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semmbont| 15.4 | 1259 1€ 0} 4.56 | 13.93 260 151 6,72 [€ 0.06)| 2.87 | 11.72 1

NG | 8.1 | 1242 [ 1.69 | 14.92 | 22.20 | 10699 § 108.3 | 106.6 | 1.498 | 14,17 | 20.85 | 16437
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BEXH

1) R.C.Stover,L.E.Sommers,and D.}.Silviera MEvaluation of metals in wastewater sludge)
Journal WPCF Vol.48,No.9, September 1976
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Tl 2O LI MR BB h TORn,
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NHat =" NHatewr» + II* (1)
_ [NH3ceqr JLH*D

k= e 2

B, Ci'y C2' RUCT R ENMEEUTRDES>ETEY 3.
Ci'=[NHsear Jv C2'=[NHa']. Cr'=Ci +C2° (3)

QOB VW THERE Y, pH=—loglW*1&HF X hif. RQDUKOL>EFEHh S,

C 10°"+Ka .

“= Ty erge O (4
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Cr =14 X 103Cv’ (mg-N/2 )
Ci = 14 X 10°C’ (mg-N/2 )
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L (% S
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9/8 2 L
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Research on Small-Size Sewage Treatment in the Countryside

(FY 1984-1987)
K. Takeishi, Y. Suzuki
K. Sato, K. Moriyama
Sewage Works Division, Advanced Waste Treatment Division,
Water Pollution Control Department,

Public Works Research Institute, Ministry of Construction

Recently the water pollution of small streams, ponds, or lakes, becomes quite a problem in small communities
such as farming villages. The main reason of the pollution is the discharge of gray water and the effluent of on-site
treatment system for night soil.

So, one of the most effective plans to prevent water pollution is to treat gray water and night soil efficiently.

The purpose of this study is to develop the most appropriate treatment system for small communities. The sum-

mary of this study since FY 1984 is as follows.

1. Sequential Batch Treatment Process

Pilot plant research was conducted to study the simultaneous removal of nitrogen and phosphorus by the four
different treatment conditions, anoxic-oxic-anoxic-oxic, full time oxic, intermittent aeration and oxic-anoxic-oxic,
using the grit chamber effluent of a domestic wastewater treatment plant as the influent.

Simultaneous removal of nitrogen and phosphorus could be achieved in the conditions of intermittent acration
and oxic-anoxic-oxic. The dissolved oxygen concentration of the aeration period was an appropriate index for
achieving the simultaneous removal in these operational conditions. The total nitrogen of the effluent was less than
5 mg/2 in high water temperature season and the total nitrogen from 5 to 10 mg/? of the effluent could be obtained
in winter season.

It was also found that the total phosphorus of the effluent was less than 1 mg/R all through the year.

2. Biological Phosphorus Removal Process (A/O Process)

The research of full scale treatment plant of AfO process was done in Ibaraki prefecture. It was verified that

2.5 hours of the retention time in the anacrobic zone and —100 mV of the oxidation-reduction potential in that




zone were sufficient for the phosphorus release.
Effluent total phosphorus concentrations as low as 0.4 ~ 0.8 mg/R was achieved in this experiment.

The phenomenon of nitrification-denitrification occurred in high water temperature scason. Therefore, the

total nitrogen of the effluent was 5 ~ 10 mg/f in that season.

3. Mobile Bed Filtration Process
The object of this filtration process is to remove the residual suspended solid remaining in the effluent of

biological treatment process.

The three different sand in size were examined in this investigation. The results indicated that the removal rate
of suspended solid was excellent in case of the sand which had an effective size of 1.05 and a uniformity coefficient
1.18. At 2~ 60 mg/® of influent suspended solid, the suspended solid concentration of filtrate was from 1 to 6 mg/¢
at linear velocity 20 m/hour (480 m/day).

The countercurrent washing water rate is about 10% of the influent at the standard operation of this filter.

However, due to the return of a parl of the washing water, the washing rate could be reduced to 5% of the influent

flow.

4. Bioshelf Process
Bioshelf is composed of a sloped siream and small sedimentation tanks placed in the midst or at the end of it.

Wastewater, which is led to the stream as a thin flow, is treated by the biomass grown on the bottom of the stream.
Experiments were conducted under the conditions of a streaim of 20 m long and 3% slope, settled or anacrobi-
cally treated sewage as influent and loading of 10.7 m3/d per stream width (1 m).
The results show the efficiency of removing BOD was rather stable despite of the change of concentrations of
influent BOD or DO in the process, and the removed BOD is expected 16 mg/® for the influent of anacrobically

treated secwage, 21 mg/Q for the influent of settled sewage. Particulate organic matter is as well removed from the

wastewater as dissolved onc.
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Separation of Trace Heavy Metals in Wastewater Treatment
Processes and Their Effects on Environment

(FY 1985-1988)
E. Nakamura, K. Sakai, K. Komori
Water Quality Division
Y. Ohshima, T. Shiraishi
Ultimate Disposal Division, Public Works Research Institute

One of the problems in effective utilization of sewage sludge as fertilizers and construction materials is the
existance of trace heavy metals in the sludge. In order to solve the problem, this study is consisted of the following
two sub-themes. .

1. Development of Two-Stage Wastewater Treatment Process for Heavy Mctals Separation

The heavy metals in influent are conqcmratcd into the studge as much as possible at thefirst stage of the two-
stage wastewater treatment processes to be devcloped. Then the second stage sludge with less heavy metals has a
more possibility for the effective use. '

2. Assessment of Leachate from Incinerated Ash Utilized as Construction Materials

Possible sludge forms utilized as construction materials are incinerated ash, smelting slug, and lightweight aggre-
gate. As it has been confirmed that the latter two materials are free from heavy metal release, the assessment of
leachate from incineratcd ash is to be preformcbd in this study.

Followings are the sunimary of this study in FY 1987,

1. Two-Stage Wastewater Treatment Process
a. From the laboratory scale experiment, the following results are obtained.
a-1 The combination of anacrobic and aerobic process is quite effective for the scpération of heavy metals.
The ratio of heavy metal concentrations between anaerobic and aerobic sludge is 3 ~ 19, 3 ~ 4 for Cu,
6 for Zn, and 15 ~ 19 for Ni.
Cuis effectivély removed by both aerobic and anaerobic but Ni is hardly removed by aerobic process.
a-2  The concentration of 047 in the influent affects the results of anaerobic treatment.

In the case of low concentration of §047 Cu and Zn are removed rore, and Ni is removed less than



the case of high concentration of S04 %

b. From the pilot-scale experiment, the following results are obtained.
The concentration of heavy metals in the sludge of anaerobic process was similar to that of acrobic process.

For the removal of heavy metals, anacrobic process is as effective as primary scttler.

2. Assessment of Leachate from Incinerated Ash

a. Long-term observation of leachate in outdoor lysimeters

Observation of leachate were conducted by using two incinerated ashes, two soft soils and their mixtures.

Most of the results were far below their maximum contamination limits without lead.

b. Extraction tests of above-mentioned materials

The heavy metal concentration in leachate was highly affected by pH of leachate. pH levels depended on the

quantity of lime in materials and the water retention time.

Low pH produced the heavy metals but high pH which caused by lime content and long water retention time

did not.

c. Sand filtration test of leachate

High pH of leachate from incincrated ash is decreased by passing through sand.
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116 2.7 0.95 0.82 0.76 0.080 17.8
A% .6 12.1 14.7 6.5 7.0 0.28 0.49 1.03 --
amk 9.2 10.8 14.6 3.5 9.9 0.067 0.64 0.64 0.018 17.4
B# &% 33.4 22.6 0.064 0.078 0.046 -
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HAEN,
® Cu, Ni, ZnO3RHD9» HLCu & Zn K QFHD
DiMBRLERANNE ¢, Nitd P RO HABRIRIE,
® Fe R ALTFADMIHTEML T R WO T Bk
PORBL 0.034 ng/ ¢ & IKNABIKTEL 0.14 ~
0.19m9/ 8 LIIKD 4 ~ 6 {BEDOHE & 5T\ Do
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LCRBITHE L oo SERMIMIKLBRANG624E 7 B ~634E 2 A
D8NP TH Do
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TEVETS TR BB O Mol 4 N— 2 — B WCAR T

BOD & SSICML THAT: & d ALFRBREINTHSD
2, X, YHRICH~ND EZFDHETH - T oo LR
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g A A+ 4 -y o a e & an g atein

F-2-6 A0, bS5y NEBROKEMIEER WAL im/e, ()ALBHMI, ()RR

X & Y # A B & ®
g oK - —f -
Mikisk Hikiktik Mirkisk kK Frikiftik XR 1 YR | 2%

SS 105 (159) |28.3 (8.8)|7.9  (1.0) [42.2 (54.2) |5.9  (7.0) | 0.9 (10.6) |92(98) | 94(96) | 91(93)
BoD 100 170) | 43 @5 160 @ |6 @ {37 @D | 1.0 (7.2) |94(98) [94(98) | 93(86)
ATY-80D | eeeee | eeee- 3.4 2.9 | - 3.0 @ |41 5.2
HMHTOC | 260 (46.6) t 21,9 (45.0)|8.2  (8.1) [30.1 (50.3) |8.2  (8.8) |10.3 (11.2)

