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模拟酸雨对山东主要土壤类型理化性质的影响*
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宋国菡
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摘要　以 pH2、3、4、5的模拟酸雨,对山东省棕壤、褐土、潮土、砂姜黑土、盐渍土等5种土壤进行1- 10a 室内淋洗土

柱试验.结果表明,除棕壤在 pH2的模拟酸雨淋洗第4a 开始酸化以外,其余4种土壤10a 淋滤液 pH 值均大于7;模拟

酸雨淋洗土壤10a,土壤淋失盐基总量是褐土 > 砂姜黑土> 盐渍土> 潮土> 棕壤;盐基离子对酸雨的敏感性为

Ca2+ > Mg2+ > K+、Na+ ;模拟酸雨对土壤中铝的活化作用是除棕壤 pH2出现活性铝外,其余土壤均未出现. 对酸

化棕壤施用 CaO 进行改良,效果明显.
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　　国内外对酸雨的成因, 酸雨对森林、农作

物、湖泊等危害方面研究报道较多,而酸雨对土

壤物理化学性质影响及危害的研究甚少,酸雨

对我国北方土壤影响和危害的研究鲜见报道,

为此,笔者设计模拟酸雨淋洗土柱试验,在短期

内通过模拟多年酸雨量对土壤淋洗, 来了解现

实酸雨对土壤理化性质的影响和危害.

1　材料与方法

1. 1　供试土壤

采集山东棕壤、褐土、潮土、砂姜黑土、盐渍

土5种土壤的样品,分析其基本性状如表1.

1. 2　模拟酸雨

按山东酸雨特征, 以硫酸根与硝酸根的摩
表1　土壤基本性状

土壤

类型
采样地点

CEC

/ cm ol kg- 1土

C aCO 3

/ %
pH

电导率

/ s cm- 1

盐基离子/ mg 100g- 1土

Ca2+ M g2+ K+ Na+

棕壤　　 青岛市崂山 10. 67 6. 9 1. 80×102 11. 88 2. 03 1. 25 4. 06

褐土　　 济南市王舍人镇 12. 42 3. 36 8. 3 1. 51×102 34. 36 2. 31 0. 57 1. 31

潮土　　 梁山县代庙乡 8. 82 7. 28 8. 2 3. 36×102 18. 40 1. 36 1. 10 1. 30

砂姜黑土 淄博市张店 18. 52 2. 74 7. 9 2. 20×102 14. 00 4. 20 0. 50 6. 75

盐渍土　 利津县王庄乡 1. 90 6. 60 8. 6 2. 30×102 9. 00 3. 42 1. 25 3. 50

尔比为5 1来配制模拟酸雨,并调节 pH 为2、3、

4、5,以纯水作对照.

1. 3　试验方法

盛土容器为白色空心硬质塑料管,装置土

柱直径为4. 5cm 高20cm , 每柱土重400g. 各处

理为模拟酸雨 pH2、3、4、5,对照,并重复3次.

模拟酸雨雨量以青岛市、济南市、淄博市、

梁山县、利津县年平均降雨量775mm、685mm、

639mm、604mm、542mm 的60%进入土壤计算,

连续淋洗1- 10a, 收集2、4、5、6、8、10a 的淋滤

液进行分析测定.

　　用 CaO 对通过模拟酸雨淋洗10a 已酸化

的土壤, 进行土壤混合施用及表面覆盖的改良

试验, 以确定减轻酸雨对土壤危害的对策和效

果.

1. 4　测定方法

用塑料瓶承接淋滤液, 分别测定以下项目:

电导率用 DDS-11A 型电导率仪测定; pH

值用 pHS-2型酸度计测定; K
+
、Na

+
用火焰光

度计测定; Ca
2+
、Mg

2+
用 EDTA 络合滴定法测

定;活性铝用玫瑰红三羧酸铵比色法测定.以上



各项测定均重复3次.机械组成分析采用常用比

重计法测定.

2　结果与讨论

2. 1　模拟酸雨对山东5种土壤 pH 值的影响

5种土壤经模拟酸雨淋洗10a 其淋滤液 pH

值变化如图1.从图1看出, 5种土壤经pH2、3、4、

5模拟酸雨淋洗10a, 淋滤液 pH 值均大于7. 棕

壤却与之截然不同, 经 pH3的模拟酸雨淋洗

10a, 淋滤液 pH 值为6. 30; 用 pH2的模拟酸雨

淋洗的淋滤液 pH 值由第2a 的6. 15降到第4年

的2. 43,最低为2. 13,说明棕壤经 pH2的模拟酸

雨淋洗从第4a开始酸化.

