosystems.”
1230.0 | 2441.0 | measured by rainfall induced _ 0.099 In"Ecosystems:Structure
Oct. 67 4 U.S.A. calibrated V- and Function, "J. Wiens(ed)
Oct. 69 (over |notch weirs disturbed area 0.036 Oregon State Univ. Press,
D years)fand recording | (deforested) Corvallis, 26, 1972
hydrographs rainfall induced 0C.108 kg/ha/2 &
Fertil. Manure] All sites were at the outlet TKN NOZ+NO3
11 -5 0] Coote, Ontario, ©24.9 % of the streams in the water-
et.al. N 155 17.1|P : 28.5 % 820 368 | sheds and were Site 7 98 0.07 [1.10 |2.40 0.20 |0.02 iH G Fertilizers were
Canada P 6.0 3.4 |W 3.6 % equipped with Steven's water applied only on
May' 75 - level recorders. Some sites croplands
Apr' 77 were equipped with automatic
i pumping samplers that were
operated to collect samples
once daily. except when runoff
evetns occurred when up to 6
# C - crops; P - pasture; ¥ - woodlands samples per day were collected
l throughout the event. kg/ha. yr
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£-11.4.1 EHFED»SOHEARBRBNORERSE -4
[m@ - - RHE> S D5 -7 D
Xk No F PRE IS G E i HtR A wiE | #HEAFE B SS - N w =
RO C T ThL : ng/ T2 1
gl [l LB 6. 26
OF-3, % B 210 ¥ Fe By B %0 8:00 &0 LRI, BES
11-11 bayain 67858 (ha) HFHEL 10,1 vyiclrEan,
B%) 8:10 B o FH i< jsha
jz‘rﬁlﬁ 3 BEELT#HASHhS
9.5
BE%l 9:40
(FFEE [ 5.57 T H ETI &G - S. 57 : EITT : g/ha/B
PRELIZE AR (FEIR) S. 57. JKic &k 338] 4. 20~21 1.371].4.171 HkAO
D EAI 6, 70088 4;0.068 H#A® 9.1~2 5504|477 + S.57; 304(A)
BMRE | & 9;0.091 ~S. 59 P Bl 48
8063H - 3 7.10~11 41, 3 HAEx 82
. |- S. 59 S. 59. B (e 8. 2~ 1 ) RABE 174
11-12 786 | BX(#EIR) 750 1460 # ¥ 10. 24~ 25 3.0 ) - 8.59 5 316(A)
(ha) 60958 8501150 » 11.22~73 3.5 T W ; &L 87
(Ro #) 10 ; 0.090 17,6~ To.s ) HARBT 15
6, 93654 1150.094 FARHEL 154
s 12 ; 0.089 REBERE [HREHE
3765 $t] DRBEEAHCT
(n3/#) ;gaﬁﬂft ECTITENPY -2
mEE |~ A TERET R | B 8 T~ BIBL © ke/ha/oF
M) % ALty %ﬁtﬂl 5.4 . .
AR | IR A 5 of HE W E~ UM E RS ERE
ElofEAs | o 8.0 & REGSERE
11~334|- HAE DIV | R E 86~ o) g5 3 X B IS & {L5E
(ha) | $REHH HhAExRIc | ERK 4.0 FAEREE (1983)
T-N; 36.1 N aE g .
11-8 T-P; 22.9 » 50 WA RI ., BE
k(o) X D £ L0 b RWEARIC
%3 BERo BIRGRENKE
T-N; 8.6 | gk TEic, ER
~27.4 T COD=17, T-N=I1,
T-P; 4.3 T-P=0.02 (g/ha)¥9m
~8.1 L7
(kg/ha)
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B D |1& - X3 F-5oF - %
)4 U | AEmE FEX LR K& " %
HEE TN
Andrews | Kentucky EOZE P 0 ~ BRI : g/me/
L DB 1.1
Blue grass 0.3~
DER 1.4
3.3~
PREA 18. 5
Ruegg, A ] 0.1~ — BALL : g/mi/
Ambuhl  {Oberland B, g, 2.2
T 0.2~
0.9
Sarnesee il 1.6
~P. Glandon| V3 /M D ﬁ%%ﬁ‘ — EEQL : kg/na
et al. [Inghanitl’ #1842ha D ) .
b b EHhH b8 & ) #4/13LI 1
1979. Lansingi#f H, DB St h=Yop
3.5~6.6 ko ¢ 6K @%776h§0) 0. =2HHNE
20Nl FH kA E 0. )
WTW5, Lansingi#]~ &

