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ABSTRACT Organophosphate esters (OPEs) are widely used as flame retardants, plasticizers, stabilizers, and antifoaming agents in
various building materials, such as plastics, foam, coatings, textiles and furniture, and interior decoration materials. In general, most
OPEs are combined physically rather than chemically during production. This makes these chemical compounds to be easily released in
an indoor environment. Also, previous studies have shown that OPEs were commonly found in an indoor environment at elevated
concentrations. Long-term exposure to high concentrations of OPEs in an indoor environment might result in certain health risks.
However, there is limited information on the distribution characteristics and risk assessment of OPEs in the building environment. In this
study, we discussed the properties, applications, and biological toxicity of common OPEs. In addition, we reviewed the environmental
behavior, pollution characteristics, and exposure level of OPEs in the building environment. Building materials and household products
are important sources of OPEs in an indoor environment. The levels of OPEs in these productions were significantly associated with the
concentration of OPEs in indoor air and dust. In general, indoor air and dust are regarded as the two major sinks of OPEs in the building
environment. However, more volatile OPEs, such as TCIPP, TCEP, and TnBP were found predominantly in indoor air, while less
volatile OPEs, such as TDCIPP and TPhP were often detected in dust due to their low vapor pressure and high affinity for particles. In
general, humans can be exposed to OPEs in a building environment through three main routes of exposure: inhalation, dermal
absorption, and ingestion. This study revealed that dust ingestion is the dominant route of human exposure to OPEs, while dermal

absorption and inhalation were minor contributors to the total daily exposures. In addition, the relative mass transfer model and release
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characteristics of OPEs in the building environment were also introduced in this study. Based on the characteristics of OPEs in the

building environment, the controlling techniques, which include microporous control technology, barrier control technology, compound

purification technology, and an alternative strategy of OPEs, were introduced. However, prospects for future research were considered.

KEY WORDS organophosphorus esters; building environment; pollution characteristics; source and sink characteristics; control

technology
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Table 1 Properties and applications of common organophosphate esters

Group Compound Abbr. Formula BP/C  logK,, lologK,,  Vp/Torr Application
Tris(2-chloroethyl) TCEP C.H.,O,P 351 163 742 3.91x10° Flame retardant, plasticizer, glue,
phosphate 62 ' ’ ’ lacquer, paint, industrial processes
Cl-OPEs T“S(i'}f:;g;‘;lt’:’pyl) TCIPP  CoHsClL,OLP 342 289 820  5.64x10° Flame retardant, plasticizer
Tris(1,3-dichloro- _; .. .
2-propyl)phosphate TDCIPP  CoH;5ClsO4P 457 3.65 10.6 2.86x10 Flame retardant, plasticizer, paint, glue
Triethyl phosphate TEP CgH,50,P 216 0.87 6.63 0.165  Plasticizer, polyvinylchloride, polyester
resins, polyurethane foam
Tripropyl phosphate TPrP CoH,,0,4P 254 2.67 6.5 2.9x107 Plasticizer
. Plasticizer, hydraulic fluids, lacquer.
. 3 s s s
Tri-n-butyl phosphate TnBP CizHy704P 289 4.00 9.21 L.Ix10 paint, glue, anti-foam agent
Alkyl-OPEs ... . . L . )
Tri-iso-butyl phosphate TiBP Ci,H,,04P 264 3.60 7.48 1.28x10 Plasticizer, lubricant, concrete
. Flame retardant, plasticizer, floor Flame
TrlS(zilbum}i(yethyl) TBEP C,5H;360,P 228 3.00 13.0 1.23x10°°  retardant, plasticizer, floor finish, wax,
phosphate lacquer, paint, glue
Tris(2-ethylhexyl) ~ Flame retardant, plasticizer, fungus
phosphate TEHP Cy4H5,04P 220 9.49 14.9 6.07x10 resistance
~ Plasticizer, PVC, hydraulic fluid.
. 8 ) s s
Tricresyl phosphate TCrP CoiH,04P 265 5.1 12.0 3.49x10 cellulose, cutting oil, transmission fluid
_, Flame retardant, plasticizer, hydraulic
. 7 > )
Aryl-OPEs Triphenyl phosphate TPhP CisH;504P 370 4.70 8.45 4.72x10 fluids, lacquer, paint, gl
2-Ethylhexyl .
diphenyl}l;hos;,hate EHDPP  CyyHp,04P 421 6.30 8.92 3.34x107 Plasticizer, hydraulic fluids
Triphenylphosphine oxide ~ TPPO C,H4N;OP 389 2.87 — 1.24x10°¢ Flame retardant, catalyst, extractant

