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i E AR T 2014 4F 10 A ZE 11 A EXFIGETT 8 Abi5 KA FE ™ (W1—W8) AJK | /K H FRMRAE £ Y
FESE ( Cyclic volatile methylsiloxanes , ¢ VMSs ) ¥ BESEAT T R4 | SR B AR 7 4 B R0 4% B R SAH 66 13- I 1% B0
I 7 3 R T 5 KA TS H SRR = REEUSE (D3) N LR PUREAUBE (D4) T SR FLRESAUBE(DS) L T
AL PR ST EUBE ( D6) FHR /K 45 5 261 | AJK D3.D4 D5 D6 K H 35510 92% .88% \71% 715% 5 Hi /KK
H 5350 61% 96% .63% .58% . AK 7K ScVMSs -7k B 439318 1135£1600,433+437 ng- L™, HAIK
IKOF-He B 352 DS e, D3 5efIil. AJK D3 5 D4 .D6,D4 55 DS ¥ B AH M3k 3] 5% 19 | 2 7K F (R = 0.80,
0.83.0.82) ,D3 5 D5 & D5 5 D6 MBI KMAF] 19 19 18 K (R*=0.91.,0.85) ; Hi7k D4 5 D6 % Ji A
SKE] 19% 0 B ZEK T (R =0.93) ; AZKER 5 AZK D3—D6 W A et A ik 3| 5% MK T c VMSs L RRRe% 3t
FRIoN 28%—100% , %F D3—D6 L BRACHF I = B AL T 25050 BAF .BAF A/0 SBR T. 2%, L BRELF 451
H 87.3% .69.1% 99.5% .95.1% ; T A —HALBE T 254398 A/0 SBR.SBR,A/0 T. 75, ZBRECR /5 H 68.
3% 30.1% .54.1% 72.0%.
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Occurrence and removal efficiency of cyclic volatile
methylsiloxanes in municipal wastewater

WU Jingxian' LUAN Xiaoxin' LI Qingbo' ™ GONG Fugiang®
CHEN Xuan® ZHANG Meng' BAO Jiaoling'

(1. College of Environmental Science and Engineering,Dalian Maritime University, Dalian, 116026, China;

2. Dalian Environmental Monitoring Center, Dalian, 116000, China; 3. China Academy of Transportation Science, Beijing, 100029, China)

Abstract: Eight wastewater treatment plants (W1—W8) in Dalian were investigated to determine
levels of cyclic volatile methylsiloxanes (c¢VMSs) in their influents and effluents from October to
November in 2014. Ultrasound-assisted dispersive liquid-liquid extraction method coupled with
GC-MS was emplayed for the analysis of D3,D4,D5,D6 in wastewater. The results showed that, in
influent and effluent, detection frequencies of D3, D4, D5, D6 were 92% ,88% ,71% ,75% and
61% ,96% ,63% ,58% , respectively. The average concentrations of Y, cVMSs were 1135+ 1600,
433+437 ng-L™", respectively. D5 and D3 were the compounds found at the highest and lowest

average concentration both in influent and effluent. In influent, there were statistically significant
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correlations of the concentrations of D3 with D4 and D6, and D4 with D5 at 95% confidence level
(R*=10.80, 0.83,0.82). Moreover, D3 with D5, and D5 with D6 at 99% confidence level
(R*=0.91,0.85). In effluent, there were statistically significant correlations of the concentrations of
D4 with D6 at 99% confidence level (R*=0.93). There is no correlation between water mass flow
and ¢cVMSs concentrations in influent. Removal efficiencies of ¢VMSs ranged from 28% to 100%.
Secondary treatment process with the highest removal efficiency was BAF,BAF,A/0O and SBR, and
removal efficiencies were 87.3%,69.1%,99.6% ,95.1%, respectively; The secondary treatment
process with the lowest removal efficiency was A/0O,SBR,SBR and A/0, and removal efficiencies
were 68.3% ,30.1% ,54.1% ,72.0% , respectively.

Keywords : wastewater treatment plant, VMSs concentration, influent, effluent, removal efficiency.