图1　模拟酸雨淋洗10a土壤 pH 值变化

2. 2　土壤淋滤液的电导率变化

山东5种土壤模拟酸雨10a 的淋滤液电导

率测定结果表明, pH3、4、5的模拟酸雨淋洗5种

土壤其淋滤液电导率在10a 中变化趋势相近,

均在第2a电导率值增大,从第4a起开始逐年缓

慢降低最后稳定在一个水平上.而 pH2的模拟

酸雨5种土壤表现的差异很大,棕壤电导率从第

2a 起增加,到第8a、第10a 达到11. 30、11. 20 s/

cm×102 .褐土电导率是从第2a 到第6a 逐渐降

低,第8a 又猛增到80 s/ cm×10
2
,到第10a 又降

到60 s/ cm×102 , 成折线型. 而潮土却是第2a

淋滤液电导率最大为32. 75 s/ cm×10
2
,自第4a

以后降低并稳定到4 s/ cm×102左右.砂姜黑土

电导率是第2a 最大, 达到80 s/ cm×10
2
, 第4a

又降到42 s/ cm×102, 从第6a 后又呈增加趋

势.盐渍土淋滤液电导率第2a、第4a 增加第6a

以后降低.

从5种土壤经模拟酸雨 pH2、3、4、5淋洗10a

的淋滤液电导率图2看出, 5种土壤淋滤液电导

率值大小为褐土> 砂姜黑土> 棕壤> 盐渍土>

潮土, 又与模拟酸雨的 pH 值成负相关,电导率

值均为 pH2> pH3> pH4、pH5.

图2　5种土壤10a 淋滤液电导率变化

2. 3　模拟酸雨对土壤盐基淋溶的特性

模拟酸雨淋洗5种土壤10a, 其淋滤液的盐

基离子总量如表2所示, 由表2看出, 5种土壤的

盐基淋失与降雨酸度和土壤类型有关.

　　( 1)　模拟酸雨对盐基淋失总量的影响10a

雨量淋失盐基总量是褐土> 砂姜黑土> 盐渍土

> 潮土> 棕壤, 并与酸雨的[ H+ ]呈显著正相

关,其相关系数棕壤 r= 0. 920,褐土 r= 0. 870,

潮土 r= 0. 910,砂姜黑土 r= 0. 887,盐渍土 r=

0. 898, n 均为4.

( 2)　模拟酸雨对盐基离子的影响　盐基

离子对酸雨的敏感性表现为: Ca
2+

> Mg
2+
>

K
+
、Na

+
. Ca

2+
、Mg

2+
最为敏感, 在 pH2- 4范
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围内,淋失量随降雨酸度增加而急剧升高.

5种土壤经过 pH4模拟酸雨淋洗10a, Ca
2+

淋 失 量 棕 壤 为 9. 47mg/ 100g 土, 褐 土 为

45. 95mg / 100g 土, 潮土为48. 06mg / 100g 土,

砂 姜黑 土为 64. 63mg / 100g 土, 盐 渍 土为

35. 06mg / 100g 土, 淋雨酸度增加至 pH3和

pH2时,其10a雨量淋失的 Ca2+ 棕壤增加2. 8倍

和10倍, 褐土增加1. 4倍和9. 7倍, 潮土增加1. 5

倍和5. 6倍, 砂姜黑土增加1. 4倍和6. 3倍,盐渍

土增加2倍和10倍.

M g
2+ 的淋失量特征是: 棕壤中 Mg

2+ 对

pH2的酸雨处理最为敏感,模拟酸雨淋洗10a,

M g
2+ 的淋失量为 pH3处理的4. 8倍,为 pH4处

理的11倍,而褐土、潮土、砂姜黑土、盐渍土 pH2

模拟酸雨淋洗10aMg
2+
的淋失量为 pH3处理的

1. 5- 6. 7倍, pH4处理的2- 7倍, 因此,在酸雨

危害的棕壤地区, 土壤由酸雨引发的缺 Mg
2+

不容忽视.

