ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCE




3% f"& ﬁ‘ § F38 L B3

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2017 4 3 A 15 H

H e

FE IR AN N RO L - oeeeeeeeeeeeeens RN, REWR, RN, mH, AL, EWHE, R E(845)
M IX A TS YT IPE VOCs PPRIUEFAE wovoevesenesssnsssnnsssnsnnenes BR, K B, LA R A, BT (855 )
SEMHEHLX SRR HET PM, | 75 Q0 GTRRIPA oovoeeeeeesenssn s B R, WL T, EH Y, M E (867 )
LA PM, § h IR OC R IR R E RIS oo FoE KT, HR R E IR, R, R, ERE(876)
2015 4F 7 50 TR B — UK s e ik B BURL I E AT - B, R E BRI R, T, DR, ( 884)

FIFH SPAMS BFFEE 57T VU ZE 20 ORI AL 22 A T TG L SEEL - eemeememmmeme ettt ettt et e e e e e e e s
............................................................ X BB REN, EHE BES EETW,EER B, EEE(89%4)
[R5 3E oy N R Tl R U YA B K & s TR REM, 24, MK, ke, T8, Em#, ZTLE(903)
5 550 77 A B A TR S ZS ) AT AR <ottt ettt et e e e e e e e e gk EA MR, X T k(911 )
YIRS AL S BRIR G oo A, BET HEE BT LTE, ERE A IREL(918)
PO T AN [R) D R DX A T K AR S R IR Yo AT wovvvremvmmmmmmneeeeeeeieniniiiiins R, KRN, £, 2, E (924 )
IR 2 A AR R VA VTR RUI5 YRR AT B A AL SRR ST eveemmemeeeeeeeeeeeees R, Ew B ARFE KR 936 )
I XN SR ORI i A R R AL R A B KA I K I RRAE eveeeeeeeee EH BN ,FE R, RLE,ZF (946 )
BT S K AR A B T I 25 B T LM R 25 wvvveeerereeeeneenennsnnnnniiii i B EEE A B (954 )
HFIE S A R S A MLEA T TG YRR IE KRR AT cvevvvemmeeeeeeninninnnns FLE, KB ALE FLLE, BEE(964)
JELBEK TR R | RIS Y- - R EHE, Reg, 3 XA, A0, EEa MRE, ZHR979)
IR X VR AR AR K G SR AR HERAE  eveeeeeeeeeeeee s FEy, KA, kR, Tk, TEF(987)
LB i 20 3 K v EE 4 TR A0 A AR B ABERR KU DA v veveeeeees KRB BEL BNE B, EE, FFAE, BB 993 )
FUIRIT R R TS SRR TEIE S B ZSIRURE < everreeeesmmmrneeee e WA B, TR, S 3(1002)
BT3GR 2V & B T R RATIE S BTG YLTFM -oeveeerrmmmeeeeeeeeeeeeees W, T8, A MR, 5 8E(1010)
Jo T TE K EEME X AR B 4B UR | A A SOG YtTf ooeeeeeeeeneenenns &%, B3, G XF,FE, BEM, ZRIE(1018)
TRAL R FE - A T R B i A ZEM B R R TR BB S L] - IR, KA, S RKE , S A, 21 (1028)
1 K LR A R A WL A BT BE R P A R e AR, R, R, AT, 50 TR (1038)
AN EEX S R U8 T AT s Y sg i i kil - i ak, MAn 2, B0, IDE i, 0%, B R rh B, 2 £ B (1046)
Cu-ALO, VB SR IR R A PG HLIG YA +oeeveemereese s A KT, T 251054 )
SRR AN E AL PR Cu(CN) I HRRY IS Y -oeeeeeeees FZHE—E EEZR,FFH, YL, B E, K, A E(1061)
TR Pt R A R BR AR 2 2, 4- TR LR BRI PR R RE oo eEA,2%RFHHKR(1067)
TS A HAP/C S AR K Cu( T ) AYMEPRERE ovvveesenescnsseens M KEH,WI R UE B T H(1074)
I A%/0 A IRT 2 RSB PITEPEREAR  woevreeeeeeeseness AT, Doe s, E0% B, 15 (1084)
EPIY S/ SUETE SN B N PILO) 7 KRR BT A RANE FRE, B R TR, £ 4 K(1093)
AR IR UL T 2L o evereeeseeee s ok, T, 6B A, BEE(1102)
YUBRATTE F1 2 SR AL 8 IR SRR v eeeneese e BEF AL, B, EEY, T E(1109)
S B RAEIRLEL T 25 vvvverrerreererreeee e e ee e e BRI, % o kBB, 2 K4 AREE(1116)
—Fl CANON T2 A FIME S EUE A HIIIRETE  woe ettt R, R, (1122)
OMAEA O IR 4L EBPR ARG BRI - vvvvveesenessmnssni i B, R, ANEIEE R (1130)
PRAE AT T BRI 1555 A0 F R BIRBIESE o oevvvreresenesssnnssnnsnnnas BRATID, %, EAMS RAIE(1137)
TR o TR R 4B TS AL 2R 5 2 BTN -+ vvvvemmmmmmmeeeeeeeeeeeeesen s e o, FAR, 25 F 5, WAM(1144)
S U T AT 5 DRI K PERE R BEIRALAL o evrveseeseessemsess s G R, R, EAA(1151)
TR T MR A TRl 52 S TS YA TR« vevvereeeesnsmnneeeeessnitit e e e st EFHH ENIE B—r(1159)
AR T BT T () AN T - vvvveeerreneaneaeeeseessmmnnnnnnniiiiieeiieeeee HE B R R, AR (1167)
Y KARTE TR KL RS2 I0 A T Th Y BALE T FITREASURT  eveeeeeeeeeresernenmammmnmiiiiiii it Kb, BATF(1173)

