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Abstract; The concentrations and spatial distribution characteristics of 16 US EPA priority Polycyclic Aromatic Hydrocarbons ( PAHs)
in water bodies in seven basins in China were systematically analyzed and summarized. The acute ecological risks of 8 PAHs to aquatic
organisms were evaluated by means of species sensitivity distribution (SSD). The joint acute ecological risks of Z PAH; to aquatic
organisms were evaluated by concentration addition model and response addition model. The health risks of PAHs ingestion were
estimated by hazard quotients. The results showed that the 2-, 3-, and 4 ringed-PAHs had higher-than-average concentrations in the
water bodies from the seven basins, and the mean concentration of Z PAH,, was 2596.25 ng-L™", which is higher than in most
foreign water bodies. The composition characteristics and sources of PAHs in water bodies of China and other countries were similar.
The pollution of Z PAH in northern water bodies was more serious compared with that of southern water bodies. The potentially
affected fraction ( PAF) values of naphthalene, acenaphthene, fluorene, phenanthrene, fluoranthene, pyrene, and anthracene to
aquatic organisms in the seven basins were less than 4% . Except for the Haihe River and Yangtze River basins, the PAF values of
benzo (a) pyrene to aquatic organisms exceeded 5% , which indicates that benzo (a) pyrene had high acute ecological risks to aquatic
organisms. The concentration addition model was not suitable for water ecological risk assessments of PAHs. The results of risk
assessments based on response addition model showed that except for the Haihe River, the multisubstance PAF ( msPAF) values of
Z PAH, to aquatic organisms in other basins exceeded 5% , which indicates that Z PAH;, constitutes high joint acute ecological risks

to aquatic organisms. The health risks through ingestion of carcinogenic PAHs from water bodies of the seven basins were at 10 > level ,
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which is higher than the baseline value of acceptable risk (107°) from the US EPA. The health risks through the ingestion of non-
carcinogenic PAHs were at 10 ™ level, which is far lower than the baseline value of acceptable risk. The results indicate that there are

potential carcinogenic risks to human health through ingestion of PAHs from seven basins in China.

Key words : polycyclic aromatic hydrocarbons( PAHs) ; seven basins; species sensitivity distribution(SSD) ; ecological risk; health risk
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EHYERT

Table 1 ~ Reference dose of non-carcinogeni¢ PAHs andloxmlty -

equws,len(‘y factor of carcinogenic PAHs

ﬂtﬁzﬁ % PAHs/ RfD /mg (kg-d) 7| Bumz PAHsf,.r- T_EF
NaP &= 1 0 0.02 A gl " 1
Acy 0. 06 Chry’ 04001
A . 0.06 Bl WA
_F L 0.04 BKE/ fo.01
el | 0-03 B g L
Al 0.3 PBA D
Flia 0. 04 InP 1
Pye 0.03
BgP 0.03
2 #RE5it
2.1 PAHs ¥ K25 [0 53 A FEAE

3 FE-E KUk AR 16 B PAHSs BRI (£
2) KA SAFAEL B 1 (a) I 000, AE-E R A
4 PP B9 PAHs( NaP Acy, Ace. Flu, Phe. Ant,
Pye . Flua, BaA F1 Chry) FUMEER R, JUH: 2 13 ¥4
PAHs ¥R e, 4 LAY PAHs(BbF, BKF, BaP,
DBA | BgP il InP) ZE/K A Hfe BEARXTALAIR, F 22
9 4 FRLAF MR 2> 75 PAHs FERIET A 2ks
Y ROARRE | ISR TIRSE N kR, 4 FRLL
o R B 25 18 BRI T AR i TR
Be ) MIKIF PAHs 7= A JR B &2 HE = 2R PAHs
2, JFH =¥ PAHs (WsisKHAc0s, KR PAHs 7E7K
R R Y B S BUKR IR PAHS
FERSE. A, US EPA Mt K /K bR ifE EPA822-Z-
99-001 H I (a) TERIFRUERRIA N 4. 4 ng-L 7", FRIH
IR R GHZB1-1999 Hi1 2 7K A 455 5 2 s v

"

It (a) LERYPRUERRIE R 2. 8 ng-L_1 , TR - KRR
KR A AT (a) EEXIME N 40. 57 ng-L~",
TR PRI (a) EEARE.