(=3=1
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#£-11.4.3 EFESrOOBRANBREMORERE 7 — 5
BREOAR b5 OB A (g/ha. yr) -3 | 7—7
X#EkNa RU WA | X R T A Rkl RHER | BER4 2B =t BOD CoD SS 3 y v B/ w %
BEF (mn/yr) Knmm/yr) T-N_[NH4-N [NO2-NTNO3-N| T-P JPo4-P| Hi £ B 3
kgN/yr kgP/yr| Grab Sample Reduced N
11—4 3)Taylor, |Ohio 1335 649 |Farmland - 177 269 1966 1.67 0.59 | 1.08 p.0312 G Fertilizer
et.al. 123 ha Sampling performed every 2 Rainfall Induced Load | 17.5 applied only
U.S. A weeks and during periods to cropland
1967-1969] 255 313 25X forest 386 344 | when high runoff occurred. 1967 3.11 0.94 2.17 D. 0801
Samples were taken manually Rainfall Induced Load | 20.0
50% pasture at the veirs which are
515 372 889 339 | located at the foot of the 1968 10. 61 1.54 ) 9.07 D. 0665
25% rotation vatershed, where flov is Rainfall Induced Load { 20.0
crops continuously metered.
200 3N (corn, wheat) 921 328 1969 4.38 2.60 1.78 p. 0767
Rainfall Induced Load | 20.9
40 dairy covs
kg/ha/yr Flows in river Dart at
11—47|Webb, Devon N 250 Grass land 900-1145 3 450 - I Dart bridge, which is 1975-76 8.31 1H G
et.al. 700 located 0.3 km upstream
England Area = 46 from the junction with 1976-17 51.42
1975-83 kn2 river Exe has been conti-
nuously gauged using a 1977-78 20.94
field rated shallowvee
concrete control 1978-79 19. 61
structure. Apparatus to
sample water was installed }1979-80 23.67
" ladjacent to this gauging
station. A purpose-built, 1980-81 18.31
dual system automatic pump
sampler, was employed to 1981-82 26.94
collect samples on a
6-h basis during stable 1982-83 23.06
flow conditions and at 1-h
intervals in storm events,
vhen more frequent samp-
ling is required.
kg/ha/yr Mainly agri. grazing area Continuous Rivers - 4.1 0.36 Average value
11— 4 8]Brooker, |Wales 68 - 1974 Catch. area Forested ] sample sampling Wye (9. 0~ (0. 27~ 148 G Range
et.al. .86 - 1978 4,010 km2 7% collected 17.8) D.42)
UK. 78 - 1981 in 1 to 15.17 0.49
1974-81 912 km2 7% 4 week b Usk (11.1- 0. 38~
¥ales intervals 20.5) 0.58)
average from the Not 16.5 3.81
for 490 km2 19 % river under |{continuous Taff (13.0- (3.55-
grasslands study sampling {1974-78) 22.17) 4.18
17.5 2.08
490 km2 19% Composite - Taff (17.5) (2.05-
sanple’ (1979-80) 2.67)
after Continuous 13.3 0.24
1.090 km2 17 % rain event sampling Towy (7. 4- (0. 15-
. 18.3) 0.31)
24.8 0.24
894 kmZ, 6% " Teifi (15. 5- (0. 17~
34.9) .031)
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%£-11.4.4 EHEHISOFRAGERRBAOABTRSE T -4

Xk Na mEME | XeEef L HRA REkm P | AERH (=4 var-S [zt BOD coD S Yy v B/Nes R H =

£ BRREOH & k" RESh o OBRER g&‘;ﬁﬁg (ke/ha/yr) F—5 | #-5
S
!

Catch. area Forested | sample Continuous 14.4 0.16
11 — 4 8| Brooker, |¥ales 68 - 1974 170 km2 6% collected sampling Ystwyth (9. 8- (0. 11~ 18 G Average Value
et.al. 86 - 1978 in 1 to {1974-19) 18.9) 0.21) Range

U. K. 78 - 1981 4 week 4.8 -
1974-81 48 km2 16 % intervals N Gwyrfai (3. 8-
Wales from the 5.6)
average river under 18.1 0.45
for 404 ka2 6% study " Clywd (10. 8- 0.39-
grasslands Conposite 22.3) 0.42)
sample 10.5 0. 54
1814 km2 6% after " DEE (6. 6~ (0. 49
rain event 13.9) 0.57)

RU 3
HAF (kg/ha/yr) {mn/yr) Kma/yr) T-N_[NH4-N [Noz-N | NO3-N | TP |Po4-P| &8 f | F 5

Runoff was measured with a pre-
11 -4 9|0Iness, |Oklahoma Grass land calibrated flow-control structure
et.al. N 87 Grazing 182 430 | with a water level recorder. 4.41 ) 3.67] 0.03| 0.28| 3.09] 2.43
U.S. A 15.8 rotation Runoff samples were taken periodi-
1980 cally before, during and after
runoff peak flow from each event
NO Grazing 782 430 | in all watersheds. 3 of the 1.53{ 0.12 | 0.02 | 0.18 0.20 0.02
PO rotation watersheds, with the exception

of the rotationally, fertilized
grazing field, were equipped with
Grazing 765 147 | automatic sediment pumping 8.52 | 4.18 | 0.06 | 0.62 | 4.90 | 3.27
continuous samplers; surface runoff from

the rotationally, fertilized
grazing field was hand sampled for
Grazing 765 102 | nutrient and sediment samples. The 4.85] 0.16 7 0.02| 0.32} 0.76 0.01
PO continuous samples were compared with the
runoff hydrograph and composited
in proportion to total flow to
provide a single representative
sample of liquid and sediment for
analyses.

-
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— oo
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@ o

=
o

Fertil. Manure] All sites were at the TEN  NOZ+NO3
11—-50]Coote, Ontario, Ck: 34.6 % outlet of the streams
et.al. N13.6 48.1fP : 44.2° % 843 338 | in the watersheds, Site 8 300 1,49 ) 7.00 | 5.20f 1.40 | 0.46 1H G
Canada P 5.5 B.8 ¥ : 17.8 % and were equipped with
May' 75 - Steven's water level
Apr’ 17 recorders. Some sites
C#: 21.6 % 920 479 | were equipped vith Site 11 13¢ 0.42 | 3.20| 4.80 | 0.60 | 0.23
28.9|P : 65.6 % automatic pumping
7 samplers that were
operated to collect
samples once daily,
except when runoff
events occurred when
up to 6 samples per
day were collected
throughout the event.

