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Abstract: Stable isotope ratios of carbon, nitrogen, hydrogen and oxygen act as

“nature’s recorder”. As a carrier for individual human information, human hair can be
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measured by isotope ratio mass spectrometry (IRMS) to translate into information about
people’s dietary habits, health condition and life track. The basic principle behind
establishing dietary lifestyle using isotopic profiles of human hair is the fact that the
body’s only source of C, N is a person’s staple diet. It may have significant differences
in carbon, nitrogen isotopic compositions of human hair that are living at different
regions. The aim of the study was to analyze the discrepancy of "N and "C stable
isotope ratios in human hair collected from different cities, and explore the relationship
between carbon and nitrogen isotope ratios and human groups, such as gender and age.
The carbon and nitrogen isotope ratios in the human hair of 247 local residents from 8
different cities were investigated by IRMS. The results showed that there were signifi-
cant difference in carbon and nitrogen stable isotope ratios of human hair from different
cities. The value of §"7C was negatively correlated with vegetable consumption per capi-
ta. The value of §" N was positively correlated with meat consumption per capita, and
might be increased by high intake of fish. The relationship between 6" C, §"°N and the
factors of gender and age demonstrated that there were no significant difference between
males and females, but the age of females showed a weakly negative correlation with
6" C. By comparing the data of this paper and other literatures, the carbon and nitrogen

stable isotopes in the hair of residents in China were different from other countries,

a2k

which implied that there were various dietary habits in different countries.

Key words: human hair; carbon and nitrogen stable isotope; ratio characteristics

VeSS S SRS E TN
AR REAF (E 0l — TR B AR . T
0 T B 380 R £ o/ 22
5 1 R 0 1 198 R o 4 5 1
frfE—sE 5. WA R R R EE W
4L I 3 HURASE 50 8 55 2 A
AR 2ot ) TS ) 72 2
A 30 2 0 A A 5 S R 3 4 B
PRI TR IR R A B
FRE R

S A A 23 5 B 2 3
A7 TR TR AR B 5 it
B SRR CLN JEF £ E AU T FHEA 0
FOH . BFIER B A PR H U 0 K 1 F B
BHCRT P CN B R 2 LA A A 3k o
32 3% A2 £ AR {0075 9 - O AL
HEA MR 2 FEORALSL 6°C LT 2%,
RS TLF EE SNCE PP P
BN R K T BB R (L 2 A
003k S oA SE ] 3 38 PR T 2 B —
O 2% 5B U 22 R
ST A 43 8 U8 Rk K o

Somerville

N B € [F AL 2R AT R I L 2 0 5 8 0 19 I ik
T JE IR BRI 776 B &2 96 & 5 Valenzuela 45
AL 25 28 5% K e Y A BE 8 Ik Sk R CON
e ) L 3R HOME R AL RE S A — s PR BE b S et
WA TR X Y M K& B
Hiilsemann %38 5 F g CON A& [l 7 4K
i K AR E R g Kk & CON FE R R [
EAFTER R 22 5, Horh CRa g R R W 5 4
FEAFTE W AR G . kR 5 TR IR A7 H.
K e A2 50, s i e /A L A
ZIJUENRERERMERFER . —SHFRAR
CFEF R o 3k & CON R [l A7 & LA %y
AIEHE BT A9 IR R AR S 220 AR 2T 8 L IR S
T 25T B Bl (A S i AR

AR T A BR AL T SO S A IR R
78 R A B AHL 2 AN ] DX R ) 2 I Y AN [
] G 28l A ) UK AR AR R TR B T b B A
F ] 1 5 S b B AN R ) AR SO A Y
2 S5 BUAS TR 0T A s B AR LR AT B A
TERCR A 22 5 . JF R N A R 3T s 1k &
C. N A2 7€ [F] 7 & A FRAE 1 B 5. X5 T 1 i
T Ja R AR O TR A S B



5564

TP A AT RSk sk | SRR E (R 02 3% EF AR AR AT 5

1185

o 2 5% T YA [ Tl A i RS Sk e C
N G R L 2R FE R AE » ASBIF 5 480 0] A2 v R M
7R BT VAR CER BT R T AR (B
) P g CEE D PG b O BH T L i % i) 2%
SAVHIIX 8 AN H AR JE RO Sk A HE A 2 AT
CN F&E Al 3% b AR 56 o0 BT B TR 62 3R L
(ERFHAE  F PR AT RE RS MR A 2K

1 ZIWEH
L1 {UBEEESIKA

Flash EA 2000 BG4 #7253 Plus Y
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A B2 B = 5 202-0 AB HLAATE TR TR 4 - L
5L AL AR AT BR A B s XPR 2 HL TR