BRI > PAH, WEG B KR
LRFEOK A D PAH, WEEHEFE b . S AETLH
B (9180.05 ng-L™') > iL ] ¥ Bk (2516.00
ng- Lfl) > W (2 795. 25 ng- Lfl) > PRV IR Bk
(1314.94 ng-L7") >in£mmﬁji(9so 18 ng-L7™") >
KA W 4% (329.69 ng-L~") > ¥ ] % 1k ( 104. 78

ng-L7"). BREME, J65 KUK > PAH,
15 Y% e D™ i, JEHGE A T AR AL YA B VIR
R, SRR > PAH, V5 YR 1R T X,
BRVLUK AR D PAH, e B F o 5 LR

MR > PAH, We B e fi%, 5 4 E‘i}% PAHSs

EIRIRT Tolbde PRI T R P AR ARe | E
H B BB LR 5 R ik
PR 7 B Tl | e E AR R e
BT ks oY S AL IX A ZE MU
& PAHS VBRI ﬁu%ﬁﬂﬁzﬁﬁﬁm;

DY PAH16 I(zwijt@m?ﬁﬁlﬂzl:

El%i&%%ﬂ@k&lvfﬂHT@E}E%W%/%MJ%W%
JeJe B PAHSs {5545 ™51, HAh K 1A 15 Yo b 45

F(£3). SEAKIAT S PAHs REEHILL, T

LRI A A Z PAH,, e B DRy, EEH

RFREAO A, B, A RERIEFEE KD,
HAZ T2 PAHs o B HE. AN, KR4 AR K AR
H 4 FRLUT PAHs FOMRBER S [ B 1(b) ], AIFRE
L RIF K AR H PAHs 2 BRRAE AL, 5 B [ 46
KA PAHs V5 9 i F 2R TR R | BB I A
TG YY, 1M PAHs 15 4% 4™ 5 /) 75 B 4 N i v K
%ﬂ%ﬂﬁ&)@ﬂﬁmkﬁwm PAHs £EJE 5 H 6
R PAHSs, i B 5 e 32 B2k A Rk 0 v TR R
e RENOCTE R &, R N BT JUR R 2
K BRI L B IETA AR I 22 Fl PAHS, Bk
BT TR R M N B2 3 BT B4 P B I 9 K P
PAHs FZERIET 2 #0630 7 A 10 A it s
Polkowska 25"°% % Bi v 45 i b XN 2836 30 72 A 1
V5 YLy 3 3 AL a3 AR S A6 AR M DX K AR A A
PAHs KR 3 E k48, Loewen %57 K Bl = i1
A LL XK A H i) PAHs = 258 R 7 9 L X9 K
SRR DR, B NS TE B 77 A Y PAHS fiE
F2 alg () 22 gk W 20 W Ml S = B L IX, PAHs 51 &
7AW A R
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méﬁékﬂhu&%@%Aikﬂ% SEAES
5. ﬂi.)ﬂj((ﬁb’ﬁ7kﬁgqq Nap. Ace, Flu, Phe, Flua
%ﬂ Pye XHRIK A W 200 L B2 /T 0. 5% , Ui
iX 6 Fi PAHs XTWJOJ(EE%E@E?&HK&ME& Jt
HJZ Nap, Ace. Flu fl Phe [ PAF TEMAR, 4K
B JEA T 2. FAAEYT . AL UK AR T Ant X%
IKAEDIRIFE W LB KT 1%, JoHAD R Ant
() PAF {Hik % 3. 3416% , #:35TF 5% , FEXFILI
WOKAR PAHs 09 W00 TAE 0 25 U1 G Ant B9 MR
A, (EARTER A IS, MAEYT. IDI WEm B
BRYLI KA BaP %R 7K A2 0 19 52 ) L 451 35 48
T 5% , KRN AL YL ER L /K A& BaP 1)
PAF fEM T 10% , A5 3E% = 1A 28 K. T
KAITHIK A BaP B PAF (HARIEIT 5% , HAES
U AN AT 200, 45K Nap |, Ace, Flu, Phe i
e R A, (EUR IR K AR W G f o L HAth PAHS
%, BaP Fll Ant 7EK R H ik BERAIG, (H2 A S XU
IR, X5 PAHs %7K Az A= W 1 8 1 R /N8 VT AH
5. W 4 P, it AR He, T IS E] 8 Al
& PAHs %7K Az A4 0 2 ERLON BT 4 BaP > Ant >

