S5

Eco-Environmental
Knowledge Web

CKHDV

2019

Vol.40 No.2
$40%& 528




w % B 3 $40 % 2

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2019 4E 2 A 15 H

H &
2625 L 45 R B KOG SRS DR AT« evvoeeeeneeneeeeens FEA&, B0, WEE, TME, TH(S13)
Bk XA PML S R BT oo 3, EEW, BER, BF, AAL, KRR, kET, AFI(525)
I A ZE I R R A DU AN BT AR R IGRRTE oo veeeeeees ‘
................................................ WATE, 28, B%, E%‘c@,‘ T, B, ZOR, Xg‘f}j, 2 ( 532 )
T PM, 1T G RO IR S LGB AT A -ooevoveoee FHE, MG, SHER, LKk, HE, FER, BH)(540)
IR AC T PML o IRk PO (075 SR SRR -~ Ssest) T i 0, BT, &S HAA, 57( 548 )
T W K SIS AFIE, TUIMEE R ORI - KA, %3, MWL, €45, B8, B%, JHR(558)
SEYLEP I FES P, ;i SOOI A ATREAE o 2, VPR, RS0, SER A, Luedk, EAF, #ANI( 567 )
IRV RS HB 28 2 X0 IR K S SRR [T BRI RA -+ oo
TR WA, R, AW, NE, WAE, KEF, KK, BEL, AEE, FHIE(5T3)
PRSI I AT B E A A G BT <o eeee RRIRIILIITE REUCRERE SRR
----------------------- e (0l TR, BITH, T3, WAX, REME, KL, BES, ATH(S82)
SEF 2 ST AR 5 RS L L B St s P AT RFAE BRI AT o oevvvoene v Lo L
R PP RIS R Rt B, BRUT, KR4, Bk, BUEIR( 590 )
ST KA TR TR B - oo KKE, REE, i, &) B, RBE, KKE(603 )
S WU T N 75 S I AR -ooooeveeeeeeeeens 0k, B H, TEE, KES, W8t TE KE(614)
SIRUNRE - STLTLEE RN I Eog 1 T 8 LIS E SRR M, TAL, LR, S0E, ARE(625)
HESZ S A AT BB e oo WE, FEF, WY, KE, REZ, HAR, LDE(633)
FAE SR R P U B TS BB LA oo
............... e JSCH TN HIERE, XEE, 23R, RE, AT, HTA(640)
T 2 R AT P T - I K] S JTC VR B ST 5 T 2SI AL I AN - eemmmmmmmemeeeeeeaaaeseesea e e e sttt eeaeas
ST RIS R IR T, MEE, EE, KR ki, MEH RAEH, ZAE, @ 649 )
5 U b S A 5 K B P I R ZK PR R G RATI < --oeeeeecc
------------------ BAEG, i, K, KAk, ARE, S, MRS, A0, A0k, T4, B, £HE(658)
NH, SR ) SRR B RO weveeoeeeseesssessnennnns BRR, IW, FEE U, KB, HAY(669)
3 Pk BRI  KOE T e RS BRAE RE S AL LA - e R X R, B, HIEAM, R, X&K(677)
R PR LT 4k R LR AR O R SR B RO BLA - RV, BER, WA, s, KA, 88, i, FERC68S)
ZnTi0,-Ti0, &G LU il 65 KOCHECRRIRAT LIS AILEN I AT oo KX, #RAE, 24K, FH(693)
bR TiO, A58 BB B JEHEAL TR «overeeereeneese e bhimde ks A% i 701)
Fe' /10 BT GRIE I -Fenton SAALMFEMEIRVELL B -oooeeeeeee K, FRR, BT, W8, Tk, TH, A%(708)
ANFIIERHIE I S A S B T A S BRILA] oo REX, REF, KER, M, £, TIE(TIT)
SGO BT AR IE AT B B AR ERE -oovveeeenssss KEE, kOB, BKH, TE(724)
— A R R AR S L] e oveeessosee s B UHe, UL, X, BEX(730)
SLAE-CNT IR PRI T 23 KT 55 - EAUE, 27, KW, RER, F, BT, R, K%, HHE( 738 )
ZINTFIE S AT E MM SBR/AMBBR T HI AT 5 LR oveeeeeeeeeeseeeeenees A, HEE, BREC, B4, (747 )
LB YIRS AR BRAR C/N FEB KRG AR +oeeveeeeemeeneeeees M A&, ERE, REeAr, Kk, Kb, K&E(754)
DA AR 2 25 VR PRAREIEAL TR SRR «evreeremnemnsmnsmnsnnnns T, [, KX¥, THOE, RAH( 761 )
