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Removal effect of polycyclic aromatic hydrocarbons in drinking water
conventional treatment process

ZHANG Lulong, SUN Min
(College of Environment, Hohai University, Nanjing 210098, China)

Abstract: The types and concentrations of polycyclic aromatic hydrocarbons ( PAHs) in the conventional treatment
process of a water supply plant in Nanjing were qualitatively and quantitatively analyzed using solid-phase extraction
(SPE) and a gas chromatograph-mass spectrometer ( GC/MS). The results show the following: (1) ten types of
PAHs were detected in both process water and sludge water samples ( except for chrysene in the finished water of
the plant) , and the total mass concentrations were, respectively, 97. 05 ng/L to 216. 85 ng/L and 98. 60 ng/L to
188.89 ng/L; (2) 39.28% and 12.25% of PAHs were removed through coagulation-precipitation and filtration,
respectively, while the concentrations of fluorene, phenanthrene, benz( a) anthracene, and benzo (b ) fluoranthene
increased with chlorination; and (3) the concentration of each PAHs monomer for water users changed significantly
compared with that of the finished water, which was transported through pipelines.

Key words: drinking water; PAHs; conventional treatment; qualitative and quantitative analysis; removal
efficiency
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15 Ve 4% (KQ-100E ) , GC-MS Bk FH Y ( Thermo Ultra
Trace GC Fl DSQ I MS) , ig#4% 25 KL (RE-52) ,50 L
T IERESS , B0 B X T 14 ( GZX-9246MBE ) |,
WKZHEZS L (SHZ- ), & e B IEC
J5Et4 8 HPLC 2%, W F AccuStandard 23 &) %) PAHs Fx
YERESL (16PAH Solution Mix, 200 mg/L) , {0 4% EPA
S 16 FRPL e Sl PAHS,
1.2 KRR EFRTALE

KR TR BE-DUVE -2 UE-TH B R AL B T
oo RFESAARIE DL 1, 4300 R JF KA1, 45 Ak 2
FATTI H K (UTTE L 7K -2 3 7K -3 T K b
KACEPHTK) ), K K-S, HETR K (U b HETR
7K-6 Ut S gk i K Y BeHEIK -7 K e B B HE
K-8 UK SR B TR A HEK9) o BEANIKEE
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E1 REASHER

P4 BT R 45 16 7K ORE FH B 28 &7 2k 8 5t (FL A% 0.45
pm , EAE S0 mm) i85, A 8% W EE, S
Mg I 2t Z IR M S HONXT PAHS A
VHERE & [0 WA A0 | e 2 ff 2 /K R T AR 3L ([ lig
KT 88% ) 15 . KA C18 /IVEERT, AR
YOH 10 mL — 4 &% SmL H B 10mL ZE 18K 17
AL AT s @K ARG , T SPE W H.25 B, ik
FERY 3 FE i B 1H B AE 5 mL/min; @K AEHRT T 5,
10 mL 19 5% W EESATIRDE, DA 2SBR C18 /N Mz B
TeHLZL T ; Pk 5E 5 , 4k 25 il C18 7V S min,
ALK C18 /T 3 min, £ C18 /M 5k
By s OB RS B C18 /AT 10 mL — 4 1 4t
ECKE(v :v=7:3)413 K (4mL 3 mL 3 mL) #1710k
JUt s @RISR 22 il v 4l 8K i v 48 % 1 L, K3k
G R 2 mL AR AR RF GC-MS BRI,
1.3 Wik GMREEEH

GC & HERE IR 280°C , A3 i, HEAE AR
1 L FHEFR 5 . A R E AL 50°C, PR FF 0.5 min, DA
10°C/min F+ 2 220°C , & £F 2 min, Pk 3C/min F+ &
300°C , MS £/ AL R 280°C BT &7, fi T-hE
70 eV, B PRI 250°C , SIM J5 2K, ¥ 57 48 R 1t ]
8.5 min, # X NE < (He ,99.999% ) , i fz 1. 2 mL/min,
TEMINA ST, R AR IEXT GC-MS 17 #HE,
AL IE I 2, A IE 4R B I E R B K TF 0.99;

YEIFRIENSORES (n=6) , M43 [B] i ZE7E 68. 36% ~
102. 58% Z[a] , 15 /& 43 B 2ok o I & B 2% FH A4 B i
[ EAT R M, IF R FHA MR I T R A 7 e i

