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Figure 1 (Color online) Quantity of literatures on hair analysis of pollutants from 1996 to 2022
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Figure 2 (Color online) Proportions of organic pollutants (a) and
heavy metals (metalloids) (b) in research documents of hair analysis of
pollutants from 2015 to 2022
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RIRESCREE . SPrAIBE 4 th T A FRIE
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Table 1 Concentrations of typical organic pollutants and heavy metals in human hair from exposure and control areas

EL7RY FEX (ug/g) X HR X (ng/g) AR E PGS
EHESE
Pb 53.1 2.18 B [30]
Cd 0.552 0.217 = [30]
Cu 38.4 10.3 = [30]
Pb 14.97 2.94 = [31]
Cd 0.34 0.05 = [31]
Cu 17.67 9.85 = [31]
Hg 0.98 0.4 [32]
Mn 6.2+4.7 3.3+3.0 = (33]
Cd 0.183+0.056 0.04 = [34]
Cu 10.833+1.305 6 = [34]
As 0.245+0.044 0.03 = [34]
Hg 0.4 037 [35]
cd 0.67 0.11 [35]
Pb 13.77 426 [35]
Zn 206.9 113.35 [35]
As 0.16 0.042 [36]
cd 0.035 0.016 [36]
Pb 1.91 0.49 [36]
cd 0.030 0.014 [18]
Pd 1.17 0.498 (18]
Hg 0.327 0.138 [18]
EER IR 2]
PCDDs 267 0.849" [37]
PCDFs 0.637" 0.175" [37]
PCBs 437" 1.74% [37]
PCDDs 24.96" 5.75Y & [38]
PCDFs 4.79” 2.64" P [38]
PCDD/Fs 33.82+17.74Y 5.59+4.36 P [40]
PBDEs 1579 40.3" [41
PCDD/Fs 16707 90.8Y 2 [
PBBs 57.77" 26.16” B2 [
PBDEs 29.64" 7.41" i [
PCBs 181.99” 68.36" £ [39]
PBDEs 126" 432" [43]
BTBPE 1217 0.6” [43]
HBB 2.12" 1.127 [43]
PBBs 1.72" 0.72" [43]
DPs 15.47 6.08" [42]
PCBs 594" 87.3" & [44]

a) Hu{\i Npg/g; b) Hf Ang/g

0.16 mg/kg, TilEIHIXF BT 170.02 mg/kg. XIS 3 s M & i XTI IX Y, PereiraE A% 4
KRR IEZ M5 Jeit X AR s AR, JL & — RS g X R e Rk R e kB, &
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EFER X BT e Rk &P Cdy Cus Asi&EE TIL
ANHEAMOXTIRIX, REREEEENRERRE. L%
Nt @ v R K BRI R B, ek T
k& W Hg. Cd. Pb. Znff& 44 @ T 8 i X3 )
R, KRR E R —. W, ZhouZE AL
YR TARE ST AR PRI H 5 E TR [ 11
AT E RSk A As. Cdy PbE A2, ZhengZF
A3 29408 28 1202407 i B Sk & i 4 1Y)
W A, A, AERFHBIX R RS & HHg. Pb. CdfY
SR M, RS A (AR A R SRR Tk 4%
AX. LREEIREEM, SRR AR E S
JETCR B TE R Y.

2.2 JRMTATHLS Ryt g oA

Xif 3k % WA HLTS G B 5 B T 20t 22 904FAR,
o LT R () 2 %) Sk s v I S /1 i (PC D D/F s ) Y BIF
FE TR SR R I, FF5 4 S R — g A
TR ZR R VTAS . X HRY o ELA e T YL R 1 2 R T 5%
GEON, B HEL R A LTS Y i i
TR, W H AL R AESE T Ak & H'PCDD/
FsH122 505 % (polychlorinated biphenyls, PCBs)Z&454 1t
ARSI S R T AR, Lius A%t
TR — b b AR pe ) i JE RSk & I & BT AR
RIEER, BiRAERET TSk & " EPCDD/Fsi) & i ik
EETRMERLE, H T A%kKkFZPCDD/Fsi) &t
SHTEFREIEMCCR. T4k, BFhikisjem
RERCR IR E AT A, S R A — R
15 AN A G I b et R S BF e e g 1230400
Chan A% T VT £ M L 710 AR DX R HE X
B W& L3k & P PCDD/Fs Y #2405 1E, 2 B0 TRk
MPFIRIG 8), PRI Lot Sk kb B dE 1 2 15 $1)33.82
+17.74 pg WHO-TEQ,g05(19984F 1 FL T A= H T 24
w)/g THE, mmFXEIXYS.59+4.36 pg WHO-
TEQyoog/g TH. 55 —TXF W T G M oL F b e Pr i) 2%
TR R B, PR TGk RRE S P 2 IR
(PBDEs) ¥ BE (FPl: 157 ng/g T H) &% HR X 3455,
SPCDD/FsHy EE (FhE: 1670 pg/gT )ik %} R IX 1)
18F5 LA L, [RIBHRfE T Ak &+ PBDEsHI 4 U4 FE
xR AP g 22 5, RH PR s sl T
A3k & PCDD/FsFIPBDEs Y Bk . Zhao% A2
Xof 45 M B s B R A X B Sk 2 b i AR AT HILTS Y i
R LI, ZIREZK (polybrominated biphenyls,
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PBBs). PBDEs. PCBs/) & 44 1 3 T4 i X [
3k KR .