o=
~ oo
w© —
-
=
o
-~
£

% C - crops; P - pasture; ¥ - woodlands
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= BRERBOF R lﬁ FEETGYE X L F=3 | ¥—2
X #ENa kU | #Aft; XRRER T HFA ek RUEB | FHESRH [zt 3 ® M BOD | CoD | SS I y v B/EER W %
B\ AEE (kg/ha/yr) {om/yr) Kmm/yr) T-N | NH4-N [ NOZ-N |N03-N | T-P JPO4-P] B f7r | & 5
1975-76 Org-N [ Min-N
11—5 1|0wens, Ohio N : 224 Summer 632 30 | Watershed gaging station Growing summer| 1.2 0.4 1.6 2.0 18 F&J
et.al. pasture 45 {equipped with a 2 : | winter| 0.5 0.2 0.8 1.0
U.S. A Growing : 4317 16 | broad-crested weir and Dormant summer 0.8 0.5 10 1.5
25 Charolais |Winter 42 | a rotating vane sampler vinter 1.8 1.2 2.6 3.8
1975-80 beef covs Feeding which continuously 1976-177
rotationally 526 10 | delivered a proportional Growing summer| 0.3 0.3 0.4 0.7
grazed over 20 | sample of runoff water winter| 0.1 0.2 0.2 0.4
4 pastures 341 5 | and suspended sediment Dormant summer, 0.9 0.6 1.0 1.6
in summer: 29 {to a refrigerated winter| 0.8 1.0 4.0 5.0
removed in container during each . 1977-178
vinter 582 14 | runoff event Growing summer 0.§ 0.3 0.7 1.0
56 vinter 0.2 0.1 0.2 0.3
Dormant : 486 5 Dormant summer 1.8 0.3 2.2 2.5
Suamer 83 ¥inter, 2.2 1.0 3.9 4.9
350 cow-day/hal 1978-79
654 65 Growing sunmer 2.2 1.1 3.2 4.3
Winter 94 vinter 0.4 0.1 0.5 0.6
509 cow-day/hal 503 16 Dormant summer 3.1 0.3 3.5 3.8
85 vinter| 2.9 1.0 5.3 6.4
1979-80
721 131 Growing summer 6.3 2.9 9.0 11.9
79 vinter, 3.1 0.7 7.3 8.0
418 54 Dormant summer 2.6 2.2 2.8 5.0
83 vinter 2.2 3.3 4.2 1.5 kg/ha. bmon
1975 Rainy season
632 For comparison with above data) Growing 14.5 7.1 J Jan - Apr
and to estimate the amount of
437 nutrients originating in Dormant 10.2 5.3 TN = NH4-N +
precipitation 1976 NO2-N +
526 Growing 13.9 6.1 NO3-N
Rainfall Induced Loading
341 Dormant 8.3 4.8
1977
582 Growing 9.6 4.6
486 ‘| Dormant 14.3 3.8
1978
654 Growing 13.8 7.7
508 Dormant 8.4 5.8
1979
721 Growing 12.9 6.0
418 Dormant 6.9 4.2 kg EZG’"LJ
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E] BRI & U ETPY G 5t =7 | 7—%
XN Ry WA | XQEER A Rk | HEHR AEXE | EBAE w1 BOD | COD | SS = Yy BN w =
HEF (kg/ha/yr) T-N_[NH4-N [NO2-N [N03-N | T-P Jpo4-P| 88 f7 | F& 5
No fertilizer an/6mon  fum/6mon - 1975-77
1 1 —5 4] 0wens, Ohio Winter input :]Grazed pas- 610 47 | ¥Watershed equipped with | Growing 132 0.3 0.2 0.1 <0.1 148 J kg/ha/6aon}
et.al. N:297 from hay| ture before a 2 : 1 broad-crested (May-0ct)
U.S. A Area : 28.2 ha] initiation 381 76 | veir and a rotating Dormant 96 0.3 0.6 0.5 |0.100
1975-80 1975-77 : no |of grazing (nn/yr)| (mn/yr)| vane sampler which {Nov-Apr)
CO¥S 991 123 | continuously delivered a Annual 228 0.6 0.8 0.6 10,100 kg/ha/yr
1977-78 : 22 nn/6mon |m/6mon | proportional sample of 1977-80
Charolais | Grazed pas- 667 79 | runoff water and suspen-| Growing 759 1.7 0.6 0.510.100 kg/ha/6mon|
beef cows | ture after ded sediment to a
1978-80 : 17 |initiation 521 124 | refrigerated container |Dormant $18 0.7 1.1 1.0 | <0.1
Charolais | of grazing (mm/yr)f (mm/yr)| during each runoff event
beef cows 1,204 203 Annual 1277 2.4 1.7 1.5 10.100 kg/ha/yr
nm/6mon  Jm/6mon 1974-75 Org-N | Min-N
1 1—5 2| 0wens. Ohio N from N from Summer 571 6 | Watershed gaging station| Growing summer| 0.5 0.3 0.2 0.1 18 J Growing
et.al. fert. hay | pasture 17 | equipped with a 2 : 1 vinter 0.8 0.2 0.4 .2 (May-0ct)
U.5. 4. 56 231 660 2 | broad-crested weir and | Dormant sunmer 0.1 <0.1 | <0.1] <0.1 Dormant
1974-79 Winter 104 | a rotating vane sampler winter 6.6 4.4 2.2 0.8 (Nov-Apr)
Feeding xhich continuously 1975-76 ’
636 4 fdelivered a proportionall Growing summer) 0.1 | <0.p] <0.1] <0t
61 | sample of runoff water wvinter| 3.1 1.4 1.7 0.9
56 392 460 9 | and suspended sediment JDormant summer| 0.3 0.2 0.1 <0.1 Hay only
76 | to a refrigerated winter 14.5 8.1 6.4 0.9 in winter
container during each 1976-77
‘ 528 2 { runoff event Growing summer 0.1 ] <0.1f <0.1( <0.1
™o 30 vinter 1.9 1.3 0.6 0.3
-~ 56 228 375 1 Dormant sunmer 0.1 | <0.1} <0.1| <0.1
w 55 winter 17.3 3.0 14.3 5.3
1977-78
I 605 8 Growing summer 6.3 0.2 0.1 <0.1
57 winter| 2.2 1.2 1.0 0.8
56 312 §22 12 Dormant summer 0.2 0.1 0.1} <0.1
81 vinter 9.3 5.8 3.8 1.4
1978-7%
689 35 Growing summer| 1.0 0.6 1.4 0.2
99 vinter 5.3 3.5 1.8 1.4
56 323 §65 16 Dormant summer 0.2 0.1 0.1 <0.1
15 ¥inter 9.1 5.1 4.0 1.8 kg/ha/6mon
El Reno [N O P @ ative grass Runoff from the water- 2.03 0.10
1 1—5 7]|Sharpley,|Oklahoma | N 57 0 ative grass sheds was measured with 5.84 0.23 J
11-—58]et. al. 0 0 ative grass precalibrated flumes 2.42 0.10
U.S.A 0 0 ative grass equipped vith 3.55 0.14
1981- 82 Riesel 148 [ ermuda grass water stage recorders. 1.52 .15
Texas N 81 0 ermuda grass| Automatic water 1 .16
Ko lein grass samplers collected from L1 -0.28
U.S. A NO PO ermuda grass 5 to 15 samples during .8 0.0%
N 163 P O Harding grass each runoff event. The 1.89 0.30
Woodward samples were composited
Oklahoma [N O PO ative grass in proportion to flow, 0. 360 0.019
NO PO ative grass to provide a single 0.080 0.02§
U.S. A representative sample kg/ha/yr
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BN %05 0EBaMBREBOBERE 7 — 4

