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Abstract,Residents of the Xiangxi region of Hunan province in Ch--

ina show a high incidence of naSOpharyngealrcar'cincma (NPC) ., To an-
alyze the relation between NPC and trace elements,the concentrations of
7 trace elements ip drinking'water from high and low-incidence areas
were studied (75 samples) ,The results showed that the éoncentrations
of NiyZn and Cd in drinking water from the high-incidence area were
significantly higher than those in the low-incidence aren, Especia-
11y, the Ni level in drinking water had a significant positive correlati-
on with NPC morbidity, These observations are consistent with earlier
studies, We also found a highly positive correlation betwecen Ni /pH
value in drinking water and NPC morbidity, This suggested that cons-
idering the ion comcentration alone was not sufficient; we should also
pay attention to the pH of the drinking water when we study the reati-
onShiplbetWeeﬁ NPC and trace elements, Because pH in the medium can
strongly affect trace element chemical characteristics and its metabol-
ic state in l‘iving systems,the M/PH (M =metal concetration) ratio may
be a considerably important factor, worthy of further research,

Key words; trace elements-nasopharyageal carcinoma M/pH-nasoph-
aryngal carcinoma morbidity-carcinogen
Introduction

pr'evious research on nasopharyn‘geal carcinoma(NPC)found several
environmental factors rela,tved to?N_PC,Ho [1971, 1972] suggested that
salted fish, a traditional fdod of the sonthern Chinese,might be a risk
factor for NPC, Researches in Malasia and Hong Kong [Yu et al, 1985]
showed a ‘hi‘ghly significant association between salted fish intake and N
PC.Clifford [1983] suggested that NPC may relate to benzpyrene, Pan et
al, (unpublished) relatedl NPC to nitritoamine chemical compounds, Ko-
renberg and Freedlander k[1976] and Qu Bao-ziang et al, (unpublished)
found the Ni content in drinking water was related to NPC, A study
in Chung shan also showed‘N'i level in-drinking water [Tannenbaum
ct al, 19851 .Numerous e¢nvironmental factors have been found [Fedder
and Gonzalez 1985, Ho 19721 3 conclusive results, however, are not av-
ailable,

Hunan province is one of the ’high-risk provinces for NPC in southern
China [National Caacer Control Office 1980 a and b] .Compared with
other environmental carcinogex‘nic factors, trace clements in drinking

water may be a more important risk factor for NPC.,A correlation to
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'NPC has shown trace element differences in NPC patients,
¢ .
The purpose of this study was to meaasure the copcentrations of 7
‘trace elements in drinking water of high-add low-ingidence areas, and

the pH value of the samples, The second objective was to apalyze the

relation between NPC and trace elements, and the relation hetween

NFC and M pH,

Materials and methods

Classification of the experimental group

The subiects were classified into five groups, with fifteen cases in
each, Groupsl, 2and3consisted of patiens with nasopharyngeal can-
cer from high-incidence areas; groups 4and 5 were people from low-inci-
dence arcas, Routinc sampling methods were used to obtain drinking
water samples in all groups, Seventy-five samples were eollected. The

ages of the contrel group were within a range of+ 5 years, The people

from high-incidence areas had a long-term habit of drinking unboiled

water, All subjects had lived 20 years or more in these areas,

Metbod of analysis and determination

The obtained water samples were analyzed to determine the conte-
ats of the element Cu, Cd, Pb, Zn, Ni, Cr and Mn by the ion-exchange
atomic absorption method,

Statistics

We used rank tests for statistical analysis,

Results

The range and madian values for Cu, Cd, Pb Zn, Mn, Ni and Crin
drinking water in high-incidence areas and low-incidence areas are sh-
own in Table 1,

With rank tests, differences, in trace element concentration betw-
een the drinking water of high-incidence area people and that of low-
incidence ares people are shown in Table 2. The data indicates that
there are highly significant differences in the levels of Ni, Zn and Cd
in drinking water in high-incidence areas vs the low-incidence areas,
Therefore, we hold that the development of nasopharyngeal cancer is
directly related to the contents of Ni Zu and Cd in drinking wsater,

The Ni value corresponds well to that reported in the literature

[National Cancer Control Office 19804, Ou Bao-xiang unpublished] .
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Table 2 Data obtained from drinking water in high and low-incidence
areaa with rank test.