2 #R5WR

2.1 [RE/KH PAHs B4 F4FE R SRR 93 17
2.1.1 HA4FIE

JFKH PAHs PRI SS gk 1 i, k1
AIUL ) J5E K A A HY 28 (Nap ) L JE 5 (Any) | 2
(Flu) . JE (Phe) & (Ant) (£ (Pyr) (&I (a) &
(BaA) Jii (Chr) FJf (b) 72 (BbF) (I (a) P&
(BaP) 10 Ff' PAHs, H BB SV Z 4 216. 85 ng/L, BR
Chr K H %k 33. 3% 41, Hodx 9 Rl &S H R 1
100% , JFKHEELL2 3 I, bRk
94. 24% , HoAl 4 BR Uk BE Y916 5% LAY, i Nap 19
JF e B B = A 170. 15 ng/L, 7 Fh B M PAHS
(Flu,Phe . Ant Pyr, Chr, BbF # BaP) iRk B ARG
14.21% ,BaP Y i1 & ¥ £ 4 4.39 ng/L, © 8 1
GB3838—2002( i3 /K I 5% i f bR ) H BaP [ J
HHRE/NT 2. 8 ng/L HYBRIA

#£1 [Eskth PAHs R R ng/L.
T e

ST
L ¥E
% 155. 23 ~180. 06 170. 15
JE A 9.56 ~12.96 13. 65
% 2.18 ~8.43 4.76
3 8.27 ~13.01 11.19
h3 2.40 ~7.02 4.60
4 1.34 ~2.46 1.88
I (a) B 1.39~3.12 2.23
i 0.00 ~3. 68 1.23
I (b) 9 2.38~3.22 2.76
I (a) B 2.67 ~6.28 4.39
24 PAHs 204.77 ~232. 41 216. 85

2.1.2 RBSH

g R, s R K PR PAHS ¥5 4 FEIRE T
AMAL T otz AR R it A U B AN S 4
PRIpe A5 P FH AR T A0 Tl A R RT3 T 75 K B HE i
S B 2l R R K T DT R 2K e R A b 2K
e, B A RIS (2.3 3) SR (4
FRLL E) BT AT PAHSs A9 ] 43 S 46 44 B 43+
4 178 (Ant, Phe ) ,202 ( Flu, Pyr) Hl 228 ( BaA .
Chr) BV HUAE, 9145 20K PAHS RS 8
FH PAHs A X 24 %l 3= BE vk R R] 43 5309 Wk B e A v
(F2) LA KT 5 BT 5 AT 5 0 A
AT R 1 A A1, W20 F B S 7K Y Nap 3228
UG T e Tl A 1% 75 A HECFE 32 fi A 42K 1l itk
T, T 4 FRAN 5 2805 1 W SRR T AR R
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PAHS MXHRECEIEEE o pepmriibi(%)  <s0 mmE »50  gelE 576 R
A p(Ant)/[p(Ant) +p(Phe) ] <0.1 AR >0. 1 SRBER 0.29
gj;;:t%’{; p(BaA)/[ p(BaA) +p( Chr) | <0.2 BT 035 MR 0.64 Kb
- p(Phe)/p( Ant) =10 TR <10 Wk 5 2.43

T DA ISR A i B SR TR T Gk 55 4 i rh A R s 2 s OBRBEIRIR IR A MR OB AR A ) Je A

JRRE CREFF 7555 (TS e
2.2 HKIZEREKF PAHs IS HIFER EBR
M

K HICNT PAHs A9 EBRECR LI 2, & 2 7]
VA, ROK AR EE-DIE- 8 T 20 e rh Ui K
U85 7K H PAHs i 5 vk BE 43 IR R 131, 67 ng/1L
105. 07 ng/L, FZAKIR A 10 Fb K H R0 100%
LA BT 8 () R L A1) 55 SRR B A A B
MR R R K W IE R T2 )5, 7K PAHs
MR EERE R 97. 05 ng/L, H. Chr A4, Hifth 9
P o B LU 51 55 R K R 3 T 28R4 T2 A e e B
WA, Hf Flu, Phe . BaA 1 BaF ¥ B AN [ [ 184 |
HFHRA K, Flu A1 BaA $EE ML JFOKKE 3 ~4
¥, K BaP (W B R 0. 89 ng/L, KT
GB5749—2006( A 1% Tk /K T A= bR vfEY v BaP Y it
R EE/NT 10 ng/L BYBRAE ; A 10 Tl PAHs 920 A
KA, AL 2 3 TN T, K 86.97% ~
95.39% ,

