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Migration and transformation mechanism of emerging contaminants in
the aquatic environments by HRMS coupled with " C-isotope labeling

SUN Kai' LI Yagin' LI Shunyao® GONG Rui' XIE Daoyue' SI Youbin'""

(1."Anhui Province Key Laboratory of Farmland Ecological Conservation and Pollution Prevention,
School of Resources and Environment, Anhui Agricultural University, Hefei, 230036, China;

2/ College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing, 210095, China)

Abstract: Emerging contaminants ( ECs, such as endocrine disrupting chemicals, antibiotics,
pharmaceuticals, and personal care products, eic.) are released into the aquatic environments from
multiple sources including effluents from municipal and industrial wastewater treatment plants, which
pose potential threat to the wild species and human health. Natural organic matter (NOM) is rich in
various functional groups such as carboxyl, amino, hydroxyl, and quinone groups, which play a vital
role in the aquatic environments during natural enzyme-catalyzed oxidative humification reactions

(ECOHRs). In particular, NOM radicals can couple ECs radicals to form the cross — coupling
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products via the covalent binding mechanism during ECOHRs, which can alter the migration ECs in
the natural aquatic environments. It is noted that the formation of cross-coupling products effectively
reduces the toxicity of ECs and improves the conservation of organic C and N. The information is
however limited regarding the analysis and identification of covalent binding products between NOM
and ECs molecules during ECOHRs. Aiming at the problems, this paper reviews the sources,
pollution situations, distribution characteristics, and environmental effects of ECs, and the influence
of ECOHRs on the bioavailability and transport of ECs is also investigated. More importantly, a
method combining high-resolution mass spectrometry ( HRMS) and " C-isotope ratio is systematically
estimated for the identification of cross-coupling products between NOM and ECs molecules. The
analytical method is mainly based on the following four rules; (1) The isotope labeling in
combination with the extremely high accuracy of the HRMS; (2) The exact difference in molecular
weight ( MW ) between monoisotopic m/z peak and its corresponding isotope peak. ( AMW =
1.0033n, n is an integer and n > 0) ; (3) The relative intensity ratios between product peaks and
their isotope-labeled counterparts ( 1:1 for one isotope-labeled counterpart, 1:2:1 for two isotope-
labeled counterparts, and 1:3:3:1 for three isotope-labeled counterparts, eic.) ; (4)The MW of the
covalent binding product is greater than ECs, and does not appear /in the control samples. The
combination of HRMS and isotope labeling is of great importance to sereening all of cross-coupling
products between NOM and ECs molecules, and to illuminating the fate and transformation of ECs in
the complex aquatic environments.

Keywords: emerging contaminants, natural organic | matter," enzyme, high-resolution mass

spectrometry, isotope ratio, fate and transformation.

H AT, IR A2 58 2 B 2 ME G AT DL G W3 1018 2475 4 ) (ECs ) . ECs J& 38 7 PR 5% v BB
SIS, HAEMGH BT B AT A 25 28 G0 R HE (e FREAL) J0 0 76 8 1 — g WL ey 3R v i gy
1) ECs 34 E E (AN) (N2 T3 (EDGS) 25497 (DR) AN A4 37 5 (PCPs) M2 AL &
(PFCs) % 1 8675 Yy F R IE T AR F=16 3h, 4n Tl 5 K RS K HEC AN Fil DR 3 . & 8 57
BRI ISR T FH S R B K A3 T 20001k 58 4 KB ECs, HAR MRSt A RSRAKAES RE, It
TEARPR A K 1), XK AR ™ A Rk 0 AR A B BRALONE , AN LA AR N 70 b R G5 5% i A B
R MRS HH, E PR EET ECs 78 R IR A 8 73 A5 15 AE F 56 AL WL S0 5% O 2%
el R 55 b ) B KBRS T ECs IIAEAER DL 20 A B | AR 0 55 PRS0 RILE B AL WL 2 A 5 3 iR
il R B R AT

