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Removal effect of Pistia stratiotes on major pollutants in milking parlor wastewater

LIU Heying"?, ZHANG Man"?, ZHAI Zhongwei’, YANG Peng’, ZHI Suli’, SHEN Shizhou™*, ZHANG Keqiang"*>*"

(1. College of Resources and Environment, Northeast Agricultural University, Harbin 150036, China; 2. Agro—Environmental Protection
Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China; 3. Dali Observation and Experimental Station of National
Agricultural Environment, Dali 671004, China)

Abstract: To explore a novel method of milking parlor wastewater treatment with lower cost and more efficient purification effect, the
present study conducted an indoor experiment using Pistia stratiotes for the purification of raw milking parlor wastewater or wastewater
treated anaerobically or aerobically. The study focused on the tolerance concentration threshold of Pistia siratiotes to major salts in milking
parlor wastewater as well as its removal effect on basic nutrients, such as total nitrogen (TN) and total phosphorus (TP), chemical oxygen
demand (COD), and anionic salts, such as SO or CI", in wastewater following purification. Pistia stratiotes was tolerant of major salts in

milking parlor wastewater when the electrical conductivity of raw wastewater was below 2 193-2 527 pS-cm™. However, the activities of
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antioxidant enzymes in Pistia stratiotes were inhibited when the SOi" and Cl™ levels exceeded 5 mmol + L' and 15~25 mmol « L7,

respectively. During purification of the three types of milking parlor wastewater, Pistia siratiotes produced the strongest reducing effect on
COD, resulting in 65.51%—86.75% less of the substance in wastewater. TN, NHi=N, and TP decreased by 69.46% —87.52%, 64.00% —
96.59%, and 30.73%—66.02%, respectively, while SOi and Cl” levels decreased by 16.37%—18.04% and 22.02%-35.83%, respectively.

Additionally, Pistia stratiotes produced the best removal effects on many pollutants in raw and anaerobically treated wastewater for 23 days.

Specifically, the removal effect of Pistia stratiotes on TN, NHi—N, total organic carbon, SO:", and Cl” was improved by respectively 9.60%,

42.83%, 40.94%, 2.00%, and 13.81% in anaerobically treated wastewater compared with that in raw wastewater. Therefore, Pistia stratiotes

is tolerant of major salts in milking parlor wastewater, and plant purification can effectively reduce primary pollutants levels in this type of

wastewater following anaerobic treatment.

Keywords: Pistia stratiotes; milking parlor wastewater; tolerance; removal effect
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(R)H 75 30 g 4 SR i, 3 120 3% 45 24> P60 mm =,
WA 12 W A8 5 1) K AR 34 S AR FL 7 d, R /KRR
FaE RPLAR A 15 84 A S W5 T IR 7K (0) 6
3 IS FAKOK B AR a2 1 iR o

RIS % YIMb e 0 K 2 28Kk e e B &
BEAT 12 LT B2 K A SR HA v | R A48 735 3 MR AR
T (AL Ps) , ARAR T A B A 225 11 %) (O] R 4
CK), i i i A FS 3% 3k AL . 15 6 4R i
R AP 6T 6 AR JE 8 600 Ix, Y6 IR JE A M 16 h/8 h
(B8 , B FR IR B R (26+1)°C/(24+1)C B , i
H I ZE 58 K 1 4 b 7228 K 1K 70 ER0 IR A . K50
I, 3% 25 0 5 X0 4 R A A O, %o i 9 =5
HEAT N T3 3, %o R A 2 K S e B sl IR £
DU KT8, 4 4 d R KREFE IR BEALFE 4R
I 31 d.
1.3 MEMBES A%

MY A AL R GG BRI E N % (MDA) 4

WAL i (SOD) 2o S AL P g (POD) | 3 48 Ak & iy
(CAT) # R A U RS £ BHE A RS wl I & 19357
B E . KRE R ERYELR G T S 5% 5 he 7% 55
T ST Tk

