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254 3%(ERY)~36%(TC). TE 42 Cr Cu Zn Al Pb 7ET5 /K A ik tH 7 B 36 B 235904 136.9~235.5.7.1~37.4.18.1~98.4 Fil 143.1~383.0pg/L,
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JEK R 9.28%10° (ermA)~1.83x10%(ered)copies/L, Fi BE A/O T 250 H HAT BT 10 Z5 B8O BRAR I FE T 3% 1.19~3.97 ANt Bk i S it
AHFMESSHT AT 41, ERY-ARGs 5 ERY 22 [0 AT B AH M (P<0.05), M BEAERER ered 5 Cu. Zn F Pb 2 JaE S B0 I 558 25 40 S5
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Abstract: Occurrence and distribution of six heavy metals and three antibiotics were investigated in a sewage
treatment plant in Shanghai using inductively coupled plasma mass spectrometer (ICP-MS) and solid-phase extraction
combined with high-performance liquid chromatograph tandem mass spectrometer (SPE-HPLC-MS/MS), respectively.
Quantitative PCR (qPCR) was used to determine the distribution and removal of seven erythromycin resistance genes
(ERY-ARGs) during the wastewater treatment process. The results showed that sulfamethoxazole (SMX), erythromycin
(ERY) and tetracycline (TC) were detected, and their respective removal efficiency was low in the range from 3%
(ERY) to 36% (TC). Heavy metals of Cr. Cu. Zn and Pb were detected with concentrations in the ranges of
136.9~235.5, 7.1~37.4, 18.1~98.4 and 143.1~383.0png/L, respectively. Almost completely removal of Zn was found by
the two-stage anoxic/oxic (A/O) process, while the elimination rates for Cu, Pb and Cr were 48%, 43% and 18%,
respectively. Additionally, all ERY-ARGs were detected in the range between 9.28x10°copies/L (ermA) and
1.83x10%copies/L (ered) in raw influent and were significantly reduced (1.19~3.97logs) in the wastewater treatment
process. Based on the correlation analyses, the concentrations of ERY-ARGs exhibited significantly positive
correlation (P<0.05) with ERY. Also, the concentration of ered genes was strongly correlated with those of Cu, Zn and
Pb (P<0.05), indicating that the presence of ERY played an important role in the evolution of ERY-ARGs, while heavy
metals possibly exert selective pressures on the ERY-ARGs.
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VAR, A Hh 41 B 0 24 PR L Xl (AR Gs ) R 7
PEREHE 32 3z oM, H A% A 4, ARGs
FRNEE AR 7 A 2 FH AR 3R 2 A ) R e PR
Ji A BT 5 PP 58 LR PR R
NARFIZN A N Jie L REA S 23 AR R AR AR
T P )25 i 7 9t A0 3 N9 7 e 4k N Tl
VoK AR AT AL BN 7 A A A P AR R 40 R
SHiE R ARSI 51X AU R U2 TR A
FEAR QI T 438 A BECL e 45 K h o fthys
LWy b B G o A5 A0 AT e 2 P2 PR A B A
POV O R STAR 24 42 vk BB L 40 7
a A &I 4E A SOS(Save our soul) N2 i,
HH R A HRBUHIL R T R 2 5 R DLk <
Pt ok 1 2 Pk A UL DR b SR NS K b )
Hu A 2R 2 M T B AT YR 2 MR
PR RS SN TEE] ARGs R
T4k AT 23 3

1% 7 (ERY) & — M i TR IR A R 28 470
3R LSRRG E i DA A I i 2 B DR A
I8 T 957 7KORI b 3 7K e A A H O 1
TLANRECEYIRT ERY HSPTHLE D AT 3
FUE R AR AL ERY HEH Akl
AR BB ERY FEAZREAR L0455 A F A A B %
WA ERY 73145 R A G 2 2L 0w 4 4%,
TSNS ERY FRIAT R RRAA AH O B A - on B
WA EAT RS A R A T Kk B2
BEBEIL K ered MIAFAEAIIESH J& ERY 15 LAEAR 1
AL