Flua > Pye-ﬁ"]?he fFlu' AJ; Nap, HH' BaP X‘T%E" j
HE Wi P Am&Z,WEZﬁ%‘ESﬁﬁ
PAHS 1 SSD'Hi Biﬂlﬂ f%a%.ﬁ y i 2 BaPA
AR PAJHé FEL, BaP FI .Ant Eﬁiﬁﬂﬁimf‘

¢ﬁﬁkﬂf%mfﬁﬁ&ﬂﬁﬁ§ﬁMk
1) msPAF {8 W] S A1 7473 544K PAHs (1 BaP | Ant)
[ PAF {8 (32 5), 6B N FH ok 32 in R 4SS 76 31 5
> PAH, Y msPAF £7- 75— 5 (4 [l f. 37 FH v JBE
IR T 58 Z Fh 15 Ye W) 1) msPAF J& 38 F X JLFh 4L
S EAT AR BE RN, T AR 4575 Y 1 2R
BV BE AL Ry T i AR 7 AL (HU ), gt 2 i
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JEINANASE RS T PAHs /K A 25 KU 1A,
UK, 2 30 TR A A 58 S 1 ) R 4y
ik

IS AR S INABS R4 > PAH, A9 msPAF i
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Table 2 Concentrations and distributions of PAHs in seven basins in China/ng-L ™"
S TRIETT. i 30| il
e P PME e PR PHE REEE PR CEIE e i P P

Nap 1.80~5563.00  348.00 763.05 39.75~1860.00 585.00 62270  9.70~128.80  17.35  30.10  0.07~5220.00  187.85 444,31
Acy 0.24~42351.00  34.00 2501.15  2.52~1027.00 265.00 310.49  1.00~23.91 2.00 527 0.02~227.30 6.05 13.59
Ace 0.08~91753.00  6.35 4462.57  1.80~89.00 37.62 39.98  1.00~28.86 580 8.37  0.01~243.60 580 13.74
Flu 0.20~1727.00  59.94 173.63  2.04~850.00  122.00 375.52  4.50~59.83 7.0 12.46  0.65~466.00 18.70  40.43
Phe 0.10~1110.50  45.90 127.35  6.39~1360.00 875.00 603.98 4.90~96.21 1215  19.43  0.01~757.00 48.00  118.44
Ant 0.16 ~1093.50 590 7104 0.46~1020.00  20.40 37250  0.90~11.80 220 374 0.01~128.10 3.4 1392
Flua 0.11~439.80 125 4451 0.74~1040.00  53.87 411.64  0.70~27.84 6.10 8.8  0.10~1340.00  22.05  76.85
Pye 0.07 ~597.90 91,90 145.74  0.62~950.00  192.80 403.88  0.80~20.47 3.50 5.8 0.10~990.00 2110 76.08
BaA 0.01 ~971.00 775 7819 0.08~1872.92 7100 238.15  0.80~3.00 162 L6+ 0.02~138.20 410 1210
Chry 0.02~1304.00  19.80 113.81  0.18~538.18 500 73.90  1.30~10.09 210 3.02 0.27~591.80 23 2.2
BLF 0.00~3240.80  19.34 198.86  2.97~37.83 7.00 1204 0.50~3.00 105 154  0.13~66.40 6.00  10.46
BKF 0.01 ~1648.50 9.05 126,45  0.54~21.79 0.94 551 0.50~1.70 0.82  0.98  0.11~130.00 2.69 7.99
BaP 0.00~2362.70 1185 11729 1.31~43.67 3.4 1134 0.30~1.90 0.80  0.97  0.01~730.00 297 3.8
DBA 0.80 ~411.90 3.0 7298 0.16~3.03 0.44 128 0.20~1.84 0.40  0.57  0.01~236.40 3.95  23.9%
BgP 0.00 ~626.00 10.15 8750 0.15~29.57 237 921 0.70~1.42 0.90 0.9  0.04~295.50 1.83 _~18.49
InP 1.10 ~989. 00 170 95.94  0.22~20.81 253 673 0.50~1.77 0.90 k12 0.01~130.00 .-“5.*48:.. g 19

