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Monitoring of Tail Gas from Vehicles Using Mosses in the Jiuzhaigou World
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Abstract Mosses have been reliably used as a bio-indicator for monitoring the heavy metals in atmosphere, but it is unknown
whether they can also be sensitively used in monitoring the elements in tail gas from vehicles in and around any scenic spots with
relatively low traffic flow. Therefore, a parking lot in the Jiuzhaigou World Natural Heritage Site was selected, which was divided
into three monitoring belts arranged outwards in different directions at distance intervals of 0 m, 120 m and 1 000 m, and two
ground mosses Brachythecium piligerum and Thuidium cymbifolium were collected on each strip. Totally, thirteen elements (A1,
S, Ca, P, Cu, Fe, K, Mg, Mn, Pb, Ni, Zn, Cd) were determined by ICP-AES analysis method. The results indicated: (1) K, Mn, Pb,
Ni and Cd could not be detected by B. piligerum, while Al, S, Ca, P, Cu, Fe, K and Zn had significant differences in concentration
with the distances from the parking lot, the shorter the distance, the larger the accumulation was; (2) Comparing to 7. cymbifolium,
B. piligerum could detect more elements, the contents showed the significant correlation with the distance, and B. piligerum had
greater accumulation of elements than 7. cymbifolium; (3) The accumulation of elements by the mosses in the directions of north
and south was much larger than that in the east. This study proved that mosses could reliably monitor the elements in the tail gas
from vehicles in scenic spots, and B. piligerum was found an ideal moss for this purpose. Fig 1, Tab 4, Ref 26
Keywords moss; traffic emission; element; ICP-AES; biomonitoring
CLC X831 :Q949.352.08 (271)

2010-02-25
DOI: 10.3724/SP.J.1145.2010.00023

ST AR TR [ 3l T WL 8D 47 0 LA A 249 13% 00 1o J3E = el 3
£, IN19954F 191 0507 AL 3l ZE R A 1t © 22 T+ 5 20064 JIE 1)
LAMLE, SEWLSh T RIS Y H 3™ 8, B AN TR EIET K
S5 YL I BRI, AR 2 IR T 1 75 Y I L DA 7Y

W HIY: 2009-01-16  H25Z HIY: 2009-03-10

*[H KR L PETF R H (No. 2006BAC01A15-0102) I [E 5K A
SRFHEEE ST H (No. 30570333) %HI  Supported by the National
S & T Pillar Program of China (No. 2006BAC01A15-0102) and
the National Natural Science Foundation of China (No. 30570333)
il A/E#  Corresponding author (E-mail: baowk@cib.ac.cn)

T Y Ll R R AT Y. MLsh EHE R < i e R b
KM, &R BARPUE, TETE 20 IR S A S 14
RIPEAESEF, W2 WAL 42 R SOT R AR R L AR
e S LI A8 22 S EOCO M AL 8 4 R TS B B A AT
%5 5 SR JE I BL Bl 42 R R I 0 R ARG B AN i, HE
[F s 5 A R A BRI s S P, SR P ML B RO T
LT REE L B S IE, AUCTAEZEB WAE, H SR
. M, SRR AR AR HLS) 4R <ot
F A M T BEATS SRR Y P M I AR R —