S Hii -+ Mettler Toledo 24 &) 7= & ; PURELAB
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Table 1 Information of samples and their origins
K& ek SR AE I (8] Tk /L VEREA KL o FEA R
Ay Wi A 1 3 T
East North Sample Male-to-female Sample
Province City Age/%
longitude/°® latitude/® time/ 4F- ratio/ fjy number/ {3
B W 2% 93. 54 42.83 2018 30/11 17~60 41
(ST A 108. 72 34.35 2018 8/11 22~58 19
W M 113.77 34.77 2018 15/15 19~55 30
i 7 Il 112.55 33.00 2018 16/22 x 38
L A 117.33 31. 88 2018 15/15 20~52 30
WiiL M 120. 66 28.00 2018 16/17 24~54 33
pay 2] B 102.71 25.05 2018 15/15 21~60 28
i} B 111.52 24.43 2018 14/16 22~55 28

1.3 LEZHBHRTLE

ZHSCHRC 19 T T VE AR e 35 BRLU R i 72
THUES RFEA: I B-EA W (2 1,V/V)
FEAEEYE L h, BB FKBEA U 2 KBk 15
min; B BE-EAFE R 2 2 1, V/V) B 3 v
0.5 h, 238 F /K A 3 %k 3 . K 15 min,
B U5 i Sk R AE 85 CHEIRAR T4 3.5 h,
PIEI B/ NBL BRI 200 ~300 pg TR Sk &
A AfeE R R /B & B M. 45

FREE 200~300 png USGS40,USGS41.,USGS42
PR UER) BT . FHARE [ 2R 23 A % B AR A0 28 L
FHICER 43 Br-Fa 2 (6] 46r 2% BG 5T 3 (S0 A 0 6 47 1)
Sk R ABEASFIRR UED) I
1.4 F2ER AL B B A & 4
IR 7 A AL : He B4 3 3 100 mL/min,
O, ## 175 mL/min, O, {E AR[E] 3 s, & i@
Pe i 960 °C, A FERE 50 CiiE A E
ConFlo [V:He # B JE /1 60 kPa,CO, %5
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FoR .60 C By A X FR i VPDB, 8% N i A8 X
bR KA AR

0= (Ryx /Rizp —1) X1 000

LR FR\FME SREMEHFEELL
1.5.3 SkEFA&C N%mﬂﬂ%%ﬁ%ﬁﬁ
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LA B &R R, R A
IE 7 BRIk R AR AR C Lo N 7 {8 31 58
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FLSH .
1.6 HELAESZITHH
FIH SPSS 20. 0 #AF Xk AMEA R C.N

e € Al i R HL A HEAT Gt 0 AT .

2 #FR5iH®R

2.1 AEWHTERLEZ CNRBERMELLE
FHE

R 3 E 8 A i E Rk & CON £ Al
PR A 6" C FEE N (—19. 96 0. 84) %o,
R —22. 20%0~ —17. 32%, 36" N ¥ {H Ky
(7.084 1. 14) %o,y [l 2y 4. 11%0~9. 38%0, Xf
FEAS )3 RSk & CON g ) o K L %k
P BB AN R 3 T A7 7E 2 3 1k 25 7 (ANOVA,
SUCFOF 55 1H) =8. 64, PR FH MK F) <
0.01;6" N; F=82.24,P<C0.01), B {& % & 5
T3 2,

®2 FEAPETEEBRLZHEARE 6°CH 6°N

Table 2 6" C and §° N values of resident hair samples in different cities

8" Cveps/ %o 8" Nar/ %o

Wl M R/AME RRMHE ¥E I /ME RKRMHE
City Average B {Mﬁ% Minimum Maximum Average BRERE Minimum Maximum

value sb value value value sb value value
% —20. 520 0.46 —21.33 —19. 26 6. 85¢ 0. 36 6.03 7.63
Jak B —20. 04b¢ 0.73 —21.15 —18.17 6. 63¢ 0.72 5.59 8.23
FRM —20. 38 1.00 —22.19 —18.10 5. 492 1.02 4.10 7.69
73 FH —19. 96bd 0.73 —21.92 —18.92 5.99b 0. 50 4. 89 7.10
G —19. 75 0.76 —21.18 —18. 14 7. 689 0. 65 6.36 9.02
i —19. 434 0.65 —21.28 —18. 31 8. 044 0.59 6.57 9.03
2] —19. 54« 0. 84 —21.55 —17.32 7. 98de 0.57 7.01 9.15
BN —19. 88bed 0.77 —21.39 —18.79 8. 20¢ 0. 47 7.21 9.37
Yl —19. 96 0. 84 —22.19 —17.32 7.08 1. 14 4.11 9.38