Elemnt Cd Cu pb Zn Ni Cr Mn pH

Medianchigh-
incidence area) 0.42 2.6 6.4 12.0 1.03 4.0 7.8 7.10
Median(low in-

cidence area) 0.05 2.1 1.6 7.6 0.34 4.0 6.3 6.75

U 2.73 1.31 2,37 4.16 6.61 0.43 1,04 3,028

r - <0.,01 >0.05 <0.01 <0.01 >0.05 >0.05 <0.,01
' 0.05>P>0.,01

Teble 3 Multi-group comparison of M/pH value in drinking water,

M/,H Cu/pH Cd/pH pb/pH Zn/pH Ni/pH Cr/pH Mn/pH

H 0.54 8.25 - 5,62 15,60 42,67 4.40 5.60

X20.01(4) =13.28; M=metal element

Table 4 Two-group comparison of Zan/pH, Ni/pH in drinking water

among multi-groups

Comparison 1-2 1-3 1-4 1-5 2-3 2-4 2-5 3-4 3-5 4-5

Zn/pH - - » - PR X 2N * * ¥ -
Ni/pH - - e e - e aw FE T -
* significant difference; ** highly signifficant difference

In order to determine the relationship between the ratio of the con~
tent of trace elements to pH value apd the development of cancer, after
calculation of M/pH of each gronp, We perfomed malti-group comparis=

Statistical treatment of the results are shown in Table 3.
Data from Table 3 indicates that the H value in Ni/pH and Zn/pH

surpasses X%0,01(4)=13.28; therefore, further two-group comparisons in
hown in Table 4 The results

ons,

the multi-group was made, The results ares
of Table 4 sﬁows ihat there are no significant differences of Ni/pH in
r in high-incidence areas of nasopharygeal cancer within

3 and of 4 and 5 in low-incidence are-

ferences in the two-group

drinking wate
the two group comparisons of 1, 2,
as. Nevertheless, there are hign significant dif
comparsioné between 1, 2 and 3 in high-incidence areas 4 and 5 in low-

5



indidence areas, But for Zn/pH this is not the case, This fact indicates
the development of nasopharynzcal cancer is not only concerned with the

amount of trace clement conients hut also closcly related to the M/pH

ratio, I+ may further suggest that the trace element-cancer relation is

a very comprehensive and complicated problem with respect to chemist-

ry and we cannot jump to concluSions purely according to the quantity
of a given trace clement,

Discussion

The results have shown that Ni, Zn, Cd aand pb are present in drin-
king water in high-incidence areas in higher amounts than in low-inci-
dence areas. Data analyzed by rank tests show that there are highly
significant differences between the contents of Ni, Zn and in Cd high-
indicence areas and low incidence areas, There are obvious differences
in pb coatents, ‘The—refore, the incidence of nasopharyngeal cancer is
in direct relationship to Ni, Zn, Cd aud pb in drinking water; among
these Ni has alrcady been recognized in the literature{ Weinstein 1978].

Our study suggests that Zn, Cd and pb are additional foctors which
may be related to NPC morbidity, |

After further analysis ot M/pH in high-and low-incidence areas by
rank testS,the obtained statistical data show that only Ni/pH is is lincar
relation with incideace nasopharyngeal cancer, This-has beenx confirm-
ed by epidemiology and animal studies [Pan Shi-cheag, unpubl.l .,
Simultaneously, the obtained statistical data also shows that there are
no obvious relationships between the elemeatal contents of Cu, Cd,
pb, Za, Cr, Mn and NPC. This ‘fact illustrates that trace elements
play a very complicated role in the human body,

As meqtionsd before, to draw conclusions about the relationship
with disease based purely on the coatents of tarce elements is to eX-
amine only part of the problem, Our study points out the relationship
between M/pH and NPC, which reflects the complexity of the influence
of trace elements on disease and is one of the comprehepsive factors to
be taken into account,