HEATE X lﬁ RES 5Ok REE RIHBR (ke/ha/yr) -5 | 7-%
XikNa Ry | WEMIE | XBER | LRE | RkR PRHE | BAake |[2B5E| R BOD | COD | SS E 23 y > BNl " %
HEE (kg/ha/yr) (om/yr) Kmm/yr) T-N | NH4-N [NO2-N [ NO3-N| T-P [PO4-P | & fi | f& 5
Dornbrush, J.N., Ander-]
11— 5 3|Khaleel, |S.Dakota Pasture 1.52 0.25 sen, J.R. and Harms, I.
et.al. L. (1974) Quantification|
U.S.A. Grassland 0.97 0.10 of pollutants in agri-
1874 cultural runoff, EPA-660
Cultivated 1.28 0.30 /2-74-005, Superinten-
land dent of Documents, U.§
Govern. Printing Officel
Wanielista, M.P., You-
Florida Pasture 5.30 0.30 sef, Y.A. and McLellon,
1975 W.M. (1975) Transient
U.S. A water quality responses
from nonpoint sources,
Proc. of the 48th
Annual conference of
the ¥PCF, Miami Beach,
FlLorida, U.S.A.
Control Site 6. 3.8 0.6 Robbins, J.¥W.D.
.Carolinal 200 sows 200 sovs on 1.2 ha dryf Site 11.0 2.8 3.0 Howells, D.H. and Kriz.
lots & wastes on 2 ha G.J. (1971) Role of
197¢ U.S. A 200 hogs 200 hogs on 2.5 ha Site 13.0 2.8 animal wastes in
of drylots 3.8 agricultural land
Dairy cows 22 ha of pasture & Site 34.0 [ 276.0 141 runoff, Water
vastevater from milk- 9.2 Pollution Control
ing area followed Series 13020 DGX
directly into stream 08171, U.S.EPA,
Dairy cows § ha of pasture and Site 260.0 8918.0 145.0 ¥ashington, D.C. U.S.A.
vastewater from milk- 143.0
ing area followed
directly into strean Note : Milking
Poultry 54 metric tons of Site 9.4 |117.0 3.7 2.0 area indicates
poultry wastes & possibility of
shavings spread on inclusion of
6 ha, yearly point sources
150 sows 150 sovs on 4 ha of Site 429.0 78.0 40.9
drylots & discharge
from 100 confined hogs]
35 dairy 35 dairy cows on 6 ha [Site 17.0 | 264.0 2.1 2.0
CONS pasture
20 metric tons of Site 679.0 N395.0 159.0
Poultry poultry wastes spread
on 1.6 ha., once
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WE R BBAOH ELE I e Bt L 7—75 | ¥—-7
XN Ry | mEuE | XemER THAA Rkl PR | RERE BB ®e BOD | COD | S§ E3 y v B/ " %
BEE (kg/ha/yr) {om/yr) T-N_| NH4-N [NO2-N [NO3-N | T-P [Po4-P| H (7 | § 3
1974-75 Org-N Mineral N N = Org + Minj
11 — 5 5)Chicester| Ohio Summer The gaging stations in the Growing 0.5 0.3 0.2 0.1 J
et.al. grazed streams draining through
U.S.A each of the watersheds were Dormant <0.1] <0.1 <0.1] <0.1
1974-78 equipped with a Coshocton 1975-76
wheel sampler modified to Growing <0.1 <0.1 <0.1 0.1
continously deliver a
proportional sample of Dormant 0.1 0.1 0.1] <0.1
runoff water plus suspended 1974-75
Winter- sediment during each rain Growing 0.4 0.1 0.3 0.3
feeding event.
Dormant 6.7 4.4 2.3 1.2
1975-76
Growing 3.2 1.§ 1.7 0.4
Dormant 16.8 9.6 7.2 1.1
Growing 8.8 0.2
For comparison with 1974-75
Rainfall induced above data and to estimate Dormant 7.1 0.2
load nutrient loading from Growing 10.2 0.3
rainfall 1975-16
Dormant 9.6 0.3 kg/ha/§mon.
mill. | Sampling from the West ¥ater quality]
11—5 6|Delwiche.] Nev York Hay - n3/yr | Branch Delaware River 382 | 2.94 0.67 ;0.180 G values are
et.al. 13085 ha 11.44 | at 3 water quality . those predic
U.S.A Pasture - stations at Beerston ted by water-]
1980 5093 ha 2.5 | Composite sample 510 | 2.89 0.8110.140 shed model
kg/ha. yr
Streanflow was measured
11—59]|Javson, |Potlach, | 1977 N 62 Grazed am/yr)| with a broad-crested by a 1877
et.al. Idaho - 21.5 ha 370 10 | V-notch weir on the grazed Grazed 10. 41.0f 0.10 % 0.01 0.01 | 0.14 | 0.09
1978 N 78 34 | vatershed and with a small Ungrazed 19. 16.0 1 0.18 ] 0.01 0.01| 0.17 ) 0.16
1976-79 | U.S. A, precalibrated flume on the
Ungrazed ungrazed watershed. In the
- 0.9 ha grazed watershed, therv as 1978
676 119 | nonevent flow from ground Grazed 41.0 | 488.0 | 4.46 | 0.0 0.42 | 1.39
26 { water and soil drainage. Ungrazed 13. 28.0 | 0.47 | 0.0 0.08 | 0.10
was generally sampled and
analyzed twice daily to
provide a continuous record 1979
600 136 | nutrient concentrations and Grazed 60. 618.0 1 4.11 | 0.02 1.48 [ 1.05 | 0.41
41 | deliveries. These are also Ungrazed 10. 13.0 | 0.46 | 0.01 0.07 | 0.07 ] 0.02
added on to the grazed water
gquality data. kg/ha. yr
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HE R BREOE & lﬂ WL E oL 2t G -5 | 7-75
X#kNo. hU | WEME | X2HEESR L HFIA Rkl Pl | SHERE AR5 % o = BOD [ cop [ sS £ 3 Yy v BNesH [