AV 19 (83) 209 (228) | 59 (22) 1206 (182) {70 @Gy |’ A

T-N [20.4 (30.3) }2a0.1 (36.8) [22.8 (25.00 {24.6 (33.7){20.8 (22.9)[16.8  (20.2) [ 17(27) | 24(33) | 39(41)
HMEE T-N [20.4  (27.8) |22.8 (32.8) [21.6 (x4.8){2i.1 (28.8)[20.4 (22.4)}18.2 (19.9)

K-N [22.4 (30.3) |24.1 36.8) | 26 (1.6){24.6 (3.7 1.8 (LD} 30 (2.3) -
NH«-N [18.3 (24.3) |21.¢ (28.2) | 0.6 (0.5)[18.0 (25.8)| 0.3 (0.9)| 1.5  (0.5) -
NOx~N | 0.0 €0.0) | 0.0 (0.0) {20.2 <(23.4)]| 0.0 (0.0>]19.2 (2.2)|13.7 (17.8)

T-P [3.28 (3.68) |2.32 (3.'|9) 2,40 (2.25) 12,85  (3.30) §2.05  (2.01) | 1.38  (1.84) | 27(39) | 38(45) | 59(50)
ARGET-P {172 Qa1 |2.05 (.68 |22 (2.15)]1.88  (2.39) [1.91  (1.88) [1.18  (1.6D) | -

Cu 0.045 (0.025) | 0.011 €0.021) [0.027 (0.012) |0.023 (0.020) | 0.022 (0.016) | 0.010 (0.014) [ 40(52) | 51(36) | 78(44)

Zn 0.110 (0.080) | 0.038 (0.045) [ 0.052 €0.040) | 0.049 ¢0.050) [0.038 (0.035) | 0.047 (0.045) | 53(50) | 65(56) [ 57¢44)

Fe 17 €095 |o.e3 (050 |0.38 0.38) [0.82 <o.61 |o.50 0.3 [0.36  (0.01) | 78(59) | 11(63) | 79057

Al 26 (23 |18 8 |15 4 {17 Q) Je (03 |14 (1.2) [42(30) | 42043) | 46(48)

Mg 10 65 (99 6.5 [0 4 10 6 |10 @3 |95 6D | D] N 1S

Mn 0.21  (0.07) {0.19 (0.07) |0.08 (0.01) [0.14 (0.0 [0.07 (0.01) {0.68 (0.02) |71(88) | 67(88) | 82(71)
BRIEC v 10.017 (0.014) | 0.007 €0.016) {0.009 (0.009) | 0.010 (0.015) [0.012 (0.008) {0.006 (0.008)

# Zn [0.052 (0.042) |0.022 (0.032) | 0.030. (0.032) }0.027 (0.036) [0.024 (0.028) {0.024 (0.036)

# Fel058 (0.39) [0.42 (0.32) [0.20 (0.21) {0.44 (0.3") [0.30 (0.21) |0.22 (0.23)

#» AlL[1L4 Q4 |13 (L2 |13 W) {13 (L) |13 (.0 L3 (L0

#» Mg 9.6 (6.2) (9.8 (6.4) |10 (6.2) (88 (6:2) (16  (6.2) (9.7 (6.1

# Mn [0.18 (0.08) {0.17 (0.08) |0.02 (0.01> [0.12 (¢0.08) |0.08 (<0.00) |0.07 (0.01)

Rty €0.4) (6.8) (2.8)
I

iE:Cd. Ni, Pbll 2T MERAUTTS L.

—_— 96 —
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R=2-7 A4 0, 752 FYIRIC I BITD MR
—
X % Y & Z #
WA | ARG VA e SFSAAETR | A RAARRTGR
gl |11.6 (8.0) |17 (8.5) |13.9 (21.9) [4.4  (13.0) [15.3 (25.9)
VSit |57 (@) |64 (I |59 (W |61 (1) |65 (12
Cd 3.8 (200 3.1 (1.8) |24 (0.9) (3.0 (1.1 2.8  (1.4)
Cu 905 (233) [328  (194) 256 (120) {351  (2U8) 288 (191)
N i 3 @D [a @D |24 o |32 a8 |5 Qe
Pb 52 (36) |50 (42) |49 (23) |48  (36) | 56  (38)
Zn 2560 (1070) [3200 (982) 1200  (529) |1180  (672) |1180  (644)
Fe 33700 (14100) [ 26800 (13700) | 22100  (6930) [ 29200 (12600) | 23600 (10100)
Al 35000 (28900) | 21200 (14400) | 28600 (16600) | 15500 (12100) | 22900 (17000)
Mg 4210 (3200) | 4640 (3200) | 3020 (1740) | 4820 (3410) | 5010 (3530)
Mn 590  (281) | €540 (33200 | 388  (154) | 5290 (2480) | 1890 (1030)
‘Heg 2.7 (1.23) [ 181 (1.0 | 1.89  (1.03)[ 1.38 (0.80) | 1.67 (1.13)
As 150 (0.0 | 7.4 (73 [ 7.3 B4 | 7.0 62| 6.0 (4.9
Cr a3 |43 @G0 |3 @) [ 3 @) | 33 (@
LWitm [ 10800 (2750)
AR [ 9020 (1940)
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K 8 |IMLSS |VSSH | SVse PH SRT |80D.SS #t¥
«c) (ng/0) (%) q:)) (g/78 « A)
X% 125.4 2420 67 27 7.80 108 0.062
13.9 3530 18 54 8.75 55 0.072
Y# |25.1 3520 70 24 7.41 6l 0.068
12.7 4110 80 39 7.12 29 0.093
Z#H |24.4 3120 66 22 7.30 18 0.077
13.2 3730 78 39 7.07 13 0.109
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a10 84 o 17 18
817 56 A32 50
£47 54 629 41
0612 69 \o 7 61
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AN S 0 s 1—
37 ‘lt_ 27
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A, HFKCH S SHDLONE L, FARWLHACL
LHIBRTIRE, TADIGER WD EMTMI D,

2.3 YL IR ORI

W B WAL SR 4 W B & — A DWW TR £ 1T
olco YIMMEAIIRE LCHE P ACK X A8HRLANL
LY, 2.1 OBNEBTMAAALTFKERKEL,
Yoy =T A MC X YALDOT BT MR L 7co
KRRFRIE RO CH D,

Btk=» P A C ¥ n— pHESHE— £odtiB 4 (120 rpm54))
— B (30 rpm 154}) — G F B C#H8—IMF

(Cu, Ni, Zn)

PACOUSIt A¢ & LTO, 4, 6, 8, 12m/edD
5 b & L pHEL 6.0 W% L 7co

ML R— 2~ 9WRT, Culb NiTHIEAERE

F-2-9 BUHIGLEMBRORSM
(WAL cmg/ ¢)
AL¥simikt Cu Ni Zn

0 1.01 112 084
4 1.01 1.06 0.58
6 1.01 1.10 0.56
8 094 099 055
12 097 1.03 0.54

Bk 1.01 113 083

ANTANLZWNA, Zn T30 BIROBLEHTHOR T b,

ZOREOEHCHNMIBAO S v 2 & LCHT
T h, cOTm LR LMLl S 5 &XhH
DN NEHRBIORENFE TS bo

3 BRIFRHMINAIC S 25RE O MR S RO A
DER

3.1 Wiwk

FRBROA LRI, BHGOEN CLMARD16
BCBH/EERoTNDH, TDH L, MBRM~O
FUIHREE 3.0 Tnf/iE & 2RO BIGRE 20,
Sthit, 232 THAHREDSNRG T A 5o WA ~D
AR L LT, OBHIK, OBB= 772, ORRD
MEMRd b BRAZ 2, NORERHW, &, B,
BUATERBM OREME LCORMMERTS LM,
Wk, ok, LA, M, BBV X
SICEHR~OFIINEL bhTn b,

AR, ThBRLIKCREUEM L LTRBLCY
DD 1 DTH 5N LRtkORB” Lnd Ak
HEL, BHLnAdboChb, ALY, +, 1K

S & L THEMIK T W IO A, BEKPIC i tfic
G2 N T B I B L O KR E DI L C
W i oNnTHIRL, tOLetELHRT L &2l
e LTWwbe 22T, DiKILBYOKFEAIIC & 5
MMM CA DT Eh s, TIRRBMK T XL
Lo

PRANGAEIR VY, T OMRBETT > o

a. Bk RN ( B0 K A b OREEE )

b. AT BRI A & D LIRS ER ( MG 14ENE

O )

