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Advanced Treatment and Recycling of Zoo Waste Water
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Recycling of wast water has been attempted with success at the Hama-
matsu City Zoo. An advanced treatment system was evaluated. Purified
high quality effluent was re-used in animal pools, toilets, etc.

Compost from excess sludge, dropping and refuse could be used as a
fertilizer for flower parks and urban afforestation.

Ltk & D 22 OB AR THIC 1) 5 FHILF R & A FE)
YR O BRI A 5B U fne AR HIZABEK % FEH T
FKE LCHEFRIB T2 & & bic, F4T 2 RTENEE LHEIE
1L, ZABEXCEHTRboBFHEIDE & LCHERIAT S
LW -BEE L TI2E T COEELE, FRA
{tE M -7 DT, BRCES8ME4L A L b ARERICA - T
Who

LI EDOHEERET Do
1. BMEOBE

1. 1 BRoORgE

AEEIIL NIRRT RO > b OEBEL,
BE L L CREINE L 0T, ERTHOFEHIdkn o
BXe LCHEARBUSFERY RBAT=HEAHORE
WAL, BSET D7 5V~ — 7 BNz EEH TRk
biiWBWOHE UTRAMOREH L & HTEXNT
WBIFOE L 5> Twhoe

ZDDBEBICE L TRERTHOH L WAL h o—
ReE LT, TRELCEETHBEEROALDOERLEF L
V7T —~v g YOBL LULTROEBECHEELCER N
L DTH Do

B1E BEADARD
Fig. 1 Guide of Zoo

D 2@fEFEOFOEHE L sl a A~ P BT,
2) BROMEXFIAL, BHRBRAREFTLTWSE
DT 5o

3 HEFEBEOE LT D,

O WY LEMOBEREERL, TXAHLTEFTRERT
EWCEREERBRE TR )

5 RFAEOCBMEETOEEL, 777 ~1—27 DB
Bx#E %2 5o

6) HEHCxTHERBLE, FAARRAREOE, &
BRE D RTHRIEHA L, ToEET .

7D HpFeHL, EHREEZRWEAFTHEKOLD
D bBo

8) Bk, BMEOAEMECTLERL, HBKDO=Y
MBE TR, FBERKEROERE2E X, K
BTk ABENAEN S,

1. 2 HEEROAR
BYBRARIEMKETR 2 TEERR Y 4 <8 AR

3 DT, ¥EFE12. 3ha &N IC AR 04, &

7o (331:) DEH130% (535:8) o IRE&hA &F1

CRUEEBC BRENTWS, TEEFRY $1R R

o

@ Parking area @ Donkey
@ Main gate 9 Camel, Bison
@ Kangaroo @) Pony

@) Grazing land of Giraffe,
Zebra and Ostrich
@) Apartment of Monkeys

@ Cassowary
© Spider monkey

®) Rest house @) Apartment of Baboons

@ Flying cage ) Chimpanzee, Orangutan
Gorilla
® Eagle, Condor @ Wild boar, Rabbit
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Table 1 Main facilities of Zoo
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Table 2 Monthly visitors number

