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Porphyrins as the Early Biomarkers for Arsenic Exposure of Human
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Abstract: To investigate the effects of arsenic exposure on porphyrins excretion profiles in human, porphyrins were measured by HPLC and total
arsenic by HG-AAS in urine samples collected from arsenicosis-endemic areas and control sites in Guizhou Province. Analytical data showed
that urinary uroporphyrin-[ll and coproporphyrin-[l| were significantly elevated in arsenic-exposed group compared with those in control group,
while urinary coproporphyrin-1 was not significantly higher in arsenic-exposed group than that in control group. Not any significant difference
was found in porphyrins between the male and female except for 20 ~ 40 years age group. As far as age was concerned> arsenic-exposed group
of <20 years showed significant increases in uroporphyrin-[ll and coproporphyrin- [l compared with the control group of < 20 years. Similarly,
arsenic-exposed groups of 20 ~ 40 years and > 40 years also showed significant increases in coproporphyrin-[ll compared with corresponding
age groups of control. Besides; there were positive correlations between the urinary arsenic and total coproporphyrin, and total porphyrin. The
effects of arsenic exposure were associated with increased porphyrins excretion, which was suggested that porphyrins were possible to be used as
biomarkers of early health effect due to arsenicosis.

Key words: arsenic; porphyrin; urine; coal; arsenicosis; effect biomarker; guizhou
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Fig.1 Distribution of sampling sites in Guizhou Province
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Table 1  Distribution of contents for total arsenics coproporphyrin and porphyrin in urines from coal burning arsenic exposed and control residents

Vo WS % n R g g™ SFERR B /nmol + g ! SUIRB /nmol + g !
<20 29 212.52+43.85" " 84.26 +33.17 95.03 +34.25
20 ~ 40 13 128.15 +44.04 26.13+4.57 33.03 £4.90
TP a2 .
> 40 13 74.18 + 14.16 29.64 +6.68 40.92+8.54
B 55 160.47 +26.68 57.61+17.86 67.58 + 18.48
<20 9 78.35+14.70 30.25 - 14.90 37.55-16.66
20 ~ 40 3 42.16+7.59 20.85 - 8.69 27.32-10.84
Tk 6o 1
> 40 4 37.09+7.53 34.61-10.22 41.25-11.73
psss 16 61.25+9.71 29.57 - 8.67 36.56-9.72
<20 31 236.08 +43.39" 48.32+8.29" 60.66 +8.60"
20 ~ 40 13 212.13 £ 54.40 43.79 +11.31 55.55+12.14
L R
> 40 14 208.16 + 102.23 46.30+9.89 57.99 +10.59
psge 58 223.31%35.75" " 46.82+5.55" 58.87+5.83
<20 8 79.88+5.04 29.16+4.11 35.99 £5.02
20 ~ 40 2 27.51 23.60 + 10.55 31.01+13.25
L%t R
> 40 4 49.21+2.25 11.33+3.98 16.38 +4.07
B 14 66.41 +6.01 23.27+3.48 29.67 +4.05
<20 60 224.09+23.11" " 65.59+16.61" 77.27+17.13"
‘ 20 ~ 40 26 171.82+17.827° ° 34.96 +6.23 44.29+6.80
ST R .
>40 27 143.65+28.11 38.28 +6.16 49.77+6.94
B 113 192.18 +22.46 52.07+9.12" 63.11+9.44" "
<20 17 79.07 +32.59 29.74 +7.89 36.81+8.87
20 ~ 40 5 38.50 +12.99 21.95+5.85 28.79+7.32
RN R
>40 8 43.15+12.11 22.97+6.72 28.81+7.43
PER) 30 63.56+5.92 26.63+4.86 33.34£5.47

1D % ZoREFRAFNBHERTE(p<0.05), x x LRFRAFNBAZEZRREE(p<0.0D

2.3 AN A A ) AR PR R PR bR A B
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Table 2 Distribution of contents for uroporphyrin, coproporphyrin- I and coproporphyrin-ll in urines from coal burning arsenic exposed and control residents