FIRA P (NOM) |z s A FKAES R b, HEA ZRIGHIIGE A, GBS 3 H 52 i /K {4
ECs MU AEEAL . — 5, NOM n] L 1ot W% B AL A 25 A4 AR KA ECs 19 28 ULk B | DA T U
AR AR Wy m] ) R AR B R Bk, M 5 — T, 7R R AR B S A B L AL Ak ( ECOHRs ) &2
H1 NOM il ECs 43 Al LU BUR AL R0t S slR B AR 6 1E B b R b B 44 ax 26 [ el SErh )R g
dE— 3k F RS PRI S A A R R e S B AN E 1 AR P R 0 S S
FYIE A BCHBR T AT SE ECs 765 & I B 0T I3 Fa RN A i 2 B2 AR AR SCER IR T KRR Kk
ECs AR J5 YLt g N AW/ % A T ECOHRSs #E 2 NOM Fil ECs 43 T2 [al (3L 45 G HL 3, &
STHRE T — SR FH R A3 HE S (HRMS ) 454 IR 28 EU B A TR0 A 2 52 JE 0 45 & P= 0 i BLe IR &R %
T3 B LURE B0 431 TRl B 0 22 (EDRIAR X 3 B LU A BRI A | A 2R N E A /KRB A o v i 2
FILEE 1 NOM Fl ECs 43 F Z M T4 AT RBAF 16 L 2455 774, S e b 3i 25 FTAL ECs 76 RIRBGA
S ECOHRs " iy IH#a FFE AL HLERARAIL T RIS SRR A AR AR .
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1 KINEF LIS ( Emerging contaminants in the aquatic environments)
L1 H%T5 YRR 15 Y BR BRI 0

KA 5 FORNFEZER AR ECs PRALYETTANR 1 s e AT TE AR H R 5 Ak 3 3o 3¢ vy, B AL PR RE
FasE , Ao 220 ECs EBSRIE T AZLE 5 3h (A0 Tl 57K ST Bk FILE 3% 75K 26 ) | IF-RE Mg i i i
LB RE KRR BT H ) Kolpin 17 5 1 S5 139 ARG H AN DR M o /R 5 B0 = 84 45
ECs ¥ L4910 0.03—1.9 ,0.01—10,0.017—2 .0—0.14 g L™ 5S4 BF5T 3B, A 30 v ) i A
TR b o B e = SR R E B R REAAAE K i ECs 15 447K A4 Zhao 551 AF ST W BRTT R
JZ/K AR EDCs AHR S F R 0.6—8890 ng- L™ M 76 F VAL A HE B /K A 7 JEDCs Al DR 1R
AL R 2 R A 1.2—4879 ng- L'l 1.0—1600 ng- L™ 504175 e /K A& ECs 1Y 04 LA R 25 A48 4k
A BT T T K A A R AR (R ) R R AL

R HE LAY 5 FIF AL H TS e AR B BT
Table 1 Selected physical and chemical properties of the 5 ECs

. S - n.
. A4 55 AR VAL Ry e
250 ) ; Molecular - ¥ i AR
Chemical Chemical Molecular . Solubility/. it %L
Category weight/ I pK,
compound structure formula 4 (mg-L7") lg K.,
(grmol™")
17B8-Mff — i (E2 -
EDCs B-H—BE(E2) CgH,40, 272.38 3.85 4.01 10.23

17B-estratiol

AN PR3 . . C,H,,N,0g 444.44 1700 -1.19 7.68
Tetracycline NH,

CH;
NG
s
e — [ R e HN” °N” “CH
it il — R s | 3 .
DR ifjédimqijﬁf 0=3=0 CoHN0.S  278.33 1500 0.8 23(7.4)
NH,
ERFR 0
PFCs Perfluorooctanoie /”\ CgHF 50, 414.07 3400 4.81 2.5
acid CF5(CF,)sCF, OH
L a cl
PCPs Tﬁin o € oH,C150, 289.54 4.62 48 8.14
Cl OH

TERE K, A1 pK M 370 - K B 2R RO B A

Notes: K, and pK, indicated octanol-water partioning coefficient and dissociation constant, respectively.

