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Model project on the conservation of the water environment in Shanxi province

Motoyuki TAKAHASHI, Hitoshi TANAKA, Yuzuru KIMOCHI, lori MISHIMA, Kazuhiro IKEDA,
Takashi KAKIMOTO, Keiji WATANABE, Kokyo OH and Kunio KOHATA

Abstract

Joint project with Shanxi Research Center for Eco-Environment was carried out during three years from 2013 in
Shanxi province, China which had sister city relationship with Saitama prefecture. The aim of the project was the
conservation of water environment by the diagnosis and the purification of rivers. The mean CODcr and NH4-N
removal efficiencies in the constructed wetland with vertical subsurface flow were 31% and 48%, respectively, in
Dan River located in the south of Shanxi province. Classes of water quality evaluated from the investigation of
aquatic organisms as indicator species were I-1l at upstream, II-11l at midstream and I-1I at downstream in Qin
river located in the center of Shanxi province. The symposium in Shanxi province and the seminar in Saitama
Prefecture were held to introduce the contents and outcomes in this project to many participants.

Key words: Shanxi province, water environment, constructed wetland, aquatic organisms, purerification of water
quality, indicator species
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INHEU AL, BERIAL Y Tld7e<, SRk e LRI
T 5, ZOT8, THIFTH FIMEE ML L E LIS 5 15
HIENTEDMA LD, 22T, X —CEML

ToK BB OBRB RS A S35,
3.2 Ak
3.2.1 EBEEMOELEMERMESERHOTME

RFVEEFENLTH2D, hyEnary e~ Rl (4
BRBHZ A E ) & B4R B R Y ChHO IR
(Kummerowia striata, KS )8 ¥(Elsholtzia haichouensis,

S ) DB AT o7, 2238, Pb, Culk T’Cd%0.01
mol/LIZ7e 5 IRk ICH L . EAJB MMk O %
gLz,

3. 2. 2 EREMZEZRAWRBFEIERER

SN LB G U T2 K OFEPRZ L2 P [ 1L P58 V5 e -4
DRBH T, My ERI LRV LT LY SEO B IEAE M %
ks L= (M4, #1), HHEPONI, Cu, CAR VPhOEELF
EHBEOFYHE 1%7@%%5 0. 367, 0.8 % 11283mg/kgT
BD, WHELTREMITEN S LI E L B R L AR
BEZFEL, #2315 r‘owx&bf_ﬁéﬁﬁg%ﬁtﬁw_o
Fo, MW OAEF IR, T Z OB LB OLE
S I CHE L2, WSSOV T, fiﬁ%ﬁﬂﬁf“iﬁ%b
T B VRN O T E DR ASAAPREHZ R A S D5 %@?r

FT— D BAEY LE— ik ChDHEIUEL . m%;-a_

Bk E R CRHLEZ, 22T, ECLmES f@a&i%ﬁw’i
REWET D,
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3.3 HBRRUEE
3.3.1 ERENOEEEMMERMEREN DT
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AREBRCHEH LB, EHMEDIC e ~AEE S
BN TEY, 2RO AR~ ZABNRZ VNS5, 20
7o, BT EEY VO ES B EREME CIIHEAMEYIC K
XWboo | filith B E Tl EIL-EABEITE~TY
TEWIEN -T2 (K5) , 7T, IR B3 E IR
PREOELENL, MM E AT/ T 7 AN AT ¢
T—ar ORI, NAARE B S OF A3 A
YR TFIETHAI LRSI
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[ Pb
= 60 | ECu
3 ocd
g
~ 40 -
]
ﬁ
2 |
ryE@IL  ETTY ES KsS

M5 KPS ICR T A B O ESBEME
(1 g/pot, n=3. FEFEEHLPDPb, Cu, CADJEE :0.01mol/L)

3. 3.2 EREMZRARHFEIERER

WHOENAF AR N T~ >NV H A= yERay
StwvlsiitvUls KT > EOME > RIEAEDIET, N
AFBEEL TR AL T W EOINHE &I, by Erav by
IV BTG BT,

WO ELEBEEEAZR LT T, YL TAIT, £2TO
HERBOERENKEME T, e~V hva~ kU ER
Vb EWEREN RSN, BB Yot EEA 0D
XEEOEESBEEES KDL EVMEZ R LT,