[ ot A S e e A = L
......................................................... AR MBI FER, KB, NI, R B, 2 R R B A (1182)

Al TR ISR | A TETE P R ABTEAS | B AN +vvvveeeesemmmeneeee s ettt e et
----------------- FAT, AR, B AL, BB, T B, RIS, PR AR, ot &, M350 T 40, B 1K( 1189)

FIF in vitro F7EERFFEA R R LSRR M TT G HERIEAM  ceeerrreemereeeesn e e et e s
..................................................................... HME FOEY, EEMK, MR RS R MEL, TXA(1201)
AR A T4 Jm V5 Y R R SR AL S B 2 e AR s LG S L] s BARR, Rk, KT, B E % (1209)
it R T A 15 e M) - B0 20 43 R I 45 PR By A - e, AR FRA, K Sk, R, 2 B8 KE%(1218)

T B A TR G A TAE T I KRG B BN MBI ALIITGE <o evereeeermmmmreeee e
...................................................... iﬁ%ﬁ%,ﬁ‘ﬁﬁﬁ’]’,%?f—‘?‘—ﬁfé,Jﬁfé\%,ﬁé:ﬁ%,éif@,%u%,g%ﬁ,%éﬂ(( 1227)
NI yT DR ey T N R A A ) b Il a1 | BBk, INE, REFR, HEA(1235)
SR L TS B TRV BRI, CO, e BRI FHRR IR ovvveveseeeeenoe A3, EHA, 7, B (1245)
S STRIE A S U 5 AR B LR B 4K BB oeeveeee e A, LU BT B2 (1253)
B AT HUAERE P YU BE AS A BB EA I F B 55 RS oo RY,BEE, KW, EE, MA, KB, EH(1262)
) B S T AT HE T S TR U2 AL IR A -+ v vvvvevemmnrenneaeeaaaeeeesaan ettt bttt et e e e e aaa e e EaE % (1272)

(REEREAVERT RN (1092)  CREEREE) AETTR F (1158) 7R (1166,1261,1271)



38 45 3 7 1% 3 2 Vol. 38,No. 3
17 4£3 A ENVIRONMENTAL SCIENCE Mar. ,2017

BiE] Bt RKPEERE S MIFEAERXE N

RAK BT E/NE RS R !

