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Fig. 1 Wastewater flowing route of the water hyacinth ponds
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Tab.1 Conditions of the three experimental stages

=
& A
o

— B F HCKE) AT (R BARE (B9
Experimeatal stages Experimentation dates Detention time of each pond Volume of flow
(days) (days) (ml/min.)
1 27/4—7]6 (41) 18 38
2 8/6—30/6 (22) 7 100
3 1/7—21/10 (112) 4 175

BERAENBEEN, BN AR S EHREZRAE 13—38C 2 A, 5% 27Cc E£4>
R AR 40 T HORATRI—37 500 BT Ve 4 18 B T A g 8 B Y6 8o

RIS H, BRENHA COD, k. FEMEREAE T B3 1 HARGERRE. A&
RIFHEIEE 2. 5 KR SR 2. 5 BUKREAEL ST, REESE K, 5 1 B3 I Ky COD,
BODs, & B BRI S, Moh, SR R BRI TR SR KB R A
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1. COD, BOD, #j£:K¥E

/K 1 R 11 kB COD, BODs MIEHIED =AM EEHGE 2)o EF—HE
7k COD E¥fEh 214.94 mg/1, SHEEERAY 18 X, ¥ 1 f13E 1T Hkp COD 4
BIFES] 57.21 F1 22.33mg/ 1, BRI B4 73.38 F1 89.61 %o 243E/K COD 24 125.62
mg/1, FHHEERRE 4 RE, 31, E U HKk COD 43514 50.16 1 31.28 mg/1, Rk
EBI 60.07 F175.10%, H_HrBFEK COD 1K, Hsk COD #E 1K,

%2 FTRSEHETH COD, BOD, RXKBE

Tab. 2 Removal efficiencies of COD and BOD, under different detention times

; # K Bk ¥ MK
b = ﬁﬁ&%ﬁlﬁ] Influent Effluent of pond I Effluent of pond II
Detention time . N .
Items in each pond [ E & ﬁ EbE b ,E_ e
(days) Concentrations | Concentrations .R.:ma'val Concentrations .R'cmo_val
(mg/1) (mg/1) efficiencies (%) (mg/1) efficiencies (%)
18 214.94 57.21 73.38 22.33 89.61
COD 7 72.49 33.27 54,10 27.72 61.76
4 125.62 50.16 60.07 31.28 75.10
18 39.69 7.52 94.62 1.74 98.75
BOD, 7 30.62 3.03 90.91 2.77 90,95
4 54.04 7.31 86.47 4.08 92.45

BOD; WEWRMRENAET, =AM Bk BOD; 1 4 4R R %4 39.69, 30.62 F1
54.04 mg/1, 3 1 HAKEIES BI7E 8 mg/1 DLF, 3% 1T H/KSEHEBTE 5 mg/1 L Fo

B BRRREERTE R, BAEENERE, BHESN s MNE, SHE 14X,
B IS RAAR S MRS, O F) iR

ERBBE W B, 38 1 Hisk COD & 5 MM 60 mg/1 UL Fo {BAMMERT 80
mg/1; 3 11 Hik COD H7E /KRR Fo BEM BRI HHEPEK BODs 8, &t
HFE K 150mg/1, (B3 1 FE 11 7K BOD; 78 20 mg/1 PLF, kB RE,
F PR T K, BOD, &HET 4me/l (B 2),

2. At iSRS LBR

S RERE RS2 5 BAKPWERB TR B MET RS RITRKE
BT, HEIURMERE—REE ] Ed—5RE. BRIE T HKERS B8 KRR
RAGN, =B B3 1 ANSE I BoKh A5 5t & B B R B AR (R 3).