IKAR AL A8 BRI A« DA B K 1T 55 BE S em B4
JHURE . SR HACH DRB200 15 f# A % A3 HL S 3647
T f#% , 3718 I HACH DR6000 4356 56 B AL % TN . TP,
SO .COD Fl TOC ¥ B 4 7 2, J = Ay Jox i I
A AL BREA fF HACH Bl &3040 . 1 FIA6000+
TG BT U6 NHi-N \NO3—N 1 NO;—-N ¥ FE 1 7
WE o A S #E ZDJ-48 H 3l HL AL & {4 C17 . CO5
FIHCO; 47 %2 o F] FH mettler toledo pH 111 EC 4%
X 7KAR pH AT L 5 801 0 o

AT 5 AE I 5 0 4 e %o B ] 9 o A 3L K AR Y5
YO e A B SR KRS G i L R R DL S
W Ts gy LB sr kR A R (1) ~5(3)
FIi7R o

TP TS G LR

Ri=(C\-C,)/C,x100% (1)

X B2 TS G R B

R=(C5—C,)/C:x100% (2)

FE TS G ) L BR DTk

r=(R\=R)/Rx100% (3)
2 €A C a3 FIR AR 2L AN BE L (R 7K AR A 1 5
JeW) 3 i, CoFl Caa3 AR PRI A B AR 13015

R =M ETHTEAKHELER

Table 1 Physicochemical properties of milking parlor wastewater with different treatments

Bt I~ LiXi WHIT KK (R) IRAAAL B 3T K (A) IS AL BRI 3T IR K (0)
Parameter Unit Raw wastewater Anaerobic wastewater Aerobic wastewater
AN mg- L 24.1620.83 21.62+0.96 66.37+0.82
SN NHI-N mg- L 8.38+0.49 3.48+0.45 63.02+1.55
fiERE: NO3 mg-L"! 0.43+0.00 0.49+0.03 1.01+0.11
WAHAR £ NO> mg- L 0.11+0.00 0.15+0.03 0.07+0.01
S TP mg-L"! 4.20+0.16 2.57+0.09 9.26+0.07
IR ER COY mg- L — — 40.37+2.52
BRIR & HCOS mg- " 426.69+11.67 490.55+20.42 273.72+5.10
BiARER SO mg-T" 208.25+19.49 212.33+24.66 239.46+11.27
Sk cr mg- L 312.37+23.11 350.09+1.24 341.77+6.83
HL G5 EC pSeem™ 2332.3316.70 2 398.33+40.45 2 757.67+6.44
2= & COD mg-L"! 362.00+23.13 345.25+16.09 220.25+4.66
A Bk TOC mg- L™ 232.00+14.39 285.23+22.75 189.86+8.35
pH — 7.5120.04 7.70+0.05 7.16+0.01
TE "R B A AR A U R, R RS I
Note: “—” indicates that the substance content is lower than the detection limit and is not detected.
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1.4 iR

RIS H R F SPSS 19.0 Gt i+ (4 wE4 1 . K 207
255007, Duncan 35X B 61 722 7 3 EAG 0,
FIH 3 BL5T A SR s s A T A AR R R G
T AT K3 ) T R PR A T2 A, X3 T B K v
T EG YL ) 2 6] A B OC FR EAT Pearson AH G 4
Bro f#H Origin 2018 ZX A4l &l . 5 FH Matlab #4411
Isqeuvefit BREIOW 4 AH X A R F 2 Fps e 7
(OB S s I |2 b N [ <

2 HRESW

2.1 YT KA ERRMERT KEM FinEA RERFMm
ARG AL AN [T B A6 B2 11 3 R 73 NaCl L KCL,
KaSO., 38 28 W58 5 K 740 44k 3R GeAH G 1Y 4 1
BRARAL , WA R R KRR $h 4 I T 27 B (. i
P S Ak 3 G 228 48 5 kB AR 23 Fh 288 22 ] A AL
HE 2002, 2 PR, 0 F Xt R
SOD [l 16 B9 520 5. (P<0.05) , BRI =2 A1, A [) 6
FER PP S DL R WG 3 19 28 BLAE I R it | (9 MDA
7 R 3 Rl T AL TG T 9 5 38 A B A 2 (P<
0.01) 7K

