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o E: A RABMR—EAAERT AR NREEAFAFRDGH, EREETLHN TR
oAz g T IRAGFINE, MK EBRANEA, ZHAOHRERE—F XTI LR TELAE5H
WL & P BA 7T Je 098 B B o AR A i5 B4 A AR 35 )& (polycyclic aromatic hydrocarbons, PAHs)
RTEMEERARFRZ—, BAZAE, 25, L kdEF4HE5. (B8] AFLAKE
JRTRTRAGBAEEBET AT SBHE | REGHER TR 2-EmOE K, oM
HEAER LB AGRBESL, AORLT WEEFTEESRATRARTBELT LhomEhs
BHARGE A F. [(FE] KNG ELBRET AT IRERNA 1-LAE-2-28 A7 — 8 R H K,
2 16STRNA A B 57| K &, 45 & A48 &% - 7 % 3% A (gas chromatography-mass spectrometer, GC-MS)
Ho ) AT B AR 1-T2 AK AR -2-FR B 09 TR AR A4S M BOP R = 4, JRAEMIT AR e Rt e 2. (4 XR]
i IRAF 1 ARy A E AR -T2 8K A -2-2 B0 89 Pseudomonas putida CUGB-JL11 B#k, 25 hFE LK
MG ERBERE. ZEAREREN 30°CAEL, K& pHMAEEN 6-8 £4 T, Bt SdA
3t 40 mg/L 1-T 7K 2 -2- KBy 69 6 i 5 53k 81%. MM T MIRM = TR ARTK R R : RF AR
B Ao R R M, 12 FARE KIS F B Z A E R DS TR RFER T LER, (4] E21K
¥ ja P. putida CUGB-JL11 BA RAF69 1- T K -2- KB4 i e ) Ao B s 903w bd, Ait— &
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Isolation, identification, and degradation characteristics of a
1-nitroso-2-naphthol-degrading strain derived from
nonferrous metal (loid) tailings

LI Xinyuan, MENG Hang, YAO Jun, LI Hao, ZHU Xiaozhe, ZHAQO Chenchen, Liu Jianli’

School of Water Resource and Environment Engineering, China University of Geosciences (Beijing), Beijing
100083, China

Abstract: As a new representative flotation reagent, 1-nitroso-2-naphthol is widely used in the mining
and metallurgical industry to improve the utilization rate of low-grade mineral resources. It is highly
stable, posing a challenge to the treatment of heavy metal pollution and organic smelting agent pollution
in mine. Among the crucial techniques for the remediation of polycyclic aromatic hydrocarbons (PAHs),
bio-remediation is safe and efficient with low cost and no secondary pollution. [Objective] To screen an
efficient 1-nitroso-2-naphthol-degrading strain from the typical non-ferrous metal tailings in the periphery
of Hechi city, Guangxi Zhuang autonomous region in China, analyze the degradation characteristics and
potential metabolic pathways, and thereby examine the conditions for the microbial remediation of the
mine polluted by compound pollutants including PAHs. [Methods] The strain which used
I-nitroso-2-naphthol as the only carbon source was screened and identified by 16S rRNA gene
sequencing. Gas chromatography-mass spectrometry (GC-MS) was employed to analyze degradation
characteristics of 1-nitroso-2-naphthol and the intermediate metabolites, and the metabolic pathways were
predicted. [Results] An efficient strain was screened out and identified as the Gram-negative
Pseudomonas putida CUGB-JL11. Under the optimal conditions of 30 °C and pH 6-8, the 5-day
degradation rate of 40 mg/L 1-nitroso-2-naphthol by the strain was up to 81%. The main intermediate
metabolites were the benzodiazepines methyl N-hydroxybenzenecarboximidoate and amphetamine, but
the organic substances and most of the intermediates were degraded into small molecules or completely
degraded. [Conclusion] CUGB-JL11 boasts high 1-nitroso-2-naphthol-degrading efficiency and strong
environmental adaptability. It has a huge potential for the treatment of PAHs. This study lays a theoretical
basis and provides microbial resources for bioremediation of nonferrous metal mine polluted by both

heavy metals and flotation reagents.