DUPAH,  1.23~92899.00 685.45 9180.05 55.65~5700.00 2516.00 3498.86 31.70~401.25  [58.95 104.78 . 4.98~6610.00 360¢6f 9'5_'6. 18
i kil o F L /i

W A THIE e A THE | L WEERY e P Bt |

Nap 0.26 ~1818.00 12.85 TL83 4.045990.00 166.71 236.78) L 5.99 2150390 102.03 39100 365,68
Acy 0.01~44.00 . 2.16 G (S B O ) 68.13 325, yl" 1;4'5 ~30.35 3.73 9:86 ‘ 45275
Ace _ 0.01~297.00 0.99 1042 11 43621420, 00 == 17.65 Wsgy 271 ~258.85 W o 0.5 41.83 “'x';og..so
B o0l :..46"7.. o | 60 204 [ 4 ‘iﬁ/“f‘-ﬁsﬂ" 18.19 65.86" 43 ~12500 & 28.00 32.87 “_103'.‘_12,.,:.
Phe 0.40-322.00 (= 7.81 34,58 7 68170,00 . 2704 4.087  7,774215.68 88.36 101,247 149,83
Ant 0.02.66.00 | 1.95 %25 [ g s -60.00 676 1543 ¥ 1% 200,69 13.40 23 A
Flug 0.53 ~600. 00 7.96 sl # 2.3 000 25.43 71858 3,35 ~161.90 20.30 475 T 109
Pye 1% ,0.54~920.00= 2.75 108.89 ¥ 1.57~610.00 | 17.50 56.13 1:35 ~218.29 18.90 48.39 120.71
Bak ‘;" 0.08~30.00 il 48 2.14 0/08~4390 4 416 6.33 0.14~253.14 5.60 8.4 54.57
Chr} 0.11 41,00 1.56 T 20. 4 = 5y 7.27 0.33 ~504.46 8.90 88. 04 44,64
BbF ¥ 170,02 ~10.50- 0.86 1.74 0.09 ~ 140.00 3.15 25.25 0.08 ~338.69 8.28 70.87 45.82
BKF 0.12~26.00 1.50 3.35 0.01 ~160.00 15.29 4.5 0.07 ~267.00 6.31 54.62 34.63
BaP 0.17 ~63.00 2.20 5.92 5.30 ~80.00 40.00 36.20 0.02~382.73 8.41 72.46 40.57
DBA 0.01~8.20 0.89 1.10 0.10 ~4350.00 500.00 946.36 0.50 ~489. 81 6.98 96.98 163.32
BgP 0.00 ~4.50 1.26 1.03 0.01 ~780.00 175.00 27.44 0.01 ~429.38 4.04 84.34 61.28
InP 0.03~3.90 115 1.16 0.07 ~1690. 00 175.00 339.26 1..00 ~489. 04 16.98 99. 04 80.15

DTPAH  2.60~2988.00 64. 80 329.69 79.94 ~9.050.00 384.23 2795.25  53.45~4221.42  1066.04 1314.94  2596.25

F3 EsMBRAEF PAHs iRE" /ng-L~!
Table 3 Concentrations of PAHs in surface water of other countries/ng-L ™!

