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Influence of ammonium and phosphate concentration of sewage on the growth,
nitrogen and phosphorus removal of duckweed in Yunan*
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Abtiznsd The growth of four Yunnan duckweed species (Lemna japonica, Landoltia punctata, Spirodela polyrhiza,
Woffia globosa) was investigated in sewage of different nitrogen and phosphorus concentrations to understand nitrogen and
phosphorus removal of sewage. Results showed that with the increase of nitrogen and phosphorus concentration, the removal
amount of nitrogen and phosphorus increased (N: 0.31-7.13 g; P: 0.01-0.82 g) while the utilization rate decreased (N: 99.92%-
7.20%; P: 66.54%-3.74%). Significant differences were observed among the four duckweed species in maximum growth rate,
nitrogen, phosphorus content and fixation ability. Spirodela polyrhiza showed the highest growth rate (7.38 g m™ d') and
nitrogen fixation rate (336.47 mg m™> d'); Lemna japonica showed the highest phosphorus content (2.35%) and phosphorus
fixation rate (123.07 mg m™ d"); Woffia globosa showed the highest nitrogen content (37.32%). Further study on L. japonica
revealed that its growth was relevant with its nitrogen and phosphorus content and the pH of sewage. L. japonica with high
nitrogen and phosphorus content showed rapid growth in oligotrophic sewage for the first few days. With ammonia nitrogen
concentration below 20 mg L™, pH 8 (+ 0.5) was optimum for duckweed growth. But pH 6.5 (= 0.5) would prevent the
transformation from NH," to NH,, and reduce the toxicity of NH; to duckweed in sewage with ammonia nitrogen concentration
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higher than 20 mg L. The result of this study revealed the effect of sewage concentration on the growth rate, nitrogen,

phosphorus content and the fixation ability of different duckweed species, indicating that appropriate duckweed species can be

selected for specific objectives in future practical application.

duckweed; nitrogen and phosphorus concentration; growth; nitrogen and phosphorus content; nitrogen and

phosphorus removal; pH; sewage treatment
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Fig. 1 Influence of ammonium concentration /phosphate concentration in sewage on dry weight growth rate (A), moisture content (B), protein content

(C) and phosphorus content (D)of different duckweed species.

xRl FEIFERMERNEREURE/ALAMMELEIKE (AC/PC) THIREERES (NFA) F#sEERES (PFA)

Table 1 Influence of ammonium concentration (AC)/phosphate concentration (PC) in sewage on nitrogen fixation ability (NFA) and

phosphorus fixation ability (PFA) of different duckweed species

R E /AT A AR R vk 2

AC/PC (p/mg L) Dol

51

10/2 15/3 20/4 30/6 60/12

AHo AR L. punctata 150.85 (= 0.01) 245.65 (= 0.00) 283.82 (= 0.00) 285.86 (£ 0.01) 299.12 (= 0.00) 294.57 (= 0.00) 277.43 (+ 0.02)

RIEERETT w3t W globosa 46.45 (+0.01) 180.60 (+0.00) 221.29 (+0.00) 233.91 (+0.00) 230.28(0.01) 220.7 (+0.00) 216.04 (- 0.01)
(p/mlzfﬁz o) AHER S. polyrhiza 69.73 (0.00) 265.90 (+0.02) 258.63 (£0.05) 307.18 (£0.02) 317.39 (£0.01) 336.47 (£0.02) 336.31 (+0.01)
A M2 L. japonica 3977 (0.01) 212.35 (£0.02) 223.20 (0.01) 221.00 (=0.03) 227.16 (£ 0.01) 211.57 (0.00) 163.62 (£ 0.01)