Note: BP—boiling point; logK,,,—octanol-water partition coefficient; logK,,—octanol-air partition coefficient; V;—vapor pressure.
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Wt J& 77 5l &, TPhP. TCEP, TDCIPP M
TCIPP &5 % WL OPEs. 76 H A, WS oAl . 2&iC
AL TR AT R YR A AR R ) R R
() TPhP, ¥ 2y 53514 0.87 ~ 14000, 0.56 ~ 2600,
820 ~ 840, 0.63 ~ 12.0, 5.30 ~ 8.70 mg'g '; HLJifi {7
P840 FE K I 3] TPhP, TDCIPP, TCrP, H v TPhP
e (0.0018 ~ 2.60 mgrg "), 1M By AL HL A1 5 H
TCEP # t % 5 55 (35 86%) ™). fTEEH, Wk . #%
T R R A R AR IR TR R T R
TDCIPP(J £ 43 50°H 1% ~ 5%) Fil TCIPP(J5i & 43 %K
H0.5% ~2.2%). FEHE, BRI LR A SN S
MR T B & KR TPhP (5300 ~ 8700 ng'g ™),
3R 2 i b L Aof G RN Hb A 25 A B TCIPP 5 2 4
4 13.1 #10.22 mg-g ',

33 50 RT B M A1 R R, 2 B OPEs #44 K: H
(% 4). Hrp, TCIPP Fil TDCIPP 2 K5 i ¢ £ 1Y i
f OPEs, Ifif TnBP 5 TBEP &% % (F 51 OPEs.
A ] 9 AR B JEE U kL L TR IEURE | M AR 2 B A
RFEAC LRI T AR R R B TCIPP Fil TCEPYY,
H A 5% 48 A 5 i 09 B 43 & TPhP™; 76 [, 1l
M, Ry L B . FLE AR R S B ) A A AR R
Ha i A A OPEs. Hiob, JC 207 A1 1% 46 v 4G
3| w5 v BE () TnBP 1 TBEPP'. #4581, #r et
i FH 555 4055 15 19 OPEs B 3% B 200 63 ta !B,
UL 55 Wk B OPEs 1] fig X 5 R KA) B0 08 A 1) {52 AL
SR, EFIMRE K & 77 i OPEs & =4,
X R G EEAT A AT 28 58 K (A 567

3 ENEFOPEs WIRCHMERE

3.1 EHIIED OPEs BIEC4F1E

OPEs J& T &AL A Y (SVOC). R4
HB g, (A S = NI PR fi e, H 9w
‘5 DN A% 3 TN U A7) 5 T (T B OPEs 1) 44 sk
FRRAIC AT RL) , Bl J5 P804, 330 8RR A 0K
7B, R, T A% N OPESs T 4 K L a4
MR 25 B RRIF PR N R A e i R
Z [ A FRMLHD, X T s il 28, HE %
W R 6 - XU DTy R B SR Bk O 28 DG T B, T LA
e KRR BE D/ 2 57, PR AN f e

S d B IR B vh 1 OPEs 23 %t AT TAE 7E T 7E
R IB A I (E G B 8 S K g v 1 =
HAp, CA JLAM BBk 1 OPEs 1 3 J) 27 FF
PEP. OPEs MR HUR (& 3 B2 (D 7EM R
11 &b, ¥4 OPEs 143 F 2 iE K T OPEs 5 #4 Bl L it
43 T [ VE 1 1 BF, OPEs AT 44 i 53 f 43748 FH 1 1

RGO Bz P (2) i TRk 2l e —
JE 1 1) OPEs, 2 Ifil 5 44 BL 4 #065 JE i OPEs #¢ J&
25, DT 9K B0 B4 ) A7 A9 OPEs 47 Bl 2 A1 et 3 1
H T M P, Xu 5 Little® 55 8 H 1l R A
B RSB RO RS 2