ECs BT B85 R A RIMEREAR S 1, B ERAE /K PP BERE XK A= s 1 22 S s 7' 4]
4N, 2 A Al R AP RV AT S A B S IR AE A R A AR SR TR AR B AR S H
TR e £ A A 55 015200 3 2 B2 T K e TR RS DL AR [R50 ECs B 5 e BE XS K A il ™ AR 1
TEPERON. R 3R 2 AT, ECs FERLARMR B2 P9 25 ) o) 22 oK AR e ™ A= 1 S S5O0 R 35 4 L Ak, &
AT AT LG I i R AU A T R0 A 4 o 5 A i A JmUE S ) A R RE . 91 0, Adolfsson — Erici 2177
TENSEREFLP R ILT =584, W 0 1 K a5t 3 BB 0% X A A ™ A= BURAE Y. Olsen 2575 W5 T 26 44
PFCs 7 TCHLRE v PRCs We 8 28 fh 5 45 52 5 B, 8 T ILRE HiY PRCs 1 ¥ 1 78 A5 F 8 s 72—



1226 B2 5% 1k 2 37 %

5100 ng-mL™", EHLHIA B R, b A Bl iU B B AR. f b al 41, ECs 7R PR N BA B IRR
JEIY I AT RES | A B0 XS A i A7 A4t 25 BROK BRI b ECs , PR B sl P R RRE A T ik i it k.

R 2 BT U 0 A R A A A 2

Table 2 Toxic effects and ecological risks of ECs in the natural aquatic environments

BRI YH) AR A 25 KU E=B TN
Emerging contaminants Concentration of exposure Ecological risks Reference
PR R 5 < 0.01 pg-L! BELf b e AR R B [27]
o e 0.30—30 pg-L7! FE M BE T £ A B2 S [28]
2ty 8.2 mg-L™! KA R P B [29]
2 10—100 mg- L™ O A A A [30]
bR 1.3—158 mg-L™! FN S G Y [31]
UIEZS-3 10—100 pg-L™! 03] A M RN VR A [32]
=&t 29.0—101.3 pg-L7! W S TR [33]
= FRYE 0.017 pg-L7! H I BBk g [34]
LHEAEY — AIREXS AT A B AR [35]
LR = 31.8 mg-L™! AR e B A e 2 [36]

1.2 BXlsRym LR T2

HAT, #F58 & B2t T 2807k T RBRTE /K ECs. X 2605 1k Z e 15 Y B It | s g | fk
W) Kok e R L A 2 e g 25 ) B, Nakada 2678 BF 98 T AT 152K ) 24 Rl ELA DR & PR 5 )
ADFRACR 45 R R X XL ECs 192 BRBUR AN 80%. B AWF5E #1043 5% F Ti/Sn0,-Sb , Ti/
Sn0,-Sb/Pb0O, Fl Ti/Sn0,-Sh/MnO, /E K BHH , BT AN [ 42 T8 Akt i Ak 27 o fige 7K v 4 360 R B 32 i) 5 &5
AR, B 90 min J5,3 R4 R B 42 98 BRI BEAR A58 73 51 R 90.3% 91.1% F1 31.7%. SR X 4k
FARIRENS FH T H WL =R B ECs 51 & KBTS S (H X FIRRIE ECs 19 BBRAUR A B,
HAFAE S 28 ) ik T 3 —Fhfay o B S0 R AR T B T PR /K R85 FP IR B ECs.

KR/ T ECOHRs CL 285 iz Ml Tk Ak ECs 19 L BR R AL, BT RAIRYT i5ME . 5
BB AR FERBMRRIIREE AU S TR 0 B Sk W i R A i 5 S I B REUS L) 1,0, 1E
FHL TR AL AL 2R R LS BCs TERLTEME F p JE a4, X 8k [ ph 6 (a4 ad B i 22 A
BLHIAE SRR Z By E AR A Fh e N G ECs L A AL R & SO 1Y S % M5 LUK IR
WAy TR R R R A AL ECs BN R A B B A A L O A 4 A
i B, b = IR RFE AL REIE 45 5 K T R AR A, A SRR BUEPE A TR R A T A s )
RENS 2 50 FUR PR E AL Sun 2515 P IBFIE UESE , R BT = A TN B2 AR BRACR K 99% L) 1.
BT L, FAREEFIS () BCOHRs A B A —Fl b 5 R F Be s Kk i BCs 195 BR Mg k. Ziids
IR FPFEAE KA () NOM , EATRENS 2 520 ECOHRs W ECs BT RS AR FEEAL LR+

2 KRBV FLTT A F15E1L B9 %2 0E ( Influence of natural organic matter on the migration
and transformation of emerging contaminants)