AT 4 Bk A= 6) ERY HRBTAL
AN JEE L 7 Fh ERY-ARGs(tU 45 ered.
ereB. mefA/mefE. ermA. ermB. ermC Fl msrA/
msrBYVE N 5T 5, 2% 2 L AE 5 /K Ak B i v
W o) A ML BRRFAE, 3 mefd/mefE
msrA/msrB & ERY #MEZEFE K ,ermA . ermB F
ermC Jj ERY RZHAA FHIEAL B L (K] ered F1 ereB
A R L A S R xS K 3 R
FA 6 FhE & B AT R AT R
ERY-ARGs Z [8] AR 5C 3R, 0 7 7K Ak PR
G ARGs 5 AL A B I A 58 i PR 3R 48
BERE AR

1 MREAEZE
1.1 a5 G

BT T T AR AU (MARS 5,CEM). Hi
A 55 8 T A AL (iICAP-Q ICP-MS,Thermo
Fisher). [f]AHA5H %% & (Supelco). HLB [ AHAEHL
/NFE(500mg/6mL, Waters) Hif 7K &KX
(Organomation Associates)~ = 20 AH €7 1% A AL
S A (HPLC-MS/MS,VARIAN 310). & {5
20 L(Thermo Scientific). SEI 3¢ E & PCR
{ (Rotor-Gene 3000qPCR,Corbett). %1 & [N
& {X (NanoDrop 2000C, Thermo Scientific).

25 i 53R A il T M (SMIX, 4k B N
99%). ERY (4L 99.8%) A1 +h M2 PUFK 2 (TC, 4l
4 99%) bR tE it 41 F % [F Dr. Ehrenstorfer 2y
H) RN Z I 8 (a4l e 3 39S E Honeywell
Burdick & Jackson 2w H e A 2RI 4 434
ali I 1 24 4 Pk 25l A B A ).

1.2 FRALREE

HARMER A RS KA B %) S
TRACHEER H B A/O 12K FE A B AL
JERIEAR (W) BT HK(W2). —Z% A/O
HZK(W3). HhIpTiE i K (W4). —2¢ A/O i
K (WS) Rl f 26 0t 7K (W6). K K 1) 1] 24
2013 4 12 J1~2014 4F 3 JJ,HRAE 3 Ik BRI 2
APATRE R IEARFUN 1L KAEZE N R NG iR 5
TBNBEAT UKES (¥4 HIFE N AR 5 TGRS [H] 52 56 =5
HEAT AL 3.

1.3 Kl o #r ik

1.3.1 HabtAdRAWRN L HARREES
0.45um  [R9E L I8, BEM WA 5 AN 500mg/L
Na,EDTA, X H 0.1mol/L BN KFE pH {H 1
25 5 HEAT [ AHAS I AH A BN S8 6mL Y
PR 6L B A0 7K TR A4, AR R KR 3 ek ] AH A
IC/NFEREAT B 4R, I3 SmL/min. & 4E5¢ UG,
I 10mL 2 7K Uk R AH A 0N L2 B —
LE L B I TN 1, R 5 B, T S R
6mL X & L) H bRl R 93T VeI, bE
IS 8 FH Sk B i A PR P 25 42 TmL,2hé
A 2mL BRI EBERE /N A
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HArPAE R 299K HPLC-MS/MS  #5ll,
{4 3% 4 Welch Ultimate XB—Cjg A% (150mmx
2.1mm,3pum), 7% 0.2mL/min, JEEE & 20puL, A5
30°C. TR A FE 2 B TR E B TR, Ui B)
AHA A 0.1% H R /K (AH A)FT 100% &
(HH B). R FH o B e I A X B AN o 25 5 1 T
i BsF 1) 2 Smin. A W A5 2k 22 B A
(MRM)##i#E A

IKAE H brbi AR 22 IR R SR A T
VLRI A 7 RIS R 86.4%~108.5%.
1.3.2 FELEBRMITIE  KEEN R AL B 7 v
Z [ % [H B 58 R 0 & HE #E 7 75 (USEPA
3015A)° 95 56, 00 SmL 28 0.45um 858 5 (1)
IKFEE TSRS SIS 20 mN 1.5mL
W HNO; Al ImL #A1 H,0,,J8 4 /5 & 30min,
SRS TBONTHCE I A ASC B AT V0 A8, Sip i A it
SRR LIRS S RIS R S 10mL
s A AR 0 1% 1) HNO; AT
SE 2 AT I IS S K B S /E 10000r/min 3 T
B0 10min, EiEWZ 0.45um JEME R 385 KT
ICP-MS ¥l 5 %W Cr. Ni. Cu. Zn. Cd #1 Pb
SR AR I 3 AN AT RE.
ICP-MS FZRMI A S BN 2.

