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WE. TR MHNEEZ IR IFIENEFE KT, T 2014 429 A 15 ~20 HTE MM ERIX 5 T X3 5RE T 78 4 | 86 %4
NS 1 SR PRARE S, R P DR A €033 — B DU ORI B 1 S [R] B A T A v 10 R L2 R 05 48 (OH-PAHs ) & i, 24
SR R RICR Tl XN R TR D) OH-PAHSs 423124 0. 83 ~80. 63 pmol »mol ~' 1 1. 06 ~72. 47 pmol-mol ™', JL{i[ -3
{H49 6. 18 pmol - mol = il 6. 47 pumol - mol =", i FSIX MR T Tl X (JEH T R L, P >0.05) . FLEM A~ X B OH-PAHs A [l 41
S EE K JE R IX /N A R 1-OHP B 28 88 KF 1 28 T Tl X (B A G E X, P <0.05) , KWl B ¥ 2 5%,
H5EWNSME AT, A5 /NEA R OH-PAHs & S (E5 06, ok, Ji RIX /N # A1 N OH-PAHs BL{R 2 [H] 34
BEMIE(P <0.01) AHRRETE 0. 511 ~0.928 Z[a]; TalkIX/h#4: JRIE 1-OHP 5 2-OHN, 1-OHP 5 1-OHN Z [8] JC i 3 A
Kot , Hofth OH-PAHs B [ 18 A (P <0. 01) , FHOC R EUFE 0. 338 ~0. 855 Z ). X —2= R 0] Geda/m AN A DI RE X /N A
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Internal Exposure Levels of PAHs of Primary School Students in Guangzhou

SU Hui"*, ZHAO Bo®, ZHANG Su-kun’*, LIU Shan'”, REN Ming-zhong”, LI Jie’, SHI Xiao-xia’

(1. School of Environmental Science and Engineering, Chang’an University, Xi’an 710064, China; 2. South China Institute of
Environmental Sciences, Ministry of Environmental Protection, Guangzhou 510655, China; 3. School of Environmental and Municipal
Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China)

Abstract: In order to investigate the internal exposure levels of polycyclic aromatic hydrocarbons (PAHs) in primary school students of
Guangzhou, the research collected urine of 78 and 86 primary school students from two primary schools in the summer of 2014, one
school located in the ordinary residential area and the other in the industrial area. The contents of 10 kinds of OH-PAHs were tested by
the rapid liquid chromatography coupled to triple quadruple tandem mass spectrometry. The results showed that the concentrations of
total OH-PAHs in primary school students in the residential zone ranged from 0. 83 wmol-mol ™" to 80. 63 wmol-mol ~" ,while those in
industrial area ranged from 1. 06 wmol-mol ™' to 72. 47 wmol-mol ~'. The geomeltric average concentrations were 6. 18 wmol -mol ' and
6. 47 pmol-mol ™', respectively, and there was no statistical significance between them (P >0.05). Comparison of the exposure levels
of different components of PAHs in the two areas found that all the OH-PAHs had no significant difference except for the levels of 1-
OHP (P <0.05). We should also pay attention to the higher exposure levels of PAHs in both areas when compared with other
researches. In addition, the OH-PAHs in primary school students in the ordinary residential area had a good correlation between 0. 511
and 0. 928 (P <0.01), whereas there was no correlation between 1-OHP and 2-OHN, 1-OHN in the primary school students in the
industrial area and other OH-PAHs had relatively weak correlation ranging from 0. 338 to 0.855 (P <0.01). This difference might
indicate different pollution sources of PAHs in different functional areas, which was relatively single in the residential area, while the
industrial area was polluted by multiple sources of industrial enterprises and logistics transportation emissions.