IR M R R ik e (e VMSs ) FITZOIR 15 1k Y SR 480 e (IVMSs ) (R F #8140t
(volatile methylsiloxanes, VMSs ) , HAE 4 HIUAE 6l & A9 LA J5ORE, 8% 712 38 0T H A & FS A9 88 5
(personal care product, PCPs) /v, Al 54 , &K, W 25 R IR, 2006 4F 35 [ /5 ER DY kAR
Lt (D4) R HAEERE(DS) L ISR BE (D6) A AE 77 5 43 51 oA 45000—225000 ,22500—
45000 ,450—4500 t"*'. [ 2t A 1 A5 K A0 feE AR Joe T RE RN A 7R L, 2009 AT 9 FE S RN AR R a4 i R
270000 t 1430000 t'*.2008 4, JiNEE KIS HR A g R IL [ & 4 T D4 . D5 D6 1 KU PFAG A, 6t F
AL ) D4 D5 D6 ¥ B Xt A d B # BLRZ A, {H D4 D5 23Xk A= A= 77 A 1 ) MeKim
1 Burns-Naas"* 5 & B/ IN SR 1 WA 52 58 2 S JFF AU A0 A U 7 A 00 3. S R0 R 2 8 ) ) b A7 17 AR
)M P B PR BORE I 55 & B DS Xoh et /)N SR AE TR A () BURE RN X ' S5 — BB G VR S 45 T T
SRR HP ARSI R T ¢ VMSs. VMSs 7848 7= Rl i B v ARSIk ABREE Y 78 RS KR OB i
T Bz AR PCPs i i AR P VMSs ASHERC R R B AT S I X A 90% Y
VMSs & FEA KRS, 10% 38 AT5 KA FE ) BEF7 AL BV D4 D5 D6 )% BE - 7K 43 Bt R 80 18K, 53 901 A
6.98.8.07 ,8.87, %5 /KA BL R EK 1K\ 4351 2.69 3.13 3.0117 m 40 FL R EUPSE T VMSs 775 /K Ak HE
IR P G T A BN ARG R U AR BY5 K R 2 HE AT R B I Bk JE LK FRBE VMSs
BB S ETLAE B SE IR T VMSs 7E 75 K AL BT Ko Hisz 4l K AR (9 45 SR VA #4.2008 4F , Sparham
AELOLIRSE T M 22 Y5 K AL BT K DS HREE R 31—400 ng- L', 29 KAK T D5 SR Bl S K D B
A1 TN FAAER , 2 7K 32 407k Mk DS A S ZEHERIR. 2013 4F Wang 4570 )38 TN k11 4bis5 K 4k
FETAIK K B2 g KA T cVMSs W, D4 D5 D6 A K 3 JE 75 43 59 4 0.28—6.69 . 7.75—135 .
1.53—26.9 pwg-L™"; H/K e BE TS 43 1) b <0.009—0.045 , <0.027—1.56 , <0.022—0.093 pg-L™".2013 4F,
Sanchis 2 2 HGE T HEHEA INZR LS SR W 17 b5 KA BT V5 K Fhos B ES3R =Rk e (D3) D4 D5 e
IR, ATK SRV BE 4301 53.3 324 8825 ng- L', /K -39k 43 31 473.3 . 76.0 545 ng-L7".

I A B T 7K R cVMSs Y B 7K ST B 2 BRad AR 9T 4R a8 420, AN 2013 4F Xu %5 N HGE T
AT 15 KA B A K B A TAT A RAN L T 2 A BB i K o D3—D6  L3/14 1k i K7
FEBRECR A G A T KETH 8 TG KA A K HIK H cVMSs 1R BE K, #5475 T i5 K
cVMSs Z B AH DG AT S AKX ¢ VMSs Y BE RS20 iFF 58 TR Z 05 7K AR B T 22X e VMSs 23BR
LESinEA

1 #ES 7 (Materials and methods)

1.1 AR 5]

Thermo Trace 1310 AR B 15 1SQ T Az %% ; DB-VRX 4% 4 ( Agilent Technologies, 60 mx
0.25 mmx1.4 wm, USA) ; 428 75 9 75 Ve % ( KQ-500DE , B 11 i 8 75 A A FR A 7)) 5 (R &5 X B O AL
(TDL-40B, L ifg 2 SR AU AR ) ) 5 267K PTFE 43008 A% (25 mmx0.22 pm [ 235 Bl 22 AU A PR
Al s A KAEBUK & (JER TR A R D) 5 TS & (IR IAR BT 88 O BRA 7)) 5 A (L
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FU B it A (RGE JRIGAb B A FRA A