Hx PAHs $(H > PAHs {4 RSl Sk

] 9% VG 7Y L Y] 16 22.20 ~163. 40 — 86. 50 [60]

%[ Narragansett 1% 22 3.75 ~340. 84 54.24 77.26 [61]

S Athabasca X Hi 7K 9 nd ~91. 90 — 33.70 [62]

FE IR M 32K 21 97.01 ~851.07 175.93 262. 48 [63]

2% [ R 2% T - TRl 3 i 13 26.9 ~130.6 65. 50 74.33 [64]

VUHETF P4 Bt v 7K ) 16 80. 00 ~2 400. 00 — 790. 00 [65]

HE 7 Morava Ji] 16 — — 71.01 [66]

ENJE Ganges 16 3.60 ~61.45 33.92 31.89 [67]

A FIW. Brisbane 7] 15 6.67 ~11.54 10.13 9.45 [68]

B K Je B 16 1112.70 ~4 364. 30 1516. 60 2127.55 [69]

R AR 2 A B B st R K 16 33.49 ~126.78 52.16 62. 68 [70]

TR I P i) 17 14. 00 ~360. 00 200. 00 211.75 [57]

AL VKT FU/R EURRRE ) th 3R 2K 16 4.00 ~603. 00 25.50 90.26 [58]

H AL PR IR B B 1 31K 17 nd ~3. 80 — — [71]

o B R K R 16 104. 78 ~9 180. 05 1314.94 2596.25 [9~15,72~119]

1) “nd” FRARME 5 «—7 FR LT P BA A E
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A S A, X EESREE TGS
KA PAHs MR BE RS A 06, 10T I MAAE VTR
WA TR E AN, MLk &M AT A T
Koyt BRI Tl &k, A4,
Kt TR, ATETE K JEAR A B #R 7
FORBUK TG Y E 2L UK R D PAH,
BRE SR AL, FE5 KA PAHs R E AL
P
2.3 PAHs AfAgRRE RS PEH

R A i R PRI TP A A R 133 3 - R4k Ak
rh PAHSs 38 52 PROK 3 B 5 £ 3 AU L3R 6 SR
7. HFE6 AT, LRIIEUEZE PAHs # I OKE
127 A 1 R UG 5. 31 x 1077 ~2.73 x10°*,
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Fig. 2 Species sensitivity distribution curves for 8 PAHs

%4 8 WM PAHs B9 SSD M-S # 5 HC, "

Table 4 SSD parameters and HC5o0f 8 PAHs i F i ..N_J;.- i &
A —
5l - PAHs 5/ L
Nap Ace Flu Ant == Flua Pye / BaP
a 6.79 6.03 6. 135 5.72 498 [ L 4l7ay 475 S #0
b 0.28 0.29 . 0.37 0.27 0.72f | 0.144 0.37 §F # 113 4
f " il o
R 0.99 0.86 | | 095 0.98 0.98 S 0.97 0.93 =4 0700
sSD #0.53 0.33 . 0J44 '.H,. T 0. 61 L02g, . 1%0 W ) 146 1456
HO,/ng-L™'  /950473.00  146571.66 | /108600004 82 784.70 7454017 28494434 4641.20 7.37 W
7 ] A — o - — - L i e
1) Shogern PARCHERE B st bt 2, e, A I 95 KL e IR (A KT » #