250 ONap OAny @Flu mPhe ®Ant
—: 200 @ Pyr BaA @mChr @BaF §BaP
2 150}
ﬁ 100 |
[= D
< 50¢f [ F
0 , :

J5K UJEIK JEJGIK K

E2 &BTXt PAHs BIEBRIR

H I 2 7] LU 4% o0 i A BRACR A EAR
KZESE, TREETTTE B0 o 22 8 A RNt o JUR 1) Wit
BREADCREAE T, X PAHs B 22BR %K 39.28% , H:
HXt 4 BR55 4 KA T Y BaA  Chr 15 5558 H
BaF BaP 19 & BR AR & o0 W 2, KB R 40K
60. 91% F156. 19% , i X} 3 H 355 Hh K4+ 1Al 4
WI5IE /Ny T PAHs B EBRR A 12. 62% it
U8 BALTT I 3 YRk I R B R BA AR XS K
PAHs ML H N 12.25% , BaP ZiZ e 25
RPN 42.21% |, A HEE BaA #RBEHTT
JE7K B 1R 28.00% 9 B4, AWy T 1 K BR R AE
3.83% ~37.01% ZIa]; 1485 Flu,Phe BaA il BbF
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(1A R B U0 5 7K A 38 m, JEG D PR AT 2 8 A VR
S5 PAHs A=Al LA SR AU Ry 3 1) 2 Fh AR
PAHs 1 [A] 43 5 14 1R 53 J2 e Ak S HE Al o (] 7=
Lol o Nap.Any.Pyr, Ant,Chr fil BaP AR
T2 Y A i AR v 2 W A, B2 R R A R
68.69% . 64.91% . 54.79% . 15.22% . 100% FlI
79.73% ,
2.3 FAkEks PAHs B9 451

KA W B A K S, B ABRI Chr X
FOH B, (HAG HRAUA 33.33% , Hidx 9 Rk i R
124 100% , PAHs Gl T v BEAE ) K s i 1
3.30 ng/L, {BAME T GB5749—2006 ¢ A= 1% Tk JH 7K T2
ARIEY H PAHs BF R EE/NT 2 pe/L O FRAE;
10 Fh BT 8 1 v B EG 3] 5 SRR TR T 7K AH B Al
KA WU /K K Y Phe | Chr ¥R B2 T )5
TR RS, Pyr 55 T IR K W BE (Y 2.1 £%, Nap , Phe \ Pyr
Chr 71 BaP ¥ £ 43l & Tt T 7K 19.59% 6. 96% |
78.37% 100% F1 56.59% , J5. K 0 i J2& 76 4 W
R BRI R A SR S HRA
BLY A A= T AN B 90 A S T, A ] 8 2 45 ) i i 3R
i T s
2.4 HkITEHRKS PAHs 5 fR4F1E

KT BYHETE K T B IR T ITVE it A HE VR K FIE
Y Sz ebeoK , HEJR K Y PAHSs 4% BRLA ) EE ] ]
3R, ME 3 AU IR A HEVE K 3R AG 10 Fb
PAHs , BT e B Ol 288,98 ng/L, 3 T I /K#) 1.3
i, He rp 0 UE Wt HE U2 K P PAHs B BT VK B
188.89 ng/L, M 10 Fl' PAHs HIZHRE , TTEMHEDE
JKH 2 ~ 5 R 5 R Y BT i VR BE 43 53] R 2 119. 78 ng/ L
56.49 ng/L.7. 86 ng/L 1 4. 76 ng/L; JE ML I sk 7K
(KK Y BOR G FE )t PAHs S5 R R
100. 08 ng/L( /KB Bt PAHs i i3 5 4 131. 01
ng/L, K Bt PAHs G 5V B4 98. 60 ng/L) ,
BbF BaA Fl BaP {4 H 3k 66. 67% , HAY KT
SRR R 8 100% ;Flu Phe ,Ant Pyr Chr BbF Fl
BaP 7 FhEUEEY) BT 0 S S W FE Ol 74. 66 ng/ L, J2:
JFK ) 2. 43 4%,
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a. 7E 16 F EPA fL5e# 4109 PAHs Hr, J5iK
Ky 10 A, 46 3R 1009% |, 55 K 216. 85
ng/L,2 3 II54E 5 RIR LY 94. 24% , H R Rk
JE BRI K ATl 2000 AR AR 2D &
IR B HAR T /NT 2 /L A BRAE, (B4R A IR H
K, BaP By it & W BE (4.39 ng/L) & &
GB3838—2002 ( M1 /K PR 553 it 5 A vfE ) H AE 3 T
KRR I BaP 19 T 1 4R /T 2. 8 ng/L 1 IR
B, FKZH MRS, B /K& PAHs 1 BaP
) SRR U B Y45 GB5749—2006( AR 1 AR T K T14E
FRife) o BUBRIEL (PAHs SUBTRERBE/NT 2 pg/L, BaP
) /N 10 ng/L)

b. HHLALBE T 24T PAHs Y B 25 5 R AT ik
51.54% , Forple 3= BEAE A 0 TR Bk DT UE BT X PAHS
SRR 39.28% |, BT BTN 12.25% , IH 7
FATTAN N 3. 71% , [a) i U0 25 F0AE I 76 ] e 3 2R
IR IT 4 .5 HO5 KR BERE

c. ULUE b HE e A R 8 it HE Ve K A 10 F
PAHs, S 1% B ol 288. 98 ng/L, & T K 1.3
5, DL 2 RN £, DT HEVR K B PAHSs LR
VKA 188. 89 ng/L, Hir Bap (TR R 3. 07
ng/L KT /K H Bap TR IKE
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