B HUEEE AR Y I D3 D4 DS D6 ( 4LJEH>98% , Sigma Aldrich, USA) ; WAR{L &4 M4Q (4l
J£>99% , Sigma Aldrich, USA ) ; H i ( fa 3 4, R R 285 WAk 24 R A R 7)) 5 SR (R BB L, Thermo
Fisher,USA).
1.2 FRALCREE

T 2014 4F 10 A 22.29 J2 11 H 4 HFE WI—W8 B AZK O B /K 43 HIEREE T 3 Hitis KRR dh . 15 K
SEER)T AR EE T AR, W W5 W7 W8 iy B A W il i ( BAF) , W2, W4 S 41 B 23 1 5 U8 1
(CAST) W6 Mt iG 5 98 4: (SBR) (W3 MR/ -8 A W BBR#E (A/0) T2 15 /KA B /K it
SR PK AT E B WT W8 A Tl JEKAN, WI—W6 ¥ %5k, H W2 W3 W6 £ A 4bHisk
<200 J7 i, HAd 5k A0 B 45 H AL B K 44 >200 3 L SR AR T 258 R B AT I vk A A (0 3 3 i K
(B EPREE A A LEE)  HREE S5 KA YEE , A G RBUKEREL 500 mL /K FEE T8 AR, SE
IKFEFEIH A AR, 37 B 55 I 56 B 145 % .8 Abi5 /KA BR )RR UCRFERT 438 B T B (1 I AR A
500 mL K5 35T, SRFERHF TR 287 T2 201 SRS R 5 357l [0 SE 30 %, A B BT 25 3R 505
IKHFE St AR ) T FE i BB VKAR N 4 CC Y298, 24 h AR BRFN S AT
1.3 FEALHRHEL

1 U AR BUR A5 30 mL KA AT X UERRIT U8 | 2 BRAKRE b B 774 B R0k ) .

PRI, 1B S KRR B T RO T, PR A 200 WL SEEFE I B 5 min 5 E T EL.OALTE
2000 remin” AT, B 5 min AR T ELOE R, S8 0T B0 AT FLIR R B B 4
A 100 pL, BT 2 mL JERE/NI G E R A 10 wL ¥R 2 pg-mL™ A AR M4Q ( AR LT
B 200 ug-L7"), EHLIE.
1.4 -k &

HANAR (L =99.9999% ) , AN b if, JEFE & 1.0 wL, HEE N 1.4 mLemin™", JE4E 1R
200 C A FHEFLT HIEESE 45 °C {54 10 min, P 12 Comin™' B FHREZETFZE 190 C ,4£4 2 min, 15
PL 6 Comin™ (Y FRTHEE 225 C,REF 1 min S H B 358 ELE R, B TREE 70 eV, fFHZkE
JE R 235 °C, DUMCATIREE R 150 °C , B FIRIEE Ay 230 °C. 7 SER I B & 7 min, ¥4 88 7 7 20 il
(SIM).D3 D4 D5 D6 M4Q & & EMEE T m/z 435 K. 208 281,355 341, 147;209 282 267 ,
429 281.
1.5 o PRI S o 4 il

S e R AR DB AN S R B T A AL B8 XUBE P 2R AT B AR A8 R R I i R RN Y
FREETEATIIMT | Fe 2 45 4 25 1 0B AN (B OCRAS 1E. 12 7 2K FR by 4.28—10.20 ng- L7, @ B[R A
7.45—26.40 ng- L™ (K vk BEAR T 46 BRI, L 172 46 H B AR A5 R 5 v BE A ) . D3—D6 [1] g #hy
79.21%+9.87%—97.60% +4.13% .2 A R B (R*) i 0.9932—0.9970 , 1 1F B R M JE AR E ] 0.1.1.5,
10,200 pg- L. 3 1 g cVMSs 19T 5540,

F1 cVMSs ks
Table 1 QA/QC data of cVMSs

K i BR E T R ELVE:3 R IE Hh £k LMEAMC R AL
LOD /(ng-L7") LOQ /(ng-L7") Recovery/ % Calibration curve R?
D3 9.15 15.80 85.85+4.78% Y=0.00109+0.00166X 0.9970
D4 4.28 12.20 79.21+9.87% Y=0.12493+0.00346X 0.9932
D5 10.20 26.40 91.76+17.27% Y=0.03671+0.00057X 0.9970
D6 4.50 7.45 97.60+4.13% Y=0.09379+0.00219X 0.9964