o AW L puncata 528(£0.00) 3310 (£0.00) 5022 (=0.00) 5568 (0.00) 58.63 (£0.00) 58.81(£000) 5511 (0.00)
%@Pﬁf’“ﬁ AHIFEPE W. globosa 0.55 (£ 0.00) 18.64 (= 0.00) 37.24 (£0.00) 54.61 (£0.00) 68.99 (+0.00) 86.12 (+0.00) 93.61 (= 0.01)
(pimg m® d%) AMZIR S. polyrhiza 6.98 (+0.00) 4257 (£0.00) 6109 (0.00) 68.26(0.01) 6493 (0.00) 70.53 (:0.01) 100.99 Gt 0.02)
A M2 L. japonica 1319 (£0.00) 54.29 (£0.00) 85.84 (:0.00) 95.69 (+0.00) 115.22(+0.00) 123.07 (0.01) 106.35 (+0.02)
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®2 FRIERKE/ MAMEBMIREKE (AC/PC) TARLIF LB RGN A EMRE/BEMRE (NRA/PRA) , BEMRF/MERE
(NRR/PRR) K #E0 &F FZ /M F A2 (NUR/PUR)

Table 2 Nitrogen removal amount /phosphorus removal amount (NRA/PRA), nitrogen removal rate /phosphorus removal rate (NRR/

PRR) of the duckweed systems and nitrogen utilization rate/phosphorus utilization rate (NUR/PUR) of duckweed under different

ammonium concentration /phosphate concentration

ﬁﬁWA%ﬁjﬁzp%n%?ﬁmg 0.5/0.1 5/1 10/2 15/3 20/4 30/6 60/12
Al NRA/PRA (m/g) 0.61/0.03 1.08/0.16 1.59/0.23 1.58/0.27 2.39/0.35 3.04/0.41 4.74/0.49
L pun/ctata NUR/PUR (P/%) 59.83/75.36 47.11/51.92 33.78/39.39 24.66/29.11  20.24/22.99 13.93/15.38 6.89/7.20
NRR/PRR (P/%) 60.81/99.80 51.83/62.50 47.23/46.00 33.99/35.83  40.47/33.88 35.99/26.67 29.44/16.04

e NRA/PRA (m/g) 0.36/0.01 0.96/0.12 1.72/0.17 1.99/0.30 2.73/0.35 3.38/0.38 5.31/0.78
%tgo%bita NUR/PUR (P/%) 18.36/7.90 34.63/29.24 26.34/29.21 20.18/28.56  15.58/27.06 10.43/22.51 5.36/12.23
NRR/PRR (P/%) 35.9/40.91 46.09/46.00 51.44/33.75 42.96/39.17  46.25/34.00  39.93/25.00. 32.96/25.42

NRA/PRA (m/g) 0.93/0.01 1.65/0.20 2.16/0.32 2.29/0.41 2.26/0.48 3.05/0.54 3.50/0.82

?;%lygrtz%za NUR/PUR (P/%) 26.89/96.96 50.97/66.83 30.74/46.92 26.50/35.69  21.49/25.45 15.90/18.47 8.37/13.16
NRR/PRR (P/%) 89.68/53.13 79.03/78.50 64.53/62.75 49.48/53.17  38.24/44.00  36.00/35.50 21.75/26.67

M NRA/PRA (m/g) 0.13/0.01 1.12/0.16 1.53/0.23 1.99/0.31 2.40/0.37 3.99/0.48 7.31/0.68
I avonice NUR/PUR (P/%) 66.54/99.92 58.29/74.52 30.64/58.91 20.22/43.78 15.59/39.54 9.68/28.15 3.74/12.16
NRR/PRR (P/%) 99.50/49.77 64.40/81.01 47.30/60.00 43.17/50.50  45.05/37.50 52.73/32.00 46.10/23.96

3 TRIFERFRIEEISR (PV) RHENASKERKE/ALREMERELRE (AC/PC)

Table 3 Optimal values (PV) and corresponding ammonium concentration/phosphate concentration (AC/PC) of different duckweed