F1 WRHEBEHSH
Table 1 Optimized parameters for microwave digestion
process
- (W) ﬂ@ﬂ'.ﬁ [] BRERRECC) f%%luﬂ“l'ﬁﬂ
(min) (min)
1 1600 10 160 5
2 1600 5 175 15

1.3.3 ERY-ARGs 3l /575 KM TIANamp
Soil DNA Kit (TIANGEN)$ZHUFE i DNA,F:AED
RS A S vt 15, ) DNA AT 19%3
JIE B I Lk RN NanoDrop  2000C R4 B2 2R 111 52
S RSN Il P e 5 485 SR o T2 DNA
] OD260/0D280 fE 33 KT 1.8, 2 fE AT A 2Lk,

H #% ERY-ARGs 1l i ered .
mefA/mefE. ermA. ermB. ermC FI msrA/msrB,
FIEALE F 4 34 5 1490 13 51 W SCHR[17].qPCR R WA

ereB .

ZA(0uL) L F5:10uL SuperReal Premix Plus(2x)
(TIANGEN), E 514 (10pmol/L) % 1pL,DNA
BB 1pL,ddH,0 7uL.qPCR [N FEE:95°C Tids
P 15min,95°C A2 105,58 CIB K 30s,72°C ZEH!
328, 3L [ WY 40 MR AEAFE AL 3 ASTPATRE )
ISR FH TG B K AE Sk B3 e R

F2 ICP-MS #iMEHSH
Table 2 Operating parameters for [CP-MS detection
TAEBH BoE
TIAH(W) 1400
VAR (Ar)(L/min) 14.0
S BY I & (Ar)(L/min) 0.8
ZA SR (Ar)(L/min) 1.0
T E AR KED flf
15 B4 I} [ (ms) 30
BEAN T T 5L 3
SRREI ] (5) 30

1.4 Bty

HArPiE £ 254, ARGs FIE 48 o 5
SINTYR A 3 UCRAEIAS ISFAfH.AH SPSS
19.0 GEvk o3 Hr g A I 5 0 33047 4 38, T A A
A g FH AR B 2 [R] R B2 2K AE G R EL(R) AT P
{H.P<0.05 TA Ay A48t 2 ) AT 2 35 AH DG, e 22 W)
WA A 3%

2 ZFR5WE

2.1 HAsyuAsm W5 K AR B R v (1 55

K

W1
80 NN W2

W E (ng/L)

N
ERY TC

PUER AT KA B R 1R LK (n=6)

Concentration of antibiotics during the sewage

SMX
K 1
Fig.1

treatment process (n=0)
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Bl 1 b BAsdi il = 29 Aeg /K b B it
FIM Aol i 1 LA H, SMX. ERY
Al TC =P AT KA ER | A H IR
FE 5 2 5 A 24.5~38.7,47.5~49.2 Fil 43.1~
85.4ng/L. Chang 25U'SIE 8K BEyG K AL 3 e 2%
HKH R SMX. ERY Fl TC HIR 450
2020. 206 F1 118ng/L, 35 % i T AHF Il 45 2R,
3 BT J5U R AT B 2 AN ) X 3 A 25 2 W 1 A A
DUAN[A] A 30 3o s o B vl R0, B A/O T2
X} H bRPUAR 3 2 1) 2 Bk Rl 5 7, 2 B
ALK 3%(ERY)~36%(TC), Kl 73 25 B 0 1 8
RAAE—G A/O A BLEE A ALEE T2 (& i+
M AT It ) 0 L 25 BRSO T Bl 5 G ] B
H P 1 2047 ] LLURBLERY 7E R8N 5 7K A F R
H R B KT AR R AN AR, R B ERY 43 14514
Fet 78 75 A% 0 0% VE 75 U8 & 48 b A DA g A Ak 2
B Rosal 2V pYHEoF — i y5 /K Ab 3 v
R A IR T AL L.