Keywords: nonferrous metal(loid) tailings; 1-nitroso-2-naphthol-degrading bacterium; molecular
identification; gas chromatography-mass spectrometry (GC-MS)
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LRI R 1R 2450 1 7 i L SR PRk 2
w3 22 g, RE(USER X,
R IEATEIR W K A R 1 1 2 54
Fhik 3 380 1, FHLEA LM PR
Fik 800 Z A, T INERSE th/NER DT SR AR IR 7
J 5 Y ) B R B 5 R AT OGS T 1-
MV fiF FE-2-Z5 W5 (1-nitroso-2-naphtho ) /E WA (4 1%
2 A I B 3 R 24 0 R R T, 2 —
K Z I F5F (polycyclic aromatic hydrocarbons,
PAHS)ZS AT A, HA 0 . SOk FI B AL
RO B BRSTUESE, 1WA -2- 2 I 7R A
RO FE T, AR T — S8 ) [k 10 0
FNGEIALE Y, WNARZE i A4l 2 L 25 m )
(B2 245 79 114 £ W 3% A 8 A 2 75 23 TR L — T
ey LB Z R 5 G W g2 1 23 R IR 7 A TR 2 IR
AT e, A1 T iE— D RR5T .

PR I7 ke is B U E B 52, 2R 40
TR LR A5 AT A RN G AL S AR B PR B TIC B
&, Bfkse . &0, @i, Tkisj
FIANT RSB A S 10 Bl R 9 05 e Bk
EYMER DTN, BF5EN SR 1 4 55
PR H i 1 R DR RO B B D R e AU AR T, A
T8 43 SCFF B (Mycobacterium  gilvum CP13)Fl
F1J8& EL# (Phanerochaetc chrysosporium)!'® ™, 8%
M, AR 1L AR B RGP R 5 s e A )
BE DI, ZHOCE T R, 1- T
BE-2-ZX WA S B A D R S B L PR R 24 R 2
—, HEY LR BA) MR R .

AT FE N [ PG I i 2 A i A
G A BRI P o B M 1 PR R AR AR 1- I -
2-ZEWH W Mk CUGB-JL1L, il TR A2 ML
A A AL SEER A 16S rRNA JE K 41 L X 45 %
A2 o3 b, 0 T T PR O S R B TR
(Pseudomonas putida), FHAELEFMFTIRR T
LB 1A - 2- 25 My 14 ek At e 1 B JHL v i)

=Y, Swin R R 2 T L AR A A
TG R A S R A TR

1 #H57%

1.1 #RSERE
1.1.1 #HARESLIE

ARG {0 4 )R/ AT 2017 4 6 H R4
FRHRE TV BIG X T R A A BT
J%£(24°50'01""N, 107°37'36"E)#JZ 0-10 cm 4k,
RN EAUN 1.4 hm*, ARYE P E R 0
W+ A FIE HI/T 166—2004) % FH«“+ 738 X~
M, R 6 DRFEA, BASREE AW
FEA I H 3 A EATRE SR G N —A, X
AFRich T1, T2, T3, T4, TS Al T6. H4-F
MZRAE 1 000 g Ay, BB NAEA YIRS
(500 )= PHE SR (500 ). ABFIYFTA RAER
AR S BRI AT CE T 4 °CRE R
TAE, F 2 d Z Nz 26 0] A [ Hl ST K 2E (e aT),
ZIERAET =20 °CIAR N, FT 1-I0AH3E-2-
ZE M R i R P AR B R o T AR AR AR A as [
JEAR-AETF 4 °CHREEN, 2 24 h AT, i 100 H
(US Hr#fE, 0.149 mol/L)FI 200 H(US Frift,
0.075 mol/L)¥ii , H THEEHF ¥, HEHF
AT
112 FERF, UEFEFE

1-30 A HE-2-Z5 18 (C10H/NOy) , B vk 751k
FAHRAF; BEE AW (tryptone), “ZELTEEE %
AR ; WERE R EUY) (yeast extract) FIE L
BI(NaCl), EigBTHn T AR AR B A R vl 5
I [ B W(CsHgO,, R L, 2.5% H,0,
pH 7.2-7.4, F7EM Macklin); 45 DNA $EHL
&, Omega Bio-Tek /A7) ; AW AZEH LT
YEH (SW-CI-2FD), M ndfb Al Bl
P , BRE-48 ‘i M 7 [ HEAS g il 15 A PR 7 5
EROR AR B %{Y, Agilent Technologies 23 F] .
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Table I Physico-chemical properties of samples