FRUTILE IMAL, ZhengSE NFEFK [E 5y —Ab LA+
B AR IX JUARIEI TR T R, RIEIE
LB 3075 g ARl Tk & HE i W PBDEs . 1,2-
X(2,4,6- =R AEL) LLE(BTBPE). /S IRUK(HBB).
PBBsZ AR 2. 8 5 F (dechlorane plus, DPs)
SSARBERR™, DL PCBs & e A P p AR A BLTS e
YIRS EE S TARXER, RERR T Ak L
FPCBsI & i SOV R A C. AP, Tangss
NUTRRFE R T 2000~201 94 4], 3517 1L TR AR
figp X PO T AN S 3k %2 FPOPs I Ta) A8 fb a3, &
B 20114 St 96 U5 DA T AL LA LI, i
X i 3k & HFPBDEsHIPCBs 1 & & KRR, -
IR ik (Deca-BDE) Y 7 5t 2015 4F f5z i W Biof 1 114
133 ng/g, FFEZE20194EM2.61 nglg, FEIEIR95%LA |,
FEW A% A A i 0 SRR 1 S 3R AR S B
Fr A A DLE B (POPs)HE S, 11k & W BEHER M
S T Y R R AR R AR Al a3

UEAE R IS o E el Sk & T — I AT A
PG Y R EE A, Zhang®E N IF9E T sUL#E K &
A HLEE AR 2 (organochlorine pesticides, OCPs)FIPCBs
MR EERHE, &Ik & OCPsLA7S 7575 (hexachloro-
cyclohexane, HCH)FIi# i i (dichlorodiphenyltrichlor-
oethane, DDT) ) &, PCBsW|LI2~5&[F A& Y0 E, [FIR}
Wl LS B iis e & s TR X, Heds
NI PH 3 28 S 3k & DD TS OB SE 51 R B0, 4
P IX JE RSk & DD T & iy TIR T HEIX, RISk
K DDTs & i HA B8 Y4E I AH O, FRIIDDTs
(il AR T BEAFAE— 2 2257, i Sk & RERS A 3 I
IEDDTsk) 2FURFE. % TIACHLHAH], Poon A
/s Rs04ERE LKL TPBDEsH & & H
30.9~2484 ng/g(Hl: 109 ng/g), HLiu%E AP %504 2%
& Sk Z P PBDESsAY W 5% 45 JAH L (TP {E
80 ng/g), {HIE FIRE M K224 3k & HPBDEsAY %
(5.27 ng/g)™. Barghi® APIHESE Tk E A R
Sk & 7S TR ER+ bt (hexabromocyclododecane,
HBCD) 1Y XL A(tetrabromobisphenol A, TBBPA),
A 5L BEL A 370 ) 7 i 43 9l AND-3.24 ng/gHil
ND-16.04 ng/g. Xt TH AP YW), S HENE LK
2f R R Sk & TP MUBEBR R (organophosphorus  ester,
OPEs) ) & i P B 2141530 ng/g™ Y, Mgk M k224




P A

3k & HOPEs Y FH M AU N 148 ng/e™”, ELBIRIFSE G
OPEs#JLITCIPP A 3. —I%F 2 KA AR L & 25
164 W) (PFASs) I BF5E P % 31, PRASsHY th {E 2 &k Wy
0.1457 ng/g, ATV B (PFOA) M4 5 bt i iR 40
(PFOS)J& o i = By5 ey, TLics N n o e 7 it
Ho XA T L ZE Sk & P PEASSHIAFSE K B, /45 PFOA
B iR, (EORAER I PFOS. FiRgE R, Sk & 4E
TR IA R, B A R e — AT A
BTG YL ) 2 R AT

SR, HTIEER LIS YR, £ % —
FERUATHILT5 G R RS0 A A e L B STz e — e A HEE 1Y)
SR FORNL, L, 3T E i E I o A R i
PEAG AT AR B ST 15 2 — . WBérangeras A
58 T 23Kk & b 14080 A LIS Y (o 25 K HAC
PN FREEE I, KIS 1228 b &, SR
AR R TR RERE RS H43Fh 5 L), 1glesias-Gon-
zalezZ NV ST 103k & 112564 R0 A HLIG Y
(4¢#j. PCBs. PBDEs“)AY4HHT ik, XtikEIJL#E kL
RIEAT THE5E, KK RAE G T i 218 B Ax
Y. [FIRE, RRIEER I, AR 2R AR ST 1R ) ini R
BUIRBETT Y, Sk & A LTS Y R R Y
JREL xsegh R SR AR I A LIS s
FIAEREE AR T2 4G, HIB A 22 53 A A e XU
BT .
3 LRy NR B ST ESCR

