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The enzyme fi-aminolevulinic acid dehydratase (ALA-D) in the blood of crucian earp, 
Carassius auratus langsdorfii is Ilsf'ful as an indicator of watf'f lead pollution. The actual 
conditions of waLer lead pollution in fresh water areas of nort.hern Kyushu were investigated 
using ALA-D activity and lead eonecntration in fish blood between Aug. and Oct., UjH6. The 
results obtained were as follO\·vs. Blood ALA-D acti\-ity in the collect.ed fish vaned both \\ithin 
<lIly one sampling location and among the variOllS sampling locations. But, from t.he mutual 
eomparison of blood ALA-U acti\-ities of crudan carp coUeeted at various sampling locations, no 
significant differences were obselV'cd between them. Blood lead concentrations in the collected 
fisrl suggested that \-vater lead concentratiOIlS had changed to a sligrlt degree over time at the 
various sampling locations prior to our field study. A comparison between the data of our field 
st.udy and those of lhp exposure t.est reported in our previous paper using ALA-D acti\-ily and 
lead concent.ration of crucian carp blood, seemed to demonstrat.e that. water lead concentrations 
in all the sampling locations were below the waler quality standard for water leact (IO ppb). 

INTRODUCTION 

The enzyme 5-aminolevulinic acid dehydratase (ALA-D, EC 4.2.1.24) in fish blood is 
useful as an indicator of water lead pollution because ALA-D activity is especially 
inhibited by lead contamination (Hodson, 1976; Hodson et al., 1977; Johansson-Sjobeck 
and Larsson, 1979; Sclurtitt et aL, 1984; Larsson et al., 1985; Hau...x et al., 1986; DVv1"Tf et 
at., 1988; Nakagawa et at. 1995a; Nakagawa et al., 1995b; Nakagawa at aI., 1995c; 
Nakagawa et aI., 1995d; Nakagawa et 0,1., 1997a; Nakagawa et aI., 1997b). In addition, fish 
blood ALA-D is useful as an indicator of lead pollution because of the following 
characteristic~;: 1) The i~~L}·~-D activity reflects the degree oflead contarrdnation that fish 
have suffered in the past. 2) The inhibition of ALA-D activity is induced by short~term 
lead exposure. 3) The depressed ALA~D activity recovers slowly. These characteristics 
mean that blood ALA-D is also useful for diagnosing past exposure to lead, even if lead in 
the ",yater at the tirne of analysis is of the usual background concentration (Hodson et 01., 
1977; Nakagawa et al., 1995a). Crucian carp, Caras.'n>u .. s avratus langsdmfii lives 
extensively in fresh water areas, such as the rivers and lakes etc., of northern Kyushu. 
The fish can be collected easily by a fishing rod. It has also been verified previously that 
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the blood ALA-D activity of crucian carp is suitable as an indicator of ,vater lead pollution 
by means of a lead exposure test (Nakagawa et al., 1997a). 

Vole performed a field study in order to assess the actual conditions of water lead 
pollution in the fresh water areas of northern Kyushu using ALA-D activity and lead 
concentration in crudan carp blood, and the results obtained are presented here. 

MATERIALS AND METHODS 

Sampling locations 
Sampling locations in fresh \-vater areas of northern Kyushu are shown in Fig. 1. The 

field study was performed at Chikugo~oozeki along the Chikugo river, at Onga bridge (in 
Nakama city) along the Onga river, at Yoshihara bridge and Katarnine bridge along the 
Umi river: at Nagatani dam in Fukuoka city, and at Onizuka where the Matsuura river 
joins the Tokusue river in Saga prefecture, between Aug. and Oct., 1996. 

Collection method and treatment after collection 
Crucian carp were collected Ly a fishilLg rod at the samplilLg locatiuIls. Stress, SUdl as 

collection, transport, and the handling of the fish was thought to induce increased ALA-D 
activity and therefore the collected fish were carried carefully to the laboratof}T "\i\-ith 
aerating. The fish were then kept in a water tank at the laboratory for 2 to 4 days to allm-v 
them to recover from the stress, according to the recommendation of Larsson et or. 
(1985). 

N 

i 
Kyushu 

Onga river 

Fig. 1. Sampling locations in fresll water areas of northern KYl.lshl.l. Sampling locations 
comprised Chikugo---oozeki ©, Onga bridge ':]\:, Yoshihara bridge (l)' Katarnine 
bridge '::B::, Nagarani dam :IT' and Onizuka CQ!. 
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Measurement of blood ALA-D activity 
ALA-D activity was measured by a modified method which does not use HgCL, as 

described in our previous report (Nakagawa et al., 1995b). The activity was expressed as 
nmol of porphobilinogen (PBG) which was formed from aminolevLllinic acid by 1 ml of 
erythrocyte (RBC) for 1 h (nmol PBG/ml RBC/h), aceording to the formula of Hodson et 
al. (1977). In addition, blood collection from fish and measurement of the hematocrit 
value (Hct) also followed the methods previously reported (Nakagawa et aI., 1995a). 