gfoy;;t‘;‘;hemwal Tl T2 3 T4 TS T6

pH 5.61£0.03 6.90+0.03 6.38+0.03 6.58+0.03 7.33+0.04 5.144+0.02

TN 177.00+0.88 287.00+1.44 327.00+1.64 743.00+3.71 357.00+1.79 329.00+1.65
TOC 26 000.00+£130.00 21 400.00£107.00 14 200.00+£71.00 25 400.00+127.00 18 100.00+£90.40 12 000.00+59.80
TP 3 650.00+£18.30 4 650.00£23.30 2 340.00£11.70 4 720.00+£23.60 6 880.00+34.40 4 290.00+£21.40
As 16 300.00£81.60 16 400.00£82.20 5 090.00+£25.40 7 690.00£38.40 2 960.00+14.80 2 510.00+£12.50
Cd 361.00+1.80 201.00+1.01 50.40+0.25 104.00+0.52 51.70+0.26 39.70+0.20

Cu 1 440.00+7.21 681.00+3.41 140.00+0.70 551.00+2.75 210.00+1.05 114.00+0.57

Cr 57.00+0.28 80.40+0.41 57.90+0.29 81.50+0.41 56.10+0.28 56.40+0.28

Fe 84 600+423 83 200+416 29 000.00+145.30 48 000240 5.00+0.03 17 200.00£85.90
Mn 5800.00£29.00 7 980.00+£39.90 5010.00+£25.10 8 570.00£42.90 1 120.00+£5.58 4 370.00£21.80
Pb 583.00+2.91 545.00+2.72 330.00+1.65 928.00+4.64 622.00+3.11 646.00+3.23

Sb 74.20+0.37 131.00+0.66 94.40+0.66 61.60+0.31 179.00+0.90 123.00+0.62

Zn 19 600.00£98.00 6 220.00£31.10 1 850.00+£31.10 4 640.00£23.20 4 070.00+£23.20 2 050.00=10.20

Unit for TN, TOC, TP, and concentration of metal(loid)s is mg/kg, except for pH.

LB 537 HE FIR Pl 1% 572 5 AL Rl 0 e 455 97
SO TALER R R, KRBT N 4.0 g
Na,HPO,. 1.5 g KH,PO,. 1.0 g NH,CIl, 0.2 g
MgSO,-7H,0.0.02 g CaCl,.0.03 g FeSO, 7H,0 ,
1.0 g NaNO;. 1.0 mL &0 %K /L K373
(AML291 1 000xSL-10 f{ SICE AR, JLaims
AR AR AR, BELFRY, 1WA EE-2-
ZEM e FE 10 mg/L B #iE in %) 40 mg/L . [E1A
Bi RSP FIA 15.0 /L W3R . FH 1.0 mol/L
NaOH R 15 K5 973k pH 2 7.50, &5 K557 38y
7E 1x10° Pa F i B # K B 20 min S5
1.2 1-TAEE-2-ZEWHERE A 9 B ik

WFoE KB, -0 Al 3 -2- Z5 M 1 g Jil A9 A
TEEHE A 1200 mg/kg!®, Hh 48.6%1) 255
FEAF FH L AR TE ki, Bt R A HE A RREEN Y
M3 EH I 80% A LU 5 DL A i JE X HE
FETERD I, BRAR W 7 2% 24 77 35 2530 1 K 1 |
AR . AR A S A i S T 0
I, AW 100 g B M A A 200 mL &
Al K By IR =, TR R 4 LA 60 r/min

<l actamicro@im.ac.cn, & 010-64807516

F 3 B2 PR % 30 min, ZJE##E 30 min, B 1 mL
VT LB AR 75 T AR il 57 e A
ZJEHC 1 mL Bl R RA T IO B R SR
CHA A 1A -2 251 (2R 2 A 40 mg/L)],
H G SR T 28 °CHEFE 10 do B 1 mL B5 5%,
B FiEREI 107, 107, 107, 107°, 1077, 107°
WRERR DA TR, Z R T LB [k 5%
FE(1-AF - 2-Z8 I e B R 40 mg/L) |, B TE
TEEE IR 28 °CH % 5 do TFRIVEA KIS, K5
I PR 2 3 alifb ) , o3 AR F LA 40 mg/L
-0 il 56 -2-Z5 8 Ry ol — i ) LB B gk,
FE T 28 °C. 180 t/min BRI 5d. Frh
AAK B AR ARAE T—80 °CkAf . L4583 4lifb 1
PR 13 PR