(1. EH R A (B BB, i 430074 ; 2. & T O =015 i TR S0 F0 8 7120005 3. RETK

ARG TR MRFE, AR 113-8656)

AT, WHURSETIMAE , W HEL, J2 18 KBRS LU I X 58, X Ik b 9 T 8l 30 Nt K REh 8 Fh e 42 )

(£23% Cd. Cr, Cu, Ni, Pb, Zn FIZKHEEJE As, He) HEATI5E , 12 FHZ 0G0 1A B XU DA A5 U 5T b 2 K Hp

HEJE AR RIS, 25530, 3K o Cr, Pb S RV He P-4 2o ( b 3R /K IR B8 i i) ( GB 3838-2002)
M 2K it ,Cr, Cu, Hg, Ni, Zn 1 Pb S HIEBIHWES TRZE. 2050 EM ,Cd, Cr, Cu, Ni fl Zn FZRIET

JEI 1 HL AL V5 G Ph Il Hg 32 38305 YIRS AL K, As 5 FARIRA VI SC R, M FK AR UG PR 455 R I, 4 i5

Yo XHLIEEN R, 2K R R M HE KU H R IR B Al A2 K 2 ~ 3 AU g, AL, Cr A As B0 XU 5 T K AT H232 X

MK (5.0 x107° a™") 5 ARERME T 4 e BE XU K /N2 B Pb > Ni > Cu > Hg > Zn, KUK EAE 1070 ~10 7 a™' MR TRk

A2 K K- 2 ~ 5 A;#&z%é&

KR ) WEK, AR, 2008 XU A

FEyES . X522; X820.4 Iﬁik*aw\ﬁi-}; A XEHS. 0250-3301(2017)03-0993-09 DOI: 10. 13227/j. hjkx. 201607159

S

Distribution Characteristics and Health Risk Assessment of Heavy Metals in

Surface Water Around Electroplating Factories

YU Cong-cong', ZHAO Wei-tuo’", GAO Xiao-feng’, CHENG Sheng-gao'*, HUANG Ting', YIN Yi-meng',
ZHAO Zhen-li'

(1. School of Environmental Studies, China University of Geosciences, Wuhan 430074, China; 2. The Center of Environmental
Engineering and Assessment, No. 203 Research Institute of Nuclear Industry, Xianyang 712000, China; 3. Graduate School of
Engineering, University of Tokyo, Tokyo 113-8656, Japan)

Abstract: To investigate the distribution characteristics and the human health risks of heavy metals in surface water samples, 30
samples were collected around electroplating factories of Machong, Shatian, Humen, Changan and Dalingshan towns in Dongguan city,
8 heavy metals( As, Cd, Cr, Cu, Hg, Ni, Pb and Zn) contents were measured and analyzed by using multivariate statistical analysis
method and human health risk assessment model. The results showed that the maximum concentrations of Cr, Pb and the average
concentration of Hg exceeded Environmental Quality Standards for Surface Water ( GB 3838-2002, Grade Il ), the concentrations of
Cr, Cu, Hg, Ni, Zn and Pb during rainy season were all higher than that those during dry season. Multivariate statistical analysis
indicated that Cd, Cr, Cu, Ni and Zn mainly originated from the contaminated electroplating factories, Pb and Hg were mainly affected
by the traffic sources, and As was significantly correlated with natural sources. Health risk assessment result of surface water indicated
that heavy metal pollution would lead to high health risks especially for children, and the health risks of heavy metals through drinking

pathway were 2-3 orders of magnitude higher than the values caused by dermal contact pathway. Moreover, carcinogenic risks caused

by Cr and As were higher than the maximum allowance levels (5 x 10 > a™") | and non-carcinogenic risks of the heavy metals (10 ~"°-
1077 a™") decreased in the order of Pb > Ni > Cu > Hg >Zn, which were 4-5 orders of magnitude lower than the maximum allowance
levels.