¢, BHKOW FLRIER

BRI, hbORBREME UERICONWTRT,

3.2 BHKORBINKER

3.21 H 5]

FIRGIEBEIK &k, BROETOCAH L LUV
&, BHKPCEBICEG TN TH S ESGEABEICH -
CHITC ¢ AEIAIC EDORIEE LT S0 % RN
KR TH L BNELTWS,

3.2.2 HERIER

M, P 600 mDIEIEO 0T, ThIAY;
PREIE O BEAFS & h B RIAN O FAILREDORAM &
30emDE I Lo Th AP OB RENH
BB R UKL 1T o 7o

3.2.3 MEAHIL

AR, WEHIGIAE3 A & b A LA NBROMEECD
Bo JRITHIW A FBIE, K REEAIK 2 B C i ghye
WK, ZEPIK), RS2 @R CHRIL, v}
A ), ROTh oL@ttt @ 1IGRELA
LHEALDOGE S T H B BIlKE, RREPINL
C1HARIEDORBTa Yy Ry , b ¥ ¥ Tad Liko
t7c, TOIC, 4 —-<—70 -k, FKSBRL 7o
BN L 7ckb, GF/B 7 4 n8 —TFBL 2 AMTICH
Lice BlKEDMIE, ¥~ 7Y v ZOETN, &
WA s FI oA, 8, 8, Afizea, eROSH
BT b, MK, # M oA, §), B, #5687
9 A= RIGIMTE (BT, 1CPRIMTLEE) KK
i, Affizeab el I SHMRICL h1Tofe
[ CPRAIILICE HRIBHAB DA VY 4, §),
i, BILKDECBIRBIA YO A, =Z2 >V A
@%ﬂ&ﬁﬁ%kbkﬁmmmklbﬂﬁLmﬁLk
(RBRMER, HXHOHIR, RU1C PRNIMTLOEH
Mk AEEHER L 2RO L ),

3.2.4  HEEBESH
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KRB ORI, B ORIKkDpH%~3—1, 3
= 2{GRTs ke, BEICHEWHTA 2 B IKD AR E
KEOLBMER— 3~ 11K, +O—-Fl& LTHEHIKE

F-3-1  BHKEL KR

o H Bilikfg(e) | 4« B (C)
© 84 ;K 389 5 ~ 39
@ LB K 214 5 ~ 38
@ HIHH L 213 6 ~ 34
@~ MR 6 7 ~ 32
® O+ 6 394 6 ~ 35
® O+ @ 403 6 ~ 34
® @+ 134 6 ~ 38
@+ ® 323 6 ~ 37

& PHOZAL 2 —-3—3, 3—4 IR+t Beilifityd, W
Mg, coYMoBMkBOMINE TAAh 5, %
7e, PHA4~5 OGHR & IEA»BIMA R TN 5, Bl
K, SEKBGORN 1, RUThEoRs L OR
H5, 6 CHBMNZ N, chid, BH 1452 [KH~NCR
BRI DR R LeT <, Bikky
betiokdbDbELbhd, @B-3—1, 3—3, 3
~ 40 bbhbRIC, BINKE L FRTR BIMAH <
BHROML S0~ 140 H, 460 ~ 630 B GUCH AR
RIS 70MHA bREC R 5Tns, 17, pHEM
HROMA ZHBIKTF 2 8mAnRbh 5. chid,
BBicL bBIAATRANADEEL b D,
BFN624F 2 A ~634E 2 ADBMAR U HiAD pH &1
CERMEL R 3 - 210UR, 1/, BEEMIE L AH
BE LTI ER LA OEH—-3—5, 3—6,
3—1TWRYe CCTOAMNRLY, BIKFOREGHE
ORI THHNOERCH LA bDOTRONTHIA
5o
HRFER (ng/kg DS ) ; Fn = B (CiVi/W)

j=1

C; RibKPOmE BmREE (ng/e )

VilB%boRiikR(¢)

Wi SBY TN ORI TR (ke-DS )
AU a, eRid, —MEEABTERTHRIALT
CREEMIEL 2 ) T - LTk
K, HH 1 OBRIMKOME A, BIREMIAD 0.1 m9/
¢ % LI b BEITHC0.18m9/¢ T o7 b, DM T
DNTHIEERMLT T o ko TOMM 1 ORI,
AAEBET o 7o R & 5 WS IRRR P TRICE N B L BB ED
CEEMEBM ) Kb b OB EIRIC 3 T AR b1
PHELAbSDTLALDAKOWTHBRIBETCH S,

-
o

BORMARTE (29/kg~DS )
o
o

~o- B 1 -0 S:ms
B T R O

~&— 0 J A 7
- o 4 =Dy 8

(=] [=] [w]
o> @ @

o
N

HBORRKATTR (n9/kg~ DS )

o Fomr

o
o N
N -
- N

(=4
o
o

o [=]
(=] o
~N -

A2 = o0 RBEFTRE (a9/kg~ DS )
(=]
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CR=3-2  BUAROEADD pHERGHE (ng/ ¢) %

B H| Hrxya # ] bal: VAN £t * PR

] <0.001 0.18 - - <0.005 12.4+13.5
IR 0.08-0.41 | <0.005+0.038 | <0.005-0.027 -
2 <0001 - - - <0.005 12.2+13.0
65£ﬂgfgg_ <0.01-0.01 | <0.005+0.132 | <0.005-0.010

3 <0.001 - - <0.005 <0.005 6.4+10.1
(AR <0.01+0.03 <0.005-0.437

A <0.001 <0.01 0.019 <0.005 0.006 1.8:9.2
o K 0.012~0.085 0.005 ~0.006

5 <0.001 - 6.141 - <0.005 9.1~12.1
1+3 <0.01~0.02 0.037-0.295 | <0.0050.012

6 <0.001 L - 0.155 - <0.005 12.1~12.9
1+4 <0.01-0.01 0.045+0.489 | <0.005~0.02

7 <0.001 - 0.013 - <0.005 7.7+11.6
2+3 <0.01~0.02 0.005+0.021 § <0.005~0.013

8 <0.001 - 0.119 <0.005 <0.005 8.012.2
2+a <0.01-9.08 0.006+0.255

Wi k| <0.00] <0.01 - <0.005 <0.005 4.9-8.7

<0.005+0.022

 1LE 20 0.014F 0.1 uf - 0.05 4f 0.05 4r -
kB 0.1 4f 1 oF 3 ur 0.5 Hf 0.5 4F 5.8:8.6

XERRBRTGE. TR~ BARETRT .

%H,ﬂﬂs,s#&@ﬁmﬁmﬁwgﬁak#.%
THIARSMTOMCD o /o 30K S5, 61k, SBRIE
B4 700 A THINLCREUM L kg (8511 ) 4 b | gD
HAHH LT b, Thid, BIADTO pHAR ALY
W, LHPRETh-CwAT Y= TIC L 5T
AXIL, TARVUTIHELADD L IR B,

Affiz o atl, BB L, 5, 65 5bORNALENS
Do feds, RECRMIAMAED 0.05m9/¢ LIF T2 o feo

BUUKO pH i, RRLORKS ~8ChuT AR Y
THYBIEO L CHINF OB R b kv, UL,
KB FLER & BB & 4 5 I C OB BN D 13K
HMHI#,%hmﬁhﬁ%iré%ﬁbkﬁm%&ﬂ
BN LHOBEH L BT P b0 Cdh bl
it Ahnwi#s bhs,

3.25 1&B

FARGRBERIK (RIKR) %ol MO4Hdcabh e L
THN BB OB KD OREHE, pH o248 % Wfi62
42 J i O3 2 AICHE D BB LA RN, RO A 6
& ofe (AMRBRIE, BEAIGILES AhboMicds ),
O TEVGREEMIK 2 183, 81 25, Botht
A L LAY A 4 BFOR 8 M¥AO HEOB A
CENT, H MY A, v, —8hkBCeRT
BT CHRBARIL TR > Thik,

@ WilEs bOTRABRNRE TR Tre o —
A LEAIEHTIGNEC 0.188g/¢ & RIEILMIKD 0.1 mg
/e % 108 5 7 fli I HI L 7o

@ , MBFKERGLEREGLASDHLOK
WA BB A o e s, BETHIARMIT Cd 5 7o

@ Kffiz v ark, WEHPIKINE, ROEEThEKRB:L
EDRA LS L OB IMMILBNE o /e, TR
HIHD 0.05mg/¢ WTF OffiCd o 7o

® BHiAO pHid, JEEMLHFI700 B % KA ITE
CAHITFOMIME %R, MTAhVEERLTWE, &
fe, BHIKO pHt, BiTROML S PP+ 5 M
A b h e,

3.3 OB BRI O OB MBI

31 B M

FVRYERIK & LARAM & LTRB L LA LA
AOYRIPRI S & OMEROBMBL UL O
W4 5o

3.3.2 SRRk

AMBREY, BERGLEIICTT o R HBOMET D bo
VARBEMIRIC X b2 L BB L, BERITAEL
T L 7 MO kic B L, RBKxOERE BRED
RO MR 41T o feo RBEIELR— 3 - 31FRTH

ORI, BB HIK D B MIBIBISERIC Vs 7o 15 K e RIIR
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#-3-3 # B % #