2.2 FELJEATE KA R P ) o AR

LEVG/KFEFRSLR Y Cry Cu. Zn A1 Pb PUF
F 48 05 ARG KA B R ) 2 A AR
ARFAE QB 2 From . FE 4 SR AS H AR Fh v BRI
HE B 7 A Pb>Cr>Zn>Cu, ¥k F£ 36 il 4 5 A
143.1~383.0. 136.9~235.5. 18.1~98.4 Fl 7.1~
37.4ug/L.Karvelas 25207 75 il FEFE 98 JE ok — 5
Vo KALEE ) FIRERL I Cry Cus Zn F Pb 25
&R ICE KL FARIT A Zn>Cu>Pb>Cr, WK 5%
JE 359k 270~470.33~79.27~39 F120~40ug/L,
o Zn AT Cu FIKRFE AT 45 3,1 Pb Al
Cr WIAH S IX AT BEAZ HH T AN [ HB X Y5 K Ab B i
FEAN 5 7KK T JE TR 5 4 g GRS AN
IFi) T 3 3 1.

HIE 2 STl 5L B A/O T 25 Zn
PR B R U X Cu AT Pb () 22 BR300 L Ky
48% 1 43%,H%] Cr ) 2 BR AU A 7, 22 R AN
18%. Ustiin'! ¢t + H- LA SR 5% — 53045 /K b
RN AR SR 3PS e RELx Cry Cus Zn
A1 Pb S5H 4 & (1) R FRFE A IE 47%~95%. H Ti%
PEVS YR AR T 2 BT B R A X HLE i)
FRP I HLyg K s 2 M S A%, S o S B R A5 )

S EER 2 MRS KA EAEH, S 8E
& B ARG Ak P AR v 1) R B AR A K s i
Pl 2 20 0 W mT 0, v5 K B A ) 2o o A
R A R Ak B B (TR T R TR T
), WAL BE T 2% Cry Cus Zn F1 Pb (2R
FEZ1 K 21%(Pb)~36%(Zn). LA WA FE Y B i
756 T PR FH SE O 4 Ja 1R IR B X 8 B
TPV e 4 1) T 4 iR e 430 1ok R 4 Ve
HH 75 B 2 PR R 45 R R, R R e k) Crs
Cu. Zn 1 Pb ZEHE 4 &1 L FRFATIA 39%(Cr)~
73%(Zn).

W1
N W2
w3

&2 & ELETG KA B AR b R B 7K E (n=6)
Fig.2 Concentration of heavy metals during the sewage

treatment process (n=6)

2.3 VEKAEE R ERY-ARGs [R50 1
BRI

Kl 3 s Kb B FE Y H A% ERY-ARGs 1)
WAt ol 3 AT, H A% ERY-ARGs Al
16S rRNA JEPRI7E K rh 5 g A Hh 3L ered MR
J 5% 5,35 1.83x10%copies/L, 1T} ermA MW JE HAR,
b 9.28x10°copies/L. Itk 41 .ereB . mefA/mefE
ermB {E JRU K IR ¥R BE AR AH X A, 4
10’copies/L. A& 3 & A LLE H, Hbx ERY-ARG
LEFEAVG K AR B T 2 o 52 00 HH 20 BRI
w3 R B A/O T 2% H b5 ERY-ARGs H47
LI ) 25 BRSO, 25 BRI B2 W]k 1.19~3.97 /N6 £
W —2 A/O T 2B Hbs ERY-ARGs
HA W35 2 B 2R (P<0.05), % Bk i B2 0
0.88(ermB)~3.12(ermA) ™ X B4 5,1 — 4 A/O
Bt ermA R 3 AR B A HE K ok
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K AR S04 B bR ERY-ARGs AR R IUEATHI G, 1075 B 55 ORI R0 A 3 9R BE NAF A — 5 IR AH

12 B H (ermB BRAL).

log(# J¥ ,copies/L)

7
7
2
A
A
N
N
N
N
N
N
N
N
N
N

= Q < Q QO A <
N s —
K3 H#x ERY-ARGs 7£75 Kb Bt R H Rk S /K1

(n=9)
Fig.3 Concentration of the target ERY-ARGs during the

sewage treatment process(n=9)

2.4 HishidE 5 ERY-ARGs 2 AT

SV SLEREINA B ZSL // Pala NIV E s Svivkie 2 6 AW
FEAN PG E L 3 R P A AT R g
27200 224350 2 3 2 P 8 T g 90 2 el 5
I AH Y. ARGs F oK B 2 1 R 5D H i, T4t
L ARGs AR = AE (1R PRI
N 7k)k 27]