Key words : electroplating factories; surface water; heavy metals; multivariate statistical analysis; health risk assessment
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Fig. 1 Location of the study area and sampling sites
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(RSD <30% ).
1.3 W

13,1 OKGERAR R XS PN A
R; = [1 -exp(-D, - SF)]/76.49 (1)
R' = (D./RID) x 107°/76. 49 (2)
D, = IR x ¢,/BW (3)

A R RHBUEYIIR | SUOKIBRFTECE A N
TEER XS ™" 5 SF A BUSYI A ROKIREEA R B
FEIR Y 28 kg-d-mg ™"y R NARSEUEYI IR | Bk
BT ECE A NFAERE RS, 2~ 5 RID SHIE 06
YIRA oKL H ﬁ]?ﬁ/\ﬂ’ﬂi}%%‘]%, kg'd'mg*1 3
D, WEEJE | LYUOKIEE M) AR TE B 15 #E7
i, kg-domg™'; 76.49 NTTRAE NHMAE G, a;
IR N H B ROK R, L-d ™" o, NEEE i TR
B, mg-L™"; BW M AIETE ke

1.3.2 JJRE iR A e R XUBS DT A
RY = [1 —exp( - D, x SF) ]/76.49 (4)
R, = (D, x 10°/RID) /76. 49 (5)
D, =1, xA, x FE x EF x ED/(BW x AT x f)
(6)

I, =2 x107 xk x ¢, x /W%TE (7)

Kb Ry WEBUEYIR d 20 R & 42 B E0OE 54>
NAEBERR A a5 R WAEBUSY T d 2857 1Tk i
RO MRS ,a™' s D, WESE)E d
SRR R B AR R AR E H O3 R RN,
kg-d-mg ™5 1, AERRPEE A BT 15 9e W) d 1Y)
W Fff i, mge (em®-¥R) ™' A W AR ETH L, em?;
FE HYEEEAR, K-d™'; EF R BR, d-a™';
ED RZREEIERS a5 AT K F¥ RN, a; A
LR b B IR S8, em-h 5 e, HE A
J& d R, mg- L™ 7 NEERETE] by TE Ky
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FRAETH 55 TLAE 20 40 (WHO ) i1 ] 98 9 BF 58 411
F(TARC) X k¢ I B0 Pk 4 A A 58 I
8 FEAE T  BURMEE B A As, Cd, Cr, EBUE
PEE 4B Cu, Hg, Ni, Pb, Zn, FEFE AR PE S %0
RSO 1 Fg 2t
1.3.3  JRIRIEfl FE XU DA A AR Y

B B Ak 2 TSR N AR fs 3 F MR 2
FHINOE R AR P R s Ah P 0C R KRBT A fid
1 T KU T R h

R, =R +R' + R’ + R, (8)

x1 ESEFEFHUESH

Table 1  Toxicological characteristic parameters of the heavy metals

Fa H SRR R AL SF S & RID
/kg+d-mg ! /kg+d-mg ™!
As 15 —
cd 6.1 —
Cr 41 _
Cu — 0. 005
Hg — 0. 000 3
Ni — 0.02
Ph — 0.001 4
Zn — 0.3
*2 BEEERESY
Table 2 Exposure parameters of the heavy metals
S8 IN L3
H P R0K & IR/L-d ! 1.7 1.0
ANYIRTE BW/ kg 57.0 22.9
ANEFEH A,/ cm? 16 000 6 660
VEEIBAR FE/WR -d ! 0.3 0.3
Jo T LGS 1
B R B S5k em-h ! 0.001
SEFT A E] 7/h 1
VRS [] TE/h 0.56
24 EEETE ] ECL]
TR EF/d-a™! 350 350
SEFEIENT ED/a 35 70
FH BRI ] AT/a 35 70

