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SREFRRAKEHL, BEREDE L 25200, WEEMEINT 2 EMZTHD S,
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Summary

Water is the essence of life, however, millions of people are suffering from a shortage of drinking water.
Industrialization, population expansion and urbanization have largely contributed to severe water pollution due
to the discharge of untreated toxic industrial and municipal wastes, the dumping of industrial effluent and
runoff from agricultural fields. In order to reuse the limited amount of available water, many water treatment
systems have been developed.

The applications of bamboo charcoal as a water treatment material for organophosphoric compounds (OPs),
phthalic acid esters (PAEs) and polyaromatic hydrocarbons (PAHs) were investigated and the relationships
between the equilibrium concentrations of their chemical compounds and the absorbed amounts by bamboo
charcoal were discussed. Although the equilibrium concentrations of OPs and most PAEs increased as the
absorbed amount decreased, the equilibrium concentrations of PAHs decreased. Removal rates of OPs ranged
between 95% and 100%. Removal rates of PAEs except for Di-n-butyl phthalate (DBP) and Dicyclohexyl
phthalate (DCP) were in the range of 98-100%. Removal rates of PAHs were in the range of 86-100%. It was
found that bamboo charcoal is an important item for the removal of harmful chemical compounds in water

samples.

Keywords: bamboo charcoal, water treatment, organophosphoric compounds, phthalic acid esters,

polyaromatic hydrocarbons



1. HROEREEN

WERICHFAET HKD D) B AMINEE TE LHRKEIIZ0.01% E DR VICE b 5T, Kidi
BREERER L TWEOATHEIZ R, —F, RO ADNIIE L BEIMERICH ), 201946 F T
WSO ANICENET 2 L FHIEN TV AED, — AL/ D DOFHETELKOBIIFELBIT S
TEDNFEEND, AV ATV, I TIET, FERZ EERIZCOMROLH TR
DAL T BY,

WAE, ALFEWEIC X B A OEEMEE SN, SEIERWHEICH LCERORN, Hik
BEOFT SN Ll HBWERETESL LIATREESETI TV AIZOELL, %
BREEDPRTONTOLRVLEWEDS CHFET 50 AR VLEWHE, 75 VBRI ATV
BLUSEFEERIOKREIZORBEN LB TH L. AR AALEWEIZ. AR) VBN
TATVEEERY VRBEEICHETE ., AR VBN AT NVEIEITFAT 4970
WK, ENEHRS T v 7 ADRMF % ETRA WA B THERE SN TWAYETH S, BEEINL
BN NS OWENFREAKTIEHR L, AKY VBN Y T X7 VEFEEM - wIIKR.
KRB P )1 R AF I T 1E490-22,000ng/L.  FUARAFEEEETE Tl 3-62ng/L TR S N2, &
B VRBETHLIATY ) v, 7= buFtrerund) 7x Ak E S FTERFOEE
0 53.6-21ng/L. FEM 25 <5-19,300ng/L TR E 7Y 7 ¥ VBT A FUEDL 7T
AT Ay 7 OWER L EE R EORMAIE, HHEY VBN A7V EERRENNOE 2B
HEHENTWIYETH D, TN DWEIBREFITEL L, BEEYLS A LER S 7z
B THORE KD 59.8-8,100ng/L THRILEN TV 5%, F72, BEEORAETT ¥ Vil
YA Q-=FVAF)V) (DEHP) 2S&E23MAH 1384 5110-1,7000g/L 7 & VEE T F
WY V)V (BBP) 9238 2 #8540 5 140-190ng/L M S M7z L EFE ST 39, 8
FEBRFALKERIRFZCEWORBEICLVE LS 20, BEESLTEH R EOYETN A2 EIE
INb, T, EHOALMB L LTIEHENTN S, SEEFRRICKEEITEST AU F
DITYy CNOEBAD D, 62.9-144 . Tng/L. HETED Gao-ping JII>510-9,400ng/L THI5E
ENFERESHTWE™Y, 2D LI, [WIER SO INHFEWEDOBREIR., #2108
THRBEWIIHT 2HEBOA L LT, ZOWMNIREKEE 2 55613, AIROWEITKED
FEHBIIIEIN T RWI LS, KEKTZHEL TOAMNDRE~NOEZEN GRS L
%o

