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　　Abstract　　Plasmid DNA assay and ICP-MS analysis were conducted in order to invest igate the bioreactivity of inhalable particles

(PM 10)and the relationship between bioreact ivity and t race element com positions of PM 10 in Beijing air.A total of four PM 10 sam ples

w ere carefully selected to represent the indoor and corresponding outdoor envi ronments:one from urban smoker' s home , tw o from non-

smoker' s homes , and the other f rom the outdoor.In general , the oxidative damage by indoor PM 10w as slightly higher than that of out-
door.Among the four sets of samples , the PM 10 f rom the smoker' s home had a low est TD50(toxic dose of PM 10 causing 50%DNA to

be damaged), being 100μg·mL -1 , suggesting the highest bioreactivity.The heavy metals are believed to be the main reason for oxidative

damage to plasmid DNA.The ICP-MS analysis combined with the DNA assay show ed that the w ater-soluble zinc levels had bet ter rela-

t ionship wi th TD50 values than other elements , implying that w ater-soluble zinc might play an important role in the damage of DNA.It
is concluded that the PM 10 in smoker' s hom e had the highest level of w ater-soluble zinc as well as the lowest TD50(highest bioreactivity).

Iron is considered to be one of the most bioreact ive elements , but it will cause lit tle damage to plasmid DNA , probably because iron is

mainly in w ater-insoluble state in Beijing PM 10.
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　　In recent years , adverse health effects of inhal-
able particles (PM10)have draw n more attention.
Moreover , epidemiological studies have highlighted a

possible link betw een the increases in PM10 concentra-

tion and the adult morbidity and mortality
[ 1 ,2]

.How-
ever , the biological mechanism of the adverse ef fects

is still unclear.There are many hypotheses on the

mechanisms causing pulmonary damage by part iculate

mat ters , of w hich a widely accepted hypothesis is

that the bioavailable transition metals on particle sur-
face may produce f ree radicals , which play an impor-
tant role in causing oxidative damage[ 3—7] .Wilson et

al.demonst rated that transit ion metals on PM10 sur-
face could cause pulmonary damage and had the pro-
inflammato ry ef fects by study ing f ree radicals of black

carbon and ult rafine carbon black w ith or w ithout

transition metals[ 8] .By an in v itro method , McNeil-
ly et al.reported that w ater-soluble t ransition metals

could cause the pro-inflammato ry ef fects[ 9] .Richards
et al.pointed out that it is the soluble zinc rather

than the insoluble zinc that causes the pulmonary

damage[ 10] .Adamson et al.also ident if ied soluble

zinc in airborne particles as the reactive species caus-
ing pulmonary cell damage[ 11] .Other bioavailable

metals , especially iron , are also of ten thought to be

associated w ith oxidative damage of particles.Wang

et al.reported that Fe is the typical t ransition metal

in induced oxygen process
[ 12]

.The studies by the en-
vironment and health research group of China Univer-
sity of Mining & Technology (Beijing)(CUMTB)
also showed that soluble metals could impose oxidative

damage to DNA , in w hich zinc is believed to be the

main t ransition metal that caused DNA damage
[ 13]

.
This paper reports the bioreact ivity of indoor PM 10 in

Beijing city by plasmid DNA assay as w ell as t race

metals of PM 10 by Inductively Coupled Plasma Mass

Spect rometry (ICP-MS).At last , oxidative damages of

PM10 from different indoor environments and transition

metals that caused oxidative damage are compared.

1　Sampling and experiments

1.1　Sampling

Indoo r PM10 samples were collected in tw o living



rooms(a smoker' s home and a non-smoker' s home)
in Beijing city in July 2003.During the sampling pro-
cess , a questionnaire w as designed fo r collect ion of the

site information.The information included building

type , building age g roup , number of floors f rom

g round level , room size , room height , room volume ,
indoor activi ties , ventilation characteristics , date of

measurement , window opening f requency , vent ilation
and fan operation characteristics , house keeping de-
tails , adjacent environment and meteorolog ical condi-
tions during measurement.During the tests , occu-
pants continued to stay at homes and their living

habits remained unchanged.

