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Abstract

Because PAHs are widely used and often detected in the aquatic environment, it is urgent to study
the removal high-efficiency methods of it. In this study, four degradation systems were screened
by using sodium percarbonate (SPC) to construct a photo-assisted homogeneous oxidation system,
naphthalene as a model compound, and HPLC as an experimental method. The optimal sodium
percarbonate with UV system was obtained. The system was optimized by complete randomized
design and orthogonal experimental design. The effects of sodium percarbonate dosage, concen-
tration of naphthalene mother liquor, UV irradiation time and pH on the degradation efficiency of
naphthalene were investigated. The optimal reaction conditions were as follows: sodium percar-
bonate dosage of 0.267 g, concentration of naphthalene mother liquor of 0.5 mg/mL, UV irradia-
tion time of 30 min, pH = 6.0. Under these conditions, the degradation rate of naphthalene was
highest, which showed that the UV enhanced sodium percarbonate catalyzed naphthalene degra-
dation system could effectively degrade naphthalene in water, and the degradation rate was high-
er. In addition, this method has better overcome the current environmental pollution dilemma of
chemical degradation methods, and has broad development prospects.
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1. 51§

Z I T A A Y (polycyclic aromatic hydrocarbons, PAHS) & 15 & WA M P BRI ZEIR R E AL &9,
JTZAAET BRA, AAEEACE R be . B IRAEY) A A ZE[1]. Sanders &5 [2]%F 36 E TG
) Savannah VI iZEAT T UTRAPIRRIY PAHS ()70 4T, KIAERRES Savannah H4 T K B0 il T Ui PAHS
)5 7 B A B 29~5375 nglg, 1T H e e W R HE BILAE B T BT i TR X, H SR 22 3 05
(R RIR = B A TS AR . KRR TR 1SR [3]7E 2000~2016 “F 2 [RS8, FRIE & HLX ) PAHSs & & A
Py, Hodr s G PR R ETE LA P Fg X o b Ah, S S (4100 TR AL HISHER AR Bk v M X ) 3 26 A
FIH [E) 3 S A AR R EUAE AT 1 WIS A, o B 5 AR BURIGE AN A 3 ATt (F8 0) /=& 4 3t PAHS 1) 3= 22
RAHBR. FEFEH, R EZEBIETE R R )= LI 130 ASRFE S, BH7ife iz R = 1%
PAHs Mt br, oA 2R, Ko &SR KR R AL T . 1979 4, KEMRIF[6] (USEPA)
i RS IRITE G, HorhaE 16 R 2058 . 2R (CroHe) (E A MM Z 3005 215 44, & USEPA 24
A -E AN ING ez —, HRIRBPE R E (RS E R R 445K [7]. BARZEN
BEPEAC T oAl PAHSs, (H AR A s el it i B0 AR IR, SO 8L SVOCs, HEE RAH K
faFE[8]. 2L VT e & AR, BT SR N B, ] BRiE i M SRR AN N R G
ERRAEER BBUR, 5l RS A EEQ]. SHMEBH T RG YR, ZERAREN “ =8
M, BIEUE M. BT SARE[10]. R, BT ZE I R T IR AR B R

MErBRZENBRE IR E S RS . e RNEmiEE. Kby E asm s sk,
W B RS s BV R BRI EEE . B E[11]. 74k, IEAIEERYE 2 N ke
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Ve E R AEYE ST SR, ARG RS S BAR K A DR 2, (RS e i) & bR ot
ANFEAr, IR 5 e Y B E BRI RCR B, EALSEMREI A B 4R PR BT R IR
T5Ye[12]. Rk, TR AL ORI R IS8 B T VR R A 5T

RSN (SPC) SRR A I E AL AL, VR NREAZE Fenton K7, HEAHEABEREMLE, 5 Fe (1)
R E RS A, BT LR A M MG E 4, DRIMTE 7K TS A8 B2 A58 52 3 12 10 59
[13]. HHT, 1 ORERANTE MR IE R4 25[14]. DDTs M% FHE B [15]4% 77 1 #5 B L H B i PR AR BE /T

ZnO R —Fh 5 sk 10 Sk, BA MR R R R, HARAMREE. MR A MR
SEERARIA[16], 1E BRI BRI

BN FRRRAR ZAE A BT R . FL7E 2009 4E, Wang [17]45 N B4 % 56 % I SBAH AL R (9-CsNy)
FER] WG T A B = kb, (EILRRME, XA (18250 25 216 MR 2 1 SRR 55 Hh 2 IR E 2K ik (PBDES)
BRI T EIRFZ —, AAMIE R 25 5 P AR B e S w1 U e, UGB R A =,
EFRHRARESBEYR, HAHIESOE 2 it — 5 R mi KR o i A Dy b ER (b 25 I FE[19] . AN TR IE 2R
WA AR, AT PR R TR R B SR Ak o 120 S B8 AR R e RERHAT I L Ak, B
TERCNBA I ZA M BB AT RONMIR I A, ISR AR CO, Al H0, A2t A5 i
RGeS T AR R 38 7 E R K R R Rk