Bl 5K B A W b A G B R AP RE SR AT oo KA, dueik, TXME, X8, REF(768)
b P A SR R 2 W BB B sl Ty S e TR, BRE, W, TRE, B, FH, Bk, LEH(774)
Z‘@g‘i%mﬁ;j\jﬁj}%ﬁmlﬁl(15{Eﬁ%ﬂﬁ%&ﬁﬁ{%ﬁ*ﬁﬂﬁﬁ@ﬁfﬂ%q%lri .....................................................................
............ s SRR TR MR ERE, RUE, T4, AFD, HrHH(783)
DPR-SNED %%%Iﬁ{f& C/N Wﬁi{57k5ﬁémﬁﬁi7kgggﬁj»#§:ﬁ .....................................................................
e e MU, TER, BEE, TRE, BOLE, X287, AR, KL, BEE(791)
() R 3 S BN 2 ) AU A SRR PR oo R, HOA, 0, RAE, KRIM, ZTWH, BAE(799)
ABR-MBR SAAEBREE T IS Bh SR AEIEAT weeeeeeeeeneeeeseeeeeees FHEY, BE=, B, Kok, XX, HER(808)
FEIK C/N X SNEDPR R G0 i BRI [ RN o e e eeeee ettt
........................... Wobd, FEK, mAR, TRE, KR, BB, T4, 25T, AAKD, 0, 1KK( 816 )
ABR FRER-CANON R T2 PR Mo BURFHE o ooeeeeeeeeeeeeece FH, GE, U, AER, X, R%HH(823)
AR LS CANON T2 Bl RDM «ovvereeerenneeeeeenenieiinnes FA, BT, KA, WEE, HHHN, ZM(829)
PSR AR ] S B ANAMMOX. WURL PR ) AR GEIBAT voeeeeeeeeeeeeeee FlH, FA, KA, AW, FIn( 837 )
C/N MG YEHEEXT LA pH AE ST A WA AL R GEREM] --ooveeeveee K, Fad, FEY, 22, FHE, KEE, WER(845)
SETF R DR R BB IR KRR ooeeeeeee e FA, ko, B, A%RE (853)
Bl R A PRI AT oo CHRZ I, kRE, TR, TR (859 )
R P AT R A B 5T it i e IR RS AR e PRz, REH, WK, FT#EIH, 2T (869 )
AN SRR HIN, OHER SN M HIRETIN T4y - - i, E R, RS, X, Gl e, RiT BAK( 876 )
A i 12 20T B K- MR RA HIN, OF NO BRI -+ HESL REF, MR, L, HF =, BIH( 885 )
b JE R 55 RIS ZEXT SEHBN, OFERILRIELE oo oeveeemeemmenmmemmeneeeeeee EOMRE, BREAR, Frdh, B TKAE( 893 )
R e AR AAE 5 TGS LR e oo SR, MEE, RAeH, M, WE, KR, EAR(904)
SOt A ot o g o KA R DX - SEIE I g 5 - ‘ TR, BeaX®, FER, B, 3ER(915)
FEMRBAT AN 3t Rl R I 2 ) 22 SR AE - : R, BRE, XA, w5 EAH, HE(924)
Toll AT I A R 288 TSR «oeoeeeeeeee e F% | BIR, B, #S4(934)
B - X AN RIS A I + e S SR AS S AR AR PE R Sy - Mo, BruRdr, TAW, BN, R—H(945)
BRIIARIFIBRY F IR ALERIE oo, R, BB, BY, HE(953)
’E%lﬂ%%ﬁ?*ﬁ%ﬁi}%ﬁﬂﬁﬁzﬂ@JIQT%'T}Q ........................................................................... REE SR 961 )
RIRIKFANIRBRAERR I TP (b, S MO B R -+ T2, B85, WOUR, WO, WiE, Bk, 24K( 970 )
SEAG AR 3 4B A AL S A A B PR oo ove e Wi, A, W, XK, BA%, EFE(978)
ARG YRS B O i LT G AT RS EGIENE oeveoeee o FIAR, 2T, M, B, KR(987)
/Gﬁ{%ééjﬁﬁlﬂXﬁ%@fjﬂ}i%U%(F{}a */&B{%{ﬁ%ﬁ@%%%ﬂ@%ﬁﬂﬂ ........................................ SROSERRI LA
.................................................. e FEAR DfE R, BGE, HFR, B, TRE(994)
R A iy s = L W 2L A e L AN, Ty VGRS SR ey [ | 3 L U A oo
.................................................................. TEE, UH, KB, R, RRW, &, TR, TZA(1003)