% 3 N HETEZR S ERY-ARGs 2 7] ({4
N3 BT Eth, vl LUR I, SMX A A — il e 2
P EE M), ERY-ARGs 2|6 B #FAH e,
I TC A WU R FE AW, 5 ERY-ARGs 2
8] TG 2 5 AH M (msrA/msrB [ A1) RS it
% 3 #¥s o, ERY 5 H bR ERY-ARGs(F ermA)
Z TR ¥y 5 I W A OGP (0.859<R<0.963,
P<0.05),11 H S HREEHEE ere SORTL AZOH A AL
I erm ML AMEIEEE mefimsr S0,
DL ERY-ARGs &R [a] AT B i k25 AH DG 1
(0.865<R<0.975,P<0.05),iX £ — & F J& R W5
JKH ERY XN, ARGs [ S77 A42 FH ek B
13— ML HEE . Gao Z5PMF 50 R LI TS YE &
g s P AR 2R 5 LAY, ARGs sull Z 1]
HLAT B35 IR PRI PE(R=0.97, P<0.05).

YE} ARGs M HEBHEREIE ), A 5EH ARGs

TNESR M A IR, S35 ARGs BF 9k
AT 35 2 [ AT BEAMAFAE R 4 (1) AH OGP Chad
2t OV 5% o L SR b B A R e 25 P A % 5 DU 3R
#K ARGs Z[AIAHCYE 2 iy T DY 5 28914
FHVUIREZE ARGs 2 [A] (R AH I, [ b vy T

HEREZ2E ARGs 2[RI RAH I 33X n] G /& 38
*r&%ﬁAMR%ﬁhm G AR E U
FMEEENEE ) T I Bt 1 B Rgsslm
I A — Fh 22 B ARGs, A 1T 48 75 24 385 vp
ARGs FETFm, I 38 ARGs SA KPR
2 TE) (R AR S AN B 4 5 0 31,

%3 B#rin4EHES5 ERY-ARGs ZEHEX M5
Table 3 Correlation analysis between concentrations of
the target antibiotics and ERY-ARGs

, RN
HUEHE R
SMX ERY TC
R 0.388 0.963 0.649
ereA
P 0.448 0.002 0.164
R 0.396 0.859 0.658
ereB
P 0.437 0.029 0.155
) R 0.505 0.884 0.757
mefA/mefE
P 0.307 0.019 0.081
R 0.191 0.942 0.518
ermA
P 0.878 0.217 0.654
R 0.420 0.865 0.677
ermB
P 0.407 0.026 0.140
R 0.452 0.874 0.710
ermC
P 0.368 0.023 0.114
R 0.720 0.873 0.914
msrA/msrB
P 0.107 0.023 0.011
R 0.401 0.975 0.670
ere
P 0.430 0.001 0.145
R 0.505 0.884 0.757
meftmsr
P 0.307 0.019 0.081
R 0.421 0.865 0.678
erm
P 0.406 0.026 0.139
R 0.444 0.967 0.716
Sum of ERY-ARGs
P 0.378 0.002 0.109

VELIR B AT B AN e

2.5 K E4S)E S ERY-ARGs Z [AAHI 4T
ERY *f ERY-ARGs HJi 48 r=: H — 2 i)
F SR P20 IR0 32 (AR A g
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I3 BT R, DY BR 25 2R Ji 2 i A 35 5 L AH
ARGs Z WA BEM M S5 E4JE Cuy Zn
U Hg 2 i) S 3 H B 4 1 b 3 A DG I IX R B T
& J R ATAE R 40 B sk A= 0 e v T = A A R T
AEt AT AR EEE .

12 4 8 o0 AT n 0, R SE [N ered 5 R
4 )& Cus Zn 1 Pb 2 [R)35 I HH A 4 11 S 5 AH
F 1 (0.826<R<0.886,P<0.05),H:'t ERY-ARGs 4
H4JE Cry Cu. Zn M1 Pb 2 [a S L —E 1K)
EAHICNE(R HAE 0.491~0.886 2 [0)),{H I A g 2
(P>0.05), 3% B 554 Ja () A7 5 ] g2 Vg K b 3
FEh ERY-ARGs &AM I)— AN EE .
Knapp 5P WF5¢ K B, A6 A8 FH B0 22 2w, 3
#] ERY-ARGs(ermB. ermC~ ermE Kl ermF);
54 JE(Cos Crv Cus Ni. Pb. Zn Fll Fe)ff4E
—E WA ermB R ermF 54 )& Cu
Z I EBAT W MGk B e P 4
J& BENE 5 T 40 B A A o DA R 2 A bt
P BN 58 AT Mcarthur 255 V7R BT 5% 1 9 37
HH R B 25 RN IR 2R B A R ) 2 ) AT I
I, 02 PR AN T H DA I v 1 M 7 A
YA S SN HE RN T R0 i 7K IR SR S TR R
B b, FERE A A A i ) . A b, 40 B
S PIRYIT He 104 & R0 3 A
(R*=0.54,P=0.023), % W 4xJ& He wl it a4
PR R 384 5 A0 VR A A N P AR 2R 2 )
(RIHKHT I Stepanauskas 5P F 5T K B0, Hi Ak 2
VAN E BRI R, LR E SR CA RN &
RS RA 2 EHUZPE R IR AR, R
4 AR R 0T P2 Mk A LA SR RO