HEE (kg/ha/yr) an/yr) T-N | KH4-N {NO2-N | NO3-N | T-P [PO4-P | 2 fif &2 5
(mm/yr) During each runoff event,
1 1 —6 0] Schepers.| Nebraska [N 67 562 0.2 | discrete samples were Without . J
et.al. (1976) collected automatically Livestock 2.4 6.1} 0.30 0.02 | 0.21 | 0.02| 0.05| 0.03
U.S. A 35-45 cow-calf] from the grazed and control Grazing
1976-78 pairs areas. The sampling
1026 | 80.9 | sequence provided for sample
(1971 collection at 5, 10, 15, 20
& 40 nminute intervals from
the initiation of runoff, ¥ith
480 | 34.7 | followed by sample Livestock 0.2 8.8 0.20| 0.02 | 0.16 ) 0.02 | 0.06 | 0.04
(1978) collection at 60 minute Grazing
intervals upto a maximum of
14 samples. kg/ha, event |
(mn/yr) Automatic sampler placed
1 1 —6 1| Hartigan,|Virginia [ Pasture Normal year 1,041 in Occuquan and Ware river 0.53 0.07 G
et.al. and Pequea Creek which
U.S.A. Wet year 1,387 collected runoff from the 0.712 0.107
1979-81 vatershed. Grab sample kg/ha/yr
Fertilizer en/ 74 d Fertilizer
1 1—6 2|Dunigan, | Louisianal 6.4 t/ha Rye grass 272 Each plot had a rectangular Applied 0.59 0.21 0.04 J
et.al. N 150 sheet metal retainer 20 cm in
U.S.A P 65 K 124 height and 1.5 m wide by 3.0 m| Not applied 0. 40 0.04 0.04
1976 Sewage sludge mm/ 74 d long. At the lower end of the | Sewage
6.4 t/ha Rye grass 212 plot, a 4 cm hole at ground Applied 0.40 0.11 0.06
N 176.99 level was fitted with a rubber
P 54.2 K 43 hose which led to a 220 liter |Not apglied! 0.87 0.04 0.04 kg/ha/74d
Sevage sludge | Pearl on/109 d barrel buried in the ground. Sevage
14.8 t/ha Millet 413 Applied ©3.08 0.19 0.49 J
N 433.88 Grass Composite sample
P 45.2 K 43 Not agglieﬂ 0.55 9.07 0.12 kg/ha/109d
Sevage sludge | Pearl mm/115 d Sampling after each rain Sevage
15.2 t/ha. Millet 397 event Applied 0.78 0. 146 0.192 ]
N 489.12 Grass
P 24.3 K34.8 Not applied 0.74 0.816 0.122
Sevage sludge | Pearl nn/115 d Sevage
28.9 t/ha. Millet 397 Applied 0.79 0.078 0.246
N 827.63 Grass
P 83.3K 63.6 Not_applied} 0.74 0.316 0.122 kg/ha/115d
nn/109 d
338 For comparison with above Mar. -
413% data and to estimated the May " 16 1.913 0.217 0.043 J kg/ha/109 @
nutrient loading in
an/115 d precipitation
309 Rainfall Induced Load Jul. -
397+ Nov. 76 1.986 0. 316 0.009 kg/ha/115 d
*total rain including
that which did not
cause surface runoff
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B . R B 5 {ke/km2/E) F-79F -2
" RU }%—m%) wimE | W/AEHE| #ZM BOD | coD | SS D S — TI}P P/O Eﬁgg‘z 2 g %
F- 148 | (nm : = - -N NO3- - 4-P Bxh
7 e . T JRIE/K
- HhEARR] 1,450 [(1/km2/#D) AE 4.81| 5.88 ] 78.1]14.66 Yy, BERAE
-4 iﬁ*gtt‘é'ﬁ ﬁfﬂgllllg WA, (1917)
E) M E AES L FEHEERTHG
. 136 T - KS5E .0 TR FORH
=) BEE | LT LT k-t
Lo BE O BeegTw 98.9
CEE| L 79y, vy B 167.9
0.182 |B)iead | + 70.5
1. 459 cKIHED Lk ~
2.610 BfbL7H 55.0
il - Wt TR 62.1
0.872 A 38.9
11-13 3. 800 FHEE ~
6. 707 38.9
ETEE ~ 29.1
1.440 3.2
3.810 HEs ~
5.067 14.8
s ~ 3.3
0.460 8.9
0.756 W B o~
7.573 9.0
moa - 18.0
0.688 12.7
0.928 .
007
aE:di %é. R TEREE - R Al TR | Lotk RHE KOEE (K/ha)
B - F|ALSE | sz 0 | | | O 0.611 1.448 3 .. SO0 21250 SRR IURRTRRORS N N 0.039 ... .
HoHEA | BERoE | LeaEllc| oER | 86 GedE c 4.8
DN |fiT, B | EHAE T #EE | X0.01 I 2.349 | 4. 965
ABEEZ [JXdic | 208 - [EBL. [ n3/kn2/B) BIR%E Bk 2.2
SHTLR |IB-T8B | BETds (1,800 | | | | S 0.501 | 1185 .. |/ 0489 1 ] 0.017 ...
RO | MBS | TREBEO| (i) 23tk I ;5.7
fHilcw | iR ol 25 I=0.344 I 1.928 | 3. 168 :
@R Gm2) | - BB I =0, 787 FREIISEH £ 0.0
RHE . G | HE)I] 0.830 |2.279 1.080 0.090
11-14 10. 17 EELTH &% .
Y5183 ®’E. Kl I=0.260 - | 2| 0. 486 | 2. 739 0.315 0.051
18. 82 PERB xR =0, 797
FE)| EATVD )|
41,96 cETREX 0.387
I3 5 7 TENE
1.15 & THIKER e 167 111 52
Huaha < 0.69
BB E 77
BREV
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i 1 lzz» H ] B
WM (EE | kU KBIHR| RAELFE | E M BOD | COD [ SS 3 J] & &
i E - L8 T-N_NH4-N NO2-N NO3-N | T-P
K TR Bh g/ne/ 5
RSO Jrban | 0:8 b ) 0.1, Rast,¥.and G.F.Lee. 1978.
e e Rural/ Summary Analysis of the
Agriculturel 0 fo ] 0.8 ff ) 0.05. North American (U.S.Portion)
OECD -Eutro-phication Project
Forest | fof] 0.8 [l 0.01. :Nutrient Loading-Lake
Response Relationships and
(Rainfall L.l )] 0:8 1 ) 0.02. Trophic State Indices. Report
to U.S.EPA-Corvallis. EPA
Dry Falliout 1.6 0.08 600/3-78-008