24 IR IESEZ s R/ 14

Chin J Appl Environ Biol 16 4

A [

] PN R 25 6 A A PN 4 A ke W T R TS
JrRIP A 5 B 224, RIS T H AR AT FE 30 . Glooschenko
FI A (0 e = B AR AR s A, P98 TImsE RoR=0hCdit &
B, SRR, MY R CAE BB 0.2 me/ghlE BEAUTE 4
JEIG T BT H L), Poikolainen®: F F & s A4 W M T 5% 2%
Y RS 4 B DU IE X 198 54F 22 20004F 1Y W I 45 S pE AT T
P, g5 SR, Tk A AS G A K 0 o 3 e X7 e A R
L, HEWX ELSECE & RIRME, FMESETRRES
AR (%) e 00 245 SR A0 L ¥ W JE R [ 190, Schilling ) FF 40 A ) #%
AR R, e S BT PR 32 L KR SR RS R 4 B UL
o R AT T W Ol ) AR R A T T L AT
RBSAHE S & EE AW RN PY . Zn, Cu. CARI4 SEV5 YL ¥y 1y o7
b, GER S RATT YRR B AT — B, SR . B AR
Ve tE s, Bap iz T E S TS5 YL .
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HERCE A TE R, N IRE B R ] 09 22 S R B RS
Ui DX 22 B2 A 7 SR AR IX m AR Bl H, i ViR A 38 0 Bl
R HIHL BN 4 B2 A HE iR 5 DX B 5 £l S A T A S I RE AT AE
1B 5% 0 A5 38 RS BB R 5 48 . e e S S0 P LB E R R L
B AL, PR R ACHE AR B AL, & B AR e 5 A A0H T X
e A HE 05 B 4% 14 T B4 it e 5t X L 80 42 B S o ZE HE I I
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ARTIF 5% 6 B L2 T8 1 B 1 SR8 7 b SRR AR, AR
Y CZ st MLEh 42 RS HERT L) vt B H: i A S X (o
50 m/120 m/1 000 m) , SRAE S HEEEAYIAE T, WETHL
SRR ICE S, o THE BB 25 bk, IR
T TRFE E EE W S EML B 4 R AR On R HE R A O s, AR
A WS T 451K R R o0 R AR AT AT b L TR R S R A R
R EEARNRE: (1) &8 #ERERINE Bl 4R iy it
HISEZ (W1Cu, Mn. Pb. Ni. Zn. Cd%) & & Roslkg R &
B A0 2 LT 0 1 4R 3 st I L B 4 R AP e
S AT AT RE? (2) JUZE A F AR b AR AR S AL B 42
RAICEA L A 2R JUZE I A SRS A HAR A, R
AR RS AL Rt A K, &) oo R HE R BN, Wi
ERERE I LS AL A RS oc B R, WkHE TR
BT F R XA W, S R B (BRI /2R MR T/ E
SRIG ) R WL | R IR A M S A SR R A mEY
PSR L.
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1.1 B =5 shERESHEER

TBURE Hhy o532k 5 U281 T AL A AR5t 7= L (32°54'~33°16
N, 103°46'~104°3'E) [ AR5, 1R 203 060 m. 1%
Hi AR, B KA v B KU, R ARRTL CL e
REE30.3 C, AR E-17 C, ‘EHEMH696.6~957.5 mm,

T HA 10 Z AT 4 H 000, HORE 55 58 i b R s 42 47,
EEIZGM L1 hm?, KRZ R KPR EE m, Haa—K/h
500 m A BE S (1), 2R H AR RN | HAE 4l ) A
A, BTG BET8%~80%, 41 B FIHE A 5 AN AL 50%, # S AH
Y35 BE 2930%~50%, £ 2N FOLM iR 2, 45 IO
( Thuidium cymbifolium) 175 & ( Brachythecium piligerum) ;
1S53 B B M IRV #2 (Abies faxoniana) JF IR PR 55, K
THERFN R L EERME, MR &8 Y LIk, LHFa 5 et
( Hylocomium splendens) . 5122 %% ( Actinothuidium hookeri) .
FPIEE | SEAT EE (Mnium sp.) FIIHFE#E ( Dicrancum sp.) %5,
T JE— BT 3K 90%~98%. 15 4 7 (M ABL B 15 5 IR VT4 A2 JRUAR Ak
I IR L M AR R A A A

