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摘要　用电镜观察的方法研究具有直接致突变性和潜在致癌性的化合物 2-硝基芴对草鱼鳃组织结构的影响 . 结

果表明, 2-硝基芴对鳃组织有明显的损伤,主要包括鳃小片的肿大和出现大量的泌氯细胞,并在作用 10d 时观察到

上皮细胞死亡 .
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　　据文献报道, L indane、DDT 等农药以及

锌、铜、钙、溴化钠等无机物都能引起鱼的鳃和

其它组织器官结构的变化
[ 1- 2]

,而损伤较严重

的鳃组织的氧吸收功能大大减弱
[ 1, 3]

.

2-硝基芴( 2-NF)是硝基多环芳烃的代表

性化合物,不仅具有直接致突变性,还具有潜在

致癌性[ 4, 5] ,在许多环境样品中都检测到硝基多

环芳烃的存在, 如大气漂尘、机车尾气、复印机

用的碳黑、熏烤食品、湖泊底泥等等
[ 6- 9]

. 草鱼

和水 等水生生物对 2-NF 有明显的富集效

应
[ 10 ]

. 本文以草鱼为试验鱼, 用电子显微镜初

步研究了 2-NF 作用后鳃组织结构的变化, 试

图阐明 2-NF 对鳃组织的作用机理 .

1　材料与方法

1. 1　草鱼在 2-硝基芴试验液中的暴露

用 2-NF 的甲醇溶液配制 30L 试验液

( 0. 124mg / L 2-NF, 甲醇< 5mg / L ) , 从驯养水

簇箱中挑选 8 条生长正常、无疾病的草鱼( 6-

8g ) , 投入试验水簇箱,开始暴露试验 . 整个过

程保持微通气状态, 温度在 18- 20℃. 每 1-

2d 投饵料 1次, 每天观察 1- 2次, 草鱼在 10d

的试验周期中在生活习性上没有观察到不正常

的现象 .

1. 2　鱼鳃样品的制备

分别在暴露 2、4、10d 时取草鱼 1- 2条,先

用蒸馏水冲洗体表,滤纸擦干,然后在解剖盘中

小心剪断上、下鳃骨,迅速取出鳃, 放到 2. 5%

的戊二醛溶液中 .

1. 3　电镜样品的制备

鱼鳃用戊二醛固定液至少固定 2h, 再用

1%的锇酸固定 2h,丙酮脱水, Epon 树脂包埋,

在 60℃烘箱中聚合,用 LKB-V 型切片机沿鳃

小片纵向切片,醋酸铀、柠檬酸铅染色后用 H-

300透射电镜观察 . 光镜切片用甲苯胺蓝染

色.

2　结果

图 1、2是对照鱼的鳃丝( gill f ilam ents)的

光镜和鳃小片( g ill lamellae)的电镜观察结果 .

从横切面的光镜图看,草鱼鳃的鳃小片象一些

手指连接在鳃丝上 . 鳃小片的正常结构一般由

上皮组织( epithelium )与柱状上皮细胞体系

( pillar cell system )构成,而柱状细胞体系包括

柱状细胞( pillar cell )、边缘内皮细胞( m arginal

endothelial cell )、鳃小片基膜 ( lamellar base-

ment )、鳃小片血腔( lam el lar blood space) , 血

腔中有红血球 . 2-NF 作用 2d 后,可见鳃小片



尖端肿大,柱状细胞破裂(图 3、4) , 在尖端有泌

氯细胞生成; 作用 4d 后,鳃小片肿胀,有泌氯细

胞出现,上皮细胞有许多突起,并形成许多非组

织空腔, 另外,有些鳃小片发生融合(图 5) . 在

10d 时上皮细胞膜失去它平坦的形状,有所突

起, 柱状细胞完全破裂, 形成血腔(图 6) ;同时

有些上皮细胞出现空泡,并有上皮细胞死亡(图

7) . 同时在上皮细胞中有电子致密物质出现

(图 8) . 泌氯细胞数目增多,有些泌氯细胞的线

粒体不象以前那样丰满,似不充实,发生变性.