=

£5 LAWE S # PAHs £ RETFH/% 7
g 7 J 7 -
[Table 5/ Ecological risks/of 8 PAHs in seven‘basins/%

o

i

] [ 4 A
Vil ) [ g el s A KT el BRIT
N‘ap‘,“"" 0. 000 1 0. 000 1 0. 0000 0.0000 0.0000 0.0000 0.0000
Atl:'éI 0.029 4 0.000 0 0.000 0 0.0000 0. 0000 0. 0007 0. 0000
Flu 0.002 8 0. 006 9 0.000 1 0.000 5 0. 000 2 0. 0009 0. 000 4
Phe 0. 000 2 0.0020 0.000 0 0. 000 2 0. 0000 0.000 0 0.000 1
Ant 1.2499 3.3416 0.2118 0. 468 8 0.2889 0.4930 0.8617
Flua 0.0851 0.768 2 0.017 1 0.146 3 0.099 7 0.148 2 0.0799
Pye 0.089 8 0.2972 0.0020 0.0418 0.063 8 0.029 3 0.024 6
BaP 13.214 8 5.8467 2.3579 9.178 1 4.6156 8.8387 11.2342
msPAF ., 2.5144 3.3278 0.019 8 0.6932 0.3374 0.678 4 0.8324
msPAFy 16. 627 5 12.964 5 2.6027 10.399 9 5.3672 10. 064 7 12.091 5

Hor DBA 52000 ORI 18 il B RURS: 5 5, e i 1
REN2.53 x 107, HMBLZEMER I BaP K g5l
DB v, B0 KU B Bl 2.59 x 1077 ~ 3. 14 x
1077, Fei{E L DBA R— N8 g, TR AETT.
Fidek; Hofts PAHS 3 i PR K s 4 i i) 4 B A5 7 XL
SARXTE /N, ARIF] PAHSs 14 R XU AR 5 H e 38
B A G, i 5N E T TEF (5% V)4
X%, FLanfRl 4y 541 BbF 5 BKF 1845 KK 14
(¥ BE AR, {H BbF A8 4 A TEF {E L BkF
K— PR (W 1), FEBLF AR XU
BKF K— A, KA i B 4 3 19 5] 43 S 4 1R
Chry 5 BaA K4 TEF {8 1) 25 55 SU{g FE XU 25 5%

P g g, FRE L R BEUE 28 PAHS @ i TRk
TRAR A A i R XU HE I SR TR R > AA AT
I > RV > B > 30 I > KT >
TR, HEY 32252 % KK 44 DBA | BaP
VB RSEIR , FE7KAA TS Y ) P45 W T T A v 7 B
KX WA PAHs, H13€ 7 W0, dEE082 PAHs
IPRK AR 1 B AR B0 16 R B A — 3,
TEAE—E B2 [l 43 A REAE, BB h . AESUE S PAHS
() HQ A sl ly by X IR EAA AT | AL30] | i3
TSR K R 5 X BRI, e HQ (B BAEAR
VLR, Al HQ (B IEMmT i, HAE8uEdE
PAHs TEZK A Ry 2 245 ] - A — 3L



2108 7D 53

B 40 %

M6 LB, MAETTER . A0 e, 5 9 3
Sl HETRIER VLR B BOUE 2E PAHs 8 ROK IR R
77 ) B RE XU b T 10 S KSF, 1 T US EPA #E
TR BUR Y B K T #:32 KUK K (107°) , R
EUA R (R R KUK, . VT I VA 9T sk ) B0
PAHs PR B g3 KBS 23l Ak F 10 ¢ 10 77 KF,
T T B P2 R 22 I S PR B R HE AR 1 W] 22
W XU 2K (4350 1077 Fn 10 %), R E-E K
P A HR RS PAHSs BRI R XU 75 5 | e B
M. HZR 7 AIAN, JES0UEZE PAHs 1Y HQ {E°N 4. 57