FEMBREFRYEEAEML,RE T DBME MK R  BAES BEE H H K
RSN, HARMERSE | RS I KSR S NEERE 3—5),

3. pH, EGH BERETR
REE B P EA pH PEEEABRK, BN 42, REE %5, B 7,5—9.0 T
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Tab. 3 Concentrations and removal efficiencies of NH;-nitrogen, phenol, aromatic
hydrocarbon,oil and sulfide under different detention times
. oK 1K B HK
T ERE Influent Effluent of pond I Effluent of pond LI
. &
Detention times & E [ E HRE & g e R
Items of each pond Concentrations | Concentrations Removal Concentrations Removal
(days) (mg[1) (mg/D efficiencies (mg/1) efficiencies
(%) (%)
18 4.48 0.64 85,71 0.18 95.98
" = 7
7 16,10 10.89 32.36 4,55 71.74
NH,-nitrogen 4 16.37 6.33 61.33 3.27 30.02
A 18 3.99 0.24 94,00 0.013 99.67
7 0.35 0.05 85.84 0.025 92.92
Phenol 4 1.59 0.32 79.70 0.019 98.80
= 18 0.74 0 100 0 100
Aromatic 7 1.00 0 100 0 100
hydrocarbon 4 1.05 0.41 60.95 0.29 72.38
% 18 5.59 1.88 66.37 0.84 84.91
. 7 18.08 0.24 98.67 0 100
oil 4 6.33 1.45 77.07 0.58 55.45
w 18 0.026 0.012 53.85 0.0026 90.90
i
7 0.020 0.010 50,00 0 100
Sulfide 4 0.022 0.0056 74.55 0.0098 55.45
E4 R W1 B I Hkey pH, 3SR BB
Tab. 4 Data of pH, conductivity and dissolved oxygen of the influent and
the effluents of pond I and pond IT
" & SAGERNACR) | s o« 1k 5 1Ak
Items f:):ct}eln:z:\‘dnazsysl)n Influent Effluent of pond I | Effluent of pond II
18 7.36 7.04 7.00
pH 7 7.41 7.00 7.00
4 7.84 7.44 7.30
B 5 X 18 835 805 865
Conductivity 7 717 765 761
(18] cm) 4 1121 1083 1091
nE 18 0.31 1.69 2.86
Dissolved oxygen 7 0.94 3.01 4.08
(mg/1) 4 1.50 2.40 3.35
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Fig. 2 Mean COD and mean BOD, under Fig. 3 Mean contents of NH;-nitrogen and

4-day detention time phenol under 4-day detention time
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Effluent of pond II

ENEs. BALKE pH E—ENEE XN KNZM, BB LERE, ELIE
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Fig. 5 Mean contents of sulfide under 4-day

Fig. 4 Mean contents of oil and aromatic
detention time

hydrocarbon under 4-day detention time

BEBERR D (R 5)e MEHBRYRENEDS IR, DIXE{5 Y0 & RNAEEE

W KED o
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Tab. 5 Densities of bacteria of the influent and effluents(10%/ml)

sHEERNE (R E K 1K ¥ O WK
Detention times in each pond
(days) Influent Effluent of pond I Effluent of pond II
18 2120 100 53
7 6547 237 5

4 1007 110 26
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Fig. 6 Mean pH and conductivity under 4-day dctention time
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MEREZEINARERTLUES], RIEESHWIUAMEAERBORUE. EKE
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¥E 1 HABRF A HEE R
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Fig. 7 Correlation between COD and BOD, of the influent and
the effluents of pond I and pond I

COD = 1.17BOD, + 56.87 r = 0.92 p<0.01

COD; = 2.32BOD, -+ 29.29 r = 0.87 p<0.05

CODy; = 3.54BOD, + 20.30 r = 0.77 p<<0.05
KPP RAZBRE (%), DAEEEN (), MIER 1 MR 2 BB, HE SR ARESE
BB BRZBRERE(E 6)o SRS RRNAMBGY)REMLL, RIREEN KBRS,
ARRE-F RO ARENGHEERNHSBEAAE (15) HR(ZHEBZE KR
TR — R IEE R K ESERD, ERBEEENERR AT ST RESAEID). &
ZAEB B, RERSESAA KT 8 2 B R A E (R EY 2.6 71 4.6 (5, B A4 A H
HAREERASSEDAR K. FERABRERBEMHEREA, REEEELAKeH
KT HEELE () TR, RRBAR bR, RIRERECEE K TEAH
BABRRAL R ZZS MUF A RERRESSSKEEMRERMLI6E, RATRMAR
R R T — M ER .

%®6 mEHRRPH K fi5 Ps

Tab. 6 The removal constants (K) and surface purification rates(Ps) in dynamic tests

5 K (B! d-! P 2d
etention ttmes o
w1 B - S I
each pond (days) Pond 1 Pond II Pond 1 Pond II
18 0.153 0.087 4.32 0.95
7 0.168 0.028 2.83 0.40
4 0.376 0.151 9.51 2.38

2. REFMLENHITR

HTH/ANTEARERENG LRSS ZORIENTERHEESH, TLEER
AR S L1 G (LB K B (L BE 0 5 B ko BRTEINANE A — 2% T RERE S LR B
ERmiitEARS, HARXEAIXKSURBENTENRREARNKELD SR
HERBTHE, BRXETEOEE —FRBRE Bk RS8R, it g
BB BEHREERE S LR, BEFSERT, RIRZEEMETHELEL2Y
BHRESKESLGRRARR, HibxEHasgasKRetdRtE 2. XFE
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%%ﬁﬁ)ﬁmﬁﬂ:iﬁ&ﬁﬁﬂmﬁ%%ﬁiﬁ-ﬁ%%ﬁ@%iﬁﬁ@%ﬁﬁﬁm, EEREITE S
R, REFMIEMEXRS TERITOBEURMENLE R, RIED TRAZRK
WERBEENRTRILE (Ps)