Sk Rk H PR S Gl ) %) SR 5 A 4 3 A A i A Y
WRTE, LIRS EEMAYZ <. RSN B
T B RRSE P R MR 28 (1E13),  Anfal7e A 3L 25 bk
HSNRFETGYRIRTR T, AT RELR B R AR, wt
A3k R RE A AR R A AAR P9 2 8 A 0 W I A ek ) B 2 iy
B AW, e R S Lk R R EN K
A0 BRI VFRSHABANENEY) B, DTSR AR S B X
S P ANIRTS YRR (B A ISR L, Sk PR
G TS Y TG A T AR S A A R

3.0 GETREA PGS SR REAF

KIHLOK, %3k &k b ()4 @ s R T HTy
%, FRRRIE VT R B — bR, A TFSE Hh TR
FHBS TR 22 R, 1 A SIS 45 SR Xk LA
AT HAPY i, ValkovieZE NS H Sk & HPbIY £
i [{ sk e B R R K, RISk A& TP HIPh

3 RIS Y ok IR
Figure 3 Endogenous and exogenous of environmental pollutants in
hair

HREZINRBE. SRTE, XSk A TR
(OAF 5 H AT A8 ) B (%) & o fe, Rl T AKT 3k
RIATIE VRST8] g DR ST, Sk, 19784EE R
JRFRENIA(TAEA) L H T H T3k B E 2 8 i i vk
D5, 43 BRI PR K /PR R4 3 YT e Sk & RE L. IS
IR 9E K 2R IS U ik st A T/ Mg, A
LRI Wk B RES E AN R BRI ECH SR
TURIEALLR, FRHER T2 is it Ak &N
RELHRA 0 H AR,

SRIM, X FIZ I U 2 A Rk B AR 5 ok
KR, fMorton: N HYRIFSYIE SLIAEA JT oK g
AR R PO SMNE R EE. I, AR SRS
TP 0 N Rk R e 7. lEastman s Al
N T YSMNEG YR Ik, RGESE T LR
XT3k &AM 4R I R BRRCE, $EHSRAH0.5% R 4
TSRO RE(Triton. X-100)/110.1 mol/LAKHE it 75
BT, BENS LA SO 553k K HFMn. Pb. Cr.
CuSE LB INETG YL, JERIZ T IS T
XL Sk & Moy & i S S TR X, £
B3k e R AR EE 4 RE i 1 Y Yk AR AR XA AK
Mol 22l BRTT, Jursa AR FAR R BT e 07 1 %) Sk
BT BT R, k& Mn. Pb. CARY &L
Sk Bz i 2308 3k B it B W TR, R B PSR VR IE Sk &
RS2 BB R SNETS Y. A iR g R Eos, T
Ve AR AT RE AR LRk AT E LB ILEM
SIS R, RS R A AR R A
KRRk, 87 £ Se R A B Sk Bz 1) 3k & B, AR
AT REN/ D AN R T
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3.2 TR AL BT

Sk & A BTG YW 0T T AT AL TR B B
H BT WA AR AR kv 5%, R[E AR5
JER S i AR R 2 5. BRI =, AT
WF5E FZER 3RO R B VR, ARG K A Bl
| N ST TR ool 1 )

— %t 3k & H 2 R IF IR (PAHS )T PERCR BB 5T 1
fli T IEC R AP L3FA AR, KIRE
FERA T 2k BRI 1 s v R P 25k, (H
FE S5 2 U AR 3 YRS v i AR R AT A /D88 43 B AR 2%
B, i A LA R I T3k R N R A AL
NEE/L Y e S E i it Y7 0 s b Y s i AR
ARLEF RS VE . B0, Nakao%E N JBF5E T
FTH PR Ve Sk & vh “ETL A BRI, &S
YEJE Sk & HE S PCDDsHIPDCFs Y & 143 I B AR T
50%F164%, HZUIEEAREHN — Dt m LR, K
SR FH 2 T 3% 1 )9 o — Uk AT A s 2B sk & AR R
43PCDD/Fs. AltshulZs A% 3k & v £ Gk 5
(PCBs)IMFE AR T RBIGER, LUERFHE—IK
Je 3k B AR TP PCBs Y B i BEAIR T 2930%, i ite
IR Y i IR EE TR, PCB-8HIPCB-181 7
AT IR T 48%FN162%. T3k & H ARSI PCBs
— B R B 2 ok 2 SRR A S AN R R, %
I E— RS T 1 et 3k & AN LTS Y i 2=
BRACR. BEAh, Zheng® NSEAL T4k, 10%3E%
R A WL R0 U vkt 3k & W5 Y 19 PRt
R, AT 8 5% (scanning electron microscopy,
SEM)IG A TH R 5 1Sk i B, 40°CHlB 217K BEfE
AR LRk R A R R T Y.