JUZE VR 2 3R [ A SR KU A Ui i 22—, HE P i A e
B HERE RN SEZ—. HI19844FEIF R A, JLEE WM&
TN, Sy S S XHL B 4 R AT RB YIS 44, 19994F3H
A2 LI N ES IE— VISP R A E A8 POURDGA T3, 1 AT
VA R 3l 7 8% 11 o0 it U XU ' 4 U) i Sy 5 IXC PN fE— 114
223l T EL, [A] B 8 PR i 4 B AP AE AN WAk 35 B RRITT
T vRE 0 2 G i i O 4 K I R A0 2 B e R AL A
Y. CORt GG MG T F AR, (R BT E 4R
SOURL ) AR M Ak 3. S R Ve E 2 L T N BRI E 1.6 3/,
il i 2 BRI 7E 2. 400 /d. LR ZE 1.6 T /AR5, 4280%I1 A
CHE 478 20 37 1 28 0 o (1) A ) 3 A ik e DG 2 (3% %5 1 2945
N2 B R AR S U U, AR 22800 25 28 5% I s A 35t
FLTLEE WIS R I PLSh 4 R AR 0 B HE O S an ], —
Z WD P4
1.2 BUEEEitE A+

DA DGR MR s 45 25 3 Sl oty MR R B B R ot 34 SR
i (BN TSRS g/NG, [AMY120 m P42 N1, Fiin)
HMEEIZY1 000 moW I, B4 70t 2R B3l (P4 1)y
BEUEILEE ) £ RAE VRS, VERNTER . B4 SUREIL R A 7R
MYEERD: K& (T cymbifolium) FEEE (B. piligerum) . K4
I 1] 4 20074E9 14~18 H , SRAE DRI HEAT 5 Sy HRBRAE I BR5 |
ARG T B W I 52, A AR AR EEOR B G T R R
B T

PEIL # 8 R R R 7R R
Fig. 1 Map showing the sampling sites of mosses in and around a parking lot
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HEHE, 65 CHE 8~9 h, HIIRATEE, 120.25 mmJE i, 2% £ {7
A7, TR0, MR 30 B A0 2 R i 300 72 67 W 02 T A2 1.5~2.4 cm
AR RECR a, BLEE T E 538 45 5 3L A i it 11992 2006
AR ZE2007FE Z ML sh FE RS IT K R .

1.3 H@mNEFE

T SE B T KA AR o HLoh A R AR HER IR OT K, £
$EAL. S, Ca, Cu, Fe. K. Mg. Mn, Pb, Ni, ZnFfICd Ft13F}.
AT SR BRI T % (ICP-AES) BEUNEAT. T % I 0%
TR 2 31 000 r/min, iR 5 1.85 mL/min, < &
1.0 L/min, S5 241 150 W, U3 IFA] 2 s; ICP-AESYE &
PEHOLIE T/ . REUE ST K, A= AL 396.1
nm, S 180.7 nm, Ca 317.9 nm, Cu 324.7 nm, Fe 259.9 nm, K
766.4 nm, Mg 285.2 nm, Mn 257.6 nm, Pb 283.3 nm, Ni 231.6
nm, Zn 213. 8 nm, Cd 228.8 nm, P 177.4 nm.

FRIBCPRIE A B 0 01 35 B AP R 55.0.500 0 g T-IH i v,
1 FHHNO,-H, O,/ TH MR & . A8 mLAS AR A2 mLit A1k
A, WG A A0, 28 55 LRSS B B AT A
Z/85~70 °C, HMH3 min; PRFFTE160~80 °C, THMH7 min;
200~160 C, JH##S8 min; 210~160 C, %2 min; {F-457E210
°C, Hf#10 min. HAPSAHBERY IR M1 000 W. 4 f# 5%
I, B S0 mLA S i e 2. K RORCE , BRI
JE. RN EE, 325 0.

X AR SR I GBWOSS 13 S 4TI, 4500 % % & 11
RSD&; HL7E X 1] 0.641%~4.612%, 15 B 2 77 125 18 v i 5 kS
W YA N, T LA B S A AT I E . DA R R R
BFEAT AR FISCR S (ZERE & P AT R AR E 4T
[ICSE B ), 05 45 SR 3 BH AR IR A 94.53%~102.27%,
Vi B S 7 AT 4.