K
+对酸雨淋洗表现不太敏感, 5种土壤 K

+

淋失量10a 均不超过9mg/ 100g 土, 其中需要注

意的是棕壤,从图3看出棕壤经酸雨淋洗10a 其

淋滤液中K
+ 总量, pH2酸雨处理的为 pH3处理

的3. 6倍, pH4处理的6. 7倍, 是 pH5和对照处理

的8倍, 所以棕壤要防止酸雨引发缺 K + .

Na+对不同处理的酸雨淋洗很不敏感, 5种

土壤的 Na
+
在模拟酸雨 pH2、3、4、5和对照处

理淋洗10a累积淋失量大体相近.

表2　5种土壤与模拟酸雨10a 盐

基淋失总量关系　/ mg 100g- 1土

土　类
pH

2 3 4 5

棕壤 133. 69 39. 09 17. 97 18. 14
褐土 507. 08 76. 07 56. 65 52. 97
潮土 336. 62 120. 28 88. 30 82. 06
砂姜黑土 455. 52 111. 39 80. 89 77. 22
盐渍土 405. 48 85. 80 46. 58 43. 22

2. 4　模拟酸雨对土壤中铝的活化影响

山东5种土壤经模拟酸雨 pH2、3、4、5淋洗

10a, 除棕壤 pH2出现活性铝外, 其余土壤均未

出现. 棕壤活性铝是在 pH2模拟酸雨淋洗第2a

出现的, 活性铝量为0. 50mg/ 100g 土, 第4年增

为1. 47mg/ 100g 土, 第6a 为1. 50mg / 100g 土,

图3　模拟酸雨对棕壤盐基离子10a淋失量的影响

第8a 为1. 47mg / 100g 土, 第10a 达到1. 71mg /

100g 土, 10a 累积活性铝量为13. 30mg/ 100g

土,棕壤活性铝量是随模拟强酸雨淋洗时间增

加而增加.说明强酸雨加速了粘土矿物的破坏,

将土壤中矿物铝转化为活性铝溶出. 土壤活性

铝出现,意味着土壤理化性质变坏,并会通过地

下水,引起水体污染.

2. 5　模拟酸雨对土壤机械组成的影响

对5种土壤经 pH2、3、4、5处理的模拟酸雨

淋洗10a 的结果表明, 土壤的机械组成与对照

相比, 除 pH2强酸雨对5种土壤机械组成粘粒

( 粒径 < 0. 001 - 0. 005mm)、粉粒 ( 0. 005 -

0. 05mm)和砂粒( 0. 05- 1mm)有影响, 增加或

减少1或2个百分点以外, pH3、4、5处理的酸雨

连续淋洗5种土壤10a, 机械组成的变化均不明

显.

2. 6　酸化棕壤的改良及其效果

通过不同酸度的模拟酸雨淋洗棕壤可以看

出,用 pH≤3的酸雨处理棕壤理化性状受到不

同程度的危害, pH3的酸雨虽危害较轻,但长期

的累积影响明显, pH2的酸雨淋洗2a 后就使土

壤的缓冲性能受到破坏,营养物质不断释出,有
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毒物质铝的活性加大, 不断从土壤溶出,因此对

这2类酸化棕壤作了施 CaO 的改良试验. 施

CaO的数量根据酸化棕壤消耗的碱量来确定.

pH3酸雨处理的棕壤施用 CaO 为65kg / hm
2
,

pH2酸雨处理的棕襄施用 CaO 为900kg / hm
2
,

分表施和与土壤混施2种方法,用清水按年均降

雨量的60%进入土壤, 连续淋洗8a,测定淋滤液

的结果列于表3和表4.