2 HFR5ITE

2.1 BT R FOK 4 R B K A REAE

WA ARk E SR SESE(F
3) KR M F K IR AR ) (GB 3838-2002) T
KR As, Cd, Cr, Cu, Pb Al Zn I ELHE 2
2K ehm i, 17 He - 35 15 KAE 3 501 2 A o
B 1% 3. 50 F1 7. 50 £%, Cr A1 Pb P28 B AR, H
T KA AT AR I R AERR AR 3. 88 AT 1. 03 5. MZT
A FE ($£3),Cr, Cu, Hg, Ni, Zn,Pb Fl As, Cd %%
WItER 2 M4 Z K, Cu, Ni, Pb, Zn fl Cr,
Hg 73 JIHERKZ= M4 Z2f/y I H. Cr, Cu, Hg, Ni Al
Zn AP RS B MEM 25K, i K AH 5371
S /MBI 2. 66, 2.82.2.63, 2.88 F13.61 f%. %%
&% ,Cr. Cu, Hg, Ni, Zn 1 Pb 25 A8 R I H —
RN RS B S TR, TS W R SRR
TMBKA K.

5 AT X s KA L, BT 5T X b 2Rk
Cr A1 Ni 7 5383 o A X, o Cr i 2 1
P4 Pardo JA[ Y 81. 12 1%, Ni &&= VUL Catalan 77
[ 58. 06 fi5. Cu F1 Hg & & 4 MK F £ H-H: Tigris
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AP HEA Catalan 0, {H & T HAB X S, Horp Cu &
) O Y PR Catalan 3] F1EL P Pardo 37 3k
113.27 f151. 13 f%. As. Cd. Pb fll Zn S EHE T
PEBE S Catalan 78], [ PG Pardo Jf F1 4- H- H Tigris
A T 8 A B2 0, Foof ph B+
FLHL Tigris 19 79. 94 £% , Zn & 2V PES Catalan

W[ 85. 22 %, SUREE LA R e KRV
SRR i ROK E AR S A L, R X
WK Zn S EOETI RS ABAE R E R K Y 2. 75
f%,Cd 1 Pb & =AL T PH S AT T liE bR OK
Cr, Cu I Ni &Sl T 70 el 98 T et 3R K
PGSR e K.

£3 KRISRMG R RIS gL

Table 3 Statistical description of water quality variables and the environmental guideline of national quality standards for surface waters/pg-L ™!

TLE As cd Cr Cu Hg Ni Pb Zn

SEY{E 8.71 1.57 40. 56 147.25 0. 350 156.76 27.18 161.91

TN} 12.20 2.38 194. 12 902. 60 0. 750 961. 63 51. 62 823. 83

SRS /M 5.12 0. 66 7.14 8.33 0. 100 7.53 11.36 15.61

brifi 2z 1.93 0.46 42.87 228. 85 0. 187 230. 03 10. 16 201.91

FrifERRAE" 50. 00 5. 00 50. 00 1.000. 00 0. 10 — 50. 00 1 000. 00

BE(REE) 8.67 1.29 63.71 203.41 0.486 221.10 29. 64 280.07

Bk HE(WE) 8.03 1.31 49.88 175.23 0.401 194.46 30.50 203.28

TR (W Z) 8.61 1.58 24.70 72.12 0.306 76. 80 23.28 77.61

RI:(RF) 9.51 2.12 23.97 138.25 0.185 134.69 25.32 86. 69

RO ARE 5.3~21 0~3.9 — 0 ~80 0~0.2 — 11~32 0 ~706

K24 13.20 4.70 20. 90 10.70 — 13.40 55.10 9.40

iibAnEl 12.24 1.34 6. 61 20.33 0.04 — 2.29 84.57

Catalan ¥ , 7§ 3 5201 2.90 1.20 2.40 1.30 0. 80 2.70 2.20 1. 90

Pardo 7], (47527 1.93 0.06 0.50 2.88 — 6.33 4.10 13. 14

Bilina i , i 7 (28 14.13 0.21 — — 0.10 — 7.92 35.26
Tigris ] , + F-H: 129 2.35 1.37 <5 165 — 72.0 0.34 37
TR LR Wk 0 — — 74.88 384. 06 — 853.2 — 58.8

INLELEC Y S — 1.89 1277.14  1954.29 — 2361.43 29.43 —

1) MoK R85 o & T 28 hRHE (B 3838-2002)