IS PEIT, MHRIC LD KR &N DI, YV LEbY
FrayNigbrE< RELLN (K6) , ZhUkh, Vvl A
E Oy Eaa L, EaROERMESF I, IS
ML IR CEDLD IR T OBEEA R RICIER T
EHEEZ LN,

#1 BRSO ES)EE R % (g/ha)

Cu Pb Ni Cd
= 76 11 22 0.8
ryEODS 141 20 44 1.9
JILAH L 220 46 76 5.7
EIEE 28 2.1 8.4 0.5
mE= Y 127 11 24 2.7
=cdyl) 166 20 78 2.8
EDTE 101 12 31 2.1
byI< 155 27 59 1.0
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WCEDEBERER O DO ZER P TIRINLE DD, BEAF
DWFERLREDFRD THRVDONER TH D, AWFFETIL,
KE(FAR) B Oy EraL & RN R AR L, £4E
MONRAF v ZAERLEDOINE, BEeBELHAEL, EED
BOEEY 7 RS E N T2 BELZ, 22T,
HAREFELTHRIT T2,

4.2 FHik
4.2.1 HERRAED

SNAT RN THHL A XA BRIV,
SRR DR E FIEE LT, B A 2 SRR 0 725 % 1
FEIZTEDLZE, MRNICAFLH W EELT, 22k, 11nFE
DHE AR EA~KEZNENFR LI,
4.2 2 FHiEHER

B2 —DHRNFANTRBENTRY LT v —
BB Z1T 272, Cu, PORONIlTE RS- a5 1
AR O T-R Y MBI OFE SR 2% & | FEIESHE M 1%
(W, BIELTHE Ry MY LERE ER LT, & GRS
BERAWTHRBREIT 7, B THOES RS H &I,
325(Ni), 1770(Cu) . 13.9(Cd) . 760 (Pb), 17.8 (As) . 230

(Cr)mg/kgTH->7-,
4.2.3 NMATRE. EEREEDAERUVEILEESD
SRS 14 D 5T

FEFHIRIAE 7RIS, X AR, 2 BE REOFEIC, b
vEnaVIR, ZE, SR OCEIEAENRR DL, T0°CT
A8HFM MR CHEE B2 LT, £, S a3Ix
—THHEL . HNO3EHCIOUZ LA MBS % . ICP-MSIZ X
ONi, Cu, Cd, Pb, As K UCra#lliE LT,

F7o W OEHNLBN D AN AF v AEN, ZNENDEAE
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BIREZFECCEFHL, MR LENSHRIN L - E4S R &
(LFEE)2HEH LT, (1S (PEP: phytoextraction
potential, p g/pot) ZFEME L 7=, UASPEIL S A A REH AR
SNDFEDOUEIZ LI L 72,

4.3 HRRUEE
4.3.1 HEYMOERLRE

AR AN I ESRIRESR VL0, Fkif
LIz o b REREELZ T TICAER L, ¥ A4X
B WT, A~ AB135.6~14.7Tg/pot, EDILEIZ
0.6~3.3g/pot THY | fMFEIZ IR /NA A~ 2B ITHI 3%,
NS AR T RO EIISHLL EDERH -T2 (K7),

18
16
14 %
12
10

/34 AT R & (g/pot)

O N MO

R e———
w [T
o [
(S2 I
m [T
-

(Ol I—
= =

KD IR = (g/pot)
N

lm,mm@ﬂrﬂ

K7 ZAZXDRFER O AAF~ A8 (L) LFEOIE(T)

K

4.3.2 ERL3RBEIIBIEEREEDNT

FAXM B OESBEA &R AT, B OE
GBI IT, AU TCuCA>Pb=As=Ni= CroJlEIZHY | 37
BREBROCUIDOER BB EWNIER PCAAEM RIS
R T NI EN ST, F2, Niy Cu, Ph & RAsDJEEE
WA O ZIXZIUSE 7203, CADREILHEGT
10.0mg/kg&Fi<, BE N RKBIEWEFECOMSE THoT,
CAIZHI 95 mWRINEE ) &R MDD IFTEN RS AT,