Iy W% n JRANBEE ] /nmol g~ ! FEHNBK T /nmol g ™! FEHRBK I /nmol * g !
<20 29 10.77 +1.27 35.93 +12.49 48.33+21.16
) 20 ~ 40 13 6.89+0.39 15.93+2.95 10.20 £2.06
LiRdR S
> 40 13 11.29 +2.46 19.20 +4.40 10.44 £3.20
psgs 55 9.98+0.91"* 27.25+6.67 30.36 = 11.40
<20 9 7.30+1.88 15.14+8.53 15.11+6.64
20 ~ 40 3 6.47+2.16 14.43+7.92 6.41+0.87
T x
> 40 4 6.63+1.78 23.79+6.85 10.82+4.08
psse 6 6.98+1.16 17.17£5.17 12.41+3.86
<20 31 12.59+2.04" 19.90 £2.32 28.43+6.53"
20 ~ 40 13 11.76 +1.15 19.23 £3.75 24.57+7.86
T
> 40 14 11.69+11.17 19.55+3.08 26.75+7.45
pss-e 58 12.191.15% " 19.67+1.64" 27.16+4.24" "
<20 8 7.31+1.00 15.67 £2.90 13.50+3.12
20 ~ 40 2 7.41+2.71 13.89 + 8.48 9.71+2.07
kxR
> 40 4 5.05+1.01 6.43+£2.32 4.90+2.50
puge 14 6.68+0.73 12.77 +2.24 10.50+2.13
<20 60 11.71+1.22° " 27.65+6.19 38.04+10.75"
‘ 20 ~ 40 26 9.33+0.77 17.58 £2.36 17.38 +4.23"
ST R
> 40 27 11.49+1.31 19.38 £2.60 18.90+4.38
B 113 11.11+0.74" " 23.36 +3.40 28.72+5.93" "
<20 17 7.31£1.07 15.39+4.58 14.35+3.70
20 ~ 40 5 6.85+1.48 14.21+5.10 7.73+1.15
AR R
> 40 8 5.84+0.99 15.11+4.69 7.86+£2.48
B 30 6.84+0.70 15.12+£2.93 11.52+2.25

1D » R AAR AT R B (p <0.05); » » RonFREE AN A Z R B E(p<0.0D)

F 3 SFEANHR/BRANE I FOZEANR T /2R T 1
Table 3 Ratios of total coproporphyrin/uroporphyrin-[ll and coproporphyrin-[ll /coproporphyrin- I

Vaxil W n S FEN IRk PR IR [1T n BNV WEUNVN
<20 29 6.16+£1.24" 29 1.46+0.27
20 ~ 40 13 3.58+0.44 13 0.70+0.11

B 7 oo

YRR > 40 13 2.76+0.44 13 0.64+0.11
B 55 4.75+0.69 55 1.08+0.16
<20 9 3.24+0.61 9 1.22£0.29
20 ~ 40 3 3.07+0.28 3 0.66+0.21

T X I .
> 40 4 5.31+0.61 4 0.51+0.14
M 6 3.73+0.43 6 0.94+0.19
<20 31 4.27+0.59 31 1.02£0.23
20 ~ 40 13 3.54+0.55 13 1.29+0.21

Vi 5 5%

KRR > 40 14 3.92+0.90 14 1.16+0.24
% 58 4.02 +0.40 58 1.24+0.11
<20 8 4.07+0.47 1.26+0.17
20 ~ 40 2 3.08+0.30 2 0.97 +0.44

eI > 40 4 2.81+1.43 4 1.17£0.46
Pt 14 3.57+0.46 14 1.06+0.18
<20 60 5.18+0.68" 60 1.36+0.16
20 ~ 40 26 3.56+0.34 26 0.99+0.13

PR LN B

R > 40 27 3.36+0.51 27 0.91+0.14
B 113 4.38+0.39 113 1.16+0.10
<20 17 3.63+0.38 17 1.13+0.18

. 20 ~ 40 5 3.07+0.18 5 0.79 +0.20

A R
> 40 8 4.06 +0.86 8 0.84+0.26
B 30 3.65+0.31 30 0.99+0.13

1) x FoRBEBRAAIT A ER T (p <0.05), » » FnFTEAAFT A ZE R EE(p<0.0D
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Table 4  Concentrations of arsenics uroporphyrin, coproporphyrin- | » coproporphyrin- [l and total porphyrin in

the urines from control villagers and exposed villagers who have no observable, lights medium or severe skin lesions

Pail HRBY  CFRRRRIY a R/ pge g™ JRUNBE I /pgeg ™! FERRBE T /pgeg™" FERRMKIT /pgeg™!  RAARBAE/pgeg!
BpEY 10~76 34 16 108 +20* 2+1°7 2+4" 30+8" 64+127
g 7 ~58 37 11 159+ 64" 10£1° 21+4 206 519
Y 26 ~ 61 46 23 115£26" 10+1" 19£2 17+4 46+ 6
B Y 10~ 76 40 50 12219 mx1** 20+2 24+3" 53+5"
A 0.7~50 12 63 247 34" 1" 26+ 6 34£10" " 71+16"
of et 5~82 25 30 63+6 7+1 15+3 11+2 335

D« LR FEFR AN A ZE R B E(p <0.05), » » Lok Fa AN JAH 22 e 35 (p < 0.01)52) fifteprasg j R ) ) 43 W41 SCRIRC 16