T E g, A 0k R R R 2 A X —Fh
s/ HULF BERY), h FAS YRR Z, TF K
B2 38 R R e s, R g a7 %3k & A 2
T8 5 Y BRI A FOTN AT 2 I S bk o8 s 2
ST I

4 JRPRREES RSN . AP EEIHDEE

41 ERABIBICESGN. IR

JUE Sk &AM Bems I iRy 8 ABERY (384 8Tt
ERBE, HEHS5N. AREZEIAAEE R B
TE—EPI. REFRIGE TkEPTEES)ESEITES
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Tt SRR EFREE A B2 [0 AR . I Lucas A& 31,
JLEE Sk & 5% R 2R (P<0.001) Fl 23 S B0R 41 (P<0.05)
R T 4B i AT O, TR IR] X S RSk &
M 4R S S & IR AR SR AR, R
M, WA BN, kAP NESE B SRS
HAT B HIE 2, WnSkroders A\ R3E T dmh L
3k K SRR Mn & B R A e

HAET, T hkAhREZHEC)EE TR GTEEH
b A PN R R A ARSI A R Z R AR S R, 2R Al
W ATE A (F22). Foos NHRIE T3k ke 4
JE TR MY BE 5 AR 5 N 2 R S 0 e 35 1E
X ER; GilEEA" ARSI TCdy Cr. Mn. Ni.
PoAF & JE LR AE 178 WL B T AWML I
PLKRIE A A R R AR R, KBRS
M I Pb & 1 5 35 AH 6 (7.=0.256, P<0.001), EXkY5
PRI PR CA i i E A 5E(=0.404, P<0.001), FHHE
R RBNE S WS o B 4 1 P B Sy, SR, AT — 2k
WFFTINR, Sk & H CARTPbEY & B oA SO AR ()
N REEAT, FR e AT R R s F 7, —
Tt A PG R LB Mn R 2 I R B0, AR R
166, fH 3k % R T 9 Mn & B B e e R,
M Haynes AU 0T%) 26 4 2 M 25218 )L 3 Mn 2 857 114
WFSE 2K & 903k & b B Mn & 1t 5 I AE 7 SR .
I — I R GV Sk R AR () & B u R AR 5
YIRS AR R R, Sk & AL 4
Mn. Mg. Ca. Cd. PbFCRE T HITDEMHC, Hig
Sk fe vk A v SR R T Sk . (HSk & AsHISe
LRI E B SRR A B, Bk
KRNI CofMoTt 1 & L A S KR,
IERILER , Sk & AT LIE R AsTISe A U A Wbs ik
. GilfiHernandez "1 45 ) & AR H43 As e 15 1L
W& AT, SR UL, HRTFAR BN kAN
Hg. AslISery A\ N 2 85 25 Wy Vs bR 5 & AR
PR, (R HA T 4 8 (A ST e, sk &k
HNFEBRTT Y LA R DBk, DAk R S IR
By PN R Bl S I 2 S Gk R R A T 3 6, iR PRI
J2 Wl 3 R R ) A T R T RE R Bk & S AR 40 N T fr
KA R B ) & B U R S B WA, M
2 ARITE I LA E ",

4.2 ATBLiS A EN . AhEREIIHIDETE
SR A BTG BRI R U] 530y Fh 5 5 FN B e
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%2 IAESEENERADENTERHRBECE)EE TEHMERE
Table 2 Correlations of typical heavy metals (metalloids) between hair and traditional biomonitoring tools of internal exposure

PN 2 R W DU T H AT 44 JEAT ARG AR ZREL EZ PG
i3 Pb &, P<0.0001 r=0.85 [68]
1M Hg &, P<0.0001 r=0.53 [68]
PRI Mn H, P<0.0001 r=0.45 [68]
IR/ Pb J2&, P<0.001 =0.256 [11]
PR Pb &, P<0.001 =0.343 [11]
PR Cd &, P<0.001 7=0.404 [
PRI As 2, P<0.001 r=0.66 [11]
PR Se J&, P<0.001 =0.29 [11
1IR3 Mn &, P<0.01 r=0.22 [69]
M2 41 As 12, P<0.001 =0.73 [8]
M1 40 Se J&, P<0.001 =0.38 [8]
il if;ial Co J&, P<0.001 r=0.42 [8]
IML£T 4t e Mo J&, P<0.05 =0.23 [8]
MM £T 4 A Mn i [8]
M4 Mg & [8]
IM£T 400 Ca w [8]
ik if:ial cd w [8]
I £T 20 Pb & [8]
IR Cr S [11]
(173 Mn w [11]
k3 Ni 7w [11]
PR Cr & [11]
PR Mn R [11]
PR Ni 7w [11]
PR Pb & [11]
(IR Mn & [70]

