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WE: ATHRRRKRERY B F K E B FE DL, vAREZ A Triglochin palustre, =4 K % Scirpus tri-
queter, &8 & Acorus tatarinowii, # % Typha orientalis, 7 % Phragmites communis 5 # 7K &£ M M A # 4, A BAK
BHBEMA TR, BENEF ek AR, RIS B AR A F KT 12 AT R4 09 A 45 1
Ao K, FRERS BARLELE, FARE (ck)Fo T T+ B AR E (ck), HFAMNTEAR, LS AKEMAY
MNYWHT BT FERET, SR ERG IR, SREAVW: T A KLBETREL, 2 EH. ZhREGT
Kk ARG R R RE KT HARSR(P<0.05), &, FFN D Faksdm; BrmKe®TREL,
EHAREBG TR TS S E G AP EEREYRFRX T HRASRP<005), FH. 5EH. FHReNIT
PR AT, B K K A A MK B A K 0 1 kGRS AL AT HE T R RS LR R, E TR ER
F R A 363 mg-L7 BEAKE] 8 ~ 18 mg-L, HAET B R AN 2.07 mg- L A% E] 0.06 ~ 0.17 mg- L7, ¥ RIFFRE
M 20.00 mg- L™ B4k 5] 0.23 ~ 0.87 mg-L7', %4F B LR Lrif, FF. FPERZHAAKEFTRAELLFE
g, B104&3 413
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Adaptability and purification effect on coal mine wastewater with five

aquatic plants

CHENG Lifen, ZHANG Xin
(Shanxi Academy of Forest Sciences, Taiyuan 030012, Shanxi, China)

Abstract: In order to study the adaptability and purification effect on coal mine waste water with different
aquatic plants in this paper, using plastic cartons as simulated wetlands, physiological and growth characteris-
tics of five aquatic plants (Triglochin palustre, Scirpus triqueter, Acorus tatarinowii, Typha orientalis, and
Phragmites communis) treated with coal mine wastewater and clean water were compared and analyzed by
measuring net photosynthetic rate (P,) and transpiration rate (7,). The water quality of coal mine wastewater
treatment, ck, (static wastewater) and ck,(river sand + static wastewater) were measured monthly to understand
the removal effect of the five aquatic plants for chemical oxygen demand (CODy,), total phosphorus (TP), and
total nitrogen (TN) in coal mine wastewater. Results showed that net P, and T, of T. palustre, A. tatarinowii,
and S. trigueter with coal mine wastewater were significantly higher than that of clear water(P<<0.05); whereas,
P, and T, of T. orientalis and P. communis were not. The relative content of chlorophyll, plant height, and
biomass increase of Triglochin palustre and S. triqueter with coal mine wastewater were significantly higher
than with clear water (P<<0.05), but T. orientalis, A. tatarinowii, and P. communis were not. Furthermore, re-
sults showed that all five species were highly efficient with decreasing concentrations of COD¢, from 363 mg- L™
to 8—18 mg-L™", TP from 2.07 mg-L™" to 0.06-0.17 mg-L™", and TN from 20.00 mg-L™ to 0.23-0.87 mg-L™".
Thus, adaptability of T. palusir and S. triqueter to coal mine wastewater was stronger, and by comprehensive
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consideration of removal efficiency and removal rate, T. orientalis, P. communis, and S. trigueter were better
than T. palustre and A. tatarinowii. [Ch, 10 fig. 3 tab. 13 ref.]
Key words: aquatic plants; coal mine wastewater; photosynthetic parameters; plant height; biomass; removal

