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摘要　利用活性污泥微生物膜制成 BOD生物传感器,发现在经过一定时间高压静电处理后的缓冲液中,活性污泥降

解有机物的能力可提高20%以上,同一电压不同处理时间对微生物降解能力影响不同.处理时间过短或过长对微生物

降解能力增加的影响都不明显.不同电压达到良好处理效果所需时间不同, 较低电压所需时间较长, 5000V 时约需

6. 0h(信号响应达到初始值的124% ) ,而7000V 时约为4. 0h .结果表明,高压静电处理并接种活性污泥, 有望成为处理

某些有机物废水的有效方法.
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　　静电场的生物效应研究日益受到重视[ 1—4]

研究领域涉及到高压静电对人体和动物体的影

响,对植物生长和种子活力的影响,果蔬的保鲜

技术以及医疗保健的作用等. 关于活性污泥在

高压静电处理水中行为的影响研究尚未见报

道,有文献报道活性污泥微生物传感器可快速

测定污水的生化需氧量( BOD)
[ 5, 6] . 本工作利

用活性污泥微生物制成 BOD 传感器, 以考察

在静电处理前后的水中活性污泥对有机物的降

解能力.

1　实验部分

1. 1　试剂

( 1) BOD 标准溶液　2200mg / L , 由150

mg 葡萄糖和 150 mg 谷氨酸与 0. 1 mol / L

KH2PO 4-0. 05 mol/ L Na2B4O 7缓冲液( pH6. 0)

配制而成(总体积为1L) .

( 2) 培养基配方　葡萄糖 ( 1%) , 蛋白胨

( 1% ) , 氯化钠( 0. 5% ) , L-谷氨酸 ( 0. 1%) 和

pH 6. 0的磷酸硼砂缓冲液配制而成. 本实验所

用缓冲液全部为 pH 6. 0缓冲液.

1. 2　微生物培养

活性污泥取自上海曲阳污水厂. 将少许活

性污泥接种于100 m l培养基溶液中,摇床上振

荡培养20h, 600r/ min 下离心5min,弃去底部污

泥残渣. 取上清液, 4500r/ min 下离心 10—

15m in, 弃去上清液,倒入0. 9%的氯化钠溶液,

4500r/ m in离心洗涤,弃去上清液, 得乳白色湿

菌体,取少许湿菌体接种于斜面培养基中,恒温

培养20h, 4℃冰箱保存.

1. 3　微生物膜的制备

选用海藻酸钠-氯化钙法固定微生物湿菌

体与4%海藻酸钠溶液按1� 1( V / V )混合涂在玻
片上, 并均匀涂压成一薄膜(约0. 2mm 厚) ,浸

于4%氯化钙中固定约0. 5h, 取出用蒸馏水冲

洗后得微生物膜,在20%甘油溶液中4℃冰箱保

存.

1. 4　BOD 电极的制备
[ 5]

BOD 电极是由氧电极和固化的微生物膜

组成,将上述固化的微生物膜用打孔器取下 �
= 10mm 的圆形薄膜, 用橡皮圈固定在聚四氟

乙烯膜和醋酸纤维素膜之间, 同氧电极结合组

成BOD电极,于pH6. 0的磷酸盐缓冲液中活化

2—3h.取出浸入重蒸水中.

1. 5　实验装置

高压静电装置如图1所示.生物传感器装置



参见文献[ 11] .

图1　高压静电装置

1.高压发生泵 2.高压导线 3.静电处理器 4.进水

口 5.出水口 a.阳极铁芯 b .聚四氟乙烯绝缘层

1. 6　高压静电处理水的制备

将新鲜配制的 pH6. 0磷酸盐缓冲液引入静

电处理器,在不同静电压下定时取样,测定传感

器的耗氧曲线, 将未经静电处理的缓冲液作为

对照.

1. 7　测定步骤和原理

将 BOD电极插入盛有20ml磷酸盐缓冲液

的电解池中, 控制阴极电位在- 0. 7V ,在恒速

搅拌和恒温下24±2℃得到一稳定的氧化还原

电流输出,将含有有机物的样品溶液加到电解

池中,有机物向微生物膜内扩散,细菌进行呼吸

作用分解有机物消耗氧气, 于是输出电流逐渐

随之下降到另一稳定值,由电流下降值通过标

准曲线法即可求得 BOD 值, 实验直接采用

BOD 标准溶液进行微生物降解有机物能力的

测试.