2.1 RIAHR

NOM 2425 F2 40 v e i A LG 20 1 T 2 B 4, HE 2 B A 2 SR A o, o A HILA 7 i 60—
80% . JE 5 i £ B S A W) AR AR TE LI AR R &l AR W22 AR UM A VLR 7 F B i
AT kA R NOM A4 I U5 R 23 A3 A1 77 i 251 25 5 n , Wu # Tanoue " H&: T 6 ANHINADIFR
rh 2 M SRR ZH S T R B A R R AR A s 25 R R B, S AR DL S R A i L A AN ] s R R
R LIS AN [+ AR S 2 S JIE S 5 M 2T ORI /5 46357 NOM. (4 S8 7725 W1 08 3t 2 28 AL R AIE . L1
NOM £ 7 Z R R, Nk | 08 R ELFNH B s M D Re A () 05 & e FBR 7 ik Ak &4 , BA 2K
M PHES T 3SRl T 4 A/ FH A4 5 FE KA AR S 2 b P i 5 A 01 O WOk %, NOM
HIIEPED RE BN BEAE HE N ECs RS EE , S2mn HAE KPR EEAR R b 1 A WA 2 G PRk B2 vl DA A
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ECs 25K RIEFIL IR B0 ECs 5 NOM 437 Z Bl LM 25 A /E .l e vl O, 78 KSR 5 1)
ECOHRs &2, NOM fgfg i & HusZ i ECs I8 L 1.
2.2 RIRWGA T4 Ak A8 FE A S R

TEFRARAKAA T A= R W s 107 35 13 TR JB 21 4 2R 25 RERS Bl P41 o AN F 2 19 /N 1 o (
RFEFR G 7R A ) — 7 T, X S8 /N> TR AR AR BT SR AR R AT AR IR CO, R H, 0, 3k
it ECOHRs T 84 MR/ T8 78 5t %), 5 —J5 1, ECOHRs W Al LIEHE ECs 5 NOM 432 ] iy 3k
Wi B, 2028 ECs TEFREE dh T R G Ak 42 a0 &l 1 7, ECOHRs AT i@ i 1 fy BR824 Bl il £ 3
ECs FIAFRE WA R A OB, JE R RE Ko F IS BB R Y 0. 2 FR AN B AIR T ECs IR BT # Ak
el AR BN T IR A PR R A, KRB RE S A B B R & A A R IR L
FE RN oe SR | 18408 A R A B K P RN - RSP R, R AR vT LB i3 ECOHRs {2 i B2 B8 24
YIRS BRI AE BCs BIE SRR b RS A e

NOM HLAT AR 3R [ KW 36 M AR AL RRAE , BEE XK AR S R GErh ECs MY IRIRAT A | B Ak 0y A2 4y ]
FUME = AR A 3 NOM Al LAt —22 58 Akt /&, R 15 4 TR A R0 e &
Y.L FE T NOM 195 2R NI e (b Sk B 0 & AR T 4 5l 7 N EEHE, B NOM 2 T 4 A
AR TR, NOM AT BE 4 R R R AN P Y g B e e A R A T A, S
ECs F HIE&A LRGSO, D% ECs AYPREERE A A= T A P, TS IR Cs 76 3R858 rh 1 JE 8
FEALHLER BN, Singh 250N 5E T BN S0 TS AL DR R ; 45 & B, ECOHRs A {LBERS {7 /)N
OrFEIEFHIR A KA T AR , L RENS N M R 45 A 70 T B R TR IE B R 5 7= 4. Mao 2511 4
TESE A5 & i ALY RE IS AL ALK IR VR M 3R S NOM 2P ad L0 45 A LTI i se SUR A3 7=
W) SR, A T 2 M 38 2 Wk SRR A P= W A7 AE 3 43 IR R P 78 0 /K AR M2 1 NOM ™

EMREY

Biopolymer

ARERT

Unstable molecule

=

S
£
=5
:

C. Nk
C and N loss

1 ECOHRs #EF2 NOM HyJE st/ 3
Fig.1 - Three processes are interacted to effect NOM transformation during ECOHRs

2.3 S A TR

HET, 5 H C &R A R Y E T ECs 5 NOM BRALA Y40 F Z MK B A0 45 6 7 1.
B, L 2550 DL@n QAR mE S NOM AU IE &9, B9 T 3B 510 1 A R 193 5 06 20 B2 JE i 22 1)
KA A A N G5 R R, Wi Z M REAS L C—0—C 45 /T8 iss XA 7= B ik, i T
NOM 73 B 52 2 FRNB 8 2, G iR 00 52 5 /K R/ B ECs 5 NOM 43 FIE i R HHR & 7 2
2 IR L oI P i R 1 e ) —.