FRCAR ARV B 1) 7 4 i 7 20T Al TR AR ) 1)
P BRI A PR g WA AN R 2 1 AR T e R ) B
& 8 TT Ao 0 AR B AR LA S DNA A
20 PR 45 Ay R4 3 43 AN B Aok 41 1 T AR )
& BT B2 T5 R AN SOS SN H (R L I, A
PR G S R E ) R R 2 A A A,
PUAE 22 2P K IR 1R P AH R, 38 5 A
JE CLSE M AE W 1) 18 A i v 20y, (0 B 4 v
eAI NS | T T & R £/ T e 1) L S s £
B A A0 R A Y A AT A R AL AR — 1

AR fi Ak o AR i 5 K R A R IR fE
fig 7 A K e PR BT 5 L[] I, ARGs i
H AL AR TR AT e i JORE AN B e 1
Tl A=k A S o ) R A B A e A AR Jit
TEPIERAF A YU R 2 W HRPUPE () T i AP0,
DR 0k, T < Jom 5 e 0 70 24 1 TR X SRSB4 I D 4
R B A{EHE ARGs 72 NI R4 1
(RYEEAS AN AL 1 Xk 7B AR PR AN N A R AT B A
K.

*4 MHEESLRES ERY-ARGs Z[EEXMED
Table 4 Correlation analysis between concentrations of
the detected heavy metals and ERY-ARGs

, . B
Qe |
Cr Cu Zn Pb
R 0.728 0.826 0.886 0.885
ereA
P 0.101 0.043 0.045 0.019
R 0.552 0.686 0.617 0.622
ereB
P 0.256 0.133 0.268 0.187
R 0.537 0.707 0.641 0.668
mefA/mefE
P 0.272 0.116 0.244 0.147
R 0.515 0.856 0.622 0.708
ermA
P 0.655 0.346 0.573 0.499
R 0.543 0.684 0.616 0.627
ermB
P 0.266 0.134 0.268 0.183
R 0.544 0.697 0.629 0.646
ermC
P 0.264 0.124 0.256 0.166
R 0.491 0.732 0.726 0.805
msrA/msrB
P 0.322 0.098 0.165 0.053
R 0.722 0.828 0.851 0.870
ere
P 0.105 0.042 0.032 0.024
R 0.537 0.707 0.641 0.668
meftmsr
P 0.272 0.116 0.244 0.147
R 0.543 0.684 0.616 0.627
erm
P 0.266 0.134 0.268 0.183
Sum of R 0.667 0.800 0.793 0.802
ERY-ARGs P 0.148 0.056 0.110 0.055

VESLAR B AT B AR e

3 it
3.1 PrAEEZ SMX. ERY Hl TC £E75 /Kb 7

J b g R R R 4y ik 24.5~38.7,
47.5~49.2 F1 43.1~85.4ng/L. V5 /K H A HY Cra
Cu. Zn FI Pb &5 4 P 4 8 70 25, W B2 i v 2
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74 Pb>Cr>Zn>Cu. H A% ERY-ARGs f£{5/K
A B AR B B AS HAE JRK )k R  FEL R
9.28x10°(ermA)~1.83x10%(ered)copies/L.

3.2 ERY 5 H#¥5 ERY-ARGs(%: ermd) 2 [a] 3] F
H M N, 5 ERY-ARGs [ R 2 Ja) o 5L 3]
R I Sk A OGHE, 2R B ERY AT ERY-ARGs
()7 A R R A R .

3.3 MREESEEA ered 5F4JE Cus Zn F1 Pb 2
(i) 52 3 EH A e 1) J AR DG, — e AR R B
4 J@ 5 75 AT e ) ERY-ARGs ELA7 HLk S 4E .
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