effect

a2 TP R , BRI, T R K HE ORI TG ez BT K i
Y EEY) . AR AR P, BAR RS R T AL M DA TR A 25 5 N DR LIE A AR L R
FERE . ARBHT . ALFBORFRE SF R S, BTz I I A TR G K AL 3 P A RN T b Ak 3 4
BN A TE V5K L AR K . RGP 2, e xR K AR gE 07, N T b e
IKAAEY . FEBRRCE WA R, AT DB ORI A BESEE IR . R W E SR A E Y
FoR AT K, AP Z 0 A P SR AR, T P A R B n] DA — 2D 4R e N R R 35 e
EBRFEY . ESLPRE D, AR F A AR Y R S KA Y, B AR S RSO A K A A R
Phragrnites communis, 753 Typha orientalis, =% 7K 2 Scirpus triqueter, B i Acorus calamus F1K] 0> B
Juncus effusus ZE1OMN ORI LA E . FIH . =K IKA . A B Acorus tatarinowii FllJK # & Triglochin
palustre WFFEXF G, B EOK B AEBD N TIRMHTT, B0 7 B0 K FITE KX IR 2 S b B
P H G E R E A AT B, 00 OB K P Ak 2 05 (COD) BB (TP) ALV (TN) 1 25 BR &k
B, DA R g 2 K N 0 AR ) ) 2 PR AR LR A AR

1 3R 56 Uk

I (111°29'N, 37°26'E) v F I P& KR, 2% X g LR KRGS, ARk & 468.4
mm, WAL EEHRIR KN 9.5 C, 1 A N-6.4 C, 7 AR K23 C, FIXHY
SEH O 149~175 d, 424F H BEEF%CH 2 501.7 h,
2 MR FE
21 RIEHR

201 ARXARA  AREILVE A S AR B A PR R x1 #it@EY
KIFTE, PG I KNI 58 . wmED | i Table 1 Tested plants

AR Koty b F A3 A R K I 2 4F A K A B A AR kAT ARCER BT BREem  ASGHTIE YR

B, A SO MSCHE EE, 2017 4F 6 ML KRS T 185 R, KR

AR T 5 FOAEMY (DR ST, Wy 8L 228 R i

R TR, K Gk B A S, g T TR AGER
- G 1 557 RRTFWUbH, WK FE

FEIE R A, 2 IR A TR B0 1T A0 . U s e o

212 EBMAITERM HEXTEXE=60 cm x 40 ¢cm x 35 cm

F DL SR AT BEI IR M, A6 TR MBI 15 om JEE ROV 360 . FIROKZE MM, R 6

W, JE 3048, HIMINOBRATHE Y 8 om x 6 cm, FEA 50 Bk,

203 B A BB BRI 2 A AbIE, AT 3 U R B K L P R A 5 N

SO 2 W R, O BRI 7K 1 S AL R 2,

ARBFFE TIOR3 BEK L 17 B 3 £ 2t M P (M . A . 40 3 T

£2 BEBEKREKGEL LR

Table 2 Physical and chemical properties of coal mine wastewater and clean water

ittt e g/ (mg- L)

W K pH

BOD; CODg w4y R A 5 Wy fif
MFRK I EFrdE 6.0~8.0 4.00 20.0 0.200 0.20 1.00 0.005 0 0.050 0
W% K 6.3~6.5 2.10 363.0 0.231 2.07 20.00 0.000 5 0.000 6
K 6.8~8.5 0.74 242 - 0.06 0.06 - -