%N
(RBERENVETT SR 35 (547) (RBERI ) fFFr fa7 0 (828) {58.(581, 933, 952)



)
(= SR InoE R £ 5540 % 552 9 2019 £ 2 H

Eco-Environmental
. . Vol.40, No.2 Feb. , 2019
Knowledge Web Environmental Science oL e e

MR E R 58 L BY A SR PR AL SR IR L TR & R 7K

fﬂéﬂﬁz*, RIGE, T, ARMA
(1 EPJ(% |3/J\ REURAL TABRAT, SR/RZHT 0173005 2. I (R 4P A TR TFAE e, dE5T 1000125 3. JL 4L TR
%1&I%h%f%$4%'ﬁlﬁ%‘:, b3 100029)
TR e = 258 20 P RER K AR BRI, ARG RIS R AR (AM) BRI A RE ST, 58 AM i
R A IR IR, REER BT A IR R K AL FREE AR, S e 3 17 R A ) T R ol B 7 25 | BRERZCRARAY 1. 25 R0, AM
HW# (Glomus etunicatum) 51FRMEYIZENE (Canna indica L. ) T BIFMIAE R ) HEYOARZIIMAER. 2R AM
BUHRE T AR AR B S SRR K ABE ST, 21 d N TDS, COD, TN M1 TP fEFRZA> A E] T 36. 1% . 74.4% | 57. 6% F
59. 1% , HoRIERD AM ELB A0 AR AR R TS 1 79. 2% | 36.4% | 32. 7% M1 37. 6% . MEMRELE TFHFE, 21 d KR
H Na. K. Ca Fll Mg B F I EBRRSNER] T 34.4% . 61.3% , 57.4% F1 51. 9% , AHLAIERD AM 2L 4558 £ 25 17 R 43 31
PR T 11.4% | 37.1% , 18.3% F124. 6% . MWAEYIM IR IBORTE , AM MAFAEAR E T 38 NAEXS Na B F 19 WSO i) it 1358
Eﬁﬁ%fz LTﬁE% AM SRACRAE ZRVR RTIREAS B4R TH A9 BRI 2 —. AHFSE R HA AM B T AT a0 A 2892 IRIE K IR TS 44 1
Hij EER R, =
%%ﬂiﬁﬁfﬁMEﬂ@ﬁ%&%@ﬁﬁﬁﬂmﬁﬁ%? [ ap,.
FESES. X171; X703. 1 XEKFRIZED. A XE4HS: 0250-3301(2019)02-0761-07 DOI; 10.13227/j. hjkx. 201811028~ / -