Key words: Guangzhou; primary school students; polycyclic aromatic hydrocarbons; hydroxyl-polycyclic aromatic hydrocarbons ;
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BERES E I T R AN K PAHs Y2 88K P
AR T IR X IR PAHs 5528 A9 (R XU

PEAFR BEXS L3 X — B AR R PAHs A 2%
Fa/KEIH TR 2 | 2 8 GE SUR T 1-0HP 124
A=W 7 0 DR AT DX IO A R 0 R 2 B O 0
( hydroxyl-polycyclic aromatic hydrocarbons, OH-
PAHs) Z88KF, B0 2 58 22 2% % Mucha %
F2x ¥ Hansen 25100, (HIFgm ezl Zhang R
H s AT 28 PAHs 15 YA X B I, A R AT 1-
OHP AE 4 A= bRy , 75 DA X 4 T 3l Sz A5 BLAA
X EREGE5 YL SEBR T K. WA R 2 A
OH-PAHs HY IR & M I O Js e B4 553 AN Ay i 3 o
PAHSs [ 92BR g8 K5

AR B AR | MR AR R Y
IS R AIREE T PAHSs 15 94 /K P A0 55
JUHIE A2 R 58 RS B 5 G R (AN kA% )
I, R PAHs X A R 9 £ 55 R 5|2 w8 1 T
B AT I T T N T S B DX R T DX
JI /N g e e AR DM, AT PRBCR A, I A IR
PRVBCRH (3% - = F DU A R OB B35 A W] A 1 10
it OH-PAHSs ¥ 3, LU 9 3741 ) N T & 73 /8 2 AR
PAHs BN B E2 KPR ALEE. b R RIX A T
TR AR, eI 2 75 e HE R IR, HLsh 4
AT BB TE RS2 R A R 10 Tl XA T PNARHR,
bR 132 A is G2 oh i s Wi 2 w5 Y B
RR W AT AR — D EE R R R, A X
A TR = AT AEEZS 15 km, B IRIXORTE T
Ml XA 325 XU F

1 #MREFZ%

1.1 EWRR R

AWFFET 2014 4£9 H 15 ~20 H IR RE T
T i R IX R Tl X I /N2 DU AR G 24 Y R R,
KBS AR YRR ST T SEE0 E , T - 80°C B IR
UKAAT R RORAE, ELE MR AT, SR RN 2R 78
& AR 7. 88 +£0.82 %, Tl X/ 86 44,
SEXJAF 8. 12 £0.89 7. A IHAF A, A~ X J5k/)N
SRR AR . FREATTKEE TR E R
1.2 SEESAPR R
1.2.1 SEEpbR

ASCES 12 A7 [ A 25 B B (Supeleo) | & RAX
(EYELA MG-2200) | R AH (3% - = 5 DU G AT 52
15 T 1%4Y ( Agilent 1260/ ABSIEX 4000Q) | =550 AH
R (DGU-20As) | W HEAN . TH IR 4R 3% 78 B 5 0

PLAE.

WA BB (W B Budick&Jackson) | it iR J £h
iR (W H TN A2z ) 4.

FRuESy . 045 10 F OH-PAHs FrifE S (1-OHN
2-OHN, 2-OHF. 3-OHF, 1-OHPhe, 2-OHPhe. 3-
OHPhe , 4-OHPhe , 9-OHPhe , 1-OHP) i1 2 Ft[al{3; &
FRCH OH-PAHs (4ifC 3-F 2363 . "C-1-583E1E) |
I A 2 [ MRLL

HAMFEM R OIHIRE | FERUE B LA C18
[EAHZE B ( Sep-Pak , Waters ) | &1k i 348 & 0.2
pm JE IR IE kL 5.

1.2.2 SEETTE

(1) Ff b A AT A 2R

B2 2. 0 mL fRRJE A9 R T RE R B0 T,
AFRFR (0.2 mol- L") 4% pH Ny 5.0 J5 AR A
10. 0 L B-FBEH FR- 05 FLORBR IR . 3. 0 mL BSHR%L
ZEEW (0.1 mol-L™") | 10. 0 wL [EI IR
3-FRHETE, i Z WA TR A R, TR IR
(37.5C, 170 r-min~') 12 h LA F, 3f LL 3000
remin AU L 10 ming B0 E5H S C18 [
FHZEBU AR, C18 /MESE AT 5.0 mL HE AT 10. 0
mL KB FIKIEL, )G LA BfJS 4.0 mL KB F
K, 4.0 mL HFEEER (30% ) Rk B AR ZEBOR: , 7%
PEMRVEW , RV 15, B AR IO B R R B
ZORZSZ) 1 min 5, 1 8.0 mL B EESE AT T, 3F ik
B2k Uk R, B S FE A R P MR RRAE 1.0
mLemin "' 247 ; WHbJE BIRERBTER M A T AR
Wi % 200. 0 wL 247, H 0. 2 pm A9EF Sk JE 4
UE BT TR 10. 0 WL C- -8 E A N AR, AR 77
FEAT A IR HEREIR Y, 1) FH ERGH A (6% - —
VO AT ER I T 1 ARSI 5 R P e 2800 £ 1% A0
JULIF, AR HE PR OH-PAHs Y. ARWF5E 3k &
FH OH-PAHs ¥ 3 24 LU WLIF A2 1E B 26 7R (B4
pumol < mol ~", ILAFAIE ) .