Big% 5 d e 8 R R O o g ) o A TR
PRXT 1-WE A SE-2-Z8 Wy R Ao, 23R A8 10
fil§ % -2- 28 Wy 19 o AN R AR DS MR OF A 4R
CUGB-JLI11,

FES A AR AT« SCERHFE S AR A SO
Y&V smem:V osprn=1:2 BRI IN R 218 ,
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BERD A TR . — BB E S, HREmEn L2
(A2 TS/, 82 GC-MS F il
G117

AR BT . GC #4r: HEFEHRH 1L,
Ao, HERE TR 280 °C. i AE Tt
AT WHRIRE 50 °C, 1%£FF 2 min, DL
10 °C/min F} % 150 °C, #AJ5LA S °C/min T+ &
200 °C, #J5 LA 10 °C/min A3 FE T+ 2 290 °C,
AT E 31 min,

MS FB4Y B IR PO BT BT 43 A
230 °C 1 150 °C. Scan #3, m/z i VL H
50-500, i TS RAP(NIST 14)73H8d
FERESENIE R S NIST FEH AR HETS A T 8
1.3 BHEE
1.3.1 ERFSHHE

7E LB ¥ 35 5Ll bk CUGB-IL11 & Ak 3
P 3 E ODeo=0.6 I, T LB [E1ASE R4 Figkt
RERNZ, FEXTAAbEE R4 28 °CH55E 24 h
JE B VE TSR, e HEVE AR L B
175 W B RN G802 15 6 S R AIE

B ODgpp=0.6 M2 7 B FE K 800 uL T+ 1.5 mL
) EP &N, 85 208 B A 4N TR 2 R RS 1 B8
BN, I 800-1 000 r/min .0 5 min ¥,
VAT (A ML AT R/ N2y e LR ), T LS AR TTRE
1 hJa% BEiHR(E 1 mL &£4). FREREZG
A 1 mL FA 0 2.5%% /K rfs i
W I 7-10 pL, RT3 3R, AR TS
Fani gy, BT BB AR .

1.3.2 16S rRNA EF D FENFELE

Fie BAN TR DNA  $2HGA50 & i £ A 5 i 45
LR R SCSIO 43702 AL F 41 DNA, JfLAH:
A, HTANE 16S rRNA D58 5 %t
27F (5-AGAG TTTGATCCTGGCTCAG-3") Fil

1492R (5'-TACGGCTACCTTGTTACGACTT-3')
PIERE

PCR [z W & & . 10xEx Tag Buffer
(20 mmol/L Mg*" plus) 2.0 uL, Ex Tag (5 U/uL)
0.2 pL, 2.5 mol/L dNTPs Mix 1.6 uL, 5p 27F
Primer (10.0 umol/L) 1.0 pL, 5p 1492R Primer
(10.0 umol/L) 1.0 pL, itk DNA (25.0 ng/uL)
0.5 uL, Fi ddH,0 #b% 20 uL,

PCR W 451 : 95°C 5 min; 95°C 305,
56 °C 30 s, 72 °C 90 s, 25 ME¥; 72 °C

10 min',

PCR 7 W) F b ifg 2535 A 9 )5 2 /] 1
Ilumina MiSeq V& #1775 45 S8 o
NCBIHH -4 AR LY Fu X, IR F MEGA 11
Y4B 3% 1 (neighbor-joining method)#4 it R 48 &
HH . NCBI &35%54: SUB10505279,

1.4 1-WHHE-2-ZIMEKRPERBRFF R
1.4.1 EHREKMLZ

KT IR 7E LB WA KE 757 56 b o Bk
CUGB-JL11 iEEFF 9 55 2 ODgoo=0.6

SCEGAH . AE 250 mL HERMEH, A 1-1E
filf L -2-ZE Wy 229 i ol 40 mg/L Y 100 mL f4 G
PLERRE FR 5L, FEANA 5 mL b 3R] 45 40 B B A

X HRZH « A5 i JO ML TR AR S IR LR AR
ANV I TR

SCEZH AN A A E 3 MK, HOE
WAFER T 28 °C. 180 r/min &4 T 535,
12 h = 55 F2 ) ODygoo H o
1.4.2 REX 1-TE g E-2-Z5E AR A0 22 M

FEIR 1,41 SZIZH FIXT BR 41 60 B ) AN
Ik, WSO A AU BE 2 0 R A R E R
15, 20, 25, 30 F140°C, F 28°C. 180 r/min
TR R, 12 h 5 55 F2 W) ODgoo 1E. o
1.4.3 pH Xf 1-TEfgE-2-Z5ER FE AR RO #2110