NI KH KteKkop H
3 )
1| kG|
g : ’
93 LTI
10 6

CUHBMPIK ) & AT L, RO v~ MDD & L3R
€l 1 OYACRAL, —MERRBRMNe -2 (A
f£50nm, A5I100mm) CHRIY | MMHEA: L 26O TDH
Do

JeBRA (RN, NTE 100 mn, BT 500 mmDEWIT 2 Y o
WU CITBC Yy > 7V > 7D 3 , 2 BT T A,
zhic, MMLRMNE3BICRRTRIAL, ¥EB L
X b BHRRRRIEK & 1,800 me4XA Lo 47, HMOAN
BB LD, AR OO % B L 7eo 7RI,
28 L fFoRECaRT IHE, T OMEMRILEKE
1,800 me AL 7co ML fekid, GF/B7 qn2—-T
FURATHMMTICOE L o 58, TSHOMTH, 1 CPRXA
Wikt b, s, wrvon, =72voait, J1S
IMITREIC & b 1T 5 o

3.3.3  KEARER

BrOY 7Y T EY S pH & TEBMIE %
—3—-8WRYte H VI YA, i Kfii2 v apt, HH
CUENE DRI L b T DI LA EDERT RIS Th BT
TdH oo

VIWOBE PHA 2 ~6 D30, 1RIAOY 7Y
s 2 CpHUMILE~12.1 K3 CLEAL A/ OB PRt
85 Lo YMIO#SE pHALO SO/, pHA2[EBHOY
v 7)) v 7RO L, #H240H T pHLT 2
W LAaBBL %< % ofko
MERRES, D pH L LICRELAN T 41 L6
OO MM LE % oo 8, HiSY, < 272V Al
RHRR B & i 2 8OMICE N 5 & BRATLAN
Mo chiTeilL, Aavyad, BRIV
WCHHA, chid, NERBSEGE L bkl OREMNE
B ORFMRIEIC N e b T H & Bbh e §i1, PH
7524 BIEIC T Ao/ 170H B ¢ S bEIMAEHE L %
b, A LHS0BHICH S I £ 1 DD T I00mg/¢ L)
LORPE &R 5T Do

3.3.4 1t&D
GRS % LB L & LTHWABEI, B

KT & OF INAIERIC L D BLF DM b0 & %
oMo

O #NEIVa, M, A2 0 aik, W PH 10K
B L 2 BMIRC TS, WALRDEL /B DT
EAENBINARY, R0 0 A IGRECD 5 /e (I
GLAEBEREM ) o

@ MUEKOGHEY, BAL 2 BMHETT -84
V&, #0) PH 2 40 S DEL A S pUA 11 B LI %
CLALNEGE S (MR TCD 5 feo

@ UM PH % I KBS L7 s — A TH, JUBREMEH
#240 BHQI7TEDOF LS, WMALTHRELA) Cpll17
BECLAOHLAZS A D, ThikoNTH, B, -~
ZAv e a, Fi EOREIBIML 7o

3.4 BHKOWI AL

3.41 © 9

TIRRBEHIK & A Fe LB R A S DB kA, 18
RO & Bebh L7 A Ol B thic 53 5 B0 —
DChH L pHDHERNCONWCHFES 5,

3.4.2 Jemik

KMEE, WEAML7 ) F 4% nTBINKD B
THEL T, FRDOGHES pH 2 IET 5 &C
L B OBE: pH, SHBOEBCONWCHELLD
DTD 5,

MBI L3 -9, I a9t K- 3 —
4, RUFRL W ORE . R~ 3 — 5 IRT, #&#
i, TR 100 D EW 7 2 ) A MM S 5 4, Thic
KGR L@ ey — = & S F—Hpk bk & % BRic,
300 mnD B TIRL 7co BAKKE, F— 3 —6CHET
BRIC RIBIA BN P MBI R IC A o o ZE BRI 7k
LA THEE, B EAHBICGF/B 7 410 2 —TFi8
LadDevnio %t HRAA 2 v—YL LA
WER (KL b ) U A Y 1,000m9/¢ 15 HE 800 me CH %
Wic LTrE, 443 BERMKTHE A 4 >~ H3ix6E
RANDECHNMLA ) 1T, # 5 AR BT HKD
ﬂ—amg h 5 AMERRY:

M H Bl
N9 LA () 100
FERRE () 300
BOKR (a? ) 2366
» Rt (g) 4080
] 1:4 0. 66
BsekswestE)| 7, 14, 20
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R-3-5 SR O LI

F-3-7 TC, ICHBERAR

(ng/ ¢)

107 —

N A B ® M pll TC IC
axkik (%) 0.81 DS 1y B 120 6.3 0.5
MR (%) 0. 71 (8AK)
VKR (%) 2. 1 w8 B 7.3 226 | 123
HIRE (%) 66. 0
RIRLE 0. 56
n 1 EWT 2 )0
mmm%il/:., 1. 70 / 3100
Xt 2.68
SO%NEE Cum ) 626 e T %
B 3. 6 8 0% o .
(e=055) —P—— . .
L $4) 16 ' o,
] (%tooo;-w:)(%) °. .
4} (14~7200034) 83 ) : 2
% ° 1)
x| onr, ks 2 e
(1330LLF) (56)
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°°° °
. o o
?«E-—S..G S}é ﬁ ﬂrz "’l" Ay Va * lo *
VNN AKX R RIBEM | A - SR E MK
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4 ] 70 | 2008 X4 B/ KL
b wecimp,, | 340 TR R
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80
7.6}
7.21
|
A
ot 6.8}~
o,
70 g 21 B
6.4} —{}— S T —OO—
6.0 1 4 L 1 t 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10
MR K GH) - pHI120 —
B-3-11 pHoOZL(#I 41, 2, 3)

WTHHE T W~Feco ThOE ST A LTBL DR -3 -6
VORT O AMEC—SE R A L BBt e 7 5 & TS|
o, 2 XDt Bl Iokt, 2 OREN
FOEM A KR AR Ca vl o ) b YT b Lice #7
29k, FERN A% ASE LT o DM £ SEIRBRC 4 A4 >
RRAEROIK CHife Lic ( B9 4a1 ~3 )o §F18iE, GF
/B 7 4 0 2—TELRUIHEWCMTICHEL 2o SMFTTE R
YO L, PPV L, TrAIZUL NI A =
ZavvadpllTdh, MEHLE ICP RIGMTIC X
Y $1o 7o '
3.4.3  SLERASM

=3 — 10 ICHIRA 4 T X B b v— Y RO R T
it TORA LTI Bl A4 4 > ) 800 mg ( Kigfh
F b+ YU A 1,000m9/0 T 800MEHA) THAHM, O
800 mg Attt A H A » F 4 1 ~3 T4~ 7, 14, 21
BCd b BTN, RsEAmssi &g~ % L TW»D
&b b

(2~ 3~ 11 IKFPBD pHOE % Te pH 120 O
JIRIS MBI, H 941 CpHT0~176, #T7£2T13
~76, #IAICTA~T6IE, WHEhHlidbLT
Who %7, HERERIGMAENIE pH AL % S
%7 Lo #2410 8 BMEOPHE PAKOLIK
HOTC) M EMmBHERSE (1 C) REOWEME
FK—3—1TmRHY. chitRbL, pHEBTILLK
Wik, il GADOERTHMABRLIcicoTd Db M

H4 bhbe BHTD A N =X AlCDNTIRERS T 5T
ETH Do

G4 Ay ORHER -3 121CFRT 22T, Hil
Jidi= 4 7 AOfli% R LTW OB CORMRE RD
LT bo HERE B THMNAZILLRLTED,
$Ial~3CIBARLT, 272w va, FHYY LN
WL, Arvoa, HYYLa, Tad=yshifFRY
RTWhe Thik, 44 »3FHCE o THRFRIMCH
HLTwi=Z7av v a, FEY) Y abiliL, BAL
feh s o ASHPCRF LD EHEL bR D,

[ — 3 — 13 KRMD O MBI A A~ e R To HBk
BHEaI & AR TR OB DR A A > R il T 5 &,
Anvy aBML, =22y sORDHER OIS,
O, BIROGHA 4y OFHE—BL TN Do

3.4.4 1&D

BIKOBIARR L YU TFOMHANON LR oo

© WEPKOB IR L DTB LIRS, 7 AMOR
SAEHC pll 120 © DA, pH 7612 CHF LA L
hid, RRoBHK L Aot lbhbe

® S/AA» ORHHE LT, PRFCINVY YA
SpRAHEL~ 2y A, S LYY AREIT b EI0NE
ﬁtkotacéu,@ﬂ%ﬁmbﬂ&ﬁw4ﬁyﬁ®
Lk b bR L 7o
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1. HHANORBAMICAT 3 HE

KEIRE & & R g
ELURA b Ry

1. HE0RNY

HE AWK T KB B R U T KBRS OB Ok DB b RBYREHD 15X LCHlxh
TVEM. ChsUULRBEOEL. EFEHEOTIS R & > TR S 8D, WM b LORBO
R LHI B LD CH %5,

Ely MIHOEKBUNBE RS RE. KEGHOMEN YRS BT 30T (ROHBTEL
Wb & B BMEHGIRUA O Y O DXREH o IGECRD 3 BIGORE. REW IS U b SR Ak
ORHHRBILIR > T WS, Eloy XDMMPOKFFGEBLEE. 530 FXBHB2YTY 5 LG,
RGOV CL Y b —BHIEORVITHONE. BHBTRINILSER>TV S,