2. M55 %
2.1 RS

2.1.1. SRS

IR (NaCO4- 1.5H,0,) 1 K- Ffif i T Tl A ] s Z¥(Naphthalene) 4 3T F i A Sl A BR A =iz
Wk s LFREE(C4HeO4Zn-2H,0) M L F- K id i ted i T PR A 75 iR — 2 4N(NaH,PO,-2H,0) 14 3T
MR AT A PR A E] 5 IR S 4N (NaHP O, 12H,0) M K R EE T R KA AR A IR A 7] s AL
£ (NaOH) ) S F- B 7 LA Z3R570 )5 UK 2182 (CH3COOH) I SE -t MM AL 2R A PR A &) oK Z RN
(CH;COONa) I K T M AL TSk 2w s A H A EE (CHROH) W S T35 [ J.T.Baker 7]

212 XRUF/ERE

BT R F(ME204E, i 1 R Bt RF -6 R 2 A F]): SEBe s pH 1HQCPH, EI I B sk BHA
PR 1) 5 L AR IR 35X T 184H (DG G-9140A, g AR5 LI A A BR 2 7]) s B AEIR L ) 3 HE 25 (T8HW-1,
PR B PR ATD); A E VRS (KQ5200, E ik m s A T); — U AH F T B i G g 4t
(2 mL) (K FLE R DAL AT R A ) s T3R8 2 (Pipet-Lite XLS+, Bt 75 2 HAE45 8 - FLRIZ A 7)),
BHNAT LIS SOOI A (L-2130, RIFE(HE)EFZEAEIA R AR m R BAH S (H A Hitachi 2 7)) NY
B3kt E4%(0.22 pm) (S IR Rl SUA PR A F])s 15mL HEFE 2508 (KIRGEN-KG2611, FifgflighA:
PIBARBIRAH).

2.2. SKBTE

EEH T (20°C £57C), #HL0.100 g 2%, hi A1 100 mL 25 &3, F F 2 25 42 100 mL, 53 1 mg/mL
MIZERF . PRSI A RSN 5 mL ZEREE 10 mL S04, %%, 7EBRE P Ri i ftEE 30 min, (IR
A, AR BB - FECEET . BT OGRIRCR B D ER RN R IR KT, TR RS R B 5E RS IR I R 2=
TRER AN ZE BRI, 75 pH 2T T, JCREAERE 10 min B — VRS FH TG B VR S #8400 1 mL RS, JFiid
—RPEVEN(0.22 pm JE B HE) S8 I 2 0, AR5 FH v RAGRURE € B vk e A ok PR H VA TRIRRL, SR T o W 289
T A
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R %

221 BRERSHREE
LC2000 WAt 3%, Hypersil ODS {4ifF:(4.6 mm x 250 mm, 5 um), FizIAHA 70%H 5 30%7K, Wi
B 10.0 mL-min™, SRR 10 pL, AR RE SRS I A A I B K 260 nm. iZ TSR T, 2R R
6]y 6.4 min. ZEVER I AR 2R AR =X (1) AT TH B
u=(C,y—C,)/C,*100% [20] @

u——BEIRR(%); C,——ZEMIWILHIKE (mg/L); C, ——n 7% 221 E (mg/L)

2.2.2. BRARMELIHIFIZEE

o O3 GEAN IR BN R PO BB A0S 25 P R A A R R S, i R 2RIV FE S 0.5 mg/miL [21], pH {E
N7, BEWE 30 min, 3l SO ik B ER AN E N B SRR 1) 1 £%(0.0267 @) 3 £i%(0.0801 g). 5 £i(0.1335 g)
A1 10 £5(0.2670 ), XF ZE B AR B EAT A .

o O SRANRIVAR JBE 1A 2R BRBUNT 25% 1 Bk Ak A5 R PR s ) i o T Bk FR A 43 i &2 0.1335 g, B 30 min,
pH =7, ZrBIZERER M E A 0.1 mg/mL, 0.25 mg/mL, 0.4 mg/mL, 0.5 mg/mL, *i25 i FE AR SR HEAT
yioill8

o IrRIZEEEANRII pHAE X 25 K AR SR RO RE I, 1 B FRAM P H50 N &4 0.1335 g, Z5 BRI EE 9 0.25 mg/mL,
WCE 2% - ZERENE A T(0.2 mol/L) MBS — 4N - BEIR A —AN2 A (0.2 mol/L), LA 1 1
pH [22]. 25 CHR[23])G, R BRBRANTERR I 55 1F T I FEMR AR SE 4f, B RASRAII4E pH 24 5.5, 6.0+
6.5\ 7.0 fl 7.5 (IR Z0.1)0f, X281 PR BATRII .