2
aC(x,n)  8C 0

o M ox2
C(x,1) =Cy, =0 2)
M=O, t>0, x=0 (3)
ot
oC (x,t C(x,t
0,2 (€80 )y

Horr, Cx,0) U5 # FLH OPEs i B B o 8 vk B,
ng'm s x A E#EAT LR J5 9] 9 AR BR, my ¢ SO EETE], s
hyy R X AL B R BN, ms™'s K, i OPEs 1£ L # K}/
2 S B R B Lo IR R R B, my Dy, S
PHUE T R E, BRI E AR Z AW AR L, A
AR I %) OPEs TEM BN MR BE 73 A5 ¥ 510 Co, 15
NP6 A0 R (2K (2) ) 5 2R 3) B s M4 RIS 4
% ; X (4) FI/R OPEs H M B R HY H 2 HIE =
A% T R

R 95 7 A AU K2 OPEs 7 55 56 vp 1) 5 f2: 5T
8 77 #2, 710 72 YR 44 kL B OPEs H i BE Fe i =
. SR, BEAVE A S B0 PR -5 AN 1 2 PR
ARETHME . X T F—F b= 5, A A= N
BRI B B 0 vT BEAH 22 LB E . AR A
Ak LA [ IR AR SKAE K, R T AR R
Dy, 1) 22 55 J2 X0 2 ST BH 7 A 4 348, A 5% i) Wi A 3ok
BRI e S BT AT A A S I R s A T, X
F¥ & Rt F A% AR 78 o o £ 00 OPEs B HEAK L 1%
B ML AU BAE DA RO A 2 A o b vk B =
KHE. T OPEs # K MAK ., % PN 2 1 W
5, b AR S0 S0 R LA B R

H Hi Il 22 OPEs 1 W B 45 P 2 %4 i it 5 AF 8
A SCHR B R E B D7 VR AT T E VOC3HE
R DUACA W) W R S 500 7 1, X 2Ty vk
W EB AR [ L 125 KRSk FE. Hl, Cao %X
T T — P PIR GO8Y S B, R T AR T
M€ SVOC TEILM B 25 8] 73 Bt R K, 1Y Cop
history ¥ (2 B W B AH v B k) B8 B Cp-
history % A FH T Al 158 8 2 4%, AR 43Ol — 26
BB VOC BB AL | AR A B VOC BRI Y |
SVOC B AL, VOC Fl SVOC 1) B i vl #E — 4
— BN A% R HE 20 PN A, = A R S 0 S DA O
I SRAL AR R4S B 3843 B0 0E, AT AT DA 4R Ak B
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i | R T 1R R R AE OPEs 7645 Fh 8 50 A4 LRI
B R, A AESY OPEs BRI 12 2%

YK OPEs BB AT 7E 2L T VOC BIREZE N
PEAT AL, {H OPEs A BERCA 5T L b VOC B4 2%,
IR AR TRAE S B 7 i TS G O R T 9T 1 3
FH 7%, 78 S B e s R 22 AR I 4a i L e
SUER BRI J B L NG B PR S R ) A i 2 R
[F] EsF, T34 RS G Wk IR I, 3 ik = A %
(975 Y ) hn i A L SR AR S AN ARSI ) 2 A M Ty
%, HET, SCHRH & OPEs S AR FE () IR EE
B9 0 55 9 HOCR FE £% (Passive flux sampler, PFS)
L [ AH {3 A B Y (Solid-phase micro-extraction,
SPME) - 7 1% B} 125 F1EAJBE B 47 (Thermal desorption
tube) 15 5. G R A EEMIL B T OO RO | it T
BRHEA R, FERIBCRAR, BB, KAk
eI 2, AR F 2B . B AL 48 ) F ik
B 1 25 5 A BT —ORH £33 535 156 ) (TD-GC/
MS) W g 44 7= i 5 ¢ B SVOCs WY B, %07
VRO T AR AR I SVOCSs ¥ B 2o /3 1 [ i, HL 3
KRR EE M > T R == SR AR, R TR
SNk B Ja IR B ECE # SVOCs Yk
JE AL HE M PN s A B v R R B A A P RE Y
W, ISR A 80%.
3.2 BHINESH OPEs I NERFEITH