Wipikie, SRR R T 53k k HIEE M5 2K0
B, Gk, ZRAE, AR EEORIE T R Sk
. HE, BA—E50E sk LA Hs e S
W\ SRR AR RIEAT Tiie. BN, Covacids
APBICH, B 0 Jg % A 4E 3k % OCPsHIPCBs Y 75 1t
53k A 5, Kang@E NV R IR RSL & 5 R AR
A BDE-1830 & A7 L F IEMEE R, —TXf ik
22 Ja RSk &5 N K2R S Ge A e 56 R I F 5T & B0
BDE-28 % BDE-47) & it i A, Zheng N5
I T BRI X R RSk & 5 E N KA DPsHY & &
ERFIEME, IFHKKEKAHDPsHL A
2); [EIE, i) PCBs[R] R4 AFAE, ZhengSs:
NN g 25 SR L TR IX T Ak % Hh PCBs )
FERU; He AR B3k K 5 il K 4 Hh OPES FIAT

KW ERER(PAEs)W & & A0, LabiFs e, sk
TR K PTG G i R

XTI REE, TR A, AR e R hE
b LA KBRS K R T A P 8 A LTS G, RIS ok
Je W3k & RS TE — 2 R L I Y5 G i A A D e R
AP BRI, ITAE SR BB T AR — B 4 R
(FS1). Li% A7S%5 3k & Al 7R PCDD/Fs i F5E
K, HA1,2,3,6,7,8- /N IR TIEN(1,2,3,6,7,8-
HxCDD) A1/ — 2K I —IEJ(OCDD) B A i A%
k. Altshul® NOBF5E T 3k &5 i i P4 A HLIG e
YIS R, & Mp,p-DDEEA BRI A M, FrAMER
PCBs[A] Z#J(WIPCB-170. 180 194)EA Fh 2R Y
FSEE, T HAA DTS S A HA A, Hedg A
XF Sk & MR H DD Ts AR DG B W58 45 21 1 AR TR Y
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259 (A Zheng5 AN H FBARIRIE TSk & 5 0
HH17RPPCBsIR R YIRS B, A Z500R R 1 A
A WA, (EARGEARIR R YA G PE T 5. FETRAR
AHLERI T, Zheng5 NV R Bk & 5 i g =
TREFE VRPN EEEAT IEA R, (HBDE-99L) K /IR
FHRPOEEEAN BA B EME. BRBDE-994F, Poon%%:
PO A T 2R 945, BDE-28. 47. 99,

100, 1548 A5G, M= A BDE-153. 183, 2094~
HA BN Lin \CURERE & BURIRAC R 2 5 A B
FAVE, iBDE-154F1BDE-209%5 5 AR 22 ¥ A HH
K. IR JLIRGE 4G AR R] R P A S AR X
g, H AR R AR SR 8 B A, 4R, Liang
2t NUOV%of o T4 B A T\ PBDEs 22 TS 51 K W,
SRS MG AIBDE-17. 28 47, 99H1209% K 1R Fl
BRI R B A . Qiao% APINS Sk & FLIMG
FFBDE-28. 197. 202. 209, LIM+HR -HK 25
(DBDPE) BRGNS H Y ARFFAEA D B 25 8. BEAh,
VT3 — 000} A s L PFASs TR B8 (IUBFIE K BH, )t ik
K MR H HIPFASs & B 458 HAT 35 A0 6P,
Hardy 25 N1 3k % 01 BRI b 52 4 24 52 5 14 s il 4
AR, A ILERW—M LAY &S Ay
Wom AT R (B B ARG, IaRARgE R, LIS YrE
3k %% 55 1M RORN PRV 55 N 2 A s 0 (R R AF DG AT e =
—BPEMLEIE, AR Z [ 45 R A — 2
5, I H ZHE 58 A R AL A s A AR I K
-, XATRESE TR TR ROk e e L RN R R T
TR, AR, SR S PRI IR R AT S e
FREEN R DAY 225, BT REJE S EOHLA G TER 22 1)
HFEZ—.

5 RRMATHLISRIN . AR oy
AR R Z BAPENRTERIASAE, 24T 58I
NHENK R RS wEhy oA e, BRI A
PLIS REIREE MR Y Bt A B4, JFEETRT
ARG R, SR 2 IS K A B LTS Y 5 R ik
B ROTARRS . SR, T2 R BTSN R 5
fiba A R, Sk &5 IR A LTS J AT D R
W ANBEWIRG.  — TR 3 Bk At dl A LTS e A
FRIERIBE ST A B, RV 2 A AR TR e e, a2tk B
Sk A A LI R AT 3 R TSk B A Sk A
Bedm,  ELIEs AT sk & S Qe 2 BRIt A AR
BORZESe, I AT RS R Dyt Sk K s sk K B 22 32 31 Ak
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B Qiao% AR Lot b TR Tk
KRERI B o K, 43 Bk & YBFRs. PCBs.
DPs. OPFRs(FA HUBEBHAAT) & 2512 5 Bl 25 3k B2 1
PR ARG, R, A HLE ek R AR
B S5 A NP bAYE A 56, WPCBsHY R S
E'ﬁ,ﬁ\loglfmﬁﬁﬁﬁ%ﬁﬁ%. Hﬂ?logKOAﬁﬂ/J\
LAY, RS RS R, X —aE Rt — R
HMIEIRFE T RE ISk & HHPCBshY 2R,