R2 AEHBREMBRSURAEZ BHNZEERAXNKER R
U RFIERAIRI
Table 2 Effects of different salt concentrations and salt types and
their interaction to antioxidant system— related indicators of

Pistia stratioes leaves

‘ AT A
SR E A e T AT S
[ S e b £l 4 . LIRS Salt concentrationX

Strain  Salt concentration Salt type Sl e
index
rF P F = F =

MDA  58.129 0.000*%* 102.882 0.000%*  23.354 0.000%*
SOD  6.185 0.000*%*  4.098  0.024* 4.865 0.000%*
POD  7.176 0.000%*  24.205 0.000%* 5.173 0.000%*
CAT  36.390 0.000%* 119.266 0.000**  34.857 0.000%*

s e R A3 ) R 5 (P<0.01) FLE 2 (P<0.05) A 2K
T
Note: “#*” and “*” indicate extremely significant (P<0.01) and

significant(P<0.05) correlation, respectively. The same below.

Kz R[RIERAC R T 7 d s, H I 1 41k
TR AP A AL B S IV RE ) A28k . IRl 1a s,
SR E  BEER FEESE N, M A MDA 5 7€ NaCl i1 KC1
IS N S S5 I (E R O BTN = UE i I STEN
(T5~T6ALHE) 5t F RS, WP AR 1 = vk i Ak

1% WHART]

X MDA & 2 19 22 5 A i 3 (P>0.05) , NaCl Jfi
i T6 Ab 39 MDA % 5 48 T5 Ab 3% 55 /5 9.07%,
KCI 38 F T6 &b A MDA 2 H %8 T5 4b 3 55 5 mg A%
4.39% ; 1M i MDA 75 5 7 H IRV B2 A R 2k A 3 ) 77
16 B EME2 5 (P<0.05) , KoSOL M8 T T3 F1T4 40 FHEY
MDA & 543 A T2 A PR 2.20 . 4.09 %5 . 4l 1b~[&]
1d fif 7%, SOD . POD H1 CAT = it 1) 145 1 44 [ 56 )3 T
RPN e T = Ja AR B AR B X A )
it 17 A ) — R B R VR PR ARG R S
SR AN Uk GE TR B X R (R A A0, 1 B e A A i 2
P 5 1 B D o P AU TR I 2R e ) 238 L T T AR
HILTPAKEER B 28 AL s B SR ARG 2 1% o 7F NaCl . KCl
K-S0, = Fh 43 M8 R, SOD B 4 B AE T2 . T4 . T1
b 3, 5 CK b 38AE B 43 I 3 T 198.69%
146.69% .90.32% . POD i 2 5 &b s i iy &
B, LG 1 T 5y A PR B A A R TR P . 7
NaCl,KCl 1 K.SOs = FhEh 47 Jiie & , POD il 16 43 51| 78
T4 . T5 T2 Ab B f5r g, /& CK AL BRAY 11.96,3.41.,2.56
o TE KCLAT KoSOu B N A5 J8 55 8 £k i Ik vk
FE 5 W R ) G TR PE L 5 mmol - LAY SO fHRA F 10
mmol - L™ Y CIJBfk8 X5 32 it | (1% SOD il #1 POD i )
Tk AN R A B R AR BV L 10
mmol - L™ Y SO Wrifl b CIoaf XK - 1 19 SOD [ty
I POD BTG Ve . 7E NaClHIKCLMA T, % 8%
FEEER A Y B TR M CAT W& PR 43 97 T3 A1 TS5 4k
PHA B =, 5 CK b BEAH B 45 35 i T 260.25%
190.65%. TE K.SO. BT, FEEE BE 5, CAT s
A T3 A FRTF 5 BEAR , {ELAS [ v 52 Ak B[R] 119 CATT
P 3% W 5 T PR A1 CATT Bl PR B /N o 53 b, NaCl i
iBF SOD Fl CAT PR A il (1) 335 11 72 CK~T3 1Y [R] ¥ 5 4k
B4 HE KCE A 7, POD i 19 15 PR 7E T1~T6 1 [] 3
JE A A B P 24 H KCL a8 v, 2 B AR [R) 490 5 1 vk
JEE ) Na* bb K i - 480 A0 Bl 1 e S 71 i T B i
BT R AE B — R 40 B T BB A A i I 1
R0 I AV B AN — 8, FEAS AR 20 W3 T B A AL g
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Figure 1 Antioxidant system— related indicators of Pistia siratioes leaves under different salinity stress