Description l Contents M\ Maximum | Minimum \ Average ‘ Total
a
4Anima1 pen \ 28 pens 3,225m2 _ Basis pf(r)s’o g(s)/oay pe; Og;/gay
. 2 . ” persons/day Y persons
Flying cage - 800m Apdl ) 7701 85 8.970 | 260,116
1st floor Exhibition room 7 7 p | 7
Insect gallery 2nd floor Lecture room 237 ™” May 42,466 | 616 | 8366 | 259,339
Comfort station 5 stations B June 10,//878 Jf/15 2,//468 | iéi 364
7 7 7 \ 7
Stand - 3 stands B Total term 77.101 85 7.110 | 568,819
Resting place 6 place 560m2 *Findings from 2 Apr~20 Jun, 1983.
T o h % 3 = —BENOAEZBRY GG, [HEEOLED
2
Rest house o thowe o EWT @R X )
Animal hospital Reinforced concrete 926m?2 Table 3 Weekly visitors number in comparison with old-Zoo
Control office Reinforced concrete 575m?2 Date New-Zoo ) Oldﬁ’_ B
— — T AT T 1 — Day ViSitOrS Day Visitors
. 6 place (Inclusive 1,451 of the (Weather of the Weather
4Parkmg ‘ﬂe | of Flower Park’s) cars weslk } p::g;?f;ay weok number
Waste water treatment | Extended 800 5 Apr | Tues | fine \ Mon — _—
Flow 4,631
facilities Aeration system m3/Day fé—/ Wed ; — 2 I - ] dﬁf ~pemona/aay
. 7 4 5,656 ‘ ues | cloudy 757
1.3 MARR — Tl 4 P v o
_ ur | clou , y
BEL oA NAEERE B LRORT. FEMELL e
CBIE L TR b s £ b B D, MPEEEECCE | 8 4 | Fri | md | 1470 | Thr PR 828
BT & T Tl Do X o0 A Bl Hok FEAE Rk B0 9 + | Sat | cloudy &ﬂs\ﬁi ?ﬁ 162
3B L, CFELi-L Aic n F——
;}%Zf;gi;&f igf m Ut d 5 i [HEY 10 ~» Sun | rainy 5,955 ‘ Sat | cloudy 99
N = LD Yo —— — | — ]| | — —- S—
9 ENLEBEROEE 11 7 | Mon| "Gl | 2073 | Sun | fine | 3.868
2.1 WEXE 12 7 | Tues| — — | Mon| ~ 386
B | : P —_
1) )ﬁ] @%%/\@ﬁé 7 :7 77“7 persons —_ " 'persons
Total 28, 591 | 5,916
LTSN OBE & W ) S RE R EEL T, £ Averane —— | persons/day | = [ persons/day |
CERBRHNCREIN TR, BEOSNBLRSH DA A~ verage | 4,084 845
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Photo.1 Panorama of waste water treatment facilities
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Fig. 2 Design flow of water supply and discharge in Zoo
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Fig. 5 Each basin layout (in treatment building)

(2nd floor) — (Semibasement, basement in part. Building area 863m2)
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I [ ] —_——tControl room Table 4 The quality of raw waste water (design basis)
' { Dehydrator . . Animal pen
Compost room ydrator room pens
. Deodorization room ftem Sanltary paddocks
(1st floor) pH 6 ~ 8 6 ~ 8
Compost room Work room IncoTZI:npanel Generator _i,i *(Tgﬁ)ﬁ N D 200 B P 244 _
CODwun ( 7 ) 100 b
(from basement to 2nd floor in par. - A N A
g ¢ o tnd floor in pert) BODs (7 ) 200 97.6
SAR EEANEECET LE HE2R, SRS, | e
HERRETRY 595 m2) S Ny (7 ) 65 ~ 80 62
Fig. 4 Floor plan of control building (with 2 stories above - o B
and 1 under the ground Building area 381m2, Floor PO4 (s 20 8.6

space 595 m2)
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Table 5 The quality of waste water for each treatment
facilities (design basis)

|
|
4|
|

| & & lm | ‘,: Treated
Sanitar, 2 > E ® o ] ® |E_‘ S @ water
iary g 2 8 7 =283 ||| —>(Re-used
g [ Lg ‘E! Be |5 in part)
@
Animal pens -——>§ —> = ‘51 15 5 ‘%
& Bl a == It
HEE g R
Paddocks —I& —)‘ “a’ § | - — é
! |
| B 5
| i -
—
6]
——__  No.
e To e o @ 6 ®

SS (mg/e) | 200} 50 75 65 [30~40<<20 < 5

BODs (#) | 200/<30 | 97.6 54 | 20 | 10 |<5
ﬁ;;’;’g(;';»l\g{ ) le5~80<25 | 62 | 37 <10 <10 <10