- f o —

Treatment of Simulated Sallne Wastewater from the Cbal Chemlcal' Industry

Using Ecologlcal Floating Beds Enhanced with Arbuscular Mycorrhiza

DOU Wen- gﬁng HE Hao™" , SONG Wen- mgl’ WANG Shu- -guang’ ', PAI Dfng wei’ .
"(1 Ordos Encrgy Ghemical Co. , Ltd.. Chmd N'auonal Coal Group Corp. , Ordo§ 017300, Chma 2. Appraisal Cefiter for Env1ronrr‘1'ent
and Engmcenng, ‘Ministry of Envirénmental Prote(tlon Beijing 100012, Chlfd 3. Department of Environmental Science and

-

_Engineering, Colleve of Chemical Englneel‘mg, Belﬁlng University of Chemical Té(hnology, Beijing 100029, China)

ébstract For the problem that few technologles can be directly used to treat wastewater with middle and low salt, in this study,
atbuscular myeorrhizall( AM) fungi were used to ethaneethe _tcﬂerance of wetland plants to salt stress. Ecological floating beds ( EFBs)
ehhan¢ed with AM fungi were constructed to explore anew teohnology as well as to treat wastewater with low and medium salt content,

but also to overcome the low tolerance to salt stress and low salt removal by EFB plants. Results showed that canna plants ( Canna
indica 1. ) were well colonized by AM fungi ( Glomus etunicatum) and the mycorrhizal colonization rate was not affected by salt stress.
Inoculation with AM fungi enhanced the ability of the EFBs to treat saline wastewater. After treatment by EFB with AM for 21 d,
removal rates of total dissolved solids (TDS), chemical oxygen demand (COD), total nitrogen (TN), and total phosphorus ( TP)
were 36. 1% , 74.4% , 57.6% , and 59. 1% , respectively, which were higher by 79.2% , 36.4% , 32. 7% , and 37. 6% over those
with treatment by EFB without AM, respectively. Removal rates of Na, K, Ca, and Mg were 34.4% , 61.3% , 57.4% , and 51. 9%
after 21 d of treatment by EFB with AM, which were higher by 11.4% , 37.1% , 18.3% , and 24. 6% , respectively, than removal
rates with treatment by EFB without AM, respectively. Plant sample analysis showed that AM increased the Na uptake of plants and Na
transportation from root to shoot, and this may be the reason that AM enhanced the ability of the EFBs to treat saline wastewater. This
study indicated that AM fungi can be used to improve the ability of EFB to remedy water pollution and increase salt removal efficiency.
Key words; ecological floating bed; arbuscular mycorrhizal (AM) fungi; saline wastewater; total dissolved solids (TDS) ; salt ions

FHPACR T W T K Z —, 2k A P S ERBOK AR, — BEIAR P K HE bR
AT, I EDYERI AR R S AT Y AR IR AR R, IR B K B R
SABESIE . AHLE RPN R I AK, m AR EUHT B K HERCRR 1 95 3 4 b ) 2 © U
B ER K st 22 HEIOA SR PR 55 1 I W S . J& , AR BRCTE KA K K BibRifE) (GB/T
AR, WK ﬁﬂﬂ(ﬂ@ﬂiéiﬁiﬂiﬁiﬂéﬁﬁaz 31962-2015) | Ak FRifECTE K HE AR T 7K 38 K 5
WA ETHES, flan, T T ARG TS KRHERL  ARiE) (CJ 343-2010) | JLSUTT M5 4R QK35 B
FHORWIBRRR 5 55 ROK Fe A G ER RO 22 S HEROBRIE) ( DB11/307-2013 ) Fil I 117 #1775
IR i P K A L R AE 2006 ~ 2012 4B 6 4F ] ———— ‘

BT 889% ). AEVOKVEIR A EEIIOTER T, 0K R S0 (o6 ). 30 Ao LA, T 90F5 0
N S L P T e , LERAa, Bl bistionon | s