Ut (RO BR oKL LoD, BECHROKKIWMES S L) 2%K] L)
PRI R BRI OLHEOEY FAMbN LR, NA AT ANDERNEE > T
59, NAFTADHTE, BEMRPEEN 2 E2MELEARERRIEE TH 2 RIZOWTOR
FIIEL B ENTW AW, RidAM & ABEOEBHEETH L5, EME LYK 3HD 11T
HANSNBEILOESETH LY, ZLOMILCIY ST ETRWEIRET 52 LD h
D, EPoWEME LTHHINTE, KEELIZRD L CHVLNRTY S RITGEERTS
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. ARRPEED L EONTYWHEDOD D, Y IRBPLBIIBLVo-HKRERO LD H/ES
NTBY., BRIMED, SWHEIRE THRATH S, WHRITZFOERZ T ARERLZ HO TR
EALE 2P E SN2 AT DR TS 00.7-30m D% ML BT 5%, ZoFEMRIE/
ZNT )=V CAT 2 — VAW Az maY, kmogEY | s poRyEy?
ERHRICWET LI DL oTBY, TTREMLERTVwE DL H2Y,

PR3 7 ¥ 7 IRERLHEHBREBIRIC O L. HES 3 ~5E LB, B ofr RHART
BHRHENTE?2, L LBE. TI9RXF 54 v 7 HSOREBMR Y r 7 a0 A2 X ) ERO
MMBEZHDS LY. BEENTORWEREAHIEMN L T 222, 8h 0B 215
BV EDE LTHRDY S 5. HMER &R, KESLHE L ToTROFAPFE ST
BH, BAERESERECETAbORETH VP, FRIEWE IS 2WEICHET 5%
FIEEA LRV,

R TRBEKFLORBSNIZHMEFRNDL VAR VB M) = A7)V 6 FBIE. ARy
VREHRATE, VINVBIATVHEIEL L USEFERRIOKRFESEE R E LT R
DB DOWTHE L7,

2. R B&

2.1 {22
211 & %

ELITRTHEE) AACEWEIOE BRI FRASA £ 72 MM TR S L D EA
L7zo 7% VBT AT VBTGB LERRNSHEP OB EN T2 STED 7§ VEEL A 5
JVIREERRE (100ug/mL NFH V&) AV (F2). SBEFERILKEEIZ. £3
WRT 8 & BGLR LM S E 7 E TERABH L VEA L, T 0EG
R L — FELEB X OISR U 7= SRR B EERE % vz,

2.1.2 HIERHE

FHY MLEWE, 7 VB AT VEB L UOSREEFERILKFEEIL. BAK100mL F 72
3500mL & 1L O — MZANR, ZOBEBHICY 70028 Y50mL MR, ke HHETIO0
GIRE DB, 107MEE L. Yrunixy v ER, EKERES M) YA x AREHOEK
FTHIETHAKL, 200mLEFF A7 I AIHo7z, BUY 700X 50ml 2 MAIRE D
Ly7unuxy VEBERABTAT7IATICEbEZ, =4 1) —TI/VRL—F — L EBRRN
TCEM L. NIEERYEE T2 mg/L @ Atradine-ds % 100uL #%% 1 mL ICEH L72. T
B R N TOVIEICEED . BESMEMT & T2 20~ 257 10— (GC/MS) THIE L7z

BEMOERIE, £1IRTIBEEOER ) VLEWEE & 450mg BRELL., A A7 F A2
%V C50mL EA & L1,000mg/L OB Vb AWIEEFR R L. & OEERES,S
0.5mL 3RELL100mL A & L 5 mg/L OF#) VMEEWRAER LA L 72, BREFHOERE
HE I omgL DAY VILeWH 2 ECHEERFK L ~F T THMRL TO.01mg/L,
0.05mg/L. 0.1mg/L. 0.5mg/L BL V' 1 mg/L ICFAE L, &4 % GC/MS IZHEA L. F212
RY 7Y NVBRIATVERE IIIRT SBEDOLREFRKAUKEES B VbawiE L H
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x1