FH 1K 4 8 R KA R HE R AL (BT 2) R
& Ja AR B A (B) A3 A SRR AE (1R 3) WL, R AR
AL Bl K 88.98 pg-L 7' (14 S RAEH) ~
2769.68 pg-L™' (16 5 R A5, S {E 544.29
pg-L7' Cu, Niy Zn & HARLIR B ROR, DTHRRIT
fa THABOT R, Horh DRk R A S0 I 11
24 30 47, F DTSR R KIE Zn(31.76% ), HK
Ni(23.40% )l Cu(20.40% ). 5 i, Hh K &
4 Ja A 1) R B /N S B S PR T4 (1084, 12
pg L") > KRI& 14 (934.82 pwg-L™") > Vb H4H
(503.33 pg-L7") > K4 (355.02 pg-L.7") > ik
4(107.30 pg-L™"),Cr, Cu, Hg, Ni, Pb &4
AR L RCHR, v f i X 2 TR 1A H
BLLL15 16 SR b fiAb e T As, Cd Zn
AR BE Ay IAE VD VB K2, RO 1L B o =y
S KU BEAE A3 IRAE 25, 28 |, 30 5 R A A

FEHES 1 b R R T A E R R AT X
Fo HEVS I BWEO L 11, 22 24 SREES AR 10,
12,23, 25 S RHA S E AR IR MK, FiER

P 4 JE VR B 4 i R 2,51, 1,24 3,29,
1. 40 5, FER FUERAE S Cr, Cu, Hg, Ni, Zn &%
TR, o 10 5 oREE AT Cr, Cu, Ni &40 5]
9 SRFESM2.62,5.98, 7.95 1,12, 25 5%
RS He S 800 11, 24 5 REES1 3,84, 3.70
5,23 SR AE A Zn B 22 5ORFEAS MY 10. 87
f5. PR WL, F A X i SR K T 4R
3 A 7= e T — R S
2.2 MIFRKELENZITCHIT T
2.2.1 XM

FHOCHES TR (3R 4) , As HSHABTR Z M
WM Cd, Cr, Cu, Ni 1 Zn 22 [8) 20 B A
O, Horh Cu A1 Ni AH G R 805 (0.980) , Ui W Cu
NI KRR A, & 82 3K He 1Y
5 Pb Z A7 B A CHE T Pb i85 Cr, Cu, Ni
ZRIAFTER B AR, LI, Cd . Cr, Cu, Ni
H Zn BAG—ERIPEPE, Ph —FB/ KT BE S He #H
[, —& kAT B85 Cr, Cu, Ni #H[H], As 2RUES
HAth o A,
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Fig. 2 Total mean concentrations in four seasons of heavy metals in the sampling sites
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Fig. 3 Spatial distribution characteristics of annual average concentrations of heavy metals in towns
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Table 4  Correlation matrix of the heavy metals
As Cd Cr Cu Hg Ni Pb Zn
As 1. 000 0. 033 0.229 0.198 0.082 0.218 0.113 0. 001
Cd 1. 000 0. 689 ™ 0.526 " 0.025 0.639 " -0. 064 0. 659 ™
Cr 1. 000 0.921* 0.301 0.928 ** 0. 669 ™ 0.558 ™
Cu 1. 000 0. 285 0.980 ** 0.716 ** 0.653 ™
Hg 1. 000 0. 280 0.396 = 0.079
Ni 1. 000 0.693 ™ 0.651 ™
Pb 1. 000 0.289
Zn 1. 000
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Table 5 Factors matrix of the heavy metals in principal