PS=F'Ci—'(F'—E)'Cc (2)

S-1000
A, Ps AHREE#RLE(g/m?d), F AutKirE (1/d), CF1 C. DBIG#AFMHKH
KiSRHSER (mg/1), E ARRAEBEE (1/d), S ARMEEFEER (M) RiEE
ARGHBRRB G R R KBRS EENE R, HHiKE COD BinAEMEZRR
& X EKRBH RS EXFER, Hib, RESLEEHHEL COD fEAXEFRA
SRR, RIBR LR 2 U, BRRRBRBRZAT T REEZMN B & RIREE
PRERMAEGE6), P EURATHEERDITERNGERLEINSHK,

3. =EetE

Ee R A S A =B B i e 45 R AT DB L — b i, SN ERR, SRYNE
B RE T X R pH FEFR RS — VR B e (A 35 38 2 o 485 T8 1 4 4K 1 4 o e
. Blin—RPEEBREBRFTY 18 XEER KK BOD; 1.8 7r, Rl X4 £ 8 I 2 4
Kif, RFEK BOD; 118 75, LERE—. ZBENKMPsE, Tk AW I
HBRE=NEETE R (X 6). MNEFFLRERA, RIRERLRKNWEREE
BEERK A RIREEPH COD A L REMRHMEIK COD = A - P T,
Hé bR IR, BKZETRE, 5] COD/BOD; thi i BLISE DL, B Bk
HREY, HEERMEREHNERATR, AZIEEURE =M B R &R
SRR 36, 14, 8 K, ARG HKRE T RBRBEEMERE Ko Wik, EIERHAIFEKFK
#T, 8 RIEHENAIRESBT -

4. BEREH

MEW LR RLEE K E, £ B EPER, SR BERELBDRIERRLSF, MEER
FEL A EACHEE BN, BERNOANAL, ALENRUSEEEERE T Bk
R FERAEPEAKG GROEEF —ENER, RN ARH B IEN AR T ERE
BRI YIE. 7E R B, =R RN A R A W08 B RURE S AR K R IR B i R B 2 o
pianzgtAK 5 1 R0l I NAERER —E £ R, RIRERA R B R G
hE S EU/NEYD INE BRE B, BB A Z EM B AR R HE. B TE-%F
AW AARE, AT HETE A PR AR, R — R PR R SR, FREME
TS ERER, HILRRAGELERD S RNBE KNG IREERT K R,
B REASHEBEREE N T HHERAKORSEE, R TRERAREMBH 5T
KB MK R RE, B 1 AT L M A KRR EMEREEN. &
il — 15 8 B B ] A5 B 4 IR SR AR (L AU BT B M A B AR FOIRI R, IR BR S B 2

1) 2RM%E,1985, RIRHALHRL A ML TE KO L, B85 LRBFER.



148 K & & wm % m 11 %

JEHR BB IE AL R A, Bl I YK A0 Ps (EIMRT I8 Io  RUL7E KR B2 A I B2 4%
A% Bo

5. AIREERRANERE
R AN B, R 7E B K P b B A RN T, AR BRI AE R B AT

#im Gk 7o
%7 21 81 ARESDARNEBHETHE

Tab. 7 Biomass increase and growth rates of the water hyacinths in twa ponds

] BEME BRKEMS
|EEENEGCR Biomass increase (g{m3d) Daily growth rates (%)
Detention times of
. I ¥ ou b I Hou
cach pond (days) ﬁi;ond I Pond II Pond 1 Pond II

18 217 128 3.5 2.0
7 249 89 3.6 1.5
4 226 210 4.4 4.0

RBT R A, ARRARERE KNS, LRHRNE SR, N5 HEER.
EE-PBNRE— AR, RS K BW R, XET RN B 5 K Eh
3, KRR S R R BURSE 4 RO, JERTBO A R A TR R, BOD,
SERBOS EROTRIEOAT, SHAR KRR, RIEEARRRE LA M
37 T ST » B 0 8 Rt R T R M A S R P ) B9 95 R o

EH SN BN, FURE & R R TARAT, XL TR AR 2 (A 3l
RIoHEE 8 1588 S B % 15 R AR S A B E T LUB B, 5PN 2RO Sk, pHUR BOD,
B B A R R A o B K R BB B R
I, R A T RO HLEART B R JE AR AR
S S R R L AT RS ol Rk
45 T RRRSE H P L A B, 36 L4 R TR RS
KBk G — R R R A LR, HERAHEN
800 BT IR 2 B A OB A Bk O 4
o