Measurement of blood lead concentration 
Blood lead concentration was measured according to our previous report (Nakagawa 

et a/.., 1995a). 

Method for Certifying Actual Conditions of Lead Pollution in Water of Sampling 
Locations 

Verification of whether or not the water of the sampling locations had been polluted 
by water lead was carried out as follows. Firstly, ALA-D activities and lead concen
trations in the blood of collected crucian carp ,"vere compared according to the sampling 
location, and significant differences were evaluated. Furthermore, data regarding the 
ALA-D activities and lead concentrations in the fish blood from the field study \vere 
compared ·with those from a lead exposure test reported in Ollr previous paper (Nakagawa 
et aL, 1997a). A judgement was thus made as to whether or not the water of the 
sampling locations had been polluted by water lead. 

Data were analyzed for statistical significance by t.he Student's {-test and significant 
differences were established at the 5% level. 

RESULTS AND DISCUSSION 

Body length, body weight, condition factor, Hct, blood ALA-D activities, and blood 
lead concentrations of crucian carp colleeterl at sampllng locat.ions are sho\i\l'TI in Table 1. 

Relationships of blood ALA-D activities and blood lead concentrations to body 
length, body weight, condition factor and Hct 

The mean body length and body weight of the collected fish varied from 14.6-19.1 em 
and from 94.7-233.5g, respectively. The mean condition factor [(body weight)/(body 
lengthy< X 10001, varied from 28.8- 30.7. In addition, the mean Hct value varied from 28.1 
to 33.7%. It. was thought that the age and state of nutrition of the collected fish differed 
to a degree among the various sampling locations according to these measurements. As 
regards the variables of all crucian carp collected at sampling locations, the relationships 
between blood ALA-D activities and blood lead concentrations, the relationships between 
ALA-D acti,ities and the four variables of body length, body weight, condition factor and 
Hct and t.he relationships between lead concentrations and the same four variables were 
all examined. The results obtained were as follmvs. The ALA-D activities were negatively 
but only slightly correlated to the lead concentrations (r~-O.25). The ALA-D activities 
were negatively and minimally correlated to body length (r~-0.23) and body weight 
(r:::::::-O.24)) but no correlation of ALA-D activities to conQ.ition factor or Hct was obtained. 
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Table 1. Sample Ilurnbt'r, body variables, hematocrit, blood ALA-D activities and blood lead levels of 

crucian carp collected at various sampling locations within fresh water areas of northern 
Kyushu betv,;een Aug. and Oct., 1996 

Sampling location 

Chikugo--Qozeki Onga bridge Yoshihara bridge Kat-amine bridge Nagatani darn Onizuka 

Sample number 10 6 

Hody iength l em) 18.2± 1.4' 19.1 =3.7 
Body weight (g) 177.7±32.0' 233.5± 139.2 
Condition factor 29.5±2.4'L 30.4±1.2 
Hematocrit (%) 33.7±4.9·' :32.3±3.2 
ALA-D activity 
(mnol PHG/rnl H.HCi/t) 51)~.U±!J7.U'j" 7m~.7±:1fJfj.5 

Blood Pb level (ppb) 72.4±24.S· GOA± 16.6 

'" 1 Hesults are expressed as mcan±SD. 

8 
15.5±2.5 

119.9=56.7 
30.7±1.5 
33.1±2.8 

ti17A±17I.?,' 
84.2±2GZ'·" 

11 
14.6:!::3.J 

94.7±56.8 
28.8±4.8 
28.1±5.0 

7 
i7.4=2.4 

157.9=70.3 
28.8± 1.7 
30.3±4.7 

7 
17.tl±~.::: 

17S.0±S7.5 
30.0±3.0 
:H.2±8.8 

5:::l8.7±U6.7''''''· 630.7±136.0-: 649.8±259B~ 
73.9±14.6 61.S±HI 61.2 ± 10.3 

*2 Mean value of the fish collected in field survey was not significantly different from that of the fish 
collected at Onga bridge along the Onga river at 5% leveL 

*3 Mean value \Va', significantly different from that of the control fish of the lead exposure test in Table 
2 at 5% level. 

"'4 Mean value was not. significantly different from that. of the fish exposed t.o 3 ppb of lead 
concentration in Table 2 at 5% level. 

*5 Mean value was significantly different from that of the fish collected at Orlga bridge along the Onga 
river at 5% level. 

*6 :\1ean value was not significantly different from that of the control fish of the lead exposure lest. in 
Table 2 at 5% level. 

In addition, no correlation of the lead concentrations to the four variables was obtained. 

Variations in blood ALA-D activities within anyone sampling location and 
among various sampling locations 

The mean values of blood ALA-D activity of the collected fish varied from 
fJ:38. 7-702.7 nmol PEG/ml REe/h. Blood ALA-D activities were different for every fish 
within each sampling location. The highest mean value of blood ALA-D activity was 
observed in the fish collected at Onga bridge along the Onga river when compared with 
those collected at the other sampling locations. Therefore, the values of the mean and 
standard deviation of blood ALA-D activities in the fish collected at Onga bridge 'Overe 
compared vvith those in the fish collected at the other sampling locations, but no 
significant differences were observed. It was thought that the variation in blood ALA-D 
activity simply reflected differences among individual crucian carp collected at the 
various sa.'Ttpling locations in the present field study. 