BB VEBEN)IATIVESIUERY Y REEHEOEEE GC/MSDE=ZY—1AY

Abbreviation IUPAC Name Qvlafltitative Ident.iﬁcation
ion ion
TEP Triethyl phosphate 155 127
TBP Tributyl phosphate 211 155
TCEP Tris (2-chloroethyl) phosphate 249 251
TDCP Tris (1,3-dichloro-2-propyl) phosphate 191 381
PTPP Triphenyl phosphate 326 325
TCP Tricresyl phosphate 368 367
Diazinon 0,0-diethyl-O-2-isopropyl-6-methylpyrididin-4-yl) phosphorothioate 179 304
Iprobenfos | S-benzyl O,0-diisopropylphosphorothioate 91 204
Fenitrothion | O,0-dimethyl O-(3-methyl-4-nitrophenyl) phosphorothioate 277 125
Chlorpyrifos | O,0-diethylO- (3,5,6-trichloropyridin 2-yl) thiophosphate 314 197

®2 T7YIVBRIRATIEOEEE GC/MS DEZI—HAY

Abbreviation IUPAC Name anr'ltitativc Ident.iﬁcation

ion ion
DEP Diethyl phthalate 149 222
DPrP Dipropyl phthalate 149 250
DBP Di-n-butyl phthalate 149 278
DPP Di-n-pentyl phthalate 149 306
DHP Di-n-hexyl phthalate 149 334
BBP Benzyl butyl phthalate 206 312
DEHP | Bis(2-ethylhexyl) phthalate 149 167
DCHP Dicyclohexy Iphthalate 279 149

®3 SRFBERGCKBEEOERE GC/MSOE=F—1H4>

Abbreviation TUPAC Name anx.ltitative Ident.iﬁcation

ion ion
ANTL Acenaphthylene 152 151
ANS Acenaphthene 153 154
FL Fluorene 166 165
FLAN Fluoranthene 202 101
PY Pyrene 202 201
B [a]PH | Benzo[a]phenanthrene 228 114
B [a]P 3,4-Benzopyrene 252 126
PARY Perylene 252 125

BOBETHERREZRAR L 72, BEREELAXTVTHRL, 75 VERL AT VEOKRER
JH OREAESEHL0.0lmg/L 0.1mg/Ly 0.5mg/L. 1 mg/L 3 & U85 mg/L 12, ZBEBEB LA
F46130.005mg/L. 0.0lmg/L 0.05mg/L. 0.1mg/L 5 & U8 1 mg/L 3B L, &4 % GC/MS
FE L L7z

HAza< 7574 —Id, Agilent Technologies ¥, 6890N Network GC System . E=/5HT
71135973 Network Mass Selective Detector & F \272c GC/MS D %1 7 A 13 InertCap 5MS-NP
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(30mx0.25mm x 0.25um) % FAV>T. FimAMid. A#Y VLA WEIZS0T T 1o REF L,
20C/min T280C £ CHIME L. 100 MHREFE L7720 75 VBT X7 IVEHIZE0T T 1 5 RFE L.
10C/min T270C £ CTHE L. 8 HRIBREL 720 EBRIEFRAKESRIIS0T T2 5HHF L.
20C/min T120C £ T, & 512 7 C/min T310T I THIEL 2100 B HREL 720 WThoy
BEDEAEEIZ2N0C, HMAZE 1uL T, A7) v MLV AFRICE D IT o720 BEDH
FANOE Y ARIE SIM E— FTITolze RLIITEW) VbEWE, 212375 VEBET R
TV, RIWCEFEEROKEFEOCERB LUOHBHYAARY MUVERT,

2.2 #bAE
2.2.1 IREREFERERR

10mg/L OFRY VALEWE, 75 VBRI AT VEE - 3ERFEHRRIKERELGLT ¢
b R 2mL %200mL BO -7 — X EEAKZMZ100mL & LT, &4 OfLEWE
DEEED0.2mg/L 127 5 & ) I L zo #TIR0.06~ 2g 2 &K A DY — 7 —IZ& 4 N2 T4k
M~ 72T 4y 7 A8 =5 —THIEL. BRI BHRE « OTLEWHOREEZWE L2,
2.2.2 IREX

Img/L OB VALEWHE, 75 VBRI ATVED L USREFRRIKERE AL T &
bYW I mL 21,000mL O Y = — 24 FREKE I Z500mL & L T0.002mg/L 123
L7z, K4ADE—H =1 R10g 22 CUMM< 7274 v 7 A8 =5 —THAE L, &
Wik, &4 OBEHOBELHIE L.