AT UE R e LA 58 4 L BRANEER IS Yy, Wfalf
B A3k K LIS I ANRER, HERE RS
BN BRI AR & a, Sk &
VB N PN 2 A R A s A et ) S 1. B
T, SCRRIRAE X A3k R P LTS N . SRR ER Y
5 EEAT LUR 3F.
51 HEBRAER

AP it ARG IRIG &R E—RINE
F ARk, SO E AR Y AR N B A AR S R
AR R 225, I, 38 2 d 3k & 5 H P of,
W) AR R IR AN R A SR A BTG G 8 2H R
225, SUATRESCIUN Sk R A LIS R . SRR
B —mint It st XL Sk & T A A HLTS Qe
e &M, k& HHHCH. DDT. PCBAM3ILLy-7S 4
WO RE(y-HCH) Fp,p'- i % (p,p'-DDT) N £, 5=
S RSB TP A BRI AR L, i R Ty -
HCHAIp,p'-DDTH#E A NS5 S8 AR A -7 H A
CE(B-HCH) Flp,p'-DDE, HiZWF75 Ak & oA
WL TS T2k A /b2 a2 Zheng5 N 2 %t 1
Sk IMIE ALK 2R PBDESIZH A E, SR HIBDE9Y/
47FIBDE209/207 1 FL A8 56 22 43 48 7= AR A i 1RAR ]
ZWII A AR, T Sk & 5% 0 s IR AR R R P A
2360%F R IEAC[R R A5k H Ah 2. Zheng® NIHFSE
TkK 3B MENKAEFDDTHA AR, MR
p.p'-DDT/p,p'-DDE(p,p'-li i HH) I LLAE AL 3 T 5 i
Lotk & P AMEDD TR 5 F 43l R 12%120%.  Lids
5 53 PCDD/Fs AL BARE, 658 B s he ) 1
MK B HZY37%+34% R N ZE TR (LK),  61%+39%(HHiE
) FI3.2%+9.4%( K IK) AN R FE.

52 TYERAES B

— Bk, HA A R R S T )

36
X A4 #5 (enantiomer fraction, EF), R KZE . =

/:‘\‘
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AN R I T A itk A Sk & it R oA 2k
AR HLFPERFAE, 18 A IR A Sk & G P R o T
PERRIEAR T RE S BRAR Ak, TAT X 433k & A&
I AMREETTER. ZhengE A e W AE By T B R
fi# T NSk % 45 - PCBs I X B 434k, HHCB-
95} M HE(EF=0.500+0.009), 5K/R4H{L, {HCB-
132/ EF{E(0.481+0.030) W S R BB K, IF HARF K
B EF(E(0.493+0.008), KLY R FHERERT
VAHTFIRSL A FHEA VLIS RN . Sh s, 1
SR b, A R E— 20X L T Sk kS s A R
1 HPCBs(CB-95. CB-132. CB-183)[MEF(H, %
Mk K 52 S PCBsIFHEFHAEARE, 5 1MiE 2257
WK, t— RN R RSk & FEPCBsH) R E
WY LIPCB-132 00 TR A5 bR 15 51 70 B
Sk SRR i rh AR R (R ZR) [ TR M 0~3 cmBE11953%3%
WL E ] 18~21 em B 75% . &%t sk & h A HL
1SRRI R, LAY TR A Rk
RHAENIG YN SRR TTmk 00w T, EAH DG A
FEdiE B A A R, T2 £ B ST S fin D
JESE.

5.3 Wb

FRERBR WIS e i AR
REFEVHE, HIA B R Z K IRIREAESE
YRR %) 3k S S Yl B R AR S O WA
T BT TR B SR L A LTS e
AN A=, HAE KR 25
S A A ARG, B AELAR S, R T RIA A Sk
R RS EA ok AN REESY, T SEE
Sk R PRI RYIN . SNEBRIX L i, Gro-
vaZi NP i B R R SR K B R R TR
[a] tE H R ERFR S (VI [a] ). Lin%E AP 5T
T LRI AR AR T & B PAHs M R R A
YJ(OH-PAHS), & 313k & 1 OH-PAHS I 2 SAFAIE 5 R
A —E A, 83k & 5 PR OH-PAHSIY % it
HIARHA BEACNE. IR, Faysa A2 sk & FR
28R P AU TR BRI SR IR —F AR 2R — H R
P Q™ M) (MEHP) v BE A7 AR B 5 ARG, AT RIS
FWL, R T IRWORN Sk & AR AR R A e T A G 3R Y 2
I R AN A B R AR A AR 25 5, HET ek T Sk
R R H AN R AR, A
BTG Gyt A NS A A A, JEFOE T AR