2.23. ETRERHERIEZER

8 IR AT SR 50 [24] £ H2 09 T 4K 25 5 M) 8] 3 0T 2 56 235 SR (1 B B 1 P X 26 R 38 R B AR 7K T 2% A

IRAEA LIS IR T AN 3, BT BRGNS N . ZERRRIR . pH FORRRI K, 3T Lo(3)IEAS LS, 4y

BN R DR 3R E 22 3 2% 1 S 060 v 4D S et R e £ S L 2%

3.1. ¥rERhZRLGH

F R A VI B T AR AE T TR AN R B, 43994 0.1 mg/mL. 0.2 mg/mL.+0.5 mg/L0.6 mg/L.0.8 mg/L.
1.0 mg/L. S E R WA 1 Fis.

248,

205
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Figure 1. Methanol standard liquid chromatography
1. RERREIEE
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REArFE MR IR FEAR CGIERE s DLZRIRBEOUMRAAAR, e AR AL BRI 16T, 15 Hh 28 AOAR e fh 2
y =10615x + 11213, R=0.9977.

3.2. HFEAFRFRPHIEEMR

2 ATE pH = 7 BIZAF N ZE17E ZnO + EBREREN + UV.ZnO + UV.ZnO + I HREREN. I BkEREN + UV

X 4 ik R REGER . N T SO LEAS R B R R S 25N R R R R R, SN — 23 1%
R0 25 B ) ) 5 B AT G o s R =X (2) s .

-In(C,/C,) =kt )

K———&%5h /122 H B (min ™) t—— P& 1) (min)

1.2
1.0 —= )‘\x o— ZnO+UV
X

0.8 \A\U\D/DQQ H1— ZnO+I BB
% 0.6
& % LA S BRRAHUV
oS

0.4

Fx— ZnO+id BREEHN
0.2 UV
0.0 1 1 1 1 1 1
0 10 20 30 40 50 60
B 18] /min

Figure 2. The degradation rate of naphthalene by system
2. BERRTENMERER

LRVE A 25 R B R A B AR R IR, W 20 B A T AN A FR 15 30 10 2% 0 B A 26 1)
Ak, AW UV SR BRER BN R R BE MR VE REAE DU AR R BefE, C,/C, 7E 60 min ik F] 0.48. 4
10 min [ B Al 2245 30 min B jEE R fm, HAR RPIILE 50 min £ 42 L BRAR AR =S, RIS PR R AR
BAR D B A o

3.3. BRRMMK UV BT HREAELIEMRER

3.3.1. BRI IN BN FRIFEER AN

0 3 s, MBI AT DURITE S BRI N0 25 I B A AT AR AR AL RCR . U BRIR AN IR B0 2
TFE AL BRSO R 2R (K B, SEIR BN, RE I BRIR B R B B4 I %2 5 £%(0.1350 )i, 44
RN IZE IR RO POV T R, AR B (ORI, X MAA R
SN ERAACT], BER (15 K 2 B MU PRE S A 20 i [25] [26] [27] (B2 SR i, &2
FATIR B YL HO, - (O, ) % 1 B, sl BBk AR AL A F 28] S7E BRI IR BEXT e WA
SR B

3.3.2. FERIREN MR RAIFE

SKIARTT T 4 DRI L 12 BHRON 22 B AR BOR 10520, 15 4 WA, 2R BHBGRIEAE /T 0.5 mg/mL
ISR s R A A 2 A 25 BRI BE A T we T PR . 28 BRBGAREZ D 0.05 mg/mL (S 88 41 R D 25 1R L
AR, PR, SHOLAE M ZERREIKIEZ S 0.10 mg/mL ML RAZE MR K, 2550 1R B
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R %

AR R EE(-OH) JCIA BT B e, S EURMEA E 4. 2R BRIREEN 0.25 mg/mL I, 22 B#

AR IK B e

1.2
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0.8
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Figure 3. The degradation rate of naphthalene at the concentration of sodium percarbonate solution
B 3. ZidFRERINIRE T APEAR R

1.2
1.0
%
08 _@% =
) ——0.10 mg'-mL™*
% N\ g
¥ o6 —0-0.25 mg'mL?
&
04 —— 0.40 mg'mL™*
—x— 0.50 mg'mL™*
0.2
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FffAl/ (min)