T2, FARXDEDERSy DA B IR FE 1T O HAL & ik
LTS PO ER R EH ROIEHL~VHEFERNST
HDHZLMG SAF BB ORI I EN 72N EE 2 HhD,



2 HAZM B EIEOE SR IR (ng/ke)

i Cu Pb Ni Cd As OCr
A 135 1.7 1.3 43 15 0.6
B 133 1.7 1.3 32 16 1.2
c 171 18 1.8 22 11 25
D 143 20 1.4 52 20 1.3
E 168 1.3 1.6 34 10 11
F 140 20 1.3 47 21 06
G 142 17 15 100 20 10
H 145 34 1.9 34 15 11
I 205 2.1 2.0 38 1.7 08
J 129 1.2 1.0 55 15 04
K 142 1.1 1.3 36 13 06

4.3.3 ELLRIBEIZEITHBERIDE

HARXDIEERE 1 2R T EHABHNXTTHPEPIL, 7.5~
18.7 (Ni) . 84~219(Cu) . 18.4~96.2(Cd) . 13.5~24.7
(Pb) . 8.2~21.2(As) . 4.0~22.0(Cr) u g/potDFIFHPIZH
D, IR DEO R KENTEAERE N, G, K&
O\FOPEPIEEVMEM Z /R L, FrIZMFEGIXCAOPEP M ik
=<, EFEB K OHO 515 R4 Th-72 (£3),

#3 A AREFEBIOPEPIE( 1 g/pot)

fmiE  Cu Pb Ni Cd As OCr
A 110 179 97 320 134 57
B 84 135 76 184 114 170
o} 160 216 159 225 126 220
D 108 165 100 37.1 151 95
E 134 135 123 266 82 7.9
F 132 214 119 424 198 55
G 149 229 151 962 19.0 9.6
H 87 236 11.0 212 107 7.3
I 180 247 153 316 181 6.3
J 103 147 75 413 116 40
K 219 244 187 554 212 104

R OfE RS, HY B LAY O LR A~
SR ZENREL FRICEDOEP R A v AEmIY KX
ZpinfEM N BT, MMTEE OEERRT) (PEP) IZITKRER
ZDRROOIL, BITHEBO NS FT v ABEDEIZL T, &
DI, FARIZFE~DELEJEOBATEIZMOERNL IIKL,
EMOEEBEAEDIEFL NV TholeZinb, Zhb
FE T ASAT BB E L TR CTEDZENHAL -, X AR
BIL Cix, BEREIHIEMEL BV AR Tx | A4
FENT AN TZIE Y R3O R SRTE YL L O % BT
FIF FTREZ2 mFRE S 2 BTz,

St% . M ZO B RN 2D | SHIZE RN
BEDFIEEMSLTDHEEHIT, EONRAA~ AR % &
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#1 XMBELET/—VHE

2 Ak

(3B R - B AL 2 (BK)