(2) AR 2 ) 2 A el

PR (3 25 A5 E - LU R R KA A
F AR C18 (1% H: 43 (ZORBAXSB-C18) |, F: iR X &
4 30°C, BB BEVR A5 A A < Uik I AH v R A vk BE AE
25 min WM 55% L F+F| 81.8% , Wil i K 0.25
mL+min .

RGBT SR AR 150 < B TR ML 25 H B R
BRI, 4 77 = MRM WS, H g 257 L
9 -3000 V, iR K 360°C. MRM #EF (5 1 X
FIRIE{EE BE R HF L35 1.



12 14 SRR )TN A Z IR DTN B iR KF

4569

x1 REZFFRENHFERMG

Table I ~MS condition for the detection of hydroxy-PAHs
OH-PAHs MS1 MS2 bp EP CE CXP
2-OHN 142.9 114.9 =75 -10 -36 -3
1-OHN 142.8 114.7 -80 -10 -34 -5
2-OHF 180.9 152.9 -95 -10 -30 -7
1-OHPhe 192.9 164.9 -100 -10 -42 -7
2-OHPhe 192.9 164.9 -110 -10 -40 -7
3-OHPhe 192.9 164. 8 -100 -10 -32 -7
4-OHPhe 192.9 164.8 -95 -10 -42 -7
1-OHP 216.9 188. 8 -110 -10 -44 -9
1.3 5 e ik ) EESR
) \ N A= b Te
B Z T R AR R BR O 3.2 ~ 15
ng L™ 5 ER RN 10 ~50 ng-L™'. St 2.1 JRIH OH-PAHs ZEFE/KF

TR RER AR 10% S22 25 1, 10% 1Y%
AR LA 10% B BEFLF-F7 4 i 79 S5 55 2 BT 45 4
Jiti. AR ER, TR ARk I R A Y, &
FARE & B bR (81 SR TE 85. 2% ~99. 8% 2 ], 47
FE S A X FRVE R 22 7E 3. 31% ~9. 56% 22 [8), i
Sy talll D3

T M T B DX R Tl DX AZ 3R it R 10
Ff OH-PAHSs, 43 51 f . 2-F2 3£ 25 (2-OHN) | 1-F2 328
(1-OHN) | 2-#%£%); (2-OHF) | 3-#3£%5 (3-0HF) . 2-
F254E (2-OHPhe ) | 3-8 5L5E (3-OHPhe ) | 1-}23L3E
(1-OHPhe ) | 9-¥% % JE (9-OHPhe ) | 4-F% 3 3F (4-
OHPhe ) 1 1525518 (1-OHP) A 25 2R I3 2.

F2 MNFERBPEESHFTRNEE (IIEFMHE) /wmol - mol !
Table 2 Concentrations of hydroxyl-PAHs in the urine of primary school students ( creatinine corrected )/ wmol+mol ~!

JERIX (n=78) TAkIX (n=84)

OH-PAHS oUW AT o T I ST e U
LRSS s BUEER T e R B (K-W KRS

2-OHN 2.39 2.37 3.43+3.79 0.40 ~24.37 2.35 2.65 4.18 £5.02 0.32 ~29.06 0. 488
1-OHN 1.61 1.57 2.96 +6.25 0.19~51.56 1.31 1.58 3.01 +4.70 0.20 ~34.49 0.755
2-&3-OHF" 0. 60 0. 60 0.82 +0.70 0.09 ~3.37 0.60 0.62 0.91 +£0.91 0.10~5.13 0.799
2-OHPhe 0.13 0.13 0.19 £0.22 0.02~1.50 0.11 0.12 0.15+0.13 0.03 ~0.80 0.280
3-OHPhe 0.30 0.29 0.39 £0.32 0.04 ~1.50 0.23 0.24 0.31+0.23 0.05~1.18 0. 155
1-&9-OHPhe! 0.45 0. 46 0.71 £0. 87 0.03 ~6.51 0.39 0.38 0.49 +0.39 0.10 ~2.48 0. 096
4-OHPhe 0.08 0.07 0.11 £0. 10 0.002 ~0.52 0.06 0. 06 0.08 +0.07 <LOD ~0. 48 0.061
1-OHP *?) 0.20 0.20 0.31 +£0.34 0.005~0.52 0.12 0.11 0.20 +0.24 0.002 ~1.57 0.001
Z OH-PAHs 6.85 6.18 8.91 £10. 57 0.83 ~80.63 6.27 6.47 9.33 £10.27 1.06 ~72.47 0.224