1 i
PO (#) | 20 |<5 | &6 58 5 <1 <1

2 FEAKKE

BARITRT o BE - Py 7 ROKEILFRETR
BOEZ oG55 EZBB LT, BEGIIEERTELY
FHU 7z

3) EAOKE

pH 6~8

SS Smg/e LT
CODwun 5 »
BODs 5 »
T-N 10 ~»

P 043~ 1 7
n-~ %4 v HHYE 5 7

BE 3B5ELT

2.3 EEMNBSOER

B RCHBUB TR KT HEHENE Y, BORCTE
RHETE T o
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E1E, BE, RTFo 7 O3FRED FEKEEMCZTA
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5 OH 4 HANTLEERE

Photo.4 Pre-treatment facilities
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Table 6 Main equipments
Description

Equalization basin |
(for sanitary)

Vi
(for animal pens)

Demensions

¥7.0m X L7, 6mXxH4 5m X 1 basin

7.0mX 7.6mX 50mXx »#

’/(for paddocks) | 6-0MX15.5mX 2.6mx

Aeration basins

4.5mx 7.6mX 4.5mX 2 basins

First settling basins 4.3mX 4.3mX 4.0mXxX 2

First denitrification

basins 5.0mX 5.6mX 50mxX #

Nitrification basins | 5.0mX 6.5mx 50mXx #

Second denitrifica- i

tion basins 3.7mx 5.0mx 5.0mx #

Re-aeration basins 4.0mXx 50mX 50mX »#

Second settling
basins 5.0mX 5. 0mX 4.0mX 7

Clarification basins 5.0mX 50mx 3.5mx

Sand filters $2.25m X TH2, 77m X 2 units

Carbon columns | 2.4mx  4.77m X 3 columns

Centrifuge Capacity 2~3m3/hr X 1 unit

¢4.0m X TH7 5m X 1 tank
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Photo.5 Compost facilities (carrier)
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Photo.6 Compost facilities (fermentation tank)
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Table 7 Analyses of raw waste water

T Source Animal pens 1 Sanitary
Trem _ 16 Feb 4 Apl
pH ‘ 8.0 7.9
) SS (mg/e) 87.0 o 210
7CODMD( 7 > 56.0 96.3
NBODs (7)) 80.0 194
' g;;{ggﬁm 7 ) | 29 | 114
PO+ (7)) 29 18.0

¥ 8K MEKEIMHRES
Table 8 Analyses of treated water

Tt ‘ 14\12 2419 21 12320‘
em Apr {Apr MayMayl Jun| Juni Jul | Jul |Aug Aug

pH ’747373-72—7.6 7.4 —

ss my@k<1<1<r<1<1<1<127<1<1
CODxa (7)< 115 2.0 8.4 22< 1< 1< 1< 1< |
1< 1

BODs<a>}<1<ﬂ<1<:u<1<1<1<: <1
oil (aﬂ<1<1<1<1<1<1<1<1<1<u
N e >
K}gggﬁlll 7)) L<(L1 .10-300.290.16 4[5 11510125 4

-~ < < <K K KK
PO4* (/’)‘<<).1<0.10.10.10'11 0.1 0.1 0.1 0.1 0.1

B

Color (units) < 1<1—1 81— —|1 1

Colif !
T o <0500 — <30 — <30 — <0 —

— ¥, Rud, v T osiEteBEk, 5 A X bEK
TBIE LA A RO B ERITA - 7o 8 1 [Eld O —RFEERE
O Y 4 B 5 RicfFays, Bl 1 E/B o ol
SmEBHHE L Tnb, BMHINA—REBELL 7 77—
— 7 TR BT A S - D B AESARE & U CERA
INTWD, 8 AEBIKITFT HHELRMEOETZIRIAZE 9
FICRT o

3. 3 dkOBEMA
% 8 B Ko FIARI A R T BRARIZ80%L Lic
FELTkD, EKEREMHRICAEZSFEL TS,

XARFIRE X B EKEROHHIIZBIORCR LA LD
W, F#1844 FHTCELTED, BENCLEREIRARE
o
4 = & ®

BEEOTEKAE AT 5L, RLIEET XK
BEHTHDH. KEXE®EH 2 HAERERIZKRD 3ED
WAIKEH 5o

1) ABEBTHIDHEFEREK,

2) BEEED /T 7 ~ORHIFK.