图 1　对照鱼鳃鳃丝的光镜显微结构(×200)

图 2　对照鱼鳃鳃小片的电子显微结构(×3 000)

图 3　2-NF 作用 2d 后鳃小片的电子显微结构(×2 000)

3　讨论

鳃小片是呼吸系统的重要组成部分,是与

图 4　2-NF 作用 2d 后鳃小片的电子显微结构(×3 000)

图 5　2-NF 作用 4d 后鳃小片的电子显微结构(×3 000)

图 6　2-NF 作用 10d后鳃小片的电子显微结构(×2 000)

外界进行气体交换的场所 . 2-NF 作用后最明

显的变化是鳃组织的肿大, 这与一些研究结果

相似[ 11] . 他们认为, 肿大是接触污染物后的主
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图 7　2-NF 作用 10d 后鳃小片的电子显微结构(×7 000)

图 8　2-NF 作用 10d 后鳃小片的电子显微结构(×10 000)

要反应 . 鳃小片的上皮组织一般是双层的,上

皮细胞常常被一些胞间隙分隔开,这些胞间隙

中含有粘液, 在调节水-血通道上有重要作用,

这种粘液空间由于空隙的肿大,产生被液体充

满的非组织空间( non-tissue space) , 导致气体

交换不能充分进行, 并且影响扩散功能 . 损伤

的上皮细胞和粘液细胞增多, 这表明上皮细胞

的寿命缩短 . 上皮细胞的血浆膜正常时是微小

突起物状结构, 这个结构可以增加功能上皮表

面积,产生微湍,从而提高表面上皮上交换过程

的效率 . 这种微小突起状物结构的减少和上皮

细胞表面积的变化减弱了气体交换的能力 .

在 2-NF 作用后另一较明显的变化是鳃小

片上产生一些泌氯细胞,鳃小片上出现大量的

泌氯细胞只有在进行实验、急性中毒、重金属污

染和环境变化时才观察到 . 即鳃小片泌氯细胞

的增加是对环境变化的一个反应 . 泌氯细胞的

一个特点是有浓密的线粒体, 典型泌氯细胞是

大量的颗粒状的内质网,泌氯细胞的结构、功能

已经有了一些研究 [ 12] . 许多研究者认为,泌氯

细胞在鱼的调节渗透的机理中起着一定的作

用.在 2-NF 作用 10d时,泌氯细胞受到较明显

的损伤,线粒体变性,这在鳃的其它毒性试验中

很少见到 . 线粒体是对中毒和渗透调节比较敏

感的细胞器,它的损坏可能影响泌氯细胞的功

能,也抑制了 Na, K -AT P 酶和氧化磷酸化等能

量过程中的酶 .

本文研究内容表明, 可以利用形态学来研

究污染物对鱼鳃组织的损伤 . 这种方法也可以

用来研究其他污染物, 以及污染物作用后肝、肾

等组织的超显微结构变化 . 如果要全面了解鱼

鳃对 2-NF 的非特异性反应, 还必须进行生物

化学、组织学和生理学的研究 .
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The Ef fect of 2-Nitrof luorene Exposure on Gill Struc-

ture of the Grass Carp. Y u G ang and Xu Xiao ba i( Re-

sea rch Center fo r Eco-Env ir onmental Sciences, Chinese

A ca demy of Sciences, Beijing 100085) : Chin. J . E nvi -

r on. S ci . , 18( 1) , 1997, pp. 1- 3

N itr ated po ly cyclic ar om atic hydro carbons ar e a class

of impor tant po llutants with dir ect -acting mutag enici-

ties and carcino genicit ies. 2-nitr ofluor ene is a repr esen-

tative compound o f nitro -P AHs. T his paper r epor ted

the effect o f 2-nitro fluo rene ex posure o n gill structur e

of t he g r ass car p. A fter 2, 4, 10 days o f ex po sur e, g ill

of fish w as ex amined under electr on micro sco pe . T he

most sev ere g ill lisio ns included t he hy per tr ophy and

increased number of chlo ride cells. T his t ype of str uc-

ture damage show s a clo se similar it y to t ho se caused

by o ther pollut ant s, such as lindan.

Key words: 2-nitr ofluor ene, g rass car p, gill, tox ical ef-

fect .

The Blown Sand Disaster Along Tarim Desert Oil-

Transportation Highway. Dong Zhibao, Chen G uang -

ting et al. ( Inst itute o f Deser t R esear ch, Chinese A -

ca demy of Sciences, L anzhou 730000) : Chin. J . E nvi-

ron. S ci. , 18( 1) , 1997, pp. 4- 9

By means of field observ atio n and labor ato ry ex per i-

ment, t he g enerat ion o f the blo wn sand disaster along

T ar im desert oil-transpor tation hig hw ay was analy sed,

the ex tent assessment model w as established. F inally

the conclusions r eached are: ( 1) I n the t empo ral dis-

tr ibut ion, the disaster is mainly co ncentr ated o n spr ing

and summer ( A pr il- Sept ember ) , the mo st sever e is

in A pr il. ( 2) In the spatial dist ribution, the disaster is

mor e intensive into the desert . ( 3) Extent zones ar e

outlined acco rting to the theor etically est imated values

of blow n sand disaster ex tent, w hich fit w ell in t he

blo wn sand disast er pheno mena obser v ed and r ecor d-

ed.