表3　酸化棕壤改良后不同年份淋滤液的 pH值

年份 对照
pH3

表施 CaO 混施C aO
　

pH 2

表施 CaO 混施 CaO

第1a 6. 68 6. 30 6. 57 　 3. 41 3. 40

第2a 6. 80 6. 64 6. 36 　 3. 84 4. 42

第3a 6. 84 6. 38 6. 54 　 3. 96 4. 68

第4a 6. 83 6. 56 6. 58 　 4. 52 4. 94

第5a 6. 87 6. 62 6. 64 　 4. 70 5. 24

第6a 6. 86 6. 68 6. 70 　 5. 74 5. 94

第7a 6. 85 6. 70 6. 72 　 6. 42 6. 60

第8a 6. 86 6. 74 6. 76 　 6. 46 6. 64

表4　酸化棕壤改良不同年份淋滤液的盐基离子量　/ mg 100g - 1土

年

份

对

照

K+

pH3 PH2

表1) 混2) 表1) 混2)

对

照

Na+

pH3 pH2

表1) 混2) 表1) 混2)

对

照

Ca2+

pH 3 pH2

表1) 混2) 表1) 混2)

对

照

Mg2+

PH3 pH2

表1) 混2) 表1) 混2)

第1a 1. 71 1. 48 1. 60 1. 06 0. 55 0. 86 0. 49 0. 62 0. 72 0. 47 1. 93 2. 19 2. 18 8. 26 3. 04 0. 61 0. 51 0. 46 0. 71 0. 51
第2a 0. 16 0. 14 0. 13 0. 27 0. 44 0. 09 0. 05 0. 05 0. 05 0. 03 0. 33 0. 33 0. 30 0. 30 1. 09 0. 09 0. 09 0. 08 0. 08 0. 14
第3a 0. 15 0. 14 0. 13 0. 30 0. 16 0. 07 0. 03 0. 02 0. 02 0. 03 0. 33 0. 33 0. 30 0. 30 0. 67 0. 09 0. 09 0. 08 0. 08 0. 14
第4a 0. 14 0. 11 0. 10 0. 20 0. 11 0. 10 0. 03 0. 02 0. 02 0. 33 0. 33 0. 30 0. 30 0. 38 0. 09 0. 09 0. 08 0. 08 0. 14
第5a 0. 10 0. 08 0. 07 0. 07 0. 05 0. 04 0. 33 0. 24 0. 21 0. 21 0. 24 0. 09 0. 05 0. 05 0. 05 0. 06
第6a 0. 10 0. 08 0. 07 0. 07 0. 05 0. 01 0. 33 0. 24 0. 12 0. 12 0. 14 0. 06 0. 05 0. 03 0. 03 0. 03
第7a 0. 07 0. 08 0. 07 0. 07 0. 05 0. 19 0. 14 0. 12 0. 12 0. 14 0. 04 0. 03 0. 03 0. 03 0. 03
第8a 0. 08 0. 08 0. 07 0. 07 0. 05 0. 12 0. 10 0. 08 0. 08 0. 09 0. 01
总计 2. 52 2. 19 2. 24 2. 11 1. 46 1. 17 0. 60 0. 71 0. 81 0. 53 3. 89 3. 90 3. 61 9. 69 5. 79 1. 08 0. 91 0. 81 1. 06 1. 05

　　1)表施 CaO　　2)混施 CaO

　　由表3看出, pH3酸雨处理的棕壤施用 CaO

改良后,淋滤液 pH 由6. 30上升到6. 74- 6. 76,

距对照6. 86仅差0. 1个 pH 单位, 与改良前相

比,提高了0. 44- 0. 46个 pH 单位, 其中与土壤

混施 CaO 的效果稍好于表施 CaO. pH2酸雨处

理后的酸化棕壤改良8a 效果显著, pH 提高4个

单位,由最初的2. 4左右上升到第8a 的6. 46-

6. 64,距对照仅相差0. 2- 0. 4个 pH 单位, 改良

后的土壤 pH 条件能适合于绝大多数作物的正

常生长.与土壤混施的效果好于表施,因而向酸

雨危害的土壤均匀施用一定量的氧化钙,是一

种预防土壤酸化或治理酸化土壤,防止土壤理

化性状恶化的可行措施.