WIS S, Rt — A WSk kA R
PREY)SGEAAL S W) A TR B N 17T 22 8] G R A EE 2

i,
6 Rbio AR N BRSO 5 AR

6.1 SKRAPEREES et R d I HEsOV

T A A ) — BB AT A S R R T Sk R
()4 B TE R R7 -5 2 Fi{a BN 22 ) fry v e S e,
PUPEF — TR A B fig 2 M Sk R A E TR (As
Cd. Hg. Pb)S5{kRINZHELE R AT B A9 & 30,
3k & H T Hg FIPbIR 55 B4 Jif il A 2 [ AE AR A
) 5 E AR R Sulaiman®s AP ILEAL Cd.
HgZ% 55 H MIAE TS & i (autistic  spectrum  disorder,
ASD)MetaZr BT & B, k& P HgMIAIR & B 45 ASD
BIFMEKR, H3L L CIE BEH SASDIAHX, £
B[Rl R LA #h B R B3P EE (28) & B JT 2R X ASDIIAE
FAMLHI A SRR, X Mgk 5 fa FERLUN A BT 2 I A4
Fe— NPT, FEAE S A MR iR 5 LE AT >
AR RN, A OC R A WFFE. REIEYE B, k& T
Mn ¥ it 5 2R 2 B RS A O, AHG R RTFEAR,
25 CACRUBCAE T R, AR LBty g a0,
i, Haynes A7 96 [ £ FhH X 2% )L EMn 2257
W98 KB, JLEE k& M 5% i (intelligence
quotient, IQ)EAFIURIK R, A =1k &K Mny
XL R B E SAEVE R Coetzees A IEIT 1]
HgEiR i, kAR LEMnAREE 5 HA L L Tl
BN A B8 E s i .

AL, TR ERIA 2 s SO e R 32
FBORBZ 1) . — X 55 FE 24t ) L A 200 )
REFAT M R, ILE— B 18 5k ki
MnFlAsH #®H2 B E AR, I HMnflAsE &
Pram i LR, B2 5 MUK IS 4, $27~"Mn
FAsH R LR T ETEEE. 20204, Bauer
4 N\UTHFSE T Mn. Cu. Pb. Crlf3 82X 63544 4E 0%
TE10~14% Z 8] 1Y 5 KA 5 AR TQIN R e (R 45 A i
B (full scale 1Q, FSIQ). & 3% Fi(verbal intelligence
quotient, VIQ). #ES 7 (performance intelligence quo-
tient, PIQ)), 2 LM [l A1 UL - AZ AL =114
(Bayesian kernel regression, BKMR) 1Al T B4 J@ A
ZESIQIAHX KR, KMk ETHCuEESVIQRE
FUBICR, RUICuRLRUAUE SRR, [FRWAEL f1E
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LT XTI T A e R E . [FEE, 763k & Cuy
RSN T, Mo, Pb. CriE 5VIQEMAHX X
. LIRHREEREY, kEhEMEG)ERITED
AR REEA M EAE SRR, HEAEK
(RN AT 5 2 BRFFE M LA BH . X A HLT5 48,
H AT A< DA X Sk & 2 B8 4 i 5 AR FRE AN G ZR 1)
IS, TP TF AR
6.2 SkErPIRBHS RN A

e Sk & THIME TS I S R S aE, RN
Sk BAE R NAR P 2 55 A= WA U A AL B SRR BR T . SR T,
BT AR ARSI EC)SRITR S ' ERBKR
(AN R 4E | Rl — A Sk & # ah b Pb iy 5 & A48 4k ] 3k
+£100%), [F]f 52 3| MR ER 15 e G R iy B
Pk = 08 0 R ok i 5T — e AL B R 280
& B ICE R A fle = TR ROV /Y
Sk R EER)SBICE FELAME Y. BT, ML
LU E X R ATRZG T 3k &P AsFTHg T R 1
SIS B AHEAE, WHERER AR R P AsHSEE
Fil200.02~1 pg/g, tH 5 T AE 2041 (World Health Organiza-
tion, WHO)Z 93k K AsFr it IRIE M1 pg/g ™™, M
EPAR R & HEHERFE M1 mg/kg, WHOR RAZFEIERR
{050 mg/ke™. BUARIDISEED], BRTRZHEES
G EICE M AT Z 2N AT B3k ke B bR vE
FRAE, 1A ALV G WA WA o 48, it —4h
S Sk BAE R IRBE 15 e P N\ AR 2 5 A RS A e 1 1 R
JEHE, A DA M Sk % T e 2 1% nY e R AU, 2]
G E Y.

7 R E R

S BN — R AR AR, SRR R A
PEF, AT Z 5. AL R ()5 s

575 3CHk

AP B, WIBVERCR . BB AL ISR
A ONERER DXy AR AR FRAR N S T7 I, 4 T kR
VER TG Y N IR 2 55 AL DA R RO RIS S, SR
PR BT T5 G N B 8 e g T A PR AL T 2%
BRI, BIRTESK A 175 Qe 5 N 2 5 ek
R RN S5 07 AT T RSN et e, (H3kk
VERTG Y NIR N B EE AN ATRE, AT TR 38 2 A
PE. BRI TYEIA SR B R R 22 5, SR
IR SE Z (B A AE SRAEAE A BAT Al Lotk ORI 1R
Pk R AT 15 Qe ) N B VAl B BT, U2
MELIA BLIX 33k B s Qe N SERER, S5
RE AR E R AR, W TEE) &R,
A X LU S, — AR R B CR) RIS
Fil, M= X3S RPN AMREEITARTBL X
TAHOIGEY), BARXD kAR STk
Z HABRBYJRERYE,  FIERF AR (S T BA
XA A ) W R AL B Y, MR B
RE RO ZOR B, AR Ebn B 0 W GE T RE%
KBRS E RSP & ).