H:a,bye,d, e AR FREZ A0 EE BA B35 M 25 5 (P<<0. 05)

5 e RSk R 60 C B (— 20.52 +
0.46) %ot /N HER M 0% C Pl (—20. 38+
LOO%o ., WM ERKE " C FHMH
(—19. 43740. 65) Yot K, HAR S B (—19. 54 &
0.80) %0, HE 5 A AL F I T (g 25 B L
FH R A A IED 5 3 A Fg B4 T G L LB L4
MDY C - BMEAEAE B % 25 5 (T-test,t=5. 29,
P<<0.0D), Jb & 0 C 4 1E (—20. 16 =

0. T BAX T HF FR I T (—19. 6140. 77 %o, XF
TR E R R BN ERKLE °N FHH
(8. 200. 47) oF5e fei » T AR A 3 17 S A5 JH (5. 49+
1.02)%0, L3R TT 6 N S 34{H (6. 52 40. 99) %,
KT R EB Ik T (8. 07 +0.55)%,, HAF1E i B4 5
(t=13.58,P<<0.0D), FHEFRK% 6°C 1 6°N
%ﬁ@ﬁ ﬁ%%owﬁm¢4ﬁﬁWHﬁﬁ,

TR 35 L H A S E 5O X, X ] fig 5 3R
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2.2 HFRERFTKE CN B ELERNZE
KBS RAE 126 4 Mk R FEAS TN 121 fy
LR KA, Hp SR E R 07 C PN
(—19.96+0.94)%:, 8" N SF-H{H N (7. 21 +
108 Yo e m R 0% C S Ry (—19. 97+
0.7 %0,0" N F-H{H R (7. 28 £ 1. 18) %, H

PES e fE RSk & CON B2 [l 2 L %
HBEERGYC.r=0.12,P=0.90;0"N;1=
0.42,P=0.68), [m]— T B 55 1k A1 2 1 s R
Kk oUC M OUN T3 3.BREVIM S %
PEZ 08 0N fFFE 2 R (1= —3.67,P=0.01)
A HAth IR T A WL B S ) 2 . X R
—BHE I R E RSk R CON e R 7 &
1B 5 AN K
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Table 3 6" C and §" N values of hair samples from male and female residents in different cities
8" Cypon/ %o 0" Nar/ %o

?&fj %:\iﬁﬁ o 1 Al 22 iiﬁiﬁ o 18 Al 22 %:\iﬁﬁ o 1 Al 22 iiﬁiﬁ i 1 A 22

SD SD SD SD

average average average average

s % —20.51 0. 46 —20. 54 0. 47 6.90 0. 38 6. 74 0. 29
J& PR —19. 82 0.75 —20. 20 0.71 6.99 0. 80 6. 38 0.56
KB M —20.22 1. 10 —20. 54 0.91 5. 64 1. 22 5. 35 0. 80
FA FH —19.97 0. 87 —19.94 0. 64 6. 00 0. 55 5.97 0. 46
e —19.70 0. 86 —19. 81 0.67 7.85 0. 57 7.51 0. 70
T M —19. 46 0.78 —19. 40 0.52 8.07 0.76 8. 00 0. 40
B —19.28 1. 10 —19.76 0. 46 7.63" 0. 45 8. 29" 0.48
BN —19. 96 0.76 —19. 80 0.79 8.15 0. 46 8. 24 0. 50
{E —19. 96 0. 94 —19.97 0.77 7.21 1.08 7.28 1.18

T x Ron B 35122 5 (P<C0. 05)

AT R AR Sk AR A Y AR 18 3 [ Oy
18~60 % . F|JH] SPSS ¥ F 5k 4E % 5 o7 C,
SUN WG, GRERI, JERER S 07 C A7
TEFGAH K (r=—0. 136, P=0.05),1fi 56" N
WA A e (r=0.03,P=0.66), i#f—#
WEFE A B, I3 M JE R ARl 507 CLo NI R &
A (8P Cir=—0.07, P=0. 44;
SUN:r=0.02,P=0.81); M HRNERS
SUN WA R W B WA M (r=0.04,P=
0.7, A5 6" C R H — & WA XM =
—0.24,P=0.02) 78 TE 1, ¥4t R4 i
43R 18~29 % 30~39 % 40~49 % Fl 50~60 %
A4 ) 6" CARTIB/IN, 43 5 Ay (—19.82+
0. 75) %0+ (—19. 964-0. 71) %0 (—20. 014-0. 83) %,
(—20.50+0.85)%0, 50~60 % & 6" C #
18~29 B IMRL 0. 7%  FHE B EE R =
2.27,P=0.03), VI E#F5ERN, B4R A