Y =7 FoRoREEH; BODs Jy T H AR AL A
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BRI IE M (A B AL PAC RN M Tk PAM) B FRAL R, FIr LABR 3 4845 (BU35 2k . 46 25 Hofh & 4
JRICE &) T2 GB 3838-2002( k22 /K FR5% it b o ) i) T2 b o o Ak bn i AN K, 5 3SR
HR S S 1 BE S TS A ULTE G B AT 2 b K IR kR, PR AR RIS A 7 2% 1 . AR 7 A0 2
WA B RAREZ SR ) CODe, TP, TN X 3 845,
22 It
2017 47 J1, fREtEHE W AE KRG SRR E G, PR TR0 o U0 B v A A A I S T T IR
2~3 em fHE KK, RE ORI A K BT AL T A R B TR | YRR RO BRI, 15 A (Ol R T K
(SZIR ), TN A R K Kb FE K TH 2R R AR ZE I AR R K 4o X I 4 AN, B R E 1 kiE
PIE G S HORM T S Z A & i, AR RS o A A A ks R E R, B 1 H, 11T H
21 HREED KA . PR K#E (cky) FIT U0+ /K (ko) I KRR 7K BT, 60 12 9K
2.3 HEMNERITE
231 keHHom e g tE Sy 9:00-11:00, K LI-6200 ffi# X & KRG M MY G258, 1
FEEOCEHAR(P), BZBEF(T,), TAFE(C), MR AR E (C)4 N HEhr, FHRHER (D) IHE
) 9 7K 53 R R (W) o
Wu=PJT., (1)
LD Pt E s (pmol-m?-s7) 5 T, 281 33 (mmol -m™+s7) 5 W 27K 43 F % (mmol - mol™)
232 vhzpFAasreEalE SR SPAD-502 fifi 4% 2 i % 22300 5 Al ) 00 G AR A B[R]y
17:00-18:00,
233 #EnE RKRETE 0 BITES TP RENLEE 3 MR, R RO Hok =R AL
234 AspwHmEae WIHTE IS DF T BEVLE I 3 HRAEY) , RAEEY 2. FIVEKBE
e, oy BRSNSy, e nilAE 85 CHtAE Pt AR &, AR RE, dFRE B RO
A =R . b B OB ) Y= (gom™)=[3b (T ) #8405 5 /U AR Bl B> K B A4
AR AR B K B A I B BB AR 8 (b b st ™ ) 2R Py ik 3 0 o (g - m ) =100 J5 S (Ml E sl ) 2B P it -1
W HE (M E s ) A . ARRIE R, BURERRECH 3 Bk, UK AT AR BN 50 Bk, KR A
JEH LA 0.4 mx0.6 m=0.24 m?,
235 RFAKFAE BODs BN K AR 54 R00k ;. COD il e R B IR R 7L by ny il e R
FAE B 4y YOt BV 5 TP B 8 SR AR R 4 4 YOG B TN (90 5 SR FH Bl M o e 9 31 A4 56 90 0 e
JEREVE s BRI A SR P R T2 B s 44 R 0 P DN SR FH S 2 8 4- S22 %5 LU MR o i Y5
P £ B AR s = (2) 115
R=[ (D~Dy)/D;]1x100%, (2)
K(2)H: RAEBRFE(%); D Rim W rIp) a6 B vk B (mg- L) 5 Do i G4 0 JORE o3 = 4R B (mg- L) .
2.4 Gitso
FIH Excel # FRECHEHAER], FIH SPSS 18.0 XF 2 ANAbFE [E] Y6 A S50 . 4 3 A6 & 2 Ak i =[]
(25 5 0 S PR R AT A0 T (A STREAS ¢ K55 ) , JF XA Py it 1 in o 647 2 5 LA (LSD %) .

3 ERGAMN

31 By EAMKEEYHFAESHHNZMW

3.1 Akbak g HIE L AEL B ROKAE T KEL . AE . SRKZENMN FEL G R (PR
FiE AKX, He, B EAKTRELN R T, 8, 98 10 A P, b i KX 85 13.32%, 27.84%,
12.76%F1 85.78% , 25 % (P<<0.05); Mw E/K FH SR 7, 8, 9 10 AW P, i AKX E 5
16.68%, 39.87%, 46.76%% 11.67%, 2=5% % (P<0.05); MH KK F=t/KZMH 7, 8, 9F 10 A
(1) P, LI K6 BB 21.20%, 35.85%, 76.46%F 197.26%, %54k 53 (P<0.01). Ml /KXT T . 2
FEH PR TR R KR, Hod, WKM7, 8, 9 10 1 P, LA K K 4b 2 &
45.34%, 0.75%, 20.96%F1 16.96% , 2% 5 2 (P<<0.05); /KX BT A 2EMNF 7, 8, 9 f1 10 W P,
FoBER 5 K AL PSS 6.15%, 4.21%, 14.77%H1 18.59% , %5 4.2 (P<0.05). MAKKFE, P, WA Hy i
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RETREBEE, WREVMRICOT 3 KL Bl A B, =HKA.
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Figure 1  Changes of net photosynthetic rate(P,) of 5 aquatic plants under different treatments