At present, no conclusive judgemeat has beed made regarding the
carcigogenic mechanism of trace elements from the viewpoint of ch-
cmical structure, Any state which trace elements possess (valence,
affinity, combination, dissociation, ioaizatioa power and configura-
tion to a great extent) depends oa the characteristics of the system

where they exist (such as the PH value in the system, the chemical

6
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and physical nature of other ions in the system),

No doubt the influence of M/pH in a biological sysiem ia oivio:,
M/pH will influence the absorption degree of a given trace elcment by
the body and as a result, influence the physiological fusction of the
trace element, The views and ideas in this article can only he consid-

ered as a study of relationships between trace elements and nasopharyg-

neal cancer,

REFERENCES

Clifford 1983 In,' Encyclopedis of Chinese Medicine Szience of ENT,
pPp 162-163 '

Fedder M, Gonzalez ME 1985 Nasopharyngzeal carcinoma, Am, J
Med, 79 (3). 365—369

Henderson BE 1987 Nasopharyngea! cancer, In., Kaplan HS, Tsucbi-
tani PJ(eds) Cancer in China,Alan R,Liss,Inc, New York,pp83-10

No JH 1971 Genetic and environmental factors in nascpharyngeal carci
noma,In, Nakabara W,Nisbioka K, Hirayamas T (eds)Recent Advan-
ces in Human Tumor Virologh and Immunclecgy, Tolye, Univarsity
Tokyo prese, pp 275-295

Fo JH 1972 Nasopharyngeal careir-ma, Adv, Cancer Res, i3, 75-92

Hu MS, Huang HL 1972 Retrospective study cun :he ctiolopical factors
of nasopharyngeal carcinoma, (in Chinese)N, Med, 13; 10

Huang DP, Ho JH, Gough TA 1978 a Analysis for volatle nitrosamncs
in salt-preerved foodstuff traditionally consumed by southern Chi-
nese, Jn, de-The G, Ito Y, Dauis W (eds) Neasopharyngeal Carcin-
oma, Eticlogy and Control, IARC Sci publ, No, 20, Lyon; IARC,
pp 309—314

Huang Dp, Ho JH, Webb KS 1978 Volstile nitrosamines in salipres-
erved fish before and after ccoking, Food Ccsmet Toxicol.

19: 167171 _ |

Korenberg, Freedlender E 1976 Chromcsome, 68; 355"

National Cancer Control Office 1980a Ministry of Health, The investiga-
‘tion of cancer mortality in China, (in Chinese) pecple’s Heal:h
publishing House, Beijing 7

National Cancer Control Office 1980 b Nanjing Institute of Geography,

~ Atlas of“Cancer Mortality in the people‘s‘ReApublic of China,China

S

Map press, Beijing |
Pan Shi-cheng The Hinan Provincial Data Collections of National ENT

7



Association 1-10. (unpublished)
Qu Bao-xiang Chinical research of national trace elements and collect-

~ ed works of discussion, (unpublished) y
Tannenbaum SR, Bisbop W, Yu MC, Henderson BE 1985;’,,‘Atte,mptsl to

“isolate N-nitroso compounds from Chinese-style salted f.i;gh, yblNatkl,_

Cancer Inst. Monogr.69, 209 - 211 ‘
Weinstein B 1978 Chemical and Viral Carcinogenesis, In, Kaplan\HS,‘
Tsucbitani pJ (eds) Cancer in China, Alan R, Liss,Inc,.New York,

pp 67 — 68
Yu MC, Ho JH, Henderson BE, Armstrong RW 1985 Epidemiology of

nasopharngeal carcinoma in Malaysia and Hong Kong, Natl, Cancer

Inst, Monogr, 69; 203-207

Cancer Letters, 41 (1988) 91 —-97

Elsevier Scientific Publishers Ireland Ltd.