component analysis

JLER FER 1 FE2
Zn 0.924 0.378
Ni 0.907 0. 456
Cu 0. 856 0.413
Cr 0.786 0. 440
cd 0.725 -0.547
Pb 0. 445 0.984
Hg -0.592 0.715
As 0. 496 0.321
FRE(E 4.347 2.596
F#E/% 51.057 30. 491
2B/ % 51.057 81.548
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Fig. 4 Clustering tree of the heavy metals in surface water
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Table 6  Average personal annual health risks caused by the heavy metals via drinking and dermal contact pathways in surface water/a ~'
DB K - As _ Cd Cr Cu
oK Fe ik ok B Ik ok B Jik ok J ik
R Tl 2.98E-04 3.66E-07 5.55E-06 6.81E-09 1.36E-03 1.67E-06 6.48E-10 2.98E-12
Vb HHH 7.23E-04 8.87E-07 1.52E-05 1.87E-08 7.75E-03  9.33E-06 1.89E-08 8.72E-11
FEIH 5.31E-04  6.51E-07 3.90E-05 4.79E-08 1.02E-02 1.22E-05 3.40E-08 1.56E-10
JL# KZ2p 6.35E-04 7.78E-07 7.06E-05 8.67E-08 6.95E-03 8.45E-06 8.68E-09 3.98E-11
KUE 14 4.38E-05 5.37E-08 3.41E-05 4.19E-08 2.38E-04 2.92E-07 7.42E-10  3.40E-12
BICEEYINEE  4.46E-04  5.47E-07 3.29E-05 4.04E-08 5.29E-03 6.38E-06 1.26E-08 5.79E-11
PRI 1.59E-04 3.51E-07 2.97E-06 6.53E-09 7.36E-04 1.60E-06 4.42E-10 2.87E-12
v H A 3.86E-04 8.50E-07 8.14E-06 1.79E-08 4.26E-03 9.01E-06 1.30E-08 8.43E-11
I 2.51E-04 5.51E-07 2.72E-05 3.96E-08 4.87E-03 9.88E-06 2.08E-08 1.36E-10
NSS! 3.40E-04 7.48E-07 3.77E-05 8.29E-08 3.78E-03 8.11E-06 5.92E-09 3.85E-11
KUE L4 2.34E-05 5.15E-08  1.82E-05 3.09E-08 1.28E-04 2.80E-07 5.07E-10 3.29E-12
BILE PN 2.32E-04  5.10E-07 1.88E-05 3.56E-08 2.75E-03 5.78E-06 8.14E-09 5.29E-11
N Hg Ni Pb Zn N A
MBI Bk ik wk mk Bk ik ok k| TOWAE
JRRI 4 2.22E-09 1.02E-11  1.01E-09 4.63E-12 9.24E-08 4.25E-10 2.53E-10 1.17E-12  1.67E-03
b HIH 4.77E-09  2.19E-11 3.07E-08 1.41E-10 9.61E-08 4.39E-10 1.73E-09 7.96E-12  8.50E-03
JLE R 6.76E-09 3.11E-11  7.12E-08 3.27E-10 1.01E-07 4.63E-10  3.50E-09 1.61E-11  1.07E-02
K 5.68E-09 2.61E-11 3.01E-08 1.38E-10 9.15E-08 4.22E-10 2.20E-09 1.01E-11  7.66E-03
KUE L4 2.23E-10 1.03E-12  1.21E-09 5.56E-12  4.63E-09 2.13E-11 1.56E-08 7.21E-11  3.16E-04
BILE VXK 3.93E-09  1.81E-11  2.69E-08 1.23E-10 7.71E-08 3.54E-10 4.66E-09 2.15E-11
JRRIH 1.52E-09  9.88E-12  6.90E-10 4.47E-12 5.69E-08 3.76E-10 1.73E-10 1.13E-12  9.00E-04
Vb A 3.25E-09 2.11E-11  2.09E-08 1.36E-10 6.55E-08 4.27E-10 1.18E-09 7.67E-12  4.66E-03
I 3.88E-09 2.52E-11 4.26E-08 2.77E-10 6.89E-08 4.47E-10 2.09E-09 1.36E-11  5.16E-03
NSS! 3.71E-09  2.41E-11  2.06E-08 1.34E-10 5.58E-08 3.61E-10 1.50E-09 9.74E-12  4.17E-03
FU 1148 1.53E-10  9.91E-13  8.25E-10 5.37E-12  3.16E-09 2.05E-11 1.07E-08 6.95E-11  1.70E-04
BICEEHRE 2.50E-09  1.63E-11  1.71E-08 1.11E-10 5.01E-08 3.26E-10 3.13E-09  2.03E-11
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