No. | Compound CAS Registry No. [ Compound CAS Registry No. | Compound CAS Registry
1| Phenol 108-95-2 43| 2,4-Dichlorophenol 120-83-2 85| 3,4,6-Trichlorocatechol 32139-72-3
2| o-Cresol 95-48-7 44| 2,5-Dichlorophenol 583-78-8 86| Tetrachlorocatechol 1198-55-6
3| m-Cresol 108-39-4 45| 2,6-Dichlorophenol 87-65-0 87| Resorcinol 108-46-3
4| p-Cresol 106-44-5 46| 3,4-Dichlorophenol 95-77-2 88| 4-Chlororesorcinol 95-88-5
5| 2,3-Dimethylphenol 526-75-0 47| 3,5-Dichlorophenol 591-35-5 89| 4,6-Dichlororesorcinol 137-19-9
6| 2,4-Dimethylphenol 105-67-9 48| 2,3,4-Trichlorophenol 15950-66-0 90| Hydroquinone 123-31-9
7| 2,5-Dimethylphenol 95-87-4 49| 2,3,5-Trichlorophenol 933-78-8 91| Pyrogallol 87-66-1
8| 2,6-Dimethylphenol 576-26-1 50| 2,3,6-Trichlorophenol 933-75-5 92| Phloroglucinol 108-73-6
9| 3,4-Dimethylphenol 95-65-8 51| 2,4,5-Trichlorophenol 95-95-4 93| 2-Methoxyphenol 90-05-1
10| 3,5-Dimethylphenol 108-68-9 52| 2,4,6-Trichlorophenol 88-06-2 94| 3-Methoxyphenol 150-19-6
11{ 2,3,5-Trimethylphenol 697-82-5 53| 3,4,5-Trichlorophenol 609-19-8 95| 4-Methoxyphenol 150-76-5
12 2,3,6-Trimethylphenol 2416-94-6 54| 2,3,4,5-Tetrachlorophenol 4901-51-3 96| 2-Ethoxyphenol 94-71-3
13| 2,4,6-Trimethylphenol 527-60-6 55| 2,3,4,6-Tetrachlorophenol 58-90-2 97| 3-Ethoxyphenol 621-34-1
14( 2-Ethylphenol 90-00-6 56| 2,3,5,6-Tetrachlorophenol 935-95-5 98| 4-Ethoxyphenol 622-62-8
15[ 3-Ethylphenol 620-17-7 57| Pentachlorophenol 87-86-5 99| 4-Chloroguaiacol 16766-30-6
16| 4-Ethylphenol 123-07-9 58| 2-Chloro-4-methylphenol 6640-27-3 100| 3,4-Dichloroguaiacol 77102-94-4
17( 2-n-Propylphenol 644-35-9 59| 2-Chloro-5-methylphenol 615-74-7 101| 4,5-Dichloroguaiacol 2460-49-3
18| 4-n-Propylphenol 645-56-7 60| 2-Chloro-6-methylphenol 87-64-9 102| 4,6-Dichloroguaiacol 16766-31-7
19| 2-Isopropylphenol 88-69-7 61| 4-Chloro-2-methylphenol 1570-64-5 103| 3,4,5-Trichloroguaiacol 57057-83-7
20| 3-Isopropylphenol 618-45-1 62| 4-Chloro-3-methylphenol 59-50-7 104| 3,4,6-Trichloroguaiacol 60712-44-9
21| 4-Isopropylphenol 99-89-8 63| 4-Chloro-2,6-dimethylphenol 1123-63-3 105] 4,5,6-Trichloroguaiacol 2668-24-8
22| 2-tert-Butylphenol 88-18-6 64| 4-Chloro-3,5-dimethylphenol 88-04-0 106| Tetrachloroguaiacol 2539-17-5
23| 3-tert-Butylphenol 585-34-2 65| 4,6-Dichloro-o-cresol 1570-65-6 107| Trichlorosyringol 2539-26-6
24| 4-tert-Butylphenol 98-54-4 66| 2,6-Dichloro-p-cresol 2432-12-4 108| 2-Hydroxybenzaldehyde 90-02-8
25| 2-sec-Butylphenol 89-72-5 67| 2-Bromophenol 95-56-7 109| 3-Hydroxybenzaldehyde 100-83-4
26| 4-sec-Butylphenol 99-71-8 68| 3-Bromophenol 591-20-8 110| 4-Hydroxybenzaldehyde 123-08-0
27| 4-tert-Amylphenol 80-46-6 69| 4-Bromophenol 106-41-2 111 o-Vanillin 148-53-8
28| Pentylphenol 14938-35-3 70| 2,4-Dibromophenol 615-58-7 112| Vanillin 121-33-5
29| Hexylphenol 2446-69-7 71| 2,6-Dibromophenol 608-33-3 113| Isovanillin 621-59-0
30| Heptylphenol 1987-50-4 72| 2,4,6-Tribromophenol 118-79-6 114| 5-Chlorovanillin 19463-48-0
31] tert-Octylphenol 140-66-9 73| 2-Bromo-4-chlorophenol 695-96-5 115| 6-Chlorovanillin 18268-76-3
32| n-Octylphenol 1806-26-4 74| 4-Bromo-2-chlorophenol 3964-56-5 116| 5,6-Dichlorovanillin 18268-69-4
33| Bisphenol A 80-05-7 75| 4-Bromo-2-chloro-6-methylphenol 2530-27-0 117| Syringaldehyde 134-96-3
34| Nonylphenol 84852-15-3 76| 2-Bromo-4-methylphenol 6627-55-0 118| 2-Chlorosyringaldehyde 76341-69-0
35| 1-Naphthol 90-15-3 77| 2,6-Dibromo-4-methylphenol 2432-14-6 119| 2,6-Dichlorosyringaldehyde 76330-06-8
36| 2-Naphthol 135-19-3 78| Tetrabromobisphenol A 79-94-7 120| 2-Nitrophenol 88-75-5
37| o-Phenylphenol 90-43-7 79| Catechol 120-80-9 121| 3-Nitrophenol 554-84-7
38| p-Phenylphenol 92-69-3 80| 4-Chlorocatechol 2138-22-9 122| 4-Nitrophenol 100-02-7
39| 2-Chlorophenol 95-57-8 81| 3,4-Dichlorocatechol 3978-67-4 123| 2,4-Dinitrophenol 51-28-5
40| 3-Chlorophenol 108-43-0 82| 3,6-Dichlorocatechol 3938-16-7 124| 2-Methyl-4,6-dinitrophenol 534-52-1
41| 4-Chlorophenol 106-48-9 83| 4,5-Dichlorocatechol 3428-24-8
42| 2,3-Dichlorophenol 576-24-9 84| 3,4,5-Trichlorocatechol 56961-20-7