Y. Wi W Resonse value;X: 7% f& Concentration

2 5 R 5178 (Results and discussion)

2.1 cVMSs ¥
AK(Wa) (HZK (Wh) cVMSs HeJE 435 U3¢ 2 2 3.5% D3 18 W1 Hi/K 3 HERE & 2246 H A1, Hidth
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V5 KAEER T A K K e VMSs 394 AN [F) B2 BE A At A K 7K 2eVMSs P89k BE 23 00l R 1135.1 +
1600.5 ng-L™',433.3+437.2 ng- L™ KiEMBUG /K AK 57K D3 . D4 D5 ,D6 Y LL{E 431 R 1.63
1.96 .2.36 .2.80.

2.1.1  AJKWE(Wa)

AJK D3 .D4 D5 D6 K R 5 0 92% 88% \T1% 5% , N 7KH FE Sl 431 A 4.5—158.0 ,19.4—
1390.2 ND—3039.6 ND—3243.7 ng-L™'; D5 PR BF v s, 646.6+421.8 ng- L', D3 -2k BF B 1K,
9 53.5+30.7 ng- L™, BASKE , cVMSs M E#HN D3<D4<D6<DS, 5 Xu 25 6 A9 B b s i —35
IKALEET A K H ZeVMSs K 8735 ng- L™ L, ARBFFE ScVMSs K 1135 ng- L7,

F2 AJKcVMSs %?E:k(ng-L" )

Table 2 Concentrations(ng-L™" ) of ¢VMSs in influent samples

A D3 D4 D5 D6 3cVMSs
i) 35.5+15.6 252.3+126.4 621.2+432.5 477.7£480.2 1374.8+1047.3
Wia J R 24.5—46.5 135.5—386.4 336.2—1118.8 151.4—1029.2 695.4—2580.9
B 53.4%17.7 203.7+18.5 589.6+269.2 240.3+314.7 742.4+703.7
Waa JEH 43.0—73.8 191.0—216.8 399.8—779.9 17.8—462. 8 73.8—1476. 7
¥l 57.4228.0 188. 6+116.1 413.4 542.1£670.2 925.9£993.5
Wi JEH 37.9—89. 5 61.9—290.2 ND—413.4 37.2—1302.4 144.1—2043.9
BifH 44.9+60.0 168. 8+96.5 618.2+595.5 270. 8+376.2 807.4+906.2
Waa JL 4.5—113.9 58.4—237.0 197.1—1039.3 4.8—536.8 74.8—1820.8
Bifl 32.5+48.8 271.5+48.9 628.0+384.4 473.5£253.8 947.8+929. 7
Waa JL R 4.5—88.9 236.9—306.1 356.2—899.8 294.0—652.9 4.4—1863.1
¥IfE 125.2+32.4 599.3+687.9 1627.4+1997.1 1130.0+1831.1 2939.5+4238.0
Woa FiiA| 93.2—158.0 140.5—1390.2 215.2—3039. 6 26.3—3243. 7 385.1—7831.5
¥l 29.120.4 144.4+200.9 209.5+186.0 345.1 428.2+594.9
Wia 710 11.0—51.1 19.4—376.2 78.0—341.1 ND—345.1 44, 5—1113.4
¥IfE 48.9+18.5 425.2+37.4 465.7+436.6 186.9+99.9 906.4+754.3
Waa FiEA| 35.9—62.0 398.8—451.6 49.7—920.3 116.3—257.5 49.7—1471.3
AR EHIE 53.5+30.7 281.7+155.3 646.6+421.8 458.3+299.5 1135.1£1600.5
o HH % 92% 88% 71% 75% —

ND : RAZHR T AL 2] H AR Not detected

2.1.2  H/KHKEE(Wb)

D3 D4 D5 D6 KK HZ53 511 61% 96% 63% 58% , e 16 43 51 ND—112.5 ,19.5—809.4
ND—779.9 \ND—477.9 ng- L', 17K cVMSs ¥k AR fL R 5 AKARIE], D5 P39 B fe i, 9 274.3
135.4 ng-L™", D3 FIHe FERAR, N 32.9+19.3 ng-L™", H ¢VMSs ¥ JEF #4344 D3<D4<D6<D5. 5 Xu 251
&I K 2eVMSs 24 4010 ng- L™ AHLG, ARBFSE SeVMSs 2 433.3 ng- L™ & T 205, cVMSs
K BE i A T A KT (H W6 o D6, W7 H D3 DS HKHk BE 2 T A KR BE | 3 vl B2 h T [FIR 5
VR BRI cVMSs fiff W B 40 e 21 /K AR PR /K e B D=, Sanchis ! SE[RIRE & B D3 H K Ve B 5 T
AR 3 v e i T K0 ik e A AL B e R v A SR AT B D3.