WS | R B I M B 2 s B R I 2 — 126. com



762 EZ

B 40 &

HECTE K E5 G HEBObRE) (DB31/1999-2009 ) Hr AR X
ik B A (total dissolved solids, TDS) 4 T #1
. AR SRR R E e R,
FURTT BB A R I A . Ak, bk
Hb S AT SR PR, — AU A4k B A R R
BRI AEATARE, W COD | ML, MABERIA PLIE
Yl (RO RAL TR ST AR BRI £
W BEAT T AR S, UL S M FROK & h RS SEE IfG
FEFHZ — ;55— A A A5 Yy — I 4b
B, WEARBE KR A Yyl B A IR I
R R RIOHR. R 0 AR 28 %
SR | U HE AR GRS b I B + S5 B )
+ RRRHER I 2 TR 50 28 S Bl AR BT B
DU AR B KR, IR T AT
PR S, EAK < BUBE™ H AR B A e, (R
Ve, BT, A ORI, OUE P T AR K
(TDS >10 000 mg-L~"), Tii 4% fh4h H A H i
“SEM PR AL BE TR, AR AE T /il
o IR A AR . 07 S 2 U P 9
SRR LT 50 A 31 o A
AL, FRREEG B R DK BRI 2 4t
PORA LA E . e Y
AT RBR B SR B K
G SOUSETOE T fE | FRBE Ak |5 BRI
VLR, TEHLFRK | SIS K ek A
PR | T IR | T IRER J bR R R
BFACR O TR A R AR A M S, HAE
B K e 7 T T R S BLAPE L MO TR
B DA AR ARSI T 4R R
SR L. oAb, 3 T R 38 TS U BE
2% WIS YR MIRCRAR | B8 TR I
TAEATEREIIIRE, — R R TR,
RZBRFEARW], PR R (AM) 2L Al 3 98 A
IR A B T, VB L R R 4
VSN E ¥ R SN L V7P g (2
FHU AR TR 2 P BRI R AL
PO FFIL AM L ERIA S BB A ) A 1
FELER I AR AM BRI R b
BB FAES | 3% F 55 2 T AM B — R
PUFAE TR SR AT X, A JUAE A A1 AR D25 3k
MEEBREE AM ECRANBESS I RIIIREEAT THRR.
SIS S B P AML 25 BB B G AR 26 0
K G B AR FE ORI (O W i TR0, AR B 401
A AM ECEHRNE A A TR RIS I, B AM B
BRALIE A 2SR IR A T TGRS $h B K

1 #MREF*E

L1 gk
1.1.1 Y

WP N ( Canna indica) . 745 ( Cyperus
alternifolius ) MR Y. 6 N A2 F W UL 5 WA
Y, AR REFERRKE, SPRESE. BNF
PRI HRIX 2 PRI L. WA S I, TR 3
MR, HARBTE, KW AR —AH, B
PR R/ MBI AR, — 2R AM B, —
SRR KB AM BRIV Rt IR R IE] 2 S
1.1.2  AM &

HR AR T HA SE B 45 5, 3k R i 46 b 61 B
BRI S EBRFETE ( Glomus etunicatum ) VE 25
AM ELE. B R LK BT O SRR o0
( Trifolium repens )| fis A 4 5 % MmO AOAKE 4 1A,
@%@%\ﬁﬁﬂwﬁﬁm&,?wﬁﬁﬁﬁﬁ$
78% , BRI T A 820 Aoy . BRI A L o
P KL B 10% | RN 5 e ARG 5,
A FRAGPRPERN SR I I AM B, PF A T 0
iy 2 AN AR AMELi. 7
1.1.3 /SEEK ‘ -

B K e LT W 3 %
rn R A WO, 45 A ER L5 A NaCl AT Na, SO, ,
AARES | BEEL. AR K R, B K
TDS 46 000 mg- L~ "M &b K. T4 fEh A
PR RS, M THA TR AR, SHhEKTom
AT —@ R FR ARG TG K, BRI SEC .
pH 7.0, TDS 6 000 mg-L~", COD 380 mg-L™", TN
14 mg-L~'FITP 4.5 mg-L~". &4~k /K = 800 L.
1.2 AM HER SRRV S TR IR S as 1T