AR BIRIZR R LT b D&l

2.1 H/RESTZDIT/—IVE

FOOEHMIZE TRERR) . BE b (BR) . RO bR TEER) .
Sigma—Aldrichft:, AccuStandardft:. Lancasterfl2>bREAL
TR UIRTI24FED7 = ) — VEEE X Gl LT, 7ok, Rl
T, R1OT7 = /) — VIEIZENENE EE2 MR LIZOTE
nEHHT 2,

7=/ —/VERIX, TNEN1,000mg/LORED T ERAAE
RAEPRL  EERRE LT, Flo, BEWRCash
AccuStandard £ B O HELR K (F21DN0.80~N0.86, No0.99
~No0.107, No.114~No.116, No.118, No.119) {, 7k~
TLOEARLIEb DR LT, BEERKIT, SHI27 '
R Tl H R IS ATRL T LTz,

2.2 EBEET7EFILEIZKDFEERIELEGC/MSHIEIZE
[+ 2EFEE T AT )L EEDOPTRIEAIE
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2.2 2 EHET7EFILIEIZEDGC/MSHITE KO
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K1DIMZEVEIT T2, ZOGE . RV LD LH73

ARG M EE R T A 0N — K ThH 5,
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#2 GC/MSHIEIZBITDEIESM:

Gas chromatograph
MS detector

TRACE GC (Thermo Fisher Scientific Inc.)
TRACE MS (Thermo Fisher Scientific Inc.)
lonization energy : 70 eV (Electron lonization; EI)

J&W DB-1ms (30 m x 0.25 mm i.d., film thickness 0.25 pm)
J&W DB-5ms (30 m x 0.25 mm i.d., film thickness 0.25 um)
J&W DB-17ms (30 m x 0.25 mm i.d., film thickness 0.25 pum)

5 °C/min

320 °C

Injection port : 250 °C, Transfer line : 250 °C, lon source : 200 °C

Scan mode
Column
Temperature Column oven : 50 °C(1 min)
Carrier gas He (carrier flow 1mL/min, under constant flow mode)

Injection mode

Injection volume 1uL

Splitless injection (purge activation time, 1 min)
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TFET 5,
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5. 2,4-Dichlorophenol(No.43)¢2,5-Dichlorophenol(No.44)
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No0.79~No0.92)

27 =/ — VIEIL, BERFE FICB BT EF L
LB THRENSST WV ERECHD, R Y L
TEOEMDIR, ED7D | FEMAIZIBNTL, T7R=
NEVERERINT 5282807 = ) — VO Sy i i &
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IZETHHD,

3.6 /ZIULIT/—ILNo3ODHT LS

REBIL =V T 2 ) — VDG HTEETRRL TV, [H
FEZEUE, R L TERAL WAL/ =T ) —
JAZIZISFED BYER BB D ZEDNRENTEY, & BIERD
EEABIOHERAEREERENTND, TNHOE &
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