ARBE. COK DRI ERWRWHKOF NG ORTIZI LB U TR I L5 D Wik 28R
DEBREIT D LDUERET L LDTH 5,

2. B4EIEE TOPEER

OEEIED > OHHRM PR L TERFHH ORD . HFBEE 2 — Y DBV TR .
MARBICTREBIRIEA B Bh T 5808 B U 2 B A. FYIKE M AR S T A2
ROHS RS B HEO /I BERELODRV NI D 5 12,

QD > OFHIMUPELHEMEE 0 — ¥ U >, FIRUENHTRIEL. ERIFEHRBCO
KREZEXBZEHRBLEUECODWEMRYELIRSHM. BOD. T-N. T-PEOWTHAZEMNED -
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(12) 8RNy FICK BPVADOESLER L, PVAOBRRICEIZE AL RMTED DR M o 12,
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A4kwh/ i DRI % 170 fLIIR— 6 L[
U4 COPVADRINEL &R LB D CHBD.  (ng/l)
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o CHI] > TG, Tng/ € M58, Omg/ L SHIIUL 7=, 1 AVVEAR (ng/1)
PVAL g &5E2ICHRIL Y B I, 1.8g DM
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£k, Vol. 17, No. 198, ppl9~29, 1980
2) AVEUYY - UILNNEY R, W, FHRIEE, BUIEL, 1973, pp83~85
3) G,C.White, land Book of Chlorination 2nd Edition, Van Nostrand Reinhold Co.,
1985, pp899
4)  BUN - AN - BLE, ST SRAMETT U S A AT PR 0 AU, PPM, 19874521, ppd3~5T
5) 2)KRU -
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PR&H (%) |63.6]62.0]55.9]66.7165.7|71.4|51.4]51.9156.6]63. 069.2/66. 7{71. 2 66.2(72.3
&%%Gi@j\?fi‘ﬁf%ﬁu K JK|0.98]1.88]0.80[1,21(0.78]0.88(0,65]0.5410.7310.52]0.61)0.50]0.84]0. 47 0.817
0)‘3:,) f)“ ‘If/uiot U T—P| & B K [0.74]1.62]0.44/0.74/0.26]0, 54{0.11}0.19]0. 100, 140. 11}0. 11 [0, 2710. 14 0.33
BR#K (%) |24.6)19.1]145,0)38.8(66.7]38.6[83. 1]64.8173.1]82. 0f78.0[78.0 67.2[70.2(62.1
MNENWEHELDHNDS,
<K S S o>
#— SEFIIA 11y bS5 b OAHIERRLIC X #—4 HROBIE - Bkt
> T & R DAILIK % FFEHE 300m/d 02 HI 38 T ————— Y
HMUEERCHD, FHIRESN— 1 F TRIGRER m«;mgq gg;m& gﬁ% z4myqu %Z?&& a%g*
EhSTESh=BEEH (Dio=1.65mm, U,.=1,22) 4 ( (WM)M)m& Y | (ke/nin)| (%)
<, FROB00mm, EH1- 3k, 729 |3 b8 8 |iel 5| st
_ N . ( 3 2.3 8.9 4.57 2.56 8.6 9.21
P4~ (Dio=L1. TTmm, U.=1, 27, iFREIE600mn) & i) MRS 0w TR m
D 10=0. 62mn, U .=1, 61, FFRFE300mm) o 2 FCH ok, f ;Z __5@ : —
S S ORKHIEBI~96%, BODDEREMISI~12%, (2] 258 | 81 |ex) 215 | 1 |12
4 2.41 6.0 .14 1.88 6.2 7.07

)Y DbRERITI9~83% L > TH Y, Wl E D
BB BEFTCH ok, BB, HALREGROMDIFBIEDR L. HWHETRND,
<RENHHROWKR + BikiE>

PR (1/3rpm) & O (A320em X Im) & VW CTREIERD 2 4 RENEHhRETRE % |
HRAT O SR Uk, k. JLE L 6 RFIIMEILRE & & TH S 2 RRETGR E TN C ) —
T2k BT, BROBAMEERF UE, V—75 X bOFKUE. BHILESI-550mllg, BH12 4>,
24 (1YL 2)64)) LUk, HROBBITERY L YRS 2 8%=12%. MK =60% & iFkmy
Tk, ¥—41k, ZOEIKUTUTH>ZRREBRBREOBRKRBROMETH 5, REHROBEIZIX
45 1 BABR G, S MTIEALRDIEI ML SRRENE ML CTHS 5 REHRIBE ALRM
DHDE YV BEIHENE 20D EEXDNDE, V—T5 % FOKEM SRS X > TROE FHROBAR
XA I LU -- 2 Cld, IEALRDIED K-> TNAEH, EDfDOR S CRIZIEFRS oML k->TH
Y, ilignEihEsnbolEriohs,
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R IRIIRIE, - EIRABNC S B30+ 1) Y DIFINBRAICIN S % i
WEPEGIEL ORISR & I U C e e ) Z

B BT AL U OB o SOBIES Y i s ,@fglﬂ'*
Y LT S 1T, Tdliiban ez *
2 - DR % I A EIT N, ARIN%50 [ boeocoboe Q oL 135S
UCRR O VLSRN RIS 51280 Bk i RENGR
R EIRE S DV TIRET B I, 0O frsu N s

M~ 5 MUty —alon—

YT - y .
X-5 L7 & #
nine 2 15N 3
4R 5 6 7 8 9 90 a1 12 1 2 ,
r L] L] T L] L L] T L} 1) T L 1
CIEND
oM + {
T 36 174 5/16 401/d 3/29 40 1/4 ,
JEAHET ' " er2s 50 174 ! !
4
MILSSERE — 3000m7 i
11/24 12/2 11} 1720 2/22
19040 8727 18040 10/7 15910 17040 17220 18040 21010
ERE (nf/d) } 4 —— 4
12/18 © 1/21  2/24
1907 18 18 18 18 18 18 00080 5, 19020 19020
o " . ;
wHiksiatiag ¢ } } { } t t { ¥ t { 1 {
120 kg/d 120 & 130 130 130 130 110 120 110 ' 150 ' 110 | 110
KH ] 4 3 6 7 8 9 10 11! 12 1 2 3

RAAR Cwird) 1077 1084 1ms | 122 1134 1044 1100 1044 983 877 927 970
HEE  (ne/d) 90.1 83.17 86.2 79.0 85.5 92.1 87.4 82.2 97.8 90.3 104 88.8

% 2 21 2 18 21 22 21 2 2 23 25 24
ERERIRY
BB ¢ h| vl s | as ] s} oaa | sa| sa ]| as | s | asd as | 4] 2
THRIEW (§) 1 | v fora poases [ | ana | ases | s | o2 | ans | 2. | 1ss
A Hi5iR5| 19 13 18 18 18 18 18 18 1B 21 18 18
[} (Sx%i&

RSSS (ne/1) 6400 6400 7400 7200 7000 7000 6000 6700 6460 7000 6000 6300
MLSS (a/)) 3000 2000 3400 3200 3100 3000 2800 3100 3000 3300 3000 3200

M L\( s 5 . 2500 | 2400 | 2700 | 2500 | 2400 | 2300 | 2200 | 2400 | 2400 | 2700 | 2400 | 2606
L3
KLYSS/KLSS(Y) 82 19 8 18 78 ' % | 79 79 80 80 80
s v 1 210 280 240 170 160 150 180 200 210 180 150 180
SRT (day) 22 25 25 23 22 22 u 24 u 21 23 23
SAT (day) 13 15 15 I 12 12 14 14 i 19 1" 1"
A ”5”"51 , 2.1 1.9 2.0 2.3 2.5 2.1 2.0 2.1 2.3 2.3 2.4 2.3
AY /PN 1.0 0.9 0.9 1.3 1.2 1.2 1.0 1.0 0.9 1.0 0.9 0.8
DAM 0.33 | o0.27 .18 | 0,14 | 012 | 015 | 0.19 | o.19 | o.18 | o0.21 | 0.19 | 0.19
(ke/ ke, day ) 0
N & . .03 .0 036 0,034 0.095| o.040 | 0.093] 0.037] 0.632| 0.035] 0.034
(u/mnm ) 0.042 ¢.038] 0.037 ] 0.03 ]
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3. 2. 1 Mk

B4 SACHUR T 11~ R Bl %57, 6]
AL, AEMEUCML S S#E3000mg,” & % MY
$HIDOUMRETTF o1z, Ela, KOG HBRIAHIC
MAES LU B0, WD OMIEDIEMNA
TNz e BIEEORARR L YHEE ST ED
Cy DOWRE, MUKCETORRIMENT L UClh%E
ok,

3. 2. 2 WA

BHIRRUCIT DR BN 6 1R Y. (KB
120}~ 3 IS TR T —~ NS ~10mg,/ £
Ligol=boo), oML LT Sng/ LEIED
PRI RS hE, 2O, YUIKN O 4 - NRIEA
LR UREBECHEEENRL . QUIKN H. -NA L
RUEBGICBERERS LD VAR 1T,
BAFRAIUKT - NEHD 2 LA CEE, AHUKT -
NAS5mg/ 2 EAT KIS BN TIE, NOy-NA
5~6ng/ 2 £li$h%H Z L O HAHUE DRI
GHZEMIND, ZOMPEL U Ck, 1K H
ML S STRIEHA000 mg,” 0 FUEICRED A 25U <
Wy 2o oMIRSHEIC R E RN 2
MR HERBND, Fiz, LN (BH) oM
LDOE LT, 0.5 ng/” 2 RUBASEY Il L B2 D
hiz,