NARTE IR EE v nl DL o 28 A B2 R
2l R U W A S A2 45 A OPEs. H, © A B
FEAE O i M0 00 35 R 2 PR BT
EL LTI ) B A1 JF 221900 AR 090 48 5] 5% Al i
XIFRE T 28 MM 5T, DLJE £ 4% Fh = 9 3R 5
OPEs Xf A~ [A] A\ 14 2 @2 /K F-. i, KA 4% A2
OPEs # 8 1Y i F 2 421, F H K 4> OPEs /Y
iGN UE PN NG ¥ o0 N [ F =85 B 78 A <h
T BT[], A] X OPEs 47 AR B B 1PAL. i A4k
3 3k K R fi RN A WA A A 2 48 A OPEs A9 5
AU AR,

ol FH 22 1) PR B AR 4 28 XIS DTl 418 B RN A SC ik
HARAS I BT A S BORTAG RGE K R A R R
fih 0T 2 IO A ) R R

CD xDI
Dust ingesti = (5
ust ingestion exposure BW
CD xDAS xESA x AF
Dermal absorption via dust =
BW
6)
CAXxIR
Inhalation exposure = D
BW

Hrp, CA JZ OPEs i i 2 ¥ J¥ , ng'm™; IR J& 13
H W A (L2 AR 43 51 109 m*d™' Fil
133 m*d") ; BW & & & ", kg; CD H JK 22
OPEs I & &, ng'g s DI A& H KA A & (JLE
FUR 5354 60 mg-d™" F1 30 mg-d™"); DAS M K42
Bt & F B2 IR B9 % (0.01 mgrem ™) ; ESA J2& 7 ik %
A (JLE K 4970 cm®>d ™!, B K 8620 cm®d ') ;
AF RIS #(0.17%) .

L3 BA BT DB, R E AL R
15 B3 I )4 A 4 i, DRI e R T I O 3 B 25
OPEs # & WU . £ Z w5, JL 3 4l JLXF
OPEs M4 A FL B R 1~ 3 B 9%, 2015
4F. Brommer 5 Harrad'® $FAl 1 9% & N [A] AHEXT K
2 rf OPEs (1 H A K-, Hodr, sl i k2 1%
A F) TCIPP. TDCIPP. TCEP 43 %]} 0.92. 0.07 Fil
0.03 ng'kg "-d”'; M JL B 3 1 K 2 A ) TCIPP,
TDCIPP., TCEP 4351y 43.0, 4.0, 1.7 ng'kg '-d”". 1E
FER  fE % e W A ] 4 L K
R OPEs [ %% #5 1 K 29 & AR AR 10 ~ 20 £%.
PEAk, JLEEAN T4 K k& B SCHER ], 3 E R E
Ro5E4x, W 5% 5] OPEs W # E M. Bk, JLEAE
k1 OPEs 1) 5 I B, 75 245 21 5 2 1 G 1.

X T 45 & VE 5 55 B9 OPEs, 4 TBEP £ TPhP,
H G e kA 4, IR 42 8 A% N OPEs
e EE W) R FERES. MiXF44 TCEP #l TCIPP 45
5 k& K OPEs, I i A /2 OPEs % #% 1)
HEGRA. WAE PR, B G PR R A
OPEs 4 9.3 ng'kg™"d™', 53 i JK 242 4% A ) OPEs 119
(8.9 ng'kg -d™) AHLTOL

RE AW E S N OPEs B — BB Eit. i
%45, TnBP. TPhP 1 TEHP fi% JiE £ 5 A &t 43 B 7E
3.5~39. 0.3~ 4.4 23~ 71 ngkg™-d™" 1 B Y,
5530 3 W A5 N s SRR A IR A 1) 2 oA L, Gl
ot B R K B Sl AP B SO KL AR K
£ A R I B R B A 375 g, AR N (BW
k70 kg) i 1 £ ], 42 filk OPEs 19 F ¥4 57 & 4
180 ng'kg *d ™!, KRR T @I AIHE T8 (40 mgkg
dHU EXT 4 RKEAE | L RFLA SRS, —4
5 kg 2L LA MLIERR R 7 7% it =35 64 ngkg '-d '
PR T4l LUt BF LB At — B R
WAz

SRS, BT OPEs Wbt I 22 A K, A
[f] OPEs ) X ERE N BT IBBAMES. X THK
PERAR, K., 1% K #Y OPEs, 1 TEHP, H 5 78 JK 28
G BRE, R A HEARE HL E EE R ER R AR hX TE
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TRERLF2ER, 26 44 5, 56 2