1) 1T 2-OHF #13-OHF | 1-OHPhe F19-OHPhe JGi% i@ i3 W AH (354 4355, L 2-&3-OHF 1 1-&9-OHPhe k7R 5 2) * Fm & 20 A

GiitaE X, P <0.05

H1 26 2 MTLAE Y, JE B XA Tl X /N2 A PR
H1 > OH-PAHs 43314 0. 83 ~80. 63 pmol -mol ~' Fl
1.06 ~ 72.47 wmol-mol ™", JL fi] ¥J {5 & 6.18
wmol - mol ~' A1 6. 47 wmol -mol ™", JE F X G T Tl
X (XG5 X, P >0.05). P XK & &
e = 3 2-OHN, JUA#4{E 4 2. 37 wmol - mol ~' Al
2.65 pmol-mol ™', FAK % &y 4-OHPhe , JL ¥1{E A
0. 07 wmol-mol ' F10. 06 mol -mol ~'.

HW, JE R X 2-0HN, 1-OHN, 2-&3-OHF
7 #% K F AKX F Tk X, 2-OHPhe, 3-OHPhe
1-&9-OHPhe , 4-OHPhe #i1 1-OHP f#) 5% #& /K F 75 T

Tk X, BR 1-OHP Z 18] ) 25 Stk LA G it 4 3 5
Hh(P <0.05), HAth 4 43 2 [8] 35 JC & 3 1 2% 5.
Cocco 25171 | B R4S W98 & LR R 4 0%
el 5 R 1-OHP & & & B Ik e, 1
TR Fiala ) & K2 E Vyskocil 24 B
FEFRM, RO 2 B 7E = Wk FE Y PAHs =5 T5 4,
B FEN TG ok IR, I e s R
DX AR X #5 fR 1) 1-OHP 2 88 K F 1] fig 5 22 AR IR &

AR, R | TEE | ZE | T ESS AR IE T
A PR OH-PAHs HY 258 KF, sk 3 iR, 7]
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LA W M R R IR Tl X/ 24 A PR
2-OHN, 2-&3-OHF, 2-OHPhe. 3-OHPhe. 1-&9-
OHPhe , 4-OHPhe [ %255 /K S A b 3478 F 95 [ 95
P B DU RN A 2 R A 4l | 58 I L2
ZR [ ACH V5 Y X LB Y 25 88 K, )2 H 102 ~
3.62 4% HII AR TR Heh ey, B R4 LR

IR AR AR T BRI 2 A 1 R 58 /K P 5 1-OHN JUJ B
WA TEE | EE | ZeE LK E P — e T R
4G ; T8 X 1-OHP ()22 #87K - B 3 55 DUk
ey RE, EE . R E S X BREE R T
AP X 1-OHP ()22 @K AR R, 550 DUk L84
1% 7 5 7K P AH 2.

F3 IMNFERBHEESHFTREORESE RSN ELMFTRRAILLE" (IIFFRHE) /wmol - mol '

Table 3 Comparison of the concentrations of hydroxyl-PAHs in this study and other studies( creatinine corrected )/ pmol - mol ~'