3. R EE

3.1 REEEFHRE

B VBR MY AT VEICHT B RANDOWRAEAR L PEIRE L OBBRER IR T, RE
BEHTROLVRERIZEETHE, HRY VRN ZATVEIE, MY T2 T4 A
7z A (TPP) & PYR 2-278HTF)N) 74+A7xA b (TCEP) #BR&E/RE 1g Ikt
LTHEmglRE L TWEZ Edbhb, TPPIZZNHLEY L ) ETIRL K 3 mg. TCEP &
Hl.bmg Tholze AWM VREREE I, 700 7+ A%BRE FRY VRN AT
VIEERRE TR 1gIH LT, #4dmg 2WAELZ (HM2), 7unEY 74 22DV TIE,
i D BB AT AT DME L #92.5mg TH ot 7 NVBIATVEIZOWT LA
WY vbamELABEET, YV 75 L~ (DEP)., Y-n-~FI V7% L — b (DHP)
BIUOYzunxv V75 L —1 (DCHP) %< L& 1g ot LT, 4-5 mg 25 L7z,
DEP. DHP $ & 0" DCHP 132.5-3.5mg TH o7z (M 3). LEEEHRRIKFZHICHT 50
EELMOYWER L ARE T, NV Q] 7=+ Y ALY (BlalPH). 3,4~V XYL ¥ (Bla]
P) BXURJ LY (PARY) #B& % 4mg £ £ <. B0 F&EIZ%R 5 L& T L BlalPH, Bla]
P 5 L U'PARY 142.5-3.5mg Th o7z (K4), BAMERTW/IEL LT ot s s/ — )b -
KBRS D Do * 25 7 — ) - REEBBOMHIKENITE, BUKEEZRT, REFETH
WEREY VEE N ZAFVED n-F 2 ¥ ) — v - K ERARENZ0.8-5.1, B v REEE
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B2 MRIEHTIERY CREEROTEHREELREELORR

(33.1-4.7. 7Y VERT AT IVEEIR2.4-5.6. LRFFBIERIKFEIIL3.9-5.3ThH o/, K4
DILFWEBRORER L. AH) VEEWE. 75 VBT AT IVES L UERFEFRRILKE
HEDIFABE TH o720 72, ARY VBRMN) AT VEIOEET 2 &, AR THY Y
BEHO -4 275 )= - KGEBEIZ0.8-5.3LMWHLVICHEDL LT, TLALOWE DR
EEIX A S5mg LEDLLLdole, T, BUKEMEER ORI CIEWE & AT RRE
LTWBERBRLENWIEERRT, DF D, NVEVROFGERLSTTHA ZENWLOP0ER
BHEHRDVEEL TND I EPHRETED, Floo MR 1gH L TEmgBET S LIET
e, BECNOYWEDPRFKTRHSINDBEIX Img/LUTTHLDT, 1L OFEFKE
BT BOIHR0. 25 T HVIIETTRECH 2 L HE TE %,

WIS, B VBN T AT VEOVHERE LIREROBREASL L KLIORT L) IZF
BHREEAMR & IR OBMEE L) OWEEDS . PEIRELBEINT 5 & & E D5
DE DA RRD HFz. AR VRBEEICOWTOEREY VBN Y T AT IVEEFR. F
FRENE A 512200, WEEPRD T 2EABALN: (H2), 77 VEBIXTVEIZ
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DWTIE, DEP &£V 7 LT L— 1 (DPP) 3. FPHEIRENE 2 b EWAEEN I L
72, LS OWERER) VEWE L FERRBA Lz (B3). 72, B4R T L9 12,
ZRBABERRAKFEFIIOW T, FERENE 251200, BEEDEMNT 2 HAH 0
bN7zo PEHREDSHEMT 5 L RERENPD 7% B HEAFREO LN WHE X, oL bEWF
TERETIZIIREFTEIEL, TR LRELEC T2 EHET2ERMEH S I L ERT, £
PTR L, FERREEDSEINS 5 LA HEINT 2WEIX, 2B IWERREIET T, S5
BEL LT3 EREREVET I ENTFHEINL, INODZ E2EEBL, SHRIIRELEEZ
BALEN D B,