1.3 ZDMOREET—9 RUBESE
1) #EF - ) OMHI~ORARTMHD» S D
H& - /NI @EiHo TRELKENEDDONKEAF], HHBEREE) icLniE, withos

DEFRDFHIIEA 1 ~5kg/ha LB ->THY, MH~NOEL 2 ERBBETH 8Kk 505
A7~ 13kg/ha L1335, £/, )V VIZDVTHHAKLD DFHAD0.1~0.8 kg/haThD, %
OH»SD Y Y OFHIE 0.1 ~0.5 kg/haBBE LR B EMRINT NS (RKEBR), DT &
5, MHOELED, RAKBOER - ) v FRHCER) OKEBEAOREOIHE (F1b) icK&E 5%
EHAERLTHBE LTV,

#OA B
=% AL o
T~13 EmlagliEe = 175 (ke/ha)
‘ A B
[ o1 —os L | Tos (kg /ha)

EZrlEHREE T4+ 2
HBVE0

X—-11.2 #MHlickd 28R ) YO
(i : BT [+ AKEHED - HDOKE AP

$70, XER11-63 Ik nid, M AN, BTROLCAICKEM 7y &, BiRKEL
TOT Y b7y bERNS LERIKOOTE, HWHANORADIH I D RTHERTIZA{LIIE 125
BRTHLLELTV S, Y ViIE20TE, RADKZWES, DRVES, NKIBEECOHEEE
&> THETORRE OEZEET 5L, INFEFR[LEATENEBBRRTN B, BEEOIZIIR L
HOLHIECHEMDPORTT I 2EUE2, ERLD2DHABEM TR DI S BERMIC 505, &
PRICERO L DT TERC PO TERREL L OINEBHE S T EBPFINEELL TV B,

oIt ik o0 TR, HBAPHEDICEZ STV EMEFROMERD, HEONBOER
HBHVE, BERCHEMIOHRET SBICH~NEFINCENE LTS U 11 - 8), BAMEAL
SNTEMIEL LT vOKPICEHT 201, Ak ) vEEORMBEIEAETH S, Y rBiE
LRICKRICEAST % Fe, Al, Ca, Mg LA L THUBEER LS N TKRELOYDEEENT
L& 57, et Tkicl, ERICHRERL) YOEET KT THEI 050,