species
T A b /AR AR IEFE A H Z AR At 5
Duckweed species L. punctata W. globosa S. polyrhiza L. japonica
A . PV (p/mg m” d") 6.84=0.11 3.59+0.18 738023 6.93£0.10
" . 2%
e e e AC/PC (p/mg L™ 0.5/0.1 102 5/1 0.5/0.1
. . PV (p/mg m” d) 28.76 +0.27 37.32+0.18 3279+ 1.97 31.59 + 1.01
=X
EA(HI-- Ao st AC/PC (p/mg L) 20/4 60/12 60/12 60/12
e - PV (p/mg m” d*) 299.1 +0.00 233.91 £ 0.00 336.47 £ 0.02 227.16 £ 0.01
e e
sl AP Wiipa i iton il AC/PC (p/mg L") 20/4 153 30/6 20/4
o PV (p/mg m” d") 093+0.14 224+011 126=0.13 2354032
st TR GO AC/PC (p/mg L™ 30/6 60/12 60/12 60/12
, " . . PV (p/mg m” d) 58.81 £ 0.00 93.61 + 0.01 100.99 + 0.02 123.07 £ 0.01
2z ol
Wi HE )y Phosphorus fixation ability - pe i ) 3006 60/12 60/12 3006

2.1.2 AHhIETE il 25 RV e BE Y L T, AR b TE A KR
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1C) | B & & (FIID) i Fh . T3 KR AEVWRE2 (5/1 mg
L) iAFI i A fE7.38 g m™ d”, W6 (30/6 mg L) I AE 4 15
FE5.13 g m™ d, U A i 2 R B TR 52 40 o vk JE A AR Tk
JE7(60/12 mg L) Bt A5 fe K 10 8 LRI &5 1, 000 432.79%
H1.26%. R 2 g JI7E W BE6 (30/6 mg L) 1k £l 45 K {#336.47
mg m” d" (1) . BEEERRNIFEWRET (60/12 mg L) 5 H i
FKAE100.99 mg m™ d” (1) . VEE2 (51 mg L) B B2 % L
FIF e E, 750.97% (F22) . W1 (0.5/0.1 mg L) JE3HFEXT
BRI R e, S96.90% (#£2).
214 AMESE  FEEABRREN LA, AR aE NS K AR
N (EARFEIEILS%IE A ) , TR K SR Wi % (A

1A), A& = (FI0) | Bi& & (KID) B . T3 E
RIEW L (0.5/0.1 mg L) WA B K (EH6.93 gm? d', BJR T
WA 5 A K, W7 (30/6 mg L) i 2L 4 K R (0 A473.51 g m”
d (B T49.35%) , 150 HH AR Hi 2 35 Xof 1o S0 B ok 8 e AU, Tk
JE7(60/12 mg L™) B e KA 8 AN B & &, 2091 0 31.59%
H12.35%. A BE FI7E MRS (20/4 mg L) 35 B K (R 227.16
mg m” d" (1) . S ERE I 7E W 6 (30/6 mg L) ik 5l it
KAH123.07 mg m™ d” (F21) . ¥EEE1(0.5/0.1 mg L) B & F)
FHHR e, }66.54% (£2) . WeFE1(0.5/0.1 mg L) i i )
FRE S, 4199.92% (3£2) .
B 25 U TR B B T, LR T A TR R Ak B R 4 X
V5 7K HP U B 22 B R R T v, U A 25 PR R A T R I
(£2), X 5WARFERIBF 45 R IR A 50 13 XA A
JHRCR B L 66% ($22) , AT WL IF M T R G AU 22
BRA B, X AT REFIVE AL B RS h R AL BRIB R ZHA XK. B
T, VR AT R G A A R SR IE R A TR
AL SASAEVE L L S A= IRl fb . VB ALV (B TTR%)
A9 S AR, TR AL B R G X 2 B R R A & PR R
W, ARk . D3RR, R, ASHH FE P PR X B R R
(FEMEBRAM) EBEHIE0.1 mg LAY F i g ik £199%, nf
UL 7 IR A R IR B 7R M H gl A 32 e AR ML .
AN I3 AR TR AS (R U vk B V5 7R A e K AR G

e R AR o B MR r A e B E 25 5 (383) .4
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Fig. 2 Dry weight growth rate (A), the moisture content (B), protein content (C) and phosphours content (D) of L. japonica in sewage of different

ammonium concentration/phosphate concentration.
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Table 4 Nitrogen fixation ability (NFA) and phosphorus fixation ability (PFA) of L. japonica in sewage of different ammonium
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