The sampling process w as only in the day and

the duration of each test w as longer than 8 h because

of the noise of equipments.The collection site is near

the campus of CUMTB.At the same time , outdoo r
PM10 samples were also collected.The Neg retti selec-

tive heads w ere used to collect PM10 at a flow rate of

30 L/min , using polycarbonate filters(47 mm diame-
ter , 0.67μm pore size , M illipore , UK).The advan-
tage of the polycarbonate filter is that it s smooth sur-
face makes it suitable for F ield Emission Scanning

Elect ron Microscopy (FESEM)analy sis and easy fo r

part icle removal for the plasmid assay.The sampling

points w ere at the breathing zone(1.5m above f loor)
and w ere located in the middle of the living rooms.

1.2　Experiments of plasmid DNA assay and ICP-MS

Plasmid DNA assay is an in vit ro method of as-
sessing and comparing the oxidative bioreact ivity of

inhalable particles[ 13—15] .The basis of the assay is

that any f ree radicals associated w ith particle surfaces

can damage the supercoiled DNA by “ nicking” the

st rands.This ini tially causes the DNA to unwind

from the supercoiled into a relaxed coil.Further dam-
age results in complete linearizaiton follow ed by frag-
mentation.This change in quaternary structure alters

the elect rophoretic mobility of the DNA , thus allow-
ing separation and quant itation on an agarose gel

(Fig .1).As a result , we can assess the bioreactivity

of dif ferent PM 10 samples by plasmid DNA assay.
The process has been described in Ref.[ 13] .The

fi rst step is to separate particles f rom the filter sub-
st rate , and the sample was diluted w ith HPLC-g rade
w ater to four g rades of the required concentration.
Next each part w as mixed with known mass of plas-
mid DNA(φX174-RF DNA , Promega)and taken in-
to ependo rf tubes.The tubes were sealed and put on-
to a vortex to vibrate gently for 6 hours , so that the

samples w ere fully mixed with plasmid DNA.Then
the mixed sample solut ions w ere loaded on the pre-
pared agarose gel in the elect rophoresis apparatus and

after that , the apparatus w as run in a 30 V elec-
t rophoretic current fo r 16 hours at room temperature

in 1%Tris-Bo rate-EDTA(TBE)buf fer.At last , the
syngene genetools ultraviolet imaging system (Synop-
tics L td.)was used to qualify the optical densi ty of

DNA streaks and calculate the bioreactivity of a sam-
ple at certain concentrations , in which the percentage

of linearized and relaxed DNAs in the to tal DNAs rep-
resents o xidative DNA damage.TD50 is an important

parameter in plasmid DNA assay , which represents

particle toxic dose that causes 50%DNA damage of a

sample solut ion.The lower the value of TD50 is , the
higher bioreactivity the particles have.

Fig.1.　Ident ification of dif ferent shapes of plasmid DNA in agarose gel.

　　Transit ion metals in PM 10 were analy zed by ICP-
MS.In the experiment the whole samples including

membrane and particles w ere dissolved w ith pure ni-
tric acid by the method of microw ave digestion.The

measurement of the w ater-soluble metals w as as fol-
low s:immerse the filter into 10mL HPLC water and

vibrate it for 6 hours by a vortex , then filt rate it w ith

polycarbonate membrane of a 0.2μm pore size , and
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the liquid separated w as used for analy sis of w ater-sol-
uble metals.Take 1mL solution f rom prepared f rac-
tion and mix it w ith 0.5mL 50 ppb Rh standard solu-
tion , and then add 2%nitric acid to 5mL.Finally ,
the prepared solutions were analy zed by ICP-MS

(Perkin Elmer Elan 5000)and trace metal concentra-
tions in PM 10s w ere measured.