R3 KEMREREN RSB BN R ESSITEN0
Table 3 Value of comprehensive index about the antioxidant
system— related indicators of Pistia stratioes leaves under

salinity stress

i H Ttem  CK Tl T2 T3 T4 T5 T6
NaCl 0455 0529 0.185 0349 0530 0.834 0.608
KCl 0578 0328 0378 0.694 0577 0438 0.519
K80, 0264 0740 0.637 0228 0732 0367 0.561

mmol « L™ [A BHE§ £k (9 52 i, K X} CI R i Tid 52
PEAEAE W By, X CL A T R 13 {8 4 T 7€ 15~25 mmol -
L7, %5 SO £ B E 4 5 mmol - L' SEFRWHT PR /K
o CIAN SO 3 it (UL 38 1) ASHR 3 A o T ol 3 43 1)
T 32 A, B50RT DA PECRE R b S5 A BT K 1)
AR I
22 T EKEKPEETEMKENTL

W7 KK 2K 31 d AR , Hirh 3 y5 Y,
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FiBRRN 43.28% , BUIFF TP 5 & 35 3 I8 5 23 d B Ps
A0 TN R NHG-N B89 25 Br 2855 50 35 31 89.21%
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Figure 2 Content changes of pollutants in raw milking parlor wastewater with time
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Table 4 Pearson correlation between RGR of Pistia stratioes and contents or removal rates of main pollutants in milking parlor wastewater

i H Item A HAR  WMAR  EMAR BB iR Ad BSR JmRREE Wi J&

; TN NHi-N  NOi-N  NO:-N TP COD TOC EC HCO; SOi cr
WS Content 0.921%%  0.736**  0.282 -0.161  0.616%%  0.788%* 0784  0.264  0.089 0.328  0.248
F:Bk2% Removal rate~ —0.019 0.001 0.001 0.010 -0.068  -0.010  -0.071  0.004  -0.014  0.020  0.044

TN . NH;-N.TP } COD & f& A7 6 % i 3 1E A E C &
(P<0.01) . HHRTSCEE S AT, AKAARER 43 AT LA ) K3
FIPTEAL R GE, T I 7K v R o0 vk e s AF AE P ik
KA KO R KR T RE . A5 LK
e SR (EC) R FAR PR Ba . HIbk, 7
A7 RGR 54T R /K 3 275 Ye W) 1) 5% 2 i 15 7% &
ECH ARG L.

XTHEY RGR 5 95T IR AK N K 3 35 Ge oy ik iz )
/N Tk A @A B FE Y RGR H y R, K
PR TN TP, COD Fl EC{E 53 5 21 .20 205 s o, 05
PR Z Rk R (4) MEZoCAELME R (S)

y=—0.005 5x,+3.872 9x10™ x,~4.549 9X 10~ x5—

HE SR 0] FH AR

TR FH R P 0o 228 0o DR AR A B R 40 T T K A 7 i
Ak, Ps Ab AU il 55 435 i Bl 45 7K R R] 422 4 1 o
o 7E15~19 d N, K /K A B Al pH 38 328 4k
BN HCOS 4R A 3.38% , pHAE M. 7.96 25 4 7.94., #R
T, M S AR ) 4 8 0 5 B B e 0 ik, SO T C %
AR B 10.12% F13.22% ., K %R 2 0 e AR
FH B E] H B AE 19~23 d, Ps Zb 3 TN 1 NHi-N [t 5 £
FLBRRR AT B 78.17% F196.19% . KX 2 AT
ML 55 5% 43 1 fie A R Bs) (] 357 HE B AE 23 d, Ps b 3
TP, TOC Hl COD Y 5 ££ 2% B 24 2R 43 51 24 68.35% .
83.09% F1179.04% , WL H 7K AK 5 35 B3 4 75 7K HE i

5.402 3x10° x,( R*=0.639 9) (4) T AR UE(COD<100 mg- L) o 23 d )i, Ps b F K fA
e X207 TN .NH;-N .NO;=N.TP.COD ,TOC HCO3.SOi % & il
y=—0.007 5% -50.293 0% +583.386 2 ) - X
X3 x5 EC {04 E T, 31 d KK Bk B304 15 /K HEK
0019 9(R=0.741 3) (5)  BRHE(COD<ISO mg-L).