2.1.3  EHNIMIGT R

FEATSE 5 B N IR AT R, RIS B R Z AT V5 7K i ¢ VMSs Y3 22 S K A UK D3 b
U TGESVEHE s D4 IR SRS PHE A > K IESTEE ; D5 IS K> 08 F > P32 > b 5t > K& . D6 il
ERSHE SIS KIE. MK D3 US> PUBEA > K% s D4 L5t >FGESPUBEA > &K DS . b 5t > Py BE
>IN RS ; D6 - A6 5T > HL [ > K% > g K. 5 HAbIR A0 L, Ing R AKH D4 D5 D6 ¥k B #14b T
B K R T ATK S 7K BE A TR, RiE 53 AK 5 ki D5/D4 th{E iR, B/ T
HAIETT, N3 4 PR % i BTG 7K R PRV BE 7K AR i S R AT B2 . S5 EIAME L, TR SRR B Y 22
S, KT PCPs BT 5K HLE N PCPs th cVMSs & &8 ik T-E 4h PCPs 1 cVMSs & 1250
SR SENA L, TSR, BT LA PCPs B(f FH 4 5 .
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&3 K VMSs W (ng-L7")
Table 3 Concentrations(ng-L™") of cVMSs in effluent samples
Hh i D3 D4 D5 D6 ScVMSs
¥i{E ND 121.861.7 357.4+366.1 125.9+95.1 605.1£519.1
wib PN ND 71.8—190.7 135.2—779.9 53.8—233. 7 292.0—1204.3
¥l 21. 6x16.0 104.0+74.0 166.2+54.0 60. 6+72.3 277. 7+202.9
Wb BNl 4.5—36.2 19.5—157.7 128.0—204.3 9.4—111.7 43.9—407.5
¥iE 18.1+12.1 102.8+102.6 84.4+112.2 201.7+9.7 310.2+273.5
Wb ¥ il 4.5—27.4 31.42—220.4 5.1—163.7 194.8—208.5 58. 8—601. 5
BifE 43.9+8.8 107.7+62.8 170.7 97.5 285.7+243.6
Wb bienid] 37. 7—50.2 63.2—152.1 ND—170.7 ND—97.5 113.4—457.9
¥iE 4.5 99.0+8.2 513.8 170.9£233.1 442.2+528.0
wab L ND—4.5 91.0—107.3 ND—513.8 6.0—437.5 97.0—1049.9
¥l 46.7+11.7 390.0+365.2 345.2+262.1 477.9 810.5+930.1
web bienid] 38.4—55.0 142.7—809.4 159.8—530.5 ND—477.9 142.7—1872.8
¥fE 58.5+54.0 130.4£109.1 284.0 108.7 320. 5+380.1
Wb PNl 4.5—112.5 31.3—247.4 ND—284.0 ND—108.7 37.5—752.5
¥l 37.3+26.2 95.7+63.6 273.1+176.2 63. 5 414.8+203.1
Web T 18.7—55.8 22.6—137.5 113.5—462.2 ND—63. 5 191. 9—589.3
K S 32.9+19.3 143.9£100.1 274.3+135.4 163.4£136.1 433.3+437.2
o th =R 61% 96% 63% 58% —
R4 AREBFFTHTEK cVMSs BIHE LA (ng- L")
Table 4 Comparision of concentrations (ng-L™")of ¢VMSs in wastewater in different studies
P D3 D4 D5 D6 D5/D4
AK — 100 18300 8970 183
Y[ (5 R AAH)
RPN — ND ND 326 —
AIK — 1880 33280 9252 18
VIE SNE SN 2R S aaaE SR
HiVIN — 22 378 38 17
. AK 53 324 8825 — 27
FEHEF (S B ) 2!
HIYIN 73 76 545 — 7
AK 535 2655 3165 2380 1.2
i (des) 3
ik 93 445 725 765 1.6
P ) AJK 54 282 647 458 2.3
HIVIN 33 144 274 163 1.9