3) WoER, KEEOHKTK.

D, DEOWTHENEEC TS TEAMED LD T
WO CTUBERZIC T 100 %EE A WINTEX 2 L 5
BUENRD BH, INCOWTCITEIER O STAS & 5K
WA ZE LSO THZ LT LD FOEEHERT S
TEMTE B,

B Apr May

800 A\
5005 VVV\/-J VW\\/\/\/ \,\/\AA

1 10 20 30 10 20 31
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A [
3 800 . N
S NS |
® R
3 500 —
N 4
ES 4
=
= .
0
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N Aug Monthly average flow rate
1,000 —

Apr 745 m3/day

800 M\/‘ /\A\ May 536 B
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. Ave 675 4
0
1 10 20 31
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Fig. 7 Daily treated water rate
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Table 9 Operating data of compost facilities

Mixed !
i . materjals | Fermented products
Raw materials quantity Moiotore | Moistme T o
content content | Yield
Dewatered m? /month :
sludge 1.85
Droppings and _
spreded straw 23.65
1 Average | Average | 41
Screen refuse 0.6
o 57% 40% | m3/month|
Sawdust 30 |
Total 56. 1 |
*Operating data (1-31 Aug, 1983.)
Re-used | Treated Discharged
593 m®/ day water 126 m3/day
719 m*/day

City water  [Facilities Waste
e e oy BN
Waste water treatment facilities
¥ Average flow(10—16April, 1983.)
FE8R HKOFIARE
Fig. 8 Re-use of treated water
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THROBHEHEE TS0 %10 B KA X B EROMR
1D Kk (7vorih, A Table 10 Comparison of operating cost
7 < W) DFEHRE—E ® Used only city water ® Usef'l?ite}cll water and
VC&%"E‘:‘?‘, Q\EOO&#F@ - —— ) pvee - re-utilized water
b it CHOEF B2, {AE ity water (unit cost en/m
- ; Re-used (unit cost) 69Yen/ms | 27¥en/m® - _ g6yen/m?
NPT TR T %o (with electricity) (with chemicals) — en/m
2 ABEER% L, ETERE City water 719 m3/day 126 m3/day
3 =N y .
KofAEOSWE (R Used quantity | Re-used —_ 593 7
B, £H%), BRCL? _
RAKFEAR DS\ BT Total ne n s
3 : . 719 m3/day X 135 Yen/m3 126 m3/day X 135 Yen/m?
KD T %o City water =97, 065Yen/day 217,010 Yen/day
SR L DHEIEE D 25 | Cost per day | Re-used _ 593 m?/day X 96 Yen/m3
7 Y RBTRRT A ENTE =56, 928 Yen/day
. Total 97, 065 Yen/day 73, 938 Yen/day
XE%@T@, ] Curtailed expendiures (D-®) 8’24?:1‘11’23755er:1< ?;zar
ok & B+ % BRE%

. o *Qperating cost (1-30 Jun, 1983.
zz;%%%%iﬁiiﬁ *Ulr)lit cosgt with (elwtrgcity is baZed on 18.83Yen/KWH
5o 5 © 3 U
Zricky, MEO LY -BORELEERLTWD. B &S A A BB B o 15K L E & BRI DWW T
BLEo X 5 cBEEKONE AL BRET DB, Bl EEA RN, SEREEEKOMEE BRE S
BN O EBGEH A SO IKBEBAREBETHILHE  DBECRNEENTD Do
g0 vy b, ABEO BRI FAR RLD &5 by iARBOESE, ERCKEL, FOMELHN
5o TN SN TR OB RERICES BB E L R T
BRETH Do
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