X3

T3 o0 S Y oV B Ay, R T I K i K
KA KAE B 2 B0 A R B A, AR K o R
o = (4) AT RIZK A TN MR B2 2 52 M A ) RGR 1
Ine o R . @ X (5) AT R T 7K EC (5L
TP &5 5 I sh X A4 RGR S MR K, 24 HoAth % 43 1H 5
B, ECHIE N 0.1 pS+em™ FHRGR K4 2 778.07, TP
FrEMAE 0.1 mg- L T2 RGR 4% 39.98,
24 REABENHTEKPEETLYRENTL

XFWS T P2 K K AT A A 15 d IR A B, 5
JEK AR HE , PR AL S H K pH THE , HCOS ¥ 8 3 fin
14.97% ,ECAE T 3.26% , TOC & #1411 22.84% , TN
NH:-N.TP #l COD 43 5| F % 10.51% .58.47% .38.81%
4.70% (Fl3) . Bl 7K g i ] 14, CK AR 3K (4
TN.TP & it & EC{H AR TR %, NO; N0, .COF
FHCO: & P SR EE K o 76 15~19 d I HCO % &t
BRI 15.80% , T BOL L B MR 45 W 4, H pH B AR
AR B, ELI B BE SO I CI & B LT 30K & A 78
1k, EC H A% 3.55%., £ 23 dJ5 TN.TP.COD.TOC .
HCO %5 7 & A [R) A B 1) B R e /L S
Yl Je b o3 R B AL PRETAT TR ARG, (BT R Gk 5 7K

25 WEABRNMTEKDPEETLEYKENITL

AR ZRE YR G A B S T R K S a0
PR A5 T 02 7K DL s G 0 1 2 B i A S AR AR, DA
TN.TP.COD.TOC F1 EC A&y 3 75 Ye Py e B Bt st 1]
FERK B RN RS (8 4) , Ps A FEK AR AR IR I 45 o
f5F TN F1 TP &5 5 f 1%, 73 3K 2 19.04 mg - L' 1 6.47
mg - L7, AR V5 K HER = AR UHE(TP<S mg- L") o
SR, Ps Kb B oK 782 2 142 4 90 14 7K 80 A die A2 194 B )
PEHT 2 19 d W, Y E R A 15 d Bl TN L BR
14.83%, 7£ 19 d 5 fii TP 11 EC 43 51 B A% 10.51% Fi
20.41%. CKALPRBRER 73 LASN W T P K Hhis Yedr i
ZBRH R Ps A HILA AL, MH i F 23 dJ5 COTHE
FE PR T 55, 27 d S5 HCO: H 3R A B S (3 4k 34
{45 B B MR B S (R TAR K, S5 b FETHT 7 d B, Ps
Ab R CI A B P b 7k A4 B pH $R(E 45 AR T HLAE fE
RABE N4 57 d I, Ps A FR AT CK AR BE PG Fh /K A& pH
M 8.20+0.03 T B3] 7.60+0.01 14 52 J B ] A 7], 43 31
T B4 d M8 d; 15 dJi, Ps AbBRIKAAK pH & A I sh A st
i) 8 5 T CK AL BEAK A4 5 19 d )5, Ps Ab BEK 4K pH A T
CK A FHK A il & 4EF57E 7.61+0.10, J5 & FEA 2 15
7E 8.14+0.03.,
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Figure 3 Content changes of pollutants in anaerobic milking parlor wastewater with time
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Figure 4 Content changes of pollutants in aerobic milking parlor wastewater with time
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