TRACE ELEMENT CONTENT IN DRINKING
WATER OF NASOPHARYNGEAL CARCINOMA
PATIENTS ( 1)

XIA LING-WER, LIANG SHAO-XIAN®, JIANG JI-WEN®, ZHOU® and

LI JTANe

SUMMARY

Chinese in the Xiangxi region of Hunan province in China have a
high incidence of nasopharyngeal carcinoma (NPC). For analyzing the
relation between NPC and trace elements, the concentrations of 7 trace
elements in drinking water(well water)of high-and low-incidence areas
were measured (75 samples), The results showed that the concentrations
of Ni, Zn and Cd in drinking water of high-incidence areas were sign-
ificantly higher than those in low-incidence areas, Especially, the Ni

Tevel in drinking water had a significant positive correlation with

8
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NPC mortality, These observation are consistent with earlier studies,
We also found a highly positive correlation between Ni/PH value in
drinking water and NPC mortality, This suggests that only consider-
ing the ion concentration in drinking water is not enough, we should
also pay attention to the pH of the drinking water when we study the
relation between NPC and trace elements, Because the pH of the medi-
um can strongly affect trace element chemical characteristics and its
metabolic state in living systems, the M/pH (M, metal concentration)

may be an important factor worthy of further research,

Key words,

Trace elements; Nasopharyngeal carcinoma; Nasopharyngeal carci-

noma mortality; Carcinogenesis
INTRODUCTION

Previous research on nasopharyngeal carcinoma (NPC)demonstrated
that several environmental factors were related to NPC,Ho [4,5] sugge-
sted that salted fish,a traditional food of the southern Chinese, might
be a risk factor for NPC, Researchers in Malasia and Hong Kong [14]
showed a highly significant association between salted fish intake and
NPC, Clifford(13 suggested NPC was related to benzopyrene, Pan ct al,
(The Hunan provincial Data Collections of National ENT Association
1 —10, unpublished data)related NPC to nitrosamines, In recent years,

Qu Baoziang et al, ( [9] ,Clinical research of national trace elements
and collected works of discussion, unpublished data) found the content
of Ni in drinking water was related to NPC, A study in Chung shan
country also showed high Ni levels in drinkink water(12), Numerous
~environmental factors have beea fouad(2, 5); conclusive results, howev -
er, are not available,

Hunan province is one of the high-risk provinces for NPC in southern
China(10,11).Compared with other environmental carcinogenic factors.
trace elehments in drinking water may be a more important risk factor
for NPC,Research on NPC has shown trace element differences between
NPC patients and those who do not have this disease,

*This study was a part of the comprehensive investigation and 1esearcn
program on NPC in Hunan Province, People’s Republic of China,
.0304-3835/88$03.50 ©1988 Elsevier Scientific Publiskers Ireland Ltd,
Published and Priuted in Ireland.
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The purposc ¢f this study was tc measure the concentrations of 7
racc elements i drinking water of high-and low-incidence areas and
the oH value of the samples, The second objective was to analyze the

relation between NPC and trace elements and the relation between NPC

and M/pH,

MATERIALS AND METHODS

Classification of the experimental group
The experiment was classified into 5 groups, 15 cases ig each group.

Croups 1,2 aud 3 were people with nasopharypngeal capcer in high-inci-
dence areas, 4 and 5 were people in low-incidence areas, Seventy-five
samples were coliected, The meau ages of contrcl groups were withian 5
years, The people from high-inceidence afeas had a long-term habit of”

drinking unboiled water (water All subjects had lived 20 years or more

in the high risk areas,

Method of analysis » 5
Method for water sampling and stgra‘ge‘_l

was meade of polythene plastic, After washing with tap water, they

were immersed in 4% HNO, for at least 24 h and then washed with

redistilled deionized water several times and air-dried, Before sampl-

-The 5-1 sample containe

ing was begun, the containers were washed with water samples 23
times, They were immersed 20-30 cm below water level, then their
caps were removed and- almost filled with water. Four milliltresof1:]
HNQC, was added to each-1-1 water sample to make pH<2, These sam
ples were stored at below 4°C for analysis and determinatioas were
made 36 h after sampling, Before the samples were analyzed,it was ne-
cessary to filter them through quantixtati“ve. filter paf)ers and wash them
with 3% HNO,; several ‘times and then with redistilled deionized water,
The filtered water samples were then used for analysis,