UVM\WAKPOrPKHbT%@MNiAﬂa
UGV | BHEFS 5 2 LIS & U4 U TRy
ZEMCEE, EPRKT —P & U T0,6~0. Smg/
2. POL-PELT0.2~0. 5mg/ & Mtk ht,
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F200Jo *4 CRASE
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a : a 5+0, Pes | ¢
100, b9oo0 oot 0 +
0 T
5% 608 178 Bl 828 S22 1012 1174 112812018 1722 212
B
K-8 HAKUKBODOZLL,
50
RUN-1 2 3 , °4°n
40”"96; e a4 X! . "a?d ® ° 1
—~ ° )
230.1.0 ODDD ‘,4 a?»?g+,
= 204,
" 0]
0 E‘?U{[X]-‘IBEWU

525 628 120 611 20 822 1612 1142 11,20 12518 122 212
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-9 HWAERKT
WY, NSRRI TN 284 10y bS5 v bl
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—No%{t

ABCIG 5 2N ECOBACRMNDIYIE U, BYRitofit, $ L ORHLD ORIEDIL
AL BTN CUVE, AT, 200 ZAICOWCRA 1Ty b v b HRIC LY B
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3. 3. 1. S

o3l % 2N e, BHEA . B OB
(HIB D, DO~ 2dDEHIC S Vi,
TRALUS B OBEIRIE—i & U, JEREIHC I Y
N7 021 L GV AN Pk L a0 BT S h B il LT
ENBHUANH D, DIAHSERE U, A~D
[ilx, %100 2AKTH 5.

9) YEpdll ST TFOREE, AR EAL
A % F KA (ORLRR . ) ORI
Kb, 2BOKEIHO—ORFDOFRE UL
HiBODOWE% 3~56ng/ ¢ & Ule. Mo~
DOMREULDOMWIE S 1ng/ L LLFE LT, —Arlillit
BrUTe. TlREC, ATEOMIHALIC BT S RO 4
O ERETT Bz, FKiEYL KB EhE
UK & WRLHTILK % BRI ADTALUK
LU, LA LB R L U T A
SRS 1 5 W, HGEI%I 1 0 0%, YHAM
LS S3000mg,/ ¢ SATI0~12H (SRT&UTH
25~30H) & Uk,

3. 3. 2. KERENLHEE

1) PRLoAiiR e s K-8, 9k, HIAK
MwBODgT~N®¢Mﬁm%ﬁ¢O+mmmmm
HiK. CIFN AN i UKGABEAK) CH %, BO
DIALOAIC LY, ZOfiic5 0~1 0 0ng/ 2
OEMBNLEH, TN, DG L WY MRMYET
3 DI PRLDFIIC & B g L THH, ZOD
F=hFABKDBOD,/ T —
PRER USSP B 2 picy . INPEBAS T

KeUESHE,
DEIDVLFFRENVED CHD,

1) SRt - T ISR RS, SERICHE §

N HUERRA AT DG,

NlOJ

0

A CoORIR

4

MLDG mg/1
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2) WHEH D ORI L AWIRHE:  14-- 11N B
DODORIEDIBHIIZ7S . 2D I D BDONKIE%E
1ot & & DWHER B LIRS D o2t

IRUN] rL’
20 4 BN 12U
a

2
9 [+]
o o
) + a
D.outuo oo o 9
+

B o0
HLEFD ORI DONTIN-12 13, EDORICDN ]0_,9.' g R D R X

N mg/1

TH—14, I5IC7RY, ShHDRE Y LLTFD 4 b7 _.ﬁg'eof : ;’{3}‘u
HHN5H, ODNOD—T — NG &Ik R 0 H-»J&m,’,’“i»o! e {m#"‘*»o +’|:0’*,+: *
LEhE, 1D ORDSINBIFCH B, ZOBID) PR e e s TR

THIK R HABUKE UL A, BHCHEECH 5, @ BI—14 15D OAMI(B) s

6D O CHE U VN Ha-NOFRIHERD IR, RUN- 2 | 3 4

@IR—-12, 1% B, WUEBICBNT, 3¢ O

AED ORDD —T —N, NO,-N#EMNFEDORL

RERE-12(CFAL
o

‘ "E—Tw 10 JO °’ou" 00%?i? o
V5 QRIEIRMIC > T B, Zhid, 8D 'o;gogffﬁx”{f; oo, |
ORDBHLIC VTR, WHELAHBAENSE e w: o HJ* Ea
FTLTWBZ L ERTHOEEILNS, @LI®D 55 Am P m uyzz oo 1% 255

e R-100RU 2 IREHNIC B BIRS o7E: m_ﬂsﬁDo%mgmunwgﬁ
HMDOARLIDOFRCHINCH DL EEIDH L,
WU CORB RSB RBIREICKE < HLHIHHDTH B,
4, ¥ Lo LHEDRETEE
TEEREL EALA DV TN 28I L U TR AL LEGREHISH 2 i L DI 170, iAo
MY VDR LIV 2 SR DL THEY . THEIGEC S 2. 2 8 CRESREHERIDIE D M n
YRR U T, 72, LUK OD 2 TSI E CIIBHITRIC J B3RS WA, RO IR
CIE AL S T, FKil - BRIIRELEC, ALSBHETEEC S 2 58, 6 148
HONERIESDPRRDZDDERS>THEY . SHORFHTL >THB ML THE LN,
EHIFRRIESL - RS TEC BT, SHUKINA2H ~ 3 A)CHUKT ~ N A5 ~10mg,/ 0 (S
2500, WOMMELLELTT—NEng/ 2 2HMdhiz, ZOHE. LW RROML DO %0, Smg/
O RUBICHTILY 5 2 EMRBCH o, ) VBREICOWTRL B E U THIRIEALE WAL /P
(P HAKPO4-P) BILIE L BUEC, AMAKP O4-P & UC0.2~0. 5mg/ 2 A&z,
Wb « WA TR OB EEITCIE 284 11y b+ TS Y R CRIROZ SIS M - 1=,
i) BB AP IC 5.2 S8 L U, BBl K 2 HABKE UEBa.,
WL AK B HABUKIC U & Y BB RMET I 5 2 LA B hE,
i ) BHEMD OIS ABAEICH 2 5L Uik, KD O (#0.5ng/ 2 ) OFiN, #DOM
B (K3~5mg/ 8 ) kY, REPRERIRKARITR D ANk, £, 20K, Bt co
IR RICRING 2D CH -1,

~172~

e A 8 S e a3 i 80

RTINS




%ﬂl
ok

9. KR&EEMEFRIE L -0IEKKENHEICEST 3

IWRALIE A w1 Vg P
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1. FAHx
HEAR. BSOS 2 URMMMEAZ W OAH Y. AEHIKROKINCOWT D, 5. Bkigs

- ORIRL L BIWANE L DO 2 Wbhd, 20X D> RRBIBVWT, FRRAVKIPORHK - Y

VEORFHERET 5 2 Lk, AL TOWRIEYih S X OSHRIAT 5 TH 5 S WBAD 7 2
ST A RINBOBADS BT L RATHHD . Tl BUEMREX R T 5 FARQBSIL RS 0 4t
BETIKMEY DA SLAT N, FONKRFNBEL T DBEDH 5. ZOBHEEM AL,
HAKEO— I OB « KL 22 2 L bSHEL R 5 TH A,

—Jiv IKAELBNEE OAEMEENC X > TRED N D HFIERIEWINT 2 2 L BRIBIT WD, kA4
K EDKEAMEOBIZNE. ZhETHRREIGE UEBIHETE BRI R TR 0, Sl Cilb AR
THRMATON L XD otze 2, KT A FHLIDVTIE T DIEB RIS LTEL D
BIRAN R EEb > T b, UL A S, SEROHIREITIIRHIT & v o f2 BARKIRO AT %
HBLUTEY, FRLHAEDDDDIMEE MDD DHIZRIIAS RN E S I Mbh 3.

AL, KA E RN U TR O— I DB « bR D 2 2R FIME L, s
VAR U 2R 2 2 RN AR 1< G % 1 C TR R ETMEIC S B AR OB 21T > b0
TH 5,

2. WIS LA OB A NI

WIRIG LAEIRAMRIE T Y, RPN D SR & 17V KA B O J . B A O
MRS OB DI & R U 1o HLBBHAIC U U =R AR KRR I = 382518 1 0
HDBINRD & S Bl w1,

OHIBAN DAY FIcBOT b U — 4 — WA LTV, MNOKBASEOBBETo . £ ORI,
DA K D RAERBSIIC . BREEOAMIC X Y E— VRN T OXITH 5 5. kit
Bl UTHRMBAHEI A 2 SR RS M- fe.