HiLX 2-OHN 1-OHN 2-&3-0OHF 2-OHPhe 3-OHPhe  1-&-OHPhe  4-OHPhe 1-OHP SCHk
G S S 1. 8533 65 1. 4;~6? 86 0. 1833 25 0. 02?3 05 0. 1(1)~13 14 0. 1(3)~]§) 16 0. 02~0(3) 03 oO. 183(2) 14 [25]
e[ HE LA 1. 741t~82 07 1 3;~6(1) 93 0. lgfg 32 0. 02?(5) 05 0. 1853 14 0. 0(2)~1(6) 15 0. 02?3 06 0. 0(6)?3 08 [26]
SRS TR _ _ _ < L(?152~31. 46 0. 02!3?. 27 < L(;)b4~()2, 84 < L(;)[')0~50‘ 42 < L(;)blfo. 83 [27]
F TR 0. 584;2174. 95 : 0. 6§1§~72 17 0. 0(9)33 69 : 0. 1(9)~7421 94 < L(;)bo~20. 13 0. ngg 58 (28]
ERECNE 2. 3130;2510. 4 : 1. 014.~7249. 26 <L(§Jbl~30. 62 : < LOII-JS~15. 19 < L(?bojl. 12 0. 18j‘? 64 [29,30]
IR ERAEAT 1. 596;732(). 07 : 1. 074;7505‘ 86 0. 0(3)}(1) 00 : 0. 4;?2 98 < L(;)bofo. 34 0. 170;5101. 93 [31]
RS REES 0. 6;3‘7t 59 2. 5§~6; 28 0. 1(3J~3(7) 87 0. Ogj(l) 14 0. 02~1(1) 21 0. O(2)~1(3) 29 0. 0(1)~0(3) 09 o 1832 50 [32]
JHE R b 0. 402;3274. 37 0. 191;5571. 56 0. 0(9)~6(3) 37 0. 0(2)3? 50 0. 023? 50 0. ngz 51 0. 0002. (370. 52 0. 0005. %00. 52 G
PN ALK 2.65 1.58 0.62 0.12 0.24 0.38 0. 06 0.11 A5

0.32~29.06 0.20~34.49 0.10~5.13

0.03~0.80 0.05~1.18 0.10~2.48 <LOD~0.48 0.002 ~1.57

1) “—" FRIR S B H SR B

AU X P ER PAHs W5 . 25 . AERIN B
#E KO- E AR AL 3 X RN ZE L 2,
EF BRI LL, A RS
ZRAEE AP E L 2y AERYRE W, T 2 R e 2
T R AESORL AR AE B AR B R
U XU, IR B B R R — > EE A R .
SR, 5 N AR SR 25 AR L, TN T AR R
VRN Z2 007 e 1 P9 2% 5 7K SF- ARG SR (EUARH LG [ Ak
(R —BERIESE, TN T /N R R N 2 3035 08 15 Y b 5
5.
2.2 OH-PAHs Z i{4RF

WE 1 R, JE R KNSR R R > OHN,

> OHPhe, > OHF, > OHP Jf (5 H {5 43 1] M .
71.71% . 15.61% . 9.15% . 3.53% , Tl IX /N4
JR#H > OHN, > OHPhe, > OHF, > OHP Jif
di b B 4y B R 77.02% . 11.06% . 9.79% .
2.14% v UL, JE B IR Tl X /Naz A R R OH-
PAHs BJLL = =R B SS | BREEE | B
DI RS EE o  S Pa W N A DN 3 S

OH-PAHs MZLHRFAESSA, HIFILL > OHN >

> OHPhe > > OHF > > OHP [y#LH:
kR SPSS 21. 0 HAg K-W A 30X f5 R IX

R DX /N A PR 25 OH-PAHS LA 22 [1] 1) 20

JRCRAIEEAT 28 S PEOIAT , 45 2R R BT SE IX dak/ g 2
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Fig. 1 Composition of hydroxyl-PAHs in the urine

of primary school students
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PRI 2-OHN | 4-OHPhe & 1-OHP Z [6] i) 22 51| A
GiiteFE (P <0.05) , HAhd /30 i 3% 25 5.
2.3 JRWH OH-PAHs ¥R BE A AH DCAE S0

FE b OH-PAHs AN [R] 41 522 1] 4 #H 56 1 mT LA

Fe R HORUR , i FAEACH OH-PAHSs AUEXJIR BE AN
FFEIEAS 0, R SPSS 21. 0 H Y Spearman i
BOHEATBUR AN R 43 B /I A2 PRI OH-PAHs 2
[ AHOGE 4R LR 4| 35,

F4 BREMZEGHEESHFTRAERLXME (n=78)

Table 4  Correlation among hydroxyl-PAHs in the urine of primary school students in the residental zone(n =78)