KA HBA /N K, 9 OPEs, B 5 45 & it A
FENEAH, PRI AR T A R R IR A

4 BEHIFED OPEs BEHIE A

4.1 OPEs By X B 218

XU B 9 #f1 B2, EH 1995 4 TCEP # Bk % 41|
A R EUE Y T LR, A E A E bR gl 21
EF X} OPEs JFJ& T — R 51 1) AR 45 B it , 000 A7 AH
ek 4 DL FR 1 5% 2% | TCEP. TCIPP. TDCIPP %
R OPEs Wil I, I 36 T B A 75 B2 5088, e T
WEEZ A BE. Fln, SEEALM ., RN L
KB GNP R VR K ORE M S R XA 7k
FUALE, JLEE = (Do | PR R . BLA A L I
FLAE B L3 B 3R B4 ) A8k ff H TCEP.
TDCIPP, TCIPP 4544/ OPEs. 2014 4, fin M &9
Yy I %6 58 75 51 43 TDCIPP BRI & 65 52 %
. TCEP F 2012 4 #% 5] A REAHC( Registration,
evaluation and authorization of chemicals) ¥ # 1% 55
THET AU B s B, ELER R AE 2014 A X
JL# Bt B rh i TCEP., TCIPP #1 TDCIPP & &% &
T HAKFRAE (5 mgkg ™). FFXFHRAY 2 88 ] 3, 75 2%
HLE TAEFREE rh TnBP, TPhP Hl TCrP Ay i 2 e J&F
SrAIS L 5.3 0.1 mgm™. EEPNZ 45
TR W g2 SR HE , BRI T A 23 <, TnBP W i K&
SN 5.0 mg'm®, TPhP 25 S R A S 5E i
4 3.0mgm > HAHL, E P Z X OPEs [ K
Wox A5 B it , R 7 50 LR A A | TR AL AL R
Bl R R EE S Oy R P, A e 3 b b X
OPEs 174 B 22 A PEPEMr 5 KU 45 2.
4.2 OPEs (ER K

% 18 278 53 OPEs 2% BHBA 57 47 76 BR35 15 YL il
ERTFENNE, FRG6O ., LH . LRI
B B AT & R #a% . TCEP Hil TPhP %514 45 i
/+F OPEs (Monomeric OPEs) H. 75 i % % B A1 5 i
/DR (HR R A WA 25 | R R M
51k 22 1 Bk 055 I fIE 2B A 28 OPEs (Oligomeric
OPEs) HL A5 5 b 1 1 27 B e 1 R o 4 1) BEL A S5 5
HA AT BE BUR 4> F OPEs &K i = % 1 A HLBE
BELJA R0, 4n By A WL — K LB 82 g (BDP) A (7]
W DU R T RERR IR (RDP) HI T B8RRI 57
b FYES N, 2,2- 2 (G TP 2 )-1,3-P9 -8 [ X (2-
A L) BERRTE 1(V6) n] FAE & H b A BR# IR
SRS IR T B =2 A1, HoAth g A BH AR, dn
A SR RV GORBER ) . 52 B AR 350 10 17—l BEL % 741
S5, AL TTRE 2 BN 20 A ALBE B 19 A 1S B AR

o TR R R, A0 BT R AR AT S
Al B0 00 AR S AL B W 0 B M O A R AR LT R R
WIHEAT, LABH Ik VA 1) B P R)

43 ERMREM RS

T fif OPEs % & ALl J& 1 52 V5 YL S5 AF AT &
BNy R Ry N G | B BT B U R E 2 v
R FEES B, XM e T et Bl R
FUAFE 7= ) AR AR5 g & . R
FACFL R 2 i B AR | BELB 92 i B R Fn 52 v Ak A
PEF AR 2 B HOR T B KW R VE I ALEE, 255 00
41 KF OPEs HU & FetE S50, nl 50 BT A AL A
& 77 h OPEs B i A i o 42 i) 737,

43.1 LM ERIEA

JF OPEs MR . OPEs B I . 418}
FEME SRR, 27675 IR GAL I 5 AR (gl ok
FOBE B RS | Ak e = 08 AE AL RE) U g
BURN 8 M OREAE 77 T2 2544 55 K R X 4 kL OPEs
TR R PR A R, B AT A S M B R R R R
TEEE A 2 AR AT IR 45, S5 B IFLR  b kL 5
FEE B E A B AL R R RN B S
15 Y )RR T AR R N C FR , AE S e/ ik TR
T B R BS99 500 B, BRI AR 7 AR, U
JINXE A R B 1R 52, DA TR Sk R AR AR RN K A
Bl OPEs Bl it .