2　Results and discussion

2.1　Ox idat ive st ress on plasmid DNA by PM10 f rom

indoors and outdoors

Four samples w ere selected for plasmid DNA as-
say , in w hich the mass concentration of No.1 sample

from smoker' s home w as 51.1μg·m
-3
, No.2 and

No.3 samples f rom non-smoker' s homes were 29.3
and 91.2μg·m-3 , respect ively , and No.4 sample

f rom outdoo r w as 38.8μg·m
-3
.Fig.2 shows gel im-

ages of oxidative damage to supercoiled DNA induced

by these 4 samples and thei r quantitative results are

show n in Fig.3.From Fig.3 , it can be seen that the

PM 10 f rom the smoker' s home produced stronger

DNA damage than those from non-smoker' s home

and outdoors , and the TD50 value w as around 100μg
·mL

-1
.The No.2 sample caused 17% and 60%

damage at 125μg·mL
-1

and 250μg·mL
-1
, respec-

tively , show ing that the value of TD50 was between

125—250μg·mL-1.Fo r No.3 sample , even at the

concentration of as high as 500μg·mL-1 , i t caused
only 38%DNA damage , suggesting a lower bioreac-
tivity .The TD50 of No.4 sample w as around 415μg
·mL-1.It is distinct that the PM 10 f rom smoker' s
home(the No.1 sample)had the low est TD50 and

thus had the highest bioreactivity.

Fig.2.　Gel images show ing oxidative damage to supercoiled DNA induced by PM 10s.(a)From smoker' s home(No.1);(b)from non-

smoker' s home(No.2);(c)from non-smoker' s home (No.3);(d)f rom outdoor(No.4).

2.2　Transi tion metals in PM10s

The transition metals in the w hole sample and

w ater-soluble fraction w ere measured by ICP-MS.
Table 1 show s that the concentrations of Fe , Mo , Sn
and Pt w ere higher in the whole sample than those in

w ater-soluble fraction , suggesting that these metals
exist in highly insoluble state in PM10.Other metals ,
such as V , Ni , Mn , Co , Cu , Zn , As and Pb had

higher concentrations in the w ater-soluble f raction ,
close to those of the whole samples , indicating that

these metals mostly exist in w ater-soluble state.

In those w ater-soluble metals , As , Cu , Ni , Pb
and Zn had higher concentrations in all samples , in
w hich the levels of Zn and Ni were particularly higher

in No.1 sample , and the levels of Cu and Pb w ere

higher in No.2 sample.
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Fig.3.　Stat istic diagrams of the damage to DNA by PM 10s , in w hich the summation of the linearized DNA and the relaxed DNA repre-

sents the w hole damage.(a)From smoker' s home (No.1);(b)f rom non-smoker' s home (No.2);(c)f rom non-smoker' s home

(No.3);(d)f rom outdoor (No.4).

Table 1.　Transit ion metals in diff eren t PM 10 samples and corresponding TD50s

(unit:ppm)

Metals

Sam ple

No.1 No.2 No.3 No.4

Whole Soluble Whole Soluble Whole S oluble Whole Soluble

Mn BL BL BL BL 179 17 17 43

Fe 19878 BL 18380 BL 35587 BL 10643 92

Co 17 2 20 1 1116 1 8 1

Ni 27573 937 28133 BL 130645 BL 13479 158

Cu BL BL 4281 893 BL BL 333 267

Zn 6942 714 5043 637 9749 404 3015 488

As 25 6 79 12 30 3 25 10

Mo 604 BL 931 BL 803 BL 374 BL

Sn 216 BL 418 9 82 1 90 1

Ce 7 BL BL BL 7 BL 3 BL

Pt 17 BL 17 BL 14 BL 10 BL

Hg 0 BL BL BL 1 BL BL BL

Pb 226 26 862 143 629 34 144 17

TD50 100μg/mL 125—250μg/mL >500μg/mL 415μg/mL

　　Note:BL , below detection limi t

2.3　Discussion on the causes of oxidative damage to

DNA by PM 10

In order to explain the causes of oxidative dam-
age to DNA by PM10 , the TD50 values and concen-
trations of As , Cu , Ni , Pb and Zn in water-soluble
fraction of the four analyzed samples w ere compared

(Fig.4).For convenience , the TD50 of No.2 sam-
ple was defined as 200 μg ·mL-1(125—250 μg ·

mL
-1
), and the TD50 of No.3 sample w as set as 600

μg·mL-1.