Method of determination, The water samples were analyzed to de-
termice the contents of the following elements, Cu,Cd,Pb,Zn, Ni, Cr,
Mza by ion exchange-atomic absorption, The instruments used were At-
omic Auvsorption spectrophoto_n‘leter, Model AAS 5000 (Perkin—Elmer,
U.S.A,) , AAS WYX-402 (Made in China) and Cation-Exchanger,Mo-
del Macch Exchanger I, Atomic absorption working coaditions were as

shown in the Table below,

10
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Wavelength Lamp current Flame condition Spectral banc‘i.gv'i;lftrh v
w H »

(A) (MA) (A)
Cn 3247 2 Lean flame 2.0
Cd 2283 2 Lean flame 2.0
Pb 2833 3 Lean flame 2.0
Zn 2139 4 Lean flame 2.0
Ni 2329 4 Lean flame 2.0
Cr 3579 4 Rich flame 2.0
Mn 2795 2 Lean {lame 2.0

Fuel, acetylene, Support, Air, Light sources, H,C, L,

Detection limits were as follows,

Element Cu Pb Zn Cd o Nx Cr “ "Mn
D.C.
(ppm) 0,002 0,02 0,002 0,001 0.01 0,003 0,002

Statistical analysis
The Rank Test was used for statistical analysts of all data

~samples [15] ,
RESUILTS

The range of element contents Cu,Cd,?b,Zn, Mn, Ni, Cr, etc, in
drinking water in high-incidence arcas aud low-incidence arcas are
given in Table 1,

With the Rank Test, difference in trace element concentrations
among the high—iyncidence cases and the low-incidnce cases arc shown in
Table 2. The data-indicate that there is a highly significant difference
in trace element contents between Ni, Zn, Cd, in drinking watcr in
high-incidence areas and low-incidence areas, Therefore, we hold
that the development of nasopharyngeal cancer may be directly linkep
to the coutents of Ni, Zn, and Cd in drinking water, The Ni values
correspond well to the literature (£9) Qu Bao-xiang et al,, Clinical
research of national trace elements and collected works of discussion,
unpublished data).

After calculation of M/PH for each group, we performed multi-
group comparisons to establish the relationship between the ratio of
trace element content to PH value and the development of the cancer,
Statistical treatment results are shown in Table 3,
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TABLE?

THE DATA OBTAINED IN DRINKING WATER IN HIGH- AND LOW-
INCIDENCE AREAS WITH RANK TEST

Element Cd Cu Pb Zn N1 Cr Mn PH
Median(high-

incidence people) 0,42 2.6 8. 4 12,0 1,03 4,0 7.8 7.1
Median (low-

incidence people) 0.05 2,1 1.6 7.6 0,34 4.0 6.3 6.75
U 2,73 1,31  2.37 4.16 6,61 0,43 1,04 3,028
P <0.01 >0,05 <0,01 <0.01 >0.05 >0.05 <0.01

‘ 0.05>p>0,01
TABLE3

MULTI-GROUP COMPARISON OF M/PH VALUE IN DRINKING
WATER

M/pH Cu/pH Cd/pH  Pb/pH Za/pH Ni/pH Cr/pH Mn/pH

H 0.54  8.25 5.62 15.60  42.67 4.40

X2%0,01¢4) =13,28.
M, Metal clement,

TABILE4
THE 2-GROUP COMPARISON OF Zu/pH ,Ni/PH IN DRINKING WATER
AMONG MULTI-GROUPS

1-2 1-3 1-4 1-5 2-3 <-4 2-5 3-4 3-5 4-5
Zn/pH -~ = -
Ni/pH - - -

*Significant difference,
** Highly significant difference,

The dats in Table 8 indicate pH values in Ni/pH surpass X?0,01
(4) =13.28, therefore, further 2-group comparisons in the multi-group
was made, The results are shown in Table 4, There are no significant
diftereces of Ni/pH ih drinking waterin high-incidence areas of nasoph-
arygeal cafter within the 2-group comparisos of 1,2, 3, and of 4 and 5 in
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