EBFRK x5 =2.0mx1.0 m, /KI¥0.4 m
(B, P AESTR IR IR AR KRR — 3, R
Py ETE B AR 20 em MREZS B AL, AL B e T
PVC VEIRHE L. St ) e A A st fEakas
AN 2 48T VD 1 [ BHS e Y. Wi
YL 50 #k, RAESRQREE L 4:1, Y
WK 25 BRem T, VRIREE TR0 80% . TRIKHE
HESE U O S AR K . i i 2 2 S K
PEER, 48 h G FF—k , K AM [ R K 2 & & K AL
2. ERTEIRA KA E 3 d J5 IR — kI
FE, BRI AR & B — 0, HRis1T 21 d,
HBE—(11 A 1 H) REKMEGREMPDIE G,
AR R T, AR TRIRIE AN KR 5T
HigtT, SR P . B R 28/22°C, P8
SR 25°C IR 16/11°C , YR 14C.

.“._.l'.



ST . IR SR AL B AR 2507 RAL BREAL TS & SR K 763

2 14
1.3 IKFs b5 Mok
HTEEAR 28 FH I 1) 2R G (0 -8 SR 2R 32000 78 TR AR

1RYRI KA N ER B TR R R - e AR T
fift ICP-OES M 52 J7 3:1) . K B 48 b1 20 Hr 2 W, SC ik
[21]:TDS *FHEE& COD *FHE%%@&%%E TN

SR B 1 R RR AT 3 i R AN e BE YL, TP R
FRE T OEEEE, B+ 5 iR H 1CP-OES .

St orik

A BE 4 SPSS13. 0 ¥k ) Duncan 34 #f
ﬁﬁzfﬁﬁ? P <0.05 %%/T%#'jz%

1.4

—n“

o Bl AESEERFE S -

Flg’_:F Ecological bed used in this ﬁtudy

2 HREHH f; (E_ﬁ,
1) i kit | V)1 f gﬁ”

%1%%%?3%11 AM ZLH , A S R R T
mgﬂAM sy, F 4@&%AM?%£
ARG SRR R -, B bt e )
R0 Wik, (1o, i R L %ﬂ
%@m&m WQW%lﬁF’ﬁUﬁﬁs H
AT T RAFIIE R | BERRAE 40%
Jed . MR A AR 3 e 5
(P>0.05), Wiz AM H A — & 1Yt 5 18
HE

L

F®1 #HEMEX AM EE@LE RN
Table 1  Effects of salt stress on mycorrhizal

colonization rate in canna plants

Ehvfe B /mg- 17! Qb B[]/ d BRI/ %
5000 0 40a
3800 10 43a
3200 21 42a

2.2 HEH:EAK TDS BAEfE

VSRR S AR (TDS) JE 48 TOK I Es ¥ 43
FRUL G Bt EAESE PRl i A o — i 25 Z2 W
Wit o A TTHMA LY, K TDS BEE% T
Kb, ERPEM AR SR B A HEAn. A
2 [ LER], BEE AT E IR, AM SR A A A
V7 RIS 38 AR A 17 KX 7K TDS 19 2% Bk it 35 R4k
B, 521 d B, S E AR TR RN T K ¥ TDS
W N4 050 mg- L', EBRE K20, 1% , 1if AM 584k

|

A %f”&kﬁiﬂh b B2k TDS ‘?ﬁég}ﬁ}zfﬁzso
mg-L "] / z%ﬁﬁ 36,1% , TDS é‘%’tﬁ%ﬁi/u i
z:TF“# 198% fg%‘%% BT 79. 2%,"%{@5«4M
XA 2 %;%% %ﬁﬁﬂﬁ%ﬁﬁﬁ%

5 500

—a— +AM
5000 —— =AM
= 4500 |
0
E
8 4000 |-
19.8%
3500
3000 | | L L I I 1 L

10-12 10-14 10-16 10-18 10-20 10-24 10-28 11-01
A3 (H-H)

+ AM FREERD AM TR, - AM R AM SR, FIH
B2 &EHFRLGETEHEKFRBELE(TDS) KEHNEN
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Fig. 5 Changes in TP concentrations of saline

wastewater under EFB treatment
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