3.1.2 AMEF RE2 nH BT BOKAR B OKZ A L A EE . SRR AR R 28 8 3R (T) R TS
AR R o, R OK AR K E A M T, 8, 9 F 10 H i T, HvE K X B E 13.27% , 25.60%
11.99%7%1 77.34%, 725t 8% (P<0.05); BB KABT A EHM v 7, 8, 9 H 10 A/ T, HLiF KX IR
5 17.60%, 0.54%, 34.69%H121.63%, 725k 3% (P<<0.01); BEO"PKAL BT =HKZAM A 7, 8, 9
10 A T, i K IR 14.69%, 19.11%, 25.72%7%1 62.80%, 225 A W% (P>0.05) . i K%t K
WA 7, 8, 9 10 H W T, LM K /K 4b P 64.64% , 1.35%, 13.25%F1 30.88% , 725 A 3%
(P>0.05); KX B2 19 T B 10 A B AR TR0 KA BEAN, 7, 8 F1 9 AR T, e BEw Kk Ak 3
B 11.69%, 33.51%F1 15.13%, 2: R AREP>0.05), SHKE, 5FED M T, A 093K 2 % Tt
o FEARA S, T WRBEVIMRICO 4 . =K &l KEL . A ETH.

O & 7K 5t 8 B KK
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Figure 2 Changes of transpiration rate(7,) of 5 aquatic plants under different treatments

N

313 AILFE @E 3 AH: BRI KELS T, 8, 9 10 H MR AL (C) Hil K Xf
M5 24.99%, 21.23%, 2.79%% 80.17%, 25 3% (P<0.05); MW JE/KALHT A4 & i C Br 8 J
WEAIG T3 K X RESE, 7, 9 10 A1 C. Ll KX Bii& 74.34%, 39.40%F1 22.98% , 725 4% (P<<0.05),
TGRS BN & . 29 . ZROKARM  Co R TR KA, Hdr, AKX EH A7, 8, 9
10 A C. HEm K AR 83.31%, 3.26%, 14.97%H 67.12%, 25K 8% (P>0.05); K%
PR T, 8, 9 10 A C, HEH E K AL FE R 33.94%, 8.70%, 69.37%F1 26.32%, 2554 i 3 (P>
0.05); /AKX = HAKAM R 7, 8, 9 M 10 HY C, tbIEw & /K kb Bl 5 82.48%, 40.01%, 3.64% FlI
49.66%, 7:5 AN (P>0.05), SAKF, 5FRY C KA O B2 TR, WRE/IMK IRy =
WOKZ . P L. OKEL . AETH.
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B PR AL B K224 BN . SRR PR T B R TR ORI IR, AWKk EL . A E
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Figure 3 Changes of stomatal conductance(C,) of 5 aquatic plants under different treatments

3.4 Jen =RAvskn B 4 aTRUE W S FOK AR BT PR K Ak BN KO0 IR B R ) A A
B E (CH ZE R A E , BB FAUE ., ENEAARE, SMEDER C A GHERE ETHEH
I PR CBE A 03 (938 I 5 N R e, i G BEA 03 A9 38 w3 m, BTRL GRS A R S R A )
P, FRER 2N, YL A R T R SR R R e, X 5 A e I A RIS A R — B
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Figure 4 Changes of intercellular carbon dioxide concentration(C;) of 5 aquatic plants under different treatments

315 kgpAAzE RESFRESL: BT KIS S R P R B K o R SCE (W) SR
WA BE(FWHO A, AEWTHAI0 A, 2510 AN Hi, KEL . Fil. AW . HHEM
W BEF 03 W 3G I G RIS T, 10 = K 2000 7K o3 R A5 B T 3 P 16 T B AR . S FIAEL) W e B9 DA
REVMRIR N KZEZ 4. AEW. P, Bl S KA
32 B EAMKEEYHEZHETEENZIT