L LEHS, BREBENSKEZVEFICE, THZOLDH, BREINTHHT B EMHEDT
) YRETAHLLEBOAMMNKNT 5 Ehb b, FMABUT, Hitth ooBMmEAZHT 5
CERFEFICRETH 5720, BRBLSE LG LABEREHE LflidDmoss, XEkll- 1
KENTEREE L) YORUEBEDPEO/NS LB EOBRBE T 5, BEMREOFREEM
R D B RTR I IEREICIEE T S IO eJREM AN <, 3R 11 — 64 ic & uid, BREORE QL
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AR Lo L=aQ* (b >1) OBFEMRAELNBELTV S, Chid, BWREFICRE LR
HBCEEBERLTVWEI Eh D, BRBOBAAFBOLERICESEELEDNS, COHT
i3, FEEATIE 0.052 kg/km?/ H O —4— Ly, BRAFBOLGENEROAFNERLIDZL
BRI -STOV B,
PtoLHic, £) VIOV TOHRKOBEIZ £ +HCRIBESNhTO RO ODBERTH S L
WA, SHOFEMET -5 ERHBLETHAS D0
(2) FHERORHKICEA B
HHICIE ARG @A BLTE, E—HETOKER, ®BOBNESOHRKRERIE, —#
I ZDKBRBHTEELTVEC &N, BCHIOATV S, COLIBEELLRRS, K
Eic kA TH HHRMROBEDRLIC LY, ZOKEDELHHH THREFICHELN S,
ZO—FlE LT, kAN —F e Ty 7 RBHMTORARLD 5, T DHRBRMADLERMKA S
15 B /NFRIEA SR L (W 2HIK), WRET AKX (W6) EDRIHKELEKLIbDTH S, W2
X TR LR T~ THRRICEL, ZofiXicid, BRERlickD, MEOBESTIEEN
ZEASNEENLE OGNt COL S 2HIKD ORI BKOMEE A RIAMICE - TRE L7 #ER
HE-11.6DEEDTH 10

£-11.6 (EEDEEE A THICHIE L 7B (W2) &g (W6)
pooFEEAKBRD NO; — N, Ca, K 14 ViBE (NEF)

(mg /&)
NO;- N Ca K
W6 W2 W6 W2 W6 W2
% % Ai
1963 — 1964 - - 1.5 2.1 0.3 0.3
1964 — 1965 1.0 1.3 1.0 1.4 0.2 0.2
1965 — 1966 0.9 0.9 1.4 1.8 0.2 0.2
AR B S B AR
1966 — 1967 0.7 38.4 1.3 6.5 0.2 1.9
1967 — 1968 1.3 52.9 1.3 76 0.3 3.0
1968 — 1969 1.3 40.4 1.3 6.0 0.3 2.9
=and ] i
1969 — 1970 3.2 37.6 1.6 6.2 0.3 2.8
1970 - 1971 2.4 8.8 1.5 4.0 0.2 1.6
1971 - 1972 2.3 2.7 1.4 2.2 0.2 0.7
1972 ~ 1973 1.8 0.3 1.4 1.8 0.2 0.5
1973 — 1974 2.3 0.1 1.4 1.7 0.2 0.5
1974 - 1975 2.4 0.1 1.4 1.7 0.2 0.4
1975 — 1976 2.2 0.1 1.3 1.6 0.2 0.4
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BKEE SEIRICEST, BEOPBODEABRONS, 1, $HIC NOs - NIT DWW T I IC
ELBKEDLERBEI T35, BiZ, ARORHEER 2 &, §Hbic X 2K HE & #
LTW37:%, ZOBRROFEER, WRSNAET, SOKREHODEHL-THS (K-11.3 %%

),

%S 604 e B R se— H £

kg/ha

ke/ha e
b 1o A “o o J
ol ~~0--O~__-Q
= 04— o-2-og
600- L
5 NO;-N
F ko/he 1007
o 200 ,
/ ~,
o] ooy
300- SS
kg/ha
200+ o
100+ r}y
L ~ 7/
’—_Q‘_l—@ I\Ig 1 T Y T

I963-64  1966-67  1969-70  1972-73  1975-76
K—-11.3 &R (W2 o 2) &AHRIR (W6 ; o )
o DIEFWHE, SSoiHiROEL)

F-11.6 RUK-11.3 Ot . Borman. F. H., and Likens. G.E... Patlem and Process

in a Forested Ecosystem . Springer — Verlag. New York

(1981)

GRIRROBHER, YA - N=V=TTHTbNTV B, TOBEBIKE, ¥ LohzFsE
LT BIEEMRICE > THEBTON, HBRRIE-11.7, 11.8 KRSNBEBDTHO,
NO: -N ZDHBHBOBARB RSN B H, ~N—F « T vt 84 2 EhE /NS
> T3, o |

HATSILIMHS DX FHRTOHEEL S 255, O HKRICE D NO; -NOFHHIEBESZ E
FALTOAREENTHONTL 5,
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#£-11.7 HBEHH(WS3) EHBHRIK(WS4) oD
Rk DS A 4 v EBE (1972~ 1976)
(mg/¢)
5 154 K 13 K g L]
WS 3 WS 4 WS 3 WS 4
Ca 1.03 1.22 1.00 1.10
Mg 10.44 0.49 0.38 0.40
K 0.74 0.65 0.70 0.64
Na 0.55 0.56 0.55 0.51
Mn 0.008 0.006 0.005 0.006
Cu 0.016 0.016 0.020 0.020
Zn 0.059 0.074 0.048 0.055
Fe 0.09 0.08 0.09 0.08
PO,—P 0.010 0.006 0.009 0.006
S0-S 2.40 3.21 2.62 3.42
NH,—N 0.17 0.18 0.15 0.14
NO;—-N 0.39 0.41 0.41 0.35

#) vz R b= =7 CKE) K 19694 34.7 he
M@ A X FH B8 ha, BAKE 1,450m/4E

£-11.8 HBKFAB(WS3), WRBHER(WS4) » 5 DEEA 4 v ORE

YR E| # 1] ] (kg /ha*fE)
1969 1970 1971 1972 1973 1974 1975 1976
Ca 6.1 5.7 8.4 7.9 8.0 7.7 5.0 4.9
6.2 3.8 7.7 8.5 7.7 8.2 5.6 5.6
. Mg 2.7 3.1 3.2 3.4 3.3 2.4 2.1 1.9
2.6 2.1 3.0 3.4 3.3 2.5 2.1 2.1
K 4.6 4.6 5.1 6.0 6.0 5.0 3.3 2.7
3.2 2.8 4.2 5.0 4.7 4.5 2.9 2.5
Na 3.8 4.2 3.3 4.3 4.0 4.5 2.8 2.3
2.8 2.5 2.8 3.7 3.4 4.1 2.6 2.0
SO«~S 20.6 15.3 18.0 17.7 20.1 23.7 11.2 12.1
19.3 150  22.2 24.7 23.8 26.0 15.0 13.2
NO;—N 0.7 2.8 2.2 1.9 2.1 4.5 2.6 1.5
0.7 0.5 1.0 1.2 1.8 3.3 2.9 2.1

E£-11.7 R E~11.8 Ot : Patric, J. H. . Effects of Wood Products Harvest on

Forest Soil and Water Relotion.