B R R, SRR HERE (53 ( HPSEC) AN &Z#EILIR (NMR) £ R AEWE F T R AE ECs R i
i 22 TR B8 58 SR A5 7= 0 04 43 F- RUSE RN 3 Tk B RE AT AR Ak A Ak 22 25 48 1> 5, Sun 2624 R
HPSEC & T AN T B P BRZ5 A ARk 45 S48 10 Bl IR o T AN BERS & A 4 F N E 4L, T
LIS B2 ATl it 2 g5 A VE IR 4> 405 Bialk F1 Pedersen!'> | NMR W58 T /510 AN 5
O B IO 2 1) A ) S 7 I 512 L A 3 W 1 3 R A 00 T R 0 4 A S F Bl e 2 245 0 5 g e O P SR A B R
N A A BFIEHE L AE BB T2 RS SRR AU A T3S SRR PRI 4 T ROK TS R A A&



1228 B2 5% 1k 2 37 %

FE SR BRI , i TSR A T A5 LU 2 2DAEHE NMR R HPSEC 4575 EA AR ME A
TR AT RIS E ECs MEFE R Z Y A 3L MR & 7= 4 45K | BER HRMS MR A7 HUEH AR /Y
S SN AR AT RE T W K IR K BRI AR 57 W ) T SR AL~ 254

3 BORELEACC-RERNMELLER RA A A ( Application of HRMS coupled with " C-isotope
labeling )

JE 3 43 BT A — I 2 B A L (m/z) B 43 BT O i | AR i R i ot v 2% 21 40 78 2 IR h &
Az LR AR AN R BT L A F AT 2, 28 P A R 1 5, aE A B A0 BT A A T AR AT A
o PR FH RS ARG 7 (i A A A S 0 R €5, K A 140 01 SR AR T A 38 B i e, DT it o HL o . 5 38 3
Jig 3 HridiAH e, HRMS HA Jr #r < sy o HI0KS i A 42 0 B A 1 R B0 1 S5 R0 1, 7T LUK B b A i
AT PEAE BT, A B B AT ECs 7R3 58 Hh A B e Ak B ) i = C- R Al v R A
TOHE AR BENS A B AR IL TR, 5 b 5 HRMS 1 7 0 1 R 35 B 491 40, Sun 2550 SR I HRMS %
E TR W R T AN 5 A8, IF48 H 1 0900 R 23 i 5 B Y A R 2 Y
BINTF S ppm, AR S T ARH Y50 T AME— IR BIRE S1. H Rl B9 B 48 FE KRS i AL JEE
IRHEA 1:1 1Y ECs A1 C, -ECs, H I F] H HRMS 3B EE A% E ECs Al NOM ZrFZ 0818 il 1Y & A 3L 47y
RGN A% T SN B DU AR b B NN E ECs 7E R IR KA T A U R A AL ML
FERE T T RAY RIS, R HE F TRBI ECs AT NOM 43 Z IR B A0 A S0 3E M 25 4 7= 4. o p e il 32 2
FLAELLT 4 DO (WK 2).

(1) RHPC, -FaE R R ARic 45 & HRMS 1Y w0k i B2 00 AE R PR i A =2 1) ECOHRs 1, ECs 5
NOM 43 Z IRl e f5 3 i L 25 B LT, B BUR AN IE M G 724 5 T HRMS $i8 /- HR e i 50k
BRI SR AU R SRR i, FLRB ARG R L & 10 T RS T R /N BIOSUS 565 DU PR UL, SR FH HRMS FIIG %
A3HT AT DL B I R LR A W Y T 2R A AL S A =X, L A R G W a3 S e — L5
ﬁEjJLGO-GZJ .

(2) Hp—[Rl o i AR R R 7 37 T AR i 2208 R A HRMS 4555 C, R TR 7 B A
EHA BRIEHE— 2L B8 B HRMS Rl A HUAL G4 At 1 RO LU 8 S AR R TR B InEE AR LGy 101 1)
B[R LR FNC - R RARCY) (n HRTF 0 MEEE) T —[F A KM C - R R IC PR 25 n A4
BCHRICHIBRIE T, A" C 5 C JETF T 22(EH M 1.0033( AMW = 1.0033) 5 HIL, B — R & m/z
WEE S 1AL R bR id 7 P B 1 T i 20558 1.0033n (n B KT 0 B34, AMW =
1.0033n).