FERI MR, SR E T R A R R
Hio

BS S + R ARG RS TERD, R B, R4 KA E )

Fise 8 tncreased in wet vt ol L A R U ERRE TAFIRY AT LT (5

deenson time BeERENE. WRREEKMY 6 A, BEM

- B UPond L — U Tond I A=W By T, o 11 AUTISHE 218g/m?-d, WG4

SRR AR (B ) 26,173 kgo FMRIRE 100 B, MEETHHARE (B3E)

1) B0AH.B. pH, ROMRRELEROER (FRD.
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2,617 Wi, 4T T2 131 I THHE 5% )0 #KI Wolverton $2ELRIHIR, AT TEM™A
374 FHUOL N 100 HREREZE A =S 48,994 m’s REEFARIIZ MR AOLE . Btih
HAFZRAE, MECEE KR, BEREERIREFINAE XTI H, s hEhH.
RUR B 7] AL IR, TS K REAERR RN ESER T HRBELEERE M.

6. SR E L BEHR W

RUER S0 K e (R R AR FES A S BA G L ERENEM. K
B K1 AR BE7E 20°C Bl o BRI HIRIA SRR 20~30°C Z
i, BT RN E T A REEEE, A ETRRIBENEL, £ 13~38°C 2o Wl
2 R, RS B IR B X RUR 3 A e e b e 1 B AN e 24
SEHSIRLE 24°C DL, KR A R BIHE 2%, RSB 3 L s B (s B £ RRB Bo
TR, W H SR 24°C DL R AT IS, M B EYREE 24C YT
B, SIBRTFREAGEENEHEREMEE, 39 24 B—12 A2 H3 10 M2
AEHSE (T) Ml HEEERE (R) BEFEHELN, BUTFEEXAR.
R=187.70+ InT — 200.15 {r = 0.94, P < 0.01) (3)
(R 10<T < 24(°C) 1o BitE, M T =20(°C), R =62.85(%), L& 20°C b=
B 63.18%, ¥ AVHSR TR 10°c £468, #HHANERERILTFRET 4
A, FREBETE, 220)HE, T=10(C), R A 1.78(%), SEHEERER
%o

7. RIREFETROITH

R 7HBE, BA L RERBRERISBEAE TR REBFI, T HBREANRL
MENSPEIT I B WMRBEKEN LR BN, SR P& 5 R BB
RIRURERIX K.

(4)

87.701n T — 200.15 ‘
24> T = 10C
78.56 (24> )
K; =
1

(38 > T > 24°C)

W HEHSEE 10—24C I, K, BEE—FHSBNOERES 24°c HEREZ L,
R T EERLE (Ps), RUURBERENISAKE (F), #AKRE (C) FHK
wE (Co) %, T R/KEERBEE M, A2
F - (Cf - cc)
K, - P, - 1000 2
1. WEAKIEEY 35,000 B/F 3K COD % 130 me/ 1, HATEAF 0me/1,
Ps BB =B B3 1 AngE I BOSPIS1E 5.94 (g/m’-d), ¥SRETE 24C DL LI, Ko =1, i
HG S=1618 (@);UKEE 20CH, K, = 0.80, S=773 (H)o
B, ERARARNE X SHERERFENRRF AT RIN, BIKN AN EEE
EXBEFERK.

=
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STUDIES ON THE PURIFICATION OF THE YAN SHAN
PETRACHEMICAL WASTWATER BY MEANS OF
WATER HYACINTH I. DYNAMIC
SIMULATION TEST

Wu Zhenbin, Qiu Changqiang, Xia Yicheng and Wang Deming

(Instizuse of Hydrobiology, Academia Sinica, Wuhan)

Abstract

Simulation test of water hyacinth (Eichhornia crassipes) for the purification of petroleum
wastwater was conducted in two connected ponds. Results showed that in the warm months, the
hyacinth ponds had strong ability for purifying the wastewater, and resulted in a much greater
purification efficiency than traditional oxidation ponds. This purifying system with total deten-
tion time of 8 days could trear the wastewater to meet the water quality standards. The COD
removal constants (K) of pond I and pond II were 0.376 and 0.151, the surface purification rates
(Ps) were 9.51 and 2.38 gCOD/m"d, and the increases of biomass (wet weight) of water hyacin-
ths were 226 and 210 g/m®d, respectively. The COD removal rate (R) decreased as the daily mean
air temperature (T) decreased according to the formula: R=287.701 n'T—200.15(10—24°C). Ba-
sed on the experimental results, the calculation methods and parameters of the water hyacinth pond
purifying system for the treatment of the Yan-Shan petrochemical wastewater are expounded.

Key words Water hyacinth (Eichhornia crassipes), purification, petrochemical wastewater.