Fig.4 show s that , although the concentrations

of As , Cu , Ni and Pb are relatively high , there is no

relationship between these elements and the co rre-
sponding TD50s , indicating that these metals may

no t be the main components causing DNA damage.
Zinc is different f rom o ther metals , and i t showed an
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obvious negative co rrelation w ith the TD50s , i.e.the
higher the w ater-soluble zinc concentration , the low er

the TD50 , and the mo re serious the DNA damage.In
the four analyzed samples , No.1 (indoor smoker' s)
sample had the highest level of w ater-soluble zinc and

the low est TD50 value.Although the zinc level in the

corresponding w hole sample(No.1)is not the high-
est , the damage to DNA is the highest.Similarly ,
the concentration of zinc in No.3 whole sample is the

highest , but the damage to DNA is the low est(high-
est value of TD50).So zinc may be the most impor-
tant t ransition metal that is responsible fo r the DNA

damage in PM 10 samples and the PM10 of the smoker'
s home has the highest oxidative damage capaci ty.

Fig.4.　Relationship betw een indoor/ outdoor PM 10 bioreact ivi ty

and levels of the w ater-soluble As , Cu , Ni , Pb and Zn.No.1—

No.4 samples , see the text.

Richards et al.[ 10] and Adamson et al.[ 11] have

demonstrated , by in vivo method , that water-soluble
zinc can cause oxidative damage to lung cell DNA of

rats.Many researchers have discussed oxidat ive dam-
age to lung and DNA by cigaret te smoke[ 16—18] .
Combining these experiments , i t is believed that zinc

is one of the most important elements that cause ox-
idative damage by PM 10.

In addi tion to Zn , the Fe is also considered to be

an important metal that causes oxidative damage[ 12] .
However , in our experiments , the relationship be-
tween Fe and bio reactivi ty of PM10 is very insignifi-
cant.Table 1 show s that the concentration of Fe w as

higher in the w hole samples , but in water-soluble
fraction the concentration of Fe w as nearly zero.Es-
pecially in No.3 sample , the concentration of Fe in

the w hole sample w as 35587 ppm , but Fe in water-
soluble fraction w as undetectable.The oxidative dam-
age of this sample w as the lowest , suggesting that Fe

in our analy zed samples was mostly in water-insoluble

state and w as not the main element that caused oxida-
tive damage.

It is w orthw hile to point out that the tar content

in cigarette smoke is also important for causing oxida-
tive damage.With the NAAS method , Landsberger
et al.[ 19] identified that the main pollutants produced

by cig arette smoking w ere Cd and Zn , followed by

Br , Cl , As and K.The environment tobacco smoke

(ETS)contains mo re than 4700 pollutants including

high concentrations of tar , benzene and PAHs , in
w hich a variety of t race metals existing in tar have se-
rious adverse effects on human health

[ 20 ,21]
.The re-

lationship betw een the contents of the tar and organic

compounds in PM10 and the oxidative damages needs

to be discussed further in the future.

3　Conclusions

(1)Compared w ith outdoor PM 10 , the indoor

PM 10 had a relatively high ef fect of oxidative damage.
The PM10 f rom smoker' s home had the highest ox-
idative damage to DNA , w ith the TD50 being as low

as 100μg/mL.

(2)Water-soluble zinc in PM10 may be the main

t ransition metal that causes oxidative damage to

DNA.In the experiment , the PM 10 from smoker' s
home had the highest concentration of w ater-soluble
zinc and the latter had a bet ter correlation wi th the

highest oxidative damage.

(3)In our analy zed samples , Fe was mostly in

w ater-insoluble state and therefore w as not the major

element fo r oxidative damage , although Fe w as be-
lieved to be one of the most bioreactive metals in liter-
atures.
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