x107" ~2.73 x10 7", (KT US EPA #LZ iY BIMHE
1. SRDEES T APEM T VG V1K R IR Sk Z 00 10 F K
A PAHSs (3% 5 2 Al XU, B PG VL3 38K A4
FHEUETE PAHSs AO{g R XU I K T AE B0 PAHs I
SRR 124 T 2 O 25 30 e A 00 A0 A R Y 3 S
A S AR K IR M S KA HLTG G, RIFFRIX
A HILYS e ) 2 B XU Ry B XU L 4
A, FRE R K A B0 2 PAHs T
e 4 A B 5 e W, R R BOAH R 1 it R RS K R
PAHs ¥, DAORUEZK 38004 8 B IR K (e

F6 HEAE PAHs [5RMBKREH RN
Table 6 Health risks through the drinking ingestion of carcinogenic PAHs

5iH S0 XU (ILCR)
) FAAETL SIRTI] TR HE] ISIN i) BRIL
BaA 2.09 x10°¢ 6.37 x10 ¢ 4,39 x10 8 3.24x1077 5.73x10°% 1.69 x10~7 1.16 x107°
Chry 3.05 %1078 1.98 x10 78 8.08 x10°1° 5.95%x107° 1.14 x107° 1.94 x107° 2.36,510
BbF 5.32x107° 3.22x1077 4.11x107* 2.80x1077 4.67x107F, 6.76x1077 7179026107
BkF 3.38x1077 1.47 x10°8 2.62x107° 2.14x10°* 8,98 x10 7 1.16 x10 77 T 65107
BaP 3.14x107° 3.04x107¢ 2.59 107 1.07 x10 73 1. 5910 ~F 9.69 x10° 1,94 x10 -
DBA L95x107°  3.44x107  L38%107  6.41x107°  2.95x10] § 2.53x107*  Z60X10 |
InP 2.57x10°° 1.80 x 107 3,01 x10°% 4.76 x 107 3.12 104 L 9.08x1070 | 2465 x 1075 &
SRS 6.13.x10 73 1.03 x10 73 5.31x1077 1.82x10° /2,03 %10 2.73 x10~* .02 %075
| ot/ o fa 7 T /2
' J 27/ FEEAHH PATS SR TR RO RBERE
] Table 7 I—_Ieall}.-l _zisk.s rougﬁlﬂthe drinking ingestion of nonféarcinogemic PAHs =
Wi & ‘ ST AEBUER AR (HQ) _uf 4 ‘ ; ' g
ALY SURTI) 30 HE] KT i) PRIT
Nap 1,40 x 10 ~° 1. 14 x(10 ¥ 5/52 %107 | 8.15x107"° 1.32% 1010 4.34 x10°10 7.17 x10 10
¥ Acy, 1.53 x 102 1.90 x10-194 3,22 x10 “124 =830 x10 " 2.30 x10 12 1799 x 10 ~1° 6.03 x 1012
| Ace 2,73 10 2.44x10M 571 x 1'(')_.;}%--'*""‘r 8.40x107  6.37x1072  2.09x107" 2.56 x10 "
Fluf 159 x 1010 3.44 x10°10 1. 14x10°" 3.71 x10 1! 1.93 x10°1 6.04 x10 7! 3.01 x10 !
Phe 1.56 x10 10 7.38 x 1010 2.37 x10°! 1.45x10°10 4.23 x10°" 5.39 x 10! 1.24 x10°1°
Ant 8.68 x 1012 4.55x1071 4.57 x10 71 1.70 x 10 12 7.63 x10°13 1.85x10 12 4.67 x10°12
Flua 4.08 x10 1 3.77 x10°10 8.07 x10°12 7.04 x10 1 4.78 x10 11 7.14 x10 71 3.83 x10 !
Pye 1.78 x10 710 4,94 x10°1° 7.13 x10 12 9.30 x10 ! 1.33x10°1° 6.86 x 10 71! 5.91 x10 !
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