YRR 1.4.1 S22 AT BR 2 A0 10 1 A0k B
Jridk, B SEIRLAIG BT pH 23511 E R - 5.0,
6.0, 7.0, 8.0, 9.0 F110.0, T 28 °C. 180 r/min

http://journals.im.ac.cn/actamicrocn
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SUFRRFR, B 12 h R FE A ODgoo 1 o
144 HHRLE

-0 A B -2- 2R Wy e i S B HEAT B 5E 5 K
I, B REFREWCT 12 000xg B0 5 min, W4
PRI R b VR VR o R SO 1 T A D P B B A s
PRA R B L, R BB, RIS IL 55
1R B3 RIRA -

e V cmen:V oeon=1:2 WAL LS 48 1% 2l
LR T, VKRR R ™=, SEAE 3 K,

BEAR (%) =

RHHRALFE A A AL B — SRR R A P AL & i

AEIBUS 1R 77 4 2ok R T e e 28 AN b ke 4
% 0.8 mL, U1 pL BFE, ST SAHEAIE- B
B & (GC-MS)Kl 734, Ff-55 NIST il Bodle 4
(National Institute of Standards and Technology:
http://chemdata.nist.gov/) L X, %A =9 .

145 BEESH
1- IV i - 2- 28 (1 i e B X (D) T
i FHBCE AL B {1 SPSS 25.0 X525 T 15
B AT B T

100 (1)

2 X553

2.1 REREHERITEEF D

FFEX G I FEA RS R Y, pH AT
5.14-7.33 Z[d], TOC, TN, TP Fl TS {54 B/~
F 14 900-23 100, 232-535, 2 020-2 790 FiI
605—-1 065 mg/kg Z[H(F 1), BT Puinfi
M7 R AT R 1 EQ78 mg/kg), L
TR T, (IR TR/ B A I
BE(ME-M 12 600 mg/kg)!'™, T4 8 M ] LK

XHRAREA AP E &

FRE X IR 43 IR BE[(9 260446.3) mg/kg]. HEE
[(41 700+£208) mg/kg]FIFEE[(129 000+£644) mg/kg]
1YL PRI, AT 16 BCEE 4 vk B 38 (i e v
AU TS U IX[(129 000+£644) mg/kg] A WA sl
FIEE, JFIR BRI TAEFRIC N T1 I T2),
22 EHHRBEE

FItk CUGB-IL11 BIWIPIESEEEE R BN, 1%
PARR A% FCBAMEAT A AR I TR (Pseudomonas
putida), AR, FLOGEAREH, HHEE, hEpy
e, K 0.59 um ifi. WYRTEAS K RBEWEIDLE 1.

1 ERBEMEEEK P. putida CUGB-JL11 FNEFESA) LM E FREMEE®B)

Figure 1
CUGB-JL11.

P4 actamicro@im.ac.cn, & 010-64807516

Colony morphology (A) and scanning electron microscope (SEM) graph (B) of P. putida
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T HIbR 16S rRNA BN P85 NCBUEE A AR R SR SLIR 4 R 3R], X RIBRTE 20-30 °C
HOAR AR T 91 LEXT 25 S AT bk CUGB-JL1L i 8 3 PRl oA LA AR A FR il WP o T P e T Y
#4515 Pseudomonas putida (OL314839.1)FH{LIE AERJIRIE N 20.5 °CPY, X BHERES N2 WO R E
N 100%, ZFEKIE T Pseudomonas sp.. BB 1 MR TR PR JE A A S 0 B T A R A A
RIER M TAJE Pseudomonas putida BAEZ#Z 1. [HEE P. putida CUGB-JL11 WY fid A= KR EE
VIS HLIRIRE R I AR T E Rk b 30 °CAL (Bl 3B). AR LB, Kbk
1) Pseudomonas JEWAEY'S CUGB-ILIL #4## T Pseudomonas sp. LY 1 ££ 30-37 °C [l FE Vi Fil
ZE KRB IR 2), IR Pseudomonas Sof W[ 7, 1R HLAT A v A U R M, A

putida CUGB-JL11, fijFR P. putida CUGB-JL11, [F] FREBIE | Ul Pseudomonas mendocina NR802
2.3 EHREKIFHENR (28-37 °C), W& FEX T, . Pseudomonas sp.