HIEEL 6 TR R AKAE B R K 4 . =K M S R AN & 8 K TS KR B o, K
WEFRR KA R T, 8, 9 Fil 10 JT By It 2 25 A X & i Le B K X By 5.70%, 9.94%, 7.69%F114.19% ,
225 B E (P<0.05); M RKABET = MAKAMN R 7, 8, 9 F 10 A (4% 2 A% & /& H i K B
9.09%, 2.41%, 6.49%F 6.76%, 2=5% AW (P>0.05), MkxEM 9 HA, WK BEWH. AEWH. M~
5 0 I 2 RO B TR K AL, o, VEOKOM BRI R 7, 8 1 10 T A SR EAH X i L AR
W PR K AL PR 5.02%, 1.98%F1 9.65%, 225 &% (P<0.05); /KN4 EWMH R 7, 8, 9 F110 A fyrt
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Figure 5 Changes of water use efficiency (W) of 5 aquatic plants under different treatments
LR F AN O R K AL B 12.54%, 7.69%, 5.53%F1 11.59%, 2234 83 (P<0.01); 5 /KX B

FER T, 8, 9 F 10 JT Sk F AR X & B LB K AL B 16.73%,
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Figure 6  Changes of chlorophyll relative content of 5 aquatic plants under different treatments

3.3 JRE Bk EEY RS KR

12.68% Fi1 18.99%,
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Figure 7 Plant height of 5 aquatic plants before and after experiment
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AILLVE e 5 PRI B BR = KD P > > A B > SROK B> K EL &l 4 S AREK, 5 F
YRR G bk m R T Ig AT b, & A EW . AEERE KRR, CERR NS5
28.88, 44.15 i1 34.60 em; /KFE L | ZHOKA MM SRR /DN, FH8 NS5 8 1.08 il 471 cm,
BRI AT Ah, WEKXT IR . A B PRSI T R KA E, s A5 i i 2 A B
B) 22 5 & 2 (P<<0.05), FAth oWl 25 5 (A0 PRI K4 . =K M PR R KTl 7K R i
b =B K T P K R AR B ) 22 54 i 35 (P<<0.01), KEX TR EES.

3.4 BH EAXKEEYEYERIE

HE3IATLEN: 5SMEYH EER5 . HT R3 SMAKEEYHNEYEEME
S BAEYENEKE NI AER > A E > Table 3 Biomass increase of 5 aquatic plants
> KB >KES, 2REFH, Hb, FiF. Wi fib o BRI T BERRE
AR, BB RO, s, SRk e e e
i e o . SR ) @Ol . ) .
AUIRR R K BN, Sk R B YR non : ! :
o i e B pEk 4023 b 46.35 b 86.58 b
Foam BRI Ry T A 43 A RGO T B
SRR R RO IR, g, e ST DRI asste a0t
WPk 2340 d 30.77 d 54.17d

FWAEY R KSR TR KK (P<0.05),
PER IR K AP R K F 4 . =HKA WA MK R il WX 22754 27.59 e 50.34 e

KT KN IR (P<0.05). Wk 1863 2383 f 4246 f
3.5 S5 HKAEBYITIET EAKNEUHRE SO WOKMEE 6llg 7.13 h 1324 h
351 st FEAZ(COD)W Ekhx R HE S W 1K K 8.83 f 10.94 g 19.77 g
ATLE W S MUK REA R KT kmax wkum 39 574 i 9.70 i
CODgo 7 H 11 HES T IRHUFERS, KEL . . B K 606 7.88 h 1394 h

FIET . P SHOKARD K Kb COD, 22 LT 9 A 7] 5 B 22 S R Ak B i) 2 5 8 3% (P<<0.05)
4% 03 5 ky 47.66%, 65.84%, 57.58%, 62.26%, 69.70%. 8 J1 11 H Z g, HE#" KKK COD: NI
R, ZEAEET %, 219 A 21 HiEy, &/KAMEP LA CODe ik AR, 4 8~18 mg-L™,
LBRFI R 95%L) I, 5% GB 3838-2002( M 3% /K B8 it s h vl ) i I 26 hmif . 205, AKELFA E il
411 CODq, ¥ BE AT /NI BE T 8, SRR AR (b #4552 0 Ll A 2 AF 98 45 SR AL . % 7K A i g Ak B 4 A
K H i CODG, 5% B (cky FI cky) 22 5 8 3 (P<<0.01) . ck, il cky &b BEF, 9 /K COD, JiT i vk
FOHTHMETFEES, 90 1 HEEARFEANL, FE&55 5% 132 Fl 81 mg-L™, XERRIA
63.64%1 77.69% , T G2 K G AL BT A 170 UE RS BT i) W BfE A 4% T AR T . BVIACR A, S R ) R S
WK CODe, 1 S BRACR M S BRI il . =K. M3, AET . KEL