Quality. Vol.9. pp.73 - 80, (1980)
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@ KZICLBE, B, HFEOV I —HOEMEY) 4 —7 + —vORED

® BRICKZBED LRICESW-GEIIONER, BELORIE

@ HRTowE, WMKicksRT OkE, ¥H)

CHhoDERD S BEIC® L@ ICED KIRFBOFKBEDIEELEZL U S, REROBHROKIL &
EdEbic, C NRRKDHSOEMIC KL BEEICLD, PREADEIL, BEK, 7+—nTo b
FICLOEIEL TV, BIERE, BEORKETETREL, BELHOB LV ECATENE
FHELTOEH, BAETREABOHEILASKE W EBEANAS L, OENRTJREE 15D FHEEH & 15
BEELHBHELTV S,

(3)  #it~DHEAD

LS EATECEATR, ATHOBRO L BIEAEHA 8805 5, Htcont @)
KEDHIBE N, P ~OEEE, EHEAEROBN T HEENSSESICLbH-THIZFE1 1A
MTREAEASNIBVETBHANRINT VS, L L—AT, LREILKIHEELES,
NH.-N LAREON ORHIZIZEA LB D SN, 57ch, NOs- Nid, 52 FEBLBIcHEmD
L, B ® s FHIIE -7 IGELLEDBRTV S, TOL ) KFEMRANDHIRDREKNDE
BlIWw-<DEHobh, —BHobnsd EFRICRES DICERAMNE E LTS, CLEI-63)

W BAEEOETL

BRAFICOVWTOF— s EBHPDRO L EHD, BEALOHRARRQL CANBAEET

B ETIVICEEE >TWVS, Thbid
L=AQ + B
E A S

L=AQ?*® ‘

EEBLT, FEA, BidE—-11.12 okHicsEHonNTWV B,

£—11.9 (ks S>OEBAMARNERA (BE0E—HNE)

‘ L=aQ? g uf- A Qa: £ ki - B
aT—Nﬂ aT—Dﬂ aBODﬂ dCODﬂ
1 16.0 1.29 0.945 0.980 - - 179 0.885 | EHE (1984)
2 32.4 1.09 1.14 0.803 - - - - BRR (1983)
3 25.4 1.21 0.776 1.41 40.2 1.13 95.4 1.41 I (1987 Y HiZKH
L=aQat+b:g/ki+H Qa: £l - B
aTNb aTPb aBODb aCODb
1 - - - - 80 -300 - - iR
2 12.8 439 1.56 27.4 71.8 -135 104 1.750 | &
3 22 " 400 - - 64 -200 90 400 | M
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tRoEF DS bEREFVRIKERES —ELRELTVSDICHL, EHEKET
i, BOKESH 1 EEAHIEA, REOWIEE bICBENKE 30 L%, HicBOkE
1A TEZEEE, REOMME & SICBEININECRBEILEEZERLTY 5,

(5) EHE o DFHRHIK

FHEDH L, BELEEHEE L TREITE»SOFEBENRORLND %0

EHETLRES RS, BHEAETAMESS D, ChSHIRTOKEGEEBORETICE,
ZIhoDORBARIAERET 5 L EBURBIGENH b,

F—11. 10iTi3KE 3 v v Ingham #5125 % Lansing SR O @M 5 5 ORI A EE]
ISR AR LT,

#=-11.10 EHiHH» S Lansing MliCiiAT 52 v &
LEFEDLETER LB L 5 ARE9794)

& 3% wmod = & ) v 2 # %
m®x 1074 m?®/ha kg kg /ha kg kg /ha
3/5~3/16
2 5B 13.4 170 10.5 0.013 166:1 0.214
2 55 Nil - - - - -
3/17~3/30
& B M & 10.8 140 5.7 0.007 134.8 0.174
122 M 3.1 40 1.6 0.002 38.2 0.049
3/31~4/13
£ 8w & 11.6 150 7.9 0.010 141.1 0.182
% 55 9.4 120 6.4 0.008 114.2 0.145
4/14~4/27 7.0 90 4.3 0.006 95.9 0.123
4/28~5/11 9.7 130 4.8 0.006 164.5 0.212
5/12~6/8 2.4 30 0.4 0.001 43.1 0.056
3/5~6/8
& 8 m R 54.9 © 710 33.6 0.043 745.5 0.961
[ 5] 31.6 410 17.5 0.023 455.9 0.585

F) * 4B BHUBRIFKRHARE=-28MAE
R.P. Glamdon.etal : Water Research, 15,1981
“ A Comparison of Rain-Related Phosphoros
and Nitrogenloading from Urban. Wetland.

and Agricoltural Sources”

FEREREN, 19794 28 23H &V 108 22H F THREL S N, CORR, FRICT » 7o RER
1%, TEHERE OLED S
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T-P (kg/ha) 0023 < 0.180 < 0.595
ek 2RI T g

T-N (kg/ha) 058 < - 3802 < 5965
R [ickcspacte JR3E IS,

EZDEEDENER LTV B,
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