3 itig

M SIS T AR PRI G 1 ) N AR T 2 5 5T
PR MR ZH 152 (1) 56 W), 3 110 44 358 K s Wb A g — T
i1 5 SO0 280 . A 2 ) T 9 A T BB SR
T AL IR AR R s R AR A, X Rl A 5 R
TP IR FEAR DG . ASHIEFT A, Bl £ PR o #5 A b
Wb 5z S 5 1) 39 K L B e 25 B 2 T ER 8 AR s i A A
CRETN 2 Ry (0 e P | 3ok 82 e 28 i 15 Do~ B 1l e it
(SR 52 E AR DG, UF SE O St ) A N 23 5E ) I 41 3%
(A= B . TE Ve ) R 2 sl i e % 41, IR 110 55 1k
LRI RN T B AR BORE A4, PRIB P IR A o
5 1y » I HL5 0T R AH B ol A 6 B A AT LG
i 5% 55 2H D3 PEBOR R BL(20 ~ 40 %5 > 40 B O FEAE
PR B 452 v 5 AF L 5% B 2 AR08 1 59 M AR AARAIG L ARG
R HROM B e 4 55 MR AR, 2 B 2 S MR AT B
e R PR BE . R B ] gt B T AR R ORI 55
P R A A0 R T K (1 I ) LA =Rl 2R 7R A
BN N K55 T R /N £ 3 B el BT L AR AR T
AL PERTAS BRAE N SR AE 55 P (19 B [ A X B 4 — 2%,
NASE BRI 2 A X BT K 3K 2 T2 b o 15 =
P IO A o e R S IO 5 36 il 3 RS
B G G, PE FAR SR 2 R R N AR
ehfA S 23 N HEAT I € Ja R B, = N AR RS S LU
J v i b B SRS LA B 0.455 mg/Ls 11 % A
200 m A&7 FE A 0.002 mg/L, —FHAHZE
o st

(B TR S A5 LA, R 2 L Tk A
FLLen bR bR 23 R AR TR AR AEARIE G
P58 TR Gt s 9 v e R B, S S bR/ SR
HRBBR 1T AT RRBER [T /ZERRB0E [ R B, X — B %
550 i B Y BF A K 7R e R B T 5T R
— 50, B 5 G S TR R 1 S 4 R — 8
TEA YA FEH S I Ak S5 B4 55 71 % e 21 1K i T

(NSEATE RS )N

H B, 12 W g Pl b 25, 38 2 R AR
A9 7 R 25 P 2 () SRRl B kA5 3 D A
LB P R AR bR A Cln RO Sk R IR D
Forp, 2 W te P A b R 5 vl S 1 M 3 2 S YR K K
AL GV R IPNE 2O QI CER ST IR S SY/IE QIS
I ] PR R 300, 4 R B 2R ) BB O R AEIX
DR ) H AR 2 WIS B A T 3 o 1) 483 405 T 9300 4%
DAL, 2 38— o R A0 I e 5 T8 i 5 s 3o N ) S
W7 de AR L AEARWT IR, BB R L
MO 1 A AT 2 i 2 10 R0 i W3 el A AT i
MR Dy b B 0 s (1) 4 RE 8 B AR A

H B CARIE AT 200 2 FHlE R S0 2 52 2N BE 1) 5%
120200 S oo 580 5 248 0 W Je 460 A Il R UL 1 3R A
JH » SX LSBT T RE T 2 i 1) A2 B AL N B
Py, VFZWEIUR W], A5 AR P9 IR I b s I 21 3% A
Yoty eag Az v (=) DAV O Vi 247 45 4 s 22 iR 1
FER AP FR R . — S ML 2T 3 AR s A T 1
CUIE IR0 5 5 52 A A0 % 28 4 Je 10 5% Wiy 6 JET A
FEARSR IR R, 20 AR s AR R 2 2 B
W, 0- 2 Fk LI N IR i /K B8 CALAD) , s P2 4R
7 AN TN T e N A O K R R S R
FAP2S) YRR ALAD ST, A nb bR
L2138 PR AT A1 D i 2 i (1072 W R AR AR T e AT
FITA U, iy ELIK b0 5 4 2 5% i 20 1 210 3% A2
A RIS AR I e A RS W, A RE S0 A
N VI PR 2k, B 400 I AL T 3% 2R 400 45 B i B i 41
NIRRT R 389 0, I B PRA P S A G, X
— IS UL A RS TR R R R

4 it

FRAH KT IRk 2 3% 5L E AH G, U B ik e
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NRBERER AT ] B8 FH AF 1% it 5% 5 117 5 00 48t 9 50 B
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