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The enzyme S—aminolevulinic acid dehydratase (ALA-D) in the blood of crucian carp,
Carassiug auratus langsdorfii is useful as an indicator of water lead pollution. The actual
conditions of waler lead pollution in fresh water areas of northern Kyushu were investigated
using ALA-D activity and lead concentration in fish blood between Aug. and Oct., 1996, The
resulls oblained were as follows. Blood ALA-D activity in Lhe collected fish varied hoth within
any ane sampling location and among the various sampling lecations. But, {from the mutual
comparison of blood ALA-1D activities of crucian carp colleeted at various sampling locations, no
significant differences were obscrved between thern. Blood lead concentrations in the collected
fish suggested thal water lead concentrations had changed fo a slight degree over time at the
various sampling locations prior to our field study. A comparison between the data of our field
study and those of the exposure test reported in our previons paper using ALA-T) activity and
lead concentration of crucian carp blood, seemed 1o demonstrate that waler lead concentrations
irt all the sampling locations were below the water gualily standard for water lead (10 pph).

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—Sjoheck
and Larsson, 1979; Schmitt et al., 1984; Larsson et al., 1985, Haux et al., 1986; Dwyer el
al., 1988; Nakagawa et al., 1995a; Nakagawa et al., 1995b; Nakagawa el al., 1995¢;
Nakagawa et ul., 1995d; Nakagawa et al., 1997a; Nakagawa et al., 1997b). In addition, fish
blood ALA-D is useful as an indicator of lead pollution because of the following
characteristics: 1) The ALA-D activity reflects the degree of lead contamination 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 water at the time of analysis is of the usual background concentration (Hodson et al.,
1977; Nakagawa et al., 1995a). Crucian carp, Carassius ouratus langsdorfii 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 water lead pollution
by reans of a lead exposure test (Nakagawa et al., 1997a).

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

MATERIALS AND METHODS

Sampling locations

Sampling locations in fresh water areas of northern Kyushu are shown in Fig. 1. The
field study was performed at Chikugo—cozeki along the Chikugo river, at Onga bridge (in
Nakama city) along the Onga river, at Yoshihara bridge and Katamine bridge along the
Urnd 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 collecled by a fishing rod at the sarnpling locations. Stress, such as
collection, transport, and the handling of the fish was theught to induce increased ALA-D
activity and therefore the callected fish were carried carefully to the laboratory with
aerating, The fish were then kept in a waler tank at the laboratory for 2 to 4 days to allow
them to recover from the stress, according to the recommendation of Larsson et al,
(1985).
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Fig. 1. Sampling locations in fresh water areas of northern Kyushu, Sampling locations
comprised Chikugo—oozeki ), Onga bridge &, Yoshihara hridge &), Katamine
bridge &, Nagatani dam ) and Onizuka ©.
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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 aminolevulinic acid by 1ml of
erythrocyte (RBC) for 1h (nmol PBG/ml RBC/h), according to the formula of Hodson et
al. (1977). In addition, blood collection from fish and measurement of the hematocrit
value (Het) also followed the methods previously reported (Nakagawa et al., 1995a).

Measurement of blood lead concentration
Blood lead concentration was measured according to our previous report {(Nakagawa
et al., 1995a).

Method for Certitying 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-I} activities and lead concen-
trations in the blood of collected crucian carp were compared according to the sampling
location, and sigrificant differences were evaluated. Furthermore, data regarding the
ALA-1} activities and lead concentrations in the fish blood from the field study were
compared with those from a lead exposure test reported in our 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 the Student’s (—test and significant
differences were established at the 5% level.

RESULTS AND DISCUSSION

Body length, body weight, condition factor, Het, blood ALA-D activities, and blood
lead concentrations of crucian carp collected at sampling locations are shown in Table 1.

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

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
length)? X 1000], varied from 28.8-30.7. In addition, the mean Het 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 activities and the four variables of body length, body weight, condition factor and
Het and the relationships between lead concentrations and the same four variables were
all examined. The results obtained were as follows, The ALA-D activities were negatively
but only slightly correlated to the lead concentrations (r=—0.26). The ALA-D activities
were negatively and minimally correlated to body length (r=-0.23) and body weight
(r=—0.24), but no correlation of ALA-D activities to condition factor or Hct was obtained.