@ANNAT £ 74 A MCBAYRE Tt CONE, FARAKD & S 1A HITHAMDIGE (
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L 5°Clliffle) KENWAWE, KT A 7 4 A IS B A BT 22 L itk VEA L, DL &

LEYED LT & b,

WIKIANCO RN BV DKM S, 1 2N O BRI TIE L. - =B B i n

et | t:o

@DOLGp HIBAKRT A 7 A AR E Y HAHIOFEL TOARIOED MW &Lz, Fk0 DO
DOHLALTH,. SHIOBEL T 2T i &t U e

3. NG 241 D BAKTN

NG 24106 AR ] 240 S LMD B U =R RN AR Y R ENW TR &> T2 &

EEOBENARRDE HYTH D,
WA DAV X DA D ik

QAEM % 30 L T OMERO/8: 35k 4 GBS o i
@RHTIERI DML K AU DB LD

o ATk
3. 1.1 YR fraiit o bppm

RERIEDIEINT S WA R AR R PIC BLEE U kZE A RR Y RIS H W T o f2o R IR
OB~ LIRS KA S M SMREhTH Y, LRIOASIBRE, HATGEHEhE

hadm, ALl mTHb. HsDshez.

KRB OHRDHY) VEIE T ATEMia oY
— MECH Y. WIlHEBHIKN LA X he T
b HREAV VY — KT 09 VEEEJIWT
KOAHELTT D & BRI T DL 2 by
HRE LY 3 ODIKPHI S T Wb, Bl
HRL BB ALIEX 2 O an DB A XD
O THHe WAKILIGAIKM S EIRHE 15T
HHNCHA UL HARBIE W TCRR L=,
Fha, FHBKIEEML B A -K— -
U. ZOMIRE LA D 2 & CRINKER & it
INCLALI UL 2 L NiETH 5.

3. 1.2 IfiEHtEAae

HHI DM T R~ 1IGRY . KA kith
YUTHY OB R URT A7 HA vz,

s, AV ho—- L UTHIBERA LT

A X
x xR
S N N
fow.
| | &
1 [] [ ] l
:1n|nzn‘zsnln¢n|nsnl
- 3 L I 3 X OH A [ S 3 [ S 3
l {.0m |
-1 KRN > R i
P—1 JelhMEiAE
KMt waNE | mEak |weAm] Rak
%) o 1200 | 0904w
| ¥1, ] avhka-y 1280 0,90 /hr
| o mpdzA4 | 128 | 0.808/m
LA Kot sreyayn 120 | 0.908/hr
AL N L ey peyrra prwnen RE Eeet
e;ﬁ,m%) 12m | 0.00de
wom | krd7Ad | demm | 0.22dne
(ﬁiﬁ%) 4 8HY 0.22d/hr
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VIRV F2 85 2 B ISR DRI FEA: U 1= = DAl (ol U 2 28 & I S KA Uz S0 AJURCIERNY
MR T A 7 A AR OB SH) 10 % = - O M SR R R I U 2. BAKILS
K2 Hili WidEE > 2 — O FKALIDK CEBALIAK) B U 7= SFRISIIE YY), AR E S 1 2050
YU, 6019 HBMEIESAME 2 405, S5 ME 4 8INIIE Uk MINAKRIEAMLE SO0, Tm
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NS, WIS B U — 3 — et 12
M. GANE. WAL U T 2 210 & DR
FIMARLHIEHIL S HRE8 HIC bb — Y — &ty
ote K— 2~ 3RV — 2~ B KAMERT . &
2T, m. V. 4. L. CRUEC, 2EHEIBA
Fo—4—d (UFuan) (g) . HIAM (i) |
HAE (it /he) o RGEIEH (e) o @KU F
LBE (ppb) R T T T2 24 ()& L. Co . Cx
KO ERDEDICHKY b

Co =m/V. Cs =C—~Cs» . ¢$=q L /V

Hfe. e . S WETHAERE— 2 BN ALY
PRERHHINC RS B
191 HOMERSEN S, C- V@Il Tesue
A, KRERNEIN TR T 1 7 A A DL R < it
TwAHH, HMEdE— 2 HNIHN AR BT 5
Z. b IO Y- — BRI LT
HEL KU = LR CNE -V AHDdI L
BEMSHEIRLE LT AEMbhb. Lo T,
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HAL SN DIEMEATH RIS D SRR 2
ADETCLIAES o 2.

I 2 [ OMARENDIE, 2 o THA ORI
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BIRL LTRIVEFVESZL, I FY

H—2 L - - B & R

sk | ke §§ X 8% W R
{ $a [ 28 (Cu/Co)
MyK-1|2 o % 12{10.860{0, 3361, 785
Mop-2|avra-p]12|1. 270|0, 1567|1,. 421
M-8 | k7474 12]|1, 208|0.172]1. 836
HUN-6 |[hFL7A4]|12]1,. 188]0,. 168}1. 450
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. HoF-1
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———AVE-3
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Bl—2 B LR L~ — A
K-8 W20 b U~y BRI L AR

30 .9

, V X BN M R
KK | KEES % N 4. | (CaiCo)
Hok-1l» v e [12]1.373]|0,362}1. 067
Hof-2 |avra-w|12|1.416{0. 3930, 829
HoK-3 | k7rs7A4|212]1. 27710. 261 |1. 762
Holr-4 1 hr4PH4]|24|0. 4120, 089|121, 233
Mo -6 |h747A4|48|0. 226]0. 179]1. 064
CelCs
1.0
HoE=-1
,'\ RSP T
(K14 o e K=Y
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SR CRIES % LA 2 DRSO K < AT BN o T Do Fizy KT A T A AHIIIE L 1
KRR — 2 A HNE ARG  IBBLL, = D HINED b U — 4 — BUKB RN U TEH Y M AR LT
WAHHOE bR S, B, MERIEN 2 A MR SRAN DRI ¢ v DIIAMR Y o THY
SRR AR RGN & Y Ao TO A A, 2, ARSI A — & — DEE
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—t—BESHE R BT b 2 A A0 RIS COBIEN AL L — 3 — B 205I#ICHIKER 1 6 on

54 5adfITEVEIE o THY . A NSNS MILERS TRV R Tz, Zhik. MW
C 2 JHOHNAE CTHY . B 1 Otk b U — Y —BAARFNNTHROKERE~ Y OHNTHY . 5B
O DAL R U — 4 — A L OB I BLE A S R E— DT 2 b0 LMbh S, ZhB0
SR AN ORI T OKEEMEET 2 D L bhb. Fh, bV —Y —BIEDHRI AL AN
DKEEEN e < TR BRI 1R > Tz,

BLEDZE D, KT A 7 AL DX D RFEHHE Y DY nERGIY o — UKL L 28810
&5 RKINCHHAES DRIIOIE D PEHEIEND 2 L Mbh b, i, MNORIES A HBINICIE—I
B2 kv 2 4 BHIA - DRFRIEIN & & 2 2 & CHEKEOLHLARA EN Db D 2 b D,
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— UKD R . 2SI R O R AV
R L UTAI L a, BB eR Tt o
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B OKEERALE, SO T KB DWTUIFREATE LT b RN L Y < HY RIZIG

#-1 KREBIUABT -2

it X % HL ]

A oa s.00 6.8] 2.5 8.8 0.5] 10.3] 1.9 12.6] 4.25] e8] 2.4] s.8| 8.8] a.5| 10.3] 11.7) 12.4] 125
X R (n) | 0.a8] 0.81] o.60| 0.79] 0.50] 0.70] 0.60| 0.52] 0.80] 0.92 0.89] 0.08] 0.99] 0.90] 0.0| 0.86] 0.80] 0.50
% #  (mss) | o8] o.40] 0.57] 0.72] 0.62] 0,40 0.22] 0.22] 0.18] 0.22) 0.25] 0.3 0.35 0.48] 0.20] 0.15] o.11f 0.1
K {1/h o) |0.123}0.008]0.145]0.1530.258]0.095 0. 0780, 060]0.030[0.032]0.057 (6. 040]0.015  0.08]0.028[0.023]0.018]0.018
K (1/h r) o.081]0.084]0.008f0.102]0,172f0.083] 0.05]0.044}0,025]0.021]0.038[0.033{0.033{0.053]0.017{0.0180.012]0.012
sob  (mss1) | 10.6] 6.5] 28] 48] wo| 4| 48] 1oz sl sl n2| wef 0| 4} 53] zof saf s.0
-8 (mgs1) | a.36] 5.81] 6.48] 2.82f 2.10] 4.07] 6.01]) 8.38] 4.17| 8.08] 4.08] 2.81] 3.66] 4.02f 3.52] .81 5.81] 6,00
potr (mes1) | 1.08| 1.41] 1.s] 1.00] 1.81] 67| 2.27] a.24] 0.87) 1.23] 0.90] 0.68] 0.80] 1.88[ 1.80] 0.02f 1,76] 1,24
x & ¢l .0 2.8] 20.0] 31,0 22.4] 2.9 15.2| 12,3] 15,5} 20,0 20.0] 27,0 26.8] 21.5] 20.8) 13,8 9.0] 11,8
Fox10t (agnizmn) | 7.26] 2.45]-0.88] 4.10] s.01]-0.73] 1.43] 2.84{ 0.40] 0.501-1.21]-1,05]-1.31]-0.54 0.22]-0.03] 0.71] 0,68
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POA-PIIE % UL HBRWCIRTE. RIBB L UT-NBIEDA L BB HE LRI 254 724
RE2HNEIRT,

Bo=0.23824-0. 60169 H +0. 37477C 1-n10. 09852T (4)

T,
Bo: HVH—KA R (mg,/ 1 /hr)
H : ki (m)
Crn:FHT-NRE (mg /1)
T : Kilh (°C)
BRbY.
27, COEARBROMIL, 0.622TH 7%,

1. ¥R

ZEN (B, BEE) EBULARRF-22bEIRLT, BIFBRFNEE T VL OB LK
B PTFaZ Edbaipaie,

5.

o
!