352 xPEB(TP)# Xt R HME 9 LIFE L 5 oK ER Y XD KK B TP 8 £ BSOR B, 7
A 11 HEE 1 ECRERE, KELR . Fali. AEW . 35 SRKZXES K TP AL BR R 50k
46.38%, 60.87%, 40.10%, 65.22%, 53.62%. 8 A 1 HZ A, W& /KA iy TP i & 3 B B R 45
P, ZIEARE T %, XATREZH T 7-8 J1 AW L R, BT LA 2 b W AR RS 132 7K e i
JLEMTAFAEK, W 9-10 AP E KBS, BrUSsmmii ., 210 4 21 HiRgasdmt, &5
W B 7K Ak B 20 7 TP JoT o vk B SR SR ARAA, H 0.06~0.17 mg-L7', LEBREHL N 92%LL |, k5] GB 3838-
2002 (b 7K BB o AR o ) I M 2R bR . 45 /K A A A FRALIE T IR /K P 1 TP ¥R 2 5 5 % B8 (ck, AT ck,)
225 W E (P<0.01), ck, LFEHEH K TP By B2 F 7 A 21 HZ 01 F R, ZJ54k8 T A
B HELE; cko A PRI E KR TP Rk EM T8 H 1 Harillekl TR, 2/ XA RTH, 8 H 21 HJF
MG T B o XU PR T R AU B B R R i TR A R R BRI R K TR B Y B LR, R
cky il ck, (14 TP JBi vk B 43 BIRE % 0.86 Fl 0.64 mg-L7, J:R %5k 58.45%F1 69.08% , i ] fg & H T— B
o3 W LARE R AR Y A CARFE K IR, — o 8 S5 L A5 B TR OMEVE P . BV, 5 R 4 v A
WK TP B L BRACR I i SRR R R Bl o 235 . oK. KA A BT, &l 25X TP
2B, WTREREE I EH A BRI T HE 2 E R CEATASEK,



808 LN /N NI S 2019 4 8 20 H
400 )5 ‘
o kR E
o a0 — W
7 300 0 — SHKE -k
g 15 o s
= 200 g
o = 1.0 <
S 100 2
0.5

| . .. » o < -
07-01 7-21  8-11 9-01 9-21 10-11
7-11  8-01 8-21 9-11 10-01 10-21

H#A-H)
B8 KAMY T COD. 8 H Rz R
Figure 8 Effect of aquatic plants on COD¢ removal from
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Figure 9  Effect of aquatic plants on total phosphorus (TP)

removal from wastewater

353 A EA(TN) 65k R 10 07 LA e S Rk s MBS BE Ak ot TN B9 25 BR AR e
BBk o TN B TS f B K S F R, T A 1S | GBI, KA, A G
E L SRR AXT T E K S TN ) RBRZR 5 37.80%, 51.30%, 34.60%, 55.75%, 45.75% . 8 A21
F2 A, BB TG TN el T MR Bebe, 25 At TP . BUBR T RE A TP —HE, 7-8 J1 v
WA K REN BT RN R 2 M BT RN T B 5k T 9-10 FRUHIAE KRR, T LA 0
Mok, B110 A 21 BRREHN , 410 BeA b IALH TN WRIES R,  023-0.87 mg L, %14
I 93% VL L, ik F] GB 38382002 M e /K P85 Joit A 4 ) 1) LA ofe o 4% 7K A AL Ak B2 HE A I
KA TN 5k 5 5 00 B] (cky 1 ko) 22 53 i 25 (P<<0.01), cky 1 cky ZEBRAEG™ K v TN 92T 8 A 1
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