432 PFHBEEE S AR

B X 2 SRR R SR b AR S [ ) % T bR A R A =
T2, R AT B a1 AR e e 1% BB ik, 5
IR BEL B J2 7 A e T ) X S I R e B . &5
% B 2R | BU% B 35X B OPEs
TR 52 M), 5 H BH B S50 B i A BELBR 2, 52 X
A G 7= o OPEs A B4 il
433 HEFALEEAR

WA R R EZ MR E = T2, R4%
53T OPEs 15 YL W i) =R UE, MFUREE B4 F1 T2
Je b B 5 X 7 b EAT OPEs Dl s . X gt
MASTRI 4 R R R B, i PR R A2 | R [A)E 210 fii
v e BE. AEJE A T sl E A Y T T AR R
VAR RL, (A5 HE FEBOR 2 R D, BRSO A
) OPEs [ fiff: hy Jo 3 B W) Bl & 2.

Psg= v A | B LR R A B S i = 9 i)
OPEs 7E 4 H it 2 & 2 B M, A 40 F WG £ 47 4k
(DT IN R R, R R UWAR @M AR S
() ) B B 5 98 5 (2) Ak 700 7 A i 2o A v I AN
Wb, VR B )4

FEFE A 2 R v, 3 ] A AL e fifE
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SRR, X OPEs 15 Y« W 52 ¥ & v k.
5 Zit5RE

AR BEAE OPEs 1Y) iz A= R H, 78
25 N IR B rP R T 3] 48 5 vk B B OPEs, 1] g 2% A
R = A g . H AT, = IR B OPEs B 5%
FEEPIERE | R G585 5 PO R R
(075 e oK SF, T 200 T S5 TR L TR L M
i 45 2 PN B M A ) 3k B A OPEs 75 4, B e/ 4 F
% N OPEs JRL R M HAE RSB 5. 2R
BRI | 3 P 2R G A R R 2 T A £ AL
FIBESE. AR SCAE T % W OPEs 75 @ S35 b i1 15
YURRAE | REEAT I AR FE K, IF s T s A5
Ht OPEs HY IR FRPE A il R . AS[FIZRALG =
HBE iR T HEBOR B R [, 2= P92 SORDK 22 H OPEs
& A —E N, WH, BB K
5 4R R T A 22 P BT A AE KA OPEs W3 il 9 HE
HCUE, P K 42 o OPEs & fE MR . 6 T 52 br
23 ORI AR R 0 A, AT A B N A g K Ao I
5K 45 B X OPEs i 2 78 i, AKX} OPEs ) 2
7 EELE I KA AL B4 LY OPEs A L
BN 1~ 3 A B g, FLAT AT 55 e 1) A B XU
BT H# IR B OPEs A9 75 Y BUIR, 7] X OPEs
HEAT KBS B, R RSk, T, %4, B
AR, DA OO 505 5 7 i AT M X = T
R, X ST Y OPEs #EA 7421l

BT A 5T SR SR A, A R T AN G
H LA JULAS 7 TH SR -

(1) ¥ — 258 3 OPEs AH 3¢ 1) 75 B 22 B, n
OPEs [ AE Y BeE L 5 B MR 2 S B B, S PPAL
N BT OPEs 2 72 KUK S HE 50 3 1.

(2) NZIHR RUE | Z2s 4 | Z RERiREH
&, ISR E SR T OPEs AR 22 820KS 4 AL BT .

(3) B ST £ 501 B B OPEs f 8T & AL i AR
. Bk SVOCs & S 5045 &, F%IK OPEs MY ¥IT

ALY QAN ¥ % i1k sl A T ET

(4) VRN T fift OPEs H1 @58 A4 B} i) &5 N 25 A AN
RS BT B LB, BSR4 OPEs 7E25 /X,
SR AH AN A R 4> BE AL, #4635 OPEs 58 7748
OB A B A R, LA B A R 24 SR 3 T A T AR

(5) WF5E A [F] £ 5044 Kt OPEs (1 B HL I &
HARS T R, 753 T4 - i S E R iR i
i sh J1 2%, ¥ HE S N T T A AR O SR R B
OPEs 1% 8 J5URT A P 22 55 771 0 B R ke, AT Ky

PSP S5 OPEs 149775 Yt TR SRR XU G o 2 418 41t
S hfi K.

2 % x #t
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