Figure 4. The degradation rate of naphthalene at the concentration of naphthalene mother liquor
B 4. SESRRE TERERE

3.3.3. pH M ZEREMEBR I

RSB ImIE 5 Frr. ZRIBEMRCREE pH FIFERT T &, RIEZFEASRIERM FTER S
WeBEfE. FUNTE pH AE/NT 7 MBS, RMFHEAE FS5EERET2Mmes s, (2224 pH J K,
2%k H B ) B SR = A A E I [29]. TEAAE 18, Miao [30]Z5 4 Fe (I)#E4L SPC F&fR/K ) PCE i, &
BLHATLG pH {E R 6.5 Hfl MRS~ B AR B i 28 i, 4RI UR pH 2 3.0~4.5 B #i<x X} PCE 1)
B AR AEC S AH S RIVE T . 2425 0B KRE pH S 6.0 + 0.1 I, ZERIPEMRRCEIA R AAE, ~ 0.49, HIt
W5t pH H E N 6.0,

3.4, IEXSLEERE D

RGP R e 45 1, Sk R AN BN & (A) N 0.0267 g (1 f#%). 0.1335g (5 %) 0.2670 g (10 1%),
ZERERAE (B) N 0.1 mg/mL, 0.25 mg/mL, 0.5 mg/mL, UV J i [a](C)43 %24 20 min. 30 min. 40 min,
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pH {E(D) 5.5, 6.0~ 6.5 PUAFZHI R =PRI IERCRER R, & 1 NIERZRIRE N FK PR, IR
2, AL E] 9 DMRIREE R .

1.2
NS
0.8 x X "
# N\ = |
g 0.6 —— PH=6.0
= —~—N——0—_ —— pH=6.5
—x— pH=7.0
04 —x— pH=7.5
0.2
0.0 1 1 1 1 1
0 10 20 30 40 50
B @)/ (min)
Figure 5. The degradation rate of naphthalene at pH levels
5. & pH TERIFERER
Table 1. Naphthalene solution orthogonal test factor level
F 1 FRRERIHWERKTER
Hz/ K A(9) B (mg/mL) C (min) D
1 0.0267 0.10 20 55
2 0.1335 0.25 30 6.0
3 0.2670 0.50 40 6.5
Table 2. Results of orthogonal experimental factors for naphthalene solution
F 2. FRBEXRFEWERERE
%%
S ¥ R
A B c D
1 1 1 1 1 0.37
2 1 2 2 2 0.97
3 1 3 3 3 0.85
4 2 1 2 3 0.42
5 2 2 3 1 0.61
6 2 3 1 2 0.96
7 3 1 3 2 0.81
8 3 2 1 3 0.51
9 3 3 2 1 0.89
k1 0.73 0.54 0.61 0.62
k2 0.67 0.70 0.76 091
k3 0.74 0.90 0.76 0.59
R (1 %) 0.07 0.36 0.15 0.32
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%
=
48

MIEAS SR BT R B R (M 22) /N AT HIBE Lo(3%) S Hh 45 5 i (K 56t T Se it 45 SR i 1) =
DT o AR ZEAERROR, 350 BT B (R 520 R 2R AP AR RO, R R ZR VAR I AL B UR 32 B L R R (152
MAER . 3 o AASIEH 45 S EIE B, RO 2% B AR 2 1 2 LRI 2R BRRR . > pH > UV RS [A) > 3
BRI, SR BRI E R SR AN B . B AT IE ARG AN R R R B ME, 15
ZEH BRI DOR AR 22 AgBsCoDye WBF AR AN A E T 20N I BRIRINBIINE 0.267 g, ZEEHRIKIE
0.5 mg/mL, UV HE& ] 30 min, pH =6.0.

35. IEZMALFAAIEIES R

KRGS et L 22 23T B A, ~PAT X R =2, 75 HH LR % 43731 4 0.31, 0.35, 0.29,
“FHIME N 0.32,

4. #hig

1) ARSLEIS R RIFIERE T 2R AR R UV SR BRER NI (L PR R &R, U0 B R B IR AN
PR REPEREIL B, X T ZErE A

2) ZEMFEMRS AR RIS BRIREN N . ZEREOR A UV HRSS I IA) . pH X TR AR SR B —E 1
I, RSB RRENAR N 0.267 g, ZERRBUKSE 0.5 mg/mL, UV HESTIA] 30 min, pH = 6.0 f2& 1 T X 2%
A RUFHIERRRCR .

3) UV i bid BB AM & 2 n] DL 0t 2 Bk 2R, 2B e m . BT TROWIAE pH R 1L A
BRI LB

4) 7 A B ER A AR PR IR R, ARG B BRIV UV G ER

&E 3k
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