Key words: blow n sand disaster , tempo-spatial distru-

bution, T ar im deser t oil-tr anspor tation hig hway .

Study on Degradation of Phenolic Compounds by Can-

dida maltosa. Y in P ing , Y ang Y anx i and Y ang

Huifang ( Institute o f M icro biolog y , Chinese A cademy

of Sciences, Beijing 100080) : Chin. J . Env ir on. Sci. , 18

( 1) , 1997, pp. 10- 13

Deg radatio n of 15 kinds o f pheno lic compounds by

Candida maltosa 10-4 w as st udied. T his y east can uti-

lize dihydric phenol and t rihy dr ic pheno l as so le car bo n

source fo r gr ow th. T hree kinds of dihy dr ic pheno l
( 300 mg / L ) can be deg raded 97% - 99% in 48 ho urs.

N itr ophenol, amino phenol and cr esol can not be used

as sole car bo n sour ce, but nitr ophenol and amino phe-

no l can be used as nitro gen sour ce fo r g ro wth . Wit h

glucose as car bo n so urce and ( NH3 ) 2SO 4 as nitr og en

source, the gr ow th and degr adatio n activity can be

pro moted obv iously. Remov al of mo no nitr opheno l

( 300 mg/ L ) can reach 93% - 100% , 2-o r 4-cr eso l

86% and mo noamino pheno l 68% - 84% . With substi-

tuting gr oups incr ease, degr adatio n of phenolic com-

po unds beco me slow er . Cells adapted by 1200 mg/ L o f

pheno l can ox idate hig h co ncentr atio n ( 2800 mg / L ) o f

pheno l and 15 kinds of phenolic co mpounds ( 300 m g/

L ) to different degr ee.

Key words: pheno lic compo und, Cand id a maltosa,

degr adat ion.

Nitrogen Content Dynamic Variation Analysis in the

Second Songhua River. L iu Jing shuang , Y u Junbao et

al. ( Changchun I nstitute of Geo gr aphy , Chinese A -

cademy of Sciences, Changchun 130021) : Chin. J . En-

vir on. Sci. , 18( 1) , 1997, pp. 14- 16

Space -time var iation law of nitr og en content in differ-

ent r iver sectio ns, w ater per io ds and year s in t he sec-

ond So nghua Riv er w ere descr ibed in detail. T he re-

sults show ed that there ar e dir ect relatio n bet ween ni-

tr og en co nt ent v ariatio n in wat er and nitr og en in w ast e

w ater to come fro m cities and r uno ff w ater o f bo th

banks o f the r iver . Nitra te and nitrite contents in wa-

ter in flo od per io d ar e hig her than that o f mid a nd lo w

w ater per io ds. In floo d per io d, nitr ate co nt ent in wa-

ter incr eases g r adually with ext ensio n of r iver sect ion,

ammo nia content in polluted r iver sect ion is higher

than that of unpollut ed river section. N itr ate and ni-

tr ite contents in wat er in thr ee wat er periods fr om

1985 to 1989 are slightly hig her than that fro m 1980 to

1984 and fro m 1990 to 1994, ammo nia co nt ent in w ater

increased annually .

Key words: nitr og en co nt ent , spa ce-time v ariatio n

law , the Second So nghua Riv er .

A Research on Technology for Recovery Resource

f rom High Concentration J-Acid Waste Liquors. L i

Zho ng he, Zhu W anpeng et al. ( D ept . of Envir on.

Eng. , T sing hua U niver sity , Beijing 100084) : Chin. J .

Envir on. S ci. , 18( 1) , 1997, pp. 17- 19

J-acid waste liquor s is a high concent rat ion or g anic

w aste wat er. In this r esear ch N235 w as used as ex-

tr atant to ex tr act useful subst ance fro m the J-acid

w aste liquor s. T he tests indicated t ha t mo r e than 95%

of CO Dcr in J-acid w aste liquor can be remo ved and

COD cr in the remained liquor s can be dr opped to 500-

2000 mg / L . 95% of colo ur ity ca n be remo ved fro m the

w aste liqour s. By back-ex tr actio n tests, ex tr acted o r-

ganic fr om w ast e liquo r s can be concentrat ed 5 to 10

times. In t he pr ocess the ex tr actant co uld be recy cled

for that its pro per ties don't v ary and it's lo st is litt le.

By recov ery t est s, t he concentrat ed solutio n could be

back to t he appro pr iat e sectio n o f the pr oducing pr o-

cess directly to reco ver y useful subst ance, w hich w ill

have no detr imental effect s o n the co mprehensive in-