1.4 BUREIB 5L

KB R 5 22730 (ANOVA) HE#5 K 3P % 175 6E 13
FhoT & BAEARRIRES [ 10 22 5 (HE B VR w2, [/ —
PR B 37 AR 3N A AR B ) OB IR B 45E 45 341 000 mil)
SRR TEALSh 4 R AHE O R, R M s A L sh 4
RAHMOTER]L abt M & iy R, HiE R R
T /N 3 BT & W DU 2 0T 2R RE O K/ M R
ik, I FARSL IR B S A — A AR 4y, b Koo R p B
= (PS-DI1000)/4F (PSE R %L XA [ LR & &, DI000E R
T T R & &) . [FA & s b R AT 546 R 6 7 )
ERBEREAN, 5 ARG = PS_& #-DS % f /4,
x=1. 2. 3, SRR AL, AT RAEARNE T B R
B, HEE L BB RN e ZAEAN [ Iy ] b 25
St TSy HETESPSS 12,0544 F #E47.

2 R 555
21 FMHEBHEKPBMTESEREELRRES
B H) = F
AN R T [B) ) B AR R XY AF A0 4y TP 13FP T R & i
MFRIrR. 13FTEFRA8FILE (Mn. Ni, Pb. S, K. Fe,
Pb. Mg) & R B4 MR A W& 25 A5Monx
(Al, Ca, Cu, ZnHIP) &AM B8] 22 3 3, Hohzn &

TE3 R ] 25 5 B3 (P<0.05) , BRP. Cadl, HE3Mc & &
et it 5 T S 0 8 o i 2

AN]SR BEHE b7 B HE R 14T A2 304 13 R0t 2 A0 7 B L3k
2, B8 L E (Al Ca. Cu. Zn. Fe. Mg, P, S) Fr & 7r % kLR
BEiESEE, HhRcu, zZndlh, HEgTE & m keSS
B 388 Ty i 2L

Rl AEEFLERPFABERDBFHTESE

CEHELREIRE, N=3)
Table 1 Contents of thirteen elements detected in 7. cymbifolium
at different belts (mean=£SE, N= 3)

JLE it Content (w/pg g")

Element Belt] (0m) Belt IT (120 m) Belt IIT (1000 m)
Al 1461.247 + 189.512% 1086.622 + 115.804>  915.702 + 85.283*
Ca 10089.774 + 135.645* 7699.445 +268.124" 8159.944 + 666.685
Cu 7.634 +0.166° 3.817 £ 0.498° 3.345+0.512¢
K 6472.011 + 107.342*  6688.548 + 89.105*  7154.332 + 197.494*
Mn 67.930 + 14.139* 93.267 + 13.315* 46.191 £23.792¢
Zn 35.042 + 1.101¢ 26.211 +£2.025° 22.320 + 1.346°
Cd 0.179 £ 0.080° 0.1598 + 0.120* 0.113 £ 0.290°
Fe 1097.015 + 120.437*  978.531 £ 101.021*  809.547 + 26.026*
Mg 1661.276 + 665.821*  2557.632 + 386.115*  1777.627 + 527.885*
Ni 1.296 +0.561* 2.154 +0.995¢ 2.110 £ 0.309°

P 3089.943 £385.497*  1915.451 £392.165° 2746.179 + 117.018*
Pb 6.976 £ 0.218* 5.762 +0.802¢ 6.985 +1.522¢
S 1224.332 £21.474*  1095.836 +22.080* 1170.850 + 85.624 ¢

A PR R TR S I MAAE R 725 (P<0.05) . A
Different letters in the same column indicate significant difference at 0.05
level. The same below

R2 FEES LEEHERTBMTREE
CEBELAREIRE, N=3)
Table 2 Contents of thirteen elements detected in B. piligerum
at different belts (mean+SE, N= 3)

JE i Content (w/pg g')
Element Belt] (0m) Belt IT (120 m)  Belt ITT (1000 m)

Al 1318.509 + 137.637°%  653.527 +36.411° 726.152 +£76.752*
Ca 18852.472 + 3470.146° 8626.325 +250.502° 7978.186 + 448.406°
Cu 12.478 +£3.395° 3.549+0.50* 7.04 +3.70°
K 11497.473 +2932.944* 9329.504 + 641.397* 1001.131 + 76.589 *
Mn 75.433 £ 12.716* 64.429 + 11.001* 73.835 £ 14.765*
Zn 79.624 + 14.86" 60.656 + 1.512 ¢ 66.834 + 12.434°
Cd 0.237 £0.143* 0.195 +0.054* 0.189 +.0892¢