T AT S BIR R e B 4 PR AG: HH BR A — 4> 2 —{E 45 1T . Note: Concentrations below the LOD were assigned a value equal to half the LOD;
—: WAL HFRY Don't have this target compound

Table 5 Concentrations( ug-g™" ) of ¢cVMSs in PCPs in different countries

%5 AFEEZK PCPs H cVMSs B &kt (pgeg™)

P D3 D4 D5 D6
P NER NS — 28.43 7750 2611
P 450 1280 100400 14740
fup 22124 — 180 60500 7000
HrE (i) [ — 5.24 29.7 18.3

2.2 cVMSs 45k KR P4 AT
WK 1 s, AZK D3—D6 M 4351k :3.72% 19.56% 44.90% 31.82% , H 7K e & He A1) 43 31)
}.5.36% 23.42% 44.63% 26.59%.
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B D3 [ D4 B D5 B D6
3.72% 5.36%
19.56% 26.59%

31.82%
23.42%

44.90%
44.63%

7K influent Hi7K effluent

1 AR K eVMSs 41K
Fig.1 Component of ¢VMSs in influent and effluent

I A W1—W8 Hyi5 AR IR O, 155 WI1—W6 K 4 R EiG 15K, W7 KT h 90% 15 1% 757K
1 10% Tk 7K , W8 /KT Tl /K AR HIFAEA MLEEAE 7 K, % 8 N7K T AJK D3—D6 MR B 47 i
H VST, IARIE R 5% 03K BRI 15 KR A K 2250 K.

XFAIK 7K D3—D6 W FEZ [ 34T K IR AR AR AR 4387, W3R 6 i, AJKHh D3 5 D4 .D6,D4 5
D5 e BEARSCHEIR B 5% 1 1 % /K7 (R*=0.80,0.83.,0.82) ,D3 5 D5 J D5 5 D6 AR ML 3] 19% 1)
HE K (R =0.91.,0.85) , X Ut A K Y D3—D6 AT GE M A — e JH. Hi 7k D4 5 D6 ¥ B A S ik 3]
1% i 7K F-(R*=0.93) , 5 ATK cVMSs A CHEAEAE 22 5, BEBAAS [ AR B T 20%F e VMSs 19 K BRFA
SN ATK ¢ VMSs ¥ BERIATK S HEAT B2 IR BRAA M 34T, T LU Hh A K5 cVMSs W B 9 A G R
IKE] 5% W TR PEIH A KB X cVMSs R RIS K.

F6  AKHIK cVMSs ST

Table 6 Correlation analysis of ¢VMSs in influent and effluent

D3 D4 D5 D6 Ak
AIK
D3 1.00
D4 0.80" 1.00
D5 091"~ 0.82" 1.00
D6 0.83* 0.68 0.85*" 1.00
AK -0.43 -0.25 -0.12 -0.01 1.00
ok
D3 1.00
D4 0.39 1.00
D5 -0.18 0.25 1.00
D6 0.12 0.93"" 0.28 1.00 —

. o+ x P<0.01, * P<0.05.

2.3 cVMSs ERRCE

A1 VMSs HAT 5 MR RIZE O | 5 143 B — 7K 43 Tt 22 508 A R BE IR ek > R A ¥ 7Kk Ak
PRI VMSs B ] 43 L 3 KRB T5 Yo A I MK 2B T5 AK AR BRTTXF e VMSs 1 25 BR AR
(Removal efficiency ) T AT

FBRECE (%)= { (€ =C i)/ C x| X100

Hr, € s ATKHREE ng- 17" Cyppe s HKUHRPE ng-L7".

cVMSs EBRRCRIE BN 28%—100% , 5 W2 W6 /K ) D4, W8 /K) v D5 [ ZBRRCRALT 50%
A ALK cVMSs (19 RRCR Y T 50%. D3—D6 191241 £ BR A7 91 R 78.9% +13.5% .58.4% +
21.1% .68.1%+21.1% , 80. 9%+16.5%.FEgmond " 438 5 [ K5 K A H ) D4 D5 D6 Y 2 BRECRI K
T 98% , Parker' " ZE4R A (1 D4 D5 1) ERBCRAMHH 86.40% 95.8% , Bletsou ™ 25438 D3 (1 5 5%
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HH-1.9% ,D4 D5 1 EBRFCE <50% , 1 D6 1Y 2= BRAE >97% . A SCHGE B9 JLFF VMSs 22 BRECE 1%
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