2　结果与讨论

2. 1　活性污泥微生物传感器工作温度的选择

在15—50℃温度范围内,对微生物传感器

的响应进行测试. 结果发现,当温度低于20℃,

传感器的响应较小,且响应时间过长,温度高于

35℃时,响应不稳定,且对菌膜寿命不利,本工

作选择室温( 24±2℃)作为工作温度,传感器的

稳态响应时间为5min.

2. 2　活性污泥微生物传感器工作pH 的选择

考察了微生物传感器在 pH5. 0—8. 0范围

内的响应, 结果表明, pH5. 8—7. 5内,传感器的

响应变化不大(见图2) .故选择 pH 6. 0作为工

作条件 [ 5] .

图2　BOD传感器在不同 pH 缓冲液中的响应

( BOD 标准溶液浓度为5. 5mg/ L ,未经高压静电处理)

2. 3　活性污泥微生物传感器的响应

微生物传感器在5000V 高压静电处理6h

和未处理的缓冲介质中的响应情况见图3.活性

污泥微生物传感器在经过高压静电处理的水介

质中的响应增大,其响应斜率变化明显.这一结

果表明,在高压静电处理一定时间的水介质中,

活性污泥微生物的降解能力有明显改善.

图3　BOD传感器在缓冲液中的响应

1.未处理 2.处理6. 0h( 5000V)

2. 4　不同高压静电处理时间对微生物降解能

力的影响

BOD传感器的信号响应值如表1所示.

表1　5000V高压静电处理不同时间对 BOD 传感

器信号响应的影响1)

处理时间/ h 0 2. 0 3. 5 5. 8 8. 0 9. 0

信号响应/ m V 642 645 649 798 707 673

　　1) 进样400�l BOD 标准溶液

由表1可看出,同一电压不同处理时间对微

生物降解能力影响有较大差异. 对于5000V 电

压处理水, 3. 5h 的处理时间使微生物降解能力

有一些增加(约为1%) ,到5. 8h 后, 增加达到最
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大( 24. 2%) , 然后随处理时间继续增长,增加值

又下降.

同样,对于7000V 电压处理水, 1. 5h 使响

应增加6. 1%. 处理3. 7h 后,响应增高25. 5%,

达到最大值. 处理时间继续增长,信号响应则呈

现下降,至6. 0h 时, 读数反而下降20. 6% ,比0

时处理值还低, 说明微生物此时降解能力比未

处理时还有降低. 这与高压静电场具有先剌激

细菌生长,随后加速其死亡的作用相类似[ 7] .不

同电压达到良好处理效果所需时间不同,

5000V 时约需6. 0h (信号响应达到初始值的

125%) ,而7000V 时约为4. 0h.

2. 5　高压静电处理水的生物效应机制

经高压静电场处理后的水介质, 可能影响

或改变了细菌的生理代谢环境,水在静电场作

用下折射率与电导率均发生了变化[ 8] .笔者推

测正是由于水的相关理化特征的改变, 增强或

抑制了微生物细胞的某些酶的活性, 促进或减

慢活性污泥微生物在该介质中的代谢
[ 7]
.当然,

要探明高压静电处理水的生物效应机制, 尚需

要进一步作深入的研究.

3　结语

高压静电方法可有效地提高活性污泥的耗

氧速率. 而活性污泥的有机物降解能力直接影

响到污水处理效率. 高压静电处理并接种活性

污泥, 有望成为处理某些有机物废水的有效方

法.
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northern China. The max imum value of N 2O
emissions f rom fo rest and g rassland soil is
about 23�g/ ( m 2�h) . A high r ate of N 2O loss is
observed when the temperature is lower than
15℃. The max imum value o f N 2O negat ive
emissions as high as 18. 984 �g/ ( m2�h ) has
been measured.

Key words: N 2O, O 3 , em ission flux , source,
sink, ex change between atmosphere and ter ri-
to ry.
Ultrafiltration Membrane Bioreactor for Do-
mestic Wastewater Treatment and Its Hy-
draulic Behavior. Xing Chuanhong, QianYi,
( State Key Labor ato ry of Environmental Sim-
ulat ion and Pollut ion Contro l, Dept . of Envi-
ron. Eng . , Tsinghua U niversity , Beijing,
100084 ) , T ardieu Eric ( CIRSEE-Lyonnaise
des Eaux , 38, rue du President Wilson, F78230
Le Pecq. ) : Chin. J . Environ. S ci . , 18 ( 5) ,
1997, pp. 19—22
It is proven that Ult raf iltr ation M embrane
BioReactor ( U MBR ) applied to domest ic
w astewater t reatment , under condit ions of hy-
draulic retention t ime 5h, sludge retent ion
t ime 30d, membrane surface velocity 4m / s and
membrane f lux75L/ ( m2�h) , is technically fea-
sible and reliable during several weeks. Re-
moval rate of COD, NH3-N, and turbidity of
the systme ar e equal to or higher than 98%,
97% and 98%, SS and E . co li. , 100%. The ef-
fluent quality is alw ays bet ter than the qual ity
standard for reuse issued by the M inist ry of
Const ruct ion in China. Fur thermo re, the hy-
draulic behavior o f U MBR is concisely dis-
cussed. T he hydraulic boundary layer is about
185—5. 9�m thick, and the mass t ransfer
boundary lay er , 18. 5—0. 59�m when the typi-
cal Reynolds number is 4×10