B o {(mg/1/hr)

3.0 i
-2 ARG eI (HEHE)
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5. 4t
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WU e Ths,
2) WABRNIT T, WK DKL B BRI R RIECKREN S b L L TR
TLILDTHY . HRMAERMOMUGTRZOLDITOVWTHRIBL VLW, LT, 4tk
B HERMORTRICKE LLHE, BIREHOE TR I LEND S,

<BEIW>

L) BT« BINOTERAT R H LM EBOBE - AEURAS AN OBHE S X728
JURKERM BISERRARGBHRKIEX P MRAL 1981

2) B mit  FANPRAMOEHRAL - TABGRE 10 NO. 110 p.2-10 1973

3) ARE—. BEXE, AMAX, FUBE—. FREROHETINCET 80D, DONLEDL I 2L
—ary (B1#) -TAEKLE 12 No.131 p.36-38 1975

4) SRE— FEIKE, ATAK, HUKRE—. U ROCHEFNIC BT 580D, DINEDS S 2L
—Yay (W2#) -TAMBREE 12 NO.132 p. 26736 1975

5) HUGSRL - WREINN B 5 R RMAEDREORRIZ L L% S BB L UL 0T — ik
M AL NO.4 p.225-234 1980 |

6 ) Robert G.,¥etzel:Periphyton pf Fresh-Nater Bcosystems, Proceedings of the First Interna-
tional Workshop on Periphyton of Fresh-Water Ecosystems held in Vaxjo Sweden, p. 14~17
September 1982

7) MBI B ENGRE SR 5B - ROTAE MRS 1983

—285—



o A T AL ey b o e e g s e a o n

8) MK B MER, H1 8 FNADREYBREOEESCONWT - HiIL TETRRIK 19
p. 117-127 1983

9) MINBCE : WATEINNO ELFR AT — M5 20 AW R RIMIA I 1986

10) FROEVGARL, WYY, 2oh s FNTBINE ST T A 9 B B ARLHBEIS 0105
Wasr 1987

1) A& RBANE 1973

—286—

o o b :




VI HERERERLC L B F

%




%lll

T AN DR AR CRE T 2 A
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Po BADE & 2k

mﬂwmwwmﬁﬂmmﬁur%wmw&mamwwﬁmtbrmmm&mm#wwalmm&y\
B BBOFNCRIEX N C W B, FILDLDDOLEE U TRAR. T 7 —L—v a2, kil
DAMREBSSY S0 BH. WRRDESWHECE. LHOILEMZRME W 5 Wil & 8T Tk

(LUT WM Lk 03 MR XN 30— ABB 0,

HAEDITOR B > THRIER U DS BBUELALEHEM Y 3 & LB KR X 2y & 5
Wir%e DRM WY RIEHNRCHEIRU R GIR2 R S35 B, AT LEI (L2 MW 2
NIFHEEESR I B BB RORYPR AR SO CHE Y S ERHAME LCHB Y. EHI0 A AT
LHEWHHORBRC L O RIEL TV 5,

2. G L EEOFKER

B LI K OB AIT > CO A MBOBRIFU. X112y b 792 P LYBIEHHFL RETR
PR ARBRITo o WIRANB LT L=y ay k. FLYHRRUERSND 3 A58 LU,
L7V =vaZfie FL ARSI U R 20, ERNEROS 5 &0 S BEENE S h i,
3. MHIG 24X DPHHR

AKAEIERNE U R PHENBLRO®Y CH 3.

a. WEMGREOMEMRUPBRCRESEECOVWCON LY TV HER
b. RHEHRIC B 2 ILIER FHROBENC Y % H%

3. 1 BEMGROUEMN LU BRI R 2%

B EE B O TRIIL CO 3 BOROBIEIBERU. L7 b=y a2+ F L IHRE & SER
VO EEES 5N 4y b 790 F 28 (BUAARIEX 1.5mH X 0.9m¢) BHVC
REEEAT > Jeo REBEDKIGHIRULHAL T RLIBE O PIAFHIK TN 60 R ERCIAURE (I
WORBEIFRILH 205 CH2) o 797 MNRIED RBI—~SMBEMN 1 0~20emDbD (ZDOH
BARETEI) « fAMBES~1 0emDOD (BREMR) CH 5, RBEHRMNEOLFEHL? L~
Y (0.1 /LK) E4T ok,

RHOKRE AR Y b ORELCUMPEL COROVN. BIE 247 H~ 6 342 HO LW Rk
SS 36m /2 MU, ARFLKPDSSWE 22mg/0 . BRIEWMKDOS S 29mg/0 ¢&
D, AROHBODBRLEBIE D - b
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A % (ME 30 ~ 2008 B o (WE 6~ )0cw)
o | annn
s WRITHR  (4) HUGRR | pen | R NRISRR (4 BUSRE )| MR | BB
) W | (4o 1 o | (4/0)
Nxon |mxamx| o (@) RAon @Rk & i )

Wil162, 4a~6| 3. 77 2. 1) 6.88 | 0. 28 6,16 | 0. 956 1.10 | 3.13 | 4.23 | 0.79 ) 6.02 | 0.84
#2»|062. 0 3.28 | 0.66 | 3.84 } 0. 34 4.18 | 0.902 1.20]10.17 1. 37 1.16 | 2. 63 | 0. 64
#3xl02.8 2,27 | 0. 84 3. 11 0.40 | 3.61 0.88 1.73 1 0.40 | 2. 13 0.80 | 2.83 |} 0.73
#4x162.10 1.88 J 0.10 1.76 | 0.40 | 2. 18 | 0.82 | 0,96 | 0. 2]} 1.18 | 0.79 1. 86 | 0. 69

#6462, 11 1.38 | 2.13 | 3.6} 0.47 3.98 | 0.88 1.46 | 0. 11} 1.67 | 0.86 | 2.22 ] 0. 71

7Gx {083.} 0.41 3.48 | 3. 80 | 0. 60 | 4a.40 | 0.83 | 2.82 | 0. 43 3. 06 1.17 | 4.22 | 0.72
#7263, 2 3.02 { 0. 84 3.87 |0.67 | 4.44 | 0.87 | 3.03 | 0.88 | 3.88 1. 61 6.40 | 0.72
#8xG63. 3 3.233 10.61 3.84 1 0.28 | 4.1210.983 | 3.851 1. 03 | 4.,64 0.87 1 6.41i 0. 84

$1IRMIGARY. BRITSUTUASSROGHEVALD , BAROMMUKS
ToViouR: AR - W70 . 27120, BA - MAP4AR . RR7 168

AN, BREBOTWRI~2HFA1E. 790 PINREU TV 2GR LR 3RBETo R, &
DORBCRAELPHNOKLRBYK L. ZONMREFENSSSR|EERD S, XTI PRKEIKD
L7 L—=Ya2ikd (0.5 m/ 5 C1050H) 21T, MUMAOKE BRI, 228515 S
SHRELRD S, BRWCKHROEL 1 00 FEIRIU. BRIEL CH-> T35S SERRD., HIX
DRI EHET Y %o HONRKELK - LURY. CORPIYSE MR >R HEUFREY,

4 PERATOGRBEW 1 B~ W6 & CLHARDAMNBLBE7HE. SHEHRBRODANE L,

Clo RSB RIEUCAROA N1 0~2 0%,

N RENWRBHROAFIYDOHK S MR bDTH B,

I~NDOERDPSRHEBMBORKIVS NS SHE. GRIFROLETEATVSZ ENRHM %,

3. 2. RERLEBI SHLBIERTHROBHYI HBE

AAEILUL B BN D SN NRE B S D TN AR (N~ 2 & WAL HER D > 1 2D 234
&tbr%ﬁ&ﬁvmom§WﬁM2a%mme&%ﬂm®%&m%t GN = LDEPEES
MM S DS SOFEBRROIER TS 5,

HLOREEEL8H E 2H W L EY D1 > he ZOHHE. SSRUBODEDVTRIN—=Y AL
WOMKEMLE B SBREDBERCXLRVDDOCH Y. HERLIER M T 2HT0UEE U COMEEL R
UCWAHIENY b M Tee &R ILER TS SHAOBRER G TRHRET 0 COBE
LIFHRT VI,

GN =Y ROBER > THIMGLER D S S SHHEHIT 2 MTE MOV T ABPEHELIT > 2 BHER
S SOFEMIER SN - e
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