又从表4看出,施入 CaO 后明显地影响了

盐基离子淋出. 经酸雨 pH2和 pH3淋洗而酸化

的棕壤改良后淋出的 Na
+ 量均低于对照, 而

K
+ 淋出量和对照相近. 在酸雨淋溶的过程中,

Ca
2+是受影响的4个基盐成分中发生变化最大

的离子. 4种处理中 Ca2+占淋失盐基的百分比

平均值为65. 71% .在改良后的淋洗液中,所占

百分比的平均值为46. 71% .与对照相比经 pH3

酸雨处理的酸化棕壤改良后淋滤液淋出的 Ca
+

与之相近.而经 pH2酸雨处理的酸化棕壤改良

后淋滤液淋出的 Ca
2+ 平均为对照的2. 14倍.但

是这种差异表现在淋洗的最初几年,表施 CaO

在第2a 后,混施 CaO 在第4a 后这种差异已不

复存在.从 Ca
2+ 淋失的总量看,混施 CaO 的效

果好于表施. Mg 2+ 作为仅次于 Ca2+ 的一个重

要盐基成分,改良后淋滤液在其含量随年份变

化的规律上与 Na
+ 相似, 即4个处理的酸化棕

壤淋失的 Mg
2+ 总量0. 81- 1. 06mg/ 100g 土,

都小于对照1. 08mg / 100g 土,但 pH2酸雨处理

的酸化棕壤淋失 Mg
2+
量大于 pH3酸雨处理的

酸化棕壤, 平均多淋失0. 19mg/ 100g 土, 在第

8a 时, pH2、pH3酸化棕壤改良的淋滤液均测不

出 Mg
2+
, 但对照中仍能测出微量 Mg

2+
, 为

0. 01mg / 100g 土.
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silt ing-up, phosphorous.
Study on Characteristics of Organics in the
Eutrophic Source Water of Shaoxing City.
Xiaohong Luo , L ili Cao, Zhansheng Wang
( Dept . of Environ. Eng . , Tsinghua U niv ersi-
ty , 100084) : Chin. J . Env iron. S ci . , 18 ( 3) ,
1997, pp. 13_ 16
Ult raf ilt ration w as used in this study to deter -
mine the or ganics molecular w eight ( MW ) dis-
tr ibut ion in the eutrophic source w ater of
Shaoxing City . The devot ion to colo r and
UV 254 of o rganics in each MW range w as also
investig ated. T hen the characterist ics of or -
ganics in the three typical source w ater ( Huai
River, M iyun Reserv oir and Shaox ing 's eu-
tr ophic lake) w ere compared. It w as found
that the characteristics of org anics in the w a-
ter relate clo sely to it s sour ce. Organics in
M iyun Reservo ir ar e mainly of low MW, w ith
MW< 3000 occupy ing 96. 7%, w hile o rganics
in Shaox ing source w ater and Huai River cover
a more w ide MW range, organics with MW>
3000 in the sour ce w ater is 28. 37% and 38.
28% r espect ively.
Key words : organic, MW, SU VA, eutrophic.
The Preparation and Characterization of a
New Kind of Inorganic Polymer Floccu-
lant—— Ferric Polysil icate ( FPS ) . W ang
Dong sheng , Wu Q ifang , Wei Chaohai ( De-
partment of Applied Chemist ry, SCU T,
Guangzhou 510641) : Chin. J . Env iron. S ci. , 18
( 3) , 1997, pp. 17_ 19
A new kind o f ino rganic po lymer f loccu-
lant—— Fer ric Poly silicate ( FPS ) w as pre-
pared by using w ater glass, ferric chloride and
ino rganic acid as mater ial . Several factor s of
pr eparation were discussed. T he experimental
results show ed that FPS w as best prepared at
Fe/ Si ratio of 1 and act ivation t ime o f one
hour . Compared w ith PFC, FPS showed bet-
ter capability o f turbidity removal .
Key words: ino rganic polymer flocculant , act i-
vated sil ica, ferr ic chloride, coagulation mecha-
nism.
Study on Biodegradability of Refractory Or-
ganics Under the Condition of Mixed Sub-
strates . He Miao, Zhang Xiaojian et al . ( Dept .
of Env ir on. Eng . , T singhua U niversity , Bei-
jing 100084) : Chin. J . Environ. Sci . , 18 ( 3) ,
1997, pp. 20—22
A systemat ic study w as conducted on the
biodegradability and the co-ef fect of refr actory
org anics for several typical r ef ractor y hetero-
cyclic compounds under the condit ion of mixed
subst rate. T he experimental results show ed
that pyridine, quinoline and homolo gous com-
pound have similar biodeg radat ion and in-
hibito ry mechanism , of w hich co-ef fect show s