BRI, kA TEC) &R BTl FERH
RONAIFSERANS 253, fEX K e Z PP () 4 Jm M e
AR IS b TR AP BT B, IR B, Sk
K Z R0 () 4 Jm U R 10 L B R n] AR T B R id
PUAFFH AR, PRI R A T R 45 2 5 B FRE AL A
I, Hit— LI MEE R K P EE) SRS ENSE
T X TAPLG RN, SRR R T AR P 2 55 )
(] SEVEATIAF AR, T B — P AT IS A
BLT5 Gy SR 1) (B B2 AR S ) HEA Sk R BB
(AR AR K A LTS R IRAF 2R 25, A Sk
RPA ISR 5B IRIRIIAIRCR, TFEk
KA LG Y B E A RATIAEST, RERESkk
HRA ALY ) ek XU o (.
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Hair as a biomonitoring tool of human exposure to
environmental pollutants: A review
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Human biomonitoring could provide direct information on internal exposure of environmental pollutants, which is
important in objective assessment of human health risks and formulation of relevant standards and specifications. Blood
and urine are traditionally used as human biomonitoring tools for internal exposure of environmental pollutants, while
human hair, as an alternative matrix, has been seen as an attractive biomonitoring substrate because of the convenient and
noninvasively collection, with minimal cost, and easy storage and transport for laboratory analysis. Also, hair sampling
reflects fairly long-term exposure and may pinpoint the actual time of an acute exposure, as compared to routine
biomonitoring tools. Owing to the advantages, an increasing number of studies have devoted to developing hair analysis in
the past decades. However, concerns have still been raised regarding the appropriateness for assessing the internal dose by
hair analysis so far. From two aspects of heavy metals and organic contaminants, this review summaries the research
progress on analytical methodologies, exposure assessment, associations with internal/external indicators, distinction
between endogenous and exogenous sources, health effects, and health-based reference values of environmental pollutants
in human hair. It is indicated that cleaning is a key step in the methods of hair analysis. Pollutants in hair derived from both
endogenous and exogenous contamination. Besides the incorporation in hair through the bloodstream (internal dose),
pollutants may also be present in hair due to external exposure from air, dust, etc. Washing procedures for collected hair
samples prior to analysis has been showed to be the most effective way to remove exogenous contamination, particularly
for heavy metals. Organic solvent, surfactant, and deionized water are the most frequently used washing methods for hair
analysis of organic pollutants; however, the applicability for the variety of organic pollutants is still questioned. Until now,
extensive studies have reported the occurrence of environmental pollutants in human hair, but the lack of standard
analytical methods makes it difficult for the information comparison. Another disadvantage is the limited evidence for the
association between hair and body burden of pollutants. Although relevance between hair and environmental matrix, e.g.,
dust, air, and water have been indicated, inconsistent results were reported between hair and other internal indicators, e.g.,
blood, serum, and urine, except for arsenic (As) and selenium (Se), which have reached consensus for the correlations
between hair and traditional indicators to some degree. Compared to heavy metals, relatively few studies have investigated
the associations of organic pollutants between hair and endogenous tissues, which focused mainly on organohalogenated
pollutants, polycyclic aromatic hydrocarbon, and other persistent organic pollutants. Besides the varied results on the
significance of correlations between hair and blood, the correlation coefficients were generally low for most of the reported
organic pollutants. These observations were commonly attributed to exogenous pollution, which highlight the importance
of identifying internal and external sources of contaminants. In recent years, composition patterns, chiral signatures, and
specific metabolites were successfully used to distinguish between the internal and external exposure sources of organic
pollutants in hair. Nevertheless, the limitations of these methods implied that the internal and external sources of hair
pollutants remain a controversial issue. Many studies, as yet, have assessed the health effects of heavy metals in hair,
whereas the establishment of health-based reference values, except for As and mercury (Hg), is rather difficult since
confounding factors impose restrictions on the interpretation of individual results. Meanwhile, no study, as far as we know,
has investigated the health effects, nor yet reference values, of novel organic pollutants in human hair. The general
consensus is that some scientific issues should be resolved before human hair can be accepted as a useful tool in evaluating
internal exposure to environmental pollutants. Based on the analysis, it is suggested that future scientific research on hair
analysis should focus on the elucidation of transport mechanisms of pollutants into hair and associations of pollutants
between hair and blood/urine. It is necessary to undertake epidemiological studies based on hair analysis of organic
pollutants as well as the formulation of health-based reference values.

hair analysis, biomonitoring, exposure assessment, heavy metals, organic pollutants
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