Variations in blood lead concentrations within anyone sampling location and 
among various sampling locations 

The mean values of blood lead concentration in the collected fish varied from 
50.4-84.2 ppb. Blood lead concentrations were differ.ent for every fish within each 
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sampling location. The lmvest mean value of blood lead was observed in the fish collected 
at Onga bridge along the Onga river, when compared with those collected at the other 
sampling locations. Therefore, this 100vest mean value of blood lead was compared with 
t.hose of other sampling locations. It \vas found that the Imvest. mean value was 
significantly different from those in the fish collected at both Katamine bridge and 
Yoshihara bridge along the Umi river. The next lmvest mean value of blood lead was 
observed in the fish collected at Onizuka along the Matsuura river. This mean value of 
blood lead wa~ also compared with tho~e of the other sampling locations, but no 
significant differences were observed. From the mutual comparison of blood lead 
concentrations of crucian carp collected at vmious sampling locations, it wa.') thought that 
water lead concentrabOIlS in the water of the sampling locations had changed to a slight 
degree over time prior to our field study. 

Actual conditions of water lead pollution in fresh water areas of northern 
Kyushu 

Table 2 shows the values of ALA-D activity and lead concentration in crucian carp 
blood on the basis of data reported in our previous paper regarding a three-week 
exposure test of fish to water lead (Nakagawa et al., 1997a). V/ith regard to ALA-D 
activities and lead concentrations in the fish blood, the data from the field study reported 
in Table 1 were compared ~ith those from the exposure test reported in 'rable 2, in order 
to verify \vhethcr or not water of the sampling locations had been polluted by water lead. 
The results ohtainerl ,"vere as follows. As regards hloori ALA-D activity, the valups of the 
fish exposed to control water were compared with those of the fish collected at various 
sampling locations. It was noted that the value of the control fish \vas significantly 
different from that of the fish collected at Katamine bridge along the Umi river among the 
various sampling locations. However, the value of the fish exposed to water lead of 3 ppb 
was not significantly different from that of the fish collected at Katamine bridge. As 
regards blood lead concentration, the value of the fish exposed to control water was 
compared with those of the fish collected at the various sampling locations, but no 
significant difference was found. 

The present value of the water quality standard for water lead in Japan is 10 ppb. 
From the results of the comparison made between the data of the field study indicated in 

Table 2. ALA-D activities and h,ad levels in the blood of crucian carp exposed for ;3 \veeks to 
water lead of :3, 10, and :30 ppb and to control ",vater 

Nominal lead concentration (ppb) 

Control (0.45) 3 10 30 

ALA-D activity 
(moDI PRG/ml RBCIh) 670.0± 122JP 578.5 + 100.0 474.0 ± 76.2 290.8 + 81.9 

mood Pb level (Ppb) 62.1 ± 19.1" 148.5±21.7 267.4 ±31.0 800.5±218.5 

*1 Results are expressed as mean ± SD of seven fish. These values arc quoted and 
refomled from the data of a reported previollsly paper (Nakagawa et at .. 1907a) 
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Table 1 and the data of the exposure test reported in Table 2, based on ~A,LA-D activities 
and lead concentrations of crucian carp blood, lead concentrations of the fresh water 
areas investigated in the present field study were below the water quality standard for 
water lead, and it could thus be concluded that water lead pollution had not occurred at 
OUT sampling locations. 

As indicated in Table 1, values of blood ALA-D activity of crucian carp collected in 
the present field study varied largely \vithin anyone sampling location and among various 
sampling locations. On the other hand, variations in values of blood ALA-D activities of 
the fish used in the exposure test was small, as indicated in Table 2. Fish of a similar size 
from the same living water areas were used as test fish. Therefore, it is thought that the 
variations in values of blood ALA-D activities of the test fish ,vere smaller in comparison 
to variations in those of the fish collected in the field study. If there are "vat.er areas 
where water lead pollution is suspected, it is possible to ascertain the source of lead 
pollution by measuring ALA-D activity in the fish caged in the suspected water areas. 
From the characteristic that depressed ALA-D activity recovers slmvly, fish blood ALA-D 
is useful for diagnosing past exposure to lead, even if lead in the water at the time of 
analysis is of an acceptable background concentration. Carp, Cyprinus ca.rpio is llsed 
frequently as test fish of a exposure test, and can be purchased easily from an aquarium 
supplier. It has also been verified previously that the blood ALA-D activity of carp is 
suitable as an indicator of water lead pollution by means of a lead exposure test 
(Nakaga\va et at., 1995abd). In Japanese fresh water areas, carp is one of the most 
suitable fish with which to ascertain the source of lead pollution by measuring blood 
ALA-D activity in the fish caged in the suspected 'vater areas. 
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