additive one; w hile the co-ef fect of the irre-
versible inhibitory subst rates shows a coopera-
t iv e effect , the co-ef fect of irr ev ersible mixed
w ith reversible inhibitor y subst rates show s a
contradictory effect .
Key words: refr actory organics, biodeg radabil-
ity , co-effect , hetorocyclic compounds, mixed
subst rate.
Pollution of Nitrogen and Phosphorus in the
Region of Wastewater Irrigation along Kui
River. Jiang Cuiling, Xia Ziqiang and Liu Ling
( Dept . of Hydrolo gy and Water Resources,
Hehai U niv . , Nanjing 210098) , Wang Lei and
Wan Zhengcheng ( Xuzhou Hydro logy and Wa-
ter Resources Survey Sect ion, Xuzhou
221006) : Chin. J . Env iron. Sci . , 18( 3) , 1997,
pp. 23_ 25
Simulated test of w astew ater irrigat ion in the
f ield and chemical analy sis of nit ro gen and
phosphor us in the soil and groundw ater at
w astewater irrig ation area and control area
show ed that high contents o f nit rog en and
phosphor us in the w astew ater had markedly
improved soil fert ility and the croup in irr ig a-
t ion area g row ed ver y well , but nit rog en and
phosphor us w hich could pollute surface and
gr ound w ater w ere accumulated in the soil .
Ammonium ion w as easily intercepted, so rbed
and transformed by so il , but high concentra-
t ion of ammonium ion could slow ly t ransporte
dow nw ard and accumulate in upper lev els of
phreat ic w ater . Wastewater irrigat ion and
rainfall drip can w ash nitrite and nit rate ions
produced by nit rificat ion in the soil and pollute
gr oundwater. The contents of nit rite and ni-
trate ions in shallow g roundw ater were st ill
seriously beyond standard at condition of satu-
rat ing irrigat ion after experience o f three
months.
Key words: nit ro gen, phosphor us, wastew ater
irrigat ion, Kui River Area.
Study of the Eff ect of Simulated Acid Rain on
the Physical and Chemical Properties of Main
Soil Types in Shandong Province. Xiao Yue-
fang, Shi Yanx i, L iu Chunsheng et al. ( Co l-
lege of Resources and Environment , Shandong
Agr icultural University, Taian 271018) , Song
Guohan ( Inst itute of Soil and Fert il izer , Shan-
dong Provincial Academy of Ag ricultural Sci-
ence, Jinan 250100) : Chin. J . Environ. Sci . , 18
( 3) , 1997, pp. 26_ 29
Fiv e types of soils i. e. brow n earth, cinnamon
so il , chao soil( cultiv ated fluviog enic so il ) , lime
concretion black so il , salt-af fected soil w ere
leached by ear th vo lume test w ith simulated
acid rain o f w hich the value of pH are 2、3、4、
5, separately f rom one year to ten years. The
results show ed that the pH values o f the
leacheated four soil ty pes w hich had been
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leached for ten years are more than 7, ex cept
the brow n earth w hich become acid under pH
2 in the fourth year. T he total losses of the
leached base ions are: Af ter ten years leach-
ing , l ime concr et ion black soil > salt-af fected
so il> chao soil> brow n earth. The sensit iv ity
of base ions to acid r ain are : Ca