212 H Nokagawa et al.

Table 1. Sample number, body variables, hematocrit, blood ALA-D activities and blood lead levels of
crucian carp collected at various sampling lecations within fresh water areas of northern
Kyushu between Aug. and Oct., 1996

Sampling lecation

Chikugo—oozeki Onga bridge Yoshihara bridge Katamine bridge Nagatani dam  Onizuka

Sampte number 10 6 8 1t 7 7

Body length (cm) BZxi4" 19.1=3.7 1b.5+25 14.6%3.3 17.4=24 175122
Body weight (g) I7T7.74£32.0" 233541392 119.9=56.7 G4.7+56.8 1579=703 176.0£575
Condition factor 29.5128.4" 04+12 30.7E15 285148 288%1.7 30.0£3.0
Hematocrit (%) IBTE49" 3332 33128 28.1E5.0 30.3+4.7 Al2+88
ALA-D activity

(nmo! PBG/Inl RBC/A) 6B2.0EY7.0M™ TI2. 714655 617 4+171.7" B38.T L1267 B30LTX136.0% G49.81259.6+

Blood Pb level (pph)  72.4£248%  50.4+16.6 84.24£252% T3.A+146m 6181131 61.21£10.3

*1 Results are expressed as mean®SD.

*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 was significantly different frem that of the contro! fish of the tead exposure test in Table
2 al 5% level.

*4 Mean value was not significantly different from ithat of the fish exposed to 3 ppb of lead
conecntration in Table 2 at 5% level.

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

*6 Mean value was not significantly different frora that of the control fish of the lead exposure test in
Table 2 at 5% lcvel.

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

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

The mean values of blood ALA-D activity of the collected fish varied from
B38.7-702.7T nmol PBG/ml RBC/h. Blood ALA-D activities were different for every fish
within each sampling location. The highest mean valuee 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 were
compared with 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
actwltv s1mply reflected d1fl'erences among individual crucian earp collected at the

v

.-d
=
=
o
o
?
s
E
it
o
&
2

Variations in blood lead concentrations within any one 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 different for every fish within each
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gampling location. The lowest mean value of blood lead was observed in the fish collected
at Onga bridge along the Onga river, when ceompared with those collected at the other
sampling locations. Therefore, this lowest mean value of blood lead was compared with
those of other sampling locations. It was found that the lowest mean value was
significantly different from those in the fish collected at both Katamine bridge and
Yoshihara bridge along the TJmi river. The next lowest mean value of blood lead was
observed in the fish callected at Onhizuka along the Matsuura river. This mean value of
blood lead was also compared with those of the othier sampling locations, but no
significant differences were observed. From the mutual comparison of blood lead
concentrations of crucian carp collected at various sampling locations, it was thought that
water lead concentrations in the water of the sampling locations had changed to a slight
degree gver time prior to our field study.

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

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). With regard to ALA-D
activities and lead concentrations in the fish blood, the data from the field study reported
in Table 1 were compared with those from the exposure test reported in Table 2, in order
to verify whether or not water of the sampling locations had been poliuted by water lead.
The results obtained were as follows. As regards bland ALA-D) activity, the values 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 was significantly
differcnt from that of the fish collected at Katamine bridge along the Umi river among the
various samplirtg 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 10ppb.
From the results of the comparison made between the data of the field study indicated in

Table 2. ALA-T activities and lead levels in \he blood of crucian carp exposed for 3 weeks to
water lead of 3, 10, and 30 ppb and to control water

Nno?rl—ina] le‘;_:Ld concentration (pph)
Control (0.45) 3 10 30

ALA-D activity
(ol PRBG/ml RBC/M)  670.0122.0r0 5785+1006 47404762  2908+81.9

Bload Pb level (pph) 62,1+19.1" 1485217 26741310 8005%218%

*1 Results are expressed as mean £ 5D of seven fish, These values are quoted and
reformed from the data of a reported previously paper (Nakagawa #f al., 1997a)
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Table 1 and the data of the exposure test reported in Table 2, based on ALA-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 coneluded that water lead pollution had not occurred at
our sampling locations.

As indicated in Table 1, values of blood ALA-D activity of crueian carp collected in
the present field study varied largely within any one 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 bleod ALA-D activities of the test fish were smaller in comparison
to variations in those of the fish collected in the field study. If there are water 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.
Frem the characteristic that depressed ALA-D activity recovers slowly, fish blood ALA-D
is useful for diagnesing past exposure to lead, even if lead in the water at the time of
analysis is of an acceptable background concentration. Carp, Cyprinus carpio is used
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
(Nakagawa et al., 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 suspecied water areas.
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