Wtk P. putida CUGB-JL11 fELL 1-WEfi§  BZD-33 (8—15 °C), XFIE(100 mg/L)FILRHE — H
Fe-2-ZE M A ME— R IR R E SR A K ML R T 2R (400 me/L) YRR IR A 82.9%
(El 3A). ATRAEH: AEEFER RN, 190.0%2° 1 A5 1) AR BT P. putida
HFEZ 20 h OIS W G REAE K, Y% CUGB-IL1L fEAMERE, HAERFRES T
90 h JFikE A K BRI AE(E, G RERIEAE 30 °CifRT 20 °CH K B 4 i FREA%, 1HAS
G, AR ETHAX G TRE HA—EMEARE T, PRI T 2 B AR L AR

ARSI TR ARG SR B (36 h ), IREY AL HEA —E &N RET .

Pseudomonas putida sp. IAE8 (MK415028.1:28—-1 408 )
Pseudomonas putida sp. EC31 (AB675368.1:42—1 422)
Uncultured Pseudomonas sp. clone 165-C10 (MW494690.1:12—1 391)
Pseudomonas putida sp. WAB1869 (AM184211.1:58-1 438)
Pseudomonas sp. MS4Zn1 (MT226501.1:18—1 398)
Pseudomonas putida sp. Os Ep PPA 18 (MN932304.1:23—-1 403)
Pseudomonas putida TS312 (AP022324.1:665 248-666 629)
Pseudomonas putida TS312 (AP022324.1:2 448 655-2 450 035)
Pseudomonas putida TS312 (AP022324.1:1 209 350—-1 210 730)
Pseudomonas putida TS312 (AP022324.1:1 036 065—1 037 445)
Pseudomonas putida TS312 (AP022324.1:670 653—672 033)
Pseudomonas juntendi sp. CCNU-SK1 (MN964 893.1:18—1 398)
Pseudomonas putida sp. W5 (CP026115.2:3 181 611-3 182 991)
Pseudomonas putida sp. W5 (CP026115.2:3 446 867-3 448 247 )
Pseudomonas putida sp. W5 (CP026115.2:3 907 411-3 908 791)
Pseudomonas putida sp. W5 (CP026115.2:2 504 368-2 505 748)
Pseudomonas putida sp. W5 (CP026115.2:570 104-571 484)
99 Pseudomonas putida sp. W5 (CP026115.2:1 889 788-1 891 168)
Pseudomonas putida sp. W5 (CP026115.2:2 498 954-2 500 334)

@ CUGB-JL11 (SUB10505279)

— Pseudomonas putida TS312 (AP022324.1:4 814 055—4 815 435)
0.16 Pseudomonas putida TS312 (AP022324.1:5 302 768—5 304 148)

2 %k Pseudomonas putida CUGB-JL11 £Y 16S rRNA EFE RGZiH# L & &
Figure 2 Phylogenetic tree based on 16S rRNA gene sequence of Pseudomonas putida CUGB-JL11.

Numbers in parentheses are accession numbers of related strains. Numbers in each branch points are
percentage supported by bootstrap. The bar=0.16 is nucleotide divergence.

http://journals.im.ac.cn/actamicrocn
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(A)2.0 -
1.5
¥ 1.0 F
S
—e— Experimental group
05 L (+40 mg/L 1-nitroso-2-naphthol)
—s— Control
0.0

0 20 40 60 80 100 120 140
t/h

7/°C

5.0 6.0 7.0 8.0 9.0 10.0
pH

3 &k Pseudomonas putida CUGB-JL11 fJ4
K2k (A) RIRE (B)F pH (C)X1 B #k & K A 52
Figure 3 The growth curve (A) and effects of
temperature (B) and pH (C) on the growth of
Pseudomonas  putida  CUGB-JL11. Relative
standard deviation in present study is below 5%.

P4 actamicro@im.ac.cn, & 010-64807516

Salunke ZFPPHRErRHEH, JREFR pH 5
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Figure 5 The GC-MS spectrum of 1-nitroso-2-naphthol products.
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Table 2
microbial-degradation processes

The identified 1-nitroso-2-naphthol and its proposed intermediates products during the

The proposed intermediates products  #x

Molecular formula CAS number Chemical structure
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N \
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@)‘\o/
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NH,
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AN
HOWOH
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(¢]
O
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