RIERME B 6V CAAfE—E R E M A ¢ B
XMEREHERRILK, FEEHRLERR
Sk & 0" C Bl AR % 38 i T BT 200

3k RAEAR AL AR 7 BRI CRE i /N R
R AR IR B 7 B L Sk &R R R B A 45 I D L H R
XAk & CON Fag [l A 2 W 0 58 £ B 4L h ¢
AN [7i) it 358 T ) 22 5 KB 0T 3k kR TR o
HYSZ I XPER AR R 53k & CON R
[l & & R D . Somerville B 5F
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Fig. 1 Relationships between carbon and nitrogen isotope ratios

of hair samples and ages of individuals divided by gender
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Fig.2 6"C and §" N values

of resident hair samples in different cities
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A RE 26 B AR Y 0% C (— 20. 6 0. 9) %, #l
SUN(T7.470.6) %0, H A 5 [F L 5 h 55 Y 4B
E e AR R maR  HEmR k%K 67 C
A oUN B & TR E,

SRR R | A O RIE N = O i S =y
s AT ] YR ) VR R R SRR A A L B
A2 7RI B 2N PR T A E 1 b PR B
2 XY B 45 5T B A ) M XY JE ROR i
BN R IR S Rk EE IR R
R AR B R A SER R IE R DL 67 C
0T N Y HORR FE VR Ry B S i b IXER R 2 R
R 2% bRifEfm 22 2 & KT D, ARG
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Table 4 Carbon and nitrogen isotope ratios of hair samples between the Chinese and other countries
P A B 8" Cyppp ¥ 11 o v Al 22 8" Naw #JMi i i 22 27 3CHk
Country Sample number Average 8% Cypps/ %0 SD Average 8" Nawr/%o SD Reference
o 247 —20.0 0.8 7.1 1.1 pN T
H A 1305 —19.4 0.6 9.4 0.6 [20]
i [ 32 —19.1 0.6 9.7 0.5 [20]
E i 21 —20.6 0.9 7.4 0.6 [20]
Ea 78 —20.7 0.5 10. 2 0.6 [20]
ESE| 1022 —17.6 1.2 8.9 0.9 [13]
W [ 134 —21 0.6 9.3 0.6 [13]
WwE 61 —20.3 0.6 9.2 0.7 [13]
e 478 —20.5 0.6 8.9 0.7 [13]
ERES| 297 —20.1 1.3 8.5 1 [13]

8 Al T Fh L BRI A L HAt T Y 60 C F6T N
PITE 0. 4~0. 8 Z 0] . R WA 3T o R A ER AL 22
SRR BN AFAE— RE 3 B i W R] — 3
Ja RAR B I 25 S R . b iR s RSk R
0" C A 0% N Ay Ml 72 Fi /s (07 €2 0.556% N
0. 4) . UL % 5 B AT BE A7 7648 N Al LA IR L
I AFLR AN ) 3T T B R ER R > A AE R
25 IR E R RS R A CON B2 [ R
PR AR 10 s o i 22 B R (> 10000 o R IEL H
A i T R T T R IR Sk A AR [l 1 R Y
B D 22 88 /N (<20, 8%0) » Tt B L J R R 1 3
B2 S AN ik 2 [ G A AR ETE B o AR
oy as kAL = PR 2 m. 5
AR TR i RSk R AEA CON F2UE [ iz
RLEB R P ShE AR T e R —E R L
RE T M R I B e A B '
B R R

3 HHit

ABEFEXTFE 8 A3 AR F Rk K AT
T CON FUE [l 7 3 LE AR 20 B » &5 SR 3R W] 3R 7y
BT I i Rk & CON AR E ) o7 3 LU (A7 6 2
H2 S BRI R K & CON R R 3R
A B W 2 5 AU Lk i I3k k67 C
AR R BBGH IR G . SRRk RV CH A
OB PR R R U G 00 N 5 N A K
T 2 52 0 3 B O, M R R R A T B2

B i Bk e 07 N MR SRS [l e Bk
C.N B E [F 7 3R L fE 2 A R R 28 B 0 ) 28
M. IR E S b E R Gk R CON R
7E [ A7 28 B dle » K A TR [ 5 RSk & CUN R
7 [ (0 3R LB AF 7 22 57 o 3 I i 22 5 14 Dt [N
Je A [l [ 22 I BRAR L > 158 A A [ T e T e
BHAER R TR Z R S gk i 1.
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