(3) FLth g & P= i AN C 2[RI B AR I AL 43 A AR X 5 B L . 7 52 A 2 o B — [ (37 2 R C - [l 7
FEAR LRI A 1 TOEEIR ), #Ee B HE SR — [R5 2 A2 C - R PR ic P 0 R 3N 45 5 72
WEE (R RF T 560 8 LR 191 (A 1 ANPCL-ECs 0 F) 1201 (B A 2 APC,-ECs 0 F) A 1:3:3: 1 (& A
34NPC,-ECs 43 F) S T RIKIAER I S, 23 F B ECs A NOM 43 Z [P iU L 45 6
PRV P R A AR S SRS B — R R AN C - R AR 1C ) 0 A0 S 2 7 e P A R 5 L
M 25 P M, 0% 2 Y1 B S R 0 S o 0 (o A 8. B

(4)ECs Fl NOM 43 F Z [ B i AR H AN S5 6 7= i 43 F- ik KRB/ 529 ECOHRs L4 25 &
TSR ECs A1 NOM 43 (3¢ ECs Fl NOM B/ NFA B ) Z [l ik 7 i 56 v B R 240 25 -5 T8
B MG T 73 F =K T ECs il NOM 143 F 1t (5 ECs Fll NOM B /N A HL i 4+
i) R PR A et R e Y i B AR S G o i R T ECs 4T

K H Matlab g3 A2 7, 438 0 e th BT A 75 & Lk 4 PR BRI A 7=, B — T R 4
MRk S5 R B0, HE T8 o BT 0 18 B L 255 72 W 0 43 1 1RV e R ARk 2= 2 R =X ot AT
UL, HRMS 254 2 C -[RI & FU (B 5 I 2B T W JF Ay A 5, R & A /KBRS i R ECs YA
FEEALHL AL T 82 ) O At AN AR LR s
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W RIIECS 13Cn- Jip4i5 5t PCn-ECs H,G O Nl

I OH-HCI
Vo fecceet
[FIfL 2 22{H 41.0033n

3 AMW=1.0033n OHO OHO 80H

60 -

RN AL HEFE
ECOHRs

40
AR IR LA R 101

Theoretical intensity
20 |- ratio(1:1) Bwtﬁwﬁ
| |‘| 1 | | | l [} l | | 1 | I l 1

11 1
m/z = CF5(CF,)s CFZ MGG A=Y
Covalent binding products

Relative abundance/%

B 2w A A o AR R

Fig.2 HRMS spectrum and relative intensity radio of the ECs and their isotope-labeled counterparts

4 #it5REE (Conclusion and outlook)

NOM J7Z #5341 TR MBS v, BEMB IS ECs FEAR R rh 0y IH & Fnf% {b. — 0 T, 76 KR R A3 1Y
ECOHRs i #2H1 ,NOM FI LAFEHr A A 43 F N B MG izt B8 R /9 A R JE T e 44 55 — 7T, R
SR A AL RE A AL SE Ik ECs TE R R 2 (a4 x4t ply B [B) AR E2 5 NOM [ Fh S5 i1 28 SGRI A L
AR AN S5 G 7= ) AN S5 G = W T AN SUBAIR T ECs O FREERE R 20 T R R4, s m 17 3 5%
HA B AU S SR, ARf TR IR E BR A Se AN 25 5 72 MRG0 S5 H0 R 58 2 ) A1 S A 90 3 ok 5 fi
TR HE L IR 2 — HRMS 254820 A 2R LUIESOR B9 s I, o B 52 5 /K R 5841 B ECs 3%
AL PR T T ORI LSRR AN A e — A R R R e

ST B H AR M L RIATE ML T LA BT (1) AR 5 A R Ab B 3458 0k
o R $2 15 HRMS SR FIAL A 9 09 43 85 R ERIUCR s (2) HRMS 7842 i B #2774 K i 4K
P, T ELIER T EAUEAE T B TRE 15 (3) FF & HRMS FIEE A4 2 HUAE A S T EHLRN AR 4 AR i
R AT T s O KAt AR FE Y RIS AT NS e B HRMS 25 &% [ &R Ui
REAN W K RN TE35 , 5 i b 7 i 22 A5 21712 H .
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