802.880 =+ 54.223°
1344.483 + 165.261°

Fe 1166.886 + 106.855°
Mg 3804.202 + 640.695°

609.537 + 19.937¢
1379.875 + 814.655°

Ni 2.009 + 0.678° 0.919 + 0.360° 1.882 + 1.002*
P 6116.356 + 1029.862°  2901.366 + 441.4°>  2031.180 + 59.820°
Pb 8.195+3.91* 6233 +0.342° 6.627 +0.139*

S 2280.488 +442.828"  1234.129 + 73.862°

22 BEEHPHNTERERE

[FFP TR A & b B 22 5 (R3) . FHBERE
Kl s ASTR 5 55 FAYALL Ca, Cu, Zn | Fe, Mg, SFIP 8FhJC
FA N 25 SR s ORI D) FURG I M S, R A I Fe . Mg
NS 3Fh T 2 o AN [ BE B 1) 114 2% S 1. 76 3 P 6 T 3 [
K 5T % (Al Ca. Cu, ZnflIP) H, T BEFE Mk A9 B R
R TFROPIEE G BB, L, 5 ER R RO #E BRI 5F 200
K, XF R TR nT i ok B

HEETP LR T AN I 0 LA 2 R (R4« AL

1144.46 + 22.940°
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FefIMgfE AR J7 10 b i R E R >Ib>4, ZoMSHh 74>
m>dt, CaFg>AR>b, Cuydb>AKR>m, PHAR>IL>R. S/
ik, RZEOoT R r ML b R KT R m B R
it
R3 MMHBHPAEGERMRSMITRRNE (V=3
Table 3 Cumulation amount of eight elements with significant
difference detected in the two mosses (N=3)

JLE SR Accumulation (w/ug g year”)
Element KPIEE T cymbifolium W4E B. piligerum
Al 545.545 592.357
Ca 1929.83 10874.286
Cu 4.289 5.438
Zn 12.722 12.79
Fe ns 557.349
Mg ns 2424327
P 343.764 4085.176
S ns 1136.028

ns: AR H 2 5% no: Significant difference found
x4 BFHPSMAGERMTREANEAELHRRE (V=3
Table 4 Cumulation amount of eight elements with significant

difference detected in B. piligerum growing in the places from
different directions (N=3)

JLH FH Accumulation (w/pg g year™)
Element ¥ Sourth 7% East Jt North
Al 2462.29 1397.585 1636.66
Ca 8964.765 7506.955 6866.015
Cu 5.11 8.03 10.585
Zn 22.63 36.865 13.14
Fe 1352.325 865.415 1118.36
Mg 678.9 448.95 661.745
P 2029.4 4702.66 3854.4
S 393.835 528.52 325.215
» N
31t ie
3 BEAFENIREESPTRERENTER (F
EEYHMEZERYE)

P EE A A5 40 . AEBE RN S K FIpHIE . B K
KA i A R R A 2 SR 0T B A [ R 7 Yl R
K EERE SIS, RO 2 7 ] — RE b P, AS R R S0 35 8 1
PRI BT & AR 4 TR A — g X, DR O
BT R IE] 22 5 B WA AE. T4 @ R Z A ik B 4k
I, PR A R P T 4 8 o0 3R AR AL Bl R 0 25 S ARk X
FAR TR PR BT 0 7, BE M S IR A A 22 S O
A LD D) R SR I K/ INRE S e 4 W 0 O R
/IN. Carballeira&% F) FH K 25 #% FI K &% X5 74 BE 24 98 A6 #) 74
WV H KR 4 B TS Y Y AL As, Be. Cd., Co. Cr, Cu,
Fe, Hg. Mn, Ni, Pb, Se, VAIZnyt & & F o7 T, &3
PRI B 78 W AE 7 A 9T 2% 5091, Salemaa 76 25 24 I F 5%
U, AL AR & R w4 . 2T RE ) A T R —
K H IR G #E R0 A1, 2. 30 F i, KO #E S aEHRRE
WE I JUZE v [ SR Hh R R RS S AL R R T R &
D7 RRITAT AT AR SR, R WD RE T LIRS RE R 2 5. K
FIFERE W H AL, Ca, Cu, Zn, PICER & ht I g a] B (g 1 22 5
PE, FEENAERL I H AL Ca, Cu, Zn, Fe. Mg, P, SILE & i+
BE ) 22 5 3, H WIS A e R A T B A R AL AR S T