2-OHN 1-OHN 2-&3-OHF 2-OHPhe 3-OHPhe 1-&9-OHPhe 4-OHPhe 1-OHP
2-OHN 1 0.879" " 0.633" " 0.605" " 0.632" " 0.630" " 0.600 "~ 0.576 " *
1-OHN 1 0.519" " 0.527" " 0.582" " 0.593" " 0.566" 0.511""
2-&3-OHF 1 0.775 " * 0.802" " 0.755" " 0.651" " 0.726™ *
2-OHPhe 1 0.928 "~ 0.866 " * 0.859" " 0.780" "
3-OHPhe 1 0.878 " " 0.831"" 0.830"*
1-&9-OHPhe 1 0.816™ ~ 0.842" "
4-OHPhe 1 0.737" "
1-OHP 1
1) # = FoRMHRMAE0.01 B3, TH

RS TUWRNFEGENEESHFTRIMBRME(n=84)
Table 5 Correlation among hydroxyl-PAHs in the urine of primary school students in the industrial zone (n =84)

2-OHN 1-OHN 2-&3-OHF 2-OHPhe 3-OHPhe 1-&9-OHPhe 4-OHPhe 1-OHP
2-OHN 1 0.839" " 0.467" " 0.466 "~ 0.428" " 0.376 " * 0.552* " 0.201
1-OHN 1 0.447" " 0.353" " 0.338" " 0.357" " 0.442™ " 0. 164
2-&3-OHF 1 0.658 " * 0.707 "~ 0.678 "~ 0.577" " 0.517""
2-OHPhe 1 0.855" " 0.794" " 0.616" ~ 0.622" "
3-OHPhe 1 0.846" " 0.663 "~ 0.755"*
1-&9-OHPhe 1 0.550" " 0.724"
4-OHPhe 1 0.404 "~
1-OHP 1

M4, %5 iLAE I, RIX/NEAAN OH- 3 i
=A

PAHs Z [RI ¥ fE1E W AHCME (P <0.01)  AH G FR %K
FE0.511 ~0.928 Z[H]. X a2 E R IX A5
231 PAHs {XOK 5 F 2858 15 Y 1 52 M), FL 2 ok
TR A — VR AR /N2 A K Y OH-PAHs Z A1 & R
WA DG, 5 R IXOR R B, Toalk X /2 R
WP 1-OHP 5 2-OHN | 1-OHN 22 ] JC i 3 A1 ¢
PESL, oAl OH-PAHs BR A 22 [] 35 & 5 40 G (P <
0.01) , & R KA 0.338 ~0.855 Z[A]. X Al figJ2
Tl X BR5EA5 S PAHs 524116 Tl HERC X 937 58
T[] M Y 25 2

JE R X5 Tl X OH-PAHs 2 8] B AH 56 P FE7E
H—EMZES. T IX /N A R A 6 S I K
JEL T KT3I AT B 2 5 R, 22 S
WG 2 58 25 5 DL R T RABR Y 8, Uik IR
FLA 2 8 1R 4% 25 7 0 g2 R B A X3/ N2 A2 OH-
PAHs ZF245 SRR EE RN, X, 4R
T 2l OH-PAHs A [7) B 6 0 458 {SOAS: D SR A~ 1) OH-
PAH £ 58 R b ITAG AR 7 S B 22 58 7K -

(L) J7 N R B IXA Tl X /N 25 A R
> OH-PAHs 43 5 2 6.18 pmol-mol ™" Fl 6.47
pumol-mol_1 JERXBE T T X (BGiT¥E X,
P>0.05); %t OH-PAHs BT 7, & R X 2-OHN
1-OHN, 2-&3-OHF 1Y % #& /K Pk T Tk X,
2-OHPhe , 3-OHPhe ., 1-&9-OHPhe, 4-OHPhe # 1-
OHP [ ZFEK V=T Tk X, B 1-OHP Z [A] (1) 22 5%
PEEA GiiT R 5 AN (P <0.05) , HiAth 4l 43 22 6] 6
DEMZER. 5ENIMIER SRR, TN T
INEE AR Y 2 IR D he s YR T 5 R A

(2) ] B X Tl X /2% A K Y OH-
PAHs LI =ML ZE | BRELHE . B N
E, H¥EMWE > OHN > > OHPhe > > OHF >

> OHP fHLA.
(3) )T B X B Tk X /N2 A R Y OH-
PAHs B0k 2 [a] A7 G P AY 22 5 U B R H £ F OH-
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