3—2×105 .
Key words : ultr af ilt rat ion membrane, bior eac-
to r, domest ic w astew ater, hydr aulic behavior,
boundary lay er thick.

Soil Sensitivity to Acid Deposition in South
China Ⅶ. Cation Leaching and Buffering
Mechanism. Qiu Rongliang et al . ( Department
of Env ir onmental Science, Zhong shan Univer -
sity, Guagzhou 510275 ) : Chin. J . Environ.
Sci . , 18( 5) , 1997, pp. 23—27
Acidic deposit ion is considered an environmen-
tal pr oblem that may affect the soil' s cat ion-
exchange status. T his study used column
leaching experiments to exam ine the inf lu-
ences o f simulated acid rain w ith dif ferent pH
values on base cat ion leaching o f main so il
types collected f rom South China. T he results
show ed that amounts of leaching base cations
increased obviously when the pH value of sim-
ulated acidic rain w as low er than 3. 0 or 3. 5,

w hile the amounts almost did not differ w hen
pH higher than 3. 5. The leaching of Ca

2+
and

M g
2+
was affected evident ly by the pH value of

simulated acidic rain, compared with the leach-
ing of K

+
and Na

+ . The H
+
buffering mecha-

nisms which may var y in dif ferent simulated
pH acidic rain are proposed fo r main soils
studied. T he dissolving react ion of salt s w as
the dominant resources of leaching base
cat ions and H

+
buf fering w hen pH value high-

er than 3. 5. T he mechanisms of H+ buffering
t reated w ith acid rain at pH 3. 5 w ere the ex-
changeable cations and sulfate sorption. Dis-
solved alum inum on the broken edge of clay
and alum inum ox ides w eathering of original
and secondary miner als and sorpt ion o f sulfate
play ed a gr ea role on the leaching o f so il
cat ions and H

+
buf fering w hen the so ils t reat-

ed w ith acid rain of pH low er than 3. 5.
Key words : s imulated rain, base cat ions, leach-
ing , so il sensit ivity .

Studies on Eff ect of Water Treated by High-
Voltage Electrostatic Field on Oxygen Utiliza-
tion Rating of Activated Sludge. Yang Feng ,
Kong Jilie, Deng Jiaqi ( Dept . of Chem. , Fudan
University , Shanghai 200433) , Xiang Yang ,
Gao Tingyao ( School o f Environ. Eng. ,
T ong ji University, 200092) : Chin. J . Envir on.
Sci. , 18( 5) , 1997, pp. 28—30
T he m icro organisms ex t racted from act ivated
sludge w er e selected as the sensit ive material
to make a BOD biosensor for monitoring the
metabol ic ability of themselv es in high-voltag e
elect rostat ic t reated w ater ( HVETW ) . The
oxygen ut ilizat ion rat ing of the m icroo rgan-
isms which operated in such an aqueous media
for appropriate t ime, could be promoted by at
least 20%. At the same w or king high-volt-
age, this ef fect depended on how long the w a-
ter w as t reated. The w ater t reated fo r too long
a t ime would lead to the negat ive effects. At
5000 V , it took about 6. 0 h for the m icroo r-
ganisms to obtain the max imum oxygen ut i-
lizat ion rat ing , w hereas it did about 4. 0 h at
7000 V . This discovery might of fer a great po-
tent ial fo r improving the new w aste w ater dis-
po sal techniques.
Key words : high-voltage static elect ricity , act i-
vated sludge, BOD, microbial sensor .

Mixtoxicity of 2, 4-DNT and 6 Kinds of Ni-
troaromatic Compounds to the Algae. Liu Jin-
gling, Yuan Xing, Lang Peizhen ( Dept . of En-
viron. Sci. , No rtheast Normal U ni. ,
Changchun, 130024) : Chin. J . Envir on. Sci . , 18
( 5) , 1997, pp. 31—33
In order to evaluate objectively the eco logical
effects of 2, 4-DNT mixed w ith 6 kinds of ni-
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