2+
> Mg

2+
>

K
+
、Na

+
. The simulated acid rain has act iva-

tion to the aluminium in the soils. T here is no
act ive aluminium in the four typyes of soils
except the brown earth w hich the act ive alu-
minium appears in pH2. It has obvious im-
provement ef fect to apply lime to the acid
brow n carth.
Key words : simulated acid rain, simulated
ear th volume test , phy sical and chemical
pr opert ies o f soil , act ive alum inium.
A Study on the Treatment of Black Liquor
from Bamboo Pulping Process with Sequenc-
ing Batch Reactor Biological Technique. Yan
Shanghua, Chen M in et al. ( Guangdong Uni-
versity o f T echnology , Guangzhou 510090) :
Chin. J . Environ. Sci . , 18( 3) , 1997, pp. 30_ 33
In this paper, the t reatment of bamboo pulping
black liquor in w hich lignin has been separated
by acid w ith sequencing batch reactor ( SBR)
w as invest ig ated. The experimental results
show ed that BOD 5 and COD in black liquor is
reduced remarkably w ith the t reatment of
SBR, BOD 5 removal rate is 70%—83%, COD
removal rate is 54. 5%—63% , the eff luent
BOD 5 and COD af ter the t reatment are 76—
101 mg/ L and 419—500mg / L respectively
w hen inf luent COD is 1090—1170mg/ L . The
technology of combining internal decomposi-
tion w ith SBR is more eff icient for t reatment
of black liquor , BOD 5 and COD removal rate
are 67%—68% and 71. 4%—76. 9% respec-
tiv ely , the ef fluent BOD5 and COD from this
sy stem are 33—48mg / L and 242—315mg / L
respect iv ely w hen inf luent COD is 1046—
1100mg / L . It is in keeping w ith GB8978-88
eff luent standard. The internal decomposit ion
remarkably increase the effect iveness o f fo l-
low-up SBR treatment . In addit ion, the kine
t ics of f irst order degradat ion r eact ion o f COD
was studied. T he kinet ic constant and un-
degradable COD had been calculated. Simulat-
ed data tally w ith experimental data w ell .
Key words : SBR, biolo gical technique, inter -
nal decomposition, bamboo pulp, black liquor,
bio logical degr adat ion, sequencing batch r eac-
to r.
Study on the Formula of Expansion Character-
istic of Three-phase Biological Fluidized Bed.
Pan T ao, Wu Yangshan, Wang Shaotang
( Beijing M unicipal Research A cademy of En-
vironmental Protect ion, Beijing 100037 ) :
Chin. J . Environ. Sci . , 18( 3) , 1997, pp. 34_ 37

T he formula of expansion char acterist ic in the
thr ee-phase biolog ical f luidized bed has been
founded in this study. When the empty-bed
velocity of liquid and gas as w ell as the thick-
ness of bio-f ilm are known, the high of bed ex-
pansion is determ ined rather precisely , w hich
provided basis for design. It is unusual that
the expand r uler in both the tw o-phase bed
and thr ee-phase f luidized bed are reflected by
using one equivalent function; the relationship
of the dynam ic in bio chem ical react ion and be-
hav io r of hydomechanics has been set up by
the thickness of bio-film . T he behavior of
shrink in bed under the low velo city of gas can
be reflected by this formula , and the formula
in three-phase bed can be r estored to one in
tw o -phase bed when the velo city o f gas is ze-
ro. T he tested bed is 1. 4m o f diameter and
6. 5m o f high, in w hich the diameter of m idia
made of quartz sand is 0. 3—0. 5mm , using air
jet for aer at ion inside the r eacto r. The test is
w ithin the bio-film thickness of 52, 80, 115,
137m, respect ively. T he BOD 5 concentrat ion
in the sew age tested are 47. 6-77. 2mg/ L .
Key words: three-phase biolog ical fluidized
bed, r ate of expansion, fo rmula based on ex-
perimental data, equivalent function, thickness
of bio-f ilm, method for design, wastew ater
t reatment .
Study on the Operation Characters of a
Modif ed Two-Phase Anaerobic Digestion Sys-
tem. Guo Yanghao, M en Chun, Shi Xianai et
al. ( Dept . of Biotechnolog y, Fuzhou U niv ersi-
ty, Fuzhou 350002) : Chin. J . Environ. Sci. , 18
( 3) , 1997, pp. 38_ 40
In this w or k the operat ion characters o f the
tw o-phase anaer obic dig estion system incorpo-
rated by a packed bed acidif icat ion reactor and
an UASB methanor ization reactor w ere stud-
ied. T he packed bed acidif icat ion reactor start-
ed up easily and possesed of a high acidif ica-
t ion rate and a good resistence against hy-
draulic impulsion and pH fluctuat ion. The
COD volume charg e w as higher than 200 kg /
( m

3
d ) . Adopt ing a preadjusting alkality

technology , the tw o-phase sy stem could oper-
ate normally and effect ively for t reat ing brew-
ing w astew ater. Under the condit ions of COD
concentrat ion 1000—7000 mg / L in the feed
and COD char ge 40 kg / ( m

3
d) , the COD con-

centrat ion w as less than 200 mg / L in the ef-
fluent . T he sy stem possesed also a rather
good capacity for t reat ing ant ibio t ics w astew a-
ter .
Key words : packed bed acidif icat ion reactor ,
tw o-phase anaer obic dig est ion system, brew-
ing w astew ater of high concentrat ion.
An Investigation of the Subj ective Response to
the Traf fic Noise of an Elevated Highway or
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