3.2 BREME

0.002mg/L DEKEY VL&Y % & & RERKS00mL (27 5K % 10g Al 2 72 $E24 M T 3R 1% D 3k
FHEHEMNL (M5). FHRY VLEWHEOKREFITB-100% & BIFChH o720 HHEY) v ibé
WP BB 613 pug/L LNV THRIBEN S 72070, CoWEM RV L a2 bt
EMEBRETEDLZ L bY 5,

DOXEW, T NVEBIATVESEOREEYEHLS (M6) Y n-TFNVTFL—L
(DBP) & DCHP DAY 1398-100% k3 5 & L A3T & 7225, DBP & DCHP 34745
DEHBHED 5NTz0 Zhao 5™ IR 1 g % v T0.025mg/L I S N72KEHD» S 0 7
FVEELA T VEOKREEZRET LT 5, DBP DBERITIZIZIH L 2o T b, RIZFL
MEZACTORERE TRE CRENER DL ZEPREENT WS, Zhao SV
W ERFFETHER LT ROBEBIREDEVD, B o2ERICEoLBERO—DEEZ LN
Bo Tl THNBRIATNVEEIEEFIEZHFELTED . KERFELTWSHEIZKEFD
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7 ERFEBRRCKREORER

TINVBIATVEEYRET 5. ZNW 2. AR THW AT RIZT TICKAH O DBP R
DCHP #lEE L CW7z00d Lt v, MTRE 75 VEBZ AT VEOREMN & LTHAT A
WA, FHMCESRTHENRT 2%, §TURELTWDE 7Y VBRI AT VEYBRELT
BAVEND L, ALAKENS D7 5 VEEL AT VEOMBEIZ 6/130 TR fEl. 1ug/L &
HESNTWEY, KB THET L7ZIEEIL, KTOEREICIVW &6, AHKEHFICE
INBETINEBEIATVEEYZ ZONREBCTTIBRETELEEZ LN,
SREBFERACKEEOBREEILL6-100% ThH o7z (K 7)o LBREFERAKEIZ MK
KRR HETHRIB S, KFD 5 ORBFEE IRV ERE ST A0S, TRL®ILORA
DFNIAIRAF DL BFEFRRIKFEEITRELFA L, 190 SP1m ot s biE LT
Who 20X, AHAKEFTORIBEND DT, MRIZKD L DOLESFHEEOGRE %
1799 2T, BELREIMELDZ EFTFHIENS,

4. ¥

TRICEBKRFICEEFNIMEDOREFE AR D -DICHEENFWE L L CTHEBY {Let
B, 7Y NVBIATNVEBLOSREFRRIVKEREIIOWTHRH L WEICL-TELD
XDH LD, KPIEETLEINOWEDIFEAE R, MMREBVWTKRETLZENTE,
L1, EEOBEILRILEREOWE A I = AL R B L, BT 722 E%ET 20
BEhd b

5. #

ARFFIZ 20124 A F A BE KA AT LB A R — P ENTITb b D TH B0 &
Wge4h BT 510720 HREEM L TW/272n 7z NPO BEATARSS - 77 - JIBBRE A v b
DKHERR E FHERRICEH OB ZERT 5. $72. DWRGLHERT LB VPF 2w
7o72& % LB S OMWBEIERRICEFLZ B L BT %,

SE

D) BAYAT, KERS AT 2O LA FHEERE. 7Y 24t 10-13. 20104
2) BEE. HHY VBN L AT VEOKIEH TORRE, KIURERIE. 19, 692-699 (1996)
3) Harino H., Yatsuzuka E., Yamao C., Ueno M., Ohji M., Current status of organophosphorus compounds
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