FEIOPIBE P BB, X R, JCIe DI (1 T R AR 2R IR
ROUE BRERE, HEF AR ISR B A W I B T 4
32 W ERESAEHINTEEBEEZME R

B LR YR 4 TR 0 232 BE 7 TR A A2 0 Y R RN R A
A BT 4 A R oL ST R A e R REEOR R, AL
S. Ca, P, Cu, Fe, MgfZn{ &4 2, WEIZCR A &, mife 58
W& FUCHPLEE RS H W EZICECA. Ni. PoMIMn A&
SR HATALSh A R HE R A e 3R, (H & bl % L I8 I AR
77 M S €00 it U 2 HE JBORR R (A T AR L KRR T HE AL, B
AR W B 22 5. E I E CE P, Ca, K. AlFIMg
SR, FEBE Ca, K& &, X5 JU2E VA b R 2 1 T
B A S AL REAE A A 4 R Y Ca . KFTMgHY) & i 5
Ak

Zechmeister % | F & & W0 HPEAS TAMIF LR ER
SHOHOE R YO E &R 52055 R0 5 Y (PAHSs) 1Y HE
BCRBL KAy A Jey, & BAAE 38  18 (Traffic flow) | i #HY
@5 v LA S s 4 SR e R UM e B RO R IN R, 22aE TS
e HE ) 4 R OCE A Cr. Mo, Sb., Zn, As, Fe. V. Cu. Ni
FCo%:, HEM— A A3 1250 miF B, HA Mm% i
S B L LHE B B A A BT 000 m B 35 Y Mg T
REJIAR 3, AT BRI B B A 45 2. AR T 50, IR R D
5257 1 b CRa AR ) 04 R A 0 B AT 3 i vh Jy Tl
HERCR R (3R4) . R HECT WAL, S, Ca. P, Cu, Fe,
MgHl ZnJt K & it P 5 R 30 L2 30 0 B B B B i o 2 % i
REAR R 34, RIS /0 BB 3T, &5 6 W0 o 1) 2 SCHE B T
SR, A2 FATE YLK . X ) Zechmeister 5 FI FH & 6 X
O3 VAR I TE 4 RO & i S B AR DG PR AT SR 25 e A
—He PLsh ERSH T & BT R MY BUE R 5o R Ak
HIEF (80858 F) KA B YR 6 R0 T/ 34 1)
B MG, X R T AP, CufMZn® ot & i R
I I 2 S SR I W 2 25 5 IR R A, IR FAE%T
INIE R FEORIE TR M)A s R be 1ok /2, i B 1 K ot
FIN 250 7 ) 4 AN B4 A e AR e, b AR B R VR A e 2
P REARFRPRAS, 87800 R & 048 (8] 22 R R 75 2 % 8
TCE AR ) 3.
4 2518

Y REAR W) W I R RE NS A I W D L S A I A AR
HALBh R A A HE L B LR G (W1Cu, Pb, Ni, Zn, Cd
S5 fra, DRIRT T St /52 3 T8 R R 4 ) on R HE
DU B AS R & b B A= Wy W RE IR 22 57, 7 8 0 KO A
BRI U8 W F AR M S S LB R R R &SR U R Fh
28 J HAHE T, PR Ot 2 o AR %) W )

B RMEFE. KT FEEREHEFL, R AE
T R e 3R R AT AL AE R T AR o ol SO AR A B DLROA L PR
AP mERLEL L IRENES B, AHARFAFERF
R ESKESENTRARERELRE EARREEN S
GRESNUPIE N H S T
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